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How to make best use of the LSM 5 PASCAL operating instructions

A few symbols in these operating instructions will help you to recognize the nature and purpose of
information immediately:
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The WARNING symbol warns against hazards for the user that might arise when operating the
laser.

This WARNING symbol warns against hazards from dangerously high voltages.

The CAUTION symbol warns against faults and hazards that might arise during operation and
which might cause damage to the unit.

The NOTE symbol will help you to optimally solve your work problem. It represents a practical
tip which will help you to find out which settings and methods are capable of improving or
accelerating a procedure.

The HOT SURFACE symbol warns against hazards for the user that might arise when touching
the lamp housing during operation.

The MAINS PLUG symbol remembers service personal to pull the mains plug before opening
the device housing.

Depending on the problem, these operating instructions will supply you with various possibilities:

e If you want to know where to find certain general areas of information, refer to the following outline
of sections to get a general overview.

e You will find a detailed table of contents at the start of every chapter. There you will see at a glance
what topics are dealt with in detail.

Always remember: The time you invest in getting acquainted with the product will pay

for itself many times over in your application task.

Together with the LSM 5 PASCAL Operating Manual you will receive the following additional manuals
for detailed information:

— Operating manual of the microscope: Axioskop 2 MOT (B 40-075 e) or Axioskop 2 MAT (B 46-0012 e)

Axiovert 200 M (B 40-080 e) or Axiovert 200 MAT (B 46-0015 e)
Axioplan 2 imaging MOT (B 40-042 e)

— Operating manual of the MCU 28 DC motor control 3 axes (B 40-128 e)

— Operating manual of the computer system
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Scope of Equipment Supplied

Country:

Order number:

Serial number:
Delivery date:

Custom configuration:

Axioskop 2 MAT 000000-1222-948 O
Axioskop 2 MOT plus 000000-1064-228 0O
Axioskop 2 FS MOT 000000-1064-227 O
Axioplan 2 imaging MOT (ie) 000000-1114-095 O
Axiovert 200 M SP 000000-1115-092 O
Axiovert 200 M BP 000000-1115-094 O
Axiovert 200 M MAT 000000-1222-939 O
Axiotron 2 MOT 000000-1222-947 0O
Objectives:
Confocal Laser Scanning Module LSM 5 PASCAL

1. Configuration Vario One B 000000-1223-302 a
2. Configuration Vario One GB 000000-1223-305 O
3. Configuration Vario One RGB 000000-1223-306 0O
4. Configuration Vario Two GB 000000-1223-307 O
5. Configuration Vario Two RGB 000000-1223-315 O
6. Configuration Vario Two UGB 000000-1227-570 O
7. Configuration Vario Two MAT 000000-1231-867 a
8. Configuration Basic MAT 000000-1223-319 O
Control computer for LSM 5 000000-0438-360 O
21" monitor 000000-0438-360 O
TFT monitor 000000-0435-035 O
The license to the LSM control software is included in each configuration 1...8.

Optional software:

Image VisArt option 000000-1207-934 O
3D for LSM option 000000-1207-919 0O
3D Deconvolution option 000000-1207-920 O
Physiology option 000000-1207-930 O
Topography option 000000-1207-933 O
StitchArt option 000000-1207-932 O
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Canon S 830 D Photo printer

Kodak XLS 8670 PS

Large system table
Small system table
System baseplate

Actively vibration-damped table (kinetics)

High resolution Z stage HRZ 200 for Axiovert 200 M

High resolution Z stage HRZ 200 for Axioskop 2 / Axioplan 2 MOT
Piezo objective drive W = 0.8"
Piezo objective drive M27

XY scanning stage for Axiovert 200 M BP (baseport)
XY scanning stage for Axiovert 200 M SP (sideport)
XY scanning stage for Axioskop 2 MOT / Axioplan 2 MOT

Tool 10 mm for filter change

Set of SNAREF filters

AxioCam HRm
AxioCam HRc

000000-0445-508
000000-1113-131

453031-0000-000
453032-0000-000
000000-1171-342
000000-1177-841

000000-1092-126
000000-1092-128
000000-1210-045
000000-1207-947

000000-1017-917
000000-1054-559
000000-1027-823

000000-0000-000
447961-0000-000

000000-0445-553
000000-0412-312

oooo oOoad

OO0 00 00O oOooaO
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The LSM 5 PASCAL in the configuration as checked above

was installed and handed to the customer in functional condition

The customer has been instructed on how to operate and
maintain the equipment.

Carl Zeiss Jena GmbH
Microscopy Division

Customer

One copy to be kept by customer
One copy to be kept by Carl Zeiss

VI
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1 Notes on Device Safety

This section contains general notes on device safety, safe operation, and possible hazards
caused by failure to observe the instructions.

2 LSM 5 PASCAL - Setup Requirements

The Setup Requirements section outlines the installation and supply requirements of the
LSM 5 PASCAL Microscope System, together with the relevant specifications.

3 Introduction to Laser Scanning Microscopy

Here you will find an introduction to Laser Scanning Microscopy, with an explanation of the
principles of confocal imaging. The section also outlines the ways to present LSM image series
in three dimensions, and introduces you to the performance features of your LSM 5 PASCAL.

4 Quickstart

5 Operation in Expert Mode

In the Operation section you will find the most important steps and procedures of the
LSM menu structure. The step-by-step description how to get an image will be shown by
typical application examples including the WINDOWS NT 4.0 graphic user environment.

6 Tools

This section contains a description of the use of the tools for setting the microscope.

7 3D for LSM 5 PASCAL

This section contains a description of the LSM 3D software package (basic program and add-
ons. At the same time, all functions and settings are presented in a systematic form and in
order in which they can be reached from the basic menu via sub-menus and dialog boxes.

8 Annex

The annex contains the Application-Specific Configurations and special notes and information
for using the microscope.

) Certification
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LSM 5 PASCAL Contents Carl Zeiss
CHAPTER 1 NOTES ON DEVICE SAFETY
CONTENTS

Page
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1.5  Notes on Care, MaintenancCe and SEIVICE ... .o 1-6
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NOTES ON DEVICE SAFETY

LSM 5 PASCAL General / Regulations Carl Zeiss
1 NOTES ON DEVICE SAFETY
1.1 General

The LSM 5 PASCAL laser scanning microscope, including its original accessories and compatible
accessories from other manufacturers, may only be used for the purposes and microscopy techniques
described in this manual (intended use).

ﬁ The manufacturer will not assume liability for any malfunction or damage caused by any thing

other than the intended use of the LSM 5 PASCAL or individual modules or parts of it, nor by

any repair or other service operation performed or attempted by persons other than duly

authorized service staff. Any such action will invalidate any claim under warranty, including

parts not directly affected by such action. This also includes the modification of the system
computer with new cards, etc. by the user.

1.2 Regulations

Extensive knowledge of the hardware/the system is indispensable for safe operation of the LSM 5
PASCAL.

= Read these operating instructions and all device publications belonging to the system
conscientiously before operating the LSM 5 PASCAL! You can obtain additional information
on the hardware configuration delivered and on optional system extensions from the
manufacturer or via the service hotline.

= The LSM 5 PASCAL has been designed, built and tested in conformity with the standards DIN EN
61010-1 (IEC 1010-1) "Safety requirements for electrical instrumentation and control and laboratory
apparatus"”, and DIN EN 60825-1 (IEC publication 825-1) "Safety of laser equipment", and taking
relevant CSA and UL specifications into account.

= As the system is largely operated via menus on a computer, you should be acquainted with the
principles of the operating system and its WINDOWS NT 4.0 and WINDOWS 2000 graphical user
interface. The respective manuals are supplied together with the programs.

= In accordance with WHO regulations, the LSM 5 PASCAL is a device that belongs to laser hazard
class 3 B. WHO recommendations concerning health and industrial protection when handling laser
devices must be observed. The operator of the unit must also observe all and any relevant statutory
accident prevention regulations.
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1.3 Notes on Setting Up the Microscope System

= Setting up, assembly on the system base plate and commissioning of the LSM 5 PASCAL must
be performed by authorized Carl Zeiss service staff, who are also advised to give the customer's
operators a basic introduction to operation and maintenance.

The LSM 5 PASCAL laser scanning microscope is delivered in several crates:

Crate 1: microscope stand

Crate 2: laser module, scanning module, control unit
Crate 3: PC

Crate 4: monitor

Crate 5: system table

Crate 6: system rack

Crate 7: PC table

ﬁ The LSM 5 PASCAL must be set up so as to ensure that the minimum clearance between the
wall and the rear of the system is no less than 0.5 m. This clearance is needed for adjustment
and maintenance operations.

Do not set up the unit in the proximity of heat sources such as radiators or direct sunlight. To avoid heat
build-ups, the ventilation louvers on the microscope system must not be covered up.

The unit must be connected to a properly installed socket outlet with earthing contact by means of the
mains cables supplied. Continuity of PE connection must not be affected by the use of extension leads.

Before connecting the mains cables, please check whether your mains voltage corresponds to
the voltage specified on the rating plate of the laser module.

For reasons of laser safety, the TV port on the microscope must either be equipped with a
camera or covered by a cap.

Maintenance, repairs, modifications, removal or exchange of components, or other
interference with the equipment beyond the operations described in this manual may only be
carried out by the manufacturer Carl Zeiss or by persons expressly authorized by us to do so.
This applies especially to the microscope system, the laser scanning module, lasers, the PC
system, the power supply units, cable connections and other system components.

Please note that the LSM 5 PASCAL is a high-precision opto-electronic instrument. Inexpert
handling may easily impair it's function or even damage it and will invalidate any claim under
warranty.

> B> P

After installation or after conversion of the LSM system, authorized specialized staff must carefully check
that it is in a proper condition and, particularly, that covers protecting against laser radiation are
provided.

Tube openings or other unused mounts should always be protected against dust and moisture with the
corresponding device components or with termination covers/blind plugs.

1-4 B 45-0007 e 12/02



NOTES ON DEVICE SAFETY
LSM 5 PASCAL Notes on Handling the Computer and Data Media Carl Zeiss

By establishing a corresponding workplace environment, please ensure that the formation of electrostatic
charges by electronic components is avoided.

To avoid vibrations during operation, the LSM 5 PASCAL should only be operated in conjunction with the
system table (vibration damping).

14 Notes on Handling the Computer and Data Media

The computer used as standard in your LSM system is an IBM-compatible high-end pentium computer
with WINDOWS NT 4.0 or WINDOWS 2000 operating system.

As standard, your computer has one hard disk drive, one drive for 1.44 MB diskettes and one CD-ROM
drive. An CD reader/writer is installed.

ISy Do make sure, though, that you receive your LSM system with the operating system installed,
with initialization and start files set up and with the LSM program also installed.

(I When working with the hard disk, it is important to know that the more data it contains, the
slower its operation will become. Therefore, data that you do not need permanently should be
stored on a diskette or CD-ROM.

A When handling diskettes, avoid data losses by protecting them against extreme temperatures,
moisture and magnetic fields. The data on a diskette is stored in the form of magnetic signals.
To some extent, monitors, telephones or even lamps generate magnetic fields that might
destroy this data. Also, never open the metal cover on diskette cases. A diskette’s surface can

also be destroyed by touching it.

Never turn your computer off before you have exited the LSM program and run down the
WINDOWS NT operating system. Otherwise, the program and/or data files may get lost.

>

When handling discs of the CD reader/writer, do not touch the data side of the disc (the side
of the disc with no label or printing).

Do not apply paper labels or write on any part of the disc, data side or label side. If dust or
fingerprints get on the disc, wipe it with a soft cloth from the center to the edge, but do not
use benzine, paint thinner, record cleaner, or static repellent. This can damage the disc.

Do not place the disc in any place where it is exposed to direct sunlight or high temperatures.

>
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1.5 Notes on Care, Maintenance and Service

The manufacturer of the unit cannot be held liable for damage resulting from operating errors,
negligence or unauthorized tampering with the device system, particularly as the result of removal or
replacement of parts of the unit or as the result of the use of unsuitable accessories from other
manufacturers.

Any such action will also render all warranty claims null and void.

You are well advised to arrange a service agreement with your nearest Zeiss representative to guarantee
perfect functioning of the microscope system in the long term.

Modifications and conversion work on the components of the system must only be carried out by the
manufacturer, by the service agency or by persons authorized and trained for this purpose by the
manufacturer.

Damaged units or parts may only be repaired or maintained by the responsible service agency.

Care operations that may be carried out by operating staff are limited to cleaning painted and glass
surfaces.

e C(Cleaning painted surfaces
To do this, use a clean cloth that has been moistened in a mixture of water and some detergent; do
not use any solvent, however. Dry with a lint-free cloth.

e C(Cleaning glass surfaces
Glass surfaces that have become soiled or which are marked with fingerprints may be rubbed with a
clean optical cleaning cloth.
If soiling is persistent, dip the optical cleaning cloth into a mixture of distilled water and a small
quantity of detergent.
To complete cleaning, lightly breathe on the glass surface and rub it dry with a clean cloth. Lint or
dust is best removed with a clean hairbrush.

The air filter mat at the bottom of the LSM 5 PASCAL Control Unit must be cleaned every six months.
Filter mats can be ordered from our Service Department.
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1.6 Notes on Handling the Laser Components

éé The LSM 5 PASCAL is a laser hazard class 3 B instrument and is marked as such.
This moderate-risk class embraces medium-power lasers. You must take care not to expose
yourself to the radiation of such lasers. In particular, never look into the laser beam!

The following laser types are currently recommended for use in the LSM 5 PASCAL.

1 Ar/ML 458/488/514
2 HeNe 543

3 HeNe 633

4 ArKr 488/568

= Please contact Carl Zeiss if you intend to use a laser type with a wavelength other than the
ones above.

If used properly, the LSM 5 PASCAL will not pose any laser radiation risks for operating staff. The
dangerous laser radiation area is limited to the beam path and to a distance of up to around 10 cm from
the specimen. Nevertheless, you should observe the following warnings:

é% e If necessary - insofar as specified by law - inform the laser protection officer before
commissioning the laser.

e Always store laser key switches and, if applicable, keys for further laser power supply units,
where they are inaccessible to persons not authorized to operate the laser.

e Do not place any reflecting objects into the beam path.
e Never open any covers or panelings.

e Never look into the laser beam, not even to simply view the specimen, whether with the aid
of optical instruments or without. Otherwise you risk going blind!

e Do not leave any screw positions of the nosepiece uncovered.

= Suitable protective measures must be taken if gases, dust or vapors hazardous to health,
secondary radiation or explosive objects should arise on the specimen as a result of laser
radiation.
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1.7 Warning and Information Labels

ﬁ The warning and information labels attached on the LSM 5 PASCAL must be observed. Check
whether all of the labels shown below are provided on your instrument, and contact Carl Zeiss
Germany or one of the service agencies if you should discover that any of the labels should be

missing. You will receive a free replacement.

The A\ label means: "Do not remove securing screw as otherwise laser beam will escape. For
use by service only!"

WARNING: LASER RADIATION

when cover is removed and
safety shutter moved upwards.

Warning LED

is lighting up <
R

when laser radiation o

is clinging to shutter WARNING: LASER RADIATION
Avoid exposure to beam
when cover is removed.

LASER RADIATION

Avoid exposure to beam
Laser class 3B

Fig. 1-1 Warning and information labels on the Axioskop 2 MOT microscope with the LSM 5 PASCAL
scanning module
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Danger
Laser radiaton when parts removed.

Avoid direct exposure to beam.
See instruction manual.

WARNING: LASER RADIATION
Avoid exposure to beam S

4

when cover is removed.

Avoid exposure to beam
Laser class 3B

| LASER RADIATION

Fig. 1-2 Warning and information labels on the Axiovert 200 M microscope with the LSM 5 PASCAL
scanning module
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Warning LED WARNING: LASER RADIATION
is lighting up :
when laser radiation Avr?'d DUFEELIE (D) 22T
is clinging to shutter when cover is removed.
LASER RADIATION
Avoid exposure to beam.
Laser class 3B
Fig. 1-3 Warning and information labels on the Axioplan 2 imaging MOT microscope with LSM 5

PASCAL scanning module
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HeNe Laser 543 nm

| BEAM | AVOID EXPOSURE I

OPEN ¢ » CLOSED LASER RADIATION IS EMITTED
FROM THIS APERTURE

I ACAC
[y =) )
Laser - Fertigung GmbH
% TATZENPROMENADE 1a D-07745 JENA

- DRANGER - LASER RADIATION LGK 7786 P
WHEN OPEN AVOID DIRECT EXPOSURE TO BEAM Q4001-K7784 S.NO.000
MADE IN GERMANY

- CAUTION - LASER RADIATION
WHEN OPEN AVO D EXPOSURE TO BEAM CERTIFICATION
THIS PRODUCT CONFORMS TO ALL

APPLICABLE STANDARDS OF
m 21 CFR 1040.10 AND 1040.11
LASER RADIATION
AVOID DIRECT EYE EXPOSURE
HELIUM-NEON LASER
1 MILLIWATT MAXIMUM OUTPUT
WAVE LENGTH 543 nm
VIS Laser Module CLASS llla LASER PRODUCT
ACCORDING TO CDRH

with Ar Laser 488/514 TICENSED BY PATLEX CORPORATION
and optional HeNe UNDER U.S. PATENT NO. 4.704.583

LASER RADIATION
Avoid exposure to beam.

Laser class 3B EN 60825-1, 1994

Max. output power 1 mW
Wavelength 543 nm

LASER RADIATION
AVOID DIRECT EXPOSURE TO BEAM
ARGON-LASER

450-514 200mW Max Output
CLASS Ill b LASER PRODUCT

LASER RADIATION

Avuid exposure to beam
Laser class 3B EN 60825-1, 1994

Max. output power 200 mW
Wavelength 450-514 nm

ArKr

N\
CAUTI O N Ventilator N
Laser radiation when open
and interlock failed or defeated
DO NOT STARE INTO BEAM ¢ /

Power Supply
?

ArKr
Laser Head Unit

Ar

Power Supply HeNe

Power supply

LASER RADIATION - AVOID DIRECT
EXPOSURE TO BEAM

<400mw Kr-AR 457-675nm
CLASS llls LASER PRODUCT

Fig.1-4 Warning and information labels on laser components (page 1)
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AVOID EXPOSURE
LASER RADIATION IS EMITTED
FROM THIS APERTURE

1 ACcAac

BEAM RASYO
OPEN 4 » CLOSED Laser - Fertigung GmbH
TATZENPROMENADE 1a D-07745 JENA

LGK 7628-1
577009-0709-100 S.NO.6615
MADE IN GERMANY
CERTIFICATION
THIS PRODUCT CONFORMS TO ALL
APPLICABLE STANDARDS OF

21 CFR 1040.10 AND 1040.11

LASER RADIATION
AVOID DIRECT EXPOSURE TO BEAM

HELIUM-NEON LASER
15 MILLIWATT MAXIMUM OUTPUT
WAVE LENGTH 633 nm
CLASS Ilib LASER PRODUCT
ACCORDING TO CDRH

LICENSED BY PATLEX CORPORATION
UNDER U.S. PATENT NO. 4.704.583

LASERSTRAHLUNG

NICHT DEM STRAHL AUSSETZEN
LASERKLASSE 3b

15 mW MAX. AUSGANGSLEISTUNG

WELLENLANGE 633 nm

BESTRAHLUNG VERMEIDEN AUS-
TRITT VON LASERSTRAHLUNG

Fig.1-5 Warning and information labels on laser components (page 2)
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CHAPTER 2 LSM 5 PASCAL -

SETUP REQUIREMENTS
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LSM 5 PASCAL Space Requirements Carl Zeiss
2 LSM 5 PASCAL - SETUP REQUIREMENTS
2.1 Space Requirements

T pPower Plug t
<>
System rack 500
A
< 1000 800
2500
Microscope PC table
table
A 4
800 1200
A 4
) 3000 !

Fig. 2-1 LSM 5 PASCAL with microscope table and PC table (dim. in mm)
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Space Requirements LSM 5 PASCAL
T Power Plug 0
3
>
System rack 500
y
1000
2500
Large system table 800
1500
A 4
) 3000 !

Fig. 2-2 LSM 5 PASCAL with large system table (dim. in mm)

The system rack contains the laser module | (Helium-Neon laser 543nm and Argon ion laser), the laser

module Il (Helium-Neon laser 633 nm), the power supplies for the lasers, the power supply for the HBO

lamp and the halogen lamp, the electronic control unit (ECU) and the MCU28 unit (if a motorized XY
stage is applied).
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Power Requirements

Carl Zeiss

2.2 Power Requirements

The LSM 5 PASCAL measuring system must be connected to the a.c. network via two line cables.

As shown in Fig. 2-3, the system components must be plugged in a multipoint connector containing a
single-phase plug "Europa” (230 V, 10 A) or "NEMA 5/15" (115 V, 15 A). The Ar and Ar/Kr lasers have a

separate line cable.

Line voltage

Line frequency

220V AC ... 240 V AC (+10 %)
50 ... 60 Hz

100 VAC ... 125V AC (+10 %)
50 ... 60 Hz

PASCAL incl. HeNe laser
— Max. current
— Power consumption

— Power plug

1 phase at 10 A
1000 VA

Country-specific connectors

1 phase at 10 A
1000 VA
NEMA 5/15 (only USA)

Ar or Ar/Kr laser
— Max. current
— Power consumption

— Power plug

1 phase at 16 A
2600 VA

Country-specific connectors

1 phase at 25 A
2600 VA

for USA:

NEMA L5-30P (1 phase + N + PE)
for Japan:

CEKON (1 phase + N + PE)

Class of protection
Type of protection
Overvoltage category

Pollution degree

1
IP 20
I
2

The following must be inserted in the 5-point connector:

— Microscope
— ECU PASCAL

— Computer and monitor

— HeNe laser

— MCU 28 (option)

Other components must not be plugged in the multipoint connector.
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Carl Zeiss Physical Dimensions LSM 5 PASCAL
Monitor
| Microscope | | ECU PASC/-\L| | Computer | | HeNs Lar;er | MCU 28 | | Ar laser | | HBO 103
T\I\I T\I\I T\IWI T\I\I T\I\
p1 < » P2 » P2
N1 < ® L 2 L P N2 » N2
PE < L ——» PE ——» PE

L 4
1 ’
Maximum

power: 1.2 kW

Fig. 2-3

A

2.3

Multipoint connector

All other possible devices (HeNe laser 633 nm, second monitor, external CD-ROM-writer,
printer, anti-vibration table, etc.) have to be connected to external power sockets of the
laboratory, but not to the multipoint connector of the PASCAL system.

Physical Dimensions

Length (cm) Width (cm) Height (cm) Weight (kg)

Small system table 65 80 78 60
Scanning Module 27 20 23 8
Microscope 50 35 50 20
Laser Module 1 75 35 20 35
Laser Module 2 (633 nm) 75 23 20 21
Electronics box 24 30 30 14
Power supply for Ar 30 30 20 10
Fiber optic cable, VIS(ible) 200

Cables 250

SCSI cable 200
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2.4 Dimension of Shipment Crates

Crate containing Length (cm) Width (cm) Height (cm) Weight (kg)
Microscope 80 60 80 40

LSM 120 85 110 120
Computer 120 80 90 80
Monitor 120 80 90 80

System table 120 100 80 80

2.5 Environmental Requirements

—_

. Operation, specified performance

2. Operation, reduced performance

. Storage, less than 16 h
. Storage, less than 6 h

. Temperature gradient

O U1 M W

. Warm up time

7. Relative humidity
8. Operation altitude

T = 22°C = 3°C without interruption (24 h a day
independently whether system is operated or
switched-off)

T = 10°C to 35°C, any conditions different from 1.
and 5.

T =-40°C to 55°C
T =-55°C to 70°C
+ 0.5°C/h

1 h, for high-precision and/or long-term measure-
ments > 2 h

< 65 % at 30°C
max. 2000 m

2.6 Vibrations

Vibrations under operation conditions
(with system table)

Shipping shock (LSM 5 box)

5um pp at 5 Hz
10 um pp at 10 Hz
10 ym pp at 20 Hz

39
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2.7 Laser Specifications

2.71 LASOS LGK 7812 ML-3 / LGN 7812: 488, 514 nm, 25 mW, Laser Class 3 B
Line voltage 100...240 V with factory setting

Line frequency 50...60 Hz

Max. current 1 phases at 25 A

Power consumption 2000 VA

Cooling fan on top of laser head

2.7.2 LASOS LGK 7786 P / SAN 7460 A: 543 nm, 1 mW , Laser Class 3 B

Line voltage 115/230 V with factory setting

Line frequency 50...60 Hz

Power consumption 20 VA

2.7.3 LASOS LGK 7628-1: 633 nm, 5 mW, Laser Class 3 B

Line voltage 100...240 V with factory setting

Line frequency 50...60 Hz

Power consumption 20 VA

2.7.4 Melles Griot 643-YB-A02 / Power supply 171B: 488: 568 nm, 30 mW, Laser Class 3 B
Line voltage 100...240 V with factory setting

Line frequency 50...60 Hz

Max. current 1 phase at 16 A

Power consumption 2000 VA

2.7.5 Point Source i-flex 2000: 405 nm, 25 mW, Laser Class 3 B

Line voltage 100...240V

Line frequency 50...60 Hz

Power consumption 30 VA
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2.8 Microscopes

Upright Axioskop 2 MOT plus
Upright Axiotron 2 mot

Inverted Axiovert 200 M BP or SP
Upright Axioskop 2 FS MOT
Upright Axioskop 2 MAT mot
Upright Axioplan 2 imaging MOT

All Zeiss ICS objectives and accessories can be accommodated.

Z motor DC servomotor, opto-electronically coded

Least Z interval:
50 nm (Axioplan 2 imaging MOT, Axiovert 200 M BP or SP)
100 nm (Axioskop 2 MOT)
100 nm (Axioskop 2 FS MOT)

HRZ 200 Galvanometer-driven precision focusing stage
Max. travel 200 pm; resolution 6 nm; accuracy 40 nm

Allows continuous Z-scan at up to 10 Hz

Piezo Objective focus Piezo-driven single objective drive
Max. travel 100 pm; resolution 5 nm

Allows continuous Z-scan at up to 20 Hz
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2.9 Scanning Module

2 individually driven galvanometric scanners

Scanning speed Up to 5 frames/sec (512 x 512 pixels)

Field resolution Max. 2048 x 2048 pixels (optional adjustable for each axis)
Field of view 10 x 10 mm2 with a 1.25x objective

Zoom 1x ... 40x, continuous control

Channels Up to 3 channels simultaneously:

Up to 2 confocal reflection/fluorescence channels (PMT)
Optional 1 transmitted light channel (PMT)

Dynamic range 12-bit DAC for each detection channel

Pinholes 1 individual variable pinhole

Computer controlled automatic alignment

2.10 Laser Module VIS

Single-mode polarization preserving fiber
Laser beam attenuation for all lasers
HeNe laser (543 nm, 1 mW)

HeNe laser (633 nm, 5 mW)

Diode laser (405 nm, 25 mW)

Ar laser (458, 488, 514 nm, 25 mW)
ArKr laser (488, 568 nm, 30 mW)

Fuses and automatic circuit breakers

for 230 V: G-type fuse 5 x 20 mm; slow-blow 3.15 A/ H/ 250V, acc. to IEC 127
2 circuit breakers; C 10 A

for 110 V: G-type fuse 5 x 20 mm; slow-blow 3.15 A/ H/ 250V, acc. to IEC 127
Circuit breaker; B 25 A
Circuit breaker; C 25 A
Circuit breaker; B 16 A
Circuit breaker; B 10 A

2-10 B 45-0007 e 12/02



LSM 5 PASCAL - SETUP REQUIREMENTS

LSM 5 PASCAL

System Overview LSM 5 PASCAL - Biomed

Carl Zeiss
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\
|
Ar-laser, 458, 488, ‘
514 nm, 25 mW R X
N - ‘
~ |
~
N ‘
~
\
|
\
|
Argon-Krypton-laser, N ‘
488, 568 nm, 30 mW ~ !
T~ \
NS |
~_ |
~

MOD-1M active antivibration system
(recommended for "Axioskop" FS)
table surface: 40 cm x 40 cm

MOD-1L active antivibration system
(recommended for "Axioplan")
table surface: 60 cm x 60 cm

Table for host computer
width 1200 mm, height 750 mm,
depth 800 mm

for LSM 5
Table surface 30" x 30"

with vibration absorption
Granite slab

dively vibration-absorbed system table

System Overview LSM 5 PASCAL - Biomed

% Diode laser, 405 nm, 25 mW
Q%ﬁ
e

Laser module Argon
Laser module Argon/HeNe
Laser module ArKr

Scan modules LSM 5 PASCAL:

Scan module 1 channel//1 fibre
Scan module 1 channel/2 fibres
Scan module 2 channels/2 fibres
Scan module 2 channels/1 fibre

Addition laser module 633 nm
HeNe laser, 633 nm, 5 mW

Host computer

Small LSM 5 system table

width 650 mm, height 780 mm, depth 800 mm
with vibration absorption

Granite slab

Monitor 21" (50 cm)
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&
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Piezo objective focus \
§§ N~ AxioCam HRm
N AxioCam HRc

N

~

HRZ 200 fine focusing stage

llluminator N HBO 103
Power supply unit N HBO 103

100 HAL lamp housing
with collector, lamp mount

Halogen lamp 12 V 100 W

//
-
//
~. ~

HRZ 200 fine focusing stage Y

Axiovert 200 M SP
Axiovert 200 M BP |

Several solutions for ‘
incubation will be offered. |

|
|
|
|
|
N

Scanning stage DC 120x100
with mounting frame

Transmitted-light
channel for LSM 5

/

|
Scan module LSM 5 PASCAL ™

I
\

|

|

|

|

|

|

|

|

I

|

|

|

I

|

|

|

|

\

I

\

I

\

|

|

|

! \
‘ AxioCam HRm ~
K AxioCam HRc

Power supply for Halogen lamp
12V DC 100 W, stabilized
(for Axioskop 2 FS MOT)

2-axes control panel

Axioskop 2 MOT / FS MOT
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2.12 System Overview LSM 5 PASCAL - Material

Configuration
laser module LSM 5 PASCAL
Basic MAT 543 nm, 1 mW

Configuration
laser module LSM 5 PASCAL
Vario MAT 488 nm, 25 mW

Scan module LSM 5 PASCAL:
Scan module 1 channel//1 fibre

ECU
for LSM 5 PASCAL

Actively vibration-absorbed system table
for LSM 5
Table surface 30" x 30"

Monitor 21" (50 cm)

Host computer
for LSM 5 PASCAL

Large LSM 5 system table
width 1500 mm, height 780 mm, depth 800 mm
with vibration absorption

Granite slab
Small LSM 5 system table
1 width 650 mm, height 780 mm, depth 800 mm
MOD-1M active antivibration system with vibration absorption
table surface: 40 cm x 40 cm Granite slab

MOD-1L active antivibration system
table surface: 60 cm x 60 cm

Table for host computer
width 1200 mm, height 750 mm, depth 800 mm
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Scan module LSM 5 PASCAL

Scanning stage
DC 100x100 (65x50 mm)

including Z focus, reflector turret

Control panel for Axiotron 2 VIS
and objective turret

Scanning stage DC 200x200
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LSM 5 PASCAL Principle of Laser Scanning Microscopy Carl Zeiss
3 INTRODUCTION TO LASER SCANNING MICROSCOPY
3.1 Principle of Laser Scanning Microscopy

To yield information on their inner structure by conventional transmitted-light microscopy, specimens
have to be very thin and translucent; otherwise image definition will be poor. In many cases it is a
problem to satisfy these requirements.

The essential considerations have led to trailblazing changes in conventional microscopy and supplied a
successful solution to the above problem.

e Unlike the practice of even illumination in conventional microscopy, the LSM technique projects the
light of a point light source (a laser) through a high-NA objective onto a certain object plane of
interest as a nearly diffraction-limited focus. However, if not for another "trick", the stray light
produced outside the object plane, or the fluorescence of fluorescent specimens, would disturb the
in-focus image of object point of interest, resulting in a blurred image of poor contrast. The problem
is therefore, how to capture only the light coming immediately from the object point in focus, while
obstructing the light coming from out-of-focus areas of the specimen.

e The light reflected, or the fluorescence light
produced, at the focus of the high-NA objective
is projected onto a variable pinhole diaphragm Focus
by the same objective and a tube lens. The
focus inside the specimen and the pinhole are
situated at optically conjugate points (confocal
imaging). The decisive advantage of this
arrangement is the fact that essentially no other
light than that coming from the object plane of
interest can pass the narrow pinhole and be
registered by a detector. Unwanted light Bxcitation Light  £=)
coming from other specimen areas is focused
outside the pinhole, which passes only a small
fraction of it. The smaller the pinhole, the less
stray light or fluorescence from out-of-focus
areas will get on the detector. The image point
thus generated is largely free from blur caused
by unwanted light.

Specimen

Beam Splitter

— /YA Pinhole
A Detector

Fig 3-1 Principle of confocal imaging
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¢ In order to obtain an image of the selected object plane as a whole, it is necessary to scan the object
plane in a point-by-point, line-by-line raster by means of an XY light deflection system. The detectors -
as a rule, photomultipliers - convert the optical information into electric signals. This allows the image
of any object plane to be generated and stored within less than a second. By a defined focusing
(Z axis) movement it is possible to look at any object plane of interest. By scanning a succession of
object planes in a specimen, a stack of slice images can be produced.

This way, the LSM technique in conjunction with ICS optics (Infinity Color-Corrected System) has brought
decisive improvements over conventional microscopy in terms of resolving power and confocal depth
contrast:

Object features in the order of 0.2 um can be resolved, and height differences of less than
0.1 um made visible, without the use of interference methods.

3.2 Three-Dimensional Presentations of LSM Image Stacks

One of the advantages of the LSM technique is that it can present structures in three dimensions. This
opens up many ways to process images. Outlined below are some of the possible methods to extract
spatial information from stacks of slice images.

e Gallery
The simplest presentation of 3D information is a gallery showing the individual slice images (sections)
of a stack arranged side by side, with each slice apart from the next by a defined, selectable interval
on the Z axis.

¢ Virtually infinite depth of focus
The entire set of data can be imaged as a single projection. The computer establishes an image
composed of all in-focus optical sections. The image produced by this so-called composite method
has a virtually infinite depth of focus, since the result is made up of information from in-focus planes
only.

¢ Rotary animation
A sequence of projections is computed, with the specimen being apparently rotated by a certain
angle from image to image, for example by a full turn about an axis. If such a sequence is displayed
on the monitor screen in rapid succession, the visual effect is that of a rotating three-dimensional
object.

e Stereo image pairs
The computer establishes a pair of images corresponding to those we see with the right and the left
eye, respectively. The two images forming the stereo pair can be shown on the monitor side by side.
They can be seen as a 3D image with suitable optical aids. Another possibility is to present both
images in registration, with one image in the red channel and the other in the green one (anaglyph).
Viewed through red and green color filters in a spectacle frame, which only pass the image intended
for the respective eye, the two images form a 3D image in the brain
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LSM 5 PASCAL Three-Dimensional Presentation of LSM Image Stacks Carl Zeiss

Color-coded height slices
Each level, i.e. each slice is assigned a different color. For direct evaluation, a color scale is shown,
indicating the actual height above the bottom slice.

Orthogonal sections
This computation produces a triplet of mutually perpendicular sectional images.

Oblique sections
A section through the stack is made along an oblique plane defined by the selection of five
coordinates, i.e. X, Y, Z, angle of rotation, and angle of tilt.

Topography (option)
A computing program for surface topography presentations (as required in materials research) is
available.

Physiology (option)
With a special software, kinetic processes can be tracked, which is especially of interest to physiology.

Image VisArt (option)
Three-dimensional display of floating transparent structures (cells) or opaque structures (material)

3D Deconvolution (option)
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3.3 Optical Diagram of the LSM 5 PASCAL (Schematic)

Shutter Collimator VIS Fibers @
1
T g O

; Ocular
Scan
Tube Lens Optics
) X Fiber Coupling
Y MOTFI_[']_l I_[']_l
<— Tube Lens Scanner
PHCS A xy)
&A)
Objective
o
s |5 5
- 7] 7]
Sample :?_ 3 3
< |2 2
z | |2 T
Microscope Scan Module — —
Laser Module

VIS |

Fig. 3-2 Optical path, schematic (2-channel configuration)

MOTF Mechano Optical Tunable Filter
PMT  Photomultiplier
PH Variable Pinhole

The diagram above is a schematic representation of the LSM system.

Laser light is focused onto the specimen through an objective in a diffraction-limited mode. Light emitted
at the focal plane and at planes below and above it is directed via an XY scanner onto a main dichroic
beam splitter, which separates the emissions from the excitation light. The fluorescences are separated
from each other by a Main Dichroic Beam Splitter and a Secondary Dichroic Beam Splitter and directed to

individual photomultipliers (PMT1 and PMT2).
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3.4 Performance Features of the LSM 5 PASCAL
3.4.1 Optical and Mechanical Aspects

The highly integrated system design makes for the shortest possible optical paths, top-grade optical
precision and high stability. The compact scanning module can be fitted to an inverted (Axiovert 200 M
BP or SP) or upright (Axioskop 2 MOT, Axioskop 2 FS MOT, Axioplan 2 imaging MOT) microscope in less
than three minutes. On the Axiovert, the scanning module may be mounted either to the base port
directly below the microscope or to the side port.

For the VIS (visible-light) Laser Module, the user can select from up to four lasers with wavelengths of
633, 568, 543, 514, 488, 458, and 405 nm. Coupling of the laser light is through polarization-preserving
single-mode optical fibers. One beam collimator for the visible ranges provides optimum adaptation of
the respective laser wavelength to the objective used and, thus, optimum correction for Z aberrations.

The two simultaneous image acquisition channels, usable for reflection or fluorescence, and an
additional transmitted-light channel are ideal for the investigation of multiple fluorescence specimens. In
the two channels, the diameters of the pinhole and their XY positions can be optimized, and the desired
emission filter placed into the beam path, by servo-motor control. In the simultaneous registration of
multiple fluorescences, identical optical sections can be obtained in each confocal channel. This is of
importance, e.g., with the FISH method (fluorescence in-situ hybridization) used for genome analysis in
cytogenetic studies.

The microscope's transmitted-light channel is equipped with a photomultiplier, too. It is therefore
possible to superimpose a multiple fluorescence image on a brightfield, differential interference or phase
image.

In addition to the emission filters for all standard and special applications, available in motor-controlled
filter wheels, the user can easily install his own emission filters in two of the channels.

The high-NA C-APOCHROMAT objectives specially developed for the LSM technique reach the physical
limit in resolving power, and can be used throughout the 350...700 nm spectral range with the same
high quality, producing brilliant images.

A two-mirror scanner system, controlled by a digital signal processor (DSP), offers several advantages.
The large deflection angle of the scanning mirrors allows a wide area to be scanned. With a 1.25x
objective, the object area scanned is 10 x 10 mm2.

The scanning field size can be freely selected between 4 x 1 and 2048 x 2048 pixels.

It is possible to rotate the XY scanning field through 360° and carry out XY scans without having to
rotate the specimen itself under laser radiation load.

Selection of the specimen detail of interest for zooming is fast and convenient, and the zoomed image is
automatically centered. This saves the job of specimen centration with the microscope stage.

Using a bi-directional scanning facility (forthcoming) will double the scanning rate to 5 frames/sec (at
512 x 512 pixels); if two different lasing wavelengths are used for the two scanning directions
(wavelength 1 for left-to-right, and wavelength 2 for right-to-left scanning), two fluorochrome dyes can
be viewed and documented in a quasi-simultaneous mode. This will absolutely prevent "bleeding".
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34.2 Microscope Equipment of the LSM 5 PASCAL System

The LSM 5 PASCAL system is equipped either with the inverted Axiovert 200 M BP or SP microscope or
with the upright Axioplan 2 imaging MOT, Axiotron 2 mot, Axioskop 2 mot plus, Axioskop 2 FS MOT or
Axioskop 2 MAT mot microscopes.

Referring to the delivered operating manual "Axiovert 200 M" only differences to this manual will be
explained.

(1) Stand

a) The motorized objective nosepiece 5x H DIC is firmly fixed to the stand, where no operating elements
can be found for the nosepiece. Operation will be done LSM 5 software controlled. The "Restriction of
revolver height to protect the objectives when changing the objectives motorized" is inactivated. The
nosepiece will be moved down automatically before each motorized objective change.

b) The reflector mount is motorized and provided with the Axiovert 200 reflector turret. The reflector
turret has 5 positions: One transmitting light position, which is identical to the LSM position, and four
further positions for fluorescence filter sets (reflector modules). If you want to use more than five
conventional fluorescence filter sets, it is advisable to use a further reflector turret. When changing the
reflector turret position you must make sure that the turret will click into position, since otherwise the
image area will be cut.

¢) The stand has a motorized focusing drive (fine coarse). Sensitivity of the focusing drive is adjusted to
the delivered objectives by the manufacturer. If you want to use other objectives, sensitivity and
parfocality can be adjusted via the Axioset program.

d) The stand features an integrated power supply for the internal motors and stand electronics. The
power supply can be switched on at the right side of the stand. External power supply units will be used
for the mercury vapor short arc lamp.

e) The analyzer slider for conventional DIC methods will be operated from the right side and is located
just below the nosepiece.

When the rod is pushed in, the analyzer is located in the beam path. In LSM-mode the analyzer must not
be located in the beam path, analyzer rod must be pulled out.

f) The stands dispose of five additional ports: two side ports, front ports and base ports.

The side port or the front is equipped with the LSM 5 special interface, one of the others with the TV
interface. The LSM 5 PASCAL scanning module can be mounted to the special interface port. Different
camera systems can be adapted to the TV interface using the TV adapters 452982/83/92/94/95/97/98-
0000-000.

(2) Specimen stages and fine focus drives

a) Mechanical stage
The stage must be mounted with the coaxial drive on the right side of the stand.

b) Scanning stage
¢) HRZ 200 fine focusing stage

¢) Piezo objective focus drive
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(3) Transmitted-light illumination

a) The illuminator support contains a security circuit, which activates a shutter preventing laser light from
reaching the stand when the support is moved to back. A complementary shutter built-in the stand
prevents laser light from reaching the eye pieces during scanning mode.

b) The illuminator support is equipped with a rotatable polarizer. The Axiovert description contains the
adjustment for DIC mode during conventional observation.

For scanning transmitted light DIC mode the polarizer in the transmitted light support works like an
analyzer and must be adjusted in such a manner, that direct laser light will be blocked.

The conventional analyzer slider in the stand is not allowed be located in the beam path because of the
laser light already is polarized.

¢) On the illuminator support as an option there is mounted a LSM 5 software controlled switching
mirror fully motorized. Alternatively the light is directed to the LSM 5 T-light detector or enables
conventional transmitted-light observation.

d) The focusing screen for conventional transmitted-light is located in a support in front of the halogen
lamp housing.

e) Further information to halogen lamp and condensers you will find in the Axiovert operating manual.

(4) Reflected light fluorescence

All Axiovert fluorescence accessories exceptional the reflector slider can be used.
Further information you will find in the Axiovert operation manual.

(5) Imaging optics

Optovar sliders are not usable.

The analyzer for conventional DIC mode will be operated from the right side and is located just below
the nosepiece.

Use of sliders with auxiliary objects (473704/14-0000-000) is not possible.

(6) Photo equipment

The stand hasn’t have an integrated SLR-port, but microscope cameras, as described in the Axiovert
operation manual, can be used.

(7) TV adaptation
The TV port aside and the tubes can be used as described in the Axiovert operation manual.

The TV interface side port or base port can be used with TV adapters 44 or LSM adapters.
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343 Computer Hardware and Software

The LSM 5 PASCAL is controlled through a standard high-end Pentium PC. Linking with the electronic
control system is via an ultrafast SCSi interface. The PC comes with the 32-bit WINDOWS NT 4.0
operating system or WINDOWS 2000.

The instrument is fully motorized, permitting fast change-over between methods as well as automatic
operation. Parameters once set or complex examination sequences once established can be saved and
reproduced; this way, complete application programs can be loaded and executed by pushbutton
control.

The software of the LSM 5 PASCAL has two levels. On the simple operator interface level, a result will be
achieved after a few prompts; graphical prompting of the user in conjunction with automatic setting of
many parameters is an ideal tool for daily routine jobs. The expert level offers perfect facilities for
individual settings of functions and parameters.

Conversion of the light signals into a digital image is effected by means of four 12-bit A/D converters,
each of which can generate 4096 brightness levels.

The software provides a enormously wide range of image processing functions, including all standard
2D/3D (stereo, projection) functions same as sophisticated 3D reconstruction capabilities (surface and
alpha rendering), digital processing of voxels and 3D measurement functions (surface areas, volumes).

As all files and images are recorded in MS Access databases, elegant image database editing is just as
easy as transferring the records to other programs.

B 45-0007 e 12/02 3-1



QUICKSTART

LSM 5 PASCAL Contents Carl Zeiss
CHAPTER 4 QUICKSTART
CONTENTS
Page
4 QUICKSTART....ccceeiireceearrrmmearrrnme s s rrmm s s e rnmns s rremmssasermmnsssrrnmnssssrnmmnssssnnmnssssrnnmnssrennmnssnes 4-3
4.1 Purpose of this Section and other Operating Manuals................cccoooviiiiiiiiee 4-3
4.1.1 SOFEWAIE L. 4-3
4.1.2 Windows and Window EI@MENTS.........ooiiiiiii e 4-4
4.1.3 Convention for the Text in this Manual .............ooooiiiii e 4-5
4.1.4 BaCKUD .. 4-6
4.1.5 SOFtWAre OPEIatioN .. ... 4-6
4.2 SWITChING ON e SYSTEM .....oiiii e 4-7
4.2.1 SWILChING ON the AT LaSer .....coooiiiii e, 4-7
4.2.2 SWItChiNG 0N the HENE LASET .....ooiiiiiiiie e 4-7
4.2.3 Switching onthe HBO 103, ... e 4-7
4.2.4 Switching on the Microscope and the COMPULEr ...........cooiiiiiiiiiiiii e 4-8
4.2.5 LOG ON 1O WINDOWS NT oot et e e e 4-9
4.2.6 Starting the LSM 5 PASCAL PrOgram ..........cooiiiiiiiiiiieee e, 4-11
4.3 A NG e 4-13
4.3.1 Start the LSM 5 SOTtWAIE ..o 4-13
4.3.2 Set the MICIOSCOPE ... .. 4-14
4.3.2.1  AXIOSKOP 2 MOT ..ot 4-14
4.3.2.2  AXIOPlan 2 iMagiNG MOT .. ... 4-15
4.3.2.3  AXIOVEIT 200 M .o 4-16
4.3.3 Set the Beam Path . ..o 4-17
434 SCAN AN TG e 4-18
4.3.5 StOre the IMAgE ... .o e 4-22
4.4 SHUE-DOWN PrOCEAUNE. ... e 4-24
4.4.1 Exiting the LSM 5 PASCAL Program.......cccooooiiieeieeee e 4-24
4.4.2 Shut Down the WINDOWS Operating SyStem ......coovvvviiiiiieeeeiiiiieeee e, 4-25
4.4.3 TUrNING OFf the Al LaSeI ....ooi i 4-26
4.4.4 Turning Off the HENE LaSEr .......viiiiiiiiieee e 4-27
4.4.5 Turning off the SYSTEM ... oo 4-27
4.4.6 Turning off the HBO 103 ..o 4-27

B 45-0007 e 12/02 4-1



Carl Zeiss

QUICKSTART

LSM 5 PASCAL

4-2

B 45-0007 e 12/02



QUICKSTART

LSM 5 PASCAL Purpose of this Section and other Operating Manuals Carl Zeiss
4 QUICKSTART
4.1 Purpose of this Section and other Operating Manuals

This section describes the operation of the LSM 5 PASCAL Laser Scanning Microscope exemplified by
typical applications in conjunction with the LSM 5 PASCAL software and its graphic user environment.

When starting up and operating the microscope system, mind the operating instruction manuals for the
Axioskop 2 MOT, Axioplan 2 imaging MOT and Axiovert 200 M microscopes:

— B40-075e Axioskop 2 MOT, Operating Manual

— B40-042e Axioplan 2 imaging, Operating Manual
— B40-080e Axiovert 200 M, Operating Manual
411 Software

The LSM 5 PASCAL software, Version 3.2, controls the microscope, the scanning and laser modules,
tools (filters, stand, CLM) and the image acquisition process, and displays and analyzes the images. It is
based on the network-capable graphic 32-bit Microsoft ® WINDOWS NT 4.0 operating system and
WINDOWS 2000, respectively.

Portions © Copyright 1996, Microsoft Corporation. All rights reserved.

I3>  The installation of the software for the LSM 5 PASCAL and the basic settings of the equipment
components are carried out by Carl Zeiss service staff. This job includes the creation of a
customized software configuration in line with the specific hardware components of the
customer's microscope system.

The LSM 5 PASCAL software is menu-controlled and normally uses its own windows for the activation of
the various functions; within these windows, further submenus (panels) can be displayed and removed
again.

Images of the specimens to be examined, created by scanning, are displayed in separate Image Display
windows.

Theoretically, the number of simultaneously opened windows for software operation or image display is
unlimited, but should not be too excessive so that an overview is still possible.

Identical functions, e.g. Laser Control, can be performed in several software windows. Changes made
by the software are recorded immediately and are automatically transferred to all the other windows
concerned.
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4.1.2 Windows and Window Elements

Window element

Description / Explanation

T&!Laser Control E

Laszer Lnit ‘Wwavelength

458, 488, 514 nm

l e 543 nm
Hehle2 B33 nim

Window (e.g.: Laser Control window)

— Window displayed after activation of a function
button (e.g.: Laser button in the toolbar of the
Expert Mode).

Lazer Unit W avelength

452, 428, 514 nm
Hehel 543 nm
HeMe? 633 rrn

Panel (e.g.: Lasers panel)
— Limited function range within a window

Lazer Unit wavelength
: 453, 488, 514 nm

A0
HeMel 543 nm

List box or selection box

HeNe2 £33 rm & mw — Selection of one of the displayed options at a click of
the mouse.
— Open the box by clicking on the arrow button.
Filter |BP 505550 ]
[z Input box

— Input of text or numeric values via the keyboard.

Scrollbar with slider

— Setting of numbers in the relevant input box by
moving the slider or clicking on the arrow buttons or
clicking on the slider and moving via the arrow keys
of the keyboard.

Press the Shift or Ctrl key while clicking on the
arrow button to change the numeric values in coarse
or fine steps.

4-4
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Window element Description / Explanation
¥ 488 nm Check box

— Activates / deactivates setting options.

Button

Cloze

— Selection / performance of a function via mouse
click.

4.1.3 Convention for the Text in this Manual

All the originally used terms of the software interface, e.qg.

names of windows,

— panels,

— input boxes,

— list / selection boxes,
— check boxes,

— menu items,

— names of buttons and
— keyboard keys,

are displayed in bold letters to allow easier identification.
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4.1.4 Backup

System backup

— A complete backup is contained on the enclosed optical disk.

User files backup
The following user-generated files need to be included in a backup procedure (keep directory structure):
— Image database files: *.mdb (but not system_configuration_*.mdb
— LSM Image files: *.Ism
— Exported images: *.* (*.Tiff, * LSM-Tiff, *.BMP, ...)
— Palette files: AIM \ Palette \ *.lut
— Filter files: AIM \ Filter \ *.krn
— Pinhole setting files: AIM \ PH*.pos
— Log files: AIM\ *.log

The following files generated during the system integration should also be included in a backup
procedure:

Parameter file for pinhole setting: AIM \ *.set
— Parameter file after pinhole adjustment: AIM \ *.ad]

Scanner files: AIM \ bin \ *.bin

— Microscope stand database: AIM \ database \ system_configuration_*.mdb

4.1.5 Software Operation

The LSM 5 PASCAL software can be operated using the mouse, the PC keyboard, or both.

The operation of the mouse and the keyboard is identical to that of the Microsoft ® WINDOWS
operating system and is therefore not dealt with in detail in this manual.

If required, see the Microsoft manual or online help for relevant information.
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4.2 Switching on the System

The LSM 5 PASCAL system is turned on via the
switch-operated multi-point connector on the
system. This switches all the system components
except the lasers and the microscope illumination
(HBO 103) on.

NSNS
B T Y
)
(NN

NN

NN

N N

421 Switching on the Ar Laser

T TSNS
N N O O Y N Y

N IS NN
NSNS

\

e Switch the Ar laser on via the toggle switch
(4-1/2) of the power supply — position "1".

e Then ignite the laser by turning the key switch
(4-1/1) to the "I" position.

— It will be ready for operation after a few

Fig. 4-1 Power supply of Ar laser
seconds. 9 PPy

4.2.2 Switching on the HeNe Laser

e Switch on the HeNe laser using the key switch
(4-2/1) of the power supply.

— The Laser will be ready for operation after a
few seconds.

4.2.3 Switching on the HBO 103

e If the HBO 103 is required, switch it on via the
toggle switch of the HBO 100 power supply.

1y Before you turn on the multi-point
connector, switch on the Ar laser.

Fig. 4-2 Power supply of HeNe laser
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42.4 Switching on the Microscope and the Computer

e Turn the multipoint connector to the "ON" position.

This switches on the entire system.

Microscope will be ready for operation after a short time.

Computer boots up.

Computer hardware system test runs.

= Drive "A" of the computer must not contain a diskette.

The monitor shows a dialog box for selection of the operating system version.

OS Loader V4.00

Please select the operating system to start:

Windows NT Workstation Version 4.00

Windows NT Workstation Version 4.00 [VGA mode]

Use T and | to move the highlight to your choice.
Press Enter to choose.

Seconds until highlighted choice will be started automatically: 30

Fig. 4-3 Selecting the operating system version
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e Confirm the default setting of the "Windows Begin Logon
NT Workstation Version 4.00" by pressing the
Enter key. W
) ) ) Press Ctrl + Alt + Delete to log on
— WINDOWS NT operating system is being @
loaded.

— The Begin Logon window appears on the . . .
Fig. 4-4 Begin Logon window

screen.
4.2.5 Log on to WINDOWS NT Logon Information
Enter a user name and password that is valid for this
e Press the three keys Ctrl, Alt and Del at the Iib(\% system.
same time. T User name: |
— The Logon Information window appears Password: |
on the screen, permitting you to log on to
the WINDOWS NT 4.0 operating system.
e Enter the valid user name into the User name ok | _ cancel | Help |_shutpown.. |
text box.
Fig. 4-5 Logon Information window

e Enter your password into the Password text
box.
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e After entries, confirm by clicking the OK button or Enter.

e The WINDOWS NT operating system desktop appears on the screen, showing a number of icons.

Change Filters

Change Filters icon

Stand Select icon

LSM 5 PASCAL icon

LSM 5 Image Examiner icon

LSM 5 Image Browser icon

Fig. 4-6 WINDOWS NT operating system desktop
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4.2.6 Starting the LSM 5 PASCAL

L2 Zeies
Program Carl Zeiss

Microscope Systems
The LSM 5 PASCAL software program can be
operated in two different modes (with or without
connected instrument system). In the on-line L ————
mode, the entire program package (image - EMBL Heidelberg
recording and analysis) is available, while only a e T
part of the software functions (image analysis only
of already stored images) and no hardware
functions are available in the off-line mode. Of
course, the off-line mode can also be started when
the instrument system is connected. In that case, it
is not necessary that the lasers and the microscope
are switched on.

Fig. 4-7 Starting the LSM 5 software

e Double-click on the PASCAL icon on the desktop of WINDOWS to start the LSM 5 PASCAL software
program (see Fig. 4-6).

— The LSM 5 PASCAL Switchboard menu appears on the screen.

T Switchboard x|

Carl Zeiss ﬁ
Laser Scanning Microscope LSM 5 PASCAL Yersion 3.2

Online Mode

Offline Mode

il Start

@ Copyright Carl Zeiss 1956-2002
Portions & Copyright 1996, Microsaoft Corporation. AN rights reserved.

Exit

Fig. 4-8 LSM 5 PASCAL Switchboard menu
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The LSM 5 PASCAL Switchboard menu presents the following items for selection:

— Online Mode

Clicking on this button activates the complete LSM 5 PASCAL hardware.

— Offline Mode

This item allows you to process and analyze previously acquired images with the LSM 5 PASCAL
software. In this mode, control of the hardware is not possible (off-line mode).

OFF LINE Initialization

Initialize: CP Lasers i Cancel ;

Fig. 4-9 OFF LINE Initialization window

After the start, instrument initialization is
performed and can be monitored in the
Initialization window and interrupted with a click
on the Cancel button, if required.

Depending on the selected option (Online Mode
or Offline Mode), initialization is performed in the
offline or online mode.

= Please note that the Online Mode button must be activated before clicking the Start button.
Otherwise, the hardware can not be controlled by the LSM 5 PASCAL software.

Some printers (for example KODAK Thermo Printer) will produce an error message "hard key
not found" in case the printer is not switched on.
Remedy: turn on the printer before starting the LSM 5 PASCAL software.

Don't switch off the KODAK printer during the scanning process.
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4.3

Starting

Proceed as follows to generate images:

4.3.1

start the LSM 5 PASCAL software

test / change the microscope setting: objective, fluorescence / attenuation filters, illumination mode,
diaphragms

normal setting of the microscope on the specimen with observation in brightfield or fluorescence
contrast (KOHLER-type illumination)

configuration of beam path and channel assignment: tracks, multi-tracks, switching on / off of laser
lines and intensity (excitation)

image creation: determine the scan method (line, frame) and scan parameters (image size, scan
speed, pixel depth, scan direction, scan average, zoom, rotation, offset)

image optimization and storage

G/ Switchboard

Start the LSM 5 Software

Carl Zeiss

Laser Scanning Microscope LEM 5 PASCAL

Double-click on the PASCALicon on the
WINDOWS NT operating system desktop.

— The LSM 5 PASCAL Switchboard menu
appears on the screen.

Version 3.2

Online Mode

Offline Mode

Click on the Online Mode button and Start
button in the LSM 5 PASCAL Switchboard

menu.

— The LSM 5 PASCAL will go through the
initialization and open the Main menu

ll Start

@ Copyright Carl Zeiss 1986-2002
Portions @ Copyright 1396, Microsoft Corporation. Al rights reserved.

Exit

labeled LSM 5 PASCAL Expert Mode. The
Main menu appears on the screen.

T&/LSM5 PASCAL - Expert Mode

File  Acquire Process 3D View Macro DOptions  Window Help

Fig. 4-10 LSM 5 PASCAL Switchboard menu

ﬁ M airtain

L
é Macio % Optiohs
+

i /g Acquie i>=< Process i 30 View

—

i H H 2 e =
Mew Dpn Save Savehs Import Export builti Frint

Exit

Fig. 4-11 Main menu of LSM 5 PASCAL -

Expert Mode
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43.2 Set the Microscope

This step is used to set:

— microscope objective

— specimen position

— specimen focus

& Microscope Control

Microscope Settings

Iﬁ Apply | Stare IDeIetel

Azzign Button |

Cloze

X

L L

Fm

L

L L

Fm

L

Reflector

—

Objective
Plar-Meofluar 10x/0.3

Condensor

Filter

Reflected Light

%Y

Tranzmitted Light

®

On 300 %

Lezz

Fig. 4-12  Axioskop Control window

4.3.2.1 Axioskop 2 moT

e C(lick on the Acquire button in the toolbar of
the Main menu.

e Move the tube slider on the microscope to the
VIS position.

e (lick on the Micro button in the Acquire
subordinate toolbar. The Axioskop Control
window appears on the screen.

e Put the specimen on the stage - make sure the
specimen is mounted securely and flat. For tests
use the supplied Convallaria specimen.

You can view the specimen in either fluorescence
(reflected light) or transmitted light.

e To view the specimen in transmitted light, set
the Reflector Turret position to None and
activate the Transmitted Light panel by
clicking on the Transmitted Light button.
Select the On button and control the intensity
by the slider.

e Select an objective with low magnification at
the objective nosepiece of the microscope. The
display of the Objective panel in the Axioskop
Control window is updated.

e Set the microscope to KOHLER illumination manually (see Axioskop 2 MOT operating manual).

e Select the specimen area to be examined by moving the XY-stage and focus exactly on the selected

area.

o Close the Axioskop Control window. Move the tube slider on the microscope to the LSM position.

4-14
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4322  Axioplan 2 imaging MOT x

e Click on the Acquire button in the toolbar of
the Main menu.

e Move the tube slider on the microscope to the
VIS position.

e (lick on the Micro button in the Acquire
subordinate toolbar.

— The Axioplan Control window appears on
the screen.

e Put the specimen on the stage - make sure the
specimen is mounted securely and flat. For tests
use the supplied Convallaria specimen.

You can view the specimen in either fluorescence
(reflected light) or transmitted light.

e To view the specimen in transmitted light, set
the Reflector Turret position to None and
activate the Transmitted Light panel by
clicking on the Transmitted Light button.
Select the On button and control the intensity
by the slider.

e Select an objective with low magnification by
clicking in the Objective panel of the
Axioplan Control window.

Microscope Settings

I vI Apply | Stare IDeIetel Azzign Button I

il itlal il illsl
il il il ills]
Reflector Reflected Light
d ’®
Shutter Open
Objective
5 Plan-Neofluar 10:40.3
|
Condensor
o
— Aperture  0.3882
Field Stop Filter Transmitted Light
749 X 12000 ¢,  On 300 %

Cloge

Less

Fig.

4-13  Axioplan Control window

e Set the microscope to KOHLER illumination manually (see Axioplan 2 imaging MOT operating manual).

e Select the specimen area to be examined by moving the XY-stage and focus exactly on the selected

area.

e Close the Axioplan Control window. Move the tube slider on the microscope to the LSM position.

B 45-0007 e 12/02
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X 4.3.2.3 Axiovert 200 M

Microscope Settings

I vl Apply | Stare |Delete|

Agzign Button |

Cloge

L

ML

L

LiAF]

L

L

R

Condensor

W

Aperture 0.0529

Objective

Plar-Meofluar 10x40.3

Reflector

FSet0i

Tube Lens

Lens 1x

Transmitted Light

=l

On 300 %

Reflected Light

®

Shutter  Open

Less

Fig. 4-14

Axiovert Control window

Click on the Acquire button in the toolbar of
the Main menu.

Click on the VIS button in the Acquire
subordinate toolbar.

Click on the Micro button.

— The Axiovert Control window appears on
the screen.

Put the specimen on the stage - make sure the
specimen is mounted securely and flat. Use the
supplied Convallaria specimen at first.

You can view the specimen in either fluorescence
(reflected light) or transmitted light.

To view the specimen in transmitted light, set
the Reflector Turret position to None and
activate the Transmitted Light panel by
clicking on the Transmitted Light button.
Select the On button and control the intensity
by the slider.

Select an objective with low magnification by
clicking in the Objective panel of the Axiovert
Control window.

Set the microscope to KOHLER illumination
manually  (see  Axiovert 200 M  operating
manual).

Select the specimen area to be examined by
moving the XY-stage and focus exactly on the
selected area.

Close the Axiovert Control window. Click on
the LSM button.

4-16
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4.3.3 Set the Beam Path &/ Configuration Control X
. . . Channel Mode Lambda kiode Close

This step is used to specify beam path parameters
by using a predefined Track Configuration. S e Ratio |
Beam Path and Channel Assignment Rsp=ctall

e (Click on the Config button in the Acquire
subordinate toolbar of the Main menu.

|:| LF 560 1
— The Configuration Control window [ Chi

appears on the screen. Your screen may E
differ from the one displayed. oA [

Descanned Iion Mescanmed

e Click on the Single Track button, unless it has
already been activated.

o Z EP 505-530]_ %
5 v
e Click on the Config button in the wet woasas | /] JACE
Configuration Control window. -
— The Track Configurations window appears Specimen

on the screen.

Stored standard configurations (Tracks) are
available in the Track Configurations window,
which can be used for fast and easy image
acquisition.

Fig. 4-15  Configuration Control window

e The list of configurations will appear by clicking

on the =l button. Choose the FITC/Rhod
configuration from the list.

Stare / Apply Co

nfiguration

LCloze
Configurations: |[SINLRFE]st

=

Store | Apply | Delete |

e Click on the Apply button.

Fig. 4-16  Track Configurations window

All the settings of the selected standard configuration, such as beam path, excitation wavelength and
intensity, opto-mechanical attenuation of used laser lines, Gain, Offset and Data Depth, are loaded via
the software and displayed in the relevant windows and panels. The Track Configurations window is
closed automatically.

053> If you click on the Close button, the Track Configurations window will be closed without any
change being made to the Track Configuration.

B 45-0007 e 12/02 4-17



QUICKSTART

Carl Zeiss Starting LSM 5 PASCAL
] 43.4 Scan an Image
tede Sremes S 2 This step is used to specify parameters and execute
o sput| — LineI:Frame 1= image acquisition.

| PlarNecfuar 10:/0.3

e (lick on the Scan button in the Acquire

Dbjective EREel subordinate toolbar of the Main menu.
128 | e | o2 | v | e | T — The Scan Control window appears to the
Frame Size bes I 12 YI 512 Line Step |1 VI @ screen.
[Speed —— |EEag
Scan Speed I 7 ﬂ |_J— ﬂ M ax | ﬁ
il Time: 320 s Gean Time: 197 sec Digk The microscope must be in the LSM mode (move
e 10y S0 7]l 8 St et 2 @ the relevant slider(s) on the microscope stand in
DataDepth BEt 126t Mode [Lne =] | P the LSM position).
Method | Mean Yl
Scan Direction I — p e ﬁ §
On the right-hand side of the Scan Control
window various buttons appear.
Zoom, Rotation & Offset ' . .
. 4 ——— 1] We will use the: Find, Single, Cont., (Stop) scan
Rotation lTj T _i ﬂ_ﬂl bUttonS.
/ e To scan an XY-image, click on the Frame
Ofset |~ > button.
T Reset X . . ,
Offsst 000 um e C(lick on the Find button on the right-hand side
Difset . L) of the Scan Control window.
— An XY-image with automatically generated
settings for brightness and contrast is
Fig. 4-17  Scan Control window produced.
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e A specimen with 2 labels (FITC, Rhod.) with defined channels is easier to view in split screen where
each channel is arranged side by side. You can toggle between xy and Split xy in the Image Display
window.

=

convallaria - AlM

|F|ead_l,l, B12x 512 % BB, 3 channels , 8 bit

Fig. 4-18 Image Display window with Split xy mode

The scanned image can now be optimized for contrast, brightness and confocality.
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x| Proceed as follows for image optimization:

Mode Channeks Z Setfings Close e Click on the Channels button in the Scan
o sl — LinelizFrame N = \. Control window.

& : m — The Channel Settings panel and the
= e o :
: : Excitation of Track (...) panel are displayed
Channels i i Ch2 QO . .
c in the Scan Control window.
@ e Press the Cont. (continuous scan) button on
Fast v the right-hand side of the window. This starts
the continuous image acquisition, which can be
Pinhole [636 ¢ [ »| 1 [Ma| | Singe interrupted by pressing the Stop button.

Optical slice < 11.4 jum Finhole @ = 1.00 Ay Urits @ « Under the Channel Settings panel all buttons
DetectorGain | 7on 47 | 2 : for each channel you have set up are displayed.
Amplfier Offset [ -0.105 4 o gﬁ Click Ch1 (channel 1 of track 1), for example, if
arplferGan | 1 4] | y == you want to adjust the first image displayed in
e the split mode window.

& Line active - Transmission [%] e Use the Pinhole slider to set the pinhole
r=a LR llIﬂ_l—ﬂ diameter.
v 488rm | 5 A | »
M staem [ 01 | ——— b — The selected pinhole diameter should be
P s [ 24— F—— b small enough to still allow the Detector Gain

Fig. 4-19

Scan Control window

setting and to provide sufficient image
information. 1 Airy unit is a decent value to
obtain a confocal XY-image (use the 1
button).

If required, adjust the pinhole again (see Main
menu, Maintain subordinate toolbar, Pinhole
button).

e Use the Detector Gain slider to set image contrast and brightness. This adjustment is very sensitive.
Try using the left and right arrows to make the adjustment instead of dragging the slider bar. Use the
Shift and Crtl keys for changing to coarse and fine steps.

e To adjust the black level (background) use Ampl. Offset.

e Also, try adjusting the microscope by manual focusing. Sometimes you will find that there are other
focal planes within the specimen which are brighter, and therefore the detector gain will need to be
turned down.

e Once you have optimized a particular channel, you can switch to the next channel required and
repeat the optimization.

e Assoon as all channels are optimized, click on the Stop button.

4-20
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e To further improve image quality you can slow X
down the scan speed, allowing more photons
to integrate on the detector, or apply image
averaging to remove random noise, or a ¢ Spot
combination of both. These adjustments are
made by clicking on the Mode button on the

Hode Channels Z Seftings

— LineI:Frame @ URSOBI Staci

Cloze

Objective Lens, Image Size & Line Step Factor

- Objective | Plar-Neofiuar 2 5+/0.075 RS |
Scan Control window. _
128 | 256 | =2 | 1024 | o048 | FPE
e Set the Scan Speed in the Speed panel. FemeSize X [ 512 [ 512 LieStep [1 =]
Fazt v
e Select the Line or Frame average Mode, the [Specd Iy
Mean or Sum average Method and the SeanSpeed [ 7 4|7 a 2| v | @
Number of averages in the Depth, Scan el Sl e e TS e —
I
Direction & Scan Average panel accordingly Pixe Depth, Scan Direction & Scan Average
. . . - Stop
by observing your image. The setting average of DalaDepth | 8Bt 126 MMt:dZ :E'L_Ij E
. . . [=11gn] £an il
16 (Number 16) should improve signal / noise SCanDi,ecnm| - O we[r | 2

dramatically; however, the image acquisition
rate will be slower.

e When the image optimization has been D5 0p (RIEAIHOD 3 (01

finished, click on the Single button to generate Zoom [ 3]
a single image of the specimen. Roaion [0 47 i o]

e If your specimen is sensitive to photobleaching, — 3 —
you can attenuate the laser illumination by e [\ ]
clicking on the Channels button in the Scan Mt G
Control window. At the bottom of the window Offsety:  000um
you can set the percentage of laser power
(Transmission [%]) for each  excitation
wavelength. You will probably have to increase
the Detector Gain if you decrease the laser
power. This setting controls the transmission
degree of the attenuator.

Fig. 4-20 Scan Control window

I¥>  Try to use as low laser light intensity as possible to prevent sample bleaching. For that purpose
increase the detector gain to a value of approximately 800 V.
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4.3.5 Store the Image

This step is used to activate an existing database or to create a new database in which the acquired
image is stored with the used settings and comments.

e To save the image, click on the Save As button on the right-hand side of the Image Display
window.

— The Save Image and Parameter As window appears on the screen.

Save Image and Parameter As E
Marme : IConv-? ok
Description : |1 Channel, Fluarescence
Mates :
- I :I LCancel
-]
Open
User: [appoenter HMEE
IEEIECEN (IO - rmage D atatUlimann. mdbsUlimarnn. mdb
C:A\mage DatatDatabaze Rel-3 (hLambda_Stack.mdbiLambda_Stack.mdb Mew
C:*mage DatatDatabase_Rel-3_0\TestRel-3 0mdbiTest-Rel-3_0.mdb MDB
C:A\mage DatahTag der offenen TuerDemo Bilder. mdb'test. mdbhtest mdb

C:\mage DatakTag der offenen Tuer\Demo Bilder. mdbsDemo Bilder. mdb

Compress Files |

Fig. 4-21 Save Image and Parameter As window

Proceed as follows to store images in an existing database:

e To select the required database, click on its name (blue cursor bar) in the Database (MDB) list box of
the Save Image and Parameter As window.

e Enter a suitable name for the image in the Name input box. If required, enter further details on the
image in the Description and Notes input boxes.

e Click on the OK button to add the image to the selected database.
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Proceed as follows to store images in a new Create New Database [2[x]
database: Crestein | 3 images
e Click on the New MDB button in the Save %'t:jgnfjb

Image and Parameter As window.

— The Create New Database window will be

opened.

e Enter a database name in the File name input _

box. The name can consist of as many E"ename' ! — G|

Characters as yOU ||ke Teate bipe IDatahase Files [* mdh) J ﬂl
e Before clicking on the Create button in the Fig. 4-22  Create New Database window

Create New Database window, set the
location in which the database will be created
by selecting the drive in the Create in list box,
and double-click on the required folder icon in
the list displayed.

Click on Create.

— The new database will be created and displayed on the screen.

As described above, enter a name and, if required, further image details in the Save Image and

Parameter As window.

Click on the OK button.

— The image will be stored and included in the new database.
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4.4 Shut-Down Procedure

ﬁ Never shut down the computer by its main switch while your LSM 5 PASCAL program s still
active, or else you will lose the currently set operating parameters and the images just scanned.

I3>  In the Settings for user dialog window, which can be activated with the Options / Settings
buttons, activate Laser off or Exit in the Shutdown tab. The lasers will then automatically be
switched off when you exit the LSM 5 PASCAL program.

4.41 Exiting the LSM 5 PASCAL Program

e Close all open windows of the LSM 5 PASCAL program by clicking on the closing icon X in the top
right corner of each window.
— This closes the respective window and removes the respective icons from the taskbar.
— After all dialog windows have been closed, the LSM 5 PASCAL Switchboard window appears.

5! Switchboard x|
Carl Zeiss ﬁ
Laser Scanning Microscope LSM 5 PASCAL Yersion 3.2

“»  Online Mod
nine Kode
[=] Offline Mode
=

Y| St

@ Copyright Carl Zeizs 1986-2002
Portions & Copyright 1396, Microsoft Corporation. A1l rights reserved.

Exit

Fig. 4-23 LSM 5 PASCAL Switchboard menu

e C(lick on the Exit button.
— This terminates the LSM 5 PASCAL program.
— The monitor screen shows the desktop of the WINDOWS NT operating system.
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4.4.2 Shut Down the WINDOWS Operating System

e Move the cursor to the bottom margin of the screen.
— This opens the taskbar containing the Start button.
e Click on the Start button of the taskbar.
— This opens a pop-up menu.

e Click on the Shut Down item.

s b

1z3

Fig. 4-24  Start menu ~
Taskbar
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Shut Down Windows — This opens the Shut Down Windows
window, in which you can select between

gg B IS e T Shut down, Restart and Login.

{+ Shut down the computer?

e Unless already set by default, click on Shut

" Bestart the computer? down the computer"

(" Cloge all programs and log on as a different user?

e Click on the Yes button.

Tes Mo Help

The screen now displays the message

Fig.4-25  Shut Down window Shutdown in Progress - Please wait while the
system writes unsaved data to the disk.

About 20 seconds after WINDOWS NT has been run down, the Shutdown Computer window appears
which tells you that you can now turn off your computer.

4.4.3 Turning off the Ar Laser

e Turn off the laser by turning the key switch
(4-26/1) to the "0" position.

ﬁ Turn off the power supply by setting the
toggle switch (4-26/2) to the "0" position

after 5 minutes.
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Fig. 4-26  Power supply of Ar laser
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444 Turning off the HeNe Laser

e Turn off the HeNe-Laser via the key switch
(4-27/1) of the power supply unit.

44,5 Turning off the System

The LSM 5 PASCAL system is turned off via the
switch-operated multi-point connector on the
system.

— This puts your LSM 5 PASCAL microscope
system, including the computer, off power.

4.4.6 Turning off the HBO 103

e Switch off the HBO 103 via the toggle switch of
the HBO 100 power supply.

Fig. 4-27

Power supply of HeNe laser
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IMPORTANT NOTES ON CHAPTER 5

These operation instructions describe standard and optional hardware and software configurations.
Depending on your order and therefore on the configuration, the content of the screens may differ.

Software

Six different configuration packages of the LSM 5 PASCAL Software Release 3.2 are available:
— Software "LSM 5 PASCAL control” and an additional license

— Software "Physiology evaluation”
— Software “Topography evaluation”
— Software "3D for LSM”

— Software “Image VisArt”

— Software “Deconvolution”

— Software “StitchArt”

If your configuration does not include the "Physiology evaluation” software package, the following
functions are inactive:

— Mean of ROI scan button in time series control

— Mean of ROI button in the image display after frame scan

If your configuration does not include the “Topography evaluation” software package, the following
functions are inactive:

— Topo button in the image display after acquisition of image stacks

If your configuration does not include the “3D for LSM" software package, the following functions are
inactive:

— External 3D for LSM software

If your configuration does not include the “Image VisArt” software package, the following functions are
inactive:

— 3D button in the image window
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If your configuration does not include the “Deconvolution” software package, the following functions
are inactive:

— DCV button in the image window and in the process main menu

If your configuration does not include the "StitchArt" software package, the following function is not
available:

— Macro: "StitchArt"

Hardware

Depending on whether the following hardware components are available or not, the content of the
screens may differ:

HRZ 200 fine focusing stage

Piezo objective focusing device
— X-Y scanning stage DC 4 x 4 or DC 100 x 90, each with MCU 28

— Depending on the configuration the Scan head equipment may differ in filters, beamsplitters and the
number of photomultiplier

— Transmitted-light PMT

— Stands: Axioskop 2 MOT plus, Axiotron 2 mot, Axiovert 200 M BP or SP, Axioskop 2 FS MOT,
Axioskop 2 MAT mot, Axioplan 2 imaging MOT

If your configuration does not include an AxioCam, the following functions are not available:
— Camera in the Config Control window, Scan Control window
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Limitations notes for the Release 3.2 (date of issue: 11/ 2002)

No. |Function Description ‘ Fix
Hardware
1. Hardware Starting of the system, if it is cold, produce some errors | Starting the system once
messages in the error log sometimes again
2. Hardware For precise measurements over long time ranges
constant environmental conditions are necessary
(temperature, humidity)
3. Axioskop For precise measurements (for instance in z direction)
2 MOT the system should warm up for 2h
4, Computer The computer (generation Pentium 3) has problems to | Restart of the computer is
initialize the operating system sometimes (blue screen) | necessary
Software
File
5. Export/Import Export of 4D series as LSM 4 Tif is handled as z stack
6. Export/Import * eps — format will exported not correctly for more than
one channel
Acquire — Microscope Control
7. Microscope For rotations of the reflector turret of the Axioskop 2 | Switch the check box for
Control MOT the Transmitted Light turned off, but there is no | Transmitted Light off and
update in the software on again to update the
software
8. Axioskop 2 MOT | For a Axioskop 2 MOT with motorized condenser the | Ignore it
AIM software starts with a message in the Error Log
9. Microscope You select another objective for an Axioplan 2 Make sure, that you use not 2
Control Imaging if the LSM software is not active: objectives for different
If you start the LSM software now — the last registered | immersion media
objective in the LSM software moves back in the beam
path
10. | Axioskop 2 MOT | The software button for HBO shutter does not respond | Ignore it
Plus sometimes, if button on microscope stand is pressed
Acquire — Configuration Control
11. | Config Control Multitracking (for a vario 2 system ) with a beampath | Avoid to use this
NFT = Plate and only channel 2 works not correct, configuration (not useful)
because the pinhole position will not updated after the
track switching for this beampath

B 45-0007 e

12/02

511l




IMPORTANT NOTES ON CHAPTER 5

Carl Zeiss LSM 5 PASCAL
Acquire — Scan Control
12. | Scan Control Spline scan with more than 4 channels does not work
13. | Scan Control Offset and Amplifier Gain Adhustment does not work Adjust the detector before
for Spot Scan you start the spot series
14. | Z Settings Fast rotation of the focus wheel produces a lot of Ignore this messages
messages in the Error log for the Axioskop 2 MOT
15. | Z Settings Z stacks with the Axioskop 2 MOT lost up to 3 um The definition of a stack
height by definition with Mark First/ Last method should realized from bottom
to top of the stack with Mark
First/ Last
16. | Z Settings The movement for Move to First/ Mid/ Last is slow for | Generate a second image if
Axioskop 2 FS. Therefore it is possible that the focus the focus is finished
moves during the image acquistion
17. | Z Settings Z Values in the LSM software and at the display of Ignore it
Axiovert 200 are different
Acquire - Edit ROI
18. | Edit ROI Creation of ROIs with 1 Pixel width is not possible Minimum is a 2 pixel width
19. | Edit ROI ROIs for xz planes are possible to define but not to scan
Acquire — Time Series Control
20. | Time series xz-t-series: Roi/mean in the image menu shows Roi-
values in xy-coordinates and calculated the area in xy-
units and not in xz-units
Macros
21. | Macros Some macros do not work
22. AOTF Fit Sometimes it occurs, that after the linearisation the (rounding error) Ignore it
maximum transmission value is only 99%
23. |Bleach Spot Bleach does not work Use the spot scan functionality
Options
24. | Settings In the settings there is a message: Laser off on exit —
does’nt work, because the laser turned off only manual
Maintain
25. | Objective In the LSM software you get an other information about | Ignore it
the number of focus speed for the objectives than in the
external program AxioSet (for microscope settings)
Image
26. |Image At an image with 2k x 2k the pm-scale is to small in
Print Preview and in printed Picture.
Tools
27. |CIM CLM for Axioskop 2 FS don't exist
28. | Change Filters Change Filter for Axioskop 2 FS does not exist
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Purpose of this Section and other Operating Manuals

LSM 5 PASCAL Software Carl Zeiss
5 OPERATION
5.1 Purpose of this Section and other Operating Manuals

This section describes the operation of the LSM 5 PASCAL Laser Scanning Microscope exemplified by
typical applications in conjunction with the LSM 5 PASCAL software and its graphic user environment.

When starting up and operating the microscope system, mind the operating instruction manuals for the
Axioskop 2 MOT, Axioplan 2 imaging MOT and Axiovert 200 M microscopes:

— B40-075e Axioskop 2 MOT, Operating Manual

— B40-042e Axioplan 2 imaging, Operating Manual
— B40-080e Axiovert 200 M, Operating Manual
5.1.1 Software

The LSM 5 PASCAL software, Version 3.2, controls the microscope, the scanning and laser modules,
tools (filters, stand, CLM) and the image acquisition process, and displays and analyzes the images. It is
based on the network-capable graphic 32-bit Microsoft ® WINDOWS NT 4.0 operating system and
WINDOWS 2000, respectively.

Portions © Copyright 1996, Microsoft Corporation. All rights reserved.

I3>  The installation of the software for the LSM 5 PASCAL and the basic settings of the equipment
components are carried out by Carl Zeiss service staff. This job includes the creation of a
customized software configuration in line with the specific hardware components of the
customer's microscope system.

The LSM 5 PASCAL software is menu-controlled and normally uses its own windows for the activation of
the various functions; within these windows, further submenus (panels) can be displayed and removed
again.

Images of the specimens to be examined, created by scanning, are displayed in separate Image Display
windows.

Theoretically, the number of simultaneously opened windows for software operation or image display is
unlimited, but should not be too excessive so that an overview is still possible.

Identical functions, e.g. Laser Control, can be performed in several software windows. Changes made
by the software are recorded immediately and are automatically transferred to all the other windows
concerned.
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5.1.2 Windows and Window Elements
Window element Description / Explanation
Window (e.g.: Laser Control window)
e | ||= Window displayed after activation of a function

ez U b Pl ouer button (e.g.: Laser button in the toolbar of the

Argon 458, 488, 514 nm 5 it

Hele1 543 rm 1 Expert Mode).

Hehle2 B33 nim 5w

Panel (e.g.: Lasers panel)

Laer Unit a'nh Fower — Limited function range within a window
458, 488, B14 nm

HeMel 543 nm T
HeMe? 533 nm 5

Lase i el T — List box or selection box
ol 2 Lt — Selection of one of the displayed options at a click of
the mouse.
— Open the box by clicking on the arrow button.
Filter |BP 505550 =l
[z Input box
— Input of text or numeric values via the keyboard.
KN N Scrollbar with slider

— Setting of numbers in the relevant input box by
moving the slider or clicking on the arrow buttons or
clicking on the slider and moving via the arrow keys
of the keyboard.

Press the Shift or Ctrl key while clicking on the
arrow button to change the numeric values in coarse
or fine steps.
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Convention for the Text in this Manual

Carl Zeiss

Window element

Description / Explanation

[V 488 nm

Check box
— Activates / deactivates setting options.

Cloze

Button

click.

— Selection / performance of a function via mouse

5.1.3 Convention for the Text in this Manual

All the originally used terms of the software interface, e.qg.

names of windows,

— panels,

— input boxes,

— list / selection boxes,
— check boxes,

— menu items,

— names of buttons and

— keyboard keys,

are displayed in bold letters to allow easier identification.
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5.1.4 Backup

System backup

— A complete backup is contained on the enclosed optical disk.

User files backup
The following user-generated files need to be included in a backup procedure (keep directory structure):
— Image database files: *.mdb (but not system_configuration_*.mdb
— LSM Image files: *.Ism
— Exported images: *.* (*.Tiff, * LSM-Tiff, *.BMP, ...)
— Palette files: AIM \ Palette \ *.lut
— Filter files: AIM \ Filter \ *.krn
— Pinhole setting files: AIM \ PH*.pos
— Log files: AIM\ *.log

The following files generated during the system integration should also be included in a backup
procedure:

Parameter file for pinhole setting: AIM \ *.set
— Parameter file after pinhole adjustment: AIM \ *.ad]

Scanner files: AIM \ bin \ *.bin

— Microscope stand database: AIM \ database \ system_configuration_*.mdb

5.1.5 Software Operation

The LSM 5 PASCAL software can be operated using the mouse, the PC keyboard, or both.

The operation of the mouse and the keyboard is identical to that of the Microsoft ® WINDOWS
operating system and is therefore not dealt with in detail in this manual.

If required, see the Microsoft manual or online help for relevant information.
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5.2 Switching on the System

The LSM 5 PASCAL system is turned on via the
switch-operated multi-point connector on the
system. This switches all the system components
except the lasers and the microscope illumination
(HBO 103) on.

)
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5.2.1 Switching on the Ar Laser
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e Switch the Ar laser on via the toggle switch
(5-1/2) of the power supply — position "1".

e Then ignite the laser by turning the key switch
(5-1/1) to the "I" position.

— It will be ready for operation after a few

Fig. 5-1 Power supply of Ar laser
seconds. 9 PPy

5.2.2 Switching on the HeNe Laser

e Switch on the HeNe laser using the key switch
(5-2/1) of the power supply.

— The Laser will be ready for operation after a
few seconds.

5.2.3 Switching on the HBO 103

e If the HBO 103 is required, switch it on via the
toggle switch of the HBO 100 power supply.

1y Before you turn on the multi-point
connector, switch on the Ar laser.

Fig. 5-2 Power supply of HeNe laser
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5.2.4 Switching on the Microscope and the Computer

e Turn the multipoint connector to the "ON" position.

This switches on the entire system.

Microscope will be ready for operation after a short time.

Computer boots up.

Computer hardware system test runs.

= Drive "A" of the computer must not contain a diskette.

The monitor shows a dialog box for selection of the operating system version.

OS Loader V4.00

Please select the operating system to start:

Windows NT Workstation Version 4.00

Windows NT Workstation Version 4.00 [VGA mode]

Use T and | to move the highlight to your choice.
Press Enter to choose.

Seconds until highlighted choice will be started automatically: 30

Fig. 5-3 Selecting the operating system version
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e Confirm the default setting of the "Windows Begin Logon
NT Workstation Version 4.00" by pressing the
Enter key. W
) ) ) Press Ctrl + Alt + Delete to log on
— WINDOWS NT operating system is being @
loaded.

— The Begin Logon window appears on the . . .
Fig. 5-4 Begin Logon window

screen.
5.2.5 Log on to WINDOWS NT Logon Information
Enter a user name and password that is valid for this
e Press the three keys Ctrl, Alt and Del at the Iib(\% system.
same time. T User name: |
— The Logon Information window appears Password: |
on the screen, permitting you to log on to
the WINDOWS NT 4.0 operating system.
e Enter the valid user name into the User name ok | _ cancel | Help |_shutpown.. |
text box.
Fig. 5-5 Logon Information window

e Enter your password into the Password text
box.
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e After entries, confirm by clicking the OK button or Enter.

e The WINDOWS NT operating system desktop appears on the screen, showing a number of icons.

Change Filters

Change Filters icon

Stand Select icon

LSM 5 PASCAL icon

LSM 5 Image Examiner icon

LSM 5 Image Browser icon

Fig. 5-6 WINDOWS NT operating system desktop
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5.2.6 Starting the LSM 5 PASCAL
Program

The LSM 5 PASCAL software program can be
operated in two different modes (with or without
connected instrument system). In the on-line
mode, the entire program package (image
recording and analysis) is available, while only a
part of the software functions (image analysis only
of already stored images) and no hardware
functions are available in the off-line mode. Of
course, the off-line mode can also be started when
the instrument system is connected. In that case, it
is not necessary that the lasers and the microscope
are switched on.

Carl Zeiss

Microscope Systems

R & D in collaboration with
. EMBL Heidelberg

http:/iwww. EMBL -Heidelberg.DE

Fig. 5-7 Starting the LSM 5 software

e Double-click on the PASCAL icon on the desktop of WINDOWS to start the LSM 5 PASCAL software

program (see Fig. 5-6).

— The LSM 5 PASCAL Switchboard menu appears on the screen.

T ! Switchboard

Carl Zeiss

Laser Scanning Microscope LSM 5 PASCAL

Yersion 3.2

Online Mode

Offline Mode

il Start

@ Copyright Carl Zeiss 1956-2002

Portions & Copyright 1996, Microsaoft Corporation. AN rights reserved.

Exit

Fig. 5-8 LSM 5 PASCAL Switchboard menu
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The LSM 5 PASCAL Switchboard menu presents the following items for selection:

— Online Mode

Clicking on this button activates the complete LSM 5 PASCAL hardware.

— Offline Mode

This item allows you to process and analyze previously acquired images with the LSM 5 PASCAL
software. In this mode, control of the hardware is not possible (off-line mode).

OFF LINE Initialization

Initialize: CP Lasers i Cancel ;

Fig. 5-9 OFF LINE Initialization window

After the start, instrument initialization is
performed and can be monitored in the
Initialization window and interrupted with a click
on the Cancel button, if required.

Depending on the selected option (Online Mode
or Offline Mode), initialization is performed in the
offline or online mode.

= Please note that the Online Mode button must be activated before clicking the Start button.
Otherwise, the hardware can not be controlled by the LSM 5 PASCAL software.

Some printers (for example KODAK Thermo Printer) will produce an error message "hard key
not found" in case the printer is not switched on.
Remedy: turn on the printer before starting the LSM 5 PASCAL software.

Don't switch off the KODAK printer during the scanning process.

5-16
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5.3 Main Menu = ]
. Carl Zeiss ﬁ
o C||Ck On the Start bUttOﬂ Laser Scanning Microscope LEM 5§ PASCAL Wersion 3.2

— The LSM 5 PASCAL - Expert Mode Main

menu appears on the screen. Online Mode
The File button is active automatically, and the Liseds
submenus selectable in it are shown in the second
(bottom) toolbar. AI
W St

® Copyright Carl Zeiss 1986-2002 )
Partions & Copyright 1996, Microsaft Corporation. All rights reserved Exit

Fig. 5-10  LSM 5 PASCAL Switchboard menu

TE/LSH 510 - Expert Mode E .
File  Acquire Process 30 View Macro Options  Window Help < Maln menu (pu | |dOWﬂ)

|§ File /g Acquire é Macro % Optiohs ﬁ M aintair | 4— Main menu tOO|bar

+: Koy .
L Frocess Eg 30 Yiew

W s H EH 2| e 48l 4 Subordinate toolbar
Mew |i Open Save Savehs Imnport Export | Multi Print Exit (File button aCthated)

Fig. 5-11  LSM 5 PASCAL - Expert Mode Main menu

The major functions can be selected in the Main menu of the Expert Mode either via the pulldown
menus in the menu bar or via a toolbar which can be displayed or removed as required.

Further subordinate toolbars are available below this toolbar, depending on which button has just been
pressed (File, Acquire, etc.).

In the standard setting of the LSM 5 PASCAL software, the toolbars are automatically displayed after the
start of the Expert Mode. However, display of the toolbars can be deactivated via the Window pulldown
menu (see Toolbar, page 5-211).

However, since the LSM 5 PASCAL software is operated more conveniently with the help of the toolbars,
only this method of function activation will be described in the following.
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The buttons of the Main menu (upper toolbar) have the following meanings:

File button

Acquire button

Process button

3D View button

Macro button

Options button

Maintain button

Open, save, import and export of image data. Printing individual or several images
on one page. Ending (Exit) the Expert Mode.

Calling up and setting the necessary operating parameters. During the preparation
for and execution of laser scan image acquisition, this menu item is used as the
working dialog between the computer and the microscope.

Used for processing of acquired images.

Used for three-dimensional reconstruction.

Makes it possible for the user to load and run macros automatically (Macro play).

For custom-configuration of software and hardware options, and for exporting
system operating sequences to the Routine Mode.

This menu item enables access to the coloring table.

In the Settings for User window you can specify essential operating modes and
informative help, organized by tabs, which have an effect on the user interface.

Service mode for adjustment and setting of other parameters (e.g. objectives).

5-18
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54 File Menu

The functions of the File menu permit images and the relevant information to be managed and handled
completely in a database system. You can also create your own databases. The databases allow images
to be stored, loaded and deleted. The additional functions Import and Export permit images from other
systems to be made available to the LSM 5 software, or the export of images to other software
packages. The Print function allows individual or several images to be arranged on a print page for
printout. The Expert Mode can be ended via the Exit function.

¢ In the Main menu toolbar, click on File.

— This opens another, subordinate toolbar in the Main menu.

T&/LSM5 PASCAL - Expert Mode E

File  Acquire Process 3DYiew Macro Option: ‘Window Help
% Macro % Options ﬁ M aintain

; y% Acquire i>=< Fiocess

30 View

i

E Q & @ ! L File subordinate
Mew Open Save Savehs Import Export ulti Print Exit
toolbar
Fig. 5-12  File menu
5.4.1 Create New Image Database Create New Database (7] x]
Creats in I 9 Databaze B
The New function permits the creation of a new ) images
image database.
e (Click on the New button in the File
subordinate toolbar of the Main menu.
— This opens the Create New Database
window for the selection of drives, File name:  [Convallaia Cate |
directories and subdirectories. Cieatetype | Database Fies (~mdb] =] carcel_|

e Enter the name of the image database you
want to create in the File name text box, e. g.
Convallaria.

Fig. 5-13  Create New Database window

e If you want to create the image database in a certain folder (drive / directory), click on the arrow
button next to the Create in box.

— This opens a drop-down list box showing all folders available for selection.
I¥>  To move up one layer of folders, click on the == button. Cancel allows you to stop the process.

e If you want to create a new folder, click on the ﬁl button.
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e C(Click on the Create button.

— This creates the new image database in the selected drive and directory.
— The database files of the LSM 5 PASCAL software have the filename extension *.mdb.

The Convallaria.mdb window appears, presenting the opened image database with 0 of 0 image

entries.

& Convallaria.mdb - AlM

Recodset| 0 of

Name: |

Description : I

Notes :

User: |

— Acguisition

Date / Time :

Scan Mode :

Stack Size :
Scaling :
Puosition :

Pixel Time :
Objective :

Beam Spliters :

Wavelength :

Filters -

~ Processing

Histoy:

Image Size :

Pinhale :

| Total: 242,000 kByte | Selected : 0 Bytes

‘ Current : 0 Bytes

Clipboard : 0 Bytes

Fig. 5-14  New Database window

The new image database can be used to store an acquired or processed image (see Saving an Image,

page 5-32).

I3y  The start settings and the extent of the parameters displayed in the image database window
can be changed as required via the Settings function in the Options subordinate toolbar (see

Settings Function, page 5-185).

5-20

B 45-0007 e

12/02



OPERATION

File Menu
LSM 5 PASCAL Open Existing Image Database Carl Zeiss
5.4.2 Open Existing Image Database
Loak ir: — Database Rel3 0 j gl
The Open function allows one or several Soemeq 2.0 e
databases to be opened. The images stored in the Cllambis § L e———
database(s) are displayed in thumbnail form; they e %WGWCZW“'[D:]
: i)
can be selected and loaded into the Image = Removable Disk (M)
Display window (see page 5-214). :j‘g[?;‘f‘c’::fh"°fh°°d —
File name: I Open I
e (Click on the Open button in the File Fils of e [Database Fis (~mdb] =] e
subordinate toolbar of the Main menu.
— This opens the Open Database window for Fig. 5-15  Open Database window

selection of image databases.

If you want to load an image database from another folder (drive / directory), click on the arrow
button to the right of the Look in box.

— This opens a drop-down list box in which you can select from all available folders.

The window displays the various image databases with the file extension *.mdb.

Open the image database by a double click on the respective key icon (e.g. Test-Rel-3_0.mdb), or
click on the name of the image database for selection and open it by clicking on the Open button.

— This opens the image database window, e.g. Test-Rel-3_0.mdb - AIM, in which you can select
from a variety of options.

Click on the Xl button in the title bar of the Database window (see Fig. 5-16) to close this window.
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5.4.3 Image Database window

The Image Database window allows you to choose one of three different display modes:
- Form

— Gallery

— Table

To choose the required mode, activate the relevant button on the right-hand side of the Image
Database window. Loading of images into the Image Display window is possible in every display
mode.

The buttons on the right have the following functions:

Form button Show image database in form display mode.

Gallery button Show image database in gallery display mode.

Table button Show image database in table display mode.

Load button Load image and parameter from image database to Image Display window.

Subset button Load image and parameter with size reduction from image database to Image
Display window.

Reuse button Reuse scan parameters of the selected image without loading the image.

Refresh button Refresh Image Database window.

Copy button Copy selected images to clipboard.

Paste button Paste images from clipboard into image database.

Filter button Select or edit search filter from image in the image database.

On Filter button Switch search filter on or off.

Delete button Delete selected images from the image database.

The status line, which displays the following current parameters, is at the bottom of the Image
Database window:

Total: ... Display of storage volume of the entire image database

Selected: ... Display of storage volume of the selected image(s)

Current: ... Display of storage volume of the current image

Clipboard: ... Display of storage volume of the image(s) contained in the clipboard
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5.4.3.1 Form display mode

When a image database is opened, the Form display mode is used, if no other settings were made under

Settings in the Options subordinate toolbar.

& Test-Rel-3_0.mdb - AlM

Hacnrdsetl 2 | ofB |i4 4 )l

Mame : Im z

Drescription : I

Motes :

H
User: [appeanter
— Acquisition

Date / Time |Friday L 09/07 /2000 . O2:39:47 PM ,—
Scan Mode © [Stack, 3 bit =
Stack Size |512:4512x50 o 1422 pm v 142.2 pr 2 57.3 pm
Sealing © (0.2 pm » 0.28 pm ¢ 1,17 pr 2

. Processing——

Position : [w. 405 prm , y -23.7 pm, 2z 0.0 pm . History:
Pirel Time : 2.5 ps
-
Objective |P|an-NaDHua| A40:1.3 01 DIC

Beam Splitters : MBS : HFT 488/543
DBS1: NFT 545
DES2 : Plate

DES3 : Mimror

Wavelength: 488 rm , 5%

Filters * |Ch3 : BP 505-550
Chd : BP 5E0-E15

Image Size

Pinhole : [Ch3 : 65 um 512 % 512 %50
Chd : 70 pm 2 Channels

| Total: 22,338 MEpte | Selected : 12,521 MByte | Current : 12,521 MEyte | Clipboard : 1.673 MEyte

Fig. 5-16  Image Database window (Form display mode)

In the Options menu in the function Settings it is possible to define
— the start mode of the image database (Form, Gallery, Table)
— the Recordset displayed (first, last, middle) and
— the parameters shown.

The number of the image currently displayed from a set of images is indicated in the Recordset text box.

e From the image database you can display images using the recording slider, or in one of the following

ways:
show the next image

show the previous image
show the last image of the image database

= = & =

show the first image of the image database

B 45-0007 e 12/02
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The currently selected image is displayed as thumbnail in the Image Display window on the right. In the
case of Z Stacks or time series, the Slice slider appears on the screen beside the Image Display window.

e You can browse through the series by dragging the Slice slider using the mouse.

e Click on the Load button to open the selected
image.

I3> A double-click on the Image Display
window of the database will also load the
selected image.

For a description of the toolbars Select
and Display see Display and Analysis
of Images, page 5-214.

‘Heady, 5122512266, 3 channels . & bit

Fig. 5-17  Opened image displayed in the
Image Display window

The name of the image is displayed in the Name input box of the Image Database window.

e If you want to change the name, click on the input box and enter the new name directly via the
keyboard.

e The Description and Notes input boxes allow you to subsequently add descriptions or special notes
on the recorded image via the keyboard.

The acquisition parameter settings of the image are displayed in the Acquisition panel.

Changes to an original scan image are automatically recorded in the Processing panel under History. If,
for example, the image was added to the database via the clipboard, the entry Imported file will be
shown under History.

Under Image Size, the size of the image in pixels for XY(Z) and the number of used channels are
displayed.
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5.4.3.2 Gallery display mode

e Click on the Gallery button. All images of the image database, e.g. Test-Rel3_0.mdb, (image series)
are shown in a tiled arrangement of thumbnails on the screen.

& Test-Rel-3_0.mdb - AlM

_100]
Recordset | 1 of 8

Comvallaria Convallaria-TS

8 hit 8 hit 8 bit
512x512x50 B12x512 512x512

Cotn-4 Coree-h Corw-h Come-7 pr
& hit £ it  hit it
R12x512 B12xhB12 R12xh12 Bl12xB12 Paste

Delete

| Total: 22333 MByte | Selected: 231.939kByte | Curent: 231.939 kByte | Cliphoard : 1.673 MEute

Fig. 5-18  Database window (Gallery display mode)

In the Options menu in the function Settings it is possible to define
— the start mode of the image database (Form, Gallery, Table)

— the recordset displayed (first, last, middle) and
— the parameters shown.

To select one of the images of the database for normal-size presentation, double-click on the desired

image. The same can be achieved by clicking on the desired image in the gallery and then clicking on
the Load button.
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To select several single images press & hold down the Ctrl-key and select each desired image by a
click of the mouse. If several images have been selected, they will all be opened and displayed one
after the other.

To select a number of consecutive images press & hold down the Shift-key, click on the first and the
last image to be selected. All the images between these two will also be included in the selection. If
several images have been selected, they will all be opened and displayed one after the other.

Selected images are highlighted in blue. Furthermore, the current image selected last receives a
patterned frame.

5.4.3.3 Table display mode

Click on the Table button.
— All images of the image database, e.g. Test-Rel3_0.mdb, (image series) are shown in Table
display mode on the screen.
& Test-Rel-3_0.mdb - AIM [_ O] x]

Recordset| 2 of B

MName Date / Time Scan Mode Fixel Depth Stack Size Stack Size =]
[ Pixel) (pm) Fam

x

pm = 206.8 pm
512x512 86.0 [rn x 86.0 m
F12xh12 206.6 pirn x 206.8 pm Table
s

/19, . ane. time series,
09/19/2001, 11:24:00 AM Flane
09/19/2001, 11:24:44 AM Flane
09/19/2001, 11:25:43 AM Flane
09/19/2001, 11:26:32 AM Plane
09/19/2001. 11:2717 AM Plane

512 %512 375 umx 376
512 %512 504 x 504
512 %612 731 mx 731 pm Load

4] | | Subset

| Total: 22338 MByte | Selected: 18521 MByte | Cunent: 12.521 MBte | Clipboard : 1.673 MByte

Fig. 5-19  Database window (Table display mode)

In the Options menu in the function Settings it is possible to define

— the start mode of the image database (Form, Gallery, Table)
— the recordset displayed (first, last, middle) and
— the parameters shown.

To select one of the images of the database for normal-size presentation, double-click on the desired
line. The same can be achieved by clicking on the desired image in the table and then clicking on the
Load button. If several images have been selected, they will all be opened and displayed one after the
other.

The selection of several images is performed in the same way as in the Gallery mode, i.e. by pressing
the Shift and Ctrl keys.

5.43.4 Load function

e C(lick on the Load button to load the selected images into the Image Display window.
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5.4.3.5 Subset function (option) Load with reduction in size
The Subset function allows images to be loaded " ) Load
with reduced resolution. For this purpose, the Piel (sandy):  —— f— [ H
image pixels in XY(Z) are reduced. It is also possible e (2] | -
to reduce the number of slices (in stacks and time ' 3 Ll
series). Stack (Tine )~ —— |— ¢ ﬂ
e Click on the Subset button to open the Load -

with reduction in size window. B le=d i end

e Enter one value each for n under Pixel (x and
y), Pixel (z) and Stack (Time) in the Load Fig. 5-20 Load with reduction in size window
every nth panel.

e If required, turn on the ¥ Load 12 bit as 8 bit check box.

e Click on the Load button to load the selected images with reduction in size, time slices and stack
slices.

e Use Cancel to exit the window without any selection.

5.4.3.6 Refresh function (option)

e Click on the Refresh button to update the Image Database window.

5.4.3.7 Copy / Paste function (option)

e Select the image(s) to be copied. You can use the Shift and Ctrl keys for multiple selection.
e Click on the Copy button.

— The image(s) is(are) copied to the clipboard and can be inserted in either the same or another
database or in other software packages.

e Click on the Paste button to insert the image in the current database.

Identical to the WINDOWS function "Drag & Drop", one or several images can be copied or moved from
one database to another.

The Form mode allows only one image to be copied or moved. The Gallery and Table modes permit
several images to be copied or moved simultaneously by multiple selection (keeping the Shift key pressed
on clicking).

e Open the relevant databases and position both windows side to side.

e Select the required images (multiple selection by keeping the Shift key pressed) from one database.

B 45-0007 e 12/02 5-27



OPERATION
File Menu
Carl Zeiss Image Database window LSM 5 PASCAL

e Click on a selected image and keep the mouse button pressed, move the mouse button to the
window of the other database (a small rectangular appears near the mouse button) and release the
mouse button again (Drag & Drop).

The images are now being moved to the other image database, i.e. they are deleted from the first image
database and are then only available in the second image database.

e If the images shall only be copied, also press the Ctrl key during the Drag & Drop procedure (in
addition to the rectangular, a "+" sign will also appear near the mouse button).

The images will then be available in both image databases.

5.4.3.8 Filter function (option)
lﬂm—j I@“&j Cana e £ The Filter function permits the display of the
e (Tt 50 hatr oy | database to be modified in such a way that only
| T images with certain features are displayed. This
— requires the definition and following activation of
o Mame = Fonvalaie Add o a relevant filter. Defined filters can be stored,

List

reloaded and also deleted.

Fiemave
Fraan st

Filter List

Stack Convallania

Fig. 5-21 Filter window
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Edit panel
The following features can be used as filter functions under Field:

Name Words or row of letters from the name of the image
Description  Words or row of letters from the description of the image
Scan Mode  Scan Mode in which the image was created: Stack or Plane
Date/Time  Date/ Time of image acquisition

# Planes (2) Pixel size of the image in the Z-direction (e.g.: 10)

# Lines (y) Pixel size of the image in the Y-direction (e.g.: 512)
Samples (x) Pixel size of the image in the X-direction (e.g.: 512)

Z-Step Distance of Z Slices in a Z Stack in ym

User Name of the user as entered in the WINDOWS NT login

Time series Selection of time series

e Open the Field list box and select the filter feature (e.g.: Scan Mode).

The following operator signs can be activated under Operator:

= equals

> larger

< smaller

>= larger, equals
<= smaller, equals
<> smaller, larger

e Select the relevant operator sign (e.g.: =) from the Operator list box.

The relevant value or a combination of characters for the filter function (Field) is entered under Value
via the keyboard:

e Enter the relevant text or value (e.g.: Stack).

e C(lick on Add. The defined filter feature is displayed in the work box of the Edit panel and is therefore
activated (e.g.: Scan Mode = stack).

If a further filter feature is to be linked with the already defined one, proceed as follows:

e Activate the relevant entries under Field and Operator and enter a value or text (e.g.: Name =
Convallaria) under Value.
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3> If groups of letters shall be searched, the * sign can be entered for undefined letters (e.g.: if you
search for the letter row Conv, enter Conv*).
e Activate the required link type And, Or or Not with a click of the mouse (e.g.: And).

e Click on the Add button. The created filter feature is added to the work box of the Edit panel (e.qg.:
AND Name = Convallaria).

The Modify button enables you to edit an already defined filter feature:

e Activate the required feature on the work box.

e Make the necessary changes under Field, Operator and Value. Select the link type And, Or or Not.
e C(lick on Modify. The filter feature will be changed accordingly.

The Delete button enables you to delete a defined filter feature:
e Activate the required feature in the work box.

e Click on Delete. The filter feature will be deleted from the work box.

e Clicking on OK will activate the filter (the entire set of filter features) displayed in the work box and
close the Filter window. On Filter is activated right on in the Database window and the filter
function will be performed. Only those images which fulfill with the defined filter features will then be
displayed. The procedure is interrupted via Cancel.

AddFitertolist [ If required, the filter features displayed in the work
box can be stored.
Filter Name & o Click on the Add to List button. The Add to

List window will be opened.

Feres e Enter a name for the filter and click on OK. The
filter will be included in the Filter List panel.

Fig.5-22  Add Filter to List window
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Filter List panel

Stack Convallaria

All the stored filters are displayed in the Filter List
panel and can be activated any time at a click of
the mouse.

e (lick on the name of the required filter. The
linked filter features will be displayed in the
work box.

Fig. 5-23  Filter List panel

Filters which are no longer needed can be deleted.
e Click on the filter to be deleted in the Filter List panel.

e Click on Remove from List. The filter will be removed.

(i) On Filter function

The On Filter function is a toggle switch to activate or deactivate selected filter settings.

(j) Delete function
e Select the images to be deleted from the image database.
e Click on the Delete button. Confirm the safety inquiry then displayed by pressing OK.

— The images and the acquisition parameters will be removed from the image database.
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5.4.4 Save an Image to the Image Database

The Save function allows to store an image together with the acquisition parameters (and processing
information) to be stored in an image database.

In the Options menu in the function Settings it is possible to define an Autosave function. When
Autosave is off, the Save dialogue is the Save As dialogue.

Proceed as follows to save an acquired or an edited / processed image:
e Click on the Save or Save As button in the File subordinate toolbar of the Main menu.

— The Save Image and Parameter As window appears on the screen.

= Save

Stores a newly created or changed image. Newly created images must be given a name and
assigned to an existing or new database.

Save As

Stores a previously stored and called up image under a different name. If images are called up
and stored again, the original data and time display will be retained.

Clicking on either of these buttons opens the Save As window to create and open an image
database.

When the Compress Files [#l check box is activated, the images are stored in a compressed
form.

e If necessary, enter a description of the image or comments on it in the appropriate text boxes.

e The default display in the User text box is the name of the logged-on user. If you want, you can enter
a different user name for the current image.

e C(lick on the Open MDB button if you want to open an existing image database in which you want to
save the current image. Click on the New MDB button if you want to create a new database to save
the current image.
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Save Image and Parameter As E3
Mame ICDnv-? oK
Deseription : |‘I Channel, Fluarescence
MHates :
. I ;I Cancel
Open
User: Iappcentel MDE
DEEREECN (I -4 rmage DatatU linann. mdbiU lmann. rmdb
C:\mage DatahDatabaze_Rel-3 0%Lambda_Stack.mdbLambda Stack.mdb Mews
C:\Image DatahDatabase Rel-3 0hTestRel3 0.mdbhTestRel3 O.mdb MDE
C:\mage DatahT ag der offenen Tuer\Demo Bilder. mdbhtest. mdbitest. mdb
C:\Image DatahT ag der offenen TuerDemo Bilder. mdb\D emo Bilder. mdb
Compress Files v

Fig. 5-24  Save Image and Parameter As window

e Enter the name of the image in the Name text box, e.g. Conv-7.
e Click on the New MDB button.

— This opens the Create New Database window in which you can create a new image database.
e Enter the name of the database you want to create in the File name text box, e.g. Projections.

e If you want to create the image database in a certain folder (drive / directory), click on the arrow
button next to the Create in box.

— This opens a drop-down list box showing all folders available for selection.
e After selection, click on the Create button.

— This creates the image database in the selected drive and directory.
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Save Image and Parameter As E

Mame IEonv-? oK

Description : I'I Channel, Fluorescence

MHotes : | ;I Sl
Open
User: |appcenter DB
(EETERCN(GINY . mage D atatimann. mdbh limann, mdb
C:Almage DatatDatabaze_Rel-3 hLarmbda_Stack mdbhLarbda_Stack. mdb EI%%

C:Almage Data\Database_Rel-3_WTest-Rel-3_0.mdbhTest-Rel-2_0.mdb
C:Almage DatahT ag der offenen TuerDemo Bilder mdbbtest. mdbhtest. mdb
C:Almage DatatT ag der offenen TuerDemo Bilder mdbsDemo Bilder. mdb

Compress Files ;' Create Mew Database H
Create in I —J Database Rel-3_0 j ﬁl

1 DB-Time-Series.mdb
[~ Lambda_Stack.mdb
1 MultiChannel. mdb
1 Test-Rel-3_0.mdh

File name; IF'miections Create I
Create type IDatabase Filez [*.mdhb] j Caticel |

Fig. 5-25  Save Image and Parameter As window and
Create New Database window

¢ The Projections.mdb - AIM window appears.
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& Projections.mdb - AIM

Recordzet I 0 of
Narme : I
Description : I
Notes : ;I
=
User: |
— Acquisition
Date / Time : |
Scan Mode: |
Stack Siza: ,— Save Image and Parameter As
Scaling :
Puosition : Hame : IConv-?
Fixel Time : 5
Obisctive : ,— Description : |1 Channel, Fluorescence
Beam Spliters : Mates - M ;I
‘wavelength : LI
Lser: |appcenter
BEICEE IV - mage DataUlimann. mdbtUlimane, mdb
Filters - C:hmage DatatDatabase Rel-3_0hLambda_Stack.mdb\Lambda_Stack.mdb
C:\mage DatabDatabase Rel-3_0\Test-Rel3_0.mdbhTest-Rel3d O.mdb
C:\mage DatahT ag der offensn Tuer\Demao Bilder. mdbhtest mdbitest.mdb
C:\mage DatahT ag der offenen Tuer\Demo Bilder.mdbtDemo Bilder. mdb
Pinhale :

Compress Files :

LCancel

Open
MDE

Mew
MDB

[ Total: 252 000 kByte

| Selected : 0Bytes Current : 0 Bytes Clipboard

0 Bytes

Fig. 5-26

Database window

e C(lick on the OK button in the Save Image and Parameter As window.

— The Projections.mdb - AIM window now shows the saved image.

— The Recordset box indicates the current number of the image in the image series contained in this

database.

¢ In the Description text box you can enter, for example, the configuration of the image.

¢ In the Notes text box you can enter further information about the image content.
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5.4.5 Import of Images

The Import function enables the import of externally created images into the Image Display window
and the image database of the LSM 5 PASCAL software.

e Click on the Import button in the File subordinate toolbar of the Main menu.

— This opens the Import Images window.

Import Images 7 | x|

Convallaria.lsm Image type : ISingIe Image j

Look, in: I 9 Images j gl Ig EE
conail5 18 lsm ProjConnails1 8. lsm

Convallaria.lsm uzal2 lzm

Carallarial.lsm usal3lsm

Corvallaria2. lzm uzald.lzm

convoonfocal2. lsm W-DIC. Jsm

corvestack.lsm
12w 512%1
3 channels
146.23 i » 146,23 pm File: name: ICDnvaIIaria.Ism DOpen I
823,703 kByte

Files of bwpe: IAIISupported Files j Cancel |

Fig. 5-27  Import Images window

Select the data medium and the directory where the relevant image is contained in the Look in
selection box.

Select the image file by clicking on it.

— The selected image will be shown for checking in the Image Display window (on the left)
together with the relevant details (size, channels, storage volume).

Select the image type (Single Image or Image Series) in the Image type selection box.

Click on Open.
— The image is displayed in a new Image Display window.

All the usual image and movie formats (e.g. .tif, .jpg, .bmp, .pcx, .avi, .mov etc.) are supported.

Ix3>  When importing series, please make sure to select the first image for the representation of the
entire series and to select the Image Series option under Image type.

¢ Finally, save the image in the desired image database via the Save As function.

¢ In Processing History this file is marked as imported file.
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5.4.6 Export of Images

The Export function allows the export of acquired images and images loaded from the image database.
e Select the image to be exported.
e Click on the Export button in the File subordinate toolbar of the Main menu.

— This opens the Export Images and Data window.

e Under Save in, select the data medium and the Export Images and Data (2] x]
directory to which the image is to be exported. Hed ] Blue
Chanmels : I[;m j ICh4 ﬂ ICh3 j ™ Monochrame
e Enter a name for the image under File name. Image type  [Sigle Image with raw dats =
e Select the image format into which the image is Savein | =) Removable Disk [E:] = & e =

to be exported under Image type (Single
Image with raw data, Contents of the
Image Display window, Full resolution).

e C(lick on the Save button.

— The image is stored on the relevant data

medium / directory. File name: IEonvaIIaria Save I
. . . Save as type: ILSM4-TIFF RGE Planar [*.tif) ﬂ L. |
All the usual image and movie formats (e.g. .tif, [ Caree |

JPg, -bmp, .pex, .avi, .mov etc.) are supported. Fig. 5-28  Export Images and Data window

I~ When stacks or time series are exported, each frame is stored as an individual image.
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& Print - AlM

5.4.7 Multi Print

This function permits you to arrange several
images on one print page and to print them out
together.

o

ﬁm iz
s & 2 ES
o i -

= e Click on the Multi Print button in the File
= subordinate toolbar of the Main menu.
— This opens the Print - AIM window.

The main area of the Print - AIM window is used
for the display of the print page in the selected
paper orientation and for the arrangement of the
images to be printed.

—

The Print toolbar with the following buttons is

= displayed on the right-hand side of the window:
Paste button Paste from clipboard to
sheet.
Delete button Delete marked image.
Print button Start printing.
Fig. 5-29  Print - AIM window Setup button Printer setup.
Landsc. button Landscape paper
orientation.
Portrait button Portrait paper orientation.
Zoom slider Zoom function for page preview.

The following functions can be performed on activation of the buttons in the Overlay toolbar (left-hand
side):

M Arrow (selection) button: Activation of the mouse button for selection, resizing or
movement of an overlay element in the Image Display window.
Resizing: Click on the handle and hold down the mouse button, drag the handle, release the
mouse button.
Movement: Click on the line and hold down the mouse button, move the entire element,
release the mouse button.

_| Line button: Creation of a straight line in the Image Display window.
Click and hold down the mouse button, draw a line in any required direction, release the
mouse button to end the procedure.
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I

Rectangle button: Creation of a rectangle in the Image Display window.
Click and hold down the mouse button, draw a rectangle in any required direction, release
the mouse button to end the procedure.

Closed polyline button: Creation of a closed polyline figure in the Image Display window.
The first click sets the starting point, each additional click adds a further line, a click with the
right mouse button closes the figure and ends the procedure.

Open polyline button: Creation of an open polyline figure in the Image Display window.
The first click sets the starting point, each additional click adds a further line, a click with the
right mouse button ends the procedure.

Ellipse button: Creation of an ellipse in the Image Display window.

The first click sets the center point, the displayed line permits the determination of the first
dimension, the second click sets the first dimension, the second dimension and rotation
direction can then be determined, the third click sets the second dimension and direction
and ends the procedure.

Closed free-shape curve button: Creation of a closed Bezier figure in the Image Display
window.

The first click sets the starting point, each additional click adds a further line, a click with the
right mouse button closes the figure and ends the procedure.

Open free-shape curve button: Creation of an open Bezier figure in the Image Display
window.

The first click sets the starting point, each additional click adds a further line, a click with the
right mouse button closes the figure and ends the procedure.

Circle button: Creation of a circle in the Image Display window.
Clicking and holding down the mouse button sets the center point, drag the diameter and
release the mouse button to end the procedure.

Line with arrow button: Creation of a line with arrow in the Image Display window.
Click and hold down the mouse button, drag the line in any required direction, release the
mouse button to end the procedure.
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o

A (Text) button: Creation of a text box in the Image Display window.

After clicking on A, the Text window will be displayed, and text can be entered via the
keyboard. The Font ... button enables you to select the font style and size in the Font
window. The entered text will be displayed in the left upper corner of the Image Display
window after clicking on OK and can be moved to the required position using the mouse.
The Text window can also be activated with a double-click on a created text box, and the
entered text can be edited subsequently.

Recycle bin button: All the overlay elements and dimensions dragged to the scanned image
are deleted. If one overlay element was marked before, this element is now deleted from the
scanned image.

Line button:
This button allows you to determine the line thickness of the area outline.

Color button: After clicking the Color button, the Color selection box will be opened. The
colors displayed in the Color selection box can be assigned to the overlay elements with a
click of the mouse. The currently selected color is displayed in the Color button. A selected
color is automatically assigned to the currently selected overlay element and then to all the
elements created afterwards.

To print out several images on one page, proceed as follows:

e Use the Overlay functions to additionally illustrate the graphics and images to be printed.

e Select the paper orientation by clicking on the Landsc. or Portrait button.

e Open the image to be printed or select it from the relevant image database.

e C(lick on the Copy button. The image is copied to the clipboard.

¢ |n the Print - AIM window, click on the Paste button.

The copied image appears in the work area of the Print - AIM window. You can click on it with the
mouse and move it to any position on the print page or you can adapt the image size.

e Proceed in the same way with all other images you want to print out.

¢ Finally, arrange all images on the print page as required.

e Click on the Print button to start the printout.

e Close the Print - AIM window by clicking on the Xl button.
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5.4.8 Exit

e Make sure to save all required images in the image database or export them.

e Close all open windows of the LSM 5 PASCAL program by clicking on the closing icon Xl in the top
right corner of each window.

e Click on the Exit button in the File subordinate toolbar of the Main menu.

— The LSM 5 PASCAL - Expert Mode Main menu will be closed and the LSM 5 PASCAL
Switchboard menu appears on the screen.
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5.5 Acquire Menu

¢ In the Main menu toolbar, click on Acquire.

— This opens another, subordinate toolbar in the Main menu.

T&/LSM5 PASCAL - Expert Mode E
File  Acquire Process 3D View Macro Options  Window Help
@ Process i 30 Yiew é tacro % Options ﬁ I aintain
b v +

<110

=
Config

QD

EditR0I

L 2

YIS

sl
TV

TimeSeries

@ 4— Acquire subordinate
— toolbar

=

Stage

=

Scan

Lazer Micro

Fig. 5-30  Acquire menu

For preparing and acquiring a scanning image, it is recommended to call up and use the tools of the
subordinate toolbar in the following order:

Conventional microscope setting.
Laser information.
Configuring the optical system for the Scanning Mode.

Setting of scan parameters.

EditROI permits up to 99 regions within a frame to be defined and scanned (option).

TimeSeries permits user-specific time series to be selected for the scan procedure.

Upon selecting Stage you can set the focus (Z coordinate) and the Z step size between successive
slices. If the optional, motorized X/Y-stage is connected, the X and Y-positions of the sample can also
be selected.

The VIS, TV and LSM buttons switch the beam path and indicate which beam path has been set in

the binocular tube of the microscope (VIS for viewing, TV for camera observation, LSM for laser
operation with monitor observation).

For the scanning process, the LSM button in the toolbar subordinate to the Acquire item must be
activated, and the tube slider on the microscope (only Axioplan 2 imaging MOT) must be in the LSM
position.
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5.5.1 Laser Control & /Laser Control
The Laser Control window only displays ’Fhe lasers Laser Urit Wavelength Power
connected. No further software functions are 458, 455,514 nm 25 i

. HeMel 543 nm 1 it
available. HeNe2 £33 rm B v

e Click on the Laser button in the Acquire
subordinate toolbar of the Main menu.

— The Laser Control window appears. Fig. 5-31  Laser Control window

e Close the window with the Close button.

5.5.2 Microscope Control

The Microscope Control (Micro button) window permits motorized functions (objective and reflector
change, condensor, filter and diaphragm settings) and the illumination mode (transmitted or reflected
light) of the connected microscope to be controlled via the software.

Without any difference to software control, these microscope functions can also be operated directly on
the stand via the relevant controls. In that case, any changes are recorded by the software and displayed
in the relevant windows / panels.

If you are using Axioskop 2 MOT as the basic microscope, the microscope functions cannot be controlled
by the software as the instrument is not motorized except to the z drive. There is no Micro button in
case of Axioskop 2 MOT.

5.5.2.1 Open the Microscope Control window

e Click on the Micro button.

— This opens the Microscope Control window on the screen.

After conclusion of the conventional setting of the connected microscope, the Microscope Control
window can be closed again.

e Click on the Close button in the Microscope Control window.

— The Microscope Control window will be closed.
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5.5.2.2

Microscope Control for Axioskop 2 mot

Reflector button

Objective button

Condensor button

Transmitted Light button

Push and click reflector cube can be selected via graphical pop-up menu.
Objective can be selected via graphical pop-up menu.

Numerical aperture of the condensor is set via input box or slider. Turret
position selected from graphical pop-up menu (only for motorized
condensors). By clicking on the Close button the Condensor frame is
closed.

Transmitted light is switched on / off via ON button in the Transmitted
Light frame, setting of light intensity can be varied via input box or
slider. 3200 K color temperature for photo documentation can be
switched on via 3200 K button in the Transmitted Light frame. The
transmission light control potentiometer on the stand is disabled via the
Remote button. By clicking on the Close button the Transmitted Light
frame is closed.

x| Recording of microscope settings

lﬁ Applyl Stare |Delete|

Microscope Settings

The upper part of the Axioplan Control window

Close

L

L

Reflector

| Fetdd

Assign Bt | shows the recording functionality of microscope
il i fi.H lcss COﬂfigurationS.
[ I ri Complete microscope configurations can be
created and applied.
The Store button permits existing microscope
configurations to be stored under any name.
R L The Apply button permits existing stored
® microscope configurations to be loaded.

Objective

Plan-Meofluar 10:/0.3

Condensor

Filter

The Delete button permits existing microscope
configurations to be deleted.

The Assign button permits the assignment of a
microscope configuration to a button.

Transmitted Light

®

On 300 %

Fig. 5-32

Axioskop Control window
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Load a microscope configuration
An existing microscope configuration can be loaded as follows:
e Click on the arrow button.
— This opens a list box of all stored microscope configurations.

e Browse through the microscope configurations by clicking, or use the scroll bar at the side of the list
box.

e Click on the desired microscope configuration.

— The selected microscope configuration is shown in the first line of the Microscope
Configurations list box.

e Click on the Apply button.

Click on the Close button to close the microscope window.

03> Only those microscope settings which are encoded and motorized can be reloaded.

Store a microscope configuration

A newly created or changed microscope configuration can be stored under a new name as follows:

Enter the desired name in the first line of the microscope setting list box.

Click on the Store button.

The actual configuration with the chosen name is added to the microscope settings list.

Click on the Close button to close the microscope window.

Delete a microscope configuration

A no longer required microscope configuration can be deleted as follows:

e Select the microscope configuration to be deleted from the microscope configuration list box.
e Click on the Delete button.

e Click on the Close button to close the microscope window.
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Assignment of a microscope configuration to a button

A microscope configuration can be assigned to a button as follows:

e C(lick on the Assign button.

e This opens the Assign-Microscope-Settings-To-Button window.

e Click on the arrow in the Button list box and select a button out of the list.

I¥>  With increasing numbers the buttons are arranged from the upper to the lower row from left-
hand side to right-hand side.
e C(lick on the arrow in the Settings list box and select a microscope configuration.

e Click on the Apply button. A new button with the name of the selected microscope configuration
has been created.

e Click on the Close button to close the Assign-Microscope-Settings-To-Button window.

e C(lick on the Close button to close the microscope window.

For the conventional setting of the Axioskop 2 MOT, proceed as follows:
e Click on the VIS button in the Acquire subordinate toolbar.
e Push in the tube slider (5-33/7) on the microscope tube as far as it will go.
— This opens the light path for specimen observation through the eyepieces.
e Place specimen on microscope stage.
— The cover slip must be facing up.
e Select the required objective at the objective nosepiece of the microscope.
e Use the focusing drive (5-33/4) to focus the required object plane.

e Select specimen detail by moving the stage in X and Y using the XY stage fine motion control (5-33/5
and 6).
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(1) Transmitted-light observation

e Select a position without a reflector module at the reflector turret of the microscope. The display of
the Reflector Turret panel in the Axioskop Control window changes to None.

e Click on the Transmitted Light button to open the Transmitted Light panel. Select the On button
and control the intensity of the halogen lamp with the slider.

e Set the condensor and the luminous-field diaphragm for KOHLER illumination.

With Transmitted Light activated, the halogen lamp is automatically occluded in the laser scanning
mode.

Please bear in mind that the light intensity does not automatically correspond to 0. The microscope
setting (light intensity) of the last session, which was not remote-controlled, is restored on exit of the
program (depending on the position of the knob on the stand).

(2) Reflected-light observation (Epi-fluorescence)
e Turn on the HBO 100 W power supply with switch (5-33/2).
e Pull out the occluding slider (5-33/1) to a light-passing position.

I3  To avoid excessive bleaching, expose the specimen to the minimum possible irradiation, i.e.
keep the irradiation time as short as possible. For this, insert a filter slider featuring the relevant
attenuation into the reflected-light beam path.

e Select the reflector module (filter sets) at the reflector turret of the microscope to suit the type of
fluorescence excitation.

= The FITC filter set consists of an excitation filter for the 450 - 490 nm spectral range, an FT color
splitter for 510 nm and an LP long pass filter, which passes emission light wavelengths greater
than 510 nm (FSET 09 2 FITC, FSET 152 Rhodamine, FSET 01 £ DAPI).

Other filter sets:

DAPI: BP 365 FSETO1
FT 395
LP 397

Rhodamin: BP 546 FSET15
FT 580
LP 590

The filter sets described in this section are included in the standard configuration, but other sets
are available on request.
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Occluding slider

Switch, HBO 100 power supply
Brightess control potentiometer
Focusing drive

Stage fine motion control, X
Stage fine motion control, Y
Tube slider

Nourh WN —

Fig. 5-33  LSM 5 PASCAL with Axioskop 2 moT
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5.5.2.3 Microscope Control for Axioplan 2 imaging Mot

e Click on the Micro button in the main frame.

e The microscope window opens in the last saved configuration.

e By clicking on the More / Less button the microscope window is displayed with or without detailed
microscope beampath panel.

Reflected Light button
Reflector button
Objective button

Condensor button

Field Stop button

Filter button

Transmitted Light button

The shutter is switched on and off.
Push and click reflector cube can be selected via graphical pop-up menu.
Objective can be selected via graphical pop-up menu.

Numerical aperture of the condensor is set via input box or slider. Turret
position selected from graphical pop-up menu (only for motorized
condensors). By clicking on the Close button the Condensor frame is
closed.

Opening of luminous-field diaphragm (transmitted light) can be set via
input box or slider. By clicking on the Close button the Field Stop frame
is closed.

Transmission values for attenuation filter (transmitted light) is set via
input box or slider for the front or rear filter wheel in accordance with
the available filter steps. By clicking on the Close button the Filter frame
is closed.

Transmitted light is switched on / off via ON button in the Transmitted
Light frame, setting of light intensity can be varied via input box or
slider. 3200 K color temperature for photo documentation can be
switched on via 3200 K button in the Transmitted Light frame. The
transmission light control potentiometer on the stand is disabled via the
Remote button. By clicking on the Close button the Transmitted Light
frame is closed.
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x| Recording of microscope settings
[ Wicroscope Settings Cloce The upper part of the Axioplan Control window
[ =] _teoly | Store [Delete| _Assign utten | shows the recording functionality of microscope
nn nn nn nn Less configurations.
! 2 i ft Complete microscope configurations can be

Reflector

FSetl ’ ®

Shutter Open
Objective

Plan-Heofluar 10:/0.3

Condensor
Aperture  0.3882

S he 1@ W

Reflected Light

Field Stop Filter Transmitted Light
749 x 12000 %,  On 300 %

Fig. 5-34

Axioplan Control window

created and applied.

The Store button permits existing microscope
configurations to be stored under any name.

The Apply button permits existing stored

microscope configurations to be loaded.

The Delete button permits existing microscope
configurations to be deleted.

The Assign button permits the assignment of a
microscope configuration to a button.

Load a microscope configuration

An existing microscope configuration can be
loaded as follows:

e Click on the arrow button.

— This opens a list box of all stored microscope
configurations.

e Browse through the microscope configurations by clicking, or use the scroll bar at the side of the list

box.

e C(lick on the desired microscope configuration.

— The selected microscope configuration

Configurations list box.

e C(lick on the Apply button.

is shown

in the first line of the Microscope

e C(lick on the Close button to close the microscope window.

(IS

Only those microscope settings which are encoded and motorized can be reloaded.
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Store a microscope configuration

A newly created or changed microscope configuration can be stored under a new name as follows:

Enter the desired name in the first line of the microscope setting list box.

Click on the Store button.

The actual configuration with the chosen name is added to the microscope settings list.

Click on the Close button to close the microscope window.

Delete a microscope configuration

A no longer required microscope configuration can be deleted as follows:

e Select the microscope configuration to be deleted from the microscope configuration list box.
e Click on the Delete button.

e Click on the Close button to close the microscope window.

Assignment of a microscope configuration to a button

A microscope configuration can be assigned to a button as follows:

e Click on the Assign button.

e This opens the Assign-Microscope-Settings-To-Button window.

e Click on the arrow in the Button list box and select a button out of the list.

I3 With increasing numbers the buttons are arranged from the upper to the lower row from left-
hand side to right-hand side.
e Click on the arrow in the Settings list box and select a microscope configuration.

e C(lick on the Apply button. A new button with the name of the selected microscope configuration
has been created.

e Click on the Close button to close the Assign-Microscope-Settings-To-Button window.

e Click on the Close button to close the microscope window.
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For the conventional setting of the Axioplan 2 imaging MOT, proceed as follows:
e Click on the VIS button in the Acquire subordinate toolbar.
e Push in the tube slider (5-36/8) on the microscope tube as far as it will go.
— This opens the light path for specimen observation through the eyepieces.
e Place specimen on microscope stage.
— The cover slip must be facing up.
e C(lick on the Micro button to open the Microscope Control window.
¢ Via the Objective button, select the required objective as follows:
— Open the graphical pop-up menu by clicking on the Objective button.
— Click on the objective you want to select.
— The selected objective will automatically move into the beam path.
e Use the focusing drive (5-36/5) to focus the required object plane.

e Select specimen detail by moving the stage in X and Y using the XY stage fine motion control (5-36/6
and 7).

(1) Transmitted-light observation
e Set the reflector turret position to None and click on the On button for transmitted light.

e Actuate the shutter switch (5-36/4) to open the light path of the halogen lamp, and control its
brightness with the potentiometer (5-36/3) or the Intensity % slider in the Transmitted Light panel.

e Set the required transmission value of the gray filters in the Filter frame.
e Set the condensor and the luminous-field diaphragm for KOHLER illumination.

With Transmitted Light activated (On), the halogen lamp is automatically occluded in the laser
scanning mode.

Please bear in mind that the light intensity does not automatically correspond to 0 % when Light
Remote is deactivated. The microscope setting (light intensity) of the last session, which was not
remote-controlled, is restored on exit of the program (depending on the position of the knob on the
stand).
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(2) Reflected-light observation (Epi-fluorescence)
e Turn on the HBO 100 W power supply with switch (5-36/2).
e Click on the reflected light button. The shutter opens.

e Pull out the occluding slider (5-36/1) to a light-passing position; actuate shutter switch (5-36/4) for
reflected light if it is in transmitted-light position.

3>  To avoid excessive bleaching of biological samples, expose the specimen to the minimum
possible irradiation, i.e. keep the irradiation time as short as possible. For this, insert a filter
slider featuring the relevant attenuation into the reflected-light beam path.

e By clicking on the reflector turret button, select the reflector module (filter sets) to suit the type of
fluorescence excitation. Proceed as follows:

e Click on the reflector turret button.

e Click on the desired reflector module.

— The reflector turret moves the selected reflector module into the beam path.

ISy
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The FITC filter set consists of an excitation filter for the 450 - 490 nm spectral range, an FT color splitter
for 510 nm and an LP long pass filter, which passes emission light wavelengths greater than
510 nm (FSET 09 £ FITC, FSET 152 Rhodamine, FSET 012 DAPI).

Other filter sets:

DAPI: BP 365 FSETO1

FT 395
LP 397

Rhodamin:  BP 546 FSET15

FT 580
LP 590

The filter sets described in this section are included in the standard configuration, but other sets
are available on request.

Reflected Light HBO

Shtter |

Intenzity:

Lamp Hours:

KR

12
r DN

I Level 1 Level 2 |

Close |

Fig. 5-35

AttoArc HBO control panel

If the AttoArc2 HBO lamp for reflected-light
illumination is integrated in the system, the
Reflected Light HBO frame is opened by clicking
on the Reflected Light button.

Shutter button: Opens / closes the shutter
for reflected light.

Level 1/2 buttons: By clicking on the buttons it
can be switched between
two light intensity levels.
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Occluding slider

Switch, HBO 100 power supply
Brightness control potentiometer

Shutter switch: transmitted/reflected light
Focusing drive

Stage fine motion control, X

Stage fine motion control, Y
Tube slider /’

ONOUTh WN —

Fig. 5-36  LSM 5 PASCAL with Axioplan 2 imaging moT

Iy~  The aperture setting on the condensor of the Axioplan 2 imaging MOT is performed in fixed
steps.
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5.5.24

Microscope Control window for Axiovert 200 M

Transmitted Light button

Condensor button

Objective button
Reflector button

Tube Lens button
Reflected Light button

Transmitted light is switched on / off via ON button in the Transmitted
Light frame, setting of light intensity can be varied via input box or
slider. 3200 K color temperature for photo documentation can be
switched on via 3200 K button in the Transmitted Light frame. The
transmission light control potentiometer on the stand is disabled via the
Remote button. By clicking on the Close button the Transmitted Light
frame is closed.

Numerical aperture of the condensor is set via input box or slider. Turret
position selected from graphical pop-up menu (only for motorized
condensors). By clicking on the Close button the Condensor frame is
closed.

Objective can be selected via graphical pop-up menu.

Push and click, reflector cube can be selected via graphical pop-up menu.
Push and click, tube lens can be selected via graphical pop-up menu.

The shutter is switched on and off.

X Recording of microscope settings

Microscope Settings

I 'l Applyl Stare |Delete|

The upper part of the Axiovert Control window

Cloze

L

R

basin Buten | shows the recording functionality of microscope
i nn u Less configurations.
o o o Complete microscope configurations can be

created and applied.

Condensor

Trangmitted Light

A )

Transmitted Light

The Store button permits existing microscope
configurations to be stored under any name.

The Apply button permits existing stored
microscope configurations to be loaded.

q

-

The Delete button permits existing microscope
LER Elose[

configurations to be deleted.

[ o sk The Assign button permits the assignment of a

4]

O

FSetll

Tube Lens

Lens 1=

Shutter

® microscope configuration to a button.
Open
Load a microscope configuration

An existing microscope configuration can be
loaded as follows:

e Click on the arrow button.

Fig. 5-37

Axiovert Control window

— This opens a list box of all stored microscope
configurations.
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Browse through the microscope configurations by clicking, or use the scroll bar at the side of the list
box.

Click on the desired microscope configuration.

— The selected microscope configuration is shown in the first line of the Microscope
Configurations list box.

Click on the Apply button.

Click on the Close button to close the microscope window.

3> Only those microscope settings which are encoded and motorized can be reloaded.

Store a microscope configuration

A newly created or changed microscope configuration can be stored under a new name as follows:

Enter the desired name in the first line of the microscope setting list box.

Click on the Store button.

The actual configuration with the chosen name is added to the microscope settings list.

Click on the Close button to close the microscope window.

Delete a microscope configuration

A no longer required microscope configuration can be deleted as follows:

e Select the microscope configuration to be deleted from the microscope configuration list box.
e Click on the Delete button.

e Click on the Close button to close the microscope window.

Assignment of a microscope configuration to a button

A microscope configuration can be assigned to a button as follows:

e Click on the Assign button.

e This opens the Assign-Microscope-Settings-To-Button window.

e Click on the arrow in the Button list box and select a button out of the list.

03> With increasing numbers the buttons are arranged from the upper to the lower row from left-
hand side to right-hand side.

e Click on the arrow in the Settings list box and select a microscope configuration.
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e Click on the Apply button. A new button with the name of the selected microscope configuration
has been created.

e Click on the Close button to close the Assign-Microscope-Settings-To-Button window.

e C(lick on the Close button to close the microscope window.

For the conventional setting of the Axiovert 200 M, proceed as follows:
e Click on the VIS button in the Acquire subordinate toolbar.
e Place specimen on microscope stage.
— The cover slip must be facing down.
¢ In the Objective list box, select the required objective.
e Use the focusing drive (5-38/4) to focus the required specimen plane.

e Select specimen detail by moving the stage in X and Y via the XY stage fine motion control
(5-38/3 and 2).

(1) Transmitted-light observation
e C(lick on the Reflected Light button and set the shutter to the Closed position.

e Click on the Transmitted light button. Click on the On button in the Transmitted Light panel and
set the transmitted light intensity via the slider or click on 3200 K. Click on Close to close the
Transmitted Light panel.

e C(lick on the Condensor button and set the aperture via the slider in the Condensor panel. Set the
filter in the Filter selection box. Click on Close.

¢ C(lick on the Objective button and select the objective by clicking on it.

e Click on the Reflector button and select the None.

(2) Reflected-light observation (Epi-fluorescence)

e Turn on the HBO 50 power supply switch (5-38/1).

Click on the Reflected Light button and set the shutter in the Open position.

Click on the Reflector button and select the desired filter set by clicking on it.

— The filter is automatically moved into the beam path to enable observation in epi-fluorescence.

Click on the Tube Lens button and select the tube lens.

Click on the Objective button and select the objective.
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Fig. 5-38 LSM 5 PASCAL with Axiovert 200 M BP

5.5.2.5 Select the LSM mode

Switchover to the scanning mode is then required.
e Click on the LSM button in the Acquire subordinate toolbar.
e Set VIS slider (only Axioplan 2 imaging MOT) to the LSM position.
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5.5.3 Configuration Control

The setting of the beam path for the scanning procedure, i.e. the definition of channels (PMT
photomultiplier) and tracks and the setting of the attenuators of the various laser lines is performed in
the Configuration Control window.

I  Atrackis:

- a set of parameters for the detection channels and for illumination (wavelength and intensity)
- scanned simultaneously and identified and handled by the system with one name

The Configuration Control window has a different appearance, depending on which selection button
has been activated (Single Track and Multi Track). Use the Single Track and Multi Track buttons to
toggle between the two image acquisition modes single tracking and multitracking.

Performed settings can be stored as Track Configurations for single tracking.

In case the number of available channels is not sufficient for the scanning procedure, further tracks can
be added and configured. The combination of these tracks can also be stored as Recording
Configurations for multitracking (option). A recording configuration may contain the maximum of 4
tracks. Regardless of the number of included tracks, the maximum of 8 channels (incl. transmission) can
be used in a recording configuration in multitracking.

If several tracks have been activated, they are processed one after the other during the scan procedure.

If the maximum number of channels to be used in a Single Track or a Multi Track has already been
achieved, it is no longer possible to add further channels or tracks.

If a second track or further tracks are used, the scan parameters can be changed as required. This avoids
"cross-talk" from one channel to another when different tracks are used.
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5.5.3.1 Open/ Close the Configuration 5  Configuration Control x|
ContrOI Wlndow Channel Mode Lambda kiode Clase
e Click on the Config button in the Acquire Single Track Ml Track _— 1
subordinate toolbar. Some
Beam Path and Channel Assignment bt
— The Configuration Control window is I —
opened with the display last selected.
|:| |LPEBD :|
I3 The Beam Path and Channel LT

Assignment panel differs according to E[
the hardware configuration supplied. Config

e (Click on the Close button to quit the
Configuration Control window. et /] H |B'°5E'5'530 —

v Ch2

HFT 488/543 Z & Excitation

5.5.3.2 Spectra button S
The Spectra button opens the Detection Spectra
& Laser Lines window. This window displays the
laser wavelengths activated for excitation (as
colored vertical lines) and the activated channels
(as colored horizontal bars).

Fig. 5-39  Configuration Control window,
Single Track activated

The color of the bar corresponds to the one

aSSigﬂed to the relevant Channel. Non'aCtive G Detection Spectra & Laser Lines Pascal-Fits rod x|
channels receive a gray bar over the entire spectral p—

range oh Close
The length and position of the bar corresponds to Ch

the emitted spectral range which is overlaid with
the filters and beam splitters selected in the
Configuration Control window.

e Click on the Spect button to open the
Detection Spectra & Laser Lines window and
to check the settings you made. The window is
closed via Close.

All amendments made in the Configuration - o -
Control or Laser Control window are updated WW
on-line in the Detection Spectra & Laser Lines

window. Fig. 5-40

Detection Spectra & Laser Lines
e A click on the Laser button enables you to window

open the Laser Control window, switch lasers

on and off, if required, and control the laser

output.
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5.5.3.3 Config button

Mame |FITI2a'F| hiod

The Config button permits existing track
Fig. 5-41  Track panel configurations to be loaded, stored under any
name, or deleted.

i s B e P Load a track configuration
— — Ciose A configuration stored in the system, whether
tions: .
SRR factory-supplied or user-created, can be accepted
Soe | ey | Delee | or selected for active operation as follows:

e (Click on the Config button, the Track
Configurations window appears on the
screen.

Fig. 5-42  Track Configurations window

On the Store / Apply Configuration panel, click on the arrow button =]

— This opens a list box of all stored track configurations.
e Browse through the configurations by clicking, or use the scroll bar at the side of the list box.
e Click on the desired configuration.

— The selected configuration is shown in the first line of the Configurations list box (e.qg.:
FITC/Rhod).

e C(lick on the Apply button.

— This results in the stored instrument parameters being taken over for active use. The track
configuration selected before is overwritten.

3>  The optical diagram of the configuration selected appears on the Beam Path and Channel
Assignment panel. The newly loaded track has been automatically activated for the scanning
procedure. The Track Configurations window is closed automatically.

In the Options menu in the function Settings it is possible to define the parameters to be used
when applying a track configuration.
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Store a track configuration

A newly created or changed track configuration can be stored under a new name as follows:
e Click on the Congig button, the Track Configurations window appears on the screen.
e Enter the desired name in the first line of the Configurations list box.

e Click on the Store button.

e Close the window by clicking on Close.

During storage via the Store/Apply function, all the data of the Beam Path and Channel Assignment
and the Detector Gain, Ampl. Offset, Ampl. Gain and Data Depth (8 /12 Bit) scan parameters of the
current track (single tracking) will be stored.

Delete a track configuration

A no longer required track configuration can be deleted as follows:

Click on the Config button, the Track Configurations window appears on the screen.

Select the configuration to be deleted from the Configurations list box.

Click on the Delete button.

Close the window by clicking on Close.
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5.5.34 Settings for Single Track in the Channel Mode

The settings of the beam path for the scanning procedure with regard to the main dichroic beam splitter
(HFT), secondary dichroic beam splitter (NFT), emission filters (EM) to be used and the assignment of
channels, excitation wavelengths and laser intensities are performed in the Beam Path and Channel
Assignment panel.

The setting can be performed manually or by using existing track configurations.

e Click on the Single Track button, unless it has already been activated.

— The Configuration Control window for single tracking is displayed.

Beam Path and Channel Assignment - ... panel

The Beam Path and Channel Assignment - ... panel displays the selected track configuration which is
used for the scan procedure.

You can change the settings of this panel using the following function elements.

&Excitatinn
—I Activation / deactivation of the excitation wavelengths (check box) and setting of

excitation intensities (slider). Open the Laser Control window via the Laser
button.

| =" Selection of the main dichroic beam splitter (HFT) or secondary dichroic beam
splitter (NFT) position through selection from the relevant list box.

l Selection of an emission filter through selection from the relevant list box.

Activation / deactivation of the selected channel for the scanning procedure by
assigning an existing color icon or defining a new one. Deactivation of the channel
via deactivation of the check box.

For the configuration of the beam path, please refer to the application-specific configurations depending
on the used dyes and markers and the existing instrument configuration (e.g.: module LSM 5 PASCAL -
Application-Specific Configurations for Package 5 — Vario Two (488, 514, 543), 2 PMTs) listed in the
annex.
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The assignment of the numbered emission filters (1-2), NFT secondary dichroic beam splitters and HFT
main dichroic beam splitters in the Beam Path and Channel Assignment panel is shown in the
Configuration Control window (Fig. 5-43). The numbers of the emission filters correspond to those of
the channels lying behind (PMT photomultipliers).

% Configuration Control x|

Channel Mode Larmbda kade
Cloze

bulti Track Featio .[I

Emission filter — Beam Path and Channel Assignment | S|
W [an Descanted
LF 560
Config |

v c:h1

NFT

HFT T

BF 505-530
NFT 545 |:| 1
HFT 433/543 & Excitation

Specimen
N

Fig. 5-43  Configuration Control window

Beam path - HFT main dichroic beam splitters and NFT secondary dichroic beam splitters

e On the Beam Path and Channel Assignment panel, click on the HFT main dichroic beam splitters
A (see Fig. 5-43).

— This opens a graphical pop-up window of all beam splitters available.
e To select a beam splitter, click on the respective line of the list.

— The selected beam splitter moves into the beam path.

e Proceed accordingly to configure the NFT secondary dichroic beam splitters &
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5 Configuration Control x| Beam path - Emission filter
Channel Mode ‘ Lanida flod: ‘ Close e On the Beam Path and Channel Assignment

panel, click on the M emission filter symbol.

Single Track Fuilti Track Ratio .[I

Spestia — This opens a graphical pop-up window of
all available emission filters (e.g. BP for band
pass, or LP for long pass) with their
wavelengths.

Beam Path and Channel Assignment

Descanned Mo Descanned

1 =B

LP 475

e To select an emission filter, click on the
! [ respective filter in the pop-up window.
onfig

— The emission filter selected moves into the
LP 530 beam path in front of the PMT

J
J
NET 545@ M H Mﬂ photomultiplier.
J
I
I

e Depending on the application, it may be
necessary to insert additional mirrors, secondary
dichroic beam splitters or neutral glass filters

Mone  fitation

between the HFT main dichroic beam splitter

Specimen
Nene and the PMT photomultiplier. To select these
components, click on the respective 7]
symbols.

Fig. 5-44  Configuration Control window . .
9 9 = For channels 1 and 2, it is possible to

change the filters directly on the LSM 5
PASCAL scan module (see Annex: Filter
change in the beam path of channels 1
and 2).
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Beam path - Activation / Deactivation of Channels Channel Color Selection

and Channel Color Assignment — |
e On the Beam Path and Channel Assignment | | Close
panel, click on the channel symbols, e.g. =
— This opens the Channel Color Selection II
window on the Beam Path and Channel Define
Assignment panel.

e Click on the desired color bar. Fig. 5-45 Channel Color Selection window

This changes the color of the channel symbol.

e To close the Channel Color Selection box,
click on the Close button.

Further colors for the corresponding channel can Channel Colors
be produced as follows: [Current Sefof Channel Colors |
Close
e Clicking on the Define button will open a )
9 . P C 1N [ | |

further Channel Colors window.
] .

Reticule

All the available colors are shown as buttons in the
Current Set of Channel Colors panel.

e Via a reticule in the Define Color panel, any ﬂl
desired color can be produced.

Define Color

e Clicking on the Add button allows the color to

be used for further channel coloring. e Wi

Sat: |130

e Choose the desired color with the reticule (the . :5::|

reticule is in the left corner at the bottom of the .

color range). - |2—:|
e Define the brightness by use of the scroll bar. 4 Green: |s—:|
e Use the Add button to add the color to the B'“e|9—i|

color range.

I |

e To delete a defined color, click on the relevant
color button and then on the Remove button.

Fig. 5-46  Channel Colors window

= Standard colors (black for OFF, red, green, blue and white) cannot be removed.

e Click on the Close button to close the Channel Colors window.

— Newly defined colors are accepted and displayed in the Channel Color Selection window. They
can then be used in the same way as standard colors.
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The PMT1 photomultiplier is activated / deactivated by the check box.

e Proceed in the same way for the other PMT photomultipliers.

| Excitation |
Line active  Tranzmizsion [Z]

[T 458 nm I 0.1 {l I— ﬂ Cloze
M oamm [ 5 4| T )

54 [01 4 T | %
M osam [ 4 — [

Beam path - Laser attenuation

Fig. 5-47  Configuration Control window

On the Beam Path and Channel Assignment
panel, click on the Excitation button.

Once the cursor has changed into a hand
symbol, click on the button.

— This opens a dialog box of all available lasers
with their wavelengths and their usable
attenuation.

To select the desired laser line, activate the
check box for Line Active.

Use the Transmission [%] slider to set the
utilizable laser intensity (recommendation: start
at 50 %).

— The transmittance of the attenuator changes
accordingly.

e This allows you to adapt the laser intensity very sensitively to the job. Activate the check box for Line

Active.

(I

active operation.

By clicking on the Excitation button you can check at any time which lasers are available for

If you deactivate Line Active, the laser wavelengths for the argon laser are deselected by
means of the attenuator, i.e. these lasers change into standby status.

If you interrupt your work with the LSM 5 PASCAL for a break, it is recommended not to switch
the argon laser off by hardware action, but to put them into standby status as described.

Excitation filters, emission filters, HFT main dichroic beam splitters and NFT secondary dichroic
beam splitters can be switched online, channels (PMT photomultipliers) only off-line.
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5.5.3.5  Settings for Multi Track in the x|
Channel MOde Charinel Mode Lambda kfode Close
The Multi Track function permit several tracks to Single Track e . 0|
be defined as one configuration (Recording : v
Configuration) for the scan procedure, to be [ListofTracks ————————————|[=

stored under any name, reloaded or deleted.

Mame I Channels I Light [nm] m

The maximum of four tracks with up to 8 channels EIFITC/ Rho. ChI, Ch2 488,543

can be defined simultaneously and then scanned Mk c 4o ﬂ

one after the other. Each track is a separate unit

and can be configured independently of the other | Add Trook | Remove | Storo/pply Singe Track | _Coniig
tracks with regard to channels, emission filters and Beam Path and Channel Assignment

dichroic beam splitters. — I

LP 560 [
|:| [ Chi

e Click on the Multi Track button.

— The Configuration Control window for
multitracking appears, which means that the
List of Tracks panel is additionally

displayed. BPS05530 [
NFT 545 Z |:| | —

The tracks required for multitracking can either be or1 a6t (] &E“Cita“m
configured manually one after the other (identical
to single tracking) and then stored as recording Specimen

configuration, or already existing recording
configurations can be used and changed as

required.
It is also possible to load already stored track Fig. 5-48  Configuration Control window,
configurations (single tracking) in a recording Multi Track activated

configuration.

(1) Beam Path and Channel Assignment - ... panel

The Beam Path and Channel Assignment - ... panel displays the track configuration of the track
currently selected in the List of Tracks panel (highlighted in blue or gray).

The settings for this panel are performed separately for each track, in the same way as for single
tracking. To do this, select the track to be configured from the List of Tracks panel (see the following
description of the List of Tracks panel).
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(2) List of Tracks panel

In the List of Tracks panel, the available tracks are

Name | Channels | Light ren) I 1 displayed with names, activated channels and laser
FITI:;’F!h-:-... Ch1, Ch2 433, 543 lines.
Track Chi 458
ﬂ The sequence of tracks to be processed can be
changed for the scan procedure.
Add Tlac:kl Remowve | Storedapply Single Track |

The Add Track, Store/Apply Single Track and
Fig. 5-49  List of Tracks panel Remove buttons permit individual tracks to be
added, saved or deleted.

In addition, this panel is used to activate / deactivate the tracks for the scan procedure.

e To activate or deactivate one or several tracks for the scan procedure, activate / deactivate the check
box of the relevant tracks.

The configuration of the selected track is displayed in the Beam Path and Channel Assignment - ...
panel.

e To select a track for the display of the beam path configuration, click on its name.
— The selected track is highlighted in gray or blue.
3> When you switch from multitracking to single tracking, the track selected in the multitracking
mode (highlighted in blue or gray) is always transferred and automatically activated for the scan

procedure. All other tracks are deactivated, and they remain deactivated when you switch back
to the multitracking mode afterwards.
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The following functions are available in the List of Tracks panel:

Add Track button ~ An additional track is added to the configuration list. The maximum of four tracks
can be added. One track each with basic configuration is added, i.e.: one Ch 1
channel is activated, all laser lines are switched off, emission filters and dichroic
beam splitters are set in accordance with the configuration last used.

Remove button The track previously marked in the List of Tracks panel in the Name column is
deleted.

Store/Apply button Opens the Track Configurations window. A selected track defined in a
Recording Configuration can also be stored as a single track for single tracking
applications. Also, it's possible to load a single track in a multitracking
configuration.

I| A click on this arrow button will move the selected track (highlighted in blue) one
position upwards in the list box.

i’l A click on this arrow button will move the selected track (highlighted in blue) one
position downwards in the list box.

When adding new tracks, the following sequence should be followed:
e Add a track by clicking on the Add Track button.

e Determine the configuration of the track in the Beam Path and Channel Assignment panel or
select an existing one via the Store/Apply Single Track button of the List of Tracks panel.

e Store the name of a track configuration defined via the Store/Apply button of the List of Tracks
panel. The new track name will then be displayed in the List of Tracks panel.

If this way of storing is performed, the created track will also be available as a single track and can
therefore also be activated individually.

e Add the next track via the Add Track button and then configure and store it again.

The name of a track can also be changed directly in the List of Tracks panel. In that case, however, the
edited track is not available as a single track configuration, but only within the recording configuration.

To edit a track name within Recording Configurations, proceed as follows:

e To select the track, click on the relevant track name in the List of Tracks panel. Then click on the
name again to open the text editing field.

e Change the track name via the keyboard. Use Esc to undo the procedure.
e Click once in the area outside the text editing box to close this box.
03> The channels of the individual tracks with the relevant scan parameters can be displayed in the

Scan Control window after activation of the Channels button. The description of channel 1 in
Track 1, for example, is Ch1-T1.
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(3) Config button in Multi Track mode

The Config button in the Multi Track mode permits all tracks to be loaded, stored under any name, or
deleted.

| Recording Configurations Load a recording configuration
onfiguration L . . .
PSR Close An existing recording configuration can be loaded
Configurations: F j as fO”OWS'
Stare | Apply | Delete |

e (lick on the Config button, the Recording
Configurations window appears on the
screen.

Fig. 5-50  Recording Configurations window

e On the Store / Apply Configuration panel, click on the arrow button =]
— This opens a list box of all stored recording configurations.
e Browse through the configurations by clicking, or use the scroll bar at the side of the list box.
e Click on the desired configuration.
— The selected configuration is shown in the first line of the Configurations list box (e.g.: DAPI
e C(lick on the Apply button.

— The program loads those parameters of the selected Recording Configuration which have been
activated in the Options menu under Settings / Recording Configuration (see section 5.9.2,
page 5-185). The Recording Configurations window is automatically closed.

3>  The optical diagram of the configuration selected appears on the Beam Path and Channel
Assignment panel. The entire recording configuration has been activated for the scanning
procedure.
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Store a recording configuration

A newly created or changed recording configuration can be stored under a new name as follows:

Click on the Config button, the Recording Configurations window appears on the screen.

Enter the desired name in the first line of the Configurations list box.

Click on the Store button.

Close the window by clicking on Close.

During storage via the Config button, all the data of Beam Path and Channel Assignment and the
Detector Gain, Ampl. Offset, Ampl. Gain and Data Depth (8 / 12 Bit) scan parameters of all the defined
tracks (multitracking) are stored. Furthermore, the used objective, the Frame Size, Zoom, Rotation &
Offset and Scan Direction parameters are stored.

Delete a recording configuration

A no longer required recording configuration can be deleted as follows:

Click on the Config button, the Recording Configurations window appears on the screen.

Select the configuration to be deleted from the Configurations list box.

Click on the Delete button.

Close the window by clicking on Close.

B 45-0007 e 12/02 5-73



Carl

Zeiss

OPERATION
Acquire Menu
Configuration Control LSM 5 PASCAL

T5 | Configuration Control

Charinel Mode

Lambda ffode

Claze

Single Track

Multi Track

Reatio

Descanned

Specimen

Beam Path and Channel Assignment

[on Mescanned

Spectra

I:I LF 560 |
[+ Chi

1

BPE0S530 [
¥ Ch2

& Excitation

Ratio Settings
Source 1 I Chi-T2 I Source 2 (YRR

Source 1 I Ch1.T2 vI Source 2 I Ch1-T2 vl .
r Rz

I
W Rl

|

Fig. 5-51

Ratio activated

Configuration Control window;

5.5.3.6 Ratio Settings panel

The Ratio Settings panel permits you to activate
two additional Ratio channels.

e Click on the Ratio button.

— The Ratio Settings panel is displayed at the
bottom of the Configuration Control
window. The settings of the selected
tracking mode (Single Track / Multi Track)
remain unchanged.

The Ratio Settings panel is only available in the
Single Track and Multi Track mode.

Source 1 in ratio settings

Selects source 1 data channel in Configuration
Control.

Source 2 in ratio settings

Selects source 2 data channel in Configuration
Control, including the option to select "1st
Image" for R1 and/or R2 (e.g. to calculate F/F, for
single wavelength dyes).

R1/R2 in Scan Control

R1/R2 can be selected as channels in the Scan
Control window. Five preset formulas can be
chosen for online display of radiometric or single
wavelength dyes.

Set by min/max

allows the definition of the display scaling
according to the expected minimal and maximal
values.
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The following function elements are provided in the Ratio Settings panel:

—

ﬂ Activation of the Ratio channel (R1, R2) through assignment of an existing color or
definition of a new one. Activation / deactivation of the Ratio channel via the check
box.

Souce 1[chT1 7] Selection of the channels of which the ratio is to be formed from the relevant list box.

A suitable color can be assigned to each of the two Ratio Channels R1 and R2, in the same way as for
the photomultiplier channels.

The channels of which a ratio will be formed are selected via the Source 1 and Source 2 list boxes.

o Click on the =] arrow button to select the required channel for Source 1 and 2 from the list box now
opened.

I3  The ratio to be formed between the selected channels can be defined more precisely using
three formulas in the Scan Control window after activation of the Channels button and a click
on the relevant ratio button (e.g.: R1).
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5.5.3.7 Camera Detection panel
Channel Made Lambda Mode Online Fingerprikting . . . .
Hlose The use of this function permits the use of a Zeiss
I il Track et 0 AxioCam HR camera as an alternative external
v detector.

Speota _ . , .
Switch tracks after each Line I Frame FrameFastl Ei hd ClICk qn the Conflg bUtton‘ n the Acql'"re
N T Chameh T Cor o] | Laserine subordinate toolbar of the main menu.

[ Track T . . .

& Track v H — The Configuration Control window opens.

- e Activate one of the Single Track or Multi
| AddTrack | Remove | StorerApply Sngle Track | Cenfig Track buttons and click on the Camera button.
Beam Path and Channel Assignment — The Beam Path and Channel Assignment
Deseanned e Camera panel for camera detection is opened.
[
T
= Control buttons
Reflected Light
Reflector m' Faetl5 ® TV Menu for selecting a display
color for the camera image.
Objective g Plan-Meofluar 10:/0.3
F N I Reflector Selects a beamsplitter for the
Condengor — Aperture 0.0529 eXCItatlon/emISSIOH'
=
Transmitted Light
Add Track Adds a second track to the
®| acquisition in Multi  Track

of  00% mode, e.q. a different
fluorescence filter cube or
transmitted light.

Fig. 5-52  Configuration Control window;

camera detecting activated . .
If TV and LSM tracks are mixed, the active

detection port of the microscope has to be set
according to the first track.

5-76 B 45-0007 e 12/02



OPERATION
Acquire Menu

LSM 5 PASCAL Scan Control Carl Zeiss
5.5.4 Scan Control x
. o Mad Charinel Z et

The scan parameters for image acquisition are set o — Bl
in the Scan Control window. o Spot| — LiHEIEFrame 2 | B s m
The micrOSCOpe must be in the LSM mode, i.e. the Objective Lens, Image Size & Line Step Factor 0
relevant sliders on the relevant microscope stand Objective | Plarheoflusr 10w/0.3 EREel
must be in the LSM position. The LSM button in oo | s | sz | v | e | P
the Acquire subordinate toolbar is activated when FameSie X[ 52 Y[ o7 Leeser [T =] | (9
the LSM mode has been set. T —
The scanning actions are started via the buttons on SeanSpeed | 7 T [ | Mat| @
the right-hand side of the Scan Control window, Pl T 350 G Timer 157 son Sl
and the scan parameters are set in the main part Pixel Depth, Scan Direction & Scan Average

of the window. vemm || o || e Mode [Lre ] | o'P

Method | Mean VI
An acquired image is displayed in a separate ScanDirection| - | e [T ] ﬁ

Image Display window. If an Image Display
window is not yet available, a new Image Display

window is automatically opened during the Zoom, Rotation & Offset
acquisition. Zsom A = » 1]
Rotation I 1] jl _i ﬂil
/
Difsat /[\ b2
V Ees;t
Dffset & 0.00 pm
Offgatr: 0.00 prn

Fig. 5-53  Scan Control window

The following scanning modes can be performed:
Spot

— scanning of a spot (Spot + Time Series)
Line

— scanning of a line in the XY-plane (Line, Line + Time Series)
— scanning of a line with different Z-values (Line + Z Stack, Line + Z Stack + Time Series)

Frame

— scanning of an XY frame (Frame, Frame + Time Series)

— scanning of XY frames with different Z-values (Frame + Z Stack, Frame + Z Stack + Time Series)

— scanning of XY frames in defined ROIs (Frame + Use ROl + Time Series)

— scanning of XY frames with different Z-values in defined ROIs (Frame + Z Stack + Use ROI + Time
Series)
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5.5.4.1 Open / Close the Scan Control window

e Click on the Scan button in the Acquire subordinate toolbar of the Main menu.

— This opens the Scan Control window, which shows all lasers connected to the system.

e Click on the Close button to quit the Scan Control window.

The following main function buttons are available in the Scan Control window:

Generally available buttons

Mode button

Channels button

Spot button
Line button
Frame button
Use ROI button

Z Stack button
Z Settings button

Close button
New button
Find button

Fast XY button

Single button
Stop button

When the button is activated, the following panels are available for the
setting of the scanning parameters for the line and frame modes:
Objective Lens, Image Size & Line Step Factor, Speed, Pixel Depth,
Scan Direction & Scan Average and Zoom, Rotation & Offset.

When the button is activated, the Channel Settings and
Excitation of Track ... panels are available for the setting of the
channels and the laser excitation.

Activate the Spot scan mode
Activates the Line scan mode.
Activates the Frame scan mode.

Activates the scanning procedure only within a ROI (region of interest) to
be defined first.

Activates the Z Stack scan mode, display of additional buttons on the
right-hand side of the Scan Control window.

When the button is activated, the Z Settings panel is available for the Z-
scan parameter definition. The Z Stack scan mode must be active.

Closes the Scan Control window.
Opens a new Image Display window.

Automatic optimization of image brightness and contrast. The settings
for the Find function can be varied as required using the Maintain
menu, Set Find (see page 5-209).

Continuous scan with high speed. This function should be used to a
limited extent and only for a short period of time. Fast XY switches
temporarily to 512 x 512 frame size.

Single scan (named Start in the Z Stack mode).

Stops the current scan procedure, no matter in which window the button
is pressed (also see the Time Series Control and Bleach Control
windows).
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Cont. button / Finish button

Continuous scan (not available in the Z Stack mode). If you select the
option Frame for Mode and the option Continuous for Number in the
Pixel Depth, Scan Direction & Scan Average panel, the Finish button
is displayed instead of the Cont. button. In this case, continuous
averaging is performed when you have started the scan. If you click on
the Finish button, the scan/averaging process is stopped after the scan
of the current image has been completed.

Additional button in the Spot mode

Spot Sel button

Automatically defines spot on the Image Display window by positioning
of two perpendicular lines

Additional button in the Line mode

Line Sel button

Automatically defines a line in the center of the Image Display window
(Frame) for creation of the intensity profile; using the mouse, the line for
the intensity profile can then be positioned anywhere in the Image
Display window.

Additional buttons in the Z Stack mode

Start button
XYscan button
XYcont button

Line Sel button

Range button

Triggers the scan of a stack.
Triggers a single XY-scan
Triggers continuous XY-scan.

To prepare the Range function, a cutline is created in the scanned XY-
frame to determine the position at which the XZ-scan through the
specimen is to be produced. Using the mouse, the line for the XZ-scan
can be positioned anywhere in the scan frame. The cutline can be
defined either as a straight line or free shape curve.

Produces an XZ-scan through the specimen within the limits determined
in Num Slices and Interval; the cutline is determined via the Line Sel
function.
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=] 5.5.4.2 Frame
Hack Ehanmet S ez When the Frame button is activated, a frame of
¢ Spet| — Line|=Frame 1= \. variable size is scanned pixel by pixel and line by
i _— 2 . g line. The laser beam is moved over the specimen
- — : line by line.
Dbjective | PlarNecfuar 10:/0.3 RS
e | e | s | o | e | e The scan parameters and the channels (PMT
FameSie X[ 52 Y[ o7 | Uneser [T =] | (9 photomultipliers) are set via the Mode and
e Channels buttons, and the laser settings can be
o RN —T——F ﬁ checked again or changed.
Piwel Time: 3.20 ps Scan Time: 1.97 sec Single
Pixel Depth, Scan Direction & Scan Average @
Data Depth 5 Bit 12 Bit Mode | Line = oD
Method | Mean Yl 1 Mode
Scan Direction I — p e ﬁ § ( )
When the Mode button is activated, the
Objective Lens, Image Size & Line Step Factor,
Zoom, Rotation & Offset Speed, Pixel Depth, Scan Direction & Scan
oo 4 1] Average and Zoom, Rotation & Offset panels
Fpsitf (o 4 r 3 o] are displayed in the Scan Control window.
/
sel <] el . . . .
e [\ E<>\.t Objective Lens, Image Size & Line Step Factor
Dffseti 0.00 um panel
Offzet 'v: 0.00 pm R . .
e Open the Objective list box and select the
objective to be used via a click of the mouse

(identical to Microscope Control). When using
Fig. 5-54  Scan Control window - Mode/Frame immersion oil objectives, make sure to perform
immersion as required.

e Select the Frame Size from the default sizes via the buttons 128, 256, 512, 1024, 2048, or enter the
required values via the keyboard. Recommended setting to start with: 512 x 512 pixels.

— It is also possible to enter different values for X and Y. The value for Y is freely selectable between
1 and 2048 pixels (integers). The value for X must always be an integral multiple of 4. The
maximum value for X is also 2048 pixels.

Objective Lens, Inage Size & Line Step Factor Select the Line Step size between 1 and 10. Only

Obctve | Plan Neofer 103103 = every n-th line is scanned. The lines in between are
interpolated. This fast scan mode is called Step
128 | 26 | sz | qoee | ooss | Scan.

FrameSize % | 512 v | 512 LineStep [1 ~]

Fig. 5-55  Obijective Lens, Image Size & Line
Step Factor panel
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Speed panel

e Select the Scan Speed from the 13 preset
steps via slider or input box. Recommended: 7
for the first scan. A click on the Max button

Scan Speed I?—jl J' HM

Pixel Time: 2,24 ps Scan Time: 983.0 mzec

Fig. 5-56  Speed panel

sets the maximum speed.

The Scan Speed determines on the Pixel Time. In the case of different image formats, the Pixel
Time is constant for the same Scan Speed, but the Scan Time is different.

Pixel Time: dwell time of the laser beam on the pixel
Scan Time: duration of the acquisition for the entire frame

The minimum Pixel Time of 0.64 ps is only achieved at resolutions 512 x n and above, the
maximum Pixel Time of 204.8 ps only with frame sizes larger than 1024 x n.

A longer Pixel Time for even smaller frame sizes is possible; maximum: 6553.6 ps.

I3>  Fast XY only for fast image acquisition during parameter setup.

Pixel time and scan time will be shown.

Fast XY = speeds 8 — 13 (depending on zoom), average = 1, max. resolution: 512 x 512 pixels.
Speed: 1..8 9 10 11 12 13
Zoom: 0.7 1.0 1.4 2.4 3.2 5.6

Pixel Depth, Scan Direction & Scan Average

anel

Pixel Depth, Scan Direction & Scan Average

D ata Depth I 2 Bit 12 Bit | Mode IFrame "I

e Select 8 Bit or 12 Bit Data Depth, i.e. 256 or
4048 gray values.

e Select the Unidirectional
Scan Direction.

5 Directi 5 kM ethod IMean vl
can Direction ey
4| Humber ICnntinuous vl

Scan Corr % ID_j T J' j .t’-‘-.utol
Scan Com v Iﬂ_jl J' j

Fig. 5-57

or Bi-directional

Pixel Depth, Scan Direction &
Scan Average panel

= | Unidirectional: The laser scans in one direction only, then moves back with beam blanked and
scans the next line.

2 Bi-directional: The laser also scans when moving backwards, i.e. the Scan Time is halved.

The pixel shift between forward and backward movement (double image) resulting from bi-
directional scanning must be corrected via the Scan Corr X and Y sliders. Zero® rotation requires
correction in the X-direction, 90° rotation must be corrected in the Y-direction. If the image was
rotated, correction is required in both coordinates. Correction is performed on-line in the
continuous scan mode (Cont. button). The size of the shift depends on the Scan Speed. For
automatic scan correction, click on the Auto button.
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e Select the Line or Frame mode for averaging.

e Select the desired scan average method Mean or Sum in the Method selection box.

e Select the desired scan average from the available values 2, 4, 8 and 16 in the Number selection box
or Continues (only for Frame average mode).

I3 The greater the number of averages selected for Mean average Method, the better the image
quality will be; the scanning time will be prolonged accordingly.

Averaging can be performed in different ways, depending on whether the Mean or Sum method has
been activated.

If you are using the Mean method, the image information is generated by adding up all scans pixel by
pixel and then calculating the mean value.

In the Sum method, the pixel values of all scans are only added up, without a mean value being
calculated.

To create the image information using the Line average mode, each line (depending on the setting) is
scanned 2, 4, 8 or 16 times during Scan Average, and then the average value per pixel is calculated. This
minimizes noise interference during the scanning procedure.

If the Frame average mode is used to create the image information, the complete frame is scanned 2, 4,
8 or 16 times, depending on the setting. The average value is recalculated after each frame scan.

The Frame average mode also permits continuous averaging.
e For this, select the Continuous option in the Number selection box.

If you have selected the Continuous option, the Finish button for ending continuous averaging is
displayed instead of the Cont. button. Use the Single button in this case to start continuous scanning.
When you click on the Finish button, the scan currently in progress will be completed before the process
is stopped.
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Zoom, Rotation & Offset panel Zoom, Rotation & Offset

In this panel, the scan range is set for zoom, g IS . 5|
rotation and offset in relation to the field of view Rotion [0 4| 1 | o]
of the microscope. The diagonals of the outer '

square on the right-hand side correspond to the Offset
field of view of the microscope.

The inner square contained in it (rectangle in the D,fsetx?nm urn
case of differently set frame size) represents the Difset ¥: 0,00 pm

scan range and immediately shows the changes

made to zoom, rotation and offset. Fig. 5-58  Zoom, Rotation & Offset panel

The blue line at the top of the scan range is helpful
for orientation when the scan range is rotated in
the direction of the field of view.

e Set the desired zoom factor via the slider (Zoom) or by clicking on the arrow buttons.

— The zoom factor can be set continuously in the range from 0.7 to the maximum of 40, and is
displayed in the relevant input box. The value 0.7 corresponds to factor 1, and value 40 to factor
52, related to the field of view. From zoom factor 5.6, the magnification will be empty, and the
zoom factors will be displayed in red in that case. Clicking on button 1 enables immediate
resetting to the zoom factor 1.

— Recommended setting to start with: Zoom 1.

e To rotate the scan area, use the slider (Rotation) or click on the arrow buttons.
— Clicking on button 0 enables immediate resetting to 0°.
— Recommended setting to start with: Rotation 0°.

e Move the scan area by clicking on the 4 arrow buttons (Offset).

— The offset of the scan area from the center of the field of view is displayed online in um for
Xand.

— A click on the center button will recenter the scan area to the field of view.

— Clicking, holding and drawing the rectangle with the mouse permits the scan area to be moved
directly within the field of view.

— Recommended setting to start with: Offset X =0, Y =0

15y During the scan procedure, the functions Objective change, Speed, Scan Corr, Zoom,
Rotation and Offset can be influenced online.

By clicking on the Reset button the scan zoom is set to 1 and the XY offsets are set to the zero position
and the ratio angle is set to 0°.
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x| (2) Channels
Made Channels Z Settings S If the Channels button is activated, the Channel
_ Ii = Settings and Excitation of Track ... panels are
-_— Ine §§ ——Frame Uz l Z . . .
* . | 2 o] B sua m displayed in the Scan Control window.
=
et [om che | D
Find Channel Settings panel
@ In the Channel Settings panel, the channels
el defined in the Configuration Control window
are listed track by track as selectable buttons.
Finhale Singla
Optical slice < 11.4 pm Finhole @ = 1.00 Aty Urits @ Depending on the selected Channels button (e.g.
. - ChS1-T1), the currently used settings of Pinhole,
DectorGian [ 700 4| 1 L Detector Gain, Amplifier Offset and Amplifier Gain
Amplfier Offset [ -0.105 4 o a are displayed.
ampifierGan | 1 4] | | Cont
__ e The slider near Pinhole enables you to change
E“C"a""" S —— the pinhole diameter of the relevant channel.
Ine achive ransmizzion [
% [ I o4sgem [ 01 4| — The pinhole diameter is indicated in pm,
Mo [ 5 | [T ) Optical Slice and Airy Units. The Airy value
s [0 (| depends on the aperture of the objective,
P s [ (| ) excitations and the emission wavelength.

— A small pinhole diameter will increase the
depth of focus, but reduce the light intensity
received by the PMT photomultiplier.

— When you vary the pinhole diameter, an

Fig. 5-59  Scan Control window - Channels Optical Slice value is displayed. For optimum

depth resolution, Airy values should be
small, but in fluorescence applications not
below 1.0 to keep the intensity loss within a
reasonable limit.

— A click on the 1 button sets the pinhole to a
diameter of 1 Airy unit. A click on the Max
button sets the pinhole diameter to the
maximum.
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e The sliders (and the relevant arrow buttons) near Detector Gain, Ampl. Offset and Ampl. Gain
enable you to set the photomultiplier of the selected channel during continuous scanning.

— Detector Gain:  Setting of the high voltage of the PMT photomultiplier - setting of
image contrast and brightness (values available between 80 and 1250)

— Amplifier Offset: Setting of the electronic offset - background of the image can be set
(values available between -2 and 0.1)

— Amplifier Gain:  Amplification factor (values available between 1 and 3)

3>  The parameters Detector Gain, Ampl. Offset and Ampl. Gain are described in section
Pinhole / Detector Gain / Ampl. Offset / Ampl. Gain (page 5-320) in the context of image

optimization.

The parameters of a ratio channel are set in a
separate dialog box.

e C(lick on the button of a ratio channel (e.g. R1).
The dialog box for the setting of the ratio
parameters is displayed.

Clicking on the required tabs enables you to
choose from five formulas (Type 1 to 5) for ratio
calculation. The relevant decimal values can be
entered in the input boxes via the keyboard. The
entered values remain unchanged even after
switchover to another formula and can be
reactivated any time.

The formula type activated last is always used for
ratio formation during the scan procedure. If the
input box does not contain any value at all or no
suitable value, the useful value last used will be
activated.

The ratio channels are displayed in the Image
Display window (see Fig. 5-63).

e Select the required formula and enter the
relevant values.

Letters can be entered into the formula fields
which will be valued as 1; it is also possible to
make no entry, which will also be valued as 1, but
will not be displayed.

Set by min/max allows the definition of the
display scaling according to the expected minimal
and maximal values.

& 'Scan Control

Mode LChannels Z SEHifgs
. I (= z
. —_—
Spot Llnel ——Frame @ w28 ,%l Stack

Channel Settings
Channels - Chs2 | Ch2 |

L

I Type 1 Type 2 | Type 3 | Type 4 | Type5

Ch31-T2 + I'I Min I-U.UU?B
1zt Image + I'I hax I1.9844

First |1 Imagels] W Set by mindmax

-

O

o
=}
=]

HW
o
=

Fig. 5-60  Channel Settings panel of a
Ratio Channel
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Line active  Transmizsion [%]

 oggemm [01 4| [T Clos=
W osgam [ 5 4|
st [ 01 4| T %
Vostam [0 4 )

Fig. 5-61  Excitation of Track ... panel

Channel Settings

Chanrels Ch1-T1| Chz-T1
||:h1-T2 Chz-T2

Firhale B = 1.00 Ay Urits

Optical slice < 11.4 pm

Detectar Gain I Foo j I _i ﬂ
Amplfier Offset [ 0108 4] 7 o
[+ 4 2

Channel Settings panel for two
defined tracks plus Ratio channel

Arnplifier Gain

Fig. 5-62

Excitation panel

¢ In the Excitation panel you can select other
lasers and vary laser intensities (in the same way
as in the Configuration Control window).

If bi-directional scanning with12-bit technology,
several channels and scan speeds of 9 or 10 are
used at the same time, a data jam can occur and
difficulties can therefore arise if 233 MHz PC's (or
lower) are used.

All parameters under Channels can be varied
online.

Acquisition of a frame

Once you have set up your parameter as defined in
the above section, you can acquire a frame image
of your specimen.

e Click on the Single button in the Scan Control
window. The system will automatically start the
acquisition of a frame. The individual channels
and the overlay image can be viewed by
changing to the Split xy mode. This button is
located on the right-hand side of the Image
Display window.

The following scan image shows the result with
two defined tracks plus the Ratio channel and the
overlay (see next page). The appropriate Channel
Settings panel in the Scan Control window is
shown in Fig. 5-62.
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1st track: 2nd
track
- Ch1-T1
-Ch1-T2
- Ch2-T1
Overlay |
|Hsady, 5128 512 . 4 channels . 8 bit
Fig. 5-63  Image Display window with two tracks (Split xy mode)
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x| (3) Zstack
Mode Chanmnels 2 Settings o This function permits a series of XY-images to be
o epat| — Linelerame D = Ii N — produced in different focus positions (Z slices).
@ When the Z Stack button is pressed, the

Stack Z Size:

Focus

Z Sectioning | Mark First/Last I Hyperfine £ Sectioning @

19.00 ym
. =z Slicel {10
-0.50 pm Find

LCali

Mum Slices

Irterval [rn] I 1 ﬂ_l— ﬂ

bration

(@ — )|
)

]

* Levelingl Weep Interval  Weep Slice

Maove to

Reff. Corr.

| ¥ cont
AutaZ Cor. @ Auta £ con

g Firstl g Mid| Last
=t | =

®yZ=111
izt =

Fig. 5-64

Scan Control window - Z Settings

Z Settings panel - overview

Z Settings button is automatically activated and
the Z Settings panel is displayed in the Scan
Control window. However, it is possible at all
times to switch over to setting / changing the scan
parameters or the PMT photomultipliers and lasers
via the Channels and Mode buttons.

The additional XYscan, XYcont, Line Sel and
Range buttons are available on the right-hand
side of the Scan Control window, and the
labeling of the Single button changes to Start.

The Z Stack function is deactivated by clicking
again on the Z Stack button.

The parameters of the Z Stack to be created are defined and displayed online in the Z Settings panel.

Stack Z Size:

The dimension of the Z Stack in pm. The stage (nosepiece) is moved in such a way that

the stack size, dependent on the refractive index, is achieved optically.

Focus Position: The current Z position. If the refractive index (Refr. Corr.) changes, the value of the
focus position in relation to the "0" also changes (online).
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Z Slice: Opens the Optical Slice u Ed
window. Stack Z Size: B.65 pm | Scale: 04 pm
The Optical Slice window
contains two buttons (Optimal 5 ]
Interval: ... pm and Optimal
Pinhole Diameter) to allow the 07
setting of the optimum interval :
and the Optimum pinh0|e i Optimal Interval: 0.36 pm | Optimal Finhole Diameter
diameter of fluorescence stacks.
Both values influence each other . . . .
e Fig. 5-65  Optical Slice window
and depend on the objective 9 P
used.
In the case of a fixed pinhole diameter, half the value of the smallest pinhole diameter
used is taken to determine the optimum interval. Accordingly, the pinhole diameter to
be used in the case of a preset interval is determined by doubling the value of the
selected interval.
The Optical Slice window displays the following information:
Black: Stack Z Size (um) = intervals x (number of slices - 1)
Optimal Interval = depending on the objective used and the pinhole diameter setting
Red and other colors: Presentation of the actual data set by the operator helps to
optimize stack creation.
Tabs
Z Sectioning:  Tab for setting of Number of Slices, Interval and Current Slice via slider / arrow

Mark First/Last:

Hyperfine
Z Sectioning:

First:
Mid:
Last:

Refr. Corr.:

button.

Tab for determination of the Z-value for the first and last XY-image of the stack,
combined with manual focusing or Stage control.

Tab for production of a Z Stack using the optional HRZ 200 fine focusing stage.

Scanning / Display of the beginning (first XY-image) of the stack.
Scanning / Display of the center (XY-image in the center) of the stack.
Scanning / Display of the end (last XY-image) of the stack.

Considers the different refractive index between the immersion medium of the
objective (n') and the embedding medium of the specimen (n), which can be set
between 0.5 and 3 via the slider / arrow buttons

Ratio = Fehler!
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X:Y:Z=1:1:1 Clicking on this button will set the Z-interval in such a way that the voxel has identical
dimensions in the X-,Y- and Z-directions (cube).

Auto Z Corr. This function permits the set values of the scan parameters Detector Gain, Ampl.
Offset and Ampl. Gain (as measure for the brightness level) to be varied between
two freely selectable slices of a stack to be recorded. During the scan procedure, the
interim values of these three parameters are automatically linearly interpolated
between the initial and end values (see page 5-97).

The parameters of a Z Stack can be defined using the Z Sectioning tab, the Mark First/Last tab or - if
the optional HRZ 200 fine focusing stage is connected - the Hyperfine Z Sectioning tab:

x| Z Sectioning tab
bode e zsetrgs || oo Num Slices: Entry of the number of sections
. st el = A= ..... (5|ng|e XY-|mageS) tol be
- I e Ro'lga“ m recorded with the stack via the
[ZSeings [ slider / arrow buttons. The entry
StackZSize:  19.00 pm o | P does not influence the interval.
Focus -0.50 pm e {jl-:i}nd .
= : [reer—— Interval: Entry of the step width (Z-
Z Sectioning Mark First/Last Hyperfine £ Sectioning ng{ distance between the Single XY'
NumSiess [ 20 ([ [ = images) via slider / arrow
el [ 1 o [ ;ﬁﬁ buttons. The entry has no
Cabrsion | 5 4| ———— — ) = influence on Num Slices.
*Levenngl Kesplnterval ~ Keep Sice @i Current Slice:  Display of the current position of
the slice within the stack.
Moves Mg Mid| Las Change  of  positon  via
slider / arrow keys. Reset of the
G M= I g current slice position in  the

center of the stack by clicking on
the C button. Of course, the
borders of the stack are also
changed if the current slice
position is changed.

KYE = 1:1:1|
Auto Z Carr. @ Auto zl A1 cont

Keep Interval: The interval remains constant
when the stack limits or number
of slices are changed.

Keep Slices: The number of slices remains
Fig. 5-66  Scan Control window - constant when the stack limits
Z Sectioning tab activated or interval are changed.
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Fast Z Line: Not available for frame mode. Fast Z scan for overviews (only for Line scan mode). The
stack size is retained; the interval is adapted depending on the scan speed.

The optimum stack size is determined with the help of the Line Sel and Range functions:
e Click on the Line Sel button.

— An XY-scan of the current slice is performed. The cutline is displayed in the image center. The Line
toolbar is displayed on the right-hand edge of the Image Display window.

The Line toolbar permits you to define the position, shape, width and color of the cutline in the Image
Display window.

The following function buttons are available:

M Arrow selection button: Activates the mouse pointer for the selection and positioning of
the cutline in the Image Display window and for changing its length.
Length change: Click on the drag point and keep the mouse button pressed. Drag the point
and release the mouse button.
Shifting: Click on the line and keep the mouse button pressed. Shift the complete line and
release the mouse button.

Line arrow button: Generation of a straight cutline in any direction in the Image Display
window.

%
Q Opened free shape curve button: Generation of an open, free shape curve (spline) in the
Image Display window. The first click sets the starting point, each further click adds a line

segment. A click with the right mouse button ends the process.

= Line button: Selecting the line width of the cutline.

. Color button: Selecting the color of the cutline.
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e C(lick on the Line arrow button or the Opened free shape curve button in the Line toolbar.

¢ Define a straight line or a free shape curve (spline) as the cutline for the XZ scan.

Cutline

= Unnamed31 - - AN
Line

[ 2 i]=

|F| eady, 512 512 . 3 channels . 8 bit , Display Zoom : 1, Palette : Mo Palette | Intensity [106,248] Ch1: 25 Cha: 33 Chd: 80

Fig. 5-67  Image Display window with cutline displayed
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e Then click on the Range button.

— The XZ-scan will be performed and displayed in the Image Display window. At the same time, the
position of the current slice is shown with a green line and the positions of the first and last slice
with two red lines.

Red upper Z range limit Green cutline (current slice)

& /Scan Control x|

Mods | Channels I Z Settings

Close

. Spml — L\neI:Frame‘ @ URSoe||| ol ==

Z Settings £
StackZ5izer  19.00 pm
= Z5kee £20
Focus -0.50 pm o
Z Sectioning | Mark. First/Last I Hyperfine Z Sectioning @
Fast 3
HNum Slices 20 j I_J— ﬂ
Iriberval [lm] 1 4 ﬂ ﬁ
Stait
Calbration 5 A
*Levalingl Keep Interval  Keep Slice | @Ei

Mave o —1 leg Midl Lasll
RefiCor. | 1 4| [ )|

RYZ =111
Auto Z Car @ Auto 2

Ready. z-6can 512« 39, & channels ,  bit

Fig. 5-68  Scan Control window and Image Display window

Red lower Z range limit

e Moving the green line (current slice) enables you to change the current focus position (moving the
stage or nosepiece in the process). The stack limits are also changed, while interval and Num Slice
remain unchanged.

e Shifting one of the red lines enables you to change the stack size; in that case, the interval size is
matched, and the Num Slice remains constant.

— Changing the values of Num Slice, Interval and Current Slice in the Z Sectioning tab will, of
course, also change the positions of the red and green lines in the Image Display window.

e A click on the Start button will start the recording of the Z Stack.

— The settings of the entire Scan Control window (Mode, Channels, Z settings) will be used when
the stack is produced.
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Z Sectioning | b ark. Firgt/Last I Hyperfine £ Sectioning I Mark First/Last tab

Wum Slices Wﬂ' J ﬂ The determination of the optimum stack size is

nterval: 1085 performed here via focusing during a continuous
' : _T_ scan.
Mark First | -89.95 _

S o e Click on the XYcont button.
FaziZ Lins ﬂa’k Last | 105,45 um — A continuous XY-scan of the set focus
position will be performed.
Fig. 5-69  Mark First/Last tab — If you have reduced the scan speed or have

set image averaging, you should use the fast
scanning mode to find the lowest and
highest points of focus. These settings are
made under Mode in the Scan Control
menu, or directly via the FAST XY button.

e Use the manual focusing drive or the Stage and Focus Control window (see Stage, page 5-127) to
focus on the upper position of the specimen area where the Z Stack is to start.

¢ C(lick on the Mark First button to set the upper position of the Z Stack.
e Then focus on the lower specimen area where the recording of the Z Stack is to end.
e C(lick on the Mark Last button to set this lower position.

e The Num Slices slider enables you to set the number of slices. The limits of the Z Stack remain
constant, the interval is matched accordingly.

e C(lick on the Start button to start the recording of the Z Stack.

In case the upper and lower limits of the stack have been switched round, automatic matching will be
performed by the software, since the stage of the Axioplan 2 imaging MOT always moves from bottom to
top and the nosepiece of the Axiovert 200 M always moves from top to bottom.

= Setting via Range is not possible via the Mark First/Last function, i.e. the lines cannot be
shifted.

The Fast Z Line functions is not available in frame mode.

When you change from Mark First/Last to Z Sectioning or vice versa, the values are updated
in the Z Sectioning tab.
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Hyperfine Z Sectioning tab ZSectioning | Mark FirstéLast  Hyperfine Z Sectioning

Activation of this tab is onl ossible if the : E |

HRZ 200 fine focusing stage c))/r |[|?)iezo objective o Ear | - 2
|nterval [pn] |1_ﬂ I_J ﬂ

focusing device has been connected.

Calibration IU I |
The HRZ 200 can be controlled via software (see J - J

Stage' page 5-1 27) * Leveling| I Keep Interval  Keep Slices |

The accuracy of the HRZ 200 or piezo objective
focusing device regarding the step width in the Z-
direction lies in the range of 10 nm.

Fig. 5-70  Hyperfine Z Sectioning tab

The HRZ 200 or piezo objective focusing device allows stacks to be produced considerably quicker than
via the focus of the microscope stand.

The focus position remains unchanged.

e Clicking on the additional Leveling button moves the HRZ 200 or piezo objective focusing device to
the zero position, while the motor focus moves into the opposite direction at the same time, i.e. the
position of the object in relation to the objective remains unchanged. This function is used to set
defined initial conditions.

e The Calibration slider must normally be left in the default position 0. Calibration is required only if
the examined image field is located clearly outside the center of the specimen carrier on the HRZ 200.

Iy  Calibration is not required for the motorized stage. In that case, the Calibration function
cannot even be activated (see Annex: Hints on the use of the HRZ 200 or piezo objective
focusing device).

e Use the slider or the arrow keys to set the number of slices for the Z Stack.
e Use the slider or the arrow keys to set the size of the interval.

Num Slices and Interval can be varied independently of each other within the HRZ 200 or piezo
objective focusing device work range of £100 um. When change is made to Z Sectioning, or vice versa,
values are also taken over, provided they are within the HRZ 200 or piezo objective focusing device work
range.

If a larger range is set for the Z Stack under Z Sectioning or Mark First/Last, the Interval is matched
accordingly when changing to Hyperfine Z Sectioning, while Num Slice remains constant.

e Use XYcont, Line Sel and Range to determine the parameters of the Z Stack (identical to Z
Sectioning).

If the green line (Current Slice) is shifted after the creation of Range, the focus position will change (the
HRZ 200 or piezo objective focusing device remains in the center position). The red lines (stack limits) can
only be changed symmetrically to the Current-Slice position within the HRZ 200 or piezo objective
focusing device work range.

= Since the HRZ 200 moves from bottom to top during the creation of the Z Stack, top and
bottom of the Axiovert 200 M have been switched round.
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Auto Z Corr.

The function Auto Z Correction allows a linear variation of Detector Gain, Ampl. Offset, and Ampl.
Gain values between the different slices of a stack.

e Click on the Auto Z button, the Auto Z

Brightness Correction window opens. ot Fefarance ot St
The buttons Set A and Set B permit definition of
two distinct gain / offset settings at two different Z Mave to T Mave & _L Mave B
positions A and B. N
Focus Position 0.00 pm 0.00 pm
Pressing the Move A and Move B buttons permits Enable test r

the defined Z-position to be directly approached.

The Enable test check box permits simulation of Fig.5-71  Z Brightness level control window

the value changes for Detector Gain, Ampl.
Offset, Ampl. Gain and Attenuation in the Scan
Control window without the scanners being in
operation.

3> If a Z Stack is performed and the Auto Z Brightness Correction window is opened this
correction is automatically performed equal whether the Enable test box is enabled or
disabled.

e Use the focusing drive to set the Z-position where the brightness level correction is to be started.

e In the Scan Control window, set the initial values for Detector Gain, Ampl. Offset and Ampl.
Gain. If required, start the continuous scan procedure for this purpose. Click on the Set A button.

e Use the focusing drive to set the Z-position where the brightness level correction is to be ended.

e Set the end value for Detector Gain, Ampl. Offset and Ampl. Gain in the Scan Control window.
Click on the Set B button.

e If required, check the change of the set values by activating Enable test.

After the start of the scan procedure, the brightness level values are linearly interpolated between the
defined references A and B.
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Acquisition of a Z Stack

Once you have set up your image as defined in the above section, you can collect a series of confocal
images through the different focal planes of your specimen.

e Click on the Start button on the Scan Control window. The system will automatically start the
creation of a Z Stack. Be careful not to bump the air table or the microscope until Z sectioning is
completed. Each successive Z Slice can be viewed by changing to the Gallery Mode. This button is
located on the right-hand side of the image.

£ Convallaria2 - AIM

Dizplay

B.40 pr sl 7.20 pm

|F|eady, B12 % 512« 20, 3 channels . 8 bit

Fig. 5-72  Image Display window of a Z Stack

A black bar will be shown under the image and will move from left to right, showing that the LSM 5
PASCAL is in the process. The laser will automatically stop scanning when the Z Stack is completed.

The entire stack of images can be saved using the Save or Save As buttons on the right-hand side of
the image.
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(4) Use ROI - Region Of Interest (option)

Performance of the Frame and Z Stack scan
modes can be limited to one or several freely
definable sections within the Image Display
window using the Use ROI function.

The laser scans the total length of the image in the
X-direction, but is limited in the Y-direction by the
ROIs. The Scan Time is therefore reduced.

Only the regions of interest defined before are
visible in the new scanning image, the other areas
remain dark.

Definition and activation of the ROIs to be used is
performed via the Edit ROl function (Acquire
subordinate toolbar).

If no ROI has been activated, the Use ROI button
is not available.

|Heady, 512 %512, 3 channels , 8 bit

Fig. 5-73  Image Display window created via
the Use ROI function

e Click on the Edit ROI button in the Acquire subordinate toolbar to open the Edit ROl window.

e Define one or several ROIs as required or select an existing ROl from the ROI Lists panel (see Edit

ROI, page 5-109).

e The selected ROI is automatically activated when the Edit ROl window is closed with a click on Close.

e (lick on the Use ROI button in the Scan Control window to perform the scan procedure in the

defined ROI exclusively.

03> The Scan Time is updated when ROIs are used.

e C(licking on the Use ROI button again will deactivate the function.
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5.5.4.3 Line

Mode

LChannelz

Z Settings

Linai ——  Frame

) s il 2 Stack

Objective

128

Objective Lens & Image Size

| Planstpochromat 63x/1.4 i =l

| =6 | 512

| toza | 2043 |

Scan Speed lﬁ_ﬂl

Pixel Depth,

Line length |51 2

Pisel Tirne: 1,76 ps

Scan Time: 3.0 mzec

Scan Direction & Scan Average

Data Depth I SEBit 12 Bit
Scan Directionl — p

Mode |Line - I
Method |tean - I
Mumber |1 - l

Close

MNew

Zoom, Rotation & Offset
Zoom |1 ﬂ I'J— ﬂﬂ
Fiotation JI ﬂ_ﬂl
Offzet
Diffset ><:. 0,00 prm
Offset ¥: 0,00 pm
Fig. 5-74  Scan Control window - Mode/Line

In the Line mode, fluorescent or reflected light
definable line is displayed in the form of an
intensity profile.

All the possibilities of creating an image (Frame,
Z Stack) are also available in the Line mode.

The Line and Frame buttons are activated
alternately and exclude each other.

If the Line button has been selected, the Line Sel
(selection) button also appears on the right-hand
side of the Scan Control window. It permits
positioning of the line to be scanned as required
within the Image Display window (Frame in XY-
plane).

e Set all the parameters for the Scan procedure
(Mode and Channels or Z Settings) in the
same way as for the scanning of a frame or a
Z Stack.

e Then click on the Line Sel button.

— A frame will be scanned and the currently
selected scan line and its intensity profile will
be displayed. The Line toolbar is displayed
on the right-hand side of the Image
Display window.
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£ Unnamed14 = - AIM

|F|eady, 512 %512 . 4 channels . 8 bit . Raw image data . Display Zoom : 1, Palette : Mo Palette

Fig. 5-75 Image Display window after activation of the Line Sel button

The Line toolbar permits you to define the position, shape, width and color of the scan line in the Image
Display window.

The scan line can be defined either as a straight line or a free shape curve (spline).
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The following function buttons are available in the Line toolbar:

B

o 4

(1

Arrow selection button: Activates the mouse pointer for the selection and positioning of
the scan line in the Image Display window and for changing its length.

Length change: Click on the drag point and keep the mouse button pressed. Drag the point
and release the mouse button.

Shifting: Click on the line and keep the mouse button pressed. Shift the complete line and
release the mouse button.

Line arrow button: Generation of a straight scan line in any direction in the Image Display
window.

Opened free shape curve button: Generation of an open, free shape curve (spline) in the
Image Display window. The first click sets the starting point, each further click adds a line
segment. A click with the right mouse button ends the process.

Line button: Selecting the line width of the scan line.

Color button: Selecting the color of the scan line.

Defining a straight line as the scan line

e Activate the = Line arrow button of the Line toolbar. Click on the spot in the frame at which the
line is to start and keep the mouse button pressed.

e Then drag the line to its desired end position and let go off the mouse button again.

The position of the line in the image can be changed as follows:

e Activate the ] Arrow selection button. To change the position in the X/Y-direction, click on the line
and keep the mouse button pressed.

e Then move the lines to the desired position and let go off the mouse button again.

e To change the rotation direction or the length of the line, click on the start or end point of the line
and keep the mouse button pressed.

e Change the rotation direction and/ or the length of the line as required and let go off the mouse
button again.

The intensity profile for the defined line is displayed on-line.

5-102

B 45-0007 e 12/02



OPERATION
Acquire Menu
LSM 5 PASCAL Scan Control Carl Zeiss

After release of the mouse button, the relevant intensity profile along the drawn line will be displayed. In
the Zoom, Rotation & Offset panel, the current, changed angle and the offset in X and Y are
displayed.

e When the Line Sel button is pressed again, a frame will be scanned in such a way that the selected
line lies exactly in the center of the Y-axis again and is parallel to the X-axis.

= In the Line mode, Line Stacks can also be recorded over a defined period of time (see Time
Series, page 5-113).

Line Scan is only possible in the unidirectional mode.

(2) Defining a free shape curve (spline) as the scan line
e Activate the Free shape curve button )| of the Line toolbar.

e Draw the your shape curve (spline) in the Image Display window using the mouse. The first click sets
the starting point, each further click adds a line segment. A click with the right mouse button ends
the line definition.

The scanner represented by a white line immediately begins with the on-line tracing of the defined free
shape curve. The laser excitation remains inactive in this process.

If the defined free shape curve becomes too complicated or the selected Scan Speed is too high, the
following message appears in the status bar of the Image Display windows:

Maximum scanner speed exceeded!
¢ In this case, reduce the Scan Speed set in the Scan Control window.

e If the generated contour and the line traced by the scanner are not in coincidence, reduce the Scan
Speed by a further amount.

If no sufficient coincidence of the two lines can be achieved by the reduction of the scan speed, you
have to calibrate the scanner position signal.
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T/ Calibrate Spline Scan e Click on the Maintain button in the Main
Scanner Pozition Signal Calibration Closs menu and then on the Spllne bUtton'
Amplitude X : — The Calibrate Spline Scan window is
12 4 | ¥ opened.
’:m;"t”dj} r e Bring the generated contour and the scanner
; - line to coincidence by varying the amplitude or
Offsets: offset values for X and Y.
o 4 | !
Offeatr e If necessary, match the free shape curve to the

scanner line.

£
= |

o 4

e Then click on the Single or Cont. button to
execute the scan process, with the laser
Fig. 5-76  Calibrate Spline Scan activated.

A Line scan is performed along the defined
freehand shape curve, and the intensity profile is
displayed at the bottom of the Image Display
window.
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|F| eady, 512 512 . 3 channels . 8 bit, Display Zoom : 1, Palette : Mo Palette | Intensity [344 58] Ch1: 50 Ch3: 32 Chd: 44

Fig. 5-77  Image Display window after definition of a freehand shape
curve for the line scan process
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Irrespective of the length of the defined freehand shape curve, the intensity profile is always calculated
(by interpolation) and displayed in accordance with the pixel value set under Line Length (2048 pixels
maximum).

e Click on the Stop button to terminate the scan procedure.

= As soon as the free shape curve is modified, the laser excitation is deactivated and the scanner
again starts to trace the newly generated free shape curve.

(3) Selecting the width and color of the scan line

e Line color and width can be set via the Line and Color buttons of the Line toolbar.

(d) Line Stack

The intensity profile of a defined straight line or free shape curve can also be recorded as a Z Stack. To
do this, proceed in the same way as for the Frame Stack.
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x| 5.5.4.4 Spot
e Eramet = TR | e In the Spot mode fluorescent or reflected light
o st — ne| ==rrame| 2 O[] == occurring from a single voxel xyz is detected. In
L 8 : m this mode a spot can be defined by two
G : e . :
perpendicular lines in the Image Display window.
Objective | PlarMeafluar 10%/0.3 RAREE S |
Find In the spot mode the Z Stack button is not
= available. After definition of the spot position the
e only possible scan mode is a time series of a spot.

Scan Speed IT j I—J— ﬂﬂl

Pizel Time: 1,60 ps Scan Time: 1.60 psec

Pixel Depth, Scan Direction & Scan Average
[rata Depth I  Bit 12 Bit |

Foom, Rotation & Offset

e
Reset

/
Difset <] H [\l 7
Ny

Offzet % 0.00 pm
Offsetr: 0.00 pm

w
=]
=]

Spat Sel

Fig. 5-78  Scan Control window - Mode/Spot
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5.5.4.5 Camera control T/Scan Control
The use of this function permits the control of the Hose S e | Clse
external CCD-camera settings. s Sl — Linel:Frame = s =

(1

Open / Close the Scan control window

for camera control

e In the

Configuration

Control window,

activate the Camera button.

e (lick on the Scan button in the Acquire
subordinate toolbar of the main menu.

e Click on the Close button

(2)
Mode button

Frame Size

Format

Data Depth
Zoom/Offset

Reset

Function description

Displays the selected
objective, frame size and
pixel depth.

Selects  between  square
formats or free defined
frame sizes.

Selects between a range of
default camera resolutions.
The 5x5 binning mode can
be used for focusing in
realtime.

Sets the pixel depth.

Shifts a subregion in the
frame.

Resets the frame/subregion
to default value selected in
Format.

Objective

Frame Size:

Faormnat

Objective Lens, Image Size & Line Step Factor

Pixel Depth, Scan Direction & Scan Average

= 0

Fird

| Plan-Heofuar 10x/0.3

128 | =8 | 12 | qoe | ede |

| 1300 Y| 1030

| 1200:1030 standard =l

Stoy
Data Depth I sEt 126 | Mode [Fiame ] :
Method | Mean "I a
Mumber | 1 vI Cart.
Foom, Rotation & Offset
/
- k. A
Offset . [ "
'\_ Feset
Offzet 0.00 pm
Offzet'y: 0.00 prn
Fig. 5-79  Scan Control window - Mode,

settings for camera control
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Channels button

Mode

Channels £ Setings

St

= I

El Stack

=

—— [lne ROl

| ——Frame

2

Channels

Exposure Time

Channel Settings

M
vz |

A [T

5! Scan Control x|

-

£

w
=}
=]

Exposure time

Find

HW
[=)
=

Fast X/Y

Single

Continuous

Fig. 5-80

Scan Control window - Channels,

settings for camera control

Crop

Info button

Close

the
and

activated
possible

Displays
channels
settings.

Sets the exposure time of
the camera.

Starts a prescan and sets
the exposure time
automatically.

In case of a camera
multitracking, only  one
channel should be selected
in Configuration Control in
order to speed up the find
function.

Starts a fast online scan
mode, e.g. for focusing.
Also, the 5x5 binning mode
can be used (to be set in
Mode / Format).

Starts a single image
acgisition (The Image
Display window appears.).

Starts acquisition of a series
of images (The Image
Display window appears.).

Defines a ROI for camera
acquisition in the Image
Display window. Note that
this is just a Crop function,
while the whole sample is
illuminated. Rotation of the
ROl is not possible.

Shows  the  acquisition
parameters in the Image
Display window.

Close the Scan Control
window.
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5.5.5 Edit ROI - Region Of Interest

A scan image allows certain areas (ROIs) to be defined. Definition and activation of the ROIs for the Scan
procedure is performed in the Edit ROl window.

5.5.5.1 Open / Close the Edit ROl window
e C(lick on the Edit ROI button in the Acquire subordinate toolbar of the Main menu. The Edit ROI
window appears on the screen and the ROIs defined last are visible in the Image Display window.

e Click on the Close button in the Edit ROl window. The Edit ROl window is closed and the ROlIs
disappear from the Image Display window.

| Edit ROI

ROI Lists
Close:
age
a8

Tupe Center Position Dimension

F 1 Retangle [143 114 1izz izn
P2 Beder 379 [125  [1s4 [175
'3 Popine [383 322 120 iz

[ o[o|o|o|w|el=

[~ Fit Frame Size to Bounding Rectangle of all ROls

‘F(Eady, 512% 512, 3 channels, & bit

Fig. 5-81  Edit ROl window and Image Display window with ROIs

The Use ROI status display (button) in the Scan Control window shows whether the ROl mode is
activated or not. If ROIs shall not be taken in consideration during scanning, the Use ROI button must be
deactivated prior to the scanning procedure.

When Edit ROl is activated and the first ROl is drawn in the Image Display window, the Use ROI is
activated automatically.
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5.5.5.2 Function description

The following functions are available on the right-hand side of the Edit ROl window:

Close button The Edit ROl window is closed.

Remove button An entry marked in ROI Lists (stored ROI configuration) is deleted.

Add to Lists button The Add ROI List window is opened.

(1) ROl Lists panel
:mggg; In the ROI Lists .panel,. all the currently defined and
Image 3 stored ROI configurations are shown.

e Click on the ROI configuration which you want
to use for the scan procedure.

— The selected ROI configuration is highlighted
in blue and displayed in the opened Image
Fig. 5-82 ROl Lists panel Display window.

e To produce a new ROI configuration, an already
stored configuration can be activated, changed
and stored under a new name using the Add
to List button.

e To delete a stored ROI configuration from the
list, click on its name first (highlighted in blue)
and then on the Remove button.
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(2) Interactive ROI Definition panel Interactive ROI Definition
In the Interactive ROI Definition panel, the Type Center Position  Dimension
parameters of the ROl configuration just selected F1 R | 1?: 13; 13: 13;
from the ROl Lists panel are displayed. Y SIS
. ) . . M 2 Bezer @ 1ez 145 174
Furthermore, it contains all the functions required _
. v 3 Falyline 350 372 291 142
for the creation of ROls. .
v 4 Ellipse =3 EGal 148 194

The X and Y values for Center Position and
Dimension can be edited.

e Activate the relevant text box with a mouse
click and enter the new value via the keyboard.

e If you click outside the edited text box, the new
value will be taken over and the ROI figure be
shifted to the new position.

Fig. 5-83

Py=lts

O

O

¥/

ty

[~ Fit Frame Size to Bounding Rectangle of all BOlz

Interactive ROI Definition panel

The upper part of the panel gives an overview of all the individual figures stored under the selected
name according to type, position within the Image Display window (in pixels) and greatest dimension in
X and Y (in pixels). The origin of the position indication lies in the left top corner of the Image Display

window.

Check box (e.g.: 1 - 4): Clicking on this check box allows a ROl to be deactivated. The tick
disappears from the check box, as does the relevant marked area from the scanning image.
Clicking on the check box again will reactivate the ROI.

E Arrow button: Activation of the mouse button to change the size or move the ROIs in the
Image Display window.
Rectangle button: Draw of a rectangle in the Image Display window; click and keep

mouse button pressed, drag the rectangle in any direction, let go off the mouse button to

end the procedure.

figure and ends the procedure.

Bezier button: Draw of a bezier figure in the Image Display window; first click sets the
starting point, each additional click adds a line, double-click on the starting point closes the

Ellipse button: Draw of an ellipse in the Image Display window; first click sets the center

point, displayed line permits determination of the extension, second click sets the first
dimension, then the second dimension and the rotation direction can be determined, third
click sets the second dimension and direction and ends the procedure.

Circle button: Draw of a circle in the Image Display window; click and keep the mouse

button pressed to set the center point, drag the diameter, let go off mouse button again to

end the procedure.
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Polyline button: Draw of a polyline figure in the Image Display window; first click sets the
starting point, each further click adds a line, double-click on the starting point closes the
figure and ends the procedure.

Recycle bin button: All the ROIs dragged to the scanning image are deleted. If an area
outline was marked before, this area is now deleted in the scanning image.

Auto / Color button: A defined color from the list of colors can be assigned to the ROIs. In
that case, the same color is assigned to all the individual figures. In the Auto position, the
outlines of the dragged ROIs are automatically colored differently.

Line button: This button allows you to determine the line thickness of the area outline. This
is for display purposes only. The scanned line is not effected.

Fit Frame Size to bounding Rectangle of all ROIs check box: If this check box is ticked,
the scan procedure is displayed only within a rectangle which is defined by the greatest
extension in X and Y of all the individual figures together, i.e. the pixel number and the data
quantity of the Image Display window are reduced.

¢ In the toolbar of the Interactive ROI Definition panel, click on the symbol of the area you want to
use to mark the region of interest in the scanning image. Five different area symbols are available in
the form of buttons.

e C(lick on the marking area and keep the mouse button pressed to drag the area into the region of
interest in the scanning image. The marking area will be numbered automatically and entered in the
Interactive ROI Definition panel with its position and dimension parameters and the appropriate

number.

e The dragged marking area is marked by clicking on its outline; its size can be changed by clicking on
the marking points. Clicking on the area edge beside the marking points allows repositioning of the
area on the scanning image.

¥  The digits of the ROIs can be shifted independently of the contours of the figure.

Add ROI List =] e If you have framed all the required ROIs in
accordance with steps 2 to 4, you can store
- _ ok these ROIs under any required name via the
BOI lizt Mame : .
Add to Lists button.
IImaged . . .
e The Add ROI List window will appear. Enter
Lancel any required name to store the ROIs and click
on the OK button.
Fig. 5-84  Add ROI List window e This stored ROI configuration appears in the

ROI Lists panel of the Edit ROl window.
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5.5.6 Time Series (]
[StartSeries |
The Time Series Control window allows the ot _Tisos | _Time_| Flose
definition of parameters for time series. e —
The Time Series function offers the following
options for the creation of image series: Mo Tioer | Time |
— Definition of break times between 0.1 ms and Number [ 1 4| | N
10 hOUI‘S. Trigger outlm
— Determination of the number of steps from 1
to 10,000 for one scanning procedure. | =] seely | Stors | Detets |
- Settlng of markers. I 1.0 sec | 0.0 msec 0.0 msec
0.0 mzec 0.0 mzec 0.0 mzec
— Interruption of time control via pause function, e [ 7 | N
and resume of the time series function. Uit [ = [ .
. . . . . M Bleach
- Trlgge“ng Of time series via: Trigger in I None Vl Trigger outl None 'I Bg
— numeric input [Marker ey
. I LI Appl_l,ll Stare | Deletel
- eXternaI trlgger pU|SeS Dezciption Trigger in Trigger aut
— time (of the PC) Eei I :one ﬂ::one jl
Set I MHone jl Maone ;l
Set I Mone ﬂl MHone LI
Set I Mane jl Maone LI
5.5.6.1 Open/Close the Time Series 2: I I:Z:: i::::: ﬂ
Control window — _
|
e Click on the Time Series button in the Acquire
subordinate toolbar of the Main menu. Fig. 5-85 Time Series Control window
The Time Series Control window appears on the
screen.
e Click on the Close button to close the Time
Series Control window.
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5.5.6.2 Function description

The following functions are available on the right-hand side of the Time Series Control window:

Close button Closes the Time Series Control window.

New button Opens a new Image Display window.

Start T button Starts the Time Series.

Stop button Stops the entire Time Series. A current scan is interrupted.

Pause button Interrupts the Time Series. Button labeling is changed to Resume. A

current scan is performed until the end. When the button is pressed
again, the Time Series is immediately continued with the next scan
procedure.

Mean ROI button Creates a Time Series with the intensity values of the Frame or the
default ROIs. An average value is formed of the intensity values of the
Frame or the ROIs determined in the relevant scan procedure. These
average values are displayed in an extended Image Display window as a
function of the time which has passed.

The status line, in which the phases of the current Time Series or notes for the user are displayed, is in
the lower part of the Time Series Control window.

(1) Start Series panel

Tigger | Time | In this panel, the parameters for the start of the
e | time series are set.

Fig. 5-86  Start Series panel

The following functions are available:

Manual button The time series is started manually with a click on the Start T or Start B
button.

Trigger button The time series is started via a trigger signal from Trigger Control.

Time button The time series is started when the set time is reached. The internal
computer time applies.

Time input box Input of the time for the start of the time series (Time button activated).

Trigger in list box Selection of the trigger key (1-4) with which the start is to be triggered

(Trigger button activated).
Trigger out list box Selection of the trigger keys (1-4) for the out signal.
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Start via Trigger

For the start via trigger control (Trigger button Marual | Trigger | Time |

activated), first determine the trigger key which is o _
. . ; T I i vl T I i vl
to trigger the start of the Time Series. fagetin | Trigger! fager out | Trigger! _

e Open the Trigger in list box with a click on the Fig. 5-87  Start Series panel
arrow button.

e Choose one of the trigger keys 1 to 4 (e.g. Trigger1).

It is also possible to trigger an out signal via trigger control.

e Open the Trigger out list box with a click on the arrow button.

e Choose one of the trigger keys 1 to 4 (e.g. Trigger1).

In this example, the scan procedure is triggered on pressing key 1 of the trigger control, and an out

signal is given at the same time.

I¥3>  When starting a Time Series via Trigger, the Start T or Start B button must be pressed first.
Waiting for Trigger will then be displayed in the status line.

Then the relevant trigger key on the Trigger Control must be pressed to start the first scan
procedure of the Time Series.

Start via Time

For the start via the time set on the PC (Time Manual | Trigger [ Time
button activated), the start time must be entered T T mmW sz Tringer Uu‘m

first in the Time input box.
e C(lick in the Time input box to open it. Fig. 5-88  Start Series panel

e Enter a start time via the keyboard. Then click
outside the input box once to close it again.

= When starting a Time Series via the time, the Start T or Start B button must also be pressed in
this case. Waiting for Start Time will be displayed in the status line.

The Time Series is started when the starting time has been reached.

The starting time for the Time Series can be changed online.
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ETEIEs (@ stop series panel

ManalTigger | Time | In this panel, the parameters for the end of the
i time series are set and the number of cycles is
Murnber I 1 4 ] .
[T I determined.
Triggerautlm

Fig. 5-89  Stop Series panel

The following functions are available:

Manual button The time series is finished manually with a click on the Stop button.

Trigger button The time series is finished via a trigger signal.

Time button The time series is finished when the set time has been reached. The
internal computer time applies as the set time.

Number input box / Determination of the number of images acquired or image stacks for the

arrow keys / slider time series.

Time input box Input of the time for the end of the time series (Time button activated).

Trigger in list box Selection of the trigger keys (1-4) with which the end is to be triggered

(Trigger button activated).
Trigger out list box Selection of the trigger keys (1-4) for the out signal.

e Use the slider near Number to select the images or image stacks for the time series.
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Stop via Trigger

To end the Time Series via Trigger Control Trgger: Time |
(Trigger button activated), first determine the ke [ 1 4] | |

trigger key which is to end the Time Series.

e Open the Trigger in list box with a click on the
arrow button. Fig. 5-90

Trigger in ITligger'I vl Trigger C'Utl Trigger2 vl

Stop Series panel

e Choose one of the trigger keys 1 to 4 (e.q.
Trigger2).

It is also possible to trigger an out signal via Trigger Control.

¢ Open the Trigger out list box with a click on the arrow button.

e Choose one of the trigger keys 1 to 4 (e.g. Trigger2).

In this example, the Time Series is ended on pressing key 2 of the Trigger Control, and an out signal is
given at the same time.

ISy

If the entered number of cycles has been processed without a trigger impulse having been given
to end the procedure, the Time Series is finished.

If a trigger signal is given before the cycles have been processed, the Time Series will only be
interrupted. Waiting for Trigger will be displayed in the status line. The Time Series can now
be continued via a new trigger signal or ended via Stop.

Stop via Time

To end the Time Series via the time set on the PC Manual | Trigger | Time
(Time button activated), the end time must first be nurber [ 1 4] | |

entered in the Time input box.

e Click on the Time input box to open it.

Time hh ITmmIT zz IW Trigger u:nutl Mane vl

e Enter the end time via the keyboard. Then click Fig. 5-91  Stop Series panel
outside the input box once to close the box.

IS

The Time Series is interrupted when the end time has been reached.

If the entered Number of cycles has been processed, the Time Series is finished.

If the number of cycles has not yet been processed, the Time Series is only interrupted. Waiting
for Start Time is displayed in the status line. The Time Series can now be continued by entering

a new start time, or finished via Stop.

The end time for the Time Series can be changed online.
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(3) Time Delay / Time Interval panels

| I ADD'P| StDrE=|D~9|E=tE| Depending on the settings in the Time Series tab

I 5.0 mzec 0.0 meec

| oomsee | (see Options menu, Settings), the time series

interval is defined either as a Time Delay or Time

0.0 mzec | 0.0 mzec | 0.0 mzec ) - .
_ ; Interval. Accordingly, either the Time Delay
Time G 4] 1 panel or the Time Interval panel is displayed in
Uit _min | sec [ ms 5.1) mses the Time Series Control window.
8 7 - Tri t s = H H
Tiggerh [Nore ] o [T Time Delay is the interval between the end of one

Fig. 5-92  Time Delay panel

scan process and the beginning of the next.

Time Interval is the interval between the

beginning of one scan process and the beginning
of the next.

I j Apply | Stare | Deletel

| The Time Delay (or Time Interval) panel permits

it ml ol I ms

Trigger it INune 'I Trigger cut INc-ne 'I

[ 00 0.0 . .
0.0 mszc mec | — the intervals to be activated and changed.
0.0 mzec | 0.0 mzec | 0.0 mzec
Tirmne ID ﬂJ ﬂ

0.0 mzec

Fig. 5-93  Time Interval panel

The following functions are available:

Time delay or
Time Interval list box

Apply button
Store button

Delete button
Time buttons

Time input box /
arrow buttons / slider

Unit buttons
Trigger in list box

Trigger out list box

List of the stored sets of time delays or Time Intervals for time series.

Application of the sets of delays for time series selected in the list box.
Storage of sets of delays for time series.

Deletion of sets of delays for time series from the list box.

Activation of the time for the time series set for the relevant button.

Determination of the cycle time for the currently activated Time button.

Selection of time units: min, sec or ms.

Selection of the trigger key (1-4) to be used to activate the Time button
for the delay time.

Selection of the trigger key (1-4) for the out signal.
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e The delay time or time interval to be used during the Time Series is set to a default value by activating
a Time button.

For this purpose, the relevant time must be assigned to the Time button first.
e Activate a Time button with a click of the mouse.

e Set the required delay time or time interval via the slider (arrow keys or input box) near Time. The set
time is displayed online on the button. Select the time unit by clicking on the relevant button near
Unit.

You can assign different times to all the six Time buttons and store this assignment either as a set of
delays or of time intervals.

e Enter a name in the Time Delay list box or Time Interval list box and click on Store to store the set
of delays.

If required, a set of delays or time intervals can be activated again quickly.

e Open the list box with a click on the arrow button and select the required set with a click of the
mouse.

e Then click on the Apply button to activate the set. The stored delays are assigned to the Time
buttons.

Sets of delays or Sets of time intervals which are no longer required can be deleted.
e Open the list box and select the required set.

e Click on the Delete button. The set will be removed.

The Time buttons can also be activated via keys 1 to 4 of the Trigger Control.

Click on the required Time button.

Open the Trigger in list box with a click on the arrow button.
e Choose one of the trigger keys 1 to 4 (e.g. Trigger3).

It is also possible to trigger an out signal via Trigger Control.

Click on the required Time button.

Open the Trigger out list box with a click on the arrow button.
e Choose one of the trigger keys 1 to 4 (e.g. Trigger3).

In this example, the relevant Time button is activated on pressing key 3 of the Trigger Control, and an
out signal is given at the same time.
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3> The delays or time intervals can be changed online with a click on another Time button. The new
delay will be applied immediately.

A change of the delay during a Time Series is displayed in the Image Display window if the
Gallery button (Display toolbar) is activated.

| Marker (4) Marker panel
| =] _tepl | Store | Dtz | The setting of a marker permits information about
Desciption Triggerin  Trigger out the moment in the current time series and any
set || [None =] More =] required comment to be assigned to the current
Set || [Nore =|[Wone =] scan. The time indication is set automatically, while
st || [Nore  =|| Nore =] comments must be defined before.
Set || [MNore  w|fMore =] The markers (red squares) are visible in the Image
set || [None  =|[More =] Display window if the Gallery button (Display
set || [More x| More  ~] toolbar) is activated.
N [Wore = None -] On storage of the image, all the markers, including
the time indication and the comments, are stored
Fig. 5-94  Marker panel along with the image contents.
The following functions are available:
Marker list box List of the stored combinations of markers.
Apply button Application of the marker combinations selected from the list box.
Store button Storage of a combination of markers.
Delete button Deletion of a combination of markers from the Marker list box.
Set 1-7 button Setting of a marker during the scan procedure.
Edit Text input box (1-7) Entry of the comments for the marker.
Trigger in list box (1-7) Selection of the trigger key (1-4) with which the marker is to be set.

Trigger out list box (1-7) Selection of the trigger key (1-4) for the out signal.

e A marker for the current scan is set by clicking on one of the Set 1 to 7 marker buttons.
The assignment of any required comment for the marker must be performed as follows:
e C(lick in the Edit Text box of the required marker key (e.g.: Set 1) to open the editing box.

e Enter the comments via the keyboard. Then click outside the editing box to close this box again.
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You can assign comments of any required length to all the seven Set buttons and store this assignment
as a combination of marker keys.

e Enter a name in the Marker list box and click on Store to store the combination.
If required, a combination of markers can be activated again quickly.

e Open the Marker list box with a click on the arrow button and select the required combination with a
click of the mouse.

e Then click on the Apply button to activate the combination. The relevant comments are displayed in
the Edit Text boxes of the Set buttons.

Combinations which are no longer required can be deleted.
e Open the Marker list box and select the required combination.

e Click on the Delete button. The combination will be removed.

The marker buttons can also be activated via keys 1 to 4 of the Trigger Control.
e Click on the required Set button.

e Open the Trigger in list box with a click on the arrow button.

e Select one of the trigger keys 1 to 4 (e.g. Trigger4).

It is also possible to trigger an out signal via Trigger Control.

e Click on the required Set button.

e Open the Trigger out list box with a click on the arrow button.

e Select one of the trigger keys 1 to 4 (e.g. Trigger4).

In this example, the relevant Set button is activated on pressing key 4 of the Trigger Control, a marker is
set in the Scan and an out signal given at the same time.
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5.5.6.3 Time Series of a Frame

e Set the relevant parameters for time control in the Start Series, End Series and Time Delay panels.
e Start the Time Series with a click on the Start T button.

e If you use Trigger Control, confirm the relevant Trigger key to start the Time Series with the first scan
procedure.

e Use the Set 1 to Set 7 buttons to set markers during the scanning procedure which will allow you to
evaluate interesting scanning images later.

3> Time end will finish time series even if you have created a program which would exceed the
time end.

If a time series is interrupted before its programmed end, the programmed number of images
will be taken over in the database. However, only those images are stored which were created
before interruption of the time series. This is due to the fact that the original image parameters
are to be taken over via the Reuse function.

If a stop time for time series is entered via the Trigger button or the Time button, the
recording of the series will not be definitely finished. It is possible to either continue the series
via new settings of Trigger and Time or to definitely finish the time series via the Stop key.

The following example of a scanning image was taken using the Time Series function. Both the time
and the markers set during the scanning procedure are projected in the image series in different colors.

If the cursor is moved to a marker position in the scanning image, the relevant information on the image
detail is automatically provided in an additional window.
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Fig. 5-95 Image Display window of a Time Series Scan

The image markers have different colors with the following meaning:
— red: manually set marker with time indication and comments
— blue: automatically set marker with change of delay

— green: automatically set marker at the beginning and at the end of a bleaching procedure
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5.5.6.4 Time Series of a frame over Z Stack (option)

e First, set all parameters required for recording a Z Stack in the Scan Control window.

e Then set the parameters required for recording the time series in the Time Series Control window
(identical procedure as for the time series of a frame).

e Start the time series by clicking on Start T.

— Complete stacks are now recorded at the defined time intervals. The result is displayed in the form
of the combined Image Display window of the stack and time series (4D).

£ Unnamed41 = - AIM

16.0 pm

|F|eady, B122512%5+x4, 3 channels , 8 bit, Display Zoom : 1/4 , Palette : Mo Palette |, Intensity [33,389.2,2] Chl: 30 Ch3: 46 Ché: 84

Fig. 5-96  Image Display window of a Z Stack and a Time Series Scan

The additional Z, Time and Z + Time buttons are available in the Gallery toolbar of the Image Display
window.
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When you click on the Z button, the individual frames of the Z Stack are displayed for the selected Time
Slice. When you click on the Time button, the individual frames of the time series are displayed for the
selected Z Slice.

For Z Stacks over the time (4D) following offline functions will be enlarged:
— Slice (Z slider and Time slider)

— Gallery (Z, Time and Z + Time buttons)

— 3D (slider for single time index)

To select the Z or Time Slices, use the appropriate sliders which are displayed if the Slice button in the
Image Display window has been activated.

When you click on the Z + Time button, all individual frames will be displayed.
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5.5.6.5 Time Series with Mean ROI

o Set all the parameters in the same way as for Time Series of a frame.
e Then click on the Mean ROI button in the time series frame.

A mean intensity profile of the defined ROIs is created as a function of time.

£ Unnameds ~ - AIM M=
Intensity ROI 1 Select | Display Scan Mean of ROz
| W
200 Chan Hy
Type Postion  Dimension
O|==
150 4 N O G

Zoom || Spltan||ei 1 [ 149 114 127 12

A S S S Iﬁ EEEE V2 a9 126 184 178
i W2 b 39 32 120 13

100

50 ] Slice (G100
\,"‘ Tlllulllu
0 T T T T T T T 1 e ay Hizta
oo 0s 1.0 18 20 25 an e 40
Time [zeconds] {gct' ‘PM??L
anir 1ofile Diagram
Intensity ROl 2 0 ‘@' = [T [ ==
250 A 1 Chan ROl Mono
200 3
180
‘ Sealing
100 4 F\E@use 25D Autornatic
o A % Time Fange 10 :l
. Prev Mumber Cucles
0 T T T T T T T 1 Size
+
oo o5 10 15 20 25 30 35 40 G| 1
Time [zeconds] E Inf o ¢ Tl
I;;;”Tw ROl Save Show Image [opyiatle
= e
Ej EEE
200 o Saveds Show Table Save Tiatle

180

100

50 4

0 T T T T T T T 1

oo 0s 1.0 18 20 25 an e 40
Time [zeconds]

|F|eady, 2-5can1 1315, 1 channel

Fig. 5-97 Image Display window of a Time Series with Mean ROI

The Image Display window of the Mean ROI function is structured differently than that of a frame.

On the left-hand side of the Image Display window, the intensity time profiles per ROI are displayed
graphically.

The Select and Display toolbars, which are also available in the standard Image Display window, are
positioned in the center.

The Scan Mean of ROIs toolbar with further function elements is additionally displayed on the right-
hand side. The major purpose of these function elements is to vary the display of the recorded
Mean ROI.
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By selecting the appropriate options (see Options menu, Settings — Scan Mean of ROIs) you can
activate the following additional functions:

— Display of the live image in the Image Display window of the Mean ROI function (used ROlIs

only)

— Scan of the complete image (if Live Image has been activated)

— Saving of the complete time series (if Live Image has been activated)

The following functions are available:

Type Faozsition Dimension

il

1 [ 17 136 135 133
2 () 32 407 102 102
3 Y38 132 145 174

Display of the data of the ROIs used for the creation of the MeanROI
(identical to the Edit ROl window). If the check box of a ROl is
deactivated, the ROIl's intensity values are no longer displayed in the
Intensity-Time diagram.

Diagram
S B
: . 1 button: Intensity values for ROl and Channels are displayed in a
diagram. Chan button: Intensity values are displayed separately for each
channel used. ROI button: Intensity values are displayed separately for
each ROI used. Mono button: Switches between color and monochromic
display of intensity profiles.
Scaling
Autamnatic
Timme Fiange IT il
e Automatic button: Automatic scaling of the display of Intensity-Time
diagrams. Time Range button: Display of Intensity-Time diagrams is
scaled depending on the Time Range set in the input box shown on the
left. Number Times button: Display of Intensity-Time diagrams is scaled
depending on the Number Cycle set in the input box shown on the left.
Image / Tahle
b, [l
Show Image Copy T able
ol save Table Show Image button: Shows the scan image in the Image Display
window to the side of the intensity diagram. This button is active only if
the Live Image option is activated. Copy Table button: The table of
intensity values is copied to the clipboard. Show Table button: The table
of intensity values is displayed at the bottom left of the Image Display
window. Save Table button: The table of intensity values can be stored
as a text file.
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5.5.7 Stage
[FocusPosion |

: LCloze
Focusz / Wk

Load

0.000 pm @

Focus
k! Wheel

HRZ step [um] Focus step [pm]

N e O I et

—|—3 Stage & d
LI
v ztep [um]
F—1— )l

Current Pos: % = 1988.00 y =-1988.00

Marks:
[ 4= 000p= 0002-= D000 Tl MakPos.

Mave To | Remove Al | HFZ Zem

[Tile 5can
Tile Mumbers |1 ﬂ b |1_ﬂ v Move To Start

] @
Stop

Bemove |

TieGize =512 Pisel Y = 512 Pisel
Frame Size ¥ =512 Pixel " =512 Pizel
% = 921,28 um ¥ = 821,28 um

Fig. 5-98  Stage and Focus Control window

5.5.7.2 Function description

The following software description applies to
systems which are equipped with a motorized
stage.

This window enables you to activate both the
motor focus and the scanning stage.

The Focus Position and Stage Position panels
include the function keys for the performance of
defined moves and the display of the current Z and
X, Y positions.

5.5.7.1 Open / Close the Stage and Focus

Control window

e (lick on the Stage button in the Acquire
subordinate toolbar of the Main menu. The
Stage and Focus Control window appears on
the screen.

e (lick on the Close button in the Stage and
Focus Control window to close this window.

The following functions are available on the right-hand side of the Stage and Focus Control window:

Close button
Start button
Stop button

The Stage and Focus Control window is closed.

Starts the tile scanning procedure.

Ends the scanning procedure.
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(1) Focus Position panel

Focus buttons (Z Moves) Fosus 7 work

Load

Clicking on the Up arrow button moves the

. . 0,000 pm C?
specimen stage / nosepiece UpW&I’dS.

Focuz
W wheel

Clicking on the Z button sets the current Z- HHZStep'[um] Focus step [un]

position to zero. s 4| F—— )| B 4 F—— )

Clicking on the Down arrow button moves the _ -
specimen stage / nosepiece downwards. Fig. 5-99  Focus Position panel

Focus Step slider

0.1 um is the smallest value which can be set, and 100 um the highest.
Clicking on the arrow keys changes the step size by 1 um.

Pressing the CTRL key and clicking changes the step size by 0.05 um.
Pressing the Shift key and clicking changes the step size by 10 um.

Work button

Pressing the Work button moves the specimen stage / nosepiece back to the Work position. This is the
position last set before the Load button was pressed.

Load button

Clicking on the Load button lowers the specimen stage / nosepiece to make it easier for you to change
the specimen (or objective).

Focus Wheel check box

Clicking on this check box activates / deactivates the focus wheel of the microscope.
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Use of the optional HRZ 200 fine focusing stage or piezo objective focusing device

The HRZ Step slider is used to set the step width of the fine focusing stage.
Use the arrows of HRZ to move the fine focusing stage upwards or downwards in steps.

As soon as the focus position is changed (via handwheel or software), the HRZ 200 stage is automatically
leveled.

A click on the L button moves the HRZ 200 fine-focusing stage in the center position of its travel range
and the focus position is reset accordingly. Therefore, the same Z-level remains visible (the current
position is not set to zero).

The motor focus of the stand is operated in the same way via the relevant buttons. Moving into the
Work or Load position is always performed via the motor focus and not via the HRZ stage.

= Please see the annex for further information on the HRZ 200 fine focusing stage: Hints on the
use of the HRZ 200 fine focusing stage.

(2) Stage Position panel

4, | stesexy ﬂ The Stage Po;ition panel shows a symbolic
~ielr specimen carrier in the left upper.
J.__ B The buttons for moving to a position and mark it
K + 5| W Manal are below or on its right.
32 step [um] The Current Position display for X and Y is
4 — > below.

Below that, you will find the Marks selection box
of marked positions and the possibility to activate

Current Pos: x = 1388.00 y =-1988.00

arks: Za and delete them.
| 1: %= 000p= 0002= 0.000 | MakPos.
Mave Ta | Bemaove Femaove élll HRZ Zern

Moving the scanning stage

Fig. 5-100 Stage Position panel The scanning stage can be moved using the
joystick, or software-controlled using the Stage
XY buttons, or manually.

Stage XY buttons
Clicking on the arrow buttons moves the stage in X or Y direction.

Clicking on the Center button moves the stage in the XY = 0 position.
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XY Step slider

1 um is the smallest value which can be set for XY movement, and 100 um the highest.

Manual check box
This check box activates / deactivates the motor control of the stage and the joystick, if available.

If Manual is active, the scanning stage can be moved manually via the knurled screws. The Move To
and Center function buttons in Stage Position are without a function. The Current Position is
updated. You can zero the display via ZERO and mark manually set positions (Mark pos.).

The scanning stage cannot be moved via the software or the joystick.

If Manual is deactivated, the scanning stage can be moved via the software or the joystick. All the
functions of the Stage Position window are available.

Current Pos(ition) field

Current Pos displays the currently set stage position in relation to the zero position.

Marks selection box

Clicking on the arrow button displays the table of the session-related marked specimen areas. The table
includes the ordinal number, the X-position and the Y-position. Click on the appropriate mark to select it
for operation.

Move To button

Clicking on the Move To button moves the stage to the position selected before from the Marks
selection box.

Remove
The Remove command enables a selected position to be deleted from the table. The position then also
disappears from the specimen carrier display.

Iy  The selected position is deleted, the position with the next number in sequence moves up one
number.

Remove All

The Remove All command deletes all the entries marked in the current session.
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Speed selection box

Clicking on the arrow key displays the table of the available speeds for stage movement. Click on the
appropriate speed to select it for operation.

Zero button

Zeros the Current Position display and thus sets the currently set stage position to O in relation to X and
Y. The already marked object areas thus receive new X and Y-coordinates.

Mark Pos. button

Mark Pos. allows the Current Position to be marked. This marked position is then stored in the Marks
selection box in sequence. The marked position is shown on the specimen carrier with a cross and its
ordinal number.

HRZ Zero button

Zeros the Current Position display and thus sets the currently set stage position to O in relation to X and
Y. The already marked object areas thus receive new X and Y-coordinates.

(3) Tile Scan panel

S |1—;| " |1—;| v MoveTo This f'unct'ion permits a frame to bg created as an
I=| I=| Wtk overview image of the specimen with a maximum

Tile Size X =512 Pixel ¥ =512 Pirel — size of 4096 x 4096 pixels. According to settings,
Frame Size 3 =512 Pikel Y = 512 Pikel such a frame is divided in XY-tiles of 1 x 1 to the
#=321.268 pm ' =321.26 pm maximum of 15x 15. A tile of special interest

. . . (target) can then be selected for scanning.
Fig. 5-101 Tile Scan window

The application of the Tile Scan function requires
an objective with a minimum magnification factor
of 2.5x.

Tiles Numbers X /Y input box

Input of the number of tiles for X or Y from which the frame is to be composed.

Tile Size X/ Y display

Display of the size of a single tile in pm (corresponds to the value selected in the Scan Control window).
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Frame Size X/ Y display

Display of the frame size of the tile scan for X or Y. Specification in pixels and ym.

Move To button

If the Move To button is activated, a rectangle with a target allowing the selection of the region of
interest is positioned in the center of the scanned frame. Click and hold down the left mouse button to
drag the rectangle to the required specimen area. When you release the mouse button, the stage moves
to the selected position.

Mark button

If the Mark button is activated, marks previously set in the Tile Scan image are displayed, and further
marks can be added at spots of special interest by a mouse click in the Tile Scan image. By activating the
Move To button, the stage can be moved to the individual marks set in Tile Scan in the same way as it is
moved to the marks set in the Stage Position panel.

e Set the number of tiles for the frame in the Tiles Numbers X /Y input boxes of the Tile Scan
window.

— The resulting frame size is displayed on-line.
e Click on Start.

— The overview frame is scanned and displayed on the screen in a new Image Display window.
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£ Tile Scan = - AIM

|F!eac|_',', 2048 % 1538 . 3 channels . 8 bit . Raw image data . Display Zoom : 144 | Palette : Mo Palette

Fig. 5-102 Image Display window of a Tile Scan

e Activate the Move To button.

¢ In the tile scan image, move the target to the required spot of the frame (dragging with the mouse).
— The microscope stage then travels to the selected position.

Or:

e Activate the Mark button.

e Set a mark at the spot of interest by clicking with the mouse in the Tile scan image. A cross with the
consecutive number of the mark is displayed in the Tile Scan image. The new mark is also displayed in
the specimen carrier (Stage Position panel) and included in the Marks selection box.

e Select the mark in the Marks selection box and click on the Move To button in the Stage Position
panel. The stage moves to the selected position.
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e Then click on the Single button in the Scan Control window to scan the selected area as a single
image.

— The single image is scanned and displayed in a new Image Display window.
I3>  Overlay functions cannot be activated in the Tile Scan Image Display window.

The created overview frame can then be stored like any other scan image. If a stored overview
frame is opened again, the rectangle with target will appear again. However, it can be deleted
using the Overlay function.

5.5.8 VIS, TV and LSM Buttons

The VIS, TV and LSM buttons are included in the Acquire subordinate toolbar of the Main menu.

They switch the beam path and indicate which beam path has been set in the binocular tube of the
MiCroscope:

— VIS: observation via the eyepieces of the binocular tube
- TV: camera observation (if connected) via camera adapter of the binocular tube

— LSM:  screen observation via laser excitation using the LSM 5 PASCAL and software evaluation

e If the beam path of the microscope is changed manually via tube slider (only
Axioplan 2 imaging MOT), this is recorded by the software and the relevant button is activated
automatically.

e If, vice versa, the beam path is "switched" via activation of a button in the software, a message
window is displayed informing you that the beam path must be switched mechanically first before
you can continue to work (only Axioplan 2 imaging MOT).
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5.6 Process Menu

e |n the Main menu toolbar, click on Process.

— This opens another, subordinate toolbar in the Main menu.

T&/LSM 5 PASCAL =

File Acquite Process 3D View Macro Options Mainkain  WWindow Edit UL Help

@ File é Macro

y % Acquin

3D Wiew

5
Options
% o

i vy

ﬁ I aintain

= [ad ) T
| a | a | o M| 7 22| s o
Add Subtract Multiply Fiatio Copy Dup Filter Contrast | Interpolate Shift Dy

Fig. 5-103 Process menu

<«— Process subordinate
toolbar

The functions of the Process menu permit already stored scan images to be subsequently linked and

processed using mathematical functions and algorithms.

5.6.1 Add

Lloze

T Click inta window |

Corvallaria

&ppl
Channel : I[;h-| vl R

Mew 8 Bit | Mew 12 Bit

Mew Image 8 bit

Add

Source 1 = 4.00 + Source2 = [4.00
= |1UU.UU

window.

a.00

V' Ereview

Fig. 5-104 Add window

The Add function links two channels each of one
or two images into a new channel through
addition. The channel created in this way can be
stored via the Save As function.

E . Click inta window |
L 5.6.1.1  Open / Close the Add window
Corvallaria bright | annet: M
e (Click on the Add button in the Process

subordinate toolbar of the Main menu.
— This opens the Add window.
Chanrel:[Now 7] e C(lick on the Close button to quit the Add
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5.6.1.2 Source panel

Click into window |

In the Source 1 panel, the first image source for
the addition process is determined. The current

image is displayed in the display box of the image i Charvel: [ =]
selection box.

Proceed as follows to select an image via the Fig. 5-105 Source 1 panel
image selection box:

e Click on the arrow button. The image selection box is opened and all the currently loaded images are
displayed in a minimized form.

e Click on the required image. This image will then appear in the display box of the image selection box
and has been selected as Source 1.

Use the Click into window button to directly select the opened image:

e Click on the Click into window button first and then double-click on the relevant Image Display
window. The selected image will then be displayed in the display box of the image selection box and
has been activated as Source 1.

The channel which is to be used for the Add operation is selected via the Channel selection box:

e Click on the arrow button. The Channel selection box is opened and shows all the recorded channels
of the relevant image.

e Click on the required channel to activate it.

In the Source 2 panel, the second image source for the addition process is determined. The procedure is
identical to that for Source 1.

e Select the image for Source 2 and the relevant channel.
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Destination 5.6.1.3 Destination panel

|7 Eick i window |

In the Destination panel, it is determined in

New 8 Bit | New 12Bi

Mew Image & bit which Image Display window the Add operation
Channel: [ew =] is performed, and the data format which the
newly created image shall have.
Fig. 5-106 Destination panel The Add operation can be performed in an already

opened window or in a new Image Display
window.

e Click on the arrow button of the image selection box to open this box.

e C(lick on the relevant image if the Add operation shall be performed in an existing Image Display
window.

or

e C(lick on New Image 8 bit or New Image 12 bit to use a new Image Display window.
I3 You can also use the Click into window button for image selection.

Clicking on the New 8 bit or New 12 Bit button enables you to determine directly and quickly
whether the new image is to be created in the 8-bit or 12-bit format.

If an existing Image Display window is used to perform the Add function, you must determine whether
an existing channel shall be overwritten with the Add operation or whether a new channel shall be
added.

¢ In the Channel selection box, click on the channel which shall be overwritten, or click on New for a
new channel.

5.6.1.4 Add panel

Source 1 = (4.00 + Source 2 = [4.00

+ [ioooo In the Add panel, the currently set formula for the
5.00 Add operation is displayed. The editable input
boxes permit the formula to be changed with any
Fig. 5-107 Add panel numeric values.

e Click in the required input box and enter the relevant value.

e C(lick on the Apply button to perform the operation in the activated window or a new Image
Display window.

e The new image can then be stored via the Save As function.
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5.6.1.5 Preview panel

' ' : IV Previ
The Preview function enables you to preview the v B
result of the defined Add operation in a preview
window. Fig. 5-108 Preview panel

e Activate the ¥l Preview check box with a click
of the mouse. The Add - Preview Image
Display window is displayed with the operation
result.

e Deactivate the Preview check box to close the Add - Preview Image Display window.

I3-  After a change of the formula in the Add panel, click in the Add - Preview Image Display
window for an update.

5.6.2 Subtract
The Subtract function links two channels each of T | fose
one or two images into a new channel by ; )
subtraction. The channel created in this way can AL ooy
be stored via the Save As function. Convallria I e T
I 5 Click into window |
5.6.2.1 Open / Close the Subtract window '
p Correallaria briht | e ICh3 jv
e Click on the Subtract button in the Process
subordinate toolbar of the Main menu.
Click. inta window
— This opens the Subtract window. e Image 12 5t .| _newsBi [nen128n
e Click on the Close button to quit the Subtract || Cramvel: [nen 3]
window.
Source 1 = |3.00 — Source2 = [1.00
X i |2.DD
5.6.2.2 Performance of the Subtract
function

This function is performed in the same way as the
Add function (see Add, page 5-136). The only Fig. 5-109 Subtract window
difference is that the mathematical formula is

based on subtraction.
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5.6.3 Multiply

Correallaria

f“"-L.

Convallaria bright

Mews Image 12 bit

Click into window |

Chaniel : I Chi vl

Click into window |

Channel : I Chl 'l
Destination

Click inta wi

New 8 Bit [

Channel : INEW vl

Multiphy
[Source 1 + I‘ID.DD ] = [Souce 2 + |1U-UU |

V' Breview

|54.DD

* IB.DD

Lloze

Apply

Fig. 5-110 Multiply window

The Multiply function permits two channels each
to be linked into a new channel by multiplication.
The channel created in this way can be stored via
the Save As function.

5.6.3.1 Open / Close the Multiply window

e Click on the Multiply button in the Process
subordinate toolbar of the Main menu.
— This opens the Multiply window.

e C(lick on the Close button to quit the Multiply
window.

5.6.3.2 Performance of the

function

Multiply

This function is performed in the same way as the
Add function (see Add, page 5-136). The only
difference is that the mathematical formula is
based on multiplication.
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5.6.4 Ratio

The Ratio function permits two channels to be
linked into a new channel by the creation of a
ratio. The channel created in this way can be
stored via the Save As function.

5.6.4.1 Open / Close the Ratio window

e Click on the Ratio button in the Process
subordinate toolbar of the Main menu.
— This opens the Ratio window.

e C(lick on the Close button to quit the Ratio
window.

Click into window |

Channel : I Chi - l

Convallaria

A
A

Convallaia bright | || S ICh:3 j'
Destination

Click into window

- Mew 8 Bit | Mew 12 Bit
Chanmel : INEW vl

Mew Image & bit

Source 1 = |32_DD — Source 2 = I'IDDD
e + |2.ou
|B4.DD
5.6.4.2 Performance of the Ratio function soucel +  [200

This function is performed in the same way as the
Add function (see Add, page 5-136).

However, three different formulas can be used for
ratio creation, each of which can be activated by
clicking on the # button.

(o — IBU.DD + |128.DD

Source 2+ .00

Source 1= Source 2 = IW.UU + I .00
~
Source 1+ Source 2 = W e IW

B |258.DD + |128.DD

V' Preview

LCloze

Apply

Fig. 5-111 Ratio window
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5.6.5 Copy (Channel)

Correallaria

Mews Image & bit

- Mew 8 Bit | Mew 12 Bit

Click into window |
Chaniel : I[;h4 vl

Destination

Click into window

Channel : INEW vl

Lloze

The Copy function permits one channel each of an

existing image to be copied and stored as a new
image.

The selection of Source, Channel and Destination
is made in the same way as in the Add function
(see Add, page 5-136).

Fig. 5-112 Copy window

5.6.5.2

5.6.5.1 Open / Close the Copy window

e C(Click on the Copy button in the Process
subordinate toolbar of the Main menu.
— This opens the Copy window.

e C(lick on the Close button to quit the Copy
window.

Performance of the Copy function

e Select Source, Channel and Destination and then click on the Apply button.

— The image of the copied channel is then displayed in a new window or in the Image Display
window activated for it.

e The new image can be stored via the Save As function.

(I

5.6.6

Duplication (Image)

For Z Stacks or Time Series, the entire series of the selected channel is copied.

This function permits images (including Z Stacks and Time Series) to be duplicated completely.

e |If several images have been opened, select the image to be duplicated.

e Click on the Dup button in the Process subordinate toolbar of the Main menu.

— The selected image is duplicated and displayed in a new Image Display window.

e Use the Save As function to store the image under a new name.
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5.6.7 Filter
The filter function permits the subsequent tikovirton | s
processing of scanned images via the integrated :

Lowpass, Sharpness and Median filters. e Chat 3] || o

Furthermore, User-defined filters can be installed
by the user. User-defined filters can be stored,
reloaded and removed.

5.6.7.1 Open / Close the Filter window

e Click on the Filter button in the Process
subordinate toolbar of the Main menu.
— This opens the Filter window.

e C(lick on the Close button to quit the Filter
window.

5.6.7.2 Image panel

In the Image panel, the image or channel to be
processed is selected.

The currently selected image is displayed in the
image selection box.

User defined KemelSize: ™ Hx3

Sharpress
Median Ll

Edit

Factor | 1
ERENER Divisor | 6
[2 [ ]2
ERENER Oifset | 1

[ Preview

Eemove

Fig. 5-113 Filter window

Proceed as follows to select an image via the image selection box:

e Click on the arrow button. The image selection box is opened and all the currently loaded images are

displayed in a minimized form.

e Click on the required image, which will then appear in the display box of the image selection box and

will be available for filtering.

Iy

You can also use the Click into window button to select the image.

e Open the Channel selection box with a click on the arrow button and select the channel to be

processed.
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5.6.7.3 Filter List and Edit panel

In the Filter List panel, the filters and the matrix size (Kernel Size) are selected.

The matrix of the selected filter and the set filter parameters Factor, Divisor and Offset are displayed in

the Edit panel.

Filter List

|ser defined Kemel Size: 23
Sharphess e 5:':5
Median LR

Edit

[T T [ pe 2
EREREAEN ENEREN
[v T2 Ts[es 321 py [ 12
EREAERENERENED
IT’T’T’T’TITIT Offset ’T
EREREFAEAFAEREN
ERERERENEREREN

Fig. 5-114 Filter List and Edit panel
(Lowpass)

Kernel Size

The size of the filter matrix can be modified here.
The effect of a filter increases along with the
matrix size. However, this also increases the time
required for filtering.

e Select the required matrix size by clicking on
one of the selection buttons 3x3, 5x5 or
7x7.

Lowpass filter

With the lowpass filter, the gray value of each
center pixel is replaced with the average value of
the surrounding neighbor pixels. The viewed
neighbor pixels are defined by a square. The
modified pixel now is the center pixel of the filter
matrix.

Image noise will be reduced by the application of
the lowpass filter. The cutoff of regions will blur.
Local maxima will be flattened. The dynamic range
will be reduced considerably.

This filter permits the matrix size to be modified
only in the 3 preset steps.
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Sharpness filter

With the sharpness filter, the original image is
filtered with a lowpass filter first. The result of this
filtering is then subtracted from the original image.

This will improve image sharpness.

The matrix size can be modified in the 3 preset
steps.

Furthermore, divisor values ranging from 1 to 78
can be entered. The higher the divisor value, the
lower the image sharpness.

Median filter

With the median filter, the gray value of each
center pixel is replaced with the median value of
the surrounding neighbor pixels. The viewed
neighbor pixels are defined by a square. The
modified pixel now is the center pixel of the filter
matrix.

The median value is defined as the middle value
(not average) of all the gray values sorted in
ascending order within a matrix.

Image noise will be reduced by the application of
the median filter. The cutoff of regions will slightly
blur. Local maxima will be flattened. The dynamic
range will be reduced considerably.

The settings of this filter can not be modified.

|Jzer defined Kernel Size: € 313
& x5
' "" el 'y
Divigor |1 ﬂ
e ——————— |
Factar 2
Iz =z e
’T ’—2 |_2 |—2 ’—2 Diwizor 12
===z z
’T ’_2 |_2 |_2 ’_2 DOftset 0
22222

Fig. 5-115 Filter List and Edit panel
(Sharpness)

Filter List

Fig. 5-116 Filter List and Edit panel
(Median)
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User-defined filter
— Close The User-defined function permits you to create
a%% ) __ Clekmowidow_ | your own filters. In addition to the Kernel Size,
ey, v the parameters Factor, Divisor and Offset can be
anllaria el ICHI jv el mOdIerd here
The filter result can be subtracted from the original
I i image via the Subtract from Source check box.
" Bub
el

Hemave

Factor |2 ﬂ
|1— |2— |1— Diwizor |1 2 ﬂ
E20) EI O .
|1— |2— |1— Dffset ID ﬂ
™ Subtract from source
I Ereview

Fig. 5-117 Filter window (User-defined filter)

Add Filter to List =]

Filter Mame :

LCancel

Fig. 5-118 Add Filter to List panel

Proceed as follows to store User-defined filters:

e C(Click on the Add To List button and enter a
name in the Add Filter To List window. The
name will be included in the Filter List.

Proceed as follows to activate stored, User-
defined filters:

e Click on the name of the filter in the Filter List.
The filter will then be activated immediately.

Proceed as follows to delete User-defined filters:

e Click on the name of the filter in the Filter List
and then on the Remove button. The filter will
be deleted.

e After selection of the required filter, click on the
Apply button to start the filter procedure.

— Filtering will be performed and displayed in
the current Image Display window.

e In the case of images with several channels,
activate the xy button in the Display image
toolbar to display all the channels. Each channel
must be filtered separately.

e Use the Save As function to store the newly
created image.
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5.6.7.4 Preview panel

. , o e
The Preview function allows you to have the result S

of the Filter operation displayed as a preview

image. Fig. 5-119 Preview panel

e Activate the [¥] Preview check box with a click of the mouse. The Filter - Preview Image Display
window with the filter result will be displayed.

e Deactivate the Preview check box to close the Filter - Preview Image Display window.

IJ>  After a change of the filter settings, click in the Filter - Preview Image Display window once
to update it.

5.6.8 Contrast

The Contrast function permits the subsequent modification of contrast and brightness of the stored
image.

e Open the image to be processed and click on the Contrast button.

— The function is performed with firmly set parameters and the result is displayed in a new Image
Display window. The procedure can be repeated as often as required.

e The newly created image can be stored using the Save As function.

B 45-0007 e 12/02 5-147



OPERATION
Process Menu

Carl Zeiss

Interpolate

LSM 5 PASCAL

T&!Interpolate Brightness and Contrast
Image

Click into window |

Cloze

Apply

Convallaria Stack

Interpolation

Start Image: '—J— I‘ID— ﬂﬁl
Brightness - '—J— ISD— jl
Contrast : ‘ '—J— ISD— ﬂ

End Image: _J— |14— ﬂil
Brightriess : -—J— ISE— ﬂ
Contrast : ‘ '—Ji |5D— jl

\ Cni | | Al |

[T Overwite Source Images
[~ Ignore Images less than "Start Image" and greater than "End Image”

e . ;I Start |
IV Previews  Slice: —_| f1¢ |
;I End

Fig. 5-120 Interpolate Brightness and Contrast
window

Click. into window |

Corvedllaria Stack

Fig. 5-121 Image panel

selection box:

5.6.9 Interpolate

This function permits the continuous contrast and
brightness change in a stack or Time Series
through interpolation between the starting and
end values. This permits the subsequent
compensation of specimen bleaching which
occurred during image recording. Interpolation can
be defined for the entire image or only for
individual channels.

5.6.9.1 Open / Close the Interpolate

Brightness and Contrast window

e C(lick on the Interpolate button in the Process
subordinate toolbar of the Main menu (also see
page 5-136).

— This opens the Interpolate Brightness and
Contrast window.

¢ Click on the Close button to quit the window.

5.6.9.2 Image panel

The image to be processed is selected in the
Image panel.

The currently selected image is shown in the
display box of the image selection box.

Proceed as follows to select a series via the image

e Click on the arrow button. The image selection box will be opened and all the currently loaded

images will be displayed in a minimized form.

e Click on the required image, which will then appear in the display box of the image selection box and

has been selected for the interpolation procedure.

I3  You can also use the Click into window button for image selection.
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5.6.9.3

Interpolation panel

In the Interpolation panel, the parameters for the
interpolation procedure are set.

Iy

Use the Start Image slider to select the slice at
which the interpolation procedure shall start.
Clicking on the First button permits the fast
selection of the first slice in the series.

Use the Brightness and Contrast sliders to set
the image brightness and contrast for the first
slice (Start Image).

Use the End Image slider to select the slice at
which the interpolation procedure shall end.
Clicking on the Last button permits the fast
selection of the last slice in a series.

Use the Brightness and Contrast sliders to set
the image brightness and contrast for the last
slice (End Image).

Interpolation

Start Image: '—J— |1D ﬂ Firstl
Brightress : Jl |5D jl
Contrast : . JI IED ﬂ

End Image: J |14 ﬂ Lastl
Erighthess J— IBB ﬂ
Contrast : . JI |5D %I

| Ch1 | | Al |

[~ Owenwrite Source Images

Fig. 5-122 Interpolation panel

™ lanore Images less than "Start Image" and areater than "End Image’

Use the available Channel buttons (e.g.: Ch1) to select the channel for interpolation or click on the All

button if the entire image is to be interpolated.

Having set the parameters, click on the Apply button. Interpolation will be performed in a new

Image Display window.

The newly created image (series) can be stored using the Save As function.

current Image Display window.

If you activate the Overwrite Source Images check box, interpolation will be performed in the

If you activate the Ignore Images less than "Start Image" and greater than "End Image"
check box, only the slices lying between Start Image and End Image will be taken into
consideration for interpolation. Otherwise, brightness and contrast will also be changed for the

other slices.
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Preview | 5.6.9.4  Preview panel

.| Start . )
Shice | [12 j:l The Preview function enables you to see the
—In result of interpolation for one slice each in a

Fig. 5-123 Preview panel preview window.
e Activate the ¢ Preview check box with a click of the mouse.

— The Interpolate C&B - Preview Image Display window will be displayed. At the same time, the
Slice slider with the relevant input box and arrow keys and the two buttons Start and End are
displayed in the Preview panel.

e Use the slider or input box/arrow keys to set the slice which shall be displayed in the preview
window.

e C(licking on the Start or End button permits the fast activation of the Start Image or End Image for
previewing.

e Deactivate the Preview check box to close the Interpolate C&B - Preview Image Display window.

5.6.10 Channel Shift

LCloze

Ciok o widow_| The Channel Shift'functio.n is used to.produce a
congruent image with relation to the pixels of the
various channels.

Apply

This pixel correction function is particularly

important in UV app“cations_
Harizantal : JI IU ﬂ
Wertical : JI ID ﬂ
Channels: [~ Chil I~ Ch2

5.6.10.1 Open/ Close the Channel Shift
window

™ Preview

e Click on the Shift button in the Process
subordinate toolbar of the Main menu.

Fig. 5-124  Channel Shift window — This opens the Channel Shift window.

e C(lick on the Close button to quit the window.

5-150 B 45-0007 e 12/02



OPERATION
Process Menu
LSM 5 PASCAL Channel Shift Carl Zeiss

5.6.10.2 Image panel

e C(lick on the arrow button. The image selection
box will be opened and all the currently loaded
images are displayed in @ minimized form.

e Click on the required image, which will then
appear in the display box of the image selection
box and has been selected for the Shift
function.

[¥>  You can also use the Click into window
button for image selection.

5.6.10.3  Shift panel

e Select the channels required for processing in
the Shift box by clicking on the Ch1 or Ch3
buttons. A tick will appear in the button
when the channels are activated.

e Use the scrollbar or the 2l and =l buttons to
select the pixel shift in the horizontal and
vertical direction.

e Click on the Apply button to activate the
setting.

5.6.10.4 Preview panel

o |f [ Preview is activated, a preview of the shift
is shown in a separate Image Display window.

Image

Click into wirdow |

Fig. 5-125 Image panel

Shift

Horizantal : JI ID j
‘Wertical : J ID ﬂ
Chanrels: [~ Chi [~ Ch3

Fig. 5-126  Shift panel

™ Preview

Fig. 5-127 Preview panel
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The following image shows the result of a pixel shift via the Shift function. This image change can be
stored in the image database via the Save or Save As buttons.

Convallana-single * - AlM

|F!eady, B12% 512, 3 channels , 8 bit

Fig. 5-128 Image Display window with channel shift

For applications requiring 3- or 4-channel scanning, proceed in the same way as described for the 1- or
2-channel mode.

5-152 B 45-0007 e 12/02



OPERATION
Process Menu

LSM 5 PASCAL lon Concentration Carl Zeiss
5.6.11 lon Concentration T Ton Concentration X
Source
. . . . Lloze
The use of this function (option) permits the Ciskinowivw_|
calibration of ion concentrations in physiological
expel’lments Channel1: ICh2 'l —
green.jpg - Channel2:|[;h3 vl
V' Background
Click into window |
(1) Open / Close the lon Concentration
Indol 3ugdml. +lonomycin Bul, MeOH |

window

Click on the lon Conc button in the Process
subordinate toolbar of the main menu.

Click on the Close button.

" Single ‘Wavelength Dye
& Ratiometic Dye Frnax2 R - Rmin Show
. . . Conc = Kd = - * Curve
(2) Function description Fmin2  Amax-R
& Equation - IW
.  Tibat = |300.
lon Conc button Activates the lon taten o Load
. ming = I‘ID.DU
Concentration ;::3:::40 Rmin = [010 Elickintowindowl
menu. Fmax2 = [200
. . Rmax = |4.DD Click inta wind
Source window Selects input of [okkovirion |
images to  be
processed- Image Scaling

Destination window Select output and
pixel depth  of

processed image.

Calibration window

Destination

Mew Image 8-bit

Click into window

- I ew 8-bit | Mew 12-bit
Channel : INEW vl

Calibration

Min Concentiation ID.DD ﬂ

Max. Concentration |2DDD.DD ﬂ

Fig. 5-129

lon Concentration window

(single wavelength, ratiometric) and required method.

Show Curve button
Image scaling window

Preview window

Shows resulting calibration curve.
Sets min. and max. concentration.

Activates Preview function.

Sets the six different calibration options, according to the dyes used

B 45-0007 e 12/02

5-153



OPERATION
Process Menu
Carl Zeiss lon Concentration LSM 5 PASCAL

(3) Single wavelength dyes - offline Calibration
e Subtract background/autofluorescence image from raw images to obtain

e Perform equation- or titration calibration (compare F with a calibration curve -> titration calibration or
put F values in calibration formula)

x|

ﬁ M aintain

5
Optiokis
% o

mg SR | Cm
o@E | = |
late Shift Urmix lan Conc
& Ton Concentration x|
LClose
H Click intor window
Raw images o |
7| Charnelt: [Ch21 > P,
FluoFly.jpg

Background/autofluorescence image

™ Background

1

Destination

Click into window

New mage B 2| Mewsi | New12bi
Channel : |Mew -

Calibration

Callbratlon type & Singls Wavelsngth Dye -
 Ratiometic Dye F-Fmin Shaw
Canc = Kd = Curve
Fras - F
& Equation
£ Titration kd  =]1.00 Load
Fmin = |0.00 Click inta window
i Sitg Fmaz =[29500 | Cick into window
(-‘ In Witra S 5
ave

Scaling of calibrated images

Image Scaling
Min Concentration |1.00 il Max, Concentration |1350.00 i’
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(4) Ratiometric Dyes

e Fura-2, Indo-, SNARF, Cameleon, Ratiometric Pericam, Phluorin, ...

e Display fluorescence ratio R over time
e Display fluorescence ratio R corrected for background/autofluorescence over time

e Calculate absolute ion concentrations (pixel by pixel) via titration calibration (known ion
concentrations applied to the cells — in situ — or in solutions — in vitro or equation calibration where
possible [Fura-2, Indo-, SNARF]

e Calculation of R eliminates artifacts and uncertainties caused by
— inhomogenous dye distribution
— photobleaching
— may be applied with moving cells

(5) Ratiometric Dyes - Online ratio

Rit1) = F1e1)/ Fait1), Re2) = F1e2) / Fa2) -

F / Fz(ﬂ)

F1(t2) / FZ(tZ)

11

/F

1(tn) 2(tn)
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(6)

Ratiometric Dyes - Calibration

e Subtract background/autofluorescence images from raw images to obtain

Rkorr [=F1-F1 Background)/(FZ'FZBackground)]
when calibration reference is not obtained with the experimental sample (in situ)

e Calculate ratio R

e Perform equation- or titration calibration (compare R with a calibration curve -> titration calibration or
put R values in calibration formula)

5
Optiokis
o

x|

ﬁ M aintain

| B8 | & | L
late Shift Urmix lan Conc
Raw images

Background/autofluorescence image pair

Calibration
Curve Fit | 3rd Degree Polpromial Fit =

€ Single Wavelength Dye
& Ratiometric Dye

Concentration  Ratio

™~ Equation

Click into window | =

Click into window

Click into window

Click into window

Click into window

v 1700
= Titration 4

e [z200

¥ [es00
Yinsu l'; 100.00 0.94
 In Vito

¢ |150.00

v |225.00

RRRREK

Click into window |+ |

Nurmber Lines |11 il

Shat

Load

Save

Calibration type \

Scaling of calibrated images

& Ton Concentration x|
Close
Click into window |
-
Channell: |Ch2 toply
green.ipg 1 Channel2: [Cha -
v Background
Click into window
Indot 3ug/ml, +lonomycin Bul, MeOH |
Destination
Click into window
New Image Bbi o] Mewibit | New 124k
Channel: |1 ew -
Calibration
 Single Wavelength Dye
* Ratiometric Dye Fmar2 R - Rmin Show
Conc = Kd * # Curve:
Frnin2 Rmax - B
&+ Equation
£ Titration fd = |3UU'UEI Load
Frin2 = |1U 0o
i In Situ Rmin = [010 Click inta window
In it
Frnax2 = |2 oo
Rmax = |=1 [il] Click into window
Image Scaling
Min Conceriraion [000 5| Max Concentaion [20000 -+
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(7) Ratiometric Dyes - Equation Calibration (Grynkiewicz)

Fura-2, Indo-1,..

Kp (dissociation constant) taken from literature

Rmin: derived from ion-free state of the dye (e.g. 0 Ca2+)

Rmax: derived from ion-bound state of the dye (e.g. saturated with Ca2+)

Fmin2 and Fmax2 are the minimum and maximum fluorescence intensities at wavelength 2

Rmin, Rmax, Fmin2 and Fmax2 may be determined in the cells under investigation (in situ) or in solutions (in
vitro)

Calibration parameters may be saved and reloaded (*.cal)

Calibration

" Single Wavelength Dye
&+ Ratiometric Dye Fmax2 R - Rmin Show
Conc = Kd  » # Curve

Frmin2 Rmay - R

' Equation

£ Titation kd = [20000 -
Fmin2 = |1U 0o
:i Il Amin = [0.10 Click into wirn rA L A
In¥itro E ]
Fmae2 = [200 ! Save |

Amax = |a.uu Click into window
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(8) Options for Calibration Image Selection (equation- or titration calibration)
e Click into image window.

e Select source channel(s).

e Optional background subtraction

e Optional calculation of parameters from overlay region(s)

) ,
Calibration Calibration
" Single ‘Wavelength Dye  Single wavel
gle W awelength Dye Y

O FRfriEiEis Fmas2 R -Rmin Shaw 0 (RTeiclicis Burva it | Degree PolpnamialFi Show

Conc = Kd = " Curve Curve
- Fmin2 Rmaz - R Concentration  Ratio
+ Equation £ Equation PR e
© Tination fd = ]300.00 - & Tiaen 7 70 TR Click into ez

Fiid - | W 300 Show | Click into oa
G [ ) _ I [EEm Show | Dlick inta J—
+ In Situ Rmin = [0.10 Click inta win - . T InSitu
& 1o : ] ' ~ [iom Shov | Cick into window | |
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5.6.12 3D DeConVolution (DCV - option)

The 3D Deconvolution option is used for the resolution enhancement of fluorescence image stacks.

5.6.12.1 Background

When a three-dimensional object is reproduced by an optical system the resulting image of the object
does not correspond exactly to the object's actual form. The image of the object is "distorted" as it
passes through the optical system. In physical terms the actual object is convolved by the optical system's
Point Spread Function (PSF).

Y

livx
z > -
X PSF —»
Real Object Imaged Object
(Specimen)

Mathematical Sign for
Convolution

The Point Spread Function describes how the light of a point object is distorted by the optical system.
This "convolution" makes the image appear grainy and structures in the image seem blurred. This effect
is most prominent in the axial (Z-)direction as each lens is optimized for the two-dimensional image of
the object.

If the PSF is known it is possible to use mathematical algorithms to undo this distortion. The image of the
object is deconvolved using the PSF and the actual form is reconstructed:

. -1
' . X PSF—»@

Imaged Object Real Object

Dekonvolution

The effect of 3D deconvolution can be demonstrated impressively on objects with a known form. As a
rule fluorescent beads are used for this purpose. The following figure shows the 3D deconvolution of an
image stack with a fluorescent bead with a diameter of 1 pm.
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Fig. 5-130

3D Deconvolution

Image of a fluorescent bead with a
diameter of 1um before
deconvolution (A,B) and after
deconvolution (C,D)

o

Corrveallaria2

Charinel :

Ch =

Click inta window
-

{Method | pse |

Method

Restoration Effect

|IﬂvErse
Weak

™ Auto detect

|
Ji Strong

Cloze

Apply

Fig. 5-131

3D Deconvolution window

As the resolution of an optical system is
significantly lower in the axial direction than in the
lateral (X/Y-)direction, the greatest improvement in
resolution can be achieved in the Z-direction.

The Z Stack must meet the following require-
ments:

— At least two-fold oversampling in xyz (z: half
of optimal interval button)

— High signal-to-noise ratio
— Detector gain < 500 V

Calculation is either made for one channel of the
opened image which must first be selected
accordingly, or for all channels of a stack.

Calculation is started via Apply and can be
stopped using the ESC key, if required.

5.6.12.2 Open / Close the 3D Deconvolution
window

e (Click on the DCV button in the Process
subordinate toolbar of the Main menu (also see
page 5-136).

— This opens the 3D Deconvolution window.

e Click on the Close button to quit the window.

5-160

B 45-0007 e 12/02



OPERATION
Process Menu
LSM 5 PASCAL 3D DeConVolution (DCV - option) Carl Zeiss

5.6.12.3 Source panel

Click into window
The image to be processed is selected in the _ . 4|
Source panel. The currently selected image is ) Ozl
shown in the display box of the image selection Convalaic? [or |

box. Proceed as follows to select a image via the

image selection box: Fig. 5132 Source panel

e Click on the arrow button. The image selection box will be opened and all the currently loaded
images will be displayed in a minimized form.

e C(lick on the required image, which will then appear in the display box of the image selection box and
has been selected for the interpolation procedure.

I3  You can also use the Click into window button for image selection.

5.6.12.4 Deconvolution panel i|psr |

The Deconvolution panel contains the two tabs Method [Iverse =
Method and PSF. Fiestoration Effect ‘weak JI Strang
[~ Auto detect

(1) Method tab

The Method tab permits selection between the
calculation methods Nearest Neighbour, Inverse
and Iterative.

Nearest Neighbor Fig. 5-133 Method tab
The Nearest Neighbor method is the simplest and
fastest algorithm which in principle corresponds to
a 3D sharpness filter.

Inverse Filter

The regularized inverse filter generally achieves better results than the Nearest Neighbor algorithm. It is
well suited to process several image stacks for a preselection of images for the use of the iterative high-
end methods.

Constrained Iterative

The best image quality is achieved using the Constrained lIterative Maximum Likelihood Algorithm.
Increasing the resolution in the image, especially in the Z-direction, is only possible with this method. Due
to the complex mathematical method, depending on the image size and the PC being used the
calculation can take up to several hours.
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In the Inverse method, the Restoration Effect slider permits the noise-to-signal ratio to be selected
between the settings Weak (low noise) and Strong (pronounced noise).

Activation of the Auto detect check box will start a routine for the automatic determination of the noise
level in the entire image part of the Z Stack (not available in the Nearest Neighbour method). If Auto
detect is enabled, the Restoration Effect slider is disabled.

The Iterative method permits (in addition to the parameters of the Inverse method) the maximum
number of iterations to be entered between 1 and 200 under Maximum Iterations and the Auto Stop
function to be activated / deactivated. The Auto Stop function interrupts the calculation depending on
the set image improvement (delta between last but one and last cycle in %), no matter whether the
value under Maximum Iterations has been achieved or not.

The Nearest Neighbour method permits entry of the Number of Neighbours and the Sharpness in
Focus value in addition to the Restoration Effect.

Method | (2) PSF tab
Numerical &pertute - Objective [100 In the 3D Deconvolution option a theoretical point
Magnification - Dbjsctive [40 spread function (PSF) is calculated from the
Refractive Inde# of Immession Fuid [7.000 systems settings (objective data, wavelengths,
pinhole diameter).
o =l The PSF data are displayed in the Method tab. In
N the case of wavelengths above 700 nm, the NLO
Euctaton 553 o button is automatically enabled.
Emission IF nm
Pinhole [1.00 | Ajr Liits The displayed values are always taken over by the
system data, but can be edited subsequently for

Fig. 5-134 PSF tab simulation purposes.
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5.7 3D View Menu

The 3D View functions serve to record and play back series of images for 3D display of microscopic
structures.

e In the Main menu toolbar, click on 3D View.

— This opens another, subordinate toolbar in the Main menu.

EILSM 510 - Expert Mode

File  Acquire Process 30 View Macro Options  Window Help
5 . P
% Optiors ﬁ Maintain
+

| 3D Wiew é Macra

< 3D View subordinate
toolbar

File |

i i Process

/ % Acquire

Stereo

Fig. 5-135 3D View menu

5.7.1 3D DepthCod (Color Coded Depth DETRICE T
M a p) Source e
era =l Click inta winduwl
By means of the Depth Coding function, the J o »
depth information contained in a sequence can be Correalai Stack I
colored with the colors of the rainbow, in which —
case "blue " stands for front and "red" stands for e —
rear. - -
Mode @ EGVER  C BearView
A stack of images must be available. et e —
Contrast : |5U3 —J—
Brightness |45 z J—
Dizplay : ¥ Scale Bar
5.7.1.1 Open / Close the Depth Coding
window T —
e Click on the DepthCod button in the 3D View B

subordinate toolbar of the Main menu.

— This opens the Depth Coding window. Fig. 5136 Depth Coding window

e Click on the Close button to quit the window.
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5.7.1.2 Source panel
In the Source panel, the image source is selected. The currently selected image is displayed in the display
box of the image selection box. Proceed as follows to select an image via the image selection box:

e Click on the arrow button. The image selection box will be opened and all the currently loaded
images are displayed in a minimized form.

e C(lick on the required image, which will then be shown in the display field of the image selection box
and be available for the following operation.

The Click into window button enables you to select the opened image directly:

e Click on the Click into window button first and then double-click on the relevant Image Display
window. The selected image will then be shown in the display box of the image selection box.

Select the channels to be processed via the Channel selection box:

e C(lick on the arrow button to open the selection box. Click on the required channel to activate it.

5.7.1.3 Depth Coding panel

¢ On the Depth Coding panel you can set the desired parameters. Activate the Scale Bar check box
if you want a color scale to be shown.

Depth Coding |Ilansparenc_l,l| Depth COdlnq tab
Mode & FrortView RearView Mode Front View: The image is viewed from
Threshold: % —| the front/above when this

option is activated.

Contrast : 803 Jl
Srightness . r Mode Rear View: The image is viewed from

the rear/below when this

Dizplay : W Scale Bar [~ Grey level ) : :
option is activated.

Threshold: All brightness values below
Fig. 5-137 Depth Coding tab the Threshold (range: 0 to
255) are ignored or treated
like O when determining the
depth and the display.

Contrast: Defines the factor with which the contrast of the overlaid series affects the
contrast of the depth-coded color.

Brightness: Defines the factor with which the brightness of the overlaid series affects the
brightness of the depth-coded color.

Display Scale Bar:  Displays a colored scale in the image.

Display Grey level: The depth information is displayed in gray levels.
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Transparency tab Depth Coding - Transparency |
Mode Maximum:  The color is defined by the z Mods © Mainan 6 Tigparent | Keep Masinum
iti f th igh ) -
S;igon of the brightness S —

. . . Barp |34 x — |—
Mode Transparent: The transparent projection is _p _ ‘ : :
built up from the rear to the Masimum Opacity: [56 % | —— |— f

front. The color is defined
by the Z position at which
the original was last higher
than or equal to Threshold.

Fig. 5-138 Transparency tab

Mode

Keep Maximum: Activating this option modifies the specification governing calculation of the
projection.

Threshold: Pixel value at which the ramp rises (variable from 0 to 100 %).

Ramp: Slope of the ramp (variable from 0 to 100 %; 0 % corresponds to a vertical rise).

Maximum Opacity: Degree of visibility at the top corner of the ramp (variable from 0 to 100 %;
0 corresponds to the bottom edge in the diagram).

5.7.1.4 Preview panel = Depth Euding—tunvalariaZ"AlM

The Preview function permits you to regard the
influence of parameter changes in an Image
Display window.

e After finding the optimum adjustment using
the Preview function, you have to generate
the final version of the image using the Apply
button.

— The system then generates a color-coded
depth map for the selected channel.

|Heady, 512 k564 , 3 channels , & bit

Fig. 5-139 Depth Coding image
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5.7.2 Projection
Close
Dkt virdn | By means of the Projection function, one single
© " projection or a series of projections can be
Conyalaia Stack - calculated after rotation of the data package
— about the X, Y or Z axis.
Pioiction | Lrsnaparercy | A stack of images must be available.
Turhing Axis : O Yy 2
First Angle : lT : ﬂ
. :I 1148
Number Projections l'IE— — R .
BEHEIE] m 5.7.2.1 Open / Close the Projection
Diference dngls: [3 ° ﬂ%ﬁlﬁ window
e C(lick on the Projection button in the 3D View
Preview subordinate toolbar of the Main menu.
v Breview e : | ;I . . . .
e o & = — This opens the Projection window.

Fig.5-140 Projection window e C(lick on the Close button to quit the window.

5.7.2.2 Source panel

e Select the image for the projection operation from the image selection box.

5.7.2.3 Projection panel

¢ On the Projection panel, set the parameters needed for the animation: Turning Axis, First Angle,
Number Projections and Difference Angle in the Projection tab and the Mode parameters in the
Transparency tab.
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Projection tab Projection |Iransparency|
Turning Axis X/Y/Z: Selects the axis about which Turming Asie rx Gy Oz
the data package is to be

rotated.

First Angle : I-?1 * ﬂ
=]
41 8

o] 1
First Angle: Rotation angle in degrees. umbes Projections : [16 j Sl
Number Projections: Number of projections for a s5] 18] 3

. Dif Angle: |4 * ﬂ
sequence  (variable  from AT | ~] ™ Panorama
0 to 100).
Difference Angle: Angle increment of a Fig. 5-141 Projection tab
sequence.

03>  The number keys permit the direct selection of preset values for Number Images and
Difference Angle. If the Panorama button is pressed, a panorama sequence of the image
series is computed.

Transparency tab Projection  Transparency |

Mode Maximum:  The color is defined by the z Mode
position of the brightness
value.

' Magimum " Transparent * Keep b aximum

Threshold : EE
. . . HRamp |31 %
Mode Transparent: The transparent projection is

built up from the rear to the Maimum Opaciy: [ % —— |—
front. The color is defined Brightness : [10 - —

by the z position at which
the original was last higher

than or equal to Threshold. Fig. 5-142 Transparency tab

Mode

Keep Maximum: Activating this option modifies the specification governing calculation of the
projection.

Threshold: Pixel value at which the ramp rises (variable from 0 to 100 %).

Ramp: Slope of the ramp (variable from 0 to 100 %; 0 % corresponds to a vertical rise).

Maximum Opacity: Degree of visibility at the top corner of the ramp (variable from 0 to 100 %,;
0 % corresponds to the bottom edge in the diagram).

Brightness: The image can be brightened again by modifying the value (from 0.2 to 5).
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5.7.2.4 Preview panel

¥ Preview Slice :

L
Ll

The Preview function permits you to regard the
influence of parameter changes in an Image

Fig. 5-143 Preview panel . .
g P Display window.

The Slice slider enables you to select the slice
which shall be displayed in the Preview Image
Display window.

e After finding the optimum adjustment using
the Preview function, you have to generate
the final version of the image using the Apply
button.

— The projection appears. The computation
can be followed in the image or by the
progress bar.

‘Heady, 512512 %8, 3 channels . 8 bit

Fig. 5-144 Projection image

3>  The computed 3D sequence can be animated with the Anim button in the Select toolbar.

In addition, the Animate window appears, in which you can influence the direction and speed
of 3D image rotation (see section 5.13.8, page 5-234).

You can browse through the rotation sequence manually with the Slice button in the Select toolbar and
the Slice slider.
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e To view the computed 3D sequence as a gallery on the screen, click on the Gallery button in the
Display toolbar.

£ Projection - Convallaria? = - AlM

Diizplay

|F!ead_l,l, F12x512 216, 3 channels , 8 bit

Fig. 5-145 Projection image (Gallery)
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5.7.3 Stereo

Stereoscopic images can be generated in a variety
of ways by means of the Stereo function.

A stack of images must be available.

5.7.3.1 Open / Close the Stereo Images
window

e C(Click on the Stereo button in the 3D View
subordinate toolbar of the Main menu.

— This opens the Stereo Images window.

e C(lick on the Close button to quit the window.

5.7.3.2 Source panel

Source

LClose

Convallaria Stack

Stereo Images

Projection | Trarsparency |

Basic Angle : IU i :II
Riight Left &ngl |-12 -
ght Left Angle LI

;|14E

Mumber Images : |2
B S
451 18| 3
Difference Angle IU * j

Panorama

tfode ' Red/Gieen Image ¢ SplitImages

Channel

Apply
ICh3 'l

J Click into wirdaow

Preview

¥ Breview Slice J— |1— jl

Fig. 5-146 Stereo Images window

e Select the image for the projection operation from the image selection box.

e Select the channel to be used from the Channel selection box.

5.7.3.3 Stereo Images panel

e In the Stereo Images panel, set the parameters needed for stereoscopic viewing: Mode, Basic
Angle, Right Left Angle, Number Images and Difference Angle in the Projection tab and the

Mode parameters in the Transparency tab.

5-170
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Tranzparency I

Projection tab

Mode Maode : " Red/Green Image & Spiit Images
Red / Green Image: This displays a stereo image -
g p y g Basic Angle : IEI ° —I
for red/green anaglyph =
observation  using red/ RightLeftAngle: [12 jl
green spectacles. o4
Muraber | 3 -
Mode e =] 18] 32| B4 /\
i : is di i | 45)18] 3
Split Images: Thls displays a pair of stereo e j
images  for  observation Lo
through a  stereoscope.

Colored stereo images are Fig. 5-147 Projection tab
also possible.

Basic Angle: Direction angle at which the specimen is viewed; 0° from the front, 180° from the
rear.

Right Left Angle:  Angle between right and left (red and green) image.
Number Images: Number of 3D images (slices).

Difference Angle:  Angle increment of a sequence.

03>  The number keys permit the direct selection of preset values for Number Images and
Difference Angle. If the Panorama button is pressed, a panorama sequence of the image
series is computed.
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Projection lransparencyl

Mode : = Magimum % Transparent
Thresheld: [0 7% - ——
Ramp: |5U— X '—J—
Marirmunn Opacity : IED— % -—J—
Brightress : IT '—J—

" Keep Maximum

Transparency tab

Mode Maximum:

Mode Transparent:

Fig. 5-148 Transparency tab

Mode
Keep Maximum:

Threshold:
Ramp:

Maximum Opacity:

0 corresponds to the bottom edge in the diagram).

Brightness:

IV Breview Slice: |

Fig. 5-149 Preview panel

5.7.3.4

The color is defined by the
z position of the brightness
value.

The transparent projection is
built up from the rear to the
front. The color is defined
by the z position at which
the original was last higher
than or equal to Threshold.

Activating this option modifies the specification governing calculation of the
projection.

Pixel value at which the ramp rises (variable from 0 to 100 %).
Slope of the ramp (variable from 0 to 100 %; 0 % corresponds to a vertical rise).

Degree of visibility at the top corner of the ramp (variable from 0 to 100 %;

The image can be brightened again by modifying the value (from 0.2 to 5).

Preview panel

The Preview function permits you to regard the
influence of parameter changes in an Image

Display window.

The Slice slider enables you to select the slice
which shall be displayed in the Preview Image

Display window.

5-172
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e To start computation of the stereoscopic image,
click on the Apply button.

=
Ll
Zoom || Spltay

— The image is built up twice (once each for

the red and green colors), resulting in a )|l -
stereoscopic image. A
{‘E}O ET=l]
ontr 7

I3-  The stereoscopic effect can only be seen
with the aid of red/green 3D goggles.
The red lens is to be used for the right
eye and the green lens for the left eye.

|Heady, 513 %512, 3 channels . 8 bit

Fig. 5-150 Stereoscopic image (red / green)

I3  The presentation can be modified by selecting the Split Images (Mode) option in the
Projection tab of the Stereo Images panel.

e By clicking on the Apply button, the two stereo pairs are presented side by side and can be viewed
without red / green 3D goggles.

£ Stereo Images - Convallaria2 = - AIM

‘Haady, 1026 % 512, 3 channels . & bit

Fig. 5-151 Stereoscopic image (split)
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5.8 Macro Menu

The macro function permits the running of command sequences and their allocation to buttons in the
Macro menu.

e |n the Main menu toolbar, click on Macro.

— This opens another, subordinate toolbar in the Main menu.

TE!LSM 510 - Expert Mode [X]

File  Acquire Process 3D View Macro Options  Window Help
Vi 5
@ File SDViewlé Macro % Options ﬁ M aintain
. 4
kil 1. kil @

Diztance Prafile Spot Axiopl Center i)
| .k | .M | il | .k .k .k .k ik Macro

VE Acquire i>=< Process

I

4« Macro subordinate
toolbar

Fig. 5-152 Macro menu

5.8.1 Macro Control
5.8.1.1 Open / Close the Macro Control window

e Click on the Macro button in the Macro subordinate toolbar of the Main menu.
— This opens the Macro Control window.

e Click on the Close button to quit the window.
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5.8.1.2 Edit Macro function i& Macro Control
. . Edit Macro Azzign Macro to Button Cl
This function allows you to load, run and unload | L
macros. [Maco
. . Froject I ﬂ
e Press the Edit Macro button to switch to the
Macro panel | e | Load I Save || Savels | Unload |
' M acroz Edit
Run
. . Step
Load button: ~ Opens an existing project. o
Run button: Runs a macro. Edtor
Unload button: Removes the selected macro
from the Macros list. fiec
ame
| Start | | [Eaneel | | Stom |
) . ) r Edit iy
Macros are stored and managed in project files Stz

(*.Ivb).

To activate an existing project, proceed as follows:

Press the Load button.
— The Open window will be opened.

Select the relevant project file (data extension:
* Ivb) from the Macros list box. Click on the
Open button.

— The project file will be opened and the
macros contained in it are displayed in the
Macros selection box of the Macro Control
window.

Proceed as follows to perform a macro:

Fig. 5-153 Macro Control window

Loak jn: IaMacros j gl B ==

File narme; |".Ivb

Filez of tupe: I".I\-'b

j Cancel |

[~ Open as read-only

Fig. 5-154 Open window

e Select the required macro from the Macros list box of the Recording panel.

e C(lick on the Run button to start performing the macro.

(I

click on this button to perform the macro.

Provided that a macro is linked to a button in the Macro subordinate toolbar, you only need to
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i% Macro Control 5.8.1.3 Assign Macro to Button function
Edit Macra s3ign Macro to Button oze . . . .
= | peimoto o [ This function permits stored macros to be linked
Define Buttons with one button each in the Macro subordinate
Button Im tOO|bar
Test ISin le .
oo ILWQMU% L o Press the Assign Macro to Button button to
Macios [fimre2 ] switch to the Define Buttons panel.
Delete | Apply |

Proceed as follows to link a macro to a button of
the Macro subordinate toolbar:

e Select the button number from the Button
selection box.

e Enter the button labelling in the Text editing
box.

Fig. 5-155 Macro Control window e Select the name of the project file from the
Project box using the ... button.

e Select the macro name from the Macros box.

e Press the Apply button to assign the relevant macro to the specified button in the Macro toolbar.

Proceed as follows to delete the linking between a button in the Macro subordinate toolbar and a
macro:

e Select the button number from the Button selection box.

e Press the Delete button to delete the linking.

5-176 B 45-0007 e 12/02



LSM 5 PASCAL

Overview of available Macros (all LSM releases)

OPERATION
Macro Menu

Carl Zeiss

5.8.2 Overview of available Macros (all LSM releases)

Documentation files (*.rtf, *.doc) of advanced macros will be located in the macro directory.

Name Description
AOTFfit.lvb Linearize laser attenuation (AOTF or mechanical)
AOTFfitlin.lvb New method to linearize laser attenuation (AOTF or

mechanical)

Autofocus.lvb

Automatic focusing according to a set configuration

Bleach.lvb

Bleaching of a rectangular area or a line; combines old macros
BleachRectangle.lvb, BleachLine.lvb and Spot.lvb

CameraColor.lvb
(also Button in Maintain)

Color balance of Axiocam HRc

Centerv28-30.lvb

Centers the field of view around the position marked with the
cross tool;

CopyPasteOverlays28-30.lvb

Copies actual overlay drawing into the clipboard and pastes
the drawing into a selected image window

CopyPasteRoi.lvb

Copies drawing element of overlay into clipboard and pastes
it into other selected windows

CopyRoisToOverlay28-30.lvb

Copies ROIs to overlay drawings; both can be viewed and
measured at the same time;

CpCanTrace.lvb

Checks communication of PC with CAN-Bus/net

CpDsp.Ivb

Checks communication of PC with DSP

DeleteMultiTimeRecipies.Ilvb

Deletes all available Multiple Time Series set ups

Distance.lvb

Example macro for measurement

Distance28-30.lvb

Release 3.0: measures the distance using the mouse;

DivideThroughReferencelmage.lvb

- divide complete time series through a single image/part of
the series

- duplicate a single image or part of a time series to this
series.

EventPollPeriod.lvb

Not documented

FastModeSwitch.lvb

Store settings from "Scan-Control" and reuse.

FileExport.lvb

Exports one or more selected images according to the set file
format in one go; Exports image intensity values in ASCI
format;

GDC_calib.txt

Description

HotKey.lvb

Shift focus with a button and start Single-Scan

KSPlastv25.lvb

KS software macro
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Name Description

Kundenmacro32.doc

Documentation

Lambdatrans.lvb

Time series alternating between lambda and transmission
mode

LsmHWAdmin.lvb
Maintain)

(also  Button

Direct service hardware access (password protected)

LsmHWAdmiInEx.lvb

Calibration service macro (password protected)

LsmHWAdminMeta.lvb

Calibration for META channel

LsmTime.lvb

Triggered Time scan Macro

Macro_Description.pdf

Description

MCS30.lvb
Lsm.mac

Control of spectrometer

MetaExport.lvb

Export of META image files including all channels as tif, bmp...

ModifySeries30.lvb
ModifySeries30.rtf

Modifies Z Stacks and Time Stacks like Rotation of the stacks,
being mirrored, Conversion of time stacks into z-stacks and
vice versa;

MultiProfile.lvb

StitchArt macro (Software option)

MultiStack.lvb

Similar to StitchArt, but generates stacks only (no profiles) and
uses the settings in scan control.

MultiTime28-32.lvb
MultiTime28-32.rtf

Set up of time series experiments including repeated imaging,
bleaching and autofocusing with defined configurations at
multiple locations and for various views at each location
(Software option)

OptimizeGDCV3_0.lvb
OptimizeGDCV3_2.lvb

Optimize the max. peak power of fiber coupled Ti:Sa lasers
(Release 3.0/3.2)

Parameters.lvb

Check the scan parameters

Pixel28-30.Ilvb Displays and stores the mean intensity values of each line of
one or more channels of one or more images; data from each
line are stored as a txt file in the current folder;

Profile.lvb Displays the pixel values along a line

Profilev28-30.lvb

Opens VBA editor for profile

Reboot.lvb (also Button in Maintain)

Service reset of scan-module (password protected)

Scalebar30.lvb
Scalebar30.rtf

Indication of self defined intensity levels assigned to a ROI as
scale bar in the image; also attaches tick marks and
concentration values to the grayscale/color wedge.

SetFind.lvb (also Button in Maintain)

Sets properties of the Find function

Spline.lvb (also Button in Maintain)

Calibration of a spline-scan
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Name Description
TileScanRotation.lvb Defines rotation of a tile-scan
TimeSeriesShutter.Lvb Close laser shutter in time series on a LSM 5 PASCAL
Trigger.lvb Trigger test
TuneNLOLaser32.lvb Change wavelength of a tunable Ti:Sa laser and run excitation
series

Remarks:

— During installation, default macros will be installed according to their type either in AIM\, AIM\HWT or
AlIM\Macros\. Self generated Macros will be in AIM\Macros.

— In case of a new installation, old macros will be stored in AIM\Macros\BackupMacros or AIM\Backup\,
to avoid problems with identical names of existing and new macros.
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5.8.3 Sample Macros

The LSM 5 PASCAL software package includes e. g. the Distance, Profile, Spot, Axioplan Center and
Multiple Time Series sample macros.

They can be easily executed by clicking on the relevant button in the Macros subordinate toolbar.

During the execution of a macro, the Stop Macros window is always displayed on the screen. This
enables a macro to be stopped any time by pressing the Stop button.

The functions of the sample macros are explained below.

5.8.3.1 Distance macro

This macro permits measurement of the distance of a line created in the scan image.
¢ C(lick on the Distance button in the Macro subordinate toolbar.

— An XY scanning image of the specimen is recorded and displayed. At the same time, the Mouse
position test window appears on the screen.

e Then draw a line over the distance to be measured by clicking and holding down the mouse button.
The click of the mouse sets the starting point, releasing the mouse sets the end point of the line.

— After release of the mouse button, the length of the line in the scanning image is displayed (in
um).
— Any required number of lines can be defined in the image. The previous line is deleted.

¢ A click on the Exit button in the Mouse position test window will end the macro.

5.8.3.2 Profile macro

This macro permits the gray values of a line created in the scanning image to be determined pixel by
pixel.

e C(lick on the Profile button in the Macro subordinate toolbar.

— An XY scanning image of the specimen is recorded and displayed. The Profile window is shown
on the screen.

e Then click and hold down the mouse button to draw a line in the scanning image for which the gray
values shall be determined.

— The current numbers of the pixels of the created line to which the relevant gray value is assigned
now appear in the Profile window.

— At the same time, the distance of the created line is displayed in um for checking.
— Any required number of lines can be defined in the image. The previous line is deleted.

e A click on Cancel will end the macro.
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5.8.3.3 Spot macro

This macro permits the specimen to be excited with the laser as required along a line created in the
scanning image.

e Click on the Spot button in the Macro subordinate toolbar.

— An XY scanning image of the specimen is recorded and displayed. The Spot Scan window is
shown on the screen.

e Click on the Select Excitation Line button.

e Create a free-hand line (spline) in the scanning image over the area to be excited by clicking and
holding down the mouse button.

e Then determine the duration of the excitation by moving the Exposure Time slider.
e Click on the Excite button to trigger the excitation procedure.

e A click on Exit will end the macro.

5.8.3.4 Axiopl Center macro

In this macro, the scanning stage is automatically guided to the selected area of interest in the scanning
image, i.e. the selected specimen spot will then be in the center of the scanning image. This macro can
only be performed with the Axioplan 2 imaging MOT equipped with an XY-scanning stage.

e Click on the Axiopl Center button in the Macro subordinate toolbar.

— An XY scanning image of the specimen is recorded and displayed. A cursor appears in the center
of the scanning image.

e Move the cursor to the area of interest in the specimen.

— The scanning stage is automatically guided to this area. The selected specimen spot and the cursor
are then in the center of the scanning image.

e A click on Stop will end the macro.
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5.8.3.5 StitchArt macro

The StitchArt software option for LSM 510 MAT and LSM 5 PASCAL MAT permits the automated 3D
measurement of large samples:
- Highly resolved topographies of 10 times larger scan field

- Extra large profiles of more than 10 times of length of scan field

Example:

9 x 9 stacks 3.6 mm x 3.6 mm

Single scan field size Epiplan Neofluar 20x/0.5
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(1) Multiple Profile Mode

Maximum format: 16384 pixels x 2048 slices

Variable overlap: 10 ... 50 % of single profile length

Scan Speed: 8 (fixed)

Scan time: 20 ... 210 seconds (depending on 2)

Height difference DZ: 0.1 ... 0.6 pm [in steps of 0.1]

Total height Z: 50 um ... T mm

Auto alignment: Cross-correlation in X, Y & Z

Maximum profile lengths:

Obijective: 5x 10x 20x 50x 100x
Single X Profile (0.7): 2.6 mm 1.3 mm 650 pm 260 pm 130 um
Multiple Profile (1.0): 30.0 mm 15.0 mm 7.5 mm 3.0 mm 1.5 mm
(2) Multiple Stack mode

Single stack format (X): 4x4 ... 512x512 pixels

Number of stacks: 1x1 ... 16x16

Variable overlap: 10 ... 50 % of single image size

Scan Speed: 5.8

Scan time: 1 minute ... 10 hours

Height step DZ: 0.5 ... 100 microns

Total height Z: 4 mm

Auto alignment: Cross-correlation in X & Y

Maximum stack sizes:

Objective: 5X 10x 20x 50x 100x
Single XYZ|2.6 mm 1.3 mm 650 pm 260 pm 130 pm
Stack (0.7):

Multiple Stack |26.7 mm 13.3 mm 6.7 mm 2.6 mm 1.3 mm
(1.0):

Adjustment functionality:

Find Focus Autofocus by fast Z line

Find Gain Auto Brightness & Contrast

Adjust scan mirrors: To XY direction of MOT stage

Adjust spherical objective error: On a plane mirror

15y Macro VBA programming is described in chapter 6.
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5.9 Options Menu

The Options menu permits performance of the following functions:
— Display of a current list of dyes with preferred wavelengths for the scanning procedure.

— Display / modification of the user-accessible program Settings of the LSM 5 PASCAL software.

¢ In the Main menu toolbar, click on Options.

— This opens another, subordinate toolbar in the Main menu.

T&/LSM5 PASCAL - Expert Mode E

File  Acquire Process 3D View Macro Options  Window Help
é Macra ig b aintain |

i >=< Process

7 % Aequire

@ File

D View

2

s < Options subordinate
s toolbar

Fig. 5-156 Options menu

P 5.9.1 Dye DB Function

Fluarochiome [ Ext from) [ Ex2[rm] [Emitfm]  [Em2fom]  [=] |7

e ] ]

e i = The Dye DB function is for information only and

Actdnarnge A oo - o permits access to the database contained in the

Alexa 360 343 440 . . . .

Heva 30 335 50 system, including a list of suitable dyes for

Alera 532 523 548 .

Eiggg Ezg Egg fluorescence MICroscopy.

s B ® The database contains a comparison of tables of

. = i dyes, optimum excitation wavelengths and

e 8w B maxima of emission wavelengths.

Btecr ] n e

Berberinsulfat 430 5&0

BFP (blug-shifted / YGEH] 360 440

BFP2 380 440

Boee z i 4 - - .
e C(lick on the Dye DB button in the Options

Fig. 5-157 Dye database window subordinate toolbar.

— The Dye database will be opened and
displayed on the screen.

e C(lick on the Close button to exit the Dye database.
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5.9.2 Settings Function

The Settings function permits the individual setting and matching of software settings with regard to
the following points:

— Autosave — Recording / Reuse

— Database General — Timeseries

— Database Table Viewer — Scan Mean of ROIs

— Database Gallery Viewer — Temporary Files

— Import / Export — Program Start

— Scan Information — Shutdown

— Image Status Display — Image Display Toolbars
— Print Status Display — Save

5.9.2.1 Open / Close the Settings for user : ... window

e Click on the Settings button in the Options subordinate toolbar of the Main menu.
— This opens the Settings for user : ... window.

e Click on the OK button to quit the window. The last settings will be taken over. Cancel enables you
to cancel the procedure, with any changes you made not being taken over.

Settings for user : hpwdh x|
Autozave | [ atabaze General | D atabaze T able Yiewsr I Databaze Gallery Viewer I 0K

Import / Export | Scan Information | Image Status Dizplap | Frint Status Dizplay |

Recording / Reuse | Timeseries | Scan Mean of ROIs | Tempaorary Files |
Program Start | Shutdawr | Image Display Toolbars I Save I B

Startup configuration : IFITE / Rhodamir] j

Dan't show logo ; r

Light manager : |

Fig. 5-158 Settings for user : ... window
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Autosave Database General i Database Table Yiewer i Database Gallery Yiewer i 5_9_2_2 Autosave
7~ Mo autosave
- oo ot g dabase and adarrenent e rane This tab permits activation or deactivation of
@ Expot to MetaFlon fomst automatic data storage. Only one option can be
Base diectorp: [CALSMGT0MMAGES =] selected at a time.
Sub directory base name L5t
Sub directory counter value: |23 i’
(1) No Autosave

Fig. 5-159 Autosave tab On activation of this option, the Autosave
function is switched off. Save and Save As give
the same dialogues.

(2) Use LSM image database and auto increment image name

On activation of this option, newly recorded or modified images are stored by Save automatically and
assigned to the name or defined in this function. The image name is automatically created using a base
name and a serial number. For this, a base name must be entered in the Base image name input box,
and a starting value for the serial number in the Counter value input box. The Database selection box
permits selection of the directory in which the data will be stored.

the directory in which the data will be stored.

(3) Export to Attofluor format

On activation of this option, newly recorded or modified images are stored by Save in the Attofluor
format. The displayed Experimental directory selection box permits selection of the directory in which
the data will be stored.

(4) Export to Metafluor format

On activation of this option, newly recorded or modified images are stored by Save in a subdirectory in
the MetaFluor format. An existing higher layer of folders must be selected for the subdirectory from the
Base directory selection box. Furthermore, a name for the subdirectory must be entered in the
Subdirectory base name input box. The starting value for the images then created, to which a
continuous number is automatically assigned, is set in the Subdirectory counter input box.
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5_9.2_3 Database General Autozave || Database Table Viewer | Database Gallery Viewer
f.. Start with "Form" ((E Show first recordzet at opening of databage
. . . . . Start with “List" Show middle recordset at opening of database
This tab permits the basic starting settings for the  Stat wih Galery" ~ Sha st torcee l cpenin of delabase
U Se Of d ata baseS . ¥ Use separate path for ''Create” and "Open’

& Save most recently used path at exit and reuse at nest program start
" Use the following path at program start :

IE'\LSmS‘I Obildertconvallaria-manual mdb User default path |

(1) Start with "Form"

On opening of a database, the Form option is
displayed first. Fig. 5-160 Database General tab

(2) Start with "List"
On opening of a database, the List option is displayed first.

(3) Start with "Gallery"
On opening of a database, the Gallery option is displayed first.

(4) Show first recordset at opening of database

On opening of a database, the first recordset is displayed.

(5) Show first recordset at opening of database

On opening of a database, the middle recordset is displayed.

(6) Show first recordset at opening of database

On opening of a database, the last recordset is displayed.

(7) Use separate path for "Create" and "Open"

This option permits the path to be changed when the Open or New database function is used.

Save most recently used path at exit and reuse at next program start

On activation of this option, the path setting last used is automatically selected again in the Open
Database or Create New Database window.
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Use the following path at program start

On activation of this option, the path for the Open Database or Create New Database window can
be entered directly in the relevant selection box, or selected by clicking on the ... button in the Choose
Directory window. This path will then always be set when a database is opened or created.

Clicking on the User default path button firmly sets the C:\users\default\ path.

Autozave Database General Database Table Viewer Database Galler Viewer

Table columns to dizpla
v Wame ¥ Fixel Depth ¥ Objective ™ Processing Summary
" Description B Stack Size (Pixel] [~ Beam Splitters [ Processed Size
" HNotes W Stack Size[pm] [ ‘Wavelength I” Image Pathname
W Date/ Time [ Pasition ™ Filters " User
¥ ScanMode B Scaling ™ Pinhole

' Automatic: column width calculstion
¥ Save and use interactive column width setting

Fig. 5-161 Database Table Viewer tab

Autasave Database General Database Table Viewer | Database Gallery Viewer |

Image information ta displa
¥ Name ¥ Pizel Depth
¥ Date / Time ¥ Stack Size [ Pixel |
¥ Scan Mode ¥ Processed Size

Fig. 5-162 Database Gallery Viewer tab

5.9.2.4 Database Table Viewer

The Database Table Viewer tab permits the
definition of the columns for the table display of a
database. This only requires the relevant check box
to be activated with a click of the mouse.

On activation of the Automatic column width
calculation option, the column width is calculated
automatically.

On activation of Save and use interactive
column width setting, the column width in the
database can be matched as required. The
individual setting will be retained when the
database is closed.

5.9.2.5 Database Gallery Viewer

The Database Gallery Viewer tab permits the
image information to be displayed in the Gallery
mode of the database to be activated by clicking
on the relevant check box.
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Scan Information Image Status Display PFrint Status Display

5.9.2.6 Import / Export

¥ Use separate path for "lmport"
¥ Sawe most recently used path at exit and reuse at nest program start

Use Sepa rate path for " I m port“ or " Export " € Use the fallowing path at pragram start :
IC.\LsmEW Obilderyconvallaria-manual. mdb\MAGES _I User default path

¥ Use separate path for "Export”

This option permits the change of the path setting

for use Of the Import Or Export functlon (File gaavihmafst”rec.emtlyusedpathatex\taerleuseatnexlDrogramstart

e the following path at program start :
menu). [CuLSMETo:Grafiken o || User defa path |
Save most recently used path at exit and Fig. 5-163 Import / Export tab

reuse at next program start

On activation of this option, the path used last is
automatically selected again in the Import Images
or Export Images and Data window.

Use the following path at program start

On activation of this option, the path for the Import Images or Export Images and Data window can
be entered directly in the relevant selection box, or selected by clicking on the ... button in the Choose
Directory window. This path will then always be set when the Import / Export function is used.

Clicking on the User default path button firmly sets the C:\users\default\ path.

5.9.2.7 Scan Information Import / Export Image Status Display i Print Status Display i
Dizplay the follawing infarmation i the 'S can Information' windao

This tab permits the setting of which scan * Qbicive ¥ SeanTime 7 Fiee R
information shall be displayed in the Scan ¥ Fuetbentn ¥l ¥ Fiessoacecnthe paelc

- . . ¥ Stack Size ¥ wavelength ¥ Fies space on local harddisks
Information window (see Window pulldown o o

. v Scaling ¥ Position ¥ temorp amount for next scan

menu of the Main menu, page 5-211f). " bversge @ e e

Activation / deactivation of the information to be
displayed is performed with a click of the mouse.

Fig. 5-164 Scan Information tab
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Import / E xport Sean Information

[~ Show status diplay upon opening of a new image display

Status display in image window

¥ Scan Mode

V¥ Scaling

[V Stack Size [ pm |
V¥ Zoom

¥ Obijective

IV Pisel Time

¥ Pasition

¥ Average

[ User

¥ Detector Gain

v amplifier Gain

¥ amplifier Dffset

¥ Finhole

[V Filters

[V wavelergth

¥ Beam Spiitters

¥ Processing Summany

Image Status Display

Image statusbar
¥ Stack Size [ Pixel )

¥ Number Channels

[V Fiaw / Reconstiuction
¥ Pixel Depth

¥ Pl Intensity | Mouse |

¥ Display Zo
[V Falatte

Print Status Display

o

Fig. 5-165 Image Status Display tab

Import / E Rport Scan |nformation

IV Print Status Information

Image Status Display

| Print Statuz Display

¥ Scan Mode

v Scaling

[V Stack Size [ pm )
¥ Zaom

¥ Obijective

IV Pisel Time

¥ Pasition
™ Awverage
¥ Detector Gain
¥ Amplifier Gain
¥ Amplifier Offsst
¥ Pinhale

[ Filters
v ‘wiavelength

¥ Beam Spiitters

¥ Processing Summary

™ User

Fig. 5-166 Print Status Display tab

Aecording / Aeuse |

Use the following Parameters for Image Acquisition after &pply Recording Configuration

¥ Objective

¥ Frame Size

¥ Speed

¥ Data Depth
™ Scan Direction

Timeseries I Temporary Files

[V Average

¥ Pinhole Diameter
W Detector Gain and Offset

¥ Zaom

¥ Fotation and Offset

Scan Mean of ROls

I Set Objective for Reuse

Fig. 5-167 Recording / Reuse tab

5.9.2.8 Image Status Display

This tab permits selection of which image
information is displayed on opening of an image
or on activation of the Info button of the Image
Display window. Furthermore, you can determine
which information will be displayed in the Image
status bar.

On activation of the Show status display upon
opening of a new image display check box, the
image information is automatically displayed
immediately after opening of the Image Display
window (Info button is activated).

5.9.2.9 Print Status Display

This tab permits selection of which information is
displayed in print preview.

On activation of the Print Status Information
check box, the status information will be printed.

5.9.2.10 Recording / Reuse

The parameters to be taken into consideration for
the use or load of a recording configuration are set
in this tab.

As an option, you can also determine whether the
objective setting shall be taken over when the
Reuse function is used.
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5.9.2.11 Time series Recodng /Rewse | Tessies | scanbeanciROls | Temporay Fs

. . . Time Control
In the Timeseries tab, you can determine whether @ Time Delay
the time for the recording of a time series is set as C Tine e
Time Delay or as Time Interval. Unt for ‘Mean of FDIs" iagiam

¢ Seconds

Time Delay is the interval between the end of one € Minutes
scan process and the beginning of the next. £ tous

Time Interval is the interval between the ] ] ]
beginning of one scan process and the beginning Fig. 5-168  Timeseries tab
of the next.

You can select the unit for Mean of ROIs diagrams.

5-9. 2. 1 2 Sca n M ean of ROIS Recording / Reuse Timeseries Sean Mean of ROl | Temporary Files

i~ Diagram scaling

€ Automatic diagram scaling

The Mean of ROIs tab permits the presetting of e e
the Image Dlsplay window for the Optional &' Fired number of cycles for diagram time scale Han;e:lw—ﬂ
MeanROI function (time series) to be changed s

with regard to scaling and display mode of the @ One digram ¥ Black gaprs

® CiEmEheEyEms - Scan the whale image

intensity time diagrams. C Rls diagrams ™ S the whol e series

(1) Diagram Scaling Fig. 5-169 Scan Mean of ROIs tab

The following settings are possible by activating
one of the option buttons:

— Automatic diagram scaling
— Fixed time range for diagram time scale; input of the time range in seconds via input box

— Fixed number of cycles for diagram time scale; input of the time range in number of cycles via
input box

(2) Initial diagram types

The following settings are possible by activating the relevant option button:
— One diagram
— Channels diagram
— ROIs diagram

On activation of the Black graphs ¥l check box, the intensity profiles in the diagram are displayed in
black (monochrome).
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(3) Liveimage

If you activate the Also display the live image check box, the live image will be additionally displayed
in the Image Display window of the Mean of ROI function during the Mean of ROI scan.

On activation of the Also display the live image check box, two further options become available in
the Scan Mean of ROIs tab:

— Scan the whole image check box

— Save the whole time series check box

Scan the whole image

If you activate this check box, the complete live image will be scanned; only the defined ROIs will be
scanned if the check box is deactivated.

Save the whole time series

If you activate this check box, the complete Time Series will be scanned; only the Mean of ROI series will
be scanned if the check box is deactivated.

Recording / Reuse i Timesenes TE"“DUTGTPFHES Scan Mean of ROl i 5.9.2.13 Temporary Files
—Image Memory
 Use R4 . . . .
& Use Disk femporay fe] The Temporary Files tab permits determination
[ of the directory in which temporary files are
Use "TEMP" enviranment variable
@+ Usze the following path StOI’ed
| =
Use "TEMP" environment variable

Temporary files are stored in the TEMP standard

Fig. 5-170 Temporary Files tab . ,
directory of the computer's hard disk.

Use the following path

The directory for temporary files can be selected
by clicking on the ... button in the Choose
Directory window.
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5_9_2_14 Program Start Program Start | Shutdown i Image Display Toolbars | Save

The Program Start tab permits selection of a e D L

track configuration via the Startup configuration psvems L

selection box, which will be loaded automatically betmenese T

when the Expert Mode is started.

On activation of the Don't show logo ¥l check

box, the initial screen with the Zeiss logo will not

be displayed after the start of the LSM 5 PASCAL Fig. 5-171 Program Start tab

software.

5.9.2.15 Shutdown

The Shutdown tab allows you to determine, by
activation of the Lasers off on Exit ¥l check box,
that the lasers are automatically switched off
when the LSM 5 PASCAL software is exited.

Allow lasers to cool for five minutes before
switching of the system.

5.9.2.16 Image Display Toolbars

The Image Display Toolbars tab enables you to
determine the window toolbars which shall be
automatically displayed when an Image Display
window is opened.

Furthermore, the color mode (color / mono), to
which the image display will switch when the
Color Palette function is opened / closed, can be
determined.

(1) Display Windows Toolbars

Program Start Shutdown Image Display Toolbars

Actions on Shutdown

™ Lasers off on Exit

Save

Fig. 5-172 Shutdown tab

Program Start Shutdown Image Displzy Tookbars .,

Save

Display ‘Window Toolbar Color Palette

[ Show "Channels" Toolbar
™ Show "Zoom” Todlbar
[ Show “Slice" Toolbar

" Show "Dverlay” Toolbar

¥ Switch to "monc” on activation of a palete

¥ Switch to "colar” on deactivation of a palette

Fig. 5-173

Image Display Toolbars tab

On activation of the relevant check box, the following window toolbars are automatically displayed when
an Image Display window is opened: Channels, Zoom, Slice, Overlay.
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(2) Color Palette
Switch to "mono" on activation of a palette

If this check box b is activated, the Mono(chrome) image display mode is switched automatically when
a palette is selected in the Color Palette window.

Switch to "color" on deactivation of a palette

If this check box Bl is activated, the Color image display mode is switched automatically when a palette
is deactivated in the Color Palette window.

Fogansiat | Shidow | ImogeDicply Tookrs | Save 5.9.2.17 Save

& Image files to subdirecton of the database

" Databass and mage fls 1 the sams disctoy The Save tab permits the presetting for the
e e e s by T ¢ thospesked storage of scanned or processed images to be
&l Seve s el el medie s chan 9 ed.

oo Activation of one of the three option buttons
LT e o= ke oz enables you to determine the database directories

to which stored images are assigned:

Fig. 5-174  Save tab — Image files to subdirectory of the database

— Database and image files to the same
directory

— At "Create Database" automatically create a subdirectory with the same name as the specified
database and create the database and image files in that subdirectory

If the Save prompt at closing modified windows check box is activated, you are automatically asked
on closing a changed image window whether the image shall be stored.

If the Warning before overwrite existing recordsets check box is activated, this question is asked
automatically on storing an image under a new name if an image file with this name already exists in the
database.

If the Remember "Name", "Description” and "Notes" in the save dialog check box is activated, the
Name, Description and Notes text boxes of the Save Image and Parameter As window show the
text for the image last saved. You can edit the text boxes as required for the new image to be saved.

If the Remember "Name", "Description” and "Notes" in the save dialog check box is deactivated,
the three text boxes are blank when the Save Image and Parameter As window is opened.
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5.10 Maintain Menu

The Maintain menu contains additional modules to check and guarantee the interference-free operation
of all the software and hardware components of the LSM 5 PASCAL.

¢ In the Main menu toolbar, click on Maintain. This opens another subordinate toolbar in the Main
menu.

& LSM 5 PASCAL x|

File Acquire Process 3D Yiew Macro Options Maintain  Window Help

File: 7 Acquire +3 Process ‘ﬁ 30 Wiew Macro : Options ...................... M t
= e =X L & el 7 —
ﬁ <«— Maintain subordinate
Scanner | Objective | Pinhole | Dspload | SetFind Spline DSP Trace| Parameter | Reboot | Hw/admin | Test Grid

toolbar

Fig. 5-175 Maintain menu

5-10.1 Scanner T& ! Scanner Calibration
The Scanner function is used for scanner | ] Il || M
calibration. _ _
I Display Graphic: - ﬁ
meah square scanner divergence 0.000 Calibrate
max. scanner divergence 0.000 @
|Progress Statug Stap
=1
tore
Fig. 5-176 Scanner Calibration window
5.10.1.1 Calibration with Speed 1-10 (electr., unidirectional / bidirectional) and Speed 11-13

(electr., only unidirectional)

Q)]

The electrical calibration has to be performed every 2-3 months. For electrical calibration no laser
scanning is performed and for that reason no calibration sample is needed.

Preliminary notes

Calibration conditions

(2)

Before the calibration process can be started, the system has to be in operation for at least one hour.
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(3)

Calibration procedure
Click on the Scanner button in the Maintain subordinate toolbar of the Main menu.
— This opens the Scanner Calibration window.
Click on the Speed 1-10 (electr.) or Speed 11-13 (electr.) button respectively.

For electrical calibration of speeds 11-13 the appropriate zoom factors have to be applied (11 : zoom
>25,12:zoom=>3.6, 13:zoom = 5.6).

Activate the Display Graphics check box enables to check the progress of the calibration process on
the Progress Status bar.

— During successful calibration process, the status button is of green color, in case of an error it
switches to red. The progress of the calibration process is indicated by the Progress Status bar.
The calibration process is completed, when the indicator button is grayed.

Click on the Calibrate button to start the automatic scanner calibration.
Confirm warning information with OK.
Click on the Close button to close the Scanner calibration window.

The More function is for servicing purposes only and can only be performed by authorized personnel. Its
access is therefore password-protected.
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5.10.1.2 Calibration with Speed 11-13 (optical, bidirectional)

1) Preliminary notes
The optical calibration of scan speeds 11-13 (bidirectional) can only be performed at systems with
complete hardware level of Release 2.8.

The optical calibration procedure has to be repeated every two weeks in normal use and after long delay
times of the system.

The minimum duration of the calibration process is 10 minutes. However, it can last up to a maximum
time of 40 minutes depending on the performance of the scanner in use and the actual tuning
conditions.

If the optical calibration is successfully finished, there is no need to start the electrical calibration for
unidirectional scanning of speed 11-13 (in opposite, the electrical calibration would overwrite the much
more accurate values of the optical calibration procedure).

With speed 11, 12 and 13, scanning is performed at scanner frequencies of 868, 1042 and 1306 Hz,
respectively.

In bidirectional scanning, the total line frequencies are 1736, 2084 and 2612 Hz, the image recording
times for 512 lines are 0.29, 0.25 and 0.20 seconds.

(2) Calibration conditions

e The microscope stand has to be placed totally vibration-free.

— Note, that even power units on the granite plate or inappropriate situated cables can cause
vibrations.

e Before the calibration process is started, the system has to be in operation for at least one hour
(better: two hours).

— Otherwise, the tuning results will be incorrect and the forward / backward image contents do not
match with each other.

e The longest available laser wavelength of the system has to be applied.

e A 80/20 neutral beamsplitter and a None position in the emission filter wheel of either Channel 1 or
2 has to be used in the Scan Configuration window.

e A Plan-Neofluar 10x/0.3 or Epiplan Neofluar 10x/0.3 objective lens has to be used.

e A special sample (see Fig. 5-177) with two identical but 90 degrees rotated gratings (one for each
scan direction) has to be used as a calibration standard.

e The pinhole has to be completely opened.
e A dynamic range of 8 bit has to be used.

(3) Calibration procedure

e |t is advantageous to perform the electrical calibration before starting the optical calibration process.
For a first scan of the calibration standard start with scan speed 12 and zoom 3.6 (unidirectional).

e Focus on the calibration standard and adapt the dynamic range of the detector on the sample.

— Optimize Detector Gain and Ampl. Offset values in the Channels sheet of the Scan Control
window by means of the Range Indicator mode.
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e
0

Fig. 5-177 Calibration standard

e The calibration standard has to be positioned as indicated in Fig. 5-178.

e Before starting the calibration procedure, change to the bidirectional scan mode in the Scan Control
window.

e Scan Corr. X and Scan Corr. Y in the Mode sheet of the Scan Control window has to be set to
zero.

e Click on the Scanner button in the Maintain subordinate toolbar of the Main menu.
— This opens the Scanner Calibration window.

111 11 |
|1
111 1

Fig. 5-178 Correct orientation of calibration sample for X scanner calibration (Axioplan 2ie)

e C(lick on the Speed 11-13 (optical) button.
e Activate the Display Graphics check box enables the graphical display of the calibration process.
e C(lick on the More (Less) button to display the Speed Selection menu.
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e With activated Auto Calibration box, all T | Scanner Calibration
speeds (index) and axis are calibrated one after :
. Speed 1-10 [elect.] Speed 11-13 [optical] |~ Speed 11-13 [elect.] Close
another automatically. el
— Goal of the calibration procedure is the I Display Graphic prepaing @
aChIevement Of a m|n|mum Of the forward' mean square scanner divergence 0.000
H H : ma. scanner divergence 0.0o0
backward-difference (blue line in the @
graphical display) and the best possible Nw | 2
linearity (black line in graphical display Pasition calibration samplel =0
monitors the linearity deviation). Both lines —— Less
. apead oelecion
(blue and black) should be as straight as » X "
. . X e reguency [Hz
possible and as close as possible to the Zero G ] [ e

level (red line in graphical display). Green
line represents the driver voltage.

™ auto calibration (2l speeds and awiz)

e Click on the Calibrate button to start the
scanner calibration procedure.

e Confirm warning information with OK.

— The procedure starts with Speed 11 and the
X-scanner. When the Auto calibration for
Speed 11 is finished successfully the
procedure continuos with Speed 12 (higher
acoustic frequency) and larger zoom.

Fig. 5-179 Scanner Calibration window

e If necessary slightly reposition the sample and

click on the Next button. . REETT
e Do not focus or change scan parameters during e
. . Speed 1-10 [elect] | Speed 11-13 [opticall i Speed 11-13 [elect) Cloze
calibration procedure! | =
e After calibration of X-axis the orientation of the ¥ Disply Graphic g @ ﬁ
calibration grid in the calibration window e SraE Calibrate
changes from horizontal to vertical orientation. ra. scanner divergence <r0 @
The second grid of the calibration sample has to Stop

4

be selected and again positioned as indicated in
Fig. 5-178.

Less

e Click on the Next button and continue with Y- _ - P
scanner calibration. ¢ omie M =] [ e
e If the calibration for all speeds and scanners has ™ auto caliration (ol spesds and i)

finished  successfully, quit the scanner
calibration window by pressing the Close
button.

e If the Auto Calibration procedure can not be
performed successfully after several tries,
calibrate the scanner manually.

Fig. 5-180 Scanner Calibration window

B 45-0007 e 12/02 5-199



OPERATION
Maintain Menu
Carl Zeiss Scanner LSM 5 PASCAL

¢ If the Auto Calibration box is disabled, the speed index and the scanner (X-axis or Y-axis) has to be
chosen manually. The calibration cycle only contains one speed index and one scanner. For calibration
of all speeds (11-13) and both scanners, the manual calibration procedure has to be repeated several
times with changing axis and index parameters (Start with scanner X and speed 11, continue with
scanner X and speed 12, then X and speed 13, ...). The position of the calibration standard has to be
controlled at each new speed index. A repositioning of the calibration sample is required after scanner
change (for X-scanner calibration horizontal grid, for Y-scanner vertical grid).

(4) Important notes and hints
The tuning procedure runs automatically to a large extent without any problems. However, several errors
can occur. That's why it is strongly recommended to observe the complete calibration process.

If a status error message occurs or the calibration procedure is not finished properly, this can have the
following reasons:

No optimal positioning of the calibration standard.

Indication: One end of blue and black line jumps a bit forward and backward because software
recognizes sometimes the outer line of the grating and sometimes not.

e Stop the calibration procedure.
e Check the focus of the calibration sample.
e Check if the yellow horizontal line crosses the scale pattern of the calibration standard properly.

e (If necessary) Shift the calibration standard by half a scale unit (No scale tick but a gap has to be
situated directly on the edge of the image).

e Restart the calibration procedure.

No optimal setting of Detector gain and Amplifier Offset.

Indication: The forward-backward-difference shows a lot of peaks and changes significantly from
image to image.

e Stop the calibration procedure.

e Calibrate speed 12 (unidirectional) electrically.

e Optimize gain & offset: Ticks of the grid have to have intensity values of 250 ... 255 (just before
red color in Range Indicator palette). Minimum intensity values have to be between 1 ...5 (no
blue parts occur in the image by applying Range Indicator palette).

e Restart the optical calibration procedure.

Sliders of Scan Corr. X and Scan Corr. Y in the Mode sheet of the Scan Control window were
not set to zero.

Indication: Calibration process does not converge.
e Stop the calibration procedure.

e Set both values to zero.

e Restart the calibration procedure.
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Non-regularities of the scanner feedback.

Indication: The ticks on the outer sides of the grid vary about more than 1 tick width between
consecutive images (in the middle of the calibration process, the linearity is optimized and
the problem starts to occur).

e Stop the calibration procedure.

e Call the LSM service hotline.

If optical calibration comes not to a successful end, please contact your service hotline.

Scanner calibration in LSM 5 Software, 1| Scanner Calibration
Release 3.0 B |
Speed 1-10 [elect.] Speed 11-13 [optical] = Speed 11-13 [elect.) Claze
In LSM 5 Software, Release 3.0, the do full
calibration (Measure spectral response) I Display Graphic . ﬁ
checkbox must be set at the first calibration : e
. mean square scanner divergence 0.000
procedure Speed 11'13 (Optlca|) max. scanner divergence 0.000 @
Progress Status Stop
[ [dEst | —

Index Frequency [Hz]

{8 Kati
s [ = [ ssoss

¥ auto calibration [all speeds and axis)
™ do full clibration [Measure spectral response)

Fig. 5-181 Scanner Calibration window
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X 5.10.2 Objective
et 1 = ) e This function permits changed objectives to be
[Objective | activated and the parfocality to be set without
Pozition  Mame haVing tO eXit the SOftwaI’e.
1 Plan-Meafluar 2.5:/0.075 g
> Plan-Neofliar 10%/0 3 % 5.10.2.1  Objective change
3 Plar-Heofluar 404/0.75 g ¢ Change the required objective in the nosepiece.
' E piplan 100%/0.75 g e C(lick on the Objective button in the Maintain
subordinate toolbar of the Main menu.
Em ozition .
’ e % — The Objective Control window appears on
. Plar-Neofluar 40%/1 3 O g the screen. The Objective button s
activated in accordance with the presetting,
7 Plan-Neafluar 25+/0.075 g and the Objective panel is displayed in the
Obijective Control window.
Fig. 5-182 Objective Control window e Click on the graphical button of the relevant
nosepiece mount (Position).
— The Change Objective window appears.
| Change Objective ] All available objectives are listed in the Potential
51 Favorite Dbjectives = Objectives directory of the Change Objective
----- & Empty position Clase window.
----- B Achroplan 100%/1.0'W
----- 8 Achraplan 20x/0.5W Ph2 - e Select the new objective by double clicking
..... EMOVE . . . . .
_____ 8 Egilmlﬁiﬁgﬂm Objective from the list in the Potential Objectives
----- B PlanNeofluar 2 5:/0.075 directory.
----- B Plan-MNeofluar 2 5:/0.075 Pal Add ) ) . .
----- B PlanNeofluar 40+/0.75 Obiective e C(lick on Close to exit the Change Objective
----- B Plan-Neofluar 40x41.3 0il window.

&2 User Defined Objectives

... & Epiplan 1002/0.75

&-{21 Patential Objectives

..... B Empty position

----- B A-Plan 104/0.25 PH1

----- B Achroplan 1002/1.0'W

----- B Achroplan 100x/1.0 W Ph3

----- B Achroplan 104/0.3 W Phl

----- B achroplan 20x/0.5W Ph2

----- B Achroplan 40x/0.75 W

----- B Achroplan 404/0.75 W Ph2

----- B Achroplan 63x/0.9 W ;l
| B Les im A ma

Fig. 5-183 Objective Control window

(1) Add Objective

This function permits new objectives to be added
to the database.

For this, proceed as follows:

e C(lick on the Add Objective button on the
Change Obijective window.

— The Create new Objective window is
opened.

5-202
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e Enter the data of the new objective in the

Create new Objective window, then click on F"D_dufe' [Faizems denaGmbH I~ NonZsiss o
the A I button. Obiective Hame Inew objective
pp y Objective 10 I
The new objective is stored in the database and Magification —— Aply
included in the Change Objectives window. You Aperture 1
can now activate the new objective as a favorite Imersion Medium Refrective Indss [~ 1
objective using the procedure described above. Wbl [ o
L Fitness m
[ If you have activated the Non Zeiss Sean Fitness ws ¥
check box, objectives from other

manufacturers can also be included in the

Fig. 5-184 Create new Objective window
database.

(2) Remove Objective

You can only remove objectives in the Favorite Objectives and the User Defined Objectives
directories.

e To remove an objective from the database, select it with a click of the mouse in the Change
Objective panel and then click on Remove Objective. The new objective appears in the User
Defined Objectives directory.

e C(lick on Close to close the Create new Objective window.

5.10.2.2  Focus speed change x|
. i i i i Objective Faocus Speed Parfocal Carrection
e Change the required objective in the nosepiece. | Dloee

Focus Speed

Position  Speed
Plan-8pochromat 63x41.4 Ol
1 <| I— ﬂl 1 Steps

Plan-Heofluar 10:40.3

e Click on the Objective button in the Maintain
subordinate toolbar of the main menu.

rite

— The Objective Control window appears on

the screen. The Focus Speed has to be 2 W [ s
activated in the Objective Control window. -
3 [T st

— The focusing speed of the relevant objective
. . . Epiplan 100x/0.75
can be selected by using either the slider or s j”_l— M stepe
the input box in 40 steps.

5 Empty pozition

A [T s
Plan-MHeofluar 40:41.3 Ol
Dl e |
Plan-Meofluar 2.54/0.075

T e

Fig. 5-185 Focus Speed window
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x| 5.10.2.3 Parfocality Correction
foee FocusSpeed | PafoelBorecten C'm[ The parfocal setting is performed via screen

Parfocal Correction Activation

‘when parfocal corection is active the moving
stage can dammage pour objective.

Motize:

| Parfocal Correction Adjustment

Current Objective : Plan-apochromat 63x/1.4 0l

Mext Objective :

Start it [=53 Canzel

Fig. 5-186 Objective Control window

5 Objective Control
Objective Focus Speed Parfocal Comection

Parfocal Correction Activation

‘when parfocal corection is active the moving

Motize: stage can dammage pour objective.

¥ Parfocal corection active

Parfocal Correction Adjustment

Epiplan 100:/0.75
Epiplan 100:/0.75

Current Objective :
Mext Objective :

Obijective Epiplan 100x/0.75 will move to the light path. Get in focus
with vour slide object. Continue with nexst |

Mext | Cancel |

X

Cloze [

Fig. 5-187 Obijective Control window

dialogs in successive panels.

Click on the Parfocal Correction button.
— The Parfocal Adjustment panel appears.

Start the setting with the objective of the
highest  magnification  factor  (reference
objective). Proceed in accordance with the
displayed instructions.

Click on Start.

— The next dialog is displayed in the Parfocal
Adjustment panel.

Focus on your slide object.
Click on the Next step button.
Perform these steps for each objective.

Click on the Close button to exit the Objective
Control window and accept the settings.
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5.10.3 Pinhole Adjustment

In the Pinhole and Collimator window, the
pinholes and collimators are optimally aligned and
adjusted to the used beam path (configuration).

The position of the pinhole (X-Y-Z-coordinates) in
relation to the detector makes a major
contribution to image optimization.

In all existing standard configurations, the pinholes
have already been adjusted at the factory. These
settings are taken over for active operation when a
standard configuration is loaded.

If you want to create a setting that differs from
the standard configurations, adjust the pinhole as
follows.

5.10.3.1 Open/Close the Pinhole &

Collimator Control window
e Click on the Pinhole button in the Maintain
subordinate toolbar of the Main menu.

— This opens the Pinhole & Collimator
Control window.

e Click on the Close button to quit the window.

& Pinhole and Collimator

Pinhole | FH1 =l
Pinhale Chi

Diameter [um] I 1000 ﬂ T _Iﬂ
Paositian & [um] I 0 ﬂ T _i ﬂ
Pasition ¥ [pm] I 0 ﬂ T _i ﬂ

Description

Stare Current = Maove To Stored
E Position W Position

Adjust
Automatically

Adjustrment

I~ Fast Adjust Mode

Fig. 5-188 Pinhole & Collimator Control

window
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Pinhiale | PH1

Diescription Pinhale Chi

L4

Diameter [pm] I 1000 jl

el Ll Automatically

[ Fast Adjust Mode

Fig. 5-189 Pinhole panel

Store current
Position button:

Move to stored
Position button:

Adjust
Automatically
button:

Fast Adjust
mode check box:

|
Pozition # [pm] I 0 jl _i ﬂ
FPozition " [pm] I 0 j T _i ﬂ
Pazition Z [mm] I 0 j l'_i ﬂ
Store Curret =y Mowe Tao Stored
E Poszition ﬁ Poszitiot

Adiust

5.10.3.2

Function description

No further software function can be activated and
executed during pinhole adjustment.

Pinhole /
Description field:

Diameter;

Pos. X; Y; Z slider:

Storage of the current pinhole setting.

Pinhole setting is reset to the position last stored.

Automatic pinhole adjustment.

area. Used for readjustment.

Selection of pinholes (PH1
to PH4) to be adjusted via
the Pinhole selection box,
display of the relevant
channel in the Description
field.

Setting of diameter, X-, Y-
and  Z-position of the
pinhole in relation to the
beam path (Z-position can
be set only for PH1) using
the slider or arrow buttons,
status display for setting
procedure: green for ready
and red for busy.

If this check box is activated, the pinhole adjustment is only performed in a limited

Adjustment of the LSM 5 PASCAL pinholes can be performed manually or automatically.

If several channels are used to produce the image, all the used pinholes must be adjusted separately.

5-206
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(1) Manual pinhole adjustment

The position of the pinhole relative to the detector in terms of X-Y-Z coordinates contributes substantially
to image optimization.

Requirements to make pinhole position changes visible immediately:
— The image must be scanned by the continuous scan method.
— Select a fast scanning speed.
— Measurement with Average Number 1 only (no averaging of several measurements).

— On the Channel Settings panel (click on Channels button in the Scan Control window), select
the pinhole diameter so as to have the best possible image contrast.

e Click on the Pinhole button in the Maintain [ Pinhole
subordinate toolbar. — G =]

e Select the pi.nhole to be adjusted from the Description Pinhole Ch
Description list box.

e Use the Diameter slider to set the smallest Diar.“.ﬂe'[“m] 1000 4 ' v
possible size which produces a good, high- Positon® um] [0 4] | i
contrast image. Posifon v [um] [0 4|7 [ |
— This setting changes the pinhole diameter. Postion Z[mm] [0 4| r_] 4
— The ZSlice display box simultaneously E Store uret| =2 Have To Stored

displays the depth resolution corresponding Pasition Prasition
to the pinhole diameter. :
Adjustment A "f""dlus.t
o ) ) utornatically
I3 Image optimization can be effected with _
the Range Indicator or in the Line-Scan ] (R 2

mode. . .
Fig. 5-190 Pinhole panel

e Optimize the pinhole position in X, Y and Z (Z only for PH1) relative to the PMT using the X, Y and Z
sliders to maximum image brightness.

e Click on the Store Current Position button to save the pinhole adjustment.

e Removing the Current Positions slider in the Collimator panel allows the collimator to be adjusted
to maximum image brightness. Optimum collimator adjustment obtained in this way can be stored by
clicking on the Save Current Position button.

e Click on the Stop button to stop the continuous scan.

15y Please do not make any program manipulations while the automatic pinhole adjustment is
running (status display is red - busy).
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(2) Automatic pinhole adjustment

equiements for Adustnent |
- In Canfic The automatic adjustment allows the LSM 5

PASCAL pinholes to be used with any combination
of beam splitters.

e C(lick on the Adjust Automatically button.

— The Requirements for Adjustment
window will then appear.

1o 'None! position e Meet the requirements listed in the
ecmen. Requirements for Adjustment window and
press the OK button.

— Pinhole  adjustment  will  then run
automatically. The adjusting procedure takes
approx. 3 min.

; . e The determined data are stored automatically
o i Canicel and will be available for all further examinations
— : using the same

Fig. 5-191 sveig;gjvments for Adjustment e Activate the Fast Adjust Mode check box for a
faster readjustment.

-l

3> A change of the pinhole diameter made manually in the Pinhole panel will not be activated in
the Scan Control window. Therefore, changes must always be made in the Channel Settings
panel of the Scan Control window.

A filter change in Autoadjust is not displayed in the Config. Control window.

Configuration 1 is equipped in such a way that pinhole adjustment for channel 1 can only be
made with A = 488 nm, NFT 545, NFT 610 or NFT 570.

Please remember that the Z-coordinate for channel 1 is not optimized during the automatic
pinhole adjustment. Subsequent optimization can be performed via the Move to Preadjust
button in the Collimator panel of the Pinhole & Collimator Control window.

Please do not make any program manipulations while the automatic pinhole adjustment is
running (status display is red - busy).

The optimum setting of the collimator must be performed separately for each track via the Move to
Preadjust button in the Pinhole & Collimator Control window. If several tracks are activated
(Recording), an average value of the positions valid for the various tracks will be set on pressing the
Preadjust button. When all the tracks have been defined and are active (only the ticked tracks will be
included in the calculation), press the Move to Preadjust button.
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5.104 DSP (Digital Signal Processor) DSP Performance
DSP Load: | 0%

The DSP function is used to display the current lgLload: | Lz
performance of the system processor for checking Oglosd: | 0
PUrposes. Fig. 5-192 DSP Performance window
e Click on the DSP button in the Maintain

subordinate toolbar of the Main menu.

— This opens the DSP Performance window.
e Click on the Xl button to close the DSP Performance window.
5.10.5 Set Find Auto BEC Control Eq
This function permits the preset parameters of the Detection Channel Close
Find function (see Scan Control, page 5-77) ) to ool ||P i || dre || e al_|
be matched individually. S0 || inneiz | e ] eirite

e =

e Click on the Set Find button in the Maintain

subordinate toolbar of the Main menu. Upper Threshald of Data Depth

— The Auto B&C Control window appears on j | »{[ 700 x

the screen.

e Change the settings for the Upper Threshold fain Correction

of Data Depth and Gain Correction using the - [ = Ll

relevant sliders.

IV et Amplifier Gain to 1,0 Default

The settings can be made individually for each I_F::to ::C”:r j:r:cks Ll
detection channel or for all channels together.

Fig. 5-193 Auto B&C Control window

For experiments with increasing of fluorescence
over the time it's necessary to reduce the Upper
Threshold of Data Depth for the Find function.

I3>  Each slider should be used separately.

e C(lick on the C button to set the value for the Gain Correction to 100 %.

e |[f required, activate the Set Amplifier Gain to 1.0 check box.

e Click on the Find button to start sample scanning with the current settings.
e Clicking on Default enables you to activate the default settings again.

e |If required, select Auto B&C for all tracks checkbox.
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T4 ! Calibrate Spline Scan

Scanner Position Signal Calibration

Ampliude #

Cloze

Ampliude v

12 ]

Offzet =

o 4 [

Offset™

o 4

=2

=

£
= |

Fig. 5-194 Calibrate Spline Scan window

5.10.8 Parameter

5.10.6 Spline

This function permits calibration of the Scanner
position signals. This is required for the use of
spline curves in the Line scanning mode (see
section 5.5.4, (3) Line, page 5-100f).

5.10.7 DSP Trace

The DSP Trace function is for servicing purposes
only and may only be performed by authorized
personnel. Its access is therefore password-
protected.

The Parameter function is for servicing purposes only and may only be performed by authorized

personnel. Its access is therefore password-protected.

5.10.9 Reboot

The Reboot function is for servicing purposes only and may only be performed by authorized personnel.

Its access is therefore password-protected.

5.10.10 HW/Admin

The HW/Admin function is for servicing purposes and may only be used by authorized service

personnel. Its access is therefore password-protected.

5.10.11 Test Grid

The TestGrid function is for servicing purposes only and may only be performed by authorized

personnel. Its access is therefore password-protected.
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5.11 Window Menu

The Window menu includes the additional functions Full Screen, Close All Image Windows, Toolbar
and Scan Information which are not available from a toolbar.

T&/LSM5 PASCAL - Expert Mode E

File  Acquire Process 3D View Macro  Options

) +: Full Screen " . -
§ File — X Llose &ll Image Windows Macio % Options ﬁ Maintain
Admin

Help

7 % Acquie

v Toolbar
i Scan [nformation

Finhole | Objective | Set Find Spline DsP DataReset| Scanner Reboot TestGnd | Parameter

Fig. 5-195 Window pull-down-menu

5.11.1 Full Screen

This function shows the active Image Display window in full screen size.
e Activate the image to be shown in full size by clicking on the image content.
e Click on the term Window in the menu bar of the Main menu.
— The Window menu (pull-down) will be opened.
e Click on the Full Screen line.
— The image will be displayed in full screen size.

e C(lick in the image to show it again as an Image Display window in normal size.

5.11.2 Close All Image Display Windows

This function closes all the opened Image Display windows.
e Open the Window menu.
e C(lick on the Close All Image Windows line.

— All the opened Image Display windows will be closed.

In the Options menu in the function Settings in tab Save at position Save prompt at closing
modified windows it can be determined whether a prompt is shown on Closing of All Image
Display Windows or not.
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5.11.3 Toolbar

This function activates / deactivates (alternately) the toolbar and the subordinate toolbar of the Main
menu.

e Open the Window menu.
e C(Click on the Toolbar line.

— The toolbars of the Main menu are displayed / not displayed.

TG/LSM5 PASCAL - Expert Mode [x]

File Acquire Process 3D Yiew Macro Options  Window  Help

Fig. 5-196 Main menu without toolbars

N =13 5.11.4 Scan and System Information
|Dbjective |Plar-Necfluar 10x/0.3 . . .
[Pixel Depth O Thls func'tlon opens the Scan Information
|Stack Size [pm]  [321.36 pm = 921.36 pm WIndOW, in which the current scan data are
[ [Pixell [512 « 512 displayed.

Stage Position s 0,00 g, 5 0.00 prn, Z: 0,000 prn . .
Lvmge rf The extent of the data displayed in the Scan and

System Information window depends on the

I::’;: S I;’?::;{i:"w% settings made in the Options menu under
Pagefile [E2HE e I Settings (see page 5-185).

image Memory | RaM (o] Disk  =—f | e Open the Window menu.

[@wvis [11/14/01 02:35 PM e Click on the Scan Information line.

Fig. 5-197 Scan Information window — The Scan and System Information

window will be displayed.

e Click on the Xl button to close the Scan Information window.

In the Options menu in the function Settings in the change of parameters shown can be determined in
the tab Scan Information.
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5.12 Help Menu

The Help menu permits activation of the Help function and of a window containing information on the

installed software version.

T&/LSM5 PASCAL - Expert Mode E

File Acquire Process 3D View Macro Options  Window

| a . : Help Fi " . -
@ File /g Aequire i 54 Process About l/v | % Macra % Optiohs ﬁ b4 aintain

5.12.1 Help

e Open the Help menu.

i H & 2| & :
Mew Open Save Savehs Import Export Puilti Prirt E it
Fig. 5-198 Help pull-down menu
e Click on the Help line to open the online help.
T& | About

5.12.2 About

e Open the Help menu.

e C(lick on the About line to open the About
window.

Carl Zeiss

Yersion 3.2

Lazer Scanning Microscope L5k 5 PASCAL

Copyright © Cail Zeizz GmbH 1997-2002
F & D in collaboration with EMBL Heidelberg, Germany

Portions @ Copyright 1396, Microsoft Corporation. All rights reserved.

The About window includes important
information about the software, such as the
software version number, copyright, version
numbers of the various program components and
firmware, and the Dongle number.

e Click on the Close button to close the About
window.

Version Info

Dongle Mumber

Licerse Basic Software

Software option FlexScan
Software option Macro RecordE dit
Software option Phyzsiology
Software option Topography
Software option 30 for LS
Software option 30 inzide
Software option 30 Deconyvolution
Software option Mult Time Series
Data Server

Control Program

Interface Server

User Interface

Control D atabase

Microscope Stand

Focus

Lazer Modul

Scan Unit

Scanning Stage

HPSC1-C44

T-PMT

CaM SCSI

DsP

5236

FR3.2. R30.R28
included
available
available
available
available
available
available
available
32050
32050
32050
32050

30207 - Axioskop 2 MOT
PHA=_41.12
Mot implemented
FJILM_41.11
PILL_%2.01
PMMC 1.55
Dy
FRLD_%1.02
Mot implemented
Simulation

Fig. 5-199 About LSM 5 PASCAL window
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[ Conatic2 AW M o 5.13 Display and Analysis of Images

5.13.1 Structure of the Image Display
Window

The Image Display window shows the image or
images when they are

— scanned by any scanning function (see Scan
control and Time series control) or

— loaded from the image database (see Open
database-Load) or

— imported by the import function (see Import).

i ot i Sz G In addition to show images the Image Display

Fig. 5-200 Image Display window showing a window offers two toolbars for
single frame image

— changing the display parameters and save an
image or images (see Select toolbar below)

— generating new ways of displaying the data as
well as analysis tools (see Display toolbar
below).

The Image Display window of the LSM 5 PASCAL software corresponds to the basic structure of other
Microsoft ® WINDOWS applications. The Image Display window can be moved as required within the
screen, and its vertical, horizontal and diagonal size can be matched to the current requirements
(identical to Microsoft ® WINDOWS).

The caption at the top of the Image Display window contains the control menu for the Image Display
window (identical to Microsoft ® WINDOWS), the name of the displayed image, and the Minimize,
Maximize and Close buttons.

In the status line at the bottom of the Image Display window, the progress bar of a current scanning
procedure and the parameters used for image display are shown and updated when changed.

On the left-hand side of the Image Display window, an overview of the scan parameter is displayed,
provided that the Info button of the Display toolbar is activated.

The Settings function of the Options subordinate toolbar with the Image display toolbars tab some
of the functions of the Image Display window toolbars can be activated at the opening of a new
Image Display window.

It is possible to display the Chan, Zoom, Slice and Overlay image display toolbars immediately on
opening an Image Display window. The relevant check boxes to be activated in the Image Display
Toolbars tab under Settings (see Options menu).

5-214 B 45-0007 e 12/02



OPERATION
Display and Analysis of Images
LSM 5 PASCAL Structure of the Image Display Window Carl Zeiss

It is also possible to display the scan parameter of an image (Info button) immediately when an Image
Display window is opened. The data to be displayed can be defined (see Image Status Display tab
under Settings in the Options menu.

The set of functions available at the Image Display window toolbars depends on the type of image
shown. The LSM 5 PASCAL software handles the following formats:

— frame (single image and Z Stack of images)

frame time series (time series of images and time series with Z Stack of images)

— line time series (time series of lines and time series with Z Stack of lines)

point time series (time series of points)
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The following display modes are available for the different acquisition modes:

Image type Frame Frame Frame Line Line Point
Series type Z Stack Time Time Time
Display Xy Xy Xy xt, tx** xt, tx xt, tx
functions
Split xy* Split xy* Split xy Split xt, Split xt Split xt
Split tx** Split tx Split tx
Ortho
Cut
Gallery Gallery
Histo Histo Histo Histo Histo
Profile Profile Profile Diagr Diagr Diagr
Mean t*** | Mean** Mean
Select Select
25D 25D 25D 25D 25D
3D** 3D** 3D**
Topo** Topo** Topo**
Prev Prev Prev Prev Prev Prev
Info Info Info Info Info Info

* only active in case of multi channel images
** inactive

*** optional

All display functions are exclusive functions. Only one can be active at a given time. To generate different
views of the same image set use the Duplicate function in the Process menu.

During image acquisition all active display functions can be used.
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5.13.2 Select - Chan

This function permits to

— change the color assignment of channels of images

— switch individual channels of a multi channel image on/off

— switch to monochrome display of the image instead of color display

Click on Chan will display the Channels toolbar. Any changes done with this toolbar are effective
immediately.

e Click on the Chan button in the Select toolbar.
— The Channels toolbar will be displayed on the right-hand side of the Image Display window.

e Click on the Chan button again to remove the Channels toolbar.

£ Convallaria? - AIM [_ O[]
Dizplay | Channels

Ch1

ot Ch2
ooog
i
Gallery
Hista I:l
bi A Ch3
Profile
o
25D
Al 2
ﬂ Mona
Topo
Pres
i
Irfio Colars

|Head}l, B12x512 %20, 3 channels , 8 bit

Fig. 5-201 Image Display window; Select - Chan
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(1) Assigning another color to a channel

e C(Click on one of the channels button in the
Channels toolbar (e.g.: Ch1).

Gl B [ )| ]
)

— The color selection box with all the currently

- - defined colors will appear.

Fig. 5-202 Color selection box

Il

e Click on the required color.

— The selected color will be assigned to the current channel, the color selection box is closed and the
displayed image is updated. The control box of the channel button (e.g.: Ch1) also shows the
selected color.

(2) Switching a channel of a multi channel image off or on

¢ C(lick on one of the channel buttons in the Channels toolbar (e.g.:Ch1).
— The color selection box will appear.
¢ Click on OFF to deactivate the display of the relevant channel.
I3> A newly assigned color or a channel switched off is not taken into consideration during the

following scanning procedure, since the setting in the Configuration Control window always
applies here.
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(3) Switching to monochrome image display
e C(lick on the Mono button in the Channels Cloce
toolbar. O sl ]
— The image will then be displayed in shades -| -‘ |:” -‘ -| -‘

of gray exclusively. If you click on the button
again, the channels will be displayed in color

again. Bemove |

5" If you wan o view fhe channels
individually, select the split display by

clicking on Split xy button in the Display Hue [142 2

toolbar. MERS

Lur: IE_:I

(4) Defining a new color ried :Zi

4 Green: |61
e Click on the Colors button to open the Bl |9_:|
Channel Colors window.
|

_ea |

e Define a new color in the same way as in the
Configuration Control window (see page
5-67).

Fig. 5-203 Channel Colors window
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5.13.3 Select - Zoom

This function allows to change the zoom factor of an image displayed.

Click on Zoom will display the Zoom toolbar. Any changes done with this toolbar are effective
immediately.

The image can be zoomed by various methods. The zoom function can be performed online.

e C(lick on the Zoom button in the Select toolbar.
— The Zoom toolbar will be displayed on the right-hand side of the Image Display window.

e C(licking on the Zoom button again will remove the Zoom toolbar.

£ Convallaria2 - AIM m= B3
Dizplay Zoom

" Yl

.. n
Split wy || Fesize

Ortha in

|F|ead_l,l, 512 %512 % 20, 3 channels . 8 bit

Fig. 5-204 Image Display window; Select - Zoom
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Zoom-Auto The image is fitted automatically to size of the Image Display window.
Zoom-Resize Restores the image to its initial size.

Zoom-+ Enlarges the image by factor 2.

Zoom-- Reduces the image by factor 2.

Zoom 1:1 Restores an image zoomed in any way to its original size.

Zoom-Mouse Allows you to enlarge / reduce the zoom factor of an image using the

left / right mouse button, provided that the cursor is inside the image.

3> Zoom-+, Zoom-—, Zoom 1:1 and Zoom-Mouse can only be defined when the Zoom-Auto
function is deactivated.

Slider with display box The zoom factor can be set by moving the slider. The display box below
displays the current zoom factor. Factor 1 corresponds to the original
size.
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5.13.4 Select - Slice

This function allows to

— select and view individual slices from a Z Stack or a time series, when images where acquired in frame
mode.

The button is grayed, when these conditions are not true.

Click on Slice will display the Slice toolbar. Any changes done with this toolbar are effective
immediately.

e C(lick on the Slice button in the Select toolbar.
— The Slice toolbar is displayed on the right-hand side of the Image Display window.
e If you click on the Slice button again, the Slice toolbar is removed.

£ Convallaria2 - AlM [_[O0]

|1 0/20
/

|F|ead_l,l, B2 =512 20, 3 channels | 8 bit /

Fig. 5-205 Image Display window; Select - Slice

Example:
Slice No. 10 from a Z Stack or
time series of 20 slices

o Select the slices using the slider on the right.
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5.13.5 Select - Overlay

This function allows to

— select from a set of drawing functions such as rectangles and arrows

— add a scale bar to the image

— use a set of interactive measurement functions for length, angle and size

The overlay function uses a plane separate from the image plane (the graphics plane) and does therefore
not change the content of the image(s).

The button is only available if the XY or Split XY Display functions are selected. Otherwise it is grayed.
Some of the Display functions such as Ortho or Cut turn the overlay graphics off temporarily.

Any changes done with this function are effective immediately.

The overlay graphics can be stored together with images and can be retrieved from the LSM 5 image
database.

e C(lick on the Overlay button in the Select toolbar.
— The Overlay toolbar will be displayed on the right-hand side of the Image Display window.
e If you click on the Overlay button again, the Overlay toolbar will be removed.

Provided that the display of the overlay elements has not been deactivated by clicking on the Off button,
the created elements will still be displayed in the Image Display window even after closing of the
Overlay toolbar.

E L =] B3
Dizplay Overlay

-—_—s- -

50 pm

5
3

[|OIO|0

I Em Y O
| 93> L ORI\

I E

(St Copy
e
Easte Unda
e )
[ -

ErtractFegian

= 5745

|F|eady, 8121512 %20, 3 channels , 8 bit

Fig. 5-206 Image Display window; Select - Overlay
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The following functions can be used on activation of the buttons in the Overlay toolbar:

N

K
L]

Arrow (selection) button: Activation of the mouse button for selection, resizing or
movement of an overlay element in the Image Display window.

Resizing: Click on the handle and hold down the mouse button, drag the handle, release the
mouse button.

Movement: Click on the line and hold down the mouse button, move the entire element,
release the mouse button.

Line button: Creation of a straight line in the Image Display window. Click and hold down
the mouse button, draw a line in any required direction, release the mouse button to end
the procedure.

Rectangle button: Creation of a rectangle in the Image Display window. Click and hold
down the mouse button, draw a rectangle in any required direction, release the mouse
button to end the procedure.

Closed polyline button: Creation of a closed polyline figure in the Image Display window.
The first click sets the starting point, each additional click adds a further line, a click with the
right mouse button closes the figure and ends the procedure.

Open polyline button: Creation of an open polyline figure in the Image Display window.
The first click sets the starting point, each additional click adds a further line, a click with the
right mouse button ends the procedure.

Ellipse button: Creation of an ellipse in the Image Display window. The first click sets the
center point, the displayed line permits the determination of the first dimension, the second
click sets the first dimension, the second dimension and rotation direction can then be
determined, the third click sets the second dimension and direction and ends the procedure.

Closed free-shape curve button: Creation of a closed Bezier figure in the Image Display
window. The first click sets the starting point, each additional click adds a further line, a click
with the right mouse button closes the figure and ends the procedure.

Open free-shape curve button: Creation of an open Bezier figure in the Image Display
window. The first click sets the starting point, each additional click adds a further line, a click
with the right mouse button closes the figure and ends the procedure.

Circle button: Creation of a circle in the Image Display window. Clicking and holding down
the mouse button sets the center point, drag the diameter and release the mouse button to
end the procedure.

Line with arrow button: Creation of a line with arrow in the Image Display window. Click
and hold down the mouse button, drag the line in any required direction, release the mouse
button to end the procedure.
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]

I

>

Scale button: Creation of a horizontal or vertical scale with default increments in the Image
Display window. Click and hold the mouse button for the starting point, drag horizontal or
vertical scale, release the mouse button to end the procedure.

Gray tones / color shades button: Generates a rectangle with a display of gray tones or
color shades in the image. Color shades are displayed if a palette has been loaded, with
different colors being assigned to the gray tones.

A (Text) button: Creation of a text box in the Image Display window. After clicking on A,
the Text window will be displayed, and text can be entered via the keyboard. The Font ...
button enables you to select the font style and size in the Font window. The entered text
will be displayed in the left upper corner of the Image Display window after clicking on OK
and can be moved to the required position using the mouse. The Text window can also be
activated with a double-click on a created text box, and the entered text can be edited
subsequently.

Recycle bin button: All the overlay elements and dimensions dragged to the scanned image
are deleted. If one overlay element was marked before, this element is now deleted from the
scanned image.

Multiple button: On activation of this button, the overlay function subsequently selected is
performed several times in succession, without the need to activate the function button
again. This function remains selected until the Multiple button is deactivated again.

Measure button: Measurement of the overlay element in the Image Display window. On
activation of the Measure button, the selected overlay element and all the elements created
afterwards are measured and assigned with a measuring value. The measuring value can be
shifted without regard to the overlay element. If of importance, the length and perimeter of
a line figure, the area of a closed figure and the inclination angle of a single line will be
displayed. On deactivation of the Measure button, the measuring value of the selected
element is no longer displayed, and all the elements created afterwards will not be assigned
with a measuring value.

Off button: Deactivation of the display of overlay elements in the Image Display window
(hide overlay). Deactivation of the overlay functions.

Line button: This button allows you to determine the line thickness of the area outline.

Cut button: The image contents of an overlay element are cut out, and the area will then
appear in black.

Copy button: The image contents of a closed overlay element are copied to the clipboard.
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e

Extract Fegion

[ E
][]

| [ [ &
TN
| [IZNM color selection box: The colors displayed in the Color selection box can be assigned to the

Paste button: The image contents of an overlay element copied to the clipboard are inserted
in the current Image Display window and can be positioned anywhere in the image using
the mouse.

Undo button: The last Cut or Paste action can be undone by clicking on the Undo button.

Extract Region button: The region of a Z Stack or 4D-image surrounded by an Overlay
element is extracted and can be displayed and stored separately in a new Image Display
window. This function is only active if an Overlay element is used, that generates a closed
contour.

overlay elements with a click of the mouse. The currently selected color is displayed in the
larger rectangle (left top) of the selection box. A selected color is automatically assigned to
the currently selected overlay element and then to all the elements created afterwards.
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5.13.6 Select - Contr

This function allows to

Click on Contr will display the Contrast toolbar.
Any changes done with this toolbar are effective

change the contrast and brightness of an image

change the contrast and brightness of a
channel of an image

define interactively a new relationship between
the intensities of pixels in the image memory
and the displayed values of this pixel intensities
on the computer screen

immediately.

Modification done by this function are for display |H_eady'mKsmmmmdsm : :
purposes only. To permanently change the Fig. 5-207 Image Display window;
contrast and brightness of an image use the Select - Contr

function Contrast in the Process menu.

Click on the Contr button in the Select toolbar.
— The Brightness and Contrast window will be displayed.

Change brightness and contrast via the sliders in the Brightness and Contrast window. You can
adjust each channel individually by activating the channel button (e.g.: Ch1), or influence all channels
simultaneously by clicking on All.

Clicking on the Reset button will reset the
original setting of brightness and contrast.

Brightness and Contrast E
e Clicking on the Close button will close the -
Brightness and Contrast window. | [ [« [REREE
« | 1
[y ] [ ee— f
Further contrast and brightness parameters can be ‘ Chil | Cha | Chd I Al | Best | Mo
activated or deactivated alternately using the

More and Less buttons.

Fig. 5-208 Brightness and Contrast window
Click on the More button to display the
additional functions.

— The Brightness and Contrast window will
be enlarged, the labeling of the button
changes from More to Less. If you click on
Less, the additional functions are no longer
displayed.
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Simultaneously with the setting of brightness and contrast, the intensity values of the image can be set
directly in the Intensity Screen via the Ramp, PolyLine, Spline and Gamma functions.

The intensity values can also be set either for all channels together or individually.

If the image has already been changed using the Contrast and Brightness sliders, this setting difference
is displayed in the Intensity Screen by means of the Shape and Result lines.

Brightness and Contrast (1 ) Ram P
| e Cose The intensity is set via two knots in the Intensity
: | - - Screen, which allows an intensity line to be
q - [52 created in the form of a ramp.
| Chi | Cha | Cha I Al ‘ Beset | Less The original line form is reset via Reset.

The line form will be retained even when the
additional functions are no longer displayed, and

f on closing the Brightness and Control window.

Shape Result

Intensity
Screen

Intenazity it kemany

|| =T S | || —
Ramp PoluLine Spline Gamma Fieszet

Fig. 5-209 Brightness and Contrast window
with activated Ramp function
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(2) PolyLine

The intensity is set in the Intensity Screen via a
freely selectable number of knots, which permits
the creation of an intensity line in the form of a
polyline. The number of knots can be selected
from the Number of Knots selection box.

The original line form is reset via Reset.

The line form will be retained even when the
additional functions are no longer displayed or
when the Brightness and Control window is
closed.

(3) Spline

The intensity is set in the Intensity Screen via a
freely selectable number of knots, which permits
the creation of an intensity line in the form of a
spline. The number of knots can be selected from
the Number of Knots selection box.

The original line form is reset via Reset.

The line form will be retained even when the
additional functions are no longer displayed or
when the Brightness and Control window is
closed.

Shape Result —

Intengzity
Screen

Intengity in temony

Heset

Spline |‘ Gamnma

Mumber of Kotz : |5 ﬂ

Fig. 5-210 Brightness and Contrast window
with activated PolyLine function

Shape Reslt —
Intenzity
Screen
Intenzity in Memany
— ST o i ™ s
Bamp FuolyLine Spline Gamma Reszet

Murnber of Knots : |5 ﬂ

Fig. 5-211 Brightness and Contrast window
with activated Spline function
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(4) Gamma

The intensity is set in the Intensity Screen by
varying the gamma curve (clicking and dragging
Intansiy with the mouse) or by moving the Gamma slider.
Scresn It is possible to set gamma values between 0.1 and
2.0.

The original line form is reset via Reset.

Shape Result —

Intensity in Memary The line form will be retained even when the
additional functions are no longer displayed or

o when the Brightness and Control window is
Spllne Eamma Fezet closed

Bamp |‘ PalyLine

Gamma : |1_4 E J

Fig. 5-212 Brightness and Contrast window
with activated Gamma function
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5.13.7 Select - Palette

This function allows to

— change the palette used for displaying the image(s)
— define and save new palettes

— delete palettes by removing them

Click on Palette will display the Palette toolbar. Any changes done with this toolbar are effective
immediately.

The standard palettes No palette, Range indicator, Glow Scale and Rainbow are system palettes and
can not be deleted.

The Range indicator palette is useful to optimize the gain and offset setting of images in the Scan
control window before scanning.

Palettes are stored and retrieved together with the images when archived in the Image Database.

e C(lick on the Palette button in the Select toolbar.
— The Color Palette window will be displayed.
e Select the required palette from the Color Palette List panel by clicking on the relevant name.

e If you want to deactivate a palette selected before, click on No Palette in the Color Palette List
panel.

e Click on the Close button to close the Color Palette window.

e A changed image can be stored via the Save As function.

In the Options menu in the function Settings it is possible to switch to Mono automatically when a
palette is activated and to Colour on deactivation of a palette.

In addition it is possible to activate / deactivate Mono in the Channel toolbar.

Some of the handling functions of the Image Display window toolbars can be activated at the opening
of a new Image Display window.
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£ Convallaria2 * - AIM
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Fig. 5-213

Color Palette

Color Palette List

Mo Palette

Glow Scale

Range Indicator

Edit

—
Bamp

o e
PalyLire Spline

Mumber of
Fnots :

- -#'
|5— ﬂ Rezet

" Bed
" Green
= Blue
& Ak

Cloze

Addta
List

EEmowe

Import

Fig. 5-214 Color Palette window

Image Display window, Select - Palette; Color Palette window and
Add Palette to List window

(1) Editing and storing a palette

A palette is edited by moving the knots in the
Ramp, Polyline and Spline functions (identical to
the setting in the Contrast and Brightness
window, see page 5-227f).

The palette can be set for all colors together or
separately for each color.

e Activate the relevant button: Red, Green, Blue
or All.

Proceed as follows to store an edited palette under
a new name:

e C(lick on the Add To List button: the Add
Palette To List window will be displayed.

e Enter a name for the palette and click on Ok.

— The palette will be stored and the name
included in the Color Palette List panel.

[3> The standard settings (No Palette, Range
Indicator, Glow Scale and Rainbow) cannot be
deleted.
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(2) Delete a palette
Proceed as follows to delete a palette:

e C(lick on the name of the palette to be deleted in the Color Palette List panel and then on the
Remove button.

— The palette will be removed from the list.

= The standard settings (No Palette, Range Indicator, Glow Scale and Rainbow) cannot be
deleted.

(3) Import a palette

Proceed as follows to import a palette:

e C(lick on the Import button. The Import Palette window will be opened.

e Select the required palette (file extension: *.lut) from the relevant directory and click on Open.
— The palette will be imported and displayed in the Color Palette List panel.

File with the extension *.lut are LSM 310/ 410 palette files.

B 45-0007 e 12/02 5-233



OPERATION
Display and Analysis of Images

Carl Zeiss Select - Anim LSM 5 PASCAL
5.13.8  Select - Anim

et J Close This function allows to

= — N ;— e animate frames of a Z Stack or a time series

e specify animation parameters such as range and

I N IRE R I = A animation speed

Click on Anim will display the Animate toolbar.

Speed] | —fF—— [ Any changes done with this toolbar are effective
speed2 || [ immediately.
Incemert: | [ When the image(s) displayed in the Image

Display window is neither a Z Stack nor a time
series this button is grayed and not accessible.

Fig. 5-215 Animate window

e Click on the Anim button in the Select toolbar of the Image Display window of a stack.
— The Animate window will be displayed and the animation started immediately.

e C(lick on the Close button to close the Animate window and to stop the animation.
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The animation is controlled via the following function elements:

Current
Shee

Start :

End:

Speed 1

| |E*HTH F E E

Speed 2

|nzrement ;

Current Slice slider: Manual movement through the individual slices of a stack by moving
the slider, or by entering the slice number in the input box. Slider can be accessed only,
when the automatic animation is off.

Start slider: The setting of the Start sliders limits the number of slices to be used for the
animation. Previous slices are not taken into consideration for the animation. Can be
changed during automatic animation.

End slider: The setting of the End slider limits the number of slices to be used for the
animation. Subsequent slices are not taken into consideration for the animation. Can be
changed during automatic animation.

Starts the forward motion of the automatic animation. After the last slice has been passed,
restart is made at the first slice.

Starts backward motion of the automatic animation. After the first slice has been passed,
restart is made at the last slice.

Starts the combined forward / backward motion of the automatic animation, i.e. when the
last slice has been reached, the backward motion is activated, and the forward motion is
activated again on reaching the first slice.

Stops the automatic animation.
Move to the first slice.

After each click on this button, backward motion is made by the number of slices set under
Increment.

After each click on this button, forward motion is made by the number of slices set under
Increment.

Move to the last slice.

Speed1 /Speed2 buttons / sliders: Selection between two speeds, change of the relevant
speed via slider or input box.

Increment slider: Reduction of the slices to be displayed by selecting an increment n (step
width) of slices to be taken into consideration for the animation. If n = 3, for example, only
every third slice of the stack will be displayed during the animation.
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5.13.9 Select - Reuse

This function allows to

— transfer acquisition parameters of an image from the image data base to the Microscope control,
Configuration Control, Scan Control, Time Series Control and Bleach Control windows and
applies those parameters directly on the system.

The acquisition parameters of an image are displayed in the Image Display window and can be viewed
by using the Info function. In the tab Image Status Display in the Settings function of the Options
subordinate toolbar it can be determined what parameters to view with the Info function.

The parameters include the following:

Frame Size, Speed, Data Depth, Scan Direction, Average, Zoom Rotation, Offset, Pinhole diameter,
Detector Gain, Amplifier Offset, Amplifier Gain, Excitation, Beam Path and Scan Mode (Line, Frame,
Stack, Time Series). However, the required objective must be selected by the user.

e C(lick on the Reuse button. The acquisition parameters of the active image (stack) are applied
immediately to the system.

In the Options menu in the function Settings with the Recording/Reuse tab, it can be determined
whether the objective should also be transferred and set. Setting the microscope objective only works in
microscopes with motorized objective revolvers.
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5.13.10  Select - Crop

This function allows to

— interactively define the size and orientation of a
rectangular scan area on the image displayed in
the Image Display window.

— The defined area is displayed together with the
Zoom, Offset and Rotation parameters in the
Scan Control window in the Mode submenu.

Click on Crop will display the Crop Rectangle in
the Image Display Window. Any changes done
with the Crop Rectangle are setting the
parameters immediately. On the next execution of
a scan (Find, Fast xy, Single, Contineous in
Scan Control or Start T or Start B in Time

Series Control) these new scan parameters will Fig. 5-216 Image Display window;
be used. Select - Crop

|Heady, 512251220, 3 channels , & bit

To reset the crop function and use default values set Zoom=1, Offset=0 and Rotation=0 in the Scan
Control window in the Mode submenu.

e Click on the Crop button.

— The Crop Rectangle will appear on the Image Display window.

The Crop Rectangle is controlled via the following functional elements:

Offset '—I_'

e C(lick into the crop rectangle, keep the left mouse button pressed and drag the crop rectangle to the
required position. Release the mouse button.
LA il

N
Zoom -+ =~

e C(lick on a corner of the crop rectangle, keep the left mouse button pressed and set the required size.
Release the mouse button.

]

L+

+
L]

Rotation

e Click on one end of the crosslines, keep the left mouse button pressed and set the required rotation
angle. Release the mouse button. The first line scanned is highlighted in blue.

Side ratio = &

e Click on any of the intersection points between crossline and crop rectangle, keep the left mouse
button pressed and change the side ratio as required. Release the mouse button.
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5.13.11 Select - Copy

This function allows to
— copy the current displayed image into the clipboard.

Click on Copy will be immediately effective.

From the clipboard images can be incorporated into other programs such as MS Excel, MS Powerpoint or
MS Word.

To export image series, use the Export function in the File menu.

e C(lick on the Copy button.

— The content of the Image Display window is copied to the clipboard.
e Start the clipboard application of WINDOWS.
e Select Paste in the Edit menu of the Clipboard application.
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5.13.12 Select - Save

This function allows to
— save the image(s) of the Image Display window into an Image Database

— by not showing a dialogue and using the automatic assigned and incremented image name and a
predefined existing Image Database

— Prerequisite: Autosave is checked in the Settings function with the Autosave tab
Click on Save will be immediately effective.

When the prerequisite is not met, the Save As dialogue is displayed.

In the Options menu in the function Settings with the Autosave tab parameters such as an
automatically incremented filename can be determined and the Autosave activated/deactivated.

5.13.13 Select - Save As

This function allows to

— save the image(s) of the Image Display window into an Image Database
— by showing a dialogue

— use the defaults as defined in the Settings function with the Save tab

Click on the Save As button displays the Save Image and Parameter As window. Changes will be
effective on closing this dialogue.

In the Options menu in the function Settings with the tab Save default parameters such as Name,
Description and Notes can be set.

e Click on the Save button.
— The Save Image and Parameter As window appears
e Enter text for the image name, description, notes or change the user name.
e Select the Image Database from the list of databases (MDB) or
e Open other Image Databases by selecting Open MDB or

e Create new Image Databases by selecting New MDB.
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5.13.14  Display - xy

This function allows to

— display a single image in frame mode

— display multi channel images in superimposed mode

The settings of Chan, Zoom, Slice, Overlay, Contr and Palette are applied.

Click on xy will be immediately effective.
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5.13.15  Display - Split xy

This function allows to

— display the individual channels of a multi channel image as well as the superimposed image
The settings of Chan, Zoom, Slice, Overlay, Contr and Palette apply.

Click on Split xy will be immediately effective.

/— Channel images

£ Convallaria2 = - AIM

Fieady. 512512 20 3 channels . 8 bit \

Fig. 5-217 Image Display window, Split xy display \ Composite image

I¥-  This function is useful to optimize the individual channels in a multi channel image acquisition
together with the Range Indicator palette.
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5.13.16  Display - Ortho

This function allows to

— display a Z Stack of images in an orthogonal view

— measure distances in three dimensions

— generate 2D deconvolution views of the yz and xz plane

The settings of Chan, Zoom, Slice, Overlay, Contr and Palette apply.

Click on Ortho will be immediately effective.

e By clicking on the Ortho button section lines appear in the Display toolbar together with orthogonal
projections in the image. On the right-hand side, the Orthogonal Sections toolbar is shown.

YZ plane (red) —\ /7 XZ plane (green)

N
& convalara - Al N

Section
result,

Slice

XZ plane N

Mizerlay!

XY plane (blue)

Select i Orthoganal Sections
® A z
- E -

(= (= [
=AReS)

Select  Dist

2D DOV ot | Setings

[

2=

|Headp, 12 %512 x B , 3 channels , 8 bit

Fig. 5-218 Image Display window, Ortho display

Section result, YZ plane
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5.13.16.1 Ortho - Select function

By changing the parameters X, Y and Z in the Orthogonal Sections toolbar, the section plane can be
positioned at any XYZ coordinate of the Z Stack.

The position of section planes can be changed in various ways:

By moving the sliders on the Orthogonal Sections toolbar.

— Xand Y settings may range from 1 up to the maximum number of pixels scanned (in the example
shown: 512).

— Z settings may range from 1 to a maximum of n, with n standing for the number of slices
produced in the stack.

By directly entering the relevant number value in the X-, Y- or Z-input box and pressing the Enter key.

If you move the cursor into the Image Display window, it changes into a crosslines symbol @ By
dragging this symbol with the mouse you can position the XZ and YZ section planes to any point of
intersection with the XY plane. A click with the left mouse button places the intersection to the
desired position.

If you move the crosslines symbol @ onto the intersection of the red and green section planes, it

changes into the: + symbol. If you now press the left mouse button and keep it pressed you can
reposition both section planes simultaneously.

If you move the crosslines symbol @ onto the green section plane, it changes into the _1_ symbol. If
you now press the left mouse button and keep it pressed, you can reposition the (green) XZ section
plane.

You can reposition the (red) YZ plane in the same way using the + symbol.

The result of an orthogonal section is visible at the image margin.

— Section of the XZ plane (green line) through the stack: above the XY image.
— Section of the YZ plane (red line) through the stack: right of the XY image.

— Section of the XY plane (blue, slice plane of the stack): center image.
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5.13.16.2 Ortho - Distance function

e Activating the Dist. button permits length measurements in 3D space.

E

Yellow
measuring lines
(projections)

[ [#0 [15

DG @
- Select_i Mark
1

=

2D DEVE Foot | Gettings
3D Distance: 29.04 pm

|Heady, 5122512 % 66 , 3 channels | 8 bit

Fig. 5-219 Image Display window, Ortho display

e C(lick on the Mark button to set the first XYZ-point for the measurement of the spatial distance.

e Set the second XYZ-point for measurement by moving the X-, Y-, Z-sliders or by moving the green,
red and blue lines in the image.

— The projections of the spatial distance are shown in the image planes by yellow lines. The actual
spatial distance is calculated and shown in um below the Select, Dist. and Mark buttons, e.g. 3D

Distance: 55.60 um.
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5.13.16.3 Ortho - 2D DeConVolution function
The 2D deconvolution function causes orthogonal projection enhancement through the computed
correction of the resolution in the Z-coordinate.

Image enhancement is only effective for the two projections of a fluorescence stack in the Ortho display
or for an XZ-scan in fluorescence, and is also only computed for this.

e Activate the 2D DCV button in the Orthogonal Sections toolbar.

If the Fast button is activated, calculation of the 2D-deconvolution (inverse DCV mode) is performed
immediately.

The 2D DCV settings button can only be activated if a licence for the 3D DCV option has been
purchased. Otherwise this button is grayed.

e C(lick on the Settings button. The 2D Deconvolution window is opened.

The 2D Deconvolution window contains the Deconvolution panel with the two tabs Method and
PSF.

(1) Method tab s |

The Method tab enables you to choose between Methad fimere =
the calculation methods Inverse and Iterative.

Restoration Effect Wieak 1] Strong
For more details of explanation of deconvolution I Auto detect

and the calculation methods see section 3D
DeConVolution (page 5-159).

In the Inverse method, the Restoration Effect
slider can be used to set the signal-to-noise ratio
between Weak (low noise) and Strong
(pronounced noise). Fig. 5-220 Method tab

Activation of the Auto detect check box starts a
routine for the automatic determination of the
noise level in the entire image part of the Z Stack.
If Auto detect is enabled, the Restoration Effect
slider is disabled.
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The Iterative method permits (in addition to the parameters of the Inverse method) the maximum
number of iterations to be entered between 1 and 200 under Maximum Iterations and the Auto Stop
function to be activated / deactivated. The Auto Stop function interrupts the calculation depending on
the set image improvement (delta between last but one and last cycle in %), no matter whether the
value under Maximum Iterations has been achieved or not.

Method {FSF (2) PSF tab (optional with 3D DCV)
Numerical &perture - Objective [1.00 The objective data are displayed in the Method
Magnification - Dbjective [40 tab. In the case of wavelengths above 700 nm, the
Fiefractive Index of Immersion Fluid [1.000 NLO button is aUtomatica”y enabled.
The displayed values are always taken over by the
Channel I vI .
system data, but can be edited subsequently for
NLD [ ; ;
. =m simulation purposes.
Emizsion |833 nm

P 10| Ay Unis e Select the required method and determine the

relevant parameters.

Fig. 5-221 PSF tab . . .
J The deconvolution calculation is performed

immediately after the 2D Deconvolution window
has been closed, and the image display is updated
(on-line).
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5.13.17  Display - Cut

This function allows to

— display a Z Stack of images at a user defined section plane (= cut plane)
— improve the image of the section plane by trilinear interpolation

The settings of Chan, Zoom, Slice, Contr and Palette are applied.

Click on Cut will display the Cut toolbar. Any changes done with this toolbar are effective immediately.
The content of the overlay plane is temporarily deleted while the toolbar is displayed.

e Clicking on the Cut button in the Display toolbar opens the Cut toolbar to the right of the Image
Display window.

% convallaria - AlM =13
Dizplay Cut
. ® A Z  Pitch  Yaw
@
=g .
Spit | Positioning
ain P the section
planes
% e -
Gy T
Ta,
Histo
= [z [2% 13 [ 3 [51
25D MidI tid MidI 0 0 |
@ Fieset Al |
30 Trilinear Interpolation I
— View of
section plane
|Heady, 512512266, 3 channels . 8 bit

Fig. 5-222 Image Display window, Cut display

e By varying the parameters X, Y, Z, Pitch and Yaw, you can position a section plane of any orientation
within the stack volume.

e The resulting position of the section plane is shown as a red area below the Trilinear Interpolation
button. At the same time, the result is shown in the Image Display window.

e A click on the Reset All button restores the original position.

e A click on the Trilinear Interpolation button will improve the quality of the image by performing a
3D interpolation of the image.
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5.13.18  Display - Gallery

This function allows to
— display images (Z Stack, time series, combination of both) side by side in tiled fashion
— add data relevant to the images displayed (Z Stack slice distance, time of acquisition or wavelength)

— extract a subset of images from the original stack and store the result as a new image

The settings of Chan, Zoom, Slice, Contr and Palette apply.

Click on Gallery will display the Gallery toolbar. Any changes done with this toolbar are effective
immediately.

e A click on the Gallery button in the Display toolbar not only produces the gallery itself but also the
Gallery toolbar with two buttons: Data button and Subset button.

£ Convallaria2 - AIM

— Gallery

|Heady, B12x512 %20, 3 channels , 8 bit

Fig. 5-223 Image Display window, Gallery display

e Clicking on the Data button shows the Z Slice distance, the acquisition time or the wavelength or
combinations.

e C(licking on the color selection button (below the Data button) will open a color selection window
allowing you to choose - at a click of the mouse - in which color the data will be shown in the gallery
display.
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Clicking on the Subset button opens another
window entitled Subset, in which you can
select images of the set of images displayed.

— A stack consisting of the selected images
only is generated and displayed.

Select Start Slice and End Slice via the sliders,
the input box or the Click (into window)
button.

Enter a value for n in the Every n-th Slice
panel.

If required, activate the Convert 12 bit to
8 bit check box [.

Clicking on the Ok button will generate a new
subset of images.

Cancel will stop the procedure.

B 45-0007 e 12/02

Carl Zeiss
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Start Shice: I i’ cick | ok
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Fig. 5-224 Subset window
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5.13.19  Display - Histo

(1) Display - Histo - Overview

This function allows to

— display a histogram (distribution of pixel intensities) of an image

— show the histogram values in table form

— copy table to clipboard or save as text file

— analyze the colocalization between two channels

— measure area and mean gray value and standard distribution in an area
— show separate histograms for each channel in a multi channel image
Colocalization is only available in case of a two or multi channel image.
The settings of Chan, Zoom, Slice, Contr and Palette are applied.

Click on Histo will display the Histogram toolbar. Any changes done with this toolbar are effective
immediately. The content of the overlay plane is temporarily deleted while the toolbar is displayed.

e C(lick on the Histo button. The Histogram toolbar will be displayed on the right.

Control of
colocalisation

2

1000 "‘!,_: .
8000 il Chan Y
o pelly
i Control of area
o
a 50 100 150 200 250 Iﬁ TR
Intensiys Slice Orth Skip Black. Gve Takle: m ea S u re m e nt
11596 at Intensity =1 || e Tonitutha, |
inimum =1 to Maximum = 184 [IvErE] Cut Skip White ﬂ%
-
prerv—r || £ ; Control of histogram

display parameters

10000 ]
5000 j]i
o

0 50 100 150 200 250
Intensity

—

Maimum frequency is 13160 af Intensity =1
Values found from Minimum = 1 to Masimum = 228

Absolute Frequency Ch3
10000 ]

000 H‘L
6000

0 50 100 150 200 250
Intensity

Peady, 512512203 channels B it

Fig. 5-225 Image Display window, Histogram display

I3°>  The Histo button can also be used online during scanning.
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The Histogram toolbar contains the following function elements:

Histogram functions
Skip Black button
Skip 4 % button
Skip White button
Step input box

Show Image button
Show Table button

Copy Table button

Save Table button

Area function
Area button

Save Values button

Ignore black pixels (gray value 0) in the histogram.
Ignore the lower 4% of the intensities in the histogram.
Ignore white pixels (gray value 255 or 4096) in the histogram.

Set the number of intensity steps which shall be displayed in the diagram.
Step 1 corresponds to 256 intensity steps, Step 64 to 4 intensity steps in
case of 8 bit images. Reduction is made by averaging.

Shows the image in the Image Display window beside the histogram.

The histogram is shown as a table at the bottom left of the Image
Display window.

The histogram table is copied to the clipboard.

The histogram table can be stored as a text file (extension *.txt).

Interactive definition of area for size and intensity measurement.

Copies area values to the clipboard (only available if the Area button is
activated).
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(2) Area function

e C(lick on the Area button in the Histogram toolbar.

— The function elements for Area measurement are displayed at the bottom right of the Histogram

toolbar.

£ 007 GFP_YFP unmix - AIM
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Fig. 5-226 Image Display window, Area Measure display

The following function elements are available:

Step

L

High

[cheiT1

Mean = 29
Standard dewviation = 57
Area = 00530 mm » mm

Set the number of intensity steps which shall be displayed in the diagram. Step 1
corresponds to 256 intensity steps, Step 64 to 4 intensity steps in case of 8 bit
images. Reduction is made by averaging.

Threshold low slider with Color selection button: The intensity values below
threshold are not displayed. The removed areas are masked in the color selected in
the Color selection button.

Threshold high slider with Color selection button: The intensity values above
threshold are not displayed. The removed areas are masked in the color selected in
the Color selection button.

Ch1, Ch3 ... buttons: Selection of the channel for which the area measurement is
to be performed.

Display box: Display of the mean value and the standard deviation of the non-
masked area. Area measurements of very small areas (< 10 pixels) give only
approximate values.
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Arrow (selection) button: Activation of the mouse button for selection, resizing, or
movement of a mask element in the Image Display window.

Resize: Click on handle and hold down the mouse button, drag the handle, release mouse
button.

Movement: Click on line and hold the mouse button, move the entire figure, release mouse
button.

Closed polyline button: Creation of a polyline figure in the image. The first click sets the
starting point, each additional click adds a further line, a click with the right mouse button
closes the figure and ends the procedure.

Recycle bin button: All the mask elements are deleted. If one element was marked before,
this element is now deleted from the image.

Mask button: Enables the Mask Mode, where the region can be defined with ink.

Rectangle button: Creation of a rectangle in the image. Click and hold down the mouse
button, drag a rectangle in any direction, release the mouse button to end the procedure.

Ellipse button: Creation of an ellipse in the image. The first click sets the center point, the
displayed line permits the determination of the first dimension, the second click sets the first
dimension, the second dimension and the rotation direction can then be determined; the
third click sets the second dimension and the direction and ends the procedure.

Line button: Determines the line thickness of the area outline.

Flood fill button: Fills the overlay element or the scatter diagram with the color selected
under Mask.

Closed free-shape curve button: Creation of a closed Bezier figure in the scatter diagram.
The first click sets the starting point, each additional click adds a further line, a click with the
right mouse button closes the figure and ends the procedure.

Circle button: Creation of a circle in the scatter diagram. Clicking and holding down the
mouse button sets the center point; drag the diameter and release the mouse button to end
the procedure.

Color selection button: The colors displayed in the selection box can be assigned to the
mask elements with a click of the mouse. The currently selected color is always displayed in
the larger rectangle (top left) of the selection box.

Clear Mask button: Removes the color filling from an overlay element or from the scatter
diagram.

e The function can be activated by clicking on one of the geometry buttons, e.g. 2/ (polyline).

e The figure of interest can be marked in the image by cursor control in conjunction with a mouse click.
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e Clicking on the Flood fill button (paint jar) and moving the cursor to the area to be excluded causes
the remaining area to be computed and the result indicated under Area Measure.

=] 3

Display Histagram
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Fig. 5-227 Image Display window, Area Measure display

e If you specify a top and bottom intensity threshold, the area lying within this intensity interval can be
computed.

e Specify the thresholds either with the Threshold low and Threshold high sliders, or with the El
and [=] buttons.
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Fig. 5-228 Image Display window, Area Measure display

e C(lick on the xy button of the Display toolbar if you want to return to the original image.
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(3) Colocalisation function

The Colocalisation function permits interactive analysis of two channels of an image by computing a
scatter diagram (colocalisation).

e Click on the Colocalisation button. The scatter diagram is created and displayed beside the image.

How a scatter diagram is generated:

All pixels having the same positions in both images are considered a pair. Of every pair of pixels (P1, P2)
from the two source images, the intensity level of pixel P1 is interpreted as X coordinate, and that of
pixel P2 as Y coordinate of the scatter diagram. The value of the pixel thus addressed is increased by one
every time, up to the maximum number of pixels used. This way, each pixel of the scatter diagram is a
value that shows how often a particular pair of pixels has occurred.

Differences between the images cause irregular spots in the scatter diagram.
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O
w Colocalization | Show Table

HAE

Intensity TFP
4000

frea [CoppTiahls

Crosshair Seye Tiable

%

e
Thieshaold Cut Mask
[A{Z-[+3) || Bl

Channel Toggle [ Invert Mask

3800

3000

2800

=]+
HE
Split wy
L0 gl
(l];
T
111
N
(e
2000
Hista | | Bource 1 GFF I:ll
ﬁ A Source 2 YFP -|
Profile || Mask ReE ||
Profile display mode |
25D

1800

1000

0 500 1000 1500 2000 2500 3000 3500 4000
Intensity GFP

! | |
50 100 150 200 250
Absolute Frequency

Fig. 5-229 Image Display window, Colocalization display
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Scatter diagram
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Fig. 5-230 Image Display window, Colocalization display

Identical images produce a clean diagonal line running from bottom left to top right, because only pixel
pairs (0,0), (1,1), (2,2) with the same intensity can occur. Differences between the images cause an

irregular distribution in the scatter diagram.
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The following function elements are available:

Colocalisation button
Show table button
Area button
Crosshair button
Threshold button

[+{E1= 1+ 2]
Channel Togale

[ P

[t Maszk,

Displays the scatter Histogram of the two image channels

Adds display of the according data table

Adds display of the image

Displays a movable crosshair for different areas in the scatter histogram

Opens the Intensity Threshold window to sets threshold for
colocalisation in the scatter histogram.

Set from Image ROIs button: Sets background threshold from ROI
(Threshold button)

Cut Mask button:

Channel Toggle button:

Invert Mask button: Inverts the mask or the scatter diagram.

source 1 ChSTTT| gource 1 selection box with Color selection box: Selection of the first channel to be
selected via the selection box, assignment of a defined color via the Color selection

box.

d

source 2 Cho2T1| goyrce 2 selection box with Color selection box: Selection of the second channel to
be selected via the selection box, assignment of a defined color via the Color selection

box.

b azk RGE

Mask selection box with Color selection box: Selection of RGB or Overlay display of

the mask, assignment of a defined color via the Color selection box.

Drawing tools

Save at drawing tools

Allows the selection of ROIs in the Histogram and the Image

Stores ROIs and threshold settings
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Enhanced colocalisation

Scattergram, image display and data table are interactively linked:
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Fig. 5-231 Image Display window, Colocalization display

Scattergram and thresholding with crosshair:

—|— Intensity *FP
Crozshair

Scatterregion 2:
Pixels in channel 1 only

~<—— Crosshair

Scatterregion 3:
Colocalizing pixels

Scatterregion 4: Scatterregion 1:
Pixels in channel 1

Sub-threshold pixels

(background inteﬂsities) 0 500 1000 15[\’;-?!;33?5%200 3000 3500 4000 Only
D- EID 160 W%D 200 250

Abzolute Frequency

Fig. 5-232 Scattergram and thresholding with crosshair
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Select ROIs in scattergram and view corresponding pixels in image display:

07 GFP_YFP unmix - AlM
Histogram

m
-
& [ul

[Copy TEE
Intensity YFP m
Crasshair Save TE6E
e &
Threshold Cut Mask
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Fig. 5-233 Image Display window, Colocalization display

Select ROIs in image display and view corresponding pixels in scattergram:
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Fig. 5-234 Image Display window, Colocalization display
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Quantitative Parameters:

— No. of pixels in image ROI or scatter region

— Area / relative area of image ROI or scatter region

— Mean intensities / SD within image ROI or scatter region
— Colocalization coefficients

— Weighted colocalization coefficients

— Overlap coefficient after Manders

— Correlation coefficients (R and R?)

Colocalization coefficients

c = pl'xelsChl,Coloc C. = pl'xelSChZ,coloc

. 2 .
PIXElS ey torar PIXELS oy torar

— Relative number of colocalizing pixels in channel 1 or 2, respectively, as compared to the total number
of pixels above threshold.

— Value range 0 — 1 (0: no colocalization, 1: all pixels colocalize)

— All pixels above background count irrespective of their intensity.

Weighted colocalization coefficients

Z Chli,c,)loc Z Chzt coloc

L E— M, =4
Ml Z Chl i,total ’ Z Chzi»mml

— Sum of intensities of colocalizing pixels in channel 1 or 2, respectively, as compared to the overall sum
of pixel intensities above threshold and in this channel.

— Value range 0 — 1 (0: no colocalization, 1: all pixels colocalize)

— Bright pixels contribute more than faint pixels
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Correlation coefficient, Pearson’s correlation coefficient

aver) * (Ch21 - Chzaver)

D (Chl, -Chl
R i

p =
\/Z(Chll - Chlaver)2 *Z(Chzz _Chzave")z

— Provides information on the intensity distribution within the colocalizing region

— Value range -1 to +1
-1,+1: all pixels are found on straight line in the scattergram
0: pixels in scattergram distribute in a cloud with no preferential direction

Overlap coefficient, overlap coefficient after Manders
(Manders, Verbeek and Aten, J. Microscopy 169:375-382, 1993)

> Chi, *Ch2,

y = !
\/Z(cm,.)z *>(Ch2,)’

— Another parameter used to quantify colocalization in image pairs

— Insensitive to differences in signal intensities between the two channels, photo-bleaching or amplifier
settings

— Value range 0 — 1 (0: no colocalization, 1:all pixels colocalize)
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5.13.20  Display - Profile

This function allows to
— display the intensity distribution of an image along a straight or curved line
— show the intensity values in table form and copy table to clipboard or save as text file

— show separate profiles for each channel in a multi channel image

The settings of Chan, Zoom, Slice, Contr and Palette are applied.

Click on Profile will display the Profile toolbar. Any changes done with this toolbar are effective
immediately. The content of the overlay plane is temporarily deleted while the toolbar is displayed.

¢ C(lick on the Profile button. The Profile toolbar will be displayed.
— The intensity curves are shown in a graph below the image(s).

¢ On the Profile toolbar you can select the width and color of the profile line.

£ [_[O]]
Marker 1 = R:“"‘e_)
and 2 polly 102N
fo| n) <L
A |
I
Freely =
I |
selectable - |
line for
intensity 25 nnage
profile
Marker 1 Marker 2 Difference.
Distance 34.43 pm 5866 pm 34.43pm
Tnterisity Ch g i
a

Intensity Ch2
Intensity Ch3

P
=|o|o|8lF
i

Profile

S S S |

cht © che  Ch3
‘F\eady, 512 %512 20 . 3 chanrels . B bit

Fig. 5-235 Image Display window, Profile display

e You can place two markers on the profile line to measure differences in intensities and distances in
the XY plane.
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e Click on the Diagr. in Image button to see an intensity graph superimposed on the image.

Distance
Itensity CHl
Intensity ChZ
Intensity Ch3

Profile
Intensity
25

0
200
150
100

50

[t}

cht ~ che  Ch3
|Heady, S12x512 % 20. 3 channels , 8 bit

Fig. 5-236 Image Display window, Profile display

The Profile toolbar contains the following function elements:

M Arrow (selection) button: Activates the mouse button for selection, resizing or movement of

the profile line in the Image Display window.

Resize: Click on handle and hold down the mouse button, move the handle, release mouse

button.

Movement: Click on line and hold down the mouse button, move the entire line, release

mouse button.

0B

Line with arrow button (open arrow): Activates the straight profile drawing mode.

Click into the image and hold the mouse button, drag a line in any direction and release the

mouse button to end the procedure.

X

Open polyline button: Activates the open polyline drawing mode.

right mouse click ends the procedure.

& Open free-shape curve button: Activates the Bezier figure drawing mode.

The first click into the image sets the starting point, each additional click adds a further line,

The first click into the image sets the starting point, each additional click adds a point, right

mouse click ends the procedure.
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Line button: This button allows you to determine the line thickness of the profile line. It has
no influence on the way the intensity profile is generated.

Color selection box: The colors displayed in the Color selection box can be assigned to the
overlay profile line with a click of the mouse. The currently selected color is displayed in the
larger rectangle (top left) of the selection box.

Diagr. In Image button: The profile diagram is displayed in the image along the drawn
profile line.

Marker 1 button (red): Activates the red marker for movement in the profile diagram; the
marker shown as a red line in the diagram can now be moved to the right or left of the
diagram using the mouse. The marker in the image display (red circle) follows accordingly.

Marker 2 button (blue): Activates the blue marker for movement in the profile diagram; the
marker shown as a blue line in the diagram can now be moved to the right or left of the
diagram using the mouse. The marker in the image display (blue circle) follows accordingly.

Zoom button: Zoom function for profile diagram. Click and drag a rectangle over the area
to be enlarged in the profile diagram; the selected area is enlarged on release of the mouse
button. The zoom function can be performed several times. A click with the right mouse
button will reset the original size.

Reset Zoom button: Resets the zoom factor of the profile diagram to the original size.
Show Table button: The profile diagram is displayed as a table at the bottom of the Image
Display window.

Copy Table button: The profile table is copied to the clipboard.

Save Table button: The profile table can be stored as a text file (extension *.txt).
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5.13.21 Display - 2.5 D

This function allows to
— display the two-dimensional intensity distribution of an image in an pseudo 3D mode
— show the intensity values in profile, grid or filled mode

— show separate distribution for each channel in a multi channel image

e Click on the 2.5 D button.
— The Pseudo 3D toolbar is displayed.
The settings of Slice apply. The settings of Chan, Zoom, Contr and Palette are not applied.

Click on 2.5 D will display the Pseudo 3D toolbar. Any changes done with this toolbar are effective
immediately. The content of the overlay plane is temporarily deleted while the toolbar is displayed.

The viewing plane of the Image Display window can be rotated, tilted either directly with the mouse or
by the scroll bars on the right-hand side and the bottom of the Image Display window.

(1) Direct setting in the image

e C(lick in the image and hold down the mouse button. The perspective is changed by moving the
mouse button in horizontal or vertical direction.

(2) Setting via scrollbars

e Move the ®2 horizontal scrollbar to rotate the image around the vertical axis. The rotation angle is
displayed in the yellow display box.

e Move the 3 left vertical scrollbar to rotate the image around the horizontal axis. The rotation angle is
displayed in the yellow display box.

The intensity scale can be varied by the scroll bar on the right-hand side of the Image Display window:

e Moving the I right vertical scrollbar enables you to expand or to compress the intensity scale of the
image, while the expansion of this intensity axis ranges between 10 % and 100 % of the X-scale size.
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Fig. 5-237 Image Display window, 2.5 D display

The Pseudo 3D toolbar contains the following function elements:

Profile button

Grid button

Filled button

Channel list box

Type of
pseudo-3D
presentation

Sice || Ottho _Mnnn N__ Select channel

N— Select mono-

chrome / color
presentation

Profile display (vertical polygon display). Setting of the Profile Distance

between 1 and 20 using the slider.

Grid display (horizontal grid display). Setting of the Grid Distance

between 1 and 20 using the slider.

Color diagram (filled 3D diagram). Selection between the Mono,

Rainbow and Six Step color palettes.

Permits the selection of a Channel in a multi channel image.
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5.13.22 Display - 3D (Image VisArt)

This optional function allows to

— reconstruct and display 3 D fluorescence image stacks or time series of frames and stacks from the
Image Display window

— select from a variety of reconstruction modes

The settings of Chan are applied. The settings of Zoom, Slice, Contr and Palette are not applied.

Click on 3D will display the 3D toolbar. Any changes done with this toolbar are effective immediately.
The content of the overlay plane is temporarily deleted while the toolbar is displayed.

e Click on the 3D button. The 3D toolbar will be displayed.
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Fig. 5-238 Image Display window, Profile display
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The 3D toolbar contains the following function elements:

Shadow projection

Front button Shadow rendering front view
Back button Shadow rendering back view
Any View button Shadow rendering with user defined view

Transparency projection
Basic button Transparency rendering (voxel based)

Advanced button Transparency rendering (voxel based) with textures

Surface projection

Basic button Surface rendering (voxel based)

Advanced button Surface rendering (triangle based)

Full Resolution button High accurate surface rendering (triangle based)

Appearance button Opens the render properties dialog

Series button Renders a series of 3D image stack or 3D /4D time series, opens the

Series render dialog
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5.13.22.1 Shadow Projection

With a click on Front, the 3D reconstructed image is displayed in a shadow projection where it is
illuminated at a 45° angle from the front left.

A click on the Back button creates the same projection with illumination from back left.

The zoom wheel to the left of the Image Display window allows continuous zooming of the 3D
reconstructed image.

;‘—” nvallariaz - AIM
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& T, Ad\@ced
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[T
Full Res.
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Ex 3 = w i
e |7 MW 5@

|F|eadp, 512 %512 % 20, 3 channelz , 8 bit

Fig. 5-239 Image Display window, 3D display, Shadow projection, Front
view
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A click on the Any View button displays the 3D reconstruction image in a shadow projection where the
viewing point can be defined. In addition to the zoom setting, the image can be rotated around the
three orthogonal axes via the relevant setting wheels.

However, the 3D orientation can also be set directly in the Image Display window by clicking, holding
and dragging the 3D reconstructed image with the mouse.

ConvallariaZ - AIM
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ol x|

Select | Display Kinj

E . Shadow
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Surface
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R

Series

—
[T G| i
Fm&lﬁflmlﬁl?ﬁilo Saveds Info

|Fiead}l, 512% 512 % 20, 3 channels . 8 bit

Fig. 5-240 Image Display window, 3D display, Shadow projection,
Any View

The following additional buttons are available in the Any View shadow projection mode:

e After activation of the Frame button (below the image), a bounding box is drawn around the 3D
reconstructed image.

3>  Depending on the used mode and hardware configuration, it can take several seconds until the
3D reconstruction is refreshed on the monitor after reorientation.

e A click on the Coordinate System button displays a colored coordinate system in the Image Display
window, where the X axis is displayed in red color, the Y axis in blue and the Z axis in green.
e Aclick on the Scale button display an X-,Y- and Z-scale in the Image Display window.

e A click on the Home button resets the display parameters to the default values.
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e A click on the Animation button activates the animation mode. The object can be pushed by
dragging in the Image Display window and rotates continuously. Any new push with pressed left
mouse button changes the rotation direction and speed of the animation.

I¥- The fastest animation results can be achieved with the advanced surface rendering mode (even
without additional graphics cards).

5.13.22.2 Transparency Projection

The transparency projection generates a transparent 3D reconstructed image.

The elements for image display (zoom, 3D rotation, home, coordinate system, scale, frame and
animation function) are identical to those of the Any View function of the shadow projection and are
operated in the same way.

The transparency projections Basic and Advanced are perspective-type 3D reconstructions, with the
Advanced projection permitting the perspective impression being varied between parallel and centric
projection by changing the View angle. The Advanced projection also offers the possibility of selecting
between fast and precise calculation via the Precise / Fast slider (at the bottom right in the 3D toolbar).
Of course, the precise calculation method is more time consuming.
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Fig. 5-241
Advanced

Image Display window, 3D display, Transparency projection,
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5.13.22.3 Surface Rendering

The surface rendering generates surface rendered 3D reconstructed images.

The elements for image display (zoom, 3D rotation, home, coordinate system, scale, frame and
animation function) are identical to those of the transparency projection and are operated in the same
way.

The surface projections Basic and Advanced are perspective-type reconstructions of the surface and
differ in the fact that the calculation of the 3D information is based on voxels or triangles.

The Advanced projection permits the View angle to be varied in order to enhance the perspective
impression. It is also possible to select between fast and precise calculation via the Precise / Fast slider
(at the bottom right in the 3D toolbar). Of course, the precise calculation method is more time
consuming.

The Full resolution projection is based on a high precision calculation method for 3D information on
the basis of triangles with maximum resolution.

3>  Depending on the hardware configuration, it can take several seconds until the surface
projection is refreshed on the screen.
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5.13.22.4 Appearance (Settings) 3D Rendering
"""""""""""
The Appearance button opens the 3D Rendering Defaut Close
window.
This window allows settings for Light, Material, Define
Background and Projection properties to be
defined for all 3D projection modes. Light -
List
Depending on the selected 3D projection mode, Distance
different setting parameters are displayed. Aamuth
Elongation FEmove
In the Shadow projection, the parameter =
Roughness is also available and can be set
between 0 and 1.
A default setting is permanently available for all
modes. Material
If individual settings for 3D rendering are to be Ehamel T‘TP?‘IT
used again, they can be stored and loaded when Uise channel calars [
requ ired. Threshald —J—
Ambient |—
Specular -—J
Shinineszs —J—
Proceed as follows to save individual settings:
e Click on the Add to List button. Color ﬂ
e Enter a name in the opening Add Shading "
e
Model to list window.
Wiew angle -—J— Wi’
e Click on OK.

— The settings are saved and the entered name
appears in the Shading Model List
selection box.

Advanced rendering mode)

Fig. 5-242 3D Rendering window (e.g. Surface

e To activate the settings, double-click on the relevant name in the Shading Model List selection box.

Settings which are no longer required can be removed.

e Select the name of the setting to be deleted with a click of the mouse in the selection box and then

click on the Remove button.

— The setting is deleted.
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5.13.22.5 Series

Mode Llose The Series button opens the Render Series

7 window. This window allows settings for the axis

(‘:lﬁj‘a'}tf"”fkﬂd sool to be used for rotation of the 3D reconstructed

) Tiime serics

-

Numbe of Views 1| 4] 8183264

I'I B
Difference Angle I‘I i :
I‘I—

First Angle

-

-
-

45| 18| 9| Panarama |

Lele elw [elr

-
-

Fig. 5-243 Render Series window
(e.g. Turn around X mode)

(1) Turn around X and Turn around Y mode

images.

e Click on the Series button to open the Render
Series window.

e Select the requested projection mode by
clicking on the relevant option button under
Mode.

e Depending on the activated mode, directly set
the parameters for animation in the Render
Series window and the position of the 3D
image in the Image Display window (zoom,
rotation axes, rendering parameters).

e Click on Apply to start the animation

The animation is performed in a separate Image
Display window, which permits the animation to
be saved afterwards.

In this mode, the image is turned around the X-axis or the Y-axis exclusively.

The values for Number of Views, Difference Angle and First Angle can be selected accordingly (see

section Projection, page 5-166).

5-274

B 45-0007 e 12/02



OPERATION
Display and Analysis of Images

LSM 5 PASCAL Display - 3D (Image VisArt) Carl Zeiss
(2) Start and End mode Render Series
In this mode, the image is reconstructed between Close

a start position and an end position. Mode  Tun aourd

e -Eosition Lis.t. ..... Apply
) Tiime series

The rotation angles for X, Y and Z and the distance
(zoom) can be determined using the sliders.

The value for Number of View can be varied. —
Humber of Views [16 Z|I 1| 4] 8| 18] 32] 64]

Angle ¥ '_J— W i’
Angle Y '_J— IW : 1 Start
Angle 2 — |— |-10.u =  End

Diztance '—J— |1 .0 i’

Fig. 5-244 Render Series window
(e.g. Start and End mode)

3) Position List mode Render Series
In this mode, the image is reconstructed between R Close
any required number of interim positions to be Ilete :Tumaroundg
. . . Turk around v
determined individually. & St o
% Position List Apply

The rotation angles for X, Y and Z and the zoom
can be determined directly in the image.

© Time series

Number of Yiews [18 =l | 41 8] 18] 2|64

Every required interim position is included in the I
list of the Render Series window with a click on KT Y0 20 D07 =T
the Add Position button. x> Ye z5 Dow =
Clear List permits the contents of the list to be
deleted . Clear
List
The value for Number of View can be varied. I |
e Click on the Apply button calculates a spline
along all the defined positions from the list and Fig. 5-245 Render Series window
starts an animation along this spline track in (e.g. Position List mode)
space.

(4) Time series

When the input images is a Z Stack time series, the
reconstructed images are generated for each time
point.
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5.13.23  Display - Topo for LSM

This optional function allows to
— process, display and measure topographic information.
— use frame Z Stacks

— and frame Z Stacks over time

The Topo function is mainly used for applications in material research and industry.

The settings of Chan and Zoom are applied. The settings of Slice and Contr are not applied. The
Palette settings are applied in some 3D display modes.

Click on Topo will display the Topography toolbar. All changes done with this toolbar are effective
immediately. The content of the overlay plane is temporarily deleted while the toolbar is displayed.

e C(lick on the Topo button. The Topography toolbar is displayed.

— The topography of a Z Stack is displayed in the Image Display box of the Image Display
window. The parameter used at the last exit of the Topo function are applied.

1
-;;'lip trace - AlM [_[O] =]

Topography

Generate ?_ > .A;
Maximum  Center First
o Threshaold H I i |
Intenzity | Height | AutoZ
* Filter J:ll gl i |
MNone | pedian  FFT
@ Geometry *T '(3
Iwerse Fit tdamu Tilt
Dizplay m ‘
2D lso-Lines 30
Off »

Measure

Diagrarn | Roughn. | Yolume

Profie Dist, — =
Fillevdl ———— 1213

Tl Savebs
& 4 i

|F|eady, 1024 % 1024 » 36 . 1 channel . 12 bit

Fig. 5-246 Image Display window, Topography display
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The Topography toolbar contains the following function elements:

Channels buttons The selection of a channel to be used.

Generate buttons The selection of the mode of calculation of the topography image
(maximum, center of gravity, first intensity).

Threshold buttons The selection of thresholds (intensity, height, Auto Z) to be used.

Filter buttons The definition of filter procedures (geometrical, frequency cut-off filters)
for smoothing, separation of roughness or waviness.

Geometry buttons Automated correction procedures, changes of geometry, tilting.

Display buttons 2D (Intensity, z Map, Gradient); Iso-Lines (z Map, Intensity, Black)
3D (Profiles, Grid, Filled, Shaded).

Measure buttons Diagrams (Profile, z Distribution, Bearing area ratio plot, Slope

distribution); Roughness parameters; Volume parameters.

5.13.23.1 Channel Selection

e Select the channel to be viewed using the relevant button (e. g.: Ch1).

5.13.23.2 Generate Topography

The three buttons provided in the Generate button bar allow you to generate the topography in
different ways:

Maximum

e C(lick on the Maximum button to calculate the topography surface by finding the maximum intensity
value. If the optical section with the highest intensity value is found, the intensity values of both
neighboring slices are also taken into account, so that a 3 point maximum fit is calculated.

Center

e C(lick on the Center button to calculate the topography surface by using the center of gravity of all
summed up intensities of the stack for a given xy print.
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I3  This mode provides better result for smooth surfaces of low intensity or nearly transparent
surfaces. The receiver gain and offset has to be properly tuned and MarkFirst- MarkLast-
positions of the stack should be located approximately in the same distance from the real
surface.

First
e Click on the First button to calculate the topography surface by using the first slice coming from the
top (bottom), where the intensity reaches the value defined by the lower intensity threshold.

I3  This mode provides better result for surfaces of semitransparent materials with inclusions of
higher reflectivity or transparent multilayers with subsurface layers of higher signal intensity.

Extended First / Last Mode
1. Definition of an intensity (I) threshold.
Starting from top / bottom of a stack to find | = 400.

Search of a local maximum one FWHM of actual Z PSF forwards / backwards.

AW

Search of the next local maximum one FWHM forwards / backwards from the last max until you have
not found any new local maximum.

5. Last local maximum is taken as surface point.

5.13.23.3 Topography Thresholds

Intensity threshold

Click on the Intensity button to calculate the topography surface by using the lower and the upper
intensity thresholds for image display. Use of this function is recommended to find the real surface in the
case of images with pronounced noise. All image pixels with intensity less or higher than the thresholds
set are ignored for the surface calculation.

e Click on the Intensity button to select the
: : X intensity thresholds for the surface generation.
Lonerteshott: |_—— T 4 S The Intensity Threshold window appears.
Upper threshald : '—J IF ﬂ

e Set the lower and upper intensity thresholds
using the appropriate sliders.

Fig. 5-247 Threshold window _ )
e Click on Close to close the Intensity

Threshold window.
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Height threshold x|
Click onhthe ;—Ieiglk\)t button htoI calculated tEe Lowertheshold: —————— oo 2] || s
topography surface by using the lower and the I | Fo o]

upper height thresholds for image display. Use of
this function is recommended to get rid of
unwanted peaks and valleys taken into account for Fig. 5-248 Z Threshold window
parameter calculation. All topographic data with

height values less or higher than the thresholds set

are ignored for the display and parameter

calculation. This threshold applies both for 2D as

well as for 3D topography display modes.

e C(lick on the Height button to select the intensity thresholds for the surface generation. The Z
Threshold window appears.

e Set the lower and upper intensity thresholds using the appropriate sliders.

e Click on Close to close the Z Threshold window.

Auto Z

By clicking on the Auto Z button the surface topography is displayed in the Image Display window in
that way that it is automatically normalized to the lowest and highest Z value of the 3D topography.

e Click on the Auto Z button. The topography is automatically normalized with respect to the highest
and lowest Z value.

5.13.23.4 Processing by Filtering

(1) Topography smoothing

The three buttons in the Filter button bar allow activation / deactivation of the filter functions for
surface smoothing.

None button No filter for input data.
Median /
Gauss / Aver. button Smoothing of z data using a low-pass Median, Gauss or average filter.

Clicking on this button opens a selection box, where the number of
neighboring pixels to be used for filtering can be specified:

1st row: small smoothing via Median/Gauss filter (Median; 3 x 3; 5 x 5;
7x7)

2nd row: medium smoothing via Average (9x9; 11 x 11; 15x 15)

3rd row: pronounced smoothing via Average (25 x 25; 35 x 35; 45 x 45)
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To investigate the effects of various filter modes, select one of the 3D display modes (Profiles, Grid,
Filled or Shaded) from the Display button bar.

Click on the Median sub button to set the smoothing of the integrated Median filter.
Or

Click on a Gauss or Average sub button and select the required degree of smoothing from the
selection box with a click of the mouse.

FFT button: This function performs a Fast Fourier Transformation (FFT) in the

frequency range, applies highpass or lowpass filtering in the frequency
range and performs the inverse FFT.

Click on the FFT button, the FFT Filter window opens.

Click on the arrow in the filter Type select box to choose an adequate filter function:

Gauss Lowpass

Gauss Highpass

Butterworth Lowpass

Butterworth Highpass

Select a position of the Cut off slider to display either the lower frequencies (waviness) with the
lowpass filters or the higher frequencies (roughness) with the highpass filters.

The Cut off frequencies ranges from 1/1000 of the X dimension of the stack to four times of the X
dimension of the stack. The dimensions of the filtering is given in units of um.

Select a position of the Degree slider. The filter functions can be calculated from 1% order to 5" order
accuracy.

Click on the Close button closes the FFT Filter window.
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(2) Changing the topography geometry

The three buttons in the Geometry button bar allow the surface geometry to be changed.

Inverse button

Fit button

Manu Tilt button

Inverse surface. Depths change to heights, and vice versa.

The following fit modes can be set:

1) No Fit

2) Plane

The topography is tilted in such a way that the mean deviation value
plane is calculated.

3) Cylinder fit correction

A cylinder form is eliminated, determination of micro roughness on
cylindrical surfaces can be performed.

4) Sphere fit correction

A spherical form is eliminated, determination of micro roughness on
spherical surfaces can be performed.

If Cylinder / Sphere fit is chosen, the Manu Tilt button is disabled.
I3~ You can display the exact values of the Cylinder / Sphere fit by
opening a context menu in the Image Display box with a click of the
right mouse button and selecting the Show processing parameter
function.

Manual tilt correction.

Clicking on the Manu Tilt button activates the function (enabled). The
sliders for manual tilt correction are displayed on the right and below the
Image Display box. Vary the tilt by adjusting the horizontal and vertical
sliders or the arrows. The tilting angle is varied in steps of 1 degree. By
additional pressing of the Ctrl key, the tilting angle can be varied in steps
of 0.1 degrees. A yellow box showing the tilt angle currently set is
displayed next to each slider for checking purposes. A second click on the
Manu Tilt button ends this function and saves the setting (save and
disabled). The sliders for tilt correction disappear from the display.

You can also change the tilt angle directly in the Image Display box.
Click the left mouse button in the image and hold it down. Moving the
mouse pointer in horizontal or vertical direction tilts the topography by
an axis parallel or vertical to the screen. On releasing the mouse button,
the change of the tilt is stored and the function is deactivated (disabled).
To reset the manual tilt correction, click the Fit button.

e C(lick on the Inverse button for the inverse display of the topography. Clicking again will reset the

normal display.

e Correct the tilt via the Fit or Manu Tilt functions.
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5.13.23.5 Display Modes

The three buttons in the Display button bar allow stacks to be displayed in the 2D, Iso-Lines or 3D
display mode.

(1) 2D modes

The following 2D modes can be set:

Intensiy| Intensity button: Display of projection of all intensities of the stack (black-and-white
display).
kel
| =t | z Map button: Height coded color map with color bar.
[zdieni Gradient button: Display of height gradient (slope), averaged pixelwise over all neighbors

(black-and-white display).

e C(lick on the 2D button in the Display button bar.

— The 2D display mode selected last is activated. At the same time, an additional button bar is
displayed beside the 2D button permitting selection of the required 2D display mode.

e Select the required 2D display mode with a click of the mouse.

(2) 2D Iso-Lines display mode
Iso-Lines are lines which connect points of equal height on the topography.
The following 2D Iso-Lines display modes can be set:

(7]
e,
ey

Uit Intensity button: Intensity projection superimposed with colored iso-lines (lines of equal
height).
iy z Map button: z Map function with black iso-lines.
g o
Hass Black button: White iso-lines on a black background.
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e Click on the Iso-Lines button in the Display button bar.

— The Iso-Lines display mode selected last is activated. At the same time, an additional button bar is
displayed beside the Iso-Lines button permitting selection of the required Iso-Lines display mode.

— Below the Measure button bar, the Line Dist. and Line Offset sliders / input boxes are displayed.

e Select the required Iso-Line display mode by clicking the left mouse button.

The additional function elements of the Iso-Lines display mode have the following meaning:

Line Dist, Line Dist. slider: Changes the distance of the iso-lines.

Line Offset | ine Offset slider: Setting of the height level where the Iso-Lines display starts.

I3  To apply the topography functions to a small portion of the Z Stack image use the Overlay
function (Overlay button) and cut out and store as new topographic evaluation via the Extract
Region function.

(3) 3D display

Topo animations are possible. The following 3D modes can be set:

el s Profiles button: Profile display.
Grid Grid button: Grid display.
s |
REd Filled button: Display of color shades.
plrader Shaded button: Surface rendering. Can be combined with LUT. Topo animations are

possible.

e Click on the 3D button in the Display button bar.

— The 3D display mode selected last is activated. At the same time, an additional button bar appears
beside the 3D button to permit selection of the required 3D display mode.

— Below the Measure button bar, the Scaling button bar and the Profile Dist. and Fill Level
sliders / input boxes are displayed.

— The Image Display box contains one horizontal and two vertical scrollbars for the setting of the
image viewing angle.

e Select the required 3D display mode with a click of the mouse.
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The additional function elements of the 3D display mode have the following meaning:

ProfileDist.~  profile Dist. slider: Setting of the distance of profiles and the mesh value of the grid.

Al Lzvel Fill Level slider: Used to push through a color LUT Look Up Table (e.g.: if the Rainbow

palette is used) in the Profiles/Filled display mode. In combination with the Volume
button, the filling of the flood function level of the topography can be varied for volume
measurements (see the Measurement functions paragraph).

Fill Holes procedure

¢ Intensity of a missing pixel of a hole has to be interpolated by the distance-weighted intensity of all
surrounding pixels.

e Fill hole algorithm is optimized for short calculation times.

The image viewing angle is set as follows:

Setting directly in the image

e Click in the image and hold down the mouse button. The perspective is changed by moving the
mouse button in horizontal or vertical direction.

Setting via scrollbars

e Move the &2 horizontal scrollbar to rotate the image around the vertical axis. The rotation angle is
displayed in the yellow display box.

¢ Move the 3 left vertical scrollbar to rotate the image around the horizontal axis. The rotation angle is
displayed in the yellow display box.

e Moving the I right vertical scrollbar enables you to expand the image in height or to compress it,
while the Z-range between 10 % and 100 % of the X-range is scaled.

I3>  You can set the x, y and Z scales to an identical ratio by opening a context menu in the Image
Display box with a click of the right mouse button and selecting the Metric equal ratio
function.
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The displayed boxes for rotation angle and relative scaling percentage value z : x ratio permit the setting
of identical perspectives for different images (e.g.: the plot of several topographies).

I3>  The Profiles and Filled 3D display modes permit a color palette (e.g.: Glowscale, Rainbow or
User defined) to be loaded or redefined by pressing the Palette button (see page 5-231).

5.13.23.6 Context Menu of the 3D Display Metric equal ratio
Mode v -, - and Z-scaling
#- and Y-scaling
e Click in the Image Display box with the right N scaling
mouse button to open the context menu. Export profiles
The context menu for the 3D mode currently jeeeiltalle=k i ebead
selected is displayed. it 2 ~ iolEs
. . . . Copy x,%,2 - triples to clipboard
e C(lick on the required option with the left :
mouse button to execute the function. Show pracessing parameters

Fig. 5-249 Context menu of the
3D display mode (Profiles)

(1) Metric equal ratio item

This option is available in all of the 3D display
modes.

After activation of the function, the x, y and z
scales are set to an identical ratio.

(2) Export... item Save As HE
This option is available in the Profiles and Grid 3D Savejr | (4 LenSto =l &) ekl =
i |1 Backup [ helpfies LSM 510 Rel 2.02 (2] LsmB10_2_3_R
d|splay modes. " Bin £ Huwt L5MIE_READM
Use the function to save the Profiles or Grid data | Database O Images LEMIX_READM
fl |1 Dbfilter [ Macros [Z] ik bt

as atextfile. |21 Filer £ Rais

e Open the context menu with a click of the right ) e SR
mouse button, then click on the option 2l | i
Export ... with the left mouse button. Filename:  [iesttt save |
— The Save As window is opened. Save asype: |Tew - Fies () [ Cancel |

e Select the directory where you want the text
file to be stored, enter a file name and click on
Save.

Fig. 5-250 Save As window

B 45-0007 e 12/02 5-285



OPERATION
Display and Analysis of Images

Carl Zeiss Display - Topo for LSM LSM 5 PASCAL
X000 X 10355 X 2110 X 3165 X 4219 A text file containing the topography in the form
¥:232 000 0.00 0.00 0.00 0.00 i
of an XYZ matrix is generated.
¥ 12.87 0.00 571 7.25 7.02 5.99 d atrix is generated
Y2342 0.00 6.62 6.96 7.25 577
¥:3397 0.00 502 782 7.99 6.11
Yo 4451 0.00 5.04 776 7.31 563
Fig. 5-251 Topography matrix

(3) Copy ... to clipboard item

This option is available in the Profiles and Grid 3D display modes.

After selection of this option, the Profiles or Grid data are copied as an XYZ matrix to the clipboard and
can be inserted in other programs using the Paste command.

Save As H

Save in: I {3 Lsm510 j gl E EH
I_1Backup (0 helpfiles LSM 510 Rel 202 2] LemS10_2 3 R
| _1Bin [ Hwt =] LSMIE_READM
|_ 1 Database [ Images =] LSMI_READM
|21 Dbfilter [ Macros ER
I Filker (2 Rais
|- Guided exp-prof.tat

4] | i
File name: Itesl{ bk Save I
Save ag bype: IText - Files [7.tut] j Cancel |

Fig. 5-252 Save As window

Z
0.00
10.55
21.10
3165
4419
5474

b

12487
1227
12487
12487
1227
12487

=

0.00
5
25
.02
5.00
5.19

Fig. 5-253 Topography table

(4) Export x,y,z- triples item

This option is available in the Profiles and Grid 3D
display modes.

Use the function to save the Profiles or Grid data
as a text file.

e Open the context menu with a click of the right
mouse button, then click on the option
Export ... with the left mouse button.

— The Save As window is opened.

e Select the directory where you want the text
file to be stored, enter a file name and click on
Save.

A text file containing the topography in the form
of an XYZ table is generated.

5-286
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(5) Copy x,y,z- triples to clipboard item
This option is available in the Profiles and Grid 3D display modes.

After selection of this option, the Profiles or Grid data are copied as an XYZ table to the clipboard and
can be inserted in other programs using the Paste command.

I3 Please make sure that the amount of exportable data is adequate to the maximum importing
size of the following software package. To lower the amount of data points, use the profile
distance slider.

(6) Render properties item Metric equal ratio
This option is only available in the Shaded 3D #-.'7- and Z-scaling
display mode. #- and “-zcaling
Use this function to vary the illumination No scaling

conditions, reflection properties and projection

' : Hend ki
settings of the topography. You can either select ENCEr propemies

preset Shading Models or use parameters A

specifically defined as required. Fig. 5-254 Context menu of the

The specifically  defined parameters can 3D display mode (Shaded)

subsequently be stored as a Shading Model and

are then available at any time for further use.

Shading Models can also be deleted if no longer

needed.

Load a Shading Model
ST s

e Open the context menu with a click of the right | Close
mouse button, then click on the option Render
properties with the left mouse button.

Define

— The 3D Rendering window is opened.

e Click on the name of the required model in the ] ] ]
Shading Model List. The parameters are Fig. 5-255 3D Rendering window
immediately set for the current topography.

e (lick on Close to close the 3D Rendering
window again.
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Defining a specific Shading Model
: :
Shading Model Lt oo e Open the 3D Rendering window.
Default
e Click on the Define button.
Define e Change the parameters of the topography
using the appropriate sliders.
=" e Save the settings by clicking on the Add to List
pistance:  ——— ——— [10 | =] button. The Add Shading Model to List
hzimith | [0 4 o window is displayed.
Flongaten: d oo 5] e Enter a name for the model and click on OK.
Background H The model is included in the Shading Model
List.
Ambient ; '_J— |2D ﬂﬂ L' h I
Specular : J |1DD i’ﬂ |g t pane
Stiiness: —— f—— 5 Determines the properties of illumination on a
sample.
Distance Goes for diffuse and specular, see
Yiew angle : '—J— |45-D z’ Visualization.
Distance : '—I— |1.D =
5 Azimuth See visualization. Rise angle of the
"sun”.
Fig. 5-256 3D Rendering window Elongation See visualization. North-south /

Material panel

east-west direction of the "sun".

Background Choose background color.

Determines the reflective properties of a sample.

Ambient
Specular

Shininess

Material properties; how many % of the light component are projected by the
material into which spectral ranges.

Goes together with specular light. Shininess equal to 25 % determines diffuse light.

5-288
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Projection panel

Determines the reflective properties of a sample.

View angle Determines the perspective, 0.0 parallel projection, central projection

Distance

Zoom function, zoom in, zoom out

g tip race - AlM

@ ]

Topography

Generate 5
;.)‘ > First
Masimum  Center

Threshald ];l I i
Intensity | Height | AutoZ

Filt
J:r &

Geometry »
Irwverse Fit | Manu Til

Display m | _/27

2D lso-Lings 30

Measure o

Diagram | Foughn. | Yaolume

PrfieDist. = |——— [ 2
Fillavek ———— [— [Tz

|F\eady, 1024 8 1024 % 36, 1 channel , 12 bit

Fig. 5-257 Render function visualization aid

A zoomed rendering setting permits the zoomed section to be moved via the cursor keys after a click on
the 3D window.

If a change of the 3D image angle follows, centration is made on the center again.

Deleting a Shading Model

e Select the model to be deleted in the Shading Model List, then click on the Remove button. The
model is deleted.
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(7)  Renderer item
il This option is only available in the Shaded 3D
Wendor : Microzaft Carparation dlsplay mOde
e S Beere After selection of the Renderer item, the 3D
- Eancel Renderer window appears. It allows the selection
2 DPZ”GL'H.ardwaﬁ_ _— of the hardware and software option which shall
Randerer: D) Bener. be used for the 3D graphics calculation.
Werzion : 1.1.0

OpenGl - Software

= Direct3D - Software . . . .
The graphics calculation is performed using the

installed software.

Mat available

OpenGl - Hardware

" Direct3D - Hardware Rasterizer
Not svaiable The graphics calculation is accelerated by using the
installed graphics processor.

() DitectaD - Harduare Direct3D - Software / Hardware Rasterizer /

Hardware

Mat available

These options can be used for offline versions of
. . the LSM 5 PASCAL software for PC's with the
Fig. 5-258 3D Renderer window WINDOWS 98 or 2000 operating system (not for
WINDOWS NT).
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(8) Show processing parameters

After selection of the Show processing parameters function, a reporting of the following applied topo
processing functionality is displayed on the right-hand side of the Image Display window:

Filter

Mode (calculation mode: Max, Center, First)

Threshold (applied intensity threshold)

Fit (plane, cylinder / sphere parameters).

%lip trace - AlM

LdL)

hode Wesirmum |« |a]
Threghold 1
Filter Median
Fit Maone

@ 4 .

Select

e

it

Z00m

=] B3

Taopagraphy

Generate: 5
Ma?n’wm Ce>nlel A
Threshold ;bl :: ~E
Intensity | Height | AutoZ
Filker ilm A
Mone | Median  FFT
Geometry *T t\)
Inverse Fit | Manu Tilt

Dizplay m -

2D |sorLines 3D
Measure Off

Diagram | Foughi. | Yolume

Profile Dist _J_ 20
Fileel ——— — [213

|F\aady,1024 %1024 « 36 . 1 channel , 12 bit

Fig. 5-259 Show processing parameters

B 45-0007 e

12/02

5-291



OPERATION
Display and Analysis of Images
Carl Zeiss Display - Topo for LSM LSM 5 PASCAL

5.13.23.7 Measurement Functions

The topography measurement functions are activated via the Measure button bar. The measurement
functions can be performed in the 2D or 3D display mode.

Automated convention in height statistics analysis:

Topo Filters None, median, | FFT High FFT Low >9x9
<9x9

Data formats Primary profile Roughness Waviness

2D profile Pxx Rxx Wxx n.a.

3D topography SPxx SRxx SWxx n.a.

The following measurement functions are available:

Off T,
Diegam | Profie | zHita |Cuvecitp|Grad Hisel Djagram button: Diagram display. The Profile, z Histo, Curve of tp
and Grad. Histo diagram display modes can be activated via the
Diagram button and deactivated via the Off Diagram button. By
activation of the Diagram button, an additional button bar is displayed
for the selection of the required diagram or for deactivation. The labeling
of the Diagram button changes depending on which diagram display
mode has been activated.
_FPoughn | Roughness button: Calculation of the roughness parameters.
»
Volume Volume button: Calculation of the volume parameters.

5-292 B 45-0007 e 12/02



LSM 5 PASCAL

OPERATION

Display and Analysis of Images
Display - Topo for LSM

Carl Zeiss

(1) Profile measurement mode in 2D display

e Select the required 2D display of the stack via the 2D button.

e Click on the Diagram button in the Measure button bar. Click on the Profile button in the button
bar displayed afterwards.

— The Table and Profile button bars are displayed below the Measure button bar.

— A colored arrow (intersection line of the profile) is displayed in the image and the profile diagram
appears below the image.

e |If required, match the size of the Image Display window in order to obtain the complete display of

the profile diagram.

Select

il

Topography

Generate 3
} > First
Maximum  Center

Threshold ]Dl

Intensity

Height | Auta £

gl || Fiter
None Medlan

Geometry *f

Irwverse Manu Tilt

Display
\sDL\nasl
Measure |
Prnhls Roughn, | Yolume

e i | B

Show ) SEvE

Profile I k — -
Z

(& O

T T T T
5 10 18 a0

Distance [pm]

Fig. 5-260

Image Display window, Topography display: 2D - Profile

B 45-0007 e 12/02

5-293



Carl Zeiss

OPERATION
Display and Analysis of Images
Display - Topo for LSM LSM 5 PASCAL

The additional Table / Profile buttons have the following functions:

u

[

[

)
[

Show button: The profile is displayed in the form of a table at the bottom below of the
Image Display window.

Copy button: The profile table is copied to the clipboard and can be transferred to other
programs (MS Word or MS Excel) via the Paste function.

Save button: The profile table can be stored as a text file (ASCII).

Arrow (selection) button: Activation of the mouse button for selection, resizing or
movement of the intersection line in the image.

Resizing: Click on the handle and hold down the mouse button, drag the handle, release
the mouse button.

Movement: Click on the line and hold down the mouse button, move the entire
intersection line, release the mouse button.

Line with arrow button (open arrow): Creation of the intersection line to define the
position of the profile to be produced in the image. Click and hold the mouse button, drag
the line in any required direction, release the mouse button to end the procedure. The profile
diagram changes online.

Line button: This button allows you to determine the line thickness of the intersection line.

Measure button: Activates the Profile measurement mode in the profile diagram. The
required tools are displayed to the right of the profile diagram (see Profile measurement
mode, page 5-295).

z/x=1 button: Sets the z/x ratio in the profile diagram to the value 1. Check: the following
creation of a circle using the relevant tool really results in a circle in the profile display.
Measured angle values correspond to the actual slope of the line displayed.

Color button: Clicking on the Color button opens a color selection box in which the color
for the intersection line can be selected with a click of the mouse.

5-294
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Profile measurement mode

If you click on the E‘ button, the Profile
window with the tools of the profile measurement
mode appears.

This window can be moved as required over the
entire screen.

Fig. 5-261 Tools of the Profile measurement
mode

The tools of the Profile measurement mode have the following functions:

B

N

Zoom button: Zooming of a section of the profile diagram. Click and drag a rectangle over
the area to be enlarged in the profile diagram, release the mouse button to enlarge the
selected area. The zoom function can be performed several times. A click with the right
mouse button resizes the profile.

Marker button: Activation of the marker functions for the intersection line. The red and blue
marker lines in the profile diagram can now be moved using the mouse. After movement of
a marker line in the profile diagram, the relevant marker (red or blue circle) follows along the
intersection line in the 2D and Iso-Lines mode.

Arrow (selection) button: Activation of the mouse button for selection, resizing or
movement of one of the following drawing elements in the profile diagram.

Resizing: Click on the handle and hold down the mouse button, move the handle, release
the mouse button.

Movement: Click on the line and hold down the mouse button, move the entire drawing
element, release the mouse button.

Inclined Line button: Creation of a straight line in the profile diagram. Display of distance,
inclination angle, dxdy and dz. Click and hold down the mouse button, drag the line in any
required direction, release the mouse button to end the procedure.

Free angle button: Creation of a free angle in the profile diagram. Display of the enclosed
angle (max. 180 °). The first click sets the starting point, the second and third clicks define
the angle and the end point.

Rectangle button: Creation of a rectangle in the profile diagram. Display of distance, area,
height and width. Click and hold down the mouse button, drag the rectangle in any required
direction, release the mouse button to end the procedure.
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Open Polyline button: Creation of an open polyline figure in the profile diagram. Display of
the length of the line figure. First click sets the starting point, any further click adds another
line, click with the right mouse button ends the procedure.

Closed Polyline button: Creation of a closed polyline figure in the profile diagram. Display
of the perimeter of the figure. First click sets the starting point, each further click adds
another line, a click with the right mouse button closes the figure and ends the procedure.

Open free-hand curve button: Creation of an open Bezier figure in the profile diagram.
Display of the length of the line figure. First click sets the starting point, each further click
adds another line, a click with the right mouse button ends the procedure.

Closed free-hand curve button: Creation of a closed Bezier figure in the profile diagram.
Display of the length of the line figure. First click sets the starting point, each further click
adds another line, a click with the right mouse button closes the figure and ends the
procedure.

Ellipse button: Creation of an ellipse in the profile diagram. Display of the area. First click
sets the center point, the displayed line permits the determination of the first dimension,
second click sets the first dimension, the second dimension and rotation direction can now
be determined, third click sets the second dimension and direction and ends the procedure.
Circle button: Creation of a circle in the profile diagram. Display of radius and area. Clicking
three times to define 3 points on the profile. A circle fit is automatically applied on the
profile.

Recycle bin button: Deletes all drawing elements or the one just selected.

Line width button: Change of the line width of the drawing elements.

Color button: Clicking on the Color button opens a color selection box where the color of

the drawing element can be selected with a click of the mouse.

x1- button: Resets the zoom factor of the profile diagram to its original size.
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(2) zHisto measurement mode in 2D display

e Click on the Diagram button in the Measure button bar. Click on the z Histo button in the
additional button bar now displayed.

The lower part of the Image Display box shows the 3D height distribution of the topography.

D]

+] Select | Display Topography

||
A BB |[Theshod 1y = | sE
Zoom Sl Intensity | Height | AutaZ
| )= [l A
™ Slice || _Oitha None § Median _ FFT
\,J g Geometry ) :)

oooo
b o [ i
[Eafifr Gallery 2D \so Lines SD
-~ . & m"'“‘»

Palette Hista L H\stn Huughn anuma

ity
k4

> ) By

Absulute Frequency

150000

100000

50000

]

2 [pm)

|Heady, 1024 21024 = 36 . 1 channel . 12 bit

Fig. 5-262 Image Display window, Topography display: 2D - Histo

B 45-0007 e 12/02 5-297



OPERATION
Display and Analysis of Images
Carl Zeiss Display - Topo for LSM LSM 5 PASCAL

(3) Curve of tp measurement mode in 2D display

e Click on the Diagram button in the Measure button bar. Click on the Curve of tp button in the
additional button bar now displayed.

— The curve of the bearing area ratio as a function of the height is displayed below the image (also
see 3D measurement functions, page 5-304).

(4) Grad. Histo measurement mode in 2D display

e Click on the Diagram button in the Measure button bar. Click on the Grad. Histo button in the
additional button bar now displayed.

The lower part of the Image Display box shows the gradient distribution of the topography. Before
creation of the slope diagram, the image should be filtered at least once using a low-pass filter, since
otherwise the rough height gradation of the image will result in a comb-shaped histogram. The Root-
Mean-Square Slope (RMS Slope) parameter is calculated and displayed below the chart. The following
formula is used for calculation:

2 2

[ g )] [l

R,, = ‘ +
be (Nx - l) (N} - l) i=1 j=1 A'x Ay

(5) Roughness measurement mode in 2D display (Profile display)

2D Amplitude parameters (Profile Roughness):

Mean height z Rc Pc Wc
Dispersion Arithmetic mean deviation Ra Pa Wa
Root mean square deviation Rq Pq W(q
Asymmetry Skewness Rsk Psk Wsk
Sharpness Kurtosis Rku Pku Wku
Extremes Highest peak Rp Pp Wp
Lowest valley Rv Pv Wy
Absolute peak to valley Rt Pt Wi
Averaged peak to valley Rz Pz Wz
Maximum peak to valley Rmax Pmax Wmax
If choosen filters are FFT High No, M FFT L

e Click on the Profile button in the Measure button bar.
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e Click on the Roughn. button in the Measure button bar.

— The roughness parameters are calculated and displayed on the left below the image. All roughness
parameters calculated from a 2D profile are named with R.

— The Copy button is displayed below the right-hand side of the image. This button permits the
roughness parameters to be copied to the clipboard and imported to another program (e.g.: MS
Word or MS Excel) via the Paste function.

The following roughness parameters are calculated (e.g. for a Y-section)

Mean height of all profile height values R.

=

R = ‘

1
. N_ z(x Y, ) Ny, Ny ... number of pixels in X- or Y-direction

J=1

— Arithmetic mean deviation of all profile height values R,

S ey, )-& ]

1
R N,

~.
—_

— Quadratic mean deviation of all profile height values R,

:\/Niy-i-[Z(x,yj)—Rc]z

Jj=1

— Skewness of the distribution of all profile height values R

1 N,
Ry = 'Z'Zs(x’y-)
Ny 'RS J=1 '

— Kurtosis of the distribution of all profile height values R¢y

1 N,
Ry = DIRACH
KU N -R: Z y‘]

j=1

— Maximum peak height R»
R, = R

Zmax - c

— Maximum valley depth R,

RV = Rc - Zmin
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— Maximum roughness depth R; (= Peak to Valley / PV)
- Rt =2z - Zmin

max

maximum height difference of the overall topography along a profile.

Classification of topography in 5 equal area elements (rectangles in the 2D mode)

— average roughness depth R,

Zmaxl - Zminl +Zmax2 _ZminZ + Zmax3 _Zmin3 + Zmax4 _Zmin4 +Zmax5 _ZminS

—R =
5

4

Averaging of R-values of all the 5 single area elements. When combined, both parameters
provide information about the homogeneity of the surface. Big differences are indicative of
pronounced inclination of the overall area or of spikes.

Developed Surface Area Ratio: X (surface area”) / X (projected area”)

The percentage of the 3D surface area (sum off all triangles formed by adjacent data points) to
the 2D surface area produced by projecting the 3D surface onto the threshold plane.

— maximum roughness depth R,.,:
= Riux = Max (Ziu; = Zuints Zonax> = Zoin2s Zomaxs ~ Zmin3s Zomaxd ~ Zmind> Zmaxs — Zmins)

maximum of R -values of all the 25 single area elements.

15y Both the roughness parameters and the z-histogram can be changed by using filters!
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(6) Roughness measurement mode in 3D display

3D Amplitude parameters (Topography Roughness):

Mean height z SRc SPc W(c¢
Dispersion Arithmetic mean deviation SRa SPa Wa
Root mean square deviation SRq SPq Wq
Asymmetry Skewness SRsk SPsk Wsk
Sharpness Kurtosis SRku SPku Wku
Extremes Highest peak SRp SPp Wp
Lowest valley SRv SPv Wy
Absolute peak to valley SRt SPt Wt
Averaged peak to valley SRz SPz Wz
Maximum peak to valley SRmax SPmax | Wmax
If choosen filters are: FFT High No,M |FFTL

e Click on the Roughn. button in the Measure button bar.

— The roughness parameters are calculated and displayed on the left below the image. All roughness

parameters calculated from a 3D topography are named with S.

— The Copy button is displayed below the right-hand side of the image. This button permits the
roughness parameters to be copied to the clipboard and imported to another program (e.g.: MS
Word or MS Excel) via the Paste function.

The following roughness parameters are calculated:

— Mean height of all surface height values S,

)

N

o

Z(xi’yj)

Mz

CNN

X i

J=1

Ny, Ny ... number of pixels in X- or Y-direction

— Arithmetic mean deviation of all surface height values S,

=S

N,

-

AMZ

]
—_

aNN

X y i

,Z 2. y,)-5

N
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Quadratic mean deviation of all surface height values S,

— Maximum peak height S,
S, = -S.

< max

— Maximum valley depth S,

SV = SC _Zmin

— Maximum roughness depth S; (= Peak to Valley / PV)
_St fey Z j—

max < min

maximum height difference of the overall topography.
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Classification of topography in 25 equal area elements (rectangles in the 2D mode)

— average roughness depth S,:

_g — Zoaxt T Zanint T Zinaxs T Zmina T ¥ Tinanos T Lininos
: 25

Averaging of R-values of all the 25 single area elements. When combined, both parameters
provide information about the homogeneity of the surface. Big differences are indicative of
pronounced inclination of the overall area or of spikes.

— maximum roughness depth S,,..:
_Smax = Ma‘x (Zmaxl - Zminl’ Zmaxz - Zmin2’ B ZmaxZS - Zmin 25)

maximum of R -values of all the 25 single area elements.

I3-  Both the roughness parameters and the z-histogram will be influenced by the use of filters!
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5.13.23.8 3D Measurement Functions

(1) Volume measurement mode (Flood function)
e Use the 3D button to select the required 3D display of the stack.
e Click on the Volume button in the Measure button bar.
— The volume parameters are calculated and displayed below the image.

— The Copy button is displayed below the right-hand side of the image. This button permits the
volume values to be copied to the clipboard and imported to other programs (e.g.: MS Word or
MS Excel) via the Paste function.

e Setting the Fill Level slider enables you to change the height level of the topography. The portion of
the topography lying below the set height level is filled with "water" (blue color) and the volume
parameters are calculated online only for the projecting part of the topography.

I3>  To use the Fill Level function, load the Profiles 3D display mode containing the Glowscale
palette, or activate No Palette to obtain optimum display.

o If the Diagram function Curve of tp is also activated, a red marker line shows the position of the
height level in the percentage of contact area curve.

;;"lip trace - AlM [_ O[]
Sc 0.841 pm 3 I Select | Displap Topoaraphy

Sa  0091um M N
o[- o
ggk g} 12; km izl By Maximum _ Center I3
Sku 2.847 Threshold T 5 i

I Interzity | Height | Auta 2

Filter | ol fy
o None | Median = FFT

Geametry *? t;)

Irwerse Fit | Manu Til:

Display R =
et 20 lso-Lines D
Measure 0F >
Diagram | Roughn | ¥olume

e
ProfieDst. ———— |— [
Fillevel — |——— [0z

4
O

L

Sp 0.475 pm
Sv 0.634 pm
St 1.109 pm

Sz 0.317 pm
Srax 1006 pm

z 0.3 pm
z () Wmiz) 3036 pm3
Valz) 0.0007 pm3
Smr(z) 92.350 %
Swrlz) 0000 %
Au 521.4 pm2
Smr 99999 %
Sdr 13.668 %
Sda 591.6 pm2

LI
6 810121415
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® () Wz

o4 ¢ el »

‘H eady, 1024 x 1024 x 36 . 1 channel . 12 bit

Fig. 5-263 Image Display window, Topography display: 3D - Volume
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The following parameters are calculated:

Z

Vm (2):
Vv (2):

Smr (2):

Svr (2):

Au:

Smr:

Sda:

Sdr:

height level (selectable with the Z-Threshold and Fill Level sliders). The setting of this value
influences the following parameters.

material volume above chosen height level
void volume below chosen height level

material volume ratio

,= o

void volume ratio

V. (2)
S — vV
AT,

surface bearing area of the topography at Z (= projection area of those parts which are
situated above chosen height level)

surface bearing area ratio of the topography at Z
percentage of contact area (= Au/(x *y) * 100 %)

true surface = sum of all triangles formed by adjacent data points of the surface
reconstruction

developed surface area ratio:

¥ (surface areaw) - ¥ (projected areaij) / Z (projected areaij) * 100 %

projected area = x * y

The percentage of the 3D surface area (sum of all triangles formed by adjacent data points
of the surface reconstruction) to the 2D surface area produced by projecting the 3D surface
onto the threshold plane.

absolute flat surface = is equal to base plane (Sdr = 0 %)

The increase by which the 3D surface is larger than the basic plane (e. g. 625 % is a 3D
surface which is about 6.25 times larger than the projected basic plane)
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(2) Profile measurement mode in 3D display
This function is performed in the same way as in the 2D display mode, with the following exceptions:

The buttons & and =] are replaced with the buttons %1 and "=, Furthermore, the Position slider and
the input box (information of the position of the intersection line in pixels) are displayed below the Table
and Profile button bar. Changing the Z-Threshold also results in a change in the profile. In the 3D
image, a red marker line shows the y- and x-position of the displayed profile diagram.

31 Select | Display Topography

*E‘E . Generate = 5 |
LILI [SHizn e M asimu m  Center el

,C) == Thieshold | |

Zoom S Intengity | Height | Auto 2

15| & | Fier — il A
Slioe ||| Oitha Nore | Median _ FFT
| @] 3| o
Overlay Cut Inverse Fit anw Tilt
0000 | | Displ

b o (1 [ - &5
[Sartr Gallery 2D |s0-Lines a

Measure M. »
Eo Profile | Roughn. | Volume

Frofile Dist —J— =R
H?use 250 || Fill Level _J_ 0w
. K
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iti 22 e rofile e
(x position) ‘ e - =
. i Fl (3 [ m
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Fig. 5-264 Image Display window, Topography display: 3D - Volume

e The position of the marker line (profile intersection line) can be changed by moving the Position
slider in x ory.

e Press the x- or y-button to select the required intersection plane.

(3) z Histo measurement mode in 3D display

This function is performed in the same way as in the 2D display mode.
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(4) Curve of tp measurement mode in 3D display
This function is performed in the same way as in the 2D display mode.

Before determination of the tp bearing portion, individual peaks (noise, steep slopes) must be eliminated.
The Median filter and perhaps a 3x3 longpass filter can be used for this purpose.
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E|| N, | Measure »
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Fig. 5-265 Image Display window, Topography display: 3D - Curve of tp

Shifting the two cursor crosses permits two bearing portions to be given in percent (e.g. Smr1 = 10 %;
Smr2 = 90 %) as default values for which the height difference Rdc is determined automatically.

(5) Grad. Histo measurement mode in 3D display

This function is performed in the same way as in the 2D display mode.

(6) Roughness measurement mode in 3D display
This function is performed in the same way as in the 2D display mode.

This function is performed in the same way as in the 2D display mode.
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5.13.23.9 Export data

multiple profiles (Rel. 3.2)

single profile

parameters

topography as matrix

topography as triples

5.13.23.10 Topo ReUse

Topo routines can be saved and reloaded as tgp-files (TopoGraphic Parameters).

These files include settings for:

— reconstruction mode,

intensity threshold,

— filters (including FFT),

— tilt angles (manual, 3 point fit),

— fit procedures (plane, cylinder, sphere),
— inverse and

— fill holes.

5-308
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5.13.24  Display - Prev.

This function allows to

— compose images, graphs and text for printing
— use any image format
— change fonts and line width in graphs via context sensitive menus

The settings of Chan, Zoom, Slice, Contr and Palette apply.

In the Options menu in the function Settings with the tab Print Status Display parameters are
determined and the Print Status Information is activated/deactivated.

Click on Prev will display the Preview window and the Print toolbar. Any changes done with this
toolbar are effective immediately. The content of the overlay plane is temporarily deleted while the
toolbar is displayed.

= Metall - AIM

gu wpy ppEgy

a

~

gg5"

Assembly of image,
intensity profile and
scan info

———

|F|ea\:|y, 512 #5121 28 . 1 channel . 8 bit

Fig. 5-266 Image Display window, Prev display

(1) Context menu for scan information text
The context menu (right mouse button) allows to vary the output of the scan info.
e Click with the right mouse button. A context menu with the options Color and Font is displayed.

e In the Color menu, you can select a different type color for the scan info, in the Font menu a
different type font and type style.

(2) Context menu for Topography Images
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When transferring a topography to the print preview, you can change the size and shape of type and
scale lines for the 3D graphics and profile measurement results.

(a) Context menu for 3D graphics

e C(lick on the right mouse button. A context menu with the options Font enlargement and Line
width enlargement is displayed.

e You can change the type size in the Font enlargement menu and the line width of the scales in the
Line width enlargement menu.

(b) Context menu for Profile measurement function

e Click on the right mouse button. A context menu with the options Scaling font enlargement,
Marker font enlargement and Overlay font enlargement is displayed.

e You can change the type font in the Scaling font enlargement menu, the size of the marker table
in the Marker font enlargement menu and the type size of the red measurement results in the
Overlay font enlargement.

Print Setup K E (3) Arranging and printing the Print
il Preview
Mame: F.ODAE, ; 8600 PS v2014.105 Properties . )
s Feady et | e (lick on the Arrange button for optimum
Typs:  KODAKXLS 8500 PS v2014.105 layout of image size and position relative to the
Where:  LPTT: textual information.
Comment:
— ¢ A layout generated with Prev. (Preview) can be
Paper Orientation . . . . .
_ _ printed by clicking on the Print button in the
Size: |Letter ﬂ n ™ Porrait .
Print toolbar.
Source: |Aut0matically Select ﬂ " Landscape ) ) .
e C(licking on the Setup button opens the Print
Network.. [0k | Conce Setup window, in which you can specify print
parameters.
Fig. 5-267  Print Setup window e Click on the slider to change the zoom value of

the selected items.
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5.13.25 Display - Info

This function allows to

— display the parameters used during image acquisition of the image(s) displayed in the Image Display
window

— use any image format

— remove the info display
The settings of Chan, Zoom, Slice, Contr and Palette are not relevant for this function.

In the Options menu in the function Settings with the tab Image Status Display parameters to shown
are determined.

Click on Info will show the parameters. Click again to hide the info display.

Image parameters

ScanMode : Stack

Scaling : #: 0.20 pm
v 0.20 pm
Z: 0.40 pm

Stack Size : ¥ 015 pm
Y1015 pm
Z: 26.0 pm

ScanZoom: 2.3
Objective : Plan-Meafluar 40:/1.3 0l

Average Line 4

PFinhale : Ch1:79pm
Ch2 : B0 pm
Ch3: 69 pm

Filters : Chi: LP 650

Ch2 : BP 505530
Ch3: BP B65-615IR

Beam Splitters : MBS : HFT UW/483/543/633
DEST : NFT B35VIS
DBS2: NFT 545
DBS3: Plate

‘wavelength: 543 nm 100 %
B33 nm, 36 %
438 nm . 5%

User administrator

|F!eady, 5122512466, 3 channels . 8 bit

Fig. 5-268 Image Display window, Info display
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5.13.26  Display - Mean ROI

This function allows to

— display the intensity time diagram (mean intensity in user defined ROIs over time)

— use frame time series and frame Z Stack time series as input

— show the intensity values in table form and copy table to clipboard or save as text file

— show separate diagrams for each channel in a multi channel image

The settings of Chan, Zoom, Slice, Contr and Palette apply.

Click on Mean will display the Mean of ROIs toolbar. Any changes done with this toolbar are effective
immediately. The content of the overlay plane is temporarily deleted while the toolbar is displayed.

To use a similar functionality while scanning use the optional Mean of ROI function with the Time
series control.

e Click on the Mean ROI button.

— The Mean of ROIs image display toolbar will be displayed on the right. The used ROIs become
visible in the image, and the Intensity-Time diagram is shown on the left of the Image Display
window.
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Time fsezonds] Savehs Show Tabls | Gopy Table | Saveraee || [T
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Fig. 5-269 Image Display window, Mean ROI display
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The Mean of ROIs toolbar contains the following function elements:

Fils used during scan opert

z = ROIs selection box: Display of the ROIs used during scanning of the time
series and of the other ROIs available in the system.
+
Aidd Add button: Opens the Add ROI List window for the storage of
changed or newly defined ROIs under a new name.
| Fisinovs Remove button: Deletes the selected ROI from the ROIs selection box.

Twpe Pozition  Dimenzion
FA S

M1 [0 75 43 152 8 Roj data: Display of the data of the ROI selected from the ROIs selection
box. On deactivation of the check box of a ROI, its intensity values from
the Intensity-Time diagram are not displayed.

E Arrow button: Activation of the mouse button for resizing or movement
of the ROI in the Image Display window.

Bezier button: Activates the Bezier figure drawing mode. The first click
sets the starting point, each additional click adds a further line, a double-
click on the starting point closes the figure and ends the procedure.

Circle button: Activates the circle drawing mode. Clicking and holding
down the mouse button sets the center point; drag the diameter and
release the mouse button to end the procedure.

Recycle bin button: All the ROIs to the image are deleted.

Rectangle button: Activates the rectangle drawing mode. Click and hold
down the mouse button, drag the rectangle in any direction, release the
mouse button to end the procedure.
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O

=

Mono! Area

Chl

Ja

Mean

Ellipse button: Activates the ellipse drawing mode. The first click sets the
center point, the displayed line permits the determination of the first
dimension, the second click sets the first dimension, the second
dimension and the rotation direction can then be determined; the third
click sets the second dimension and the direction and ends the
procedure.

Polyline button: Activates polyline drawing mode. The first click sets the
starting point, each additional click adds a further line, a double-click on
the starting point closes the figure and ends the procedure.

Line button: This button allows you to determine the line thickness of
the ROl outline.

Color / Auto button: One color from the list of colors can be assigned to
all ROIs. When Auto is pressed, the outlines of all ROIs are automatically
colored differently.

Buttons for diagram display:

1 button: Intensity values for ROIs and channels are shown in one
diagram.

Chan button: Intensity values are shown separately for each channel.
ROI button: Intensity values are shown separately for each ROI.

Mono button: Change between color and monochrome display of the
intensity time diagrams.

Area button: Display of the area of the ROl in the intensity time diagram,
depending on the set threshold values.

Mean button: Display of the mean values of the relevant ROl in the
intensity time diagram.

Ch1 / Ch3 / Ch4 button: Selection of the channel to be used.
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Low J— IT!I

High

T able

— | [= m|

Threshold low slider: The intensity values below threshold are not
displayed for the Area function.

Threshold high slider: The intensity values above threshold are not
displayed for the Area function.

Show Table  Copy Table | Save Table Buttons for Table functions:

Copy Table button: The table of intensity values is copied to the
clipboard.
Show Table button: The table of intensity values is displayed on the
bottom left of the Image Display window.
Save Table button: The table of intensity values can be stored as a text
file.
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5.13.27  Additional Display Mode in Time Series
5.13.27.1 Display - Mean

This function allows to

— display the intensity time diagram (mean intensity in user defined ROIs over time)

— use frame time series and frame Z Stack time series as input

— show the intensity values in table form and copy table to clipboard or save as text file

— show separate diagrams for each channel in a multi channel image

The settings of Chan, Zoom, Slice, Contr and Palette apply.

Click on Mean will display the Mean of ROIs toolbar. Any changes done with this toolbar are effective
immediately. The content of the overlay plane is temporarily deleted while the toolbar is displayed.

To use a similar functionality while scanning use the optional Mean of ROI function with the Time
series control.

e Click on the Mean ROI button.

— The Mean of ROIs image display toolbar will be displayed on the right. The used ROIs become
visible in the image, and the Intensity-Time diagram is shown on the left of the Image Display
window.

Ol EIuYES i
e
ee
1= B o Py DRETES
XY in

200 Slice || Gallep

S| M1 [ 7 43 152 @ Eﬂ
Oyl isto

180

100 +

.
© || Thieshoid: [ cm Chi | Chd

w —— [0
| 7= -

High

[t}

T T T T T T T T T T 1 Save Table
0o o1 oz 03 04 05 0B 07 08 03 10 11 = ==r=
Tims [saconds] G

e |
Copy Table | Save Table || [0

w

avelis Show Table

Chl: =+ Ch3: —+— Chd: 0

Fieay, 151157 48 3 channels, 8 bi, Dieplay Zaom: 1 . Palette - No Palette

Fig. 5-270 Image Display window, Mean ROI display
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The Mean of ROIs toolbar contains the following function elements:

Fils used during scan opert

z = ROIs selection box: Display of the ROIs used during scanning of the time
series and of the other ROIs available in the system.
+
Aidd Add button: Opens the Add ROI List window for the storage of
changed or newly defined ROIs under a new name.
| Fisinovs Remove button: Deletes the selected ROl from the ROIs selection box.

Twpe Pozition  Dimenzion
FA S

M1 [0 75 43 152 8 Roj data: Display of the data of the ROI selected from the ROIs selection
box. On deactivation of the check box of a ROI, its intensity values from
the Intensity-Time diagram are not displayed.

E Arrow button: Activation of the mouse button for resizing or movement
of the ROI in the Image Display window.

Bezier button: Activates the Bezier figure drawing mode. The first click
sets the starting point, each additional click adds a further line, a double-
click on the starting point closes the figure and ends the procedure.

Circle button: Activates the circle drawing mode. Clicking and holding
down the mouse button sets the center point; drag the diameter and
release the mouse button to end the procedure.

Recycle bin button: All the ROIs to the image are deleted.

Rectangle button: Activates the rectangle drawing mode. Click and hold
down the mouse button, drag the rectangle in any direction, release the
mouse button to end the procedure.
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O

=

Mono! Area

Chi

Ja

Mean

Ellipse button: Activates the ellipse drawing mode. The first click sets the
center point, the displayed line permits the determination of the first
dimension, the second click sets the first dimension, the second
dimension and the rotation direction can then be determined; the third
click sets the second dimension and the direction and ends the
procedure.

Polyline button: Activates polyline drawing mode. The first click sets the
starting point, each additional click adds a further line, a double-click on
the starting point closes the figure and ends the procedure.

Line button: This button allows you to determine the line thickness of
the ROl outline.

Color / Auto button: One color from the list of colors can be assigned to
all ROIs. When Auto is pressed, the outlines of all ROIs are automatically
colored differently.

Buttons for diagram display:

1 button: Intensity values for ROIs and channels are shown in one
diagram.

Chan button: Intensity values are shown separately for each channel.
ROI button: Intensity values are shown separately for each ROL.

Mono button: Change between color and monochrome display of the
intensity time diagrams.

Area button: Display of the area of the ROl in the intensity time diagram,
depending on the set threshold values. Area measurements of very small
areas (< 10 pixels) give only approximate values.

Mean button: Display of the mean values of the relevant ROl in the
intensity time diagram.

Ch1 / Ch3 / Ch4 button: Selection of the channel to be used.
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Low J— IT!I

High ————— | 255 |

T able

Show Table | Copy Table | Sawe Table

Threshold low slider: The intensity values below threshold are not
displayed for the Area function.

Threshold high slider: The intensity values above threshold are not
displayed for the Area function.

Buttons for Table functions:

Copy Table button: The table of intensity values is copied to the
clipboard.

Show Table button: The table of intensity values is displayed on the
bottom left of the Image Display window.

Save Table button: The table of intensity values can be stored as a text
file.
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5.14 Image Optimization
5.14.1 Single Channel

Described below is the example of the acquisition of an image, using an excitation wavelength of
543 nm and a fluorescence emission range above 560 nm. The HFT 488/543 is used as the main dichroic
beam splitter.

Let the specimen be a thin section through a stem of Convallaria majalis (Lily-of-the-Valley). The
description applies to the use of the Axioplan 2 imaging MOT microscope, and analogously also to the
Axiovert 200 M.

& Configuration Control X 5.14.1.1 Requirements
Channel Mode ‘ Lambda ade ‘ . . .
flose e The suitable laser is switched on.
sinde Treck M Treck e (B | e The specimen has been positioned and focused
Beam Path and Channel Assignment | Szt | for Scanhing.
Descanned o Descanted

e The tube slider on the microscope tube is in the

H P50 [ LSM position (only Axioplan 2 imaging MOT)
| W _Ch | and the LSM button is activated.

E[ e (lick on the Config button in the Acquire
ez subordinate toolbar of the Main menu.

— This opens the Configuration Control

NFT545Z |:| BP 05530 [ window.
| [ Ch2

e C(lick on the Single Track button.
HFT 488/543 Z & Excitation

o Click on the &/ Ch1 icon and assign a color to
Channel 1 in the Channel Color Selection
Specimen window. Activate channel 1 via check box.

e C(Click on the ll icon of emission filter 1 (before
Ch1) and select the LP 560 filter.

Fig. 5-271 Configuration Control window e If required, deactivate all the other channels
(Ch2-4, monitor diode, transmission, R1-2) via
check box.

e C(Click on the Zl icon of the main dichroic beam
splitter and select HFT 488/543.
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e Click on the A== icon, activate the 543 nm
laser line and click on Line Active ™. If SIEICEND SMCTEIEE 1)
required, deactivate other laser lines which are e [0 4 Loz
not needed. A R —_

e Use the Transmission slider to set the laser s [ 01 4| T —
intensity to approx. 30 % at first. W osaan [ 4r

Fig. 5-272 Excitation panel

The Beam Path and Channel Assignment panel displays the current configuration loaded.

I¥>  The set laser intensity must be subsequently optimized for the current situation via the
Transmission slider.

For overlaying fluorescence and transmitted-light images, click on the Transmission button in the Beam
Path and Channel Assignment panel.

The transmitted light PMT photomultiplier will be activated.

Of course, all other transmitted light applications like
— phase contrast

— differential interference contrast (DIC)
— polarization contrast (Pol)
— darkfield

can also be performed.

I3-  For the generation of images in reflection, the main dichroic beam splitter must be a neutral-
density filter.

Standard equipment contains a neutral-density filter with a division ratio of 80 to 20 % (at
543 nm).
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x| In the Main menu click on the Scan button in
Mode Chanmes i o the Acquire subordinate toolbar.
o spo| — LineI:Frame D = B L — This opens the Scan Control window.

Objective Lens, Image Size & Line Step Factor ;EW
Objective | PlanMenfluar 10x/0.3 e

128 | 26 | 512 | 1024 | 2008 | _FN

Frame Size ks I 512 YI A2 Line Step I‘I vI @

Fast =7

Scan Speed I 7 j |_J— ﬂ Max I @

Pixel Time: 3.20 ps Scan Time: 1,97 sec Sligle

Pixel Depth, Scan Direction & Scan Average

6

w
=1
b=l

Mode | Line
Method | Mean

Scan Direchon I —’ p Mumber

Diata Depth & Bit 12 Bit

il

Foom, Rotation & Offset

o [T ——— 1]
Rotation I 0 j T _i ﬂ il
/
-~
Offset . [ :<>:
\_ Feset
Offset 3% 0.00 pm
Offset ' 0.00 prm

Fig. 5-273 Scan Control window (Mode)

Click on the Mode button.
For a frame scan, click on the Frame button.

On the Objective Lens & Image Size panel,
select Objective and Frame size for the scan
(e.g. X512/Y 512 scan).

On the Speed panel, enter a scanning speed of
7, for example, to start with.

Start with the following settings on the Pixel
Depth, Scan Direction & Scan Average
panel:

Data depth: 8 bits
Scan direction: = | unidirectional
Average: Number: 1

On the Zoom, Rotation & Offset panel, set a
zoom of 1 and a rotation of 0.

I3 Using the Fast XY button is a convenient

way of creating an overview scan.
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e Click on the Channels button. =
— This displays the preset parameters of the Mode Channels Z i Close

configuration loaded. o | — LinelizFrame 2 = 8.2 =

Channel Settings ;ew
{0
Firnd

e Click on the Find button. Make sure to position Channels [T
the slider correctly. Then scan while the slider is
in the LSM position. =
Fast =
— This starts the scanning process. @
— The image is seen to build up gradually in a Pinhale [eas | = »|ii|mae| | singe
new window. Optical sice < 11.4 pm Pinhale @ = 1.00 Airy Urits @
Detector Gain I 700 ﬂ T _i ﬂ D
Arplfier Offcet [ 0105 4 o a

4
¥~  Function Find produces images of ampiterGan | 1 4| | | =

different brightness for different scan —
d Excitation
Spee 5. Line active  Transmission [%]
&Law e [ 01 (| T
Mogggem [ 5 4 T
I staem [ 01 (| T

v osam [0 (o )

Fig. 5-274 Scan Control window (Channels)
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cony confocal - AlM

|F!eac|_',', 1024 % 1024 . 2 channels . 8 bit . Raw image data , Display Zoom : 142 . Palette : Mo Palette

Fig. 5-275 Image Display window

As a rule, the first scanned image (Pre-Scan) is not ideal, since the photomultiplier is not matched to the
light output. More often than not, the screen image is dull and needs subsequent optimization.

5-324 B 45-0007 e 12/02



OPERATION
Image Optimization
LSM 5 PASCAL Single Channel Carl Zeiss

5.14.1.2 Pinhole / Detector Gain / Ampl.
Offset / Ampl. Gain

e In the Scan Control window, click on the
Cont. button (see Fig. 5-274).

— This starts a continuous scan.

e Use the Pinhole slider to set the pinhole
diameter in the Scan Control window under
Channels.

— The pinhole diameter should be so small that
there is still enough variation for the setting
of the detector gain and that sufficient
image information is still available. 1 Airy is a
900d Value to enable a Confocal |Heady,1024x1024,2channels,8b\t,Hawimagedata,D\splawam.1.‘2,F’a\ette Mo Palette
fluorescence XY-image to be obtained.

Fig. 5-276 Image Display window with
— A small pinhole diameter will increase the confocal ROI

depth of focus, but reduce the light intensity

received by the PMT photomultiplier (for

reflection mode confocal images start with a

pinhole value of 0.5 Airy Units).

— The influence of the pinhole diameter on
image creation is shown by the example in
Fig. 5-276. The entire image was first
scanned with too large a pinhole diameter.
The pinhole diameter was then optimized for
a defined ROI. This considerably improved
the display of the specimen structures.
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Color Palette e Click on the Palette button in the Select image
processing toolbar.
; - b= — This opens the Color Palette window.
Glow Scale e In the Color Palette List panel, click on the
R ainbow . .
b o Range Indicator item.
[t

— The scanned image appears in a false-color
presentation.

HEMovE

Import

—_ S=r —"
Bamp PalpLire Splirne

Fig. 5-277 Color Palette window

If the image is too bright, it appears red on the
screen.

‘Heady, 1024 1 1024, 2 channels . 8 bit, Raw image data . DisplapZoom : 1/2 ., Palette : No Palette

Fig. 5-278 Image Display window
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If the image is not bright enough, it appears blue ff Unnanedia” AN
on the screen.

=
]
Zoom || Spltay

e On the Channel Settings panel of the Scan
Control window, set the PMT (photomultiplier)
gain with the Detector Gain slider.

— The image should not have more than a
trace of red.

— This adjustment is very sensitive. Try using
the left and right arrows to make the
adjustment instead of dragging the slider
bar.

|Heady, 1024 21024 , 2 channels . 8 bit . Raw image data . Display Zoom : 142, Palette : No Palette

Fig. 5-279 Image Display window

e To adjust the black level (background), use the
Ampl. Offset slider so that areas without
picture content just show a trace of blue.

e If necessary, re-amplify brightness with the
Ampl. Gain slider.

3> Do not change the Ampl. Gain setting
unless the settings made so far are
insufficient for image optimization.

e In the Color Palette List panel of the Color
Palette window, click on No Palette.

|Heady, 1024 21024 , 2 channels . 8 bit . Raw image data . Display Zoom : 142, Palette : No Palette

— This deselects the Range Indicator and
activates the new presentation. Fig. 5-280 Image Display window

¢ In the Scan Control window, click on the Stop
button.

— This stops the continuous scan.

I3>  If you use the Range Indicator for image optimization, it may happen that the ranges marked
in the Range Indicator will vary when the channel color is changed.
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x| 5.14.1.3 Scan Speed, Scan Average and
Maods LChannels Z Setlings Close Plxel Depth

o Spot| — LineI:Frame D S g The signal-to-noise ratio can be substantially

Objective Lens, Image Size & Line Step Factor

Objective | PlarMeafluar 10%/0.3 |
128 | 28 | sz | qo2s | e4e |
Frame Size s I Ly el YI 52 Line Step |1 vl

Scan Speed I 7 j I_J— ﬂ M ax |

Pizel Time: 3,20 ps Scan Time: 1,97 sec

Pixel Depth, Scan Direction & Scan Average

Data Depth & Bit 12 Bit Mode | Line vl
tethod | Mean - l
Scan Direction I — p Nurnber ﬁ

Foom, Rotation & Offset

o

1070 )

Find

=

Fast »3r'

Kb

Single

O

w
=]
=]

HW
[=)
=

improved by reducing the scanning speed to an
acceptable level and averaging over several scans
(i.e. with an average Number greater than 1 for
the Mean average Method in the Scan Control
window).

e Use the Scan Speed slider in the Speed panel
to set the slowest acceptable scanning speed.

— The corresponding pixel scanning time (Pixel
Time) and the total scanning time (Scan
Time) are shown in the dialog box.

¢ In the Number text box of the Pixel Depth,
Scan Direction & Scan Average panel enter
the number of measurements to be averaged.

z [ A ||
Fotation ITjI _i ﬂll
/ I3 Image optimization can be effected much
Ofset “|2lr ke faster if you select a smaller frame, since
o/ Resst less data have to be processed.
Offzet % 0.00 pm
Offset. 000 um The greater the number of averages
selected for Mean average Method, the
better the image quality will be; the
Fig. 5-281 Scan Control window scanniljg time  will be prolonged
accordingly.
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5.14.2 Multiple-channel T Configuration Control x|
5.14.2.1 Requirements Channel Mode Lambda Mods Clase
Single Track Multi Track Ratio
e The suitable lasers are on. ° S.D[!
Beam Path and Channel Assignment bt

e The specimen has been positioned and focused — o Dot

for scanning.

LF 560 [

e The tube slider on the microscope tube is in the H | % Chi |

LSM position (only Axioplan 2 imaging MOT)

and the LSM button is activated. thg [
In the following example, 2 Channels shall be BRESSH [
activated for the scanning procedure: one for s | /] H | F_Ch
488 nm using emission filter BP 505-530 and one & N
for 543 nm with LP 560. HFT 488/543 is used as srnanz |4 Eretaten
the main dichroic beam splitter, and NFT 545 as
the secondary dichroic beam splitter. Specimen
¢ In the Acquire subordinate toolbar, click on the

Config button.

— This opens the Configuration Control
window.

Fig. 5-282 Configuration Control window
Click on the Single Track button.

Activate (in the same way as for the single channel, see page 5-320) channel 1 and channel 2 (Ch1,
Ch2), the indicated emission filters and the main and secondary dichroic beam splitter for the
scanning procedure.

— The configuration loaded is displayed in the Beam Path and Channel Assignment panel.
Click on the Scan button in the Acquire subordinate toolbar of the Main menu.
— This opens the Scan Control window.

In the Scan Control window, set the parameters in the same way as described for single-channel
presentation.

Click on the Find button in the Scan Control window.

— This starts the scanning process. The scanned image appears in a separate window.

B 45-0007 e 12/02 5-329



OPERATION
Image Optimization

Carl Zeiss Multiple-channel LSM 5 PASCAL
PIE Corvetercz -
Mode Channeks | Z Settings ‘ Close
o S| — vie] —=rreme ”;Oﬁ —
| Obiective | PlanNestivar 10102 e )

128 | 28 | s12 | 1oos | opsg | Find |

Framesize % | 812 v[ 512 Lnestes [1 =
F Fastir |
il
Scnspeed [ 7 (T [ »| Max E
Piel Time: 3204s  Soan Tims: 1.97 sec | Singl |
.| Pizel Depth, Scan Direction & Scan Average

Stop
Data Depth & Bt 12 Bt Mods | Lin =
Method

e
Mean

Scan Direction | sy P Mumber | 1 Cont. |

Zoom, Rotation & Offset

L
Rasim [0 4 ——

I
Dffset <] . [~
=

DOffset X 0.00 um
Offsety: 0.00 um

E153
[ElEL

Fieady, 5122512 % 20 , 3 channels , 8 bit

P
[

i

Fig. 5-283 Scan control and Image Display windows

As a rule, the first scanned image (Pre-Scan) is not ideal, since the photomultiplier is not matched to the
light output. More often than not, the screen image is dull and needs subsequent optimization.

¢ C(lick on the Channels button in the Scan Control window.
— This opens the Channel Settings and Excitation of Track panels.

— The channels used are color-highlighted.

5.14.2.2 Image Optimization

The image optimization processes

— setting of pinhole diameter

— Detector Gain / Ampl. Offset / Ampl. Gain
— Scanning speed and Average

must be carried out separately for each channel used (see section (1) Single channel, page 5-320).

For the optimum setting of the single channels, Split xy-display must be selected in the Image Display
window to enable the direct viewing of the separate images of the relevant channels.

e Click on the Cont. button in the Scan Control window.

— This starts a continuous scan.
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e Click on the Split xy button in the Image Display window toolbar.
— This displays the separate images scanned in the channels and the composite (overlay) image.

e Now click on the Ch1-T1 button in the Channel Settings panel to optimize Channel 1. Optimization
is performed in the same way as for the single channel and can be monitored online in the relevant
separate image of the channel.

e Then optimize the second channel by clicking on the relevant button (Ch2-T1) in the Channel
Settings panel of the Scan Control window.

Scan image 1 Scan image 2

‘ H |Scan Control

| Made I Channels Z Gettings. Close P ——]
N Use| & Zz -
e[ =reme 2 5 ) s m
Channel Settings B
Chanrel: Chl Ch2 QO

*  Spot

Finhole w00 4| [»] 1 | Ma

Dptical slice < 141.4 Pinhole: B = 14.32 &y Urits @

Detectar Gain mw A
Ampifies Difset [ 0105 j J’ ﬁ
Ampifier Gain K el Lont

Excitation

& Line active Tranamission [7]

== | T oo [0 4 [ )
P o[ 5 4 )
O s 01 4]
Fosam [ 4 —

Ready, 512 % 512 % 20, 3 channels |, & kit

Fig. 5-284 Scan Control and Image Display windows
Cumulative scan image

Now effect image optimization as explained for the single-channel mode, but separately for each
channel.

e Now click on the xy button of the Display toolbar.

— The composite scan image of two channels is presented in a common window.

3>  Image optimization can be effected much faster if you select a smaller frame, since less data
have to be processed.

B 45-0007 e 12/02 5-331



OPERATION
Shut-Down Procedure
Carl Zeiss Exiting the LSM 5 PASCAL Program LSM 5 PASCAL

5.15 Shut-Down Procedure

ﬁ Never shut down the computer by its main switch while your LSM 5 PASCAL program s still
active, or else you will lose the currently set operating parameters and the images just scanned.

I3>  In the Settings for user dialog window, which can be activated with the Options / Settings
buttons, activate Laser off or Exit in the Shutdown tab. The lasers will then automatically be
switched off when you exit the LSM 5 PASCAL program.

5.15.1 Exiting the LSM 5 PASCAL Program

e Close all open windows of the LSM 5 PASCAL program by clicking on the closing icon X in the top
right corner of each window.
— This closes the respective window and removes the respective icons from the taskbar.

— After all dialog windows have been closed, the LSM 5 PASCAL Switchboard window appears.

5! Switchboard x|
Carl Zeiss ﬁ
Laser Scanning Microscope LSM 5 PASCAL Yersion 3.2

“»  Online Mod
nine Kode
[=] Offline Mode
=

Y| St

@ Copyright Carl Zeizs 1986-2002
Portions & Copyright 1396, Microsoft Corporation. A1l rights reserved.

Exit

Fig. 5-285 LSM 5 PASCAL Switchboard menu

e C(lick on the Exit button.
— This terminates the LSM 5 PASCAL program.
— The monitor screen shows the desktop of the WINDOWS NT operating system.
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5.15.2 Shut Down the WINDOWS Operating System

e Move the cursor to the bottom margin of the screen.
— This opens the taskbar containing the Start button.
e Click on the Start button of the taskbar.
— This opens a pop-up menu.

e Click on the Shut Down item.

s r

1z3

Fig. 5-286 Start menu ~
Taskbar
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Shut Down Windows

gyl Are pou sure pou want b

{* Shut down the computer s

(" Restart the computer?

" Cloze all programsz and log on as a different user?

Tes Mo

Help

Fig. 5-287 Shut Down window

— This opens the Shut Down Windows
window, in which you can select between
Shut down, Restart and Login.

e Unless already set by default, click on Shut
down the computer?

e Click on the Yes button.

The screen now displays the message

Shutdown in Progress - Please wait while the
system writes unsaved data to the disk.

About 20 seconds after WINDOWS NT has been run down, the Shutdown Computer window appears
which tells you that you can now turn off your computer.

S

NN
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N N S T Y
000000000
B N TS
[ N N N S I S

SO000OD0ODVO0D0S
NN

°
Q00
o

Fig. 5-288 Power supply of Ar laser

5.15.3 Turning off the Ar Laser

e Turn off the laser by turning the key switch
(5-288/1) to the "0" position.

ﬁ Turn off the power supply by setting the
toggle switch (5-288/2) to the "0"

position after 5 minutes.

5-334
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5.15.4 Turning off the HeNe Laser

e Turn off the HeNe-Laser via the key switch
(5-289/1) of the power supply unit.

5.15.5 Turning off the System

The LSM 5 PASCAL system is turned off via the
switch-operated multi-point connector on the
system.

— This puts your LSM 5 PASCAL microscope
system, including the computer, off power.

5.15.6 Turning off the HBO 103 Fig. 5-289 Power supply of HeNe laser

e Switch off the HBO 103 via the toggle switch of
the HBO 100 power supply.
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5.16 Software and Hardware Options

This section describes optional software and hardware configurations. Depending on your configuration,
the content of dialogue and function may differ.

5.16.1 Software

The following software packages for Release 3.0 are available:
- Software "Physiology evaluation”

- Software “Topography evaluation”

- Software “Macro Recorder and Editor”

- Software "3D for LSM”

- Software “Image VisArt”

- Software “Deconvolution”

Software "StitchArt"

If your configuration does not include the "Physiology evaluation” software package, the following
functions are not available:

- Mean of ROI scan button in Time Series Control

- Mean of ROI button in the Image Display window

If your configuration does not include the “Topography evaluation” software package, the following
functions are not available:

- Topo button in the Image Display window after acquisition of image stacks

If your configuration does not include the “Macro Recorder and Editor” software package, the following
functions are not available:
- New, Save and Save as buttons in the Macro Control window

- Edit, Step, Delete, Editor buttons in the Macro Control window

If your configuration does not include the “3D for LSM” software package, the following separate
application is not available:

- 3D for LSM
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If your configuration does not include the “Image VisArt” software package, the following function is
not available:
- 3D button in the Image Display window

If your configuration does not include the “Deconvolution” software package, the following functions
are not available
- DCV Settings button in the Ortho function of the Image Display window

- DCV button in the Process menu

If your configuration does not include the "StitchArt" software package, the following function is not
available

— Macro: "StitchArt"
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5.16.2 Hardware

Depending on whether the following hardware components are available or not, the content of the
screens may differ:

- HRZ 200 fine focusing stage

— Piezo objective focusing device

- X-Y scanning stage DC 4 x 4 or DC 100 x 90, each with MCU 28

- Stands: Axioplan 2 imaging MOT, Axiovert 100 M, Axioskop 2 MOT, Axiovert 200 M

- Depending on the configuration the scan head equipment may differ in filters, beamsplitters and the
number of photomultiplier

- Transmitted-light PMT

- Monitor diode

If your configuration does not include the HRZ 200 fine focusing stage, the following functions are not
available:

- Hyperfine Z Sectioning in the Z Stack function in the Scan Control window

- HRZ parameters in the Stage and Focus Control window

If your configuration does not include the X-Y scanning stages DC 4 x 4 or DC 100 x 90, each with
MCU 28, the following functions are not available:

- Stage Position and Tile Scan functions in the Stage and Focus Control window

Depending on the used microscope stand: Axioplan 2 MOT, Axioplan 2 imaging MOT, Axiovert 100 M,
Axioskop 2 FS or Axiovert 200, the following dialogue and available functions may differ:

- Context and accessibility of the Microscope Control window

If your configuration does not include scan head META, monitor diode and/or transmitted light PMT, the
following functions may differ:

- Context and accessibility of the Config Control window

If your configuration does not include programmable AOTF, the following functions are not available:

— Laserline in the Config Control window and Channels in the Scan Control window

If your configuration does not include an AxioCam, the following functions are not available:

— Camera in the Config Control window, Scan Control window
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5.17 System Configuration Tool

Transparent configuration of system hardware
Start by double-click on the ConfTool.exe in directory /AIM

Configures:
— Scanning stages, focus accessories, AxioCam
— Microscope and microscope accessories (lamps, reflector cubes ..)

— Substitutes direct editing of system databases
Benefits:

— Fast and easy integration of new hardware

— Optional rotation/flip of scanned images according to image orientation in visual observation

¥ AlM Configuration Tool [ Rel. 3.0/ 3.2

Aiawert 200 M =]

i |
3. 1511.2002105013 ¥

Fig. 5-290 Configuration Tool menu
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5.18 Courses on How to Operate the System in an Optimized Way

Carl Zeiss is offering training courses on how to operate the system in an optimized way.

Courses are held in our application center in Jena, Germany.

Check out

www.zeiss.de/lsm

for the latest dates and ask your Zeiss representative for a quotation on courses.
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6 TOOLS
6.1 Change Filters

The Change Filters tool is used to update the filter data in the software after a change of filters in the
reflector turret of the microscope, the emission filters and the beam splitters of the LSM 5 PASCAL.

All filter data are updated in the Emission Filters & Beam Splitter Control window. After activation of
the appropriate button (Emission Filters, Filter Cubes Stand or Beam Splitters LSM), the special
input mask for the selected filter type is displayed. Since the procedures of updating or entering a new
filter type are identical for all types, only the updating of filters in the reflector turret (Filter Cubes Stand)
will be described in the following.

e Close the LSM 5 PASCAL software program.
¢ Insert the new filter module in the reflector turret.
e Double-click on the Change Filters icon on the desktop.

— The Emission Filter & Beam Splitter Control window appears on the screen. The name of the
currently used database is displayed in the System Database box, with the filter type being indicated
below for checking purposes.

e Click on the Filter Cubes Stand button. The Filter Cubes Stand panel is displayed.

— The Filter Cubes Stand panel shows the Filter-Wheel No. and the filter positions available. Use the
Name and ID selection boxes to enter the filters installed in the individual positions of the filter
wheel.

e Open the Name (or ID) selection box of the relevant filter position and select the new filter set from
the list.

e Click on the Store button to accept the new settings.

e Click on the Close button to close the Emission Filter & Beam Splitter Control window.

= All available filter sets have to registered in the filter list (see Edit Filter List function, next
page).
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. Edit Filter/Beam Splitter List

Filtername: I DIC j

Sunnay -

MHone

FSetl5
FSetlg
FSetil

Add Mew

Hemaye

Apply

Fig. 6-1 Edit Filter/Beam Splitter List
window

Edit Filter List

The Edit Filter List function permits updating of
the filter data in the software after a change of
filters on the stand.

e Close the LSM 5 PASCAL software program.

e Double-click on the Change Filters icon on the
desktop.

e C(Click on the Edit Filter List button in the
Emission Filter & Beam Splitter Control
window.

— The Edit Filter/Beam Splitter List window
is opened.

This window permits a list of the most frequently used filter sets to be compiled.

e C(lick on the arrow button in the Filtername list box to open it.

e Select the filter set which shall be included in the list.

e C(lick on the Apply button.

The selected filter set is included and displayed in the list (below the Sumary list box).

This filter set is now also available in the Name selection boxes of the Filter Cubes Stand panel and can

be assigned to a filter wheel position.

To remove a filter set which is no longer needed from the list, proceed as follows:

e C(lick on the name of the filter set concerned in the list box of the Edit Filter/Beam Splitter List

window.

e C(lick on the Remove button. The filter set is deleted from the list and is then no longer available in
the Filter Cubes Stand panel of the Emission Filter & Beam Splitter Control window.

6-4
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Add New . Add New Filter/Beam Splitter []
This function permits new filter sets to be added Filter Cubes Stand Description oz [
to the database_ Praducer lm [~ MonZeiss
MHame || Apply
For this, proceed as follows: SeiesNumber |
i . Summary I [Eear
e C(Click on the Add New button on the Edit |
Filter/Beam Splitter List window. I:v:wﬁvaengm —
— The Add New Filter/Beam Splitter E‘:’:I'g: | m
window is opened. T E— [
[mpart
e Enter the data of the new filter set in the Filter Bl=er =l | &
Cubes Stand Description panel, then click on New Filter Cubes Stand
the Apply bUtton 1D Potential | Surmmary |

The new filter set is stored in the database and
included in the New Filter Cubes Stand panel.
You can now activate the filter for a filter wheel

position using the procedure described above. LI

Fig. 6-2 Edit Filter/Beam Splitter List
window

Iy If you have activated the Non Zeiss check box, filter sets from other manufacturers can also be
included in the database.

e To remove an new filter set from the database, select it with a click of the mouse in the New Filter
Cubes Stand panel and then click on Remove.

e Click on Close to close the Add New Filter/Beam Splitter window.

e Click on Close to close the Edit Filter/Beam Splitter List window.
e Click on the Store button to accept the new settings.

e Click on the Close button to close the Emission Filter & Beam Splitter Control window.

When you start the LSM 5 PASCAL software, the filter data are updated.
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: Select Stand Database I E3 6.2 Sta nd Select

Datahass |D:\AIM\Dalabase\SystemeonfiguratiomsﬁF’ASEAL.mdb Bromse
Permanent Cancel | P ——

Fig. 6-3 Select Stand Database ... window

If this is not possible, proceed as follows:

e C(Close the LSM 5 PASCAL software program and
desktop.

— The Select Stand Database window appears
displayed in the Database box.

Open .
Lok irc Ia Database j gl IE%

@ Spstemn_Configurations_Awxioplan MOB
E System_Configurations_Offline. mdb

File name: System_Configurations Offline. rmdb Open I
Files of type: I".mdb ﬂ Cancel |

Fig. 6-4 Open window

. Select Hame °

Mame for icon on desktop

IS_l,lstem_Configurations_D ftlire Cancel

o &

lzon

HE \_\_

Fig. 6-5 Select Name window

The Stand Select tool permits a new or updated
database to be assigned to the LSM 5 PASCAL
software program. This function should preferably
be performed by authorized service personnel.

double-click on the Stand Select icon on the

on the screen. The currently used database is

Click on the Browse button to activate the
new database.

— The Open window appears on the screen.

Select the directory where the new database is
stored.

Click on the name of the database (file
extension: *.mdb) and then on the Open
button.

— The Open window is closed and the name
of the new database appears in the
Database box.

Click on the Permanent button. The Select
Name window appears.

Select the relevant stand icon from the Icon list
box and click on OK. The Select Name
window is closed and the desktop icon is
updated.

Then click on the OK button in the Select
Stand Database ... window to accept the new
settings and to close the window. (Clicking on
Cancel will cancel the procedure.)

— After the next restart of the LSM 5 PASCAL
software program, the new database will be
automatically read in.

6-6
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6.3 LSM Image Browser

The LSM Image Browser permits images to be loaded, imported, exported and printed quickly without
having to open the LSM 5 PASCAL software. The LSM Image Browser can be used without dongle.

When images are opened, image processing functions of the LSM 5 PASCAL software are available to a
limited extent (Chan, Zoom, Contr, Palette, Copy, Save, Save As, xy, Split xy, Prev, Info).

e Click on the LSM Image Browser icon on the desktop of the PC. The Zeiss LSM Image Browser

main menu is opened.

(B Zeiss LSM Image Browser M= =
File “iew Procesz Options  Window Help
0~ | HE|e e e ==
Mew Save Save fig Irpaort Export | Full Screen Muilti Prin et Disk E it
= % "? J .
“ i. .i I i W& I"' i
Erajectian Sterem it [Eamy Filter, |rtermalate St [uplizate [Cartrast

Fig. 6-6

Zeiss LSM Image Browser main menu

The following function buttons are available:

New button
Open button
Save button
Save As button
Import button
Export button

Full Screen button

Multi Print button
RAM button

DISK button

Exit button

Opens a new database.

Opens an existing database.

Saves the current image.

Saves the current image under a new name.
Imports images.

Exports images.

The current image is displayed on the full screen. Deactivation of the
function with a click of the mouse.

Several images are printed on one page.
Use of the RAM memory for image display.
Use of the hard disk as storage medium for image display.

The Zeiss LSM Image Browser main menu is closed.

The functions New, Open, Save, Save As, Import, Export and Multi Print correspond to those of the
Expert Mode of the LSM 5 PASCAL software and have already been described in chapter 4.
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6.4 LSM Image Examiner

The LSM Image Examiner can be used without having to open the LSM 5 PASCAL software. However,
this requires the installation of the relevant dongle. The LSM Image Examiner provides all the functions
of the LSM Image Browser, plus the 3D functions and selected Process functions of the Expert Mode
of the LSM 5 PASCAL.

When images are opened, a large scope of the image processing functions of the LSM 5 PASCAL
software is available (for further details see chapter 4).

e Click on the LSM Image Examiner icon on the desktop of the PC. The Zeiss LSM Image Examiner
main menu is opened.

[B Zeiss LSM Image Examiner M= E
File “iew Process Options Window Help
NEIEIEGEEIEEE.
Open Save Save dg Import Export | Full Screen Muiti Print it Disk E xit
m= ° | ] LD
L b g g | 2
DepthCod Stereo Ratia Copy Filker Shift Duplicate Contrast

Zeiss LSM Image Examiner main menu

In addition to the buttons of the LSM Image Browser mentioned above, the following function buttons
are available in the lower row of the Zeiss LSM Image Examiner main menu:

One single projection or a series of projections can be calculated after
rotation of the data package about the X, Y or Z axis.

Projection button

DepthCod button

Stereo button

Ratio button
Copy button
Filter button
Interpolate button

Shift button

The depth information contained in a sequence can be colored with the
colors of the rainbow.

Stereoscopic images can be generated.

Permits two channels to be linked into a new channel by the creation of
a ratio.

Permits one channel each of an existing image to be copied and stored as
a new image.

Permits the subsequent processing of scanned images via the integrated
filters.

Permits the continuous contrast and brightness change in a stack or time
series through interpolation between the starting and end values.

Produces a congruent image with relation to the pixels of the various
channels.

6-8
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Duplicate button Permits images (including Z Stacks and Time Series) to be duplicated
completely.

Contrast button Permits the subsequent modification of contrast and brightness of the

stored image.

These functions correspond to those of the Expert Mode of the LSM 5 PASCAL software and have
already been described in chapter 5.
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7 3D FOR LSM 5 PASCAL

71 Overview and Explanations

7.1.1 The Image Sequence (0,0,0) Voxel

The "3D for LSM" handles image sequences /I

generated by the Zeiss LSM software. This can be = : S
: . . . o Single slice with
three-dimensional image data or a time sequence :
. . . . . single channel
of two-dimensional images (slices). Each slice (as

well as the sequence) can consist of up to eight
channels. An image sequence consists of a series )¢ Single slice with

of individual (2D) images and has a name that multiple channels
designates the entire sequence. In general an |
image sequence is handled as a single object in the =
system. Individual channels or slices can be 4
addressed.

Image sequence
Multichannel

Positive rotation directions
of the axes

The following terms and definitions apply for the
"3D for LSM" software.

— An image sequence is a number of individual
sequential images (usually called slices in the
dialog boxes), the spacing between which is
equal.

— Image sequences can contain up to 12 bit of
image data (per channel).

— A sequence (slice) can consist of up to eight

channels. Fig. 7-1

— The maximum size of an image sequence is
limited by the provided memory of the
operating system.

— A voxel is the smallest element of an image sequence (the equivalent of a pixel in a 2D image). All
voxels in a given image sequence are the same size.

— The coordinate system originates in the left upper front corner of the image sequence. This point has
the coordinates 0, 0, O.

— All angles are positive for rotations to the right in the direction of the positive coordinate axis (right-
handed coordinate system).

— Aslice is an individual image in a sequence of images. The numbering of the slices starts with "1".
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Image sequences can consist of several channels. Most functions and the Display window are providing
buttons to select all or a subset of channels stored in the selected image sequence. The Output image
sequence will only get those channels which are selected on the input side. The button selects all
channels in the image sequence to be used clicking with the left mouse button on it.

Clicking with the left mouse button on any of the number buttons toggles the state of this single
channel.

Clicking with the right mouse button on any of the number buttons selects this single channel
exclusively. All other channels are deselected.

7.1.2 The Image Properties

Every image sequence has its own set of properties. They contain the scaling and the scaling units. The
scaling and its units are required for 3D reconstruction and measurement. If a sequence of LSM-TIFF
images is read in, the image properties are loaded automatically from the file header and allocated to the
image properties of the new image sequence.

7.1.3 Memory Usage

All images shown in the Gallery are currently loaded in the system memory of the operating system.
Some functions need additional temporarily used memory during their execution.

If the memory is running low delete some images from the Gallery. If the images are needed afterwards
they must be saved to disk first. Normally all functions produce a new result (output) image sequence. In
order to save some memory, other image sequences currently presented in the Gallery can be selected
as result position. The output image is overwritten by entry execution of a function.
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7.2 User Interface
7.2.1 Introduction

This section describes the following main components of the system:

Main window Main window with the Menu, the Tool bar and Gallery. All general system
functions are located here.

Gallery Normally several images are required in order to accomplish a particular task.
These images are displayed in reduced size to provide an overview and facilitate
selection. This area is located just below the Tool bar.

i 30 for Zeiss LSW 510 =18

File Edit Procesz View Measue Windows Help

e

= =IE:

Used: 2 500 MButes of

Fig. 7-2

Tool bar This menu shows all image processing functions.
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Display window

Dialog boxes

This window is used to display image sequences.

~ Display - 1

O'Eﬂ'- >|A|||1|2|T <| | >|
NZAEAT 2280k |

Fig. 7-3 Display window

All dialog boxes provide three buttons. Pressing the OK button executes the
function with the defined parameters and closes the dialog window. Selecting the
Cancel button does not execute the function, restores the parameters, and closes
the dialog window. Pressing the Apply button executes the function with the
defined parameters; the dialog window will stay opened.

7-6
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7.2.2 Main Window
The Main window includes:

the Menu

File Edit Procesz View Measure ‘Windows Help

the Tool bar

=l S| =l

and the Gallery
3 1

-
Li
-

label object

File Menu
=
Open Image Opens a file selector dialog to load an image sequence.
EI Save Image As Opens a file selector to save an image or image sequence.
Save Display As Saves the currently shown contents of the Display window as a single
colour image.
%I Print The printer parameters can be set with this tool. The standard Windows
printer dialog is opened.
Exit Terminates the application.
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Edit Menu

Copy Copies the contents of the Display window to the clipboard.

Edit Channels Allows to add or to remove channels to a single or multichannel image.

Delete All Images  Deletes all images and image sequences from the memory.

Process Menu

+ —
Z=1 Arithmetics Adds or subtracts the grey values of two image sequences
(Add, Subtract).

g Contrast Enhances the contrast and brightness of an image sequence
(Interactive, Automatic, Linearize).

i Smooth Smoothes an image sequence.

Morphology Performs morphological operations on image sequences
(Erode, Dilate, Open, Close).

%I Segment Segmentates an image sequence to propose measurement
(Interactive, Automatic).

&
Al Boolean Combines two image sequences by Boolean operations
(And, Or, Not, Xor, Mask).

—*1 Scrap Selects or deletes objects of a defined size.

el | o
Fill Holes Fills holes in objects.
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View Menu

Set Channel Colour The colour and the weight of the single channels can be defined.

Properties The properties of the image (e.g. scaling, use laser etc.) are displayed.

il Render Calculates 3D reconstructions of an image sequence (Surface, Alpha).

Measurement Menu

tei]  Automatic Object Measures geometrical and densitometrical features (General, Object
Features, Volume Features, Condition).

Windows Menu

Arrange All Arranges the windows automatically.

Display The current image is displayed in this window.
Help Menu

Content Opens the help for the software.

About 3D for LSM Displays status and release message of the software.

Tool Bar

This bar provides buttons with iconized images of nearly all functions. Clicking on one of the buttons will
open a dialog window to define the function parameters. Selecting an entry from the menu alternatively
can activate the same functions. Placing the cursor on a tool bar button will show a short description, if
the window is activated.
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Gallery

The Gallery is used as an overview of the images available in memory and their contents. It is located
just below the Tool bar. Each small image represents a sequence. The middle slice of each image
sequence is shown. The status bar of each image shows the name. The name might be a number or a
string.

Every image sequence has its own channel colour assignment (see Display window). \When an image is
copied the channel colour assignment is copied too. Drag and drop techniques can be applied to copy
images or define the function parameters Input and Output using the Gallery thumbnails.

e Position the cursor on an image in the Gallery.
e Press the left mouse button.
e Hold the mouse button down and move the mouse to the destination position.

e At the destination release the left mouse button, the destination image will be overwritten.

To delete an image, drag it, move it to the wastebasket, and drop it.

7.2.3 Display Window

This window is used to display an image sequence, regardless of size or type. To show multiple channel
sequences each channel could have its own base colour. The user can set these colours and the

weighting for each channel by pressing the corresponding button EJ at the bottom of the window. To
display a different image or image sequence, it can be dragged from the Gallery and dropped to the
Display window.

The image can be displayed in full size (one pixel on the screen represents one pixel of the image) or in a
zoomed size. To zoom the display view click and hold down the right mouse button on the window
border and resize the window. The aspect ratio of the image will not be changed. Clicking on the button
e

= resets the Display window to a full size view of the image (see above).

The title bar shows the currently displayed sequence name. The status bar displays the size of the current
sequence and the selected slice on the left. On the right the cursor position within the window and the
corresponding intensity (grey) value of each channel is shown.

The Display window can be closed without any effect to the image processing functions. If no Display
window is opened select the entry Display in the Window menu.

The scroll bar at the lower right of the window enables to show the images in a sequence. The range
reaches from one to the maximum slice provided by the current sequence.
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To start the automatic animation of an image sequence start the Player tool by clicking on the button

B The colour selection for the channels can be activated by clicking on the button @ A colour
L]

image can be displayed as a grey value image by clicking on the button .

Player

This function plays back the sequential images of an image sequence.

W Player |
5 0
11
1 10 20 20 40 50 GO VOV4 74
Increment |-| ] M| 1.7
Wait Timne ||:| 1 »| 0..1000
Fig. 7-4

The image sequence is displayed in the Display window. The display process is working as a
background task; other functions can be executed while the player is running. There are several ways to
stop the player:

by closing the player window
by pushing the red Stop button of the player window (the window remains open)
by closing the image window.

The Increment parameter specifies whether each sequential image (1) should be displayed or whether
some sequential images should be skipped during display. The value 2 skips one image for every
sequential image displayed, in other words, it displays only every second image.

The parameter Wait Time states the delay in milliseconds between two successive sequential images.
The maximum display speed depends mainly on the hardware. The sequential images are always
displayed in their entirety, regardless of the set delay.
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Control Element of the Player
The three arrow shaped controls on the scale show the start slice and the currently displayed sequential

image. The values (positions) can be changed using the mouse. Press and hold the left mouse button and
move the pointer to the desired position. The set values are shown in the numerical windows at right.

E | Start slice

3 Currently displayed sequential image

A End slice

The buttons in the left group start and stop playback of an image sequence.
E Reverse playback

E Forward playback

E Play forward and then backward again (jojo)

E Stop playback

m]  Pause playback

The buttons in the middle group control the settings of the current sequential image.
E Reset to start slice.

E Single step backward (1 sequential image each regardless of
Increment).

E Single step forward (1 sequential image each regardless of
Increment).

E Set to end slice.

Increment  Image increment.

Wait Time  Displays delay between two images (in milliseconds).
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Set Channel Colour

This function sets the colour and weight for the channels.

M Set Channel Colour

Image

Channel 1
Charirnel 2
Channel 3
Chariel 4
Chatinel 5
Charrel &
Charitel ¥

Channel 8

B

Weight 0... 200%

fhoo

{100

{100

{100

{100

{100

{100

{100

[ o |

Cancel |

... 200

... 200

... 200

... 200

... 200

... 200

... 200

... 200

%]

* LOODOnED:

Fig. 7-5

Each image sequence can get its own colour definitions. All functions will inherit the colour definition
from the Input sequence to the Output sequence. By default the colours are set to 100 % weighting
and the pure base colours (red, green, blue) are defined.

The weight can be any value between 0 % and 200 %. The colour can be redefined by clicking on the
coloured button on the right of the dialog. The standard Windows colour selection dialog is opened. The
solution is done by clicking on one of the colours or by entering appropriate numbers in the

corresponding edit boxes.

Pressing the OK button will close the colour selection dialog and update the Display window

immediately.

Only those channels, which are available in the image sequence, can be defined.

Parameters:
Image Image sequence to edit
Weight Colour weighting for each channel
Colour Base colour for each channel
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7.3 Functions
7.3.1 Functions in the File Menu

Open Image

This function reads a Zeiss LSM 5 PASCAL (*.Ism), Zeiss LSM TIFF (*000.tif) or Carl Zeiss Vision (*0.img)
image sequence from a disk or network drive.

= Open Image E

Eil
Flle

CALSME10M3D farlsmimagesibitosis' b 016 TIF
File: Path:
|,A.Al]1 B.TIF CALSME10MID farlamhmagesiiitosi

¥ Preview

[
JLSME10
=3 3DForLsm
= Images

512*61216. 3 Ch

Files of Type: Dirivee:
[AITIF Images [~ 1] N EE 2 ]
— Input
|9 Mew
Open Cancel
Fig. 7-6

The individual files of a Zeiss TIFF image sequence are read and saved as an image sequence in image
memory. In addition, the image properties are read out of the TIFF files and allocated to the image
sequence Input.

The directories of the current drive are listed in the Directories list box. Use the Drives list box to
choose a different drive.

In case of choosing the TIFF-format in the Files of Type box, three number characters are always
expected before the dot in the filename extension. The first number must be 000 at the end of the
filename. From a complete sequence only this file is listed in the dialog, if "LSM TIF Images (*000.tif)" is
selected in the Files of Type box. To view all TIFF files "All TIF Images (*.tif)" in the Files of Type box
must be selected. This selection enables to start with a different file than with the very first (named
*000.tif) at the end of the filenames three number digits.

Currently the Carl Zeiss Vision file format "KE Images (*0.img)'
saved.

is supported. Two files per channel are
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Carl Zeiss Vision image sequences must have a number digit at the end of the base filename. They are
used to indicate the different channels in a multichannel sequence. The numbering starts with zero (0). If
a sequence is saved in the Carl Zeiss Vision format the numbers are generated automatically. To load
such an image sequence "KE Images (*0.img)" in the Files of Type box must be selected.

The window incorporates the usual file selection controls. The bottom half displays a selection of the
image properties that are stored in the image sequence.

Parameters:

BaseName Base name of the TIFF files (image sequence) to be loaded. Only the letters before
the first number are stated.

Input Name of the resulting image in which the image sequence will be saved.

B 45-0007 e 12/02 7-15



3D FOR LSM 5 PASCAL
Carl Zeiss Functions LSM 5 PASCAL

Save Image As

This function saves an image or image sequence to disk or network drive.

M 5ave Image As E
— File:
C:ALSKME1 043D arlzmmageshS ensomyCells” lzm
File: Path:
= lsm C:ALSKE1 083D farlzmtImagesh S ensc
oA
EJLSM510
=3 3DforLsm
5 lmages

& SensoryCell

Files of Type: Dirivve:
LSM Images [* s N EE =
— Inpuit

Save i3 Cloze

Fig. 7-7

All the files in the current directory that have the selected image format are listed in the File Name list
box.

The directories of the current drive are listed in the Directories list box. Use the Drives list box to
choose a different drive.

Use the list box Files of Type to select the image format. Currently the LSM 5 PASCAL image format
(*.Ism) and the Carl Zeiss Vision file format "KE Images (*0.img)" is supported.

By choosing the Carl Zeiss Vision file format "KE Images (*0.img)", two files per channel are saved. On
one hand the Carl Zeiss Vision type image sequence file, on the other hand the file with the image
properties. One pair of files is written per channel. They are numbered automatically, starting with zero.
A one number digit is added to the end of the filenames. The two files share the same filename but have
different filename extensions (*.img and *.3d).
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The content of the Gallery is shown in the Input section. The selection of the sequence to save is done
by highlighting one of the provided names or by drag and drop from the Gallery.

Parameters:
Input Name of the image sequence to be saved

Filename Name of the file to be used on disk

Save Display As

This function saves the current Display window contents to a disk or network drive.

Save Display As EH |

Save it I 9 Images
File name: IDispIa_l,l.bmp Save I
Save as bype: Cancel |

Fig. 7-8

Before the execution of this function any image or image sequence can be selected to be displayed.
From a multichannel sequence any channel status (on or off) combination can be defined. The colours of
the shown channels can be set with the function Set Channel Colour.

The current zoom factor of the Display window is not taken into account, the image is saved without
any zoom.

The image is saved as a true colour image with 24-bit resolution. From the Save as Type list box one of
the provided formats can be selected.

Parameters:

None
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Print

This function prints the current Display window contents.
The standard Windows print dialog is opened.

Before the execution of this function any image or image sequence can be selected to be displayed.
From a multichannel sequence any channel status (on or off) combination can be defined. The colours of
the shown channels can be set with the function Set Channel Colour.

Parameters:

None

Exit

This function terminates the application completely.

All images and image sequences shown in the Gallery will be deleted from the memory. Save those
images which might be used for any further processing.

Parameters:

None
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7.3.2 Functions in the Edit Menu
Copy

This function copies the current Display window contents to the clipboard. No dialog is shown.

Before the execution of this function any image or image sequence can be selected to be displayed.
From a multichannel sequence any channel status (on or off) combination can be defined. The colours of
the shown channels can be set with the function Set Channel Colour.

The current zoom factor of the Display window is not taken into account; the image is copied without
any zoom.

The image is copied as a true colour image with 24-bit resolution. Afterwards the contents can be pasted
to any other Windows application.

Parameters:

None
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Edit Channels

This function allows to add or to remove channels to a single or multichannel image.

On the Add Channel tab sheet the channels of (different) Input sequences can be defined to add
(combine) channels to an Output sequence.

Edit Channels E
Add Channel | Delete Channell
ot f EINEE
Inpt 2 [3 WIT
Clutput |2 Mew
Output Size O [

i Input 2

DK Cancel Mol

Fig. 7-9

This operation is useful to add a segmented channel (or any other result of a function) to the original
image sequence. The selected channels of Input 1 and Input 2 are copied to Output. The maximum
number of channels in an image sequence is eight.

If the image sequences do not have the same extents Output Size defines which input is taken as a
reference. This selection also defines the properties for scaling and units in the output image sequences.

Parameters:
Input 1 First input image sequence
Input 2 Second input image sequence
Output Output image sequence

Output size Defines source image sequence for size, scaling, and units
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On the Delete Channel tab sheet channels of the Input 1 image sequence can be selected to delete
channels.

Edit Channels

Add Charinel

Input 1 |1 ITITI?

Cutput |2 Hew

(] 4 I Cancel Apply

Fig. 7-10

This operation might save time and memory for further processing if not all channels are needed.

Only the selected channels of Input 1 are copied to Output.

Parameters:
Input 1 Input image sequence
Output Output image sequence

Delete All Images

This function deletes all images and image sequences from the memory (Gallery).

The function is used whenever a completely new image sequence should be processed. In order to drop
the images item by item to the wastebasket all of them can be deleted by a single function.

If any image or image sequence is needed for further use save them first.

Parameters:

None
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7.3.3 Functions in the Process Menu

Arithmetics - Add

This function adds two image sequences.

T |

Add | Subtract I

Input 1 |4 All I'l_
Input 2 [4 AlfT

Dutput |5 Mew
ke * Wrap

" Clip

£ Mormalize

QF. I Cancel | Apply

Fig. 7-11

The Add tab sheet of the Arithmetics dialog window must be selected.

If one or both input sequences are multichannel sequence, any number or combination can be selected.
The number of selected channels for Input 1 and Input 2 must be the same. They will be combined
from left to right.
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This function adds the two image sequences Input 1 and Input 2 voxel by voxel and generates the
image sequence Output. Note that a resulting grey value may be greater than 255 (4095). The
parameter Mode determines how a range overflow is handled:

1 - Wrap No normalization - the grey values are displayed modulo 256 (4096). If the result
is greater than 255 (4095), the value 256 (4096) is subtracted from it.
2 -Clip Grey values which exceed 255 (4095) are replaced with 255 (4095).
3 - Normalize The resulting grey value range is scaled to the range 0...255 (0...4095).
Parameters:
Input 1 First input image sequence
Input 2 Second input image sequence
Output Output image sequence
Mode 1 - Wrap
2 -Clip

3 - Normalize

B 45-0007 e 12/02 7-23



3D FOR LSM 5 PASCAL
Carl Zeiss Functions LSM 5 PASCAL

Arithmetics - Subtract

This function subtracts two image sequences.

|

wal CEE
[nput 2 |4 WITITI?
Dlutput |5 [ew
riste * wWiap

" Clip

" Momalize

= Shift/Clip

ITI Cancel 2pply

Fig. 7-12

The Subtract tab sheet of the Arithmetics dialog window must be selected.

If one or both input sequences are multichannel sequence, any number or combination can be selected.
The number of selected channels for Input 1 and Input 2 must be the same. They will be combined
from left to right.

This function subtracts the two image sequences Input 1 and Input 2 voxel by voxel and generates the
image sequence Output. Note that a resulting grey value may be less than 0. The parameter Mode
determines how a range overflow (negative values) is handled.
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1 - Wrap No normalization - the grey values are displayed modulo 256 (4096). If the result
is less than 0, the value 256 (4096) is added to it.

2 -Clip Negative values are set to 0.

3 - Normalize The resulting grey value range is scaled to the range 0...255 (0...4095).

4 - Shift/Clip 128 (2048) is added to the difference, then negative values are set to 0. Values

greater than 255 (4095) are set to 255 (4095).

Parameters:

Input 1 First input image sequence
Input 2 Second input image sequence
Output Output image sequence
Mode 1-Wrap

2 -Clip

3 - Normalize

4 - Shift/Clip
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Contrast - Interactive

This function allows interactive changes of the contrast of an image sequence.
4 Contrast |

Interactive I Automaticl Linearizel

Input I-l i I.I—
Output [2 New [ 12
Channel Al |‘|_

Clip Grey Yalues W

Input Histograrm

=

.. 255

] fis ] H

Output Histogram -

Lfo 4y Clizz 4p| Hfess  4lp] 0. 258

(] 4 I Cancel I

Fig. 7-13

The Interactive tab sheet of the Contrast dialog window must be selected.
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A grey value range of the Input image sequence is scaled to another range in the Output image
sequence. Both ranges can be edited interactively. This function is used to achieve a better view of an
image sequence, or to scale a range of grey values to single value for a special coding in an image
sequence. The function does not improve the result of the linear segmentation function Segment.

Input indicates the sequence to enhance. If it is a multichannel sequence, a single channel, all channels,
or any number can be selected. The Input histogram shows the grey value distribution of the selected
channels of the Input image sequence.

Output defines the name of the result sequence. It will get only those channels which are chosen by the
Input parameter. The buttons labeled with 8 and 12 define the grey value (intensity) resolution in bit.
Normally the result will get the same resolution as the Input sequence. A change will be needed if image
sequences with different resolutions should be combined. Rising the grey value range to 12 bit will not
enhance the display quality or measurement accuracy. The smooth and morphology functions will
produce results with finer gradations.

If Clip Grey Values is selected, the output grey values are clipped to the Low (L) and High (H) values. If
Clip Grey Values is not selected, output grey values beyond the Low and High value range are
possible.

The Output histogram shows the resulting histogram. The horizontal axis represents the grey values
from 0 to the maximum, which is either 255 or 4095, depending whether the input is 8 bit or 12 bit.
The vertical axis represents the pixel count. The selected range is marked by the borderlines in the
histogram. The blue line or L indicates the lower boundary, the red line or H the upper one, C indicates
the center of the range.

There are three ways to change the range: clicking and dragging the borderlines with the mouse.
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Entering a new value in the appropriate text boxes, clicking on the buttons E or using the arrow keys
from the keyboard. To alter the values within the histogram move the mouse pointer over one of the
three coloured lines until the shape changes. Press and hold the left mouse button to move the line to a
new position. To change the values with the arrow keys click once into the histogram. Using the left or
right arrow key by its own will move the whole range. Pressing the Shift key additionally moves the
lower boundary, the Control key the upper boundary.

The vertical scale of the histogram is set using the scroll bar. The units are percents of the maximum grey
value distribution. This setting has no influence on the function.

Parameters:

Input Input image sequence

Output Output image sequence

Channel Selection of the channel numbers for the Output image after contrast
enhancement

Clip Grey Values Clipping of grey values to the Low (L) and High (H) output grey values
boundaries

Input L Lower boundary of grey value range Input

Input C Center of grey value range Input

Input H Upper boundary of grey value range Input

Output L Lower boundary of grey value range Output

Output C Center of grey value range Output

Output H Upper boundary of grey value range Output
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Contrast - Automatic

This function scales the grey values of an image sequence to the maximum possible range.
4 Contrast |

Interactive  Automatic | Linearize |

Input I-l i I.I—
Output [2 New [ 12
Channel Al |‘|_

Threshald ||:| ] | | bl 0. 1000

Input Histograrm

L ||:| j_pl C |12;-' j_}l H |255 jﬂ 0. 285

-

Output Histogram

o P e

(] 4 I Cancel I

Fig. 7-14

The Automatic tab sheet of the Contrast dialog window must be selected.

This function enhances the contrast of an image sequence by spreading the grey value distribution over
the maximum possible range. This function is used to achieve a better view of an image.

The light and dark grey value ranges with a low share of pixels are excluded from the operation by the
parameter Threshold. The Threshold units are in thousandths of the total number of voxels. Using a
value of 10 means that the scale interval is set so that 5/1000 of the total number of voxels on the light
side, and 5/1000 of the total number of voxels on the dark side of the grey value distribution are
excluded.

Input indicates the sequence to enhance. If it is a multichannel sequence, a single channel, all channels,
or any number can be selected. The Input histogram shows the grey value distribution of the selected
channels of the Input image sequence.

Output defines the name of the result sequence. It will get only those channels which are chosen by the
Input parameter. The buttons labeled with 8 and 12 define the grey value (intensity) resolution in bit.
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Normally the result will get the same resolution as the Input sequence. A change will be needed if image
sequences with different resolutions should be combined. Rising the grey value range to 12 bit will not
enhance the display quality or measurement accuracy. The smooth and morphology functions will
produce results with finer gradations.

The Output histogram shows the resulting histogram. They are not editable. The horizontal axis
represents the grey values from 0 to the maximum, which is either 255 or 4095, depending whether the
input is 8 bit or 12 bit. The vertical axis represents the pixel count. The vertical scale of the histogram is
set using the scroll bar. The units are percentages of the grey value distribution maximum. This setting
has no influence on the function.

Parameters:
Input Input image sequence
Output Output image sequence
Threshold  Exclusion value - 0...1000
Input L Lower boundary of grey value range Input
Input C Center of grey value range Input
Input H Upper boundary of grey value range Input

Output L Lower boundary of grey value range Output
Output C Center of grey value range Output
Output H Upper boundary of grey value range Output
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Contrast — Linearize

This function scales a range of grey values of an image sequence to equal area fractions in the
histogram.

4 Contrast |

Interactivel Automatic  Linearize |

Input [ arf1

Output |2 M e

Channel Al |1_

Skip Black. W

|nput Histogram -

Lo (&lpf C 2z [alp] H ez |fp) 0255

DOutput Hizstogram -

S o G el R

(1] | Cancel |

Fig. 7-15

The Linearize tab sheet of the Contrast dialog window must be selected.

This function enhances the contrast by linearizing the histogram of the image sequence to equal area
fractions in the histogram. The areas (voxel count multiplied by grey value range) of all grey values in the
Output histogram are the same. This function is used to achieve a better view of an image sequence.
When Skip Black is checked the grey value O will not be taken into account for linearization.

Input indicates the sequence to enhance. If it is a multichannel sequence, a single channel, all channels,
or any number can be selected. The Input histogram shows the grey value distribution of the selected
channels of the Input image sequence.

Output defines the range of the result sequence. It will get only these channels which are chosen by the
Input parameter. The grey value (intensity) resolution will be the same as the one from Input.
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The Output histogram shows the resulting histogram. The horizontal axis represents the grey values
from 0 to 255. The vertical axis represents the pixel count. The vertical scale of the histogram is set using
the scroll bar. The units are percentages of the grey value distribution maximum. This setting has no
influence to the function.

Parameters:
Image Input image sequence
Output Output image sequence

SkipBlack 0 - Grey value black is ignored
1 - Grey value black is taken into account

Input L Lower boundary of grey value range Input
Input C Center of grey value range Input
Input H Upper boundary of grey value range Input

Output L Lower boundary of grey value range Output
Output C Center of grey value range Output
Output H Upper boundary of grey value range Output
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Smooth (Gauss)

This function performs a Gauss filter.

T~ |
e E CI

Dutput |4 Mew

Size |3 1| I rl 3.3
aF. I Cancel | Apply |

Fig. 7-16

The noise in the image sequence is reduced, the edge shape is nearly unchanged, local maxima are
leveled, the dynamic range is reduced.

Image sequences should be smoothed before they are reconstructed or segmented. For most sequences
a Size value of 3 is sufficient enough. If Input is a multichannel sequence, any number and combination
of channels can be selected. Output will only get the selected channels as results.

The grey value of every pixel is substituted by a weighted average of its surrounding neighbors. The
neighbors are defined by a cube. The affected pixel is the central pixel of the filter cube. The weighted
filter cube is approximated by a binomial distribution. The size of the filter cube is set using the Size
scroll bar. Even numbers are set to the next odd value. The Size defines the strength of the smoothing.

Parameters:
Input Input image sequence
Output Output image sequence
Size Filter size (3...31, only odd numbers)
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Morphology

The following four functions perform basic operations of mathematical morphology on image
seguences.

@ Morphology E |

Erode | Dilatel Dpenl ElDSEI

Inpt [1 a||| i |

Cutpuit |2| Mew

Shape I; & |m|
Lot |-| 4| | pl 1...11

v Grey Morphology (] I Cancel | Apply |

Fig. 7-17

As generalization of the morphology of two-dimensional images to three dimensions the structural
elements are small volumina.
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The input image sequence is analyzed voxel by voxel with a selected shape (Shape). The voxel to be
analyzed is always the central voxel of the shape. The shape type determines which neighboring voxels
are used to compute the resulting voxel.

The following structural elements are available for all morphological operations. They represent
approximated spheres with an increasing radius.

Sequential image: Volume view: Cross shape
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Sequential image: Volume view: Cross shape
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B 45-0007 e 12/02 7-35



3D FOR LSM 5 PASCAL

Carl Zeiss Functions LSM 5 PASCAL
Sequential image: Volume view: Cube cross shape: created
through application of "cube"
EmE and "cross" one after the other.
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For regions (voxels) that are at the edge of the image sequence, it assumed for erosion that there are
white voxels with a grey value of 255 (4095) outside the edge. For dilation, it is assumed that there are
black voxels with the grey value O outside the image sequence.

If the Grey Morphology tickbox is activated, erosion sets the grey value of the central voxel to the
minimum of all neighboring voxels affected by the structural element; dilation sets the grey value of the
central voxel to the maximum.

If the Grey Morphology tickbox is not activated, the neighboring voxels are only distinguished by grey
value 0 and non-0. For erosion the central voxel is set to O if any of the neighbors is 0. It is set to 255
(4095) if any neighbor is not 0. For dilation the central voxel is set to 255 (4095) if any of the neighbors
is not 0. It is set to O if all neighbors are 0.

Erosion reduces the size of bright regions, separates thin connections between them, and makes small
regions disappear. Dilation, on the other hand, makes bright regions of the image grow in size, fills gaps,
and smoothes small contour details.
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The result of erosion and dilation is called opening. On the one hand, this maintains to some extent the
original size of the regions while not losing the smoothing effect of erosion on the image. This name
stands for the operation of reducing convex bulges in the contour of the region. Thin connections
between regions are eliminated, broken borders between regions are connected, and small regions
disappear.

The opposite operation (first dilation, then erosion) is called closing. Concave bulges in the contours of
regions are filled in; connections are formed between adjacent regions.

The following example illustrates the operations "Open" and "Close" in two dimensions:

Open = Erosion + Dilation

Eu

Fig. 7-18

Close = Dilation + Erosion

Fig. 7-19

The "cube cross" shape was used for the operations shown.
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Morphology - Erode

This function erodes structures in an image sequence.

EfMophotogy K

Erode | Dilatel Elpenl |:|IIISEI

[npuit [1 F'.Ill q |

Dutput |2 Mew

Shape

Count

[+ Grey Morphology

Fig. 7-20

In the Morphology dialog window, the tab sheet Erode must be selected.

Erosion makes bright regions smaller on a dark background. It also results in separation of thin
connections between regions. Small regions disappear entirely.

If Input is a multichannel sequence any number and combination of channels can be selected. Output
will only get the selected channels as results. The Input image sequence is eroded Count times with the
shape Shape. The Count scroll bar determines the number of recursive operations.

The following shapes (numbered 1 to 3 from left to right) are available:

o[ @l

If Grey Morphology is selected the function will respect all grey value shades of the sequence Input. If
Grey Morphology is not selected the function will distinguish between 0 and non-0 only. The result
Output will be a binary sequence.
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Parameters:
Input Input image sequence
Output Resulting image sequence
Shape Shape used
1 - cross
2 - cube

3 - cube cross
Count Number of recursive operations

Grey Morphology O - Distinguish between 0 and non 0 only
1 - All grey value shades are taken into account

Morphology - Dilate

This function dilates structures in an image sequence.

EHiMorphology K

Erade Dilate | Open I Claze I

[nput [1 a||| i |

Dutput |2 Mew

Shape

Count

[+ Giey Morphalogy

Fig. 7-21

In the Morphology dialog window, the tab sheet Dilate must be selected.

Dilation makes bright regions larger on a dark background. It also results in the filling of gaps and
smoothing of small contour details.

If Input is a multichannel sequence any number and combination of channels can be selected. Output
will only get the selected channels as results.

The Input sequential image is dilated Count times with the shape Shape. The Count scroll bar
determines the number of recursive operations.
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The following shapes (numbered 1 to 3 from left to right) are available:

@[ m[ @

If Grey Morphology is selected the function will respect all grey value shades of the sequence Input. If
Grey Morphology is not selected the function will distinguish between 0 and non-0 only. The result
Output will be a binary sequence.

Parameters:
Input Input image sequence
Output Resulting image sequence
Shape Shape used
1 - cross
2 - cube
3 - cube cross
Count Number of recursive operations

Grey Morphology O - Distinguish between 0 and non 0 only
1 - All grey value shades are taken into account
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Morphology - Open

This function carries out an opening.

EHiMorphology K

Eru:u:lel Dilate  Open | |:|EISEI

[nput [1 a||| i |

Dutput |2 Mew

Shape

Count

¥ Grey Morphalogy

Fig. 7-22

In the Morphology dialog window, the tab sheet Open must be selected.

This function carries out an erosion followed by a dilation. For the most part, the opening maintains the
original size of the regions. Thin connections between regions and small regions themselves disappear.
Convex bulges in the contours of the regions are reduced. The opening is applied to the grey value
image sequence Input Count times with the shape Shape. If Input is a multichannel sequence any
number and combination of channels can be selected. Output will only get the selected channels as
results.

The Count scroll bar determines the number of recursive operations.

The following shapes (numbered 1 to 3 from left to right) are available:

LAkl

If Grey Morphology is selected the function will respect all grey value shades of the sequence Input. If
Grey Morphology is not selected the function will distinguish between 0 and non-0 only. The result
Output will be a binary sequence.
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Parameters:
Input Input image sequence
Output Resulting image sequence
Shape Shape used
1 - cross
2 - cube
3 - cube cross
Count Number of recursive operations

Grey Morphology

0 - Distinguish between 0 and non 0 only
1 - All grey value shades are taken into account

7-42

B 45-0007 e

12/02



3D FOR LSM 5 PASCAL
LSM 5 PASCAL Functions Carl Zeiss

Morphology - Close

This function carries out a closing.

EHiMorphology K

Eru:u:lel Dilalel DOpen Cloze |

[nput [1 a||| i |

Dutput |2 Mew

Shape

Count

¥ Grey Morphalogy

Fig. 7-23

In the Morphology dialog window, the tab sheet Close must be selected.

This function carries out a dilation followed by an erosion. For the most part, the closing maintains the
original size of the regions. Connections are formed between adjacent regions; gaps and bright concave
bulges in the contours of regions are filled in. The closing is applied Count times to the grey value image
sequence Input with the shape Shape. If Input is a multichannel sequence any number and combination
of channels can be selected. Output will only get the selected channels as results.

The Count scroll bar determines the number of recursive operations.

The following shapes (numbered 1 to 3 from left to right) are available:

@[ m[ @

If Grey Morphology is selected the function will respect all grey value shades of the sequence Input. If
Grey Morphology is not selected the function will distinguish between 0 and non-0 only. The result
Output will be a binary sequence.
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Parameters:
Input Input image sequence
Output Resulting image sequence
Shape Shape used
1 - cross
2 - cube
3 - cube cross
Count Number of recursive operations

Grey Morphology

0 - Distinguish between 0 and non 0 only
1 - All grey value shades are taken into account
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Segment - Interactive

This function carries out a grey value segmentation by means of thresholding.

leSegment K

Interactive | .ﬁ.utumaticl

[ripuat |-| |-|_
i

Dutput |2 A
Colour " Green
" Elue / Red
Binary [+
Irveert I

|mput Higtogram

L |35 M C |145 M H |255 MD 255

Fig. 7-24

The Interactive tab sheet of Segment dialog window must be selected.
Segmentation is especially used to generate binary regions. These are required for the measurement.

Two threshold values determine which grey value range of the Input image sequence is preserved
and/or deleted in the Output image sequence. Only one channel of a multichannel sequence can be
selected as Input. Output will always be a single channel sequence.

The vertical scaling of the histogram can be adjusted with the scroll bar at the right edge of the
histogram. This setting has no influence on the function.

The thresholds Low and High are determined either by moving the borderlines in the grey value
histogram or by the scroll bars underneath. Furthermore, the values for Low, Center and High can be set
through entry in the corresponding fields.

To move the lower (L) and upper (H) thresholds at the same time, move the vertical line in the grey value
histogram or set the scroll bar (C).

The Green and Blue/Red option buttons of the parameter Colour determine whether the voxels within
(Green) or outside (Blue/Red) of the grey value interval [L, H] are displayed with the corresponding
colour.

B 45-0007 e 12/02 7-45



3D FOR LSM 5 PASCAL
Carl Zeiss Functions LSM 5 PASCAL

If Green is selected, the voxels within the selected interval are highlighted in green. The rest of the
image retains its original grey values. The voxels with the grey values Low and Low+1 are displayed in
blue. The voxels with the grey values High and High-1 are displayed in red.

If Blue/Red is selected, the voxels with grey values within the interval Low, High remain unchanged.
Voxels with grey values less than Low are highlighted in blue; those with grey values higher than High
are highlighted in red.

If the Invert option is selected, the grey values outside the defined interval will be segmented.

If the option Binary is selected, then all grey values in the range from Low to High will be set to white
(grey value 255) in the Output image sequence, while all others will be set to black (grey value 0). If the
option is not selected, the grey values within the selected interval remain unchanged, while those
outside the range will be set to black. The measurement function accepts both results without any
difference in the results.

Parameters:

Input Input image sequence

Output Resulting image sequence

Colour Green - Selected interval is displayed in green

Blue/Red Grey values below the selected interval are displayed in blue, grey values
above in red

Binary 0 - Selected voxels retain the original grey value
1 - Selected voxels are set to grey value 255, the rest to grey value 0

Invert 0 - Grey values inside the selected interval are segmented
1 - Grey values outside the selected interval are segmented

L Low grey value threshold

C Center of threshold interval

H High grey value threshold
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Segment - Automatic

The function carries out an automatic grey value segmentation by means of thresholding.

leSegment K

Interactive  Autornatic |

[ripuat |-| |-|_
i

Dutput |2 A
Colour " Green
" Elue / Red
Binary [+
Irveert I

|mput Higtogram

L ||:| M C |12? M H |255 MD 255

Fig. 7-25

The Automatic tab sheet of the Segment dialog window must be selected. Segmentation is especially
used to generate binary regions. These are required for the measurement.

The function calculates the two strongest local minimums in the histogram of the Input image
sequence. These values are used for the discrimination. Only one channel of a multichannel sequence
can be selected as Input. Output will always be a single channel sequence. The vertical scaling of the
histogram can be adjusted with the scroll bar at the right edge of the histogram. This setting has no
influence on the function.

The Green and Blue/Red option buttons of the parameter Colour determine whether the voxels within
(Green) or outside (Blue/Red) of the grey value interval [L, H] are displayed with the corresponding
colour.

If Green is selected, the voxels within the selected interval are highlighted in green. The rest of the
image retains its original grey values. The voxels with the grey values Low and Low+1 are displayed in
blue. The voxels with the grey values High and High-1 are displayed in red.

If Blue/Red is selected, the voxels with grey values within the interval Low, High remain unchanged.
Voxels with grey values less than Low are highlighted in blue; those with grey values higher than High
are highlighted in red.
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If the Invert option is selected, the grey values outside the defined interval will be segmented.

If the option Binary is selected, then all grey values in the range from Low to High will be set to white
(grey value 255 (4095)) in the Output image sequence, while all others will be set to black (grey value
0). If the option is not selected, the grey values within the selected interval remain unchanged, while
those outside the range will be set to black.

Parameters:
Input Input image sequence
Output Resulting image sequence
Colour Green - Selected interval is displayed in green
Blue/Red - Grey values below the selected interval are displayed in blue, grey
values above in red
Binary 0 - Selected voxels retain the original grey value
1 - Selected voxels are set to grey value 255 (4095), the rest to grey value O
Invert 0 - Grey values inside the selected interval are segmented
1 - Grey values outside the selected interval are segmented
L Low grey value threshold
C Center of threshold interval
H High grey value threshold
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Boolean - And

This function carries out a bit-by-bit And calculation for the image sequences Input 1 and Input 2.

T~ |

,-'l'-.ndl EIrI ><u:ur| Nu:utl Maskl

Input 1 |-| Al |'|_
Input 2 [2 AlfT

Output |3 Mew

Fig. 7-26

The And tab sheet of the Boolean dialog window must be selected.
This function is especially well suited for masking images.

If one or both input sequences are multichannel sequences, any number or combination can be selected.
The number of selected channels for Input 1 and Input 2 must be the same. They will be combined
from left to right.

Parameters:
Input 1 First input image sequence
Input 2 Second input image sequence
Output Resulting image sequence
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Boolean - Or

This function carries out a bit-by-bit Or calculation for the images Input 1 and Input 2.

T~ |

And - Or | Hor I Nu:utl tazk I

Input 1 |-| Al |'|_
Input 2 [2 AlfT

Output |3 Mew

Fig. 7-27

The Or tab sheet of the Boolean dialog window must be selected.
This function can be used to combine binary masks or regions.

If one or both input sequences are multichannel sequences, any number or combination can be selected.
The number of selected channels for Input 1 and Input 2 must be the same. They will be combined
from left to right.

Parameters:
Input 1 First input image sequence
Input 2 Second input image sequence
Output Resulting image sequence
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Boolean - Xor

This function carries out a bit-by-bit Xor calculation for the images Input 1 and Input 2.

T~ |

,.f_-.,n.jl Or o | Nu:utl Maskl

Input 1 |-| Al |'|_
Input 2 [2 AlfT

Output |3 Mew

Fig. 7-28

The Xor option button of the Function option group in the Boolean dialog window must be selected.
This function can be used to combine binary masks or regions.

If one or both input sequences are multichannel sequences, any number or combination can be selected.
The number of selected channels for Input 1 and Input 2 must be the same. They will be combined
from left to right.

Parameters:
Input 1 First input image sequence
Input 2 Second input image sequence
Output Resulting image sequence
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Boolean - Not

This function carries out a bit-by-bit negation of an image.

T |

and] or] %o Mt | Mask |

[Fpuat 1 |-| All |'|_

Qutput |2 M e

ak | Cancel |

Fig. 7-29

The Not tab sheet of the Boolean dialog window must be selected.

If Input is a multichannel sequence any number or combination can be selected.

Parameters:
Input Input image sequence
Output Resulting image sequence
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Boolean - Mask

This function masks a grey value image sequence.

T~ |

.-’-'-.nu:ll EIrI ><u:ur| Mot Mask |

Input 1 |-| Al |'|_
Input 2 [2 AlfT

Output |3 Mew

Fig. 7-30

The Mask tab sheet of the Boolean dialog window must be selected.
This function modifies the Output image sequence depending on the mask image sequence used.

If the grey value in Input 2 is higher than 0, then the voxel values are copied from Input 1 to the image
sequence Output. If the grey value of the voxel is 0, then the voxel value of the Output image sequence
is taken over.

If one or both input sequences are multichannel sequences, any number or combination can be selected.
The number of selected channels for Input 2 must be 1 or the same as for Input 2. They will be
combined from left to right.

Parameters:
Input 1 First input image sequence
Input 2 Second input image sequence
Output Resulting image sequence
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Scrap

This function deletes or selects objects in a specified size range.

wEScrap Ed |
i i Wzl
Clutput |2 Mew

Minirnum Yfolurme ||:|_|:| 4 | | pl 0... 15362.0 micrometer *
P asirnumm Y alurme |1|:||:|_|:| 1 | | pl 0... 15362.0 micrommeter *

Select -

Cancel | Apply |

Fig. 7-31
The operation deletes or selects objects on the basis of their total volume in voxels. Objects with a
volume within the range MinVolume to MaxVolume are effected.

To delete objects outside the range, the parameter Select must be active. If the parameter is not
activated objects outside the defined volume range are deleted.

Parameters:
Input Input image sequence
Output Output image sequence
MinVolume Minimum object size
MaxVolume Maximum object size
Select 0 - Select the objects outside the size range

1 - Select the regions within the size range
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Fill Holes

This function fills holes in all objects.

&7 Fill Holes
o i Tz
Dutput |2 Mew

Canicel | Apply |

Fig. 7-32

All holes in objects are filled by this operation. Holes are structures, which have a grey value of 0 and are
surrounded completely by voxels with a grey value not equal to 0. It is assumed that regions outside the
image are black. Holes, which touch the image border, are retained.

Parameters:
Input Input image sequence
Output Output image sequence
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7.3.4 Functions in the View Menu
Render - Surface

This function displays an image sequence according to the gradient shading method.

Surface | Alpha I
o i CIREIE
Output |2 e

MHumber of Wiews |1_ 4 | | >| 1.

Angle ¥ o & [ |10 1e0 & Start
Angle o & [ |0 a0 " End
fingle 2 o & [ |0 1e0

Channel WITITIT
Grey Low |55— <| | plD...255
Grey High W il | »|D... 255

Aperture |3 1 | | 3 | 1..10
Reflection|#) IE;4 i | | » | 1..100

™ Auta Update
[¥ Show Cube

Cancel Apply

Fig. 7-33

The Surface tab sheet of the Render dialog window must be selected.
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Method

The Input sequence defines the data to be reconstructed. If it is a multichannel sequence one or all
channels can be selected for the reconstruction.

Output sets the name of the result image (sequence). If the sequence exists it is overwritten. Pressing
the button New will generate a new name (number). The size of the sequential images in Output is
determined by the size of the sequential images in Input.

Number of Views determines the number of reconstructions which should be computed. The radio
buttons Start and End define which angle settings are currently shown. A definition for the angle End is
only necessary if Number of Views is higher than 1. If this is true the result sequence will get views
from the Start to the End angle definition. The other reconstructions are determined through the
linearly interpolated intermediate angles. The direction of view is determined from the angles as follows:

The angle Angle Z determines the rotation of the direction of view on the Z-axis. The angle Angle Y
determines the rotation of the direction of view on the Y-axis that has been rotated by the angle
Angle Z. The angle Angle X determines the rotation of the direction of view on an X-axis that is rotated
by Angle Z and Angle Y.

Channel defines if the following parameters are valid for All or just for one. Defining the thresholds for
the channels independently is useful if the grey value boundaries of the objects differ too much in the
different channels. The thresholds Grey Low and Grey High define the grey value range of the objects.

The parameter Aperture is a measure of the size of the highlights. Small values generate large
highlights. Large values generate small highlights (similar to a spot).
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Use the parameter Reflection to control the ratio of diffuse and reflective brightness components, i.e.,
the overall basic brightness compared with the highlights. When the value of Reflection is low, the
highlights predominate; when the values are high, the region appears to be uniformly illuminated and
the highlights are not so pronounced. When Auto Update is selected, the reconstruction is updated
automatically whenever a parameter is modified (except Input, Output, or Number of Views). Show
Cube defines whether a wire frame cube is shown in the Display window or not.

Application

This method can be applied, if the structures in the Input sequence can be segmented by grey value
thresholding. Because the gradient is calculated for every pixel, the Output appears in very fine detail.

Noisy Input sequences must be smoothed (function Smooth) before rendering, otherwise the surface
appears rough.

Parameters:
Input Input image sequence
Output Resulting image sequence

Number of Views Number of reconstructions to be calculated

Angle X Angle of rotation on the X-axis, start position

Angle Y Angle of rotation on the Y-axis, start position

Angle Z Angle of rotation on the Z-axis, start position

Channel All - The following parameters are valid for all channels
X - The following parameters are valid for the selected channel only

Grey Low Low grey value threshold of the region to be displayed

Grey High High grey value threshold of the region to be displayed

Aperture Measure of the extent of the highlights

Reflection Weight of the defuse brightness components in comparison to the
highlights

Auto Update 0 - Function execution is performed on OK or Apply
1 - Function execution for the current angle is performed on any parameter
change

Show Cube 0 - The wire frame cube is not shown

1 - The wire frame cube is shown in the Display window

7-58 B 45-0007 e 12/02



3D FOR LSM 5 PASCAL
LSM 5 PASCAL Functions Carl Zeiss

Render - Surface: Method Description

This method displays the surface of structures in the Input sequence shaded as if a light illuminated it.
The position of the light is behind the view point with parallel rays in the direction of the sequence.

The input sequence is segmented into object and background by grey value thresholding: object voxels
are within the grey value range Grey Low to Grey High.

Each Output pixel corresponds to a point at the surface at which the ray in view direction through the
Output pixels hits the surface. All rays are parallel.

The surface normal required for shading in this gradient renderer is the grey value gradient in the Input
volume at the surface voxel position. It is not the geometric surface normal. The grey value gradient is
determined from the grey values in a 3x3x3 cube around the surface voxel by averaging e.g. the x-
gradient in y- and z-direction [4].

There is no depth cueing (far objects would appear darker).

The illumination model is a Phong model [1] (surface normal is determined for each Output pixel) with
diffuse reflection and specular reflection. Diffuse reflection means that the surface reflects light with
equal intensity in all directions. The brightness of a given surface patch depends not on the view-
direction, but only on the angle between light and surface normal. Specular reflection is observed on
shiny surfaces as a highlight. The light is reflected as from a mirror. The maximum intensity is observed
when the view direction is the one of the mirrored light direction.
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Render - Alpha

This function displays an image sequence according to the alpha rendering method.
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[T Auto Update k. I Cancel | Apply

v Show Cube

Fig. 7-34

The Alpha tab sheet of the Render dialog window must be selected.

One or more reconstructions of the input image sequence are computed according to the alpha
rendering method. This type of reconstruction should be used if there is no possibility to segment the
structures in the image sequence and also if the objective is to make deeply layered structures visible.
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Method

The Input sequence defines the data to be reconstructed. If it is a multichannel sequence one or all
channels can be selected for the reconstruction.

Output sets the name of the result image (sequence). If the sequence exists it is overwritten. Pressing
the button New will generate a new name (number). The size of the sequential images in Output is
determined by the size of the sequential images in Input.

Number of Views determines the number of reconstructions which should be computed. The radio
buttons Start and End define which angle settings are currently shown. A definition for the angle End is
only necessary if Number of Views is higher than 1. If this is true the result sequence will get views
from the Start to the End angle definition. The other reconstructions are determined through the
linearly interpolated intermediate angles.

The direction of view is determined from the angles as follows:

The angle Angle Z determines the rotation of the direction of view on the Z-axis. The angle Angle Y
determines the rotation of the direction of view on the Y-axis that has been rotated by the angle
Angle Z. The angle Angle X determines the rotation of the direction of view on an X-axis that is rotated
by Angle Z and Angle Y.

Channel defines if the following parameters are valid for All or just for one. Defining the opacity for the
channels independently is useful when the brightness and contrast of the channels differ too much.
Threshold defines the range with no opacity. It is completely transparent. The range starts at grey
value 0.

The length of slope is defined by Ramp. The maximum opacity value is set with the parameter Max.
Opacity. This range ends at the maximum grey value. The Opacity Table shows the grey value
histogram of Input with the opacity definition as a red line.

When Auto Update is selected, the reconstruction is updated automatically whenever a parameter is
modified (except Input, Output, or Number of Views). Show Cube defines whether a wire frame
cube is shown in the Display window or not.
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Application

1.

This method can be applied, if the structures in the Input sequence are unsharp so that objects are
poorly defined by their grey value.

. In this case, the Opacity Table is defined as a ramp. Low grey values have weight O to suppress the

background voxels. The opacity rises with increasing grey values, depending on the parameter Ramp.
The value of Max. Opacity defines the weight of the high grey values. High grey values above a
threshold have weight 255 to show the "object" voxels unsuppressed. Of course a smooth step can
be used.

. The result is a display with inside structures shining through. A 3D impression can be obtained by

rendering with several view directions.

. In contrast to this, a voxel renderer like the gradient renderer would display only the surface of objects

that are defined by grey value-thresholds. This surface would appear shaded as if illuminated by a
light.

. The method can also be applied to visualize pronounced structures within other enclosing structures,

if the structures have different grey value ranges.

In this case, the Opacity Table is defined as a step. Low grey values (background) have weight 0. High
grey values (inside structures) have maximum weight.

Parameters:
Input Input image sequence
Output Resulting image sequence

Number of Views Number of reconstructions to be calculated

Angle X Angle of rotation on the X-axis, start position
Angle Y Angle of rotation on the Y-axis, start position
Angle Z Angle of rotation on the Z-axis, start position
Channel All - The following parameters are valid for all channels
X - The following parameters are valid for the selected channel only
Threshold Grey value where the opacity starts rising
Ramp Length of the opacity slope
Max. Opacity Maximum opacity value
Opacity Table Maximum opacity value
Auto Update 0 - Function execution is performed on OK or Apply

1 - Function execution is performed on any parameter change

Show Cube 0 - The wire frame cube is not shown
1 - The wire frame cube is shown in the Display window
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Render - Alpha: Method Description

Each Output pixel is a weighted sum of the Input voxels along a ray in view direction through the Input
sequence. Each Input voxel has an opacity value, dependent only on its grey value. The opacity values
are defined by the parameters Threshold, Ramp, and Max. Opacity.

Accumulation of pixels proceeds along the ray from back to front, i.e. from far pixels to near pixels. If a
new pixel is added, it increases the result intensity by its grey value weighted by the opacity value, and
attenuates the previously accumulated intensity according to the opacity value. Full intensity stops
accumulation.

This calculation must be repeated for each pixel of the ray to generate one Output pixel. Then for each
Output pixel to produce a 2D Output image for the selected view-angle. Then for each view-angle to
produce an output sequence for Number of Views different view angles.

Render - References
[1] J.D. Foley,A.van Dam, S. K. Feiner, J.F.Hughes, Computer Graphics: Principles and Practice, Addison
Wesley, Reading, MA, 1990.

[2] M. Levoy, Display of Surfaces from Volume Data, IEEE Computer Graphics & Applications, May 1988,
29-37.

[3] J. Yla-Jaaski, F.Klein, O. Kubler, Fast Direct Display of Volume Data for Medical Diagnosis,
VGIP:Graphical Models and Image Processing 53,1991,7-18.

[4] K.H. H6hne, R. Bernstein, Shading 3D-Images from CT Using Gray-Level Gradients, IEEE Transactions
on Medical Imaging, 5, 1986, 45-47.

[5] D.Gordon, R.A. Reynolds, Image Space Shading of 3-Dimensional Objects, CVGIP 29, 1985, 361-376.
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7.3.5 Functions in the Measurement Menu
Measurement Concept

Measurement is based on regions (objects) in three-dimensional space. Segmenting an image sequence
generates these. The image segmentation process produces a mask image that defines the region.

A region is a group of voxels that touch at the surfaces or at the edges, but not at the corners (18 voxel
neighborhood).

This is illustrated by the following example. The voxels marked black in sequential image Z-1, Z, Z+1 all
belong to the same region as the grey central voxel in sequential image Z. The volume view shows the
neighborhood interrelationships as a 3D projection.

Sequential image: Volume view:
I
00
./ Z‘] A =

L
EDM ,
HEN
||
L
] Z+1
Fig. 7-35
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Measurement Process

The measurement process consists of three steps: region definition, checking of the validity of the
regions, and feature calculation.

Region definition: - Automatically from the mask image

Region validation check depends on: - Minimum volume
- Measurement condition

Feature calculation depends on - Shape of the region
- Densitometric value distribution of the region
- Feature parameters

Region va'lld 7Data
Image L» Region r€91on° | Measure- >
filter ment Image sequence
—
Minimum volume Feature name
Measurement condition Feature parameter
Fig. 7-36

All regions found are checked according to certain conditions. The voxel volume of each region must be
equal to or greater than MinVolume. The measurement condition must be fulfilled. Only those regions
that meet all the conditions are valid for the measurement. The region can be measured or labeled.
Measurement is a process that produces data. Labeling is a process that generates an image volume.
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Automatic Object Measurement — Object Features

A measurement feature describes a region characterized by a number (e.g. volume, area or a
densitometrical statistic). The features can be selected on the Object Features and Volume Features

tab sheets.

oo, Automatic Object Measurement

General  Object Features | Yolume Featuresl Condition I

Available Features:

Selected Features:

Vohume =
Yolume filled
Ellipgaid Valume
Ellipzaid filled Surkdrea
Surface area MeanD
Surface area filled StdD
Sphere diameter
Sphere form factar >
MHumber of holes
tean denzitometric
Standard deviation denzitometric
Finimum denzitometric
b awimurn densitometric
Select all Remave all |
QK I Cancel Apply

Fig. 7-37

The scalings and units are taken automatically from the assigned sequence.

The measurement features can be selected individually for each measurement. The object features
generate a result value for every single object.

7-66
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The dialog shows two lists. One shows the Available Features as groups (on the left). The other one
shows the Selected Features. Double-clicking on items of the left list will add the Selected Features to
the right list. Double-clicking on an item of the right list will remove this item from the list. Selected
Features can also be transferred by clicking on the button in the middle (<< / >>) of the dialog.

The combo box above the right list represents predefined feature lists. Selecting one of the entries will fill
the right list with these features; previously selected features will be overwritten.

The button Select All will copy all features to the list of selected features.
The button Remove All will clear the list of selected features.

Clicking on the Apply button will execute the measurement process and switch to the General tab
sheet of the dialog.

Parameters:
Available Features  List of available object features
Selected Features List of selected object features
Select All Select all available object features for measurement

Remove All Remove all object features from the selected features list

The following sections describe all measurement features which are defined in the system.
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Object Features (geometric)

If Object Features are selected, one set of measurement data is calculated for each object.

Group Name Name Description

Volume Volume Volume of the object.

Volume Filled VolumeF Volume of the filled object.

Ellipsoid EllipseA Length of the main axis of the ellipsoid with the same

geometrical moment of inertia as the object.

EllipseB Length of the middle axis of the ellipsoid with the same
geometrical moment of inertia as the object.

EllipseC Length of the minor axis of the ellipsoid with the same
geometrical moment of inertia as the object.

Ellipsoid filled EllipseAF Length of the main axis of the ellipse with the same geometric
moment of inertia as the filled object.

EllipseBF Length of the middle axis of the ellipse with the same
geometric moment of inertia as the filled object.

EllipseCF Length of the minor axis of the ellipse with the same geometric
moment of inertia as the filled object.

Surface Area SurfArea Surface area of the object.

Surface Area Filled SurfAreaF Surface area of the filled object.

Sphere Diameter Dsphere Diameter of the sphere with the same volume.
J6*VOLUMEF/ it

Sphere Form Factor Fsphere Form factor of the object.

6. . YOLUMEF

VSURFAREAF

Number of Holes Nparts Number of holes within an object.
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Object Features (densitometric)

Group Name Name Description

Mean Densitometric ~ MeanD Densitometric mean value of an object.

Standard Deviation StdD Standard deviation of the densitometric values of an object.
Densitometric

Minimum MinD Minimum grey value of an object.

Densitometric

Maximum MaxD Maximum grey value of an object.

Densitometric
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Automatic Object Measurement - Volume Features

A measurement feature describes a region characterized by a number (e.g. volume, area, or a
densitometrical statistic). The features can be selected on the Object Features and Volume Features

tab sheets.

oo Automatic Object Measurement

Generall Object Features ‘v" | Condition |
Available Features: Selected Features:
WolCount
Wolume
Walume percentage
Surface area
Mean densitometric >

Standard deviation densitometric
Minirmum denzitornetric
b aximum densitometric

Select Al Remove Al |

[ ok ]

Fig. 7-38

The measurement features can be selected individually for each measurement. The object features

generate a result value for every single object.

The dialog shows two lists. One shows the Available Features as groups (on the left). The other one
shows the Selected Features. Double-clicking on items of the left list will add the Selected Features to
the right list. Double-clicking on an item of the right list will remove this item from the list. Selected
Features can also be transferred by clicking on the button in the middle (<< / >>) of the dialog.

The combo box above the right list represents predefined feature lists. Selecting one of the entries will fill

the right list with these features; previously selected features will be overwritten.

The button Select All will copy all features to the list of selected features.

The button Remove All will clear the list of selected features.

Clicking on the Apply button will execute the measurement process and switch to the General tab

sheet of the dialog.
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Parameters:
Available Features
Selected Features
Select All

Remove All

List of available object features
List of selected object features
Select all available object features for measurement

Remove all object features from the selected features list
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Volume Features (geometric)

The volume-related measurement generates one measured value per image sequence. The following
table contains the predefined volume characteristics.

Group Name Name Description

Count VolCount Number of regions measured.

Volume VolVolume Total volume of all regions.

Volume Percentage VolVolumeP Total volume of all regions, in relation to the volume of the

image sequence.

Volume Features (densitometric)

Group Name Name Description

Surface Area VolSurfArea Total surface area of all regions.

Mean Densitometric ~ VolMeanD Mean grey value of all regions.

Standard DeviationVolStdD Grey value standard deviation of all regions.

Densitometric

Minimum VolMinD Minimum grey value in the image sequence.
Densitometric

Maximum VolMaxD Maximum grey value in the image sequence.
Densitometric

7-72 B 45-0007 e 12/02



3D FOR LSM 5 PASCAL

LSM 5 PASCAL Functions Carl Zeiss

Automatic Object Measurement - Condition

The measurement conditions are used to limit the objects to be evaluated (e.g. only objects with defined

minimum value). All objects are tested against the defined conditions. If the conditions are fulfilled the
feature values are written to the data table.

- Automatic Object Measurement =

Generall Object Featuresl Yolume Features | C

Feature: Operator: Mumber; List of conditions:

| | | 2
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Fig. 7-39

To define the following parameter select the Condition tab sheet of the Automatic Object
Measurement dialog window.
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The list on the very left at the dialog shows all the measurement Features. The second list provides the
comparison Operators and the next Numbers to define a value. This gives the possibility to compose an
expression to test a feature value against a constant value. The fields above the lists will show the
composed (selected) string. Clicking on the desired list entry does the selection. The button with the
,>>, characters adds this string to the List of Conditions. All lines of the List of conditions are
combined with the AND expression automatically. To remove a condition line double-click on it.

The parameter Minimum Volume defines the minimum voxel volume for the measurement. This is an
easy way to eliminate very small regions caused by noisy sequences and segmentation process.

The button Remove All will clear the list of defined conditions.

Clicking on the Apply button will execute the measurement process and switch to the General tab
sheet of the dialog.

Parameters:
Feature List of available object features
Operator List of available condition operators
Number List of numbers to compose the value
List of conditions Defined condition list
Remove All Remove all entries from the List of conditions

Minimum Volume Minimum object volume in voxel
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Automatic Object Measurement - General

This function carries out an automatic measurement and labeling.

- Automatic Dbject Measurement

General | Object Features | “olume Features | Condition |
Mask Image |2— |1_
Dens Image |-| |‘|_
— Output

Object & Database Iobiect - l ¥ Clipboard

Volume [V Database Ivolume v I

Label o Image  izpe New |
— Object Wisualization M d
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Fig. 7-40

The regions must be defined by an image sequence Mask Image (the objects must be separated from
one another by black voxels with the grey value 0). This sequence is generated with the function
Segment. If it is a multichannel sequence a single channel has to be chosen.

The image Dens Image is needed for the measurement of the densitometric features. Image sequence
properties like scaling and unit are taken from Dens Image. A single channel of this sequence (if it is
multichannel) must be selected with the buttons to the right of the parameter.

The measurement results can be stored to database files. These files are tab delimited ASCII files which
can be easily imported to major Windows programs like text processing or spreat sheet application.
Writing database files are independently supported for object and volume features. Activating the
corresponding check boxes enables it. The name of the database is defined with the field Database. The
files will be located in the subdirectory DATA of the main installation directory. The filename extension
TXT will be added automatically.

If the check box Label is activated a single channel sequence will be generated. It contains all the
measured objects, each object is coloured homogeneous but in different colours. To copy all
measurement values to the clipboard activate the check box Clipboard.
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A single object of interest can be visualized. Clicking on a specific row in the data grid chooses the
object. By selecting a row in the data grid a new image is created with the object of interest visualized.
The visualization depends on the settings in the Object Visualisation field. If Render is chosen, the
object of interest is displayed with the Surface Rendering method. If Mask is chosen, the object is
labelled in a pseudo colour in a new image stack.

Parameters:
Mask Image Single channel mask image sequence that defines the objects
Dens Image Image sequence for densitometric measurement and property source
Object Stores measurement values of objects, including database filename
Volume Stores volume measurement values of objects, including database filename
Label Generates an image sequence with all objects labelled in different pseudo

colours

Clipboard Measurement values are automatically written to the clipboard
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