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Open Application Support 
Æ multifaceted concept 

1.) Documented file format 
Æ CZI 
Æ Bioformats reader 

Æ OME-TIFF 
 
2.) Customization of ZEN through Macros 
Æ Python macro language 

 
3.) Connecting ZEN with other software solutions 
Æ COM / TCP-IP 

 
4.) Image J plugin 
Æ interaction with Image J / Fiji directly within ZEN 

 
5.) Experiment Feedback 
Æ modify experimental protocol through online image analysis 
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.czi File Format 

1. Unified File Format for all Carl Zeiss Light Microscopy Systems 
� Consistently used by Carl Zeiss Microscope Systems (ZEN software) since 

2010/2011 
� Replaces .lsm and .zvi 
� Optimized for acquisition performance and readability / transparency 
� .xml structure of Meta data developed with an eye on OME Meta data scheme (to 

facilitate compatibility) 
� Binary data and machine parameter optimized for image acquisition 
 

2. Open up access to microscopy data acquired with Carl Zeiss Microscopes 
� Make proprietary .czi file format readable to everybody who needs it 
� Support implementation (e.g., Bioformats, but also 3rd party commercial) 
� Exporting to open file formats (OME-tiff) 
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Carl Zeiss Microscopy Software 
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< 2007 2007 - 
2011 

2011 2012 > 
2012 

Axiovision Axio-
Vision Cellobserver (wf, SD) 

TIRF 
Vivatome 
Apotome 
Stereo & Macroscopes 

ZEN (blue 
edition) 

ZEN 2012 (blue) 

common 
structures 

.czi 
GUI elements 

.czi 
Processing libs  
More GUI 

 
 
ZEN (black 
edition) 

ZEN 2012 (black) 
LSM 710 / 780 
LSM 710/780 NLO 
Elyra 
Lightsheet Z.1 AIM ZEN 

New OAD (Python, etc) 

VBA Support 
will stop 

?  
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Lightsheet Z.1 
 

Light Sheet Fluorescence Microscopy by Carl Zeiss 
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Sample mounted vertically in hydrogel 
� Translation & rotation: easy positioning, z-stacks & Multiview 
� Suspended in medium / buffer: ideal for live imaging 

Light Sheet Fluorescence Microscopy (LSFM) 
 

Principle 
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Multiview Imaging 
 

 

Multiview Imaging: Sequential acquisition of multiple stacks of optical sections from different 
directions. In LSFM they are usually taken from different rotation angles. 

Benefit: 
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� Complementary information in different views (more info) 
� Potentially improved resolution (depends on specimen) 



The Principle of Light Sheet Fluorescence Microscopy 
 

Eliminate photo-damage – longer and faster imaging 
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e.g. LSM, Spinning Disc 

Lightsheet 

Up to 1000x less photo-damage 
� Long periods of observation 
� Fast imaging 
� Multiview imaging 

8 

Drosophila Melanogaster HIS-YFP 

Zebrafish Heart Development 



The benefit: Taking Live Imaging into New Dimensions 
 

With Light Sheet Fluorescence Microscopy by Carl Zeiss: Lightsheet Z.1 
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� The whole volume 

� Every few minutes 

� For hours and days! 
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Opening up – the example of large data processing of 
Light Sheet Fluorescence Microscopy Data 
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� Volume data reconstruction required 
� Deconvolution often desired / recommended 
� Terabytes of data / day 
� Experiment-specific p&a requirements 

Data by P.Tomancak and A. Pavlopoulos 
MPI Dresden 
Acquired on a Lightsheet Z.1 
Processed on MPI storage & computing cluster 

Drosophila Melanogaster 
Ca 20 hr timelapse 
HIS-Ruby 
6 views, 2 ill sides / view 
715 timepoints (90 sec intervals) 
Processed in Fiji, rendered using ImgLib2 

Parhyale hawaiensis  
4.5 days, at 7.5 min intervals 
HIS-YFP? / 3 views, 2 ill sides / view 
Processed in Fiji, rendered using ImgLib2 



It‘s about interfaces 
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2x CamLink / Detection Module (PCO) 
FireWire (Detection Module „Standard“) 

switch 

lab network 
large file servers 
custom processing 

• Including 2 „Storage and Data Analysis PC for Lightsheet Z.1“ 

• Storage Volume 2x 32 TB 

• Switch ensures that „Storage and Data Analysis PC for 
Lightsheet Z.1“ is connected to Lightsheet Z.1 system OR 
local network 

• Fibre Channel / GB ethernet data drain to  local networks (up 
to 800 MB/s with Fibre Channel, depending on local network 
capacity) 

10 Gbit Ethernet over Fibre 

for data streaming to storage (average 150 MByte/s, peak 300 MByte/s) 

and others 



.czi documentation 
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Bioformats 5.0.0-beta1 
Some customers 
3rd party commercial 
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ZEN blue Open Application Development 
Æ Key Messages 
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Microscope and the image acquisition are only part of a higher-
ranking workflow 
 
ZEN now supports Open Application Development (OAD) with 
Macros and open software interfaces 
 
OAD provides generic building blocks allowing users to create 
own solutions for a broad range of applications. 
 
Users are not locked into a proprietary ZEISS system but can 
integrate ZEN in their IT workflows 
 
Æ connect the imaging system and ZEN with the “outside world” 



OAD-Concept (simplified) 
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ZEN Application 

ZEN functions 

Macro 
Recorder/Editor/ 

Debugger 

Macro 
Interface* 
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Program Plug In 

Send to Image J 

Get from Image J 

Run Image J 

macro 
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ZEN  

Acquisition  

Server 

   Program Interaction 

Server/Client 

Windows/Unix 

Local/Remote 

COM / TCP-IP 
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Experiment Feedback 

Acquisition 

Feedback 

Analysis 
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CZI file format 

Carl Zeiss 

Image 
Documentation 

Æ Bio-Formats reader, 

OME-TIFF 

1 
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Client/Server separation! 



Macro Interface 
Æ Reduced Class Library of ZEN functionality 

• About 100 classes 
• reduced nr. of available functions and attributes 
• Stable! Æ only incremental changes 
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Macro IDE  
(Integrated Development Environment) 
 

Right Tool Area 
• Run-Version (available for every 

ZEN blue version > ZEN Lite) 
 
IDE 
• Editor 
• Debugger 
• Makro Recorder (still limited) 
 
Python macro language 
• easy to use 
• popular within the open source 

development community 
• widespread within the academic life 

science community 
• lots of external resources (WEB, 

books, libraries, tools, sample code, 
etc.) 
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Experiment Feedback 
Æ Imaging in the past 

Steps of a Standard Acquisition 
Experiment: 
 
- Configuration of an Imaging 

Experiment 
 

- Start and automatic Execution until the 
Experiment is finished. 
 

- Optionally, the user is able to 
manually interact with the system to 
influence the acquisition. 

Setup of Acquisition Experiment 

Automatic Experiment Execution 

Final Image Data Set 

Data Output & Storage 

Manual Interaction 
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Experiment Feedback 
Æ Imaging today 

Steps of an experiment with 
Experiment-Feedback: 
 
- configuration of an imaging 

experiment, including definition of 
feedback actions. 
 

- start and automatic execution 
 

- acquisition automatically adapts to 
altered conditions 
- hardware (e.g. temperature) 
- analysis (e.g. nr. of rare events) 

Setup of Acquisition Experiment 
(including Feedback-Actions) 

Adaptive Acquisition Engine 

Automatic (but adaptable) 
Experiment Execution 

Final Image Data Set 

Data Output & Storage 
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Experiment Feedback 
Æ Key Features 
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• Adaptive Acquisition Engine Æ experiments can modify itself according to the 

script or rules defined by the user 

 

• Modification of a running experiment depending on the current system status 

and / or the nature of the acquired data (online analysis). 

 

• Data logging or starting an external application (Python, Fiji, MATLAB,  ), 

directly wihin the imaging experiment. 



Experiment Feedback 
Æ General Workflow 
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Example: Acquire until a certain number of 
objects is detected    
 



Internet Support 
 
 

OAD Forum: http://www.zeiss.com/zen-oad 
 
CZI file format: http://www.zeiss.com/czi 
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OAD  
Forum 
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Æ Backup 

2013-06-24 25 Dr. Markus Neumann, Dr. Olaf Selchow, Carl Zeiss Microscopy GmbH 



Experiment Feedback 
Æ Define Rules via Python Scripting 
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Experiment Feedback 
Æ Integrate Online Analysis 
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Program Interaction 
 

• ImageJ-Extension 
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OAD – Zen & Fiji as a „perfect combination“ at work 
 



Open Application Development 
Æ multifaceted concept 

1.) Documented file format 
Æ CZI 
Æ Bioformats reader 

Æ OME-TIFF 
 
2.) Customization of ZEN through Macros 
Æ Python macro language 

 
3.) Connecting ZEN with other software solutions 
Æ COM / TCP-IP 

 
4.) Image J plugin 
Æ interaction with Image J / Fiji directly within ZEN 

 
5.) Experiment Feedback 
Æ modify experimental protocol through online image analysis 
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