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Towards OAD of microscopy & image analysis with ZEN (Software) and
.czi (File Format)
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Open Application Support @
- multifaceted concept

'1.) Documented file format
- C/ZI
- Bioformats reader Olaf
> OME-TIFF |

2.) Customization of ZEN through Macros Mark |
- Python macro language arkus

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

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

/5.) Experiment Feedback Mark
— modify experimental protocol through online image analysis arkus
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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 .Ism 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 3 party commercial)
= Exporting to open file formats (OME-tiff)
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Carl Zeiss Microscopy Software @
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Lightsheet Z.1

Light Sheet Fluorescence Microscopy by Carl Zeiss

. &

B Ugisheen |
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Light Sheet Fluorescence Microscopy (LSFM)

Principle

Sample mounted vertically in hydrogel

= Translation & rotation: easy positioning, z-stacks & Multiview
= Suspended in medium / buffer: ideal for live imaging
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Multiview Imaging ﬁ

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

A lllumination B lllumination & Detection C Rotation D Registration E ,Multi-view" Fusion
|

a a _ a -

VR ETER

e ‘ \ } | v )—-,«— I I
\w r \\\ /// \\\H’ 3 PP \
LA L

111
|
. |

Multi-view Fusion
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Benefit: = Complementary information in different views (more info)

Selchow and Huisken, Biophotonik 2013

= Potentially improved resolution (depends on specimen)
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The Principle of Light Sheet Fluorescence Microscopy W

Eliminate photo-damage — longer and faster imaging

Up to 1000x less photo-damage
= Long periods of observation

= Fast imaging

= Multiview imaging

e.g. LSM, Spinning Disc

Lightsheet
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The benefit: Taking Live Imaging into New Dimensions
With Light Sheet Fluorescence Microscopy by Carl Zeiss: Lightsheet Z.1

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

Data by P.Tomancak and A. Pavlopoulos

MPI Dresden

Acquired on a Lightsheet Z.1

Processed on MPI storage & computing cluster

Parhyale hawaiensis

4.5 days, at 7.5 min intervals

HIS-YFP? / 3 views, 2 ill sides / view
Processed in Fiji, rendered using ImgLib2

Drosophila Melanogaster _ — —
Ca 20 hr timelapse d: QO huurs;

HIS-Ruby

6 views, 2 ill sides / view

715 timepoints (90 sec intervals)
Processed in Fiji, rendered using ImgLib2

= Volume data reconstruction required

= Deconvolution often desired / recommended
= Terabytes of data / day

= Experiment-specific p&a requirements
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It‘'s about interfaces ﬁ

+ Including 2 ,Storage and Data Analysis PC for Lightsheet Z.1* In
+ Storage Volume 2x 32 TB J
2x CamLink / Detection Module (PCO) + Switch ensures that ,Storage and Data Analysis PC for and others
FireWire (Detection Module ,Standard") Lightsheet Z.1“ is connected to Lightsheet Z.1 system OR
local network :ab network
arge file servers
* Fibre Channel / GB ethernet data drain to local networks (up custom processing
to 800 MB/s with Fibre Channel, depending on local network
capacity)

switch

10 Gbit Ethernet over Fibre N

for data streaming to storage (average 150 MByte/s, peak 300 MByte/s)
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.czi documentation ﬁ

Bioformats 5.0.0-beta1

Some customers ::gmnmmm via
3rd party CommerC|aI technical l:lu_cu_mentatiun of the
B ® czI pocumentation 2 steuctuee within the (21 format
useful for people with good

programming skills to directly
access CZI from their gwn
programs

SW layer which we also yse in
o ZEN to access the CZI format
CZ1 t!l% format collection of 1 DLL with
documentation 2] CZI .Net API ~. documentation

also available through regular
registration procedure

. mugh simpler thap, Z1 Docu.

B .. cZinternal 1 _ at present not suppertable for external

=] ... €Z internal 2 - at present not supportable for external

Dr. Markus Neumann, Dr. Olaf Selchow, Carl Zeiss Microscopy GmbH 2013-06-24 12



Dr. Markus Neumann, Dr. Olaf Selchow, Carl Zeiss Microscopy GmbH 2013-06-24 13



ZEN blue Open Application Development
- Key Messages

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

—> connect the imaging system and ZEN with the “outside world”
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OAD-Concept (simplified)

‘ ZEN functions

Macro

Recorder/Editor/
Debugger

Macro
Interface*

‘ Program Interaction

Server/Client
Windows/Unix
Local/Remote
COM / TCP-IP

F!%.E}mfﬁce Excel

N

‘ Program Plug In

Send to Image J
Get from Image J
Run Image J
macro

imagef]

N
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‘ CZI file format

ZEN Application

Y

Carl Zeiss
Image

Documentation

-> Bio-Formats reader,
OME-TIFF

A\
Acquisition
Server

Client/Server separation! GREEE

Acquisition
Feedback
Analysis
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. ZEN functions

Macro Macro Interface ﬁ

Recorder/Editar/

-> Reduced Class Library of ZEN functionality

Interface®

e About 100 classes
* reduced nr. of available functions and attributes
« Stable! = only incremental changes

15 4 Import- system-library
1 import System.Byte as byte
17 #%

15 ## Get active image

19 image = Een.;ﬁ.pplicatiun.Dl:ucurrents;l,

28 #% Create RGBE extractions

. . P d-write ZenD t ActiveD t
21 outputImages = Zen.Processing.Ut1 foperty read_rite ZenUocumen dlidnlliol

IAELITYFE . UT Oy L]

22 splitR = cutputImages[@] - Add
23 splitG = outputImages[1] “® Cantains
24 splitB = cutputImages[2] @Cnunt

25 ## - Create- 3 -channel image :
26 imageAdd = Zen.Processing.Utilitie
7 imagefdd = Zen.Processing.Utilitie

‘EetEyFiIEName
‘EetByName itB)

a
J

&

28 ## Define RGB colours for channels _‘EEtE”U’“EFE‘tDr
29 r = byte.Parse('255") ® Remove

3@ imageAdd.SetChannelColor(@,r,2,8) “® RemoveAll

31 F = hwte . Parsel "755") "‘Sa\fe,&ll
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. ZEN functions

Macro

Recorder/Editar/
Debugger

Macro
Interface®

Right Tool Area
* Run-Version (available for every

Macro IDE

(Integrated Development Environment)

ZEN blue version > ZEN Lite) o Selecton
User Documents
5 Convert RGBto3C*
I D E Convert streaming files
. ConvertRGBinChannels
* Ed |t0 r 2 Macro-01
2 Makro-01
« Debugger 3 S

« Makro Recorder (still limited)

Python macro language

 easy touse

» 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.)

© Preview

© Properties

Macro Editor...
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. Experiment Feedback i
Acquisition Experiment Feedback ﬁ
Pty - Imaging in the past

Setup of Acquisition Experiment

Automatic Experiment Execution

Manual Interaction

Data Output & Storage

Final Image Data Set

Dr. Markus Neumann, Dr. Olaf Selchow, Carl Zeiss Microscopy GmbH

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.
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. Experiment Feedback

Feedback 9 Imaging tOday

Analysis

Setup of Acquisition Experiment

(including Feedback-Actions)

Automatic (but adaptable)
Experiment Execution

Adaptive Acquisition Engine

Data Output & Storage

Final Image Data Set
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Acquisition Experiment Feedback

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)
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. Experiment Feedback i
Acquisition Experiment Feedback @
inone - Key Features

« Adaptive Acquisition Engine - 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.
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. Experiment Feedback

Acquisition Experiment Feedback
Feedback - General Workflow

Analysis

; ¥
A=guire SRR Define Experiment
Data Y Data Monitaring
Application

| Acquisition [ Y

Test Analysis < Define y y
Pipeline Image Analysis f'____] _____ 7
Image Analysis and T ! Data Loggingl
MO Script Execution I|I and Display '.I
i 1 |

Define Rules in
Feedback Script required Observables

Define Rules and

A

Does any
Rule apply?

Enahble
Feedback Script

Adapt
Experiment
Start y
Experiment Y Cptional:

Display Resulis

Finish Further Analysis

—_

,_
%
!
\
1
[
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. Experiment Feedback

Acquisition
Feedback
Analysis

Script Editor for Experiment Feedback

Example: Acquire until a certain number of

objects is detected

Single Execution on Experiment Start
1 lastindex = @
2 pos = @ # just a counter

3. cells_total = @ # total number of cells
4 imagename = ZenService.Experiment.ImageFileName

Repetitive Execution During Experiment Runtime

5 script = "display_results_tiles.py”

1# this value is different for every acquired picture !!!
2 index = ZenService.Analysis.Cells.ImageAcquisitionTime

4 if (index != lastindex):

pos = pos + 1

if (cells_total > 1288@):

# write data into log file

# update lastindex
22 lastindex = index

Single Execution on Experiment Stop

# increase position counter

# get cell number for the current tile

cn = ZenService.Analysis.Cells.RegionsCount
# sum up the number of cells

cells_total = cells_total + cn

# stop if the desired cell number was already reached
Zenservice.Actions.StopExperiment()
# read the xy position of the current image

posx = ZenService.Analysis.Cells.ImageStageXPosition
posy = ZenService.Analysis.Cells.ImageStageYPosition

1 ZenService.Xtra.System. ExecuteExternalProgram(script, "-f

"+ logfile)

Available Observables

Analysis | Count_Cells_DAPT

[~] »

Environment

»

logfile = ZenService.Xtra.System.AppendLogline(str{pos)+";"+str{cn)+"; "+str(cells_total)+"; "+str(posx)+"; "+str{posy))

Dr. Markus Neumann, Dr. Olaf Selchow, Carl Zeiss Microscopy GmbH

Evnarirent "
r T B
{;{ CA\Users\M15RH\Documents\Testdata_Zeiss\Zen_Output\temp\Experiment-359_Log.txt - Notepad++ =5l
| File Edit Search View E_rlcading Language Settings Macro Run Plugins Window 7 X-_
|7 o H& &4 Dloce wgl x| BE|= 5-.:I’ s [B] &
| Bperiment-359_Log bd
1 1;234.0;234.070.0;0.0
2;210.0;944.0:300.0;0.0
8:179.0;623.07600.0;0.0
4;190.0;813.0;900.0;0.0
5;248.0;1061.0;0.0;300.0
6;207.0;1268.0;300.0:300.0
length :150 lines:6 Ln:6 Col:27 5el:0|0 Dos\Windows ANSI INS
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2013-06-24 22




Internet Support

OAD Forum: http://www.zeiss.com/zen-oad

CZl file format: http://www.zeiss.com/czi
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OAD
Forum

w User Mame  Password Log ini
-

What's New? Forum ZEMN Homepage SmarSEM Homepage Imaging Mewsletter  Imprint
Mew Posts

if this is your first visit, be sure to check out the FAQ by clicking the link above. You may have to register before you can post: click the register link above to proceed. To start viewing messages, select the forum that you want to visit from
the selection below.

Carl Zeiss Microscopy Community

Welcome to the Carl Zeiss Microscopy Community.

~
Open Application Development (OAD) for ZEN (blue edition) Threads / Posts  Last Post
“ou have a special application that demands functionality beyond ZEN? Use the integrated OAD (Open Application Development) environment of ZEN (blue edition). With OAD you create your own
macro solution based on the well-established Python language. Benefit from the simple access to a vital set of ZEN functions and the ability to include libraries such as the .Net Framework. Join the
OAD community to discuss macros and help other users to develop their ultimate solution.

E Instrument Control Threads: 8 Remote microscope confrol @

Discuss macros to control the hardware functions of your ZEISS microscope Posts: 12 by minimazx 109
06-05-2013, 02:10 PM

E Image Acquisition Threads: 7 Show camera sefting parameters o

Post your acquisition-related questions and macros here Posts: 7 by Carl Zeiss Microscopy 5
04-15-2013, 09:34 AM

E Image Handling (1 yizying Threads: 15 Tile - Subimage &
Posts: 19 by Carl Zeiss Microscopy 3

Your place to discuss general handling of images and the CZI file format
Yesterday, 03:02 PM

E Image Processing Threads: 7 Insert scalebar in all images... @

Discuss questions and projects related fo processing of imaging data here Posis: 7 by Carl Zeiss Microscopy 5
04-15-2013, 10:07 AM

E Measurement and Analysis Threads: 9 Save object stage posiions... @

Share your programming ideas for various measurement and analysis tasks here Posts: 9 by Carl Zeiss Microscopy 5
04-15-2013, 10:15 AM

E ZEN (blue edition) Application Model Threads: 3 Write special folders in a... @

Find inspirations how to access the ZEM application model Posts: 3 by Carl Zeiss Microscopy 3
02-19-2013, 12:26 PM

E Miscellaneous Threads: 15 Import Python Modules from... @
Everything OAD-related that won't fit in the other categories: share general aspects of macro Posts: 52 by thaum
programming and discuss the OAD environment Today, 01:54 PM
E Documentation (read-only) Threads: 5 |® CZI file format: general... @
Your place to begin if you are locking for OAD-related documentation to start your project. If you need Posis: 5 by Carl Zeiss Microscopy 2
documentation not covered here, please ask in the specific forum. 05-16-2013, 01:05 PM
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- Backup
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. Experiment Feedback

Experiment Feedback

Acquisition
Feedback
Analysis

-> Define Rules via Python Scripting

File Edit View Acquisition Graphics Macre Tools Window Help

Workspace foom — ———

Ll

[ Reset |14

A & &8 B &% & g 2w

Design Workspace [ [+ (#~]

A Acquisition i i i Script Editor for Experiment Feedback Lil_'J
Single Execution on Experiment Start
T P —— Available Observables
[ Count_Cells Tiles DAPI [v] (%] || 2pos =8 # just a counter Analysis [ Count_Cells_DAPI [*] »
3 cells_total = @ # total number of cells
| # Smart Setup ¥ Show all Teols 4 imagename = ZenService.Experiment.ImageFileName Environment »
5 script = "display_results_tiles.py™ X
- - Experiment »
AF (o] ==1] @
] ; . . . . Hardware »
Find Focus | Set Exposure Live Continuous Snap Repetitive Execution During Experiment Runtime
1 # this value is different for every acquired picture !!! Available Actions
I7| Z-Stack . 2 index = ZenService.Analysis.Cells.ImageAcquisitionTime o N ,
" . 3 periment Actions
v Tiles 16 Tiles ’ 4 if (dindex != lastindex): l
[~ Panorama  --- = 5 # increase position counter Ktra 4 |
[ Time Series --- ] 719 MB 3 pos = pos + 1 )
= - 7 # get cell number for the current tile Editor Tools
[All Channels per Tile [~] [ P> Start Experiment 8 cn = ZenService.Analysis.Cells.RegionsCount Eva
mples & Templates »
9 # sum up the number of cells
12 cells_total = cells_total + cn (Validate Script
* Setup Manager ;/ 12 # stop if the desired cell number was already reached The script is okay. "
[ Light Path Settings « Show All (@ 13 if ((Ells_tt?tal > ?2%): .
- . 14 ZenService.Actions.StopExperiment()
m Automation 15
. 16 # read the xy position of the current image
[Eppaimt Pzl 17 posx = ZenService.Analysis.Cells.ImageStageXPosition
[+ Enable | Scriét..‘ 18 posy = ZenService.Analysis.Cells.ImageStageYPosition
J 19 # write data into log file
28 logfile = ZenService.Xtra.System.AppendLogline(str(pos)+";"+str{cn)+"; "+str{cells_total)+";"+str{posx)+"; "+str(posy))
% Acquisition Parameter E N IS # update lastindex
=[] 22 lastindex = index
i Acquisition Mode  Show Al
¥ Channels + Show All
T Focus Strategy + Shaw All
© Focus Devices AT Single Execution on Experiment Stop
) ) . 1 ZenService.Xtra.System.ExecuteExternalProgram(script, "-f " + logfile)
# Multidimensional Acquisition
Experiment Designer ' Show All
Tiles + Show All
i Information on Experiment [ Accept ] [ Cancel ]
B Auto Save h : o
J
Scaling 0,2 um/px [Theoretic) @ | System Information: | N . Free RAM 5.35 GB CPU 4% ] Frame Rate: | Pixel Value: Paosition: | B~ ‘ Storage Folder: User: | 09:51
v Automatic b Idle 0% Free HD'  70.94 GB -fps = M- ¥i- ChUsers\M1SRH\Docume mlsrh 5
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. Experiment Feedback

E ' t Feedback
Acquisition xperlmen ee ac
] n
Feechback - Integrate Online Analysis
Analysis
A A WE s ZEN ysten 2012
Image Analysis Wizard
1 Classes -
2 Frame
3 Automatic Segmentation
Back o~ 2
[+ Execute | Interactive ‘ %
a4 Root
4 Cells -
| SingleCell DAPI 2 N = ‘
[ 4
Q
e %
- =
-y
3
Smooth | Nene -| ‘ ‘
*e s
Sharpen [None x| L
Minimum Area  ———— F—————[130 i
Threshald | Reset J[  Unda Reda
Low High
= |55 2] [23 [&] [ Invert || Full Range |
~) Histogram b
Dimensions Display} - | Analysis¥
|
| Zoom [ o [ws] Q [ @ | — —[ 100%[:] F AutoFit [ Show Objects [V Fill Opacity
Tools [ & [on] § [ # | ([ Navigstor | [ Interpolation ¥ Show All Classes Create Tables
Channels [DAPI | P Root 0
I [ L& - 4 Celis 1
Threshold definition | Click | Automatic | I” Single Channel [” Range Indicator | Quick Color Setup | SingleCell DAPI 2
Method [Otsu [+ (Reuse % |
Fill o
Separate [ None |+l
| <Back || WNext> | | Cancel |
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Program Interaction

* ImageJ-Extension

Dr. Markus Neumann, Dr. Olaf Selchow, Carl Zeiss Microscopy GmbH

Apply
© Disclaimer
Bulls Eye
e aa

Apply Send Image

Method

Recently used

SineCosinelable
Snake
StartupMacros
ToolShortcuts
ToolSwitcher
4  macros for ZEN
" Bulls Eye

Close all images

Parameters
SendInput

o RetrieveOutput

)
Defaults

Output

e

Retrieve Image

2013-06-24
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OAD - Zen & Fiji as a ,,perfect combination* at work

() Count_(Cells DAPI 96frames.czi - ZEN system 2012

10 (R Just) Image) R

File Edit View Acquisition Graphics Macro Teols Window Help Fie Edt Image Process Analyze Plugins Window Help EMBL
E & B o w
e e B ol a0l < 4~ | alafoln)_Jwd | | | | | =
apl L e ] Count_Cells_DAPI 96frames.czi )
oy =S igp) N _Cells DAPL ¥ : .
Locate {A:q“mm ‘ Processing [ Analysis Reporting (Fiji Is Just) ImageJ 1.47n; Java 1.6.0_24 [64-bit];
; T Confainer] T
Interactive Me; t  Shaw Al 4
!]"' A"" SesUrEmEn : Count_Cells DAPI_96frames. = ]
! ge Analysis = 1196 (£1/96 - Count_Cells_DAPI_96frames.czi #1), 40.00x640.00 microns (640x640), 8-|
| - e )
») Disclaimer | &
I:IM hed C Cell =
cthod Count Cells .
- : | o
‘ oo H SendImage | Retrieve | Hoty
pply end Image rieve Image =l
| g
’ Profile
e — | m
Recently used Measure
Count Cells A~
MeanROI
| &
S&F
| H
Info
Search X

4 macros

¢  DeNovo_Macros

} toolsets .
4 ZenTest "
Count Cells :
nathing
Plot Welldate Count Cells AT B
Zenl GaussianBlur Sigma=5 |
< TS mmary of ¢ =8 % ROIMan.. (2| B &
[ Poometes Flle Edil Font T —
i EEr A Slice [Count [Total Area [Average Size [%Area | = 0001-0002-0005
000 1-0003-0008 Update
[ RetrieveOutput 1796 - Count_Cells_DAPI_S6frames.czi#l 266  53777.00 20217 1313 2001-0004-0012
t2/96 - Count_Cells_DAPI_S6frames czi#1 237 4350200 18393 1064 || ||ooos-0005-0003 —
G _ — | t3/96 - Count_Cells_DAP|_S6frames.czi#! 214 4465000 20864 1090 0001-0006-0014
| ‘ o Show A . 0001-0007-0011 Rename
Defaults e p‘aye,[ﬁmph‘cﬂ Display t4/96 - Count_Cells_DAPI_S6frames.czi#1 42 5800.00 138.10 142 000 1-0008-00 15 -
) t5/96 - Count_Cells_DAPI_S6frames.czi#1 183 33678.00  184.03 8.22 booronos-0013 | o
Input ST | Tme 1 %1 [J(* ) | Hstoam t6/96 - Count_Cells_DAP|_36frames.czi#l 185  32177.00 17393 7.86 oo
Zoom (o [uwon| Q [ & ] — — [ 109%[:] F AutoFit t.7/96 - Count_Cells_DAP|_96frames.czi#! 170 3013200 17725 736 0001-0012-0026 Deselect
Count_Cells_D..mes.czi ) e t /96 - Count_Cells_DAPI_Sframes czi#1 178 37697.00 21178 520 0001-0013-0030 !
Took  [@ER[ o[ M [ /) ( Navgsior ) [ineolation | PAsto[MnMBTBSHRE 200 ) o0 o o " ap oerames czi#t 157 26786500 17042 6.3 boosanisonss | TOPPHES |
— N - . 0001-0015-0039
Channels [DAPI 1096 - Count_Cells_DAPI_SGframes.czi#1 145 2565500 17683 526 oo ooioos | FatentFl
 SncleChannel = Range Indicstor (oo oo o |[£11/98 - Count_Celis_DAPI_S6frames.czi#t 118 2070800 174.02 5.06 0001-0017-0041 ore
SnaE e R =k ColocS=in) +12/96 - Court_Cells_DAPI_Sframes.czi#l 143 24687.00 17264 603 ooo-00150039 | 07|
& £ 13/96 - Count_Cells DAP| 96frames.czi#1 134 2212400  165.10 540 oo o[ snow Al
t14/96 - Count_Cells_DAPI_S6frames.czi#1 182 3530200 19387 862
[ Set Input Automatically R . 000100210043 G ey
S Output - :1 QA - Coont Celle NARI QRframes o7 #1 b ARIA NN NA AR 11949 ‘ N 0001-0022-0045 ~
® Remain at current view Back[4  [2] Gamms [0
),
Scaling 1,0 um/px (Thearetiq] —)  System Information A | Free RAM 4.05 GB CPU6% | FrameRate: | Pixel Value: Position: i~ Storage Folder: User: 15:58
[V Automatic i Idle 0% Free HD 7211 GB fps 8 X:470 ¥:505 C:\Users\M15RH\Docume misrh -
e ‘ T <l (il - L4 B
: 0|2 oo ETH| @ | P | e Y ) # |
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Open Application Development
- multifaceted concept

1.) Documented file format

- CZI
- Bioformats reader
- OME-TIFF

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

9

9

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