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Lunch Seminar Series

u u @
Bioimage Analysis
This lunch seminar series is designed for anyone interested in light and/or electron microscopy and image

analysis, offering insights from basic to intermediate levels. It focuses on the usage of open source as well as
commercial software tools.

Please register using the QR Code or link below
Online every two weeks on Friday 11:30 AM - 12:30 PM

September 20, 2024 Bioimage processing and analysis using Fiji/ImageJ
Joana Delgado Martins, Flurin Sturzenegger (ZMB)

October 4, 2024 Streamlining Bioimage Analysis with Fiji/ImageJ Macros
Flurin Sturzenegger, Joana Delgado Martins (ZMB)

October 18, 2024 Machine learning-based segmentation with ilastik
Lorenzo Cerrone (BVC)

November 1, 2024 Deep learning-based segmentation with Cellpose
Joel Liithi (BVC)

November 15, 2024 3D/4D image vizualization and analysis workflows with Imaris
ZMB

November 29, 2024 Large-scale bioimage analysis workflows with Fractal
Joel Luthi, Lorenzo Cerrone (BVC)

December 13, 2024 Interacting with the bioimage analysis community on Image.sc
Virginie Uhlmann (BVC)



> ZMB Quick Facts

‘\ . A
\ : L : 2
Urs Ziegler Michaela Cooper Nikita Vliadimirov Joana Delgado Martins Flurin Sturzenegger Dayra A. Lorenzo Karin Seubert-Buholzer Jana Dohner Olivia D. Hanley Andres Kach Sonja Krammer-Oswald Teresa Colangelo Carmen Kaiser Piotr Szwedziak Nicolas Schilling José Maria Mateos Johannes Riemann Julian Schmautz
HEAD TEAM ASSISTANT ASSOCIATE ASSOCIATE H ASSOCIATE E DEPUTY HEAD TECHNICAL STAFF TECHNICAL STAFF TECHNICAL STAFF

RESEARCH ASSOCIATE RESEARCH ASSOCIATE RESEARCH ASSOCIATE RESEARCH ASSOCIATE IT SPECIALIST

I e . . .
g Around 2.2h of image processing per 1h of microscopy

72000

T8 of storage
administrated

Virtualized
wetab

50

Avallable
Instruments

Cell culture

Centralized
storage

9P @uzh_microscopy



> Overview
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Brief intro image analysis
Imagel/Fiji

— Digital Image

— Display and visualization

— Histogram

— Segmentation,
Thresholding

— Analysis particles
workflow and basic
measurements
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[0° (Fiji Is Just) Imagel -
File Edit Image Process Analyze Macros
EO_|E|@|/'|A.|—+—'|’\|A|O\|{"5|[ Shortcuts

Stacks Menu Utilities

New

Compile and Run._
Install... Ctrl+Shift+M
Install Plugin...

3D Viewer
Analyze
BigDataViewer
Bio-Formats
Cluster

Color Inspector 3D

Examples

Feature Extraction
Image5D

Import BScope SPIM data
Integral Image Filters
Janelia H265 Reader
LOCI

LSM Toolbox
Landmarks

Multiview Reconstruction
Optic Flow

Process

Registration

SPIM Registration
Segmentation

* v ¥ ¥ ¥ w w ¥ v




> Fidi Download FiJi

Fiji

Ful is an image processmg package — a "batteries-included" distribution of Image, bundling many plugins which facilitate o 00
ientific image analysis. [
&8 Download for Windows (64- blt) < I I
[ [

IM Dwn\ ads | &6 Cite

Why Fiji?

o ¢g ' 1. Download the appropriate Fiji
Easy to Use Powerful Free & Open Source version from http//fI]ISC/

Fiji is easy to use and install - in one-click, Fiji installs all of Fiji bundles together many popular and useful Image) Like Image! itself, Fiji is an open source project hosted on
its plugins, features an automatic updater, and offers p| ugins for image \y into (a\lat\cn, and GitHub, developed and written by the communi ty.

comprhenedocmenttin sl mnags s dpendncis i 2. Unzip your copy to a location
where you have writing rights.
Otherwise, you will not be able to
automatically install the latest
updates.

3. Check if you have the latest updates
by running Help>Update

4. Additionally add the “BIG-EPFL”
update site.

5. Click ‘Update URLs" and ‘Apply
changes’.

Add my site ASd spdate side Remaove Update URLS Close |

9 @uzh_microscopy


http://fiji.sc/
http://fiji.sc/

> Resources

Center for Microscopy and Image

ImageJ/Fiji

Guides Support Team Booking system Teaching N

Home / Available Systems / Image processingtools / Tutorials & Resourc
A Imagel/Fiji is one of the most popular free, open source tool for image procassing and data extraction at our facility. It is simple,

. powerful, extendable by plugins and supports scripting languages for an easy automation of image processing tasks.
Tutorials ¢

4 Intro Fiji Image processing 2024 (PDF, 3 MB)

For getting started in im
tutorials. We wrote ther

4 Intro Fiji image processing demo data 2024 (ZIP, 17 ME)

users of our facility, we

In addition, be sure to a

L Intro Fiji macro programming (PDF, 667 KB}
ImageJ/Fiji

4 Intro Fiji macro programming demo data (ZIP, 12 MB)

A Imagel/Fiji is one of the m

powerful, extendable by plugi
4 Intro Fiji Image processing 2024 (PDF, 3 MB)

L Intra Fiji image processing demo data 2024 (ZIP, 17 MB)

https://www.zmb.uzh.ch/en/Available-Systems/Image-processing/TutorialsAndResources0.html

9P @uzh_microscopy


https://www.zmb.uzh.ch/en/Available-Systems/Image-processing/TutorialsAndResources0.html

> Resources

Universitat
Zirich™

Guides Support Teal

Home  Available Systems

9P @uzh_microscopy

Guides Answers Courses Quizzes Dashboards Apps

Guides > Center for Microscopy and Image Analysis Edit / Options see

Dozuki System Automated Release 08/17/2022 by Dozuki System Details

Center for Microscopy and Image
Analysis

This is the official guidebook of the Center for Microscopy and Image Analysis at the University
of Zurich. Here you can find guides for light and electron microscopy as well as for image
processing. If you want to see private guides, comment on guides or ask questions, please log-
in using your ZMB core account credentials.

Author: Dozuki System (and 4 other contributors)

Create a Guide

7 Categories + New Page
(=2 )
Sample Preparation Light Microscopy Electron Microscopy Image Analysis

https://zmb.dozuki.com/c/Image Analysis

Internal Guides CryoEM



https://zmb.dozuki.com/c/Image_Analysis

> Image Processing and Analysis

9P @uzh_microscopy

Introduction to
Bioimage Analysis

1. Images in biology are enormously varied. Almost nothing just works’. | might find a paper

describing a marvellous method to detect, classify and track cells — but there is no guarantee the
method will work to detect, classify and track my cells. Maybe | have a different type of cell. Imaged
on a different kind of microscope. At a different spatial and temporal resolution. To answer a
different question. In short, | have a very different computational challenge from the one described

in the paper — even if the shared theme of ‘tracking cells initially made it sound similar.

. Bioimage analysis involves a lot of disciplines. Analysing images in a scientifically justifiable way

typically requires (at least a bit of) knowledge across a lot of domains. Of course it's necessary to
know about the scientific question, e.g. the biology. But to really understand the data, you also
need to know about the experimental setup, the imaging hardware, fundamental limits like noise
and diffraction, and also how digital images are represented, stored and (sometimes) compressed.
Then there are a plethora of image processing technigues that might help answer your scientific
questions. You need to know not only what these are, but also how to assemble them together into
a sequence of steps that work reliably and with minimal bias — either using existing software or by

writing new computer code. And finally statistics to bring it all together. It's a lot.

But amidst all this variety lurk some of the positive things about image analysis: it's creative, it's
challenging (most of the time in a good way), and — because it's rare for any individual to be an expert in

all the related domains — it's usually collaborative (or at least it should be).

The fact that bioimage analysis is so cross-disciplinary means that pretty much everyone can have

valuable insights to contribute.

This underpins my motivation in writing this book: | want to explain the concepts | use every day as an
image analyst to people who spend their days differently. No matter who you are, you know a huge
amount of stuff | don't know. My hope is that if we put the stuff we know together, we'll do better

research, faster,

https://bioimagebook.github.io/index.html



https://bioimagebook.github.io/index.html

> Image Processing and Analysis

e Deriving quantitative information from images of
biological samples taken with microscopes

How many cells Biological
are there in the question
outer ring?

How high is the
intensity in the
inner ring?

How is the signal in
the blue channel
distributed?

Image data source: Lorenzo Scipioni, U. California / Irvine
@LorenzoScipion3
3y @uzh_microscopy



> Image Processing and Analysis

CountNuclei_8

"CountNu

Automation

9 @uzh_microscopy



> Image Processing workflows

Biological
guestion

Biological
guestion

ACQUISITION PRE-PROCESSING SEGMENTATION POST-PROCESSING ANALYSIS

MNoise reduction Intensity thresholding Suppress false positives
Background correction Component labelling Regularize object shape
Contrast enhancement Watershed transform Eeparate touching objects
Geometrical correction Contour extraction Merge separated parts
Deconvolution etc. Region growing etc. Fill holes etc.

, @uzh_microscopy [Arganda-Carreras, Andrey, 2017, https://doi.org/10.1007/978-1-4939-6810-7_13]



> Image Processing workflows

(A) Original image (B) Extract channel (C) Apply filters (D) Apply threshold

(H) Make measurements
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Fig. 56 A simple image analysis workflow for detecting and measuring spots in an image.

https://bioimagebook.github.io/chapters/0-preamble/preface/preface.html
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https://bioimagebook.github.io/chapters/0-preamble/preface/preface.html

> Introduction to Bioimage Analysis

Tools we use are

3y @uzh_microscopy

Fy

[ Results — | x
File Edit Font Results
\area |Perim. |circ. [AR [Round [Solidity |

1 2644 18221 100 107 083 100

2 2680 18378 100 109 092 100

3 3176 19949 100 102 098 100

4 2733 18535 100 107 083  1.00

5 3804 21834 100 105 096  1.00

6 4188 22934 100 109 092 100

7 2832 18850 100 106 094 100

5 2970 19321 100 112 089  1.00

KN

https://commons.wikimedia.org/wiki/User:Acagastya (Mirosope)

URL: http://imagej.nih.gov/ij/images/FluorescentCells.zip
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> Fiji: Image analysis

1997 NIH Image Image)

e Fijiis just Imagel - with batteries included since 2005

Core Image)

Application

[T (Fiji Is Just) Image)
File Edit Image Process Analyze Pluging VWindow Help
= S A NN e A

Dev | Stk

el
Irnaged 1.52e; Java 1.8.0_172 [64-bit]; 822 commands; 16 macras

- a X
[ol4]a] |=
Click here to search

Reusable set of libraries

Shared framework for image analysis

BigDataViewer

800 datasethdfS.xml

[ thambnail.. = o X [T thumbnail.. = o B
11/19.300x432 pixels: £-bit. 2. 38 11110 3005432 pixels, 8 bit, 2

>l e |

[ ROIManager  — [m] x [7 Results - [m} X

0001-000% ~ Add ] File Edit Font Results

o002-0014 [Area [ean  [stoDev [vode [Min [Max [x]

0030014 e | ss 212 4isls 256 104 255

0004-0013 Delete

005-0017 P— 2 73 243466 27442 255 135 255

00050024 317 215941 23360 177 177 249

ggs;gsg Mea<Hre) 41 181000 0000 181 181 181 1
: Deselect

o005 0025 eseled 5 10 248000 8602 255 229 255

6010-0033 Properties.. | (6 64 243984 19667 255 178 255

0011-0039 Flaten[F] | (7 2 225500 D707 225 225 226 1v|

00120046 4 | >

0013-0056 More »

0014-0054 I B Al

0015-005+

. v [ Labels
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Multiview fusion

ViewSetup Explorer
+_2h_Advanced_Fiji_Toals /Registration, His Y
<

P-SPIM fdatasetZxml | Info save

hegistaions  simerestfuints

Display View(s)
Max-Projection

Detect Interest Points

Register using Interest Points
Define Bounding Box ...

Image Fusion/Deconvolution ..

Registration Explarer (on/off)
Specify Calibration
Apply Transformation(s)

# TadMiter2 20 - o

x
Display options
) vty spos
[m[Ep——

£ Tressanama o Anaess
B |[© - ==

Trackmate

[0 thumbnail..  — O X
19/19; 300x432 pixels; 8-bit; 2.3MB.




> Imaged, Fiji & friends: community

e Visit http://forum.image.sc !

open(“path_Img X");

savels("rename img to XX");

XX = getTitle();

open(“path_img ¥");

Y = getTitle();

imageCalculator("Add create”, XX, Y);

could anyone help me to improve this macro in q
calculator in the pairs of them and save the resu

Thank you in advance,
Monara

listy = getFilelist(dirY);

// stop the macre if the number
if (listx.length != listy.lengt
exit("number of images is n

/7 set batch mode to not see th

setBatchMode (true);

f/ start a for Loop to process

& M Bookmark % Share ™ Flag & Invite = Reply

O Normal You will be notified if someone mentions your @name or replies o you

Suggested Topics

Topic

Category

el — a X
@ Batch process and Image X\ @ Batch process and Image X \\__ @ Batch process and Image X \\__
<« (] | @ Secure | https;//forum.image.sc/t/batch-pro| € C ‘ @ Secure | https//forum.imagesc/t/i & c | @ Secure | httpsy/forum.image.sc/t/batch-process-and-image-calculator/19449/4 Q ¥ ‘ H
@ image.sc Batch process and Image Batch process and Image calculator 3
M Image Analysis  fiji, imagej M Image Analysis fiji, imagej
CellKai The Last Pixelbender Sep 3
Batch process and Image calc e o
. . ‘ Hi Monara, @ G eljonco
M Image Analysis fiji, imagej
If you have several pairs of images in th| Thank you a lot for your answer. I'm gonna check the links 22
loop™ in your macro.
i You can add “Script Parameters” at the
Hi all, - Reply
I'm trying to use batch Mode for creating one im: Note that the macro command setBatc|
for each image of a list of images in a folder. ho displayed. Working on all your images o
way they can be saved with a different name. : 415
Here is an example in the imageJ-macr P. CellKai 3h Sep 4
1. Img X and Y are in two different folders; "
2 The fifle of X and Y images is the same, b /7 @File(label="source director Thank you so much for the Macro. It works very well after adding “DirXY = getDirectory (XY);” and adjusting the
3. My image X is always a binary image and ’,/ ;Fue;‘ ab ource directon files names ** | appreaciate a lot the time you spend to make it. That was the last piece of my puzzle
8 S/ @ (L L
S/ @File(label estination dir|
| could do:
/f get a List of all files in ft "\Reply
setBatchMode(true); listx = getFilelist(dirX); 3h ago

Replies Views

Activity -

9P @uzh_microscopy



http://forum.image.sc/

> Fidi (ImageJ)
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> Fiji: user experience

* If you cannot find the command,
— Use the search field!

— Press the “L” key and start typing in
the search bar.

— It shows you where the plugin is
located

— You can run it from here (enter)

Navigating through confusing menus

Additional plug-ins can be accessed through the update site
Help < Update

9 @uzh_microscopy

Script templates

Imnage.d Wi ki

Im=ge.J Forum

threshaold.ij1ireal Type, image)

threshold.intermodes{realType, image) 1

threshold.isoDatafrealType, image)
threshold lifrealType, image)

threshold. maxEntropyirealType, image)
threshold. maxLikelihood{realType, ima

ImageJ2idpply_Threshold. py
TutorialsiOps_Threshaold_Measure.py
Imaged2Apply_Threshold_Fast.py
Imaged_1xExamples/iOpsThreshaldl)
TutorialsiSlicewise_Threshold. py
TutorialsiOps_Threshold_lJ1_Analze.

| HOT jar

[ (Fiji Is Just) Image) - O x
File Edit Image Process Analyze Plugins Window  Help
B O|c|o| &l N|Ala|@|F] oxfsn|ur al |»
LUT henu threshald
[ Quick Search >
Commands E |£|
4 Threshold... {ImageidiusiThreshold.[ | ;| Threshold...
_3_, Auto Local Threshold 1 lmagelfdjustia §§
_é_, Auto Threshold [ Image/sdjustiiuto Th Eg Menu path
4 Colocalization Threshold | Analze/Col i| Image > Adjust: Threshold..
_é Color Threshald... §lmagefsdjustiCaolo §§ Shorteut
& RobustAutomatic Threshald Selection control shift T
& RobustAutomatic Threshald Selection I
Apply Threshold fImage/ThresholdiAp legacyiij.pluginframe ThresholdAdjuster
Ups= (8/89] - - Location
threshaold.applyiimage, imaget, realTyd |2 [CISTRUCT~VimpicloudiProje cts201 81 2~1/RUNNIM-
threshaold huangirealType, image)

[«]

Help | | Source |

Enter

https://imagej.net/ij/docs/shortcuts.html



https://imagej.net/ij/docs/shortcuts.html

> Open an image - Bio formats

# / Formats / Supported Formats ©) Edit on GitHub

Supported Formats

Ratings legend and definitions

g E ] é Bio-Formats currently supports 161 formats
c
2 §% £ & =z & g
x © a v z g Ratings | d and definiti
Format Extensions & = (o] o 5 P § = tings legend and definitions
.ome.tr,
OME-TIFF .ome.tf2, & & & v & o o o o :
ome 8 & Outstanding
.ome.btf Y Very good
T = . - - - Good
feiss Axio CSM Ims F ¥ ¥ ¥ ® o b 4 b 4 v Fair
Feiss AxioVision TIFF xml, 4f k. v v ® b 4 o b4 ¥ Poor
Zeiss AxioVision ZVI . ) )
(Zeiss Vision Image) v & - - x x x x
Zeiss CZ| .CzZi & & . v *x *x® o o
Zeiss LSM (Laser
Scanning ) _
Microscope) Usm, .mdb i . k. ® ®x o x
510/710
Bio-Kad PIC P 'y 'y & &, & ® .3 ®x x
Bio-Rad SCN .scn & v v ¥ v x ®
Bitplane Imaris .ims & & 'y v v ® k3 o o

https://bio-formats.readthedocs.io/en/v7.3.0/supported-formats.html

9P @uzh_microscopy


https://bio-formats.readthedocs.io/en/v7.3.0/supported-formats.html

> Open an image - Bio formats

(Fiji s Just) ImageJ

Image Sequence...

NanoJ table file (NJT)...
QuickPALM

Read Reconstruct Project...
SPIM

TrakEM2 XML...

Amira as TrakEM2._
Amira.

Biorad. .

Leica SP...

Show Amira Surface
Vaa3d

Bio-Formats (Remote)

Bio-Formats (Windowless)

Really large data

Virtual stack

Memory managment

|55) Edit Image Process A Raw...
New L LUT..
Open... cui+o | Textimage . | £ Bio-Formats Import Options ES
OpenNext  Cirisshiftr | eX File-
Results...
Open Sampl ’ L L .
O;Z: Rj::nfs .| Table... Stack viewing Metadata viewing Informaticn
SRS View stack with: | ISRl ~| [ Display metadata View stack with - The type of image
Show Folder »| StackFromList.. viewer to use when displaying the dataset.
TIFF Virtual Stack .. Stack order: XYCZT [ Display OME-XML metadata
Close Y Possible cheices are: 1
CoseAl  CusShew oo I~ Display ROIs | File > Im port > Image sequence
Save Ctrl+S # Metadata only - Display no
Save As ,| Janelia H265 Reader ROls Import Mode: ROl mana pixels, anly metadata.
Revert crishiftrR | HDFA.. @ Standard Image) - This option
Page S Analyze... Dataset organization Memory management is deprecated (i.e. intended for
age Setup...
MHD/MHA.. e .
Print._ Ctri+P [~ Group files with similar names ¥ Use virtual stack use by old macros only). Please
Koala Binary... use Hyperstack instead.
Export '\ DF3. [~ Open files individually N @ Hyperstack - Display the pixels
Quit FIB-SEM ... . : in Imagel's built-in 3D viewer.
: MRC Leginon ... [ Swap dimensions r ® Data Browser - Display the
IREAIRITI (R STees PDF ... e Il seri pixels in the multidimensicnal
lee SeezTaE Extract Images From PDF .. [l EEE Data Browser viewer. The Data
DAT EMMENU ... [~ Concatenate series when compatible  Split into separate windows Browser has some additional
DM3 Reader... features on top of the nermal
TorstenRaw GZ Reader. . . . . lmageJ h}rperStECk'
N [~ stitch tiles I™ Split channels . |mag?5|}_ Display the pixels in
ico.. Color options [ Splitfocal planes Prrdli CoH s (g i
(s viewer, Requires the Image3D
SVG.. Color mode: Default - I~ Split imepoints plugin. ] _ )
LSS16. - - VII:-_"WSD —.Dlspla}rtﬁeplxelsm
N Rainer Heintzmann's View3D
Animated Gif -
Lot oK | C 1
NanoJ image file (NJ1)... TLEE

CLI2 Image Data Flow (load)

https://bio-formats.readthedocs.io/en/v7.3.0/formats/bitplane-imaris.html [2024 06]

9 @uzh_microscopy


https://bio-formats.readthedocs.io/en/v7.3.0/formats/bitplane-imaris.html

> Fidi: Opening images with FlJI

[ hyena.tif (33.3%) - O X
900631 pixels; 8-bit, 555

-

Memory in
hard drive

Image bit-
depth

Image size in
pixels

[ hyena.tif (50%)
900x631 pixels; 8-bit, 555K [P hyena02.tif (200%) 2 [T hyena03.tif (800%)
> — ~ . 00X10 pixels; 8- 50x35 pixels; 8-hit, 2K

|~
|

9P @uzh_microscopy



> Duplicate Hands-ON Chapter 8

(Fiji s Just) lmagel
File Edit Process Analyze Plugins

Imagel provides very limited

i 1 O Type b
Undo support for 2D slices Ep—— —
Adjust r .
e I Shift + D

. Show Info... Ctrl+l
If you suspect you might regret Properties..  Ctri+Shift+P
a processing step, good practice Color b

. . 540
to always duplicate the image Stacks b
beforehand with Hyperstacks '
Crop Ctri+Shift+X

©) &l Duplicate.. Ctrl+Shift+D

Q( Rename...
{ Scale._. Ctri+E

Transform 4
Zoom »
Overlay ¢
Lookup Tables »
Annotate 4
Drawing »
Video Editing »
Axes 4

3y @uzh_microscopy



. ataset7 Dividin... — O X
> Duplicate e

c:2/4z106/133 (c:2/4 z106/133 - 640nm, 561nn

€:2/4 z106/133 (c:2/4 Z106/133 - 640nm, 561nm, 488nm, 405nn

|| Duplicate X

Ri nm, 488nm, 405nm-1

v Duplicate hyperstack

Channels (c): |1-4
Slices (z): |1-133

o

E &
=

OK Cancel

106133 (c:2/4 z106M 33 - 640nm, 561nm, 488n

|£: Duplicate... x

Title: n, 488nm, 405nm-2-1

v Duplicate stack

Range: [1-133
OK Cancel

9 @uzh_microscopy



> Digital images: Matrices of digital numbers

426
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427
405
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423
418
433
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412
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434
418
438
406
410
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403
414
425
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442
420
416
423
418
414

437

427
453

436
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421
414
416
410
419
461
428
437
404
411
418
422
422
415
408
419
442
448
435
394
423
425
415
420

422

439
408
432
427
433
419
424
429
416
427

412

457
417
440
422
408
420
428
439
412
419
420
425
441
426
436
423
410
430
433
443

415
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413
419
415
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412
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441
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447
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426
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413
445
418
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426
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413
420
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418
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460
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409
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407
411
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427
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422
434
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455
425
427
415
409
422
421
424
429
418
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431
428
422
452
433
412
454
467
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437
448
451
450
417
427
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437
421
432
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428
437
433
450
432
418
419
446
415
414
446
438
418
422
430
458
464
439
432
494
457
502
470
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460
449
445
454
451
428
427
449
437
419
416
412
415
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433
421
454
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425
452
412
433
415
425
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475
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534
476
463
445
431
451
428
417
422
437
409
440

445

3y @uzh_microscopy

421
436
440
439
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434
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410
408
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455
503
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> Distribution of Intensity Values: Image Histogram

Image Histogram: Important tool to assess image properties and manipulations
such as contrast, dynamic range, saturations, compression,...

Count: 1820000 Min: O

Mean: 118.848 Max: 251
StdDev: 59.179 Mode: 184 (30513)
N _ — = 10 Pixel mit Intensitatswert ¢ = 2
h(’l,) &
/
i A ——— -
. (L Sp——

all s o

23456 7891011121314 15 °

o
\S]

h(z) 1000|057 (3]|9(1|6|3|6(3]|2
i 01 23 456 7 8 9101112131415

9P @uzh_microscopy



> Image Histogram Hands-ON Chapter 10

Live histogram as a tool to assess imaging quality: Which one is better?

Such image artifacts cannot be corrected by image
processing! Make sure you acquire your images correctly!
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> Visualization: Assigning Colors to Image Intensities Hands-ON Chapter 11

Adjusting look up tables (LUT)

Invert LUT
Apply LUT

Fire

Grays

Applying a different lookup table doesn’t change the image. All pixel
values stay the same, they are just displayed differently.

, Blue
Cyan
Input pixel grey level E]
LT gsers Izgslwlzilwlez'lzs-\la\ﬁs A 512 (7] A look up table (LUT) assigns each image
" intensity value a grey or color value. In
imagel various LUT s can be selected.

Output pixel grey level @
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> Visualization: Assigning Colors to Image Intensities

Original 16-bit image Enhanced contrast LUT Inverted LUT

Magma LUT

500 1000

500 1000 500 1000
50000 1 Mean: 527.6 50000 1 Mean: 527.6 50000 1 Mean: 527.6 50000 1 Mean: 527.6
Std.dev: 289.9 Std.dev: 289.9 Std.dev: 289.9 Std.dev: 289.9
40000 - Min: 239.0 40000 - Min: 239.0 40000 - Min: 239.0 40000 A Min: 239.0
Max: 2090.0 Max: 2090.0 Max: 2090.0 Max: 2090.0
‘€ 30000 A ‘€ 30000 -+ ‘€ 30000 A ‘€ 30000 -
= =, ) )
o o o o
© 20000 © 20000 A © 20000 © 20000 -
1000 2000 1000 2000 1000 2000 1000 2000
Pixel value Pixel value Pixel value Pixel value

https://bioimagebook.github.io/chapters/1-concepts/2-measurements/measurements.html
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https://bioimagebook.github.io/chapters/1-concepts/2-measurements/measurements.html

> Lookup tables

* Choose visualization of your color tables wisely!
* Think of people with red/green blindness!

Default view Red/green blind people see it like

Color-blind friendly Palette

Original Simulation

Protan Deutan Tritan Hue
2| [ 41°
3 —J W Sky Blue 202°
N B = buish Green _164°
5 ' | Yellow 56°
7 - - - - B HE Vermilion 27°
| | | e

Replace red
with magenta!

Adapted from https://f1000research.com/slides/10-934
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https://f1000research.com/slides/10-934

> Fidi (ImageJ)
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>Macro language

| 4| Bio401_testing.ijm — O X

File Edit Language Templates Run Tools Tabs

Commands will automatically appear in
Bio401_testing.ijm
SESEE brown,

run("Green"); A
run("Cyan");

run("glow v2");

run("Yellow"); commas”,
//run(“Channels Tool...");
Stack.setDisplayMode (" composite™);
//run("Brightness/Contrast...”);

“text in magenta between inverted

values in blue and

=] o U sk W Ba

g fun('Enhance Contrast”, "saturated=0.35");
9 setMinAndMax(@, 40); comments in green.
10 | setMinAndMax(3, 182);
11 setMinAndMax(3, 38);
12 All commands end with ,
13 v
Run | Batch | «i Show Errors || Clear

You can check other available scripting
languages under the menu Language.

Functions can require additional arguments.

If the command being used by FUN requires extra information of its own, this is included as an extra string.

run("Duplicate...", "title=New_image.tif");
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> Very short macro from this session

*Macro LS 2024.5jm *Macro.jm *Macro.ym

1 | f/this macro was created to demo the functionalities of fiji mocro recorder
2 | SS2024 89 20 ZMB /S BVC Lunch seminar series / Bioimage analysis
3
4  JSSActivate the image you'd Like to adjust
5 | Stack.setChannel(1);
& | S/Display with defined B&C values
7 setMinAndMax (8, 1066);
8 | run{"Cyan");
9
1@ | //Display adjusted autematically for channel 2
11 | Stack.setChannel(2);
12  run("Enhance Contrast", "saturated=8.35");
13 run(“Red™);
14
15  //Display adjusted automatically for channel 3
16 Stack.setChannel(3);
17 run{ "Enhance Contrast”, "saturated=8.35");
18 | run("Magenta™);
19
28

9P @uzh_microscopy



> Very short macro from this session

; *Macro L5 2024.ijm *Macro.ijm *Macro.ijm (Running)
1 /2824 99 Bioimoge analysis seminar series
2 A/This mocro was created during o Fiji/Imaged Lunch seminar demo
3 ATt briefly presents the Analyse particles workflow
4
5 selectImage( "CountNuclei Bbit.tif"™);
6 run("Duplicate...™, ™ "J;
7
a
9  SAApplies g Goussian filter, this smooths an imoge ond reduces noise.
18 run("Gaussian Blur...", "sigma=1");
11
12 | //Uses Otsu tresholding method (usually performs best on image with g bimodal histogram),
13 | Afand creates a binary image
14 | setfutoThreshold({"Otsu dark™);
15 setOption("BlackBackground™, true);
16 run("Convert to Mask");
17 | AfApplies watershed transform to separate nuclei
18 run( "Watershed™);
19
28 | //Choose which measurements are displayed
21 run("set Measurements...", "area standard min shape integrated redirect=None decimal=3");
22
23 run("Analyze Particles...™, " show=Nothing display clear summarize add"); |

More on thresholding difficult data:

https://bioimagebook.github.io/chapters/2-processing/3-
thresholding/thresholding.html?highlight=otsu#thresholding-difficult-data
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https://bioimagebook.github.io/chapters/2-processing/3-thresholding/thresholding.html?highlight=otsu#thresholding-difficult-data

> Image Segmentation & Analysis

Image Segmentation & Image Analysis
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> Why Image Segmentation?

)

4V

G ) KL
&

Sometimes boundaries are not complety obvious for the computer point of view...
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> Image Segmentation and labelling

Segmentation
Partitioning of a digital image into multiple segments (Assign each pixel a label)

Semantic segmentation — Differentiate pixels into classes. All instances have the same
class

Instance segmentation — Differentiate individual occurrences within each class

Original Image Semantic Segmentation Instance Segmentation

9 @uzh_microscopy



> Semantic vs Instance Segmentation

2D Fluorescence
Microscopic Image

Semantic Segmentation Instance Segmentation

https://www.nature.com/articles/s41540-020-00152-8
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Measurements in 2D: The Particle Analyzer

e Tell Fiji what to measure with Analyze > Set Measurements

[4% Threshald

| 5| blabs.gif — O
PAEx254 pixels; 8-bit gravscale; 63K

s

EENEERENARN
NC
IR
(—

A [ Stack histogr
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[I Set Measurements

<

Standard deviation

< * «

Center of mass

< <

Shape descriptors

<

Integrated density

<

Skewness

[~ Areafraction

¥ Lirnitto threshold

[~ Invert coordinates [ Scientific notation

[ add to owerlay

Redirect to:

Cecimal places {0-9):

Min & max gray value

Bounding rectangle

[ Analyze Particles =
Size (pixel2);
[v Mean gray
ot e Circularity:  |0.00-1.00
¥ Centraid Shaw: IW‘
[v Petimetar
¥ Fit ellipse ¥ Display| [0% Results — O x
¥ Forats dial @ ClE3Mt File Edit Font Results
v Median | | Summi  [Area |[Mean  [StdDev [mode [Min [Max [ Y X B
¥ Kutosis | | AddtoNS4 204 199608 32.805 232 128 240 4436 226314 4.203
JEP— 55 555 217139 356977 248 1258 248 234561 227675 234522
56 858 197.277 350121 232 1258 248 180.791 230325 180452
57 281 189779 30815 216 128 232 138546 233710 136466
[ Display label 55 215 184037 28631 216 128 204 46537 240988 46542
59 3 130667 4619 128 128 136 76.833 242.833 76.827 |
[ Mat empty cells g0 1 128.000 0000 128 128 128 110.500 246500 110.500
g1 81 183407 34682 128 128 248 179241 251636 175.979
None ] 62 90 181511 25599 184 126 216 128100 251.822 128.042
I 63 53  188.377 S5B.799 136 126 248 234896 252066 234.603
B4 49 172898 28743 176 126 224 74296 252418 74168  —
Ok | Cancel| Help| ‘| | %




> Lecture recap and next session

* Introduction to Bioimage
analysis

"’,_-, E‘(F\ji\sJustj Image
».- File Edit Image Process Analyze
[ olclo 4+ aale

[Stacks Menu

* Introduction to Imagel/Fiji

Demo

Next session...

* Automation and macros!

HANDS-ON
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Thank you! Q&A

Lunch Seminar Series

Bioimage Analysis

p \4 1 This lunch seminar series is designed for anyone interested in light and/or electron microscopy and image

E) | . L i | :

g‘(‘“ oy analysis, offering insights from basic to intermediate levels. It focuses on the usage of open source as well as
e

commercial software tools.

Please register using the QR Code or link below
. Online every two weeks on Friday 11:30 AM - 12:30 PM

; ;:\ September 20, 2024 Bioimage processing and analysis using Fiji/lmageJ
' Joana Delgado Martins, Flurin Sturzenegger (ZMB)

October 4, 2024 Streamlining Bioimage Analysis with Fiji/lmageJ Macros
— Flurin Sturzenegger, Joana Delgado Martins (ZMB)

October 18, 2024 Machine learning-based segmentation with ilastik
Lorenzo Cerrone (BVC)

November 1, 2024 Deep learning-based segmentation with Cellpose
Joel Liithi (BVC)

¥ November 15, 2024 3D/4D image vizualization and analysis workflows with Imaris
- ZMB

November 29, 2024 Large-scale bioimage analysis workflows with Fractal
Joel Lithi, Lorenzo Cerrone (BVC)

December 13, 2024 Interacting with the bioimage analysis community on Image.sc
Virginie Uhimann (BVC)
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