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ImageJ) macro
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e Day 1: Scripting in ImagelJ / Fiji allows reproducible workflows.

Clipboard (50%) - m] X | Clipboard (50%) - O X Count Masks of Clipboard (50%) - O X Label Image [V} (75%) — [m] h'd PN _ijm - ] *
910x911 pixels; RGB; 3.2MB 810x311 pixels; B-bit 810K 910x311 pixels; 16-bit, 1.6MB 5124812 pixsls. 16-bit, 512K el g gl T G T i
-|.“i ,! couni_BBRCH01_threshold ng_watershed.gm
= — z
|
: itl‘lﬂ | Batch 4 ._.I.V.-ls.ish.-lal snov;lf_rrols | “Cle.el.' I,, .
* Day 2: Run workflows on hundred
£ print_d_tif files.ijm (Running) 3 'o Ll:Ig _ O it
File Edit Language Templates Run Tools Tabs Options . .
——— File Edit Font
D §| [ print_d_tif_filesijm | .
[ j: 1 directory = "C:/structure/data/BEBC@E7_vl_images/A9/" _A:
: 2 A8 p10d tif
Mumber of nuclei:
A8 pad tif
Mumber of nucler:
A8 pTdtf
e rMumber of nuclei:
T e A8 pad tif
Run i Batch | | ] persistent i Show Errors Mumber of nuclei
i [iStarted New_.ijm at Sun Oct 03 10:28:53 CEST 2021 | pu—
i_‘l_tl ::I! ................................................................................................................................................................................................ - | 94 ¢ s ' ‘ | N
YW @haesleinhuepf

Virtually at CCl Gothenburg, October 2021 Image data source: Anne Esslinger, Alberti lab, MPI CBG 2



Online documentation

* Important Image) macro websites

PolL

TU Dresden

https://imagej.nih.gov/ij/developer/macro/macros.html https://imagej.nih.gov/ij/developer/macro/functions.html

&

@ Macro Language

o
=]
=]
o]
o

imagej.nih.gov/ij/developer/macro/macros... a : C & imagej.nih.gov/ij/developer/macro/functions.html ¥ a :

o Introduction

o Hello World" Example

o Running Imagel] commands
o Command Recorder

o Macro Sets

¢ Kevboard Shortcuts
o Tool Macros

Image Tools
Action Tools
Menu Tools
Tool Sets
Icons

o Variables
o Operators

*

+

home | news | docs | download | plugins | resources | list | links

— O by = | X
_l.‘: Built-in Macro Functions x =+

FS

home | news | docs | download | plugins | resources | list | links

[AIIBICIDIEINFIGIHITIJIIKILI[M] Print List
[NIOIIPIQIRIISITIIUILVIWIXIIYIZ]

A[Top]

abs(n)
Eeturns the abzolute value of ».

acos(n)
Feturns the inverse cosine (in radians) of ».

Arrayv Functions
These functions operate on arravs. Refer to the ArrayFunctions macro
for examples.

¥ @haesleinhuepf

Virtually at CCl Gothenburg, October 2021
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Imagel, Fijl

& friends: community
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* Visit http://forum.image.sc !
\\ \ (RODETHS O x
/@ Batch process and Image X \*I Y /@ Batch process and Image X /@ Batch process and Image X \K \
&« (& | @ Secure | hitpsy//forum.image.sc/t/batch-pro| € (& | @ Secure | https;//forumimagesc/t/| & Cc | @ Secure | https://forum.image.sc/t/batch-process-and-image-calculator/19448/4 @ ¥ | :
@ image.sc Batch process and Image Batch process and Image calculator @
M Image Analysis  fiji, imagej M Image Analysis  fiji, imagej
CellKai The Last Pixelbender Sep 3
Batch process and Image calci _
Hi Monara ~ 9 eljonco ah
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 +*
loop™ in your macro.
) 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. hoy displayed. Working on all your images g
way they can be saved with a different name. : 4/5
Here is an example in the imageJ-macr "‘ CelKai 3h Sep 4
1. Img X and Y are in two different folders;
2. The title of X and Y images is the same, b /7 @Filellabel="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 ;,'/ ;'Fi Le:"' abel="source dir‘ecto.r* files names ** | appreaciate a lot the time you spend to make it. That was the last piece of my puzzle.
E Fa (L L= ! !
// @File(label="destination dir
| could da:
S/ get a list of all files in t - Repw
setBatchMode(true); listx = getFilelist(dirX); 3h ago
open(“path_Img X"); listy = getFilelist(dirY);
savels(“rename img to XX");
XX = getTitle();
open( pth—lmg Y // stop the macro if the number| J M Bookmark % Share ™ Flag & Invite = Reply
Ve gEtTltle()J( ) if (listx.length != listy.lengt
imageCalculator("Add create™, XX, Y); B (7D . .
! ’ ’ } S EAE TSRS e e O Normal “You will be notified if someone mentions your @name or replies o you.
could anyone help me to improve this macro in d
calculator in the pairs of them and save the resu // set batch mode to not see th .
. setBatchMode(true); Suggested Topics
Thank you in advance,
Monara // start a for Loop to process | Topic Category Replies Views Activity =

Y @haesleinhuepf

Virtually at CCl Gothenburg, October 2021
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Cheat sheets!

e https://github.com/BiAPolL/imagej-macro-cheat-sheet/blob/master/Image)l macro cheatsheet.pdf

G
PRIT LY ¢

4, TP
2 S ey
?.!"gw

u. Cheat sheet

Image) macro commands and user interfaces

ds and user interfaces

!l. § .Che.i:c;hEEt

&1 Q)

|Mvers ks, M- Morsen Walter ard {Scientific WIFHCBG]; lers Eig {CMCB, TU Dresden)
Macro language elements String manipulation commands Switch between image windows Calling ary Imagel/FLI me;
i for code ion output - reploce(input, pattern, subst); titloofCurrontImage = getTitlel}:  tun( Eiharoe fontrant...’. “satarated=0.3 normalize®)
nmaricVariakla = 53 PR SR ey seleotWindow(titleofinyInage) = - (s i
BtringVariable = "text value"; osutputhrray = cplit(inpuk, separator|j; = £ Arvboe Pl Windga Hen
bailtInc, ndf )= 1 the separator Navigation in image stacks Crrle AP AN
- length = lengthOf(atring); tack.geTainensions (VA4EY, Beight, |
Description | Example sl peida =2 IRECLELTLEL T  tha strirg | '} obarmels, slices, fremss): gt
- nt 8=9; reanlt = startei:th{input, pattern}; Stack.zetslios (mlice s _on | ] e |
i L .7 itk stack.sstchannel (okannal)
+ Addition a=346; result = eandsWith(input, pattern); e ROI manager age statistics
Subtraction a=11-%4 et s Ffrout o wih otiers Zrack.setiizplaytode | "solor" s ToiManager(add’): getotetissios|area, mean, min,
. Multiplleation a=2%45: Coanditions and logical operstors e s sl il Sl e R L
: i :
/' obddn ey N Ty S !
++ Increment by 1 a=f; ars <. == sallerthan, smallerorecusite €= (a<bl; /fck1("tue’) Hendie Image Slea it fpidens FEEMRNE Gl AR cua|"fes deasizesente...”, "ares
* g = i g g 5 zoiManager{ ‘coust’ )3 ey wtAnsed e e e
= Decrement by 1 asll a- S BesRihus pemCoU R s L =Ll SO PN ::p:: - soitanages( "epes”, Eilonoms): . St
- . -— sonial to e={s=hi [/¢is0{"fales") =L colmasager(eeve”, Cllensme): o A o g waben
1= Addition assignment a=3; a+=h; e s . -, 4
i ' Yo e C=lal=1p /el fuue] £ilelion 1 )s save selected”, fi Wl s Mt
= Subtraction assignment  a=11; a-==2; mmEiles = Lengehof(filelist): roiManagar(‘meleos”. index): : -
. G . = ! i = 2 roiManager{ ssleat®, newrrray(indesl, run|“Anelyze Particles...”.
= Mulipiication assignment  a=2; a"=4.5; !! m;fliﬁx_ﬂ;i-;‘g—h_st:[:;:m-tr,m:t AT ol
/= Divislon assignment A=, afey o 0 1 0 1 ey e P
/i actual image processing... ToiManagsr( ‘show all”): - "
Math command | Deseription | Example i eida =9 1 -0 v 1 ; alosal): soiManages(‘skav all with labalstys  ToiNanages{“#asmue)s
pow(z, vl rtothepoweroly a = pow(3, 2); cellis % = 3 ,,,...,...,.,:..::..’_.‘. =
[ 1 1 Readingi libratio L e
agrt() squarerootofs a = sqrt(81); ST _JI S L : soiManager{ ocmbise” )2 T
true Tug L} = etFizelziz=|onit. pWidth. pEsight| - e
soen | memseax s-smcn; SR EERD G100 s e = g e
ind rounding of x = d[9.4)z e 3 : “boadline”, " s i
round (x) ing a = round(3.4); G - maiz): e e B e s L HeunBanI T - ealuns TirTe,
floor{x) roundingdown of x @ = floor(9.8); e T Generste user interfaces with $@Parnmeter rownusber, newvalue):
% : - “Remnlte” “myResults.ils’):
Conditianal programming | statemont) function custemFunction (param) | Syntax #8 <data typs>(<optioas*) <varisble neme= s AR
return param % 7; - . run("clear results’):
e - Log #8 zurisg|label="you: TESLT | USErTest raurag
._z{ (5, ailk ¥ *¢ Eoring|value= Some mssful Bints.,. . oo ucald Ly
EElass s i = : wisibility='MZzsass | hints s
T e ey a = customFunction(3); // call the funccion #8 Ehring|iabel—"Analyst mes, S =
15e T desoription="Your nmm=") analyntRame il
- '{t(" i t Fivel”); Vet ) Ay #f strisg ohoicee={"a". "B}, fapcrap | Wt B
AR O T I/ ersate arrays 3 etyle="radicBcttosforizontal’) ROT L x| B | it
i  rendrrar i) P e #& string labal="Exp. Gramn’. _ function soives several issues,
‘ print("Byal"); R exd 3 O)p g hnirea—{ “Mutant®, *Oontzul®]. iz e [ m separats functiors.
!/ arrays can also hold strings style="liz="} axpazoug P ., . Dun'trepeat yourself (DRY)
- s " " ow . " 8 = (lobal-"%ati=s 17) =l e =1 W
Iterative programming { loop) animals = nowhrray({'Dog",;"Cat',"Hcuse"}j s ::?";T:lmr_:a:m :_3 S s T Wl'twwm‘;.s"n:u:vlﬁmm
(1} ) ..‘? I} access dindividual array elaments F=18 Biz=d, max=10%, style="slide:"| £2 pat — mmlmaml
For(i=10; i< 3; i) { g || e B 2 i e e L [ e | Program 3 loop or custom function
L print("i iz " 4+ i)z e i:: FOTBY the Firet element has fadex 0f . o :g :.itiug:r:ngn:| inm I r— instead. Maintenance is easier then,
(1 outpur arrays -—'_,. = ile|atyle="szve" | outpu e Keap it short and cimple (KISS)
Array.print H e #i Pile(mtyle="directory’) imeageFolder =
‘ 12 ay.osintiv) : e e e develop code 50 that others canread,
If craate an empty array of given size #i Boolann(label="thow Frecime?” | previsw orel R Wersiond ard maimole it
Iterative programming | loop) v = newhrrey|3); . Verlable and function names
Array.prinl(vi; & nmmrwmmm
: s fverb + object). 2. analyzelmage])
while {eondition) { 1" Kine Vs * nama variables after what they contain,
[/ do sth at each locp iteration e r concat (v, animala); 2.6 At versus “area’)
// wntil condition fs false 5 i & Imagel | Fil pluging hittpec) fimaged met/ CategaryPluging. .
I{ determine aize of an array SN paromeier volues ot the begiming
¥ Forum Tttpifffarum imagel.net/ of the script, do nothave to search
numberDfElemsnts = lengthof(w)y 50 you Ve
L] Macro cade auts formatter g ishasutitier ceg/ for them ance you want to change them

¥ @haesleinhuepf
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Example code for this course

e https://github.com/BiAPolL/CCl Gothenburg Image) Macro Course 2021

= O *
O CCl_Gothenburg_lmage) Macro_ X + °
« 3> C & github.com/BiAPol/CCl_Gothenburg_Imagel_Macro_Course_2021/tree/main/day1/code w o
O Search or jump to... Pull requests Issues Marketplace Explore
H BiAPol / CCl_Gothenburg_Image)_Macro_Course_2021 ' Public @Unwatch + 1 Yrstar 0 % Fork 0
<> Code (%) Issues 1 Pull requests (®) Actions [0 Projects 0d wiki @ Security |~ Insights
¥ main ~  CCl_Gothenburg_lmagel_Macro_Course_2021/ day1 / code / Go to file Add file ~
0 haesleinhuepf initial version 498498 2 minutes ago %) History
[ first_exampleijm initial version 2 minutes ago
M good_comments.ijm initial version 2 minutes ago
B image_statistics.ijm initial version 2 minutes ago
B overlays.ijm initial version 2 minutes ago
[ read_image_properties.ijm initial version 2 minutes ago
[B regions_of_interest.ijm initial version 2 minutes ago
[ roimanger_overlays.ijm initial version 2 minutes ago

Y @haesleinhuepf Virtually at CCl Gothenburg, October 2021 6



How to eat a banana the computational way  using Image) ma PolL

Physics of Life ¢ - [

TU Dresden
2| bananalD0E.tif
| banana000g.tif folder = "C:/structure/teaching/lecture_applied bioimage_an
" filelist = getFilelist(folder);
2| bananalD10.tif

s

banana0011.tif for (i = @; i < lengthof(filelist); i++) {
| banana0012.tif /4 get the nth entry from the filelist array
file = filelist[i];
if (endswWith(file, ".tif"™)) {
A open the image
 Remove shell e Access folder open(folder + file);

* Repeat until nothing left: * Repeat for all images: // segment the object in the image
setAutoThreshold("Default dark™);
setOption("BlackBackground™, true);

. . run("Convert to Mask™);
e Take a bite * Open an image file ~un("Fill Holes");
// measure the position of this one single object
. run("Set Measurements...", “"centroid redirect=None
e Chew e Segment the banana slic ~un("Create Selection”):
run{ "Measure™);
setResult("Slice™, nResults() - 1, 1i);

* Swallow * Analyse It / // close the image
close();

1
J
1
J

* Digest * Save measurements
A save the positions as C5V to disc
result filename = “Position.csw™
) savels("Results", folder + result_filename);
W @haesleinhuepf Virtually at CCI Gothenburg, October 2021 | ,35¢ data source: Nasreddin Abolmaali, Robert Haase, TU Dresdeh
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Variables PolL

Physics of Life ¢ 4/
TU Dresden e

e Variables hold values and can be connected using operators

// initialise program
a = 1; ® - @& Log
b= 2.5;

3.5

// run complicated algorithm
final result = a + b;

// print the result
print ( final result );

variables.ijm

Y @haesleinhuepf Virtually at CCl Gothenburg, October 2021



Mathematical operations

 Math commands supplement operators to be able to implement any form of calculations

Command | Descripton | rample______

pow(x, y)
sqrt(x)
abs(x)
round(x)
sin(x)
cos(x)

tan(x)

¥ @haesleinhuepf

x to the power of y a=pow(3,2);
square root of x a =sqrt(81);
absolute value of x a = abs(-9);
rounding of x a = round(9.4);
sinus of x given in radians b = sin(PI);
cosinus of x given in radians b = cos(Pl);
tangens of x given in radians b = tan(Pl);

Virtually at CCl Gothenburg, October 2021
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// Comments

PolL

m  TU Dresden

Comments should contain additional information such as

¢ User dOCU mentathn ;; This program sums up two numbers.
//
* What does the program do? [ Jraaes
* Run 1t i1n FIJI (www.fiji.sc)
* How can this program be used? % Author: Robert Haase, MPI CBG,
. . . // rhaase@mpi-cbg.de
* Your name / institute in case a // July 2016
reader has a question [/ periatiee progtan
b =2.5;
* Comment why things are done. 1) eon complioated ataoricin
final_result = a + b;

* Do not comment what is written in

the code already!

Y @haesleinhuepf

O IEENEN Bl aadl o
7 b}_\_ LT 1T C I S S A R Y @ R 1

print ( final result

good_comments.ijm

Virtually at CCl Gothenburg, October 2021
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Learning by doing!

Y @haesleinhuepf

Virtually at CCl Gothenburg, October 2021
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/* Comments and markdown */

* Write your own Image)
macro notebooks!

* Use:

/%

# Headlines

* Bullet points

[Links] (http://fiji.sc)

*/

Installation

* https://github.com/haesleinhuepf/imagejmacromarkdown

[0° (Fiji 1s Just)

Imagel

File Edit Image Process Analyze Plugins Window
B olclol A4l Al |o)F] w|R|=|i]o|e] oA~

- O X
Help SCF SpimCat

IContinous webcam acquisition

Click here to search

PolL

TU Dresden

Physics of Life o -

|5 *New_
File Edit

Am

Lﬂmllemplates Run Tools Tabs Options

1
¥ *New.

) BeanShell

O Clojure
) Groovy
O W1 Macro

D

goro

® |J1 Macro Markdown
O Java

O JavaScript

O Python

OR

O Ruby

*Ogcala

) None

rigbles means giving them a value after the equal sign.
ch has to end basically every line:

pllows us te print out variables

15 |p

17

21 |c
22 |p

rint(a);

%

12 You can use variables to do basic math:
19 ¥/

=a + b;
rint(c);

Run | Batch | Kill |Dpersistent

Y @haesleinhuepf

Started New .ijm at Wed Apr 15 18:50:02 CEST 2020 [Z]
[0 Leg — O x
File Edit Font
3
g
4| [v]

— O X
@ temp_1586969403753 html X +

C @ File | C/Users/rober/AppData/Local/Temp... ¥t a :
Variables in ImageJ macro

Definition of numeric variables means giving them a value after the equal
sign. Also note semicolon which has to end basically every line:

The print () function allows us to print out variables

print (a);

> 3

You can use variables to do basic math:

c =a + b;
print (c);

Virtually at CCl Gothenburg, October 2021
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Image) Macro Markdown installation

* Available via the IMMD update site

[0° (Fiji Is Just) Imagel

File Edit Image Process Analyze Plugins WindowSpimCat

Bojc|ol A«

++y
++

Ny

indow Position

¥ @haesleinhuepf

- O X
ImageJ Website_ $| ‘ | =
ImageJ News.__.
Documentation...
Installation. ..
Mailing List..

Dev. Resources. .
Plugins...
Macros...
Macro Functions._.

Examples 4

Update ImageJ. ..

Refresh Menus

About Plugins 4
About ImageJ....

Report a Bug
Help on Menu tem
Switch to Modern Mode

Update. ..

Upload Sample Image....

()
-

<O ©

PolL

Physics of Life o o
TU Dresden °

@I Image) Updater

™ i

£ Manage update sites

A,.|_ Name | URL Host Directory on Hos
[_]|Fuzzy logic and artificial n.._ |hitps //sites imagej net/Astartes91/ -
|| [Fuzzy Set https //sites imagej net’Rerger/

L||GDSC hitps://sites.imagej.net/GDSC/

[ ]IGDSC-SMLM hitps://sites.imagej.net/GDSC-SMLIW/

[ ||GDSC-SMLM2 |https /isites imagej net/GDSC-SMLM2/

Ll |Hadim \hitps:/sites imagej.net/Hadim/

|L||HDF5 hitps://sites.imagej.netRonneber/

[]|HistoJ hitps://sites.imagej.netPathomation/ -
[_||Hohlbein Lab |https /isites imagej.netHohlbeinLab/ =
L]|lamMm hitps //sites imagej.netlamMm/ '
¥| IBMP-CNRS hitps:/sites.imagel.net/Mutterer/

|_||IJ-OpenCV-plugins hitps.//sites.imagej.netlJ-OpenCV/

v :llsites.imagej.netlJMMD/

v lJPB-plugins hitps:/Isites imagej.netlJPB-plugins/

|| |ilastik hitps://sites imagej.netllastik/

|_||ImageJ Latex hitps.//sites.imagej.net/Yul.liuyu/

[_||lmageJ-ITK hitps//sites imagej.netimageJ-ITK/

L|ImageJ-MATLAB |htips /isites imagej. net/MATLAB/

v|ImageScience hitps //sites.imagej.netimageScience/

|_||ImagingBook \https:/isites.imagej.netimagingBook/

[_|/imagingBookEn1 hitps./isites.imagej.netimagingBookEn1/

[_]|{ImagingBookEn2 |https /isites imagej.netimagingBookEn2/

[]l|lmagingBookEn3 hitps://sites.imagej.netimagingBookEn3/ —
[ 1lirn i AnnkDia? httrne-floitac i i natllmaninaBlan kDo 2d bk
| Add my site H Add update site ' Remove || Update URLs H Close I

| Manage update sites | Apply changes | Advanced mode

Virtually at CCl Gothenburg, October 2021
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Learning by doing

Y @haesleinhuepf

Virtually at CCl Gothenburg, October 2021
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Strings PolL

TU Dresden

* Texts are called “strings” in the world of programming

* They represent a chain of characters

// initialise program
firstname = "Robert"; ® ® ® Log
lastname = "Haase'";

Hello Robert Haase!
// run complicated algorithm
name = firstname + " " 4+ lastname;

print ("Hello " + name + "!");

string_variables.ijm

Y @haesleinhuepf Virtually at CCl Gothenburg, October 2021
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Code highlights PoL

Physics of Life o 4
TU Dresden e

e Colours help us to read and understand what we see:
 comments / documentation
e commands / action
* values (humbers, vectors, texts)

* If something is wrong with the colour, likely something is wrong with the program.

= 5: O Macro Error

1la ]
Zib; = 9

3 )" expected in line 9.
4 sum = a + b;

5 ratio = a / b;
6 ; -

7 print("The sum is + sum); ] & Show "Debug” Window
8 print("The ratio is " + ratio);
9

10

<print> ( "The ratio is " + ratio )

OK

code_highlights.ijm

Y @haesleinhuepf Virtually at CCl Gothenburg, October 2021 17



Learning by doing!

Y @haesleinhuepf

Virtually at CCl Gothenburg, October 2021
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Learning by doing!

i Fiji Is Just) Image)
File Edit Image Process Analyze Plugins Window Help SCF SpimCat

OJ@ c|o]~

++y
++,

A

= O

:Fk'|>>

Command finished: script:New__ijm

Click here to search

[_4__,»] *New_.ijm

I~
-l

ooooan

¥ @haesleinhuepf

Virtually at CCl Gothenburg, October 2021

- m] X
File Edit Language Templates Run Tools Tabs Options

[ *New_ijm
. // define variables| B Mg — O
N - B File Edit Font
2@ =75; I =
slb = 73 " =
s// calculate the sum
6Cc = a+b; =
7print(c); < [
10
R..,.IBa,c..] ..... K ”I\Dpemstem .......................................................................................... s..owgm,,slaearl.l

Started New_.ijm at Thu Apr 16 11:14:50 CEST 2020 m

PolL

Physics of Life o —~4

TU Dresden
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Learning by d

‘r-’Fx\ nage)

\Flle Edlt Image Process Anaer Pluglns Window Help SCF SplmCat

oing!

‘Command finished: script:New_.ijm

i Log — O
File Edit Font

Robert;Haase

RobertHaase
Robert Haase

<

[g»] *New_.ijm (Running) - a 2
File Edit Language Templates Run Tools Tabs Options
[: [ *New_ijm
= | :firstname = "Robert"; kol
= | =zlastname = "Haase";
= 7
= || :name = firstname + " " + lastname;
~1 | B
= Il eprint(name);
: Run | Batch I Kill l[]persment Show Errors I Clear | > l
Started New .ijm at Thu Apr 16 11:18:51 CEST 2020 J

¥ @haesleinhuepf

Virtually at CCl Gothenburg, October 2021
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Learning by doing! PoL

TU Dresden

[ (Fiji l= Just) Image) =3 O
‘File Edit Image Process Analyze Plugins Window Help SCF SpimCat
gj@clol -« | 2lw[o|A]=

pommand finished: script:New__ijm Click here to search

++y
++,

|£] *New_ijm = O X
File Edit Language Templates Run Tools Tabs Options

;[*mujm

[ Log == O
5 prin Flle| Edit Font
G e printCiClear');
print("\Wpdate:[text]"); Empty the log window.
print{"\\Update[n]:[text]");
5@ |print(string): Robert Haase

: b |Array.print(array); 01 =1
& Ext.CLIJx_print(image input); 4] v
run("Print..");

»

.

D

Robert;Haase

RobertHaase

Dnnnnmj

©
=
[«]

< [»].:

-

i

Run I Batch I Kill |[:|persistent Show Errors | Clear ] > |

E Started New .ijm at Thu Apr 16 11:20:08 CEST 2020

¥ @haesleinhuepf Virtually at CCl Gothenburg, October 2021
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Biopolis Dresden

Imaging Platform Bio-image Physics of Life ®

Analysis TU Dresden

ee” DRESDEN

Image) macro programming:
Recording macros & working with images

Robert Haase

With material from
Benoit Lombardot, Scientific Computing Facility, MPI CBG

Virtually at CCl Gothenburg, October 2021
Y @haesleinhuepf

0 CENTER FOR
BIA POL = SYSTEMS BIOLOGY
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Macro Recording

Y @haesleinhuepf

Virtually at CCl Gothenburg, October 2021
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Macro recording

PolL

TU Dresden

 Editing recorded macros needs to be trained. It’s 80% reading and 20% writing

Hints:

* Put comments first. Try to understand what was recorded and why.
* Doitin tiny steps. As soon as you have a working workflow consisting of 4-5 steps, create a macro.
e Collect macros. When you do something new, do cherry picking from the old macros.

Physics of Life o —~4

L}
—

ol

|£] *Macro.ijm.ijm - O >

File Edit Language Templates Run Tools Tabs Options

*Macro.ijm.ijm

1 run({"Blobs (25K)");
2 run("Gaussian Blur...", "sigma=3");
3 [setAutoThreshold("Default dark™);
4 fArun("Threshold. .. ");
5 setfutoThreshold("Default™);

& //setThreshold(122, 255);
7 setOption("BlackBackground™, true);

g run("Convert to Mask™);

9 run("Close™);
10 run("Set Measurements..."”, "area bounding redirect=None decimal=3");
11 run("&nalyze Particles...”, " ");
12 run(“Measure™);
13 run("&nalyze Particles...", "display™);
14 close();
15

[ »

L T e e T L T P P e L e e e

Run | Batch | Kill ‘D persistent Show Errors | Clear | | 4 ‘

It
—

ek

| £ *Macro.ijm.ijm - O *

File Edit Language Templates Run Tools Tabs Options

*Macro.ijm.ijm

L run{"Blebs (25K)");

2

| »

3 /S preprocessing

4 run{"Gaussian Blur...", "sigma=3");

5

& |// segment objects

7 |setAutoThreshold( "Default™);

2 setOption("BlackBackground”, true);

9 |run{"Convert to Mask™);
10
11 /S analyse objects
12 run("Set Measurements..."”, “area bounding redirect=None decimal=3");
13 runi{"&nalyze Particles...", "display™);
14

e e e e P e P e T A L S e,

Run | Batch | Kill ‘Dpersistent Show Errors | Clear | | 4 ‘

“|lstarted Macro.iim.ijm at Sat Bpr 27 16:39:29 CEST 2019 |§j

¥ @haesleinhuepf
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The run() command

* The first parameter of the run command is the menu you want to call

* The following parameter contains the entries of the dialog in case the menu has one.
* Numeric values: “label=value”

* Checkboxes: “label” in case it is activated.

Calling any ImagelJ/FlJI menus

run ("Enhance Contrast...", "saturated=0.3 normalize")

File Edit Image HFile===" Analyze Plugins Window Help

. O,| (< | (‘_‘J| -~ Smooth
“Point® or multi-point (1 Sharpen

Find Edges
Find Maxir

...

Enhance Contrast...

¥ @haesleinhuepf

Ctri+Shift+S |t | § |J" | & | |>> Saturated pixels: Im %
® Normalize

I~ Equalize histogram

OK | Cancell Helpl

Virtually at CCl Gothenburg, October 2021
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Working with image files

* Open and close commands allow handling image files.

// initialise program
imageFilename = ”/Users/rhaase/images/blobs.gif";

open ( imageFilename ) ;

// process the image

/]

close () ;

Built-in command Description Parameters

open(filename); open an image filename of the image

Y @haesleinhuepf close(); close current image

""""" 2l & V2

PolL

Physics of Life o —~4

TU Dresden
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Working with image files

* Firstly, lets read image properties

// read image properties
width = getWidth () ;
height = getHeight () ;

getPixelSize (unit,

¥ @haesle

pixelWidth, pixelHeight) ;

[ NON ) Log

The image is 256 times 254 pixels wide
Each pixels has a size of 0.2 times 0.2 nmA2

read_image_properties.ijm

Built-in command Description Parameters

width = get\Width();
height = getHeight();

getPixelSize(unit, pWidth, pHeight)

getVoxelSize(vWidth, vHeight, vDepth,
unit)

return the width/height of the current
image

get size of a pixel

get size of a voxel

variables where physical unit, width
and height will be stored

variables where width, height, depth
and physical unit will be stored

S

PolL

Physics of Life o —~4

TU Dresden
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Working with image files PoL

TU Dresden

* Let’s do some pixel value statistics

// get image statistics
getStatistics (area, mean, min, max, std);

| NN Log

The grey value ranges from 8 to 248. image_statistics.ijm
It has an average of 103.2686 +- 71.0571.

getStatistics(area, mean, min, max, std)  get statistics of an image or a region in area in physical units,
the image mean average grey value,
minimum grey value,
maximum grey value,
y @haesle standard deviation of grey value

Physics of Life o —~4



Switching between windows

PolL

* If you work with several images, you may want to switch between them. Use
» getTitle() to get the headline of the current window
* selectWindow(title) to select a window to bring it to the front
* rename(new_title) to change the name of a window

Physics of Life o 4
TU Dresden e

[l blobs.gif —
266x254 ixels; a-bit (inverting LUT); G4k

Y @haesleinhuepf

| * || *Macro.ijrm.ijm —

File Edit Language Templates Run Tools Tabs Options

|_[ : l/*Ma{:ro.ijm.ijm |

Ij;§
=

1 /4 open first image

2 run("Blebs (25K)}");

3

4 /Y read title of active window agnd save it in a variable

5 blobsImage = getTitle();

7./ open another image
g run(“Bridge (174K)");

10 /4 bring the first image to the front te activate it
11 selectWindow(blobsImage);

[ »

o

Virtually at CCl Gothenburg, October 2021



Switching between windows

* Before “destroying” an image, make a duplicate!

[ blobs.gif — O
256254 pixels; 8-hit (inverting LUT); 64K

x

YW @haesleinhuepf

=)

1" Threshold >
' blobs-1.gif
256x254 pixels; 8-bit (invertir b Lty
3421 %
o i O
B IS

| Default x| |Red |

[ Dark background [ Stack histogram

[~ Dontresetrange
Auto | Apply| Reset| Set |

[ blobs.gif —
256%254 pixels; 8-hit {inverting LUT); G4k

PolL

Physics of Life
TU Dresden

' blobs-1.qgif
256x254 pixels; B-hit; 64K

' blobs-1.gif
266%254 pixels; B-bit; 64K

Virtually at CCl Gothenburg, October 2021
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Learning by doing

Y @haesleinhuepf

Virtually at CCl Gothenburg, October 2021
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Deep-learning based segmentation: StarDist PolL

Physics of Life o 4
TU Dresden e

* Better segmentation using modern computational methods (deep learning) and additional constraints

Non-Maximum-Suppression (NMS) Important:

Dense Candidate Prediction Assumes objects are star-convex

@ O W =

Star-Convex

Multiple potentially
conflicting objects

Keep object with

C = | | highest probability

Remove all with
Intersection aver Union > Threshold

T ey

| ! F__ ] Not Star-Convex
;)ihd N

—p / ll

l -

Slide adapted / courtesy of Martin Weigert, EPFL %9 @martweig E PFL
Virtually at CCl Gothenburg, October 2021 50

Threshold = 0.2 Threshold = 0.5

Y @haesleinhuepf



Deep-learning based segmentation: StarDist

* Deep-learning based image segmentation

[ blobs.gif
266x254 pixels; 8-hit G4k

|£| StarDist 2D

=)

YW @haesleinhuepf

Allows fine-
tuning ROI
selection

Wt
Object Detection with Star-convex Shapes _,;553)“

https:/fimagej.net/StarDist

[¥]

Please cite cur paper if StarDist was helpful for your research. Thanks!

Neural Network Prediction

Model |Versat\|e (fluorescent nuclei) |v|

Normalize Image

Choose a model

| that fits your data!

FAERT LT o 25.0 50.0 75.0 100.0 1H
FHEELEIN gy 250 50.0 75.0 100.0 QQ.E I
~
N

NMS Postprocessing
: . ]
Probability/ Score Threshold §
0.00 020 040 060 080 1.00 | 05

—
1k

Overlap Threshold
0.20 0.40 0.60 0.80

1.00 0.45

Output Type ) ROlIManager ' Label Image ® Both

Advanced Options

fodel (.zip) from File |

odel (.zip) from URL | |

Number of Tiles | 1':'

Boundary Exclusion | 2|i|

| o |

ROI Position ® Automatic ' Stack ' Hyperstack

1]

Must be set as
during training
phase

PolL

Physics of Life o 4
TU Dresden e

I lImage (V) - O >
pixels; 16-hit, 127K

[l blobs.gif
256x254 pixels; 8-hit G4k

https://www.youtube.com/watch?v=Amn eHRGX5M

https://imagej.net/StarDigt




Demo: StarDist segmentation

Y @haesleinhuepf Virtually at CCl Gothenburg, October 2021
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Exercise: StarDist Installation

* Activate the “CSBDeep” and “StarDist” update sites.

[0° (Fiji Is Just) Imagel

EEESER

++y
++

Ny

File Edit Image Process Analyze Plugins WindowSpimCat

Window Position

¥ @haesleinhuepf

ImageJ Website__.
ImageJ News.__.
Documentation...
Installation. ..
Mailing List..

- O x

I I

Dev. Resources. .
Plugins...
Macros...
Macro Functions._.

Examples

Update ImageJ. ..

Refresh Menus

About Plugins
About ImageJ....

Report a Bug
Help on Menu tem
Switch to Modern Mode

Upload Sample Image....

-
-

&

PolL

TU Dresden

Physics of Life o —~4

| £: ImageJ Updater

|£] Manage update sites

X

A Mame URL Host Directory on Hos

|_[|CellTrackingChallenge hitps:iisites.image].netlUiman/ -

L llcIP hitps:isites.image].net/CIP/

[_l|CircleSkinner hitps:iisites.image].net/CircleSkinner/

w]|clij hitps:isites.image].neticlijyf webdavHaesleinhu...

w]|clij2 hitps:isites.image].neticlij2/ webdavHaesleinhu... 1

v]|clijx-assistant hitps:i'sites.image].neticlip-assistant/ webdavHaesleinhu... T

lv]|clijx-assistant-extensions |https:i/sites.imaagej.neticlij-assistant-extensions/ |

L l|Clearvolume hitps:iisites.image].net/Clearvolume/

[ l|CMCI-EMBL hitps:ii'sites.image].netMiural

[ l|CMP-BIA tools hitps:iisites.image].net/tCMP-BIA

[_||CMTK Registration hitps:/isites.imagej.netiJefferis/

|_||Colocalization by Cross ... |hitps:isites.imagej.netidmccalli

|_||Colour Deconvolution2 hitps:/isites.imagej.net/ColourDeconvolution2/

| ||Cookbook hitps:/isites.imagej.net/Cookbook/

v ||CSBDeep hitps.iisites.imagej.nettCSBDeep/

[_||CSIM Laboratory hitps:/isites.imagej.netidcsenrafilhol

[ ||CWNS dense nuclei seg... [hitps:isites.imagej.netiCWNS/
Meann™lacAQin nloaine hHtne-licitne imannt netibdinae !

]| IT I LS TILLR 2L SIS ST S TSV YLD

[_||Spindle3D hitps:iisites.image].net/Spindle3D/ =

v || StarDist hitps:isites.image].net/StarDist! .

|_||5tereoscopic 3D Projecti... |https:isites.imagej.netiJoeMapolif

[ ]|stowers hitps:iiresearch. stowers orgfimagejplugins/upda. .

[_||Stuartl_ab hitps:izites imagej. net/StuartLab/ —|
Tannn htthe-lleitac imanai natiTannand il

| Add my site || Add update site | Remove H Update URLs H Close | -

B El 1 Apply changes | | Advancedmode | | Cancel

Virtually at CCl Gothenburg, October 2021

53



Y @haesleinhuepf

BioDIP g _5

Biopolis Dresden
Imaglng Platform

9BiA PoL

Bio-image Physics of Life
Analysis TU Dresden

Break: 15 min

September 2021
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Y @haesleinhuepf

4 (my BIA. PoL

Bio-image? Physics of Life
Analysis TU Dresden

Biopolis Dresden
Imaging Platform

Image data flow graphs

Robert Haase

With materials from
Elisabeth Kugler, The University of Sheffield,
Daniela Vorkel, MPI CBG / CSBD

September 2021

CENTER FOR

SYSTEMS BIOLOGY

DRESDEN
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Image processing in life-sciences

 State-of-the-art software for more than 20 years: Imagel / Fiji

File E@t Image Frocess Anayze Plugns Window Help

BEolclol A4 AlQ o af ofmu) 7| s]a|Fleles

{Fi 15 Jurst) Imagad 2.1 011 &3c

Jawa 13.0_172 [Gd-bit] B b 1

https://imagirerl.nih.cgov/i'/ httgs://fi

Y @haesleinhuepf ally at C€l Gothenburg, October 202

l’i.sc

PolL
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TU Dresden e
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How image processing is supposed to be

* (...in my honest opinion)

File Edt Image Process Analyze Pluging Window Hel

Window i}
ool ajo /45 S Ala] | ) o] g s 8 |00 R8 5>

%=90 14 [130). y=T08 55 (1022} =36 (32) vakia=13

https://clij.github.io/

Y @haesleinhuepf Virtually at CCl Gothenburg, October 2021

GeFore RTX 2070

PolL
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GPU acceleration + code generation ) PolL

Physics of Life
TU Dresden

e After setting up the workflow, generate code!

Fie Edit Image Process Analyze Plugins Window Help
sifadls sl Ala|m] o) olesur 2] 2] 6] 2] 6 5=
Sy

..........

uuuuuuu

Special
thanks to

Elisabeth
Kugler!

Elisabeth Kugle
@KuglerElisabeth

Image data source: Elisabeth Kugler; labs of Tim Chico and Paul Armitage, The University of Sheffield
(UK)" https://zenodo.org/record/4204839#.X8DCRGj7Q2w

58
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Image Data Flow Graph design PoL

Physics of Life o5
TU Dresden

The menu order is intentional: From preprocessing to analysis

[ CLUUx Image of CalibZAPWfixed_000154_.. = O X [ Extend Labeling Via Voronei of Connected...  — g X

202.26x122.20 um (389x235), 32-bit, 357K 202.28x122.20 um (389x235), 32-bit, 357K

_ Extend Labeling Via Voronoi (CLIJ2, ijm, java, py, experimental)

Copy (CLIJ2, ijm, java, py, c++, experimental) \

‘ Suggested next steps »
Suggested next steps > |

Transform »

Filter (noise removal) L4 Binarize ’
Filter (background removal) > Label processing N
Filter % Label measurements »
Math * Label neighbor graph based measurements 4
Transform » All 4
Binarize »
Eabol > Generate script ’
All > Info 4
Genesals scipt % Duplicate and go ahead with ImageJ
Info » Documentation for Extend Labeling Via Voronoi (CLIJ2)
Dupiicate and go ahead wilh Image. Online help for Extend Labeling Via Voronoi (CLLJ2)
Documentation for Copy (CLIJ2)
Online help for Copy (CLMJ2)

https://clij.github.io/ 59

Y @haesleinhuepf Virtually at CCl Gothenburg, October 2021



PolL

Physics of Life
TU Dresden

Expert system: Suggestions

* Explore suggestions!

Threshold Otsu .. — O >
266x254 pixels; B-hit, G4k

[ Gaussian Blur2D ... — O b4
JR6x254 pixels; B-hit; G4k

Gaussian BlurZD (CLIJZ, experimental)

Suggested next steps

Filter
Math
Transform

Binarize
All

Generate script
Info

Cuplicate and go ahead with Imaged

Diocumentation for Gaussian BlurzD (CLIJZ)

Copy Slice (CLIJZ2)

Detect MaximazZD Box (CLIJZ)
Sobel (CLIJZ2)
Threshald Otsu (CLIJZ)

YW @haesleinhuepf

Threshold Otsu (CLIJZ, experimental)

Suggested next steps 4

Transform

Binary Processing
Label

All

Generate script
Info

Duplicate and go ahead with Image.d

Diocumentation for Threshold Otsu (CLIIZ)

https://clij.github.io/

Virtually at CCl Gothenburg, October 2021

Binary Edge Detection (CLIJZ)
Binary Mot (CLIJZ2)

Binary XOr (CLIJZ)

Closing Box (CLIJZ)
Connected Components Labeling Box (CLILZ)
Erode Box (CLIJZ)

Mask (CLIJZ2)

MinimumzZD Box (CLIJZ)
Opening Box (CLIIZ)
Parametric Watershed (CLI1Z)
Pull To ROIManager (CLIJZ)
Waronoi Labeling (CLIJZ)
Woronoi Octagon (CLIJZ)

60
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FIjI searc

* In Fijis search bar result, there is a new category: CLIJx-assistant which offers IDFG operations

¥ @haesleinhuepf

h bar

[° (Fiji Is Just) Image)

c|o|/

+
dpes

mife]

File Edit Image Process Analyze Plugins Window Help

NAIQ M A

— O X

o CAVAPACIISPE] - Rl

LUT Menu

convolve

['" Quick Search

EaCammws
_é Convolve (3D) /Plugins/Process/Convolve (3D)
¢ Convolve an image with another image on GPU
_é Convolve on GPU /Plugins/Image] on GPU (CLIZ
i Convolve... /Process/Filters/Convolve...
¢ Deconvolve (Richardson-Lucy) on GPU / Plugins
¢ Fuse/Deconvolve Dataset /Plugins/Multiview Re

[Jops

[[] script templates

[] 1mage3 wiki

[]Chss

V] ain-assistant
Deconvolve Richardson Lucy FFT(CLIJx, ijm, jav
Convolve FFT(CLIx, ijm, java)
Richardson Lucy Deconvolution{ImageJ2, ijm)
Convolve(CL132, ijm, java, py)

[:] Image.sc Forum

Convolve(CLIJ2, ijm, java, py)

Convolve the image with a given kernel image.

It is recommended that the kernel image has an odd size in X, Y
and Z.

clEsperanto compatibilty

ijm, java, py

available_for

2D, 3D

jar

jar:file:/C:/programs/FIJI-W~1/Fiji.app/plugins/clij2 -2.2.0.11.
jar

parameters

Image source, Image convolution kernel, ByRef Image destination

class

class net.haesleinhuepf.clij2.plugins.Convolve

| Run convolve

Virtually at CCl Gothenburg, October 2021
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Generate macros

* Generate scripts in multiple languages from a given Image Data Flow Graph

Y @haesleinhuepf

R (Fui = Just) Image! 5
| File Edit Image Process Analyze Plugins Window Help SpimCat

[&] newrtijm - O

| Eile Edit Language Templates Run Teols Tabs Options

| . = |
ol o|sal s ala|o|F ofs ] 7|4 s |07 o fF F|= 3| [eeiam |
| =91, y=218, valup=1 Click hera to ; -
ER blobstd = ] % ‘
| 256354 pirels; B-hit (nverting LUT); G4 s 77 Init Geu
| f run("CLIJ2 Macro Extensions", ®cl_device=");
& /Y Lead imoge from disc
pen("C: /' ture/data/New folder/blobs.tif™);
magel - getTitle(};
«C.CLII2_pushiimagel);
A Gaussian BlurlD
| | sigmaX = 2;
[ Gaus [} £ [ Ga B Y 13 sigmay = 2;
. 4 12 Ext.CLIJ2 gaussianBlurlD|imzgel, image2, sigmaX, sigma¥);
 256x254 7 Ext.CLI]2 release(imagel);
sigmax [2.00 =| <] =] =
L J J — —! 13 Ext.CLIJ2_pull{image2);
sigmay  |2.00 == ;! j ==I r> sobel.
Ext.CLIJ2_sobel{imag=2, imageld);
M Donel 24 Ewt.CLIIZ_pull{image3);
26 \f/ Creater
R AT 27 Evt.CLIJ2_greater|image3, image2, imagea);
Human readable protocol 23 Ext.CLII2_release(image3);
#t.CLIJ2 release|image);
loy JavaSeript 30
Iy Protocal 3L Ext.CLII2_pull{imaged);
Matlab 3 Ext.CLIJ2 release(imaged);
FIjl Groowy '
Fiji JavaScript
FIjl Jytnan
ImagaJ Macro Markaown
Export worflow &s aroowy (for re-loading)
CLJx ! Fiji plugin (Java)
Suggested next steps »|  CLLIPy Fython
e ; CluPath Groovy
ransform
_ . clEsperanto dic
Dsiany: Erot =50 clEsperanio ImageJ Macro
clEsperanio Fython
|Esp Python Jupyter Moteboak
clEsperanio Python + Mapar (|
: Run | Batch I [ persistent Show Errors | Clear | >

Virtually at CCl Gothenburg, October 2021
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CLIJ2: What every Image) Macro script must have

¥ @haesleinhuepf

Virtually at CCl Gothenburg, October 2021

PolL

Physics of Life o
TU Dresden

[ Celi_Colony.jpg

- a X
4062408 pixels, B-bil, 162K
v L F X3 S .
.  » PR .
. X 2 s"l s st g ‘.“.’,
i SR e Y -1.',0‘
- . » S ’ - o
" '.,.1.. (% ....' St
AR, w21l g A
D A B . L Y
- L 4 0 = RS 2
} s PRV s SR Peis s 4
e e, R S O e S
g % T bt ™ O lg
‘s A L PR ,t'.' L)
‘.>' .'e .:..:._u o 8" .‘.:_.0‘:,“,:\
% .l N ¢ »
[ s, MR TS O e
ek " - 1 3 y
T o egde el Sl
PRl S R A D
. b0 SR e b 51 nAe 3' F ,g‘
. e R e v .is_' ,‘.'31...,". g ""
..3&_'_‘.,.~.. 3 B IR
- . . » oy g (] .
0 & .’".-‘v"'-*‘"\'& %% <8 :\a' )

[ CLI2 gaussianSIur2D result!
4083408 pixels; B-hit, 162K
&
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CLIJ2 macro editing

* Use the integrated online help!

W (Fij b5 Just) Imagel = =]
File Edit Image Process Analyze Plugins Window Help SCF  SpimCat

B ola|o| A4z A o 0] wwlwm]®]=5Lole0
iTop Clickhere to search
Rl £ 1 Iél Macre.jm.jm
| a n_blur-18., — 1 s - : =
| I o S ) = 8 File Edit Language Templates Run Tools Tabs Oplions
LBl B it | (“maciomim |
[ raper 1 run("Blobs (25K)™);:
=3 macio z 3
] croissart 4 /.'/ gaus;\'an.klur )
I macro 5 imagel = "blcbs.gif™;

[ imagej_macro_course i

J code

% 25REIA4 picels;
L

=] macio 2 run{™CLIJZ Macro Extensions™, "cl_device=[GeForce RTX 2868 SUPER]™);

G Ext.CLIJ push{imsgel};
7 image2 = “gauszzian_blur-18710418687;
i 2 sigma_x = 18.8;
[ macro 5 sigma_y = 10.8;
i 10 Ext.CLIJ2 gaussianBlur2D(imagel, image2, sigma_x, sigma_y);
Fxwt. CLIT_pull(image2):

b | e

Run | Batch | Kill | [C] persistent

Show Errors | Clear | >

PolL

Physics of Life o 4
TU Dresden e

>00gle

k & ®

| L7 . CLHZ docume... Image.sc Forum

Y @haesleinhuepf

L} 0 O

Gmail Images 3%k 9

(=

GMX

/# Customize

Virtually at CCl Gothenburg, October 2021
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Demo: Segment blobs.gif

* Design a workflow for segmenting blobs.gif (File > Open Samples...)

« Export the workflow as ImageJ Macro script for and Fiji Jython.

YW @haesleinhuepf

I : x
File Edit Image Frocess Analyze Pluging Window Help SpimCat

00| @ |o| A £/ N AlQ| M M| o5 |ur| 7] 2] 6|07 O 5| =] |>

¥=5, y=207, value=100

2564254 givnls, S-bil (rwerting LUT), 64 J;Biﬂs; .| ST
5254 jils B bt

sigma 115.0 L._".._:J‘L

sigmay [16.0 <<|!= ,| =3

21 Refresh| Done

| [ Copy (CLU2) =

2EGK2E4 phaals; B-hit B4k
L

- il L L
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Demo: Segment blobs.gif

Y @haesleinhuepf
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Online documentation: tutorials PolL

Physics of Life o 4

@
TU Dresden
| ® x @ + - 48
c . 9
| o " % [k -8
CLYJ2 (alpha Multiply vectors and matrices c o cign . )
| ey — = = @ release) |
€ =C a b v @ | CLIj2 (alpha CLIJ2 basics
Superpixel segmentation e the v ; | release)
CLIj2 (alpha pe- Bt bsase Aprt 2000 == 1 -
release) 2 Initialize GPU ~
r ‘, 132 Macre Extersion *c1_device=[gfx 001" o x4 = S How to start
i L 2 '
Drosophila embryo cell counting Gibe S e
Labelling
£ i
] e 1
o
.; Pprabdly? apal wnd Rt " ! 0. Clean up at the beginning
Jear
e Neig
=0 . =g % o - o
3 f \ 2 iected components : 2
Determine neighborhood relationships ) ) A kiRl ek et ) . .
g 3 Working with ROIs L 11C st L ha Binary image operations
rereasey - Snlilois fazacir i ea Vi .
-~

between segmented objects atry
Smoothing between neighbors
w

https://clij.github.io/ 67
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Online documentation: Cheat sheets

Cheat sheets show the most important methods with input and output parameters visually.

PolL

Physics of Life o — [
TU Dresden

ol CLI2 cheat sheet: Imagel macro |

= GPU-accelerated image processing |n Fiji

ols) CLU2 cheat sheet: Imagel macro

= GPU-accelerated image processing in Fiji

[ @S

CLU2 cheat sheet: Image) macro Il =) e o

Bl @& (s =

GPU-accelerated image processing in Fiji

CLU2 cheat sheet: Imagel macro Il

GPU-accelerated image processing in Fiji

Gaussian

blur ED
Difference 2D
of Gaussian 3D
2D

Invert
aD
20

_ Laplace

https://clij.github.io/clij2-docs 9 @ha SD
2D

i el ;
o : Operation Parameters mm Examples
i 20| [

Ext . CLIJZ gau==ianBlurdD(input, result, =igmai, =igma¥];

Ext.CLIJZ differsncelfGaussianil (input, re=ult,

sigmaly, :igm.'l.ﬂ:u:, =igmaly] ;

Ext CLIJZ inwvert{inpot, r==uolt);
Ext.ZLIJZ laplac=Eox (input,

result] ;

Ext . CLIJZ meandDBoxiimput, r==sult, radio=X, radia=Y];

=igmalx,

Tan. o=t Toechisgheigebn s (houch rsrin, couns_scsroch

Bxct. CLIdE pushR=sultaTable {image_nanci ;

I ul gg LIS paskiieray | ange, sam arzay) widsh, Balghe dageils

] aibniacis

= Install CLLIZ by ectivating the "chy” and "chil” update skes in Fii.

o GFU [CLUZ)  Commands Bszed 85 "CLUK ire experimental shoukl e

care. They mey change ar disappear at any point. To
ol or CLi

bes 9l @haesleinhuepf icl]  cheat sheet 2020-04-20

https://clij.github.io/clij2-docs/CLIJ2-cheatsheet V3.pdf

Y @haesleinhuepf
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Last but not least: citability

PolL

TU Dresden

 If you work with CLIJ and friends, please cite the paper(s). It’ll be hard to apply for grants otherwise.

nature > nature methods > correspondence > article

nature methods

Correspondence | Published: 18 November

CLI1J: GPU-accelerate
for everyone

Robert Haase &, Loic A. Royer &, Peter Stei
Dibrov, Uwe Schmidt, Martin Weigert, Nicol
Eugene W. Myers

Nature Methods 17, 5—-6(2020) | Cite this ar

Cornell University

arXiv.org > cs > arXiv:2008.11799

Computer Science > Mathematical Software

[Submitted on 26 Aug 2020}

GPU-accelerating ImageJ Macro ima
Daniela Vorkel, Robert Haase

This chapter introduces GPU-accelerated image processing in |
Core concepts such as variables, for-loops, and functions are e
workflows. We present in a step-by-step tutorial how to translate

Subjects: Mathematical Software (cs.MS); Distributed, Parallel, and Cluste
arXiv:2008.11799 [cs.MS]
(or arXiv:2008.11799v1 [es.MS] for this version)

Cite as:

Submission history

From: Robert Haase [view email]
[v1] Wed, 26 Aug 2020 20:38:31 UTC (2,079 KB)

Y @haesleinhuepf

Physics of Life ¢ - [

Cold o ™Y HOME | ABOUT
Spring
= bio Rx A4
Laboratory
Search
THE PREPRINT SERVER FOR BIOLOGY
New Results

Interactive design of GPU-accelerated Image Data Flow Graphs and cross-

platform deployment using multi-lingual code generation
Robert Haase, Daniela Vorkel,
=) Theresa Suckert,
Eugene W. Myers

doi: https://doi.org/10.1101/2020.11.19.386565

Akanksha Jain, "2 Stéphane Rigaud,
Talley J. Lambert, © Juan Nunez-Iglesias,

Pradeep Rajasekhar,
Daniel P. Poole, "' Pavel Tomancak,

This article is a preprint and has not been certified by peer review [what does this mean?].

Abstract | Full Text Info/History Metrics (3 Preview PDF

¢ Comments (1)

https://clij.github.io/ 69
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Exercise: basic math with

 Calculate the distance of two points!

// initialise program

xl = 3;
vyl = 5;
X2 = 7;
y2 = 8;

// run complicated algorithm

d = sgrt(pow(xl - x2, 2) +
pow(yl - y2, 2));

print ("The distance is " + d);

exercise_math.ijm

Y @haesleinhuepf

variables

PolL

TU Dresden

Physics of Life o -

Virtually at CCl Gothenburg, October 2021

Optional Exercise: Write a
function doing this! Hint:

function distance(xl, y1, %2, y2) {

¥

A = L a2

71



Optional exercise: Type conversion PoL

Physics of Life o .
TU Dresden e

* Play with the macro language. Try things like the following and observe what’s happening.

// initialise program
a = "l",’
b = 2;

// do some calculations
print(a + b);
print (b + a);

// initialise program
a = vvlvv;
b = 2;

// do some calculations
print (0 + a + b);
print("" + b + a);

Y @haesleinhuepf

// initialise program
a = HlH;
b = 2;

// do some calculations
print(a / b);
print(b / a);

// initialise program
a = vvlvv,.
b = 2;

// do some calculations
print(a / b);
print(b / a);

Virtually at CCl Gothenburg, October 2021



Exercise: Segmentation ) PoL

Physics of Life
TU Dresden

* Download and install Fiji
* http://fiji.sc/Downloads

 Download the BBBCOO1 dataset (TIF), unzip it and count nuclei in the first image file _
* https://bbbc.broadinstitute.org/BBBCO01 & ammecm o x task! You will need
e AS 09125 050118150001 A03f00d0.tif |jes— | it tomorrow ;-)

e Hints:

e Use automatic thresholding and
the Watershed algorithm S

e Summarize your measurement in the
Particle Analyzer ' )

e Select “Show: Count Masks”

e Use the “Glasbey on dark”
lookup table / color map

Record and curate
a macro for this

Clipboard (50%)

910x911 pixels; 8-bit; 810K
» - i

* Enter your count here: https://docs.google.com/{ & summary o - O X
23So0ro5XZ3y1kJHpvaTaalfdn2C7G3WX0qddD-78 Fie Edit Font

e Beg gOOd scientist: Don’t cheat! ’._) slice |C|:|unt |T|:|tal Area |Average oize |%Area |Circ:. |S|:|Iidit3f |
Clipboard 354 120026 304 635 14475 0860 0926

1

YW @haesleinhuepf Virtually at CCl Gothenburg, October 2021



Exercise: StarDist Installation

* Activate the “CSBDeep” and “StarDist” update sites.

[0° (Fiji Is Just) Imagel

EEESER

++y
++

Ny

File Edit Image Process Analyze Plugins WindowSpimCat

Window Position

¥ @haesleinhuepf

ImageJ Website__.
ImageJ News.__.
Documentation...
Installation. ..
Mailing List..

- O x

I I

Dev. Resources. .
Plugins...
Macros...
Macro Functions._.

Examples

Update ImageJ. ..

Refresh Menus

About Plugins
About ImageJ....

Report a Bug
Help on Menu tem
Switch to Modern Mode

Upload Sample Image....

-
-

&

PolL

TU Dresden

Physics of Life o —~4

| £: ImageJ Updater

|£] Manage update sites

X

A Mame URL Host Directory on Hos

|_[|CellTrackingChallenge hitps:iisites.image].netlUiman/ -

L llcIP hitps:isites.image].net/CIP/

[_l|CircleSkinner hitps:iisites.image].net/CircleSkinner/

w]|clij hitps:isites.image].neticlijyf webdavHaesleinhu...

w]|clij2 hitps:isites.image].neticlij2/ webdavHaesleinhu... 1

v]|clijx-assistant hitps:i'sites.image].neticlip-assistant/ webdavHaesleinhu... T

lv]|clijx-assistant-extensions |https:i/sites.imaagej.neticlij-assistant-extensions/ |

L l|Clearvolume hitps:iisites.image].net/Clearvolume/

[ l|CMCI-EMBL hitps:ii'sites.image].netMiural

[ l|CMP-BIA tools hitps:iisites.image].net/tCMP-BIA

[_||CMTK Registration hitps:/isites.imagej.netiJefferis/

|_||Colocalization by Cross ... |hitps:isites.imagej.netidmccalli

|_||Colour Deconvolution2 hitps:/isites.imagej.net/ColourDeconvolution2/

| ||Cookbook hitps:/isites.imagej.net/Cookbook/

v ||CSBDeep hitps.iisites.imagej.nettCSBDeep/

[_||CSIM Laboratory hitps:/isites.imagej.netidcsenrafilhol

[ ||CWNS dense nuclei seg... [hitps:isites.imagej.netiCWNS/
Meann™lacAQin nloaine hHtne-licitne imannt netibdinae !

]| IT I LS TILLR 2L SIS ST S TSV YLD

[_||Spindle3D hitps:iisites.image].net/Spindle3D/ =

v || StarDist hitps:isites.image].net/StarDist! .

|_||5tereoscopic 3D Projecti... |https:isites.imagej.netiJoeMapolif

[ ]|stowers hitps:iiresearch. stowers orgfimagejplugins/upda. .

[_||Stuartl_ab hitps:izites imagej. net/StuartLab/ —|
Tannn htthe-lleitac imanai natiTannand il

| Add my site || Add update site | Remove H Update URLs H Close | -

B El 1 Apply changes | | Advancedmode | | Cancel

Virtually at CCl Gothenburg, October 2021
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Exercise D) PolL

Physics of Life
TU Dresden

* Download and install Fiji
* http://fiji.sc/Downloads

 Download the BBBCOO1 dataset (TIF), unzip it and count nuclei in the first image file
* https://bbbc.broadinstitute.org/BBBC0O01 7 s 9 oo AaObens (5.~ O X
* AS_09125 050118150001 A03f00dO.tif o

e Hints:

e Use Plugins > StarDist > StarDist2D
to segment the nuclei

e Use Analyze > Set Measurements
and Analyze > Measure to determine
the maximum intensity in the label
image (= number of labels)

Record and curate
a macro for this
task! You will need
it tomorrow ;-)

Label Image (V) (73%) — O >

512x512 pixels; 16-hit; 512K
. -

e Enter your count here: https://docs.google.com/spreadsheets/d/1Ek-
23Soro5XZ3y1kJHpvaTaalf4n2C7G3WX0qddD-78/edit?usp=sharing

* Be a good scientist: Don’t cheat! ;-)

_ Image Data source: BBBC001v1 [Carpenter et al., Genome Biology, 2006] from
YW @haesleinhuepf Virtually at CCl Gothenburg, Odteb@r20Xioimage Benchmark Collection [Ljosa et al., Nature Methods, 2075




PolL

Exercise CLIJ Installation !

Physics of Life o ()
TU Dresden

 Just activate the CLIJ and CLIJ2 update sites, in menu Help > Update...
* Do not install clijx! That’s experimental stuff you’re free to try out later.

e Linux users: vou mav need to install OnenCL, e.g. apt-get install ocl-icd-devel

[0% (Fiji Is Just) Imagel

File Edit Image Process Analyze FPlugins WindowSpimCat

¥ @haesleinhuepf

- O >

& Imagel Updater — O =
+ : (& Imagel Up
0 O|G|o| |4 ][ x| images website... » | | |»
Window Position ImageJ News... |£| Manage update sites >
Documentation. .. Al Name URL Host Directory on Hos :|
i d[]|Biomat hitps:/isites.imagej.net’Biomat/ -
Installation. .. [1|Biomedgroup hitps:/isites.imagej.netBiomedgroup/
o . [ |BioVouxel hitps:/isites.imagej.netBioVoxxel!
Mallll"lg List... [_]|Blind Analysis Tools hitps:/isites.imagej.netiAstjal »
[v]|Bone hitps:/isites.imagej.net’Bonel/ =
Dev. Resources... Cl[caLm hitps:/isites.imagej.net'CALM/ =
. []|CAMDU hitps:/isites.imagej.net/CAMDLU/
Plugins... CI|cATS hitps:/isites image].neVCATS/
Macros []|CellTrackingChallenge hitps:/isites.imagej.net'lUiman/
[]|Cellular Imaging hitps:/isites.imagej.net/Cellular-imaging/
Macro Functions._. Lllcip hitps:/isites.imagej.net/CIP/
[]||CircleSkinner hitps:/isites.imagej patiCirclaSki d
Examples 4 L] cli https:/isites imagej] @ (i asssrant msalaton inser - x
L] | clij2 hitgg:/isites.imagej,
[]|clijx-assistant agej| © c & hub
Up-date lmageJ"' ; clijr-assistant-extensions i Optional: Extensions
Refresh Menus |_||Clearvialume Jisites.image],
[]|CMCI-EMBL hitps:/isites.imagej, ’ Available extensions, e.g, for Bone), Image
About Pluci , [][CHP-BlAtools hitps:/isites.imagej. CLI)x-assistant Imglib2, Morghelib and SimplerTK. plea c
out ugins [1|CMTK Registration hitps-//sites imagej. extensions” update site, Furthermore, activate these update si
[_]|Colocalization by Cross ... |hitps:isites.imagej. N
About Image.)... []|Calour Deconvolution2 https:/isites.imagej. ~ . E'(",[r‘l"g” e
Reporta Bug Jconeer monsnae Ty X
Help on Menu ltem £ | Add my site || Add updaf ‘ ° Installation in Image)
Switch to Modern Mode | Manage update sites | h. Dewnload and upack Imagej and some jar-file
cli2-image|_-2 2.0.11-jar-with-dependencies jar
Update. .. A user interface for GPU-accalerated « eka_-0.30.1.0.jar
mage processing using CLI2 ¢ '
Upload Sample Image. .. ¢ -0A.1.0jar
Viewthe f "l‘-‘-‘l on GitHub
any Please put these jar files in the plugins sub-directory of Imag

L o . 76, .
Virtually at CCl Gothenburg, October 2021 https://clij.github.io/clij2-docs/installationInFjig




Exercise ») PolL

Physics of Life
TU Dresden

* Download and install Fiji
 http://fiji.sc/Downloads
 Download the BBBCOO1 dataset (TIF), unzip it and count nuclei in the first image file

* https://bbbc.broadinstitute.org/BBBC001
e AS 09125 050118150001 _A03f00dO.tif

Generate a macro
for this task! You
will need it
tomorrow ;-)

1 CLik Image of A5 09125_050118150001_ACf00d0.EF (V) = [} X g 505 0001 _ |24
5120612 pixals; B-bit J56K 5121513 pixels; 32-bit 1MB

e Hnts: . R o I
: : - - ma [ <] <] | ]
e Use CLIJ Assistant [Right-click | —

menu] Label > Voronoi-Otsu-
Labeling to segment the nuclei

* Use Analyze > Set Measurements
and Analyze > Measure to determine
the maximum intensity in the label
image (= number of labels)

“a

e Enter your count here: https://docs.google.com/spreadsheets/d/1Ek-
23Soro5XZ3y1kJHpvaTaalf4n2C7G3WX0qddD-78/edit?usp=sharing

* Be a good scientist: Don’t cheat! ;-)

_ Image Data source: BBBC001v1 [Carpenter et al., Genome Biology, 2006] from
YW @haesleinhuepf Virtually at CCl Gothenburg, Odteb@r20Xioimage Benchmark Collection [Ljosa et al., Nature Methods, 2027




Hint: image.sc PoL

Physics of Life o 4
TU Dresden e

* In case you run into trouble: Visit image.sc and ask. They may ask within 5 hours, even Saturdays.

@ image.sc @ ImageJ saving summary table not working as expected
@ Imagel saving summary table nc X + B = X 35
H m
ImageJ saving summary _ - _
L ) C 8 forum.image.sc/t/imagej-saving-summary-table-not-working-as-expected/25172/9 ® 'a :
W Usage & Issues fiji, imagej, macro
i haesleinhuepf U Community Forun Image"l saving summary table not worklng as expeCtEd S:lzf‘: “ .renameResults("Results");
W Usage & Issues fiji, imagej, macro
D I
earal, Wayne ¢ Founder of ImageJ Apr'19 urse. &
I'm frying to save the summary of th F T
work as expected. This is a minimal g ‘ haesleinhuepf
Apr 2019
// open image However, can we change what the recorder records in this context? The current recording is
run(“Blobs (25K)"); misleading and not functional...
/{ segment h Reply
setAutoThreshold("MaxEntropy Upgrade to the current version of ImageJ (1.520) and the recorder should work as expected.
setAutoThreshold("MaxEntropy”
setOption("BlackBackground”, 11m
run(“Convert to Mask"); * Reply
already.
S/ measure
run("Set Measurements...", "a
run("Analyze Particles...", " g haesleinhuepf © Community Forum Team member Apr'19 9110
. ) Apr 2019 ("Results™); comes from the
» _ Indeed. Thanks! Apparently my Fiji was confused with updating... A freshly downloaded and updated p =
Sy S8 SRRy Fiji records Table.rename( "Summary”, “"Results”); as expacted. Sorry for the trouble %2
IJ.renameResults("Results™);
saveAs( o TEBWNEETE Thanks a lotl macro function
Apr 2019
The macro recor¢
4 Reply h a
some line that do

I LIS, // TOTUTTLITTTdEE.SC/ U TTITdEE-SdVITTE=-SUTTITTdl Y- tdUTe=1 |uE-working-as-expected/25172

Y @haesleinhuepf Virtually at CCl Gothenburg, October 2021 78



summary

Today, you learned Coming up next

* |Imagel macro * Imagel macro
e Variables * Loops and conditions
* Working with files and images * Interacting with tables
* Macro recording * Custom dialogs

Using the ROl manager
Custom functions

* Exercises:
* Macro recording and
* image segmentation

|4 blobs.gif - O *
256x254 pixels; 8-hit {inverting LUT); G4k

YW @haesleinhuepf Virtually at CCl Gothenburg, October 2021

e How to write readable code.
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Physics of Life
TU Dresden
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Y @haesleinhuepf

BioDIP

Biopolis Dresden
Imaging Platform

BiA
’ Bio-image
Analysis

H9
Fid
'Qé‘

Break: 21h

PolL

Physics of Life
TU Dresden

CENTER FOR
SYSTEMS BIOLOGY
DRESDEN
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Y @haesleinhuepf

BiA PoL

Bio-image Physics of Life
Analysis TU Dresden

Biopolis Dresden
Imaging Platform

lmagel) macro programming

Robert Haase

With material from
Benoit Lombardot, Scientific Computing Facility, MPI CBG
Virtually at CCl Gothenburg, October 2021

CENTER FOR
SYSTEMS BIOLOGY
DRESDEN
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Follow up: Macro recording

PolL

TU Dresden

 Editing recorded macros needs to be trained. It’s 80% reading and 20% writing

 Hints:

* Put comments first. Try to understand what was recorded and why.
* Doitin tiny steps. As soon as you have a working workflow consisting of 4-5 steps, create a macro.
e Collect macros. When you do something new, do cherry picking from the old macros.

Physics of Life o —~4

|£] *Macro.ijm.ijm - O > | £ *Macro.ijm.ijm - O *
File Edit Language Templates Run Tools Tabs Options File Edit Language Templates Run Tools Tabs Options
[ ; *Macro.ijm.ijm [ ; *Macro.ijm.ijm
— 1 run({"Blobs (25K)"); = | — L run{"Blebs (25K)"); - |
~: 2 run{"Gaussian Blur...", "sigma=3"); ~: 2
: 3 [setAutoThreshold("Default dark™); 3 /S preprocessing
4 ffrun("Threshold. .. "); : 4 run{"Gaussian Blur...", "sigma=3");
5 setfutoThreshold("Default™); 5
& //setThreshold(122, 255); & |// segment objects
7 setOption("BlackBackground™, true); 7 |setAutoThreshold( "Default™);
g run("Convert to Mask™); 2 setOption("BlackBackground”, true);
9 run("Close™); 9 |run{"Convert to Mask™);
10 run("Set Measurements..."”, "area bounding redirect=None decimal=3"); 10
11 run(“Analyze Particles...™, " "); : 11 // analyse ohjects
12 run(“Measure™); 12 run("Set Measurements..."”, “area bounding redirect=None decimal=3");
13 run("&nalyze Particles...", "display™); 13 runi{"&nalyze Particles...", "display™);
14 close(); 14
15
||| o e T T e e e R e e R AT e
Run | Batch | Kill ‘D persistent Show Errors | Clear | » ‘ : Run | Batch | Kill ‘D persistent Show Errors | Clear | > ‘
: | “|lstarted Macro.iim.ijm at Sat Bpr 27 16:39:29 CEST 2019 |i|
ﬂﬂ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ﬂll ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

¥ @haesleinhuepf
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Y @haesleinhuepf

BiA PoL

Bio-image Physics of Life
Analysis TU Dresden

Biopolis Dresden
Imaging Platform

Image) macro programming:
Conditions and loops

Robert Haase

With material from
Benoit Lombardot, Scientific Computing Facility, MPI CBG
Virtually at CCl Gothenburg, October 2021

CENTER FOR
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Conditions

* Image processing workflows rarely look like this

Y @haesleinhuepf Virtually at CCl Gothenburg, October 2021

PolL

Physics of Life o —~4

TU Dresden
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Conditions PolL

Physics of Life o *°
TU Dresden e

* Image processing workflows rather look like this

Conditional statement

¥ @haesleinhuepf Virtually at CCl Gothenburg, October 2021 85



Conditions PolL

Physics of Life o 4
TU Dresden e

* Depending on a condition, some lines of code are executed or not.

xdo something

// condition is true

}

* do a final thing

Y @haesleinhuepf Virtually at CCl Gothenburg, October 2021 86



Conditions

* Depending on a condition, some lines of code are executed or not.

xdo something

oSO mething if

// condition is true

}
* do a final thing

Y @haesleinhuepf Virtually at CCl Gothenburg, October 2021
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Conditions

* The else statement allows to program alternatives.

|

if ( condition ) {
// do something if
‘ // condition is true
}
else(
// do something else if
‘ // condition is false

}
// do a final thing

|

Y @haesleinhuepf Virtually at CCl Gothenburg, October 2021
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Conditions PolL

Physics of Life o 4
TU Dresden e

* The if / else statement allows to program alternatives.
* Depending on a condition, either the one or the other block is executed.
* Curly brackets {} are used to mark where a block starts and ends.

* Indentation helps reading blocks.

Note: this line does not
‘ end with a ; semicolon!

if ( condition ) {
// do something if
// condition is true

}

else{
// do something else if
// condition is false

}

// do in any case

|

Y @haesleinhuepf Virtually at CCl Gothenburg, October 2021 89



Conditions

e Comparison operators always have true or false as results.

// initialise program
quality = 99.5;

// evaluate result
if (quality > 99.9) {

print ("Everything 1is fine.");
} else {

print ("We need to improve!");

}
Operator | Descrption L bample

2 E= smaller than, smaller or equal to? a<b

> >= greater than, greater or equal to?! a>b

—— equal to?! a==

= not equal to?! al=1
1 these operators work also with string values

Y @haesleinhuepf Virtually at CCl Gothenburg, October 2021
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Combined conditions PolL

Physics of Life o 4/
TU Dresden e

* Logic operators always take conditions as operands and result in a condition.

e Conditions can be either true (1) or false (0).

// initialise program
quality = 99.9;
age = 3;

if ((quality >= 99.9) && !(age > 5)) {
print ("The item 1s ok.");

Oportor | Doscrption | Eample___

&& and a<b&&b<c
| | or a<b||b>c
! negation (“not”) l(a ==b)

¥ @haesleinhuepf Virtually at CCl Gothenburg, October 2021 91



Learning by doing!

Y @haesleinhuepf

Virtually at CCl Gothenburg, October 2021
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Why is indentation important?

* Does this program say “Yin” or “Yang”?

// initialise program
g=5ple=2re=87

// execute algorithm
d=(a+b) /c;

// evaluate result
if (b>0) {

if (a==b)

{
print ("Yin") ;

}

else

{

if (c<bH)
{

}

}

if (d!=0)

{
print ("Yang") ;
}
}

yin_yang.ijm

¥ @haesleinhuepf

// initialise program
a = b5;
b = 3;
c = 8;

// execute algorithm
d = (a + b) / c;

// evaluate result
if (b > 0) {

if (a == 5) {
print ("Yin") ;
} else {

if (¢ < 5) {}
}
if (d !'= 0) {
print ("Yang") ;

Virtually at CCl Gothenburg, October 2021

PolL

TU Dresden

Yes, it’s the same
program as on the
left ©
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Readable code PolL
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Rules for readable code

* Every command belongs on its own line

// initialise program

* Insert empty lines to separate important processing steps =
b = 3;
c = 8;
* Put spaces between operators and operands, because: /(SIS VTS

d= (a+ b) / c;

// evaluate result

This is easier to read thanthat,orisnt’it?
if (a == 5) {
print ("Yin") ;
} else {

* Indent every conditional block (if/else) using the TAB key } print ("Yang");

* Hint: put the “{“ behind the if; it makes your program shorter.

* Make use of tools: http://jsbeautifier.org
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Troubleshooting

If your program throws error messages:

Don’t panic.
“There are two ways to write error-free programs;
only the third one works.” ® Macro Error
Alan J. Perlis, Yale University
Read where the error happened. You may see your <print> ("The ratio is " + ratio )

fault immediately, when looking at the right point. i TP

Read what appears to be wrong. If you know, what’s
missing, you may see it, even if it’s missing in a
slightly different place.

OK

Don’t take error messages to strict. It’s just a
program reporting about an issue with another
program. It may also have issues.

Y @haesleinhuepf Virtually at CCl Gothenburg, October 2021
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Troubleshooting

1 Sentence = "Can you can a can as a canner can can a can?"
2

3 if (startsWith(Sentence, "Can") {

print(sentence);

by

4
5
6
7
8
9

Y @haesleinhuepf Virtually at CCl Gothenburg, October 2021
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Troubleshooting PoL
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1 Sentence = "(Can you can a can as a canner can can a can?"
2
3 1if (startsWith(Sentence, "Can")) {

print(sentence);

4
5}

? @® () () Macro Error
8

9

Undefined variable in line 5.

print ( <sentence> ) ;

 Show "Debug" Window

OK

T
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Loops PolL
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* To repeat actions, you run code in loops

Loop statement

¥ @haesleinhuepf Virtually at CCl Gothenburg, October 2021 99
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Loops

 The for statement allows us to execute some lines of code for several times

Note: this line does not
// do something end with a ; semicolon!

for( <initializer>; <condition>; <iterator>) |
// do something repeatedly

// do something
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 The for statement allows to execute some lines of code for several times
e The initializer is only executed once; at the beginning.

1. start: initialize counter 1

something

i < 10; i++ ) |
®® something for 10 times
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 The for statement allows to execute some lines of code for several times
e The initializer is only executed once; at the beginning.
* The condition is checked every time before the whole block is executed.

2. check condition
If true code is executed

// do something

AL {
ning for 10)times

for( 1 = 0g
// dofsome
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 The for statement allows to execute some lines of code for several times
e The initializer is only executed once; at the beginning.
* The condition is checked every time before the whole block is executed.
* After block execution, the counter is increased.

3. increase counter

// do something

for( 1 = 0; 1 < 10; ) |
// do something for 10 times
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 The for statement allows to execute some lines of code for several times
e The initializer is only executed once; at the beginning.
* The condition is checked every time before the whole block is executed.
e After block execution, the counter is increased.

2. check condition
If true: code is executed

// do somethingfonce

AL {
ning for 10)times

for( 1 = 0g
// dofsome
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 The for statement allows to execute some lines of code for several times
e The initializer is only executed once; at the beginning.
* The condition is checked every time before the whole block is executed.
* After block execution, the counter is increased.

// do something once

for( 1 = 0; 1 < 10; ) |
// do something for 10 times
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 The for statement allows to execute some lines of code for several times
e The initializer is only executed once; at the beginning.
* The condition is checked every time before the whole block is jumped over.
* After block execution, the counter is increased.

2. check condition
If false: exit the loop

// do somethingfonce

me g for 10 times

// do so
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 The for statement allows to execute some lines of code for several times
e The initializer is only executed once; at the beginning.
* The condition is checked every time
* After block execution, the counter is increased.

1. The counter is initialized

‘/ do something once 2. check condition:
For( i = 0: i < 10: 4 4= 1 )1 * if true: execution code in the
// dgf something each !OOP -
// ikeration of thk loop  if false: exit the loop
} 3. increase counter
/ do another thing once Step 2 and 3 are repeated until the

condition is false and the loop exits
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Troubleshooting: Tracing PoL
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* Tracing means printing something out after every line of code to ensure the path of execution is gone
right.

print ("start: " + start); N XoN Log
print ("end: " + end);
// print numbers start: 0

? for ( i = start; i(:)end; i+= 1) { end: 10

>< print ("is this ever printed?");

if (1 > 5) {
print (i) ;

troubleshooting_tracing.ijm
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Troubleshooting: Tracing PoL
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* Tracing means printing something out after every line of code to ensure the path of execution is gone
right.
@ ©@® Log

start: 0
end: 10

. is this ever printed?
print ("start: " + start); is this ever printed?

print ("end: " + end); is this ever printed?
is this ever printed?

- is this ever printed?
rint numbers s
/] P is this ever printed?

for (1 = start; 1 <end; 1 += 1) | is this ever printed?
print ("is this ever printed?"); 6
if (1 > 5) { is this ever printed?

print (i) ; ? . .

) is this ever printed?
8

} is this ever printed?
9

troubleshooting_tracing.ijm

* Don’t forget to remove the “traces” after you found the bug!
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Working with image files in a folder PoL
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* The filesin a folder are represented asan array [ ]

foldername = ;

// get all files in the folder as array

list = getFilelList ( foldername );

// print out the array; item by item

for (i = 0; i < lengthOf(list); i += 1 ) {

filename = list[i];
filename ); ‘o0 @ Log
sphericity.png
sphericity2.png process_toider.ijjm
spim_histo.png
spim_histo2.png
spimdatal.png
spimdata2.png
spimdata3.png
Y @haesle filenamelist = getFilelist(foldername) return a list of file names vl'ocation name of the folder 110



Hint

e Use auto-completion!

PolL

Physics of Life o ~o ®

TU Dresden

[£] *Mew_ijm — | ® [£] *Mew_ijm | ®
File Edit Language Temnplates Bun Toels Tabs Options File Edit Language Temnplates Bun Toels Tabs Options
4 4
W FMew_.ijm W FMew_.ijm
1 getfi]] ” 1 filelist = getFilelist{directory) ”
— " — . " " " . " r
filelist = getFileList{directory) for (i = 0; i 2| for l;l 93 1| i < lerjgth{_}ﬁ:ff'le:l:ﬁt?‘ . i)
[ G ST e e OR || lenathOf(flelist): i++) { if (endsWith(filelist(il, 3 if (endsiith(filelist[i], ".tif")) {
Fuoi.getFillColor " tif")) £ open(directory + File.separator + 4 open(directory + File.separator + filelist[i]};
filelist[il}; 5 1
A for loop which opens all files ending with &}
".tif"in a folder.
o W
e . u [ . ]
F.un :I F.un Batch gl []persistent Show Errars Clear »
| A
| | S
| £ *New_ijm — O * | £ *Mew_.ijm O x
File Edit Language Templates Run Tools Tabs Options File Edit Language Templates Run Tools Tabs Options
: *New_.ijm ; bt
: 1 for = : 1n = roiManager( ' count'); -
TR mwT mmmmmmm————— o ] o 2for (1 =8; 1 < n; i++)
for (i=1;1<=nSlices; i*+)} { s n — mlrl.l'l.anauerf'cnunt'}, m_r FI =L, 3 roiManager('select’, i};
filelist = getFileList{directory) f l++) { roillanager(select. i) i i J/ process roi here
Fit.getEquation{index, name, fo B h.ere} . 5 }|
etValue{~colorforeground™k Afor loop which loops over ROIs in
g 0reg ' the RO Manager.
getValue{"rgb.foreground"}; C -
n = roiManager|"count');for {i = = T e T T T T e T T T e e o e T T T
P'T"“T“""“““““” 1{]{]11|{] Run Batch Kill |[|persistent | Show Errors Clear
40 b o= —

Y @haesleinhuepf
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Recap: Variables PolL
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e Variables are memory blocks where you can store stuff
Computer memory

measurement

2 measurement = 5

= =

nName

“Drosophila”

combination

“Drosophila5”
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Arrays

* Arrays are variables, where you can store multiple stuff

1
2 array = newhArray(5);
3 Array.print(array);

PolL

°
Physics of Life o
TU Dresden

Computer memory

[ Log
File Edit Font

0,0,000
1,0,0,0,0
1,0,8,0,0
1,05, 0, Fabbit

arrays_access.ijm

—
-

[

¥ @haesleinhuepf
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Arrays: pitfalls PoL
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* Variable assignment: by value
* Array assignment: by reference

=

A4 working with variables
print({"Variables:");

3 a=8;

4 print(a);

[

5
c b = a; ¥ Log — O X
T h =5 File Edit Font
g print(a); =
Yariables:
]
]
1 o

arrays_variable_comparion.ijm
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Arrays PoL
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* Arrays can be initialized with values (more than 1)
v = newArray (3, -4, 0);
animals = newArray("dog", "cat", "mouse"):;

* Arrays can be concatenated: mixed = Array.concat (v, animals);

* Find out what else you can do with Arrays by starting typing:

|£&| *Macro.ijm.ijm - O >
File Edit Language Templates Run Tools Tabs Options

; *Macro.ijm.ijm
1 a
3
4 Arr
©  |Array.concat{array1,array2) * | | Array concat(array1.array2) - 1
. Array.copy(array) Returns a new array created by joining two or more arrays or T
i Array.filljarray, value) =| | values (examples).
g Array.findMaxima(array, tolerance) | 5
10 Array.findMinima(array, tolerance)
11 Array.fourier(array, windowType) T
12 Array.getSequence(n)
13 Array.getStatistics(array, min, max, mean, stdDev)
1% |Array.getvertexAngles{xArr, yArr, arm} —
&,y!_.,-.' ............. Array.print{array) | ——
Run ! 1] : — | »].e >
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Arrays and plots PoL
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e Simple plots can be drawn using arrays

| £ array_exampleijm (Running) — O >
File Edit Language Templates Run Tools Git Tabs Options

: l/array_examplein |
: 1.// Define two arrays with 5 elements

-

1 n I: 5 :] [57 Title —_ O Y
< X_VvValues = newarray ¥ N
3 y_\ura]_ues = |'|E'I-|'_.£_r1rab.'|:5:]j 46.26%0.36 (613x355); 8-hit; 213K

[ »

1.30 T T T T T T T T T T I I I I

S/ put some numbers in these 2x5 array elements
¥ _values[@8] = 1@8;
y_wvalues[B] = 1,'| 425

=1 o LA i

[T ]

¥_values[1] = 2@;
10y walues[1] = 1.2; 120
11

12 x_wvalues[2] = 38;
13 y_walues[2] = 1.3;
14

15 x_wvalues[3] = 48;
£ y_wvalues[3] = 1.3; 110

Y-axis Lahel

12 x_wvalues[4] = 58;
1%y _values[4] = 1.1; 1.05

—
—
o

AL LA L N L B B L B N B BB B

21 Plot.create("Title", "X-axis Labkel", "¥-axis Label™, x values, y values);

e . 1.00 L L L L | L L L L | L L L L | L L L L
22 Plot.show(); 10 20 30 40

X-axis Lahel

o
[=]

1]

Listl Datanl More = | ¥=10, Y (¥X)=1

T R L I I T R A I
Run Batch [| persistent Show Errors Clear >

otarted New_.1Jm at Wed Apr 15 18500 CTEST J040
Started ijmmd example.ijm at Wed Apr 15 18:57:02 CEST 2020

D
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Results tables PolL

Physics of Life ¢ 4/
1 TU Dresden e

* Imagel/Fllls tool for collecting data/measurements

* programmable as well
* Create tables with measurements
Read cells 060

Results
Write cells Area |X Y
Add columns 658 108.8298 13.0684
Save as CSV or XLS file 477 247.3092 14.0451
501 174.4381 33.6916
660 73.8045 41.7788
448 138.9688 55.2455
520 28.8481 57.9981
506 8.3617 98.0217
676 175.2855 99.5828
545 37.5569 122.7312
0 593 224.4410 127.8558

T N I = R B - T S
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Creating results tables

* Two ways for creating result tables

‘® @ Mask (75%)
256x254 pixels; 8-bit; 64K

run (“Analyse Particles...",

"display");

® O @ blobs-6.gif (75%)
256x254 pixels; 8-bit (invertini

roiManager ("Measure") ;

) . - _.A
e . ® © ® ROl Manag
. 0014-0108 [ Addm |
foo14-0246
. . 0o | Upd |
000000000
.. A 00ss-0139 | Del |
. 00000000 [ T —— ‘
000000000
. . ‘ 00000000 Me
00000000
' 222222222 | Deselect |
‘ . 00000000 | Properties... |
. oo
000000000 | Flatten[F] |
000000000
00000000 | Mor: |

000000000
|| Show All

|_| Labels

YW @haesleinhuepf

Virtually at CCl Gothenburg, October 2021

PolL

Physics of Life

TU Dresden

® _©® Results
Area (X Y

1 658 108.8298 13.0684
2 477 247.3092 14.0451
3 501 174.4381 33.6916
4 bb0 73.8045 41.7788
5 448 138.9688 55.2455
b 520 28.8481 57.9981
7 506 8.3617 98.0217
8 676 175.2855 99.5828
9 545 37.5569 122.7312
1 593 2244410 127.8558
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Creating results tables PolL
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e Configure what to measure...

 Menu Analyze > Set measurements...

run ("Set Measurements...",

"area mean standard min centroid center
rmeter fit shape median redirect=None
decimal=4") ;

@ easurements
v Area (¥ Mean gray value
[ Standard deviation | | Modal gray value

(v Min & max gray value (¥ Centroid

(¥ Center of mass ( Perimeter

| | Bounding rectangle ™ Fit ellipse

(v Shape descriptors | | Feret's diameter

| | Integrated density (v Median

|| Skewness || Kurtosis

|| Area fraction [ Stack position

|| Limit to threshold _ | Display label

| | Invert Y coordinates Scientific notation

| | Add to overlay NaN empty cells . R
T ... by entering the first word

Decimal places (0-9): 4 behind the checkbox.

Help | Cancel OK
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Reading from tables

* Reading elements in tables

Y @haesleinhuepf

Results

PolL

TU Dresden

area = getResult ("Area", 0); ® 0 @ Log

|Area X

\

print (area) ;

1
2
3
4
5
6
7
8
9
1

658
477
501
660
448
520
506
676
545
593

108.8298
247.3092
174.4381
73.8045
138.9688
28.8481
§.3617
175.2855
37.5569
224.4410

13.0684
14.0451
33.6916
41.7788
55.2455
57.9981
98.0217
99.5828

658

r = nResults() - 1; // last row
area = getResult ("Area", r); ® O @® Llog

122.7312 print (area) ;
127.8558 293

® © ® Log

10

Built-in command

value = getResult (“column title”, rowNumber);

rowCount = nResults();

Virtually at CCl Gothenburg, October 2021
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Writing in tables PoL
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* Manipulating (and adding) elements in a table

ece r = 0; // first row 0O
Area setResult ("Area", r, -=-5); :'E

1 658 1 -5

2 477 2 477

Handle with care!

Built-in command

setResult (“column title”, rowNumber, newValue);
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Logging, working with text files PolL
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* There is an alternative to write simple tables and text files to disc

1 path = "C:/structure/teaching/lecture_applied bicimage analysis/86 example code/test.csv";
3 headline = "Number, number squared”;
4
% File.append(headline, path); 5 test.csv
7for (i=@; i < 18; i++) { f Number, number squared
g8 contentline = "" + 1 + ", " 4+ pow(i, 2); i O, 0
9 File.append({contentline, path); : 1 1
10} 4 2, 4
K 3, 9
save_csv_file.ijm
= 4, 16
7 5, 25
: 6, 36
5 7, 44
1 g, 64 ; ;
, That might be useful in
11 9, 81 .
- the exercise tomorrow.

w
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Selection versus masks

* Selections and masks are exchangeable.

f. - O -
56%56 cm (56%56); 16-bit; 6K

a

YW @haesleinhuepf

M — O X
56x56 cm (56x5E); B-hit; 3K

Virtually at CCl Gothenburg, October 20

PolL

Physics of Life
TU Dresden

f. — O 4
56%56 cm (56%56); 8-hit, 3K

{Fiji ls Just} Imagel

Filelmage Process Analyze Plugins Window Help SCF SpimCat X,

a

Folyge

O

Undo cuvz || A|R| @) owfonlur o] 4]a] ||
Cut Ctrl+x o
Copy Ctri+C | Select Al Ctri+d |
Copy to System Select Mone Ctri+Shift+A
Paste Ctrl+v | Festore Selection Ctrl+Shift+E
Faste Contral.. Fit Spline
Clear Fit Circle
Clear Outside Pt Ellpse
Eill Clrl+E Interpolate
DOz Cirl+D Cornvex Hull
Invert  Clrl+Shift+] ok IEMSE

Create Selection

Create Mask
Cptions

Froperties... Ctrl+Y

Scale..

Fotate...

Enlarge...

Make Band. ..

Specify.

Straighten...

To Bounding Box

Line to Area

Areato Line

Image to Selection. ..

P T B T



Selections versus masks ) PolL

Physics of Life
TU Dresden

* Some operations for selections you know already from masks.

Dilation Erosion

. o . o .

, @haesleinhuepf Slide adapted from\fiztuad iy @tdB@CGuthentuig FOttoRICRD Rdnsed CC BY-NC 4.0

@ Enlarge Selection

Enlarge by 1 pm
@I Pixel units

a1eal)

Enter negative number to shrink

UO0I129|3S
a1eal)
IILEIELS

IILEIELS

:_ :_‘Z._incei _: . !;}H.
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ROl Manager

* Every button in the ROl Manager can be called from a macro.

@® O @ ROl Manager

0071-0180
0182-0118

Add [t]

0118-0081 | Update |

[

Delete

Rename...

| Measure |

Deselect

\> roiManager(“add”);

—> roiManager(“delete”);

roiManager(“rename”, name);

|

roiManager(“measure”);

| Properties... |
| Flatten [F] |
T —
[ | Show All
[ | Labels

roiManager(“deselect”);

roiManager(“open”, filename);
roiManager(“save”, filename);
Open... //

roiManager(“save selected”, filename);

Save...

Fill roiManager(“select”, index);

E;:g roiManager(“select”, newArray(indexl, index2, ...));
OR (Combine) roiManager("show all");

XOR roiManager("show all with labels”);
Split roiManager("show none”);

Add Particles

Multi Measure roiManager(“and”);

Multi Plot

Sort roiManager(“combine”);

Specify... . “ ”y.

Remove Positions... (LA

Labels... roiManager(“split”);

List

Interpolate ROIs roiManager("count");

Translate...

e Hint: Use the macro recorder!

¥ @haesleinhuepf
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Regions of interest

e ROIs can be used for visualization of (intermediate) results

/4 Draw rectangles

("Rectangles"”, "8-bit black”
—tangle(11l, 12, 59, 58);
Ru:nl setFillColor(228, 288, 4);

YW @haesleinhuepf

, 288, 288, 1);

Recta... —

200x200 pixels; 8-hit, 39K

| X

Chvals

200x200 pixels; 8-hit, 39K

Virtually at CCl Gothenburg, October 2021

| >

PolL

Physics of Life
TU Dresden

— O
200x200 pixels; 8-hit, 39K

Pt
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Overlay

* You can collect ROIs in the “Overlay”

—
—

YW @haesleinhuepf

3 /Y Draw filled elipses
Image("Overlays"”, "8-bit black™, 2@

keOval(1l, 12, 59, 58);

¢ Roi.setFillColor(22@, 268, 4);

—

Overlay.addSelection();

9/ Draw outline elipses

10 makeOval (4@, 92, 46, 41);
11 Roi.setStrokeColor("Green");

-

12 Overlay.addSelection();

14 /S Draw filled elipses, with outline

15 makeOval(l®®, 55, 36, 61);

15 Overlay.addSelection("", @, "blue");
17 makeOval({1le®, 55, 36, 61);

18 Overlay.addSelection("Cyan”, 3);

overlays.ijm

PolL

Physics of Life
TU Dresden

Overl... — H e
200x200 pixels; 8-hit; 39K

Virtually at CCl Gothenburg, October 2021
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Overlay =S Dol

hysics of Life

. . U Dresden
This is no longer
e Overlays can be flattened — for visualization purposes .y -
an 8-bit image!
Owerlays (150%) — O > Owerlays-1 (130%) — O >

200x200 pixels; 8-hit, 39K 200x200 pixels; RGEB; 156k

v

// burn in the overlay
// in the image
run ("Flatten") ;

@haesleinhuepf Virtually at CCl Gothenburg, October 2021 136



ROI Manager, Results tables and Overlays PoL

TU Dresden
e Custom visualization with a for loop
17 // connected components analysis -> send results to ROI Manager
18 run("Analyze Particles...", " show=Nothing add");
19 [ rounding_assay0004.tif - (m} X

La o La | N T i I
[ T e T Y s Y o 5 I |

Laa
Lad

34

20 /4 switch back to original image
21 selectWindow(original image title);
22 roiManager("Show None™);

24 number_of _regions = roiManager(“count™);
25 for (i = @; 1 < number_of_regions; i++ ) {

A4 measure area | = pixel count)

run("Set Measurements...", "area redirect=None decimal=3");
roiManager("Select”, 1);

roiManager("Measure”);

pixel count = getResult(“Area", nResults - 1);

A visualise if ROIs are too small or not
if (pixel count > 18) {
Overlay.addSelection("green™);
1 else {
Overlay.addSelection("red");

512x512 pixels; 8-hit; 256K

¥ @haesleinhuepf

visualise_area_in_colors.ijm

Virtually at CCl Gothenburg, October 2021 Image data source: Anne Esslinger, Alberti lab, MPI CBG

Physics of Life o —~4
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Overlay

* Explore what you can do with overlays by starting to type...

PolL

Physics of Life o ~o ®

TU Dresden

4| *visualise_area_and_sha pe_in_colors.ijm

File Edit Language Templates Run Tools Git Tabs

f*ﬁsuaise_area_and_shape_in_mlurs.in |

33 it ()

35 Overlay.addselection("green™);
40 I else |

41 Overlay.addSelection("red");
42 1

44 dverla

| »

) Owverlay.activate Selection{index)

46} Overlay.add

1/ clean ”pmenayr.add!ielection

g if (number‘_m&nay'{:le‘ﬂr

50 roiMana|Overlay.copy

51 roiMana|/Overlay.drawEllipse(x, y, width, height)
52} Overlay.drawlLabels(boolean)

53 run{"Clear |Overlay.drawLine{x1, y1, x2, y2)
Overlay.drawRect(x, y, width, height)

55 Eahletfllenam&rlny.dmwstrinﬂ{'t £, %, y)

b

T

1]

| » .25

Run Batch Kill

Owerlay. drawStringtexd”, x vl

Draws text at the specified location and adds it to the overlay.
Use setFont() to specify the font and setColor to set specify
the color (example).

Overlay.drawString("text”, x, y, angle)

Draws text at the specified location and angle and adds it to
the averlay (example).

Started visualise area in colors.ijm at Sat May 04 12:02:32
Started visualise area in colors.ijm at Sat May 04 12:02:37
Started visualise area in colors.ijm at Sat May 04 12:03:28

CEST 20

CEST 2014
CEST 2014

4 [

Y @haesleinhuepf Virtually at CCl Gothenburg, October 2021
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BioDIP g _5

Biopolis Dresden
Imaglng Platform

9BiA PoL

Bio-image Physics of Life
Analysis TU Dresden

Custom Macro Functions

Robert Haase

October 2021
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Functions PolL

Physics of Life o 4/
TU Dresden e

* For reusing code and for organizing code: Use functions!

L) *Mew_ijm - O >
]
File Edit Language Templates Run Tools Tabs Options
: *New _.ijm
: : =
2/ call the function .
3 wariable = sum(3, 4); funct|0n
4
5 /S print the result Ca”
¢ print(variable);
: name arameters
function 1| P
L. “Hl—1 function sum(a, I'f(
dEf|n|t|0n I// 12 A4 doing some math with two numbers
13 result = a + bj
: 14
return J':f A4 return the sum to the function call
3 16 return result;
value s L
7 5§ - user
19 sum documentation
sumia, b) sum{a, b) - |
Ext.CLIJ2_addimages(image_summand1, Image_summant— doing some math with two numbers | ————————
Ext.CLLJZ_addimagesWeighted{lmage_summand1, Image | Clear >
Ext.CLIJ2_ getSumOfAllPixels(Image_source, Number_su | User defined function as specified in line 11.
Ext.CLLJZ2_minimumXProjection{lmage_source, Image_des

¥ @haesleinhuepf Virtually at CCl Gothenburg, October 2021 140



Try it out PoL

Physics of Life ¢ 4/
TU Dresden e
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BioDIP g ﬁ

Biopolis Dresden
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9B|A PolL

Bio-image Physics of Life
Analysis TU Dresden

Exercises

Virtually at CClI Gothenburg, September 2020
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Exercise: loops

// initialisation
loop count = 10;

// print 10 numbers

for( 1 = 0; 1 < loop count; i++ ) {
print (i) ;

1

exercise_for_loop.ijm

* Use this example code to program a for loop which
counts backwards from a given number to O.

Y @haesleinhuepf

PolL

Physics of Life o 4
TU Dresden e

L. - O pd
File Edit Font

1]

1

2

3

4

a

2]

7

a

g

< [+]

Virtually at CCl Gothenburg, October 2021
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Exercise: Counting nuclei PoL

Physics of Life o 4
TU Dresden e

* Visit the Broad Bioimage Benchmark Collection Website and download BBBCO07
https://bbbc.broadinstitute.org/BBBCO07

B Orosophile Ke167 cells | Brosd £ X | o o CI ‘
€ > c (u bbbcbroadinstituteorg/BBBCO0T 2 v )@ 1|
Broad Bioimage Benchmark Collection 3
Broad Bioimage Benchmark Collection E& BROAD
Annotated biological image sets for testing and validation INSTITUTE
Introduction ImageSets Benchmarking Contribute
LEGEND: KINDS OF wome = Drosophila K167 cells
GROUND TRUTH
@D COUNTS
Accession number BBBCO07 - Version 1
@ FOREGROUND/
BACKGROUND Example images
@) OUTLINES OF OBJECTS c ) . oy O X
@) BIOLOGICAL LABELS e O o0 hJ’ Vg et 'el Y1, 2
037 % “&28 DS BENY
) o e ¥, ‘]" Al
@ LOCATION A g - YO
A o 9 T\ — Y~ ;
@D BOUNDING BOXES o0 < ( A~ e Ol @,
o 0 ¢ (L&) b, B
o o P gl "
Y g e 0.0 Q| &L\ R\ )~ rjl \
00 " 2} y -~ D
7] - ‘:-? g ﬁ'-'; Y (”'I\‘}{(\“
. " N3
DNA Actin Outlined nuclei Outlined cells

YW @haesleinhuepf Virtually at CCl Gothenburg, October 2021 144



Exercise: Counting nuclei PoL

Physics of Life o 4
TU Dresden e

* Write a for-loop that goes through the A9 folder of BBBCOO7 and prints out all filenames ending with
“d.tif”

a = “ b . v Mansge A - o X
[ £ print_d_tif_files.ijm (Running]) — O * #m . =
v § cut v T Mew tem ~ open FHsetect an
1 File Edit Language Templates Run Tools Tabs Options ¥ ik com St || e >," ey By s~ ’
[k . - = o e
[y l/pnnt_d_tlf_ﬁ‘ﬁea.rjm | -3 b IERC BSC) Y caiy : e
[ | 1 directory = "C:/structure/data/BEBC@87 vl_images/A9/" -] e Al
A p3ditd
-
A Bt s Bt G e Pt P P P P P s s P P s P P P P R i P PO i P O i s EOd P s ol P s Ll P s ol P s s ks Pl s ok Pod st
Run Batch <ill | [] persistent Show Errors Clear >
Started New_.ijm at Sumn Oct 03 10:28:53 CEST 2021 =i | HE
| e — ~ AB p10d tif
| 1|ﬂ ................................................................................................................................

A9 pod tif
AT pTd tif
A9 p9d tif

x|}
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Exercise: Counting nuclei

* Extend your script so that it counts nuclei in these

images using one method of your choice.

* Hint: The number of objects in a label-image equals

the maximum intensity of that image.

PolL

Physics of Life o .
TU Dresden e

[¥' Log
File Edit Font

a

AD p10d tif
Mumber of nuclei:
A0 pad tif
Mumber of nucle;
AQ p7d it
Mumber of nuclei:
A8 pod tif
Mumber of nuclei:

4]

-]

Y @haesleinhuepf

[ Clipboard - O x
BEZHE23 plels; RGE; 3B
|4 count nuclei_clij.iim (Running) . O =
File Edit Language Templates Run Tools Git Tabs Options
E: *count_nuclei_clijijm
= 1 directory = "Ci/structure/data/DBOCOET_v1_images/A9/" -
7.4/ clean up first
g print("\\Clear");
10
IT
12
13
14
17 // Load image from disc
18 openidirectory + filename);
21
5 -]
10
41
12 £4 close all images before we agnalyse the next
close(™*"};
44 1
44 1
45}
48 —

B s

Run | Batch | Kil |:|per5istel|t

Show Errors | Clear | > |

Started New_.ijm at Sun Oct 03 10:25:53 CEST 2021
i - —— . . . 0. .

ﬂl .....................................................................................................................

Virtually at CCl Gothenburg, October 2021
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Exercise: Counting nuclei PoL

Physics of Life ¢ 4/
TU Dresden e

e Extend your script so that it applies the algorithms from

yesterday to your image B Log o0 x
* Thresholding + Watershed File Edit |ant )
* CLU A9 p10d tif B

Mumber of nuclei (CLWY:
Mumber of nuclei [StarDist):
Mumber of nuclei (threshold, watershed):

* Hint: If you make the algorithms save ROIs to the ROI -
manager, you can count the elements in the ROl manager to NUMBEr Of nuclel (CLIJ):

e StarDist

know how many objects there are in the image. Number of nuclel (StarDist)
Mumber of nuclei (threshold, watershed):
. A8 p7d tif
| £| Analyze Particles »

Mumber af nuclei {CLWY:

Mumber of nuclei (StarDist):

Mumber of nuclei (threshold, watershed):
Circularity: IU.DD—‘1.[][] A9 pad tif

Mumber of nuclei (CLIWY:

Size (pixel*2). |NELOTTY]

Show: |Nothing =l . .
Mumber of nuclei (starDist);
[T Clear results [ Include holes
[~ Summarize [ Record starts ~
. [+

¥ Addto Manager [ In situ Show

OK | Dancell Helpl
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Exercise: Counting nuclei

* Extend your script so that it outputs the results to a table.

PolL

Physics of Life o —~4

TU Dresden

¥ @haesleinhuepf

Virtually at CCl Gothenburg, October 2021

|:£| *count_nuclei_multiple_algorithms_table.ijm (Running) - O X [1% Results — a *
File Edit Language Templates Run Tools Git Tabs Options File Edit Font Resulis
[ : f*count_nuclei_mulﬁple_algoﬁthms_tamejm l |F|Iename CLIJ count | StarDist count | Threshold Watershet count 2]
= 1 directory = "C:/structure/data/BBBC@87_v1_images/A9/" - 1 A p10d tif
: y _v1_imag =]
y 2 2 A8 pad tif
2 3 AS p7d tif
2
5 4 AS pod tf
7// clean up first
g print(“"\\Clear"); 1
9 run("Clear Results"); 3 =
=L 1 [+]
11
14
16 |
72 A o
73 A/ Write results to a table
74 setResult( i
75 setResult( I
76 setResult(
T setResult(
78 1
79}
30 // just make the table lLook micer
21 Table.deleteColumn({“Min");
22 Table.deleteColumn( “Max"); E
(] Ii | [*]
R o B e e
:: Run Batch kil |[] persistent Show Errors Clear [ 2 |
Started count nuclei multiple algorithma table.ijm at Sun Oct 03 11:02:4% CEST 2021 ﬂ
ﬂ_}l ______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

148



Imagel, Fijl

& friends: community

PolL

Physics of Life o 4

[
TU Dresden
* Visit http://forum.image.sc !
\\ \ (RODETHS O x
/@ Batch process and Image X \*I Y /@ Batch process and Image X /@ Batch process and Image X \K \
&« (& | @ Secure | hitpsy//forum.image.sc/t/batch-pro| € (& | @ Secure | https;//forumimagesc/t/| & Cc | @ Secure | https://forum.image.sc/t/batch-process-and-image-calculator/19448/4 @ ¥ | :
@ image.sc Batch process and Image Batch process and Image calculator @
M Image Analysis  fiji, imagej M Image Analysis  fiji, imagej
CellKai The Last Pixelbender Sep 3
Batch process and Image calci _
Hi Monara ~ 9 eljonco ah
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 +*
loop™ in your macro.
) 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. hoy displayed. Working on all your images g
way they can be saved with a different name. : 4/5
Here is an example in the imageJ-macr "‘ CelKai 3h Sep 4
1. Img X and Y are in two different folders;
2. The title of X and Y images is the same, b /7 @Filellabel="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 ;,'/ ;'Fi Le:"' abel="source dir‘ecto.r* files names ** | appreaciate a lot the time you spend to make it. That was the last piece of my puzzle.
E Fa (L L= ! !
// @File(label="destination dir
| could da:
S/ get a list of all files in t - Repw
setBatchMode(true); listx = getFilelist(dirX); 3h ago
open(“path_Img X"); listy = getFilelist(dirY);
savels(“rename img to XX");
XX = getTitle();
open( pth—lmg Y // stop the macro if the number| J M Bookmark % Share ™ Flag & Invite = Reply
Ve gEtTltle()J( ) if (listx.length != listy.lengt
imageCalculator("Add create™, XX, Y); B (7D . .
! ’ ’ } S EAE TSRS e e O Normal “You will be notified if someone mentions your @name or replies o you.
could anyone help me to improve this macro in d
calculator in the pairs of them and save the resu // set batch mode to not see th .
. setBatchMode(true); Suggested Topics
Thank you in advance,
Monara // start a for Loop to process | Topic Category Replies Views Activity =

Y @haesleinhuepf

Virtually at CCl Gothenburg, October 2021
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Summary PoL

Physics of Life o ()

(N )
TU Dresden
.
Today, you learned Reminder: Clean up recorded code! Write comments!
° C d o, of |£| *Macro.ijm.ijm — O = %] *Macro.ijm.ijm - [m] *
O n It I o n S ( I ) File Edit Language Templates Run Tools Tabs Options File Edit Language Templates Run Tools Tabs Options
[ : *Macro.ijm.ijm [ ; *Macro.ijm.ijm
) L f [ 1 run{"Blobs (25K)"); | [ 1 run("Blobs (25K)"); |
OO pS ( O r = 2 run("Gaussian Blur...", "sigma=3"); = 2
: 3 setAutoThreshold("Default dark"); 3 // preprocessing
4 f/run("Threshold..."); 4 run{“Gaussian Blur...", "sigma=3");
5 A hreshold("Default"); 5
e Results tables || Iz
: ¢ //setThreshold(122, 255); B € // segment objects
7 setOption("BlackBackground”, true); 7 setAutoThreshold("Default”);
3 run("Convert to Mask"); 2 setOption("BlackBackground”, true);
: g run("Close"); % run("Convert to Mask");
® Arrays 10 run("Set Measurements...", "area bounding redirect=None decimal=3"); 10
11 run("Analyze Particles...”, " "); 11 // analyse objects
12 run("Measure”); 12 run("Set Measurements..."”, “area bounding redirect=None decimal=3");
13 run("Analyze Particles...”, “display"); 13 run(“Analyze Particles..."”, “display”);
+ Plot | s I
O S ij Iclose(), 14
e ——————— T | A R R R SRR R
® Ta b I es 4l Run | Batch | Kl ||:| persistent Show Errors | Clear | [ 3 | ||l Run | Batch | Kil |I:| persistent Show Errors | Clear | [ 2 |
: | ilstarted Macro.ijm.ijm at Sat Bpr 27 16:39:29 CEST 2019 |i|
Ol | | e e e Dl e S 555

Cheat sheet . (pams Cheat sheet o= Pr=
Fji Image) macro commands sad wser intertaces FJ‘ ozl macro commands snd uber interfaces =

* Processing folders y do something once

for( i = 0; 1 < 10; 1 +=1 ){
// dgf something
// i

/ do another thing
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