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Image Processing & Analysis for Life Scientist
Romain Guiet, Olivier Burri & Arne Seitz
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e \Why choosing ImageJ 7

e How to install/run ImageJ/Fij

e |ImagedJ as a tool to display images.
e \What is "metadata™?

e Record macro

e \Where to get help
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Image Processing and Analysis in Java
T CellProfiler
cell image analysis software
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imagel - History

Imaged

Image Processing and Analysis in Java

1997

i

2005

Wayne
Rasband

Johannes
Schindelin
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NIH Image to ImageJ: 25 years of
Image analysis.

Schneider CA, Rasband WS, Eliceiri KW.
Nat Methods. 2012 Jul;9(7):671-5.

PMID : 22930834

github.com/fiji contributors


https://www.ncbi.nlm.nih.gov/pubmed/22930834
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[W¥ Fiji is just Image) X

< C ) | & Sécurisé | https://fijisc

Tweets by @FijiSc

& Fiii Retweeted

Embed

i ]
. Curtis Rueden
@ctrueden
imagej 0.2.0 released on PyPI: pypi.org/project/imagej/
imagej 1.0.0 released on npm: npmjs.com/package/image]
Have fun calling #/mageJ in-process from Python and/or

Fiji is an image processing package—a
"batteries-included" distribution of ImageJ,
bundling a lot of plugins which facilitate scientific

image analysis.

SPIM Registration

Quickly and accurately register
and fuse Selective Plane
lllumination Microscopy data as
well as other 3D multi-angle
image acquisitions.
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Ji" Fiji is just Image! x

& C {0} | & Sécurisé | https://fiji.sc/#download Wl E

Fiji Home

the ImageJ development team at the Laboratory for Optical and Computational Instrumentation (LOCI) at the University of
Wisconsin-Madison.
The Fiji project is driven by a strong desire to improve the tools available for life sciences to process and analyze data. To this
end, Fiji collaborates closely with the following projects:
i ~ oo g. —
ImageJ2  Bio-Formats OME pianager KMIME DAIS
o ~ Download Fiji for your OS ~
By '
Ny NS
54-bit macOS 64-bit
f"!’ 32-hit @ Mo JRE & 32-hit
| .-
More downloads »
Citing Fiji How to contribute
Like most scientific software, funding for the Fiji project is Fiji is an open source project, so everybody is welcome
driven by citations. If you use Fiji, please cite it in your to contribute with plugins, patches, bug reports, tutorials,
publications! documentation, and artwork.
Read more » Read more »
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(Fiji Is Just) Image! — [ >
File Edit Image Process Analyze Plugins Window Help BAR BIOFP
o Java 0 O] x| of |+ N Ala| 0| oxjsfuw o] #]a] |-

Developer Menu
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& Fiji - Image! b4

e Java <

e Large community

¢ 1000 pluglns L:i'ljlis an image processing package—a "batteries-included” distribution of
e Documentation, tutorials

C 1t | & Sécurisé | https://imagej.net/Fij

" |MAGE]

DOWNLOADS LEARN DEVELOP NEWS

Image], bundling a lot of plugins which facilitate scientific image analysis.
« For users - Fiji is easy to install and has an automatic update function,

bundles a lot of plugins and offers comprehensive documentation.

« For developers - Fiji is an open source project hosted in a Git version
control repository, with access to the source code of all internals, libraries

and plugins, and eases the development and scripting of plugins.

Contents [hide]
1 Downloads

2 License

3 Contributing

4 Publication

Downloads

o ~ Download Fiji for your OS ~ o

64-bit mac05 64-bit
Other downloads
"y : . .
£Y 3201 ) ~Norre A a2

EVENTS

Pomait! - a >

STATUS HELP

Page Discussion View source History

I U| Fiji Is Just Image]

Overview

Using Fiji

Featured Fiji Projects
Fiji Publications

Links

Developing Fiji [-]
Building Fiji from source
Dieveloping Fiji

Contribution requirements

Supported compilers
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Remeiln — — O 4
§ Image) Forum b4
‘ J ava < C 1t | ® forum.imagej.net *| B
! 3
L t 5 FORUM 8 L
a rg e CO u n I y all categories »  alltags » New (2) Unread (8) Top Categories Unanswered
e 1000 plugins ST
Top Catego Users Replies ews Activity
. DOCU I I le ntatl On ) tUtorIals Finding velocity and radius of drop M Image Analysis e 1 4 42
® = O ru m 3D Viewer - Smooth all meshes B Issues e s -
fiji, 3d-viewer
Quantifying brightness B Image Analysis 0@9 6 2
[ TrackMate 1 “Found 10 spots” is displayed on Log
put ."[SparseLAF’Tracker] The spot collection is empty” Development 0 5 -
Is displayed on Errors e new
trackmate
Using poi-coxml dependency in Maven plugin project
& New Development @ 0 7
plugin
Analysis with ImageJ and Visualization in the Jupyter .
Motebook M Image Analysis :Q ‘ Q; & 99
visualization, jupyter, imagej-ops, python, imaagej, fij
~ Getting the path to a macro’s location when it is run
- getinfo(*macro filepath™)? Development @ @ : S 14h
ijm
Speed analysis of an object M Image Analysis (D o 1 0 2
Filling in a Speckled Area : . . .
segmentation M Image Analysis o - 6 85 2
Ellipsoid factor problem getting values -1 to +1 o¥ = -
bonej M Issues S G’O 8 232 3
How to create an animated gif or a video? ~ Y =Y 4 .




e Java

e L arge community
e 1000 plugins
e Documentation, tutorials
e Forum

e Easy Scripting using “macro language”
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(£ Macro.jm
File Edit Language Temnplates Run Tools Tabs

Macro.ijm

1 /4 Open all files from a source directory
2 /4 and save them in a target directory in TIFF format
3 /7 Albert Cardona 2887

Fr
&

mwy

S .
T

5 source_dir

I
[

getDirectory("Source Directory™);

& target_dir = getDirectory(“Target Directory™);

7 if (File.exists(source_dir) && File.exists(target_dir)) {
F setBatchMode (true);

g list = getFilelist(source_dir);

10 for (i=8; i<list.length; i++) {
11 if (endsWith(list[i], ".tif") {
12 open(source_dir + "/" + list[i]);
13 saveds("tiff", target_dir + /" + list[i] + ".ti
14 close();
15 showProgress(i, list.length);
16 1

Run Kill

Show Errors Clear
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File Edit Image Process Analyze Plugins Window Help 85
= IS P NN S N PAVAT IS o
(Fiji 1= Just) Imaged 2.0.0-rc-59/1.51k; Java 1.8.0_66 [64-bit];
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e Pixel Size, bit depth, ...

(Fiji Is Just) Imagel

O

File Edit Image Process Analyze Flugins Window Help BAR BIOP

mife]

G| 4]+ A« @] >~

Stk | LuT

-

bd

gl4]a| |»

Developer Menu

~lic ' blobs.gif

O

256x254 pixels; 8-hit (inverting LUT); 64K

X

Press "I"
Info for blobs.gif — O *
File Edit Font
=]
Title: blobs gif

Width: 286 pixels

Height: 254 pixels

Size: B4k

Fixel size: 1x1 pixel*2

D -4276

Bits per pixel: 8 {inverting grayscale LUT)
Display range: 0-255

Mo threshold

ScaleToFit: false

Uncalibrated

LUREL: http:Aimagej.nih.goviimages/blobs . gif
Screen location: 2458,159 (384042160)
MO overlay

Mo selection

a

|4
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{U% (Fiji Is Just) Imagel — O >
L *‘l
File Edit Image Process Analyze [~ 7[5 Window Help r.;“;:;::‘;‘
D.| Cl| E|C‘_ﬂ' - AN | A|< hl;gcrns > J@‘i |3‘?’ Aptiss
= | |albslakngii
Magnifying glass (or use "+" and "-" keys) Shortcuts 3
Utilities 4
256x254 pixels; B-bit (inverting LUT); 64K Mew g

Compile and Run. ..

Install.... Ctrl+Shift+M
Install Plugln. ..

3D Viewer

Analyze *
BigDataViewer *
Bio-Formats 4
Cluster 4

Color Inspector 3D

Examples *
Feature Extraction v
ImagesD *
Integral Image Filters *
Janelia H265 Reader

LOCI r
LSM Toolbox v
Landmarks v

Multiview Reconstruction *

Optic Flow *
Process v
Registration 4
SPIM Registration 4
Scripting v
Segmentation *
Skeleton v
Stacks v
Stitching r
Time Lapse 4
Tracking r
Transform v
Utilities v

Volume Viewer

Debug *
Sandbox *
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FiIe_Edit Image Process Analyze Plugins Window Help E.fgf:-.;*g:i
S c|o|~| &N A || @[] owfsw|uwr| g |4 || |» | %=
| S SN

(Fiji Is Just) Imaged 2.0.0-rc-59/1_51k; Java 1.8.0_66 [B4-bit];

256x254 pixels; 8-hit (inverting LLIT); G4k

Record:  |Macro v| Marme: |rv1a|::m.ijm Create| j

[/ /aetTool ("rectangle™) ;
makeRectangle {20, 1&, 95, 92): I
S/aetTool {("oval™) :

makelwal {145, 20, 2&, 89):




(Fiji Is Just) Image) — [l >
ﬂe Edit Image Process Analyze Plugins Window
I:L@,|IE|@‘J’:|A.|#,|“\‘ ImageJ Website.. g ‘ ,j’| M | |r.~r.~

Color picker (255,255,255/0,0,0) ImageJ News._..

Documentation...

Installation...

Mailing List.

Dev. Resources. ..

Plugins___

Macros...
Macro Functions...
Examples r
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_é___ Built-in Macro Functions X
& C () | & Sécurisé | https://imagejnih.gov/ij/developer/macro/functions.htm
home | news | docs | download | plugins | resources | list | links

Built-in Macro Functions

[ABICIDIEIFIGIHIIJIK]LIM][N]JO][P] Print List
[QIRIISITIUIVIWIXIYIZ]

Al Top]

abs(n)
Returns the absolute value of 7.

acos(n)
Returns the inverse cosine (in radians) of n.

Array Functions
These functions operate on arrays. Refer to the ArrayFunctions macro for examples.

Array.concat(arrayl,array2) - Returns a new array created by joining
two or more arrays or values (examples).

Array.copy(array) - Returns a copy of array.

Array.fill(array, value) - Assigns the specified numeric value to each
element of array.

Array.findMaxima(array, tolerance) - Returns an array holding the peak
positions (sorted with descending strength). Tolerance is the minimum
amplitude difference to needed to separate two peaks. There is an optional
boolean 'excludeOnEdges' argument that defaults to 'false’. Examples.
Array.findMinima(array, tolerance) - Returns an array holding the
minima positions.

Array.fourier(array, windowType) - Calculates and returns the Fourier
amplitudes of aray. WindowTipe can be "none", "Hamming", "Hann", or
"flat-top", or may be omitted (meaning "none"). See the TestArrayFourier
macro for an example and more documentation. Requires 1.49i.
Array.getSequence(n) - Returns an array containing the numeric
sequence 0,1,2..n-1. Requires 1.4%u.

Array.getStatistics(array, min, max, mean, stdDev) - Returns the min,
max, mean, and stdDev of array. which must contain all numbers.

ATt CEE

E screen_recorder s..exe E fiji-wing4.zip o

Tout afficher

X

-




(Fiji Is Just) Imagel — O .t
ﬂe Edit Image Process Analyze Plugins Window Help
0 o|c|o|~«|w/NA|x|@|) ofsfu] o] 4]a] |-
- .
(Fiji Is Just) Image) — U >
ﬂa Edit Image Process Analyze Plugins Window Help
B oo« +/NA|&[o|[] ofsfuifs|4]a] |»
Magnifying glass (or use "+" and "-" keys)
Brigh|
v| Commands :
Brightness/Contrast... .-'Image.-‘.#.-jjL|5’L-'Erig|ré; Erightnessfﬂnntrast... X
[v] ops Menu path
7] imageJ Wiki Image » Adjust: Brightness/Contrast...
| Shortcut
[] image. Forum | control shift C
ﬁldenjﬂer

*| legacy:ij.plugin frame.ContrastAdjuster

i Location
§§ IC:FIL_4~1iFiji.appdjarsiij-1.52c jar

Run

Help Source
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e Fiji = ImageJ
e Fiji benefits & First use

e |[mages contain Metadata
e usefull information required for processing

e Use of the Recorder

e Keep track of actions
e Reproduciblility

e \Where to find additional help

e Function web page
e forum
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[9% {Fiji Is Just) Imagel — | hd [£] Macro.ijm — O e
File Edit Image Process Analyze Plugins Window Help BAR BIOP File Edit Language Templates Run Tools Tabs

+ty
-+

D,‘O,‘IZ|®|7'A “\|A‘O\|{ﬂ‘?“:|| Dev"Stk_‘LUTv|‘?‘j|&‘ |>> Macro.ijm

x=519, y=254 // Open all files from @ source directory
/4 and save them in a target directory in TIFF format

/4 Albert Cardona 2887

I

1 ¥/
Bl - o0 X 5 source_dir y("Source Directory™);
o (=i E-hes 6 target_dir ("Target Directory”);
<« C (0 | © forumimagej.net/ta % 0 A @ 7|if (File.e (source_dir) 8% File.ewists(target_dir))
I — g 8 setBatchMode (true) ;
iFORUM Q=@ g list = getFilelist(source_dir);
0 for (i=8; i<list.length; i++) {
all categories »  fiji » New (11)  Unread (1) Top  Categories + New Topic O ~ if [:EI'ICIS-'.ith[:liSt[i] P & i [
open(source_dir + "/" + list[i]);
saveAs("tiff", target_dir + "/" + list[i] + ".tif");
T c Jsers Activity close();
showProgress(i, list.length);
Drawing roi is slow g% 28 181 1 :
memory, fiji, roi o . 4
- ,l
Restore rectangle selection - macro B image Analysis e & M e - 18}
fiji, macro, imagej o ) )
[ Converting .STL file info stack of images M image Analysis 0 & 72 2 7k
stackconverter, imageconverter, fiji, 3d-viewer =
Wrong image dimensions on FIJI when reading nd2 files - 5 o
bio-formats, fij fssues Q‘e o
Exception error message when running “Read And Write Excel” plugin o . o
axport, i plugin M Issues QG !% 16 118 10d
) - T = %
FIJI question about Co-localization & Segmel 4 Built-in Macro Functions X
coloc2, colocalization, fiji, segmentation, roi -
< C () | & Sécurisé | httpsy//imagej.nih.gov/ij/de nctions.hitm af¥ ™ O 4 ® :
f'i‘“mag“)mkes too long toload {on linux), | home | news | docs | download | plugins | resources | list | links
iji, macro = = =
Built-in Macro Functions
How to programmatically stack and montage
- pen, macro [AIBICYDIENFIGIHIIIIKILIMI[NIO][P] PrintList
QIRISITINUIVIWIXIYIZ
JaCoP colocalization plugin bug ? — threshol [QURISATIHVAVIWIXIYIZ] Show Errors Clear
calculation of Manders’ coefficients
fill. plugin A[Top]
B fji-winsdzip ~ abs(n)

Returns the absolute value of i

acos(n)
Returns the inverse cosine (in radians) of .

Array Functions
These functions operate on arrays. Refer to the ArrayFunctions macro for examples.

Array.concat(arrayl,array2) - Returns a new array created by joining

two or more arrays or values (examples)

Array.copy(array) - Retums a copy of array.

Array.fill(array, value) - Assigns the specified numeric value to each
clement of array.

Array.findMaxima(array, tolerance) - Returns an array holding the peak
positions (sorted with descending strength). Tolerance 1s the minimum
amplitude difference to needed to separate two peaks. There is an optional
boolean 'excludeOnEdges' argument that defaults to 'false’. Examples
Array.findMinima(array, tolerance) - Returns an array holding the
minima positions.

Array.fourier(array, windowType) - Calculates and returns the Fourter
amplitudes of wray. WindowIipe can be "none", "Hamming", "Hann", or
"flat-top". or may be omitted (meaning "none"). See the TestArrayFourier
macro for an example and more documentation. Requires 1.49i
Array.getSequence(n) - Returns an array containing the numeric
sequence 0.1.2...n-1. Requires 1.4%u.

Array.getStatistics(array, min, max, mean, stdDev) - Returns the min,
max, mean, and stdDev of array, which must contain all numbers.

screen_recorder s.exe A~ | B fiji-winédzip ~ Tout afficher | X
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e Referring and explaining
e Split Shot with professor profile

e Look at the iMac (screen placed on the side of
the camera)

e This will result in a 2/3 shot that gives the
impression that the teacher is looking at the
content.

e For Bullets and Video

e Use this shot when commenting static content
(an image, graphics, a schema) or a video
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Notation *N'[H: >)

Parameters yc R" — |ocation

I ¢ R™" — covariance (nonnegative-definite
matrix)

THE LAW of ERROR
(Hormal Distribution)

Support  |xc p+span(Z) c R¥
PDF ‘ETTE‘_% o~ 3x—p) B (x—p)

exists only when X is positive-definite

CDF (nO analytic expression)
Mean 7}
7
Variance X
Entropy 1
— In | 2me3]]

|
MR exp (p', t + %t’rEt)

CF . f L
E!}{l:l 1"_[. 't — %‘t Et) Mo of Standard Dew Rions
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THE LAW of ERROR
(Hormal Distribution)

==T="arms=rT

10 «---
8 4---
6 - -
4

I
0

Mo of Standard Desd Fions

Sample => Handwriting and reference (Split shot}




ample => Wide Gontent, picture or video il
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Sample => Handwritten Content (Full shot) it
() + = w m=0,1,2,-. (aludar @ de u.[f-.\,\
7 P  de oy va. caludr @ \
M “:1 2 W'L 3 —— w® mithode de maxch o
“\-. I i e i Q'Ml / u{.w
» St g(f(&nq d' Me&'g “'%—“ = f[‘t—&/ fu\

X C'u,? o End £eq 4. . . ["«Q = ("'““] l(“".5 whle 3 e de dif . fas !
L QU tpty v f mf““ :};:A«Hm “Vdff{’ P

u_‘a’.’“\;‘t(fu\ o g(‘l..("b.\‘h\\ 4 O(-K_.) MhCAr(ACb‘L(f“\ PAU.“
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Text Text Text (Full shot) -

FEDERALE DE LAUSANNE

e [ry to avoid this

e This is a layout that you would use if you have long text in bullets

e But this might be difficult to read
e And looses a lot of white space

e The best use of this template is to use it to present images or videos

e The layout allows to have a title, logo, page number around the content.

e Another advantage compared to the Blank Page Layout is that the content placed in a box:
o Will be replaced and sized when you change the layout for the slide
o Wil survive the transition to another template in the future.
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Texte Arial Narrow Bold Texte Arial Narrow Texte Arial Narrow Bold couleur

Texte Arial Narrow Bold




