Les étapes du traitement de
I'analyse d’'image

La capture - image brute

Prétraitement - niveaux de gris

Segmentation = image binaire

Post-traitement - régions d’interéts

Amélioration

Publication

Quantification = donnees
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ImageJ est un logiciel libre de traitement
et d’'analyse d’'images

[ Eere— =] |

Fichier  Edition  Affichage Historigue  Marque-pages  Oubls 2

1 | Intramet PHIY
H| ns | ma crosfdey | list . —

Image Processing and Analysis in J

o Featires

o News

o Documentation
o I oads

= IllH:I Resources

o Applet/Servlet WebStart
o Maling List

o Limks

istted [F,889, 180 times. Send comments to
fmer

Traduction en Java du logiciel NIH Image
du National Institutes of Health (USA)
developpé par Wayne Rasband

Il fonctionne sur de multiples plates-formes (Windows, Mac, Linux, Unix, ...).

http://rsbweb.nih.gov/ij/
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Installation

Download +

(- ﬂ A e =3 nib., gow - "' - imagej
|2] Les plus visités J Intranet du Cirad AGAP inkra Intranet DAP Intranet PHIV J DAF phphyadmin 4, phiv | phpryAdmin

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

Download

Platform Independent

To install ImageJ 1.44 on a computer with Java pre-installed, or to upgrade to the latest
full distribution (including macros, plugins and LTS, download 17144 zip (3MB) and
extract the ImageJ directory Use the Help> Update ImageJ command to upgrade to tha
latest pre-release version. Ouverture de ij144-jdk6-setup.exe

Vous avez choisi d'owvrir

Mac OS X [ ij144-jdk6-setup.exe

Download Image] 1.44 (5 4MB) as a double-clickable Mac OF X application. Includ qui est un fichier de bype ¢ Binary File
ImageJe4, which uses Java 1.6 in 64 -bit mode on Intel Macs running O3 3 10.5 or 13 & partir de ¢ http:fjrsbweb.nib. gov
(II]Stﬁ.lCtiOnS} Youlez-wous enregistrer ce Fichier ?

Enreqistrer e Fichier] [ annuler

Linux
Download ImageJ 1.44 bundled with 32-bit Java (46MB) or with 64-bit Java (40ME).
Both versions include Java 1.6.0_20 from Sun and the ImageJ source code. (Instructions)

Windows
Download ImageJ 1.44 bundled with 32-bit Java 1.6.0_20 (28MB), with 64 -bit Java
1.6.0 20 (24ME; requires 64-bit Windows) or without Java (3MB). (Instructions)
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Welcome to the Image] Setup
Wizard
Thiz will install Image) 1.44p on your computer.

It iz recommended that you close all other applications befare
continuing.

Click Mest to continue, or Cancel to exit S etup.

Cancel ]

15 Setup - ImageJ

Select Additional Tasks
which additional tasks should be performed?

Select the additional tasks you would like Setup to perform while installing Imagel, then
click Mest.

Additional icons:
[ Create a desktop icon
[] Create a Quick Launch icon

< Back ][ Mest > J| Cancel

Installation

15 Setup - ImageJ

Select Destination Location
where should Imagel be installed?
J Setup will ingtall Imaged inta the following folder,

To continue; click Mext. IF you would like to select a different folder, click Browse.

| | Browze...

F:\magel

At least 106,8 MEB of free disk space is required.

< Back ][ Mewxt > ]| Cancel ]

-
18 Setup - ImageJ

Ready to Install
Setup iz now ready to begin inztalling Imagel on wour computer.

Click Ingtall ta continue with the ingtallation, or click Back if you want to review or
change any settings.

Destination location:
F:\magel

< Back ][ Inztall ] | Cancel

1& Setup - Image.)

Select Start Menu Folder
‘where should Setup place the program's shortcuts?

Setup will create the program's shortcuts in the following Start Menu folder,

To continue, click Mest. If yau would like ta select a different folder, click Browse.

Dor't create a Start Menu folder

< Back I[ [ext >

Cancel J

—
5 Setup - ImageJ
Installing

Flease wait while Setup installs Image) on vour computer.

Extracting filez...
F:h\Image)yjreblibhcharzets jar

Completing the Image] Setup
Wizard

Setup has finished installing Image) on your compter.

Click. Finigh to exit Setup.

Launch Image)
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Configuration

r

Welcome to ImageJ

L
1 (J The prograrm will now be auto-configured. You may be prompted toinput the locations o
<

[

— & configuration File w
Y
o=, :
FiiImageliImagel.cfg

with the Following parameters;

r ij. Image]

: consult the installation instructions for Further details,
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Configuration

Process Analyze Pluging Window Help

Ctri+Z L| i

Ctrl+x
Ctrl+C
Copy to System

FPaste Crrl+y/

Faste Contral. .. r =y

. Memory (32-bit)
Maxirriurm remory: | (B0

Farallel threads for stacks: |2

Line Width ...
Clear Outside InputOutput. .
Fill Ctri+F Fonts. ..
Oz Ctrl+D Frofile Flot Options. .
o : ; [v Run garbage collector on status bar click
Irvert Ctri+hdajH Arrowe Tool..
Foint Tool...

Weand Tool...

Ok | Cancel | Help|

Selection

Edit — Option — Memory & Treads...
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Mise a jour

Eo/&)

Imaged Meaws ...

Documentation. ..

Installation. ..

’ i Image.J Updater

Upgrade To: w1 450

You are currently running v1.44p.

Macro Functions...

Update Imaged...

Refresh Menus

[fyou click " Imaged will quit
3 will be running jraded
version after you restart Image..

About Plugins

About Imaged. ..

) | Dey | Sth i

Help— Update Imagel...

Volker BAECKER - Marc LARTAUD



[HE] it Installation de Plugins

File Edit Image Process Anakze Plugins wWindow BglEls

i,
v

Polygon selections Imnaged Mews

) Plugins - Mozilla Firefox

Fichier Edition  Affichage  Historigue  Margue-pages  outils

Ciocumentation...

Installation...

- Recherche des plugins i Lis Plugins =

. vialrg ] ) —
Sur Internet y > B & http: fimaged.nib. goviifplugins,
Help-->Plugins... '

Dev. Hesources. .. =
home | news | docs | download | plugins | resources | list | links
Macros... P I u g Ins

tacro Functions...

- Glisser-Déposer

les flchler§ .class ou .jar Contents

sur la fenétre ImageJ Update image.... Acquisition
Fefresh Menus Analysis

- Choisir I'emplacement About Plugins Collections

dans le répertoire Plugins Abnut Imarse.

Color Hiskagram +

_ M ettre é. J our Ie S menus _@ n ) e http:/ fimagei.nih. gov/ijf plugins/color-histogram, html

Help--> Refresh Menus Color Histogram

- App arition de |a Author: miter | wdanow (dimitter p ;-:::--:: atov at grenucl ac be)
nouvelle commande '
dans le menu Plugins

Sowrce:

H el p—) Plug | ns... ‘ istogratn {ar to the pluging fold

cormunand m the

Help_) Refresh Menus Description: This plugin generates
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Dossiers ImageJ

Fichier  Edition  Affichage  Favoris  Oukils

i . Rechercher || ' Dossiers

Aaresse (I Frilmage]

W E} 8] 4

l“' 1IJr||r| =000, e

12 objetis) {(Espace disque disponible : 45,5 Go) 2,36 Mo ¢ Poste de travail

Volker BAECKER - Marc LARTAUD
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Topic 01 - Installation, configuration,
help and updates



Les bases pour l'utilisation d'ImageJ



i Interface

File Edit Image Process Anakze Plugins Window Help

Bared'étt

Imaged 1.450; Java 1.6.0_20 [32-hit]; 1547 of 1200MB {=1%)
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Ouvrir une image

Cipen Mext Ctrl+hdaj+0

Open samples

Drag and Drop sur la fenétre
ou l'icone

Open Fecent

Irmpart

|: trl +'|IlII'IIII|'

Ctri+=

Ctr+R

Fichier ~ Edition  Affichage  Favoris  Qutils

Ctr+F '{l . Rechercher

it

) CHiDocuments and Settings

arabidoad "' bat-cochlea-volume, Eif

Sfrap [ cafe s
“CiMouveau dossier [Z] calib

™ comp

sparkOfEndosomalvirus ™ cogues. kF
™% dic.kif
™% Dot Blak, kF
- Eernl:-.]|:u;|
™ =mb ki

Type : Fichier L5M Date de modification

File — Open ...

™ nb.jpg
™ rb.raw
P b L

il

W

¢ Poste de travail
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Informations sur le pixel
sous le curseur de la souris
position en X,y

et valeur en niveau de gris

Informations image

Curseur de souris

Informations

File Edit Ima ge Process Analyze

#=142 y=T78 value=34

483x342 pivels; S-hit, 161K

. i '5:::5__. i :.:j';-. :.-""T*"l £
<A+ S AR G2 |®

pixel

Fluging “Window Help

F-lli : I .".? 'I:'II [ I'-+ : I
by St F | || |
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File Edit Image Process Anaklze Plugins
Dlojalo| 4]+~ AR o] 2|®)ms s 4]a] | |»]

Magnifing g ‘ar use "+ and "-"

Zone affichée

Déplacement de I'image dans la fenétre
Avec la souris et la barre d'espace appuyée

Touche « - »

483342 pixels; 8-hit 161K

Touche « + »
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Outils de sélection (ROI)

Rectang| Polygone Ligne Point
e Ovale A main levée Angle Baguette

Choix d'outils differents : Clic droit sur triangle rouge

v Oval selections

Elliptical selections

v Fectangle Tool

Segmented Line - Multi-point Toal
Freehand Line

Founded Rectangle Tool

Selection Brush Tool

Arrowy toal

Options : Double clic sur l'icone de I'outil

A —

E Rounded Rectangle Tool L‘; Selection Brush

L Line Width

4 Wand Tool

Stroke width: ¢ Mode: |
Mode:

-
Corner diameter: £
kel Tolerance: - [10.0
Stroke color: | black
Mark width: | = .
| Enahle Thresholding

Fill calar; | none S | L I:El..

ok | cancel

Cancel

[ Add to ROl Manager

Ajouter a la sélection : Maj-clic W Label Paints

Selection Colar: | vellow v

Supprimer de la sélection : Alt-clic

Retrouver la sélection: Edit — Selection — Restore Selection ]
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ROI Manager

A=)

Particles...
Summarize
Distribution.
Label

Calinrate. Calibration Bar...

)

Add [f]

Histogram Ctri+H _ 1 ol Wairadr
Plot Profile CArl -+ o0 h -

Surface Plot. .. Mucléol
Sucleole

Sels . . Lipdate

e | . i % Dielete
Fename...
Measure

Split
Add Paricles

hulti Measure

Froperies...
Flatten [F]
Mare »
v Sh

| Edit Mode
Cptions...
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Help

| Dew |5t |

Add [f]

v &dd to ROl Manager
v |ahel Points

ction Colar

[ Edit Mode

Volker BAECKER - Marc LARTAUD



Dessin

age Process Analyze Pluging Window Help

Lndo Ctrl+2

Cut Crl+x
Ctri+C
0 System

st Clrl+V 33 7 pixels; 8-hit 123K
st

'qste Control...

Clear — Noyau

Clear Outside
Fill sul Fill — Nucléole
Dirae Ctri+D D raW N C e I I u I e

Irevert Ctrl+hdaj+

Selection

Dptions

Edit — Clear...
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Annotations

i=

Distribution. ..

Lakbel

Q4 72107 23 pm RGE; 430k

Histagrarm Ctri+H
Flot Frofile Ctrl+k

Surface Plot...

Color Histograrm

Analyse—Tools—Scale Bar...

Al A=)

el Pluging

Width in prr;
Height in pi
Faont Size:
Colot;
Background: | Mone
Location: | At Selection  »

v Bold Text [ Hide Text

Serif Font

QK | Cancel
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. Histogram of feuille @@1

Summarize

Distribution...

Calibrate...

Histagram
Flot Profile Cirl+H

Surface Plot. ..

a-bit 160K

Sels

Tools

Analyse—Histogram

Volker BAECKER - Marc LARTAUD



Seuillage

r ———— & |

! Threshold

Anale taal

Ei I.-I i Iﬂfl:l - I:trl +| I'|.|“|,|'Ii I |j i

Properties...  Ctrl+Maj+p || Color Balance...

|::|:|||:|r' ¥ | ThrEShDId i C’EF|+MEU+T

b Color Threshold. .. Default ¥ | |Red

[ Dark background

Auto | £

Ca SiZE...

iZrop CtrlHhaj+ ) .
Line Width...

Duplicate... Ctri+hdaj+D

Rename...

scale... Clri+E : ixels; 8-bit; 160K

Transform
200rm

Lookup Tables

Image—Adjust—Threshold.
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Plot Profile

Summarize
Distribution...

Labhel

Calibrate. ..

Histograrm Ctrl+H

- = . : Distance (pixels)
Plat Profile Ctri+ i ki .
Surface Plot. .. — : =

Sels

Tools

Analyse—Plot Profile

Volker BAECKER - Marc LARTAUD



Mesures de sélection
. ImageJ e @@Té Set Measurements

[ Modal gray v
'and dracing) tool Ari E|"_-,-".'-"_E Particles. ool
Summarize

Distribution...

[ Perimeter

[ Fitellipse
[ Shape de 5 [ Feret's diarmeter
[ Integrated density [ Median

[ Kurosis

[ Btack position
Callbrate. . [ Limitto threshald | Display label
Histogram tri+H
Flot Prafile Crl+He

Surface Plot. ..

[ Inwvert Y coordinates [ Scientific notation
[ Add to averlay

Fedirectto: | Mone

Sels

Tools

Decimal places (0-9):

Cancel

Analyse—Measure

Volker BAECKER - Marc LARTAUD



Mesures d'objets

[

4 Analyze Particles

Size (pixeln2): | M

Circularity; - | 0.00-1.00

[ o [

Show: | Nothing
| Exclude on edges
248
248
161481 128 200

A7A TAm 4505 ST A

{41

v Clear results I Include hioles

'—-J. (ny}

| Summatize | Record starts

W Add to Manager T In situ Show

(] | Cancel | | Help |

Analyse—Analyse Particles...
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Macro

" .

'IEI‘ d ParticleLabelingExample.txt

File Edit Font Macros Debug

Vi This macro labels the blobs from the 'Blobs' test image
|H according to their area.

runi"Set Measurements...", "area center redirect=None decimal=:
B R runf"Blabs (28K

& macros setThreshold(125, 2487,
' run("Analyze Particles.. ",

“minimum=1 maximum=999999 bins=20 show=Masks display exi
s & - selectindow"hMask of blobs . gif"y,
Q Frécédente - _ 7|~ Rechercher FUn" G-hit"y;
_ - for (i=0; i<nREsUlts; i++) |
=52 | Frilmageliymacros v Eok  Lens dovvand(getResult; "KStart" i), getResult ™y Start", i1);
£ Macroget.txt (=] Showstatistics bxt setColor{getResult{"Area", i)
[Z] MakeMorkage bt [Z] Snake bxt fille ),
E| MakeSelectionDemo. bxk -'“_1 Startuplacros, bxk !
[Z] Mandelbrat, bxt [Z] TableTricks.bxt <
S particlel abelingExample. bt [Z] TextDema.bxt
:E:l PrinkTaTextWindow, bxk ;*;v] Toolshortouts, bxk
[£] Randomorvals. bxt [Z] Taolswitcher txt
[Z] ROL_Manager Stack_Demo.bxt
»;c-| RaiManagerMacros, bxk

Z) RoiManagerMaveselections, bxk

) RiokatingPolygan.txt . blobs.gif =l 4 File Edit Font Results

::'| SavehsIPES, bxt |Area |}:{M bl |}<Start |V5t2 it
¢ 170 2068414 2034853 205 195
472 26319 21560 21 1949
613 103.332 214288 599 199
843 BZER4 217835 &0 203
885 254522 227818 214
g8 180452 230218 217
281 1358466 233655 223
45542 24089588 232
Te.82T7 242827 2432
110.500  245.500 248

Fichier  Edition  Affichage  Faworis  Owtils

Twpe : Documenk b 579 ockets
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e Enregistrement de macro

Install. .. CErl+hd &)+t
L.
Edit...

Ahort Macro or Plugin {or press Esc key) ahortouts

startup Macros.

Record...

r

.é Recorder

Record: ' v| Mame: |Macroijm

Create

Plugins—Macros—Record...

Volker BAECKER - Marc LARTAUD



Plugins

ocess Analyze Rk Wyindow  Help
LS |NA 0 A hacros

Shortcuts

LItilities

=S

File Edit Select Transformation “iew Help

Compile and Run...

10 Surface Plot
D Surface Plot

Stack Filters Yolume Yiewer

Graphics
-'l*;__h.a.t'ﬂ.t-:l_:_t:hlea_-. s @ »

3611 4:121%1 54 pixels; 8-hit, 2MB

Input-Output

kacros

Process
Stacks
Tools

&

b2 >

Plugins—3D—3D Viewer
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Barres d'outils

Drawing Tools

Exarmple lcons

Lookup Tables

Luts Macros and Tools Updater
Magic Montage

Plugins

Scale Bar Tools for Microscopes
Stack Tools

Toolset Creatar

Help. ..

_ |snja E|F m jos|T |5

__ & !Stl- |-:-: |J > |:..:.. | + | - |

Volker BAECKER - Marc LARTAUD



Panneaux de commandes

4 ImageJ - @@1 rE Control Panel @1

Colar picker (0,0,00 shortcuts

LItilities ¢

) &y v Find Commands. .. Ctrl+L

Contral Panel. .. Crl+hdaj+L

Compile and Run...

. I 1
* Control Panel. . EUﬁ“ﬁEE @@

sy Show Parent

e+ 3| +i= Cormmands..
Conkral Panel. .,
Examples

Filters Imaged Properties. ..
Graphics Threads. ..

Capture Image

INput-Output

Benchmark Image] Properties...

hacros
Froc

Segmentation

] I

Tools L

-2 GEraphis

g
3
3
3
3
3
3
3
3
3
-

Plugins—Utilities—Control Panel
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Topic 02 — Basic tools 1

Topic 03 — Basic tools 2



[fE] &

L’image numérique
Les Prétraitements
La Segmentation
Les Post-traitements

La Quantification



0




Image numérique = tableau de pixels

= ophrys-1.jpg (600%)
3R 4x584 pixels; RGE; 828K

BEE

E I:I” !

Détail = Affichage * 6
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[
] )j? '

‘i.[|:l"‘| ==

1024*1024
1 Mega pixels

Ecran 72 dpi

= i

Ll
.....

|||||||||

1024x1024 pixels, RGE; 4MB

Resolutions : Nombre de pixels par pouce a l'affichage
r:;_ uphrﬁ.jpgﬂﬁﬂl . @..1

Impression 300 dpi
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it Codage binaire

.

= ess (3200%) EER

dxd pixels; B-hit, Ok

= ophrys-1.jpg
IE4x584 pixels; B-hit; 207k

.

CEx

Volker BAECKER - Marc LARTAUD



Jl,c-v—-tl

Y

i
!

7

— = 1hit>2 valeurs

Codage

3bits—=>8 valeurs

5bits—> 32 valeurs

3

*Sans titre-4.0 (indexée, 1 calque) 2B2x565

Fichier Editon Sélection Affichage Image Calgue

‘Sans titre-4.0 (indexée, 1 calque) 282x565

ouf Fichier  Editon Sélection Affichage Image Calgue

(&
e

*Sans titre-4.0 (indexée, 1 calgue) 282x565
Fichier Editon Sélection Affichage Image

Volker BAECKER - Marc LARTAUD
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Codage 8 bits 0->255 Valeurs de vaeaux de gris

i ess.tif (3200%) EE )

= ophrys-1 ]PE
J64x6E4 pixels; B-hit 207k

Edit LUT

£

I B S
Eﬁ!ﬂﬁﬂlﬂﬂﬁl!l!lllllll!llll 5 S
N B e e e e LT LT
e e e e DT L T ]

| Apply || Preview ‘ Cancel

IIIE

Volker BAECKER - Marc LARTAUD
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|

np— —j
TR
e

0

Codage couleur 24 bits RVB

.

= ess rvbhf{SZ[H}%} @ 3641554 nixels. RGH, 8

File Edit Macros

0,00
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Piles d'images : Stack
EER i»  OER l»  EEK

256 pixels; RGE, GAME

X Volker BAECKER - Marc LARTAUD



Format d'image

8bit, 16bit, 32bit, 8bit color
RGB

Stack

HyperStack

Format de fichier

RAW : image brute

TIFF : sans perte + metadonnées

JPEG : compression avec perte d'information

LSM : format propriétaire de chez Zeiss
OME-TIFF : format Open Microscopy Environment
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Topic 04 — What is a digital image?



[ o

L’image numérique

Les Prétraitements

Amelioration de la visualisation
Filtres et operations

La Segmentation
Les Post-traitements

La Quantification



Histogrammes .  Distribution des niveaux de gris

= ophrys-1.jpg = ophrys-2.jpg
J64x584 pixels, B-hit; 2071

- ophrys-2.jpg A=1/E3
J64x584 pixels; 8-bit;, 207k A64x584 pixels, 8-hit; 207K .

r

B 4 | i | v N -
~ Histogram of ophrys-1 @@@ ~ Histogram of ophrys-2 @@@1
J00x240 pixels; 3-hit; 7Ok

. Histogram of ophrys-2 =13
3004240 pixels, 8-hit; 700 e i
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}ng Correction de la dynamique de I'image
HAISIN o

Dynamique = [ valeur_mini , valeur_maxi |
- ophrys-2.jpg [ EX
364534 pixels; 8-bit; 207k

= ophrys.jpg

=163
I64x584 pixels: B-hit, 207K

~ Histogram of ophrys-2 | @@ t ~ Histogram of ophrys - @@
300240 pixels, 8-bit, 7Ok A0 40 pixels; B-hit, 7Ok

Count 212576 Min: 3

Max: 1186

Min: 10

i

Mode: 31 (8168)
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Luminosité Contraste

lemec LEK

— Mini
— Maxi

L uminosité

Minmuem

Ml aximum

Brightness

“— Contraste

Contrast

Image—Adjust—Brightness/Contrast...

Corrections linéaires

Niveaux

F.
L owal

LER
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Correction non linéaire : Egalisation de I’histogramme
Densité de probabilité normalisée pour aplatir I’'histogramme
Lo EEE prmanm) ' "

119410 pixels; 9-bit; 48

i Enhance Contrast
Saturated Pixels: m %

v Mormalize

Iv Egualize Histogram

Normalisation Egalisation
Process—Enhance Contrast

Volker BAECKER - Marc LARTAUD



Correction non linéaire du Gamma

y =range * (x / range ) * gamma
range = gamme de valeurs des pixels de lI'image

333377 pixels B-hit 123K

r

Yalue: £

W Preview

22Tw22T pivels; RGE; 201K

333377 pivels: 8-hit 123K

Count: 125541 Min: 100
Mean: 211.471 Max; 2565
StdDev: 32.860 Mode: 255 (34114

Process—Math—Gamma...

gamma
correction

122

/ CRT
4 gamima
2.2

B

0 255

Count: 125541 Min: 24
Mean: 166.568 Max; 255
StdDev: 63.130 Mode: 255 (34114)

Volker BAECKER - Marc LARTAUD



| Preview

Cancel

010 (J Al
LA l: LA l: 0
A64x584 pixels; B-hit, 207K A64x584 pixels; B-hit 207K IEduh0d
P\
E
| Apply Preview Cancel =
| Ap_ply | Preview | Cancel
-
|
|
ol0|> 0l0 D) 1ADIC

| Apply

Preview || Cancel

BA




Réglages avec la LUT Hi Lo o Bh__@.'

Fiz
Edit LUT

3 rEE S E e B D E RIS S R EE
N T O 1 T Y I
EEEEEEEEEEN 10 0
1 I I N O I T 0 S A

‘ Ap_ply || Preview || Cancel

r s "

_- nphw*s ipg ( =13 ‘ ﬂphnrs .IPE (3{*[’%} :

"

! Hmtugram of uphry*s

Volker BAECKER - Marc LARTAUD
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 —
grm——|

_ | &

Gain Offset

W

Le gain (contraste)
joue sur la dynamique
de I’histogramme

Variable Gain A/D
Amplifier

Converter

P

A N ¥ 4 ff. -
< 3 »< ; gital
! \ +/ \“\\

/!_,/ e Numbers
Offset

L'offset (luminosite)
déplace I'histogramme

Volker BAECKER - Marc LARTAUD



Réglages avec la LUT Hi Lo

= ophrys.jpg (300%) =13

36 4xA 84 pixels; 8-hit, 207k

r ]
i Histogram of ophrys
(200x240 pixels, RGHE; 280k

Count: 2
hea it
StdDeny: 3

List ! Copy i Log i

T ]

Volker BAECKER - Marc LARTAUD
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Apnalyze Pluginz

Segrmente

Ctrl+l

Ctri+Maj+P

Duplicate... Ctrl+Maj=l
Rename...

Scale...

Rotate

foom

Lockup Tables

Window Help

e |
T

Convert Stack to RGA
RGE Spit

RGH Merge...

Show LUT

Edit LUT... Red
Color Picker...  Ciri=Maj+k Green
Blue

Cyan

Magenta

Invert LUT

Apphy LUT

Outils LUT dans ImageJ

L LUT Editor

Volker BAECKER - Marc LARTAUD



Réglages d'images composites

113 (Red, 51216812 pixels; B-hit, 768K

§li=1E3] Li_ FluoresceniCells.tif (15%) g]@ i
ala(blue);, 57125074 plkels, b-hit, Fhiok

rl.l1-i-r'| imu
!

i Maxirmum

Composite s [ |

Brig hthess

W Channel 1
v Channel 2

¥ Channel 3

Image—Color—Make Composite
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Topic 05 — Brightness and Contrast
Adjustment



[ o

L’image numérique

Les Prétraitements

Ameélioration de la visualisation
Filtres et opérations

La Segmentation
Les Post-traitements

La Quantification



=

Filtres de convolution

o e e,
F. o e
T ——

Image source Noyau Image résultante

] o]0 en] 0 ol sl o
0] 0] 00 o0 0
o] 0020 o0 0

o] 0] ] 00 0
o] ] o] 0] 00
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Filtres de convolution

Image source Noyau Image résultante

Somme /12 = 108
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Filtres de convolution

Image source Noyau Image résultante

Somme /12 = 108
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Filtres de convolution

Image source Noyau Image résultante

Somme /12 = 108
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Filtres de convolution

Image source Noyau Image résultante

Somme /12 = 108
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Filtres de convolution

Image source Noyau Image résultante

Somme /12 = 133
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Filtres de convolution

Image source Noyau Image résultante

Somme /12 = 108
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Filtres de convolution

Image source Noyau Image résultante

Somme /12 = 108
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Filtres de convolution

Image source Noyau Image résultante

Somme /12 = 108
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Filtres de convolution

Image source Noyau Image résultante

Somme /12 = 108
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Filtres de convolution

wlio

o]0

o] o]0 00 00
o] 0] ] 00 0
] ] o] 0] o0

=S

B Le résultat d'un tel filtrace est un liszace de lYmace, il s'acit d'un filtre passe-has.
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e EBE Filtre k ophoys. e EEX

3645584 pixels, B-hit; 207K 264x584 pixels, B-bit; 207K

passe-bas
moyenneur

i
~ Convolver...

v Normalize Kernel

5], Cancel

- Plot of ophrys [= |83|X]

520250 pixels, 8-hit, 126K

L Ui'| 'u I

Gray Yalue
GrayVWalue

| hJ

Ik ’u \'HII

|
||| | l'” h\ |\|||

'J'nw\ il

.:, rl\"||\|b'l‘bli‘|“ml\(l"I W' “

Distance (pixels)

Process—>F|Iters—>ConvoIve
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Filtre médian

o i o
F. ]
I g —

Un filtre médian non linéaire affecte au pixel
central la valeur médiane de la série; ce qui
nous donne, dans le cas de notre exemple, la
série de pixels suivante :

En effet, la médiane de : 12,13,14,15,18,19,21,27,29 est 18.

Volker BAECKER - Marc LARTAUD



264x584 pixels, B-hit; 207K

Filtre
meédian

Radius: [H  pixels
QK | Cancel

|uf|\p~m,|n|\ufui ||“||| ""Jm'l |J||“|n,||| U.

|

|
I|II "'\ ||'Ih"||'““ﬂ‘J |'| ||‘4||‘|'h |||| (ll ||L|' | 'llllh‘

Gray Value

Cistance (pixels)
Distance (pixels)

Copy...

Process—Filters—Median...
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= ophrys. Jpg @@ FI Itre = ophrys-1 Jpg @@

364x584 pixels; 8-hit; 207K

364584 pixels; B-bit 207K

Gaussien

-

~ Gaussian Blur... @
Radius (pixels) |

[ Show Kernel

Cancel

p‘m‘ ﬁu' i ‘|| I.|
\

|
‘;'“"’lr\\ |I|‘ lk ~'[| WM{ J|| L‘\H'\

Distance (pixels

Gray Value

Process—Filters—Gaussian Blur...
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Iv Maormalize Kernel
I_ F' r'Eg'...'i By

v Maormalize Kernel

I_ F' r'E!'nln'i (=301

Les images sont convoluées
par les filtres de Sobel
Le resultat est la racine carrée
de la somme des carrés des images

Process—Finds Edges

+ ophrys.jpg

EEX
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Filtres Passe-haut

Le résultat est une accentuation des détails et du contraste
mais aussi une augmentation du bruit
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Combinaison Gaussien Laplacien

Laplacian

1

Laplacian of Gaussian (LoG)

Les propriétés de réduction de bruit des filtres Gaussiens peuvent étre
utilisées en combinaisons avec d'autres filtres qui au contraire génerent du
bruit, comme les filtres Laplaciens. On peut par exemple choisir d'appliquer
d'abord un filtre Gaussien pour réduire le bruit, avant d'appliquer un filtre
Laplacien pour détecter les points autour desquels les variations de
luminosité sont importantes.
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File Edi Image

Freehand line sel

(2w 8 Analyze Pluging Window

Smooth

Sharpen

Find Edges
Enhance Contrast
Moize

Shadows

Binary

Kath

FFT

Fiterz

Image Calculator...

Subtract Background...

Repeat Command

Cirl=Maj+S

Cirl+Maj+F

Mean...
minimum...

M axirmum...

Unsharp Mask...

Ctri+Maj+R

Filtres et Opérations dans ImageJ

& Convolver...

ﬂpenm|

—mmmm e  cmcama e —ac

v Mormalize Kernel
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Topic 06 — Noise and filter



Correction du fond

Sources de degradation

- Bruits de la cameéra: bruit aléatoire, «pixels chauds» ,bruits périodigues
- lllumination non-homogene

Correction a la capture

Fixer les réglages microscope — acquisition

Captures moyennées d’'un champs noir CN (en coupant le trajet optique)
d’'un champs clair CC (lame sans echantillon) et de I'échantillon

Image corrigée = ( (échantillon - CN) / (CC - CN) ) * 255

Raw Image Flat Field Frame Dark Frame Corrected Image

F
- L ’
B o ;
F ot o
"|| B e
AR | TR
it ¥
| - .— 2 "._-' 4.
! \a ' g

-
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Correction du fond

Correction apres la capture
Bruit aléatoire : filtre gaussien ou median mais perte de détail

Pixels chauds : filtrer les pixels saturés isolés

Bruit périodique : filtre de Fourier

lllumination non-homogene :

- Soustraire la méme image tres floue (filtre gaussien tres large)

- Algorithme « rolling ball » (ImageJ Process—> Substract Background)
- Toute une serie de plugins implémentes dans ImageJ (Fitting a polynomial surface)
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Masquer le fond

247 pivels; 'F.! B, E

[ —
- Gaussian Blur...

Radius (pixels)

1213247 pi

lmagel; d-iu::_t'i'f '

Operation:  |Subtract

v Create Mew wWindow

v 32-hit Result
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111
111 ‘
111

Orig —(Flou — Orig)

Flou - Orig
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Topic 07 — Background correction
Unsharp masking



il

L’image numeérique

Les Prétraitements

Permet de séparer les

La Segmentation régions d'intérét du fond.

Les Post-traitements

La Quantification



7], Le Seuillage automatique

4 ophrys-1.tif @

271x259 pixels; 8-bit B9k

.'_'T 1%254 pif'a::E!IE:; Eli-'tfii't; Rk

Image—Adjust—Threshold...

. Threshold

Min:
Max

; = Walue: 194
List | oy | Log |
I Count: 160

Crefault w» | | Red

v Diark background

Auto | Apply | Reset| set|

Intermodes
lsaoData

l] |soData
Li
MaxEntropy
Mean

MitErrar
Minirmum
Moments
Dtsuy
Fercentile
FenyiEntropy
sShanbhadg
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Le Seuillage manuel

34Rx3R5 pixels; 8-hit 123K [ 34Rx3R5 pixels; 8-hit 123K
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. Cliphoard

306x362 piels, B-hit 1

Seuillage local automatique

r

._'.i. Threshold @

Crefault | |[Red

[ Dark background

Auto | _Apply | _Reaet | et |

r

. Auto Local Threshold

Auto Lacal Threshald w1 .1

Method

Radius |15

Special paramters {f different from default)

Farametar1 [0

Farameter2 |0

v 'White objects on black background

Thresholded resultis always showe inwhite [254].

| ]L4 | _Cancel |

346x362 pixels; B-bit finverting LUTY; 122K

AEE

b .

~ 7

- -
: “

L

346%362 pixels; 8-hit 122k
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Plugin k-mean clusterlng

r..lma_lge._l
File Edit Image Process Anakyze BREEHEES vWWindow Help

o |o| 4| +[R Al¢ maros |4
shortcuts k

M=l v Utilities »

346x364 pixels; B-bit 123K MNew v

| Color picker (0,0,00

Compile and Run...

‘ 3D »
Analyze >

Examples »

}' | Filters b

' Graphics *
v 2 . '. Input-Ciutput
- 5 " Macros
- Process

[ ————...—.-‘

! K-means Configuration g’

Mumber of clusters |3

Cluster center talerance | 0.00010

I+ Enable randomization seed
43

Fandomization seed

[ Show clusters as centrid value

[ Enable clustering animation

| Print optirmization trace

(] | Cancel|

: Tools ¥
1CCESS
.
Ci o o
.
L )
o .
. *e
®
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= Clipboar

256 pixel
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Bl  FFT filtres dans le domaine de Fourier
2!3; vixels; 8-bit, 61K @@@ '.3_'Ei:1i .-.:: -;:- TR E@@ :-g -:::- —— E@@

~ Modif FFT of Orig
256256 pixels; 8-hit G4K




segmentation
separation RGB

[

£ baboon. jpg

:IF

Image—Color—Split Channels...
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[HE] it Décomposition HSI

la Teinte ou Hue se référant a la couleur
codée de 0 a 6 correspond a une distribution cycligue des couleurs
le noir, le blanc et les nuances de gris sont codes a 0, comme le rouge

la Saturation : mesure de I'absence de blanc dans une couleur
le " rouge pompier " étant une couleur saturée et le rose une couleur non saturée

I'Intensité ou Luminance : mesure de l'intensité d'une couleur, distinction entre clair et
foncé

4  Bleu

Javne R S 5 AMagenta

0-6
Rovige
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(200%247 F:ui::-::el hlt 44 I

rh_ ’ d sat ic - .
_.*r. 1 {r.'atiuatiﬁn} :::.T -:;:-:::

... :r- 1 {hvﬁhhmﬁi ...

Image—>Type—>HSB Stack '
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Saturation

¥ Pass

#2120

»i255

Brightness

a' o5 .‘g Original

Crefault
| Huang

21 IsoData

Color space:; [HSB =

v Dark backoround

* 1L

| lntermodes

[J_lsoData

haxEntrogpy

2 ZpMean
MinError

Threshalding method: | Default w | Minirmum

~ Moments

Threshold colar; EIB;W 'v": Oitsu

Trianole
Select Sample| Ten

4 o T, Stack
n{b 3

Macro

Help

Image—>Adjust—>CoIor Threshold..

Fercentile
FenyiEntropy
Shanbhag

368x363 pixels: RGE; 22K

- [B]%]

[ TN

<
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Plugin Colour Deconvolution

(=]
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Topic 08 — Segmentation



]

L’image numeérique
Les Prétraitements

La Segmentation

_ Transformations de
Les Post-traitements morphologie

mathématique

La Quantification



[E]l Principe

Elément structurant

On déplace I'élément
structurant sur toute
'image

Le pixel sera noir si:

I'’élément structurant est
Inclus dans un objet de
'image

—->EROSION

I'’élément structurant
touche un objet de I'image

- DILATATION

Exemple d’elements structurants

reponse negative

. reponse positive

" reponse negative

@ rcponse positive
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| . i—H -~ erosion MG -':'f:.." = _ﬂ;h;lt:ﬁﬂﬂ
|W ﬂ[i M O r p h O_m a.t h 20Ex258 pixels; 8- .I ;12K @@ 206258 pixkels B-hit, 721
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£ Morpho_math

~ houche trous
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Pluging  Wyindow

Srmooth Ctri+haj+3
aharpen

Find Ed

hath
FFT
Filters

Batch

Jepeat Command Ctri+tdaj+F

Process—Binary—QOptions

Make Binary

Convert to Mask

Erode
Dilate
Open

Close-

Outline

Fill Holes
akeletonize
Distance kap
Llltirmate FPoints
Watershed

“aronai

Options...

r

Menu Binary

4 Binary Options

lterations {1-100%;

Count{t-gy |1

[ Black background

| Pad edges when eroding

ELM output:
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Erodé Ultime

L’erodé ultime : la derniere fraction de | 'objet restant avant sa
disparition lors d’érosions répétées.

= Clipboard @ r;—_ Erodees ﬁ r;—_ Erodée ultime @*
| 264%259 pixels; 8-bit, BEK [

(20 4x254 pikels, B-bit, BEK

Process—Binary—Ultimate Points
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|l' ‘Cdr.-:—c-—l

[
1

- Lalignhe de partage des eaux : watershed

| )

~ Clipboard-2 M= ~ Clipboard-5 TEX

421 6x215 pixels,; 8-hit; 45k 12162215 pixels, 8-bit;, 45

Cette transformation morphologique est la principale méthode de
segmentation d'images proposees par la morphologie
mathématique.

Process—Binary—Watershed
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Diagramme de Voronoi

i
U]

:

Process—Binary—Voronoi




Iren W , . .
Il Opérations Ioglques

(A) AND | 1)

H]'

‘A1 OR (B

- = '

(A)XOR 1 5)

-

Process—Image Calculator...
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Erosion 1

! Construction d’une fonction contour

Contour

XOR




346364 pixels; B-bit; 123K J46x364 pixels; B-bit; 1231

346364 pixels; 8-bit, 123K

Erosion
agrandit les zones

Grayscale Morpholo
y P 9y sombres

Plugins—Morphology—Gray Morphology

Dilatation
agrandit les zones
claires
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JdEx364 pixels; 8-bit 123K Jdbx364 pixels; 8-bit, 123K

346364 pixels; 8-hit; 123K

Ouverture

Erosion puis
Dilatation

supprime les petites
zones claires

Plugins—Morphology—Gray Morphology

Fermeture
Dilatation puis
Erosion

supprime les petites
zones sombres
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Exemple

Colour Deconvolution

r

| embeol-1.tif {Colour[1])-1 _@1

Seuillage

L embcol-1.1if (Colour[1])-2
3333TT pixels; 8-bit (mverting LUT); 123K

LER
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Exemple

Analyse particules — ROl Manager

v Edit Mode
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[IE] Exemple

Inversion

A3]ATT pixels; B-bit(inverting LUT); 123k

Boucher les trous

233377 pixels; 8-bit (nverting LUT); 123K

13337 T pixels; B-bit (inverting LUT); 123K
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;[|li: l.l 1] ===

A333TT pixels;

Exemple

Mesures des moyennes de niveaus de gris
sur la carte des distances —

Estimation de la position des grains d'amidon
dans la cellule

8-hit {inverting LUTY; 123K

333377 pivels: B-hit(inverting LUTY: 123K

001 0-0324
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Topic 09 — Matematical Morphology



[fE] &

L’image numeérique
Les Prétraitements
La Segmentation
Les Post-traitements

La Quantification



= B - #
:

"
File Edi Image Process ERULL-8 Plugine Window Help = = Zibs La
= | 1 |
Iﬁ QJ@_Q_ﬂ“_“!EJ”_“ Measure Ctri+M i?_lfj_|_ﬁ_|ﬂ@g@]_|_| W Area W Mean grayvalue
Segmented line selections  Analvze Particles... [ Standard devistion [ Modal graywalue
Summarize - [ Min & max arayvalue [ Centroid
Distribution. . v Centerofmass [ Perimeter
Label Size (pikel): [ Bounding rectangle [ Fitellipse
Clear Resultz [ Shape descriptors [ Feret's diarmeter
Circulatity | 0.00-1.00 . = .
Set Measurements.. L [ Integrated density [ Median
Show: | Mothing v/ [ Bkewness [ Kurtosis
Set Scale... =
] [ Areafraction | Stack position
Calibrate.. [ Display results v Exclude onedges
Hiztogram Ctri+H I
i i L (Eleaszsht i [ Limittathreshold ¥ Display label
0L Froane T+ [ 8 i I R o start e
Lt SRS [ Inverty coordinates [ Scientific notation
Surface Plet.. WV Add to Manager T In situ Show
Gels 4 Redirectto: | [ETPE o |

Todks b (] | Cancel| Help|

Decimal places (0-9): !

ogram of Cellule =13 ot Scale d 0K | Cancel| Help|

300x240 pixels; 8-bit, 70K

Distance in Pixels: |1200 o of (e =1
: S— 5203250 pivels, B-hit, 126K
Known Distance: |‘I.EIEI
251.1
Pixel Aspect Ratio: | 1.0
Unit of Length: | [ E
B 200 3
0 255 z
Count: 1655680 Min: 0 Scale; 1200 pixelsfinch -
Mean: 177.263 Max: 255
StdDev: 54,860 Mode: 248 (64439) |_ s
Global 0
0.00 Distance {inches) 044
Value: 238
Li5t| Copy| Lug‘ K | catirel | Lst | save..| Copy..|=x-0.43, v-244.3




Mesures

- Longueur

- Surface

- Périmetre

- Moyenne des valeurs de niveaux de gris

- Niveau de gris le plus frequent (sommet de I'histogramme)
- Min et Max des niveaux de gris

- Centroid : moyenne des X,y

- Center off mass : moyenne des X,y pondérée par les intensités
de niveaux de gris

- Circularite : 4pi(surface /périmetre2) = 1 pour un cercle

- Etc ...
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Topic 10 — Quantification
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