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AGENDA

Introduction:

*  Whatis ImageJ;
e System of macros & plugins;
* Imagel! vs. Imagel? vs. FlJI.

Imagel:

* Toolbar & menubar;
* Automatizing processing with macros;
* Image analysis.

Integration MATLAB/FLI:

*  How to setup;
* How to launch Imagel from MATLAB;

+— Sendingand-receiving data from MATLAB;
* TrackMate/FlJI: tracking articles;

*  Comments on memory and data types. (

Questions? Comments?
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INTRODUCTION TO IMAGEJ

*  What is Imagel?

e Platform for image processing;

* Open source (written in Java language);

*  Huge community involved;

e Several plugins and macros available on the internet;

4 Imagel — >
File Edit Image Process Analyze FPlugins Window Help
5 0/c|o <]« |Ala] o]0 s/ 4]0 ]2] | |»
ImageJ 1.50i; Java 1.8.0_121 [64-bit]; 456 commands; 75 macros

¢ About Imagel - O X

Imaged 1.50i

Wayne Rasband
Nationa

!
) /
Imagekl is in the []UU”C domain V.
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INTRODUCTION TO IMAGEJ
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* An “ecosystem” of plugins attached...

3 Image]

Image-specific components

Image] Common Image] Ops Image] Updater Image] Legacy SCIFIO

B imgLib2 @ Scijava

Core image data model More general than images
+ Extensible pixel types — not just uint8, vintle, floar32 = Application container
+ Extensible data sources — not just files on disk » Plugin framework
+ Extensible sample organizations — not Just arrays + Module framework
+ Extensible dimensionality — not just X, Y, Z and time « Display and Ul frameworks
+ Interface-driven design + Scripting framework and plugins

f
)
——ro:

Java

\
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e
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INTRODUCTION TO IMAGEJ

*  Fully customized:

*  Macros:

* simple scripts created to do same task;
*  Plugins:

*  More robust than the macros;

*  Written in Java language (compiled).

j‘; Imagel

° How to create a macro? File Edit Image Process Analyze [[FIEEN Window Help
o)) < £

i x’\‘AM Macros
° How to create a plugm? Color picker (255.255.255/0.0.0) Shortcuts

Utilities

- - - -

MNew
Compile and Run__.
Install .. Ctrl+Shift+M

3D
Analyze
Examples
Filters

Graphics

Process
Scripts
Stacks

Tools

13
13
13
13
]
Input-Cutput 4
]
3
3
3
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IMAGEJ! VS. IMAGEJ? VS. FUI

*  Which are the differences?

ImageJ? ImageJ? FIJI

* Not only about plugins...

*  Which one will we use (for now): é

* Easier to use;

*  But still powerful! (
{
N/
4
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INATLIRE METHODS | VOL.o NO.7 | JULY 2012|

NIH Image to ImageJ: 25 years of image analysis

Caroline A Schneider, Wayne S Rasband & Kevin W Eliceiri

Table 1 | List of NIH Image and Imaged variants

Date initiated Description

NIH Image 1987 The predecessor of Imagel, created by Rasband; made for the Macintosh; no longer under active development

Image5KM May 1903 A version of NIH Image for 05X extended by 5teve Bamett; intended to handle loading, display and analysis of
images from the scanning microscope

Imagel 1997 The current version of Image] developed by Rashand; sometimes called Imagell

Imaged2x Unknown An offshoot of Imaged; modified to use Swing interface; no longer under active development

ImagelA July 2005 An offshoot of Imagel developed by Johannes Schindeling used as the core of Fiji

Fiji December 2007 A ‘batteries included” distribution of Image] popular in the life scences

ImagedX March 2009 Created by Grant Harms to discuss improvements to Imagel; formed the basis of an application to NIH that launched
ImagelDev

Imagel2 December 2000 Under development by the ImagedDev project; a complete rewrite of Imaged; includes Imagel1 to allow for old-style

(Imagel Dev) plug-ins and macros

MBF_Imagel 2005 Bundle developed by Tony Collins for light microscopists; plug-ins from MBF_Imagel can be installed on Fipi,
combining the programs

Salsal Unknown An offshoot of Imaged intended for astronomy applications; designed for use in classrooms; available in over 30
languages

CellProfiler 2006 Free, open-source software started by Anne Carpenter and Thouis Jones; aids biologists without computer-vision
traiming to gquantitatively measure cell images automatically

Iy 2011 Created by the Quantitative Image Analysis Unit at Institut Pasteur, Icy provides integrated software to bridge the
gap between users and developers through open-source software and a central website

Bin7 Unknown Application used for ecological modeling; integrated development environment; focuses on individual-based
modeling and spatially explicit models

uManager 2005 Open-source microscopy software; controls automated microscopes; comprehensive imaging solution when used

with Imagel; developed by Arthur Edelstein, Ziah Dean, Henry Pinkard and Nico Stuurman




IMAGEJ — GRAPHICAL USER INTERFACE (GUI)

The simplest GUI (Graphical User Interface):

File Edit Image Process Analyze Plugins Window Help

L] OO~ LN ALQOA] Deswl f 1ol 2] | >

*Rectangular® or rounded rectangular selections (right click to switch

*  Menubar:

|File Edit Image Process Analyze Plugins Window Help ‘
* Toolbar:

O O 3| O A< L8| N A| Q| O|[A]] Pey|sw | 4 | &)~ >
* Statusbar:

*Rectangular® or rounded rectangular selections (nght click to switch)

,
&
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IMAGEJ — IMAGE PROCESSING

*  Example #1:

* Goal: Load image, apply noise and restore it:
1.  Load the sample image (chess. bmp);
2. Apply “Salt & Pepper” noise (Process > Noise > Salt and Pepper);
3.  Restore: which filter?

Original noiseless image Noisy image

a,
N v R
R N
Lo
.
.
. B

Restored: mean filter

Restored: median filter

¢
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IMAGEJ — IMAGE PROCESSING

*  Example #2:

* Goal: restore an image with periodic noise:
1.  Load the sample image (clown . bmp):
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IMAGEJ — IMAGE PROCESSING

*  Example #2:

* Periodic noise = Fourier transform!

Noisy image
Risionn '\‘ Ve
’ 5 o na) \

G'!}'
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IMAGEJ - MACROS

* What are macros?

*  What do they do?
* Creating the first macro:

*  Plugins > Macro > Record...

& Recorder — O >

Record: ([EECINN ~| Name: |Macroijm Create| j

* Do whatever you want and click on Create;

*  Example #3: Automatizing the process of Example #2. (!

o~
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IMAGEJ — IMAGE ANALYSIS

* Histogram;
* Radiometric profile;

*  Measurements: mean, max, min, standard deviation, ...

4 Histogram of Result - O *
300x240 pixels, RGE, 281K & Plot of chess _ o %
460.51%x311.17 pixels (530x255); B-hit; 132K
T T T
200 i|
3 150 B
2
& 100 -
0 255 spH 1
Count 262144 Min: 0 P R B
Mean: 9.854 Max: 104 0 100 200 300
StdDev: 14.282 Mode: 0 (132848) Distance (pixels)
List Save.. | Mores | Live
value=253
List| Copy | Log | Live |
count=0
4 Results — | >

File Edit Font Results

Area  |Mean |StdDev |[Min [Max | ~
262144 985 1429 0 104
1920 985 1413 0 71

1872 1012 1473 0 99
3204 960 1374 0 76
0

3224 910 153.13 a5 \e
> y. .
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IMAGEJ — IMAGE ANALYSIS

*  Example #4:

* Goal: Identify noise;
*  Process > Noise > Add noise;
* Subtract original original image from noisy one;

* Analyze the result (noise):
*  Variance, histograms...

Original noiseless image Noisy image

G
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IMAGEJ & MATLAB - SETUP

* Preliminary observations:

* You can use either Imagel or FllI;
*  We will use Fiji;
* Pay attention to the required Java version;

*  MATLAB and FlJI have to run under the same (version) Java Virtual Machine
(JVM):

MATLAB

4
¢ &
= JVM =JVM
Sovm = & G

v1.7... > JAVA 7 v1.8... > JAVA 8

LN
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IMAGEJ & MATLAB - SETUP

*  How to check which version of JVM is being used?

*  MATLAB: >> version -java
* FlI: Help > About Imagel...

* Changing the JVM used:

* TIP: download install the latest one from Oracle’s webpage;

4\
MATLAB

v2017a v1.51n

SIVM = S JIVM

vi.7... > JAVA 7 v1.8... > JAVA 8 (
* This process doesn’t work with MATLAB 2016{a,b} f

o ©
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IMAGEJ & MATLAB - SETUP Cravi
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* Changing the JVM used on Windows:

* Just set a new Environment Variable (MATLAB_JAVA) which will points to
the desired JVM;

* Control Panel > System > Advanced System Settings > System Variables:
* Click on “New..” and set the variable MATLAB_JAVA...

Mowa Variavel de Sistemna

Varidveis de Ambiente

Propriedades do Sistema *
Varidveis de usudric para Helder Nﬂume da wa ria'uel: | MATLAE JA‘IUI'-Al
Nome do Computador Hardware Avancado  Protegdo do Sistema Remoto - -
Varidvel Valor
Para tirar o mé&ximo proveito destas alteragdes, & preciso ter feito logon como PATH C\Users\Helder\Miniconda3; C:\Users\Helder’ -|u|- | d - |
a[d)”"”'md"': TEMP 5USERPROFILE%\ AppData\Local\ Temp glor oa variaver | Ch\Program Files\Javaijre1.8.0_121
SSEMmpEnna T™P %USERPROFILE%\AppData\Local\ Temp

Efeitos visuais, agendamento de processador, uso de memérnia e
meméria virtual

Procurar no Diretdrio... Procurar Arguivo...

Perfis de Usudrio

Corfiguragies da drea de trabalho relativas a entrada
e Varidveis do sistema
Varidvel Valor =
Inicializagdio & Recuperagio C_EMBAT_REDIST11 C:\Program Files (x88)\Common Files\Intel\Shared
Informagdies sobre inicializagdo,do sistema, falha do sistema e ComSpec CAWINDOWS\system32emd.exe
depuragéo FP_MO_HOST_CHECK NO
Corfiguragdes... 3 C:\Program Files\Java'jre1.8.0_121
MUMBER_OF_PROCESSORS 4
0s Windows_NT
Varidveis de Ambierte... Path %C EMB4T REDIST11%bin\Intel64:C:\ProaramData\ Oracle\Javatiav... ¥
Movo.. Editar... Excluir
0K Cancelar Aplicar
v
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IMAGE) & MATLAB - SETUP Cean

* Add “Scripts” folder to the MATLAB'’s path:

Fiji’s installation folder: 4\ MATLAB R2017a - academic use

v+ Disco Local (C2) » Fiji.app rm

i

(=3 3 (G} Preferenc
” Contents l—‘-‘:}’}£ HLJE' ﬁ L'a Find Files % @ i
images New New Open l_g Compare % Layout .
iars Scrpt v v % > il Paratel v
cuc I ﬁ CARNDAAICAT
luts
macros 4\ Set Path — O s
plugins
retro ‘ All changes take effect immediately.
scripts MATLAE search path:
dat
0 UFPI1 a: Add Folder.. C:h\Users\Helder\Documents\MATLAB ~
.checksums
) ChUsers\Helder\Doc MATLABY Images
Add with Subfolders..,
dh.xml.gz. IR SHBTEIEErs l CAFiji.apphscripts
3 Image)-winbd.exe Move to Top Tt Program Files'\MATLAB\RZ017a\toolbox matlab'c
5 Imagel-wintd.old.exe ChProgram Files\ MATLAB\R2017a\toolbox\ matlabhc
Move Up ChProgram Files\MATLAB\RZ201 Tahtoolbox\matlab'e
- = ChProgram Filesh\ MATLABYR201 Tattoolbox\matlake
ove Lown C:\Program Files\MATLAB\R2017a\toolbox'\matlab\f

ChProgram Files\MATLABARZ017a\toolbox\ matlabhc
ChProgram Filesh MATLABYR201 7attoolboxmatlabhin »
Remove < >

Move to Bottom

Save Close Revert Default Help

18




IMAGEJ/MATLAB - EXAMPLE #5

* Goal: Perform simple image processing on ImagelJ from MATLAB;

*  The methods and classes available are listed on ImageJ documentation?;

* Preliminaries:

% starting Imagel

Imaged();

% dmporting Imaged Java class
import 1j.*

0707

%% Test 01: loading 1image

im = ij.ImagePlus('../../_Images/Cameraman256.png');
im.show() ;

* Histogram:
%% Test 02: Getting and Visualizing the Histogram
im_processor = im.getProcessor();
imhist = im_processor.getHistogram();
bar (imhist) ;
p/

!ImageJ documentation: http://javadoc.imagej.net/ EESC - USP



http://javadoc.imagej.net/

IMAGEJ/MATLAB - EXAMPLE #5

* Thresholding:

%% Test03: Performing thresholding with IsoData [1] method
% [1] http://imagej.net/Auto Threshold

im2 = im.clone();
im2_processor = im2.getProcessor();
fprintf('\nThreshold: %.2f\n', im2_processor.getAutoThreshold());

% applying threshold
im2_processor.autoThreshold() ;
im2.setProcessor (im2_processor) ;
im2.show() ;

* Filtering:

%% Test 04: Gaussian blurring
im3 = im.clone();

im3_processor = im3.getProcessor();
im3_processor.blurGaussian(2);

im3.setProcessor (im2_processor);

im3.show() ; ‘!
EESC +USP ~



http://imagej.net/Auto_Threshold

IMAGEJ/MATLAB - SENDING AND RECEIVING DATA (LA

+—Sending—and-receiving data:

% starting Imagel
Imaged();

% importing ImageJd Java class
import 1j.%*

fn="'../../../_Images/Cameraman256.png';

%% Test 01: loading image
im = ij.ImagePlus(fn);
im.show() ;

%% Getting the ImageProcessor
im_processor = im.getProcessor();

%% Converting the image..
im_array = uint8(im_processor.getFloatArray());

%% 1t must be flipped and rotated

im_conv = fliplr(rot90(farray,-1));

figure, imshow(im_conv); \ y
d

-
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TRACKING PARTICLES WITH TRACKMATE/FUI

TrackMate:

*  FUI's plugin (shipped with it);

*  “TrackMate provides the tools to perform single particle tracking (SPT). SPT is
an image analysis challenge where the goal is to segment and follow over
time some labelled, spot-like structures.”*

é

- N
1 TackMate web page: http://imagej.net/TrackMate EESC USSP o



http://imagej.net/TrackMate

TRACKMATE IN MAMMOGRAPHY IMAGES

* Goal of the project: identify Architectural Distortion in DBT images;
» DBT stands for Digital Breast Tomosynthesis;
* DBT is an evolution of digital mammography;

* The pipeline established by us is:

Gabor filter Nodal analysis TrackMate/FlI

_ ) )




FINAL COMMENTS

* Imagel is a powerful tool to use with all images:

* Specially medical/biomedical images;

* The integration of Imagel & MATLAB is very simple (in theory) but:

* MATLAB is a proprietary software;

* Imagel is not well documented:
* ltis stillan working in progress...

*  Memory can be your nightmare!

* Pay attention to loading unloading data;
* pack, command from MATLAB, couldn’t give the expected result;
* Imagel, MATLAB, Java Virtual Machine...

G
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