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Disclosures

ImageJ: Open Source Imaging Solutions My lab has a research contract for imaging

for Radiology

core lab activities with Bristol-Meyers
Squibb
We also do software evaluation for GE

Daniel P. Barboriak, M.D. Medical byStenlS

Department of Radiology None of the software discussed is FDA
Duke University Medical Center approved for clinical use
http://dblab.duhs.duke.edu Idon’t program C or Java, for that matter
barbo013(@mc.duke.edu

11/29/2009

Objectives How can ImagelJ help me?

Understand the capabilities of Image] and Image] is not:

how this software can be used to learn about A PACS substitute

and perform image analyses. A 3D imaging workstation substitute

Learn how data on image DICOM headers Image] is:
8

can be used to tailor image anal . .

< S5 ) A platform to learn about and develop image

Understand how macro language scripts and processing solutions in a research environment

plug-ins can extend the capabilities of o Low-cost, automated and flexible
Image]. ’
age] ® Easy to deploy

Outline Outline

Introduction

Basic moves

Extendmg Image]

Image processing tasks
Deployment advantages for Image]

How is Image] being used?

Introduction

Basic moves

Extendmg Image]

Image processing tasks
Deployment advantages for Image]

How is Image] being used?
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Introduction Introduction

Use of proprietary software has distinct New emphasis on del'i\*ing quantitative

disadvantagcs data from imaging sequences —

S volve “quantitative radiology”

Slow to evolve q £)
Inflexible Transcending the limited worldview of
Expensi\'e Cs

Open source software will become an

mcrcasmgl s important part of the open

science environment

Image) Image)

Wayne Rasband, NIH Bolalon =~ 4+A Al [a/er | Open source B ool <A 4]+

Show Info..; 0,54 secor millon pbelsisecond

Version 1.30g (254 commands, 0 m

Multiple applicatio Active collaborators

including microscopy, world-wide
g p
P

gels, astronomy, and Plug-in structure —
ical i 1 - Analyze Witer

medical Imaging Can add new commands Sk Caresion

. cnatrrun

Py

o

o ”r

Can automate program P Fter

Festures

SLIPP orts macros

Can save regions-of- b

Transtormy

Works on multiple interest Waveness Rapeess
platforms: Mac, PCs, Un Wodows e

Image) Imagel for medical applications

Software is about .... Wide variety of input and output files

Bevond Rasband g TIFE, BMP, JPG, Analyze , NifTI, UNC, DICOM
Mailing list < Reads DICOM header metadata
Documentation wiki:

http://imagejdocu.tudor.lu/do C .
ku.php ;

Can measure, save data in formats appropriate for

Excel spreadsheets or statistical programs

Can handle series of images

Alternative versions D “stacks”, 4D and 5D imaging

* lmageJA applet ) - I ) Make your <top computer into a “workstation-
Just Image)): lite”

http vacific.mpi-

chg,de/wiki/index.php/Main_Page
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Info for CXR_0.dem
L CXR_0.dom (25%) File Ecit

344.2616.20 mm (1861X2261), 16-0i grayseale, & .
0010,0010 Patient's Name: ANONYMOUS, PATIENT O utl | n e

0010,0020 Fatient 1D; ANONDODZ
0010,0030 Patient's Birth Date:

0010,0040 Patient's Sex: Introduction

0010,1000 Other Patient IDs:

0018,0015 Body Part Examined: CHEST Basic moves

0018,0060 Kvp: 140.000

0018,1000 Device Serial Number: 98.00.009 .

0018,1020 Software Versionsis): Version 6.1.2 Extendlng Image]

0018,1110 Distance Source to Detectar: 1895.000 © e

0018,1150 Exposure Time: § N : _

D111 s Image processing tasks

0018,115E Image Area Dose Product 1.230 )

O01B.180 Fter T 101 Deployment advantages for Image]
X enerator Power 50 J S S

0012,1120 Collimatorigrid Name: Upper ~

0018,1190 Focal Spat(s): 2000 How is ImaGe] being used?

0018,1200 Date of Last Callbration: 20030220 e S

0018,1201 Time of Last Calibraion: 073408

0018,1260 Flate Type: Sel Drum 5004500

0018,1700 Collimatar Shape: RECTANGULAR

0018,1702 Collimator LeftVertical Edge: 1

nTwwnn Callimatnr Rinht Varical Frios: 17R1

Basic moves Basic moves
Opening the program ROIs, masks and binary images
The interface Image math
Opening an image Simple, logarithmic, Boolean
Window/level Image calculator
Measuring things Addition, subtraction, Boolean

Stacks

Example: Putting it together for DWI Outline
Calculate ADCs Introduction
S= So'e(’bADC’ Basic moves
ADC = (In(S,/S))/b Extending Image]

Radiology standard, ADC measured in 10} Image processing tasks

s .
mm~/sec Deployment advantages for Image]

If b = 1000 sec , then How is Image] being used?

ADC =1n (S,

radiology
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Extending ImageJ An extensible solution

Problem: image processing schemes Java-language plug-in structure used to add
generally require multiple steps. functions
How do we help the human anal}'st Java libraries (e.g. Java Matrix Package JAMA
perform these efficiently and http://math.nist.gov/javanumc )
r(‘pr()(’hlcib]y? Macros — examples
Automation

Macro recorder — built-in functions and many
Documentation plug-ins are recordable

“« . »
establish provenance Macro language
57867

St moge Process Anayze Pugns. idow Heb
. . il [N &l AL el ||
Dealing with DICOM T

mport

Opening DICOM images/series
Extracting DICOM header information
Import by DICOM image number
Make subdirectories based on DICOM
header data

Microsaft "
Anonymize DICOM images Windows

Professional

7
| Fle et moge Process Analyze Pugns Window Heb

I8 ol clol~=N 4]+~ Al [aloir] |

Creating tailored applications

Why have tailored applications? Image

0008,1070 Operator's Name. J5H
00081080 Manuacturers Model Name: Avanto ] RS ‘] . . A ] ‘]
0008,1140 Referenced Image Sequence analysis tec 1mques may need to change
005,150 Referenced S0P Class UID: 12840.10008.5.1.4.1.1.4. J J S
00021155 Referenced SOP Instance UID: 1.3.12.2.1107.5.2.30.264. d d : : " o l

00081150 Referenced SO Class UID: 12840.10008.5.1.4.1.1.4 epen lng on lmage Pal ameters such as:
0008,1155 Referenced SOP Instance UID: 13.122.1107.5.2 30254 S S

000,150 Referenced SOP Class UID: 1.2840.10008.5.1.4.1.1.4 .

0001155 Reference SOP Intance UID1.3.12.2.1107.5.230.2647T| Equlplnent used

0010,0010 Patientame: CPT 11 TEST

0010,0020 Patient I8 123456 .

0010,0030 Patients Bith Date: 19631024 ACqulSltl on paralneters

0010,0040 Patents Sexc > >

0010,1010 Patents Age: 0421 . 3

0010,1020 Patients Size: 1667333333333 P ‘] A terietica

s s aceare . atient characteristics

0018,0015 Body Part Examines: HEAD |

0018,0020 Scanning Sequence: OR . . . ~

e o ‘ Macro scripts + DICOM header

0018,0022 Scan Optons: SAT!

0018,0023 MR Accuisiion Type: 30

e information allows tailoring

118 025 Anin Flao N
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Fle ot mage Process Anelyze Pugns Winiow Heb

6 olziol~= £+ <A |[aler | |

Macro

Macros and plug—ins are even more Lo EJEIE)
£

1726 (49509), 22000220 00 o (256:250) 14

powerful if analyses can be tailored to data z e
on the DICOM header! ) o V18 i

nsl=nsices0;

Example: calculatingT2 maps

In spin-echo MRI, signal intens
2/TE

proportional toeT

If you have a dual-echo T2-WI, can
estimate T2 = (TE,-TE,)/In(S,/S,)

Outline Basic tasks of image processing

Introduction Filtration
Basic moves chmcntation
Extcnding Image] Registration
Image processing tasks Display
Deployment advantages for Image]

How is Image] being used?
£ g

Filters

& smoothed

Filtration

Gaussian smoothing, Sharpening
& &

Disow . BER
[240.00%240.00 mim (256x256), 16-bil grayscale, M 3 (s Q
edian filters
Edge—preserving filtration — anisotropic
£ £

diffusion filtering




Simple thresholding
£
Maximum entropy,
isodata, mixture
modelling, Otsu
g
thresholding
Watershed
segmentation,
g
segmentation by k-
means clustering
£
Level-set
segmentation
g
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Registration

Two-dimensional image registration
gC Ireg
supported by several plug-ins
) £
Three-dimensional image registration is
£
beginning to be developed
£ £

Non-linear spline-based registration

3D and 4D image analysis

3D spatial scaling and affine transformations

supported by plug-in
3D erosion and dilation
Windowed sinc and Kalman filtering on

time series

€.0. Sanchez Sorzano, P. Thévenaz, M. Unser
Elastic Registration of Biological Images Using Vector-Spline Regularization s
IEEE Transactions on Biomedical Engineering, vol. 52, no. 4, pp. 652-663, April 2005. <

Eh e Focess Anayze Pugns Window Heb

IH ooz Al |alel2]l | |

|- [2/X]

(256056 piels 32 bitgravscalo, 55K

a <Hes sum
http://bigwww.epfl.ch/thevenaz/UnwarpJ/



Display

Data: http://www.sph.sc.edu/comd/rorden/render.html
Analysis: VolumeJ, http://bij.isi.uu.nl/index.htm & &

Deployment advantages

Runs anywhere

Inexpensive in $
Inexpensive in expertise
Whole package: image processing, analysw
and displ s
Open source design makes Image] more
& &
easily evolvable and correctable than many
proprietary packages
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Display
Multi-pane interface
Relatively good viewers for 3D stacks
Highly evolved browsers for 4D and 5D
stacks

Volume rendering, surface rendering and

stereoscopic display available

Outline

Introduction

Basic moves

Extcndmg Image]

Image processing tasks

Deployment advantages for Image]
) g g

How is Image] being used?

Deployment advantages
What kind of image analysis problem are
you dealing with?
Who are your users?

What kind of equipment and support do

they have?

A translational tool




Advanced Image)

Image] can be run from the web as a signed
or unsigned applet, or as an application

Can be used to create web based applicatons
Can be used by other applications

Early efforts to use Image] as a PACS node:
http:/ /imafc'dog‘u.tudor.lu/(loku. >hpzid=
olugin:inputoutput:the tudor dicom toolk
it:start
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Image) - summary of capabilities
Filtration — Good
Segmentation — Good
Registration — Fair
Display — Fair to good

Workstation — Fair to good

Outline

Introduction
Basic moves
Extcndmg Image]

Image PI'OCG‘SS]Dg tasks

Deployment advantages for Image]

How is Image] being used?

How are we using ImageJ?

Tumor segmenmti()n
Image conversion

Perfusion and diffusion MR image analysis on 4D image
sets

S

TOPPCAT (T1-weighted perfusion parameter
calculating toolkit)

JDTI (Dif

sion tensor imaging in
AN (Dynamic Susc('ptibilitv Contrast MR
http://dblab.duhs.duke.edu

Error ¢
Software verification

TOPPCAT

0 .1 0 N 0. 1

Gd* 3D FLASH Ktrans | min-!

Contrast
enhanced
images

0.05
Ktrans,
min-1

0.0

0.025

Pre-rx
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Tumor
volume

Tumor
\ \ .\ \ volume §
Ktrans 1 ¢ 1 ] b 3
oblique = = = o = &_.

> %
e

Ktrans,
min-

0.05

superior |

L | Post-rx Post-rx
Ktrans, g erx Postrx Postrx LEWE 6 week
minl oo : # Day1 6 week

Barboriak - Duke Radiology Barboriak - Duke Radiology
dblab.duhs.duke.edu 2006 dblab.duhs.duke.edu 2006

JDTI - http://dblab.duhs.duke.edu JDTI - http://dblab.duhs.duke.edu

ADC map from scanner

Example of a 25 direction tensor sequence

JDTI - http://dblab.duhs.duke.edu

Red =
Right to Left

Green =
Ant to Post

Blue =
Sup to Inf

FA map from scanner FA map from plugin
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Summary

Macro language + access to DICOM header

data is a powerful combination

Image] has a unique place as a translational
£

medical image processing tool within the

open source and open science paradigm

Finding out more about ImageJ References

Image] website at: Rueden CT, Eliceiri KW. Visualization
http:/ /rsb.info.nih.oov/ii approaches for multidimensional biological

] T image data. Biotechniques. 2007 Jul;43(1
Documentation wiki at: Sum}]);ﬂ, 33.6.
http://imagejdocu.tudor.lu/doku.php Burger W, Burge M. Digital Image Processing:
An Algorithmic Approach Using Java, Springer,
2007.
Barboriak DP, Padua AO, York GE, MacFall JR.
Creation of DICOM--aware applications using
Image]. ] Digit Imaging. 2005 Jun;18(2):91-9.
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