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Requirements for an Image Quantification
and Visualization Application

Portability
— cross-platform or platform-independent execution
Data format independence
— access to images: DICOM 3.0 files/server, Analyze, TIFF, Raw, ...
Extensibility
— plugins and/or scripts
Scalability

— foundation to support the growth to larger and more intricate data
structures

Usability

— coherent graphical user interface (GUI)



Portability

Java Primer

Byte Code
(class files)

Source Code

Java applications can be "written once and
run anywhere", significantly reducing
cross-platform development and
maintenance.

Java Interpreter

for the PC Wl

code

Java Interpreter Machine
for a
Unix Workstation

code




Data Independence

DICOM file reader/ writer
DICOM Query/Retrieve and “Catcher”

Comprehensive file format support/conversion

MIPAYV ftile format based on XML and i1s
extensible
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http://mipav.cit.nih.gov/about/fileformat.html
http://mipav.cit.nih.gov/about/fileformat.html

Extensibility

Plugins and Scripts

* Plugin
— Function written in Java using the MIPAV APL
* Script
— Use MIPAYV to record and save function(s) applied to
image dataset(s)

— Apply the script to any number of 1mage datasets
using the script wizard.



Scalability

* Model Image is an n-dimensional structure.

* Algorithms typically support 4D datasets (7D if you
count, red, green, and blue channels as separate
dimensions). Not all algorithms support 4D
operations, they are added as required.

* Most viewers support 4D dataset with fusion
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Usability

* Most NIH intramural researchers not
interested in software / development, they
require a GUI.

— MIPAYV provides a GUI driven application to support
user-interactive functions.

— Supports scripts and plugins for automated and
repetitive functions.

— We are adding — calling MIPAYV functions or scripts
from the command line.
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Functional Overview

VOISs |
‘Algorithms

32K ! Filtering
Manual and i Segmentation/classification
automated i Measurement/quantification
contouring i Registration/fusion

i Insight Toolkit (ITK) interface

i Plugins

Data (Image) types: n-dimensional structure

(boolean, byte, unsigned byte, short,
unsigned short, int, long, float, double, Complex, ARGB)

A File types
PACS (Raw, Analyze, DICOM 3.0, GE, Siemens, Bruker, Interfile,

Quer %‘;‘r’i?v j-%atcher Micro cat, MINC, MRC, FITS, Cheshire, AFNI, TIFF, JPEG, GIF,
b ’ BMP, AVI, QuickTime, Biorad, Ziess LSM510, and more)




ﬂpen Image

Opening Images

Look In: |_=| LACQ

Files of Type:

[ 107.m14
[ 108.m4
[ 100.m4
[ 10.m14
[ 110.m14
[y 111
[ 112.mas

[ 113.v4
[ 114.n8

Medical (*.

[y 115,14
[y 116,14
[y 11714
[y 118,14
[y 119.m14
[ 124
[Ty 120.v8
[y 1218
[y 122.v8

Shoricuis
D:!lalonde!Problem DICOMsi311766213. SERILACQ
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pening Images

Open image sequence Q@@

File list Dimensions

Cell2_0_3D000.tif D slices (7)
Cotz_0 3000248 ] chamet €
Cellz:l]:SDl]lB: pt Q Titme points (T)
Cell2_0_3D004.tif Sequences
Cell2_0_3D005.tif

Cell2_0_3D00G6.tif

Cell2_0_3D007 xif

Cell2_0_3D008.xif

Cell2_0_3D010.Aif Subsampling
Cell2_0_3D011.4if []Enable
Cell2_0_3D012.tif Width:
Cell2_0_3D013.xif

. Height:
Cell2_0_3D014.xrf

Cell2_0_3D015.tif U
Cell2_0_3D016.tif
Cell2_0_3D017 tif
Cell2_0_3D018.tif
Cell2_0_3D019.tif
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Image Browser

Tree of images in selected directory

=]

Window
= ———

01 1 10

[ Y ——]
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Opening Images

X MIPAV: 34669_3 627124 M:1.0 D@@

Edit YOI LUT Algorithms Utilities Plugins Scripts Image Toolhars

Open image (A) from disk Col F
Open image (4. ¥

Lead image (B)

Save image ol 8

Save image as Shift Ctrl &

Captureprint image »

IE image conversion

MIPAT




Saving Image As (use suffix)

] Save image as (D:\DICOM\CT-MONO2-8-abdo) %]

Save In: | CT-MONO2-8-ahdo = E:E:E

[ ¢T-MONO2-8-ahdo.dem Shortcuis
D:lalonde Problem DICOMs'3117662\3. SERILACQ

A —]

Options
(] Open as multifile

File Mame: 1.InM A

Files of Type: |Medical (*.dem; *2aml, *ima; *.img; *.mmne; *.sig; *head; *.nii)
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r genormcor? 16/32 M:1.0 g@@

Code Snapshot

int destExtents[] = new int[2];
destExtents[0] = image.getExtents()[0]; // X dim
destExtents[ 1] = image.getExtents()[1]; // Y dim -

// Make a result image of Unsigned byte type
resultlmage = new Modellmage(ModelStorageBase.UBYTE, destExtents, “Result Image”, null);

int length = destExtents[0] * destExtents[1];
for (int 1 = 0; 1 < length; 1++){
destlmage.set(i, 1%256);

ViewJFramelmage imageFrame;
ModelLUT LUTa =new ModelLUT(ModelLUT.COOLHOT, 256, dimExtentsLUT);
imageFrame = new ViewJFramelmage(resultimage, LUTa, new Dimension(610,200), userInterface);




Major Algorithms Supported

*  Algorithms

Filters: Gaussian blurring, gradient magnitude, Laplacian, curvature, other higher order
derivatives, median, anisotropic diffusion, coherence-enhance diffusion, isotropic diffusion,
wavelet, unsharp masking, etc.

Image Calculator (add, subtract, multiply, divide, AND, OR, XOR)
Registration

* Landmark — least squares, thin-plate splines for both 2D and 3D datasets

* AIR 5.07 and AFNI

* Automatic 2D/2.5D/3D registration intra/inter patient, intra/intra modality

- multi-resolution, user selectable DOF, user selectable cost function (correlation ratio,
normalized cross correlation, least squares, mutual information.

Image transformations or resample with nearest neighbor, tri-linear, 3%, 4" bSpline, Sinc, 3%, 5%,
7% order Lagrangian, etc.

Surface extraction with decimation
* Adaptive skeleton climbing
* Marching cubes
* Marching tetrahedrons
Skull striping
Classification — Fuzzy c-means
Watershed
Morphological filters (open, close, erode, dilate, etc )
Active contour methods (GVF etc. )



Download and Setup

& Download MIPAY - Netscape

1. http://mipav.cit.nih.gov/download
2. Fill in form
3. Install (e.g. instalIMIPAV .exe) [

Related Studies

Contact Information

** Nightly download - lastest
changes but might have bugs.

wDCB - post % NIH Credit Urion . % 1Da Imaging -

Plese fill in il items since this is used to dexerniine further development of.
The 114

Name
(required)
Fmail
(required)

Address

Institute or Centes

Platform  Tnstallation Instructions

nstallMIPAY . exe

intosh
Junctional.




Memory Allocation

MIPAV: AN_34669 3 67/124 M:1.0

EBEX

File Edit ¥OI LUT  Algorithms  Utilities Plugins

Seripis Image Toolhars

5| T B2 O¢ serdl IER (4 sy
- o GElu "EERONNEBE ew| ™™ EE

Ak
8 Ak
Image slice MIPAY license

MIPAY help topics
1 62

Mrmoryuage G 124

X162 Y 92 Intensity: 440 Position: L: 5.7 ige: 12601 7 11830

Change java-runtime Memory Allocation @

Iacdrenamm heap size: 120 |:| megabytes

Restart needed @ .

General Rules
* Do not exceed the computer’s physical
RAM. For example if the computer has 1GB
do not exceed approx 800MB.

Restart MIPAY to apply memory changes?

* For Windows OS do not exceed 1,400MB
Yes || Mo |




Memory Usage

MIPAY: AN_34669 _3 671124 M:1.0 g@@

File Edit YOI LUT Algorithms Utilities Plugins Scripls Image Toolhars
LT LEHEALDC0A@ T 0.4 M 9 & B0
sBS5 e G| B ROEEBE|e9 | i EE Ak

92 Intensity: 44.0 Position: L: 5.7 Memary nsage

-' Meury Monitor. Q@@

Press to recover memory
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MIPAYV_ Program Options

MIPAV: AN_34669 3 677124 M:1.0 (=13

File Edit Yol LuT Algorithms Utilities Plugins Seripts Image Taolbars

2 0 mi Ahout MIPAY

JVM information

Image slice MIPAY license

Memory usage Crl M
Memory allocation
Image registry monitor
MIPAY options

Shoricut editor

MIPAY Options [X] MIBAY Options
' “Other | ( Display | File

X mipav Options _ 3

( Display | File

| Display | File

User interface

ColoriVOI

Debug levels
[ ] Mlivor []

Font options



Digital Image Communication in Medicine
(DICOM).

With the advent of magnetic resonance imaging (MRI), computed tomography

(CT), other diagnostic imaging modalities and the exponential growth of computers,
the American College of Radiology (ACR) and the National Electrical
Manufacturers Association (NEMA) formed a joint committee in 1983 to develop a
standard in Digital Image Communication in Medicine (DICOM). This DICOM
standards committee meets regularly to:

2. Promote communication of digital image information, regardless of device manufacturer

4.  Facilitate the development and expansion of picture archiving and communication
systems (PACS) that can also interface with other systems of hospital information

6. Allow the creation of diagnostic information databases that can be interrogated by a wide
variety of devices distributed geographically.
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KODAK — :
PACS :

DICOM Model

Imaging Workstation (MIPAYV)

(PC, MAC, UNIX workstation)

Query Image
Processing

Images
. &
Receiver . -
Visualization

Internet

DICOM Server

Patient
Database




DICOM Query Panel - IP addrezs = 165.112.92.95

['QR Client | Hosis | Help |

Patient Query Information Study Duration

Send Query Move Image

Query Result

Query Level: Patient

— MIPAV’s DICOM
Interface

Query Reirieval Information

Source




EL_11300 _ 3 2B/55 M:1.0

File Edit YOI LUT Algorithms Utilities FPluglns | Image

Il

Image slice

. I3 Show Image/DI

DICOM Overlay Opiions
MIPAY

DDE" JOHN 28/55 M:1.0

Em D ooo
o oog
ol ooo

Pat: 1234567850 & 130 ©.CNIH BETHESDA MD-A ¥ -
St 11300 DOBNOHH 65 Vears Iale DICOM Overlay Options
Ser:3 -H ABDOMEN Upper lefi corner

POST AEDOMEN
1165

irth Drate

Lower left corner

CT \\ -~ = -—/
WALTHER,M"""‘--..I_._.. e 06/16/1908
RIO VHL 13:00:11

P 180 (5123512) [-1024.0, 3071 0]
28

Upper right corner

Lower right corner
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DS MIPAV: AN 34669 3 677124 M:1.0
File Edit YOI LUT  Algorithms  Utilities  Plugins Scripts

[ ]

Attrihutes
Zoom

Magnifying glass settings

Cther Image Infarmation

Access to image header
information

Show Private Tags




DICOM_Anonymization

:F;a' MIPAY: AN 34669 3 67/124 M:1.0
Edit YOI LUT Algorithms [tilities Plugins Scripts Image Toolhars Help

Open image (W fom disk =17 |} 4, (@) |7 [ NE‘%E‘| sy 4 2! ‘ 42 E}[b|n [ ]
Open image (&) "TEIRORIEBE e aaq 1| 5" 0|

Load image (B)

= :i;i]nnnnymize DICOM directory il
File Dialog Eniries

Save image | Directory | Tag Options | Logzing |

Save image as rImage Source Directory
3 ClusersimatipersonalifocusimipayPPTUmManes

Capture/print image

DICOM

SEB-BIRMN

1 D:LALACQIT]IRTA

2 DL ACO TS IMA

DCCIE image conversion

Exii Image Destination Direciory Maming Options

‘C:\Documents and Settingstrmcmatt [ Recursive Lnonymization

Randomize Directory Level |

 Translation/Key File Destination Directory (@) Randormize Selected Directory
¢ Randorvize Child Directory

‘C:\Documents and Settingsimciatt




DICOM browser
B "

e Patient Smith

DICOM File B

IFTOWSCI

ntID | Study 1D
i
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XML Schema File Format

@ XML Spy - [image.xsd] =] E3

Ei|E Edit P 8] I ERE na desig urnent Edito

et-description

Parameter-name

[Fomers B (——
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XML Sch

ema File Format

£ Select DICOM tags to convert to XML
D Tags Dictionary File for savi

{0DD00,0000) -- Group Length

(0000,0002) -- Affected SOP Class UID
{0000,0003) -- Requested SOP Class UID
{0000,0100) -- Command Field

{0000,0110) -- Message ID

{0000,0120) -- Message ID Being Responded To
{0000,0600) -- Move Destination
{0000,0700) -- Priority

{0000,0800) -- Data Set Type

{0000,0900) -- Status

{0000,0901) -- Offending Element
{0000,0902) -- Error Comment

(0000,0903) -- Error ID

{0000,1000) -- Affected SOP Instance UID
{0000,1001) -- Requested SOP Instance UID
{0D0D0,1002) -- Event Type ID

Info: junk: 28

Iznore

:[(D002,0012) -- Implementation Class UID
0018,0075) -- Acquisition Termination Condition Data

0018,0080) -- Repetition Time

0018,0081) -- Echo Time

0018,0083) -- Number of Averages

0018,0084) -- Imaging Fregquency

0018,0085) -- Imaged Nucleus

0018,0086) -- Echo Humber(s)

0018,0087) -- Magnetic Field Strength
0018,0088) -- Spacing Between Slices
0018,0089) -- Number of Phase Encoding Steps
0018,0000) -- Data Collection Diameter



XMIL Schema File Format

<A D:\Summersikidneyldicom259Yjunkijunk.xml - Microsoft Internet Explorer provided by NIH Q@@

"junk.raw" nDir

nterior to Posterio
=Inferior to Superior
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Image Attributes

BB 11300 _3 28155 Mi1.0 FEX

Elit YOI LUT Algorithms Utilifies Pluglns | Image | Toohars Help

Tmage skice

Image Attributes: EL_11300 _ 3 3 Image Attributes: EL_11300 _3 3

| Name | Resolutions I Orieniations | Dataset Origin " Transform matrix |

Unit of measure

Image Attributes: EL_11300 _3 3 Image Attributes: EL_11300 _3 x]

| Mame Resolutions Orientations Dataset Origin I

Origin for the first image slice (upper lefi corner)

15t dirae
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VOIs & Demo

DX MIPAV: 34669_3 62/124 M:1.0

EEX
File Edit YOI LuT Algorithms itie Plugi L
L | T|FEEREAL OO .

Image Toolbhars Help

-':!: | n B
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Image slice
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VOIs & Demo

B2 MIPAV: 34669_3_ubMask 62/124 M:1.0 =11k

File Edit YOI LUT Algorithms Utilities Plugins Scripis Image Toolhars Help
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Image slice

1
Active Image and Alpha Blending




LUTs- Demo

MIPAY: genormcor?2 16/32 M:2.0

File Edit YOI LUT Algorithms Utilities FPlugins Image Toolbars Help

|T| ' £ 00 5 oo l'-lE'-.-.-'.| d |
WEEROEE €@ » |

Image slice

| m—

L

Active Image and Alpha Blending
I Lookup Table: genormcor2

File Utilities
EENENEINNEE NGO
NOm? | ANEB| B E

[ tirme)

[Z] Interpolat

Image Intensities




gennrmcurl 16432 M:1.0
File Edit YOI LUT Algorithms Utilities Pluglng Image Toolbars | Help

Help Topics
Memory Usage

Memory Allocation
Program Options
Image Regisiry Monitor
About MIPAY

MIPAY License

ical Image Proe

r the WOl of the ir




Multi-planar and Lightbox

UNKNDWN M:1.0 i =] 3 DAGUNKNDWN M:0.67
File Options Edit View Options
I e [ ) | k@ Repaint
,_P & oa |l Y 4 1 | Talairach
7 |4 @ B | 5 coslice:

Ahsolute Fosition

X L: 1.100

P: L4463




Image Fusion

of two images into the same frame

The

genormecor 17/34 M:1.0

-
File| Edit ¥OI LUT Algorithms Utilities Pluglns Image Toolars Help

Save image [ Image(B) from File

Save image as [ T )

[ Blank image(B)

genormecor 17434 M:1.0
File

Edit VOI LUT Algorithms U

B
s Plugins Image Toohars Help
F t L OO @YV @y

o By @B

« »

FHE | LEEFRGCE D

Image slice

> and Alpha Blending

Controls blending between the two images



Structural MRI and Functional MRI




Animation Tool __

genormcor? M:1.0 E]@

File Options

@AP P 1| ] Q| | X

|




Surface

=101 |

UNKNDWN 517124 M:2.0
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MRA MIP
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Scripting Demo




Application example
Age-related macular degeneration
(AMD)




Background

Fuorescein Angiography (FA) | maging snows
retinal vessels and can be seen in the visible light
SpeCtrum ‘\menm M.05

But alesion
___ obscuresthe
feeder vesse)
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Background

High-speed Indocyanine Green (ICG) imaging shows the
vessels of the choroid behind the retina and can only be
captured in the infra-red (IR) spectrum.

Macula

Healthy Fovea
Retina

RPE
<4— Bruch’s Membrane

<«—— Choroid




Wet Age Related Macular
Degeneration (AMD)

Fovea

Retina

RPE

Bruch’s Membrane

Choroid
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Background

|CG Images show choroidal vessels. The feeder vessal can
be readily identified in the IR spectrum.

area of neo- >
- - /r N -ty
vascularization |




Problem

* Feeder vessels can be identified in ICG Images
using IR light spectrum

* Feeder vessals cannot be seen in the visible
light spectrum, where treatment occurs
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|CG Time Series
Before Registration




Multi-scale Registration




|CG Time Series
After Registration




1JuUcs

[Landmark Registration Techn

. CIT

Thin plate splines registration
(rotation, translation, scale,
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[Landmark Registration Techniques

FEE block_post_slice56 (M: 0.5) + block_pre_slice48 (#:0.5) li=1:3




Red Free Image blended with

registered ICG Image




Cell Motion Study (Registration)

Unregistered Model based registration (2 DOF)



Cell Motion Study (Registration)

Pixel similarity registration (3 DOF)




Radiation Treatment Study - NCI

Image collected using Optical Coherence Tomography (OCT)

5% 25 gy day 1.0... @@ 54 25 gy day 3_0... E]@@ ¥4 25 gy day 5_0.. @@

h_yw& W-‘;;:—w&}*d ?ﬂ“ 5?“?"."‘“‘_
b '41‘ "!"' >g' _a’._; :Z '-,_'\'-"_ FIy

25 gy day 7_0... @@@ﬁ

Day 1 Day 3 Day 5 Day 7

Rat tongue exposed to 25Gy
25 gy day 1 03 clone Average length = 47.38 pixel thickness
25 gy day 3_03 clone Average length = 45.285 pixel thickness

25 gy day 5 03 clone Average length = 38.725 pixel thickness
25 gy day 7_03 clone Average length = 34.795 pixel thickness

Method: Median filter, Otsu Thresholding, Vertical Thickness calculation
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Reduction in swelling?

5f|ail_BBs_clone 45766 M:1.0 =] B3 5I‘Iail_BBs_clone 50766 M:1.0 =] E3 5I‘Iail_BBs_clone 51766 M:1.0 9=l E3 5I‘Iail_BBs_clone 58766 M:1.0 =] E3

14 5flair_66s_clone 45/66 M:1.0 [M[=][E3| {3 SAair_66s_clone 50766 M:1.0 [M[=][E3 ||/ Srlair_66s_clone 51766 M:1.0 [M[=][E3 || 5tlair_66s_clone 58/66 M:1.0 [H[=]E3

;
{ ;I { & : / :
i / 1 : .J" 2 [
A\ ¥ . J t‘\h A f :".\._ o ”
45 50 51 58

Monday, March 01, 2004 L. L. Latour 31
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Co-registration — Guidance for
Radio Frequency Ablation (RFA)

PET and CT fused RFA probe Post-RFA
Pre-RFA
+ !
4
(e \ ‘
b =
& .k BE
- Y s 2







Surface Model Example
“Deskulling”

dB1G0892919_1 5_ |:[E'

4 screen capture M: [P3) |25creen conture Al = crecn oplirIEEI o=l

Based on: Brain Extraction Tool (BET)
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Deskulling data

* Evaluation 511 patients T1 MRI datasets of the head
where acquired on a 1.5 Tesla GE Signa Advantage

— Each dataset was manually segmented and used to represent
truth. Average total volume (ATV) = 1482 cm?
— The datasets where segmented using
* Brain Extraction Tool (BET) ATV = 1676 cm’ correlation 94%
* Brain Surface extractor (BSE) ATV = 1449 cm? correction 87%
* MIPAV implementation of the BET tool (with some mods.)
ATV = 1540 cm’ correction 94%
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Cortical Surface (work in progress)

ji!" Cortical Analysis g




Future Directions

* Brain imaging

Brain segmentation (done)

Tissue classification via Fuzzy C-means (done)
Affine Registration (done)

Talairach mapping ( done )

Cortical surface mapping (in progress)
Nonlinear registration (done)

Model based segmentation (future)

* Enhance volume rendering tools

Volume renderering (working)

Surface renderering (working)

* Port and develop new algorithms

* Update user manual

* Improve scripting (done)
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Processing

|

150
Quantification

s

Visualization

G e
N
\Macros/Plugins

L3 L i
Ubiquitous " File writer
file reader
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