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History of ITK-SNAP

'99-"02: SNAP (SNake Automatic Partitioning) tool

developed as a team programming project in a

computer science graduate course at UNC led by
Guido Gerig

'03-"04: SNAP integrated into the NIH Insight Toolkit
(ITK) and renamed ITK-SNAP

'04-"14: ITK-SNAP maintained by Paul Yushkevich and
colleagues at Penn with funding from NIBIB

"12-716: ITK-SNAP 3.x with a new user interface and
support for multi-modality data developed (Penn/Utah)

'07-"16: Command-line tool Convert3D developed to
provide functionality complementary to ITK-SNAP

>7.000 citations since 2006

2,500+ downloads per
month

30+ contributors
147,000 lines of code

3 funding NIH grants/
contracts



What is ITK-SNAP?

Interactive tool for labeling structures in 3D

medical image volumes .::::::Too.box

Open-source C++ software with binaries e
provided for Windows, MacOS and Linux i

ITK-SNAP vision:
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® Easy to learn and use for clinicians and
non-computer researchers

3D Toolbar
Ak XAV

® Limit features to those that directly
support image segmentation

® Minimize “feature creep”




Website / Downloads

® itksnhap.or

Downloads
Test Data
Video lTutorials

Convert3D

111¢

ITK-SNAP 3.X ITK-SNAP 2.X CONVERT3D IMAGE DATA

HOME PAGE SUPPORT DOWNLOADS

PUBLICATIONS DOCUMENTATION CREDITS

SOURCE CODE VIDEO LIBRARY

i SCREENSHOTS
) Latest News:

LINKS

10/29/16: Release 3.6.0-RC1 is here! See wha
05/28/16: Run ITK-SNAP on the cloud with Roll

ITK-SNAP Downloads

3.6.0-RC1 - LATEST ITK-SNAP VERSION

This latest version of ITK-SNAP provides powerful new features for working with multiple scans of the same subject,

including registration. It also provides tools for interpolating segmentations and improved DICOM support.

." ) Windows Self-Install Package (64 bit) (\ MacOS Binary (64 bit)
< '
A Linux Binary (64 bit) @ Release Notes
\’4—

3.6.0-RC1.QT4 - COMPATIBILITY VERSION BASED ON QT 4
The latest version of ITK-SNAP, but compiled with the older version of the Qt toolkit, Qt 4.8.6. If you experience issues
with image and 3D graphics display, these builds are likely to work better on your hardware.

." Y Windows Self-Install Package (64 bit) (\ MacOS Binary (64 bit)

N

A Linux Binary (64 bit)

\A-



http://itksnap.org

Course Objectives

After completing this course, you should be able to use ITK-SNAP
confidently to:

® Visualize 3D image volumes

® | abel anatomical structures and lesions in 3D images both
manually and semi-automatically

® Edit your segmentations using 3D tools
® | oad and save segmentation files

® Know where to look for help



Course Organization | 1/28

Course runs from 8:30 am to 10:00 pm
® First session (Philip A. Cook)
® |5 Introduction and overview of manual capabilities
® 30’ Exercise - navigation and manual segmentation
® Second session (Paul Yushkevich)
® |0’ Overview of automatic capabilities
® 30’ Exercise — automatic segmentation

® 5’ Conclusion & wrap-up



Course Organization |2/]

Course runs from 8:30 am to 10:00 pm
® First session (Guido Gerig)
® |5 Introduction and overview of manual capabilities
® 30’ Exercise - navigation and manual segmentation
® Second session (Philip A. Cook)
® |0’ Overview of automatic capabilities
® 30’ Exercise — automatic segmentation

® 5’ Conclusion & wrap-up



What is Segmentation?

The process of locating structures of interest in an image and
separating them from other structures and the background




From Imaging to 3D Image Volumes

Reconstruction

Algorithm

Scanner
DICOM Images



From Imaging to 3D Image Volumes

Reconstruction
Algorithm

itk SNAP
Surface

Meshes

MESNNY .
3D Label

Data ‘

Array

itkSNAP Statistics




ITK-SNAP shows three orthogonal
cuts through the image volume
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ITK-SNAP Toolbox ()

Main Toolbar
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Cursor Inspector

mouse_brain_dti_b0.nii.gz - New Segmentation - ITK-SNAP

M

s

SRRRRRRRMN
» B E =)
» B G [ |

HR S B W R
Cursor position

X: y: 2

69 35 41

Intensity under cursor

Layer Intensity
mouse_brai... [0 1477

zoom to fit 35 of 68 zoom to fit 41 of 80

Label under cursor

Id: Description: :
0 Clear Label . .
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3D Toolbar

2K XAl 4

update B

zoom to fit 69 of 136




Using Navigation lools

“Crosshairs Tool”

'Main_ Toolbar

In-plane

@ Out-of-plane

“Zoom/Pan Tool”

Main Toolﬁbar

-!@/ $

@ B T




Image navigation with linked cursors

r

® 02_GE.nii.gz - New Segmentation - ITK-SNAP

ITK-SNAP Toolbox ® High-Resolution T2w MRI High-Resolution T2w MRI Tiw MRI

Main Toolbar
wRPLI S $ b
“r 3 ®

» B8 El [

Cursor Inspector

| o
wR L BB
Cursor position (x,y,2):
156 257 26

Intensity under cursor: .| b 1
Layer Intensity R—
High-Resolutio... W 832

Tiw MRI O 2031

zoom to fit 257 of 512 zoom to fit 156 of 512

Label under cursor:
0 Clear Label

Segmentation Labels

Active label:
B Label 1 v

Paint over:
£21 All labels v

Overall label opacity:

3D Toolbar

L i d U |
% 1% @t j update B v zoom to fit 26 of 62




Image navigation with linked cursors
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® 02_GE.nii.gz - New Segmentation - ITK-SNAP

ITK-SNAP Toolbox ® High-Resolution T2w MRI High-Resolution T2w MRI Tiw MRI

Main Toolbar
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Cursor Inspector
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Cursor position (x,y,2):
156 257 26

Intensity under cursor: .| b 1
Layer Intensity R—
High-Resolutio... W 832

Tiw MRI O 2031

zoom to fit 257 of 512 zoom to fit 156 of 512

Label under cursor:
0 Clear Label

Segmentation Labels

Active label:
B Label 1 v

Paint over:
£21 All labels v

Overall label opacity:

3D Toolbar

L i d U |
% 1% @t j update B v zoom to fit 26 of 62




Window and Level

Linear Contrast Adjustment:

Minimum: 500.0 Level: 800.0 Reset

Maximum: 1100.0 Window: 600.0 Auto

Curve-Based Contrast Adjustment:
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L 0 ________________
0 500 1000 1500 2000 2500

Image Intensity

Selected control point:

Id: | X y: +

e OO0 BRATS_HG0015_T1C.mha - New Segmentation - ITK-SNAP e
ITK-SNAP Toolbox ®©

Main Toolbar

wRDI$
y ¢ By

Zoom Inspector

"R/ B YR

Linked zoom

Maintains a common zoom
factor in all slice views.

Common zoom factor:
1.81 px/mm

1x 2X 4x

Zoom to fit

Center on cursor

3D Toolbar

I
$ 1% @‘ J zoom to fit 114 of 216




Polygson Segmentation Tool

e OO pm_hipp.nii - exampleseg.nii - ITK-SNAP
ITK-SNAP Toolbox

Main Toolbar
5 R $
g8 Y

Label Inspector

MBS EH

Polygon Tool Polygon drawn on the image

wWR S B ER
Foreground label
M cAt v

Label used by drawing
and segmentation 10o!s

Background label
[ All labels -

Drawing tools only affect
voxels with this label

|| Draw inverted
Label opacity
— N
0% | (] Visible

' Label Editor...

Delete the
polygon

3D Toolbar

_vl's &

[ accept ][ trim ][ split ][clear] 223 of 420

Close the polygon and apply the
label under ‘Active Drawing Label’



Paintbrush Segmentation Tool

Main Toolbar

s LRI 2|F L
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Active Tool Inspector

wR S &
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Shape of the paintbrush:

Paint with the selected label by
clicking and dragging the left
mouse button

square, round, or adaptive

Draw in 3D; draw across planes
simulatenously

Crosshair follows paintbrush

Brush Style:

|

@[«

8
Brush Options:
| Volumetric
|| Isotropic

| Cursor chases brush

Brush Size:

3 =0

Brush Options

Size of the brush

(slider and button)

8 00

pm_hipp.nii - exampleseg.nii - ITK-SNAP

ITK-SNAP Toolbox

Main Toolbar
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Label Inspector

WP S D WR

Foreground label

‘moc B

Label used by drawing
and segmentation 100is

Background label

| [ Al labels =

Drawing tools only affect
voxels with this label

[] Draw inverted

Label opacity
iael

1 ' ' 1 |
[50% | %] Visible

| Label Editor...

3D Toolbar

F & 7
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pm_hipp.nii - exampleseg.nii - ITK-SNAP
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ITK-SNAP Toolbox

Main Toolbar

wRP D2 $

ye m o

Active Tool Inspector

WP S B Y

Paint with the selected label by
clicking and dragging the left
mouse button

Brush Style:

[@[e](¢]

Brush Size:

B 0——
Brush Options:

| Volumetric

| Isotropic

| Cursor chases brush

3D Toolbar

3o 7




Manual segmentation

Polygon Paintbrush Smart brush



Manual segmentation

Polygon Paintbrush Smart brush



Segmentation in [ TK-SNAP

Image: Segmentation:
3D voxel array 3D array of labels

12 31
234123

-
L

A separate label description file
is used to describe what the
numbers in the segmentation

Image mean
0 Background
2 Bone
5 Liver

Interact with 3D objects
extracted from image




Label Editor

® OO0 Segmentation Label Editor - ITK-SNAP
,Available Labels: _ ’Selected Label
B 0 Clear Label Description:
B 1 Edema Active tumor
T2 lActivetmor
B3 Llabel3 SR
[0 4 Label 4
05 Labels - : Color of the
B 6 Label6 , selected label
[0 7 Label 7
B 8 Label8
Opacity: .
Opacity for the
255
selected label
Visibility:
Hide label in 3D window
Hide label in all windows
Advanced Options:
Numeric value: 2
Search box Filter: F|| B
(for large label sets)
New Duplicate Delete Actions... ~ Close

Save/load label

sets (also in app menu)



Search box

(for large label sets)

Label Editor

® OO0 Segmentation Label Editor - ITK-SNAP Label under cursor:
99 superior temporal gyrus
,Available Labels: vSeIected Label
B 0 Clear Label Description: el
B 1 Edema Active tumor P;tt'l':ie'ed
Overall label opacity:
- 3 Label 3 52 ’
I:l 4 Label 4 3D Toolbar
05 Label5 Color of the | HHe #
B 6 Label6 selected label
[0 7 Label?7
B 8 Label8
Opacity: .
Opacity for the
255
selected label
Visibility:
Hide label in 3D window
Hide label in all windows
Advanced Options:
Numeric value: 2
Filter: F||B
New Duplicate Delete Actions... ~ Close

Save/load label

sets (also in app menu

update

1004 3

B v zoom to fit 95 of 219
"™\ Segmentation Label Editor - ITK-SNAP l 2 |ﬁp
Available Labels: ~ Selected Label
M 0 ClearLabel Description:
B 1 Unlabeled Unlabeled
= 2 aals Colar:
O s ahls

O 4
Os
Ms
07
M s
Mo
O 10
B 1
0O 12
O 13
M 14
E 15
M 16
H 17
O 18
M 19
O 20
O2a
O 22
0 2
W 2
O 25

| T~

Filter:

3rd Ventricle
calcarine
central
central_insular
cingulate
circular
collateral

4th Ventricle
first_transverse
Heschls
inferior_frontal
5th Ventricle
intraparietal
primary_inter
lateral_occipital
occ_temporal
olfactory
par_occipital

pals

Right Accumben...

phls

postcentral

M Choose

Opacity:
255

Visibility:
Hide label in 3D window

Hide label in all windows

Advanced Options:

Numeric value: | 1

Duplicate

Delete Actions... ~ Close

— — e -—




Volumes and Statistics

Statistics of image

Volume of all voxels intensity in the voxels

assigned each label

assigned each label

® OO0 Volumes and Statidics - ITK-SNAP
Label Name Voxel Count Volume (mm3) BRATS_HGCO015_T1C.mha
0 I Clear Label 5801544 5.902e+06 161.9242+302.4440
1 B Edema 108706 1.087e+05 587.66194+94.2053
2 Active tumor 72310 7.231e+04 1108.6905+310.1545

Update Copy Export... Close




Loading & Saving 3D
Segmentation Volumes

- - - — [=] - -
‘ 1004_3.nii.gz - New Segmentation - ITK-SNAP = LX "N 1004_3.nii.gz - New Segmentation - ITK-SNAP = | E -

File Edit BEGERERGON Workspace Tools File Edit BEGENEGELY Workspace Tools Help

N ' ITK-SNAP Tool Open Segmentation ... Ctrl+0
Main Tool BRSSP Segmentation Image ... Ctrl+S

Main Toolb
—
_rh_‘é" Unload Segmentation

Help

Open Segmentation ...

Save Segmentation Image ... Ctrl+S

_:rS‘Z’- Unload Segmentation

«- Export as Surface Mesh... «- Export as Surface Mesh...
Import Label Descriptions... Import Label Descriptions...
Zoom Insp| Export Label Descriptions... Zoom Insp Export Label Descriptions...
':’S 2 | @ Label Editor .. Ctrl+L ':s 2 | @ Label Editor ... Ctrl+L

v Linkedz  Volumes and Statistics... v Linked  Volumes and Statistics...

‘ i Al
Zoom: | 5.6, APpearance Z00Mm: | 3.0wm b boe S
1x || 2x || 4x | 1x || 2x || 4x
' |
Zoom to fit Zoom to fit
|
Center on cursor \ Center on cursor ‘
zoom to fit 108 of 213 zoom to fit 124 of 175 ) zoom to fit 107 of 213 zoom to fit 610of 175
— al AF A 7. - |
Open Image - lTK-SNA, -_. &Iﬂ_hj Save Image - ITK-SNAP , 23;.
N Openmag - y—_— A 9 s B -
|
Open Segmentation Image I ' Save Segmentation Image
mage Filename: Image Filehas
Segmentation Labels test.nii.qz Segmentation Labels ——
Active label: > ~ - gerig-mac/talks- presentations/2015/11-RSNA/ Files/Preload-Novs)/ l Aﬁ”ibbel: - e/Eles-gerig- sacialks presentalions/ 2015/ 11-RSNA/ Fles/Preload-Nove) |
B hippocampus v tksnap-data/brain_mr Ippocampus CERE
: . ' : - {| | Paint over:
Pt:l;/gg - Browse... History ‘ All bbels = T History ~
] E v ' )
_ File Format: Overall label opacity: File Format:
Oversall label opacity: NiFTI -
: 52 i NiFTI v
52
! 3D Toolbar
3D Toolbar \ ‘ | @‘
. B S
-fi— "
‘g 1% @‘ l odate 1= update
s —_— |
< Back Next > Cancel




Hands-on lraining:
Manual Capabilities (30’)

Complete Module | in handout
(Exercises | and 2)



