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Slicer in Operating Room

3D Slicer's data I/O in OR

* Import images from MRI/CT/Ultrasound..
* Import tool tracking data

« Send commands to robotic devices

Scanner




& OpenlGTLink

« TCP/IP network communication
 NDI 3D tracking systems
 Research software

 PLUS (Queen’s), CISST library (JHU), IGSTK
(Kitware), Matlab/Octave, etc

« Why TCP-based network?
« Available in modern operating rooms
« Affordable devices (interfaces, switchers and cables)
* Flexible network topologies
« Wireless capability (IEEE 802.11a/b/g/n)
« Reasonable performance (i.e. bandwidth, latency)



&+ 3D Slicer OpenlGTLink IF

* Import data from remote host MRML scene
« Export data from MRML scene to remote host

Ethernet
Tracker
Imager
O
Ext. software O

LinearTransform

LinearTransform

3D Slicer

Module 1
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/{B 3DSlicer

TCP Connection Basics (1)

Remote host is specified by

« |P address (i.e. 192.168.0.1) or network address (i.e.
watson.bwh.harvard.edu)

* Port number (i.e. 18944)

Software A2
Port: 80

Software A1 Destination: 192.168.0.2: 18944
Port: 18944 <€ Software B1

Software A3
Port: 104

Host A Host B
IP: 192.168.0.2 Network IP: 192.168.0.2




&= TCP Connection Basics (2)

“Server’ and “Client”

« The server waits for the client at given port.

* The client requests for a connection to the server.
« Server (client) is not necessarily a sender (receiver).
« Slicer can be either server or client

Connection
request

-

Data transfer

Host A Host B
Software A1 ?\ Software B1
(server) | " (client)
Host A m Host B
’ Software A1 C » Software B1 |

Networe



& Material

This course requires the following installation:

 3DSlicer version 4.3.1 Software (Slicer 4.3.1 r22599), which can be installed from:

* Tracker Simulator:

Disclaimer

It is the responsibility of the user of 3DSlicer to comply with both the terms of the license
and with the applicable laws, regulations and rules.



Learning objective

Following this tutorial, you'll
be able to import tracking
data from external devices

(e.g. tracking system)
through the network. —

mmmmmm

ssssssssssss

nnnnnnnnn
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Overview

» Configuring OpenlGTLink IF module
« Setting up Test Server

* Visualizing Tracking Data



»

Part 1: Installing
— SlicerlGT module

Tamas Ungi (Queen's U.
(0)
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R %
=

= Open Extension Manager

® Slicer File Edi

| & Ptnomsate
e ——

* Extension Manager

v

Module Pane i 5 -
ta B & Mf{“go.bars | “Select View menu -> Extension
Layout >
' “Manager

€ Error Log #0

3DSlicer

Welcome

| [Gisi Load DICOM Data H Load Data

| Q Customize Slicer | ‘ @ Download Sample

¥ Feedback

- Share your stories with us and let us know about how 3D Slicer has enabled
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~3DSlicer

Open Extension Manager

&

fﬁ @ Modules: . | 2 Welcome to Slicer $| - O 0 w O @ @ Modules: -, | 2\ Welcome to Slicer i l -V Q O ‘ O %
y -
30511200 &3 Extensions Manager B3 Extensions Manager

@ 30518100
‘e ‘ O * Manage Extensions (2) »é\ Install Extensions

Slicer Extensions

We are always in

» About

Developer Tools (3)
Diffusion (4)
Editor Effects (1)

Examples (4)

Exporter (1)

Filtering (1)

» The Wil

orpho

IGT (7)

3

» Loading and
S -
» Display

» Mouse & Keyb
 —

» Documentation
e —

» Acknowledgme

= Micr

‘e | O * Manage Extensions (2) »é\ Install Extensions
Slicer Extensions
Categories
[
= All
l Cardiac MRI toolkit (1)

CurveMaker
Junichi Tokuda (BWH)

0)

INSTALL

.C

ChangeTracker Airv
Andrey Fedorov (SPL), ..  Piet

0)
u

- Choose IGT category

Radiotherapy (1)

Registration (2)

Remote (1)

0

INSTALL

©)
u

¥ Feedback

)

We are always in

» About

» The Main Wind
—

» Loading and Sg
L

» Display

» Mouse & Keyb:
e

S
» Documentation

(S
»  Anknaudadnma .

Categories

All

Cardiac MRI toolkit (1)
Developer Tools (3)
Diffusion (4)

Editor Effects (1)
Examples (4)

Exporter (1)

Filtering (1)

= Morphology (1)

= IGT (7)

Informatics (4)
Microscopy (1)
Multidimensional data (1)
Quantification (2)
Radiotherapy (1)
Registration (2)

PN

GyroGuide

Ruifeng Chen, Luping F..

= T

PortPlacement
Andinet Enquobahrie (..

(0

INSTALL

eedleFinder !
=g p

NeedleFinder Per
Guillaume Pernelle, Na.. Kol

(0)

|/ Stabilizer
TrackerStabilizer Slic
Laurent Chauvin (BWH). Tar
(0)
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@ 3DSlicer
w

i
B J \

s I

zer  SlicerlGT

'r SlicerlGT

‘BWH).. Tamas Ungi (Queen's U.
) (0)
- INSTALL

Download SlicerlGT Extension

Click “INSTALL” button
below SlicerlGT icon

"C Restart] DX Close

Once the extension has
been downloaded, click
“Restart” button at the
right bottom of the
Extension Window



~3DSlicer

Check Installation

[

Slicer File Edit View Help

6 00
@ Module{ £\ Welcome to Slicer : \) O @ Q %@
B 7. A=
[Z) Annotations .
R Click Modules menu
- - DataStore
& picom
Welcor’ &
e C Markups
@ Models
+ Fa Scene Views —_—
\ [Gicoiy Load DICOM Datd = sybject Hierdichy Load Data |
‘ 48 Customize Slicer @ Transforms ad Sample Data ‘
B View C —
@ Volume
v Feedback e Volumes
£\ Welcome to Blicer
- Share your stories with | Wizards * Jas enabled your research.
Informatics 4
Registratiol >
We are always i ini ing & i v E | H k I I
Seen > I C
Diffusion L
> About " a
Breach Warning
Filtering ! o _
%» The Main Window . & Collect Fiducials =
p 4o CreateModels
o S ) R
» Loading and Saving R X Fiducial Registration Wizard
Utilties L& OpeanTL!nk Remote
» Display Developer Tools »| 3€ OpenlGTLinkIF
Legacy PathExplorer
» Mouse & Keyboard Testing > ercutaneousApproachAnalysis
MultiVolume Support | F P alibration
» Documentation & Tutorials 4% Plus Rt
| Tra
» Acknowledgment L

If you find Volume Reslice Driver,
the installation was successful.
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~3DSlicer

800 3D Slicer 4.1.0 ) |

ta 2 & |waes oo 1™ QO IN PO @@ 2 [0 ¢ < roscen | @ A0 |+
’ Lo

e®
@ sosticer
v

b Hepa

~ Connectors

Name Type staws Hostname Port
- Scene

Part 2: Configuring
OpenlGTLinkIF

.‘Pmmmes

~ 1O Configuration

Name MAMLType | 1GTLType Vs
= Scene

=/iGTLConn.

N
ouT

Add/Remove Node: | MRHead B +
~ Data Prove

L

H

B
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Slicer3 GUI

I [eoco 3D Slicer,
The Graphical User e lena Toobar - e
Interface (GUI) of “

Slicer3 integrates five
components:

3DViewer

the Menu Toolbar
*the Module GUI Panel
the 3D Viewer

*the Slice Viewer

nnnnnnnnnnnnnnnn

Slice and 3D View
‘the Slice and 3D View - Controller
Controller
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3DSlicer

Starting OpenlGTLinkIF

e 00

3D Slicer 4.1.0

@ Modules:

Slicer

WelqG

B
£

{#> Customize Slicer

v

About

v

The Main Window

v

Loading and Saving

v

Display

v

Mouse & Keyboard

» Documentation & Tutorials

v

Acknowledgment

¥ Data Probe

-

None RAS: (125.0, -125.0, 1.0),

(Gt Load DICOM Data

# Transforms L

/[M View Controliers B

‘_) Volume Rendering . Data
Volumes

&\ Welcome to Slicer |
Wizards »

1 Informatics »
Registration »

1 Segmentation »E
Quantification »

4 Diffusion » L
IGT »
Filtering vl
Surface Models 4
Converters vl
Endoscopy »
Utilities »
Developer Tools N
Legacy »
Testing »
Work in Progress »

£ Welcome to Slicer
man

All Modules

n @ ®© « @ 7 1| 4 v Persistent o)

P8 v

Z] Annotations
& picoMm
A Data

Scene Views




o Adding Connector

Modules: 3€ OpenlGTLInkIF = QO <

8 0 O
4

@ 3DSlicer

o & Adknowiedanant To connect 3D Slicer to external

o > . device/software using

e 120 OpenlGTLink IF, a “connector” has
: ; to be created for each connection.

Name: '

- Connectors can be configured in

Status: Active

P A “Connectors” Tab in OpenlGTLink
¥ /O Configuratio IF module

Name MRML Type IGTL Type Vis
Scene

Add/Remove Node: | Select a LinearTransform = +



~3DSlicer

Adding Connector

8 00

8 00

P B | Modules: . | 3€OpenIGTLinkIF = Q <

@ 3DSlicer

‘ bad 2
B | Modules: . |3€OpeniGTLinkIF

@ 3DSlicer

= Q. <

» Help & Acknowledgement

» » Help & Acknowledgement |

¥ Connectors

¥ Connectors

Name Type Status Hostname Port

Type: ) Server
Status: Active
Hostname: Port:

L )
Click “+” button |

Properties

Name: IGTLConnector

“VtkMRMLIGTLConnectorNode1”
shows up on the list

¥ /O Configuration

Name MRML Type IGTL Type Vis
Scene
Add/Remove Node: | Select a LinearTransform s + I

Name MRML Type IGTL Type Vis
= Scene
[+ IGTLConn...
Add/Remove Node: | Select a LinearTransform S | | + | |
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&=+ Changing Connector Name

2] Modules: 3€ OpenlGTLinkIF

4
R
® Q@

® ¢

@ 3DSlicer

» Help & Acknowledgement

¥ Connectors
Name Type Status Hostname Port

=}- Scene
| IGTLCo... OF - 18944

You may change the name of the

connector by type in a new name

Type: Client

and hit Return key.

Hostname: Port

¥ I/O Configuration

Name MRML Type IGTL Type Vis

This is an optional step. Itis a
“efLoom.. good idea to name connectors,
Add/Remove Node: | Select a LinearTransform s + - eSpeCia”y if you have multiple
connections.




Setting Connector Type

8 00 8 00

@ Modules: -, | 3€ OpenlGTLinkIF ¢| ] e C

@ 3DSlicer
v

» Help & Acknowledgement \

Modules: . | 3€ OpenIGTLinkIF $| -

@ 3DSlicer
v

» Help & Acknowledgement

¥ Connectors

pi Connectors

Name Type Status Hostname Port

ne
iTLCO... ? OFF - 18944

-1‘ o

+ J - ]

Properties Properties

Name: IGTLConnector Name: IGTLConnector

Type: ) Server < ) Client > Type: ) Server @ Client

Status: Active Status: Active

Hostname: Port: Hostname: | localhost Port: 18944

o Check “Client” (| |- oo '

A¢ onfiguration onfiguration Type and hostname

Name MRML Type Name MRML Typi

- Sce! - Sce! 1

SR Conn.. SRR Con.. appears on the lis

Add/Remove Node: | Select a LinearTransform s ‘ ‘ + || - ‘ Add/Remove Node: | Select a LinearTransform T~ ]| + | - Il
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3DSlicer

bin — bash — 80x24

-0.452844, ©.142857, -0.88007, 40.6838
-0.464957, -0.88007, ©.096389, 29.066
e, 90,0,1

artemis:bin junichi$ ./TrackerServer 18944 10 P - .
ar etting up
[ ]

0, ©.142857, ©.989743, ©
0, ©.989743, -0.142857, 50

1

e TrackerServer

©.0988095, ©.142857, ©.984799, 9.93347
.113525, ©.984799, -0.131467, 49.0033
e, 0,1
.954892, -0.196632, ©.222525, 46.6531
©.196632, ©.142857, ©.970014, 19.47069
-0.222525, ©.970014, -0.6977491, 46.6531




& Extract Server Program

e 00 (L] OIGTL_Simulators

(<] > ]  :: BIENER (@] [#~][(3-]

@ o - i -
> AirDrop

EL All My Files ImagerClient ImagerServer ReceiveClient
[..] Desktop

#\ Applications o
5 boamams . Uncompress the archived

) Downloads ReceiveServer StatusClient StatusServer

% bropbox simulator files downloaded
@ Experiments - .

S e from the simulator page.
s Find TrackerServer binary
[_] Screenshots fi Ie .

TrackerServer2
SHARED

[ ] References

(= ep804
[] EPSON EP-8...

DEVICES
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&~ Open Terminal

Open a terminal window.

4 junichi — bash — 8024 -} Windows: Open the start

Last login: Sat Apr 14 17:31:55 on ttyseee
artemis:~

JeEici menu, type “cmd” in the
search box area and then
press Enter key.

Mac: Open “Utilities” in
“Application” folder and
double-click the

“Terminal.app” icon.

Linux: Open terminal
window.



&~ Start TrackerServer (1)

T —— Windows/Mac: Drag
“TrackerServer” icon
from Explorer (Win) or
Finder (Mac) and drop
: into the command

O oo e, window.

%7 Dropbox
[_] Experiments

# Applications

B - Linux: Type the path to
s the binary file of
“TrackerServer”.

[ EPSON EP-8...
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&~ Start TrackerServer (2)

£N junichi — bash — 85x24
artemis:~ junichi$ /Users/junichi/Downloads/OIGTL_Simulators/TrackerServer 18944 10

Specify port number (18944) and frame rate
(10 frames/second) in the terminal window.
Once the return key is pressed, the
TrackerServer starts waiting for a client.



3DSlicer

® 00
DcH @ Modules: 3£ OpenlGTLinkIF 2| . Q
@®

rD 3DSlicer

=

» Help & Acknowledgement

¥ Connectors

Name Type Status
- Scene

Hostname Port

o
OCE

Properties

Name:

Type DG
Status: @
Hostname: p

¥ /O Cc

@ Client

Port:

1. Click “Active” to connect

+ IGTLConn...

Add/Remove Node: | Tracker

4
+

|

2. Status becomes “ON”

Connect to Test Server

£ junichi — bash — 85x24
artemis:~ junichi$ /Users/junichi/Downloads/OIGTL_Simulators/TrackerServer 18944 10

42857 ©.989743, ©
89743, -0.142857, 50

-0.98861, -0.0988095, ©.113525, 49.0033
©.6988095, ©.142857, ©.984799, 9.93347
-0.113525, ©.984799, -0.131467, 49.0033

-9.954892, -0.196632, ©.222525, 46.6531
©.196632, ©.142857, ©.970014, 19.4769
-0.222525, ©.970014, -0.6977491, 46.6531
0, e,

-0 ’ .292489, ©.322653, 41.2668
©.292489, ©.142857, ©.945538, 28.2321
-0.322653, ©.945538, -0.043049, 41.2668
e,0,0,1

3. Simulator starts printing
random transform matrix
values in the terminal
window.



Checking Transform

8 00 6 00
£

Ea |Modules: [ 3€OpeniGTLinkIF = Q. < T &a |Modules: . | 4 Transforms ()= O €
All Modules , = 0w I

8 Annotetons i1 3pSlicer 73 9y
& > i £ Choose “Tracker

/. Editor
»
» Help & Acknowledgement © Models | Help & Acknowledgement —
~r .
3< OpenlGTLinkIF — ctive @aeker )
¥ Connectors SEERE VIeWe ‘

¥ Display & Edit
n v Transform Matrix

Name Type

-1 Scene - 8 2 8 g
IGTLCO... U@ Volume Rendering had | 607953 0.57969 0.542543
R T -0.57969 0.142857 -0.802216
-0.542543 -0.802216 0.24919

7]‘7 ‘ 11 7
= Open “Transforms ; o :

Name:
1GTLCof v Translation

+

T
Type: Server |nfortmati.cs ’
. X Registration 4 . .
e | sorenain A [ransform is being updated
Hostname: | localhost Quantification 4
Diffusion » " " [l
o R B while Tracker Simulator is
Filtering 4
Name MRML Type | Surface Models vl
- Scene -
=Eftom. | sending data
-1IN Endosco L
Tracker _LinearTransform -| 2 [ E— -
ouT Utilities 4
| Developer Tools e —
Add/Remove Node: | Tracker Legacy , - | :
i — - E———— PA } (000 3
Testing » I
Work in Progress > IS Tk lo.00 - -

¥ Data Probe |
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Part 4: Visualizing
Tracking Data
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~3DSlicer

Loading Sample MRI Data

8 00

B | Modules:

. | & picom

All Modules

[Z] Annotations

B spslicer & picom
v A Data

/. Editor
» Help & Acknowledgement @ Models

3£ OpenlGTLIinkIF
¥ Servers Fa Scene Views

4 Transforms
[ View Controliers
@ Volume Rendering

Start Listener when Slicer Starts

¥ DICOM Database and Networking

W

Open “Welce to
~ Slicer”

‘vonverers
Endoscopy
Utilities
Developer Tools
Legacy

Testing

Work in Progress

vy v v v v v v v v vy v vy w

¥ Data Probe

8 00

.| BN Welcome to Slicer

@ Modules:

3DSlicer

®

Welcome
L~ [axy Load Data

[Gisay Load DICOM Data

4®: Customize Slicer (L— ‘ ‘ () Download Sample Data |

» About

\A

Loading and Saviny

e Click “Download Sample
Data”

» Display

» Mouse & Keyboard \

» Documentation & Tutorials |

» Acknowledgment \
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£ “3DSlicer

Loading Sample MRI Data

I600

3D Slicer 4.1.0

= QO IN9 O @@ ¢ X]gv Persisent
1

Click “Download

@ @ Modules: . | [B] Sample Data S| . (=)
®
@ 3DSlicer
v
» Help & Acknowledgement |
— — o
| ©
TGO |
Download CTACardio |
DSlicer
|
|
|

I 2 } I 7 Download MRHead
M e a d Download CTChest
load CTACardio

Download DTIBrain
Download MRBrainTumor

Download MRBrainTumor Time Point 2

Status window shows
the progress

Sample image appears
in the slice viewer

NA-MIC® 2010-2014
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Choosing Locator Source

8 0 0

@ Modules: -, | 3€ OpenlGTLinkIF

@ 3DSlicer
v

» Help & Acknowledgement

¥ Connectors

Name Type Status Hostname

=1- Scene
IGTLCo... C ON localhost

|+ - |

Port

18944

1. Click “+” at “IGTLConnector”

in the 1/0O configuration to
expand the 10 tree

¥ /O Configuration

RML Type IGTL Type Vis

8 00

&a |Modues: . [3€OpeniGTLinkIF = QO €

@ 3DSlicer
v

| > Help & Acknowledgement \

¥ Connectors |

Name Type Status Hostname Port
-i- Scene
iTL ON localhost 18944

" Properties
Name:
Type: ) Server @ Client
Status: v Active
Hostname: Port:

| ¥ VO Configuration

Name MRML Type IGTL Type Vis
-1 Scene

a1l H

Add/Ren— ==l m-

2. Click “+” at “IN”
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@ 3DSlicer

Enable Locator

(e N3)
) & |Modues: [ 3€O0peniGTLINkIF s]= O €

EL#

[ocu]

3DSlicer

©

» Help & Acknowledgement

¥ Connectors
Name Type Status Hostname Port
[} Scene

IGTLCo... C ON localhost 18944

I -

\ + |
Click the eye icon "} in the I/O
configuration tree.

| Hostname: [

T

Port: | ‘

¥ /O Configuration

Name MRML Type IGTL Type Vis
- Scene
=/ IGTLConn...
= IN  —
Tracker  LinearTransform - @
ouT N’

Add/Remove Node: | Tracker =

8 00

’In‘j @ Modules: -, | 3€ OpenlGTLinkIF ¢,| - G
®

@ 3DSlicer

» Help & Acknowledgement ‘

¥ Connectors
Name Type Status Hostname Port
=} Sce
TL 0... C ON localhost 18944
L+ ]
Properties
Name:
Type: ) Server @ Client
Status: v Active
Hostname: | Port: |
~wemaac THe icon changes to
Name r
-1 Scene
= IGTLConn...
= IN o —
Tracker  LinearTransform - <
ouT ~
Add/Remove Node: | Tracker = H + H - ‘
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{ @ 3DSlicer

4

Visualizing Locator

e OO 3D Slicer 4.1.0
@ Modules 3£ OpenlGTLinkIF = QO AL D 2 [[E | e t v persistent fo S v
R B

@ Slicer

» Help & Acknowledgement

¥ Connectors

Name Type Status Hostname Port
- Scene

Properties

Name

Type Server @ Client

Status: v Active

Hostname Port

l| ~ vO Configuration

Name MRML Type IGTL Type Vis
-1 Scene
- IGTLConn...
- IN
Tracker Ll 5%
ouT
Add/Remove Node: | Tracker & + 5

Locator model
appears in 3D Viewer

¥ Data Probe

L
F
B

None RAS: (125.0, -125.0, 1.0),



“ Open Volume Reslice Driver

@ Slicer File Edit View Help

800

“»

[Z) Annotations
Data
DataStore

@ Module< £\ Welcome to Slicer
DICOM

@ 3DSlicer
w7
Editor

Welcor: =,

@ Models

Fa Scene Views
= Subject Hiergichy
4 Transforms
I View Controlfers
@ Volume i
¥ Feedback ° Volumes
£\ Welcome to Blicer

N B W >

\ [Sise Load DICOM Datd

\ 4 Customize Slicer

- Share your stories with Wizards
Informatics
Registratiol
We are always i ini ing 4 /

Diffusion

Filtering

The Main Window

v

Loading and Saving

T —

* )as enabled your research.
»

OO0 9O @
_ m = IR

Click Modules menu

Load Data |

ad Sample Data |

*|4g CreateModels

b

,| X Fiducial Registration Wizard
,| & OpenlGTLink Remote

Utilities
» Display Developer Tools
| Legacy
» Mouse & Keyboard Testing
MultiVolume Support
» Documentation & Tutorials

v

Acknowledgment

Breach Warning
& Collect Fiducials

3< OpenlGTLinkIF
== PathExplorer
ercutaneousApproachAnalysis

Volume Reslice Driver

Click Volume Reslice Driver

NA-MIC® 2010-2014
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Choose Driver Transform

e 00
@ Modules: ‘I’ Volume Reslice Driver ¢’ - e O a

@®

@ 3DSlicer
4

» Help & Acknowledgement |

¥ Reslicing Driver |

e (Click Driver menu ->
oo o2 select Tracker in the
—— Red Slice frame
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& Choose Driver Transform

Click [~] Eye icon to show

== the slice in 3D viewer
190 & " CTEITTE = RIITE® 3

@ w IR 4mm

» ial S | MRHead

The axial slice appears
in 3D viewer

o ||




- 80

«= -+ Click Mode menu -> -
select “Inplane” in the The slice starts
Red slice frame following the locator
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~3DSlicer

Activate Reslicing for Other Planes

IQOO

8 00

In the Yellow slice frame, select | B |Noaues: . [7 Voume esicoOrver

Tracker from the Driver menu

In the Green slice frame, select
Tracker from the Driver menu

» Help & Acknowledgement
@ 3DSlicer
7

» Help & Acknowledgement

¥ Reslicing Driver lodules: \ & Volume Reslice Driver : ¥ Reslicing Driver

o Driver: | Tracker
Driver: | Trac
| Tracker Vode: ‘— » Help & Acknowledgement
Mode: | Inplane s \ " |Lopiane s | )
Y Y ¥ Reslicing Driver

....

Driver: | Tracker R

Mode: | Hmaad ~ Reslicing Driver Mode: [Inplane 90 | 4 | Driver: | Tracker
B - ===l —_—
G — G Mode: | Inplane 3]
riv Y

Driver: | Tracker

Mode: | Inplane 90

Select Inplane 90 from the

Mode menu Select Transverse from
the Mode menu

NA-MIC® 2010-2014 Page: 39



£ Activate Reslicing for Other Planes

e 00 3D Slicer 4.3.1-2014-06-13

t @ R R 8 e

E#
El
B
1
()
e
o C
4
H

rrrrrrrrrrrrrr

planes follow the
locator.




B e References

» 3D Slicer OpenlGTLinklF Documentation Page

* OpenlGTLink Protocol Web Page:

 Paper

Tokuda J., et al. OpenlGTLink: an open network protocol for
image-guided therapy environment. Int J Med Robot. 2009
Dec;5(4):423-34. PMID: 19621334. PMCID: PMC28110609.
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