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Background

« Growing Interest in Robot Assisted Interventions
— Robot-assisted laparoscopy
— Robotic catheter systems
— Robotic radiosurgery, etc.

« R&D of Surgical Robot System
— Image processing and visualization for surgical planning
— Kinematics and motion planning for robot control
— Device management and control

=» Requires a wide range of tools and methods developed in
robotics and medical image computing fields




Background (2)

« Common research platforms
— Medical Image Computing

» 3D Slicer

« MITK Data sharing interface
« NifTK } based on OpenlGTLink
e QOsiriX...

— Medical Robotics

« da Vinci Toolkit (dVRK) } Integrated with

* Raven I Robot Operating System (ROS)

« KUKA Lightweight Robot

=>» Need for a bridge between ROS and OpenlGTLink
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Goals of This Tutorial

* Prototype surgical robot system using open-source
software

— 3D Slicer as a planning interface

— Robot Operating System (ROS) as robot control software
— Robot arm (UR-95)

* Through this tutorial, you will:

— Learn software architecture and clinical workflow for surgical
robot systems

— Acquire hands-on experience of software-hardware
integration for medical robotics




System Diagram for Tutorial

:ROS

Target/entry points |

o Positions of links

3D medical image (MRI) | Robot Arm

« Surgical planning « Kinematics

* Procedure monitoring « Path planning
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Challenges...

« Exchanging data between two different systems

* Two coordinate systems

— Defined by the base link on ROS
— Defined by the patient on 3D Slicer
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Prerequisite

« Computer with one of the following operating systems:
— Windows 7 or higher (Windows 10 recommended)
— Mac OS X (macOS) 10.7 or higher (macOS Sierra or higher is recommended)

— Linux

« Software
— 3D Slicer Version 4.8.1* ( http://www.slicer.org/ )
— Docker ( https://wwww.docker.com/ )
— Git Client ( https://git-scm.com/ )

 See http://rosmed.qgithub.io/ismr2019/prerequisite for detail.

" Some of the features used in this tutorial have not been supported in Slicer 4.10.x
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http://www.slicer.org/
https://wwww.docker.com/
https://git-scm.com/
http://rosmed.github.io/ismr2019/prerequisite

Step 1: Setting up Environment



Overview of Step 1

« Set up ROS - two options:
— [Option 1] Virtual environment (Docker)
— [Option 2] Native Linux machine

« Set up 3D Slicer

— SlicerlGT extension (plug-in)

 Test communication between ROS and 3D Slicer
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Options for ROS Environment

« [Option 1] Virtual environment (recommended for tutorial)
— Runs on the same host where 3D Slicer is installed
— Pre-configured OS image .&doc er
— Minimum installation effort / no extra cost
— Suitable for learning and prototyping software

. [Optlon 2] Dedicated hardware
Runs on a dedicated Linux computer
— Performance advantage
— Require Linux installation
— Cost for the computer hardware
— Can be extended for actual system

=] BRIGHAM AND
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[Option 1] Downloading Docker Image

* Pre-configured Docker image contains:
— Ubuntu 16.04 ®
— ROS Kinetic U b un tU
— OpenlGTLink
— ROS-IGTL-Bridge
— HTML5 VNC (for desktop environment)

« To download Docker image, open a
terminal on the host and run:

$ docker pull rosmed/docker-ros-igtl

55 P BRIGHAM AND
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[Option 1] Launching ROS on Docker

1. From the command prompt on the host :

$ docker run -it --rm -p 6080:80 -p 28944:18944

rosmed/docker-ros-igtl

2. From an HTMLS5 web browser
(e.g. Chrome), open:

http://localhost:6080
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[Option 2] Setting up ROS Environment

 Please follow:
http://rosmed.qgithub.io/ismr2019/ros environment

I g BRIGHAM AND
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http://rosmed.github.io/ismr2019/ros_environment

Installing 3D Slicer (1)

« Download 3D Slicer 4.8.1

— Windows:
http://slicer.kitware.com/midas3/download/item/329467/Slicer-4.8.1-
win-amd64.exe

— Mac: http://slicer.kitware.com/midas3/download/item/330418/Slicer-
4.8.1-macosx-amd64.dmq

— Linux:; http://slicer.kitware.com/midas3/download/item/330417/Slicer-
4.8.1-linux-amd64.tar.qgz

 Follow instructions at:
https://www.slicer.org/wiki/Documentation/4.8/SlicerApplication/|

nstallation

—»“" B BRIGHAM AND
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http://slicer.kitware.com/midas3/download/item/329467/Slicer-4.8.1-win-amd64.exe
http://slicer.kitware.com/midas3/download/item/330418/Slicer-4.8.1-macosx-amd64.dmg
http://slicer.kitware.com/midas3/download/item/330417/Slicer-4.8.1-linux-amd64.tar.gz
https://www.slicer.org/wiki/Documentation/4.8/SlicerApplication/Installation

Installing 3D Slicer

 After installing 3D Slicer, open Extensions Manager.

3D Slicer 4.8.1
= @ Modules: 2 Welcome to Siicer = 0O EP O & . Z » E t v @ &= ‘;b. a’

E‘

3DSlicer

©

1. Click “Extensions Manager”

Welcome

£y Y
e, Load DICOM Data S5 Load Data
E Install Slicer Extensions @ Download Sample Data
48} Customize Slicer JE= Explore Loaded Data
~ Feedback

_ Share your stories with us on the Slicer forum and let us know about how 3D Slicer has
enabled your research

We are always interested in improving 3D Slicer, to tell us about your problem or submit a bug report,
open Help -> Report a Bug.

» About

» Documentation & Tutorials

b Acknowledgment

~ Data Probe

Show Zoomed Slice

-
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Installing 3D Slicer (3)

Install “SlicerlGT” extension and restart 3D Slicer.
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Andrey Fedorov (SPL), Kevin Wang (Prifgess M. Tamas Ungi (Queen's U. Csgla Pinter (PerkLab.
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SegmentationWizard PET-IndiC
Andrew Beers (Massac..  Ethan Ulrich (University.

(V] )

INSTALL INSTALL

INSTALL

MatlabBridge

MatlabBridge

Andras Lasso (PerkLab..

©)

INSTALL

1. Click “INSTALL” for “SlicerlGT"
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Installing 3D Slicer (4)

the Modules menu. -

Modules for SlicerlGT can be found under “

3D Slicer 4

" Modules: | = Welcome to Siicer

Annotations
Data
DataStore

ME

!l’ 3DSlicer

OO |E @

DICOM
Editor

[

Welco

Load DICOM Data

7z

Markups
@ Models
Scene Views
Segment Editor

oad Data l

. Install Slicer Extension
4 Transforms

4 Customize Slicer | [Hl] View Controllers
@ Volume Rendering
Volumes

d Sample Data ‘

Loaded Data |

~ Feedback @
EN\ Welcome to Sicer

Wizards
Share your stories with
- enabled your research. Informatics
Registration
Segmentation

We are always interested i
open Help > Repogg p

Diffusion

ace Models
Converters
Endoscopy
Utiities
Developer Tools
Legacy

MuttiVolume Support

» Documentation & Tutorials

P Acknowledgment

Collect Points.
CreateModels
Fiducial Registration Wizard
i Fiducials-Model Registration
2 Model Registration
& OpenlGTLink Remote

3€ OpenlGTLinkIF

PathExplorer

~ Data Probe

Pivot Calibration

3. Slicerl GT modules

Show Zoomed Slice

-

Plus model catalog browser

Plus Remote

Transform Processor

Lk ded k.

UltrasoundSnapshots

Viewpoint

Volume Reslice Driver

|GT” section of
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Testing Communication (1)

* Open a first terminal on the ROS computer (Menu ->
System Tools -> LXTerminal), and start ‘roscore’:

* Open a second terminal, and launch the bridge node:

$ cd ~/catkin ws
$ source devel/setup.bash
$ roslaunch ros igtl bridge bridge.launch

20



Testing Communication (2)

« The terminal asks to enter the type. Choose ‘1’ (Server)

[ROS-IGTL-Bridge] Please try <1> or <2> to run node as
OpenIGTLink client or server:
l: Server

2: Client
1

* Then the terminal asks to enter the port number. Enter
“18944’,

[ROS-IGTL-Bridge] Input socket port:

4 BRIGHAM AND
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Testing Communication (3

* In 3D Slicer, Open “Modules” -> *

" ->"OpenlGTLink IF”

ece 3D Slicer ¢ o0 e
@ o B | Modes: 2\ Welcome to Siicer )= Q0 ") nt. = @ Modules: | 3¢ OpenlGTLinkIF 2]
All Modules 3 -
2 Annotations
30Slicer Data @ 3Slicer
Datastore
£ icom
W | /. Editor | > Holp & Acknowledgement
€I1CO - e
@ Models |~ Connectors
Fa Scene Views
T Lond DICOM Data 5 Sagmont Eair @ C0 Type Status Hostname Port
Install Sticer Extensiont d Sample Data
! 4 Transiorms
4§ Customize Siicer | [B] View Controlers LostedData |
@ VoumeRendering
@ Volumes
7 Feedback 12\ Welcome to Sicer ” -
fzards v
. Share your stories With | nformatics. » |about how 3D Slicer has Name:
enabled your research.
Registration B Type: Server Client "
Segmentation Status: Active Persistent Log Connection Errors.
o e ahays erestgg i mproing| - Quanifcaton » b or submit a bug report,
open Help -> Report a Difesion Hosiname: Port
» About I 4 Breach Waing
Fitring " Colectrains ~ 110 Configuration
¥ Dosmenston s Toords Surtce oo ! et = WTpe  GTime  lve P n Conet
| 1| & Fiducial Registraton Wizard Scene
» Acknowledgment .
e Uies + 4 Fiducials-Model Registration
Developer Tools » & Model Registration
Logacy > & OpenlGTLink Remote
L R i | o
&= PathExplorer Omtmmt ot -l b
~ Data Probe ~ Data Probe
Show Zoomed Slice g Plus model catalog browser Show Zoomed Sice
K & Plus Remote .
F Transform Processor F
8 4} UrasoundSnapshots 8
& Viewpaint
¥ Volume Resice Driver
| watchdog |
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Testing Communication (4)

. B [Modues: . [ 3¢ OpeniGTUnkF - Q. O E:
- Create a connector node and B e -
confi gure: e =
Name “IGTLConnector” (default) ™
Type “Client” (default) 1 Click “+”
Status Unchecked (default) 2. Change port to
Hostname “localhost” (if Docker is used) O e
Port "28944 | 3. Click “Active” JAe

» After configuring the node, click """
“Active”. If successful, the status
becomes “ON”.

.,,::«u_ BRIGHAM AND Status indicates “ON”
\ WOMEN'’S HOSPITAL 23
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Testing Communication (4)

* Open a third terminal on the
ROS computer and run the test
node:

$ cd ~/catkin ws
S source devel/setup.bash

$ roslaunch ros igtl bridge
test.launch

 If successful, image and points
will show up on 3D Slicer.

—»“" B BRIGHAM AND
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Testing Communication (5)

« After confirming the communication between 3D Slicer and
ROS:

— On 3D Slicer, turn the “Active” checkbox off in the status panel of
the "OpenlGTLink IF” module.

— On the third terminal, press "Ctrl + ¢” to stop the test node.

— On the second terminal, press “Ctrl + ¢” to stop the bridge node.
— On the first terminal, press “Ctrl + ¢” to stop the roscore.

— Close all the terminals.




Step 2: Setting up Universal Robot Arm
on ROS



Overview of Step 2

« Messaging from ROS to 3D Slicer

/3DSIicer :::ROS
( Robot model \

N
N
00 MeeL L misas B o+ -

CERE
: K — /

EXTD BRIGHAM AND
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Launching Universal Robot (1)

* On a terminal on the ROS computer:

$ cd ~/catkin ws

$ source devel/setup.bash e o o -
$ roslaunch ismrl9 moveit demo.launch

* rviz software with a 3D model of the |

Universal Robot appears. o= ==l
* Next, launch IGTL Exporter/Importer
from a new terminal:

$ cd catkin ws

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

$ source devel/setup.bash
$ rosrun ismrl9 control igtl exporter.py

S5 P BRIGHAM AND
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Launching Universal Robot (2)

« Start ROS-IGTL-Bridge from a terminal on ROS computer.

$ cd ~/catkin ws

$ source devel/setup.bash
$ roslaunch ros igtl bridge bridge.launch

« Choose ‘1’ (Server) and enter port # 18944

[ROS-IGTL-Bridge] Please try <1> or <2> to run node
as OpenIGTLink client or server:
l: Server

2: Client

1

[ROS-IGTL-Bridge] Input socket port:
18944

EEE] 5] BRIGHAM AND
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Loading 3D Patient Model on rviz

* Import a scene file with a patient model (skull).

File Panels Help

1 nteract

$ MotionPlanning

% Move Camera  select

Scene Objects

Context | Planning = Manipulatio

Current Scene Obijects Object &
Manage Pose and Scale
Position (XY2): | 0.00

Rotation (RPY): | 0.00

Scale: 0%
Scene Geometry

Publish Scene

Import File || Import URL
Remove Clear
e Views
Type: | XYOrbit (rviz) -
~ Current View XYOrbit (rviz)
Near Clip Distance 0.01
Invert Z Axis
Target Frame <Fixed Frame>
Distance 2.87663
Focal Shape Size 0.05
Focal Shape Fixed Size v
Yaw 124541
Pitch 0.215399
~ Focal Point 0.5;0.3;-0.2
X 05
Y 03
z 0.2
save Remove

k:: Zoom.

Reset | Left-Click: Move X/Y. Right-Cliy

(=I5 [%]

TOVEIE iz = RVIZ.

lored Scenes

1. Open “Scene Objects”

Stored States

Export As T&t | |Import From Text,

2. Click “Import from Text”

Zero

Rename

File Panels Help

(hyinteract | 6 Move Camera  [] Select ¢ = @
3 MotionPlanning
Context | Planning = Manipulation | Scene Objects | Stored Scenes

Current Scene Objects

Import File || Import URL
Remove Clear
»® Views

Type: | XYOrbit (rviz)

~ Current View
Near Clip Distance
Invert Z Axis
Target Frame
Distance
Focal Shape Size
Focal Shape Fixed Size
Yaw

Pitch
~ Focal Point
X

Y
z

Save

Reset | Left-Clic]

Object Status

movelt.viz:

Stored States

RVIz

»

Managlilf

posit] Lok in:

Rota| & ¢@mputer

Scal

~ Size

g

File name: | ismr19.scene

Files of type: | Scene Geometry (*.scene)

3. Select "ismr19.scene” unde
/root/models/

XYOrbit (rviz)

0.01

<Fixed Frame>
87663

0.05

v
1.24541
0.215399

Remove

Move X/Y. Right-Click:: Zoom.

Rename

4. Click “Open”

31 fps|
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Loading 3D Patient Model on rviz

« Check if the patient model has appeared.

e MoVelt.viz* - RVIZ =[x
File Panels Help

fyinteract | g Move Camera  [Jsetlect | & = @

¥ MotionPlanning
Context = Planning = Manipulation | Scene Objects | Stored Scenes = Stored States | »
Current Scene Objects Object Status
Skull.stl

Manage Pose and Scale

Position (XYZ): | 0.00 < [0.00 < [0.00 <
Rotation (RPY): | 0.00 <//0.00 </l 0.00 5
Scale: 0% e—— 200%

Scene Geometry

Publish Scene Export As Text | |Import From Text
‘4 »
Import File | | Import URL
Remove Clear

»® Views
Type: | XYOrbit (rviz) - Zero
~ Current View XYOrbit (rviz)

Near Clip Distance 0.01

Invert Z Axis

Target Frame <Fixed Frame>

Distance 2.87663

Focal Shape Size 0.05

Focal Shape Fixed Size v

Yaw 1.24541

0.215399
~ Focal Point 0.56783; 0.32108; -0.2
X 0.567825
! 1. The model appears as a green skull.
Save Remove Rename
Reset | Left-Click: Move X/Y. Right-Click:: Zoom. 11 fps|
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Step 3: Planning Procedure on 3D Slicer



Overview of Step 3

» Surgical planning using 3D images (e.g. MRI, CT)

— Considerations:
« Target location
« Entry point on the skin
« Critical structures around the needle path

— Output: needle trajectory
« Coordinates of the target (patient coordinate system)
« Coordinates of the entry point (patient coordinate system)

)y WOMEN'S HOSPITAL 33



Loading Image and Model of the Patient (1)

« Download zipped scene data from http://bit.ly/2HTFHTI and
rename to “SlicerScene-ISMR19.zip”. Alternatively, you can
download using wget command:

$ cd <working folder>

$ wget —O SlicerScene-ISMR19.zip http://bit.ly/2HTFHT1

 Decompress the .zip file. On a Linux/Mac terminal:

$ unzip SlicerScene-ISMR19.zip

3 P BRIGHAM AND
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Loading Image and Model of the Patient (2)

* The scene contains:
— Scene description (.mrml format)
— MR image (.nrrd format)
— 3D surface model of the skull (.stl format)
— 3D surface models of the robot arm (.stl format)
— Transforms of the links of the robot arm (.tfm format)




Notes on STL file format

« A STL (stereolithography) file contains the
coordinates of vertices and connection of them to
define polygons.

« The STL format is widely used to exchange 3D
surface model data.

 The file format does not contain the unit.
— ‘Meter’ is used in rviz.
— ‘Millimeter’ is used in 3D Slicer

« STL files must be scaled for each software (i.e. rviz
and 3D Slicer)

[ | BRIGHAM AND
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Loading Image and Model of the Patient (3)

ED)
CoL Bywekometosicer 2| ™ (D ©Q | E

- Launch 3D Slicer. ars

B} sps
—

1. Click the “Data” icon. FI

 Click “Data” icon on
the menu bar.

e Click “Choose Fi|e(s) — t2). tct:nck the “Choose File(s) to Add”
to Add” S B

nnnnnnnnnnn

(5] X~

Show Zoomed Slice
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Loading Image and Model of the Patient (4)

nnnnnnnnn

- In the “Open” dialog box, = ..
select "Scene-ISMR19.mmlI” -

Jeocon@mE

mmmmmmmmmmm

in the folder extracted from  :
the zip archive = 1. Select “Scene-ISMR19.mrml”
' ' ol

2. Click “Open”

d Slice

+ Click "Open”.

P =
- Click “OK” on the “Add data 1
Into the scene” dialog box. | 3. Click "OK’

”- BRIGHAM AND > |
\ WOMEN'’S HOSPITAL [ L e | X P




Loading Image and Model of the Patient

MR image and 3D models appear on 3D Slicer.

[ XoX ) 3D Slicer 4.8.1
Py

Bl B | Modules: [ [ elcome to Sicer = Q Q EVY O % E%’ - - fa S - E A

Y s0slicer

=
Welcome

&
(S Load DICOM Data ‘ [ 2= Load Data
a Install Slicer Extensions ‘ [ ) Download Sample Data

4 Customize Slicer ‘ ‘ plore Loaded Data

¥ Feedback

. Share your stories with us on the Slicer forum and let us know about how 3D Slicer has
enabled your research.

We are always interested in improving 3D Siicer, to tell us about your problem or submit a bug report,
open Help -> Report a Bug.

-

About J

-

Documentation & Tutorials ‘

v

Acknowledgment \

4

Data Probe: /Users/junichi/Projects...ene/Scene-ISMR19.mm |

Show Zoomed Slice
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Showing Cross Section of the Skull Model (1)

* To show the cross section of the model on the 2D views:
— Open the “Models™ module.
— Choose “SkullDrilled1_mm”
— Check “Visible” in the “Slice Display” "=

- B | Modues: [ @ Models =0 O

@€

B

3DSlicer

®

] w Display

¥ Visibility
Visible: |+
View: | All -

Color: [ ettt ‘

¥ 3D Display
Opacity: :\‘ 1.00 :J

Representation: { Surface

Visible Sides: { Front-facing

Clipping:
» Advanced

~ Slice Display
Visible:
Opacity:

CEEpT BRIGHAM AND :
(gJ WOMEN'S HOSPITAL
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Showing Cross Section of the Skull Model (2)

« The cross sections of the skull model show up on the 2D
vViews. T

| @ Mocos I QO EPO e s <« Bt~ M R+ 1@ @

~ Slice Display
Visible: [+

Opacity: (100~

|
Mode: Intersection 2]
)

Line Width: [ 1 py

Color Table:

» Scalars

¥ Data Probe: /Usersfjunichi/Projects...ene/Scene-ISMR19.mrmi

Show Zoomed Slice

L
F
B
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Selecting Target Point

Click “Create-and-Place ~ =se. - - t)aus ao —
Fiducial,, button . 1. Click “Create-and-Place Fiducial

Scroll 2D view to find the target
point (center of the tumor)

Place a fiducial by clicking the | 2. scrol unti the target
target point on the 2D view PO oo ee
(either red, yellow, or green
view)

3. Click the center of
the tumor as a target

BRIGHAM AND
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Selecting Entry Point

+ Click “Create-and-Place ~ zses . -f )aua -ne —
Fiducial,, button . 1. Click “Create-and-Place Fiducial

« Scroll 2D view to find the entry )
point (on the skin above the |
tumor)

2. Scroll until the target
point become visible

* Place a fiducial by clicking the
entry point on the 2D view
(either red’ ye”OW’ or green 3. Click the skin entr
VieW) point

A BRIGHAM AND
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Naming Target and Entry Points (1)

* Open “Markups”.

 Please note:

— The coordinates and the
names of the points will be
exported to ROS over
OpenlGTLink.

— The names edited in this
step will be used for
identification on ROS, and
are case-sensitive.

CEE DY BRIGHAM AND
(vJ WOMEN’S HOSPITAL
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°, & .

B B Modues: @
||||||||||
| @ Annotations

B spsiicer EE Da

y = Datastore
VR
» Information & Edior
Display
i
isibl

Jeols 9 »
5 <-veg

sssssssssssss

3D
= Q. QO | E
s | =
13 ” H

1. Select “Markups” from the module list

I o0 e

@ Modules: [ . Markups o - QO E
@®

E |®} spsiicer
E ) #D,,

o [0 » Help & Acknowledgement J
S— o el
) Scale & 300 [3]

Click to Jump Slices
@ Offset Centered Show Slice Intersections
— (i3] wo [ [em[] w [l (g (@
s/ 'L [ Translormed | | Hide RAS
5 @ |oa |~ Name. Description R A s
L 1 B e 131455 3617 220535 -
D 2 E'E & F2 131.455 8322 253,03
1A
Adv:
rs/junichi/Projects/...ene/Scene-ISMR19.mrml 1 A
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Naming Target and Entry Points (2)

 Rename the list (MarkupFiducials) to “Plan”

[ 3D

_ @ Modues: N :| — o o E.,_E @ Modules: Markups 3‘ —‘ O. o‘ EE

@®
@ 3DSlicer
-

g

#Y spsiicer

Zone Click to Jump Slices
Create new MarkupsFiducial as...

F
‘ » Help & Acknowledgement
‘ P Help & Acknowledgement }
i Lst [F N
o [ (&) "Plan”
= 22 — Scall #
I @[ Rename current MarkupsFiducial 300 |2 cale SeNa - 2. Enter "Plan
" . - v " -
T '

@ ( Delete cul

@ Offset CeNg

e ions
New mark]

1. Select “Rename current MarkupFiducial” from Bt
_*] the “List”

Cancel ‘ @‘
|| Transformed Hide RAS

M - Name Description R H “ ”
M |as |=c Name Description R A S l - 3 ClICk OK

1 & & F 131.455
1 & e R 131455  -3.617 220.535 -y .
2| &5 W@ F2 131455  8.322 253.036
2 &5 @ F2 131455  8.322 253.036

€9 () WOMEN'S HOSPITAL
7
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Naming Target and Entry Points (3)

o 3D

* Rename the first point to s & & oo o [ .00
“Target”. B e

‘ » Help & Acknowledgement

List | Plan ¢”EHE‘

. Scale € (a0 |7}

* Rename the second point ==
to “Entry”. ~H (=0 [(«0 @ @

I_1 Double-click and enter “Target”

2. Double-click and enter “Entry”

BRIGHAM AND
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Step 3: Robot-to-Image Registration



Overview of Step 4

« Two coordinate systems

— Points on the images are defined
in the patient coordinate
system (RAS coordinate system)

Surgical Plan (RAS)

— Points for execution are given in
the robot coordinate system
(Reference coordinate system)

Execution (Reference)

5 P BRIGHAM AND
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Overview of Step 4

« Fiducial registration

— Estimate a transformation matrix
between the RAS and
Reference coordinate systems
by matching the corresponding

landmarks \
— Outcome of registration is a &
matrix that transforms Image (RAS)

coordinates from the Reference
coordinate system to the RAS
coordinate system (Tgerras)

gl | | BRIGHAM AND

(¢J WOMEN'S HOSPITAL Robot (Reference) 49




Connecting from 3D Slicer (1)

* In 3D Slicer, Open “Mo

Ba | Modes:

B
[E)

3DSlicer

2 Welcome o Sicer

All Modules.

# Amotations

Data
DataStore

2 oicom

Welco*

Editor
Markups

@ Models

fa

T i towvconom

Scene Views
‘Segment Editor

3D Slicer ¢

Install Sicer Extensiont

" 4 Transforms

4 Customize Siicer [} View Controlers
@ VolumeRendering

~ Feedback

@ Volumes

LB\ Welcome to Siicer

Share your stories with (
enabled your research.

Wo are aivays nereted n improing
open Help -> Report a

b About

» Documentation & Tutorials

> Acknowledgment

izards
Informatics
Registration
Segmentation
Quantiication
Difiusion

IGT

Filtering
Surface Models
Converters
Endoscopy
Utilies
Developer Tools

Legacy
MultivVolume Support

oad Dat
d Sample Data
LosdedData |

 [about how aD siicer has

» hor submit a bug report,

4 BroachWaming
*  cotect Pins

!l Createtosels

, A Fiducial Regstration Wizard
+ -4 Fiducials-Model Registration
| ) Model Registration

> & OpeniGTLink Remote

B[~ OpeniGTLinkIF

£ PathExplorer

v Data Probe

Show Zoomed Slice

BRIGHAM AND
WOMEN'’S HOSPITAL

o Plus model catalog browser
& Pus Remote
Transform Processor
4y UnrasoundSnapshots
& Viewpoint
¥ Volume Reslice Driver

| watchdog |

dules” -> “IGT

" ->"OpenlGTLink IF”

ece
éa

@ 3DSlicer

i @ Modules: | 3¢ OpeniGTLinkIF

1’ Felp & Acknovtedgaran

[v Connectors.

Name Type Status Hostname

Scene

Name

Type: Server Client
Status: Active Persistent

Hostname:

Port

Log Connection Errors

Port.

~ /O Configuration

Name MRML Type IGTL Type Vis Push on Connect

Scene
Tt i 18
v Data Probe

Show Zoomed Siice

L

F

B
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Connecting from 3D Slicer (2)

« Configure a connector node and

configure:
Name “IGTLConnector” (default)
Type “Client” (default)
Status Unchecked (default)
Hostname “localhost” (if Docker is used)
Port “28944”

« After configuring the node, click
“Active’. If successful, the status
becomes “ON”.

55 P BRIGHAM AND
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\ 4

Click “+”

@ Client =\
v rs
” Pqt: | 28944
2 -
Pu

eeeeee

2. Change port to

*1 28944

Status indicates “ON”
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Creating Registration Transform (1)

* Open “Transforms™ module.
« Create a new transform as “ReferenceToRas”’.

@ 3D ece 3D
2,

— e - £ . & Transforms |4 | —
= @ Modules: [ & Transforms 2| == ° 0 E i @ Modules: | 4gg Transforms B - Ov o, = @ Modules: [ 4 Transiorms 2 - 0, O_ 5

All Modules v
®
Annotations 2
2 ansll. e 3DSlicer
3DSlicer l Data ’ 3Dslicer y
ataStore v
tel er =

B

(G}
|

‘

g

- lb Help & Acknowledgement |¢]
\ » Help & Acknowledgement / Editor -
= 3. Enter
Active Transform: [ forearm_link @ Models B [» nformation B €
[ "> information Fa Scene Views | )

e “‘ReferenceToRas’

304.65
60.49
379.70

L1. Select “Transforms” |.-—=

-\

from Modul el -
0 odules [l i

i— » [ [ereosm 5] 2. Select “Create new LinearTransform
— Surac ot : as..” from “Active Transform”

,
IR Endoscopy ve——foor 2 — - r—
Uiities , — i} —
A == Developer Tools =00 [3} 18 @ (00 E_
© rogecy o0 [ [ idarting ™ an W ~ e
MuliVolim —tente

! BRIGHAM AND
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Creating Registration Transform (2)

* In “Apply transform” frame, move the all links of the robot
and their transforms to "Transformed”.

e0e 3D

. I s Transforms o ‘ -- 0v O- = @ Modules: I 4 Transforms :J -- o- ov E—é
® @®
@ 3DSlice @ 3DSlicer
4 >
|+ Help & Acknogledgement | | ¥ Help & Acknowledgement

wrasom| 1. Open “Apply transform”

2. Select:
forearm_link

- shoulder_link

- upper_arm_link

eeeeeeeeeeeeeeeee

mmmmm

- Wr|st_1_||nk al;{ulllD lllllllll =

- wrist_2_link

- wrist_3_link

- needle —

- needle holder 3. Click “->” button to move
=l BRIGHAM AND - tool0 - the ”nkS and tranSformS tO
& e /  WOMEN'S HOSPITAL | - base_mm “Transformed”




Fiducial Registration Wizard

« Open ’IGT” -> “Fiducial Registration Wizard".
e Change to “3D only” view.

[ ) 3D Slicer ¢
@ Modules: | 4 Transforms s

All Modules v

3D Slicer 4.8.1

B°

[Z) Annotations
3pSlicer EE Daa

£ DataStore
25 picom
[; Help & Acknowledgement ~/ Editor ‘
Markups [

AActive Transform: | ReferenceToRas @ Models s

()

\
Fa Scene Views T q
4 Segment Editor
| » Edt s i |
- 4 Transforms -
— [ View Controllers F

| ¥ information

[ Redslice only

4 [T veliow siic

» Display
[”— @ \Volume Rendering 7‘
§ Volumes

v Apply transform
‘Appy— £\ Welcome to Slicer —‘

Transformable:
Default Scene Camera Wizards
Default Scene Camera Informatics [ Compare Widescreen
SkullDrilled1_mm Registration
Sl g 8 Compare Grid

Segmentation
o on

[ Three over three

[l Three over three Quantitative
[ Four over four

EH Two over two

[T side by side

[ Four by three slice

Diffusion

4 Breach Warning
&/ Collect Points

‘ Fiducial Registration Wizard
. .

Filtering
W Nodels
Converters

Endoscopy [ Four by two siice
Utilties

T | Three by three sl

» Convert Developer Tools, [ Three by three slice
Legacy

==l 4 Open “IGT"->"Fiducial
| = Data Proe: /Usersfjunichi/Projects!...ene/Scene-ISMR19.m| Reg | Stratl on lea rd ”

Show Zoomed Slice

BRIGHAM
WOMEN'’S HOSPITAL

}‘g 7
&/

54



Creating Fiducial Lists (1)

 Create a fiducial list for robot as “ReferencePoints”

®
= @ Modules: .:,;;' Fiducial Registration Wizard :] - e o @ Modules: . \ Fiducial Registration Wizard :] - o €

@®

(g

3DSlicer ' 3DSlicer

®

l » Help & Acknowledgement ]Z I » Help & Acknowledgement

{
* Display IV Display

| FiducialRegistrationWizard = | ‘ FiducialRegistrationWizard

Point Matching Method: « . . 3 Point Matching Method: @® @ 3 Enter “ReferencePOIntS”
< ~ From fiducials > 1 " O pe n F ro m fl d u CI a I S ~ From fiducials - New name: —

None ] t mll -

Plan

Rename current MarkupsFiducial

larkupsFiducial
< 4 Click “OK”

'+ To fiducials

~ To fiducials

(e 2. Select “Create new — SOICE

MarkupsFiducials as ...”
i

.... | BRIGHAM AND

=@ (vyY WOMEN’S HOSPITAL
&/ 95




Creating Fiducial Lists (2)

* Create a fiducial list for image as “RasPoints”

@ 3DSlicer

» Help & Acknowledgement

D

¥ Display

FiducialRegistrationWizard

Point Matching Method: Manual

 From fiducials

| 1. Open “To fiducials” |

m . m

g To fiducials -

None
Plan
ReferencePoints

Rename current MarkupsFiducial

Create new Markupstucm as...

ReferencePoints s HilT ﬁ ‘ -

Registration result (From->To) transform

| i 2. Select “Create new
MarkupsFiducials as ...”

= P BRIGHAM AND
\/ WOMEN'’S HOSPITAL

@ Modules: -, | < Fiducial Registration Wizard :‘ - 0 o

®
3DSlicer
| » Help & Acknowledgement 4]
\
|v Display |
{FiducialRegislratiunWizard = }
Point Matching Method: Manual S J
~ From fiducials
[ReferencePoints PRl (2] =] [
(@ esirnamq 3 Enter “RasPoints”
New name:
T
~ To fiducials : P -
it . 4 |
2 4. Click “OK” [t

56




Selecting Landmarks on Image

* Click five fiducial markers on the skull in the 3D view.

SU dlicer 4.6. 1
.'_; P i[ nwzd 2| = QO | E w © @ 5 7 » LB W 4
] @ Modules: | . Fiducial Registraion Wizard % | - Gv 9. = . . . : Y

B®

RasPoints

} Place fiducials using transforms 1 - CIiCk “Place a markup
result (From->To) po int”.

[ Select a LinearTransform

| BRIGHAM AND
WOMEN S HOSPITAL




Reviewing Landmarks

* The list of the landmarks are shown in “To Fiducials”.
« Make sure to deactivate the Place a markup point” button

eoe
Ea ) Ea (o mee-@o EO&&;@‘@;;4» t-)E w - @A
e . 2. Deactivate “Place a
= = © 1 markup point” button
[ FFFFF ialRegistrationWizar rd :] =
nnnnnnnnnnnn Manual 2]
[ Referenceoints ]@El i [‘
_,.)RasPomls)
Ry
e 2 1. Review the list of
emrmnemnrd landmarks
CEE g BRIGHAM AND -
(vY WOMEN’S HOSPITAL ] 58
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Setting Registration Transform

« Select “ReferenceToRas” in “Registration result transform”

‘ FiducialRegistrationWizar ‘ :
Point Matching Method: | Manual ‘
DEEIE
~ To fiducials
[RasPoints A JmT” 'm' ‘._l
Label X Y z -~
4 | RasPoints-4 98.024 43.425 191.602
T T R
» Place fiduci dng trancform

1. Open “Registration result
(From->To) transform”

2. Select “ReferenceToRas

VE 8R! ) | BRIGHAM AND ele e Lneanslorm
A @ WOMEN’S HOSPITAL 59




Selecting Landmarks on Patient (1)

Select the needle transform on 3D Slicer

5 BRIGHAM AND
‘\/ WOMEN'S HOSPITAL

@ 3DSlicer

l FiducialRegistrationWizard

b | 4
[»]

Point Matching Method:
~ From fiducials

[ ReferencePoints

1. Open “Place fiducials using transforms” l

M
Place To'

¢

2. Select “needle” for “Place ‘From™ l

 c— |
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Selecting Landmarks on Patient (2)

* Onrviz, move the planned needle tip to the first landmark using the
arrows and the disks.

e — — 2. The needle turns red, when it

File Panels Help File Panels Help

PR oo [l # = ~ PSR contacts the skull model.

1. Move the needle tip to the landmark

11111

55 P BRIGHAM AND
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Selecting Landmarks on Patient (3

« (Generate a plan for execution.

File Panels Help

("yinteract | % Move Camera

Select Start State:

Options

Planning Time (s): 5.00

Plan and Execute
Clear octomap

Path Constraints

None
Goal Tolerance: 0.00
»@ Views
Type: | XYOrbit (rviz) -
~ Current View XYOrbit (rviz)
Near Clip Distance 0.01
Invert Z Axis
Target Frame <Fixed Frame>
Distance 0.564224
Focal Shape Size 0.05
Enral Chana Civad Cizn ..
Save Remove
Reset

2. Click “Plan”

ing Attempts:| 10.00
ity Scaling: 1.00

leration Scaling:  1.00
Allow Replanning

Allow Sensor Positioning
Allow External Comm.
Use Collision-Aware IK
Allow Approx IK Solutions

Rename

Zero

| BRIGHAM AND
/f WOMEN'’S HOSPITAL

File Panels Help

"y Interact | %% Move Camera

Select EH =
3 MotionPlanning
Context = Planning | Manipulation = Scene Objec!
Commands Query
Plan Select Start State:

Select Goal State:

Plan and Execute

<random valid>

Update

Clear octomap

Pa|

3. Wait until the
planning is completed.

»® Views

Type: | XYOrbit (rviz) v

~ Current View XYOrbit (rviz)
Near Clip Distance 0.01
Invert Z Axis
Target Frame <Fixed Frame>
Distance 0.564224

File Panels Help

3 MotionPlanning
Context Planning
Commands

Plan
Execute

Plan and Execute

&] Interact ¥ Move Camera

] =

Manipulation = Scene Objects

Query

Select Start State:

Select Goal State:

<random valid>

Update

Clear octomap

.y 4. Completed

None

Goal Tolerance:

@ Views

Type: | XYOrbit (rviz)

0.00
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Selecting Landmarks on Patient (4)

« Execute the plan to bring the needle to the landmark.

&)

A\ %

8

File Panels Help

&] Interact > Move Camera {4 Select dp

3 MotionPlanning

Commands Query

-

Context Planning Manipulation Scene Objects

Blan Select Start State:
@ Select Goal State:
Plan"and Execute
—_—vdeesndide

| 1. Click “Execute”

Time: 5.014 ' Clear octomap

Path Constraints
None

Goal Tolerance: 0.00

@ Views

Type:  XYOrbit (rviz) v

y WOMEN'S HOSPITAL

2. The needle moves to
the landmark on rviz

mmmmmmm

3. The robot model on
3D Silicer follows
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Selecting Landmarks on Patients (5

 Record the coordinates on 3D Slicer.

3D

@ Modules: | < Fiducial Registration Wizard :‘ - e c ETE

3DSlicer

@® &

l FiducialRegistrationWizard

)

Point Matching Method: Manual

~ From fiducials

lRe'erencePoints = ‘ | |} ‘ I J
~ To fiducials
IRasPoints
Label X z
4 | RasPoints-4 98.024 43.425 191.602

[} RasPoints-5

+ Place fiducials using transforms

I

I needle

I None

Y
>

(‘: || Ptace From' | J’
—p—nm

Registration result (From->To) transform

[ DtarananTADA~

BRIGHAM AND
WOMEN’S HOSPITAL

1. Click “Place ‘From™ I

3D

g

8 § " istration Wi sl == =
[oc] @ Modules: - | ..« Fiducial Registration Wizard v‘ 3 o- Q‘ E—_—

3DSlicer

©

[ FiducialRegistrationWizard

Point Matching Method: Manual

~ From fiducials

l ReferencePoints

al
Ll ReferencePoints-1

~ To fiducials

| RasPoints

2. The point appears on the
“From fiducials” list

Label X

* Place fiducials using transforms

4 | RasPoints-4 98.024 43.425 "
[ RasPoints-5 87.540 30.970 m
-

[needle = ” Place 'From' J
[None = l Place To'
Registration result (From->To) transform
-
-

[ ReferenceToRas
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Selecting Landmarks on Patients (6)

* Repeat the previous steps for the rest of the landmarks.




Selecting Landmarks on Patients (7)

* The registration matrix is updated as the landmarks are
recorded on 3D Slicer.

3D Slicer 4.8.1
|\Wllurd:-.°.0 E‘@% z » t'HEhEbv &vuﬁ
e B

"'éf: =) 1 1. The needle is now pointing
the skull on 3D Slicer

Make sure to activate “Auto-update”
EEE BRIGHAM 0.

A WOMEN'S HOSPITAL
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Confirming Registration

* Review the relationship between the robot and the patient
on rviz and 3D Slicer

st s BWH |
48,
}5? \&/

WOMEN’S HOSPITAL

3D Slicer 4.8.1
2.0  EP O & &
e BLE

z-E|t 8w al+- @




Step 4: Targeting



Overview of Step 4 (1)

» Coordinate systems for targeting:

— The planned points (i.e. “Target’ and ‘Entry’) are defined in the image
coordinate system.

— The plan is executed by the robot arm in the robot coordinate system.

« Execution of the plan:

— Transform points from the RAS coordinates to the Reference coordinates
by applying Tras,rer
— Trasrer IS the inverse matrix of Tgerras

108, o Jﬂ_ﬁl BRIGHAM AND
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Overview of Step 4 (2)

A custom control node for this tutorial:
— Receives the coordinates of entry and target points
— Calculate needle orientation and motion plan

— Execute ooo
( X N J
3 ROS
- (
l“ S ———— [ Igtl_
;______ Ep— ' exporter
S— Bridge

[ Custom

Control Node

]a

y




Starting Custom Control Node

* On aterminal on the ROS computer:

$ cd ~/catkin ws

$ source devel/setup.bash
$ rosrun ismrl9 control ismrl9 control node
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Transforming Planned Points (1

« Copy “Plan” to “Plan-Reference”

[ JOX ) 3D [ XOX 3
& £ . - = &, & . (= pata | =] =
w0 O |E ta 2 ga | - [Eom (=0 0 |E

= B ®
. ” ” .
& o 1. Open "Data” module @ sticer
[ » Help & Acknowledgement ] [ » Help & Acknowledgement J

Subject hierarchy | Transform hierarchy | All nodes | Subject hierarchy | Transform hierarchy | Allnodes |

Node .| - Node - | [Z
G needle s Referen... 4 needle_holder <+ Referen...
4 needle_holder i« Referen... 4 toolo s Referen...
4 tool0 i+ Referen... € base_mm # Referen...
€ base_mm # Referen... € forearm_mm & forearm...
€ forearm_mm & forearm... @ needle_holder_mm # needle_...
€ needle_holder_mm - @ shoulder_mm &  shoulder...
€ shoulder_mm - @ upperarm_mm &  upper_a...
€ upperarm_mm - €@ wristi_mm & wrist_1_...
€ wristi_mm - wrist2_mm -
© wrist2_mm « . - @ wrist3_mm -

@ wista_mm 2 S | [=]] - @ SkulDriled!_mm -
@ SkullDrilled1_ny " € eCt an - @ MR g
G2 0 g 5]
as o Plan « »
e | 4 Select “Plan Copy
Master Scene
Export to DICOM.
e gFeate child folder -

+ Show transforms.

e, | | 3. Right click -> “Clone”

Select role >

» Subject hierarchy » Subject hieral

5. Right click -> “Rename” |
™

Export to DICOM...
Rename
Filter: | Filter: Edit properties... r

» MRML node information » MRML node ini Select role 4

B BRIGHAM AND 6. Rename to “Plan-Reference”

\/ WOMEN'’S HOSPITAL 70




Transforming Planned Points (2

« Copy “ReferenceToRas” to “RasToReference”

‘ Ii ,,,,,,,, F Mep & AGRIUWIBUYETTIETIL
Subject hierarchy Transform hierarchy ] All nodes ]
P Help & Acknowledgement —
Node o | =l
Subject hierarchy | Transform hierarchy | All nodes | %z toolo i+ Referen...
— € base_mm @ Referen...

Node o | G L € forearm_mm & forearm...

4= needle_holder + Referen... &) needle_holder_mm # neede_...

g toold i+ Referen... € shoulder_mm #  shoulder...

€ base_mm & Referen... (] upFerarm_mm - upPer_a...

€ forearm_mm & forearm... € wristt_mm & wrist_1

€ needle_holder_mm & needle_... | € wrist2_mm & wrist 2_...

€ shoulder_mm # shoulder... g ‘;’:Sﬁ:)__rl':"; & wrist 3_...

€ upperarm_mm & upper_a... ullDrilled_mm -

@ w;:i‘;ﬁ_mm - w;:i‘;t_1 . @ wRi &

@ wrist2_mm & wist2 ... LY ::IeferenceToRas :

" an
wrist3_mm
g SkuIID_riIIed1 mm “ ” ReferencePoints
. 1. Select “ReferenceToRas RasPonts 3. Select “Ref ToRas Copy”
T v senoviw | 3. Select “ReferenceToRas Copy
ReferenceToRas Copy
——TTcate child folder
+| Show transforms Clone g)
::venft:ans;m » Subject hierarchy iten Export to DIC
eset transfoll . . “ »
Rename metvansor 4, Right click -> “Rename
|l

Delete
Edit properties...
Select role

» MRML node informati oo
Edit properties...
Filter: | ] + Data Probe: /Usersfur  Select role

‘ | BRIGHAM AND
\/ WOMEN'’S HOSPITAL 73




Transform Planned Points (3)

 Invert Transform

- Ja# neeaie_nolaer_mm
- &3 shoulder_mm
- @& upperarm_mm
) wristi_mm
) wrist2_mm
€ wrist3_mm
€ SkullDrilled1_mm
& MR
= ReferenceToRas
... Plan
ReferencePoints
... RasPoints
Hm Master Scene View

* Plag oace 1. Select “RasToReference”
w Create child folder

Lc;;cho;ooooa

+| Show transforms Clone
OM...
» Subject hierarchy =
- identity
Filter: Rename
— . . [13 ”
» MRML node informa_ Delete 2. Right click -> “Invert transform
Edit propertieST® F
¥ Data Probe: /Users/j Select role * Ho.mml

Show Zoomed Slice

| BRIGHAM AND
\\\// WOMEN'’S HOSPITAL




Transform Planned Point (4

* Open “RasToReference” transform in “Transforms”

(oK 3D ( JOK J 3D
4, @ = = ‘.‘ forearm_link =
— i Modules: 4 Transforms | - — | —
I = o=
[oc] ‘ o O Eﬂ_ Eﬂ] | shoulder_link E
5 upper_arm_link
1. Open “Transforms | wrist1_link
= . wrist_2_link
3DSlicer y 305 wrist_3_link
7 » needle
————— needle_holder
| P Help & Acknowledgement | | » Help & Ackno  toolo
P — < —
Active Transfo@leci a LinearTransfor Al dh Active Transfd RasToReference
_— e —
H 13 H ” EPEEE— |
"% Information 2. Click “Active Transform | » nomation | Renamecurent§ 3 - Salact “RasToReference”
~ " Create new Lineg .
SRED l y Ear Create new LinearTransform as...
| | ! Create new BSplineTransform
Identity Invert Create new BSplineTransform as...
| » Display Create new GridTransform
| » Display ] Create new GridTransform as...
|% Apply transfol Create new Transform
————————— Create new Transform as...
b Apply transform A
| | Transformable: Delete current node
ge;au:t gcer.\, P T T
efault Scene Camera
Convert —57 Camera ‘O
SkullDrilled1_mm !
=
[+ ReferenceToRas ==

B BRIGHAM AND
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Transform Planned Points (5)

* Apply “RasToReference” transform to “Plan-Reference”

[ » Edit

I » Display

I ¥ Apply transform

Transformable:

Transformed:

Default Scene Camera
.- Default Scene Camera

Camera

SkullDrilled1_mm

MRI

ReferenceToRas
Plan .

:-- RasPoints
Plan-Reference

2. Click “->" button |

1. Select “Plan-Reference” l

0

| » Convert

| BRIGHAM AND

A ' WOMEN'’S HOSPITAL
5/

| ¥ Apply transform

Transformable:

- Default Scene Camera
Default Scene Camera
Camera

- SkullDrilled1_mm
MRI

Plan
ReferenceToRas
- ReferencePoints
RasPoints

rmed:
Plan-Reference

3. Select "Plan-Reference”

©

(1)

@

' Camvart

l » Display

4. Click “Harden transform” button l

. 2

I ¥ Apply transform

Transformable:

Default Scene Camera
Default Scene Camera
Camera
SkullDrilled1_mm

MRI

Plan
ReferenceToRas
ReferencePoints
- RasPoints
Plan-Reference

Transformed:

o ©

©
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Sending Plan from 3D Slicer to ROS
* Open “OpenlGTLink IF” module

ece 3D Slicer ¢
& &a | Modues: Welcome to Siicer 3| - 3€ OpenlGTLinkIF
Al Modules 3
| Amotations
30Slicer g Deta
= Datastore
24 oicom
 Editor |+ Help & Acknowledgement
€1CO " wwre
© Modas [~ Gomedtors
e oaoom o] e Scene Views | re— Name T Status Hostname Port
Load DICOM Data ;. Segment Editor oad Data | L Lo
[ motan siicor Extensions * |d sampi
4 Transiorms
48 Customize Siicer B View Controllers Loaded Data ‘
@ Volume Rendering
e @ Youmes
v Foedbact B
B\ Welcome to Siicer J s
izards
. Share your stories with | |nformatics » |about how 3D Slicer has Name:
enabled your research. Y
Registration , Type: Server Glient -
Segmentation Status: Active Persistent Log Connection Ertors
/e are aways interested in improving | Quantifcation » b o submit a bug report,
apen Help -> Report a Bug, Hostname: Port:
Diffusion
> About [ +{ Breach Warming
" Fitenng " ColectPoins /0 Configuration
[ | Surface Models B
» Documentation & Tutorials | Srecetie "l Crostetodels Name MRML Type 1GTL Type vis Push on Connect
Endoscopy & Fiducial Registration Wizard oo
» Acknowledgment
Uiiies » i Fiducials Model Registration
Developer Tools » &) Model Registrtion
Legacy * & OpeniGTLink Remote
MutiVolume Support »

OpeniGTLinkF

& PathExplorer

~ Data Probe

Show Zoomed Slice

EETS

| Pivot Calbration
g Plus modsl catalog browser
& Plus Remote
Transform Processor
44 UlrasoundSnapshots
o Viewpoint

¥ Volume Reslice Driver

| b watchdog |-

pals

[cym

~ Data Probe

Show Zoomed Slice

@
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Sending Plan from 3D Slicer to ROS (2)

« Add “Plan-Reference” in “I/O Configuration”

wiSL_e_mn

. R - o e E pe. o sever P
Status: + Active] « . . ” needTe_ — p— Status: + Active Persistent + Log Connection Er
Hostname: 1 ) Open I / O Conﬂg u rat|0n ge:lgle,nolder Persistont ] Log Comsctian Erars Hostname: | Port:
< ;F - base_mm 1 Port: |
¥ 1/O Configuration - [V 1/ Configuration 1] ”
' forearm_mm E _
W hee MRML Type IGTL Type Vis Push on Con || needle_holder_mm Name MRML Type 5 Plan Reference
= ~ shoulder_mm E =/ Scene
EI[Ix(IEI'{“LConnec,.. upperarm_mm LType IGTL Type Vis Push on Connec = IGTLConnec... a p pea rs
our_ wristi_mm A
wrist2_mm |
rist3_mm R R
« ’ SkullDrilled1_mm
=== 2. Select “Scene” -> R
Plan-Referd ReferenceToRas . Plan-Reference = e Se
= “IGTLConnector” -> “OUT" e — —— —— | = —
[v Data Prg - ReferencePoints E E— ll [V Data Probe: /Users/junichi/Projectsr==
ST BmRoiccts/...ene/Scene-ISMR19.mrml . PR
Show Zoomed Slice ( Show Zoomed Slice 4 . C I I Ck +
RasToReference
as Tof 9

F : F
} ) 3. Select “Plan-Reference” from :
the pull-down menu next to “+”
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Sending Plan from 3D Slicer to ROS (3)

« Send “Plan-Reference” in “I/O Configuration”

| BRIGHAM AND

A ' WOMEN'’S HOSPITAL
5/

olawus. W Avuve reisiswent W LUy wuninecuvn cirurs
Hostname: ] Port: [
v 110 Configuration
Name MRML Type IGTL Type Vis Push on Connect
[~ Scene

[=I IGTLConnec...

Plan-Reference s | | +

|+ Data Probe: /Users/junichi/Projects/...ene/Scene-ISMR19.mrml

Show Zoomed Slice

L
F
B

1. Click “Send”
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Move Needle to Target

 Once the Plan is sent to ROS, the robot moves to the
entry, and then the target.

3D Slicer 4.8.1
EPO & 4 «-E|t-68 R+ @A
145

File Panels Help

1. Needle is moved to the entry
Reset | Left-Click: Move X/Y. Right-Click:: Zoom. n—1

1. Needle is moved to the entry
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[Optional] Visualizing Trajectory on MRI

« Make the needle visible on MRI

@ Modules:

B

3DSlicer

©

.. | 3€ openiGTLinkIF

N
O
©
i

» Help & Acknowledgement

All Modules

[£] Annotations
i Data
DataStore

24 picom
il

=

<

¥ Connectors

Name Type
= Scene

Markups

4. Segment Editor

L - -

Hostname: [

Properties
Name: |
Type: O Server
Status: ¥ Active

¥ 1O Configuration

Name MRML Type

/= Scene
=/ IGTLConnec...

=out

1. Select "Models” from
the Module list

Wizards
Informatics
Registration
Segmentation
Quantification
Diffusion

16T

Filtering
Surface Models
Converters
Endoscopy
Utilities

bg Connection Errors

v
—

Push on Connect

B

@ 3DSlicer

B®

[ » Help & Acknowledgement

Include Fibers

“mm
o wrist2_mm
wrist3.

[ . Scroll to...

3DSlicer

Za [voies: [ @ues 3] -0 O |E Ba | Modues: . | @ Mocels ¢ - e' SRS

@®

[ » Help & Acknowledgement

[»]

Include Fibers (" scrollto...

 base_mm
forearm_mi
eedle_hol

‘shoulder_mm
upperarm_mm

wrist2_mm

-
# SkullD|

-
-
-
& wristl_mm
-
Ed
-

wrist3_mm
SkullDrilled1_mm

» Information

W #5001t

~ 3D Display
Opacity:

Representation: [Suﬂace

3[1o0]2)

¢

Visible Sides: { Front-facing

Clipping:
» Advanced

» Information

~ Display

» Visibility

» 3D Display
~ Slice Displ
Visible:
Opacity

J[100]3)

v Data Probe
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[Optional] Visualizing Trajectory on MRI

« Switch to "Four-up” view.

3D Slicer 4.8.1

=P O @ & ¢

3D Slicer 4.8.1

= 9 O

82



[Optional] Visualizing Trajectory on MRI

 Align slices with the needle using “Volume Reslice Driver”.

Ea | Modes:

[
E' { ]

3DSlicer
y

>

z

Ip & Acknowledgern

Include Fibers

ol mm
3 Upperan mm
> it ‘rn
3 Wisiz-mm
> Wista Tom
= Siidiedt_mm

@ Wogels

Al Modules
') Annotations
E Data
DataStore
Dicom
Edtor

NTYT

Markups

Models

Scene Views
Segment Editor
@ Segmentations
4 Transforms

[ view Controllers
@ Volume Rendering
& Volumes

B\ Welcome to Sicer

E N

A
o
(¥
fif
@

Y =

Wizards ,
Informatics ,
T Registion .
» information ,
Quantifation
~ Display Diiusion > |
> Visioiity
» 3D Display Surface Models
Gonverters
< Siice Display Endoscopy
Visble: ¥ Utiites
Opacty: e Developer Tools +/ ) Model Registration
Legacy *| & OpenlGTLink Remote
Mode: [ Intersection MutiVolume Support Y e OpeniGTLNKIE
Lino Width: (1 px & PanEsplorer
Color Table: f Pivot Calibration
A Plus model catalog browser
» Scalars

& Plus Remote

~ Data Probe: /Usersjunichitmp/Sice...ene-ISMR19-Stepd. mmi

Show Zoomed Siice

@

|| Transform Processor

2. Select "Volume Reslice Driver”

\ND

WOMEN'’S HOSPITAL

[ JOX )
@ Modules:

f !l: 3DSlicer

&7 Volume Reslice Driver

| » Help & Acknowledgement

|+ Reslicing Driver

Driver: [ None

¢
Mode: ﬁ‘
Y
Driver: | None s
Mode: ﬁ

[ w Advanced options

Show advanced options
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[Optional] Visualizing Trajectory on MRI

« Select:
— R: Driver: "needle”, Mode: “Inplane”
— Y: Driver: “needle”, Mode: “Inplane 90"

. - 11 bh) 1] 7
— G: Driver: “needle”, Mode” “Transverse
(] ® o0 e R——
35 Ea v [ voumormom (3] ™ @ O | E B8 Ea |oaies: [ 17 Voumo resico v DLN<] O@EE
i1 3DSlice
v
[D Help & Acknowledgemer ]
1~ Fostons o )
2
-
s T
S eedl holde e | I A (e )
ol . . : _ - 2. Select "Inplane” from Mode list
~4 1. Select "needle” from Driver list (for red slice)
B Eg BRIGHAM AND | 5

=9 J WOMEN'’S HOSPITAL
) \\ /
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[Optional] Visualizing Trajectory on MRI

* Turn on slice visibility in 3D View

3D Slicerd 8.1 3D Slicer 4.8.1

nas BRIGHAM AND
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[Optional] Visualizing Trajectory on MRI

« Reformatted 2D slices along the needle is now visible.
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[Optional] Visualizing Trajectory while Moving

« Terminate the custom control node by pressing Ctrl+c on
the terminal.

* Move the robot to the home position.

_

File Panels Help

File Panels Help File Panels Help

(") interact | % Move Camera [ ] Select F = @

@ Interact | %3 Move Camera [ Select L - B & MbIraCE % Move Camera [ seect - @

¥ MotionPlanning MotionPl i
3 MotionPlanning 3 MotionPlanning

Context | Planning Manipulation = Scene Objects = Stored Scenes .
Context | Plannin . ‘ ” St
ommands Query Options 3 Cl |Ck Plan
Commands o]
d Planning Atte Plan Select Start State: ] Planning Time (
Plan and Execut | Velocity Scalin Select Goal State: Planning Attem “ Select Start State: —
Acceleration S¢ Plan and Execute ||| velocity scaling m Select Goal State: -
gpette Allow Replal home ) n =
Failed eleratlon Sc
Update H “ ”
1. Select "home” from o Allow Replan 4. Click “Execute” after the

Context Plannin g Manipulation = Scene Objects = Stored Scenes

Commands Qu eI Options

Plan ¢ <random> Planning Tim

4 <current>

. Failed = — =
S “Select Goal State’ e 1 e e button becomes active.
Goal Tolerance: o0 o Path Constraints 2 . CI'Ck U pd ate T ———
None — Path Constraints
Vi Goal Tolerance: 0.00 = None M
[Type::| XYOrbit (rviz) % Goal Tolerance: 0.00 -
T »m Views
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[Optional] Visualizing Trajectory while Moving

o Start the custom control node

$ rosrun ismrl9 control ismrl9 control node

« Send the target (see page 68)
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[Optional] Visualizing Trajectory while Moving

* The reformatted plane follows the needle.
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References (Web)

 Tutorial Page: https://rosmed.qgithub.io/
« 3D Slicer: http://www.slicer.org/
 ROS: http://www.ros.org/

* OpenlGTLink: http://openigtlink.org/

« ROS-IGTL-Bridge:
https://qgithub.com/openigtlink/ROS-IGTL-Bridge
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Contact

 If you have any questions or feedback regarding this
tutorial, please contact:

Junichi Tokuda, Ph.D.
Department of Radiology

Brigham and Women’s Hospital / Harvard Medical School

tokuda @ bwh.harvard.edu
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