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Goals of the image-guided therapy
and medical robotics tutorial

* To demonstrate the typical steps of an image-
guided therapy (IGT) or medical robotics

procedure.

* To learn in a hands-on manner using a LEGO
Mindstorms NXT, a LEGO phantom and

sophisticated medical image processing and IGT
software (3D Slicer).

The example procedure that we will use to do
this is a needle biopsy.
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Goals of the basic tutorial

* To learn about the following steps in IGT
and medical robotics in a2 hands-on manner:
v Imaging
v' Preoperative planning
v' Targeting and tracking
v' Navigation
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The basic tutorial

In the basic tutorial, the
phantom is placed in a

predefined position relative to
the LEGO robot.

Since the relationship between
the phantom and the LEGO
robot is known, we can use a
predefined registration matrix to
transform image coordinates
into patient (robot) coordinates.

We do not have to perform registration because it has been
done already.
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Set up the LEGO robot and
the phantom

The final

setup:

Instructions
to follow
are in

yellow boxes
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* Tape the phantom placement guide on a table

* Ensure that there is no wall or other object within a
four foot radius around the robot, as walls or other
objects will interfere with the ultrasonic sensor used
in the advanced tutorial

* Remember that you need to use new batteries or a
freshly charged battery pack on the robot.
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Set up the LEGO robot and the
phantom, continued

* Position the LEGO
robot so that the front
piece of the base lines
up with the orange line
of the phantom
placement guide
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Set up the LEGO robot and the
phantom, continued

* Position the robot in the
“initial position”:
— robotic arm is pushed all
the way back

— robotic arm 1s centered

* To move the robotic arm:

— push the small gears at the
back of the robot’s base up

— Freely move the robotic
arm into position

— Push the small gears at the
back of the robot’s base

back down so that they
catch on the larger gears
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Set up the LEGO robot and the
phantom, continued

* Using the gear on the
upper right side of the
robotic arm, adjust the
needle so that it 1s at
its highest possible
position while still
remaining on the

thread.
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Set up the LEGO robot and the
phantom, continued

* Position the phantom so that the bottom spacer is
centered on the front piece of the robot’s base.
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Set up the LEGO robot and the
phantom, continued

Your setup should look like this:

|

* Connect the robot to the
Linux computer using the
USB cable provided in the
LEGO Mindstorms NXT
kit

* Turn the LEGO robot on

by pressing the orange
button on the NXT brick.
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1) Open 3D Slicer
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2) Load the CT volume

" . 3D slicer Version 3.0 Be

All Modules

File  Edit  View Window Help  Feedba oop-o
Color
ol e, o [ @] pesren mocuies (2] ] [
EMSegment
= Editor |
{.. ; Slicer Fiducials
GredientanisotropicDiffusion Filter
Lego
¥ Help & Acknowledgement Models
“ Display Modify Scene Newoly
pen the s
MRML Tree
slices
Scene Transfoms
¢\ ’Olumes” = SLAADA AL i oo ol volnes i
vtkMRMLLinearTran: | kj
Converters
Demonstration
module A
Diffusion Weigthed
Filtering
Model Generation
Registration
Seamentation
e S S ] - -
toaraphy
Tractography : Jrat Axial = None 2 Jiat Sagittal s @ None = b Coronal =
MRML Node Inspector X = = = None =
Mame:
“ Scene Snaphots
Creafe Scene Snapshot
“  Manipulate Slice Views
4 Manipulate 3D View
P s
R *‘
| A |
172 (261,72 [26132 sielatvey: [100

= e = — @ dpace@localhost:/home/c X 3D Slicer Version 3.0 B - 15:49
< > S i ida
9 % (3 é;'i\ 5 @ e 2 lj < 3 4 {J dpace - Konqueror DU '“‘@J; SRy

2007-08-10



Surgical Planning Laboratory, Harvard Medical School and Brigham and Women’s Hospital 15

August 2007

Click on
“Select
Volume
File”

* . 3D slicer Version 3.0 Beta
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2) Load the CT volume,
continued

-16-

X 3D slicer Version 3.0 Beta

Fle  Edit  View indow Help  Feedback

Modules: Volumes E E| search modules @
r‘\ iDSlicer

4

¥ Help & Acknowledgement

“ Load . | |
. Open Volume File
(] Select volume File

oo =X [

Volume Name:

- RS

=

) .thumbnails (=) 000001.SER Thu Aug 2 16:57:03 2007
() -thunderbird ) 000002.SER Thu Aug 2 16:57:05 2007
B ) s4dee09
) 000001.SER ) 000004.SER Thu Aug 2 16:58:26 2007
) 000002.SER ) 000501.SER Thu Aug 2 16:58:26 2007
) 000003.SER
) 000004.SER
) 000501.SER
() backup_July_17_2007
) Desktop
() Device-USB-0.21
() findTargets
) LegoModuleResources
) legoPics
) libush-0.1.12
3 linxt
) Miccal
1 mindstorms Proarams 7

Image Origin: Centered

I Label Map

Click on

Active Uolume:

the folder -

¥ Info

Containing ——
the CT
files, then

joronal None

“» 4"'

@ &

bl

Mone

None

click . D —
EIE
C ‘ O p en, , A Manipulate 30 View

P‘SL

Files ofhpe: | volume (4

=
rov: [BETIA [261.72 B6NTE xiveintiver: [100

9 % 0 Q @ Q -i E‘ = ? z @ dpace@localhost:/home/

X 3D Slicer Version 3.0 Beta

X Open Volume File

15:50

GU m g Friday

2007-08-10



Surgical Planning Laboratory, Harvard Medical School and Brigham and Women’s Hospital
August 2007

-17-

¥ Help & Acknowledgement

“ Load

W Open Volume File

Fle  Edit View window Help  Feedback
Modules: Volumes
{ﬁ Slicer

joronal

Mone

(L] Select volume File v
¢ Y 2] ied
volume Hame: == = thumbnails T || 000123.IMA 523 KB Thu Aug 2 16:57:15 2007
oge iy |lcinkred __I8 ) .thunderbird 000124.IMA 523 KB Thu Aug 2 16:57:15 2007
Label ap o B ) 8442909 000125.IMA 523 KB Thu Aug 2 16:57:15 2007
) 000001.SER 000126.IMA 523 KB Thu Aug :
bahy - 000002.SER 000127.IMA 523 KB Thu Aug
i - 000003.SER 000128.IMA 523 KB Thu Aug
- 000004.SER 000129.IMA 523 KB Thu Aug 2 16:57:
~ Cispiy ) 000501.SER 000130.IMA 523 KB Thu Aug 2 16:57:15 2007
e— = backup_July 17_2007 000131.IMA 522 KB Thu Aug 2 16:57:15 2007
) Desktop || oo0132.1MA 522 KB Thu Aug 2 16:57:15 2007
v swe ) Device-USB-0.21 000133.IMA 522 KB Thu Aug 2 16:57:15 2007
) findTargets 000134.IMA 522 KB Thu Aug 2 16:57:16 2007
) LegoModuleResources 000135.IMA 522 KB Thu Aug 2 16:57:16 2007
) legoPics 000136.IMA 522 KB Thu Aug 2 16:57:16 2007
= libush-0.1.12 000137.IMA 521 KB Thu Aug 2 16:57:16 2007
5 = linxt 000138.IMA 522 KB Thu Aug 2 16:57:16 2007
CIICk ) MICCAI 000139.IMA 522 KB Thu Aug 2 16:57:16 2007
¢ O b3
pen
Files of type: | Volume (4)

4 Manipulate 3D View

again

rov: (351074 [261.72 [361:72 wiweiativey: [100

Hedesas

2

@ S;s\ S \——j <> ? 4

@ dpace@localhost:/home/:
X 3D slicer Version 3.0 Beta

X Open Volume File

None

None

AT
@ @

I

_ 15:51

DU ’vg}U"} Friday

2007-08-10



Surgical Planning Laboratory, Harvard Medical School and Brigham and Women’s Hospital 18

August 2007

Click
“Apply”
and wait
until you
see the
CT
volume
in the
viewers
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Fle  Edit  View window Help  Feedback

Modules: Volumes

'@ Slicer

¥ Help & Acknowledgement
“ Load

(] stlect volume File
Volume Mame: | 000001.1M4
Image Origin: | centered

Label Map

Apply k

Active Volume: )
™ Display
¥ info

v Swe

“  Manipulade Slice Views

EEEOEE EE

4 Manipulate 3D View

7 DEEs
[a - [EEHERPR]
rov: |5 | [261:72 miveintivey: [100

HeBHzs 5 @

[ BIE] & e [® & [F] (2] =] (] [2] E

O

15:51

@ dpace@localhost:/home/c. ¥ 6_slicerScreenVolumesM DU ;‘D"}
]

=\ 3 [P Frida
é§s \——] <> 3 4 X 3D Slicer Version 3.0 B 2007~0asy~10



Surgical Planning Laboratory, Harvard Medical School and Brigham and Women’s Hospital

August 2007

" . 3D Slicer Version 3.0 Beta
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You can click
here for different
layout options for
the viewers

These sliders
allow you to
scroll through the
2D views of the
3D volume

You can click here to make the 2D view visible

in the 3D viewer

Click on all three of these buttons
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. 3D Slicer Version 3.0 Beta
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Select the four-up
layout option
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| . 3D Slicer Version 3.0 Beta
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Adjust the field of view for the axial, sagittal and coronal views so that the entire

phantom 1s visible as you scroll through the slices
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3) Connectto the LEG
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" . 3D slicer Version 3.0 Beta
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Click on
the
“Connect”
check box

" . 3D slicer Version 3.0 Beta
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Wait until a
message
appears saying
that the
connection
was successful

4 Lego Device

" . 3D slicer Version 3.0 Beta
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3) Connect to the LEGO robot,
continued

e If the connection 1s not successful, make
sure that:
— You are running as root

— The LEGO robot is connected to your
computer using the USB cable

— The LEGO robot is turned on

_26-
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4) Select the basic tutorial
option
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Click on
“Basic
Tutorial”
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5) Planning - select the
target coordinate

* The target coordinate is the location where
you would like the tip of the robot’s needle
to be at the end of the “biopsy”.

* Let’s try to have the
robot biopsy the red
pom-pom.

* We need to find the
center of the red pom-
pom on the CT volume.
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" . 3D slicer Version 3.0 Beta
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" . 3D slicer Version 3.0 Beta
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Scroll through
the 2D viewers
using the sliders
until you find the
center of the red
pom-pom. Click
on the target
coordinate: the
center of the red
pom-pom.

The area around

the current cursor
position is shown
in more detail here.
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The protrusions on the phantom’s pillars will help you orient yourself when scrolling
through the CT volume.
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To change the target, click on another point in the CT volume and clic

k on “OK” again.



Surgical Planning Laboratory, Harvard Medical School and Brigham and Women’s Hospital

August 2007

-34-

6) Execute the biopsy

Now the
LEGO
robot will
try to hit the
target

Open the
“Execute
Biopsy” pane
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6) Execute the biopsy, continued

The target in the
patient (robot)
coordinate system

4 Execute Biopsy
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Registration Matris:
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~ Execute The Biopsy

’ Execute the Biopsy |

:> Targetin Robot Coordinates: [-6.67 27.96-4.14

Resultin Robot Coordinates: |-6.17 28.15-4.38 <

Tracking is done
through targeting
during the robot’s
movement

The display of the
final needle
position 1n the
PCS provides
Navigation

The final needle position in the patient (robot) coordinate

system. This coordinate is calculated using rotational

information from the robot’s motors and knowledge of the

robot’s structure, and 1s not completely accurate.
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To select additional targets:

* If you would like to try additional targets,
simply go back to the “Planning” pane, select
another point on the CT volume and click
“OK”. Then go back to the “Execute

Biopsy” pane and click “Execute the Biopsy”.

If the LEGO robot does not return to the
initial position (centered and all the way
back), reset it before selecting another target.
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After completing this tutorial
section

* You have learned about the following steps
in IGT and medical robotics in a hands-on

manner:
v Imaging
v'Preoperative planning
v'Targeting and tracking
v'Navigation
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