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1. Introduction

1.1 General Introduction
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1.2 Overview of Chapters
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2. Background
2.1 Radiation Therapy and On-board Imaging
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2.2 Single Photon Emission Computed Tomography

2.2.1 Overview
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2.2.2 Multi-pinhole SPECT system
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2.2.3 On-board Robotic Multi-pinhole SPECT
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3. Computer-Aided Design (CAD) studies for On-board
Robotic SPECT Systems

3.1 Introduction

3.2 Vender CAD drawing of SPECT detector and roboti ¢ arm
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3.3 CAD studies of 7x7 pinholes vs. 9x9 pinholes de  sign
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Flexible Joint
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3.4 Shielding feasibility
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Top lead shielding
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3.5 Detector Attachment to Robotic Arm
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3.6 CAD studies of robotic SPECT in the radiationt  herapy
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4. SPECT-map Validation

, & -#1T

% & 3

4.1 Sensitivity and Resolution

4
>l & 2@
3 9 + 71
2@ B
Moo
3 B6
= = /— &

9C

W)1(C

H#S$

%

3)

(4)



K+ 4 9 ! L* 9

3 F (9 =1
1
1 3
& H &1
1\
5/
&

+A

9?

()



'Mp o MNOPQy "RY
5 / F 4 'yl ( k,

"R¥
F% "M "RI-I
PQ v )
3 $
Q 2
S [ = _I_I
5 \Y;
+51 &
+5
"W E F)—PQ—CF)—PQ’—
v <)y o )
Axyx
Axcvip A e F Ay
Ay, 9F Ay

9A

(6)

(7)

(8)

9)

(10)



* * % * | 05+ 01

4.2 Single Pinhole Collimator Sensitivity Verificat  ion of SPECT-
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4.3 Comparison of Sensitivity and Resolution betwee n 49-
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5. Line-Source Method for Aligning On-board and oth
Pinhole SPECT Systems
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5.2 Materials and Methods
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5.2.3 Angles and Offsets of Line-Source Projections
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6. Breast Imaging with a Robotic Multi-pinhole SPEC
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6.2 Methods and Materials
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6.2.3 Image Analysis
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7. Noise Reduction of Respiratory-gated Imaging Usi
Region-of-interest (ROI) Robotic Multi-Pinhole SPEC
System
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7.2 Materials and Method
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7.2.2 SPECT Imaging Systems
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7.2.4 Projection Data, Image Reconstruction and Ana

F

1F

1F

3

1 (>

+5
+
>
_ -
lowj ' WS z,
70
[1-
nojk ' W& /

**+

lysis
1
&
1 .
3 + .11+4)
>
3
3
9
(30)
(31)



3 »y, Yo 12/4(;A % SVl
& & &: a
3 % &
1
2 3
+
17 2
3
2 3 3%
3H
(>J
?>J
*1>K 1
*1>K. 3 $
3% 3
1
& 3 =
3 1 3
o1

&

s Z

—0 O Hopx o501 |/,

**>

°/Qlu [

_/o X.
(0] € 2
3 >
“(1F
3 &
3
3 s 3
K.
3
3
1
*1>K
3 >J
3 H7 2

_olO
/0 X

%.



")

0

7.3 Sensitivity and Resolution Validation
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8. Hardware Robotic SPECT System
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8.2 Robotic SPECT Detector Operating Procedures
8.2.1 Digirad Detector
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8.2.2 Robot Safety Operation Tests
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8.2.3 Detector Pickup and Set-Down Procedure
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8.3 A Prototype Robotic SPECT System

8.3.1 Introduction
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8.3.2 Materials and Methods
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8.3.3 Results

3 F ?7) + *A)
1F

?) 1 &

& 3 F/ &

?) 1

*>+

((A



(A

1

*>>

*+1? 1

(A

/

((



8+"™ "5 * 1 * ! box

*>C



& 1,
?9 F 29
( 1 F
LF 79 3
.11+19& +1) * >19& 91C
8" | * !
P I
I * "( * :) = [
| -N I (7
! * 4 7

*>?

1F

01



* |

*>A

!n+0

&

0!



8-

I 41 + 14 ! +
17 4+ |1 *

1 F 2>F 7>

31

*>5

I 41



80 &6& 4! *
> ! o

8 )1l 4 4 1 *
*868&1 > ! | &6&! 1 *

*C)



8.3.4 Discussion

&
1,
3 &
2 3
1 3
@ 2.0.9A
& ' 3 18
&
$3
.3
&
&
6 1 3 F 2
&

*C*



F

3
1
3
F1( *
&
91(>
&
&
?>14
$
3&

#38$3
& &
(. & 1
&
1
3 1" &
& 9
&
&
&

*C(



*C9

+?.*>C. *>’1 F

+?1



>1
4 - 78,
3 3 1,
3 3
3 1F
78,3 -.
3 78, - -
3 3
1
- 3
3 3 78, & 3
1
8.3.5 Conclusions
3 & 3
1
& 6 & 3
& 1 3 3

*C+



*C>



Appendix A: Robot Operation Guideline for the Robot
Lab in RP-Il, Room 0114
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