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1. Ultimate Goal

��� �� � � �� � �� � 	 
�� � �� � � � �� 
�� � � � 
 � � � 
 � � � 
� � � 
 � 
� � � � 
 � � 
 � ��

– p.3



Output Data of One Slice
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What is the FDG Tracer Model?

� � � � 	 u(t) � � � � � � � � � � ��� �� � � � 
 � � � � � � � �� � � ��� ��

� � 	� � 	 y(t)= y1(t) + y2(t) 	
� � � � � � � � �� 
 � � 	� � � �� � �
 � � 
� � � �� 
� ��

� � �

� � � � � � �

� � 	 �

K1
−→

k2
←−

� � �

� 	� � � � � �

y1(t)

k3
−→

k4
←−

� � �� 


� 	� � � �� �

y2(t)

�� � � ��

ẏ1 = K1u(t)− (k2 + k3)y1(t) + k4y2(t)

ẏ2 = k3y1(t)− k4y2(t). (1)

• K1

� � �

k2

� � � � 	
 � � �� � 
 	 
 � 	�
• k3

� � �

k4

� � � �� � � 
 � �� 	� � � � � � ��� � � � �� � � 
 � �� 	� � � 
 � 	� �

•


 � � � 
 � �� K1k3

k2+k3

Cp

LC
= K

Cp

LC
, � �� � �� 	� �� �� � 
 � � �� 
� � 
 �� 
 �� 
 �� 
 � �

�

•

� � �� � u(t) � � �

y(t) 	 � � 	� �� 	�

K1, k2, k3, k4

� � �

K.
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The Solution of the FDG Tracer Model

� � � � � �

K = (K1, k2, k3, k4) �

y(t) = u(t) ⊗
(

c1(K)e−λ1(K)t + c2(K)e−λ2(K)t
)

,

� � � � �

⊗

� � � � � � �� � �� � &� � � � ��� ���

� � � � � � � � ) � � � � � � � � � � k4

� � � � � �� 0 �
� � � � � � � � � � � � � � � � � & � ��) & � �) � � � � � � � � � � �

� � � � � � � " � � � � � 60 � � � � � �� � � �) � � � � � � � � " � � � � " � �� � �� & � � � � � � � � � � � �

�� � � � � � � � �

k4 �
�� � � � � � � � � �

y(t) = u(t) ⊗

(

K1k3

k2 + k3
+

K1k2

k2 + k3
e−(k2+k3)t

)

. (2)
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u(t) 
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What are issues with this parameter estimation problem?

•

� * � � �� � ��� � �� � � � � � � � � � �� � � � ��� � 	 � � � � � � � � � � �* � � � ��) �
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•
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� � � � � � � � ��
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� � � � 
 
 	�
 � � � � � � � � � 	� �� � �� � �� 	 � � 
 � � �
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Representative input/output
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Approximate Input Function–Arterial Blood Samples
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2. Some Methods for Identifying the Input

•

��� �� �� �	� 
 � � 
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� � � � � � � � � � � � � � � � � � � �� � � � ��� � �
� � � � 
 � �

�
�� � � � � � � � � � � � � � �� � � �

� � � � � � � "

� � � � � � � � � � � � � � � � � � ��� � � & � � � � � � � � � � �� � �� � � � �� � � � � � � � � � � ��� � � � � � � �� %

uPhelps = A1e
λ1(t−τ) + A2e

λ2(t−τ) + A3e
λ3(t−τ),

� �

uFeng = (A1(t − τ0) − A2 − A3)e
λ1(t−τ0) + A2e

λ2(t−τ0) + A3e
λ3(t−τ0).
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Time Activity Curve of Blood Region
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� 	
 �� ��� � � � 
 � � � � � � � � � �

�� ��� � � � 
 � � �

•

� � � � ) � � � � & � �) & � �) � � � � � � � � �� � � � � � � � � � � � � � � � � � � �
•

� � � � � � � � � & � �) � � � " � � � � � � � � � �)
ue(t, θ, λ, δ) =























0 t ≤ τ0,

θv(τp)(
(t−τ0)
(τp−τ0)

) τ0 < t ≤ τp

θ(
v(τ)(t−τp)+v(τp)(τ−t)

(τ−τp) ) τp < t ≤ τ

θv(τ)e−λ(t−τ)δ

t > τ

.

� � � � � � � � � � � � �� � � � � � � � � � � � � � �

θ � λ � � �

δ � � � � � � � � � � � � � � �� τ � τ0 � τp�

θ

� � �� � � �� �� � � � � � � � � � � � &� � � � � � �� � & � � � � � � ��) � � � � � � 
 � � � �� � � � � ��� �
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� � � � �� � � � � � � � � � � � �� �� � � � 	 � � �� � � �

� � � � � � � � � � � � � � � � � � � � & � � � ��� � � � � � � �� � � � � � � � � � � � � � � �� � �� � � � � � � � � � �

� � � � � � � � � � �� � � � � � � � � � " � & � � � � � � � �� � � �� �� � � � � � � � � � � �� � � � � � � � � � �

�� � � � � � � �

� �� � � 	� � � � � � 	 � � � � 	� � �
τ uPhelps uFeng uExp uPExp

1 1.53(−2)

�

8.0(−3)

�

5.23(−2)

�

1.0(−2)

�

3.65(−1)

�

1.1(−1)

�

1.79(−2)

�

1.1(−2)

�

2 1.44(−2)

�

6.2(−3)

�

1.59(−2)

�

7.3(−3)

�

2.75(−1)

�

9.7(−2)

�

1.69(−2)

�

9.9(−3)

�

3 1.48(−2)

�

7.4(−3)

�

1.51(−2)

�
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�
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�
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�

1.67(−2)

�
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�

4 1.49(−2)

�

6.5(−3)

�

1.44(−2)

�

7.4(−3)
�

2.50(−1)

�

8.7(−2)

�

1.68(−2)

�

1.0(−2)

�
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Do numbers tell everything?
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3.Simultaneous Estimate Algorithm(SIME)

$� � � �� � � � ��� � � � � � � � � � � ��� � � %

min
x,α

Φ(x, α) =
3

∑

i=1

n
∑

j=1

wj

[

yTAC
i (tj) − αi · yi(tj) − (1 − αi) · ue(tj , θ)

]2
.

• αi

� � �� � � � �� � � � � � � � & � � � �� � � � � � � �� � � � � � � � � � � & � � � � � � � � � � � �� � �" �
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Intelligent Clustering of Voxel Data to Remove Noise
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Cluster curves: An Example
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Validating Clustering of Voxel Data


 � � � � � �

•

$ � � � � � � � � " � � � � � � � � � � � � � � � � � � � � �

•

$ � � � � � � � � " � �� � � �� � � ��) � � � � �� � � � � � � � � � � � � � � � � � � �� � ��� � � � � �

•

� � � � � � � � � � � � " � � � � � � � � � � � � �	 � � � � � � � � � � � � � � � � � � � �� % � �� � � � � ��� � �� � � � � � � � � � � � � � � � � � � � � �

•

$ � � � � � � � � "  �#" � � � � � � � �� � � � � � � � �
� � � � � � ��� � � � � � � � � � � � � � � � � � � � � � � �
�

� �	

� � � � � � � � � � � � � � 
	 � � � � � � � � � � � � �" � � � � � � � � � � � � � �
�

$� � � � � � ��� � �

•

!�� � � � � � � �� � � � � � � � � � � � � � � � � �#" � � � � � � �

•

 � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � "

– p.19



Comparison of Recovered Input and Measured Data
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Representative Shifted Comparisons
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1245 2.287 0.350 0.364 0.928 0.929 0.922

827 3.190 0.797 0.257 0.935 0.934 0.928
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� 3.100 0.89 0.239 0.941 0.939 0.936
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Validation by Quantification
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4. Observations from Results
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Additional Comments on the Optimization
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Some Remaining Issues

•


� � � �� � � � � � ��� � � � � � � � � � �� & � � � � � � � � � �� � � � � � � � � � � � �� � � � � � ��� �

�� � � � � � � � � �

•

' � � � & � � � � � � � � � � � � � " % � � � � � � � � � � � � �� & � � � � � � � � � � ��) � � � � � � � � � � � �

� � � � � �� �
 � � � � ��� � � � ( � � " �  � � ��) � � � � � �� � � � � �� � � � � � � ��) � � � � � � �) � � " $  

� �" ��� ��� � ' �� 
 � � � �" � � � � � � ��� � � � � � ' � � �� � �� � � �� � � � � � � �) $ � �� � � �

 � � � �) � � 
 � �

( � � �� � � � � � � $� � � � � � � �  � � ��) � � � �� � � � � � � �) $  � � 
 � ��

– p.26



5. MR -PET Image Registration: Initial Work
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6. Independent Component Analysis for the ROI
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ICA Theory
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ICA Procedure
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7. Results of ICA defined ROI : Subvolume
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Blood-sampled and ICA image-derived input functions

� � � � � � � " � � � � � � � � � � � � � � � � � � � �� �� � & ��

– p.34
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