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Volumetric Deformation Assessment

3DCBCT image of the lung  [1]

[1] R. E. Kincaid, Jr., E. D. Yorke, Med Phys,2013
[2] R. Werner., C. Hoffmann et al, Radiat Oncol, 2017 

4DCBCT image of the lung  [2]



Limitations of 4DCBCT
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[1] Y. Zhang, J. Yang et al, Computerized Medical Imaging and Graphics, 2015

Simulated 4DCBCT image without motion compensation [1]



Motion Compensated SART (mcSART) Workflow
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Proposed mcSART workflow[1]

[1] G Chee et al, Phys Med Biol, 2019



mcSART Iterative Formulation
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!": 3D reference image at iteration k
Ψ): transformer from reference image to angle t
Ψ+): inverse transformer
,, ,-: projector and backprojector

0,0-:weighting parameters
': relaxation factor, set to 1
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mcSART Iterative Formulation
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mcSART Iterative Formulation
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3D ImageImage at time tProj diff at time tInverse Trans

Go to next projection

!": 3D reference image at iteration k
Ψ): transformer from reference image to angle t
Ψ+): inverse transformer
,, ,-: projector and backprojector

0,0-:weighting parameters
': relaxation factor, set to 1



5D Motion Model
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"⃗#:	Spatial	location	in	reference	image
4⃗("⃗#) 789 :⃗("⃗#): deformation of the tissue 
position 

;: tidal volume surrogate 
data
<: airflow surrogate data
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[1] Zhao T, Lu W, et al, Med Phys, 2009 



Iterating mcSART
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Progress on mcSART
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Ground Truth mcSART 4D SART



Adapting Workflow for Prospective Patient 
Data
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Tracking Block Camera
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Adapting Workflow for Prospective Patient 
Data
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Implementation of mcSART

MATLAB

ITK/RTK

Higher level 
scripting/processes

Forward/back projectors, 
SART/FDK 

reconstruction tools etc. 



Sample Reconstructions

3D FDK 4D SART mcSART
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Tissue SNR Evaluation
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Conclusions and Future Work

R
aw

Pr
oj

ec
tio

ns
FD

K
4D

 S
AR

T
m

c 
SA

R
T

Axial Sagittal
!"#$%&'("#')*+,*-./,*0,/,%"1,0*.*2,3-"0*3"*
$4,.3,*.*-(5-67&.%(38*2"3("#6$"21,#'.3,0*
4,9,4,#$,*(2.5,*.#0*2"3("#*2"0,%*:(3-*4,.%*
1.3(,#3*0.3.*&'(#5*2$;<=>?*

@,A3*;3,1')
• B/.%&.3,*(2.5,*7&.%(38*2,34($'*(#*%.45,4*
$"-"43*"9*1.3(,#3'?

• >,'3*4,$"#'34&$3("#*"9*.C0"2(#.%*2$;<=>
!D!>*(2.5,'?

• E&.#3(3.3(/,%8*$"21.4,*F>G*/"%&2,'*94"2*
HI!>*'(2&%.3("#*3"*HI*2$;<=>?



!"#$%&'()*(+($,-
.%/0,1%2-

34'/$567.%$$(''581939
:;"1/('5<95=/02;/
>;( ?0581939
@2/)'(45>95A,;(1'
!$$5B/')%& :939
>%1$5C(*)(5:939
!'/$5=((5:939

!$/$)5895A/$,1/$/+581939
3/$;('5!95=%&581939
>%1$5C95=(&;-581939

82%D(",5)(E('%F(2-
G(2/');$(5.1((
:;$*1/% G0%581939


