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Summary of the project e Enaneerne o

Goal: Explore methods to improve accuracy of US-CT image registration
through improved US image resolution Still needs to be tunned
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Registration: maximizing intensity

Planning
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Registration: maximizing intensity

* Successfully implemented in MATLAB
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* Since it is a mapping function to an unknown image, UV(A(a,B,y) * p; + )

cannot be decomposed analytically in gradient operations for
conventional optimizers

* Solution: brute force but is computationally expensive

* We will keep using the mattes mutual information optimizer and LMS
for registration
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Input images: varying reconstruction parameters e sensmmee

SLSC @ 1000 Id, M 1,Q 1.6 1.2 factor

Bmode w/ rect. apod. @ 1000 Id, 60 dB
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Input images: varying reconstruction parameters — sreresensmme e

Reg SLSC @ kx 12kz 100 b 1 OL 0.50 Reg SLSC @ kx 12 kz 100 b 100 OL 0.50
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Metric: Partial Intensity Uniformity

G”\!.__u_ge

PHO‘I’OM.:OUS‘HC & ULTRASONIC
SYSTEMS ENGINEERING LAB

PIU; =
’ ? N up(a)

!

n, G'B(a) ny UA(b)
PIUz= D, 22— PIU, = D>, =—+—
N pgla) N pu,(b)
a Mpld b Ha
DAS [dB] DAS [dB]
-60 -55 -50 -45 -40 -35 -30 -25 -20 -60 -55 -50 -45 -40 -35 -30 -25 -20
2 T T — —T T 2 0.28 T —T LB — T — T T T 0.28
1.8
0.26 [
1.6
® 5, ® ® &
5 5 B o2 g
ER - 3 3
o o o [N
Jos 02
10.6 .
0.18 i
04 - L L L L L : L L L L 0.4 L L L L L L L= L
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
SLSC [M] SLSC [M]
—
Metric: Partial Intensity Uniformity Prrascovens s ks
SYSTEMS ENGINEERING LAB
n, opla) ny, o4(b)

PIU, = D,
N )

DAS [dB] DAS [dB]
-60 -55 -50 -45 -40 -35 -30 25 20 -60 -55 -50 -45 -40 -35 -30 25 -20
1.8 T T T T T T T T T 1.8 0.32 T T T T T T T T T 0.32
16 0.3 q0.3
14 F 0.28 A40.28
(2] [} (2] (%2}
c c c c
3 ] 3 Sk 3
o~ 12 o~ ~ 0.26 1026 o
® ® ® [S)
= = [92] (92}
Q 1 Q 2 024 4024 2
2 2 2 2
a o o o
0.8 0.22 0.22
0.6 0.2 q0.2
o4l ; i i L H ; ; 018 ; ; i ; i H i i ; 018
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
SLSC [M] SLSC [M]

5/8/2018




f:?\!.._ll_ErE

Metric: Mutual Information s ot e—
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Metric: Gradient difference

GD(k) =

A,
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Pre-segmenting the CT vertebra

Mask external

Mask lesion
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Manual segmentation
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Without segmenting the vertebra at 0 UL se
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degrees misalignment BVATENE ENGNEERIG LA

B-mode @ 20 dB SLSC@1Mm

Noisy CT background

Pre-segmenting the vertebra at 0 degrees €= =<
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misalignment SveTEMS EnGINEERING LAS

B-mode @ 20 dB SLSC@1M
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No CT background
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Pre-segmenting the vertebra at 0 degrees
misalignment

Reg SLSC @ kx 10 kz 100 b 50 OL 0.70
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Evaluate what happens if the initial ime

are not correctly aligned

20 grad shift

CcT
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Current optimizer and metric setup for regis srzeremmese

Optimizer: One plus One Evolutionary Metric: Mattes Mutual Information

Maximum lterations
Grow Factor
Initial Radius

Epsilon

1 000 000 (not reached) Number of Bins 8

1.05 Number spatial samples 500 (not evaluated)
0.0009 Use All Pixels true

1.5e-6

Fixed registration !
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Misalignment results e Evenenn o
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Results

Grads

Gradient Correlation
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Grads
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Around M>12 starts to fail for angle <-10 SYSTEMS ENGINEERING LAB

Results
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Misalignment results
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Misalignment results
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Deliverables

Minimum (March 8th) Expected (April 5t) Maximum (April 19th)

Images: Automatic Images: add robust SLSC to
registration of SLSC/DAS US  registration framework
images to CT images of spine

specimen (hard tissue)

Equation: Propose algorithm
for a robust SLSC technique

Graph: Show registration Graph: add quality
performance when varying  parameters for robust SLSC
quality parameters for SLSC  (e.g., kernel size and

and DAS regularization parameters)
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Images: add PA to
registration framework

Graph: compare CT-PA and
CT-US registration
performance using PA
images

Discussion
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 Changing the parameters of the optimizer/metric could potentially

improve the registration robustness

* Applying morphological closing could improve the bone structure for

SLSC/DAS

* The structure is well defined for Reg-SLSC, therefore should be more

robust at high angle deviation
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* More experiments with different metrics and optimizer parameters
are needed to verify the robustness of the algorithm with SLSC, Reg-
SLSC and DAS images.

» Segmentation of the vertebra is well performed for initial lags of SLSC
and all Reg-SLSC, but is poor for DAS images

» Addition of CT markers could be another feature to further test the
registration performance
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Weekly work plan S

Weel loms |

April 2nd-April 6th Generate L-curve testing for optimal regularization parameter
April 9th-April 13th Implement registration of background article 1 / Compare
April 16th-April 20th  Compare registration results with misaligment start

April 23rd-April 27th  Test registration performance with CT - markers

May 1st-May 5th Add photoacustic imaging to the registration framework

May 8th-May 12th Additional processing if needed
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