Image Analysis and
Geometry Reconstruction

Client: Dr. Mathias Brieu (Mechanical Engineering)
Advisor: Dr. Negin Forouzesh (Computer Science)
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Problem

e (urrently, it can be tedious to get a
clear 3D model out from an MR
iImage.

e The process of improving the
images is no less demanding

e Thereis a clinical need for a more

- /\e\fficient, e;sy—to—use\sQl)Jtion

‘sl
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Goal

e (reate a program that streamlines the

3D model-making process

e Integrate artificial intelligence into

current process

||
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Traditional Approach

3D Slicer
Blender
WV ELITEL -
Threshold @blender
INPUT CREATE REFINE OUTPUT



Team's Approach

3D Slicer

DICOM Cleaner

S

Manual
Threshold

Nvidia AIAA

Auto-Segmentation

ANONYMIZE

Boundary
Points

Deep Grow

OUTPUT



Used Software

S

e S blercier

3D Slicer

Cleaned
5 Patient NAMENONE NOID
E 30RT ANAE

Dicom [Plugin] :
Cleaner Nvidia AIAA
N / NVIDIA.

Ted Kim



Dicom Cleaner

r‘vl

Original Cleaned
=] Patient Anonymized C Patient NAME~NONE NOID
. Study 1993.04.30 RT ANKLE = Study 1993.04.30 RT ANKLE
-}, Series 365 {CT} Series 365 {CT}
. # Image 1{SC,DERIVED, 30}

Clean
private/anonymized
data

BitsAllocated  BitsStored  Columns  Con
16 16 512 1993.!

[configure | [ Log | [ Query | [ Retrieve Cean | [ Blackout Send

Query - Patient’s Name: |Softpedia] Patient's ID: Study Date:

Replace - [7] Patient's Name: | NAME~NONE [¥] Patient's ID: |NOID [] Accession #:
[7] Remove all unreplaced identities ] Remove descriptions [] Keep series description [] Remove patient characteristics
[¥] Replace all UIDs [¥] Remove unsafe private attributes [¥] Add contributing equipment

tarting up DICOM association listener on port 11112 AET SOFTPEDIA-5101_1

Ted Kim



3D Slicer

Open Scans
-ocus on Area of
nterest

Form 3D from 2D
Export STL files

Ted Kim



Nvidia AIAA

Local Threshold || Nvidia AIAA || spiit volume || Surface cut || Watershed
vidia AIAA

NVIDIA Al-Assisted Annotation for automatic and boundary points based segmentation. ... Show details.
Nvidia AIAA server: | enter server add

Al Assisted Annotation

Model: | clara_pt_brain_mri_segmentation_t1c

L
P | u g I n ~ Segment from boundary points (DExtr3D)

Lower skill requirement
A u to m at e Model: dara_pt_deepgrow_2d_annotation

Foreground (+ve) Points: t

Background (-ve) Points: t

Spatial Size:

Ted Kim 11



Blender

\iew
Manipulate
Smoothing

Ted Kim
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Manual Thresholding
(Traditional Method)



Method #1:

Manual Thresholding
(Traditional Method)

Start from scratch and use
traditional, manually used
techniques to get the best
possible 3D shape and output
of the female pelvis and its
specific key organs

\UEIASY



DEMO: Method #1: Manual Thresholding
(Traditional Method)
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Method #1: Manual Thresholding
(Traditional Method)

Pros Cons
VVery fast and Refinement takes time
effective Paint
Threshold Paint edges
Islands that need filling
Smoothing e e
Scissors
Cut
Requires less time for LINRECESSARY
CPU clock speed fillings, trim
sides

—
—
—

Mary S. T 16



Nvidia AIAA:
Boundary Points



Method #2: Nvidia AIAA
(Boundarv Points)

Requires user to specify input
points near the edge of the
structure of interest, one on
each side to create a 3D
model of specific organs in
the female reproductive
system.

Nicol B.






Nicol B.

Method #2: Nvidia AIAA
(Boundar\/ Points)

Pros

Segmentation typically
takes less than a
minute.
Very little input
required from user.
Better accuracy than
Manual Thresholding

—
—

Cons

Inconsistent - the organ
can be distorted due to
lack of Vagina, bladder
or rectum model.
Incompatibility with
editing tools - eraser,
scissors and drawing
switched the shape of
the organ

20



Nvidia AIAA:
DeepGrow

Alejandra O.



Method #3:

Nvidia AIAA
(Deep Grow)

Requires user to specify few
Input points
(foreground/background) on
the structure of interest. This
Is a 3D operation.

22
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Method #3: Nvidia AIAA

(Deep Grow)

Pros

% Less input from user
> Works like Boundary
points
% Straightforward Refinement
> Foreground Points
> Background Points

% Clear 3D model

N\ / AN
N /. -

=
Alejandra}f +

Cons

< Inconsistent
> Worked for some
members and not
others
% Time of completion
> Each single point
typically takes about 4

seconds.
o /
) ~
Cas
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Demetrius P.

Methodology Comparison
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Purpose

Time
How long to produce a model.

Accuracy
The quality of the model produced.

.\ ///
Demetrius — 26



Traditional Method
(Manual Thresholding)

Demetrius 27



Manual Thresholding

Trial1 W Trial 2

0:02:30
0:02:00
—
(&S]
(]
£
£
IS 0:01:30
=
=
N
(]
£
-
1 I I
0:00:30 I

Alejandra Demetrius Mary NEG] Average:

_ Manual Thresholding time comparison chart
Demetrius =



Reported times are biased

Guidance Manual Thresholding
LISt Of Trial 1 M Trial 2
instructions
Familiarity
Experience
Hardware g
Different % 0:01:30
computers Y
£
|_
s N I l | B
\ / \0}06:30 Alejandra Ted Demetrius M Jason Average:
. =
Demetrlu\sr/
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Boundary Points

Demetrius 30



Boundary-point

Trial 1 M Trial 2

0:04:00
/0\ 0:03:00
Q
f
£
£
e
=
N
Q
g 0:02:00
i—
0:01:00 —

Alejandra Ted Demetrius Mary Jason Average:

_ Boundary-point time comparison chart
Demetrius o



Reported times are biased

No guidance
No set
instructions

Hardware
Different
computers

Boundary-point

Trial 1 @ Trial 2

0:03:00

0:02:00

=
\ \\ 0:01:00 . I

\ / \O/ ~ Alejandra Ted Demetrius Mary

. =
Demetrlu\sr/

Time (hr:min:sec)

32



Deep Grow

Demetrius 33



DeepGrow

Trial 1 ™ Trial 2

1:00:00
0:45:00

~~

(&]

(]

£

£

E 0:30:00

—

N

p—

(]

£

=
0:15:00
0:00:00 .

Alejandra Ted Demetrius Mary Jason Average:

_ DeepGrow time performance comparison chart.
Demetrius =



Reported times are biased

No guidance DeepGrow
NO Trial 1 M Trial 2
instructions.
Hardware
Different 0:45:00
computers g
E 0:30:00
£
| :15:00
8 \ \\ 0:00:00 .
\ / \O/ 7 Alejandra Ted Demetrius \ Mary / Jason Average:
: L
Demetrius
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Average

Average Time

Traditional
s 0:25:00
- 1 minute 29
Seconds' 0:20:00
Boundary m
- (&)
- 2 minutes ST
£
36 seconds. E
DeepGrOW E’ 0:10:00
- 23 minutes £
16 seconds. ey
[ PRy M Fh holdi =] int D G
anua resholding oun ry-poin ee Tow
\ / w1 Methods [

. =
Demetrlu\sr - 36



Time Results

Traditional Boundary
Fastest but requires Slightly longer than
training. Traditional but does

not require training

N

| [ |
Demetrius —

DeepGrow

We will not use due to quality
amount of time.

37



Accuracy Comparison

Manual Thresholding DEXTR3D DeepGrow
I\*

Demetriu \/ 38
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Accuracy Results

Traditional Boundary DeepGrow

Accurate but requires  More accurate than Most accurate but not reliable

smoothing. traditional but still due to quality inconsistency and
requires smoothing amount of time.
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Challenges (Fall Semester)

Understanding the context

Learning about female pelvic anatomy
|dentifying the bladder, vagina, and
rectum

Learning Curve with 3D Slicer

Learning how to create a 3D model
using traditional methodology
Identifying & modeling the right organs
" in3DSlicer
-

Jason T.



Challenges (Fall Semester)

Learning Curve with Nvidia AIAA

Learning how to use Boundary Points
and DeepGrow using available models

from Nvidia
. . Al-ASSISTED ANNOTATION
Privacy (& Getting More Data?) -
|
Preserving patient anonymity 5

Storing sensitive data on servers
Finding more MRI scans to work with

Vet



Current Prospect

. T 3D Sli
Focusing on “Boundary licer
Points” Manual
Threshold
Out of the 3 Nvidia AIAA
features, Boundary Points is Nvidia AIAA
the most consistent P —
Currently using brain model, Boundary | 1
hence the need to create our Points :
own female pelvic model -
Deep Grow |
¢ / N P |
-

Ralph B. 42



Current Prospect

Exploring Clara Train SDK

7w/ | Transfer
A framework that enables /)| Learning

model training
Challenges: Requires GPU
(Windows-specific) l J
Expectations: To be able to R e
train our own pelvic model
which will render a better
quality 3D model

¢ 4 g

=
Ralph B. R=zf 43

Annotated Training

Clara Train SDK




Current Prospect

O Search or jump to... Pullrequests Issues Marketplace Explore 2 +- e~

u u ] 7
Ac c ess I n g N VI d I a A I AA S E NVIDIA / ai-assisted-annotation-client ' Public © Watch ~ 21 Star 244 % Fork 49
G it h u I <> Code Issues 4 Pull requests Actions Security Insights

2 master +  F1 o3 Go to file Add file ~ Code ~ About

H 1 Client side integration example source
C u r re n t | \/ try I n g to I m p | e m e nt O kislinsk Migrate to MITK's latest API breaking c. 0446 Jays a D17 ! code and libraries for Al-Assisted

Annotation SDK

cpp-client

features without using the user - L L
interface W
Meaning, implementing R T aa ot e e
through back-end code! T

mitk-plugin ligrate to MITK's latest breaking changes (#... 21 days ago

py_client Update readme (#89 5 months ago
Releases 3

CMakelLists.txt 1 version for cmake buil suppc icer ...

[ CONTRIBUTING.md fix C \entation 2 s ag Packages

3 LICENSE i #89 onths 2

README.md | #89 ont}

Contributors (7

~
\ \ VERSION S t deepgrow API (cpp) from AIAA (sync wit... 2 ‘
N\ 3 N
7 ™ setup.ov 489 5 months ¢ . Q (-[") @ —‘); ‘?; ﬁ,
\O/ h ithub.com/NVIDI, ted-annotation- p ~

-

Ralph B. L



Current Prospect

Acquiring More Data s s (D

Given the nature of the

. - . Welcome to The Cancer
project, data is very limited : Imaging Archive
Finding open data B8 G o ceron's NERR. . o

medical images of cancer accessible for public

Client (10) .| 5 douolfs
The Cancer Imaging
Archive (TCIA) (8)
Generative Adversarial
Networks (GANs
algorithm)

—
—

\
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Future Direction

Priority - Streamline imaging analysis process
Gain better understanding Nvidia AIAA and
3D slicer’s Github repo
Clara Train SDK

Robin M. L6



Thank you for listening!



