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Shape Discovery

For scientific and medical discovery, it is very important to capture the individual dependencies
of shapes on covariates.

Extended global cortical geometric phenotypes b Regional phenotypes
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1D characteristrics => 3D shape representation
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Motivation of NAISR

Complete, Disentangled, and Universal Shape Space
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What is a good shape representation for Scientific Discovery?

e Given an atlas shape, how can one accurately represent individual shapes?

e Given a shape, how can one disentangle different covariate effects from each other?

e Given a covariate, e.g., age, how does the shape evolve based on this covariate?

e Given a random shape, how will this shape develop after a period of time?

Method | Implicit | Deformable | Disentangleable | Evolvable | Transferable | Interpretable

ConditionalTemplate (Dalca et al., 2019)

3DAttriFlow (Wen et al., 2022)

DeepSDF (Park et al., 2019)

A-SDF (Mu et al., 2021)

DIT (Zheng et al., 2021), DIF (Deng et al., 2021), NDF (Sun et al., 2022a)

NASAM (Wei et al., 2022)
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covariates :
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Inference and Generation
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Training Losses
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Experiment Setting - Datasets

Starman ADNI Hippocampus
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Experiment Setting - Datasets

Starman
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Training set: 5041 shapes from 1000 different starmen,;

Testing set: 4966 shapes from another 1000 starmen;

2 covariates: arms & leg movements;

Random number of observations are simulated for each individual.



Experiment Setting - Datasets

ADNI Hippocampus

P 0 10 20 30 40 50 60 70 80 90 100
N -] D B 2
{s'}
0 1 ) 3 4 5 6 7 8 9 10
age 552 68.4 712 72.6 74.2 76.2 779 79.8 82.0 85.2 90.8
AD No No Yes No No No Yes Yes No No No
sex F F F F M F F M M F F
edu 18.0 16.0 16.0 15.0 18.0 18.0 17.0 20.0 16.0 7.0 15.0
m-vol 191 1.58 1.3 1.48 2.08 2.2 1.66 163 20 164 221
a Y i H .
T RN U R 5 4 5 6 ; 832 2h(l);())/pocal.rtnt[))us sthaptes from MR images;
- ° o- o SPII atients;
# patients 3 10 410 5 7 54 Proyp

e 4 covariates (age, sex, AD, education length).
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Experiment Setting - Datasets

Pediatric Airway

P- 0 10 20 30 40

SARAARR AR

P- 0 10 20 30 40 50 60 70 80 90

age 1.00  23.00 55.00 71.00 89.00 111.00 129.00 161.00 179.00 199.00 233.00
weight 3.90 1420 20.10 21.80 19.70 32.85 4480 2130 59.00 9390 75.60
sex M M F F M M M F F F M

m-vol 4.56 16.84 29.53 2891 2731 7090 7123 4334 78.63 10235 113.84

# observations 1 2 3
# patients 229 12 ©
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W
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9 11 e 357 upper airway shapes from CT images
. e 80%-20% train-test split by patient (instead of shapes).
e Each shape has 3 covariates (age, weight, sex)
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Results - Shape Reconstruction

Inference and Generation

Z- ‘
P |
. estimate zand & | e
e, & Jes
P
. generate shapes 0 $ A
Gold Standard DeepSDF A-SDF DIT
Starman ADNI Hippocampus Pediatric Airway
CD | EMD | HD | CD | EMD | HD | CD ] EMD | HD |
n M m M n M n M n M n M i M 7 M I M
DeepSDF  0.117 0.105 1.941 1.887 6482 6271 0.157 0.140 2.098 2.035 9.762 9.276 0.077 0.052 1401 1.266 10.765 9.446
A-SDF 0.173 0.092 201 1.668 8.806 6949 1.094 1.162 7.156 7.667 25.092 25938 2.647 1.178 10.302 9.068 47.172 37.835
A-SDF (¢) 0.049 0.043 1.298 1.261 5.388 4.964 0311 0.294 3.136 3.099 13.852 13.003 0.852 0.226 4.090 2.890 30.848 21.965
DIT 0.281 0.181 2.727 2497 10295 8442 0.156 0.142 2.096 2.054 9.465 9.123 0.094 0.049 1414 1.262 11.524 10.228
NDF 1.086 0.736 5364 4.821 21.098 19.705 0.253 0.213 2.699 2.58 11.328 10.947 0.238 0.117 2.174 1.737 14950 12.516
Ours 0.111 0072 1.709 1515 7951 7.141 0.174 0.153 2258 2.191 10.019 9.521 0.067 0.039 1.233 1.132 10.333 8.404
Ours (c) 0.049 0.036 1276 1.156 5.051 4.666 0.126 0.116 1.847 1.81 8.586 8.153 0.084 0.044 1.345 1.190 10.719 8.577
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Results - Shape Transfer

2 years later?
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estimate zand ¢

transfer ¢; to é; + Ac;

Starman ADNI Hippocampus Pediatric Airway
@ EMD | HD | VD] VD |
w.C. 7 M I M 7 M W M 7 M
A-SDF X 0 0 0.009 0.008 0.036 0.034 0.518 0.488 81.07 82.92
A-SDF vV 0 0 0.009 0.009 0.036 0.035 0.215 0.177 41.46 40.96

Ours X 0.003 0.002 0.025 0.023 0.094 0.077 0.086 0.063 12.82 8.84
Ours v 0.009 0.002 0.031 0.025 0.116 0.083 0.089 0.071 11.23 9.65
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Results - Shape Transfer

Given a new airway shape

&%

\
\

we estimate z at £, transfer shape to ¢;.. ..

#time O 1 2

’\’\’\’\’\’\’\‘\'\’\'\

# time O 1 2 3 -+ 5 6 7

age 154 155 157 159 163 164 167 170 194 227 233
weight 552 609 643 6525 59.25 592 653 68 Y31 75.6 75.6
sex M M M M M M M M M M M
p-vol 925 9359 94.64 9545 9633 96.69 984 9972 109.47 118.41 118.76
m-vol  86.33 82.66 6323 90.65 98.11 8435 94.14 127.45 98.81 100.17 113.84
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Results - 7//\ - -
Shape Evolution & s
Disentanglement

For a Specific Patient
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