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Shape Discovery

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

21. https://www.youtube.com/watch?app=desktop&v=jyxjXZ0vIz0
2. Bethlehem, Richard AI, et al. "Brain charts for the human lifespan." Nature 604.7906 (2022): 525-533.

Growth Chart1 Brain Charts2

https://www.youtube.com/watch?app=desktop&v=jyxjXZ0vIz0


Shape Discovery
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Brain Morphometry Chart 1

1. Zhang, Hongxi, et al. "Growth charts of brain morphometry for preschool children." NeuroImage 255 (2022): 119178.
2. https://cismm.web.unc.edu/core-projects/biomedical-image-analysis/pediatric-airway-atlas/

Airway Shape Chart 2

1D characteristrics        3D shape representation



Motivation of NAISR
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Complete, Disentangled, and Universal Shape Space

Incomplete, Entangled, and Individual Observations



What is a good shape representation for Scientific Discovery? 

● Given an atlas shape, how can one accurately represent individual shapes?
● Given a shape, how can one disentangle different covariate effects from each other?
● Given a covariate, e.g., age, how does the shape evolve based on this covariate?
● Given a random shape, how will this shape develop after a period of time?
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Method



As regularizer

For reconstruction
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Training Losses



Experiment Setting - Datasets
Starman ADNI Hippocampus Pediatric Airway



Experiment Setting - Datasets
Starman ADNI Hippocampus Pediatric Airway

● 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.



● 1632 hippocampus shapes from MR images;
● 80%-20% split by patients;
● 4 covariates (age, sex, AD, education length). 
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Starman ADNI Hippocampus Pediatric Airway

Experiment Setting - Datasets



● 357 upper airway shapes from CT images
● 80%-20% train-test split by patient (instead of shapes). 
● Each shape has 3 covariates (age, weight, sex)
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Experiment Setting - Datasets
Starman ADNI Hippocampus Pediatric Airway
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Results - Shape Reconstruction



2 years later?
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Results - Shape Transfer
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Results - Shape Transfer

Given a new airway shape        , we estimate    at    , transfer shape to 



Results - 
Shape Evolution &
Disentanglement
In Template Space
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Results - 
Shape Evolution &
Disentanglement
For a Specific Patient
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