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Preliminary�
multiscale image analysis




Weighted-SPHARM

heat kernel bandwidth, diffusion time

http://www.stat.wisc.edu/~mchung/softwares/
weighted-SPHARM/weighted-SPHARM.html

Matlab:

Chung et al., 2007 IEEE Transactions 
on Medical Imaging 26:566-581



+25000 nodes

+0.6 billion 
connections

Voxel-level 
functional network

Chung et al. 2017 IPMI

Question: How to build a multiscale network?



Winsconsin Twin Project

58 Monozygontic (MZ) twin pairs
53 same-sex dizygotic (DZ) twin pairs

111 pairs = 222 subjects

6 non-DWI: b=0
63 DWI: b=500 (9 dir.), 800 (18 dir.) , 2000 (36 dir.)
Isotropic 2mm resolution
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Hierarchical 
Parcellation




Standard brain parcellation with 116 regions

Precentral gyrus



20-layer hierarchical parcellation



20-layer hierarchical parcellation



Courant nodal domain theorem
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Number of voxels in each layer
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Hierarchical�
Connectivity




Hierarchical connectivity Si
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Hierarchical connectivity matrix
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Heritability �
of structural 

network




Heritability Index

HI = 2(⇢MZ � ⇢DZ)

Spearman’s rank correlation was 
used on tract counts.

(1   2   3 )   (2 3 10)

Pearson’s    : 0.92
Spearman’s  : 1



Twin correlations & heritability index



Twin correlations & heritability index

MZ DZ HI
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Exact 
Topological 
Inference




Betti-0 plot (# of connected components)

Dq



Exact topological inference
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Maximum gap between plots
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