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• The false discovery rate (FDR) is defined as FDR = 
E(|FP|/|P|) where |.| is a volume metric of the false 
positive (FP) region or the positive (P) region

• Most FDR methods define |.| in the image space.  Such a 
metric varies as an image is transformed to another 
space, and so does the FDR, undesirably

• We define the volume metric in the intrinsic signal space, 
and achieve transformation-invariance

Transformation-Invariant Statistical Thresholds
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Genotype Pattern Mining

With rapid advancement of imaging and genotyping systems, today’s medical studies often collect a 

large volume of data with great diversity, for instance, images of different modalities, genotypes of a 

massive number of  single nucleotide polymorphisms (SNPs), and various biological specimens, etc.  

While providing exciting opportunities to deepen our insight into the genetic and anatomic mechanism 

of human diseases, it also raises emerging need to develop practical, reliable, and efficient mathematical 

tools to handle the unprecedented scale and complexity of these data sets.

(a) Original SNP data of 840 ADNI subjects/rows and 500 SNPs/columns. (b) Data reconstructed with the Boolean algebra from the
50 patterns in (c). (d) Number of patterns vs. reconstruction accuracy of our method and Non-Negative Matrix Factorization
(NNMF).
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• Genomic data are essential categorical
• Most pattern mining algorithms are designed for numeric data
• We have developed a novel accurate categorical pattern mining algorithm with the Boolean algebra

• A multi-locus genetic association study inevitably involves a 
large number correlated hypothesis tests

• We have proposed estimating the effective number of 
independent tests from the eigen-values of a correlation 
matrix to adjust the inflated number of tests

• Our method closely approximates the permutation test, 
while is 1000 times faster
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• Parcellating the brain into hundreds of regions, though popular, 
loses a significant amount of information because millions of voxels 
are abstracted as only hundreds of regions

• We have developed a novel method to build a connectivity network 
from a DTI image at its native voxel resolution

• In only five minutes, our algorithm can count the number of 
spanning trees for a network with millions nodes

Manifolds of Fiber Orientation Distributions

• Fiber Orientation Distributions (FOD) are 
widely used in anatomic connectivity 
studies, and their mathematical properties 
are very complicated

• We have developed a novel Riemannian 
manifold (rSphere) for FODs to handle 
their shape and orientational differences

• Our method significantly outperforms the 
popular hyper-sphere (hSphere ) manifold

• Graphical models encode functional connectivity as 
conditional dependent relationships, eliminating 
spurious and indirect connections

• We have developed a novel network inference algorithm 
which is able to curb the false discovery rate (FDR) of 
detected connections at user-specified levels, with a 
theoretic proof and extensive experiment validations

DTI Image Voxel-Level 
Network

Connectivity Index of 
the AD, LMCI, EMCI 
and Normal Groups

Experiment Validation Application in Parkinson’s 
Disease

Anatomic Connectivity


