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Background

Nonlinear relationshipGlobal methodMulti variable

NoNoNoSingle voxel smoothing [2]

Nonlinear constraints [4]NoYesCanonical Correlation Analysis (CCA) [3]

NoYesYes
Linear Kernel Canonical Correlation Analysis 

(KCCA) [5]

Nonlinear kernelsYesYesNonlinear KCCA
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Step 1: Back construction Algorithm

fMRI data

Design signal

Back construction 1:

 Assumption

Back construction 2:

Voxel specific activation

A: spatial filter
Q: number of voxels
T: number of time points
D: number of design signals

6. Cordes, D., et al. 33: p. 2611-2626. (2012)

[6]



Step 2: Nonlinear kernels

Number of 
hyperparameters

ExpressionName

1Linear

2Parabolic

2Gaussian

2Inverse square

2Bounded Linear

1Square

3Tanh

4Mixed Tanh



Step 3: Hyperparameters optimization

KCCAKCCA
Condition

No

Yes

Density

p: unknown hyperparameters 
for KCCA

True positive: Both 𝛼 and 
𝛼′ are activated. 
False positive: Only 𝛼′ is 
activated.



Simulated fMRI [7]

 Group level study for BC2

1.39 ± 0.37Bounded 
Linear1.12 ± 0.27Linear

0.99± 0.40Square1.09 ± 0.31Parabolic

1.39 ± 0.37Tanh1.21 ± 0.27Gaussian

1.42 ± 0.36Mixed Tanh1.14 ± 0.30Inverse

Mean and standard deviation for 87 subjects

[7] Yang, Z., et al. Medical Image Analysis, 60, 101622. (2020)



Result from one selected subject

True positive: Activation 
appears on the Gray matter. 
False positive: Activation 
not on the Gray matter.



Group level gray matter overlapping comparison

Mean and standard deviation for 87 subjects

23% improvement



Summary

 New proposed back construction algorithm work for general type of nonlinear kernels.

 Mixed Tanh under BC2 gives the best performance.

Thanks for your attention !

 Linear kernel based KCCA for fMRI activation detection.
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