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• Parkinson’s disease  

Background 

Etiology  

SWEDD Normal control , NC 
Parkinson’s disease, PD 
Scans without evidence of dopamine deficit, SWEDD 

Progressive neurodegenerative disease 
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Background 

• Early stage 

Depression Sleep Cognition 

GDS :0~15                                ESS:0~24                               MoCA:0~30 

Geriatric Depression Scale, GDS 
Epworth Sleepiness Scale, ESS 
Montreal Cognitive Assessment, MoCA 
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Background 

2.6 million people with 
PD in China, ranking first 
in the world 

By 2030, the number of 
people with PD in China 
will reach 5 million 

5.8 million people with 
PD around the world 

https://www.targetmap.com/viewer.aspx?reportId=53892 
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Background 

• Early diagnosis 

Clinical diagnosis 

•Rely on doctors’ 
clinical experience 

MRI fMRI PET DTI
Structural Functional

Multi-modal data 

•Limited subjects 
•High dimensionality 
•Overfitting problem 

Feature selection 
and learning 
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Methods 

Magnetic resonance imaging, MRI 
Gray matter,  GM 
White matter , WM 
Mean diffusion, MD 
Diffusion tensor imaging, DTI 

Architecture of Feature Selection and Feature Learning 
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• Joint Learning from Multiple Modalities and Relations (JLMMR)  

 

Methods 

8 

min
𝐰

𝐘 − 𝐗𝐖 𝐹
2+𝜆1 𝐲𝑖 − 𝐲𝑗 − 𝐗𝐰𝑖 − 𝐗𝐰𝑗 2

2𝑠
𝑖,𝑗 + 𝜆2 𝐲𝑖 − 𝐲𝑗 − 𝐱𝑖𝐖− 𝐱𝑗𝐖  

2

2𝑛
𝑖,𝑗 +

𝜆3 h𝑖𝑗 𝐰𝑖 −𝐰𝑗
2

2𝑑
𝑖,𝑗 +𝜆4 𝐖 2,1 

Least square regression 
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• Joint Learning from Multiple Modalities and Relations (JLMMR)  

 

Methods 

8 

min
𝐰

𝐘 − 𝐗𝐖 𝐹
2+𝜆1 𝐲𝑖 − 𝐲𝑗 − 𝐗𝐰𝑖 − 𝐗𝐰𝑗 2

2𝑠
𝑖,𝑗 + 𝜆2 𝐲𝑖 − 𝐲𝑗 − 𝐱𝑖𝐖− 𝐱𝑗𝐖  

2

2𝑛
𝑖,𝑗 +

𝜆3 h𝑖𝑗 𝐰𝑖 −𝐰𝑗
2

2𝑑
𝑖,𝑗 +𝜆4 𝐖 2,1 

𝐲1 
𝐲2 

𝐲𝑠 

𝐲𝑖  

≈ 

𝐲𝑗  

𝐲 1 

𝐲 2 

𝐲 𝑠 

𝐲 𝑖  𝐲 𝑗 

Column-wise relation in response variables 
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• Joint Learning from Multiple Modalities and Relations (JLMMR)  

 

Methods 

8 

min
𝐰

𝐘 − 𝐗𝐖 𝐹
2+𝜆1 𝐲𝑖 − 𝐲𝑗 − 𝐗𝐰𝑖 − 𝐗𝐰𝑗 2

2𝑠
𝑖,𝑗 + 𝜆2 𝐲𝑖 − 𝐲𝑗 − 𝐱𝑖𝐖− 𝐱𝑗𝐖  

2

2𝑛
𝑖,𝑗 +

𝜆3 h𝑖𝑗 𝐰𝑖 −𝐰𝑗
2

2𝑑
𝑖,𝑗 +𝜆4 𝐖 2,1 

𝐲1 
𝐲𝑖  

𝐲𝑛 

𝐲𝑗 

𝐲 𝑖 

𝐲 𝑛 

𝐲 𝑗 

≈ 

Row-wise relation in response variables 

𝐲 1 
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• Joint Learning from Multiple Modalities and Relations (JLMMR)  

 

Methods 

8 

min
𝐰

𝐘 − 𝐗𝐖 𝐹
2+𝜆1 𝐲𝑖 − 𝐲𝑗 − 𝐗𝐰𝑖 − 𝐗𝐰𝑗 2

2𝑠
𝑖,𝑗 + 𝜆2 𝐲𝑖 − 𝐲𝑗 − 𝐱𝑖𝐖− 𝐱𝑗𝐖  

2

2𝑛
𝑖,𝑗 +

𝜆3 h𝑖𝑗 𝐰𝑖 −𝐰𝑗
2

2𝑑
𝑖,𝑗 +𝜆4 𝐖 2,1 

𝐱𝑖  𝐱𝑗 

𝐰𝑖  

𝐰𝒋 

Feature-feature relation  
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• Joint Learning from Multiple Modalities and Relations (JLMMR)  

 

Methods 

8 

min
𝐰

𝐘 − 𝐗𝐖 𝐹
2+𝜆1 𝐲𝑖 − 𝐲𝑗 − 𝐗𝐰𝑖 − 𝐗𝐰𝑗 2

2𝑠
𝑖,𝑗 + 𝜆2 𝐲𝑖 − 𝐲𝑗 − 𝐱𝑖𝐖− 𝐱𝑗𝐖  

2

2𝑛
𝑖,𝑗 +

𝜆3 h𝑖𝑗 𝐰𝑖 −𝐰𝑗
2

2𝑑
𝑖,𝑗 +𝜆4 𝐖 2,1 

Sparse term 
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• Sparse Nonnegative Autoencoder (SNAE) 

 

Methods 

 Sparse learning 

 𝛺𝑠𝑝𝑎𝑟𝑠𝑖𝑡𝑦 =  𝜌 𝑙𝑜𝑔
𝜌𝑖
′

𝜌
+ (1 − 𝜌) 𝑙𝑜𝑔

1−𝜌𝑖
′

1−𝜌

𝑘
𝑖=1  

𝑘:amount of hidden nodes 

𝜌𝑖
′:average activation 

𝜌: desired activation 

 Nonnegative constraint 

𝛺𝑤𝑒𝑖𝑔ℎ𝑡𝑠 =    𝑓(𝑤𝑖𝑗
(𝑙)
)，𝑓(𝑤𝑖𝑗

(𝑙)
) =  

𝑤𝑖𝑗
2 ,  𝑤𝑖𝑗 < 0

0,     𝑤𝑖𝑗 ≥ 0
,

𝑡𝑙+1

𝑗=1

𝑡𝑙

𝑖=1

2

𝑙=1

 𝑡𝑙  , 𝑡𝑙+1: 
amount of adjacent layer 

nodes 

 Loss function 

𝐽 𝑾, 𝒃 =
1

𝑛
  (𝑦𝑖𝑗 − 𝑥𝑖𝑗)

2+
𝜆

2
𝛺𝑤𝑒𝑖𝑔ℎ𝑡𝑠 + 𝛽𝛺𝑠𝑝𝑎𝑟𝑠𝑖𝑡𝑦

𝑑

𝑖=1

𝑛

𝑗=1

 
𝑛: sample size 

𝑑 : dimension 
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Experiments 

Time Information NC PD SWEDD 

0m 

Number 62 142 34 

Depression scores 5.1±1.2 5.3±1.5 5.6±1.3 

Sleep scores 6.5±3.9 5.9±3.4 8.7±4.2 

Cognition scores 28.2±1.1 27.5±2.1 26.9±2.9 

12m 

Number 54 123 9 

Depression scores 4.9±1.4 5.3±1.3 5.6±1.0 

Sleep scores 6.1±3.7 6.6±4.3 7.2±3.7 

Cognition scores 27.5±1.9 26.8±2.9 26.4±2.9 

24m 

Number 7 98 22 

Depression scores 4.9±0.4 5.7±1.6 5.4±1.5 

Sleep scores 7.1±3.6 7.9±4.4 7.2±3.6 

Cognition scores 28.3±1.0 26.6±2.9 26.0±2.7 

• Data distribution 
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Experiments 

• Classification performance 
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Experiments 

• Classification performance 
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Experiments 

• Regression performance 
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Experiments 

• Brain Connectivity Map 



18 

Conclusions 

• Joint Feature Selection and Feature Learning  

- Add relation regularization to feature selection  

- Add sparse learning and non-negative constraint to feature 
learning 

- Obtain discriminative feature representation 

- Have good performance for PD diagnosis 
 

 



Thanks very much! 


