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Background and Motivation: 

Sleep is a critical factor contributing to physical and mental health, 
particularly in fatigue recovery and memory consolidation. Absence of 
sleep can cause different diseases such as obesity, heart related diseases, 
diabetes and as a result reduces life expectancy. Correct cognition of 
sleeping is helpful for diagnosis of varies disease. The purpose of this 
project is to design algorithms for sleep dynamics visualization and 
automatic annotation by applying time-frequency analysis and manifold 
learning to extract features from various physiological signals. We will 
introduce the short-time Fourier transform, wavelet transform, spectral 
clustering, and the diffusion maps. From this project, students can 
understand how to apply the Fourier analysis, linear algebra and Markov 
chain to analyze real data of interest. 

 

Plan: 

2021/10-2021/11, Stage 1: Processing data by Matlab  

The students will study how to read medical data through the software 
Matlab and apply the scattering transform to extract features from them. 

 



2021/11-2022/1 Stage 2: Dimension Reduction 

We plan to study how to reduce the dimension of the features by the 
principle component analysis, canonical correlation analysis, spectral 
clustering and diffusion maps. 
 

2022/03-2022/06, Stage 3: Project-oriented learning and research 

We plan to use the scattering transform, Synchrosqueezing transform, 
dimension reduction methods, and the support vector machine to design 
an automatic sleep stage classification system. Apart from the 
electroencephalography (EEG) signals, we will also explore the 
possibility of using other signals, including the respiratory signal and the 
photoplethysmography (PPG) signals, to carry out accurate inference for 
sleep stages. 
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