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Instantaneous Heart Rate (IHR)
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NREM2

Wake

REM

7 hours IHR

Annotations based on 30-second IHR



Main Task
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Challenges

• Imbalanced datasets, e.g. #waking=14 
#sleeping= 760

• Heterogeneity of datasets

Identify the awake signals

Build a unified model across different datasets



• CGMH (⻑⾧長庚紀念醫院) 
• 80 subjects as training 
• 27 subjects as testing 

• DREAMS(http://www.tcts.fpms.ac.be/~devuyst/Databases/DatabaseSubjects) 
• 25 subjects 

• St. Vincent's University Hospital / University College Dublin 
Sleep Apnea Database(https://physionet.org/pn3/ucddb/) 

• 25 subjects

Data

Each subject has about 7 hour IHR.

http://www.tcts.fpms.ac.be/~devuyst/Databases/DatabaseSubjects
https://physionet.org/pn3/ucddb/


Method

YMC-Hu-Wu-Lo, preprint



Step 1: Filtrations

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

f

�
t := {x 2 P | f(x)  t}

f�
t0 ⇢ f�

t1 ⇢ · · · ⇢ f�
tn t0 < t1 < · · · < tn

Sublevel Set Filtration:

Shape of the function



Step 1: Filtrations
VR Complex Filtration:

Shape of the point cloud



Step 2: Persistence Diagrams



Step 2: Persistence Diagrams

wake

sleep

Sublevel Set Filtration P(H90)



Step 2: Persistence Diagrams

VR Complex Filtration

(120,1)

(120,1)

P(R120,1)
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Summary of PD

Adam, et. al. ’17 J. Mach. Learn. Res. Bubenik ’15 J. Mach. Learn. Res. 



Persistence Statistics

Single Number



Blue: Old Cell

Red: New Cell
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Step 3: Persistence Statistics
[YMC-Day-Costa, preprint]Topological Roughness
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• Skin Lesion
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Step 3: Persistence Statistics



Step 3: Persistence Statistics



S(M) S(L) E(L)

P(H90)

Step 3: Persistence Statistics



�(P0(R120,1)) �(P1(R120,1))

Step 3: Persistence Statistics



True Positives (TP): wake and wake  
False Positives (FP): sleep and wake 
True Negatives (TN): sleep and sleep 
False Negatives (FN): wake and sleep

Wiki

SE = TP/(TP + FN) 
SP = TN/(TN + FP)

Wake Sleep

Wake TP FN

Sleep FP TN

Actual
Predict

Step 4: Machine Learning
Evaluation Metrics



Step 4: Machine Learning

1. Use all W 
2. Adopt a subsampling  process on S 
3. Select |W| epochs from S

|W| << |S|

Support Vector Machine (SVM)

Training process



Leave-One-Out-Cross-Validation
5 fold CV

Step 4: Machine Learning



J. Malik, Y.-L. Lo, H.-T. Wu ’18 
Physiological Measurement

YMC-Hu-Wu-Lo, preprint

Result

Deep learning



Result

YMC-Hu-Wu-Lo, preprint
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Summary
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