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The rise of wearables

The Garmin 
Forerunner 201

2003

Polar Sport 
Tester PE 
1982



Wearables for Mental Health



Unwearables

Mingmin Zhao, Tianhong Li, Mohammad Abu Alsheikh, Yonglong Tian, Hang Zhao, Antonio Torralba, Dina Katabi
Through-Wall Human Pose Estimation Using Radio Signals, Computer Vision and Pattern Recognition (CVPR), 2018



Unwearables:
Random Walks?



A low cost hack
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View of the Raspberry Pi system 
from the bed



Diagnosing sleep apnea

● 32 war veterans diagnosed 
with depression, PTSD and no 
diagnosed psychiatric issues.

● 11/32 participants had 
Periodic Leg Movement 
Disorder.



Movement Signal from PIR Sensor
-> Features -> Machine Learning

-> Diagnosis

Entropy (Randomness)Statistics (Energy, )Covariates? E.g. PLMI

> 84% Accuracy in detecting sleep apnea 
…. just from the PIR movement sequences!



Motion Detection using 
Low Cost Video

● Raspberry Pi mini computer  

+ 5MP IR Camera



Algorithm
Input Pre-Processing Detecting motion between different frames Detect contours

Detect Human 
Activity

Characterize 
their movement



Complex Activity Tracking

Authors Gines Hidalgo(left) and Hanbyul Joo(right) in front of the CMU Panoptic Studio



frame by
frame

DL model trained 
with public data

faces

Classifier 
applied to 
time series 

Emotion fluctuations 
in one video
(time series) 

Result

small model trained 
with private data

separate into 
frames video of a patient face detection emotion recognition

P(surprise)
P(sad)
P(neutral)
P(happy)
P(fear)
P(disgust)
P(angry)

Emotion Detection From Video



Emotion Detection Demo (Actor)



avg of relative 
probability of 
each emotion

Binary 
classification
(HAM-D>7)

8 patients
~200 videos

(~20min/each)

LOOCV:
AUC: 0.79 

Accuracy: 74%

Analyze frames 
once a second

Emotion  fluctuations 
over  time

The Hamilton Depression 
Rating Scale (HAM-D) 

– determines a patient’s level of 
depression before, during, and 
after treatment. 

Application to Severe Depression



What next?


