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In-Bed Vital Sign Monitoring

C Potential users
A Accurate sleep monitoring
A Discharged patients after surgery

A People with heart problem, e.g.,
congestive heart failure

C Existing work
A Inconvenient (e.g., wearables) B
A Sensitive to environment (e.g., RF) N =

A Cumbersome (e.g., pressure
mattress, force sensor bed)
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OurPrevious Work

C HBPhone (Heartbeat Phone)
A Can senséhe vibration caused by the ballistic force of eatieartbeat
A Only works for a single user

Geophone
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C Aim to achieve
A respiration detection
A signal separation
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Respiration Detection: Challenges

C Geophonels a seconebrder highpass filter
ARespiration has very low frequency (< 1 Hz)
AHard to capturedirectly

High frequencycomponents
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An Interesting Observation
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Thepattern looks familiar? Amplitude Modulation (AM)!
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Heartbeatand Respiration
- Natural Communication inside HunZody
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Amplitude Modulation
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C Jyuare-Law Amplitude Demodulation
A Square of the signal
A Low-pass filter to remove high frequency energy (heartbeat part)

A Residue are mostly respiration signal
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Heartbeat Separation: Challenges

C Heartbeats areguastperiodic and may vary over time

¢ Frequencycomponents from twoheartbeats oftenclose and mixed together
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Inspiration: Blind Source Separatlon at a
Cocktall
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C How to separate different voices?

C Each voice has a unique spatial featuedgténuation, delay
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NoiseReduction

C Spatial signatures can be destroyed by distortion caused by filters

C Forwardbackward Filtering
A Apply a filter in the forward and backward direction
A Phase distortions from both directions cancel each other
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