
Monitoring a Person's Heart Rate and 
Respiratory Rate on a Shared Bed Using 

Geophones

Zhenhua Jia
Joint work with 

Sugang Li, Amelie Bonde, Chenren Xu, Jingxian Wang, 
Pei Zhang, Richard E. Howard, Yanyong Zhang 

1



In-Bed Vital Sign Monitoring

ÇPotential users
ÁAccurate sleep monitoring

ÁDischarged patients after surgery 

ÁPeople with heart problem, e.g., 
congestive heart failure

ÇExisting work
ÁInconvenient (e.g., wearables)

ÁSensitive to environment (e.g., RF)

ÁCumbersome (e.g., pressure 
mattress, force sensor bed)
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Our Previous Work
ÇHB-Phone  (Heartbeat Phone)
ÁCan sense the vibration caused by the ballistic force of each heartbeat

ÁOnly works for a single user
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From HB-Phone to VitalMon
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ÇAim to achieve
Árespiration detection

Ásignal separation



Respiration Detection: Challenges 
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ÇGeophone is a second-order high-pass filter
ÁRespiration has very low frequency (< 1 Hz)

ÁHard to capture directly

Heart rate 
at 76.8 bpm

High frequencycomponents

FFT

Respiration buried 
under noise



An Interesting Observation

The pattern looks familiar? Amplitude Modulation (AM)! 
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Holding breathNormal Breathing



Heartbeat and Respiration
- Natural Communication inside Human Body
Ç! ǇŜǊǎƻƴΩǎ ǊŜǎǇƛǊŀǘƛƻƴ ƛǎ ŀƳǇƭƛǘǳŘŜ ƳƻŘǳƭŀǘŜŘ ǿƛǘƘ ƘƛǎκƘŜǊ ƘŜŀǊǘōŜŀǘ ǎƛƎƴŀƭ
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Inhale, chest full 
of air

Heartbeat 
vibration through 

stiff chest 

Exhale, chest with 
little air

Heartbeat vibration 
through floppy chest 

Slight
attenuation

Significant
attenuation



Amplitude Modulation
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Respiration 
(info) signal

Heartbeat 
(carrier) signal

Amplitude 
Modulated 

signal

ÇSquare-Law Amplitude Demodulation
ÁSquare of the signal

ÁLow-pass filter to remove high frequency energy (heartbeat part)

ÁResidue are mostly respiration signal

Breathing rate of 0.253 Hz 
15.18 ║╟╜►►



Heartbeat Separation: Challenges
ÇHeartbeats are quasi-periodic and may vary over time

ÇFrequency components from two heartbeats often close and mixed together

9

FFT ςSubject 2 & 3

obvious harmonics

FFT - Subject 1

No obvious frequency pattern



Inspiration: Blind Source Separation at a 
Cocktail 

10

ÇHow to separate different voices?

ÇEach voice has a unique spatial feature (attenuation, delay)



Noise Reduction
ÇSpatial signatures can be destroyed by distortion caused by filters

ÇForward-backward Filtering
ÁApply a filter in the forward and backward direction

ÁPhase distortions from both directions cancel each other
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