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Non-Contact Home Bed Sensing for Continuous, Personalized, Automated Detection of Clinical Events

NON-CONTACT MONITORING IN THE HOME BED

Keshav Gupta MBBS, MS1, Raimon Padros-Valls2, Ashley Wong MD3, Kathryn Hunt MD4, Rebecca Townsend4, Mustafa Haleem1, Marni Jacobs PhD5, Ukachi 
Emeruwa MD5, Rebecca Reynolds MD4, Jose Silva Sepulveda3, Jessica Haley MD3, Sam Ali6, Nicholas Harrington PhD1,7, Kevin R. King, MD, PhD1,2,7,8 

1. Dept of Bioengineering, Jacobs School of Engineering, UCSD; 2. Dept of Bioinformatics, UCSD; 3. Rady Childrens Hospital San Diego; 4. University of Edinburgh, UK; 5. Dept 
of Obstetrics and Gynecology, UCSD; 6. Makarere University; 7. Nightingale Labs, 8. Division of Cardiology, Department of Medicine, UC San Diego;

   AI VOICE AGENTS SOLICIT PATIENT HISTORIES
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BED-BASED MONITORING IN PREGNANCY 
FROM US TO RURAL UGANDA

• ISG+ clusters were analyzed using nearest neighbor analysis from the centroid of 
highest expression of ISGs at the BZ. 

• Focal clusters of the innate immune responses revealed an inverse relationship 
between protective fibroblast responses and ISG expression as measured by 
distance from the centroid of maximal ISG expression.
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VALIDATION:  BED SENSORS VS SLEEP STUDIES
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INTRODUCTION BED SENSORS DETECT CLINICAL EVENTS

CONTRASTIVE LEARNING AI MODEL 
FOR GENERALIZED CLINICAL CHANGE DETECTION

• Early recognition of clinical deterioration at home can 
enable interventions that can reduce severity and duration 
of hospitalizations and in some cases fully avoid them 

• Home monitoring technologies like scales and implanted 
CardioMEMS are helpful but are limited by the need for 
adherence to self-measurement 

• We are testing the hypothesis that continuous passive 
monitoring of cardiopulmonary physiology during sleep 
using non-contact bed sensors can detect clinically 
actionable changes at home.

• A thin flexible non-contact electromechanical bed 
sensor is placed under the mattress.  

• It continuously and automatically transmits respiratory 
and ballistocardiogram waveforms during sleep. 

• Notifications upon changes from patient-specific 
baselines

Respiratory Rate 
(vs chest belt)

MAE = Mean Absolute Error

• Waveforms are transformed 
into HR and RR trends and 
encoded as color and 
displayed at a heatmap 

• Each patient has a unique 
respiratory and cardiac 
pattern that is consistent 
from night to night but 
different between individuals
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NICM (EF15%), ESRD on HD (MWF), legally 
blind from diabetic retinopathy, lives alone, 
develops sepsis in the home bed over 72 hours

Advanced metastatic cancer, bed-bound 
after a prior stroke. Recurrent GI bleeds 
prior change of goal of care

HFpEF, prior stroke, lives with grand-daughter, hospitalized 2 months prior to monitoring
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Diabetes nearing dialysis, chronic musculoskeletal pain limiting mobility, 
failure to thrive. Sensor-initiated transfer to SNF was followed by marked 
improvement and stabilization (2 subclinical events occur later)

Notifications prompt 3 calls and a home visit revealing O2 sat 
80% leading to EMS, ER, and Hospitalization for HFpEF and 
Acute PE. Improves after diuresis and anticoagulation

Real-time voice-based conversational AI adds subjective symptoms 
and context when bed sensors detect cardiopulmonary changes

(1) Harrington, N., Bui, Q.M., Wei, Z. et al. Passive longitudinal weight and cardiopulmonary 
monitoring in the home bed. Sci Rep 11, 24376 (2021). https://doi.org/10.1038/
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UMAP shows 8 representative color-coded 
patients. 1 dot = 1 night. First and last nights 
shown as outlined circle and square.

Observation: Nights that are closer 
temporally to each other are 
physiologically close to each other

Transforms the pattern of HR and RR into a 16-element vector 
(an “embedding”) representing each night. Each night can be 
compared to all others in UMAP space.

BED-BASED MONITORING IN PEDIATRICS 
SINGLE VENTRICLE CLINIC (RCHSD)
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n = 25,744 
MAE: 0.9 brpm
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Heart Rate 
(vs ECG)

n = 25,204 
MAE: 1.6 bpm
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