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Purpose Bed-based sensors designed to assess sleep quality and vital signs have entered the market. The placement of
sensor mats within a bed including placement under the mattress has been shown to provide a mechanism to assess
respiration rate and apnea (Azimi et al., 2019), heart rate (Rosales et al., 2017) and sleep disorders (Yi et al., 2019) that
can be associated with dementia (Klaffke & Staedt, 2006). This leads to their potential to provide a better understanding
of the ongoing well-being of aging adults to support and extend their independence (Knoefel et al., 2020; Wallace et
al., 2018). Methods Two commercially available under-mattress sensors, Emfit QS (E) and the Withings Sleep (W),
were deployed in a participant’s home as part of a longitudinal study. The measures from these sensors were compared
to each other and to clinical reference measures (pulse oximeter). An age 55 male and age 50 female tested the devices
where the two sensors are placed side by side under the mattress under the chest area of the subject per sensor
instructions. The two sensors capture data automatically with supporting cloud-connected applications from the sensor
supplier. Both mats measure heart rate with W providing a measure every minute and E providing 15 samples/minute.
The male research subject has a diagnosed bradycardia with a known stable resting heart rhythm of ~35 beats/minute
while the second subject has a more typical resting rhythm of ~60 beats/min. Results and Discussion The results show
that both mats can detect and track the normal heart rhythm (Figure 1) while failing (Figure 2) to capture the bradycardia
rhythm with near random results. Neither sensor was able to correctly measure the bradycardia rhythm with neither
ever reporting a heart rate below 38 beats/min. The sleep state assessments for the two sensors differ greatly from each
other including one instance where E reported light sleep while W correctly reported the subject was not in bed. This
work shows the potential and issues associated with the use of in-bed sensors for the assessment of well-being. There
appears to be a potential floor in the sensor heart rate algorithms. The work also shows how the results of these sensors
can be contradictory and perhaps have errors caused by the inability to distinguish between the two occupants.

References

Azimi, H., Bouchard, M. Goubran, R. A. & Knoefel, F. (2019). Apnea Event Detection Methodology using Pressure
Sensors. IEEE International Symposium on Medical Measurements and Applications (MeMeA), 1-6.
https://doi.org/10.1109/MeMeA.2019.8802214

Klaffke, S. & Staedt, J. (2006). Sundowing and circadian rhythm disorders in dementia. Acta Neurologica Belgica,
106(4), 168-175.

Knoefel, F., Wallace, B., El Harake, T. N., Ault, L., Toonders, B., Sveistrup, H. & Goubran, R. (2020). Nocturnal
Wandering Diversion: Preliminary Results from 8 Homes. International Society for Gerontechnology.

Rosales, L., Su, B. Y., Skubic, M. & Ho, K. C. (2017). Heart rate monitoring using hydraulic bed sensor
ballistocardiogram.  Journal ~of Ambient Intelligence and Smart Environments, 9(2), 193-207.
https://doi.org/10.3233/AIS-170423

Wallace, B., El Harake, T. N., Goubran, R., Valech, N. & Knoefel, F. {2018). Preliminary results for measurement and
classification of overnight wandering by dementia patient using multi-sensors. 2018 IEEE International
Instrumentation and Measurement Technology Conference, 1-6. Houston, TX, USA.

Yi, R., Enayati, M., Keller, J. M., Popescu, M. & Skubic, M. (2019). Non-Invasive In-Home Sleep Stage Classification
Using a Ballistocardiography Bed Sensor. 2019 IEEE EMBS International Conference on Biomedical & Health
Informatics (BHI), 1-4. Chicago, IL, USA.

Keywords: bed sensing, dementia, vital signs measurement
Address: 1125 Colonel By Drive, Carleton University, Ottawa, Ontario, K1S 5B6, Canada
Email: wally@sce.carleton.ca

Heart Rate
Heart Rate
5 g

0999999909 | 9Pocono

0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
Time - minutes Time - minutes

Figure 1. Measurement of Normal Heart Rhythm.  Figure 2. Measurement of Bradycardia
Black = pulse oximeter, magenta = W, blue = E. Heart Rhythm. Same legend as Figure 1
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