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Can a Mat Sensor Algorithm Identify Mobility Challenges in Older Adults Getting Out of Bed? 
 
Falls are a major source of morbidity and mortality in older adults. Reducing their frequency could lead to 
significant improvements in quality of life of older adults, and reduce health care expenditures. The TAFETA 
(Technology Assisted Friendly Environment for the Third Age) program of research has been using a pressure 
sensitive mat to develop an unobtrusive home monitoring system to analyse the quality of transfers in older 
adults.1-5 In this study, the goal was to assess whether the mat could help differentiate between older adults 
with normal mobility versus those with mobility challenges.  
 
Methods  Fifteen older adults: five healthy volunteers (HV), five patients recuperating from hip surgery (PH) 
and five recuperating from a cerebrovascular accident (PS), were recruited from a Canadian rehabilitation 
hospital. Inclusion criteria included being able to transfer out of bed independently (FIM ≥ 5). A set of three 
pressure sensor arrays, each containing 44 fibre optic pressure sensors,  were placed under the mattress of a 
bed (see Figure 1). Each participant was videotaped while performing 10 transfers out of bed from a lying 
position. The data from the mats were transmitted via an NPort server box into a Dell Latitude laptop computer. 
Proprietary Tactex software collected the data, and it was then analysed with custom algorithms written in 
Matlab. 
 
Results and Discussion The average age of the participants was 74.5 years (HV 70.2, PH 81.4, PS 72.0). 
Sixty percent of participants were women (HV 60.0%, PH 80.0%, PS 40.0%). Using an automated timing 
algorithm developed with the help of the video data, timing data for the initial phase of the sit-to-stand portion of 
191 transfers were generated. Using a definition of normal time from sit to lift off (SiStT1) as ≤1.6s, and 
physically challenged SiStT1 as ≥1.7s, the algorithm was able to correctly classify 189/191 transfers (99.0%). 
Specifically, it correctly identified 98.9% of HV, 98.0% of PH, and 100.0% of PS transfers. We believe that this 
is the first time an algorithm using data from an unobtrusive sensor has been shown to successfully classify 
transfers from healthy, older adults versus those with impaired mobility. However, further research is required 
in this area. Although there were a large number of transfers to classify, they came from a small sample size of 
selected participants. Next steps should include the determination of appropriate cut-off times and the 
development of additional transfer characteristics that can be extracted from the mat data in a wider range of 
individuals.  Ultimately the goal is to be able to identify intra-client variability.  
 
References 

1. Howell Jones M, Arcelus A, Goubran R, Knoefel F. A Pressure Sensitive Home Environment. Proceedings of the IEEE 
International Workshop on Haptic Audio Visual Environments and their Applications (HAVE) Ottawa, Canada. November 
2006. p. 10 –14. 
2. Arcelus A, Howell Jones M, Goubran R, Knoefel F. Integration of Smart Home Technologies in a Health Monitoring 
System for the Elderly. Proceedings of the IEEE First International Workshop on Smart Homes for Tele-Health, Smartel 
2007; Advanced Information Networking and Applications Workshop. Niagara Falls, Canada. May 2007. Volume 2. p. 820-
825. 
3. Holtzman M, Arcelus A, Goubran R, Knoefel F. Breathing Signal Fusion in Pressure Sensor Arrays. Proceedings of the 
Medical Measurements and Applications (MeMeA) IEEE International Workshop. Ottawa, Canada, May 2008. p. 71-76. 
4. Townsend D, Holtzman M, Goubran R, Frize M, Knoefel F. Effect of Sensor Position in Unobtrusive Rollover Detection for 
Long-Term Sleep Monitoring in Smart Homes. Proceedings of the International Conference of the IEEE Engineering in 
Medicine and Biology Society (EMBC '09), Minneapolis, Minnesota, USA, September 2009. 
5. Arcelus A, Herry C, Goubran R, Knoefel F, Sveistrup H, Bilodeau M. Determination of Sit to Stand Bed Transfer Duration 
Using Bed Floor Pressure Sequences. Biomedical IEEE Transactions. October 2009. Vol. 56, Issue 10. p. 2485-2492.  

 

Keywords: mobility, pressure sensor array, automated timing algorithm 
 
Address:  Élisabeth Bruyère Research Institute, Canada; E: fknoefel@bruyere.org 

 

Figure 1: Hospital bed with  
pressure sensor array 
(mattress is placed on top)  


