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Mobility Assessment and Individual Activity Detection 

Why it matters: “Mobility and Movement” is one of the eight Grand Challenges identified by Aging 2.0 
in their 2017 global initiative to drive collaborations for the aging community.  Short term changes in 
movement patterns may indicate the onset of a new health issue.  Long term trends in mobility may 
provide predictive changes to care needs or increased safety concerns, or can be used to quantify 
recovery rates from surgery or illness.  Increases in wandering may indicate onset or progression of 
dementia. Correlated movement between individuals in a senior care facility could be used to verify 
caregiving metrics or identify isolated social behavior.  
 
Background: The Birkeland Current system utilizes high temporal, spatial, and energy use change 
detection to autonomously identify and quantify movement of specific individuals within a facility.  The 
examples shown below are from a series of 2017 in-home and commercial facility pilot projects.  These 
examples include a rural independent aging retired couple, a suburban working middle aged couple, and 
a single disabled senior adult in an urban apartment.  Low cost sensors throughout the facilities include 
bed sensors, flush sensors, light sensors, temperature sensors, and plug level energy sensors.  Each of 
the Birkeland Current devices also serves as a detection node in the Real Time Location System (RTLS) 
and is able to detect individual ‘tags’ to accurately monitor an individual’s location.  The data is used to 
assess a variety of mobility related questions such as total movement in a facility per day, time in or out 
of the home and associated durations, room utilization, etc.   In addition to movement metrics for an 
individual, the system can also correlate an activity (i.e. shower/ clothes washing/ TV watching) with an 
individual’s proximity to the device thereby assigning the activity to an individual.  Finally, the system 
can correlate proximity between individuals to show meetings or common activity.   
 
Wheelchair to Bed to Wheelchair Example: Figure 1 below shows a 4.5 hour example of the RTLS 

graphical output for a pilot installation.  Figure 2 shows a plot for the same time frame of the powerstrip 

associated with this individual’s nightstand.  In this case, the individual is an aging adult who is 

wheelchair bound and living alone in a small apartment.  The yellow dots in Figure 1 indicate the 

location of various sensors (typically power strips) in the home.  The tag in this case is a keyfob based 

tag that is physically attached to the wheel chair.  The system is capable of computing location on a 10 

second basis although statistics improve to <6 foot absolute error for integration times of 2 minutes or 

greater. Relative location error (movement detection) is typically less than 1 foot even for short time 

durations.   For graphic representation purposes, the display in Figure 1 plots the individual’s location 

every 5 minutes. In this example the time period shown is from 11:00 pm to 3:35 am and demonstrates 

a bedtime activity.   

Figure 1 shows the individual outside the bedroom starting at 23:09 with movement into the bedroom 

at 23:24. A tight cluster of points from 23:44 to 03:25 indicates that the wheelchair is static and located 

at the side of the bed. By correlation, Figure 2 shows the same time frame and indicates that the 

wheelchair battery charger (blue line) (located at the bedside) was plugged in at 23:38.  The same 

powerstrip indicates that this individual’s CPAP machine (green line) was turned on at 00:09.  The 

system is sensitive enough to see when the CPAP mask is on versus just when the machine is on, Figure 

3 (green line).  In this case, the mask was put on at 00:09 and removed at 03:24.  From Figure 1 we see 

movement on the chair beginning at 03:25 with Figure 2 indicating the chair charger is unplugged at 

03:29.  Finally in this example we see the individual’s location change to the bathroom at 03:34 and 

remain there until 4:01. This is also correlated by the light sensor and toilet flush indication, Figure 4 
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(blue and yellow lines).  Significantly higher temporal resolution than is shown in these figures allows 

statistics to be built up for actual transfer time into and out of the wheel chair. In this case the long-term 

trend for wheel chair transfer time is a metric used to indicate changes in upper body strength.  

    

      Figure 1: RTLS Graphical Display  Figure 2: Time correlated chair charger 

   

      Figure 3: Time correlated CPAP device       Figure 4: Time correlated bathroom devices 

Home usage Example: Figures 5 and 6 below show the amount of time an individual spent in their home 

as well as the number of times they transitioned in, out, and back into their home over the course of a 

day.  In this case, the charts are shown for two different individuals.  Figure 5 is shown for a working 

individual. Figure 6 is shown for a retired single individual confined to a wheel chair.  

                                     

            Figure 5: JHouse Pilot Data for Aug 2017            Figure 6: DHouse Data for July 14 – Sep 14 



Birkeland Current Smart Home/  3 | P a g e   
Smart Health Case Study 

 

The average in house time for the JHouse was 9.1 hours (daily work schedule and away for 2 of 4 

weekends and several weekdays).  Conversely, the average in house time for the subject in the DHouse 

pilot was 21.24 hours per day.  The JHouse averaged 1.4 In/Out/In cycles per day, typically of long 

duration associated with work.  In comparison, the DHouse averaged 2.6 cycles per day, typically short 

duration departures of 10-30 minutes within the apartment complex. There were several instances 

where the individual never left the apartment for multiple days.  

Room Usage Example: Figure 7 shows the percentage of time spent in each room of a commercial 

facility by a single individual.  The data shown in Figure 8 is the same data but shown in a timeline 

fashion. Each of these charts looked at the location of the individual in the facility every 2 minutes.  In 

this example, the subject spent 74% of their work day in their office, leaving their office approximately 

15 times including 5 short duration meetings correlated with other individual’s location and one 2.5-

hour absence from the facility.  

    

       Figure 7: Percent of time in each room  Figure 8: 2-minute room location vs time 

Mobility Example: Figure 9 shows an example plotting the total movement in feet per day for subject 

J1M.  For reference, we see the total number of hours per day the subject spent in the house.  The 

major increase around Aug 12th and 13th is due to a weekend where the hours at home almost double 

those of a workday. Figure 10 shows feet of movement per hour normalized for hours per day in the 

house.  Typical values show approximately 60 feet per hour of movement on weekdays.  

         
Figure 9: Daily Total Movement    Figure 10: Normalized Daily Total Movement 


