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Abstract This paper presents a system that remotely monitors lone seniors at home and promptly
alarms caregivers to recommend appropriate medical care services upon detecting abnormal
behavior and critical conditions such as collapsing, excessive coughing, degradation of sleep
quality, fever, and unusual indoor moving lines. Our system offers contactless monitoring
techniques based on heterogeneous IoT sensors and deep learning to minimize the disruption to
lone senior's daily life. In addition to the design and implementation of the sensor data collection
and analysis system, we share our experience in installation, deployment, configuration,
maintenance of the system through the case study conducted on the actual lone seniors living in
Seoul Metropolitan. Based on our research, we recommend further development directions to
prepare for the nationwide expansion of our system.
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Fig. 1. Architecture of Lone—Senior Monitoring System
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Table 1. Average daily sleep patterns, indoor activities and conditions of the lone seniors

Sleep Pattern Indoor Activities and Condition
Seniors ;Zt;l) Time on # of Wakes Light .Portion.of Sleep Refrigerator and Temp-er Humidity
) Bed ) Sleep time while on Bed Bathroom Door
Time (hours) during Sleep %) %) Swing Counts ature (%)
(hours)
A 4.96 8.80 6.1 80.7 58.7 10 29T 57
B 6.70 8.63 5.1 43.7 79.3 15 30T 41
C 6.78 8.85 5.3 91.1 78.6 7 30T 49
D 3.68 6.22 3.8 46.8 62.9 8 31T 44
E 7.06 8.32 26 13.7 85.3 11 30T 50
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Fig. 4. Animated fall-down videos by Mixamo
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Fig. 5. Ubicoustics recognition process [26]
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Table 2. Fall Test Confusion Matrix(Day)

Predicted Predicted
O(Not Fall) 1(Fall)
Actual
O(Not Fall) 43(TN) 7(FP)
Actual
1(Fall) 10(FN) 40(TP)

Table 3. Fall Test Confusion Matrix(Night)

Predicted Predicted
O(Not Fall) 1(Fall)
Actual
O(Not Fall) 40(TN) 10(P)
Actual
1(Fal) 15(FN) 35(TP)
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Fig. 7. Out-of-range fall-down detection experiment
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Fig. 8. On-site fall-down detection experiment
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Table 4. Cost of the parts for the
per household

sensing system

Item costs

Nvidia Jetson Xavier Al Computer 1,000,000
Flir AX8 1,800,000
Odroid loT Board + Wifi Adaptors 200,000
SmartThings Hub and Senosrs 300,000
Cables, interconnects, power adaptors,

memory, batteries, home network router, 300,000
device mounting kit
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