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A Study of Monitoring System for Care-Receiver Using Image Classification

Kei NAKAMURA and Yukihiko TANIZAWA

In this study, a prototype of a monitoring system using a thermopile array sensor and a ToF sensor was

developed to reduce the burden of monitoring caregivers and to classify the activity status (lying, rising or

sitting, and absent) of people on the bed. The classification was performed using image classification based

on a convolutional neural network (CNN), a tool for machine learning. As a result, an accuracy of 85%

was achieved with the thermopile array sensor images and an accuracy of 60% was achieved with

the ToF (time of flight) sensor images. Furthermore, by combining thermopile array and ToF sensor

images, an accuracy of up to 97% was achieved. This is thought to be accomplished by each sensor

compensating for the other's weaknesses.
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Figl System Configuration

Tablel Sensor specifications

Thermopile Array

ToF Sensor Sensor
Resolution 240 X180 px 32X 32 px
Field of view 70 ° 90 °
Frame rate 30 fps 8 fps
Size 38X38 mm 25X 16 X8 mm

Fig.2 Experiment setup (left) and installation status of
thermopile array and ToF sensor (right).
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Fig.3 Examples of images captured by each sensor.
(Left: color image. Center: thermal image.
Right: ToF image.)
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Fig.4 Example of merged image. (A ToF image and a

thermal image are connected side by side to
create a single composite image.)
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Table2 Number of images used for evaluation at each
temperature condition

Temp.20 °C Temp.25 °C Temp.28 °C

lying 77 101 162
rising or
o 75 90 131
sitting
absence 55 44 126
total 207 235 419
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Fig.5 CNN model architecture
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Fig.6 Relationship between accuracy and temperature
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f) ToF image of 28 °C

Fig.7 Example of images used for evaluation

conditions

a) Thermal image of 20 °C

Rising or sitting

b) ToF image of 20 °C

¢) Thermal image of 25 °C

Rising or sitting

d) ToF image of 25 °C

e) Thermal image of 28 °C
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Table3 Results of determining lying, waking, and
absence by thermopile array sensor and ToF

sensor
) number of images
collect judge
thermal ToF  merged
] lying 333 69 329
lying "
rising or sitting 4 2 11
absence 3 269 0
lying 25 43 1
waking rising or sitting 270 194 294
absence 1 59 1
lying 15 19 3
absence rising or sitting 165 12 93
absence 45 194 129
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