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The Study of Realtime Fall Detection System with Accelerometer and Tilt Sensor
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Social activities of the elderly have been increasing as our society progresses toward an aging
society. As their activities increase, so does the occurrence of falls that could lead to fractures.
Falls are serious health hazards to the elderly. Therefore, development of a device that can
detect fall accidents and prevent fracture is essential. In this study, we developed a portable fall
detection system for the fracture prevention system of the elderly. The device is intended to
detect a fall and activate a second device such as an air bag deployment system that can prevent
fracture. The fall detection device contains a 3-axis acceleration sensor and two 2-axis {ilt
sensors. We measured acceleration and tilt angle of body during fall and activities of daily(ADL)
living using the fall detection device that is attached on the subjects'. Moving mattress which is
actuated by a pneumatic system was used in fall experiments and it could provide forced falls.
Sensor data during fall and ADL were sent to computer and filtered with low-pass filter. The
developed fall detection device was successful in detecting a fall about 0.1 second before a
severe impact to occur and detecting the direction of the fall to provide enough time and
information for the fracture preventive device to be activated. The fall detection device was also
able to differentiate fall from ADL such as walking, sitting down, standing up, lying down, and
running.
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Fig. 1 Pneumatic actuator for fall guidance
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Table 1 Dynamic Characteristic of pneumatic actuator

Peak horizontal acceleration 20 m/s’

Time to peak acceleration 30 ms

Peak horizontal velocity 200 m/s

Time to peak velocity 15 ms

Displacement at time of peak velocity 13 cm

Total displacement 40 cm
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Fig. 2(b) Experimentation of forward fall -after fall
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Fig. 3 Fall detection algorithm
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Fig. 4(b) Sum vector of accelerations during activities of
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Table 2 Result from fall detection algorithm

Forward | Backward Rightward|Leftward| Running
Trial 1 |forward | backward |rightward | leftward | non-fall
Trial 2 | forward | backward |rightward | leftward | non-fall
Trial 3 | forward | backward |rightward | leftward | non-fall
Trial 4 | forward | backward | rightward |backward| non-fall
Trial 5 |forward | backward |rightward | leftward | non-fall
Trial 6 |forward | backward |rightward | leftward | non-fall

Trial 7 |forward | backward | rightward | leftward | standing fall

Trial 8 | forward | backward |rightward | leftward | non-fall
Trial 9 |forward | backward |rightward | leftward | non-fall
Trial 10 | forward | backward | rightward | leftward | non-fall
Result | 100% | 100% 100% 90% 90%
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Table 3 Number of fall detection

Fall
direction
Recognized
direction

Forward 97 - 1 2

Backward - 94 1
Rightward - 2 94 -
Leftward - 1 - 93

Non-fall 3 3 4 4 93

Total 100 100 100 100 100

Forward | Backward | Rightward | Leftward | Non-fall

N = (= W
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