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A WRIST -WORN FALL DETECTION SYSTEM USING
GYROSCOPES

ABSTRACT

This paper presents a system that utilizes wrist worn motion sensing devices to detect falls. The sensing device consists of a tri-axis accelerometer and a three-axis gyroscope. The user wears two devices, one on each wrist. The device transmits collected data to the computer through Zigbee. The system then analyses the collected data and determines if a fall event has occurred. The system can rule out the non-fall events such as clapping, lying down, jumping, and clapping during jumping, and will not misrecognize them as fall events. Compared to other devices worn on the head or the chest, the sensing devices are worn on the wrists, and hence will not drop off easily. This also saves the user from the trouble of taking them down and then putting them on again when the user changes clothes. According to the experimental results, the average sensitivity and specificity of the detection system reached 95% and 96.7%, respectively. It performed better than another wrist-worn fall detection mechanism.

INTRODUCTION
Due to the technological and medical progress, the population of seniors keeps growing in human society. Several researches indicated that when a fall accident occurs, many of them are incapable of moving their bodies or, even worse, in an unconscious state, and thus they can only lie on the ground and wait for help. As researchers also note, the longer they wait, the longer the recovery time is. Thus, it is very important that the medical treatment be provided in time. Due to the advance of technology and popularity of MEMS sensors such as accelerometers, gyroscopes, etc., many researchers have developed detection systems by utilizing the sensors to detect fall events. When a fall is detected, medical treatment can then be provided in time. The accelerometer is one of the most popular sensors used to detect the body motion. The signal vector magnitude (SVM) and the change in orientation are calculated and used for detection. Although falls can be detected by their device, some human motions such as sitting down and lying down may lead to false alarms. 

The gyroscope is another popular sensor used to detect body motions. A two-axis gyroscope and attached it to the user's chest, waist, and right arm. They detected falls by analyzing the body angel speed and the thigh angel speed. Their approach produced good experimental results on detecting falls. However, they did not consider some normal motions such as sitting down and lying down, and therefore, the practicability of the approach is still uncertain. Over the years, smart phones have become very popular. Because they are equipped with accelerometers and gyroscopes, some researchers adopted smart phones as sensing devices. Placed a smart phone on the waist to sense the human motion, detect the impact, and compute the angel change of human body. Since many people carry their smart phones by placing them in the pockets of the clothes or pants, or even in bags, it is not very realistic to ask the users to place their smart phones on the waist. 

The Smartphone approach may generate false alarms when the users place their smart phones somewhere other than on the waist. Recently, smart phone manufacturers Sony and Samsung further announced smart watches that can be paired with the smart phones, letting the user conduct calls or browse SMS messages directly from the watches. There is no doubt that, in 5V
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