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ABSTRACT 

Falls are critical events among elderly people that requires timely rescue. In this paper, we propose a fall detection 

system consisting of an inertial unit that includes tri-axial accelerometer, gyroscope with efficient data fusion and fall 

detection algorithms. Starting from the raw data, the implemented orientation filter provides the correct orientation of 

the subject in terms of yaw, pitch, and roll angles. The system is tested according to experimental protocols, engaging 

volunteers who performed simulated falls, simulated falls with recovery, and activities of daily living. By placing our 

wearable sensor on the waist of the subject, the unit is able to achieve fall detection performance. The results obtained 

through commonly adopted protocols show excellent accuracy, sensitivity and specificity. 
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I. INTRODUCTION 

Population ageing is unprecedented in the history of humanity and started in the western world during the 20th 

century. At the world level, the number of older persons is expected to exceed the number of children for the 

first time in 2045 [1]. Falls are the leading cause of injury-related hospitalization among people 65 years and 

older in society [2] and two thirds of all severe injuries in the elderly are caused by falls. The major 

underlying causes for fall-related hospital admission are hip fracture, traumatic brain injuries and upper limb 

injuries [3].The consequences of a fall depend on the sex and age of subject and on the direction and type of 

fall. Data from 3,628 falls of 12 different retrospective studies about the percentage of occurrence of types of 

fall among older persons living in a variety of settings. The environment-related falls are the most frequently 

occurred with a mean percentage of 31%. The category of gait disorders causes falls for 17% of cases. During 

the last decades, many solutions have been proposed for elderly fall detection. Such solutions can be 

categorized into three types.  

One of the earliest solutions involved ultrasonic sensor network system; such a system continuously monitors 

the elderly people in a nursing room and, when it detects a fall, caregivers are notified about the occurrence of 

such an event. The main disadvantage of this solution is the need to place a series of spatially distributed 

sensors within the environment in which the elder lives. Video and audio detection systems are commonly 

used solutions at present. However, also this kind of solution is limited to a given space under observation and 

it cannot achieve ubiquitous monitoring. 

The third kind of solution employs wearable devices with integrated Micro Electro-Mechanical Systems 

(MEMS) such as several motion sensors in order to automatically detect a fall and generate an alarm [4, 5]. 

Non-obtrusive wearable devices have been realized using a single accelerometer attached on the body of the 

subject. In this class of systems a fall is detected by observing changes in acceleration measurements provided 

by 3-axis accelerometers. Typical changes in acceleration during a fall can be identified and valued by 

appropriate algorithms in order to detect the event. 
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II.  WORKING PRINCIPLE 

       Block Diagram  

 

Fig.1 Block Diagram of Proposed System 

The above arrangement shows various sensors and power supply connected to the arduino controller. The 

power to the controller is supplied by respective power supply. The principle behind this is to detect various 

signals from the sensor and hence after detecting signals the output is observed in the LCD display.  

The sensor used in the project is MPU6050. The sensor is used to detect signals of fall of the patient. If values 

of sensor signal crosses the threshold limit indicating that the patient had fall and according to victim 

condition,  sensors crosses the threshold limit the buzzer is activated. Thus activation of sensor and buzzer 

traces the location of victim using GPS 900 and with the help of GSM 800A used sends the message of 

location to the corresponding contacts with a 10secs delay. 

 

III. RESULTS AND DISCUSSION  

There are two ways of connecting GSM module to arduino. In any case, the communication between Arduino 

and GSM module is serial. So we are supposed to use serial pins of Arduino (Rx and Tx). So if you are going 

with this method, you may connect the Tx pin of GSM module to Rx pin of Arduino and Rx pin of GSM 

module to Tx pin of Arduino. GSM Tx –> Arduino Rxand GSM Rx –> Arduino Tx. Now connect the 

ground pin of arduino to ground pin of GSM module and output as shown in figure 2 

 

Fig.2  Arduino Interfacing with GSM Module 
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Fig.3 a) Complete Prototype System 

 

 

Fig.3 b) Simulations Results 
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II. CONCLUSION  

A prototype of a wearable wireless device for fall detection implementing orientation filter has been realized. 

The orientation sensors are integrated within a compact module allowing the owner to move unrestricted and 

data are transmitted wirelessly. The fall detection algorithm was validated through experimental tests 

including simulated falls, simulated falls with recovery and ADL. The experimental tests were conducted 

according to both the protocols. Performance of the proposed monitoring system were evaluated by computing 

sensitivity and specificity of algorithm. An ideal fall detector should exhibit 100% average accuracy, 

sensitivity and specificity. 
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