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ABSTRACT 

 

Fall is the most consequential cause of injury in elderly that may lead to death sometimes, 

most of the deaths occurs due to the late response after the fall transpire. Elder people 

living in rural areas face this astringent issue and as the medical centers are very infrequent 

at those places, doctors cannot attend on them immediately, so this elderly fall detection 

system provides functionalities to notify the fall information to the server automatically 

which reduces the burden of caretakers who need to avail them perpetually. The 

amelioration of low performance utilizing a accelerometer at wrists and the inconvenience 

of sensor attached to a waist was concentrated on by integrating the efficacious motion 

sensing technology involved IMU like MPU-6050 which gives digital output from which 

Acceleration, Velocity and Quaternion data are observed and compared and additionally 

changing the sensor location from a waist to wrists. The fall detection system server is the 

web application server; it allows the doctor at medical center to monitor the real-time fall in 

the webpage. Once the fall information is received, the server updates the fall information 

on the page automatically. By this way the doctor who is attending on, can know the health 

status of his patient immediately by the notification on the webpage whenever there is an 

emergency. 

 

Keywords: Elderly Fall detection, Fall detection system, Real-time fall detection, 

Acceleration data, Velocity data, Quaternion data, Fall data on webpage 
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CHAPTER 1 

INTRODUCTION 

 

1.1   Background 
 

If the portion of people aged over 65 generally known as aged people is greater than 7% in 

a country such society is called as an aging society [1]. In this circumstance, it is the 

obligation of every country to take special care of them, but it is not so facile as the doctors 

cannot attend on everyone due to lack of technology and also some sort of communication 

gap additionally, and this is why several countries are promoting programs such as aging in 

place [2] which sanctions the aged people to remain in home environment only and their 

actions and movements are monitored by these remote systems and wearable sensors as the 

safety is given the top priority. A lot of importance is given to the monitoring of the 

activities of adult people in this program and additionally an abundance of research is done 

to test the precision of wearable sensors because it is all about a patient’s security, so their 

safety must be their first priority. It is additionally obligatory to accumulate the exact 

readings or information regarding the daily activities or movements of the aged people and 

hence a lot of research is done at this component additionally [2]. This wearable technology 

has given a way to other individuals additionally that they treat inordinately obese patients 

and thus inspiriting them to a healthy life cycle. To make it more sophisticated a wearable 

sensor can be designed such that it can monitor the physiological data, which is monitoring 

activities of adult people over a long time period/ long term. The technologies available 

now avail to achieve this long term monitoring of physiological data. This technology has 

the ability to achieve long term monitoring of the bio-medical signals like pulse rate, blood 

pressure, skin conductivity, body temperature and momentum [1]. A lot of research is done 

on the wearable technology for its efficacious use and to boost its capability. 

 

 
Figure 1.1 Architecture of the health care system [1] 

 

Figure 1.1 illustrates the architecture of the healthcare system proposed in this thesis work. 

The wristband-style device is used to measure the required signals from this system and the 

measured data is transmitted to a data managing server using a wireless internet network in 

a mobile device when it is used at an outdoor condition or a PC internet network when it is 

used at an indoor condition in order to connect them to emergency services and medical 

centers. 
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1.2  Statement of the problem 

 

Fall is the most consequential cause of injury in elderly that may lead to death sometimes, 

most of the deaths occurs due to late response after the fall transpire. Many algorithms have 

been proposed in recent days for efficacious fall detection in elderly but most of them 

incline to detect the fall by the band attached to waist according to a survey [3]. Waist band 

is very inconvenient to wear all day and also it is very arduous to conclude a fall with only 

an acceleration threshold data, so an algorithm which includes the velocity as well as the 

quaternion data for efficaciously concluding a fall is habituated here and the inconvenience 

part is concentrated on by shifting to wristband instead of waistband. 

 

1.3 Objectives  

 

The Overall objectives of this thesis are: 

 To design the new automatic fall detection system for rural people which is of 

wristband-style that can read and send sensor data in a real-time manner over long 

distances and determining the accidental fall. 

  Once the data from this sensor is read, the server should automatically update it on 

the webpage.  

 The GSM module is used to connect to the internet for the transmission of sensors 

data. By this way the doctor at the medical center would be notified immediately 

whenever there is an emergency for the patient.  

 The whole system must act like a client-server model where the medical center acts 

like a server waiting for the information from the client. 

 

The Specific objectives are: 

 The improvement of low performance using an accelerometer with only 

Acceleration threshold is concentrated on by integrating the efficacious motion 

sensing technology involved IMU like MPU-6050 which gives digital output to get 

the Acceleration threshold, Velocity threshold, and Quaternion data. 

 

 The inconvenience of sensor attached to a waist is concentrated on by transferring 

the sensor location from waist to wrist. 

 

 The performance is increased by choosing the components that consume low 

power, low volume and less in size to accomplish the wrist band requisites. 
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1.4  Limitations and scope   

 

This research study will cover the implementation of the automatic fall detection system 

with the emergency alert notification for the post-fall period. The system comprises of two 

parts: the client for elderly fall detection system and the server for the medical center. The 

velocity parameter data obtained from the IMU can be negative sometimes, even when 

there is no fall activity performed by the person. Due to the limitation of the internet speed 

of the 2G network in some areas, there will be some delay for the information transmitting 

from the client to the server. In some cases the device may be broken after the fall, so the 

system will not connect to the server. The fall situation will be simulated manually 

applying force with appropriate threshold to be able to engender the fall case. 

 

1.5   Structure of the thesis  

 

The outline of this thesis is shown as follows.  

 

In Chapter 2, the literature review of the related schemes will be provided.  

 

In Chapter 3, the methodology of the proposed system will be provided.  

 

In Chapter 4, the implementation and results will be provided.  

 

In Chapter 5, the conclusion and recommendation will be provided.  
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1   Information 

 

As the name suggests, the wristbands are the bands/strips worn on the wrist which are 

generally composed of variants of materials depending upon the purpose they are used for. 

There are many types of wristbands that include silicone wristbands, ultra violet 

wristbands, medical wristbands, event wristbands. These wristbands can also be classified 

by their material as plastic wristbands, vinyl wristbands, glitter and holographic metallic 

wristbands and silicone wristbands respectively [4]. In this thesis work our main intention 

is to design a wristband which is simple to use and interacts only with specified body parts, 

so this indeed is a challenging device. The wearable technology these days has provided the 

customers with an abundance of options and benefits for home-utilization, exercise and so 

on. In 2015 it was predicted that the revenue from this wearable technology will be 

increased by 40% in the next five years as consumers incline to shift from tablet and mobile 

devices to smaller wearable technologies that can provide the same applications [2]. When 

verbalizing about the review of wearable sensors and systems, they have diagnostic as well 

as monitoring applications. Wearable sensors are currently capable of physiological 

sensing, biochemical sensing and motion sensing. These technologies avail solve problems 

in some way. Physiological monitoring helps in diagnosis and it also helps in the treatment 

of a prodigious number of persons with neurological, cardiovascular and pulmonary 

diseases and those diseases can be seizures, hypertension and asthma. While home based 

motion sensing helps in the fall detection, it thus helps the adult security and capability. 

Generally remote monitoring systems have the ability to treat the most problematic patients 

like the patients living in the rural area who don’t get opportune and efficient medical care 

as they don’t have much physicians working in those areas. These rural areas people are 

supposed to travel three to four times more distance when compared to the urban areas 

people and hence these wearable sensors and remote monitoring systems have the 

competency to reach the medicos to rural areas by their sophisticated technology. This type 

of systems avail an abundance of people, especially people in the rural areas. 
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2.2 Bio-medical signals measuring method 

 

Many devices these days are habituated to measure the bio-medical signals like pulse rate, 

skin conductivity, temperature, and momentum [1]. There are many methods evolved to 

measure these parameters and some of the methods are as follows 

 

2.2.1 Bio-medical signals measuring method for soldiers in combat field 

In a research article by Róanowski et al. [5] a project on biological signal measurement for 

psychological profiling of soldiers is experimented and designed. This project is initiated 

for soldiers in the combat field. The measurement system is designed in a way to acquire 

the bio-medical information of the soldiers also the level of fatigue (tiredness) in them. This 

psychological data is acquired when they are under exercise conditions. Acquiring such 

data will help them in a way that this proposed device/system could be able to get the 

precise profiles of them even when they are in the combat fields. Precision is the most 

important factor in any case and an adequate task management would be done by this 

measurement method. The proposed system consists of three modules namely the 

measurement module, communication module and the powering block module. The devices 

in the system will be able to communicate with each other through a dedicated protocol 

which is based on Control Area Network (CAN) bus interface, the measurement system 

was designed as portable and was powered up by a battery which can be attached to the 

clothing such that the other measurement devices cannot interrupt and those devices can be 

placed in a backpack. Although the system consists of many measurement devices, this 

article presented only two of them and that include, Blood pressure measurement module 

and an Auxiliary research module. Blood pressure measurement will give good information 

about the physiological activity of a person. This Blood Pressure Measurement Module 

(BPMM) is used while doing exercises under controlled conditions, like running on a 

treadmill and the another module is the auxiliary Research Module (RM) which measures 

biomedical signals such as the Electrical Muscle Activity (EMG), oxygen saturation of 

blood (SpO2), respiratory rate and skin temperature. The module stores the data of weather 

conditions like atmospheric pressure, air temperature and this information is all stored in a 

memory card and those are made available to other parts of measurement device via 

communication protocols based on Universal Asynchronous Receiver-Transmitter (UART), 

CAN interfaces. This data can be sent to a computer over Universal Serial Bus (USB). The 

circumscription of this study is that the biomedical signals could be measured individually, 

that is each signal can be measured by individual device, but the result is satisfactory as the 

devices are all diminutive and can be utilized in the combat field. Figure 2.1 shows the 

Blood pressure measurement module. Although the measurement system consists of many 

devices, this article presented only two and this module is one among them as explained 

above. This module gives good information of physiological activity of a man which is 

used while running on a treadmill.  

 
Figure 2.1 Blood pressure measurement module [5] 
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2.2.2 Bio-medical signal measuring method for a person in wheel-chair 

 

When the measurement system has to measure the bio-medical signals on a moving 

platform, it would be arduous to detect the heart rate. In a research article proposed by Han 

et al. [6] the system measure both Electrocardiography (ECG) and Ballistocardiograph 

(BCG) signal of a person on a wheelchair. Regardless of whether the person on wheelchair 

is resting or moving it detects the heart rate and respiratory rate and then transmits the 

message to the server in an emergency situation. This type of bio-medical signal measuring 

method has an advantage that it could measure bio-signals such as the heart rate and the 

respiratory rate. After measuring the two signals, the information obtained is transmitted to 

the server whenever there is any emergency situation.  This type of system is been actively 

studied in many institutions because of the predicted fact that the device is able to measure 

the bio medical signals such as the heart rate and the respiratory rate.  In-order to get the 

ECG signal in real-time, the respiratory rate and the heart rate are both measured and the 

readings of those are obtained. The heart rate signal can be measured by ECG and can be 

even measured by BCG but obtaining heart rate by BCG is an arduous task to detect when 

the wheelchair is moving because of the physical noises due to the movement of the person. 

The amplifier circuits are used to acquire ECG and BCG signals. The main intention of the 

developed system is to measure the BCG of subjects on a chair employing a noncontact 

Electro-Mechanical Film sensing element (EMFi sensor). When the subjects are moving in 

a wheel-chair, it measures the rate of respiration from BCG in real-time. The EMFi sensor 

used here is a seat-type noncontact device. Generally it measures the BCG of a person 

moving in a wheel-chair in a wireless manner. For communication process and transferring 

the data a transmitter and a receiver using Zigbee wireless Radio Frequency (RF) 

communication technology is developed. The drawback in the system is, the experiment is 

performed in a laboratory conditions and the results are much accurate, but if the system is 

used in a daily environment the noise of chair vibration from the BCG signal is observed. 

Figure 2.2 shows the wireless BCG measurement device developed and installed on the 

wheelchair. 

  
Figure 2.2 Wireless BCG measurement device mounted on cushion of wheel chair [6] 
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2.2.3 Heart-rate monitoring method using a wristband  

 

The research article by Trattler et al. [7] is about the design of a wristband that utilizes 

AS7000 bio-sensor attached to the wrist to implement a heart-rate monitoring system. 

Generally the hear-rate information of an individual provides a lot of information regarding 

one’s physical health and mental health aswell. A lot of population suffers with heart 

diseases and ends their life due to it. An ECG chest strap could monitor the heart-rate but it 

is much expensive, uncomfortable to the patients and the continuous monitoring of a 

patient’s heart could not be done as the patient needs to be on either a bed or a chair to get 

the hear-rate data continuously. In this article they have proposed a measurable device like 

a wristband which has many benefits. Generally a wristband is a very convenient option for 

the users as it doesn’t occupy much place on the body and also it doesn’t obstruct the daily 

activities performed by the elder person. The utilization of an AS7000 bio-sensor, an 

optical module which is generally small and thin enough to fit into wearable sensor based 

device like the wrist watches or the wrist bands id done in this system. The use of the 

AS7000 biosensor in this device made the design more comfortable and affordable to the 

users. This became a major advantage to this device over other devices. The article also 

compares the results of this particular device with the ECG chest strap. The normal ECG 

method of measuring heart activity via electrodes on the body senses the electrical stimulus 

obtained from the central nervous system to make the heart muscles contract and a Heart 

Rate Variability (HRV) reading can be captured by measuring the interval between each 

electrical pulse which is commonly known as the beats per minute. In the heart-rate 

measurement the average heart rate is calculated by knowing the contraction of the blood 

vessel. This theory gave rise to an alternative method of heart-rate measurement known as 

PhotoPlethysmoGraphy (PPG). This method unlike the heart rate measurement will 

measure the pulse rate of a person through the blood vessel located at the wrist, and so the 

PPG method is inculcated in the AS7000 sensor for measuring the heart rate with a device 

attached at the wrist unlike measuring directly from the heart, which is more complicated. 

Figure 2.3 shows the ECG signal obtained using three limb-clamp electrodes. The peak-to-

peak time interval measured in milli seconds (ms) is shown in the signal. 

 

 

 
                    Figure 2.3 ECG signal obtained using three limb-clamp electrodes [7] 
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Figure 2.4 shows an optical PPG signal obtained on the wrist. The signal is obtained from 

the AS7000 bio-sensor at wrist and the peak-to-peak time in milli seconds (ms) is 

calculated.  

 

 
                             Figure 2.4 An Optical PPG signal obtained on the wrist [7] 

 

 

Figure 2.5 shows the design of wristband developed using AS7000 bio-sensor in this type 

of system. The module combines 2 LED light sources, a highly sensitive photo–diode, an 

Analogue Front-End (AFE) for amplifying the signal obtained and a tiny embedded 

processor which converts the raw light signals into the digital measurements of pulse rate 

according to the PPG method. 

 

 
                               Figure 2.5 Wristband developed using AS7000 bio-sensor [7] 
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2.2.4 Sweat monitoring method by using a wristband  

 

When we consider the device/system used to measure the bio-medical signals, it can be a 

wearable device like a wristband or a headband. In an article by Prachi Patel [8] the design 

of a perspicacious wearable sensor that does sweat monitoring was explained. The sweat 

contains many chemical compounds with concentrations transmuting in real-time. The 

design of a wearable device that can be a wristband or a headband for measuring levels of 

molecules in sweat and transferring the data to the smart-phone wirelessly is done. The 

device is an amalgamation of a panel of plastic chemical sensors with silicon integrated 

circuits on a flexible circuit board. It is designed in a way that it should continuously gather 

levels of four components of sweat like two electrolytes namely potassium ions, sodium 

ions and two metabolites namely glucose and lactate. The other researchers have 

experimented with this type of wearable sweat-sensor but they measured only one 

compound at a time or they don’t have a circuit for signal processing and for the calibration 

mechanism to get the precise results. To authentically test the design of the sensor, a 

volunteer wore that wristband or a headband and was exercising on a cycle at rest and the 

results obtained from the sensor matched the metabolite and the electrolyte numbers 

measured in sweat samples taken every few minutes. The use of this sensor to measure the 

potassium and sodium levels in people to monitor dehydrations is important. The 

concentrations of these two ions increase with dehydration. To identify broader application 

domain the research work is still extended. As per Jason Heikenfeld, these researchers were 

the first to integrate the sweat sensors into a wearable device with bluetooth technology. 

Figure 2.6 shows the design of sweat monitoring wearable sensor. It is an amalgamation of 

a panel of plastic chemical sensors with silicon integrated circuits on a flexible circuit 

board.  

 

 
Figure 2.6 Sweat monitoring wearable sensor [8] 

 



10 
 

2.3 Fall detection methods 

 

There are various methods proposed for the detection of a fall in elder people. The sensors 

are integrated into the system and are put on a band and the band is worn on either wrist or 

any other body part. Each method has its own advantages and disadvantages. The methods 

for detecting a fall are shown as follows 

 

2.3.1 Fall detection system using GSM network 
The fall detection system with a combination of sensors such as accelerometer and 

ultrasonic sound sensor is developed by Manigandan et al. [9]. The two sensors namely the 

accelerometer and the ultrasonic sensor are used for the accurate detection of a fall in elder 

person. The accelerometer is used for sensing the movements of a person and the ultrasonic 

sensor is used for detecting a free fall motion in the person by measuring the distance. Once 

the thresholds of both the sensors are reached, the system triggers a fall event and an 

emergency alert is sent to the care-takers and to the doctors through a GSM module. By this 

process an elder person can get the help in time and can be saved. The system is divided 

into two sections namely the transmitter section and the receiver section. The transmitter 

section consists of an Arduino UNO board, an accelerometer, an ultrasonic sensor and the 

RF (Radio Frequency) transmitter. The information obtained from both the sensors namely 

acceleration sensor and the ultrasonic sensor is fed to an algorithm in which the thresholds 

of both the sensors is fixed. The algorithm is written to the Arduino UNO board. The data 

is obtained by the arduino board and transfers it to the RF transmitter for communication 

with the receiver section. The receiver section consists of an Arduino UNO board; an RF 

receiver and a GSM module. Generally the information obtained from the RF transmitter is 

transferred to the RF receiver and is fed to the Arduino board which is connected to a GSM 

module for sending an emergency alert in case of a fall encountered in elder person. Figure 

2.7 shows the transmitter and the receiver section of the fall system. The transmitter section 

consists of an Arduino UNO board, an accelerometer, an ultrasonic sensor and the RF 

(Radio Frequency) transmitter. The receiver section consists of an Arduino UNO board; an 

RF receiver and a GSM module.  

 

Figure 2.7 Hardware of the fall system using GSM network [9] 
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2.3.2 Fall detection system using consumer home networks  

The fall detection system that is based on smart sensors worn on the body and operating 

through consumer home networks is proposed by Wang et al. [10]. Generally three 

different types of thresholds are used in the system to determine a fall precisely in the home 

healthcare environment. The information is obtained from the accelerometer, the cardio 

tachometer and the smart sensors. After obtaining the information from these sensors the 

data during fall is stored and then compared among the normal activities and the fall 

activities performed by the elder people. Normally the smart sensors are used in the 

wearable devices for precise results. The proposed system can be affixed to the human 

body or worn by attaching it to clothing or jewelry. The structure of the proposed fall 

detection system is shown in Figure 2.8. The system is programmed in a Micro 

programmed Controller Unit (MCU). The system includes the accelerometer sensor and the 

other smart sensors namely temperature and humidity sensors. These sensors are all 

integrated on a single board. The sensors integrated in the system will record the real-time 

information and also the ambient information for the precise results. The information from 

the sensors is first obtained by using an analog-to-digital converter (ADC) and then the 

digital signal obtained is transmitted to the MCU for further processing. The heart rate is 

captured by a pulse pressure sensor and is also passed directly to the MCU.  

 

Figure 2.8 Fall system architecture using wireless sensor network [10] 

The system uses a small low power tri-axial accelerometer to measure the static 

acceleration of gravity and to measure the dynamic acceleration results from motion and 

vibration. The other smart sensors used in the system are utilized to detect the heartbeat 

pulse. When the system is setup, it checks whether the SMV (Sum Vector Magnitude) is 

above the threshold set, if it doesn’t reach the threshold value then it would continuously 

check the pulse rate of the person and when the heart rate is above a threshold value set, the 

system will assume it as an emergency situation and would contact the caregivers to check 

out for the elderly person physical condition.  
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2.3.3 Fall detection system using a quaternion algorithm 

The fall detection system with acceleration threshold and a quaternion algorithm for an 

effective detection of an elderly fall is proposed by Wu et al. [11]. The system monitors the 

movements of the elderly person continuously. An effective quaternion algorithm is 

adapted to recognize a fall activity from the normal daily activities by an elderly person. 

The system automatically sends an alert to the caregivers along with the patient’s exact 

location by GPS technology. The system uses a single tri-axial accelerometer and a 

GPS/GSM module for detecting an elderly fall. The device uses an efficient fall detection 

algorithm with a minimum number of resources. The system uses the low power modules 

to minimize the power consumption. The system is designed in a way that an elderly can 

use it for outdoor purposes. A single tri-axial accelerometer is used for human fall 

detection. Sufficient information could be extracted from single tri-axial accelerometer 

measurements. Generally if only the magnitude of the sum vector is required from the tri-

axial accelerometer then the sensor’s co-ordinate need not be fixed for a single co-ordinate. 

This is a very convenient option for a wearable device to be used by a person. Figure 2.9 

describes the architecture of the developed system. The developed system is placed on the 

human’s waist although it is inconvenient to wear all day. The system can detect the elderly 

falling by the analysis of the acceleration. The system will get the elderly geographic 

position when a person fall down and a fall alarm message is sent to the caregivers. By this 

the elderly who has fallen can get help in time in case of emergency.  

 

Figure 2.9 Architecture of fall system with quaternion algorithm [11] 

The fall detection system uses an algorithm which uses the sum acceleration threshold data 

as well as the rotation angle threshold data for detecting a fall precisely. The system uses 

the sum acceleration threshold parameter for distinguishing movements of a person which 

are with high intensity that doesn’t come under a fall activity like jumping or sitting. The 

second parameter used is the rotation angle. The motion of a person is not that dynamic and 

will have a low acceleration, so it is arduous to rely on a single threshold based parameter. 

The rotation angle is obtained by finding the rotation between the gravity vectors obtained 

before and after falling which is easier to calculate than obtaining the angle between the 

two 3-D acceleration vectors. The gravity vector is obtained by using a low-pass filter.  
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2.3.4 Fall detection system using smart phone and pulse wave sensor  

 

The fall detection system with acceleration data, angular velocity data and the pulse wave 

sensor data for concluding a fall precisely is developed by Azizul W. et al. [12]. The system 

makes use of the sensors in the smart phone for measuring the acceleration data and the 

angular velocity data. An external sensor is used for measuring the pulse wave signal. A 

software application present in the smart phone is used for detecting a fall. A pulse wave 

sensor is used for measuring the pulse of a person when a fall is occurred to conclude a fall 

precisely. The pulse wave sensor used in the system is connected to the smart phone 

through a wireless communication known as the Bluetooth. Generally when a person 

performed a fall activity, the pulse rate of the person increases with anxiety experienced 

during a fall. So a pulse sensor is useful for reducing the number of false positives and 

improving the accuracy of the system. Generally like in every fall system testing, the 

system developed is tested by affixing it at different body parts like to the chest by 

attaching it to the pocket, to the thigh with system in back pocket and to the waist with a 

belt. But considering the precision as the important factor, for higher accuracy purposes the 

system is affixed to the chest by keeping the system in the person’s pocket. During the 

experiment the person is pushed deliberately from behind with a carpet on the floor. Then 

as per the algorithm inculcated in the system it first checks for the acceleration and angular 

velocity thresholds. If the acceleration is below ±3g and angular rate is over 30deg/s it 

considers it as the initial stage of a fall and later it observes the pulse wave pattern and if 

both the thresholds are as per the pre-determined value the system gives the fall alert and a 

fall is concluded precisely. Figure 2.10 shows the flowchart of the fall detection algorithm 

including pulse wave sensor. Firstly it observes the acceleration and the angular velocity 

values and if the thresholds are met then it checks for the pulse wave pattern and concludes 

a fall precisely. 

 
Figure 2.10 Flow chart of fall detection algorithm including pulse wave sensor [12] 
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2.3.5 Fall detection system with a push button to cancel false alarm 

A fall detection system with a wearable monitoring device which is affixed to the human 

waist with a push button to cancel false alarms is developed by Rihana et al. [13]. The 

proposed system is divided into three different parts namely the measuring device for 

obtaining the acceleration of a person, the GSM module for sending an alert incase of an 

emergency to the care-taker and the doctors, and a GPS module for obtaining the exact 

location of the person when a fall has occurred. The system has a push button feature for 

cancelling the false alarms. The system is useful for such elder people who cannot perform 

normal ADL like walking and running. When the elder person who needs to be assisted 

completely on only bed encounters a sudden fall, the system makes use of the GPS module 

and sends an immediate emergency SMS alert to the caretakers and the doctors through the 

GSM module that the person has crossed a prescribed threshold distance. The threshold 

distance in this system is set to 100m. By this way the care-takers need not constantly assist 

the elder people. The system sends the exact location of the person by GPS module. The 

hardware involved in the system is the Arduino UNO, GPS EM-406A, SIM 5100B GSM 

module and the ADXL 345 tri-axial accelerometer. Arduino UNO is used because of its 

small size and a more number of I/O ports. The most important variable used in the system 

is the total acceleration which is the square root of the sum of the squares of the three axes 

acceleration vector. A fall is detected when the total acceleration is more than a pre-defined 

threshold. Figure 2.11 shows a fall detection system which encompasses the measuring 

system, the GPS receiver for location finding, the process unit and the GSM module 

causing an alert message alerting others that a fall activity occurred and a push button to 

cancel false alarms.  

 

Figure 2.11 System wearable prototype and its different features [13] 
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2.3.6 Fall detection system using two MEMS accelerometers 

The fall detection system with Tiny OS and Mica2Dot motes developed at UC Berkeley 

which is used as a research platform for low-power wireless sensor networks is developed 

by Chen J. et al. [14]. The proposed system aims to develop a system which is small and 

light-weight and can be worn in daily life without causing any disturbances to the normal 

activities performed by a person, to make it a user-friendly device. The system makes use 

of two dual-axes MEMS accelerometers which are placed right angles to each other. The 

Mica2Dot mote is provided with the Atmel AT mega 128L microcontroller; 4KB of RAM 

and a 433 rate radio capable of data transfer at 38.4 kbps with a radio range of a thousand 

feet and is battery-powered by 2 AA batteries. The mote and the battery to power up the 

system are placed in a small pack. Based on the previous fall detection systems as accuracy 

is the primary concern the proposed system is attached to the waist of a person. The waist is 

the only part of the body that doesn’t have large random movements unlike the wrist and 

the leg. The system detects a fall and then sends an emergency alert to the base station, 

where a computer will process the information and notifies an emergency alert to the care-

takers and the doctors. The norm of the three-axes of acceleration is measured inorder to 

determine a fall. Because the thresholds setup for every axis to determine a fall cannot give 

a precise result. The angle change in the person when a fall has taken place is considered 

the second step in determining a fall effectively. The angle change is greater than 900 when 

a fall is occurred. When the two threshold conditions namely the norm of the acceleration 

vector and the angle threshold are satisfied, an emergency alert is given to the care-taker. 

The proposed system is tested in the indoor environment with two martial students 

performing different fall activities. Figure 2.12 shows the fall detection sensor board. This 

has 2 dual-axis MEMS accelerometers mounted at right angles. 

 

Figure 2.12 Fall detection sensor board [14] 
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2.3.7 Fall detection system using particle core with in-built Wi-Fi 

  

The fall detection system with particle core connected over Wi-Fi and adxl335 

accelerometer to detect a fall and transferring the fall information over Wi-Fi is proposed 

by Henry J. [15]. Generally every fall detection system aims to meet the constraints of the 

device such as the size of the device, efficient algorithm induced in the system and the cost 

of the system. The proposed fall detection system has met all the required constraints. A 

fall is detected by the drastic change in acceleration in two or more axis. The consideration 

of change in acceleration in more than two axes allowed detecting a fall precisely and also 

the number of false positives occurred are reduced. Generally the acceleration along the 

three axes is combined into a single variable and when that variable crosses a particular 

threshold an emergency alert is activated. An emergency alert for the care-takers and the 

doctors when a fall is occurred can be of different types such as the alert by the audio, a 

notification on the webpage, an email alert and a buzzer type alert. The proposed system 

made use of the alert by the email type of an emergency alert. The hardware used in the 

system is the arduino board, three axes accelerometer and a particle.io module with in-built 

Wi-Fi feature for wireless communication. A Gmail dashboard which is named “Patient 

Fall Activity Monitor” is created for the visual display of the sensor data. The raw 

accelerometer data is plotted by using Thingspeak application software. An email alert is 

received in a very short span of time right after a fall is taken place. The email alert consists 

of additional information regarding a fall like the Fall Device ID and the accelerometer 

Trigger worth. Figure 2.13 shows the fall alert wearable system design employed in this 

type of fall detection system. It uses particle core connected over Wi-Fi and adxl335 

accelerometer to detect fall and send the information over Wi-Fi. 

 

 
Figure 2.13 Fall alert wearable system design [15] 

 



17 
 

2.4 Summary 

The proposed system is compared with the developed systems as shown in Table 2.1. The 

journal 1, [9] describes a system which uses acceleration and ultrasonic thresholds and 

sends an emergency sms in case of a fall. The journal 2, [10] describes a system which uses 

acceleration, temperature, humidity and heart rate data for concluding a fall. The journal 3, 

[11] describes a system which uses acceleration and quaternion algorithm and sends an 

emergency alert to webpage in case of a fall. 

Table 2.1 Comparison of the proposed device to the existing devices 

Proposed system Journal 1 [9] Journal 2 [10] Journal 3 [11] 

1. The device is designed to 

be worn on the wrist to 

make it user-friendly 

without any inconvenience 

 

2. The system uses the three 

threshold algorithmic rule 

(Acceleration, 

Velocity, Quaternion) 

for concluding a fall. 

 

3. The data is transmitted to 

a web-page through GSM 

module to alert the doctor 

when fall transpire. 

 

4. The system made use of 

smallest components 

possible to make it 

convenient for users. 

 

5. The computing effort and 

resources were reduced by 

using best motion precision 

technology involved IMU 

 

 

 

 

6. The performance is high 

because of digital IMU, 

highly efficient algorithm 

and is not prescribed to be 

worn on a specific body 

part. 

7.  Prediction is 90%,  

     Recall is 90% , 

     F1(Accuracy) is 90% 

There is no PCB 

designed for this 

system  

 

 

The system uses  

Acceleration and 

ultrasonic sensor 

threshold to conclude a 

fall. 

 

The system sends an 

sms to the caretakers in 

case of emergency 

through GSM module  

 

The system doesn’t 

make use of small 

components and is not 

convenient at all. 

 

The computing effort 

and resources are high 

as they make use of  

analog accelerometer 

and an ultrasonic sensor 

for processing 

algorithms 

 

The performance is low 

because of the less 

effective algorithm and 

less effective sensors 

 

 

Not mentioned 

The proposed system has 

been deployed in a 

prototype system 

 

 

The system uses the 

acceleration, 

temperature, humidity 

and the heart rate data to 

conclude a fall. 

 

The processed data from 

the microcontroller is 

then fed to algorithm and 

the alert is given 

 

The system doesn’t make 

use of small components 

and is not convenient at 

all. 

 

The computing effort 

and resources are high as 

they make use of analog 

accelerometer and three 

other ambient sensing 

sensors. 

 

 

The performance is 

better as the 

computational time is 

more because of analog 

accelerometer and use of 

many sensors. 

 Sensitivity is 96.8%, 

Specificity is 98.1%, 

Accuracy is 97.5% 

The device is worn on 

waist which is 

inconvenient to wear 

all day 

 

The system uses the 

acceleration threshold 

and the quaternion 

gravity data for 

concluding a fall 

 

The data is sent to a 

web-page to alert the 

doctor when fall 

happen through GSM 

module. 

The system prototype 

is not small and is 

inconvenient to wear 

all day 

 

The computing effort 

and resources are high 

as they use single 

MEMS accelerometer 

and compute the data 

 

 

 

The performance is 

better as the 

computational time is 

more because of it’s 

less effective 

accelerometer 

 

Sensitivity is 97.1%, 

Specificity is 98.3%. 
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CHAPTER 3 

METHODOLOGY 

 

3.1 System design 

 

The design of the proposed system is simple to make it user-friendly. The components 

chosen are small in size to ensure that it affixes to the wrist like a wrist watch. The 

measuring system is called the fall detection system which comprises of the IMU sensor, 

microcontroller and GSM module. The receiver system is called the fall detection server 

which comprises of the main server and the medical center PC. The architecture of the 

proposed system is shown in the figure below 

In Figure 3.1 there is an IMU sensor connected to the micro controller board for this type of 

system. When the fall is detected by the system, the information of the fall will be 

transferred to the main server through the 2G network module (GSM). The doctor will get 

the alert notification through the medical center PC and will prepare to attend on the patient 

immediately. The alert is visually perceived on the desktop screen for the fall detection and 

then the doctor team will go for the rescue of the patient.  

 
Figure 3.1 Fall detection system block diagram 
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3.2 System classification 

 

The proposed system in this thesis will be implemented into two main parts: First part is the 

Fall detection system utilizing Arduino Pro Mini with IMU sensor and GSM module. The 

IMU sensor used in this thesis work is the MPU 6050 as stated by Al-Dahan, Z.T., et al. 

[16]. Second part is the fall detection center/server for receiving the fall information. The 

server provides the information for the medical center to receive the real-time elderly fall 

information to be able to send the ambulance or the doctor himself to attend on the patient. 

The server provides the access through the web-user interface. 

 

3.3 Hardware specification  

 

The hardware diagram of the elderly fall detection system composes of Arduino Pro Mini 

328 - 5v/16MHz as the development board, SIM800L Quad-band Network Mini GPRS 

GSM Breakout Module and MPU6050 Triple Axis Accelerometer and Gyro Breakout. The 

IMU module uses I2C (Inter-Integrated Circuit) protocol for communication with Arduino 

Pro Mini 328 – 5v/16MHz. The GSM module and the Arduino Pro Mini communicates 

through UART serial port (serial communication through RX/TX pins). The GSM module 

is accessed through AT commands by in-built TCP/IP stack. It gets the data updated on 

webpage in the laptop from the server by HTTP GET request.  

 

Figure 3.2 shows the hardware specification for the proposed system and the 

communication protocols utilized by them. The communication protocols involved here are 

as explained above 

 

 

 
Figure 3.2 Hardware diagram for fall detection system 
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Arduino Pro Mini 

 

The Arduino Pro Mini development board is used in this proposed system and their 

specifications are listed below 

 ATmega328 running at 16MHz with external resonator (0.5% tolerance) 

 0.8mm Thin PCB 

 USB connection off board 

 Supports auto-reset 

 5V regulator 

 Max 150mA output 

 Over current protected 

 Weighs less than 2 grams 

 DC input 5V up to 12V 

 On board Power and Status LEDs 

 Analog Pins: 8 

 Digital I/Os: 14 

 

The GSM module used in this proposed system is the SIM800L and their specifications are 

listed below 

SIM 800 L 

 Quad-band 850/900/1800/1900MHz 

  GPRS multi-slot class 12/10 

  GPRS mobile station class B 

  Meet the GSM 2/2 Standard 

  FM: Frequency range 76 ~ 109MHz, 50KHz tuning step 

  Size : 15.8 x 17.8 x 2.4 mm 

  Weight : 1.35g 

  Control via AT commands  

  SIM Application Toolkit 

  Supply voltage range : 3.4 ~ 4.3V 

  Low power consumption 

  Operating temperature range : -40 ~ 85'C 
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The IMU sensor used in this proposed system is the MPU 6050 and their specifications are 

listed below 

MPU 6050 

 Digital-output of 6-axis Motion Fusion data. 9-axis fused data from Motion 

Processing Library  

 Tri-Axis angular rate sensor (gyro) with a sensitivity up to 131 LSBs/dps and a full-

scale range of ±250, ±500, ±1000, and ±2000dps  

 Tri-Axis accelerometer with a programmable full scale range of ±2g, ±4g, ±8g and 

±16g  

 Reduced settling effects and sensor drift by elimination of board-level cross-axis 

alignment errors between accelerometers and gyroscopes  

 Digital Motion Processing™ (DMP™) engine offloads complex Motion Fusion, 

sensor timing synchronization and gesture detection 

 Embedded algorithms for run-time bias and compass calibration in library. No user 

intervention required  

 Digital-output temperature sensor 

 VDD Supply voltage range of 2.375V–3.46V; VLOGIC (MPU-6050) at 1.8V±5% 

or VDD 

 

 

 

Server Hardware specification  

 

In this thesis, a Laptop will be used as a Fall detection system server. 
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3.4 Arduino Pro Mini  

 

The pin diagram of the Arduino Pro Mini explains the details of every pin on the board. 

Zhang et al. [17] stated the procedure to be followed to interact with the board and get 

acclimated with it and dumping the code. 

 

In Figure 3.3, the top view of the Arduino Pro Mini is shown with the detail of each pin.  

 
Figure 3.3 Arduino Pro Mini pin out diagram [17] 

 

3.4.1 Size constraints for the device 

 

As the proposed device is a wristband, it is very important to integrate the components 

which are of diminutive size that can fit onto a band and can be worn on wrist. The 

dimensions of the Arduino Pro Mini PCB are approximately 0.7” x 1.3” [17].  

 

In Figure 3.4 the size of the Arduino Pro Mini can be seen by comparing it with a quarter 

dollar. So it is impeccable to be worn on hand. 

 
Figure 3.4 Comparing Arduino Pro Mini with quarter dollar [17] 
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3.5 Pin assignment 

 

The explanation of the entire pin mapping done among the Fall detection system hardware 

is as follows 

 

The battery positive terminal is connected to the right terminal of slide switch (any of the 

terminals other than the middle one can be used); the battery negative terminal is connected 

to the GND of Arduino Pro Mini. The slide switch middle pin is connected to VCC of 

Arduino Pro Mini.  

 

The Arduino Pro Mini is connected to SIM800L with the VCC to VCC connection, RXD 

pin of SIM800L connected to 7 pin of Arduino Pro Mini, TXD pin connected to 8 pin of 

Arduino Pro Mini and GND to GND connection. 

 

The Arduino Pro Mini 5v connections with the IMU sensor are as follows: 

 

The Arduino Pro Mini is connected to the MPU6050 with VCC connected to VCC, INT to 

Pin2, and SCL to A5 of Arduino Pro Mini, SDA to A4 of Arduino Pro Mini and GND to 

GND connection. Here A4 and A5 are the ADC pins. 

 

Table 3.1 explains the pin mapping among the complete system 

 

Table 3.1 Pin Mapping of the System  

Arduino Pro Mini SIM800L 

VCC VCC 

PIN 7 RXD 

PIN 8 TXD 

GND GND 
 

Arduino Pro Mini MPU 6050 

VCC VCC 

PIN 2 INT 

A5 SCL 

A4 SDA 

GND GND 

 

Switch Battery Arduino Pro Mini 

Right Pin Positive Terminal - 
- Negative Terminal GND 

Middle Pin - VCC 
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3.6 Schematic design 

 

The schematic design explains the wiring between the hardware involved in the proposed 

system. The pin mapping is as explained in the above section 3.5 

 

Figure 3.5 shows the wiring of the entire system. The Arduino Pro Mini and SIM800L 

wiring is VCC to VCC, RXD of SIM800L to 7 pin of Arduino Pro Mini, TXD pin to 8 pin 

of Arduino Pro Mini and GND to GND. The Arduino Pro Mini and MPU6050 wiring is 

VCC to VCC, GND to GND, INT to Pin2, SCL to A5 and SDA to A4 of Arduino Pro Mini. 

The battery positive to the right pin of switch ,the battery negative to the GND of Arduino 

Pro Mini, switch middle pin to VCC of Arduino Pro Mini.  

 
Figure 3.5 Circuit design 
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3.7 Elderly fall detection system working 

 
The device is built using Arduino Pro Mini 328 – 5V/16MHz, SIM800L module, 

MPU6050, Slide switch, Lithium polymer battery and a laptop. 

 

The device is powered on by the switch which is fine-tuned on a band which is connected 

to a Li-battery (3100mah, 3.7V) from where it gets the power supply. A common power 

supply is given to both the Arduino Pro Mini board and the GSM module from the battery. 

The GSM module works on 3.4V ~ 4.4V. The battery should be able to power the IMU 

sensor, the microcontroller and the GSM module, so a 3100mAh Lithium Polymer battery 

is used. It is a very slim, lightweight battery that outputs a nominal 3.7V at 3100mAh. 

Since the microcontroller and other sensors are running at 3.3V average, this choice of 

battery is most advantageous for accomplishing the project goals of device being 

lightweight as well as a runtime of 24hours.  

The GSM module is chosen over Zigbee and Bluetooth because of the main intention to 

send and receive the data over long distances as it is intended for rural people. Ng [18] 

stated the conception of transmitting the data from the microcontroller board wirelessly. 

 

An Embedded C++ code is written, compiled and executed in Arduino IDE (software for 

arduino) which is explained in chapter4 and the code is dumped in the microcontroller. 

Arduino Pro Mini 5v/16MHz runs the code dumped infinitely where the values of the IMU 

sensor are read and computed and transfers it to the web-user interface with the help of the 

GSM module connected to it using HTTP GET request. The computed values are displayed 

on a laptop. A server script is written to handle the connection, to take the data and store it 

in database, so for this the PHP server side programming language is utilized. MYSQL is 

utilized for storing the data into database and for presenting the data visually the Google 

chart API is utilized and line chart form is included, but Google chart API needs the data in 

JSON (Java Script Object Notation) form, but the data stored in the database will be in 

array form so for this the data should be converted to JSON format such that the data is 

good to plot on line chart. AJAX is utilized to update the web page manually. Hu et al. [19] 

stated that it sends the request to server in backend and gets the data from the server and 

updates the data without any human interruption. 
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3.8 System database  

 

The eWallHost webhosting company is chosen for creating website, hosting and domain 

registration. The Linux shared hosting is selected because it is the most frugal way. The 

domain name bought is justcheckit.in. The price of webhosting and the domain name 

registration is 700THB. Database is used to keep the information on the system at the 

server side. The database is created using phpMyAdmin. Open the Cpanel and go to create 

database option. Here the database is created with a name justchec_hema and the table with 

a name sensors_data. The table inside the database has 6 entries namely Serial number, 

X_axis, Y_axis, Z_axis, Velocity and Quaternion data. The codes of all the sensors written 

on server-side in PHP are stored in file manager. 

 

In Figure 3.6 the contents of the database with six entries is shown. The six entries are 

namely Serial number, X_axis, Y_axis, Z_axis, Velocity and Quaternion data. 

 

SERIAL  
NUMBER 

 
X_ AXIS 

 
   Y_AXIS 

 
Z_AXIS 

    
VELOCITY  

 
QUATERNION 

Figure 3.6 Contents of the database 

 

 

Table 3.2 Look of the database 

SERIAL NUMBER To distinguish from one data to the other, as it updates when there 

is a new data 

X_AXIS This gives the value from MPU 6050. This value will read ‘1’ 

when the sensor breaks the threshold of the three parameters or 

else it reads ‘0’ 

Y_AXIS This gives the value from MPU 6050. This value will read ‘1’ 

when the sensor breaks the threshold of the three parameters or 

else it reads ‘0’ 

Z_AXIS This gives the value from MPU 6050. This value will read ‘1’ 

when the sensor breaks the threshold of the three parameters or 

else it reads ‘0’ 

VELOCITY This gives the velocity value with respect to the ground 

QUATERNION This gives the quaternion rotation data 
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3.9 Flow charts 

 

3.9.1 IMU module (MPU 6050)  

 

An algorithm is required for a fall detection system to conclude a fall effectively. Three 

parameters are utilized by the proposed algorithm, one parameter is the norm of the three 

axes acceleration vector, the second parameter is the Velocity with respect to the ground 

and the third parameter is the Quaternion rotation angle. 

 

In Figure 3.7 the flowchart for the proposed system is shown. It states that if once the data 

is collected from the IMU, it checks whether the Acceleration Magnitude (AM) breaks the 

threshold within threshold duration set and then it checks whether Velocity magnitude 

breaks the threshold and finally for the Quaternion rotation angle whether it breaks the 

threshold is checked. Satisfying all these constraints will generate an emergency alert on 

the webpage.   

 
Figure 3.7 Elderly fall detection system flow chart 
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Once the data is collected from the IMU, it checks whether the Acceleration Magnitude 

(AM) breaks the threshold within threshold duration set. This threshold based method is 

habituated from a study which has implemented a Fall detection system based on a 

threshold method using a tri-axial accelerometer [20]. 

 

Three parameters are utilized by this type of Fall detection system; one parameter is the 

norm of the three axes acceleration vector [21] as shown in equation (1)  

 

                                       |𝑛| = √𝑎𝑥
2 + 𝑎𝑦

2 +  𝑎𝑧
2                                               (1)    

 

This norm is utilized to set the Acceleration threshold and additionally this threshold lasts 

for a particular duration of time t(s), so this time can additionally be considered as a sub-

parameter. Generally this norm is calculated only for the precision purposes as the fall 

threshold is an inbuilt feature in the library provided by this IMU module, so we first obtain 

the threshold by this norm and then we convert it into the fall threshold units as per the 

MPU library and then we set the threshold in that function and it is set to 50counts/sec. This 

norm is independent of fall detection system’s orientation. We require integrating this norm 

in order to obtain information about the velocity of fall detection system. To obtain the 

correct velocity relative to the ground the static acceleration of 9.81ms-2 is compensated. 

After subtracting a fine-tuned value of 9.81ms-2, we approximate the current velocity by 

integrating the norm as shown in equation (2). 

 

                                    𝑣1 =  ∫ (√𝑎𝑥
2 +  𝑎𝑦

2 + 𝑎𝑧
2 −  9.81) 𝑑𝑡                                    (2)    

       

 

 

This approximation is basically best for vertical movements. During the vertical motion of 

a human being we get a velocity of low value. So this point could be used to set a particular 

range of threshold. Only during a fall, negative values of velocity are integrated. Because 

the other movements are not necessary for a fall, and only downward acceleration is 

considerable, the implemented algorithm integrates negative values and damps the integral 

during positive values [21] following the formula in equation (3) 

 

                        𝑣1 = {
∫(|𝑛| −  9.81)𝑑𝑡      𝑖𝑓 |𝑛| −  9.79 < 0

𝑣1 . 0.95                                      𝑒𝑙𝑠𝑒
                    (3) 

 
In order to find the direction of fall, we make use of Quaternion data as well and coalesce it 

with the Velocity and Acceleration data for effectiveness. This Quaternion concept is used 

to detect the human fall detection direction. Quaternion is an efficacious tool to describe 

rotation movement in human’s motion change which additionally includes falling [11]. A 

quaternion is described in equation (4) 

 

                                                          𝑄 = 𝑞0 +  𝑞1 . 𝑖 +  𝑞2. 𝑗 +  𝑞3. 𝑘                           (4) 

 



29 
 

Unit Quaternion which has magnitude ||Q|| = 1 can be described as shown in equation (5)  

                             𝑄 = cos
𝜃

2
+ sin

𝜃

2
 . 𝑞𝑥. 𝑖 + sin

𝜃

2
. 𝑞𝑦 . 𝑗 + sin

𝜃

2
. 𝑞𝑧 . 𝑘                    (5) 

A unit quaternion Q is utilized to describe human’s falling movement. The Quaternion 

formulae are obtained by the general mathematics concepts similar to the Rotation matrix, 

Euler angles and the axis/angle methods [22]. 

After rotation, a point p = (0,p) is then given by the equation (6)  

                                                 𝑝′ = 𝑞𝑝𝑞−1 = 𝑞𝑝�̅�                                         (6) 

  [22]The rotation angle is therefore calculated by the formula as shown in equation (7) 

 

                                                                    𝜃 = 2. 𝑎𝑟𝑐𝑡𝑎𝑛 (
√𝑞1

2+𝑞2
2 +𝑞3

2  

𝑞0
)                                   (7) 

 

Hence by calculating all these three parameters and a sub-parameter we get a threshold 

level for every parameter and those are as follows: 

 

Fall Constraints: 

1. The Acceleration threshold is set to 2.1g, such that when the norm of 3-axes 

acceleration vector is greater than or equal to this particular value and also the time 

duration until which this acceleration lasts when a fall happen is also set to 2s. (50 

threshold in inbuilt freefall threshold function) 

|𝑛| ≥ 2.1 𝑔 
 

T ≥ 2s 

 

2. The Velocity threshold is set to know the high acceleration towards the ground and 

this is given a certain range after repeated experiments : 

 

V1 ≥ 2000 counts/s 

  

3. The Quaternion data is used to get the rotation angle of the fall movement and this 

rotation angle threshold is also set .When a person is falling down the value of 𝜃 

will exceed a particular angle. 

𝜃 ≥ 850 
 

 

Once these three conditions of parameters are satisfied, it generates an alert on the fall 

detection server side on the webpage to alert the doctor. 
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3.9.2 GSM module (SIM800L) 

 

An algorithm is required for a GSM module working. Getting commenced with SIM800L 

with Arduino Pro Mini is done in a step-wise method [23], [9]. The proposed algorithm is 

as explained below 

 

Figure 3.8 details the step by step procedure followed by the GSM module to interact with 

the Arduino Pro Mini and update the data on webpage. The serial communication should 

commence with a baud rate of 9600, then the serial monitor prints the line “server: 

www.justcheckit.in” in the serial monitor. Next it checks for the sensor to get the data, if 

the sensor wiring is veridical, it prints “Initialize MPU6050” if not it prints “could not find 

a valid sensor”. Next it commences connecting to the GPRS and checks for a good 

connectivity if not it prints “init error”, it also checks for the APN name, different SIM card 

providers will have different APN names, so it is very paramount to know the APN name 

correctly and provide it veridical. Once the network is good and the APN name is felicitous 

the GPRS connection is established prosperously, so it prints the IP address in the next 

command and gets connected to the server, or else it prints “connection error”. 

 

Figure 3.8 Flow chart of GSM module  
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Figure 3.9 shows the basic code to send and receive commands to SIM800L from PC. 

Firstly the below code should be uploaded to the microcontroller [9]. Once the upload is 

plenary the Arduino Serial Monitor should be commenced from tools menu. Next the Baud 

rate must be set to 9600 and in drop down left to baud rate cull set “Both NL and CR”. 

There are numerous AT commands that the module fortifies. These aren't well documented 

in the datasheet. Below is the list of the bare minimum commands to setup and verify data 

connectivity of the SIM800L. Most of the libraries utilize these commands to establish the 

HTTP connection. 

 

Figure 3.9 Basic code to send and receive commands to SIM800L from PC [9] 

 

Generally the module can be interacted with AT commands. Insert a valid SIM card into 

the module and endeavor to access with AT commands to communicate with it through 

TCP/IP stack. After powering on the GSM module wait for some time (verbalize 1 minute) 

and optically discern the blinking rate of ‘status LED’ or ‘network LED’ (GSM module 

will take some time to establish connection with mobile network). The serial 

communication is begin at 9600 baud rate. Once the connection is established prosperously, 

the status/network LED will blink perpetually every 3 seconds. You may endeavor making 

a call to the mobile number of the SIM card inside GSM module. If you get a ring back, the 
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GSM module has prosperously established network connection. The SIM800L fortifies 

General Packet Radio Service (GPRS) for connecting to the internet with HTTP. The 

module has built in TCP/IP stack that can be accessed with AT commands. This can be 

very handy for assiduous data logging on low bandwidth networks. First the AT commands 

are acclimated to make a HTTP GET request to fetch a simple page and then utilize the 

library. Then a fundamental code is utilized to send and receive commands to the module 

from the computer, these go through Arduino Pro Mini and so that it is assured that 

everything is setup congruously [23]. 

   

Table 3.3 gives the AT commands for SIM800L to start. SIM800L is one of the most 

commonly used GSM module among hobbyists and Arduino community. Getting 

commenced with SIM800L with Arduino Pro Mini is done in a step-wise method [23], [9]. 

It can be interacted with AT commands and those commands for getting SIM800L started 

are as follows  

 

Table 3.3   AT commands to SIM800L for getting started [9] 

Command Response Description 

AT OK Ping the module to see if its up! 

AT+CFUN=

1 

OK This enables full functionality of the modem. You can 

confirm the state of the modem by typing AT+CFUN? In fact 

you can do this to every command where you set parameters. 

Adding a question mark immediately after the command 

returns the current value of that command. 

AT+CPIN? +CPIN:READY Check if the SIM card is ready to make calls, messages or to 

start the data packet transmission. 

AT+CSTT="

aisgprs.com",

"","" 

OK Access Point Name, User name and Password needs to be set 

before data connectivity can be established. Please use APN 

name of your SIM card provider. Note that for most service 

providers PIN and Password are not set. If your provider or 

you have set it up please this as well. 

 

AT+CIICR OK 

 

Start wireless connection with the GPRS. This sets up the 

wireless GPRS connection with the service provider and 

obtain a IP address 

AT+CIFSR 10.149.168.44 Gets the IP address assigned to the module after successful 

connection with the above commands 

AT+CIPST

ART= 

"TCP","just

checkit.in",8

0 

OK  

CONNECT OK 

Starts a TCP connection to the website on port 80. The first 

OK is response to command acceptance and the second for 

the successful connection. 
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AT+CIPSE

ND=63 

> This command indicates that we will be making a HTTP 

request whose length is 63 characters. It will respond with a 

right array, after which we will send the GET request. 

GET 

http://justch

eckit.in/_   

newexp/sens

ors-data.php               

"HTTP/1.0 

SEND OK 

HTTP/1.0 200 

OK 

Date: Sat, 09 Jan 

2016 06:49:32 

GMT 

Server: 

Apache/2.4.12 

Last-Modified: 

Mon, 04 Feb. 

2016 08:06:49 

GMT 

ETag: "4721a10-

1c-

536cad1811830" 

Accept-Ranges: 

bytes 

Connection: 

Keep-Alive 

Proxy-

Connection: 

Keep-Alive 

Proxy-

Connection: 

Keep-A 

live Proxy-

Connection: 

Keep-Alive 

Success 

CLOSED 

Make a HTTP GET request. 

 

 

 

 

 

 

 

 

 

 

 

 

http://justcheckit.in/_%20%20%20newexp/sensors-data.php%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%22HTTP/1.0
http://justcheckit.in/_%20%20%20newexp/sensors-data.php%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%22HTTP/1.0
http://justcheckit.in/_%20%20%20newexp/sensors-data.php%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%22HTTP/1.0
http://justcheckit.in/_%20%20%20newexp/sensors-data.php%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%22HTTP/1.0
http://justcheckit.in/_%20%20%20newexp/sensors-data.php%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%22HTTP/1.0
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CHAPTER 4 

IMPLEMENTATION AND RESULTS  

 

4.1 Elderly fall detection system 

 

The complete system is implemented with the Arduino Pro Mini connected with peripherals 

to meet the requisite. The Arduino Pro Mini uses Arduino IDE, a cross-platform java 

application that accommodates as a code-editor and compiler and is also capable of 

transferring firmware serially to the board.  

 

4.1.1 IMU module code setup 

 

The Arduino Pro Mini which is connected to the IMU sensor (MPU-6050) handles the data 

from that sensor. The MPU 6050 communicates with the Arduino Pro Mini through the I2C 

protocol. The first step is to download and paste the MPU6050 library and the header files 

into the Arduino’s library folder. The steps to get acclimated with the IMU (MPU6050) are 

given in the product specification studied [24] and those steps are followed in this thesis 

work  

 

Figure 4.1 details the code compiled executed and uploaded to the microcontroller which is 

written in Embedded C++. It includes the data of the three parameters. One parameter is the 

norm of the three axes Acceleration vector, the other one is the Velocity with respect to the 

ground and the last parameter is the Quaternion rotation angle as shown below and the code 

is explained in the code explanation part below  
#include "gprs.h" 

#include <Wire.h> 

#include "MPU6050.h" 

#include <SoftwareSerial.h> 

GPRS gprs; 

MPU6050 mpu; 

int count=0;     

char http_cmd[300] = "GET 
http://justcheckit.in/_newexp/sensors-data.php"; 

char http_cmd_cpy[] = "GET 
http://justcheckit.in/_newexp/sensors-data.php"; 

char endStr[] = " HTTP/1.0\r\n\r\n"; 

char buffer[512]; 

String inputString = "";         // a string to hold incoming 
data 

boolean stringComplete = false;   

char buf[70]; 

byte flag = 0; 

int reading; 

 void setup() { 

  inputString.reserve(200); 

  Serial.begin(9600); 

  while (!Serial); 

  Serial.println("Server: www.justcheckit.in"); 

  delay(2000); 

  Serial.println("Initialize MPU6050"); 

while(!mpu.begin(MPU6050_SCALE_2000DPS, 
MPU6050_RANGE_16G)) 

  {Serial.println("Could not find a valid MPU6050 sensor, 
check wiring!"); 

    delay(500); }} 

void loop() { 

level1: 

Serial.println("GPRS Connection Setup..."); 
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  gprs.preInit();  while (0 != gprs.init()) { 

    delay(1000); 

    Serial.println("init error"); } 

  Serial.println("APN Setup..."); 

  while (!gprs.join("INTERNET")) {   

    Serial.println("gprs join network error"); 

    gprs.preInit(); 

    goto level1; 

  } Serial.print("IP Address is "); 

  Serial.println(gprs.getIPAddress()); 

ll:Serial.println("Connecting to server..."); 

 if (0 == gprs.connectTCP("justcheckit.in", 80)) { 

    Serial.println("Connected"); 

  } else { 

    Serial.println("Connect error"); 

    goto level1; 

    while (1); } 

Vector rawAccel = mpu.readRawAccel(); 

mpu.setAccelPowerOnDelay(MPU6050_DELAY_3MS); 

   mpu.setIntFreeFallEnabled(true); 

  mpu.setIntZeroMotionEnabled(false); 

  mpu.setIntMotionEnabled(false); 

  mpu.setDHPFMode(MPU6050_DHPF_5HZ); 

  mpu.setFreeFallDetectionThreshold(50);  

  mpu.setFreeFallDetectionDuration(2);   

   for (;;){ 

  Vector rawAccel = mpu.readRawAccel(); 

  Activites act = mpu.readActivites(); 

 int f = act.isFreeFall; 

 int n = ( (sqrt(rawAccel.XAxis*rawAccel.XAxis + 
rawAccel.YAxis*rawAccel.YAxis + 
rawAccel.ZAxis*rawAccel.ZAxis)) - 9.81);   

int r = ( (sqrt(rawAccel.XAxis*rawAccel.XAxis + 
rawAccel.YAxis*rawAccel.YAxis + 
rawAccel.ZAxis*rawAccel.ZAxis))); 

int qx = acos(rawAccel.XAxis/r); 

 int qy = acos(rawAccel.YAxis/r); 

 int qz = acos(rawAccel.ZAxis/r); 

  int q = 2*atan( (sqrt(qx*qx + qy*qy + qz*qz))); 

  Serial.print("x="); 

  Serial.print(f); 

  Serial.print("y="); 

  Serial.print(n); 

  Serial.print("z="); 

  Serial.print(q); 

   if(f == 1 ) 

  {   if( n>=2000)  { 

     if(q >= 85){ 

     for(count=0;count<=2;count++){ 

      Serial.println("Fall Occur"); 

       sprintf(buf,     "?x=%d&y=%d&z=%d&p=%d&t=%d", 
f, f, f, n, q);    strcat(buf, " HTTP/1.0\r\n\r\n"); 

      strcpy(http_cmd, http_cmd_cpy);                          
strcat(http_cmd, buf);                 

        Serial.print(http_cmd); 

        strcpy(buf, ""); 

        inputString = ""; 

        serialReceiveFlush(); 

        Serial.println("Sending data..."); 

if (0 == gprs.sendTCPData(http_cmd))  { 
Serial.println("Data sent"); 

   } }count = 0; } }   

else{ f=0; 

sprintf(buf, "?x=%d&y=%d&z=%d&p=%d&t=%d", f, f, f, 
n,q);   strcat(buf, " HTTP/1.0\r\n\r\n");strcpy(http_cmd, 
http_cmd_cpy);              strcat(http_cmd, buf);  

Serial.print(http_cmd);   
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strcpy(buf, ""); 

 inputString = ""; 

serialReceiveFlush(); 

 Serial.println("Sending data..."); 

  if (0 == gprs.sendTCPData(http_cmd))   { 
Serial.println("Data sent") 

}}delay(50);   

gprs.closeTCP(); 

delay(50);  while (1) 

{ goto ll;} }} 

void serialReceiveFlush() { 

while (Serial.available() > 0) { 

 char t = Serial.read(); }} 

 

Figure 4.1 Code for three parameters and their thresholds with GPRS connection 

setup

 

Code explanation: 

 

Figure 4.1 details the code compiled executed and uploaded to the microcontroller which is 

written in Embedded C++, it includes the data of the three parameters namely Acceleration 

threshold, Velocity threshold and the Quaternion angle threshold.  

 

All the header files and the .cpp file which is the source code file that can be downloaded 

from the Jeff rowberg library (i2cdev library) in Github should be included, additionally the 

library is included for getting the raw acceleration values and they are the mpu6050.cpp 

and the mpu6050.h files. The SIM800L fortifies General Packet Radio Service (GPRS) for 

connecting to the internet with HTTP. The module has built in TCP/IP stack that can be 

accessed with AT commands. The GSM module commands are all explained in chapter3 

[9], first it opens a connection to the website justcheckit.in in the port 80, normally this port 

is associated with the HTTP protocol and with the GET instruction it is asking for a file 

sensors-data.php and then it receives all the characters in this file until there is no more left 

putting them in a char buffer. 

 

The serial communication should commence with a baud rate of 9600, then the serial 

monitor prints the line “server: www.justcheckit.in” in the serial monitor. Next it checks for 

the sensor to get the data, if the sensor wiring is all correct, it prints “Initialize MPU6050” 

if not it prints “could not find a valid sensor”. Next it commences connecting to the GPRS 

and checks for a good connectivity if not it prints “init error”, it also checks for the APN 

name, different SIM card providers will have different APN names, so it is very important 

to know the APN name correctly and provide it correct. Once the network is good and the 

APN name is correct the GPRS connection is established prosperously, so it prints the IP 

address in the next command and gets connected to the server, or else it prints “connection 

error”.  
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Figure 4.2 shows the command for obtaining the raw acceleration data. The main part is 

getting the required data from the sensor and utilizing it to get the three parameters namely 

Acceleration threshold, Velocity threshold and the Quaternion angle. The MPU library is 

already included and so the raw acceleration values are obtained from the following 

command 

 

Vector rawAccel = mpu.readRawAccel(); 

Figure 4.2 Command for raw acceleration values 

 

   

Figure 4.3 shows the function utilized to set the Acceleration threshold. The freefall 

threshold is obtained from the library integrated to the IMU code [24]  

 

   mpu.setIntFreeFallEnabled(true); 

  mpu.setIntZeroMotionEnabled(false); 

  mpu.setIntMotionEnabled(false); 

  mpu.setFreeFallDetectionThreshold(50);  

  mpu.setFreeFallDetectionDuration(2);  

  int f = act.isFreeFall; 

Figure 4.3 Free fall detection functions 

 

 

 

Figure 4.4 shows the calculation of velocity with respect to ground, generally the raw 

acceleration values whose units are counts/sec, as they are the digital output values, are 

used to calculate the norm of the three axes acceleration vector |f|, and this raw acceleration 

values are used to calculate the velocity with respect to the ground by integrating the norm 

of the three axes acceleration vector by subtracting a fixed value of 9.81 (1g)  

 

int n = ( (sqrt(rawAccel.XAxis*rawAccel.XAxis + rawAccel.YAxis*rawAccel.YAxis + 
rawAccel.ZAxis*rawAccel.ZAxis)) - 9.81);  

Figure 4.4 Velocity with respect to ground calculation 
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Figure 4.5 shows the calculations of Quaternion rotation angle with the pre-obtained data, 

here the Quaternion angle is found by calculating the values of qx, qy, qz and Q. This qx, 

qy and qz are calculated by obtaining the raw acceleration values and getting the inverse 

cos function of the raw acceleration in every axis divided by the norm of the three axes 

acceleration vector , by this the three values namely qx, qy, qz are obtained. Determinately 

the Q value which is the Quaternion rotation angle value is obtained by getting the 2 

multiplied with inverse tangent function of the square root of the square of qx multiplied by 

square of qy multiplied by square of qz.  

 

int qx = acos(rawAccel.XAxis/r); 

  int qy = acos(rawAccel.YAxis/r); 

  int qz = acos(rawAccel.ZAxis/r); 

 int q = 2*atan( (sqrt(qx*qx + qy*qy + qz*qz))); 

Figure 4.5 Quaternion rotation angle calculations 

 

 

Figure 4.6 shows the threshold values set for the three parameters namely the Acceleration 

threshold, Velocity threshold and the Quaternion rotation angle threshold. Normally after 

obtaining all the data, the sensor is calibrated for normal daily activities and the fall 

activities and a range is set which is generally known as the threshold values and the 

threshold values set here are the Acceleration threshold which is already obtained by the 

inbuilt fall threshold function, the velocity threshold is thereby obtained by the 

mathematical calculation as shown above and is set to greater than or equal to 2000 and 

conclusively the Quaternion rotation angle is set to greater than or equal to 85.  

 

   if(f == 1 ) 

  {   if( n>=2000)  { 

     if(q >= 85){     

  Serial.println("Fall Occur") 

Figure 4.6 Threshold values for three parameters 

 

 

 

 

 



39 
 

Figure 4.7 shows the method to setup GPRS connection by GSM module to send the data to 

webpage. As the module is accessed by AT commands with the inbuilt TCP/IP stack, after 

sending the data it prints data sent and we make a GET request and get the data to the 

webpage by plotting it through Google Charts on the webpage and the TCP is connection is 

closed once the data is sent and this process is perpetuated until there is a good network 

connection [9].  

 

strcpy(buf, ""); 

        inputString = ""; 

        serialReceiveFlush(); 

        Serial.println("Sending data..."); 

        if (0 == gprs.sendTCPData(http_cmd))     

          { Serial.println("Data sent"); 

          gprs.closeTCP(); 

Figure 4.7 GPRS connection setup by GSM module 

 

 

 

Generally the system only needs to be stationary for less than half a second, at that time the 

Quaternion vector is calculated and when a fall happen as it continuously calculates the 

Quaternion vector from being stationary to a rotation in the vector, it gets the resultant 

Quaternion vector after rotation and the angle between these two vectors is then calculated 

by the formula mentioned in the equation (7) below [11] 

 

                                                                           𝜃 = 2. 𝑎𝑟𝑐𝑡𝑎𝑛 (
√𝑞1

2+𝑞2
2 +𝑞3

2  

𝑞0
)                                    (7)            

                                                                               

These angles are calibrated for a normal activity and the fall activity or the activities 

performed towards the ground and a threshold range is set, so by this way a fall is 

concluded efficaciously. If once all these three parameters thresholds are triggered, the free 

fall function is set to 1 and the webpage shows a peak at 1 in the fall data line chart. The 

webpage shows the Quaternion data going to 2 whenever the angle is greater than 85 and 

this is done on the server side. 

 

 

 

 

 

 



40 
 

The norm of the 3 axes Acceleration vector, Velocity with respect to the ground and the 

Quaternion rotation angle values are obtained as per code shown in Figure 4.1 and they are 

plotted as follows: 

 

a.  Acceleration vector norm 

The acceleration vector norm is also known as the sum acceleration vector magnitude. This 

is the first parameter taken into consideration for determining a fall in this thesis work. The 

acceleration is measured in ‘g’ units. 

 

Figure 4.8 shows the acceleration plot and the value at which a fall has occurred; this value 

is above 2.4g for the fall activity. The x-axis corresponds to time and y-axis to acceleration. 

 
            time (s) 

Figure 4.8 Acceleration data during fall 

 

b.  Velocity with respect to ground  

Velocity with respect to ground magnitude is the second parameter taken into consideration 

for determining a fall in this thesis work. The velocity is measured in counts/s. 

 

Figure 4.9 shows the velocity plot and the value at which a fall has occurred; this value is 

greater than 2000 counts/s and less than 15000 counts/s. Generally for heavy accelerations 

(movements by a person) the data is always negative. The x-axis corresponds to time and y-

axis to velocity. 

 
Figure 4.9 Velocity data during fall 
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c. Quaternion rotation angle 

Quaternion rotation angle is the third parameter taken into consideration for determining a 

fall in this thesis work. The quaternion rotation angle is measured in degrees. 

 

Figure 4.10 shows the Quaternion rotation angle plot and the value at which a fall has 

occurred; this value is greater than or equal to 85 degrees. The x-axis corresponds to time 

and y-axis to quaternion rotation angle. 

 
time (s) 

Figure 4.10 Quaternion rotation angle during fall 

 

Figure 4.11 shows the serial monitor display in arduino software (IDE). Generally after a 

successful GPRS connection setup when the serial monitor is opened, the serial monitor 

prints the following commands line-by-line as per the GSM code uploaded. It visualizes the 

data after printing the “Connected” line, where x,y,z are the acceleration threshold data i.e 

it updates with’1’ in all the three variables when it crosses a particular threshold or else ‘0’ 

and the variables v and q are the velocity and quaternion data where v is updated with 2000 

or above when there is a fall or else with a negative value or a value higher than 15000 and 

q is updated with 2 when the quaternion rotation angle is greater than or equal to 85 degrees 

for a fall. 

 

Sending data… 

Data sent 

Connecting to server… 

Connected 

GET http://justcheckit.in/_newexp/sensors-data.php?x=1&y=1&z=1&v=3050&q=2 

 

Sending data… 

Data sent 

Connecting to server… 

Connected 

GET http://justcheckit.in/_newexp/sensors-data.php?x=0&y=0&z=0&v=17025&q=1  

 

Figure 4.11 Serial monitor display 
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4.1.2 Fall alert code setup 

 

The Main controller module monitors the fall case and reports the fall information to the 

Fall detection server. The part to determine the fall case utilizes the rating of the duration of 

the certain threshold to monitor the signal from accelerometer thread. It also determines the 

direction of fall by the Quaternion tool and the Velocity with respect to the ground. The 

server updates the fall data once these three parameters concur with the condition set. 

 

Figure 4.12 shows the condition to determine the fall case. The codes for this fall alert case 

is written on server side in PHP. When the getStatus is updated with 0 it prints Fall and 

when the getStatus is updated with 1 it prints Normal. 
    

// For fall detection 

   var getStatus = xmlhttp.responseText; 

                   

                        if(getStatus == '0') 

                         { 

document.getElementById("fallId").innerHTML="Fall"; 

                         } 

                         else if(getStatus == '1') 

                         { 

   document.getElementById("fallId").innerHTML="Normal"  } 

    

Figure 4.12 Code for fall alert 

 

Once the code is setup for fall alert, we can see the alert notification on the webpage 

displaying either normal or fall depending upon the physical condition of a person wearing 

the wristband. 

 

Figure 4.13 shows the type of alert notification which appears on the webpage depending 

upon the state of the person i.e whether he/she is in fall or normal condition. The alert 

shows ‘Normal’ for basic ADL (Activities of Daily living) and it is updated as ‘Fall’ when 

all the conditions of the three parameters considered are triggered. 

 
 

Alert: Normal 
 

 

   Alert:   Fall 

Figure 4.13 Look of alert generated 
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4.1.3 GSM module code setup 

 

The SIM800L fortifies General Packet Radio Service (GPRS) for connecting to the internet 

with HTTP. The module has built in TCP/IP stack that can be accessed with AT 

commands. This can be very handy for assiduous data logging on low bandwidth networks. 

First the AT commands are acclimated to make a HTTP GET request to fetch a simple page 

and then utilize the library. 

 

Figure 4.14 shows the GSM code uploaded to the microcontroller for establishing the 

GPRS connection and updating the data obtained from the sensor on the webpage through 

GET request. The header file gprs.h is included firstly and if the AT commands work on 

GSM module it is obligatory to write the code for Arduino Pro Mini that is connected to 

this GSM module. After the code is uploaded, we can visually perceive the data on serial 

monitor.  
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Figure 4.14 GSM module code setup 
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4.2 Fall detection server 

 

Fall Detection Server is a web-application server to keep all the sensors and fall 

information. As verbally expressed in the chapter 3, the domain name of the website 

engendered is www.justcheckit.in. First step is to buy the domain name and access to web-

hosting from some company that can host our website and can do the domain name 

registration. Once it is done and our website is running, MySQL is needed for the database 

of the engendered website. This is done by the MySQL Databases application inside the 

cPanel.  

 

Figure 4.15 shows the look of creating MySQL databases where our database is created to 

store the incoming data from the microcontroller through GSM module. 

 
Figure 4.15 Look of MySQL databases 

 

4.2.1 Log-in-page 

 

The Log-in page of the fall detection server is accessed by cPanel. The Log-in-page is 

necessary for the medical staff to go through the database where all the information 

regarding the users are stored inside. 

 

Figure 4.16 shows the Log-in page of the Fall detection system with authentication form by 

username and password. Register button is available for new-user.  

 
Figure 4.16 Fall detection system Log-in-page 
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4.2.2 MySQL database code setup 

 

Once the data is sent to the main server, to receive the data and store it in the database, the 

server-side programming PHP is utilized in order to handle the incoming data and store it 

using MySQL database. After acquiring data from sensors and storing in the database, we 

require exhibiting this data on webpage in the form of graphs (charts). Hu et al. [19] stated 

the method of populating data utilizing server-side code. Google Chart API is utilized for 

displaying the data visually with the avail of line charts, by getting the data from the 

database and converting it into JSON format as the Google Charts can read only JSON 

strings and for updating/refreshing the webpage automatically AJAX is utilized. AJAX will 

just send the request to server in backend and gets the data from there and updates 

accordingly. 

 

Figure 4.17 shows the server-side programming code written in order to handle the 

incoming data from the microcontroller through GSM module and store it in the database 

created. 

 
<?php 

 $host = "localhost"; 

 $username = "justchec_hema";  

 $password = "#hema123"; 

 $dbname = "justchec_hema";   // Database name 

 $tableName = "sensors_data"; //  Table name 

  

 $conn = mysql_connect($host , $username , $password );  

 if(! $conn )  

 { 

  die('Could not connect: ' . mysql_error());  

 } 

    

 if(!mysql_select_db($dbname )) 

 { 

  die('oops database selection problem ! --> 

'.mysql_error()); 

 } 

  

 //Original query=> SELECT * FROM ( SELECT * FROM sensors_data ORDER 

BY sn DESC LIMIT 50 ) sub ORDER BY sn ASC 

 $sql_query = "SELECT * FROM (SELECT * FROM ". $tableName . " ORDER 

BY sn DESC LIMIT 100 ) sub ORDER BY sn ASC";  

 //echo $sql_query; 

  

 $data = mysql_query( $sql_query, $conn );   

 /*if (! $data) 

 {  

  die('Could fetch data: ' . mysql_error());   

 } 

 

 

 

Figure 4.17 Server- side code to store the incoming data in database 



47 
 

4.2.3 Doctor webpage results 

 

The Doctor webpage http://justcheckit.in/_newexp/all-sensors-chart.html sanctions the 

doctor or his staff to monitor the fall event. The page provides the line charts of the three 

parameters data namely Velocity, Fall and Quaternion data. This is shown in the below 

figure: 

 

Figure 4.18 shows the webpage updating the fall data for normal ADL; here the fall data 

which is subjected to “0” for normal ADL (Activities of Daily Living) and the fall alert 

which points out to normal is shown 

 

 

 
 

 

Figure 4.18 Sensor data shown on doctor webpage for normal ADL 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://justcheckit.in/_newexp/all-sensors-chart.html
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Figure 4.19 shows the webpage updating the Velocity data, Fall data and the Quaternion 

data with a subject’s fall data recorded. The x-axis corresponds to numbers of data in all 

cases and the y-axis corresponds to velocity data, fall data and quaternion data in all the 

three cases, here Fall data which is subjected to “1”, the Velocity data which is greater than 

2000 and less than 15,000 and the Quaternion data which is ‘2’ at points when there is a 

sudden fall by the subject is shown  

 

 

 

 
Figure 4.19 Sensor data on doctor webpage with fall data recorded 
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4.2.4 Experimented results 

 

Two types of experiments are performed with the wristband device, one is with the types of 

some elderly ADL and the second case is the types of fall that may transpire. The 

experiment is divided into two parts based on the human activity recognition [25].  

 

Test 1 

 

Table 4.1 Different types of Elderly ADL tested 

    1 ADL- a Standing(fast) 

    2 ADL- b Sitting(fast) 

    3 ADL- c Walking 

    4 ADL- d Jogging 

 

 

Figure 4.20 shows the results of subject performing some normal ADL. The device is 

actually experimented for 4 types of ADL as shown in the above Table 4.1 and the results 

are recorded accordingly. The fall data is pointed to ‘0’ in all those four cases.  

Figure 4.20 Different types of ADL performed with the device and their result 
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Test 2 

 

Again here the testing is divided into two parts: an objective validation part and an 

experimentation part. 

 

Part 1: The objective validation was done by one human observer who monitored the events 

of the subject and noted when a fall had taken place. Another observer who could not 

visually perceive the subject monitored the signal emanating from the acceleration sensor 

and made a note with the time stamp for every fall event. The notes of these two 

observatories were then compared with the results of the algorithm. The subject did 4 

ranges of tests with a total of 45 events. 28 events were categorized as a fall by the 

observer. The other events included movements like lying on a bed or bending or some 

other ADL. The data observer at his turn marked 25 events as a fall where the algorithm 

eventually registered 19 fall events. One fall was registered as false positive and ten as false 

negative. The results are represented in table below:  

 

Part 2: As we wanted some consistency in the detection schemes we simulated 3 different 

fall variations: forward falls, backward falls and lateral falls. These three different types of 

falls were carried out by a male subject of age 24 and were repeated 40 times so we could 

study multiple falls. 

 

The subject is experimented for different types of fall with four different threshold ranges 

and the data is recorded accordingly as shown in Table 4.2 

 

Table 4.2 Acceleration Threshold Detection 

 

Ranges Events Falls 

Observed 

Data 

Observed 

(Algorithm) 

Data not 

Observed 

(Algorithm) 

False 

positive 

False 

negative 

#60   1       15        5         10        0        5         0 

#50   2        22        12         12       1        1         1 

#40   3        10        6         1       5        0         5 

#30   4        10        5         1       4        0         4 
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It is learned that at #60threshold, the fall miss-predictions are more when compared to 

#50threshold, so based on the Fall Detection Statistics, it is observed that at #50 threshold 

of fall detection the outcome of results is copacetic, so a threshold of #50 is fixed and the 

results of three different types of falls are observed as per the comparison of the 

acceleration signals for various types of falls studied [26]. 

 

 

The three different types of falls are performed by a subject one after the other and the 

results are as follows: 

 

a. Forward Fall 

 

The subject is experimented with forward fall firstly for around 40 times and the results are 

recorded  

 

Figure 4.21 shows the person performing forward fall. 

 
Figure 4.21 Picture showing subject performing forward fall  
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Figure 4.22 shows the Velocity data, Fall data, Quaternion data and the Acceleration data 

of a subject forward fall. The x-axis corresponds to numbers of data and y-axis to 

velocity,fall and quaternion data in first three signals. The x-axis corresponds to time and y-

axis corresponds to acceleration in the last case. The velocity data is 2930 counts/s , the fall 

data is ponited to 1, the quaternion data is subjected to 2 and the acceleration data is 2.8g  

 
 

 
 

 

Figure 4.22 Fall data showing peak at ‘1’ for subject forward fall 
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b. Backward fall 

 

The subject is experimented with backward fall for around 40 times and the results are 

recorded accordingly.  

 

Figure 4.23 shows the person performing backward fall.  

 

 
Figure 4.23 Picture showing subject performing backward fall 
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Figure 4.24 shows the Velocity data, Fall data, Quaternion data and the Acceleration data 

of a subject backward fall. The x-axis corresponds to numbers of data and y-axis to 

velocity,fall and quaternion data in first three signals. The x-axis corresponds to time and y-

axis corresponds to acceleration in the last case. Here the velocity data is 2021 counts/s , 

the fall data is ponited to 1, the quaternion data is subjected to 2 and the acceleration data is 

2.65g 

 

 
 

 

Figure 4.24 Fall data showing peak at ‘1’ for subject backward fall 
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c. Lateral Fall 

 

The subject is experimented with lateral fall for around 40 times and the results are 

recorded accordingly. 

 

Figure 4.25 shows the person performing a lateral fall. 

 

 
Figure 4.25 Picture showing subject performing lateral fall 
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Figure 4.26 shows the Velocity data, Fall data, Quaternion data and the Acceleration data 

of a subject lateral fall. The x-axis corresponds to numbers of data and y-axis to 

velocity,fall and quaternion data in first three signals. The x-axis corresponds to time and y-

axis corresponds to acceleration in the last case. Here the velocity data is 3248 counts/s , 

the fall data is ponited to 1, the quaternion data is subjected to 2 and the acceleration data is 

2.91g 

 

 
 

 

Figure 4.26 Fall data showing peak at ‘1’ for subject lateral fall 
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Table 4.3 Data collection of number of fall miss-predictions observed by algorithm 

 

SUBJECT GENDER AGE TYPE OF ADL NUMBER 

OF ADL 

FALL 

MISPREDICTION 

TYPE OF      

FALL 

NUMBER 

OF FALLS 

FALL 

MISPREDICTION 

 
 
 
    
   1 

 
 
 
 
 
Male 

 
 
 
 
 
24 

Standing 
     

    22        0 Forward 
Fall 

40 1 
 

   Sitting 28 6 Backward 
Fall 

40 7 

   Walking 22 2 Lateral 
Fall 

40 4 

   Jogging 28 4    
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Table 4.3 shows the total number of events performed, which is 220. Out of which 100 

events are elderly ADL and 120 events are fall events. Hence by the above table it is 

observed that a total of 12 fall miss-predictions are observed (1 Forward fall, 7 Backward 

fall and 4 Lateral fall) out of 120 at #50 threshold.  

 

During a forward fall a maximum number of fall miss-predictions have been overcome 

with the fall direction data, but the backward fall and the lateral fall has some miss-

predictions still as the data is acquired from a healthy subject, but in the real-world elderly 

falls this can be proved more precisely. 

 

Before the system was built only by considering the Acceleration threshold based method, 

so it was not able to get the precise and efficient results from it and there were many fall 

miss-predictions as running, walking, sitting also engender a similar threshold range most 

of the times, so it is not possible to conclude a fall with only one parameter. Hence a total 

of three parameters are considered namely Acceleration threshold, Velocity threshold and 

the Quaternion angle threshold.  

 

By combining the threshold values of these three parameters we are able to conclude a fall 

very efficaciously. The normal daily activities performed by an elderly such as the walking, 

running, jumping and punching were able to surmount by this particular method because 

we are able to find the quaternion rotation angle between the position right before the fall 

and after the fall, so by this particular rotation angle threshold we are able to surmount 

many fall miss-predictions. But even though many parameters are considered in concluding 

a fall there are some miss-predictions with the backward fall and the lateral fall when the 

acceleration threshold doesn’t reach a particular value during a slow fall.  

 

But most of the times the system is able to surmount all the miss-predictions by this 3 

parameters algorithm chosen, as the Quaternion concept is an advanced mathematics topic 

which is able to find the rotation between the vectors precisely and also the Velocity with 

respect to ground has some errors as we are only surmising the concept, but on a whole 

when this is coalesced with the quaternion concept the system gives the best results. 

 

Hence before as the accuracy is low with the threshold predicated system with many fall 

miss-predictions during running, sitting, walking and also for backward, forward and lateral 

falls additionally, these miss-predictions are however overcome by this efficacious 

algorithm and the precision of the system is then incremented to 90%. 
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4.3 System accuracy 

 

The accuracy of the system gives us the information of how accurate the proposed system 

is. The precision and recall data gives the F1 (accuracy) result. The confusion matrix is did 

by considering the TP = True Positives, FN = False Negatives, FP= False Positives and 

TN= True Negatives. Here the true positive is 108 because out of 220 events only 108 

events turn out to be in true case, false positive is 12 as it points out to the data where the 

system calls it a fall when it is a normal ADL, false negative is 12 as it points out to that 

data where the system doesn’t call it a fall even when it is a fall event and the true negative 

is 88 as out of 220 events only 88 events turn out to be true prediction when the event is not 

happened.  

 

Table 4.4 shows the fall detection system accuracy which is calculated by considering the 

proposed algorithm that includes three parameters as discussed in the chapter 4 and 

preserving the number of miss-predictions obtained to calculate the precision and recall 

value from the confusion matrix. 

Table 4.4 Accuracy of the system 

True Positives 108 

False Positives 12 

True Negatives 88 

False Negatives 12 

Confusion Matrix:  

 
|𝑇𝑃 𝐹𝑁|
|𝐹𝑃 𝑇𝑁|

 

Confusion Matrix:  

 
  |108 12|

|12 88|
 

Precision: 

                                
𝑇𝑃

𝑇𝑃+𝐹𝑃
 

 

Precision:  

                     
108

108+12 
 × 100 = 90 % 

Recall: 

                                
𝑇𝑃

𝑇𝑃+𝐹𝑁
 

 

Recall: 

                    
108

108+12 
 × 100 = 90 % 

 

𝑭𝟏(𝑨𝒄𝒄𝒖𝒓𝒂𝒄𝒚) 

 

2 ×  
𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 × 𝑟𝑒𝑐𝑎𝑙𝑙

𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 + 𝑟𝑒𝑐𝑎𝑙𝑙
 

 

 

𝑭𝟏(𝑨𝒄𝒄𝒖𝒓𝒂𝒄𝒚) 

 

2 ×  
90 × 90

90 + 90
= 90% 

 

 

F1(Accuracy) = 90% 

Hence when the system is included with three parameters algorithm in MPU 6050 sensor 

(IMU) the F1(Accuracy) is about 90% . 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

 

5.1 Conclusions 

 

This thesis studied the working of an IMU sensor named MPU-6050 and its integration on 

a wrist band for elderly fall detection. The main objective was to detect a sudden fall in 

elderly and that is achieved with the avail of MPU-6050 which is the world’s first motion 

precision tracking device and can detect the fall very efficaciously. With the proposed 

system, it alerts the hospital emergency team and the doctor as well to get the fall 

information immediately when the fall transpires. The fall information provided in the 

doctor webpage alerts the doctor and his emergency team about the emergency of the 

patient for further conclusions. 

 

For efficacy and to evade fall miss-predictions, three parameters are included namely the 

Acceleration threshold, Velocity with respect to ground and the Quaternion rotation angle 

respectively, when the values of these parameters crosses a particular range limit that is set, 

that can be surely called as a fall. The other main objective in this thesis is the size and 

power constraints and that has been overcome by choosing Arduino Pro Mini which is both 

small in size and consumes low power. 

 

Even when a best algorithm is chosen to detect a fall, there can be still fall miss-predictions 

sometimes when there is a slow fall in elderly, so there’s a need to inculcate some thermal 

cameras to consistently visually examine the physical condition of the elderly. 

 

A waist band is supposed to have more precision as it doesn’t have any random angle 

changes, so that the results would be very precise. Due to the circumscription of the internet 

speed of the 2G network in some areas, there will be some delay for the information 

transmitting from the client to the server. In some cases the device may be broken after the 

fall, so the system will not connect to the server. 

 

In this thesis, the benefits include the utilization of smallest possible microcontroller like 

Arduino Pro Mini where it can consume low power and it is of low cost, so both the power 

and the cost constraints are reached along with the size constraint. Besides this the 

utilization of MPU-6050 with three parameters in order to detect the direction of a fall has 

availed to the best motion detection, so by this the fall detection has become much more 

facile. 
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5.2 Recommendations for further work 

 

The recommendations of the further work can be described as follows: 

 

 This thesis has a limitation that it is not facile and not that accurate to expect a good 

result from a band attached to wrist but this can be achieved when the band is 

placed on the waist with the avail of a gyroscope by sensing the angle 

measurements. 

 

 This thesis can be extended by including a GSM module that can sense GPS co-

ordinates, so that when an emergency alert is given, the doctor who is attending the 

particular patient can get the location of the patient precisely, that would make the 

doctor’s job facile. 

 

 The device can be still extended by involving some more sensors like GSR to 

measure stress and so on. 
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