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Abstract: The health issues caused due to the abnormal and
accidental fallsincreasing every day, some falls are even leading
to death or fatal injuries. Such falls can cause trauma both
physically and psychologically. To overcome these circumstances
fall detection has become an important topic for researchers and
scientists to provide better and effective solution. A proper
detection of fall can save a life of human being be it any age by
giving immediate required treatment. Generally alerting the
concerned authorities regarding the fall happens to be crucial in
the fall detection systems. There are many existing systems that
tend to this problem but they all are heavily equipped and have
some drawbacks. In this proposed system Raspberry pi4 is used
with OpenCV for using MOG2 machine learning algorithm to
detect the fall by concentrating only on the person. And for
alerting the fall this system uses internet based REST API called
TWILIO.

Keywords. Raspberry pi4, OpenCV (open computer vision),
SVM (Support Vector Machine), HMM (Hidden Markov Model)
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. INTRODUCTION

Nowadays, falls are considered as most life threatening to
human beings irrespective of the age. By the reports of WHO
(World Health Organization) falling is the fourth leading
cause of deaths in the word. One dangerous fall can cause
death or permanent disability. Most falls occur unexpectedly
inour daily life activities. Sometimes these falls may be fatal
and some can be cured by treating on time. Falls are most
common in elderly people due to their serious health
problems [1]. Falls usually occur while sitting and standing,
other than while walking. According to few studies falls are
most common in patients and elderly people who areliving in
assistive care homes, and also in medical places. Therisk of
falling increases with the increase of age. Each year thereisa
30-40% increase of elderly fall and suffers fatal or minor
injurieslike fractures, bruisesor head injuries[15]. Dueto the
fall there is also a chance of psychological burden and elders
can be given proper care if we detect the fall sooner.
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Fall detection systems are most common discussed topic
among the researchers. There are various systems that can
detect a fall. But they are heavily equipped and high cost.
Thesefalls activity systems are of two typesfall detection and
fall prevention. Fall detection system deals with the detection
of fall whenever it occurs and aerts the concerned people.
Fall prevention deals with the prediction of fall based on the
posture and gait analysis of the body in the patients who have
high risk of falling [2]. Fall detection system use different
approaches for the detection of fall. Few such systems use
Different sensors or RF based apparatus or vision based
systems. Sensor based systems collect every signa for
analysis and processing. For processing these collected
signals various agorithms are used and stored in the form of
datafor future use. By using this collected data we can predict
the fall before happening and this technique is called fall
prevention [9]. The fall detection is detected by the
accelerations of the body and shock caused by the body.
Posture analysis is also one of the techniques used to detect
thefall. There are afew studies which only concentrate on the
accelerations and body impact. In such cases sensors are used
to improve the system and apply machine learning techniques
to predict the fall with the help of data collected from the
sensors. The general structure of fall detection systemisgiven
infig.1 it consists of input from sensing unit, data processing,
decision and alert systems [3]. The decision of the fal is
processed by the algorithms used by the system. Most of the
fall detection studies are tested by laboratory simulations and
under experts care. But for the accurate results the detection
systems should be trained with real world falling problems.
Generally the fall related systems are classified into four
different categories such as data perspective, different
algorithms used based on the system, low power systems and
detailed survey of different systems used. Based on these
categories the developer designsthe fall related systems [17].
A few fall related systems are accelerometer based, sensor
based, Smartphone based, vision based, and multi sensor
based.

II. BACKGROUND STUDY

In general fall detection systems are of two types (i)
Equipment based and (ii) vision based. These systems are
clearly explained below.

- (
sensing unit
(gyroscope ) .
accelerometer, data processing fall detection emergency alert
pressure, PIR) L

Figure.l general structure of fall detection system
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1. Equipment based

Fall detections systems which are developed using equipment
such aswearable or sensors and embedded devices. When the
embedded devices are used the system is mostly used in
indoor environment. Usually wearable sensors are used to
monitor the person and track their movements and record
them [18]. The sensors such as accelerometers, gyroscope,
PIR, hybrid sensors, pressure sensors are aso available in
smart phones. The ambient sensors are installed at several
locations in the room and a base station is setup to alert the
people when the fall is detected [13]. Usually sensors are
classified into groups based on the requirement of system we
use. They areinertial based sensor, context based sensor, RF
based, and sensor fusion based. Sensors are mostly collects
the data from the body through Micro Electrical-Mechanical
devices like gyroscopes, magnetometer, barometers,
accelerometersetc [14]. They are placed in the different body
parts to measure the sudden changes and muscle movement.
Ambient sensors like pressure, PIR, vibration sensors are
placed in the different places in the room to monitor the
movement of the person and collect the data [4]. RF based
sensors collect the signal sfrom the sensor apparatus like radar
frequency and Wi-Fi channel to process and predict and
detect the fall. Fusion based sensors are combined with other
sensors for additional information to improve accuracy in
detection and prevention of the fall [11]. Wearable sensors
are placed at some body position to collect the data and it is
filtered and processed to detect the fall. Nowadays smart
phones are equipped with all these sensors and a smart watch
isprovided asamonitor device and collectsthe raw data[12].
This is the most common technology used by the people as
they are easy to wear. But in every system there are some
setbacks, in these devices the cost is high and there may be
issues with power consumption [8]. These devices mostly
monitor the sudden movement of the body, so sometimes
there may be false warnings and predictions too. Apart from
these setbacks the equipment based methods are frequently
used and studied for research purposes. For the wearable
devicesthereisa 71% accuracy rate and for ambient sensors
thereis 91% successrate.
2.Vision based

Due to the drawbacks in the equipment based systems the
researchers and scientists are concentrating more on the
vision based systems. Because the cameras are now mounted
in every house to track the activities of the residents. A
camera usualy gives the information of the person like
actions, location and motion. For more effective and accurate
resultsthe normal monitoring cameras are replaced with RGB
camera, depth camera and multiple cameras [16]. These
cameras capture the movements of the person and processed
with required algorithmsto detect thefall and predict it. Some
algorithms detect the fall by change in the human contour and
position analysis. Support vector machines (SVM) and
Hidden Markov Models (HMM) are most commonly used
methods in the vision based systems [6]. This system is most
reliable to elders when compared to wearable devices.
Basically the falls are detected by the velocity of the fall and
inactivity of the person. After detecting the fall the authorities
are notified for immediate care. In this paper the camera is
connected with the embedded device and monitors the person
and when the fall is detected by the algorithm an alert smsis
sent to concerned people.
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[1l. METHODOLOGY

The basic fall detection system consists of input data
collection and the collected data is further processed for
feature extraction and analysis. Then the suitable algorithm is
applied for the detection of fall [11]. This processisexplained
infig.2. The proposed methodol ogy for this system consists of
image processing and video analysis process. This system is
processed in Open CV whichisinstalled in raspberry pi 4 for
thefall detection and the alert messageis sent through internet
based API platforms like TWILIO. This system is shown in
fig.3. this system is a combination of both hardware and
software. For this proposed system the fall detection process
is done in the open cv [5]. The data input is taken from the
surveillance camera or monitor camerain the respective room
and the video is processed by frame to frame by applying an
algorithm to detect the fall. In between the decision making
process the scene analysis, posture detection and activity
detection is taken place.

{ 4 {
feature extraction Algorithm decision
and analysis classification evaluation
\ \ \

Figure.2 basic structure of fall detection system
1. Hardware Description

The proposed system uses Raspberry pi which is a single
board processor used as a mini computer by plugging it to a
monitor or TV [1,10]. It is a ARM architecture processor
with program memory and graphics chip. it has
BROADCOM BCM 2835 processor with better CPU
performance due to this the project is processed better and
a so supports 4k monitors. It also has 40 GPIO pins, Ethernet
port and power source connector and SD card dot. It is
connected with mouse and keyboard. For this fall detection
system we use the latest range of raspberry pi 4 which is a
step up for earlier models, with complete desktop experience
[8]. It hasafaster processor with USB3 portsand 4GB RAM.
It also consists of dual-band 2.4GHz and 5GHz wireless
LAN and faster Gigabit Ethernet. It has 3.5mm audio jack
and Bluetooth. First the raspberry pi is installed with the
Rashian OS and Open CV.

Open CV process H TWILIO ‘

Figure.3 Proposed fall detection and alerting system
2. Software description

Open Source Computer Vision Library (OpenCV) is an
open-source computer vision and machine learning
technology library. OpenCV is devel oped to provide a shared
platform for computer vision applications [9]. It focuses
specifically on image processing, video capture, and analysis,
including features such as face detection and object detection.
For further process opencv is installed in raspberry pi by
booting the SD card.

input data
collection

Raspberry Pi4

Open CV
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Theingtallation processistaken from the internet. For the fall
detection the OpenCV process is given in fig.4. For alerting
the concerned people internet based messaging API called
TWILIO isused [7]. For setting up twilio account we need to
follow required steps and a number is given for the trial use.
With TWILIO we are given a specific unique number which
can be used only for this system without creating a
disturbance to our personal number. When a specific number
is given the privacy islikely very high.

MOG2 algorithm H scene analysis H posture analysis
fall

Figure.4 OpenCV process of the proposed system

fall? { isi databoxj activity i .’

IV.RESULTS AND DISCUSSION

In this process the data is acquired in the form of video and
processed by frame to frame. Then MOG2 algorithm is
applied for subtracting the background. It is major
preprocessing algorithm used in opencv. It eliminates the
unwanted content in the image and concentrates only on the
object in this project the algorithm concentrates only on the
movement of the person. But in this project the background
image is not eliminated like other existing systems, it only
concentrates for each frame displayed in gray the background
isremoved, the contour islocated, and the contours are drawn
arectangle box around the person without disturbing the live
video. When a person is moving and to differentiate between
the object and human being the scene analysisisdone. It isan
automatic processin the opencv while using machine learning
algorithms. When the person is detected the posture analysis
isused to identify the position of the person. By using posture
analysis the system can identify whether the person is sitting,
standing or lying. If the person is sitting or standing the
system is not concerned but if the person is lying then the
system identifies the posture and looks for the activity of the
person. It analyzes the movement pattern of the person from
frame to frame. If the image frame is identified as lying the
person likely to have suffered afall. But the decision is made
by considering the contours. If the height of the contour is
lower than thewidth it may be afall and we add 1 to the count,
if the count is greater than 10, arectangle will be drawn to the
potential fallen person. And this notified to the concerned
people through internet based messaging APl called
TWILIO. For setting up twilio account we need to follow
required stepsand anumber isgiven for thetrial use. Through
this method we can minimize the required equipment and also
cost. The fall detected message that came from a TWILIO
trial account isgivenin fig.5.
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Text Me
Today, 9

Sent from your Twilio trial account -
person had fallen and immediate
care is needed

Figure5 Alert messagefroma TWILIO trial account
when thefall is detected.
V.CONCLUSION AND FUTURE WORK
The proposed automatic fall detection and alerting system
shows the results effectively. This system is low equipment
based and when compared to other systems the power
consumption of this system is very low. This system
monitors the movements of the person and analyzes it to
detect the fall. The monitoring of the person is done through
surveillance camera which happens to be most common
devicein every home nowadays. The message alert issent to
the authorized people automatically after detecting the fall.
For future work the image of the fallen person can be sent
for further process and also identify how the person had
fallen whether it is because of the health issue or by just

dlipping.
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