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Abstract

Fall of patients and aged people may become fatal if unnoticed in time. The concept is to have a fall detection system which sends
alarm to the concerned people or to the doctor, at the time of eventuality. To minimize fall and its related injuries continuous
surveillance of subjects who are diseased and prone to fall is necessary. The article discusses the design and development of a
prototype of an electronic gadget which is used to detect fall among elderly and the patients who are prone to it. In this article, the
body posture is derived from change of acceleration in three axes, which is measured using triaxial accelerometer (adxl335). The
sensor is placed on the lumbar region to study the tilt angle. The acceleration values in each axis are compared twice with threshold
and also a delay of 20 secs between two comparisons, to reduce the false alarms. Values of the threshold voltage are selected by
experimental methods. The algorithm is executed by microcontroller (PIC16F877A). The location of fall is determined by GPS
receiver, which is programmed to track the subject continuously. On detection of fall, the device sends a text message through GSMV
modem, and communicates it to computer through ZigBee transceivers. The device can also be switched to only alarm if text message
is not required. The prototype devel oped is tested on many subjects and also on volunteers who simulated fall. Out of 50 trials 96% of
accuracy is achieved with zero false alarms for daily activities like jogging, skipping, walking on stairs, and picking up objects.

Index Terms. Fall Detector, Medical Alarming System, Personal Emergency Response System, triaxial accelerometer,

microcontroller
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1. INTRODUCTION

Fall is a clinical feature of many diseases sucRakinson’s
disease, ectopic of heart, vestibulocochlear defett. Falls
occur even at home and also in hospitals. Increasember
of patients results in difficulties of manual mamihg by the
hospital staff, which leave the patients vulnerabléall. With
the advent of modernization and western culture, rthclear
families are on rise. This has led to single agedpfe living
alone with geriatric problems. Falls are usualliafadue to
head injuries and also because of not being treiataane.
Falls not only cause physical, but also psychoklgimuma.
People with history of fall are more prone to satfacks. The
falls result in sustained psychological effectstsas fear,
increasing dependence [1]. Importance of preventing
complications of fall lies in early detection angyention of
fall. According to survey done by Centres for Dse&ontrol
and Prevention (CDC), 33% of aged people fall eyear [2].
The old-age dependency ratio (the number of pe6pland
over relative to those between 15 and 64) is ptefedo
increase from value of 22% in 2010 to 37% by 2030 Fall
related injuries are not only social burden bub asonomic
aspect. Based on data from a survey done in U&dny¢ar
2000, total annual estimated costs were betweenb#ién
and $19 billion for nonfatal fall-related injurieand

approximately $170 million dollars [4]. Fall-relatedeath
rates in the United States increased between 1882804,
from 29 to 41 per 100,000 population [4]. In Ind@wpulation
such a statistics is not available. A low cost pead
emergency response system can also be used byafirand
mountaineers who are at the risk of fall and itatesl injuries.
With the above mentioned factors such as medical an
economic issues, lies the importance in design and
development of a fall detector.

Efforts to detect fall among elderly is being davwer several
years. Detailed literature review gives us four etypof
approaches to detect fall, namely: wearable semsobient
sensor, combination of wearable and ambient seasar
image processing. The body wearable method is found
economical and suitable for both indoor and outdoor
scenarios. S.Y.Sim et al. [1] tried to place acweteeter in
shoe and experiments shown that the algorithm nsithee
(81.5%) when the sensor is placed in tongue of .sWen-
Chang Cheng et al. [5] used chest or waist woraxitl
accelerometer to derive body posture. Cascade AxdetB
support vector machine is employed to classifyffalin other
activities with high accuracy (more than 98%). Awne
approach by placing the sensors on garment is dgnéhalil
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Niazmand et al. [6]; it can be worn without anyadisifort.
The algorithm achieved sensitivity of 97.5% andcsjpaty of
96.92%. The combination of accelerometer and gwosds
placed on thigh and chest regiomdathe algorithm employe
succeeded to give 92% accuracy [7]. A new algorithas
proposed by Ravi Narasimhan [8]. Data is acquingtribxial
accelerometer and threshold window is computed
experimental values. The specificity of 100% andsgevity
of 99% was achieved by placing the accelerometetooso
and by applying algorithm. Many researchers worker
develop fall detecting system wusing L-in tri-axial
accelerometer of mobile phone. Frank Sposaro €8]
developed an application for anditgghone. It asks the user
communicate when a fall is detected, messages enets
social contacts if not replied. The emergency alernaised i
both fail. Yi He et al. [10] considered smart phasea wais
worn device and developed an algorithn send MMS
(multimedia message service) to gedected contacts and t
location is determined by GPS coordinate and Googlp

The proposed method in this article is to detells fahich
include only change of plane of human body dueddous
reasonssuch as geriatric problems and its associated shs
like Parkinson’s disease, ectopics of heart, vakitochleal
defects etc.Derived human body posture is compdoe
predefined threshold values to separate fall froailyc
activities. Repeated readjs of sensor response for differ
tilt angles give threshold values. Since, changelahe ol
body and sudden changes in acceleration are ingdotvéall;
triaxial accelerometer is a suitable sensor. Thanghs o
acceleration in 3 axes are monitoredntinuously. Fals
alarms are reduced by deriving posture twice sépairay 2C
second delay.

The section 2 of the paper describes methodologgetect
fall. Selection of threshold voltage is discussedséction 3
The suitable anatomical position tdape the device i
explained in section 4. Results of experiments given in
section 5. The paper is concluded in the secti

2.METHODOLOGY TO DETECT FALL

The technique of detecting fall relies on derivimgman body
posture with a suitable sensdaged at appropriate anatomi
position and an effective algorithm which precisgistinguish
daily activities and fall. Since, change of plarfebody anc
sudden changes in acceleration are involved in fadxial
accelerometer is a suitable senddre changes of accelerati
in 3 axes are monitored continuously. When the gasarin
acceleration fall in the window of thresholalues, it is
decided as fall.
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Fig-1: Block Diagram of fall detect:

The block diagram Hig -1) possesses four main sections,
input, the controller, communication protocols aadtput
devices. The input consists of acceleration valaed GP<
data. The transmitter pin of GPS is connected ¢oréteivel
(UART) of microcontroller. Location data is readialy byte
by byte which gives the information of longitude antitiade
The triaxial accelerometer sensor (adxI335) is usederive
body posture of the subject. Acceleration and a
information of three axes is produced as threecgnsignals
which vary with bodyposture. Acceleration value generate:
each axis is read through separate pins, seleotieganalo¢
input at a time. Analog signals generated by thesae are
digitized by analog to digital converter of the noicontroller
(PIC16F877A). The digitized alues are compared to
predefined threshold values. Human body posturgerstved
twice; between two posture readings a delay of&bisds it
introduced. The delay time helps to reduce falaa

ZigBee transceiver pair (Tarang F4) is used
communication between the microcontroller and theguter
and indicators. An alert message is sent to a tadgpihone
number when a fall is detected. The GSM modem is&iM
300 V_7.03. ZigBee transceiver and GSM modem
connected to RS232 port of crocontroller board via a
switch. The system can be switched send either S$ or
just a ZigBee alert to the indicators (LED and kegpThis
facility avoids sending unnecessary SMS while pdtis at
home with family member:

The microcontroller bard, the ZigBee transceiver and

GSM modem are powered up by a single DC sourcedf
2A. The sensor board and GPS device use 5V gedebyt
built in voltage regulator of microcontroller bo.
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2.1 Flow Chart for the Algorithm

The Fig -2 depictsthe detailed flow of program. Tt
microcontroller is programmed to monitor and trattie

subject continuously. Theinitialization part include

configuring analog to digital converter and Unia
Asynchronous Synchronous Receiver Transmitter (UA

To remove false alarms induced by fall like activitittse

acceleration values are measured and compared itnes.

Between two measurements and comparisons, a of 20

seconds is introduced.he flow chart shows two modes

operation, model: send text rmage to pr-stored phone
numbers, mode2: send only alarming signal to thkiéators.
Mode 2 is used when the patient is alone and tivicelés
switched to mode 1 when family members are arc
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Fig -2: Flow chart for implemented algoritt

2.2 Algorithm

Stepl. Initialize serial communication ports of rotontrolle
Step2. Configure ADC and analog input cha

Step3. Initialize GPS and GSM modu

Step4. Receive analog inputs from ser

Step5. Receive location information from G

Step6. Compare the digital values of sensor sigmih
predefined thresholds. If acceleration is greateant the
threshold go to step7, else go to ste

Step7. Wait for time t and again read acceleratialues.
Compare with same threshold agait

Step8. Is fall detected? If yes go to step9, gaep4if not
Step9. Send text message to stored numbers, sardirsg
signal to indicators if the operating model. Sermly:
alarming signals to the indicators if mo.

3. SELECTION OF THRESHOLD VOLTAGE

The threshold voltage is selected by readings ofsa
responses for different tilted positiorFig -3 shows sensor
outputs for different fall scenarios. It is obsatvthat for
different types of falls.
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Fig-3: Readings of triaxial accelerome
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Backward fall is indicated by Z axis, forward aright side
fall is indicated by Y axis values, and Z axis tates left sidi
fall. From the observation of sensor response§\4.9.63V,
1.98V are considered as threshold values for XZYaxes
respectively.

4. PLACEMENT OF THE DEVICE ON HUMAN
BODY

Anatomical position of the device influences thewaacy anc
specificity to a great extent. If the detectioncaithm depend
mainly on the body posture and tilt, then torsmizre suitable
place [11].Stefano Abbate et al. [11] listed different poss
anatomical positions to derive various posturdsiéta)

Table-1: Different positions of sensor corresponding deri
posture

Sensor position)  Identified posture

Chest (standing or sittinghending or lying

Waist (bending or standing or sitting), (lyir

Chest + Thigh | bending, lying, standing, sittil

Since algorithm of the project depends on threshofdilt, it
is suitable to select waist portion to place theide If the
device is placed just below stomach, obesity of ghbject
may induce some tilt. To avoid this, lumbar versebris
appropria¢ position to place the device as shown inFig -4.

Fig-4: Placement of the devic

5.RESULTSAND DISCUSSIONS

The components are enclosed in a plastic box auldii the
waist region as shown iFig -5. The prototype is tested on
five volunteers (healthy adult males) in the PG resetabl
and RVCE health center. Each subject is made torfidbenct
and bed, and many fall like activities (skippin@gging,
picking objects from the floor and walking on staise). The
following figure shows one of the subjects simulating

Fig -5: Oneof the volunteers simulating f

Out of fifty trials (ten trials each subject) ortlyo events ar
not detected. The trials included forward fall)ifeg sideways
and backward fall. The missedetection happened when the
subjects knelt down slowly and leaned forward withgiving
any jerk. Since most of the falls not likely to pap this way
the missed detections do not have significance. Tl
simulating activities like jogging, skippir walking on stairs
and picking objects did not create any false alarifise
outcome of the experiments is listed in the tablA2we se¢
from the table the accuracy is 9¢

Table-2: Analysis of prototype testit

. Number of| Number of| Number of
Subject| . . )
trials detections false alarms

1 10 9 0
2 10 10 0
3 10 10 0
4 10 9 0
5 10 10 0

The snapshots of assembly of components are showtime
Fig -6.
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Fig-6: Assembly of componer

CONCLUSIONS

In this research papewe had achieved our primary gcof
creating a working prototype able to recognize lthgerou:
posture and falls from nofals, with wireless communicatic
to the indicators and computer. Looking at the ulytey
detection process, our fall detection system im@sown
previous syst@s and designs by giving zero false alar
bearing low cost, and with new anatomical position the
sensor. We incorporated hybrid fall detection atbon
derived from existing algorithms, and interfacec tGPS
receiver successfully to locate fall. &@haccuracy is 96¢
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