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Abstract
Falls are considered as risky for the elderly people because it may affect the health of the people. So, in the recent years many

elderly fall detection methods has been developed. In the present years many fall detection method had been developed but it

uses only accelerometer sensor to detect the fall. It may fail in finding in the difference between actual fall and fall like

activities such as sitting fast and jumping. In the proposed approach I have suggested a fall detection algorithm to detect the

fall of elderly people. Daily human activities are divided into two parts such as static position and dynamic position. With the

help of tri-axis accelerometer proposed fall detection can detect four kinds of positions such as falling front, front backward,

jumping and sitting fastly. Acceleration and velocity is used to determine kind of fall. Our algorithm uses accelerometer and

gyroscope sensor to predict the fall correctly and reduce the false positives and false negatives and increase the accuracy. In

addition to that our method is made out of low cost and it can be used in real-time.

Keywords Accelerometer � Gyroscope � Fall detection � Threshold acceleration � Long-lie � Short-lie � Detection period �
Angular velocity

1 Introduction

Falls are considered to be novel method for the elderly

people. According to recent survey one in 54 people fall at

least once in a year [1]. Falls are considered to be highly

dangerous for the people working in high buildings and

fire-fighters. So the fall detection has to be considered as

dangerous [2]. Since the present fall detection method uses

only accelerometer to detect the fall it may fail sometime to

detect the fall. However with the help of acceleration and

velocity the accuracy can be achieved and it reduce the

false positives and false negatives. Some fall detection

algorithms detect only fall and they don’t categorize kind

of fall such as real fall and fall like activities. Much fall

detection is in market and they are not used properly.

Monitoring is important for the high aged group people and

that can also be done by the humans but it’s not possible to

look after them every time so there is a need of a machine

the detects automatically [3]. Smart phones came into

existence to detect the fall because it’s not requiring any

additional method and it also light-weighted.

With the help of gyroscope sensor attached to the

mobile it can detect the fall [4]. When both gyroscope and

accelerometer sensor attached together it can increase the

accuracy rate of fall detection. While gyroscope can detect

the fall with the angle whereas accelerometer detects the

fall with the help of acceleration.

In case of hospital increase in number of patients it

becomes hard to do manual monitoring so there increases

the number of fall. Some fall detection algorithm considers

sleeping as also a fall so accuracy rate is low and the

number of false positives increases. To improve the accu-

racy of the detection some algorithm like used to detect the

fall with the help of acceleration phase [5].

Our solution divides the daily human activities into two

broad categories such as static position and dynamic

position, with the help of tri-axis accelerometer combined

with the gyroscope the accuracy can be achieved where

accelerometer is using acceleration and gyroscope uses

velocity angle to detect the fall [6].
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2 Related work

There are several methods used to detect the fall using

motion sensor like the work done by Lopez et al. [7]. The

work shows that fall can be detected with the help of

motion of elderly people and its research says that detec-

tion accuracy rate is 83.673%. Whereas there is number of

false positives increases and that has to address. In the

work done by Rawal et al. using a camera and the camera

has been placed in the room that monitors the elderly

people [8]. This camera takes the picture randomly and

finds any change in the position of the elderly people. This

produces good result in detecting the fall. However with

the help of sensor detection can be possible.

Fall has been detected with the help of gyroscope and

accelerometer sensor. In the work [9] uses accelerometer

sensor to detect the fall and he uses tellos v chip with the

computer. So the detection can be done only where the

system is present. The work done by Manogaran et al. is

using accelerometer and gyroscope where gyroscope uses

its angle and accelerometer uses accelerometer uses

acceleration to detect the fall [10].

Existing fall detection algorithms uses two sensors for

fall detection the first one accelerometer sensor it uses the

acceleration for the detection and the second one is gyro-

scope sensor and its uses its velocity angle and if there is

any change in the velocity angle it has considered as the

fall in the system algorithm [11, 12].

A tri-axis accelerometer and it has been placed in the

body of the people and based on the acceleration value the

fall has been predicted by the system [13, 14]. It used the

combination of accelerometer and gyroscope sensor and

based on the acceleration and velocity values obtained the

fall is been predicted. Varatharajan et al. [15] has studied

the acceleration falls with the accuracy and the tied

accelerometer on the hand, tie and waist and checked the

acceleration and finds the accuracy. Manogaran et al. [16]

used 2 tri-axis accelerometer and they tied it in hand and

another one to leg and checks the threshold value of both

the accelerometer and if the threshold value exceeds on

both the accelerometer then it has been considered as the

fall. With only the help of only acceleration sensor there

may be increase in accuracy and increase in the false

positives so the falls cannot be detected properly.

Thota et al. [17] uses three sensors in its work and the

three sensors is tilt sensor, motion sensor and kilometric

accelerometer to predict the acceleration and motion sensor

monitors the motion of the elderly people. They detect the

body falls based on the monitor sensor and detects the body

orientation, and detects the motion [18]. Designed a model

that uses a five step monitoring process and uses five

accelerometers and attached to parts of the body even with

the clothes and detects the falls based the acceleration

value obtained from the system. Philips’ Lifeline [19] use a

hidden model uses a snooze button and that used to send an

alert message to the sender and alerts them in case of fall is

occurred [20, 21]. Developed a model by placing a

accelerometer sensor in the boots and the results shows that

its 83.34% and it produces false positives when placed in

the end of the boot.

Thota et al. [22] used a wearable accelerometer and uses

a hidden support vector machine algorithm to detect the

accuracy and the false positives and detects the falls with

the help of the system. Manogaran et al. [23] proposed a

model to predict the accuracy and it achieved the sensi-

tivity of 93% and specificity of 94%. [24] Proposed the

new algorithm that uses a tri-axis accelerometer to predict

the fall and it produced the result of 93%. They developed

a mobile application for fall detection and its sends alert

message whenever it predicts the fall is been occurred.

Manogaran et al. [25] developed a mobile application

that is used as wearable device that sends the alert when the

fall is predicted and sends the message to the contacts that

has been stored and also sends the GPS location of the

victim. The commonly used sensors are accelerometer,

gyroscope sensor, motion, tilt sensor, infra-red, pressure

sensor and the detection and detection algorithm varies

from one sensor to the others. Lopez et al. [26] suggested a

model that uses the axis of the body and uses threshold and

angle of velocity to detect the fall. Manogaran et al. [27]

designed a model and captures the random image and if

there is any difference in the image it considers as a fall.

Wearable sensor that can be worn in the human body

and detects the fall, about almost model present uses

accelerometer to predict the model and remaining system

uses accelerometer with combined of gyroscope sensor and

predicts the fall Varatharajan et al. [28] placed a sensor in

the foot and used tri-axial accelerometer and detects the

threshold value from that it predicts fall occurred or not.

Lopez et al. [29] Monitors the daily activity and fall has

been detected and decision has taken based on the decision

making algorithms. The accelerometer with the mobile

phones detects the falls and uses algorithm such as support

vector machined, supervised machine learning and logistic

regression.

3 Data acquisition

To get the acceleration values an flowchart has been used,

and the data has been obtained with the accelerometer

sensor. The accelerometer sensor uses acceleration and

velocity to get the values and with help of these we can

detect whether the fall is occurred. At this step with the
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help of actions done by the volunteer and the actions like

walking fast, running and sitting fast.

In this method, the research has been carried by per-

forming the following body postures, like walking fast,

sitting fast, jumping from the following body postures the

acceleration data has been taken and with the help of

acceleration sensor the fall has been checked whether it has

occurred.

Whenever, there is a change in the body postures, the

sensor sends the alert with the help the acceleration data

has been taken with the help three co-ordinates XA, XB,

XC.The acceleration data of the current body postures, is

calculated using the formula,

X ¼ p
XA þ XB þ XC

4 Fall detection parameters

To detect the fall, five body positions has been performed

using a volunteer, with the help of the sensor the body

postures has been performed if there is any change in the

position of the sensor then the sensor sends the alert

message with help of that the amplitude values has been

taken, The sum of them magnitude values is denoted as

(SVEM), the difference in the magnitude values is denoted

has (DFSVEM), acceleration angle is denoted as (!).

ASVEM ið Þ ¼ p
A2

xðiÞ þ A2
yðiÞ þ A2

yðiÞ

1 ið Þ ¼ tan�1

p
A2

yðiÞ þ A2
zðiÞ

A2xðiÞp

 !
� 180

p

ADVEM ið Þ;

¼ AxðiÞ � Axði�1Þ
� �� �2þ Ay ið Þ � Ayði�1Þ

� �� �2
þ AzðiÞ � Azði�1Þ
� �� �1=2

¼ AGVEMðiÞ ¼
l ið Þ
90

� ASVEMðiÞ

where I denotes the amplitude values that are x(i), y(i),

z(i) that denotes the x-axis, y-axis and z-axis, the !
denotes the titled angle between the amplitude in the

accelerometer sensor, and the fall is detected based on the

accelerometer magnitude value.

5 Fall detection system

Fall detection method depends on the static and dynamic

positions and sensors like accelerometer and gyroscope

sensor placed in the human body, accelerometer uses

acceleration and gyroscope uses velocity angle and the

decision is taken with help of algorithm based function to

detect the fall.

5.1 Block diagram of fall detector

The block diagram possess main parts like (i) accelerome-

ter and gyro sensor, (ii)Wi-Fi module, (iii) buzzer, (iv)

snooze button. The accelerometer sensor is used to find the

acceleration and gyroscope is used to detect the fall with

the help of velocity angle and it maintains a threshold value

if the value exceeds the limit it is considered as a fall.

Secondly it consists of Wi-Fi module and that is used to

transfer the message through internet. GPS module is used

in sharing the location in case the fall is occurred the

message from victim is sent to the contacts that have been

already stored. There is a buzzer button it will give alarm

when the fall occurred suppose it gives alarm for fall like

activities the elderly people can off the buzzer button so the

alert message will not be sent to the nearby people. The

triaxial accelerometer is used to find the body postures. The

angle information is obtained from the three axis and it

differs from different postures. The different value gener-

ated from the three axis is taken in different pins by

selecting only one signal at a time. The obtained signal is

converted in to digital format with the help of analog to

digital converter, and then the obtained digital values are

compared to the static threshold values present. The posi-

tions value obtained is delayed by 23% in order to reduce

the false positive produced.

Wi-Fi module is used to send an alert message to the

nearby contacts of the elderly people and help them. The

messaging contacts are saved before. The micro controller

and the Wi-Fi module is charged using an USB cable and

the charge produced to the every parts of the controller.
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5.2 Data analysis

For each activity the acceleration values are stored. Each

position has different values that are used to detect whether

the fall is occurred or not. Based on the values obtained

some important features to be shown are:

(i) In seating fast state the acceleration value is

almost same. Because in seating the value does

not change.

(ii) In jumping state, the value of acceleration raises

when he jumps up and acceleration value goes

down when he comes down. The difference

between the high and low is calculated and its

twice the value.

(iii) The value goes high when standing up and

acceleration value comes down when he seats and

the difference between maximum and minimum

and the difference obtained is thrice of the value.

5.3 Algorithm

Based on the value obtained, an algorithm for the fall

detection is developed. The algorithm indicates the follow-

ing steps the ports are checked and charged and analog to

digital converter module has been placed to convert the

analog value. The global positioning system is configured in

the block and its used to transfer the information from one

system to the other. The basic analog values are obtained

from the sensors and that analog value is converted to digital

using analog to digital converter. Suppose a fall has been

occurred the GPS module is used transfer the information

with the elderly people place. Based on the analog values

obtained and its compared with the pre-defined thresholds

and if the value is greater than the threshold value and waits

for some delay and fall is been detected.

Step 1. Initialize serial communication ports of

microcontroller.

Step 2. Configure ADC and analog input channel.

Step 3. Initialize GPS and GSM modules.

Step 4. Receive analog inputs from sensor.

Step 5. Receive location information from GPS.

Step 6. Compare the digital values of sensor signal with

predefined thresholds. If acceleration is greater than the

threshold go to step 7, else go to step 4.

Step 7. Wait for time t and again read acceleration

values. Compare with same threshold again.

Step 8. Is fall detected? If yes go to step 9, go to step 4 if not.

Step 9. Send text message to stored numbers, send

alarming signal to indicators if the operating mode 1.

Send only alarming signals to the indicators if mode 2.
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5.4 Selection of threshold voltage

The fall detection device is placed to the waist to note the

value carefully and to be sensitive. The device gets the

value of g before the motion there is no requirement for the

device placement but for the threshold value the device has

to be in static position athreshold means combined value

magnitude acceleration and tthreshold means oscillation time

during the magnitude time a.

When the value from the three axis is obtained and the

sum of acceleration value is calculated and it’s denoted as

|a|. when the fall of the elderly people is predicted the graph

flucations will not stop until it reaches the value of

|a|[ athresold.
When the fall is predicted the value of acceleration will

not remain constant with the time tthreshold. Then the

acceleration of a is subdued as agear. At last the fall is

predicted based on the rotation angle.

Based on the experimental result obtained, maintain the

between value of true positive and true negative is bit risky

process. In the algorithm the value between the false pos-

itive and false negative is huge in order to maintain the

threshold. The value of false positive and false negative

should be correct the fall is predicted based on the

threshold value. If the value is wrong then the fall is

occurred and that could be dangerous for the elderly

people.

In order to maintain the accuracy of true positive and

false positive a additional layer is added to check the

accuracy. The elderly people can come back to normal

activities even after he is fallen. In that case the algorithm

waits for same time to predict if he is not returning to the

stable state then it is considered as fall.
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6 Experiment result and discussion

With fall detection algorithm extra feature called long-lie

has been added to predict and detect the fall of elderly

people. In order to get the true positive values a little false

positives values has to be omitted. In order to get the fall

detection values volunteers has been used in the first case

the low detection value reduces and increases based on the

body acceleration. The long lie period is calculated based

on the time the elderly lie in the ground in order to say it’s

a long lie state a delay in delay of 30 s is taken. The period

of detecting varies from sensor to sensors and it indirectly

depends on the body postures.

Varies experiments are carried out in order to get the

proper results like the low threshold value, high threshold

value, short long lie value and maximum long high value

and the different values are obtained (Table 1).

From the above obtained values of short long-lie value

and maximum long-lie values from the experimental val-

ues. In order to make the fall decision the above proposed

algorithm is changed. The elderly people have asked to

perform the postures for a longer period of about 2.35 min.

Each elderly people are asked different body positions like

leaning forward, leaning backward, jumping and running

and the results are obtained from the different body pos-

tures of elderly people. Each elderly people are asked to do

body positions for 5 or 6 times from that the algorithm

detected number of falls and checks the true positives and

true negatives and the fall has been detected (Table 2).

From the above table, the proposed algorithm achieves

the true fall detection method at the rate of 95.5%. The

total number of false positives is 12 and the number of false

positives after the long- lie check done is 1. In detection

algorithm the false positives value is obtained when the

elderly people is in motion and they are from the same

human. When the extra feature like long- lie check is added

the rate of false positives decreases.

In order to find the accuracy of proposed model and

algorithm some experiments are performed. The accuracy

is tested in three methods and that has been with the help of

accelerometer and gyroscope sensor.

The first method is seating position. In case of seating

body posture many method is failed to find the difference

between seating and falling. In this method the difference

is made with the help of accelerometer sensor. The second

postures is running in that state also there is difficulty in

finding the difference so the gyroscope sensor is used. In

the third case falling has to be deducted for that both

accelerometer and gyroscope sensor is used (Fig. 1).

This is the tri-axial accelerometer data from this

threshold can be calculated when the fall occurs.

In order to find the accuracy of proposed model and

algorithm some experiments are performed. The accuracy

is tested in three methods and that has been with the help of

accelerometer and gyroscope sensor.

The first method is seating position. In case of seating

body posture many method is failed to find the difference

between seating and falling. In this method the difference

is made with the help of accelerometer sensor. The second

postures is running in that state also there is difficulty in

finding the difference so the gyroscope sensor is used. In

the third case falling has to be deducted for that both

accelerometer and gyroscope sensor is used (Fig. 2).

Table 1 Fall detection parameters

No Low detection (m/s2) High detection (m/s2) Detection period (s) Low long lie (m/s2) High long lie (m/s2)

1 7.5 15.6 1.6 9.6 9.9

2 8.2 17.4 2.2 9.7 9.9

3 8.1 17.2 1.8 9.7 10.0

4 8.5 17.6 1.4 9.6 10.1

5 8.4 17.3 1.6 9.7 10.0

Table 2 Result when using for an extended period

Person No. of falls No. of detected falls Number of false positives without long lie check Number of false positives with long lie check

1 5 5 5 1

2 5 4 3 0

3 6 6 0 0

4 5 5 0 0

5 6 4 3 0
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7 Conclusion

In the proposed model, fall detection method has been

proposed. From given data the false positive and true

positive values are obtained with the help of extra feature

called long-lie threshold value the number of false posi-

tives is reduced and the accuracy rate achieved from the

proposed model is 95.53%. When the elderly people fell

the model will detect and activates the alarm. In addition to

this algorithm has to be developed for detecting different

kind of body postures or falls.
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