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Abstract—To reduce elderly falling risk in the area where video
surveillance system is unavailable due to privacy reason and so
on, we need a monitor system which does no recognize what they
are doing. This paper presents an elderly-falling detection system
using ultrasonic sensors. The ultrasonic technology-based multi
sensors are couple of receiver and transmitter together, which
are connected to Arduino microcontroller in order to send the
elderly person’s fall related signal using WiFi to the processing
unit. The sensors are positioned as an array on the roof and
wall in the room. The signal is analyzed to recognize human by
sensing distance, and detect the action such as standing, sitting,
and falling by pattern matching with the standard templates of
top and side signal. In experiments, the proposed system can
recognize accuracy of falling detection is 93% approximately.

I. INTRODUCTION

In 2015, world population of 7.2 billion is projected to
increase over 1 billion within 12 years and reach 9.6 billion in
2050 [1]. The World Health Organization (WHO) [2] predicted
that next 30 years the population of the elderly will increase to
11.1% -18.6%. Therefore, many research topic is are currently
to develop surveillance system and care for the elderly. Most
of the accidents in the elderly are related to falling. WHO [3]
estimates that the frequency of falling in the age of 65 years is
28-35% which is increasing to be 32-42% in the age of over
70 years. The more the fall frequency of the elderly occurs, the
greater cost of medical treatment in each country is required.
Moreover the fall in the elderly is the leading cause of death
and serious injury if they are not rescued in time. According
to this reason, a fall detection system is introduced to detect
and alarm when the falling occurs in order to prevent risks
caused by a fall [4]. For example if the fall detection system
can detect and send an alarm to the rescuer in time, the risk
of serious injury and complication diseases will be reduced
especially for the elderly who live alone.

The fall detection system is an assistive device. The objec-
tive of using the fall detection system is to detect a fall and
send a signal to alarm the monitoring people in order to reduce
risks of injury caused by a fall. The fall detection systems are
divided into three groups [4] which are the wearable device
group [5], the ambience sensor group [8] and the camera
(vision) group [6]. Mustapha et al. [7] proposes the obstacle
detection system (ODS) by using the suitability of multiple
sensors which are infrared (IR) and ultrasonic (US). However
the limitation of this method is that it requires the button
pressing pressing by people. According to this reason this
method cannot be used in the case that the victim loses con-
sciousness before pressing the button. Yun et al. [8] proposes
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the automatic fall detection system using voice recognition
(Fade). However the performance of this method relates to
the device position such as the acoustic and vibrations sensor.
According to this reason, this method dose not detect victims
when they stay outside the monitoring area. Rougier, C. and
Meunier, J. [6] proposes a method to extract features by using
the movement of the head in 3D and compared using a single
camera. However using the camera for tracking the human
movement is not suitable for using in a private room such a
bathroom, a bed room and so on. To solve this problem, the
ultrasonic sensor [9] is introduced to replace the monitoring
by using the camera. This method uses the information sent
by the ultrasonic sensor. However this method cannot classify
the fall gesture and the position of the fall.

This paper proposed the ultrasonic array sensor for moni-
toring the human fall detection. The array of ultrasonic sensor
is used for detecting the human fall. Moreover, this method
can classify fall gesture and position of the fall by using
the changed distances which are measured by each ultrasonic
sensor. This paper uses two arrays of ultrasonic sensor located
at the top and side of the room to detect the human fall and
the position of the fall. In [9], the problem of detecting falling
occur because using the ultrasonic sensor for a single point
which can detect that fall. However the problem cannot be
isolated gesture, standing, sitting and falling or changing the
position, such as standing for a sitting from the sitting of a
falling. The authors propose a method for fall detection. This
method use two arrays of ultrasonic sensor to detect human
fall [10]. First array is located at top of the room model while
another one is the located at side of the room model as shown
in Figure 1. This method can detect the position of human fall
by different pulse level measured by each ultrasonic sensor.
The different distances calculated these pluses are used for
human fall detection and gesture classification.

II. PROPOSED SYSTEM OVERVIEW

A. Human gesture analysis

The gesture of human body is generally divided into five
categories which are standing, sitting, lying, running and
jumping, as shown in Figure 2. This paper uses the data
received from the sensors to indicate these gestures.

The causes of falls are the internal and external environ-
mental impact such as slope ground, slippery ground, ground
depression, ground level, being struck by an object and so
on. The patients get acute disease or subacute disease impact
such as faintness, stroke, and epilepsy, sudden de-force, loss
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Fig. 1. The example model in propose method.
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Fig. 2. Human body gestures.

of consciousness that affect the loss of body control, falls and
so on [11]. The fall is generally varied within about 500 ms
[11].

Healthy people are able to stand up by themselves. However
it is difficult for the elderly patients to stand up by themselves.
This is because their response and muscle strength decrease
due to their age and illness. According to this reason, the
elderly falling leads to injuries.

The human fall postures normally consist of the forward
fall, the backward fall, and the sideways fall and the backward
fall as shown in Figure 3. The different fall postures damage
different body parts. The elderly and patients often tend to fall
forward or backward in a sitting position which damages the
legs, the knees and the spine.

The falling in side way position, which is the easiest to be
found and causes the most damage, causes of the bone fracture
and the complication of other diseases such as the systemic
inflammatory response syndrome.

B. Ultrasonic Sensor

In general, the ultrasonic sensors often use the approxi-
mately frequencies as 40 kHz with an 8 pulses signal wave-
form. The sensor radiates a pulse signal, Tx, to the object and
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Fig. 3. Human fall postures.

then receives the reflected signal, Rx, back to the sensor. The
distance is measured by calculating the time used between
the reflector targets and the sensor [12]. Figure 4 shows the
measurement technique for the ultrasonic sensors.
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Fig. 4. Distance measurement is using ultrasonic sensor.

C. WiFi Module

The system is required to be set up on the ceiling and side
walls using the WiFi ESP8266-07 which is a small module.
This module uses less power and supports a wide variety of
clients, Access Point and Client+AP ESP8266. It is connected
by the Serial (UART 3.3V) and it works with a microcontroller.

D. Microcontroller

Microcontroller is an important tool in the system because
it can control Sensor and WiFi module. Thus the Arduino
microcontroller is selected as key components in the transmit-
ter and receiver system. This paper uses Arduino Mega 2560
(AT mega2560) as the microcontroller because it has sufficient
input pins to receive information given from all ultrasonic
Sensors.

E. Fall detection system

The proposed system is divided into two main sections. The
first section is the hardware which is used for storing and
processing the information given by the sensors. The other
section is the software section which is used to decide the
state of falling and monitoring.

The proposed hardware consists of the ultrasonic sensor
array. The information given by these sensors are used for
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measuring the distance between the object and the ground.
Figure 5 shows the flowchart of the fall monitoring system.
The proposed method is tested in the room model, size 30 x 30
cm, which consists of 16 Tx, and Rx ultra-sonic sensors on
the top and each side of the room as shown in Figure 6. The
size of human model is 20.33 cm. tall and 2.54 cm wide. The
angle of the ultrasonic transmission is changed by changing

the distance [13].
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Fig. 5. Flowchart of the fall monitoring system.
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Fig. 6. Ultrasonic models entering on the top and sides.

The proposed system has been tested successfully for model
environment to determine its functionality and limitations
towards the sensitivity of detection for certain distance. The
correlation between the detection object and angle would
give enough information to calculate the distance using the
triangulation method as show in Figure 7.

The value of L (width) can be determined by tangent
equation below:

L =30 tan 6°

The proposed software section is divided into 2 parts. The
first part is the Arduino programming for calculating the
distance between the human and the ground, and the noise
attenuation from the sensors. The other part is the falling
decision part given by both the top and side array of ultrasonic
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Fig. 7. Measurement distances using triangulation method.

sensors. The fall state is decided by measuring the changed
distance from the ultrasonic sensors.

Distance Distance

A n A
Standing %

a1 Sitiog

EI “

Faling Falling

p Time p Time
(@ ®)
Distance Distance
A A
Standing 2
al Siting
d.3 4 Do Do
N Lying Lying
g Time - Time
(© (d)

Fig. 8. Fall Recognition.

Figure 8 show a classification to 4 situations in order to
separate an appearance for stand, sitting, lying and fall by
observing from both parameter ( distance and duration) [14].
The appearance of stand and sitting into fall is shown as Figure
8 (a) and (b) with duration (ts) less than 0.75 ms. On the other
hand, the action of the stand and sitting into lying with the
duration above 0.75 ms is displayed in Figure 8 (c) and (d).

III. RESULTS AND DISCUSSIONS

This paper uses the ultra-sonic information given by the
ultrasonic sensors from the top and side of the room to detect
human falls. The gesture of the human is classified as setting,
standing and falling state by using the information from all
ultrasonic sensors on the top and the side of the room. All
information given by the ultra-sonic sensors are collected in
an array form. The changed distances which are measured
from both arrays of the ultra-sonic sensors on the top and
the side of the room model are used for detecting the human
gesture and the human position. Figure 9 shows the example
of appearances which are the sitting, the standing and the
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falling state from both top and side view. The experimental
results of both top and side view are shown in Figure 10.
Hence this paper uses the distance calculated at 25°C as
the reference temperature in the anti-crash system in order
to reduce the errors. Moreover, the information given by the
ultrasonic sensors consist of noise that causes distance errors.
According to this reason, this paper reduces noise by using the
digital filter method. The accuracy of the proposed method is
93% as shown in Table I.

TABLE I
EXPERIMENTAL RESULTS

?g;y seélis((i)er Accuracy
Standing | 96% | 94% 95%
Sitting 89% | 92% 90.5%
Fall 94% | 93% 93.5%
Average accuracy 93%
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Fig. 9. Examples appearance.
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Fig. 10. An example of the experimental results from the sensors on both
sides of (a) standing (b) sitting (c) falling.

IV. CONCLUSIONS

The ultrasonic array sensor for monitoring the human fall
detection is proposed. The proposed method is tested on the
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room model, size 30 x 30 cm. The ultrasonic sensors are used
for detecting the gesture of the human model. Each array of
the ultrasonic sensors consists of 16 Tx, Rx ultrasonic sensors.
Two arrays of the ultrasonic sensors are at the top and the
side of the room model. The different gestures and positions
are detected by the changed distances which are measured
by the information received from the ultrasonic sensors. The
experimental result is that the accuracy of the proposed system
is 93%.

V. FUTURE WORK

The research in the future will focus on the efficiency im-
provement on fall detection. However using only the ultrasonic
sensor provides not enough information. The other kinds of
sensors, for example vibrations and sound detection, should
be considered to use to create the smarter and more effective
fall detection.
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