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Abstract

The neck and back pains are the most spread health problems of the century caused by
remaining slouching for long hours on the smart phones, the tablets and the computers.
Many medical researches prove that the monitoring and the improving of the seating pos-
ture can prevent the spinal pains. In this paper we propose a Real-time seating posture
monitoring system. The system is composed of a smart belt equipped with inertial sen-
sors. The sensors collect the posture information and send them to a cloud server via Wi-Fi
connection. The cloud server processes the collected data, then, sends the result to mobile
applications via Wi-Fi connection. The mobile applications allow the user to monitor his
posture over time and receive in Real-time a sound and a visual notification in case of a bad
posture detection. Two mobile applications Android and iOS are implemented that can be
used for different mobile phone OS. In this work we will detail the design and the architec-
ture of the proposed posture monitoring system and the implemented mobile applications.
We will present the posture measurements of good and bad posture using the proposed
posture monitoring system.
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1 Introduction

The low back pain is the extremely common symptom of spinal problems. The back
problems are experienced by people at any age during their life. The low back pain
affects up 23% worldwide population according to the study in [1]. These back problems
appear mostly to women than men in mid-life. Thus, with the spread of use of mobile
technologies by young people in daily life the spinal problems become common pain
for teenager and young people. Remain slouching for long hours on the smart phone,
tablet or computer is the most common cause of back pain as demonstrated in medical
research [2]. Looking to your phone with bad posture is like placing weights on your
neck that stress the vertebrae [3].

The spinal therapy is among the most expensive therapy in the world. The UK esti-
mated about £12.3bn a year for spine therapy, with £1.6bn spent on treatment for low
back pain. In addition, the low back pain is the main cause of disability worldwide. In
UK, the number of people lives with disability caused by low back pain rise by 54%
during the last 25 years. The low back pain patient can lose many working days dur-
ing the year because of the disability caused by the pain. In 2016, the UK lost 31 men
workdays caused by the musculoskeletal including back pain. Many medical researches
demonstrate that the treatment of the back problems with drugs or surgery therapy can
lead to health complications, affect the quality of life and risk of falls or accidental over-
dose [4].

Many systems are proposed in literature to deal with the back problems due to the
technology development in 21th century. These systems can be classified in two main
categories: systems based on visual information using cameras and systems based on
sensing information using different types of sensors.

The systems based on visual information are widely used in different applications
of activity recognitions [5]. These systems are composed of cameras that record the
subject image for different positions. Then an analyzer algorithm is used to compare the
detected image with the image of straight position in order to define the bad posture and
warn the subject using feedback systems [6]. These systems are efficient to detect the
bad posture with high accuracy, but they are damaging to the user privacy. And they are
expensive to implement because of the high cost of cameras used.

The second category based on sensing information is widely studied by researchers
for medical applications due to the tiny size and the variety of information provided by
sensors [7, 8]. The sensors are characterized by the small size that can be easy imple-
mented in different platforms (garment, chair, clothes...). In addition, the sensors can
provide different types of information such as acceleration, orientation, deviation angle
and physiological information. These information can be useful to define the person
posture and monitor the subject sitting behavior over time. Using the sensors for posture
monitoring systems can save the subject privacy and money compared to the cameras
based posture monitoring systems.

In this work we propose a Real-time posture monitoring system for sitting people.
This system detects the subject posture and sends a message via a mobile application to
the person in case of bad posture. In fact, the system collects data from sensors placed
on the smart belt. Then, the data will be sent to a cloud server via Wi-Fi connection.
The cloud server processes the existing data and sends them to the mobile phone via
Wi-Fi connection. Android and iOS applications are developed for an accurate monitor-
ing of the sitting person posture.
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This paper is composed of three sections. In section II, we survey the existing researches
related to the posture monitoring. In section III, we detail the design of the proposed pos-
ture monitoring system. In section IV, we present the proposed system implementation and
the experimental results. In section V, we conclude the paper and we present the future
work.

2 Related Works
2.1 Existing Posture Monitoring Systems

In literature, the posture monitoring systems are deeply studied in the recent years. In [9],
an overview about the existing posture monitoring system is detailed. The posture mon-
itoring systems are classified according to the sensing technologies used for the system
implementation.

The posture monitoring systems based on force sensors are proposed in [10, 11]. The
proposed systems are composed of flexible force sensors stretched in the seat and the back-
rest of the chair. The systems define the sitting positions according to the pressure meas-
urements classification of the sitting positions. In some cases, the machine learning algo-
rithm is applied for the sitting classification and bad posture detection. In addition, the load
based posture monitoring systems consist of load sensors implemented in the seat and the
backrest of the chair. The sitting posture is classified according to the body load based on a
machine learning algorithm as detailed in [12]. The posture monitoring systems based on
the force and load sensors are depending on the implementation platform. These systems
are not portable and cannot be used anywhere.

The flex sensors are integrated in the some proposed posture monitoring systems. In
fact, Manju et al. [13] present a posture monitoring system based on flex sensor and load
cell. The flex sensor is stretched to the user spine in order to monitor the body bend. The
load cell is placed in the stand platform of the user. The load cell detect the load stress on
the body according to the posture change good and bad posture. The threshold limits of the
good posture are personalized and identified by the users. The Drawbacks of this system is
depending on the platform where the load cell is placed. And the flex sensor is limited to
the spine shape and does not give precise information about the trunk flexion.

In [14], the authors propose a posture monitoring system using inductive textile sen-
sors. The sensors are integrated in the garment in order to monitor the trunk bent based
on the inductive variation during the body flexion. The proposed system introduces a new
design of the inductive sensor in an elastic pattern that improves the sensor measurements
and resolution. The experimental results show encouraging results for tracking the forward
trunk bent. However, the lateral bent and spine rotation cannot be monitored by the current
system design. In addition, the inductive sensors are unable to detect the small body bent.

Sangyong et al. [15] introduce a posture monitoring system using one 3 axis accelerom-
eter. The inertial sensor is placed on the subject’s neck in order to define the spine shape.
Two classification methods are proposed for posture classification: Support vector machine
(SVM) and K-means clustering. Experimental results demonstrate the advantages of using
SVM method for sitting posture recognition compared to K-means clustering. In [16],
Eugene et al. detail the architecture of a posture monitoring system based on inertial sen-
sor. The system is proposed in order to improve the sitting behavior for the ophthalmolo-
gists in their working environment. An inertial measurement unit (IMU) sensor is used for
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measuring the trunk flexion. The IMU sensor is composed of accelerometer, gyroscope and
magnetometer. The XBee wireless technology is proposed to ensure the wireless commu-
nication between the system’s components. The posture monitoring systems based on the
inertial sensors introduce a great advantage for the trunk deviation angle measurement and
posture recognition. In addition, these systems are characterized by a portable architecture
due to the inertial sensor’s characteristics. However, we notice that there is a lack of the
studying the optimum positions of sensors for the posture monitoring systems based on the
inertial sensors and the introducing of the feedback unit for bad posture.

2.2 Wearable Devices for Posture Detection

Many back problems like kyphosis, musculoskeletal injury, neck and low back pain require
assessment of the patient for many hours to correct their posture behavior and acquire good
sitting modality during daily life [17]. The rehabilitation courses last for many hours to
train the subject to detect bad posture and to correct it.

During the physiotherapy sessions the spine posture is monitored. The radiographic
method is the method to analyze and monitor the spine shape in a clinical setting. This
traditional method for monitor spine shape has many limitations. It is not practical and
unhealthy to integrate this method in daily life to monitor the subject posture because of
the high cost and the worst impact of the radiation broadcasted by these systems on the
subject health [18].

In addition, with the electronic devices evolution during this century, the sensing tech-
nologies have known a spread of applications in different domains especially in medical
applications. These devices are characterized by their tiny size and portability aspect.
Recently many textile studies are focusing on the possibility of integration of sensors in the
garment and defining specific yarns that ensure the connectivity and the communication
between the different components of textile integrated electronic devices [19, 20].

This shows the need and the importance of the studies to define and implement wear-
able systems for posture monitoring [21]. In fact, the wearable system characteristics can
help patients to self-monitoring their posture. These systems can offer to the subject the
possibility to daily survey his posture and correct the bad postures in real time. In addi-
tion, these systems facilitate the implementation of patient monitoring remotely in order to
assess patient for rehabilitation or disease monitoring that can save patient time and money.

2.3 Data Needed for Posture Monitoring Systems

In the recent years, many sensing technologies are developed to provide physical body
information that can be useful for the posture monitoring systems implementation. In fact,
the main information needed for posture monitoring is the angle flexion of the trunk. The
sensors types applicable for the posture monitoring systems are the pressure sensors, the
flexion sensors, optical sensors, inductor sensors and inertial sensors.

The pressure sensors are designed to provide the load information for many systems use.
In [22], Ahmed et al. detail the different sensing methods of pressure sensing and the sensors
design and technology. The pressure sensors indicate complete information about the body
load according to the body movement. The load sensors are applied for body posture informa-
tion by defining the bad posture according to the spine applied stress. The proposed method in
[12] consists of the placement of four sensors onto the seat of the chair to classify sitting pos-
tures. The main limitation of this approach is the dependence on environmental variables. In
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[13], the pressure sensors are placed under the legs of a chair in order to collect load informa-
tion. The main drawback is that the posture monitoring system based on pressure sensors are
not portable and depending on the environment and the platform implementation.

The flex sensors provide the resistance variation according to the body movement. The
information collected by the sensors defines the body bent. Giovanni et al. [23] present the
characteristics of the flex sensor and the ability to define the trunk shape for posture monitor-
ing. The flex sensors are considered as wearable devices for the posture monitoring system as
inserted in the clothes [24]. However the flex sensors are not able to detect the small bent that
can damage to the flexion trunk accuracy.

The optical sensors are known many application fields due to the evolution of this sen-
sor type architecture. In recent years, the optical sensors are applied in different fields: indus-
try, military, social, atmospheric, healthcare, etc [25]. The information provided by the sen-
sor consists of the amount of light detected between source and sensor. The variation of the
measured light can define the shape of the objects. In fact, stretch the optical sensor on the
shirt can detect the trunk shape and variation [26]. The main limit of the optical sensors is
the accuracy of measurements depending on the sensor position. Otherwise the sensor must
be stretch on the trunk length that made the sensor placement difficult to be maintained in the
same position.

The inductor sensors are based on the oscillation variation in order to define the shape vari-
ation. The inductor sensors have many applications in position, speed and shape measurement
[27]. The inductor sensors are applied on the posture monitoring system as it can define the
shape of the trunk. The drawback of the inductor sensors are not the uncertainty of results due
to the voltage output of the system and the deformation of the T-shirt which have a direct cor-
respondence with the evaluation data [28].

In the recent years, the inertial sensors are known evolution due to the industrial develop-
ment. The inertial sensors introduce wearable characteristics, low cost and accuracy properties
[29]. In addition, the recent researches develop the inertial sensors characteristics in order to
get complete information. The inertial measurement unit (IMU) correlates three technologies:
accelerometer, gyroscope and magnetometer. The combination of these technologies provides
information about acceleration, angular velocity and magnetic field. In addition, the IMU
introduce the speed and the flexion of the object on which the sensors are implemented. Many
healthcare and industrial application are based on the inertial sensors due to the characteris-
tics and the information provided [30]. Recently, three axes IMU sensors are implemented in
order to improve the degree of sensor freedom and the sensor accuracy. Compared to the other
sensing technologies, the inertial sensors introduce great characteristics to be used for posture
monitoring as it is simple to implement on the garment, improvement made for the accuracy
and angle flexion precision provided by this technology.

In this paper, we present a new posture monitoring system. We will detail the global design
of the system. Then, we will argument the sensors position and the used technology for system
implementation. And we will present the main results to warn the subject in case of bad pos-
ture detection.
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3 System Design
3.1 Global System Architecture

The global architecture of the proposed posture monitoring system consists of the smart
belt equipped by the sensors, cloud database to storage the collected information and
Mobile applications for monitoring the posture variation and sending notification is case
of bad posture detection as presented in Fig. 1. In addition, the wifi connection ensures the
communication and data exchanges between the different system parts .

The proposed system components can be classified on three main units: sensing unit,
storage unit and feedback unit as presented in Fig. 2. The sensing unit is the system part to
measure the information needed for posture defining. This unit is composed of the sensors
and the microcontroller. The inertial sensors are used for the proposed system implementa-
tion. According to a literature study, the inertial sensors are the best wearable devices to
measure the spine curvature. The inertial sensors are portable and characterized by their
tiny size that makes them easy to be integrated on the garment. Moreover, they are sensi-
tive enough to measure the trunk flexion according to each axes (x, y and z). The microcon-
troller collects the signal measurements from the sensors, converts them and sends them to
the cloud server via Wi-Fi connection. The microcontroller is composed of 2 main inter-
faces: bus interfaces to communicate with sensors and wireless interface to send data to the
cloud server. The microcontroller transmits data from the sensors to the data storage unit.
The storage unit is composed of the cloud data base. The Database stores the information
collected from sensors. The collected data are structured, saved and updated in real time
according to users’ profiles. The Database is hosted in cloud server that allows a Real-time

Cloud * 29 ik Sensors +
server ngQ?; L &2 . Microcontroller

@

Android and i0S

Applications

Fig. 1 Global system architecture
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Fig. 2 Block diagram of the proposed posture monitoring system

and multiple access at the same time to the data stored. The feedback unit is the system
part that allows the user to monitor his posture variation and receive warning in case of bad
posture detection. This unit is rarely defined in the existing studies of posture monitoring
systems. And it is mainly defined by vibrating sensors or a mobile application. With the
spread of use of portable devices phones tablets, the mobile applications are the best way
to monitor the person posture in real time. For the proposed posture monitoring system,
two mobile applications Android and iOS are developed to monitor the posture variation.
The user monitors the posture variation via real time graph presenting the angle flexion
variation and receives a visual and sound notification in case of bad posture detection .

The smart belt follows several steps to monitor the sitting person posture as shown
in Fig. 3. The first step is the data collection. The inertial sensors stretched on the belt
measure the signals according to each axes (X, y and z) and send them to the microcon-
troller. The microcontroller converts the received signal from the sensors to analogical sig-
nal. It calculates the tilt angle using the program implemented in the processor and ful-
fills the file. Then the microcontroller sends the data to the cloud Database via the Wi-Fi
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Fig. 3 Full functional diagram of the proposed posture monitoring system

connection. The next step is to storage the collected data. The collected data are stored in
cloud Database in order to facilitate the data access for the multi-user application. The data
are structured in profile for each user account. Each profile contains the user information
of authentication and the angle measurements according to the different axes. The posture
data are registered with time consideration for each sensor. The last steps are the posture
monitoring via the mobile applications. The user creates account to monitor his posture.
The mobile applications read data stored in the cloud Database and update in Real-time the
user graph of the angle trunk flexion. In case of bad posture, visual and sound notifications
are sent via mobile application in order to help the user to correct his posture.

3.2 Mobile Application Design

With the huge use of the smart phones, introducing a mobile application in posture moni-
toring system is a great way for the user to monitor in real time the posture variation and
receive warning for bad posture detection. The developed mobile application provides the
current posture information for the user and warn him in case of bad posture detection via
visual and sound alert. The architecture of the mobile application is composed of four main
interfaces. The first interface is for creating an account and inserting the user information.
The second interface is the authentication interface. Based on the information stored in the
cloud system, the mobile application provides interfaces for posture monitoring containing
a real time monitoring graph of the trunk flexion measurements and interface for warning
the user and advise him to improve his posture in case of bad posture detection. The mobile
application flowchart is detailed in Fig. 4.
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Fig.4 Mobile application flowchart

3.3 Sensors Location

The main components of this system are the sensors. The role of the sensors is to measure
the posture of the user and to provide Real-time posture information. As detailed in the pre-
vious section, the position of sensors in the system platform remains an important subject
to treat in the study of the posture monitoring system. In fact, the number and the accuracy
of defined postures by the proposed posture monitoring system are mainly depending on
the sensors position. So many studies and tests are performed for the proposed system in
order to define the optimum number of sensors to be used and the best location of sensors.
The object of our study is to define the best posture monitoring system compared to the
existing systems. The most important characteristics for a posture monitoring system are to
define a maximum posture status with the minimum sensors used. For our system, initially,
we proposed to use three inertial sensors: two sensors on the shoulders and one sensor on
the upper back. After testing we find that only one sensor placed on one shoulder gives
complete information about the shoulder’s orientation. So, the proposed system is com-
posed of two inertial sensors as shown in Fig. 5: one sensor on the shoulder and one sensor
on the upper back.
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Fig.5 Sensors location on the
Belt

The proposed system is able to define more spine postures compared to the existing
posture monitoring systems [31, 32] with minimum number of sensors used. In fact, our
posture monitoring system defines four spine bents according to the vertical and horizontal
axes: the bent of the spine on the forward, on the backward, on the left and on the right. In
addition, the proposed system provides the shoulder orientation due to the sensor placed on
the one shoulder. This information is important to detect additional uncomfortable posture
of the sitting person. The sensors locations chosen are the optimum position to define the
maximum spine postures. The inertial sensor placed on the upper back detects the back
bent on the forward, on the backward, on the left and on the right. The inertial sensor
placed on the shoulder defines the shoulders orientation of the person.

3.4 Posture Information

The posture monitoring system is based on the sensor measurements to define the posture
information. The proposed posture monitoring system is composed of inertial sensors that
provide the tilt angle of the body.

An inertial sensor is composed of two or three sensors types. It could be an accelerom-
eter, gyroscope and magnetometer or accelerometer and gyroscope. The 3-axis accelerom-
eter measures the acceleration of the movement object according to the three axes (x, y and
z). The accelerometer provides the linear acceleration of the object. The gyroscope meas-
ures the angular velocity. The angular velocity is the rotation rate of the device according
to axis defined in a local coordinate system. The magnetometer senses the Earth‘s mag-
netic field. The magnetometer is sensitive to each magnetic field around. It is influenced by
each magnetized object placed close to the sensor that can affect the magnetometer meas-
urements [33].

The magnetometer measurements are influenced by each magnetic field around the sen-
sor that can erroneous the system measurements. In addition the accelerometer and gyro-
scope measurements can define the inclination of the object according to different axes. In
this case the inertial sensor composed of accelerometer and gyroscope is sufficient for the
proposed posture monitoring system need.
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The accelerometer measures the linear acceleration. The accelerometer does not differenti-
ate between acceleration and gravity. In fact, the accelerometer measures the component of the
force of gravity along 3 axes: the x-axis, the y-axis (oriented along the horizontal) and z-axis
(oriented perpendicular to the horizontal).

The inclination angles of the accelerometer according to different axis (x, y and z) are
defined on the accelerometer measurement along 3 axis as shown in Fig. 6.

The Fig. 6 demonstrates a reference position of accelerometer and three inclination angles
according 3 axis (x, y and z).

The reference position Fig. 6a is defined as the x-axis and y-axis of the sensor oriented
according to the horizontal and the z-axis of the sensor is orthogonal to the horizontal and
parallel to the gravity vector g. The angle in Fig. 6b is the inclination angle between the hori-
zontal and x-axis of the accelerometer. The angle in Fig. 6¢ is the inclination angle between
the horizontal and the y-axis of the accelerometer. The angle in Fig. 6d is the inclination angle
between the gravity vector and the z-axis of the accelerometer [34].

The different angles can be defined using a basic trigonometric method presented as
follows:

0 =arctg(Ax/sqrt(A§ + Af)) (D

(€) (d)

Fig. 6 Accelerometer reference position and inclination angles according three axis [34]
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Fig.7 Acceleration projection
according the axis (X, Y and Z)

Y
Fig.8 Gyroscope rotation meas-
urement
+Z *Y
Y
+X *X
¥ =arctg(A,/ sqrt(A)zc + Az)) 2)
¢ =arctg(sqrt(A)2( + Ai) /A,) 3)

A, Ay and A_ are the acceleration measurements according the three axis (X, Y and Z) as
shown in Fig. 7.

The gyroscope measures the rotation around an axis. The 3-axis gyroscope defines
the rotation measurements around X, Y and Z axis as shown in Fig. 8.

The tilt angle is defined by multiple the angular velocity with time as the following
equation [33]:

0,=0,—1+wot 4)

o : the angular velocity, 6 : angle resulting

The accelerometer and gyroscope measurements are merged in order to have the
advantages of the two devices properties. The technique called complementary filter
[33] is used to combine the accelerometer and gyroscope measurements. The technique
is based on having complementary value from the gyroscope and accelerometer values
using constant weight a as following [33]:
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0, = a0, — 1+ wdt) + (1.0 — a)Angle_accel (5)

The common value of « is 0.98 as defined in [33].
Angle_accel: is the inclination angle calculated using the accelerometer measurement
along one of axis as defined previously.

4 System Implementation
4.1 Hardware and Software Choice

The main object of our smart belt is to measure the posture bent of the sitting persons and
to warn them in case of bad posture. In order to implement the proposed system, many
choice of platform, hardware components, software tools and parameters are made.

4.1.1 Hardware Choice

The belt chosen for our system is an orthopedic belt. It is easy to wear. And it covers the
main parts of the back: the shoulders, the center of the back and the low back as shown in
the Fig. 9. So it is comfortable for users and suitable to place the sensors as defined in pre-
vious section.

The inertial sensor used to implement our posture monitoring system is the MPU6050
sensor. The MPU6050 sensor is suitable to our system specification. It is composed of
3-axis gyroscope, a 3-axis accelerometer. The 3-axis gyroscope is equipped with Micro
Electro Mechanical System (MEMS) technology. It is useful to detect the rotation speed
along the X, Y, Z axes. The 3-axis accelerometer is equipped with Micro Electro Mechani-
cal technology (MEM). It measures the tilt angle along the X, Y and Z axes. The acceler-
ometer and gyroscope are correlated in the same compact packet. The MPU6050 is used
for our implementation because it is equipped with the latest sensing technologies to pro-
vide accurate measurements as needed for our system. It has lower cost. It is available in
the market. And the MPU6050 sensors are simple to be integrated in the belt due to their
tiny size 4 mm x 4 mm x 0.9 mm [35].

The Raspberry Pi-3 Model B microcontroller is used in the proposed system. The
Raspberry Pi is a single board computer with ARM processor. This device with the credit

—

Fig.9 Orthopedic back belt
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card size allows the running of several variants of the free GNU / Linux operating system,
including Debian, and compatible software. It also works with the Microsoft Windows OS:
Windows 10 IoT Core3, the one of Google and AndroidPi4. The choice of this type of
microcontroller is mainly because the ease of use and implementation. In fact, the Rasp-
berry Pi-3 Model B microcontroller can be adapted to different applications, different OS
and used platform [36].

4.1.2 Software Choice

Two mobile applications are developed Android and iOS applications for the proposed pos-
ture monitoring system. Nowadays the Android is the most used operating system for smart
phones and tablets compared to the iOS. Our Android mobile application is developed
using Android Studio platform. The Android Studio is the best tool to develop an Android
application due to its power, simplicity and free. It allows the creation of compatible appli-
cations with different smart phones and tablets using the different integrated library [37].

A second mobile application is developed for our posture monitoring system. The sec-
ond mobile application is compatible with iOS operating system devices. Thunkable plate-
form is used to develop our second mobile application to monitor the sitting person pos-
ture. This platform allows the development of iOS and Android application. It is simple
and free [38].

The reliability of the mobile applications is related to the manner of structuring and
storing data used. In fact, for our developed mobile applications, we used the cloud storage
and Real-time database to ensure the efficient operating of the proposed system. We used
Firebase as a platform to implement our cloud database. Firebase platform includes many
features such as Real-time database, cloud functions and analysis tools. It ensures the struc-
ture of the data collected from different sensors and the multi-user access of the database

[39].

4.1.3 Parameters Choice

The proposed system is based on two main parameters to monitor the user posture. The first
parameter is the angle degree to consider a bad posture. The slouching degree is equivalent
to placing weights on the person neck that apply stress on the cervical spine as defined in
[40]. And according to our experience and testing, we choose 30 degree as the bent angle
from which we consider that the person posture is bad.

In addition, as the database is refreshed in Real-time with the person bent degree; send-
ing alert in each time that the system detects bad posture can be annoying for the user. For
this case we choose to send alert in case bad posture detection when the user maintains the
bad posture for more than five minutes. In fact, a warning is sent to the user when his pos-
ture is maintained with more than 30 degree for more than 5 minutes.

4.2 System Realization

In this section we detail the proposed posture monitoring system for sitting person realiza-
tion. We prepare our hardware platform. We stretch the inertial sensor on the belt. We place
the microcontroller. We connect it to the sensors using bus of connection. The person can
wear the belt easily with the sensors and microcontroller connected as show in the Fig. 10.
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Fig. 10 Wearing smart belt

Then we prepare our software environment. We install operator system on the Rasp-
berry Pi card. We develop a Python code that acquires the sensors signal and processess
the collected information. The Raspberry Pi sends the parameters as (X, y, z) and a degree
of angle to the Firebase via Wi-Fi connection.

The sensor sends the measurement to Raspberry Pi card each 1 second. After 2.5 sec the
data base is updated. The Firebase sends notification to the application in 1 sec. So each 5
sec the mobile application is updated with the new posture measurements.

We develop two mobile applications Android and iOS. We develop Android application
using Android Studio technology. The user can create an account which can be used for the
login to the application, monitor his posture in Real-time and receive alert in case of bad
posture as shown in the Fig. 11.

Fig. 11 Registration interface of
Android Mobile Application
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Fig. 12 Login interface of
android mobile application

SICN UP

Fig. 13 First interface of iOS
mobile application

¢
R

Perfect Posture

A login interface is developed for Android mobile Application that the user can
login to the application and monitor his posture Fig. 12.

As well, we develop iOS application using Thunkable Technology. The iOS applica-
tion consists of different interfaces to monitor the person posture. The first interface of
the i0S application allows the user to log in to the application or to create his account
in case he has not an account as shown in Fig. 13.

The user monitors his posture in Real-time via mobile applications. A graph shows
the variation of the bent angle of the sitting person over time as in Fig. 14.

In addition, our system detects the bad posture. As detailed in the previous sec-
tion, the bad posture is defined when the bent angle of the sitting person exceeds 30
degree and the position is maintained for more than five minutes. In this case, the user
receives a beep sound with a written message to warn him about his bad posture as
shown in Figs. 15 and 16.
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Fig. 14 Bent angle monitoring
over time

Fig. 15 Bad posture tracking

4.3 Conclusion

In this paper, we detailed the design and the architecture of the proposed smart belt for
posture monitoring of sitting persons. The proposal consists of a belt equipped with inertial
sensors and mobile applications developed in order to monitor the posture over time and
send a visual and sound alert in case of bad posture detection in real time. The results of our
preliminary tests demonstrate the efficiency of the system to survey the posture over time
and detect the bad posture in real time. In future work, we expect to study and improve the
accuracy and reliability of the proposed solution for complex postures using the different
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Fig. 16 Bad posture warning
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techniques of data classification. In addition, we will study the different aspects of energy
consumption optimization and electronic devices integration in the smart garment.
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