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Abstract

Asymmetrical sitting posture (ASP) affects the body mechanics and puts various body segments under strain which may lead to
health problems including musculoskeletal pain, low back pain and spinal deformity resulting increased care costs. The tools and
methodologies used to assess human posture are often arbitrary and studied by physicians, physiotherapists and researchers in
clinical settings. For example, clinical scales such as the Posture Index or Postural Assessment Scale are subjective or semi-
subjective, based on visual observation and require clinical expertise to identify asymmetry. More objective gold standard
methods such as Motion Capture Systems rely on access to expensive complex equipment based in laboratories. These are not
widely available for several reasons including, scarcity of equipment, need for technical staff, time consuming procedures and
overall expense. Therefore, there is a need for a low cost, portable automatic posture monitoring system which would help
address this challenge. We develop an automatic ASP monitoring system to provide real time visualization and information about
sitting posture. We build flexible pressure sensor (FPS) at six different locations on a chair to collect pressure information using
piezoresistive conductive film. The collected data from FPSs are then transferred to a smartphone application using Bluetooth.
We develop a dedicated Android App to collect FPSs reading and provide real time visualizations of information. The results
show that FPS can be used for objective monitoring of sitting posture. It can also be utilized to provide useful information about
patients with pelvic asymmetry in rehabilitation medicine. Our system would significantly simplify the sitting posture monitoring
protocols and open possibilities for office, school and home based assessment and support for posture improvement.
Furthermore, results from this study will be used to develop a new quantitative posture measurement tool for clinical use.
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1. Introduction

Sitting with an upright (a straight back and shoulder), symmetrical (same weight transferred from both sides to
supporting area by sit bones) and stable posture (remove weight from the feet) are essential for avoiding ergonomic
problems [1]. There are common asymmetric sitting positions such as sitting slumped to one side with the spine
bent; keeping knees, ankles, or arms crossed; chin resting on a hand; thick object/s (wallet, cell phones, and paper
documents) in the rare pocket; and lying prone on a desk etc. These asymmetric sitting postures are associated with
respect to the vertical axis, in the frontal or sagittal planes alignment known as pelvic asymmetry [2].

Asymmetrical sitting promotes non-neutral spine postures and reduces seat pan contact area [3] therefore not
recommended, even for short duration exposures. It alters the body mechanics, puts various body segments under
strain, hence, contributing to musculoskeletal pain [4]. Asymmetric postures are among the leading causes (80—-90%)
for low back pain [5]. Crossed legs sitting leads to asymmetric usage of abdominal internal and external oblique
muscles that may cause spinal imbalance [6]. Again, lumbar vertebrae are weak for flexing or twisting though they
are well tolerable with pressing, crossed legs sitting may also result in back pain [7]. More than 80% of student sit
resting their chin on to one hand during their study behind a desk [8]. Such posture with long spending time may
cause permanent disparity of shoulder height, placement of eyes, and position of hips [9]. In addition, such posture
inevitably leads to instability of musculoskeletal non-equilibrium and spinal [10]. Asymmetric sitting such as sitting
with the chin resting on a hand or with crossed legs, which arise from poor habits, may affect spinal balance and may
lead to permanent spinal deformity such as kyphosis, scoliosis and lordosis [11]. The tools and methodologies used
to assess posture are often arbitrary and often studied in artificial controlled conditions. Posture asymmetries are
generally assessed and reported by physicians, physiotherapists and researchers in clinical settings or in laboratories
[12]. The scales such as posture index [13] and Postural Assessment Scale [14] used to analyse posture parameters in
clinical assessment are mainly subjective or semi-subjective, mostly based on visual observation and require clinical
expertise. More objective gold standard methods such as Motion Capture System [15] to analyse posture rely on
accessing to expensive complex equipment based in gait laboratories and hence not widely available for several
reasons including requirement for expensive equipment, need for technical clinical staff, need for patients to attend
in person, complicated time consuming procedures and overall expense. Therefore, it is now a global imperative to
address this challenge.

One element that may contribute to avoid asymmetrical sitting is to design and develop automatic real-time
monitoring of sitting posture and provide timely interventions through mobile phone or computer. In this study, we
design, develop and implement a wearable tool to monitor sitting and visualize asymmetry of sitting posture based
on pressure distribution six different locations on a chair. The main contributions of this study are:

1) Design and implementation of a new hardware system (focusing on manufacturability, customisation and

adaptability) to
a) sense pressure using piezoresistive polymer film embedded on a chair. The films are arranged
considering on human sitting biomechanics; b) reduce noise using Kalman filter; c) transfer data using
Bluetooth wireless connection; and d) manage power supply using wireless charging facility

2) Design and development of a dedicated and sophisticated smartphone application that results an extensive

testing and improvement scope to ensure accurate and robust results for real time use that
a) proposes a simple asymmetry sitting posture visualization technique using dial displays; b) estimates
duration of active, static and asymmetrical sitting; and d) proposes scores of the daily asymmetrical sitting
duration

2. System design

Developing of an automatic real time asymmetric sitting posture monitoring system requires incorporation of
hardware and software components. Software components are Arduino programming and development of an
Android App. Therefore, the proposed system has main two parts hardware and Android App. The overview of the
system is shown in Figure 1.

The hardware part consists of five components. It starts with developing the FPS where we design and fabricate
the sensor system. The raw data collected from the FPSs passes through Kalman filter to reduce noise. The next
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component is wireless data transfer to a smart phone where our developed Android app receives FPS reading using
Bluetooth technology. Inductive wireless technology is used to recharge. Considering these components, the circuit
is designed, simulated and implemented. The Android App part has also five components. It starts with receiving the
FPS data. The data may require a level of calibration timely to get accurate output. The data is then analyzed to
prepare for visualization. A scoring is estimated based on the asymmetrical sitting duration. The last component is to
store data for further analysis. Figure 1 depicts the architecture of the system.
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Fig. 1. Architecture of the proposed asymmetric sitting posture monitoring system

.

2.1. Hardware system: design, architecture and methodology

2.1.1. Flexible pressure sensing system

Piezoresistive materials have the characteristics to change in electrical resistivity when the material is deformed
[16]. Therefore, piezoresistive conductive films are suitable to use as pressure sensors due to their simple structure
in different applications. Velostat is an antistatic piezoresistive conductive film with the properties: volume restively
< 500 ohm-cm, typical thickness 104 um, flexural modules 40,000-50,000 psi, and tensile strength of 1,700-2,000
psi [17]. In this study, a multi-layered architecture of flexible pressure sensor (FPS) is build using Velostat,

conductive copper and plastic film. The main components associated with the FPS are depicted in Figure 2.
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Fig. 2. Flexible pressure sensor; (a) Architecture, components and current flow (R. and R, are the corresponding resistances of the copper and
Velostat); (b) Current through loaded contact area from upper surface to lower surface; (c) Analog output (¥zps) reading using voltage divider
configuration; (d) Top view of the fabricated sensor; and (e) Bottom view of the fabricated sensor

Figure 2(a) shows the architecture of the FPS which is made with a thin layer of Velostat composite sandwiched
between two layers of conductive material (copper). The conductive materials are then covered with two layers of
thin adhesive plastic films to protect from dust, wet and displacement of the structure etc. The sensor is modelled
with electrical components where the conductive resistance is R. and the Velostat resistance is R,. During a sitting
posture, a compressive pressure is applied to the upper surface of the FPS and the lower surface is solid flat,
therefore the pressure results the decrease in resistance because of dropping resistance of the Velostat and also
because to a slight dropping in the contact resistance between the conductive material and the Velostat that is
depicted in Figure 2(b). As we know that applying a pressure results a decrease in distance between filler particles
inside the piezoresistive conductive film which increases in the number of conductive paths, that results in a
decrease in resistance of the piezoresistive conductive film [18]. Therefore, the Velostat resistance R, changes due to
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sitting pressure onto the upper surface. In order to obtain an accurate reading of the FPS output S;, the contact
resistance R. between conductive material and the Velostat is taken into account. The effective area of the electrical
contact between the upper surface and lower surface (Figure 2(b) blue marked) is a fraction of the apparent area of
contact. In a microscopic scale, the electrical effective contact between two adjacent members is only a small
fraction [19] that is obvious the roughness of the surfaces. Since the copper and Velostat are sandwiched among two
plastic films, there is no film resistance caused by thin oxide layers on the contact surfaces. Therefore, the total
resistance of the FPS can be described by Rrps = 2R.+R, where Rrps is the total resistance of the FPS and R. is the
contact resistance between each copper and Velostat. The resistance of the Velostat is R,. To convert the pressure to
voltage, we design a voltage divider configuration to measure the resistance change of the FPS and a voltage
follower as a general setting for impedance matching shown in Figure 2(c). The R,, is the resistance of the voltage
divider. The output of the FPS is then expressed by Veps = (Rrps *V+)/(Ru+ Reps ) where the output voltage of FPS is
Veps and the supply voltage V'+ is 5V. To estimate the appropriate values of R, we investigate the output Vips
changes due to the weights applied to the FPS in increments of load (kg) on different values of R,. Based on the
applied force vs resistance [20] of the R, and our experiment, we set the value of R,, as 1K Q. The supply voltage of
this circuit is set at +5V. The placing of FPS to the locations on a chair is important to get accurate results for
monitoring ASP. As FPS is designed in primarily for the application of monitoring ASP in this research and hence it
is based on analysis of human upper body dimensions [21]. During a sitting position, human shoulder width range is
375 mm to 505 mm, shoulder height is 505 mm to 646 mm and hip width range is 310 mm to 405 mm [22]. To place
the FPS, the seat is primarily divided into four regions: 1) Right thigh region, 2) Left thigh region, 3) Right buttock
region and 4) Left buttock region. These regions allow for the description of the pressure distribution of each region.
Therefore, each FPS is placed and aligned with the center of each four regions. The top view of the FPS on a chair is
shown in Figure 2 (d) and bottom view in Figure 2 (e). The shoulder area of the chair is divided in to two regions in
the vertical axis. Two long FPS are placed at the center of these locations. The sitting pressure distribution from a
total of six locations (four on seat area and two on shoulder area) are collected with a sampling rate at 10Hz (see
Figure 3(a)).

2.1.2. Raw data filter

The raw data from these six FPS may contain some noise such mechanical, stretching, constant bias, flicker noise,
temperature effects and calibration errors [23]. The readings from the FPS consists of noisy spikes in the plotted
graph which is required to remove before using the data for analysis. One way of reducing noise is to apply
advanced optimal recursive filter techniques such as Kalman filter [24]. It [25] is a filtering algorithm which can
remove noise from a signal while retaining the useful information. It uses a feedback control mechanism in order to
estimate a process. Noisy measurements are taken as feedback and using them, the process is estimated. The
recursive approach for minimizing errors ensures that estimated state from previous step and current measurement
are used to estimate the current state, therefore no history of previous measurements is required. Therefore, Kalman
filter is used to reduce noise and obtain distortion-free stabilize reading from FPSs. The readings from FSPs is then
wirelessly transmitted to smartphone using Bluetooth for analysis.

2.1.3. FPS data transfer using wireless communication

Different types of wireless technologies are currently available for data transmission such as Bluetooth [26],
Global system for mobile [27], ZigBee [28], General packet radio service [29], Z-Wave [30], Infrared [31] and Wi-
Fi [32]. Bluetooth network has ability to transmit data serially up to 3 Mbps within a physical range of 10 -100 meter
depending on the type of Bluetooth device. Bluetooth can connect with smartphone using serial communication. The
reading from six FPS are transferred to our developed Smartphone application using Bluetooth technology. It is
affordable and easy to interface with circuit. A power supply is essential part to keep the system running smoothly
and managing the power is important to run the system for long time.

2.1.4. Power supply management

Lowering the duty cycle between the Bluetooth and smartphone can be used to extend the battery life. A two-way
push switch is used to control the circuit power. The first push is “OFF” state and the microcontroller stops reading
FPS, Bluetooth transmitter stops data transfer and the circuit becomes inactive. The second push on the switch is
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“ON” state enable the circuit. To recharge the battery, a wireless inductive power transfer [33] technology is used. It
is comprised of two coils: primary coil and secondary coil. A primary coil is an energy transmitter which generates a
varying magnetic field. A secondary coil is an energy receiver. The primary coil places across the secondary coil to
receive energy within the field. The secondary coil is tuned at the operating frequency to enhance charging
efficiency. Considering the above description of the concepts a circuit is designed and described in the next section.

2.1.5. Circuit design

An Arduino Nano in the asymmetrical sitting monitoring system acts as a base station. Arduino integrated
development environment (IDE) is a cross-platform application programming software provides monitoring facility
of the outputs coming from sensor nodes on serial monitor. As Arduino Nano is low cost, low power standard and
most flexible system employ with wireless monitoring, it is widely used as an open source hardware and software
platform for development. In this research, the Arduino Nano which is a 30pin board having ATMega328 as a
microcontroller embedded into it. The ATmega328 has 32 KB, (also with 2KB used for bootloader) of flash-memory
and 2 KB of SRAM and 1 KB of EEPROM. It has 14 digital input/output, 8 analog reference pins and has a clock
frequency of 16MHz. It consists of analog voltage interface pins from A0 to A7. Analog output from sensors are
usually interfaced with the Arduino using these analog pins. There is an analog reference pin (AREF) to compare the
output from the sensor node to the voltage with the AREF. The six FPSs (see Figure 3(a)) are connected with six
voltage divider configurations (see Figure 2(c)) to obtain Vepsi 6. The outputs of these voltage divider Vepsi 16 are
connected with Arduino analog voltage pins A0 to AS. The data gathered by A0 to A5 nodes are being passing on to
the base station through serial communication. The serial communication pins used both to receive (Rx) and transmit
(Tx) serial data. The Rx and 7x in the Arduino Nano are Pin no. 0 and 1. These two pins are connected to the
Bluetooth HC-06 module. HC-06 module is an easy to use Bluetooth Serial Port Protocol (Rx-Tx), designed for
transparent wireless serial connection setup. Serial port Bluetooth module is fully compatible of Bluetooth
V4.0+EDR (Enhanced Data Rate) up to 3Mbps Modulation with complete 2.4GHz radio transceiver and baseband.
The Bluetooth module HC-06 is a slave device that can operate at a supply power of 3.3 to 6 volts. Therefore, HC-06
is used for wireless communication between the Arduino Nano and Smartphone.
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Fig. 3. Overview of the system; (a) FPS arrangement on a chair; (b) Circuit block diagram; (c) 3D view of the simulated circuit (d)
Implemented circuit and wireless inductive charging

The operating voltage of the Arduino Nano is 5V. As the battery power supply is 3.7V and Arduino Nano
operates on %V, a DC-DC boost converter is designed to provide regulated 5V supply for the Arduino Nano.
TP4056 charging module has been used to charge a BRC 18650 Li-ion 3.7V 4000mAh capacity battery. QI wireless
charging coil is connected with TP4056 to charge the battery. It has Ti clip coil patch that can charge up to 1000
mAh, 5V which meets faster charge and higher conversion rate. The block diagram of the circuit design is shown in
Figure 3(b). The circuit is simulated using Proteus ISIS Professional (simulation software of the Labcenter
Electronics Corporation [34]) and the 3D view of the device is depicted in Figure 3(c). The circuit schematic, PCB
and 3DS files are provided in the supporting document. The implemented circuit with the wireless charging system
is shown in Figure 3(d). The charging system has indicators to show charging by red LED and fully charged by blue
LED.
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2.2. Design and development of Android App

Smartphone and apps are an important tool for accessing information. Smartphones have built-in Bluetooth
technology to receive or transmit wireless data. As per the architecture of Android, there are four types of app
components: activities, service, content providers and broadcast receivers [35]. A user interface with the app is
activities. Service provides the background processing. To store and share data, content providers use a relational
database. Broadcast receivers can receive broadcast messages from other applications. The primary method for both
within and between applications for inter-component communication is via intents messaging object. In this
research, we focus on communication between activity components to send an intent and manifest file specifies
filters that are used by the system to determine if the app is eligible to receive a particular data format intent using
Android defined rules for matching filters to content various intent fields. The app is designed considering a)
Requirement: Requirement analysis is conducted through the literature review, discussion with the expert and users,
b) Market availability: The market available mobile software development platforms are reviewed. Mobile platforms
and supporting devices are selected considering hardware performance, battery life, ruggedness, required
peripherals, device coverage, device support and performance, ¢) Initial design: Activity classes are reviewed
including SplashActivity, MenuActivity, PlayActivity and HelpActivity etc. A very basic design is implemented
using Android Studio 3.4, d) Testing and debugging: The app is tested and users’ feedbacks are recorded. All issues
are addressed, the app is improvement and documented, and e) Multi-sensor synchronous data collection: The app is
designed to collect up multiple sensors data synchronous through Bluetooth.

2.2.1. Data receive

An Android app is developed to collect and display real time asymmetric sitting posture information. The
Samsung S9 smartphone is used to connect with Bluetooth and collect FPSs data. The data receiving format is date
(dd/mm/yyyy), time (HH:MM:SS.ss), system clock (Millisecond), and FPS(FPS;, FPS, FPS3FPSs FPSs FPSp).
Initially a “SCAN” button on the app is pressed to list available all Bluetooth devices in the coverage area. From the
list, our Bluetooth device is selected and the corresponding device then automatically connects. The data comes to a
buffer and used for analysis.

2.2.2. Calibration

The FPS based on piezoresistive conductive film is very sensitive to pressure, force and stretch. At the initial
stage of the FPS shows some values due to internal resistance or mechanical structure. Therefore, the output of the
FPS needs to be calibrated before performing analysis. Before sitting on to the chair, the initial values of the
individual FPS are recorded as initial threshold values. User is then asked to sit on to the chair and perform
movements to different directions. The maximum values due to sitting pressure for individual FPS are also recorded
as maximum threshold values. The initial threshold values are then subtracted to set each FPS at zero and estimate
maximum threshold values and stored in log file. This calibration procedure is followed once in a week and it varies
from individuals. Every time the app runs, it restores the values from log file and updates to new parameters after
each calibration.

2.2.3. Visualization

To visualize the ASP, the reading from FPS; to FPSe is used. Initially the maximum (max) and minimum (min)
threshold values are restored from the log file mentioned in Section 3.2.2 from individual FPS. We then draw a
circle from 6=0 to 2z of duration of 0.01 using x =sin(#), y = cos(€). We define the interval a=50 and the
value of each step increment (3) is computed by & = (max—min)/« . The interval angle w is estimated using
@=A*m/o with L =1. The scale is represented from 0 to & using ¥ = —A* 7z /i*n+ A* 7, for n= 0 to a. The
small scale line is then drawn using x =sin(y), y =cos(). The minimum and maximum values of the scale are
mapped between -100 to +100. The indicator line (f) is then set with the instantaneous difference between left and
right value of the feature (1) using f=-w@*(7—min)/6+A*7. The indicator line is drawn from 0 to g. The
asymmetry between right and left thigh is represented by the difference between FPSs and FPS¢ (see Figure3 (a)),
between right and left buttock region is represented by the difference between FPS3; and FPS,4, and between right and
left shoulder region is represented by the difference between FPS; and FPS,. The overview of the visualization of
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ASP is shown in Figure 4. Figure 4(a) shows a posture with asymmetrical sitting in cross-leg position and Figure
4(b) demonstrates asymmetrical measurements in a dial fashion. During a sitting posture, the pressure distribution of
both right and left side should theoretically give identical results and therefore perfect asymmetry should give dial
indicator readings of zero. The first dial (Dial 1), second dial (Dial 2), and third dial (Dial 3) are displaying
asymmetry for thigh, buttock, and shoulder regions. It is noted that there is a difference in the level of asymmetry.
For example, red indicator in Dial 1 shows a reading of around +44, it means that the pressure distribution of the
right shoulder region is higher than the left. A negative value indicates the pressure of the left region is higher than
the right region. A high reading indicates higher asymmetry and a low reading indicates good sitting posture. The
app records daily reading and estimates duration of total sitting, active, static and asymmetry sittings.
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Fig. 4. (a) Sample representation of asymmetrical sitting posture; (b) Dial based asymmetrical sitting posture visualization; (c) Sitting score
and summary for a day

2.2.4. Score

The duration of everyday sitting time is estimated. The duration of the active sitting is estimated when there is
non-zero reading from all six FPS. The duration of static sitting is estimated when the dials reading values lie less
then £5. The duration of the asymmetric sitting is estimated when any dial shows more than +20 for more than 5
minutes. A static sitting score is estimated using percentage by STATIC = (duration of static sitting/duration of
active sitting) * 100. An asymmetric sitting score is estimated using percentage by ASYMMETRY = (duration of
asymmetric sitting/duration of active sitting) * 100. The details of estimations and scores are presented in Figure
4(c). A low score indicates good sitting posture.

2.2.5. Data store

The app has the facility to store data on an internal/external location as a csv file. There is a switch “Record” at
the top right side of the app, pressing it starts data storing. The switch is pressed again to stop; the collected data is
stored as a csv file. In future, data from patients with posture disorders will be stored in cloud platform to bring out
new information using artificial intelligence and allow accessible to stake holders including patients’, general
practitioners, therapists, social carers and hospital specialists to facilitate the interaction between the relevant
members of the group who can make treatment recommendations and follow progress remotely.

3. Conclusion

In this research, we designed, developed and implemented a low cost new hardware and Android App to monitor
and improve sitting posture. The paper describes a healthy sitting monitoring system. While systems to monitor
posture have been developed [36] our system differs by integrating posture visualization in real time with post data-
collection analysis. As part of this research, we build a flexible pressure sensor considering the sitting presser
sensing system compatible with human biomechanics for use embedded in complex interfaces, such as seat cover
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and chair. Our flexible pressure sensors use a novel multi-layering method which is proposed as a full solution for
manufacturing and real world use. The flexible nature of the sensors allows us to design for anthropomorphic
parameters of varying human back sizes and variations in chair shapes. Bluetooth is used to transfer sensor data to a
smart phone application. The inducting charging system helps to maximize the battery runtime and auto cut protects
the battery from over charge. Our designed and developed Android App provides graphical dial based visualization
of the real time sitting posture information and stores data to provide daily scores. This offers an easy, user friendly
private and secure way to visualize and monitor sitting posture which can be used for monitoring and rehabilitation
purpose of diseases associated with sitting posture in different clinical setting, work place, school and patient’s
home. This study adds to current literature by demonstrating a new visual method of demonstrating real time
asymmetry sitting posture that increases the reliability and validity of monitoring posture abnormalities.
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