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Abstract: The wireless and ambulatory posture monitoring system monitors the movement and posture change of
the human body with respect to the g-line. It is crucial to monitor the posture health of the ophthalmologist who
spends a prolonged period on the static sitting posture while operating on the slit lamp which leads to any painful
experience. The motivation of the proposed system is to improve the ergonomics of the ophthalmologist on their
working environment and reduce any occupational potential hazard which may prompt Work-Related
Musculoskeletal Disorders (WMSDs). The proposed system also induced a wireless system by using XBee wireless
units to reduce the use of the wire that may tangle on the study subject which causes any uncomfortable experience
to the study subject during the human trial. Inertial Measurement Unit (IMU) sensor which consists of an
Accelerometer, a Gyroscope and a Magnetometer is used to measure the angle of deviation of the body segment with
respect to the g-line. The data is tabulated and presented into the graphical method to identify and extract the
properties of the graph on each different static sitting posture which later are used for posture recognition.
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1. Introduction

Ergonomics is an important subject for years. Ergonomics is defined as the interaction between the workers to their
working environment (Tee et al., 2017). The main objective of the ergonomics is to improve working experience of the
worker with concern on the safety, health and welfare (OSHA3125, 2000). It is crucial to raise the awareness of the
workers on the potential occupational hazard around their working environment which may risk their safety and health.
In order to reduce the risk of potential occupational hazard among the workers, numbers of postures monitoring system
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and instruments are developed specially for their particular field such as industrial, medical, office and so on to improve
the worker’s safety and health. J. Birsan et al. proposed a sitting posture monitoring system which tracks the sitting
posture of the users and alerts them when bad postures are detected (Birsan et al., 2017). M. Tarabini et al. present a
feasible study on the human bodypostures of the industrial workers with the simultaneous use of Kinect skeletal system
and Notch system which consists IMU sensor in it (Tarabini et al., 2018; Tarabini et al., 2018). C. Marino et al. developed
a software of non-invasive evaluation with the implementation of Kinect to monitor human body postures of the study
subject at the workplace (Marino et al., 2018). Q. Wang et al. proposed a smart rehabilitation garment using IMU sensors
which enable posture monitoring to prevent spinal pain and avoid compensatory movement of the human body (Wang et
al., 2015).

Recently, the ophthalmologist claim to have suffer a painful experience on the Work-Related Musculoskeletal
Disorders (WMSDs) (Kitzmann et al., 2012). The scenario of the ophthalmologist on their working environment is that
they have maintained at a static sitting postures by leaning forward while operating on the slit lamp during eye inspection
section on the patients for prolonged period which lead to neck pain, lower back pain, upper back pain and so on (Al-
Marwani Al-Juhani et al., 2015; Hyer et al., 2015; Marx, 2012; Natarajan & Nair, 2016; Ratzlaff et al., 2018; Venkatesh
& Kumar, 2017). In year 2010, a total number of 204,909 ophthalmologists was reported from 67 countries. The survey
shows that there is significant shortfall in the number of ophthalmologists in worldwide which may lead to work overload
among the ophthalmologists and impose to higher risk on the ergonomics (Resnikoff et al., 2012).

In regard to the issue raised, a wireless and ambulatory posture monitoring system is proposed as the solution of the
problem. The system monitors the movement of the human body and detects the change of the body postures. The data
acquired will be analysed to determine the awkward body posture by measuring its angle of deviation with respect to g-
line.

2. Methodology

This section includes the overview of the wireless and ambulatory posture monitoring system which explain the flow
of the system during the human trial is carried out; configuration on the wireless modules which shows the full process
on the configuration done to the particular wireless module and settings parameter needed to enable communication
between them; system design which illustrates the hardware design of the wireless and ambulatory posture monitoring
system; and the system validation which shows the procedure to validate the functionality of the system before it is ready
for human trial.

2.1 System Overview

The wireless and ambulatory posture monitoring system is started by strapping the DAQ system to the upper body
of the study subject. In this project, the upper body of the study subject is selected as the benchmark placing the DAQ
system because the system is able to detect the slightest movement of the body when it is deviated from the g-line. After
all the setup has been done and checked properly, the DAQ system is switched on for data acquisition. The IMU sensor
detects the change of posture from the study subject and generates a series of data. The data is then transferred to the
microcontroller for multipurpose. First, the data is stored into the memory card as the text file for back up purpose. At
the same time, the data is also transmitted to PC via wireless module for real-time graph plotting. The PC received the
data from the wireless module and displayed the real-time graph which responds to the change of posture of the studied
subject. The scenario of the wireless and ambulatory posture monitoring system is illustrated in Fig. 1.

Study Subject
Fig. 1 - The scenario of the wireless and ambulatory posture monitoring system

2.2 Configuration on Wireless Unit

The configuration process is crucial in order to enable the wireless modules to communicate and transfer data
between each other. In this project, XBee S2C [https://www.digi.com/] as shown in Fig. 2 is chosen as the wireless
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module. Xbee S2C has lower latency on the data transmission, user-friendly and lower in cost as compared to other
wireless units.

XCTU [https://www.digi.com/] is a free and user-friendly configuration platform for the user to communicate with
Digi RF modules. The software XCTU is used in this project to configure the settings parameter of the XBee S2C. There
are two units needed to be configured which are the coordinator and the router. The coordinator unit connects to the PC
to communicate and receives data transmitted from the router unit; while the router unit transmits the data acquired from
the sensor of the DAQ system to the coordinator unit.

First, both units are updated to the latest firmware provided by the developer before they are ready for any
configuration. For the coordinator unit, the PAN ID code is set to any desired number in order to communicate with other
units which shared the same code. In this project, it is set to 1234. The Destination Address Low (DL) is set to FFFF
which means the unit is broadcasting. API Enable (AP) is set to transparent mode for simple two-way communication
between the units. Coordinator Enable (CE) is set to enable for the unit to be recognize as the coordinator unit. For router
unit, the PAN ID code is first set to 1234 which is same to coordinator unit. JV channel is set to 1 to enable the router
unit to leave its current channel if the coordinator unit is not detected or operated. Coordinator Enable (CE) is set to
disabled for the unit to be recognize as router unit.

After all the configuration has been done, the communication between both coordinator and router units are verified
using the same software. The connection between both units can be determined by inserting any desired alphanumeric
value on the router unit. If the coordinator unit received the same alphanumerical value as inserted earlier on the router
unit, it shows that both units are communicating with each other and the connection is a success.

™ o

Fig. 2 - Xbee S2C

2.3 System Design

The circuitry design of the wireless and ambulatory posture monitoring system is divided into two main
compartments which are coordinator and router. For the coordinator part, it contains the PC, Arduino UNO unit and
XBee (coordinator configured) unit. The Arduino UNO unit is used to interfacing with the XBee unit by bypassing the
Atmega 328p chip and converting it into TTL serial. The coordinator configured Xbee is acting as the receiver to receive
and transfer the data to PC. The data received by the PC will be post-processed and plotted using Python
[https://www.python.org/]. The schematic diagram and the hardware assembly of the coordinator part is shownin Fig. 3
For the router part, it contains 9V DC battery, Arduino Nano unit, GY-85 sensor, SD card module, 8GB memory
card and Xbee (router configured) unit. The router part is powered by 9V DC supply. Arduino Nano is chosen as the
microcontroller because it is smaller in size and compact. It shares almost the same functionality with other general
Arduino series products. GY-85 sensor is a 9DOF IMU sensor which contains accelerometer, gyroscope and
magnetometer in it. The data generated from the sensor is transferred to the microcontroller via 12C bus. In this project,
only accelerometer and gyroscope are enabled for posture monitoring since the body movement and angle of deviation
of the upper body relative to g-line of the study subject are interested. SD card module as the card slot for the memory
card to store and back up the data received from the sensor. The router configured Xbee act as the transmitter to transmit
the data acquired from the IMU sensor. The schematic diagram and the hardware assembly of the router part is shown in
Fig. 4.
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Fig. 3 - (a) Schematic diagram of the coordinator part; (b) Hardware assembly of the coordinator part
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Fig. 4 - (a) Schematic diagram of the router part; (b) Hardware assembly of the router part

2.4 System Validation

System validation is a vital process needed to be done to ensure the functionality and the stability of the system if it
is meet to the requirement. It also reduces the possible errors that could affect the precision and accuracy of the data
acquired which may deviate from the actual reading. Two main verifications are done in this project which includes, the
connectivity between the wireless units and the functionality of the posture monitoring system.

The connectivity between the wireless units is determined by repeating the communication verification process done
during the wireless module configuration process. The coordinator unit may receive the same alphanumerical value as
inserted from the router unit through XCTU after connected. If it’s not receiving any value as desired or giving no
response at all, it means there are issues on the connectivity or the setting on the wireless unit. It is important because the
firmware of the wireless unit may defect through improper care.

The functionality of the posture monitoring system is validated with a series of tests. First, the test starts with the
calibration of the sensor. In this project, a simple calibration on the sensor is done by placing the sensor on the flat surface
in different directions. The degree of deviation and the error on the value of the sensor relative to the flat surface are
measured and adjusted. Then, the system is attached to a human model and started to run to collect a series of data. The
PC will display the change of human model posture through real-time graph plotting. After that, the backup data from
the memory card is extracted, plotted and compared to the real-time graph plotting by the PC earlier to determine if there
is any difference between them.

3. Results and Discussion

The human trial session is conducted on the study subject by simulating various types of the static sitting posture in
a period of time. In this session, there are 5 different static sitting postures simulated which include, normal, left, right,
anterior and posterior. All sessions are started and ended at the benchmark normal static sitting position. Each posture
has lasted for 100 seconds per session. The sampling rate of the DAQ system is set to a lower frequency of 10Hz which
is sufficient for static postures. The higher sampling rate is not recommended due to the higher power consumption and
the delay of data transmission by the wireless units. The data acquired from the DAQ system is then transmitted via the
wireless system and plotted on the Python by PC. The scenario of all the static sitting postures, sensor’s direction, the
graph of accelerometer and the graph of gyroscope are tabulated in Table 1.
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Table 1 - The scenario, sensors direction, graph of accelerometer and graph of gyroscope
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From the results obtained, both accelerometer and gyroscope data readings remain constant for the whole normal
posture. When the study subject leaned to the left, there are a decrease in Accelerometer x and Accelerometer y values
and spike down in Gyroscope z value. When the study subject leaned to the right, there is an increase in Accelerometer
x value, decrease in Accelerometer y value and spike up in Gyroscope z value. When the study subject leaned to anterior,
the value of Accelerometer y and Accelerometer z are decreased and spike up in Gyroscope y value. When the subject
bend leaned to posterior, the value of Accelerometer y decreased, the value of Accelerometer z increased and spike down
in Gyroscope y value. In order to summarize the finding, the Accelerometer x, Accelerometer y and Gyroscope z are
responded to the left and right motions; the Accelerometer y, Accelerometer z and Gyroscope y are responded to the
anterior and posterior motions.

The human trial is proceeded to the next session in which the study subject is permitted to perform any body postures
as desired. According to the results as illustrated in Fig. 5, it shows that the user is able to identify and recognize the body
postures through the wave pattern of the accelerometer and gyroscope. The sequence of the body postures are such as
normal, left, normal, right, normal, anterior, normal, posterior and normal.
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Fig. S - Random postures and posture identification

4. Conclusion and Future Works

In conclusion, the development of the wireless and ambulatory posture monitoring system is a success. The DAQ
system is able to read and identify the posture change of the studied subject relative to its previous posture. The data
acquired from the DAQ system is transferred successfully via wireless module to the PC for real-time graph plotting. The
posture monitoring system can be further improved in the future by implementing a few recommendations like applying
more detail calibrations to the IMU sensors for more accurate data acquisition on the human posture; applying distance-
frequency test to the DAQ system to check for the distortion of data as the distance of data transmission is increased;
adding multiple sensors to the DAQ system for more detail in the mapping of the whole upper body of the studied subject
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in posture analysis; and reconstruct the human trial session into several hours for more accurate and better results in
justification on bad postures.
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