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ABSTRACTS KEYWORDS
Sitting for prolonged periods with improper posture can cause serious health Microcontroller, Bluetooth,
problems, including Low Back Pain (LBP) and other musculoskeletal RTC, SD Card Module,
disorders. Many employees spend long hours sitting at their desks without Smartphone.

realizing the impact of their posture on their health. To address this issue,
an employee sitting posture detector has been developed to monitor and
analyze sitting posture and duration, helping to prevent long-term health
risks. This device uses eight load cell sensors strategically placed to measure
weight distribution and detect different sitting positions with high accuracy.
It also incorporates an SD card module for data storage and a high-accuracy
Real-Time Clock (RTC) timer to record sitting duration. The
microcontroller processes the collected data and transmits it via a Bluetooth
module to a dedicated smartphone application, allowing users to track their
posture in real time. The tool is capable of detecting eight different sitting
postures: ergonomic, overlap left back, overlap right back, overlap left,
overlap right, sit all, sit front, and sit front back up. When the system detects
prolonged improper sitting postures, it activates an alarm to remind
employees to adjust their posture or take breaks. By utilizing this device,
employees can develop better sitting habits, reducing the risk of health
issues related to poor posture. This tool not only improves individual well-
being but also enhances workplace ergonomics, ultimately leading to
increased productivity and a healthier work environment.

1. INTRODUCTION

Sitting work position or sitting attitude is an attitude where sitting with a straight back, shoulders back, and
buttocks touching the back of the chair because this can reduce the amount of static muscle load on the legs [1].
Spending a long time sitting in the same position can contribute to the appearance of Low Back Pain (LBP) [2].
Lack of rest during work can disrupt blood circulation and damage muscles in the body which can ultimately
reduce body function and cause pain in some parts of the body [3].

Lower Back Pain (LBP) conditions can be caused by work positions that are less ergonomic and cause
increased fatigue in the body[4]. Low back pain can be prevented by doing a good and correct sitting work
posture according to ergonomics, namely sitting upright not tense better if there is a chair back, the head does
not lean forward> 15°, thighs parallel to the floor, arms and hands supported and better feet have a foothold [5].
One example of a less ergonomic work position is when someone performs the same task repeatedly over a long
period of time or holds a certain body position, such as a twisting motion position, working with a tilted body
position, kneeling, squatting, holding, and clamping with hands for a long time [6].

Therefore, a tool is needed “Design of Sitting Posture Detection for Employees Using Microcontroller” which
can provide warnings to employees to be more aware of body health due to sitting too long. This tool can detect
8 sitting postures, namely Ergonomically, Over Lap Right Back, Over Lap Left Back, Over Lap Right, Over
Lap Left, Sit All, Sit Front, and Sit Front Back Up.
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2. RESEARCH METHODOLOGY

This section describes the design and manufacturing procedures used in the design of a sitting posture detector
for employees using a microcontroller.
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[ F1G 1. Block Diagram of The System ]

In Figure 1, it can be seen that this sitting posture detection system uses eight load cell sensors mounted on the
chair. Four sensors are placed on the seat cushion, and the other four sensors on the back cushion. Load cells
function to detect the load or pressure of the employee's body which shows the weight distribution during sitting.
Because the signal generated by the load cell is very small, the HX711 module is used as an amplifier as well as
a signal converter from analog to digital so that it can be processed by the microcontroller [7], [8], [9].

Arduino Mega 2560 microcontroller is used as a data processing center, with the support of Real-Time Clock
(RTC) to record the time of each measurement. All posture detection data and time are stored on the SD card
module, so that they can be accessed at any time for further analysis [10], [11], [12].

To facilitate real-time monitoring, data is sent to a smartphone application via a Bluetooth module. The app,
developed using MIT App Inventor, displays information about sitting postures and notifies employees of any
unergonomic sitting positions. Every 30 minutes, an alarm sounds as a reminder to take a break and will remain
active for one minute if not turned off [13], [14], [15].

2.1 Mechanical Designing
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[ FI1G 2. Sensor Positioning Plan ]

Figure 2 shows the layout of the eight load cell sensors mounted on the chair to detect the employee’s sitting
posture. These sensors are divided into two groups: four sensors are placed on the seat cushion (sensor 1 to sensor
4) and the other four sensors are installed on the back cushion (sensor 5 to sensor 8).

Sensors 1 to 4 detect the load distribution on the seat cushion, where the main body weight is usually focused
when the employee is seated. Sensors 5 to 8 are mounted on the backrest to detect the pressure applied by the
employee's back. The combination of these two groups of sensors allows the device to detect a more detailed
weight distribution, both in the pelvis and legs and in the back.

This configuration aims to provide an accurate picture of the employee's sitting posture and detect uneven
loads. A detected load imbalance may indicate an unergonomic sitting posture, potentially causing discomfort or
health problems in the long run.
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2.2 Software Designing
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[ FIG 3. MIT APP Inventor Application System Design on Smartphone ]

The display of load cell sensor data on the smartphone can be seen in Figure 3. There is some information that
will be displayed by the MIT App Inventor application, including:

[ TABLE 1. Explanation of the System Design of MIT APP Inventor Applications on Smartphones ]
Design Description
Notification Displays alerts to employees for each movement
Results Shows sitting posture results during the use of the tool
Alarm Reminds employees every 30 minutes
Bluetooth Connects the system to the smartphone

The results will display symbols indicating the employee's sitting posture, which can be seen in Table 2 below.

[ TABLE 2. Seating Position Symbols ]

Symbol Description

Ergonomically

Overlap Right Back

Overlap Left Back
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L
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3. RESULTS AND DISCUSSION

3.1 Bluetooth Module Testing Results

The Bluetooth module used in this test is the HC-06 Bluetooth module. The purpose of this test is to determine
the range at which the connection between the HC-06 Bluetooth module and the smartphone remains stable,
ensuring that the posture detection application using the MIT App Inventor functions optimally.

This test was conducted by measuring the maximum distance at which the Bluetooth connection remained
stable before it was lost. Two testing conditions were evaluated: one without any obstructions and the other with
physical obstructions.

[ TABLE 3. Results of Bluetooth Testing Without Obstruction ]
Distance Condition
0 meters Detected
1 meters Detected
2 meters Detected
3 meters Detected
4 meters Detected
5 meters Detected
6 meters Detected
7 meters Detected
8 meters Detected
9 meters Detected
10 meters Detected

This test aims to determine the maximum range of the HC-06 Bluetooth module in an open environment without
physical interference. The HC-06 Bluetooth module and smartphone were placed in an open area. The test started
at a distance of 0 meters and was gradually increased until the connection was lost. The stable connection range
was recorded between 0 meters and 10 meters.

[ TABLE 4. Results of Bluetooth Testing With Obstruction ]
Distance Condition
0 meters Detected
1 meters Detected
2 meters Detected
3 meters Detected
4 meters Detected
5 meters Detected
6 meters Detected
7 meters Detected
8 meters Not Detected
9 meters Not Detected
10 meters Not Detected

The test with physical obstructions aims to assess the maximum range of the HC-06 Bluetooth module in an
environment with physical barriers such as walls or partitions. The HC-06 Bluetooth module was placed in one
room, and the smartphone in another, separated by a wall or other obstacles. The test started at a distance of 0
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meters and was gradually increased until the connection was lost. The stable connection range was recorded
between 0 meters and 7 meters.
These test results show that the maximum range of the HC-06 Bluetooth module is affected by the presence of
physical obstructions. In an environment without obstructions, the range is wider compared to conditions with
barriers.

3.2 Sensor Reading Test Results on the Smartphone

In the load cell sensor readings, the weight measurement is converted into values of 0 and 1. The sensor reading
will display a value of O if the weight detected by the sensor is less than 200 grams, and it will display a value of
1 if the weight is equal to or greater than 200 grams. This conversion helps determine the sitting posture of
employees, as shown in Table 5 below.

[ TABLE 5. Seating Posture Specifications ]

Sensor
Posture Position Seat Pad Back Pad Description
S1 S2 S3 S4 S5 S6 S7 S8

All seat sensors receive equal

P1 Ergonomically 1 1 1 1 1 1 1 1
pressure.
. Right leg crossed, back pad
P2 Overlla_;isleght 1 0 1 1 1 1 1 1 sensors receive equal
pressure.
Left leg crossed, back pad
P3 Over Lap Left 0 1 1 1 1 1 1 1 sensors receive equal
Back
pressure.
. Right leg crossed, without
P4 Over Lap Right 1 0 1 1 0 0 0 0 using the back pad.
P5 Overlaplet 0 1 1 1 0 0 0 0 Left leg crossed, without
using the back pad.
Seat cushion sensors receive
P6 Sit All 1 1 1 1 0 0 0 0 equal pressure, without using
the back pad.
Only the front part of the seat
P7 Sit Front 1 1 0 0 0 0 0 0 is used, without using the
back pad.
. Only the front part of the seat
P8 Sit Fr&nr;[ Back 1 1 0 0 0 0 1 1 and the upper back pad are
used.

This test aims to assess how the system works as a whole using the MIT APP Inventor application. During the
test, the sitting posture of employees is displayed on the smartphone. The system interface before activation can
be seen in Figure 4 (a). The next test involves reading the sitting posture of employees. This test can be seen in
Figure 4 (b), where the sitting posture of the employees is in an ergonomic position, with the recorded value being
(1111 1111). In this case, the audio output on the smartphone is turned off. The display when the sitting posture
of employees shows a postural error, which is non-ergonomic, can be seen in Figures 5 through 8.
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[ F1G 4. (a) Initial Display of Smartphone Application, (b) Ergonomic Seating Posture Display ]
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[ FIG 5. (a) Overlap Right Back Seating Posture Display, (b) Overlap Left Back Seating Posture ]

In Figure 5 (a), the sitting position of the employee is displayed as Overlap Right Back, with the recorded value
being (1011 1111). The system will send the data and display the sitting position as Overlap Right Back. The
audio output and notification on the smartphone will provide the warning: ‘Sitting Posture: Overlap Right Back.
This posture is non-ergonomic, please change your position!’. In Figure 5 (b), the sitting position of the employee
is displayed as Overlap Left Back, with the recorded value being (0111 1111). The system will send the data and
display the sitting position as Overlap Left Back. The audio output and notification on the smartphone will provide
the warning: 'Sitting Posture: Overlap Left Back. This posture is non-ergonomic, please change your position!'
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[ F1G 6. (a) Overlap Right Seating Posture Display, (b) Overlap Left Seating Posture Display ]

In Figure 6 (), the sitting position of the employee is displayed as Overlap Right, with the recorded value being
(1011 000). The system will send the data and display the sitting position as Overlap Right. The audio output and
notification on the smartphone will provide the warning: 'Sitting Posture: Overlap Right. This posture is non-
ergonomic, please change your position!". In Figure 6 (b), the sitting position of the employee is displayed as
Overlap Left, with the recorded value being (0111 000). The system will send the data and display the sitting
position as Overlap Left. The audio output and notification on the smartphone will provide the warning: 'Sitting
Posture: Overlap Left. This posture is non-ergonomic, please change your position!'.
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[ F1G 7. (a) Sit All Seating Posture Display, (b) Sit Front Back Up Seating Posture Display ]

In Figure 7 (a), the sitting position of the employee is displayed as Seat All, with the recorded value being
(1111 000). The system will send the data and display the sitting position as Seat All. The audio output and
notification on the smartphone will provide the warning: 'Sitting Posture: Seat All. This posture is non-ergonomic,
please change your position!". In Figure 7 (b), the sitting position of the employee is displayed as Seat Front, with
the recorded value being (1100 000). The system will send the data and display the sitting position as Seat Front.
The audio output and notification on the smartphone will provide the warning: 'Sitting Posture: Seat Front. This
posture is non-ergonomic, please change your position!".
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[ FIG 8. Sit Front Back Up Seating Posture Display ]

In Figure 8, the sitting position of the employee is displayed as Seat Front Back Up, with the recorded value
being (1100 0011). The system will send the data and display the sitting position as Seat Front Back Up. The
audio output and notification on the smartphone will provide the warning: 'Sitting Posture: Seat Front Back Up.
This posture is non-ergonomic, please change your position!".

3.3 Alarm Testing

The application also includes alarm settings. This alarm serves as a reminder for employees to stretch and take
short breaks every 30 minutes. Short breaks can last about 1-2 minutes to reduce the risk of Lower Back Pain
(LBP), Deep Vein Thrombosis (DVT), muscle atrophy, osteoporosis, and heart disease.

65

[ TABLE 6. Results of Alarm Testing Every 30 Minutes
Time Description
30 minutes Alarm On
60 minutes Alarm On
90 minutes Alarm On
120 minutes Alarm On

This test aims to ensure that the alarm in the application functions according to the established settings. Based
on Table 6, the test results indicate that the alarm works well, sounding every 30 minutes. Thus, the alarm feature
in the application can be relied upon to help maintain employee health by reducing the risks associated with
prolonged sitting.

4. CONCLUSIONS

This tool is designed to convert the measured weight values into binary values of 0 and 1, where if the weight
detected by the load cell sensor is greater than 200 grams, the conversion result is 1, and it will be 0 if the weight
detected by the load cell sensor is less than 200 grams. This tool can detect 8 sitting postures: Ergonomically,
Overlap Right Back, Overlap Left Back, Overlap Right, Overlap Left, Sit All, Sit Front, and Sit Front Back Up.
The readings will be displayed in the MIT APP Inventor application based on the specified posture values set in
the Arduino IDE program.
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