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Abstract

Scoliosis is a spinal deformity characterized by an abnormal lateral curvature of the spine and requires accurate early detection to prevent
further complications. Conventional scoliometers are still widely used for initial screening; however, manual measurements often face
limitations in reading precision and data recording efficiency. This study aims to design software and an angle calibration system for a
portable digital scoliometer based on the ESP32 microcontroller. The developed system utilizes an MPU6050 sensor to detect trunk rotation
angle, an LCD module as a display interface, and wireless communication for data transmission. The software implementation includes
sensor data acquisition, angle processing using the Kalman Filter method, automatic zero-point calibration, battery monitoring, and
communication with a web-based server through a RESTful API. The calibration system is designed to reduce initial offset errors and
improve measurement stability. Testing results indicate that the system is capable of displaying angle measurements in real time, operating
responsively, and transmitting data successfully to the server. The implemented calibration method also improves consistency and
reliability of angle readings. Therefore, the developed portable digital scoliometer can serve as an effective solution for supporting scoliosis
screening in a more practical and digitalized manner.
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1. Introduction

During adolescence, which is a transitional phase from childhood to adulthood, significant growth and development processes occur both
physically and psychosocially. During this period, adolescents experience various changes, including changes in posture that need to be
well-maintained as they will affect the body's condition in adulthood. Unergonomic sitting habits and improper use of bags can cause
postural disorders in children, potentially increasing the risk of scoliosis. [1]. Scoliosis is a musculoskeletal disorder characterized by lateral
curvature of the spine accompanied by vertebral rotation and three-dimensional changes in spinal structure. This condition can affect body
posture, movement function, and quality of life if not properly addressed from an early age [2]. Scoliosis generally begins to develop during
childhood or adolescence and in some cases goes undiagnosed until adulthood. Additionally, scoliosis can also appear in adulthood due to
degenerative factors or changes in spinal structure[3]. If not detected early, scoliosis can cause various negative impacts, including a
decrease in quality of life, disability, discomfort, back pain, body deformity, functional disorders, respiratory issues due to lung
involvement, and psychological disturbances[4]. Therefore, early screening becomes a very important step to detect scoliosis conditions
from a young age. This is due to the progressive nature of the disease, which can lead to more severe complications if not promptly and
properly addressed [3].

One of the widely used initial screening methods for scoliosis is the Adams Forward Bend Test with the aid of a scoliometer to determine
the Angle of Trunk Rotation (ATR). In this method, the patient is asked to bend forward, followed by a physical examination to measure
the trunk rotation angle or ATR using a scoliometer as an initial indicator of spinal curvature abnormalities[5]. The measurement of the
Angle of Trunk Rotation (ATR) using a conventional scoliometer still has several limitations[6]. Angle readings are generally done
visually, which can potentially lead to differences in interpretation among examiners. In addition, the recording of measurement results is
still done manually, which leads to a lack of efficiency in patient data management and increases the risk of loss and disorganization in
medical documentation. The development of microcontroller technology enables the integration of various components such as sensors,
actuators, and communication modules into a single efficient system, thereby opening up opportunities to enhance the quality of medical
measuring instruments to be more accurate, practical, and integrated[7]. One of the most widely used microcontrollers is the ESP32, which
has advantages in data processing capabilities and is equipped with built-in WiFi and Bluetooth modules, making it highly supportive of
the implementation of Internet of Things (IoT)-based systems[8]. Meanwhile, the MPU6050 sensor is an inertial sensor consisting of an
accelerometer and a gyroscope that functions to measure acceleration and angular velocity[9]. This sensor is capable of detecting changes
in angle and tilt digitally with a good response rate. Therefore, the MPU6050 is widely used as a tilt indicator in various angle measurement
applications due to its ability to produce data continuously and in real-time. The data generated by the sensor is then sent to a microcontroller
for further processing in the measurement system[10].
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In its implementation, motion sensor readings often experience disturbances such as noise, drift, and initial offset errors that can affect the
accuracy of the measurement results. To address these issues, an appropriate data processing and calibration system is required. One of the
methods that can be used is the Kalman Filter, which functions to reduce noise in angle readings and optimally estimate the system's
state[11]. This method works by combining data from the accelerometer and gyroscope, resulting in a more stable and accurate angle
estimation. In addition, an automatic zero calibration method is also applied to reduce initial angle errors before the measurement process
is carried out. This calibration aims to maintain the initial condition of the measuring instrument to remain consistent, as well as to support
the improvement of measurement quality in the digital scoliometer system[12]. Based on the aforementioned issues, this research aims to
design software and an angle calibration system for a portable digital scoliometer based on ESP32. The developed system is expected to
display the Angle of Trunk Rotation (ATR) measurement results in real-time, improve sensor reading stability, and support digital data
storage thru network integration. With this system, the scoliosis screening process is expected to become more effective, practical, and
modern in identifying scoliosis cases early on, thereby assisting medical personnel in making more accurate early detections[13].

2. Research Methodology

The research methodology used in this study is the engineering design method, which is an approach that focuses on the structured process
of designing, implementing, and testing systems to meet user needs. [ 14]. This approach includes the stages of problem formulation, needs
analysis, system design, implementation, as well as system performance control and evaluation. The research stages conducted include
system needs analysis, hardware and software design, program implementation, sensor calibration, and equipment performance testing.

2.1 System Requirements Analysis

At this stage, the identification of system requirements capable of measuring the Angle of Trunk Rotation (ATR) digitally, being portable,
and displaying measurement results directly is conducted. In addition, the system is designed to be able to store and transmit measurement
data to the server via a wireless network. The main requirements of the system consist of several components as follows:
1. ESP32 microcontroller as the system control center
MPU6050 sensor as the tilt angle detector
16x4 12C-based LCD as the display medium
Navigation buttons as input for position selection and measurement process
Battery module as a portable power source
Wifi connection as the data communication medium to the server
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2.2 Hardware Design

The hardware in this system is designed by integrating the MPU6050 sensor with the ESP32 microcontroller via 12C communication.
Additionally, the 16x4 LCD is also connected using the 12C interface, making pin usage easier and improving the efficiency of connections
between components. Input buttons are used as controls for selecting the measurement position and operating the start and stop processes.
In addition, the LED indicator and buzzer are used as status indicators for the system, such as active condition, measurement process, or
notifications of system success or failure.

2.3 Software Design

The software in this system is designed to process sensor data, perform calibration, and display and transmit measurement results. The
overall workflow of the software is shown in Figure 1.
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Fig. 1: Flowchart of Digital Scoliometer Software

The flowchart illustrates the main process of the system, starting from the device initialization stage, WiFi connection, and initial calibration
(auto zero calibration), followed by the sensor data reading process, data processing using the Kalman Filter, and ending with the
transmission of the measurement results to the server. The software is developed using Arduino IDE with the C++ programming language.
The program is designed to control the entire system workflow in an integrated manner, from sensor data acquisition to network-based
data communication.

The main functions in the software include:
Hardware initialization and WiFi connection
Reading accelerometer and gyroscope data from the MPU6050 sensor
Calculating the Angle of Trunk Rotation (ATR)
Data processing using the Kalman Filter method
Automatic zero calibration
Displaying measurement data on the LCD
Monitoring battery capacity
Sending measurement data to the server RESTful API
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2.4 Angle Calibration System

In this system, the angle calibration process is performed automatically when the device is first turned on. Calibration is the process of
comparing the value indicated by the measuring instrument with a standard value that has traceability to national or international standards
[15]. In its implementation, the system will read angle data from the sensor thru several sampling sessions in a flat position, then calculate
the average value as the initial offset. This offset value is used as the zero-degree reference in the measurement process, thereby reducing
initial reading errors due to sensor bias. Thus, this calibration system plays a role in improving the accuracy and stability of angle
measurement results on a digital scoliometer.

2.5 Sensor Data Processing

Data from the accelerometer and gyroscope are combined using the Kalman Filter method to reduce noise in angle readings, resulting in
more stable and accurate data [11]. This method works by combining two sources of sensor data to obtain an optimal angle estimation in
dynamic conditions. The sensor continuously reads position changes, then the system will record the angle values during the measurement
process. The maximum angle value obtained during the process is used as the patient's Angle of Trunk Rotation (ATR).

2.6 System Testing
System testing is conducted to evaluate the overall performance of the device based on the following aspects:

1. Device function testing This test aims to ensure that all system components, such as sensors, LCD, buttons, buzzer, LED, and
WiFi connection, function properly according to the design.
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2. Angle reading response testing This test aims to measure the change in angle values when the device is tilted at several positions
to determine the sensor's responsiveness

3. Data communication testing This test is conducted to ensure the successful transmission of measurement data to the server via
the WiFi network.

4. Device portability testing This test aims to determine the device's performance when used with battery power, ensuring that the
device can operate portably.

2.7 Data Analysis Techniques
The test data were analyzed descriptively based on the stability of the angle values, sensor reading response, data communication success,

and overall system performance during the measurement process. The analysis was conducted to evaluate the performance of the software,
the sensor data processing, and the designed automatic calibration system.

3. Results and Discussion

3.1 System Implementation

The developed digital scoliometer system has been successfully implemented and is capable of displaying measurement results in real-
time via an LCD. The displayed information includes the Angle of Trunk Rotation (ATR) value, measurement position, patient name, and
battery capacity percentage.

Fig. 2: ATR Measurement Results

Based on Figure 2, the system is capable of displaying an Angle of Trunk Rotation (ATR) value of 0.4° at the lumbar position in real-time
thru the LCD. In addition to displaying the ATR value, the system also shows additional information such as patient identity and battery
capacity status, making it easier for users to carry out the measurement process. During the data transmission process to the web system, a
red LED will light up as an indicator that the measurement data is being sent via the WiFi network.

Fig. 3: ATR Measurement Results on Other Patients

Figure 3 shows the measurement process on other patients with different Angle of Trunk Rotation (ATR) values. The results show that the
system is capable of reading changes in body angles responsively according to the measurement position performed. During the
measurement process, a yellow LED will light up as an indicator that the device is measuring the patient.

3.2 ATR Value Category

ATR measurements in the system are categorized based on specific categories to assist in the initial scoliosis screening process. The
categories of ATR values used in the system are shown in Table 1.

Table 1. ATR Value Category
ATR Value Category
0°-5° Normal
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>5°-8° Observation

> 8° Refer to a Specialist

Based on Table 1, the system divides the categories of Angle of Trunk Rotation (ATR) measurement results into several indication levels
to assist in the initial scoliosis screening process. ATR values of 0°-5° are categorized as normal, values above 5° to 8° fall into the
observation category, while values above 8° are recommended for further examination by a specialist doctor.

3.3 ATR Angle Test Results
The ATR angle testing was conducted to determine the system's ability to read body angle changes at several measurement positions. The

test results are shown in Table 2.
Table 2. ATR Angle Test Results

No Position ATR Value Remarks
1 Lumbar 0.4 Normal
2 Thoracic 1.4 Normal

Based on the test results in Table 2, the system is capable of reading ATR angles stably at several measurement positions. The values
obtained indicate that the system can detect changes in body angles and display the measurement results in real-time.

3.4 Data Communication Test Results

Data communication testing is conducted to ensure the successful transmission of measurement data to the server via WiFi using a REST+ful
APIL

v
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Fig. 4: Results of Data Communication Testing

Figure 4 shows the process of transmitting measurement data from a digital scoliometer to a web system via WiFi using a RESTful APL
This process allows the measurement data to be stored and documented digitally in real-time.

3.5 System Discussion

Based on the results of implementation and testing, the designed software has been able to perform all the main functions of the portable
digital scoliometer system. The integration of the ESP32 with the MPU6050 sensor provides the capability for digital and responsive angle
measurement. The implementation of an automatic zero calibration system helps reduce initial reading errors due to sensor offset, while
the Kalman Filter method can enhance data stability by reducing noise in angle readings.

In addition, the wireless data communication feature provides an advantage over manual scoliometers because the measurement results
can be directly documented digitally. This can assist medical personnel in the process of recording, monitoring patient history, and
improving the efficiency of examinations. Overall, the developed system demonstrates that the utilization of microcontrollers, digital
sensors, and Internet of Things (IoT) technology can be a modern solution in supporting a more practical, responsive, and integrated
scoliosis screening process.

4. Conclusion

Based on the design and implementation results that have been carried out, the software for the portable digital scoliometer based on ESP32
has been successfully developed in accordance with the research objectives. The system is capable of digitally reading the Angle of Trunk
Rotation (ATR) using the MPU6050 sensor, displaying the measurement results in real-time thru an LCD, and sending the measurement
data to a web system via WiFi. The application of the Kalman Filter method and auto zero calibration has proven to enhance the stability
of sensor readings by reducing noise and initial offset errors during the measurement process. Additionally, the integration of an IoT-based
system facilitates digital data documentation, thereby supporting the initial scoliosis screening process in a more practical and modern way.
For the next phase of research, the system can be enhanced by adding local data storage features, using sensors with higher precision levels,
and developing more interactive monitoring applications. In addition, further testing with a larger number of respondents is needed to
obtain a more comprehensive system validation.



Journal of Artificial Intelligence and Engineering Applications 4357

Acknowledgement

The author expresses gratitude to all parties who have provided support, assistance, and contributions in the implementation of this research.
Special thanks are extended to the supervising lecturer for the guidance, input, and mentorship given throughout the system design process
to the preparation of this research. The author also expresses appreciation to the higher education institution and laboratory that provided
supporting facilities for the research. In addition, thanks are extended to all parties who have provided moral and technical support, enabling
the research on the ESP32-based portable digital scoliometer to be completed successfully.

References

(1
(2]
B3]
(4]
(3]
(6]
(7]
(8]

[9]

[10]
[11]
[12]
[13]
[14]

[15]

M. Daba and N. Ferdyastari, “Deteksi Dini Skoliosis Dalam Peningkatan Kesadaran Postur Siswa di SMP Al-AMIN Cikarang Utara,” vol. 8, no. 2,
pp. 53-58.

M. D. Ramadhan, C. N. Waruwu, and R. Nafidzah, “Pendidikan Kesehatan tentang Skoliosis dalam Meningkatkan Pengetahuan Siswa SMA,” vol.
5,no. 1, pp. 765-770, 2026.

1. Widjaya, Y. Firmansyah, F. Nathaniel, and A. Wijaya, “PROFIL KELAINAN RADIOLOGI PADA REMAJA DENGAN SKOLIOSIS,” vol. 3,
pp. 3248-3255,2023.

D. Nanda, R. Mudhari, N. A. Rahmawati, and S. E. Jumianti, “Penyuluhan Fisioterapi Mengenai Postur Tubuh sebagai Pencegahan Skoliosis pada
Remaja di Madrasah Aliyah Al —Irtiqo * Kota Malang,” vol. 4, no. 6, pp. 1511-1517, 2024.

F. Yani et al., “Jaga Postur , Jaga Kebugaran : Deteksi Dini Skoliosis melalui Program SSS di SMP Muhammadiyah 1 Seyegan,” vol. 6, no. 2, pp.
188-194, 2025.

G. Isviandhy and A. S. Paramita, “Design and Development of an iOS Application for Early Detection and Monitoring of Scoliosis Using Core
Motion,” vol. 9, no. 2, pp. 458-467, 2025.

M. Gitakarma, K. Ariawan, and S. Pracasitaram, “PERAN MIKROKONTROLER DALAM PENGEMBANGAN APLIKASI IOT : THE ROLE OF
MICROCONTROLLERS IN IOT APPLICATION DEVELOPMENT :,” vol. 3, no. 2, pp. 18-24, 2024.

M. J. Saputra and R. R. Suryono, “Technology Implementation Drip Irrigation on Plants Corn uses Soil Moisture Sensor and Esp 32 Microcontroller
Implementasi Teknologi Irigasi Tetes pada Tanaman Jagung Menggunakan Sensor Soil Moisture dan Mikrokontroler Esp 32,” vol. 5, no. January,
pp. 111-118, 2025.

V. T. Rahayu et al., “IMPLEMENTASI SARUNG TANGAN GAMING BOXING : * THUNDER RAY * DENGAN MENGGUNAKAN SENSOR
GERAK MPU6050 DAN,” vol. 1, no. 1, 2024.

A. Anggraeni, A. Wisaksono, A. Falah, and D. Saputra, “RANCANG BANGUN ALAT MONITORING KEMIRINGAN PADA LANTAI
BERBASIS GOOGLE SHEETS,” vol. 13, no. 2, pp. 188—194, 2025.

1. Novianto, L. Kurniasar, A. Pristisahida, B. Prasaja, and Amanda, “IMPLEMENTASI FILTER KALMAN UNTUK OPTIMASI PENGUKURAN
SENSOR SUHU NTC PADA KOMPOR LISTRIK MALAM BERBASIS FUZZY”.

F. Rahmabh, F. F. Salsabila, P. Studi, T. Fisika, and U. Nasional, “Uji kalibrasi alat ukur massa pada neraca analitik menggunakan metode perbandingan
langsung,” vol. 7, no. 1, pp. 24-32, 2022.

K. Abdullah, F. Putri, A. Swandari, A. Gustinia, and Y. Galih, “Penyuluhan dan Deteksi Dini Scoliosis Pada Remaja Di Wilayah Kelurahan Mulyorejo
Surabaya,” vol. 4, no. 2, pp. 15-22, 2025.

Mahmud and Y. Aprizal, “Penerapan Metode Rekayasa Sistem Jaringan Komputer dalam Merancang Blueprint Jaringan Komputer (Studi Kasus:
Hotel Maxone Palembang),” vol. 12, no. 01, pp. 13-22, 2022.

V. S. Yudha, F. Mardiawan, Y. R. Ferdiansyah, R. Fatah, and A. Munawar, “Kalibrasi dan Analisis Ketidakpastian Pengukuran Sensor Temperatur
DHT22 Menggunakan Termometer Digital Terkalibrasi sebagai Alat Referensi,” vol. 1, no. 2, pp. 100-109, 2025.



