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ABSTRAK  

Olahraga angkat beban memiliki risiko cedera yang tinggi apabila dilakukan dengan 

teknik yang salah, terutama pada latihan otot bahu seperti Lateral Raise, Front 

Raise, dan Shoulder Press. Penelitian ini bertujuan untuk merancang dan 

mengimplementasikan perangkat wearable berbasis sensor fleksibel (flex sensor) 

yang mampu mendeteksi ketepatan teknik gerakan latihan secara real-time guna 

mengurangi risiko cedera bahu. Sistem dirancang menggunakan mikrokontroler 

ESP32 untuk memproses data sudut lengan dari flex sensor, yang dikalibrasi 

menggunakan tujuh titik kalibrasi dengan metode interpolasi linear, kemudian data 

ditampilkan pada dashboard web yang terhubung secara real-time melalui Firebase 

Realtime Database. Umpan balik kesalahan postur diberikan melalui buzzer, 

sedangkan riwayat sesi latihan disimpan pada Google Sheets melalui Google Apps 

Script. Hasil pengujian menunjukkan flex sensor mampu merepresentasikan sudut 

lengan pada rentang 90°-180° dengan baik, dengan rata-rata waktu pemrosesan 

sistem sebesar 10,14 ms per siklus dan jeda respons buzzer rata-rata 10,33 ms. 

Pengujian perbandingan pengguna menunjukkan bahwa umpan balik real-time 

efektif membantu koreksi teknik, dengan pengguna berpengalaman memperoleh 

skor konsisten tinggi (79-100), sedangkan pengguna pemula memperoleh skor lebih 

rendah (50-52) pada sesi-sesi awal. Sistem ini terbukti efektif sebagai alat bantu 

pemantauan keamanan berolahraga berbasis sensor fleksibel yang portabel dan 

responsif. 

Kata Kunci: wearable device, flex sensor, ESP32, weight-lifting technique 

detection, real-time monitoring, exercise safety 
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ABSTRACT 

Weight-lifting exercise carries a high risk of injury when performed with incorrect 

technique, particularly during shoulder exercises such as Lateral Raise, Front 

Raise, and Shoulder Press. This research aims to design and implement a wearable 

device based on a flexible sensor (flex sensor) capable of detecting the accuracy of 

exercise movement technique in real time to reduce the risk of shoulder injury. The 

system uses an ESP32 microcontroller to process arm-angle data from the flex 

sensor, which is calibrated using seven calibration points with a linear 

interpolation method, with the resulting data displayed on a web dashboard 

connected in real time via Firebase Realtime Database. Posture-error feedback is 

delivered through a buzzer, while exercise session history is stored in Google Sheets 

via Google Apps Script. Test results show that the flex sensor accurately represents 

arm angles within the 90°-180° range, with an average system processing time of 

10.14 ms per cycle and an average buzzer response delay of 10.33 ms. Comparative 

user testing showed that real-time feedback effectively supported technique 

correction, with experienced users consistently achieving high scores (79-100), 

while novice users scored lower (50-52) in early sessions. The system proves 

effective as a portable and responsive exercise-safety monitoring tool based on 

flexible sensors. 

 

Keywords: wearable device, flex sensor, ESP32, weight-lifting technique detection, 

real-time monitoring, exercise safety 

  


