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ABSTRAK

Aktivitas angkat beban (resistance training) memiliki risiko cedera yang tinggi
apabila dilakukan tanpa pengawasan teknik yang tepat, terutama akibat praktik ego
lifting yang memicu kelelahan otat ekstrim dan berpotensi menyebabkan robekan
tendon bisep. Kondisi ini sulit dipantau secara objektif oleh pengguna karena
minimnya alat ukur kuantitatif yang dapat digunakan secara real-time selama
latihan. Penelitian ini bertujuan merancang dan mengimplementasikan Perangkat
Keamanan Berolahraga Wearable Berbasis Sensor Electromyography (EMG)

untuk mendeteksi tingkat kelelahan otot bisep selama aktivitas angkat beban.

Sistem menggunakan sensor. SEMG MyoWare 2.0 dengan sampling rate 1000 Hz
yang terhubung ke mikrokontroler ESP32, kemudian mengekstraksi fitur Mean
Absolute Value (MAV) dan Median Frequency (MDF) melalui perhitungan Fast
Fourier Transform (FFT). Kedua fitur tersebut diklasifikasikan menggunakan
Fuzzy Inference System Sugeno ke dalam tiga tingkat kelelahan otot, yaitu
NORMAL, WASPADA, dan BAHAYA, dengan parameter fungsi keanggotaan
yang diperoleh melalui analisis ROC dan Youden's Index terhadap data kalibrasi 10
responden. Hasil klasifikasi ditampilkan secara real-time melalui aplikasi mobile

berbasis Hybrid WebView Container yang terhubung dengan Firebase Realtime



Database, serta disertai umpan balik langsung berupa bunyi buzzer dengan pola
berbeda untuk setiap tingkat kelelahan.

Pengujian pada 6 responden menunjukkan sistem mampu mendeteksi kondisi
BAHAY A dengan tingkat keberhasilan 66,7% (4 dari 6 sesi), mampu menyimpan
riwayat data secara utuh selama 10 hari, serta beroperasi secara kontinu selama +4
jam menggunakan baterai Lithium-ion 3600 mAh, yang seluruhnya melampaui
target spesifikasi awal. Hasil pengujian black box juga membuktikan seluruh alur
sistem, mulai dari kalibrasi baseline hingga notifikasi dan penyimpanan data,

berjalan sesuai yang diharapkan.

Kata kunci: electromyography, kelelahan otot, ego lifting, fuzzy inference system,

ESP32, wearable device
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ABSTRACT

Resistance training carries a high risk of injury when performed without proper
technical supervision, particularly;due to ego lifting practices that induce extreme
muscle fatigue and can lead to hicep tendon rupture. This condition is difficult for
users to monitor objectively due to the lack of quantitative measurement tools that
can be used in real time during exercise. This research aims to design and implement
a Wearable Sports Safety Device Based on Electromyography (EMG) Sensors to
detect bicep muscle fatigue levels during weight-lifting activities. The system uses
a MyoWare 2.0 SEMG sensor with a.sampling rate of 1000 Hz connected to an
ESP32 microcontroller, which then extracts Mean Absolute Value (MAV) and
Median Frequency (MDF) features through Fast Fourier Transform (FFT)
computation. Both features are classified using a Sugeno Fuzzy Inference System
into three muscle fatigue levels—NORMAL, WASPADA (CAUTION), and
BAHAYA (DANGER)—with membership function parameters obtained through
ROC analysis and Youden's Index using calibration data from 10 respondents. The
classification results are displayed in real time via a mobile application built on a
Hybrid WebView Container architecture connected to Firebase Realtime Database,
accompanied by immediate feedback through a buzzer with distinct sound patterns

for each fatigue level. Testing on 6 respondents showed that the system successfully
8



detected the DANGER condition with a success rate of 66.7% (4 out of 6 sessions),
was able to retain complete data history for 10 days, and operated continuously for
approximately 4 hours using a 3600 mAh Lithium-ion battery—all of which
exceeded the initial specification targets. Black box testing further confirmed that
the entire system workflow, from baseline calibration to notification and data
storage, functioned as expected.

Keywords: electromyography, muscle fatigue, ego lifting, fuzzy inference system,
ESP32, wearable device
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