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ABSTRAK

LINTANG KESIT HANIKO. Pengembangan Node Edge Berbasis ESP32 untuk
Pengukuran Sound Pressure Level dan Telemetri Real-Time pada Sistem Audio Masjid.
Dibimbing oleh Safiq Rosad, S.T., M.Kom. dan Koko Edy Yulianto, M.Kom.

Sistem distribusi audio di masjid memerlukan pengukuran Sound Pressure Level
(SPL) secara waktu nyata yang cukup akurat di setiap area untuk mendukung pengaturan
tingkat suara yang nyaman bagi jamaah. Penelitian ini mengembangkan node edge berbasis
ESP32 yang dilengkapi dengan sensor mikrofon digital untuk mengukur SPL dengan target
akurasi 2 dB dan mengirimkan data telemetri ke server melalui protokol MQTT dengan
latensi ujung-ke-ujung kurang dari 150 ms. Node ini dirancang sebagai simpul loT berbiaya
rendah dan hemat daya yang dapat dipasang dekat dengan zona loudspeaker masjid sebagai
bagian dari sistem audio cerdas. Metodologi penelitian menggunakan pendekatan Research
and Development (R&D) dengan beberapa tahapan utama, yaitu: (1) perancangan
perangkat keras node edge yang meliputi pemilihan papan ESP32, mikrofon digital, dan
catu daya; (2) perancangan algoritma pengukuran SPL berbasis perhitungan nilai akar rata-
rata kuadrat (RMS) dan Fast Fourier Transform (FFT) dengan pembobotan A-weighting;
(3) implementasi perangkat lunak pada ESP32 untuk akuisisi sinyal audio, perhitungan
SPL, dan pengiriman data melalui MQTT; (4) pengujian akurasi hasil pengukuran SPL
terhadap sound level meter sebagai alat referensi; dan (5) pengujian kinerja yang meliputi
latensi pengiriman data, penggunaan sumber daya, serta kestabilan operasi dalam periode
tertentu.

Hasil pengujian menunjukkan bahwa node edge berbasis ESP32 mampu mengukur
SPL dengan rata-rata selisih pengukuran berada dalam rentang 2 dB dibandingkan SLM
referensi pada rentang level suara yang umum di masjid. Latensi ujung-ke-ujung dari
proses pengukuran sampai data diterima di sisi server berada di bawah 150 ms pada
jaringan Wi-Fi lokal, sehingga masih memadai untuk pemantauan hampir waktu nyata.
Pengujian kestabilan menunjukkan bahwa sistem dapat beroperasi secara kontinu dalam
periode uji tanpa gangguan yang berarti. Node edge juga berhasil terhubung dan bertukar
data dengan broker MQTT secara konsisten selama pengujian.

Kontribusi utama penelitian ini adalah tersusunnya rancangan dan implementasi node
edge akustik berbasis ESP32 yang bersifat terjangkau dan hemat daya untuk konteks
masjid, beserta evaluasi awal akurasi pengukuran SPL dan kinerja telemetri real-time. Hasil
penelitian dapat menjadi dasar pengembangan lebih lanjut menuju sistem audio masjid
multi-zona yang adaptif dan terintegrasi dalam ekosistem masjid pintar.

Kata kunci: ESP32, Sound Pressure Level, Edge Computing, Internet of Things,
MQTT, Masjid Pintar, Pemantauan Suara Real-Time.



ABSTRACT

LINTANG KESIT HANIKO. Development of ESP32-Based Edge Nodes for Sound
Pressure Level Measurement and Real-Time Telemetry in Mosque Audio Systems.
Supervised by Safiq Rosad, S.T., M.Kom. and Koko Edy Yulianto, M.Kom.

The audio distribution system in mosques requires accurate and real-time Sound
Pressure Level (SPL) measurements in each area to support acoustic adjustments that
ensure comfort for the congregation. This study develops an ESP32-based edge node
equipped with a digital microphone sensor to measure SPL with a target accuracy of 2 dB
and transmit telemetry data to a server via the MQTT protocol with an end-to-end latency
of less than 150 ms. This node is designed as a low-cost, low-power loT node that can be
deployed close to mosque loudspeaker zones as part of a smart audio system. The research
methodology employs a Research and Development (R&D) approach with several main
stages, namely: (1) hardware design of the edge node, which includes the selection of the
ESP32 board, digital microphone, and power supply; (2) design of the SPL measurement
algorithm based on Root Mean Square (RMS) calculations and Fast Fourier Transform
(FFT) with A-weighting filtering; (3) software implementation on the ESP32 for audio
signal acquisition, SPL calculation, and data transmission via MQTT; (4) accuracy testing
of the SPL. measurement results against a Sound Level Meter (SLM) as a reference; and (5)
performance testing that encompasses data transmission latency, resource utilization, and
operational stability over a specific period.

The test results show that the ESP32-based edge node is capable of measuring SPL
with an average measurement deviation within the 2 dB range compared to the reference
sound level meter across typical sound levels in mosques. The end-to-end latency from the
measurement process until the data is received at the server side is maintained under 150
ms over a local Wi-Fi network, which is sufficient for near-real-time monitoring. Stability
tests demonstrate that the system can operate continuously during the test period without
significant disruptions. The edge node also successfully connected and consistently
exchanged data with the MQTT broker throughout the evaluation.

The primary contribution of this research is the design and implementation of an
affordable and power-efficient acoustic edge node based on the ESP32 for mosque
environments, along with an initial evaluation of SPL measurement accuracy and real-time
telemetry performance. The findings of this study can serve as a foundation for further
development toward adaptive multi-zone mosque audio systems integrated within a smart
mosque ecosystem.

Keywords: ESP32, Sound Pressure Level, Edge Computing, Internet of Things,
MQTT, Smart Mosque, Real-Time Sound Monitoring.
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