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ABSTRAK

USWATUN HASANAH. Pengembangan Digital Twin Akustik Berbasis Simulasi
Ray Tracing untuk Analisis Distribusi Sound Pressure Level pada Masjid.
Dibimbing oleh Safiq Rosad, S.T., M.Kom. dan Koko Edy Yulianto, M.Kom.

Masjid sebagai ruang ibadah publik memiliki karakteristik akustik yang kompleks
akibat volume ruangan yang besar, penggunaan material reflektif, serta geometri
bangunan yang khas. Kondisi tersebut sering menimbulkan distribusi Sound
Pressure Level (SPL) yang tidak merata. Permasalahan ini menunjukkan perlunya
pendekatan berbasis simulasi yang mampu merepresentasikan kondisi akustik
ruang secara komprehensif sebagai media analisis terhadap sistem tata suara yang
digunakan.

Penelitian ini bertujuan untuk mengembangkan model digital twin berbasis
simulasi akustik sebagai alat bantu analisis distribusi SPL pada sistem audio masjid
multi-zona. Studi kasus dilakukan di ruang utama Masjid Al-Muhajirin Sedayu,
Bantul, melalui tahapan karakterisasi geometri dan material ruang, pemodelan
Shoebox serta penyusunan basis data parameter akustik. Simulasi dilakukan
menggunakan pendekatan geometris ray tracing untuk memprediksi distribusi SPL
pada berbagai titik penerima, kemudian hasil simulasi divalidasi dengan
pengukuran lapangan untuk mengetahui tingkat kesesuaian model dengan kondisi
nyata.

Hasil yang diharapkan dari penelitian ini berupa model digital twin terverifikasi
yang mampu merepresentasikan kondisi akustik ruang serta memberikan gambaran
distribusi SPL pada ruang utama masjid. Model tersebut diharapkan dapat menjadi
media analisis dan evaluasi sistem audio yang digunakan serta menjadi dasar bagi
pengembangan penelitian selanjutnya terkait optimasi tata letak speaker. Penelitian
ini diharapkan dapat memberikan kontribusi awal dalam pengembangan sistem
audio masjid berbasis pendekatan digital dan mendukung implementasi konsep
smart mosque yang terintegrasi.

Kata kunci: Digital twin, Simulasi Akustik, Ray tracing, SPL, Sistem Audio Masjid
Multi-Zona.



ABSTRACT

USWATUN HASANAH. Development of an Acoustic Digital Twin Based on Ray
Tracing Simulation for Sound Pressure Level Distribution Analysis in Mosques.
Supervised by Safiq Rosad, S.T., M.Kom. and Koko Edy Yulianto, M.Kom.

As public places of worship, mosques possess complex acoustic characteristics due
to their large room volumes, the use of reflective materials, and distinctive
architectural geometries. These conditions often result in an uneven distribution of
Sound Pressure Level (SPL). This issue highlights the need for a simulation-based
approach capable of comprehensively representing the room's acoustic conditions
to serve as a basis for analyzing the installed sound system.

This research aims to develop an acoustic simulation-based digital twin model to
assist in analyzing SPL distribution within multi-zone mosque audio systems. A case
study was conducted in the main prayer hall of Al-Muhajirin Mosque in Sedayu,
Bantul, involving stages such as characterizing the room's geometry and materials,
creating a "shoebox" model, and compiling a database of acoustic parameters.
Simulations were performed using a geometric ray tracing approach to predict SPL
distribution at various receiver points; the results were then validated against field
measurements to assess the model's accuracy relative to actual conditions.

The expected outcome of this research is a verified digital twin model capable of
representing the room's acoustic conditions and visualizing SPL distribution within
the main prayer hall. The model is intended to serve as a tool for analyzing and
evaluating the audio system and to provide a foundation for future research on
optimizing speaker placement. This study is expected to make an initial contribution
to the development of digital-based mosque audio systems and support the
implementation of integrated "smart mosque" concepts.

Keywords: Digital twin, Acoustic Simulation, Ray tracing, SPL, Multi-Zone
Mosque Audio System.
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