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ABSTRAK

ANALISIS PERBANDINGAN KINERJA METODE EULER, RUNGE-
KUTTA, DAN SKEMA HYBRID ADAPTIF DALAM SIMULASI SOFT-
BODY PHYSICS

(Oleh: Ahmad Sayyidan Hasir; Pembimbing: Muhammad Itqgan Mazdadi, S.Kom.,
M.Kom. dan Dodon Turianto Nugrahadi, S.Kom., M.Eng.; 2026; 64 halaman)

Simulasi fisika benda lunak (soft-body physics) menuntut titik keseimbangan yang
optimal antara kecepatan komputasi dan stabilitas numerik, terutama dalam
menangani persamaan kaku (stiff equations) pada model pegas-massa. Metode
Euler Eksplisit menawarkan waktu eksekusi yang cepat namun rentan terhadap
kegagalan eksponensial (blow-up), sedangkan metode Runge-Kutta Orde 4 (RK4)
sangat stabil namun membutuhkan biaya komputasi yang mahal. Penelitian ini
bertujuan untuk menganalisis perbandingan kinerja metode numerik tersebut, serta
menguji efektivitas skema Integrator Hybrid Adaptif yang menggabungkan
keduanya menggunakan logika perpindahan berbasis ambang batas gaya (7 =
15,0 N). Pengujian dilakukan pada sistem gerak satu dimensi (1-DOF) dengan
memvariasikan ukuran langkah waktu (At). Kinerja dievaluasi melalui metrik galat
energi (energy drift), beban eksekusi CPU, dan pemetaan ruang fase (phase
portrait). Hasil penelitian menunjukkan bahwa pada batas resolusi kritis At =
0,022 detik, metode Euler mengalami kegagalan fisis dengan lonjakan galat
mencapai 2.070,69 Joule, sementara RK4 mempertahankan tingkat galat terendah
(5,37 Joule) namun membebani CPU secara maksimal. Skema Hybrid terbukti
menjadi solusi trade-off yang paling optimal dengan menekan waktu eksekusi
hingga 34,3% lebih cepat dibandingkan RK4 murni, sekaligus menahan akumulasi
galat pada batas toleransi fisis (17,64 Joule). Mekanisme transisi pada metode
Hybrid juga terbukti kohesif dalam mempertahankan kemulusan visual tanpa
distorsi spasial, menjadikannya arsitektur algoritma yang efisien dalam
mengeksploitasi fase relaksasi mekanik benda tanpa mengorbankan stabilitas
operasional makro.

Kata kunci: Soft-body physics, Integrasi Numerik, Metode Euler, Runge-Kutta,
Skema Hybrid Adaptif, Sistem Pegas-Massa



ABSTRACT

COMPARATIVE PERFORMANCE ANALYSIS OF EULER, RUNGE-KUTTA,
AND ADAPTIVE HYBRID SCHEME METHODS IN SOFT-BODY PHYSICS
SIMULATION

(By: Ahmad Sayyidan Hasir; Advisor: Muhammad Itqan Mazdadi, S.Kom.,
M.Kom. and Dodon Turianto Nugrahadi, S.Kom., M.Eng.; 2026; 64 pages)

Soft-body physics simulation demands an optimal balance between computational
speed and numerical stability, particularly when handling stiff equations in mass-
spring models. The Explicit Euler method offers fast execution times but is prone to
exponential failure (blow-up), whereas the Fourth-Order Runge-Kutta (RK4)
method is highly stable but computationally expensive. This study aims to analyze
the comparative performance of these numerical methods and evaluate the
effectiveness of an Adaptive Hybrid Integrator scheme that combines both using a
force-threshold-based switching logic (t = 15.0 N). The experiment was conducted
on a one-degree-of-freedom (1-DOF) system by varying the time step sizes (At).
Performance was evaluated through energy drift metrics, CPU execution load, and
phase portrait mapping. The results indicate that at the critical resolution limit of
At = 0.022 seconds, the Euler method experienced a physical failure with an error
surge reaching 2,070.69 Joules, while RK4 maintained the lowest error rate (5.37
Joules) but heavily burdened the CPU. The Hybrid scheme proved to be the most
optimal trade-off solution, reducing execution time by up to 34.3% compared to
pure RK4, while simultaneously keeping error accumulation within physical
tolerance limits (17.64 Joules). The transition mechanism in the Hybrid method
also proved cohesive in maintaining visual smoothness without spatial distortion,
establishing it as an efficient algorithmic architecture for exploiting mechanical
relaxation phases without sacrificing macro operational stability.

Keywords: Soft-body physics, Numerical Integration, Euler Method, Runge-Kutta,
Adaptive Hybrid Scheme, Mass-Spring System
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