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INTISARI

Perkembangan grafis real-time dalam permainan digital menuntut sistem
rendering yang mampu menghasilkan kualitas visual tinggi dengan performa yang
stabil. Pada permainan Aksa: Relic Of Ages yang dikembangkan menggunakan
Unity dengan Universal Render Pipeline (URP), ditemukan permasalahan berupa
fluktuasi frame rate dan peningkatan frame time ketika kompleksitas visual
meningkat. Kondisi tersebut menyebabkan ketidakstabilan performa rendering
yang melewati ambang batas ideal 60 FPS. Dampak dari permasalahan ini adalah
berkurangnya kenyamanan bermain dan potensi penurunan Quality of Experience
(QoE), khususnya pada perangkat dengan kemampuan grafis terbatas. Penelitian
ini bertujuan untuk menganalisis dan mengoptimalkan performa rendering
menggunakan metode Profiling-Driven Optimization (PDO). Metode yang
digunakan meliputi pengukuran performa awal berdasarkan parameter Frame Per
Second (FPS) dan frame time, analisis penggunaan CPU melalui Unity Profiler,
perancangan teknik Spatial-Temporal Filtering dalam URP, serta implementasi
mekanisme render scale adaptif berbasis script C#. Pengujian dilakukan pada
scene dengan kompleksitas visual tinggi untuk merepresentasikan kondisi beban
maksimal sistem. Hasil penelitian menunjukkan bahwa kombinasi Spatial-
Temporal Filtering dan render scale adaptif mampu meningkatkan performa
rendering secara terukur. Sebelum optimasi, rata-rata frame time berada pada
kisaran 18-25 ms atau setara 43-45 FPS, dengan fluktuasi spike ekstrem yang
sering melewati ambang batas 33 ms. Setelah penerapan teknik optimasi, rata-rata
frame time menurun dan stabil di kisaran 16-20 ms atau mendekati target 60 FPS.
Spike performa menjadi jauh lebih jarang melewati batas 33 ms, lalu distribusi
beban antara Main Thread serta Render Thread menjadi lebih seimbang tanpa
adanya degradasi visual. Sehingga pendekatan ini terbukti efektif dalam
mengoptimalkan kinerja grafis pada permainan digital dengan lingkungan
kompleks.

Kata kunci: Spatial-Temporal Filtering, Unity, Universal Render Pipeline,
Optimasi Rendering, Unity Profiler
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ABSTRACT

The development of real-time graphics in digital games demands a
rendering system capable of producing high visual quality with stable
performance. In the game Aksa: Relic Of Ages, developed using Unity with the
Universal Render Pipeline (URP), issues were found in the form of frame rate
fluctuations and increased frame time when visual complexity increased. These
conditions cause rendering performance instability that exceeds the ideal 60 FPS
threshold. The impact of this issue is a reduction in gaming comfort and a
potential decrease in Quality of Experience (QoE), especially on devices with
limited graphics capabilities. This study aims to analyze and optimize rendering
performance using the Profiling-Driven Optimization (PDO) method. The
methods used include measuring initial performance based on Frame Per Second
(FPS) and frame time parameters, analyzing CPU usage through the Unity
Profiler, designing Spatial-Temporal Filtering techniques in URP, and
implementing an adaptive render scale mechanism based on C# scripts. Testing is
carried out on scenes with high visual complexity to represent the system's
maximum load conditions. Research results show that the combination of Spatial-
Temporal Filtering and adaptive render scale can measurably improve rendering
performance. Before optimization, the average frame time was in the range of 18-
25 ms or equivalent to 43-45 FPS, with extreme spike fluctuations often exceeding
the 33 ms threshold. After applying the optimization techniques, the average
frame time decreased and stabilized in the range of 16-20 ms, approaching the 60
FPS target. Performance spikes became much less frequent in exceeding the 33
ms limit, and the load distribution between the Main Thread and Render Thread
became more balanced without any visual degradation. Thus, this approach
proves effective in optimizing graphics performance in digital games with
complex environments.

Keyword: Spatial-Temporal Filtering, Unity, Universal Render Pipeline,
Rendering Optimization, Unity Profiler
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