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Abstract

In this paper, we propose a real-time GPU subdivision surface rendering technique optimized for WebGPU by porting the method
originally introduced by NieBner ef al. [1], along with an additional technique for removing cracks at texture seams. During pre-
processing, the mesh topology is analyzed to classify regions into regular quadrilateral regions and irregular regions containing
extraordinary vertices. Regular regions are rendered using bicubic B-spline patches, while adaptive Catmull-Clark (CC) subdivi-
sion is applied to the irregular regions. The CC subdivision is parallelized into three compute-shader passes handling face, edge,
and vertex point computations, respectively. To address visual discontinuities caused by cracks at texture seams in texture-based
displacement mapping, we propose a method that ensures consistency by enforcing the same texture values at overlapping po-
sitions. Our prototype implementation demonstrates that, on a model with approximately 1,300 vertices, the proposed method
achieves a 55% increase in average frame rate compared to the one which fully subdivide the model, and reduces JavaScript-
related overhead by 93%. These results indicate that high-quality, visually continuous subdivision surface rendering is feasible in
real time even within the constraints of a web browser using the WebGPU API.
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Figure 1: Rendering of the monster frog model [2] using WebGPU after applying adaptive subdivision. The gray, pink, yellow, and green
patches denote the B-spline patches defined in regular quad regions after 0 to 3rd subdivision(s), respectively. The blue patch denote the

remaining irregular patches after three levels of subdivision.
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Figure 2: Applying one step of Catmull-Clark subdivision to a quad
mesh. The red, green, and black dots represent the face, edge, and
vertex points, respectively.
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Figure 4: A mesh (a) with a crack due to the discrepancy of vertex
positions and (b) after fixation.
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(a) Regular patches (pink) in the
input mesh

(b) Additional regular patches
(yellow) after 1st subdivision

(c) Additional regular patches
(green) and irregular patches
(blue) after 2nd subdivision

(d) Pre-tessellated patches to en-
sure no crack across subdivision
levels

Figure 6: Regular and irregular patches generated during three sub-
division steps.
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Figure 10: Before (left) and after (right) applying displacement mapping.
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Figure 11: FPS comparison. Note that the upper limit is 144 on the
test platform.
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Figure 12: CPU computation time comparison
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