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[Abstract]

This paper presents an efficient and stable PBD-based collision handling method for cloth—solid
interaction. Conventional iterative constraint projections often produce trembling artifacts during collision
response, degrading visual quality and stability. To mitigate this, we propose an SDF-based scheme that
decomposes vertex velocities into normal and tangential components: the normal component is stably
attenuated while tangential motion is preserved, enabling smooth sliding without oscillation. We further
propagate velocity corrections to neighboring face and edge vertices to maintain consistent projections
across adjacent regions. Integrated into a sub-stepped PBD solver, the method improves collision
stability with negligible overhead. Experiments show reduced surface trembling and more continuous,
physically plausible motion, making the approach suitable for real-time cloth simulation and interactive

virtual garment applications.
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I. Introduction
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II. Related Work

1. PBD-Based Frameworks and Acceleration
Techniques for Deformable Body Simulation
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2. Simulation Techniques Specialized for Cloth
and Thin-Shell Structures
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3. SDF-Based Approaches for Contact,
Friction, and Collision Stabilization
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III. The Proposed Scheme

1. Preliminaries
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Fig. 1. Projected Gradient Descent in 2D.
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3. Constraint Based Collision Handling
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Fig. 2. Constraints based collision handling with
previous method[2] (n: current time).
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Fig. 3. Improved constraints based collision handling.

4. Implementation
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Algorithm 1 PBD Collision Handling
1: Ats «+ At/n
2: while simulation At do

3: for n substeps do

4: for all vertices 7 do

5: v;  v; + g X At

6: posl; < pos; +v; X Aty

T: end for

8: for all constraints C' do

9: solve(C, Ats)

10: end for

11: for all vertices 7 do

12: v; < (posl; — pos;)/dts
13: pos; < posl;

14: end for

15: for all faces i do

16: Bounding Sphere (Culling)
17: Projected Gradient Descent( f;)
18: if sdf(p) < 0 then

19: solve Constraints

20: Vi ¢ Ve + Upt

21: end if

22: end for

23: end for
24: end while

Fig. 4. PBD collision handling algorithm.
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IV. Experiment and Results
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5. Changing the Y-value of a vertex on the cloth.
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Fig. 8. Time sequence of a cloth patch (triangular
mesh) falling onto and sliding along an inclined plane
using our SDF-based PBD collision handling. The
method suppresses normal—direction trembling while
preserving tangential sliding and wrinkle formation.
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contact conditions, demonstrating stable sliding and
wrinkle preservation without surface trembling using the
proposed method.
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V. Conclusion
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