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1. Introduction

Immersive 
experience

[1]

Accurate 
manipulation

[2]

Tactile 
feedback

[3]

In virtual Hand-Object Interaction (HOI), the authenticity of the hand’s 
deformation is important: 
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Geometry

1. Introduction

Physics Contact

Hand Simulator

The human hand possesses a layered structure comprising bones, 
muscles, fat, and skin. 

Challenges



Geometry

1. Introduction

Physics Contact

Hand Simulator

The skeleton is rigid, but the skin and flesh exhibit distinct non-
rigid behaviors. 

Challenges



Geometry

1. Introduction

Physics Contact

Hand Simulator

Rich contacts always imply overlap in HOI, posing challenges for 
accurate and fast collision detection and correction. 

Challenges



2. Related works

Unrealistic deformation arises from simplified hand geometry, neglect
of the different physics attributes of the hand, and penetration due to 
imprecise contact handling. 



3. Method

To address these problems, we propose PhysHand, a novel hand simulation 
model, which enhances the realism of deformation in HOI.



3. Method

Geometry

Skeleton

FleshSkin

NIMBLE[1]
Delaunay 

triangulation
Textured geometry

[1] Nimble: a non-rigid hand model with bones and muscles. ACM Transactions on Graphics (TOG), 41(4), 1-16.

Generate hands with 
layered structure.



3. Method

Physics

[1] XPBD: position-based simulation of compliant constrained 
dynamics. In Proceedings of the 9th International Conference on 
Motion in Games (pp. 49-54).

For the flesh and the skin, we adopt XPBD[1] 
as our dynamics framework with carefully 
designed layer-corresponding constraints to 
maintain flesh attached and skin smooth.

For the skeleton layer, we adopt skinning 
weights of the skeletal vertices derived from 
NIMBLE to calculate rigid body motions.

⚫ Linear blend skinning for the skeleton 

⚫ XPBD for the flesh and skin



3. Method

Physics ➢ Layer-corresponding constraints 

(a) Flesh Attachment Constraint
Each vertex of the flesh layer establishes an edge constraint with the nearest skeleton vertex to prevent 
excessive deformation. 

Basic 
Constraints 

Edge length preserving

Tetrahedron volume preserving



3. Method

Physics ➢ Layer-corresponding constraints 

(b) Skin Smoothness Constraint
For the skin layer, we keep the dihedral angle of adjacent triangles through normal vectors to provide 
smoothness.

Basic 
Constraints 

Edge length preserving

Tetrahedron volume preserving



3. Method

Contact ➢ Analysis for SDF-based collision detection

⚫ SDF for collision detection
• The collision constraint can be defined 

directly by the SDF.

Collision constraint

Correction projection
SDF φ<0 φ>0

dx = grad*φ

⚫ SDF Representation
• The zero-level-set of an SDF can implicitly 

describe the surface of an object:
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3. Method

Contact ➢ Analysis for SDF-based collision detection

x1
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x3

Penetration
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• Given a triangle, the TARGET is to find a point on the triangle to 
represent its minimum signed distance value, so that the penetrated
triangle can be projected to the penetration-free position.

(a) Vanilla method: vertex-SDF [1]
For a triangle, the signed distances of its vertices and centers of 
edges fail to precisely depict its penetration state.

x4
x5

x6

[1] Fuhrmann, A., Sobotka, G., & Groß, C. (2003, September). Distance fields for rapid collision detection in physically based 
modeling. In Proceedings of GraphiCon (Vol. 2003, pp. 58-65).



3. Method

Contact

Local 

Minimum

x1

x2

x3

Penetration

(b) Optimization-based method: opt-SDF [1]
• It iteratively solves for an optimal point (green points and arrows) with the lowest signed distance. 
• However, SDF is usually nonlinear, which makes opt-SDF sensitive to initial guesses and susceptible to 

converging towards local optima (bright blue point), leading to an insufficient correction. 
• Instead, the global optimum (white point) can help eliminate penetration. 
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Global 

Minimum
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[1] Macklin, M., Erleben, K., Müller, M., Chentanez, N., Jeschke, S., & Corse, Z. (2020). Local optimization for robust signed 
distance field collision. Proceedings of the ACM on Computer Graphics and Interactive Techniques, 3(1), 1-17.

➢ Analysis for SDF-based collision detection



3. Method

Contact

(c) Multi-resolution method (ours): multi-res-SDF
• We perform global sampling on the triangle (left), then select three points (red points) with the lowest signed 

distance to form a new triangle (right), iteratively increasing the resolution. 
• After the final sampling iteration, we select the point with the smallest signed distance as the decision point x∗, 

which is more likely to approach the global optimum.
• Typically 2 sampling iteration is enough.

➢ Analysis for SDF-based collision detection
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3. Method

Contact

[1] Distance fields for rapid collision detection in physically based modeling. In Proceedings of GraphiCon (Vol. 2003, pp. 58-65).
[2] Local optimization for robust signed distance field collision. Proceedings of the ACM on Computer Graphics and Interactive Techniques, 3(1), 1-17.

(a) vertex-SDF [1] (b) opt-SDF [2]

(c) multi-res-SDF (ours)

Local minimum &
Inefficient iterationLow resolution

✓ High resolution 
✓ Parallel-friendly
✓ Close to global 

minimum



4. Experiments

We first present the complete experimental results regarding constraints, contact, and deformation.



4. Experiments

Deformation

Experiment on physical 
constraints

Loosing flesh Attached flesh Smooth skin



4. Experiments

Contact

(a) Initialization (b) vertex-SDF (c) opt-SDF (d) multi-res-SDF (ours)

Qualitative comparison

We reproduce a typical simulation scenario carried out in [1], including a cloth-like triangular 
mesh and a cone represented as the SDF.

[1] Macklin, M., Erleben, K., Müller, M., Chentanez, N., Jeschke, S., & Corse, Z. (2020). Local optimization for robust signed 
distance field collision. Proceedings of the ACM on Computer Graphics and Interactive Techniques, 3(1), 1-17.



4. Experiments

Contact Quantitative comparison

(e) For Average penetration distance, multi-res-SDF performs comparably to opt-SDF. 
(f) For Penetration count, multi-res-SDF achieves nearly tenfold lower penetration count than opt-SDF.
➢ It is exactly because opt-SDF has a higher number of penetrations that it reduces the average penetration 

distance. 
➢ In our approach, since each iteration of querying is performed by global sampling on the corresponding 

triangle, our approach can approximate the global optima. 

10x



4. Experiments

HOI

Experiments on HOI 
data generation

➢ We replicate ContactGen [1], a SOTA model in generating hand-object grasps. 
➢ Despite ContactGen creating excellent grasps, there are obvious penetrations. 
➢ PhysHand demonstrates its unique value by providing more authentic deformations and overcoming visible penetrations. 

[1] Contactgen: Generative contact modeling for grasp generation. In Proceedings of the IEEE/CVF International Conference on Computer Vision

Object with SDF representation.



4. Experiments

HOI

Experiments on HOI 
data generation

➢ We replicate ContactGen [1], a SOTA model in generating hand-object grasps. 
➢ Despite ContactGen creating excellent grasps, there are obvious penetrations. 
➢ PhysHand demonstrates its unique value by providing more authentic deformations and overcoming visible penetrations. 

[1] Contactgen: Generative contact modeling for grasp generation. In Proceedings of the IEEE/CVF International Conference on Computer Vision

Object with SDF representation.



4. Experiments

HOI Quantitative comparison of different SDF-based contact handling strategy

➢ The dark blue regions indicate penetrations in all graphs except for the first column. 
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HOI Quantitative comparison of different SDF-based contact handling strategy

➢ The dark blue regions indicate penetrations in all graphs except for the first column. 



4. Experiments

HOI

Quantitative comparison of contact 
methods in HOI experiments. 

➢ Across all metrics of contacts, our 
method significantly surpasses other 
approaches with values approaching zero.

➢ opt-SDF does not support parallelization 
due to the sequential querying.

➢ Querying in multi-res-SDF is independent 
of each point, allowing for parallel 
implementation.



4. Experiments

HOI Real world comparison

PhysHand is able to achieve deformations remarkably close to those observed in the real world. 



5. Conclusion

We present a novel hand simulation model, PhysHand, capable of faithfully reproducing the deformations in HOI.
Contributions: 
• A layered hand geometry containing the skin, flesh, and skeleton.
• Layer-corresponding physics formulas within a constraint-based dynamics framework.
• A multi-resolution querying strategy for accurate SDF-based contact handling.

Limitations:
1. Since self-collision is not considered in this work, self-penetration between triangles might occur after solving 

the collision constraint.
2. PhysHand primarily focuses on deformation rather than actuation, thus we treat muscles and fat as the same 

soft tissue.
3. The absence of friction prevents PhysHand from actively grasping objects. 



Thanks for attention!
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