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Motivation

= Soft body simulations for surgical
training

= Rising demand for realistic and

interactive simulations o
i

Surgical simulation, from Surega VR

" |nteractive in real-time
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Main Objectives

1) Creation of an
Position Based Dynamics was parallelized
Includes a cutting tool for user interaction

2) Visualization and
Enable the usage of arbitrary triangle meshes within the simulation
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Particle-Constraint

Representation
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Mesh of Triangles

Object Mesh

PBD-Representation
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Cutting of PBD Object



PBD - Position Based Dynamics

= Based on and
= Usesa for state updates

M universitat O .
|n nSerCk Laurin Stecher, 14.11.2024 5 'gs



Constraints

= Different forms of constraints

Fixed, Distance, Collision, ...

= Act on particle positions

Example of a distance constraint

= Categorized into permanent and temporary
Permanent are always active
Temporary are reset every loop iteration
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PBD - Position Based Dynamics

1: loop L

2 for all particles i do

3 Vi Vi + AL w; £ (x;) - using forces and velocity
4: p;, — X, + At v;

5 end for o

6 for all particles i do

T genCollisionConstraints(x; — p;) B

8: end for I

9: loop solver iteration times .

10: projectConstraints(C, . .., Cry Meuys Py Px) | [ all (correction vectors)
11: end loop =

12: for all particles i do =
13: vi — (p; — x;i) /At
14: X; — P, —
15: end for
16: velocityUpdate(vy,...,vy) .

17: end loop
PBD algorithm [1]
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Challenges for Parallelism

= Particles

Each thread writes to
=  Constraints
Multiple threads write to

Apy, Apy

Cy:

Correction vectors

Cy:

array entry

array entry
P1® O P

Cy: Cs:

Apys Ap, Ap,, Aps Aps, Apy Apy Ap,

N —

P
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GPU-Implementation

" Implemented using with

" The algorithm is computed in parallel on the GPU using

*" |ntroduces a to avoid race conditions when
solving constraints in parallel

Werites corrections to a buffer for every particle, applies them in a weighted form

= Used to store needed data (particles, constraints, ...)
No data transfer between GPU and CPU
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GPU-Implementation — Workflow

triangles

(2) predictPosition() +=---- | m——=
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hash grid
boundary
planes P
(1) clear()

(7) updateState() <«------- ]
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temporary
constraints

—

-f—» (5) solveTemporaryConstraints() —

permanent
constraints

s o = -

-‘\—b (4) solvePermanentConstraints()

\

Jacobi-like solver

Shader invocation
= GPU buffers
Hash grids
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Collision Detection

= Realized by employing
collision detection
For particles and faces
Based on position in space

= Depending on hash cell
size, only neighboring cells
are searched
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Model Descretization

Object Mesh Voxelization

Mesh of Triangles

Particle-Constraint
Representation

PBD-Representation
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Model Descretization

1) First a turns loaded models in voxel
representation

Essential for

2) Then particles are placed in voxels and connected by distance constraints

geometry
h
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- un |Ve rs | -t a-t Hull voxelizer Core voxelizer .
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Cutting Algorithm

Based on ray-casting and with distance constraints

1) Track mouse position
2) Cast ray into scene

3) Check for intersections
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Cutting Algorithm — Examples
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Results
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Scene FPS u FPS o R;H[];:]le Rau?ﬁi;]e Speedup
Cloth - Sequential 12.90 1.56 23.31 .82 94 536
Cloth - Parallel 1048.64 | 235.74 0.95 0.18 ol
Clutter - Sequential 35.22 9.52 28.40 6.04 91.194
Clutter - Parallel 743.65 157.11 1.34 0.23 o
Soft Body Cube - Sequential 11.81 1.35 84.68 8.67 65.138
Soft Body Cube - Parallel 766.30 180.47 1.30 0.25 70208
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Results Visualization
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