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STC: A Skin Tension Constraint Model
for Position-Based Dynamics
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Abstract

Accurate and real-time deformable tissue simulation is a key component of virtual surgical training systems. This study intro
duces a Skin Tension Constraint (STC) into the Position-Based Dynamics (PBD) framework to more effectively model the d
irectional tensile behavior of the skin. To complement the limitations of conventional distance and volume constraints, STC

indirectly simulates tensile responses on the skin surface using area changes and normal directions of triangular mesh eleme
nts. Additionally, the skin boundary is automatically extracted using CT-based density information, and the STC structure is
designed to be compatible with existing grouping schemes for efficient GPU-based parallel processing. A static incision scen
ario was used to observe the difference in simulation outcomes depending on the presence of STC, and the results suggest

that the proposed method can more naturally represent skin deformation and separation. This study presents a potential exte

nsion for modeling skin responses within the PBD framework.
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<Table 1> Algorithm of STC Solver for a Triangle Face.

Algorithm 1. STC Solver for a Triangle Face
Input:
Vertex positions: Py, P,, Ps

Inverse masses: invMass, invMass, invMass,

Rest area: A

rest
Stiffness coefficient: stif fness
Output:

Position corrections: A P, A Py, A Ps

Py — P)x(Py— P))

area <—0.5*||nl|

n < cross((

if area or A = 0 then return 0

rest

C <« area — A4,,,

AN S

amplification

«— 1+ B * max(0, (area — A,,y) / A,.4)
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6: Compute gradients V 1,V 2,V 3 via cross products
V1 < cross(P, — Pg;/z')
V2 <« cross(P; — PL;)
V3 <« cross(P, — PL;)

3
10: denom <« Y, invMass; * ||V il
=

11: if denom = O then return 0

12: s < —stiffness * amplification * C / denom
13: AP < s * inoMass; * Vi, for i =1,2,3

l

14: retum AP, AP,, AP,
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<Table 2> Algorithm of How to detect Skin Surface.

Algorithm 2. Detect Skin Surface
FUNCTION DetectSkinSurface():

DEFINE minSkinDensity = -449
DEFINE maxSkinDensity = 6
CALL AlphaTable(minSkinDensity, maxSkinDensity)

FOR each tet in tets:
INIT airVertexCount = 0
INIT airVertexIndices = [-1, -1, -1, -1]
INIT skinVertices = []
GET il, i2, i3, i4 from tet

DEFINE arr = [il, i2, i3, i4]

FOR each idx in arr:
IF AlphaTable[density(idx)] == 0:
airVertexIndices[airVertexCount] = idx
airVertexCount += 1

IF airVertexCount == 1:
FOR each idx in arr:
IF idx # airVertexIndices[0]:
skinVertices.append(idx)

IF skinVertices.size == 3:
CALL InitSkinSurface(skinVertices[0],
skinVertices[1], skinVertices[2])
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<Figure 1> shows the transfer function mapping CT vo
xel intensities (in Hounsfield Units) to alpha values. The
opacity linearly increases between -449 HU and 6 HU, ¢
orresponding to soft tissues, while air (< -449 HU) and

bone (> 6 HU) are mapped to transparent and fully opaq

ue, respectively.
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<Figure 2> Case of Skin Detection.
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<Table 3> Volume Datasets for STC-Based Simulation.

EEEL. AR 57

Dataset A 512 x 512 x 300 HH

Dataset B 512 x 512 x 544 ™ 2]

Dataset C 512 x 512 x 1152 o}t
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(a) Before incision (b) After incision

<Figure 4> Comparison of the skin surface before and after

incision, based on the simulation using Dataset A.
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<Figure 5> Comparison of skin surface deformation with and
without STC, using Dataset A(a, b) & Dataset B(c, d) &
Dataset C(e, ).
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<Table 4> Grouping Time and Parallel Resampling Performance Comparison With and Without STC

(Grouping time in milliseconds; resampling time averaged over 10 simulation frames per dataset resolution)
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