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Abstract

Real-time deformation of medical volume data has long been discussed in the context of surgical training simulation. Traditi
onal 3D ChainMail methods offer fast constraint satisfaction for large datasets, but their propagation process is fundamentall
y geometric constraint projection rather than physically driven motion. As a result, deformation stops immediately upon inpu
t release, and tissue-specific dynamic responses are difficult to represent. Motivated by this observation, we explore a struct
ure in which per-particle velocity is maintained as an independent state variable rather than being re-derived from positions.
Instead of using inter-frame positional differences, the velocity is updated using the intra-frame displacement between the po
sition just before ChainMail propagation and the position after full relaxation within the same frame. A simple non-linear vi
scoelastic damping approximation, proportional to deformation magnitude, is also incorporated. The approach is implemented
as a non-intrusive outer module that leaves the underlying HP-ChainMail solver unmodified. In preliminary experiments, we
observed that viscoelastic residual oscillations, tissue-specific differential responses, and temporally continuous dynamic behav

ior could be reproduced to a reasonable degree.
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<Table 1> Proposed Algorithm.

_Algorithm 1. simulation loop
nput: G= {X,. V,_ 1. Xpom '}
Output: & = (X, 1, V}}
I X <X D pre-chainmail position
: Deformation Stage

. if deformation input exists then
propagate,relax ChainMail constraints
else
relax only
end if

XX b post-ChainMail position
. Inertia Response Stage

D AN AN i

10: for each element i do
1 i om;

12: AX,=X"—-X

< 0 then V;, = 0 continue end if

13: compute normalized tissue response scale s from m !
14: if viscoelastic damping is enabled then
15: V="V, ,+sAX,
v,
e: VT b I X=X,
17: else
18: Vi=aV,_+sAX
19: end if
20: clamp velocity magnitude
21: end for

22: Position Update Stage
23: for each element i do

24: X1 =X+8,V,
25: end for

26: update previous-position buffer
27: retum G’
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Figure 2. Qualitative comparison of deformation behavior under

different dynamic conditions.
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Table 2. Tissue-wise differential response under Condition

C.
Initial Peak
Tissue AUC
Velocity Velocity
Skin 0.018949 0.022538 0.692066
Muscle &
0.000069 0.000856 0.037053
Organ
Bone 0.000000 0.000030 0.001233
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Table 3. Average kernel execution time per condition.

. ChainMail | Inertia Snapshot | SimTotal
Condition
(ms) (ms) (ms) (ms)
A 2.03 0.00 0.611 2.64
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