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Real Time Organ Deformation Model Based on Structural Beams for VR
Laparoscopic Training System
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Abstract:

We propose a deformable model for elastic organ based on structural mechanics
under the consideration of multi-point-contact for medical training systems using
Virtual Reality (VR) technology. In a previous paper, we proposed an organ
deformation model which approximates a liver deformation by a single-beam
deformation based on the structural mechanics. The calculation cost of the single-beam
model is much less than that of the 3D Finite element method (FEM) since the beam
consists of one-dimensional elements. In this paper, we propose a multi-beam model
under the consideration of multi-point-contact by extending the single-beam model. A
real-time deformation can be realized and the proposed model was implemented in the

laparoscopic surgery training system.
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Figure 1: Flow of a liver deformation
based on the single-beam model.
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(a) The beam is divided into elements
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(b) The bend of the beam can be obtained
by solving the equation F=Ku.

Figure 2: The bend of the beam. The

beam is deformed based on structural
mechanics.
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Figure 3: Extraction of cross section.
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point of action

(1) Beam deformations are calculated.

(2) Coordinate spaces are created and
distorted by the beam deformation.
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1| (3) Liver is mapped from original

1 | coordinate space to the distorted one.
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(4) Coordinate spaces are attenuated.

(5) Merged liver deformation is created
by sum of two coordinate spaces

Figure 4: Flow of a liver deformation based on
the proposing multi-beam model.
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Figure 5: The results of the
implementation by using simple
merged displacement algorithm
based on superimpose principle.
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Figure 6: Flow of the merging
algorithm by wusing a contribution
function of distance from the points of
action.
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Deformation result Deformation result
by using simple merging algorithm. by using a contribution function.

Non-deformed liver.

¢ w -

30 mm displacements
are applied to the forceps.

Direction of displacements
applied to the forceps.

L)

60 mm displacements
are applied to the forceps.

@ : The initial organ point touched by the forceps
O : The displaced organ point touched by the forceps
A : The tip of the forceps

Figure 7: The compensation of two deformation algorithm.
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Figure 8: The simulation framework of the multi-beam model.
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Figure 9: The result of the implementation by using the contribution function. The
liver can be deformed without unnatural negation and increase of displacement.
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