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Local Anisotropic Contraction Deformation of Thin Shell
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Abstract: A novel algorithm is proposed for local anisotropic contraction deformation on thin shell using the framework of
position-based dynamics. Firstly, a new elastic deformation energy of thin shell is presented to address the material limitation of
position-based dynamics, and get desired elastic contraction deformation on a variety of materials. Secondly, a stable contraction
deformation is abstained without jittering by giving a proper coefficient of bending energy. Thirdly, a local anisotropic ARAP deformation
energy is defined to produce a rapid and stable invagination on the area of the local spherical structures where the deformation is slow and
slight. Finally, the axis-aligned bounding box and the non-penetration filters are used as a preprocess stage in order to cull the primitive
pairs that are impossible to collide, to accelerate the speed of collision detection. The experimental results demonstrate that, the proposed
method supports many different types of materials and local anisotropic energies, and can work with the problems of jittering and the
slight deformation on local spherical structures.
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Fig.1 The pipeline of contraction deformation algorithm
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Fig.2 Pressure force distribution of initial model
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Fig.3 The geometry structure of a stencil
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Fig.4 Different states of a stencil during deformation
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Fig.5 Deformation effects after adding elastic energy and bending energy
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Fig.6 The comparison of deformation before and after the addition of anisotropic energy on the spherical structure
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Fig.7 The vertex-triangle collision(left) and the edge-edge collision(right)
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Fig.10 Contraction deformation results of different thin shells
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Fig.11 Contraction deformation results of different materials (on frame 50)
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Fig.12 Deformation and energy distribution for SVK on frame 50
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Fig.13 The volume ratio of models with different volumes and materials on the first 100 frames
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Fig.14 Deformation effects comparison of energy constraint and distance constraint
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Fig.15 Deformation effects comparison of energy constraint and energy minimization
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Table 1 The calculation efficiency comparison of different deforming methods

F 1 RRASTGJrE SECER L

AILTTiE(s) B RE R (s) BB 249 A (s)
Kitten 13.18 78.55 0.08
Hand 10.52 68.92 0.05
Eight 1.95 10.28 0.03
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Fig.16 Deformation effects of different bending coefficients
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Fig.17 The volume ratio curves of different bending coefficients on the first 100 frames deformation
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Fig.18 The volume ratio tendency of different thin shells on the first 100 frames deformation
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Fig.19 The suitability of various local anisotropic energies
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Fig.20 The volume ratio tendency comparison of different models before and
after adding E, on the first 100 frames deformation
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Table 2 The calculation efficiency comparison of collision detection
R2 RIS ACR X B
SRt 3 Ik E A MR SRt 3 K Z TAFER P (s) A ST IEREFRAL T FER (5)

Wapiti 2.69x10° 10 256.66 20.88

Bear 1.70x10° 6772.54 5.66

Kitten 7.49x10° 2911.07 4.63

Hand 5.78x10° 2187.18 3.51

Eight 1.76x107 67.71 0.48
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