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Improvement of Deformation Model
for Real-Time Surgical Simulator

Toru INurya 1112 Masaro Ocara 112
MANABU NAGASAKA 12 KazuHIDE MAKIYAMA T2
and YosHINOBU KuBoTa 2

We have been studying linear FEM as deformation model for our surgical sim-
ulator, because of its severe time-critical request. However it is not suitable for
large rotational deformations, because of its violation of rotational invariance.
For high fidelity simulation of large deformation, many non-linear FEM and its
kinds have been proposed, such as Mooney-Rivlin and Co-Rotated FEM. We
concluded that the Co-Rotated FEM is the best for our simulator, with reason-
able computational cost and its life-size precision. In this paper, we report the
real-time implementation of the method for large deformations.
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Fz 1 WHEIRERH O [ms)

¢ FEM  Co-Rotated FEM  #Miy3E#/F FEM  Mooney-Rivlin &
500 %3F% 1.571 3.752 12.51 19.06
1000 %% 3.755 7.963 24.53 33.44
5000 %% 14.37 36.72 117.5 168.9
10000 %% 28.44 73.59 233.6 343.8

® 2 AR O EREEILO I (%)

#JZ FEM  Co-Rotated FEM  #{iJE#EZ FEM  Mooney-Rivlin &
¥y 209.02 99.87 99.67 100.00
ITFN 274.80 105.80 102.56 100.01
2N 93.04 94.47 96.35 99.99
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LT3, PEEIC W TR ISOIVL S 02 BEL, HitETL0Y v 7% 1.5 x 10%[Pa),
7 VI 0.49, EIE 0.96[g/cm®] % vz
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%7, EFEOLHATENBERH O L %2 1T > 7. FEfTBEIEX, CPU:Core 2 Quad
2.66GHz, RAM:2.00GB, OS:Windows XP, 2> /,%A4 J:Visual Studio 2005 T® %. #&
RER1ITRT. $E FEM & KL 7284, Co-Rotated FEM TI3#Y 2.4 fFFLEE, &l
WIERTE FEM TIEH 7.7 52, Mooney-Rivlin A TIEH 11 f5REEE O QLRI % 359
528005, (M, BAWIERE FEM 8 & O Mooney-Rivlin 4%, /¥ FEM & X O
Co-Rotated FEM & 135838587 ), XV RELINbDTHS, LEr-T, Z
NoDBMEIFSEREL L TRATVWAEEEZW,)
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¥ FEM  Co-Rotated FEM
Bl (2800 %) 6.370 14.81
HER (2152 ) 5.186 12.04
BRI (2094 FE5) 5.213 11.38
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(b) Co-Rotated FEM

3 Filfiv T 2L —% L TOBEBIREAE: BBIROELRE, MiELIZFHEL S5mm BETH 2. (a) IHE
FEM 12 X 2T, IR L Tw 5. (b) Ik Co-Rotated FEM 2 X 2 Z U B CHIZKICIT L,
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