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Validation of FE Deformation Models using Ultrasonic and MR Images
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Abstract: This paper describes the measurement of inner deformation of a rheological object using ultrasonic and MR
images and comparison the measured and simulated deformations. We apply finate element (FE) model to simulate elastic,
viscoplastic, and rheological deformation of soft objects. Ultrasonic and MR images are used to reveal the inner deformation
of a soft object. Here we report the measurement and its evaluating by comparing measured and simulated deformations.
Keywords: simulation, measurement, FE model, ultrasonic images, MR images
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Fig.1: Simulation of elastic deformation
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Fig.2: Simulation of viscoplastic deformation
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Fig.3: Simulation of rheological deformation
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Fig.4: Location of probe and object

Fig.5: Example of ultrasonic image
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Fig.6: Position of markers detected by ultrasonic images
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Fig.7: Position of markers in initial and deformed shapes
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Table 1: Marker coordinates in initial and deformed shapes

detected by ultrasonic images (mm)

trial 1
marker initial shape deformed shape
#1 |( —18.0, —1.0 )|( —21.0, —5.0 )
#2 |( -9.0, 0.0 )|( —10.5, —5.0 )
#3 | ( 0.0, 0.0 )|( 2.0, —5.0 )
#4 |( 105, 0.0 )|( 14.0, —5.0 )
#5 |( 210, 1.0 )|( 230, —15)

trial 2
marker initial shape deformed shape
#1 |( —20.5, =3.0 )|( —21.5, —5.5 )
#2 |( —10.5, =3.0 )|( —11.0, —6.5 )
#3 | ( 0.0, —3.0 )|( 1.0, —6.5 )
#4 |( 105, =25 )|( 13.5, —6.0 )
#5 |( 19.0, —05 )|( 225, —25 )

(a) full view
Fig.8: MRI device
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Fig.11: MR images at initial, deformed, and stationary states

Table 2: Marker coordinates at initial, deformed, and station-
ary states detected by MR images (mm)

marker | initial state | deformed state | stationary state
#1 (12, 21, 11)|( 21, )| ( 21, )
#2 (45, 25, 10) | (41, 24, 10) | (46, 24, 10)
#3 (45, 17, 12) | (41, 16, 11) | (45, 16, 12)
#4 (17, 24, 18)| (18, 24, 17)| (17, 24, 17)
#5 (25, 20, 28)| (25, 18, 27)| (25, 20, 27)
#6 (12, 21, 42)| (12, 21, 42)| (11, 21, 42)
#7 (44, 27, 43) | (45, 24, 44) | (44, 26, 43)
#8 (45, 17, 43) | (47, 16, 43) | (45, 16, 43)
#9 (11, 7, 44) | (11, 7, 44)| (11, 7, 43)
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Fig.12: Successive images of one cross-section
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(a) initial shape (b) deformed shape

Fig.13: Deformation of object
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Fig.14: Simulation of real object deformation
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Fig.15: Location of markers in simulation
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Fig.16: Comparison between simulation and experiment,

gooobobboobooob ybObOO0obOoOo0obooOOn
gooooooOOoOoOoOMRIODODDOOOODOOOODOOODO
gboooobooboooboobboobboboobooooboooon
goobooooooobooboooooobooboboooboobooobonoo
gooboboboooooobobobobooooogoogd
gboboooboobooobOobOooooboboobooboobooDo
gbooobooogo

6 0UU

ooooOoO0oDbD FEOOOOODOODOOODODODODOOO
gooboobooooooooboooboboooooooooo
gboooOoooobooooooobobo0oooooooooo
goooboooboooooooboobooboobooooooo
goboooooOobObO0ooboooooob0ooobooboooDbo
obbobooooooooboooboboobbooboobooboonbo
gobobOoobObOoooboooboobboobOoooooobooo
goboobooooobooobobobobbooobobbobboooo
gooooooobobooboobooboobooboobobona
oboobooboooobooooobooo

gooo

[l 0000,0000,0000,000000000000
00000000,00000000000000000,
Vol. 80 No. 30 pp.247-254, 2003

[2] Naoki Ueda, Shinichi Hirai, and Hiromi T. Tanaka, “Ex-
tracting Rheological Properties of Deformable Objects
with Haptic Vision”, Proc. IEEE Int. Conf. on Robotics
and Automation, pp.3902-3907, New Orleans, April, 2004.

3] 0000,000,0000000,0000, 2002.

[4] 000000000 00000 O,000000 MRI O
goooooo, 2001.



