1202

H A e SCE (C ) JEZE 54 3C No. 2011-JCR-0900
78 788 2012-4

ERRBHOERELEIC L ZEFFETTILOER"

AR T, M Fofl?, SEhk BE, HEm Fis
Synthesis of Subject-Specific Finger Model by Superimposition of Geometric Features
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In this paper, we propose a method to synthesize subject-specific three dimensional finger models including skin
and bones from geometric database and representative dimensions that can be measured by a caliper. The geometric
database necessary for our method was developed by analyzing principal feature of the individual differences by using
principal component analysis. The proposed method synthesizes subject-specific models by blending these principal
features. The weight for each feature was determined by numerical optimization so that the synthesized subject-specific
model reproduces the representative dimensions of the actual subject. We applied our method to fifty fingers. The average
of the maximum error was 1.0mm, while the average error was 0.2mm. For more than 70% of the subjects, the bone
as well as skin geometry were synthesized with acceptable error range from the representative dimensions of surface
geometry. As for the remaining 30%, there was significant error in bone length. This method has distinct advantage over
the conventional method in which time consuming manual segmentation for medical images is necessary, since we can

generate subject-specific finger models in 5 to 10 minutes automatic computation.

Key Words : Subject-Specific Model, Individual Difference, Principal Component Analysis, Non-Rigid Volume
Registration
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Fig. 1 Synthesizing finger geometry from database.

bET2TFHEOR EBREIN TS, CNEDTETRIIRINAL Z X v F— a vishBizwn, Lal, w4

L D HRE OBEMEGIIKA L L TRGET 2 08535 3,

BIcREAZ O TRERRBADE 22T, ARBRE2ERTE2D L0 Y, F—yR—2 %20 FiE
OODFETH 2. ZOFHEIRENECHES CHPEREZE F LA bIEHENnTe 3", ok
i, FHIIL 72RENEE F— I R— 2D S AR L T TFILORFTTEDBEEI RN D L 5 &I 3
BAZWRET 2 2 LT, FENETEFVEER L, L L, BEMEIRICH L THEL T -y —2%
FIO TR RN & 9 SRR O TR 2 R L 721 b BIDH & 3, 2005 OFEBUEEIC O TIRBE 2 BEE AT
biTwiw,

$E oL, FEMIERY 2 — ALY A FL— 3 v EHOTREO MRIFiD 5 NEBEEOIR £ T& o -k
FERFITEFEL, 200 Z2HKEHNICON UIBIRE T — % R— 2 25§ 2 T2 R L 2", Aficid, 2
DF—F R— 2 G ENDTHREEO BhE ORI X TR ER TR IRET 2 Lk, NEEOIRE ©8&
O HBBEOMIERITY. 5B, AR TERBOMIE~OIGHEZMEL, FHROHD 20 WICHEELE S
Wk Z HOEEN T F L2 ERONE LT 2.

2. A 5

21 BE

/ X AT RE 2 RETED S THRFBOBEAZRE L, 2horxERAEDE 2 HTZOEHRE D 3 XLF
BETNEERT 2 2 EBAMEOHNTH 2, K 1IRTHED, IR OBEARN SEEAIE AV CERS RO
20 WICHAE L 2 TBIRZ BT 2 MR ETHEOR—R L %55, 2 OEMiCIIIREHS AN cEI D
FNWZZFNS DEANESFEMLEMNETH D, ZIUEWFEEBIRE B T UIKRL 2R E2E T 5 F
BETNAPREICAERTE 2, HMEE T V2 ERT 25 7%OIIE SRS T 2 EAZBYNCRET 2 L0 EDH
255, AWHETIE (10) & FABRICHR & 7% 2 Bla# O REHEIBINTH 2 2 L2 RT3, ThbbEBICE
L 72 RFE LR L 728 TV OREHEDBAED RN 5 K 9 ICBEREL T2 O TEAZRES 5.,

22 F=HINR—=R
AHETRBEFESDPBEIHEL T —IXN—2 2T 2. ZOT—FX—2LIF, 50 NTORANBUELTF
AHED MRIERD MR L 2 EEEZOER T Thb L, FHUTH 5, BEZOFEITIIIEMIERY) 2 —LL P A
L=y avEfv, 20 2 IR O DN I R ICHLE L 2SI B 27 PLOES, O

— 178 — © 2012 The Japan Society of Mechanical Engineers



TCIRFF O ERG DRI L 2 EERIFHET L OAERK 1204

Fig. 2 Eight representative dimensions of an index finger.
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(c) Finger pad thickness (6th feature)

Fig. 3 First, fifth and sixth principal feature of an index finger.
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Fig. 4  Average errors and standard deviation of the representative dimensions before and after optimization

for all subjects.
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Fig. 5 Distribution of the computed weights for the 1st and 2nd principal components when two different

objective function with and without the penalty term were employed.
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Fig. 6 Maximum error accoding to the number of the principal components.
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Fig. 7 Average error accoding to the number of the principal components.
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Fig. 8 Comparing two finger geometries synthesized from the database and created from MRI images.
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Fig. 9 Maximum absolute error against distance from the center of distribution.
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