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Synthesizing possible variations of fingertips
using principal component analysis
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In order to synthesize possible variations of fingertip, we analyzed individual differences in geometry of skin, distal
phalanx and middle phalanx using principal component analysis. Volume registration technique was employed
to quantify individual differences of fingertip from MR images of 50 male subjects. As a result of the analysis
first, second and third components are turned out to correspond to difference in length, contortion and warpage of
fingertip. Possible variations of fingertip was synthesized from these three components.
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Fig. 1: Synthesis of possible variations of fingertip.
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Fig. 2: Preprocesses for MR image.
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Fig. 3: Result of volume Registoration.
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Fig. 4: Proportion and cumulative proportion computed
from PCA result.

ooooooOoooO00ooboobo43000001000000
jobbooooooooooooooooboooooDboo
goooooboooosibobbobooooooooooon
go3boboooooobooOobobooobooboooooo
ggos20000000000000000O0DOO00O0O
oooooooooo

43 0O0OO0OO0OOOOO go3tcooooooooon
goooobOooooooooooooo0oOoooooo
gooooooooooooboooboooboobboo
0oooooooooUoooooouUoooo 3)uo
Ob0mO0O00O

pd'
— i)
mey ®
i=1
0000000000000 )OO0 0 0000

C¢=(Cl C2 C3 C3n) (4)

0oooo0+<0000ooouoUooo0 ;00 ()ooo
gooooo

S;i =m + a;c; (5)

000l 0000ooogo
g1o0o0030000b0b0bb0 0000000000
gooooooboooooobobOoOobooooooooooo
0s5000000000001000000000000 2
gooooobooooooobooooooobos3soouoooon
gboooooooboooooOooobooooobosab0O0Ooon
gOo3b0oboooooooooooooooboooooooan
oooooooo

5 00000000000

5.1 O0OOO0O0O0O0d goobooooooooooo
gooooobooboooooooboboooooooboobooDt
goooboobooo3booooooooooboobooboooooo
goi10000003b0o000000000000000O0O
0(OoU00o00ooU00o0U0U00U00 ,OOooooo

(e5] C1
[e %) = c2 (d1 — m)t (6)
(6%} C3

e —

Factor1

Factor2

Factors

Fig. 5: Visualization of each principal component.

Table 1: Average error and standard deviation between syn-
thesized model and manually created model.

Avrage error Standard deviation

Skin 0.642 mm 0.603 mm
Distal phalanx 0.345 mm 0.940 mm
Middle phalanx 0.193 mm 0.403 mm

0O(p)0o0opooooooooooouoooooooog
goboooobooooboooooooooboooooo
goooooooMROOODOOOOODOODBODOO
gobobooooooooooooobooboOoooooan
gbooooobooooobDoOoOoebOOoOoOoOOOODOO
ooooooo1ooo0o
gebo00oooooboooobooooooobooocooao
gobooooooooooobooo 11000000 3so
gooobooOoOooooooobobOoobocooooooooon
ooooo
5.2 J0O0OO0OO0OOOO0OOOOOOOOOOOd oono
goooooOOooOooooooooooooooooon
gooooooooooooooooooOoOoooooo
o0oo0o0oooooooooooo (moooooooo

C1 d1—m ’

C2 d2—m

A= : : (7)

cp dp —m



1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

Skin

Error bar [mm]

Distal phalanx Middle phalanx

Fig. 6: Error between synthesized model and manually created model.

Small and short fingertip (-60,-10,-80)

Average fingertip (0,0,0)

Upswept and long fingertip (90, 20 ,90)

Fig. 7: Three possible variations of fingertip.

A0O0O0O0ODOODDOODOOOOOOUOOOOOOOOOO
gooooobooooob«.00oobOb0o0oobooboboon
gooobooobooobi10b0o0ooboo0oosoooobooooDo
goooo1o000-61.9900 985100 2000 0-28.12
o0 261600 30000-97.0800 95.0200000

grooloooooosocoooobobooobooon
goboooboobooobooboi1ocooooboco3booooonn
00000 (am,a2,03)000000(—60,—-10,80) 0 0O
000000o00000o00(90,20,9)00000000
gooooooooooooooo(o,0,0)0oooooooU
goooooooobooooobobooOoboOooobooonoo
goooooobobooooooooooooboboooooo
gooobcoboboooooooobboboooooboooboboooo

6 OO

goooooooooooooooooooboooboobooo
goooooOoooOOooOMROOODOOODOOOODO
gooooboooooobooooboobbboOoooooboo
gooobOoboooooooocooooooooooooo
goooooboboooooooobboooooboooboooo

go0ooooMROOOOOODODOOOOOOODOOOO
gl1oooooooocoobo2000000000oooDon
gooooo3oooooboobOobooooboboooboooo
goooooboooboool1oooooos3sboboboono3onoon
gooooboboooooooobooodoboboboooooo
ooooooo.

gooo
1) Doooooooooooo

http://www2.nict.go.jp/pub/whatsnew/press/010426,/010426.html

2) 000DD0OD0ODOODODOOO0OO0O
http://www.tytlabs.co.jp/japanese/tech/thums/index.html

3) R. Szeliski and J. Coughlan. “Spline-Based Image Registration”,
International Journal of Computer Vision, vol.22,n0.3,pp.199-
218,1997.

4) Mitsunori Tada, Hiroaki Yoshida, Masaaki Mochimaru and
Takeo Kanade: Generating Subject-Specific FE Models of Fin-
gertip with the Use of MR Volume Registration, in Proceedings
of Eurohaptics2006, pp.99-104, 2006.



