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ABSTRACT

This paper presents a feature extraction method for shape based retrieval of 3D models. Since the feature descriptor
of 3D model should be invariant to translation, rotation and scaling, it is necessary to preprocess the 3D models to
represent them in a canonical coordinate system. We use the PCA(Principal Component Analysis) method to
preprocess the 3D models. Also, we apply that to make a MBR(Minimum Boundary Rectangle) and a circumsphere.
The proposed algorithm is as follows. We generate a circumsphere around 3D models, where radius equals 1(r=1)
and locate each model in the center of the circumsphere. We produce the concentric spheres with a different
radius(r=i/n, i=1,2,...,n). After looking for meshes intersected with the concentric spheres, we compute the curvature
of the meshes. We use these curvatures as the model descriptor. Experimental results numerically show the
performance improvement of proposed algorithm from min. 0.1 to max. 0.6 in comparison with conventional methods

by ANMRR, although our method uses relatively small bins. This paper uses R*-tree as the indexing.

1.ME A, RS glek eleg Belelcle] B

AgA} ke ANEE gl S ol 7

A" 34 delEle] 4F Jest A% gl sk AUE & UES s Ae) Az
WAl wet oigael Weeltle) Adask X 9 §4 AR 53 Andexingl Y LA
Y ot TR A ohA mE QlEule Bl o] HFSE ok MPEGTS iyt elelciol

* Zofefelar AHddAtolehd <dAF-3) ({dragonar, mysope, kimty, jschoi} @imagelab.cau.ac.kr)
= E  KICS2004-11-286, A<=} 20044 114 224

1007



L EAIE3]=FA] "05-10 Vol.30 No.10C

Aezo] g 7= Hue} v HEE V|
g A 2F FE4E AATeEN HeErte
ANZE AM3Rs AL dEldlelE] ARE o]
3o} dste AuxE Ak Addsie] HdH=
o &gA9) AT AH-S FPssH sha ekt

MPEG-7¢] thi} a7 Zubolls oz Hejnir]e]
Az F d¥E vFAENA, 59D A
A7t FE oA e 858 43} of
UsllolAd, Ald, Uweb) ¥ <4l CAD(Computer
Aided Design)?] 3211 29l dlo]g}So] Bo] AlS-
Hi glz ol=d 321 2d dloelE o 5 3l
£ g HFEEC)Y A5 PR sl 2
2], exelql AbdlA 321 2dl do|e]e ARg<]
A4 szl gitth webd MPEG-7o g A+
5 33 Ad2sA] 3L sl ik

B mPode 30 29 2pAe] Al 7uigt
W 7k ANE AR, ¥ 13 2 3x
w2 A A& Ak dlelejdle] 2 gt )
£ 33 2RES ozl A mE] A 7]
s Afeature descriptor)E FZ& ¥ Fol ATk
A (query)Z& 331  EY(query-by-examples)=
P R T s v = L e gl = I
%Are] #2] Alikdistance computation)< L, norm
(Buclidian distance)-& AMH&-ghch AA A Ajxd)
o 538 ohe ok WA, ARgAKuser)7t AL
2F sh= 3k "o mdg dulspy Aele] oyt
2 7EAE $E53c 329 49 EA et
s} vig] AR djolejslo]x gl e 32 B
259 B3 7)eAE 7] fAME AR F f
Aol Al FA V& o AHAA AHE
HejgA ok

Feature
descriptor

3D Modets Off-line

& Feature
Collection

On-line

Feature
descriptor

Similarity
Computation

Retrieved
Results resutts
User

a8 1. AA A2"=
Fig. 1. Overall system flowchart

1008

330 md Ao A ATE A T )
ul(graph-based) A, A4 7ukview-based) 7
AN B2 7luKfeature-based) 734o]® M glr}.

AR, = ZME A e shie] =d
oA shie] o= A7) wiie] oE 2l
H @A FHHPL FAu AR HEE Y A
T3k A E(metric)7} $a, A4 Al @2 A7)
A28 el Ut

A, A 7 A4 A 3 e
2291 Ao WM AL W) dEel 7|E
9] 221 44k A whgE E4A A48 5 A
gt MZ zbe) wlasjol & AAE e B Al
Zho] g,

AW, A 7k 4L 3340 2ol gt v}
3 gl AA 2del B4 7IexE FEI] wWE
o A4t A $19) F wiurke A7 ARv) Ao
71Ee] B4 7P Z¥elle FE ARl(curvature  in-
dex)®”, A=] A(distance index)'”, A F|~E712)
(distance histogram)®, ¥ A<)(volume index)!""z}
22 wpEo| AN glek el o] MMEES
=2do) oigk AAH(global)ol At A (local)H Al
EARre Jehly] wiiedl] R A ke
wdd] O3t BAL s e vepd 4 itk

B =RdMe 33 2o SAS AYs] ¥
PR Ak A9 AZHY ARE A Eo17] 9
A AAstal she 33 mde] Yt AHAE
Fashs B4 32 /S Adstd axpEdl 33
A mde] A AagS FEdch

B =5 AL o2 2ok WA, 2&«x e

3R mdle] x= Agfslel did Az e X

Az, 3ldE Adele 54 3% 71EE 4
gk 4793} Sl olol et AR A3t #43}
WA Aee =2

I. 3x 20 Che M(5%) &z

A A= e 33 2Rl AR 370
A 912le] $)=|(position)el] P2]2] HFEKorientation)
3} Z7\(scale)E 7HX|3 Qleh welA, 33 =l
AL 9% BA 7eRE 233 dadE S
A mdo] $Jx|wsl(translation), 7] FHscaling),
3] s(rotation)ol] = EAo] Walx] olo} i
t} o]zt XS ¥= AF3Kpose normalization)
g} gt} A2k FAl(canonical coordinate system)©l]
3219 2dg w3l = Aqsle FAE B4



=& /7188 ARE o] 43 328l 24 3

(Principal Component Analysis, PCA)& 34 o]
Foizle).

2.1 F4&2 24(Principal Component
Analysis)

FAE BAPCA) I 3= AT 7 o]
£33 33 =dE s e A Hell &
3 AAH(vertex) 52| WAFeNE EM3 1 e
o Wy AdxEle FHEFE AP 5 g
TR B8 o)8sld, x, y, z HEEE F AH
A5 widAH A2 A9 ABE9] Hiol
A2 QA=A gL JEER EE 4 e R
9] HIFE AL ek dolEg] 7 FAE
(primary principal component) dle]el7} 73 v
o] W3l waks 2fu)jich

N 7§18 APE P, Py ..., Py (19 P=<x, y,
7>) 22 o] o4zl ¢1eje) Agho] ik sk Al
g A& o83 BE HA mE Tk

m=-L3p 1)

P
227, o AR)E ol8dliA 3x3 B} CcE e
. o] 3PS FHA} sP¥(covariance matrix)©]2}t

=
X §-Ert
1 ol T
C=Fr (P =m)(P,=m) @
FEA FgEE o2 e 6l AR IE AR
L =3¢]

- 714 oA ™ (symmetry matrix)o]c}.

N N

G =y D@ = .Y’ Ca = G = ) (s —m. )= m,)
N N °

Ca= 3 26—, G = G = Y~ m. ) = m,)

N N
G = (=), G = G =y 330 =)z =)
3)

FEAE g HAEELE 7t x, y, z HIES 4
(painE Alel2] ATHTAIE ouigic) o)y FE4t
3Pd o] AJRo] golele 7L, 1 A¥-g AAlsl=d
2q] T HARZE Aleld AL grle 9vle]
k. ¢7} wHztsiE(diagonal matrix)o]d, A HITE
o] kA3 FAIl= o2, ol HEo] 15
g3 53 EE3k 9J8-E vl

AAEE s Wby FEA o] gy

Pol B 4 ook aET ABE SUse PUE
Fohe Zol AN SHoldh WHAL AT 74
Aol A4 @, HYE PE g TR
#2 ¢ Adysh 2] Folalck

N
N @
A(P,—m)(P,—m)TA"

C¢=-1 i(AP—A — Am)T
, — Am )(AP, — Am)

-1
N2

= ACcAT

J7]ellM A= ZHasHololof Flu], A AA|PH
o] & CE WAk Foke AL ridck ¢
= tAdFelnz, ¢ FfHEl(eigen- vecton)E
2 Aselr) FE0] €Y THHEES] AHF-LS A7}
ol & ZAEL 5 U=} a7 PP
AH HAFEo] HME Q=R de IR AA
S WAk 8] e E R S, T 3

[

W, 98 R ) FEE guigh) &5 FRA
gdo] S 2 2fMeigenvalue)ol| sFRIcl S
o} 7= 42 F WAR  wigs veA 243k
5 ouigk) & A, A, A ©] AR R S, y i
3 31, Z7| A A= Adl=lAsl0 ]k

olfl FAE BAE T = AHwspt 53
Ha, 9879 Hx A Ae 37 5 gk

2.2 == M3l pose normalization)

= A3l AAL 4, 33 2l 74 F
Al(center of mass)S YAHE FZic} 33 nd
o FA AL 2del A 7E TS W 2
AT FAH 2ok 2 oS 3x mde] 4]
(AAyellA 71 de] "ojd] sl A (vertex) 7]
AEE T FHdow) I ABE 12 HE] FE
7] ¥ghg 33 2ol HgA)70ck $je) F
o2 3 mdd $Apigs Z/)HEe] =Y
2] EAe] wishA] oA Rt wA|Te g 33w
of oJ3ted 33} mdo] EAo] wElx| A wE
7] flaiMe AR BAbE AREg] o] uiy
< 4, F3(principal axis, e;, e; e)= TI F
71& A3, y, & 9HE FAE A A=
<+ HABA(es, ez xR EEE IHAA 7|E Hx
A, y, 23 A2 HFFAe, ey e)E XA
= Hheltt. FE3) J1E gAY dx AL
oy 29} ok 2= AEe] Ak A6 <)
Al 320 e SRt =opdsh FzDEg
zde] Exo] Walx] oA Hch

1009



F=2418H3] = 4] '05-10 Vol.30 No.10C

I8 2. 57 71E HE59 94
Fig. 2. Coincidence with principal axes and existing coordi-
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Table 1. Catalog and number of 3D model

Group No. Group No.
Car 71 Plane 64
Electronics 43 Flying 37
Knife 37 Bike 29
Table 27 Helicopter 26
Tool 25 Chair 24
Man 23 Animal&Bug 19
Etc 95 Total 520

O3 6. 321 2H o
Fig. 6. Example of 3D model
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Table 2. Vertexes and meshes of 3D typical model

(@) (®) © (@
Vertexes | 11,106 8,972 2,546 1,762
Meshes 21,122 14,462 4,648 3,051
© ® ®
Vertexes 3,300 4,032 567
Meshes 4,076 7,932 1,070

e ol
T
L 1 ) :
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-’-- § . \1 $ &
. & S e
b L A
) [0] ®

33 7. 3241 A 59
Fig. 7. 3D typical model

E 3. 712 9 AR W) ANMRRE B3
Table 3. Comparison of ANMRR with conventional and
proposed method

Koenderink’s [ Koenderink’s| Osada’s
Method (1) | Method (2) Method

(a) 0.70 0.69 0.10
(b) 0.82 0.79 0.25
© 0.64 0.39 0.00
d) 0.78 0.78 0.63
©) 0.61 0.64 0.09
® 0.81 0.67 0.00
@® 0.83 0.85 0.32
ANMRR 0.74 0.69 0.20
Jeong-Jun’s Zhang’s Proposed
Method Method Method
(a) 0.69 0.69 0.04
(b) 047 0.83 0.06
© 0.64 0.00 0.00
d) 0.78 0.50 0.26
(e) 0.64 0.63 0.03
® 0.64 0.73 0.18
® 0.40 0.55 0.15
ANMRR 0.61 0.56 0.10
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Table 5. Comparison of retrieval time with conventional
and proposed method(on-line)

Koenderink’s | Koenderink’s Osada’s

Method (1) Method (2) Method
Time
: . .58
(oot model(s)) 3.58 351 35
Jeong-Jun’s Zhang’s Proposed
Method Method Method
Time 3.63 3.57 0.72

(per model(ms))

T3 16. 7]& vt ARt W] A4 A7 wlsszee))
Fig. 16. Comparison of retrieval time with conventional and
proposed method(off-line)
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Table 4. Comparison of retrieval time with conventional
and proposed method(off-line)

Koenderink’s | Koenderink’s Osada’s
Method (1) Method (2) Method
Time
.82 4.99 1.09
(per model(s)) 48
Jeong-Jun’s Zhang’s Proposed
Method Method Method
Time
(per model(s)) 5.52 0.68 5.66
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