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Abstract In recent years, due to the rapid development of 3D modeling technology, 3D model databases have
been increasingly available on the Internet. More and more 3D models can be easily downloaded through the
Internet. This has directly led to the development of 3D shape retrieval technology, in which the system needs
to return a similar 3D model according to the user requirement. This paper presents a new 3D shape retrieval
method, which takes a 3D model as input and the system automatically returns some models that are most similar
to the input shape from the model database. For a given input model and every model in the database, first,

generated a magnitude of 2D sketch images of the model from different perspectives by the computer. Next, for
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each 2D sketch image generated, the algorithm applies Gabor filter to extract the local features of the image, and

quantifies the features in order to obtain a histogram representing the sketch image. For each 3D model, we then

obtain a number of histograms representing the model. Thus, by comparing the histograms of every two models,

we can compute the similarity value between the two models, and so retrieve the most similar shape to the input

shape. In brief, the proposed method is capable of extracting effective features of 3D model through 2D image

analysis method and evaluating the similarity between models. Experimental results show that the proposed

algorithm performs well on some public datasets.

Keywords 3D shape retrieval; 2D sketch; local features; similarity value
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Fig.2 Several 2D sketches automatically generated by the computer using line drawing
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Fig. 3 Initial 2D sketch image and filtered response images

B ORHE A B BT DRI n A kX k1
NS RFIE . 2 JEXTIX n A kX RIEJT T /N
WA IR —A nX kX k KR, mfE—
R A ¢ AR PR R, Az BB
BEB PRI HOR VR IE N O ¢ B — DRIy —
A nXkXk kg, HhEE R 4EREsE
b EFEA AT 1] Gabor Y€ e Xt J R 3EAT B8 B
Ja, R RN N R, X TR E G
PRCE AR SR IX I, AR IZ X AE R AT H
RBE A, E S PR AT L X R B L SR A RFAE
) B AR IAE Y 0. XFUEJm 1 R S BUR) By
R E LA 4.

Xf Bdhs PR BT A I 3D BEBAE AR A R AR
R 2D AT RIS AU, IR IR )
FRAFAE A — MR R . BAm S, i Tig
HCH SR 1) JRy BB AR AE S B b — A nX kX k 1) — 4
KA, WA KK AED]T k-means 236,
AR AR AR I — MO

Tl o TR B A S B b o PR BTS2 1 R
FEHEAT AN GG, I 2545l e o BTG RRAIE
TE R — 4t B A AR M I SR 38 A o R AR TR
R E NG 2200 2D B ERE R IR 6t T
%o 5 XHRRAE ) E R R R
33 fHE=EL

N T B A IR BRI R E R R, Xt
PRI R MR E AT Sk . X — i R SR
P I I S (T 8 71 i B T s S
ANAZ TR PR B S -

d,=arg mjm

e (3)
Mo, x, SR AR A R BR I HRHE R c
RAERIC R S j M0 . K3 S RS %
RAEK: 1) B IR ) — MRHIE R LR, R, H 5
R A AEAZ 0 17 ) IR O — K. %
A R HH K AR AT R AR S, 4579
56T BRI — AN B . % R
il N AIE LI 3 R O L AN, i 3 —



16 £

E5 S

2017 4F

(a) TERF— Ak s b, St nig
PR S5 I EMESEES 211 )5 A
TG AN nX kX ke [ 1)

(b) fE ASREE i L, kXK
FAI TR L B HR) PR

(o) FEDE ) IR BB L3 SR b A
B8 AL B

B4 3R EREIGRIREUSAREHE

Fig. 4 Extract local feature from the filtered image

El5 xHEERHHEEERAE

Fig. 5 Clustering the extracted feature vectors

AMRFERZ Ol 7E TR UG B IR . Rk, W]
Bt A nX kX k BRI R R — MR
FAAEEC R P i M . Hodr, R
B4 BUE RS R R R kA% O i 8 J5 B R
E BRI REL

N T R e A SR IR R R AN AR AR 2R )

JE, ISR A 1A TR -3 1) SCRY AT AR (tf-
1df) B2 DL HRFAE B 7 P R 28 AN AE ] ) B
e, FER B, R R E B S
PR I BB LG n, (B[R] & A
TETEARLEE AP H LA R B L R o AR 1] 13
AR -3 ) SCR AT R, G A R (4) SRR



5 1] XA, S BT RGN =AU R 47

B — MR FBCE wo

[ Yioel ¥
SISO

Horp, N AR (R 2D BBREE) ;s f
RERHET j EBAERE R IR T A
ARG ARE P RFHET j 2130 (B 2D BHR)
I . T, xR 2D BIE, #A
— KRR RN R AL O AN B B, L
e B R — 4 B AU AR () 7 o — AR i 1] (1AL
Howe Kl 6 RRHERT EAERER RS K.
34 3DEBKE

P —ANEERIEN 3D MRS, 7E M B E
R S MBI TR 2 1, 75 EEX %5
ANBR AT DUR LA PR A B9, X
BUAE v NN E AR A R AR BB 2D B S8
Ja, ArAIX v iE 2D AU R AT OO A
WS RAESE DGR &5, KRR R KRR
1T BT B — K N RHIE Rl R A% O e A 5
P, oAz S — 4 e R R 2
B RHEE RLE w, o KB, XFFHINR) 3D A
B, By MR ERE wGEy), I
FELR AW e TN T s EE A A
3D B, 153 v MR EFRE w,(Ev), It

RSN | H

(a) VI AT B AR DA R e e o7

(b) FEA S i _EHRE AT B FRRFAE i)

o R BRI ik, AR T
A 3D HER 5 ¥ R AT R — > 3D B [ AH B
WRE m GERERIGEECN vXv) o 5 X m, Ron 2
JEANARIILE RS @ AL AR A0, R 1] 5
P ERBITES /ML A T AR B AU B 1 2 R [
FRAMPEAE, Tz AR E TR A O
M= Wi KWy (5)
Hop, s REREIE w, A1 ow, FA K F17 5
e, BV SR R P48 3 ) 4 A B AR A 3] PR R
HIBATAHTR B0 W R PR EHGBA 3E R] R RHE
W, A eTAAHELEES 0. AT HA 3D
B (R AR ALPEME =, AT LURTE 245 2011
FERPAMERILE v AT IRARADL B ] 2 ) 1 AH
APERE RS m SR 5. A0 (6) B,
X max ()
S
I E AR, M THIAR 3D B8 o DL AR
MR R —A 3D 8 b, £/ — M v,
N, HBRERRH AN v, 15 b LA Y, FA
BRI 5 a 75 v, BUA T A B RS 4t
AL, RIE, AR o B ATE LA A R
FERLAY b M — A S ZBONHBL, 5T
B FX ST 2D BRI AR U B IR

(6)

() X — @ MR S HUS B P A
FHIE R AT AL, AR
% BB B E 7T

El6 fHEEWTREE

Fig. 6 Feature quantization schematic diagram



48 £

i N 2017 4F

SFI135) 3D AL o F1 b 2 AR AE S . G T
BV R, S — AN R 5 S i A
T EIAAAEAR, SR [T e ASARASL AR B K A 7Y
RIAR R AR A T E I R 7 B,
3.5 EiEMik

FERATRGH, SR R MR kM
TERMI SR % . SHREATERIRGRI, &
BAEHR S OGS EH R R R G R R M RE .
N T DR R RS, TR R B R
GihrE— NS, B MBS A, IS
KRR B . fEB— RIS, a5k
TERGHG RERRERNS G, JFaEHR
fib 25 K B ok B P B % S UE AL, H AR
ASHHM BT RGN REEAFEA
w0 TR AR E U, R
ZHANT

(1) JEB AT SR, T BTFAX
TR EAE 2D BUR FERHUR IR, S AR
WO BRSHRE T 2D BE LR RF SRR
RRE N B 2R, ARG R RS 2 pd
Fed. IR, BTIRATN 2D Gk G EHLT

EEIRR v
7

AL AL

Hodls Y. i

FAESR &AL

DGDO - -

(a) 3D MY Jo HAEAR FIARAA T
AR 2 R 2D A

3D A EH B R Z A T 1) 2D B (2D FE
R AL B AR BRI P SRR 2. APECRRZE, R
AL E IR R I AR EC R AR, DRI I 2 I B U
A PR 5 TE (B = A ROt iR = R AR
VERE . VB A BT 1R T IR AR R 2R, 2
Jitaid b, R Be U [ FORE ] FRREAE s A
it 2, P H K 2 2 AL E S RHIE.
bS5 IEDR 25 HHF 58 B=0.03, JERARHINR f=
0.15, JEILATT MM n=4.

(2) KHE A RFAEAZ O BN B SR
AR 2 3.2 W AE 2D BB A AR R
FE R B R s AN K D B S 25 ) R
B b RER, Ml 2 i o8 s 2 S 80T
FEMFFIEARAE TUAR o FRAETAC R B 25 & (RFAE
W% USRI 8 () 52 750 5088 e R BT 1) 3D B4
AR 2D B EISEEURFARHIE G, 6 R EREE
1T k-Means ZEEmF, KR E k. BREE L
K, TERRERLE RS, BRI E T B E
AR, XA TR R R 2T, (A
R E Sk WEAR ST EAR M. HIk
TR EH b BB xX W T AT IE R . ik

S

TR 2 i)
BRI A

(b) X 2D R AT RAIESR B S Ak, i 2D Fil]

X B ANREAE 7T

7 3D REZ EHEMEETE

Fig. 7 Computation of similarity value between 3D models



5 1] XA, S T RGN =R R 49

S 1 S S S N k=1 024, FREAZ O3 3
t=1 000,

() RFEM M A . BRI R LRI,
KEEAL A BRI 3.1 e AL ER B35 5) o A
MR A A . T AL SR LA R AL A AT
T, WAL AR AN R T R 2D BRI, PR
KEEALA S B R B T 3D BEAL 2D 4
TER AT R P 2R . 1D A A L R 5 3R
AR 2D FEEIARRIR A7 [ B 3D AL 454
FRAE. B2 S R BFR 12 3.1 TR E
BRI AR A OB AS A (R R 2 2R AL . |l T AN [ () 28
FRAE 3D BRAR NS HRHIE, 3T
AR R, R 2D RHIER AT RE LA
3D BMAGREEMYAZIANLTZHNES
GRS PERFEL A AR 102, FEH
LIRRBIFhREN 4.

EAU IR, XTSRRI, &A1
TXREMP) o — A B BR 2 JE 5 1 25 4 J I 75 2
PR R B 3L 10 /N6 BE TR R — SR [ 26, SR )G
43 9 ok B A (B PR AR 42 R 48 FE A5y TR N, A3 3 10
A28 R B — BURAL A R E, RS E I R R
LB 7 m i — "M L 193] 10X10+2=102
NS R ThAh, AEREEEIRE, J54G 3D B
BRI B REREA —ENEm, &
Wi ) DR /N T B E T KRR AR UK 2220 BL R o3 A
L. XN, HWA SR REEE D Bt
WHA L], BMER A 3D BAEEAHAL, (HilT
WG B RN B AR, B MR 2D HE
AR B E A IS O, B RIERE T . H
REERFE AR 2 HAA e, N
BRI FR IR B0 ks &R PR RESZ ML/ o IX 2 RN
MEAIEAN R R 2D R S E R 8 2
FEAARI P A 3D AL 2 [H] A fE 4R BB AT T7EAS [ AR
T A A VCEC AL B . H 25 R 30 22 A A
R RKORHBIE I SRARHY R 2 A S T
B. PRI, X T RPEM A BCR LR, JRATR AN

TR AT 5 TS X 5 T R A 3R R AT
REEI

4 SWERSHH

4.1 3D REERERRH

ARy B R I 5 2ok H SHREC2014
i) WMB 255 8t . 23R A s 20 A
[F P20 B, Nk A0 T RIS ,
F—ANANBH 20 MAHFEIR 3D BEAL (7] —3
Al AR 2 B B — s AR . DR A2
P 400 A 3D B, R, T IX e
Bt CgER RN, BALR A RIEFLEEE IR,
AT 1H X AR 2R R R K BB . B AR SCHR
3D BER TR 2R J5 VA TR 1% A0 e 1 3k AT IR
Bk, EF—RKERIES, HhEMNE—
AN B A 3D BEA AR 7 ) ) g A A
By NE, URGHEWRIMALRE, Kt
B 400 MR AR B o R R MR S
AT B AL AL CHEAGL P A e e A 3R A A 2
FRARL) 5 efe, FRIEARUEE KB NHET, 1R
[FIAF PR S KR 15 MERBME MR R R . 18
AE Sy S, RHETHE TR SN RIZ 0N 2 h,
AL 2R — ALY BT 5 B A1 200 3~5 s,

Kl 8 Jy 3D R RLE R, Hd, K
8 (a) ~ (f) IR [l (A 2 25 34 5y N A 2 [+] Jg —
AN, RIS, RS K AR T A 5 5 A i)
(R N BUERAR L o 3X B B A SCHE R VA A
—EMA AT AT M. B 8 () W B AR TR
—BARE N, IR [ 2 45 B A AR
R T 0 A A TR 40 5 oy N AR (1) B 4 A8 A R A
L NARRERY, T 0 LA I T B
A KA 0 (b S r BB A )« ] 8 (g)
(h) &[] 25 S B T — A8 5 g AR AN
J& T [F — 2B A Ol (Can = A I, 4 AN BER SR
T) o IXRH T IX LB AR SRR 2 LA R AR O



50 £ 0k HOR 2017 4

:s. 3-3%% % lli-&:‘

() A

A
)
’
f
;%%% e — a2 A

3,333

ol
ad
d
T

(@ F (h) 2

Ve SR ORI B A AR ORI W A P SR IR WAEEA . A B R ARMRAE A R R R, DU SR B A 1 i AL
ARG, GASph CRR SR, BT HERRE B RN 2B 5 i AR A & T R — A2

B 8 3D RKERER
Fig. 8 3D shape search results



5 1] XA, S T RGN =R R 51

2D FEE i N B A i) 2D BB AR
.
42 BEMAATEXTEE

FEIX—FB%r, FRATHG X L A ST AR AT
MR ZE MR FIFERH PR E S 20 MR, &
AR 20 A 3D BRI K AR R G . oy
S PEALHT 5 1) 2R G0 B B0 2 12047 D0t
oo FARRUE, X8 B v & — M AL A A R
WK, RGBS N ERRMAERE, K
ERANBIEE TR R, JRRE—E 8 E (i)
20, 40. 60, 80 ) Ky AL B A 2R 4
Ro AT EAHXT AR ER 2R, R HER
AN 0] 25 TR A R VT 8 TV PR RE .
MR IR R TR R IR Rl 45 R, BRI A AR
(1) 28 il — BB AN B k(] 45 B e B0 B
Ry HEIRIBIRIEMZRIR L RS, RE
BT (1) 24 53— B ARE BN 40 A0 i NS
S BT EL B BRI S A bR B AT 20
ARG, A 20 MR, R AR
SRR A & AL S e o 20) o« X
— MRS T B DA R 2 R NN IR B 25
RHTHERR AN A (B3, AL RN H s e SR -F- 1
i, &RwE 1 s,

M1 A, 5AETI RGuHEL, &idHE
ERA G M RGER R MR T A T B R
w1, BOUE TSR BN M S B0k Bk 2 7 P
RAGHIK RMERE. RN HEE— 53 T A
H ) 3D AR R T iEREA — e A st s
AT, BIFRATTI 7 V2 AR 4 i AN B2 3R [B] R -

SRR
4.3 S5HMbGFEMRTEE

EX—HB5r, ARG A B Sk
SEHAN T VAT X M. BT R B — AN B R
FEORH) 3D BEAFE, %% ek H T SHREC2014
thf] PSB (PRINCETON) ¥, wMB"?, MSB"™*
RA AR . ZEIRERAS 1515 4> 3D 2,
ML 69 AN, B AN FT A S R A AL
A, AN R R AL B9 (Rl T e PR
Hil, RN T EAARRENEES ) . BT
12 R [R] — R0 AR 2R 2 ) 1 22 S Bl K 35 AR 4
PEEEWI AR, RS AR L 0 (X SRR 5 4.1,
4.2 FTAEE PR AME S SR, X RAE R R Ik RE
KRR AT A SRR 1977728 H 2% 5
Pu e AT, B R AR B 2 R AE
WYEE, FRR A g RS oA o7 AT R b,
K H B VEY 48 bR AR AR & A R A A [ R, {H i
Tz ERA SN TS 1) 3D B E A
S, WOARERA 4.2 R THE T . BAmAR
Z W Ee, [ AR EUEEE (0.05 &
1, BRRIENE 0.05); R)E, fERF—AMEERMAIR
R, ARG AT R, BTk
B RS R R f)a, R
RO E AR % A BT R R .
HRHER RS RN E L 4.2 TAEE.. B 10 2
ATTVEY Chen 5290 Li 2529 45 Bxt L&
P 10 vJ A, fEiZEE R 3D BRI RS &R
L, RSO 77 AL T Chen £8725F0 Li &2
PJ7iE, IXFE—S U T AR Y 3D ALY

#F1 REMNKBERLERA 20, 40, 60, 80 METHERHZEFZE %

Table 1 Precision and recall after 20, 40, 60, 80 retrieved items

P _ _ TR (%L _ _ _ A a2 (%L _

Al 20 A 40 Al 60 Al 80 Hr 20 A 40 Al 60 Al 80
Ak R 58.55 3433 24.87 19.97 58.55 68.66 74.61 79.88
Ak 5 67.38 38.49 27.15 21.13 67.38 76.99 81.45 84.51
FRAE (R 100.00 50.00 30.00 25.00 100.00 100.00 100.00 100.00
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