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New Architecture for Extraction of 3D Model Features Based on Probabilistic
Density Estimation of Local Surface Features
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Abstract Feature extraction is a key issue for 3D model retrieval. A new architecture for extraction of 3D model fea-
tures using probabilistic density estimation of local surface features was proposed. With the set of 3D local geometrical
features, the local feature density of a chosen target point was evaluated using probabilistic density estimation methods.
The 3D model can be described using the feature vector comprised of all local feature density values. The single-variate

and multi-variate descriptors of 3D mesh model support the implementation of 3D model retrieval. The results show that

the retrieval performance of the method is better than that of the statistical feature extraction methods.

Keywords Probabilistic density estimation, Feature fusion, Feature extraction

1 #tiR

T 48 B BE RE A {8 A b E AT SR ER N EL B, B+ A
B = RER R T AMUMERRY  REEEHERR
PR BAE S . ETFR I ZEERAAHMER %
BRI PR R MG R E T H XS | R 1L F1
WS IR, TR = RS RS RN TR R R EER. B
WEXERROGLHMEER, FZHRAENRED, Paguet
F1 Rioux £ {8 F5% £ B /7B (cord and angle histograms)3E
RS MMLED , Z BN S ERASENE=AF
RS R RS ME R 0. Ankerst AP Bl =4
A B L SRR —RIVRERABEX , TR =4
FEREFE. Horn % A2 H 64 R % 3 A & (Extended
Gaussian Images) B 5 — R BT HF BN =HBRERE,
W RN PETE 5B Y REHTER B — 1N
L& B m B 10 5 M E A s R B K ST
WS T A B RR . Kangt 32 i —Fh Complex EGI 84, 3 H.
RAF=4HReB4RiR%. Zaharia®™ $# 4 3DSSD (3D Shape

FF B #9:2014-05-24 &8 H#H:2014-07-18
(132400410927,132400410934)¥E 8,

Spectrum Descriptor) Jr s , BAR B B 3R 18 B9 — £ J{y #8 JLAAT
BN E S i) R ALY R N ZE R TE R K 5| (Shape In-
dex, SDH#R .

R EHESEMLEEMEREROERER, K4
BEARGD LA LR R . Fe, A48 KE
RIS IE AR BT LUK B R R B L A E AME , AT TR
HHRED . AR E—AETREIUTHHEBRREEH T
ZHEAHLIRBVER, ZERF AT HFRR=4XER
HILAIRHE , A F B BT kit G — 1 ke BiR
BHRERTHERE, A B5 S RIS E AW
RFFIE S BRI — = 4ER, TREREH.ETERIE
R AR BRI THE WL TR IFER
B,

2 FFEHREL

2.1 ZHERN RIS
S RIM R LTS IE R R i MCR® EM &
B—Ad =R GEHRRWTEED WS . XS 8 EHE

AR EA PR BRI UAHR BRI B (122400450356) , WA A RHE & B BB T H

o Q972,818+, BIBR, EEHR T B RS B AL B ET AL , E-mail : sunting@zknu. edu. cn; IKEBEE(1975—) , 4, B L, YU,
FER S N ERAE, =@ BE (1955 ), &, i+ 8, B LA SR, TEFRFEATENEEE  EERRLHE,

+ 293



— 45— MR ILATREAXT AL, 1R AP A
B LA MR R B LAARRES R R E S, VI H A A
fiE S, RABRARAE A SUSRSFIE S, JEWRES] ST, B —MFIEX
HRAMFAET &

B 1 =4S R R RS LT 44T
2.1.1 #HE%%IES,
P HREISE S, B IEH B B — A N i
ro R AH IRy = P prs Ppys P L. FIR (125
%,
A A

JaN A
Sr(P):(rp,rp,I,r,,,y,rp,z) (1)

by, FLIBER S P BIAERES MOBETS , r, LB & 5 P
By
2.1.2 pFaEm4Eie S,

& P MY TEE S, B AT, SARISEE S, #
M,Eﬂiﬁ—/l\j(d\ﬁﬁ d:.p *ﬂ—/l\jﬂ'ﬁlﬁﬁﬁp - (;\lp,z ’
Py s Moo AR ERN

o A A A

St(P):(dt,p 9np,19np,yv7lp.z) (2)

Sy LR A P YT B R B dp =

ooty | iy s SR B (TR - B 8T P
2.1.3 EMREFIEA

SUBUSIE A R P B0 7 IR 5 B 97 1 N fa ik

A SHE, TR N A= (R, N |, CHEBHEE S P ik
e S RS ok AT RS, O P 7 B J B T
AT, MR BN SR EEE S, A= | (R,N) | f{EE
ETF 1.
2.1.4 XEH4S,

B P B X TRASE S, AR & P B FAS(E S, F14)
TEASE S, ZEIMER, S WaE— r/Nrir, fi—4

Fbie,. HTFc, ERMBRN, KEBNFETF 1047,
Ah, 2RISR Tt ¢, BTSN D, AIR(DFETNY,

Ty

N a A
Sc(P)=(1p1Cp.x 3Cpy sCpe ) =(1psCp) (3

A AN A
E':F'wp =r, X1,

2.1.5 Hk&3 SI
SR REREARAT 4 AE TR, A AR (D
SHEAR TS5 .

SIZ%—(A)arctan(’cl f"z) 0y
T K1 K2

Ho o M, A P AL 9 F i 2, ST B2 2 X [/ [0,1]
W B 0 = =0 BEARTFEE.
2.2 BBEMT
T BE A VL) B A A A B SR T 5 8 4 7 AR
¢ 294 o

EAF R R BEE A0 B SR AR, R 08 43 A B AR
R, EHREHERGRBERAE)S KMEER (s}, fh
THRAER S WBREEHB T R AIBA L RR S

K
Fs(s) :kgl'DUk | Hy | 7Ll H Y (s—s2)) (5

HAt,e:R>R B— MR He & — 1 d Xd MER, Bi5E
kA BREH WS B TF B S HBRESHO LM,
w BTk NEN B HAVE . B ERER H AIRE
we SR o RIR HATHBERAE . RBE N BER =
) s 1 BAR A s AL B SR BUE, (R B2 98 18 A5 1T KDE
BRI R — D EARLE (s o) . — AN SRR R B I E
B {wn oy E R « HIEEEFH RS H e IR E .

B ZHERRE—NH KAN=ABEAF RN =/
AR X PSRRI B — N = AE B — T s i
THRMRERN AT RDA— BT E—NE 5 M
REBIALE wy , HANESE & A=AV ER S MBS R SRE

*RH‘J[:[:{E’EI]}ZEZJIMZI;Hﬂﬂ:&%ﬁﬁﬁﬁﬁiﬁxﬂﬁi‘l‘%%ﬁﬁﬁﬁ
HIAKDY MR Z AR ERLAKRER, HERERE
HEE, AR RBEREGE RSB H) S WiRE
WL I AR ST 3 T R OR v, HA
FEHERE H, (VSHFHED 7 25 BTN, REBAMEIH R
SEEEMTE, RERBELERIO,
2.3 HEHE

B T HEZg=HPE—-=/AK, KA A.B.C 44
F papspc T, ME 2 B, BE e =ps—pa,e2=pc—
pa s NZAE TAE—E P ATRANH p=patxe +ye , K
TENSE = My W 2, y=>0 B at+y<l. HERAPE=FA
B T W55 WIFHE S W58« MR BIBEE E(S | T)
RN

E{Si|T}=ﬂQS;(x,y)f(:c,y)dxdy,i=1,---,d (6

EH, S, N BREAFA (x, D AL IEE, (2, R Q=
{((xyy) ix,y=0, 2+ y<<1} E(x, AR BERE. H

2, HBlx,yEQN
fam=|’ fﬁ;y €O O EEARA IR E

SHE N EMBEE. REELHAN 13 HERSA
A EAXFERFERR(DIGEMERRG MITE.

E<si|T}~2—17<si<pA)+si(p3)+s,-<pc>> +2i‘7(s,-

(2atley g, (Pabey g (Batheyy 4

s Batbatiey g atipetpe, y

s.(atpetipe, D

C

er=c-a
b/
A / B
X e;=b-a
a q
q=at+xetye;
2P xy>0 Hxty<1i

BA
H2 WMHEZAFEE—8 QHMEMILFIR




2.4 BT

Step 1 BEHRA. WHETRIRY\EEKED
EA R 4 1 R BRIM=ABRARE RS TRE L,
BLFRER 7 s A B AT A8 BIAY N T B TER A 32 A, 15 2
128 H ik, & #IX 128 N =ATEMEOEN Bis S, BB BiF
H#t,,n=1,",N,

Step 2 4FSTET B R EAFENREHRER, =4

Ko M= () T, 3647785 B SR SR AAL T2,
Step 3 RUFIR(T) FIRTRIALE we , HE SRS G—
N=RAFE T, BISEE s .
Step 4 WEWESM H, TSI KA 3 7.
D=L ZHE M T 0B — =R BHEN
R R FIERE Hy MR 7 2
SEREROHI

hi; =ﬂnSi (z, M) S;(x,y) flx,y)dxdy —jfnsi(x,y)

F(zrydrdyX Hns,. (23 fCz» y)dxdy

He,i,j=1,-,d.

Q=ML . — T AE=EME P RITE =M
A58 PR AR TR B0 3 9 6 I TS IR = 4 PO (8 R AR IR ER) T A RS
§3t AE R B — A=A FEUE, AT ERA TR E—ME

FHE B SEAEI : Heoo = (Zuh)V V2 Joft, d RAFIE RIS

3, CRAHED T ZIERE RIS B — = TR A,
OBIEER AT = BRI T = R RSN
HEEZH, B H=H,
Step 5 £FXHE— BATA taon=1,-, N, B (5)
HEBEASERE £s (1),

K
Sfs(s) =k§1(wk [He |7 e(H  (s—s)))

Hb,e:RI>REB—NRE He B— M EMEPEL A=
AERHERSEREWRN dXd HERE, w 5% M=
SR BAE . B— MBS CH) s X BIRA s tBE
BB BT PR R He FIPUE w ST B R—>R
BEATYR IR VE AR, B I, B 9% BE A 11 KDE Wit B % & —
MEHRE (s o M S RBEBE X P E S {we o
PR¥ : R—R RYE M RS H N R E, _

Step6 HHITEMNTEERFERERBRE f=
OO I OO N
2.5 KDEHJitHBHE

HEM AR (618 KDE, Kt Bl E RN OKN),
Hp K ZNEBM=AFKE, N EFEMLITAHMER
B, EETHENKRRNAS, BRERE OKN) KX, 2
AU EH. MEHESEERA N ETRNEREZEA
KU Hud BT e R — A R R E B D, BT RAR
X P BE I LA BGE T KDE §f8 , et B e
AR O(K+N),

3 XBRERSHW

SCIE SR A ¥ 4K 3T 4 = 4k A5 R 3048 JE (Princeton shape
benchmark, PSB)™*™ 1 Sculpteru ${#& £ (Sculpteur Database,

SCUdb) U 48 , X B AN S48 i b iy = BRI h = A N
¥ FR s R F Minkowski— ) BEBS R B BAFIE # AR FF 2 H] #Y
ALt A P-R #4201 DCG RAT R R IR, S AAFIERE
& RS EHAITHR, 5 HE LM TSI RIIFIE
BEUF ST .
3.1 $SiEmE

ALKH ENE TR FERE TR REERNE
Wi , ) FE A 2 B i (KDED ¥ SCRR L9 ] o ik iy 45 P L —4FAE
RS, 20 —1=8191 MEEEH R, MM+ HKERE
M B RN ARBE TSGR AIFHER. Mg
OB 5 B, ARRI AR AT A A/ 10*, SRR B RRAE FH LA
RERNHW, HIFEEA (DR FLEIO8”, BE A8
TR HE R R AR 5 (2) A8 O B 38 3R 8 K, 3 LA J% o ] I P2
R, B, L REBUNEHES 3 JTC4 .4 ST 5 TSR
EL S, KATREMAS T RA G +CLh+Ch=2288 Fh, R 1
BT IILRRES & R, NS S SRR S
A,

1 HERAHRRIER

BEE
DCG(%)  DCG(%)
1 R,ﬁx,ﬁy.ﬁ, 1024 57.0 54.9
2 Ry Ry Ry Re b A 8192 61.7 59.7
3 R, Re, Ry A 4096 60,0 57.1
4 R.Re Ry N Ny 2048 61.0 60. 1
5 Ry R Ry R, 4096 57.6 57.2
6 DN Ry R, 1024 59, 8 57.8
4 DR Ny R A 8192 61.3 58. 1
8 Dy R, Ry o A 4096 60.5 57.6
9 RN A 4096 61.9 59.5
10 D, R, Ny Ry R, Rs 1024 62.7 62.4
1 R,Cx,CyrCo 2560 55.6 54.8
12 Ry 2D N Ny 4096 62.2 5.7
13 R,ﬁx,ﬁy,ﬁ, 4096 60.5 57.8

3.2 5SHTEEEBMTEHRTHRREEILE

SZEE LA PrecisionRecall #f 22 F1 DCG S B 45, M3 1
R EIRAF 1.6.10,11¢4H 5 DL 1.D1. 6 D, 10 D1, 11
FR) 53 AMEFHEFEGDTH.EGL.CAH) M4 1E 1 R 7 it
rtERE . SLRLER R FEE RS RARRIERS , 1% 43 Bt
RBARH Z4EBAL, A GRS E R AR RRRE
1€, 40 3 figk 2 frR.

0 01 02 03 04 05 06 07 08 09 1
Recall

B3 7 MIFERR AR P-R 4R

(F#% 312 )
o 205



image segmentation using the mumford and shah model[J]. In-
ternational journal of computer vision,2002,50(3):271-293
[6] Brox T, Weickert J. Level set segmentation with multiple re-
gions[J]. IEEE trans on image processing,2006,17;3213-3218
(7] EX8LEWE, Eil. ERLEBERES B IEIMI 4L
BRI RAL, 2008
Wang Da-kai, Hou Yu-qing, Peng Jin-ye. The partial differential
equation in image processing[ M. Beijing; Science Press, 2008
[8] Bertelli L, Sumengen B, Manjunath B, et al. A variational frame-
work for multi-region pairwise similarity-based image segmenta-
tion[J]. IEEE trans on pattern analysis and machine intelli-
gence,2008,30:1400-1414
[9] Ayed I B,Mitiche A. A region merging prior for variational level

set image segmentation[ J]. JEEE trans on image processing,

2008,17:2301-2311

[10] E/ KPR B RAERBREF R HBRID] S F
EREH AR K, 2009
Wang Xiao-feng, Level set method and its application in image
segmentation| D]. Hefei: University of Science and Technology
of China, 2009

(111 Firs B FESKFENERSHEEHRID]. L% biF
iR, 2012
Fang Jiang-xiong. Research on image segmentation based on
variational level set[ DJ. Shanghai: Shanghai Jiaotong Universi-
ty,2012

[12] &9 BFKPEMEEEGLED]L HM M KF, 2014
Sheng Lang, Medical image segmentation based on level set[ DJ.
Yangzhou: Yangzhou University, 2014

(k3% 295 )
£ 2 7 PSBRER SCUb #1710 R Hostry DCG #68

¥EE
A% AR A PSB il i 4 SCUdb
DCG(%) DCG(%)
E R, Ry, Ry R, 54.9 71.3
z D1 RN, Ny o R, 57.8 72.0
3 CaH 43.4 68.1
4 EGI 43.8 53.5
5 3DHT 57.7 72.7
6 R,Cx» Gy, C 54.8 73.4
7 DRGN L RR,LR, 62.4 4.4

HBRIE ARG —AETREREERE N =4
BIFHMERBUER . S500IES BRMBSRAERET = AE N E L
SO R R R #E AT KB BEVLR R 00 B 7 B AT 4R BUT IR A
Lo SRR X = MR TR AR LATRFAE SR . FI R BC BE A T
BT B EE B iR R R E R IR, BT A B R
4 JB) TR AR AE 9 B (RLA AR — 4 AIE 1 B P LA R — > S 4R
B, LRGSR EY AR R R = 4 PR B AL 0 B IT R
i B A~ BASTAFE 4 & T ALY 2 TCAFIE SE B = A R
HERERNTET R E T BRFERE .

2 F XM

[1] #IE)G BiR. & B RENRFE SR EREL D TELRE,
2013,40(2) :294-296
Xu Zheng-guang, Chen Chen. Robust and Fast Feature Points
Matching[J]. Computer Science,2013,40(2):294-296

(2] HBR KR, REM BFILAMLRFRERIT HBEE
##,2009,32(8):1451-1469
Hu Shi-min, Yang Yong-liang, Lai Yu-kun, Research Progress of
Digital Geometry Processing [ J]. Chinese Journal of Compu-
ters, 2009,32(8):1451-1469

[3] Castellani U,Cristani M, Murino V. Statistical 3D Shape Analy-
sis by Local Generative Descriptors[ ]]. IEEE Transactions on
Pattern Analysis and Machine Intelligence, 2011, 33(12); 2555-
2560

[4] Horn B K P. Extended Gaussian images[ ] ]. Proceedings of the
1IEEE, 1984,72(12):1671-1686

[5] Kang S,Ikeuchi K. The complex EGI;a new representation for
3-D pose determination[ C7} // Proceedings of 5th International
Central and Eastern European Conference on Multi-Agent Sys-

- 312 -

tems(CEEMAS 2007) Leipzig, Germany, 2007,9; 25-27

[€] Zaharia T, Preteux F. 3D shapebased retrieval within the
MPEG-7 framework [C] / Proceedings of SPIE Conference on
Nonlinear Image Processing and Patern Analysis XII. San Jose,
2001.:133-145

[7] Liu Zhen-bao,Bu Shu-hui, Kun Zhou,et al. A Survey on Partial
Retrieval of 3D Shapes[J]. Journal of Computer Science and
Technology,2013,28(5):836-851

(8] ZERLEEE. M. % BTESHEMESHATIOHRSII]
HEHLFI,2013,40(1) : 260-263
Wang Gang, Jin Yan-qing, Liu Li-zhu, et al, East Asian Secript
Identification Based on Multi-feature [ J]. Computer Science,
2013,40(1):260-263

[9] Akgil C B, Sankur B, Yemez Y, et al. Density based 3D shape
descriptors_] J. EURASIP Journal on Advances in Signal Pro-
cessing, 2007, 2007.1-16

[10] Hardle W, Muller M, Sperlich S, et al. Nonparametric and Semi-
parametric Models[ M]. Springer Series in Statistics, Springer,
Heidelberg, Germany, 2004

[11] Scott D W. Multivariate Density Estimation: Theory, Practice
and Visualization[M]. John Wiley & Sons, 2008

[12] Comaniciu D,Ramesh V,Meer P. The variable bandwidth mean
shift and data-driven scale selection[J]. Proceedings of the 8th
International Conference on Computer Vision(ICCV’01), Van-
couver, BC, Canada, 2001, 7(1) : 438-445

[13] #=W. BUEHHE FEIM. Je5R Rl d iR, 2010
Huang Yun-ging. Numerical Method [ M. Beijing: Science
Press, 2010

[14] Sinha A,Gupta S, A Fast Nonparametric Noncausal MRF-Based
Texture Synthesis Scheme Using a Novel FKDE Algorithm{J].
IEEE Transactions on Image Processing,2010,19(3):561-572

[157 Shilane P,Min P,Kazhdan M,et al. The Princeton shape Bench-
mark[ C] // Proceedings of International Conference on Shape
Modeling and Applications (SMI°04). Genova, Italy, 2004 ; 167-
178

[16] Goodall S, Lewis P H, Martinez K, et al. SCULPTEUR: multi-
media retrieval formuseums[ CJ // Image and Video Retrieval;
Image and Video Retrieval (CIVR’04), Dublin, Ireland, 2004 ;
638-646

(170 W& BEm T R TH, %. B F Kinect (4RI IE =4
2], /W) ET3¥|,2014,35(11):119-123
Guo Lian-peng, Chen Xiang-ning, Xu Wan-peng, et al, 3D-object
Reconstruction Based on kinect Sensor[ J7]. Journal of Sichuan
Ordnance, 2014,35(11):119-123



