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RN 5/ BT A, RN AR R E N AT B ROAT TR, TR R LR, AR5
PN R BT B BB RFE, BEATSOMARFAE 7328, X TERT X AR EE IR, Toi 2 v /KEn . BRI #EIL
FELUHR Y RAREUAT T R S5 R

TR H Rom o8 B, XA AEEMRKIL 5t ] RIS TR AR I8 R, 25 R — AN AR AT BL
DO BR 30 FHEAT IR AR R Rl AL, SR [10] 32 8 AR BT SCBE, AR R Bt Al A A
FVE 7 B e R AE R AR S DU AT Hi8, B BT VR BIAE L SCHR [11] FEXT B A bR R TSI
YERCRA SR 52 bR Bk, R R 23 BB J) o3 8 SRS BT T, S BIIRDE RO vk SOk [12) B
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2.1 STERALER

TEEMANRR T (z,y), FIBEERIRN (v,y) = re'd, STERALFR N (Inr, 0), HAd r = /22 + 42,
6 = arctan Z. H T AR B YERT In(ab) = Ina+Inb, Fk, M8 (2, y) FIRFEBEG o 5, HEDT o
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(1) 24 n RFHE, A 0 DSEREEAN F(1), £|f(0%)], k=1,2,..., %5

(2) 2 n ZEEI, A B n DSRHEEN f(1), f(o2), £|f(F)], k=1,2,...,2 - 1.
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3 XEARALFRTEY TRS A&

—ANEFE A BT EIA {(vny)), i = 1,2, ..., n, G EBORALER {(Inry, 0:)), i = 1,2,
coons HEE A 23T o BIRERGER o MERRE G, 52IETE B, WETE B 15 S5 1% 4L
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S HITERT B AL bR AR, RIAR B0 AR A, BT PR AN, HE0E 5 SR 3 i 0 B
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PR R A, 152K 2(c2) A 2(e3), MK 2(b1). 2(c2) 1 2(c3) BAHF] 1. X H 2 FrbA I “PE3h
PR B, & RUONTE SR G0 S Sein s A B A 6, MEMEIESR: 5 51 T I S sk s 2 AR A,
IX SRS E X R AR A 22— ANMEIR P2

4 EEB TRS FEMRIFARFHERE

BT R REL B AR IR E BN FEXN R, B2 R8BI, 50 DL B O R
il 2 I PE IR LR, AT T CEXT BN AR bR N SR U ARNFAE, A ELRIUE TRS AL, MIFRHURR
AEEEX X PG IR T A5 HAA AN, R B 2.2 e BRI &8RRG HRE, 24 ot g
IR ANAS” AOAFAE, JRAN T A AL 3 A O I AR B R S U AR AL, I AR 40 T

(1) AN AEEUGIA 58 {(vi,y0)}, i = 1,2, ...,n $EEAT n AT SRETLG, W50 244
PRl (TR A);

(2) FERLBTO oA JE R AR RS ZR o, Kl R A R B A8 AR {(Inry, 0,)}, i =1,2,...,n;

(3) #iE&E n MOXFRIEAFERE A(Inry, Inry, ... Inr,,), BHEH 1AL 2 n NEEET, XAMEIREEFER)
FHEE S A {(Inr;, 60,)}, i = 1,2, ..., n LG RTEK, RURHIEMEAE TR TA,

(4) Kt n ARG FERE A(lnry, Inry, ... Inr,) B n DR, HMCKRBVNRS D — AN
A= (A1, Az, .o, Ay, JUBRAS i) BRSO AR AR 1) &, IXAMRRAE ) B TR BT TRS AR

XTPANTEAR A R B, SRASIEIAHEE T HURFAE M & A4 AT XB J5, SEa LIS A4 F1 AB 4T Euclid
PRESTHE, PR SN PSR BRAR L. T /245 21 1 5 T8 B AR AR FIVE P HE 5 1) T2 R A 2R 8T B0,
1t/E LPCM (log-polar circulant matrix) 5y%.

5 AERIMETRRIERSSE

N T RAEARSCEE (LPCM) 7ERES 27 T PERE, AT4h Hseie g B, SOk [1) s K& sk
LR T, LR R L, Zernike JEA Fourier #iiR 72 VEREIRIFIY, Kk, A5
Zernike %5 A1 Fourier iR FHEAT LLAR, EAL, Hu ANARHE Ry iz 5] B e, oo ) N LE e vk b,
X 3 AMNEEEFRET R UGS O B R A, ST Zernike F IS BN EUGAE R IH— RO FiAb . A0 B0 A
TG e A, R, AN TR B RS — R b3, N AR 5O B AL bR R AR

BATRFEPIAE R EHE E MPEG-7-shape-CE1-C (LA R @ik CE1-C) 1 ETH-80. CE1-C /&
— SR — BOA R i 200 MG, TRAE S AN 1100 ARG, EMGX 1300 D EUG PR R E
13X 200 AN, B FSRAS I 208 S AR NI AR (i ETH-80 i 8 WAL AR (435l
SERL AL PELRE. 2R L T M RR S, 2K 10 MAREPIXT R, AT REA 41 NAFEAER
BIE, Bk, XA LA 8 x 10 x 41 = 3280 NMEMGAH M. B 3 45 IRy BUR. XA FE S
T G —AH EE A, TR S0 T/ A5 BR (1 595 R P B8, A SUAN 5 FE AR RIFS 28,
DR A R . XN R B MR BN S (B R AR AEMER, Qn 3 RANPE 204 A= 4 0 5 JL-F
IRAETT T

PR R IPERE 0T, A SCR FTEIREE 2 B FH AR bR Bull's eye, 2% [T R 45 R 1UHT 2m ANMIE
ffe, X B m R EITR P TR EL. AR5 Inter(R) Core(TM) i7-2760QM CPU@2.40GHz
P47 16.0GB~ 64 i Win7 #:/E RGA Matlab7.12.0(R2011a) 4ife.
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3 ETH-80 HHyE&Z45

B P CE1-C HSEIRIEREy: EAM 200 S EGRE AN E W B, 8 1300 P EE P TR
K, Uik A 200 N EUG RS R A5 RIS IME. ETH-80 H 1 sRis i 20 K5 P 73 i 10 ZHHEAT S50,
103K 10 AR AR, 5 0 HRMN 8 RYMAT 2 B ER @ DS (0 = 1,2,...,10), DX
24 4 DMAFEMMAERL, X 41 DEGE—3K, Bk, £R AR BdRET, 7 8 K, fk 4
MEG, 3t 328 NEE, A BRI NN R, GiitiX 10 H LI R R4 R AP EE. PEud
PR R SRIR 45 R L4 1, AR, AL LPCM BAER 1 m T4 Uk

AR LA A AR ] Buclid BHEREBANLEE, Frek, Je 47 (8] b )2 5 32 2R B
FHIE A B AR, TG RSN G, I SRBURFAE R R 2 < PR R FR) e I A A 22 e
W 2. 3% 2 BBHRERY, ASCEER A, BTl ia Sk e k.

T 1 HREMEEER (Bull’s eye,%)

A7 CE1-C  ETH-80
Fourier 99.49 71.89
Hu 99.95 68.27
Zernike 99.47 68.51

LPCM (A3CEE) 9998 74.51

* 2 ERNBIBRETIRRFEIEL (s)

. CE1-C ETH-80
Hik o X o X
B 10 2T 531 11 N <N =TI 53
Fourier 17.9383 0.0138 3.5004 0.0107
Hu 13.1143 0.0101 4.4719 0.0136
Zernike 96.3109 0.0741 26.6046 0.0811

LPCM (AXHME) 97533 0.0075 2.9056  0.0089
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KA RS RO, R G R — RIS A AL B2 R MR A R A 5
RIEMER, PRI, SRER 45 R T, ASCRIER IS SN AT MIVE TR A2 HOTARA B i S e . Bt 5 R
Ve AR W A7 A, Wi AU ADEIR KRR, BERR S P EA R SRR A R AL, IX R iL
AT AR ZOMARNE 2, R AE HARRIAT HARER R 75 T A7 B2

6 it

ARSI F T AR A AR R R AR BT TR IS, A4S TRAR 0 RUBE TS AN e e A i e A D il R P A2 A2
e, ARG b, R &3 B AR R <25 25 BROTI IR, BT A MR AR AR B E, 7
Wil F R ARAE 2025 K, KOG AR R IR RO IAFERE, 1533 — MR A REE R AR IR R HE, JF i
UL BLRAT TRS ARIERIRAT R T S1x IR F Sede iode e, 85 5 22 L1 Fourier $
AT Zernike FEAN Hu AZFEFIERITRKE R LI HLAL, BoR A IR s MAERIPE T AR TR A6
ZO7 T HIICS, AU R LR m iy HAsAT s R, IXAE I3l HARERER o, KA SR A BT 5. (E,
BRSRTAIR AL B B 5 T AR MR A, ASCRE A R AR 2 B

AT, NIRRT B EMAREREARSS, B E SRS G B S IR Gk, Wit 4k a2 Fi
FURAE SRR AR SZ BN, BBk, T~ M TE RO A S RE S 0 Sra 1] 25 BB RHE
ZEEER, DIYTCR NS WIS 2 NI T AL A S A R R RE.

B BRMFRERFHEGOTEFEARFERTERL.
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Shape feature description based on log-polar coordinates and
symmetric circulant matrix

SONG RuiXia, LI ChengHua, WANG YeNa, XU YanQing & QI DongXu

Abstract A fundamental requirement in shape retrieval algorithms is that the shape descriptor should be
invariant to geometric transformations, such as scaling and rotation. In this paper, the shape boundary is
represented in log-polar coordinate system, so that the shape scaling and rotation is translated into translation,
which is a much simpler geometric transformation. As the boundary information is related to the starting point,
the shape rotation makes the boundary point sequence circulate, which will affect rotational invariance. To
eliminate the effect brought by boundary point sequence circulation, we first propose a theorem: for a circulant
matrix of odd order, when the generator vector, which forms the first row of the matrix, is shifted circularly,
the new formed circulant matrix has the same eigenvector. Based on this theorem, we first get odd number of
boundary points using interpolation method, and then construct a corresponding symmetric circulant matrix,
whose eigenvectors are used to describe the shape features. Based on the obtained features, we present a new
retrieval algorithm that is invariant to translation, scale, and rotation. Experiment results show that the new
algorithm is robust for retrieving moving target and non-rigid shapes, and it is also a time saving method and
feasible in a real-time system, hence the new algorithm could effetely be applied on target detection and tracking.

Keywords log-polar coordinates, symmetric circulant matrix, eigenvalue, feature extraction, shape re-

trieval
MSC(2010) 68T10
doi: 10.1360/N012013-00139
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