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1 (a) BT MPEG-7 CE-1 RL&RIRER 5 IBISKEGR K (b) AFHEBELFGERER

Figure 1 (a) Five samples from the MPEG-7 CE-1 contour shape database and (b) the edge points extracted from them
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2 (a) BT MPEG-7 CE-2 X IRER 5 IBIAKEIG R (b) AHHEENLFEERES
Figure 2 (a) Five samples from the MPEG-7 CE-2 region shape database and (b) the edge points extracted from them

M35 7 53 B R B R TEAR — e v AR TR N — N A 7E H AR X T AR R R IEE G,
W AT DU LR Ay — A F L FUE R s R ) i 28 T B ARAE B 58 SR FE, FRIZ BRI N TR B 2R
TEAR, T, %A A X IR, B 1A 2 514 H T 5 IRACERZR AR BUE A 5 i X IR B4 1)
7, A A T MPEG-7 FIE B IIREUE . (MPEG-7 CE-1) FMX IR KB E (MPEG-7
CE-2), B[RS 45 H T M AE— IR B G S B 5 2 L s ] 1 A 2 AR T LA
T 1 R EAREME, AT DUKHE O SR R S AR R R, R — AR W R i 4 (s
X)), i 2 TR EUG G & Z 450, WAEARIEE 1, 2 1 4 IGEGHA B S 2R N 450,
MEE 3 A1 5 i B 22 AN AH B2 1 19 H bR XA Rk, AR, XTI 2 R BUE, B il g =
(WL 2(b)) HER— 2k HI 2R AN AT REMY. R ATRARI R R A B —4E), v DU S E bt 2ok FoR,
TSR 1) X SRR — Mok F S8R I R, FRERZTEAR AT U 1 72 DX SRR )R 491

TR IR TR A () — AR EERPIR, BB E AR TR BE BRE, T )5 2800 H bR e
REGVLHED  RA S R REAR D IMES Bl R R 5 FE 8 = A, nT LB I N
BT FHAR IR T3 AL T XS TR R 77 vk K28, A AE U ARRHE RS, A% i B bR %
R TG R S, WD TG AU SC &b, SEBOBAREFE. 10 5 7 WK 75 A 72 A B AR TR X 5
IR E 14 2 A E N RRER R RN, P2 AR TR IR . B T S BT AR Ak 7732 7 Pl s B H
BRI FUR R, AR & XTI TG 2 AT P AGIRAE, AT LIRS T ikt — P g3 5 T il e ()
IIPVEFNIET AR R i, X BRI E 248, MWL BI R — it ke, BRERIA T, IR FUL 2 AT
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| Shape descriptors |

Edge based Region based

|Curve based | | Point-set based |

3 FARERFRIS S

Figure 3 Classification of shape descriptors

AR R R, KA T T AR 2 AU A — S, MR — N T A P2, R T SR IR 72, 48
HFBEREBER AR ENES, AT BT PAEE. B 3 Al RERER TRz .
AR, T EE T XM ik, i 5T R IR 5k, R 1 TR IECBRZR AR, Xt
FH 2 P IXEIR, BT Ieon Hoal SR 2 AT P AR B, B VR R s il — 2k TR B i 2k, BT DA
T i 2R I RER T VEA R AR B ITRAR, 5 T S O VAR A S A R AU, RERR A R
FAGE S, R EIERURE AR, BT LLZSE 5 30T DAAL R X IR . 1 36 T X B 483 05 2 AR A S B
W BRI AT AR R AL, BT e TR ik 3, R Re A R E 2 B S 4N
HRAE R X SR A SR H 77 R I 2 8 T2 T XK IR A 7 vk

EEFXTECBRZG AR, BRI HEmT ARG 74— 2kl 42, & Fh it 26 20 A 592l AR FH T4 e ER, bkt 2E
TREMEET MR ARRIR 7775, Fourier A7 1451 Il 26 ] 23 A] (67 J& 25 B IR 58 30 28 T AR 4
B, JEEE MPEG-7 #EE NARER R A TR A ¥, HAE MPEG-7 CE-1 32 ERZ RIS F1Y
FEUGAE RS20, SRS T 75.44% MRS R KGR 0], Jm sk, e B FOIR SUHR T FROIRA B, 2
JURE U 0 p s 8 (01, = i A M AR Bk it (12, o B 2 It 7 130, JR s S AN
AR U4 DL — S H A R B LR IR AR 1 (19~22) ax ey At 26, HEREfLEE, /£ MPEG-7
CE-1 5B TR EE B3RS PR AR R Z I T 85%. (H&IXLEE 52 T [ TN B AR %
THI, ESERRIE Y, 7R SR BURAR BRI AR 3 A, JEFR EARIR L FUG 3= S AR R &, I
TR — LT 5 A P4 (4791215190 - [R] IH R 2 92 R P R 7 B AR T A IR PR 6 30 2 P $
i, WA ER e M. UL — 8, B 4 45— S2ARER R T AR G R D Z G S HY
(R EE 25 (78] (R FH (R B B 36 2 [ AR 7 ARAE SR B 1SR [10] PR B 2RI E D). Mz AT LR
H, BTS2 28 R, MZIEAR G S BR 2 = 7 R AR ER, B A e 8. Rtk $2
A BRER AR 1, B8 TSR TR R AR, A 4h, aiaiprik, 25T dh R iR 7 2
REEALHE BAT B A A5 X IRAR, R %2RV AR B T — I IR R B 55

BT AR TEARFE IR T 0 Sk AR 3 7 — @ WA 7L, & A TR R TR | R 307 (Shape
Contexts) 23, 1% 772564 TR ()30 Tt B3 RAE it 8 AN 5 (— % 100 ~ 300 A 50), 285 0 T8¢
—ANSRAE R, R AR ARG, SE it HAth i SR T Z S 2 (R0 AT . A LT R R T, RN
AN FEBERHD TS AT AR, B LA INAE 2. % J7VEE MPEG-7 CE-1 % & Rt 4E L, 3%
57 76.51% RIREZEFEMR. BHEERIRTTE (distance sets) 24 WX 0 A B REAAS 2R N A 554 4
—A L EH SRR n (n < N) N RBEEE, MR — NIRRT AR, AR % 55 AR IR % s 2% A
KA. B MBS A IS A, R T IR A s AR 2 M 22 HE. 1% 7 VA7E MPEG-7 CE-1 $2 5148
TEARIMAREE L, 55 PR R KB R N 78.38%. FRAIFESCHR [25]) 1, ¥ H AR St SB R — NP I A,

1) http://www.dabi.temple.edu/~hbling/code_data.htm.
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(b)
4 (a) —IMEWMEREFHFKEIGH (b) MhIHEREVEEL (S1TXE [10] B{EZE PR HIVIEF D)

Figure 4 (a) A shape image distorted by salt pepper noise and (b) the contour extracted from it

Pt T —Fh B AR E M E AR, LA BAR TR IR -, %07 VEE MPEG-7 CE-1 #7571
78.18% IIKEZ KGR 1 E MPEG-7 CE-1 JERE&AN LR £, il IR 2R 1 85% kT
RAEMTARHER 7122 Peter 25 26 $2H IR /N (MR T CCHFRNIAR L' Ane Rouge). %7
IO BAE R TR I R IR 3% PP T AR /N JR T, BT/ INIR R TT, B R N BLAr
FRERTT b1 A, 2 2 1) (%) 0 B 8 s 0t I PR s Y B T B3 000 77 s e R G, (H X 2 7y ki B R
WRERT. TR R S 23] MR B AR v P4 FE AR DU RO B, #0752 0T B B sl AL L, 1 RAE
v R AT A 285 09 28 B H) —RARIR I R, T SR AR IZ A R B TSRO O(N3) CRAVA PRI LE), 1X LA &
N 2 R SRR, SR [24] iy, PUATPAIEAR (BRI 250 ANREE D) BIVLHRS, F#Em 0.7 s. BRI,
2 PRTULRC SRR TS AR B iR T R AR FR ) AR RIS REOROK (— AN I 300 £2). TS T BA
TG X IIRAR, 1D (10 TR LRI IRIAHE M E R, AL, TRAR 1R 3007 )
FNPE SR T775 B4 AR REACHE DI AR, (B2 BRF IR AR, 5T IR L' Ane Rouge 7772 291 477
TR R R . H 1207 VR A5 R, FE TR B B, X TR AR BEAT INBCE BE A THTHERL, 75 B
2 ~ 3 min, MAETRIRVCECHBL, AR /N RECEAARAL ) R, SEFENT AT 5 5. FTRA, 25T SR I TR AE
FEVH B RCEEAN = 1) ] .

FEX T3 2 T30 AR 77k, 5T DX T AR 358 72 Hh BB A B2 (R B 77 vk
BAESE 2 T T LANE), BRXETVEA AL AL B TR (A M B XU IR AR BE) A X S8R
EPETAR, (H IR LT VAL N A BRA TR B IR A 5 H1 HEA B, eI/ MPEG-7 CE-1 25
LRIAR MR LR 5 AR RS R AR 70%. MPEG-7 $Fi& B T FAREE R #5110 VF A bR v =2
(1) FRIRRFER; (2) RIS AEDS; (3) MRRIFIEENE; (4) IRAITHE R E; (5) HUfHRI40 M) 7
Rk Ee ) BT v BRI AR TV 1) R R, TE — B RE T & MPEG-7 1FAS bR, 3& 5 T
— IR BRI RAE S5 I HR T, ASCHR 1 — M T 00 |2 S AR FE R T ARHIA 775 (hierarchical
complexity measures descriptor), &N HCMD. 1% /5158 T2 T IXEWRFIA T HCMD $2H 1
— PR 53 IR T AR R IR HE SR, 12 HE S ACHLRE TR X BN F BN T AR X B I3 1 X 28 TR [X
SRR, A O HE T IR B A B SE K. 207 VA B R AL RAE T B8 RS P AT AN R
FRARFARRBES, 10 HEA & R A HER R AR SR . 5 1R MPEG-7 bR AE5E BT 4L
JEAR CE-1 MXIIEARMALE CE-2 FIR R IERE AT b, 70 I3R1F T 86.36% A1 94.84% HIKL Z K%,
£ CE-1 b, &[RRI 17 N E 75, £ CE-2 WIm RSS2 13 AN A 43 A, RIZTT R0 2.

2 HxXIfE
HCMD 775 @8 T3 T X FEAR IR J5v2:, RIS A SC TAE AR 9% 1Y S 25 AL T XA IR 1 i id
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Fiik. I ISR R T2 T LA ASAR SR 28] Zernike 4F (291 FI£h Zernike %E (0] 25 & b3 T-45 (K17
RIAR T, H| Zernike 554 MPEG-7 RYUCHARER 3T X RF IR 7 BT, 3848 T KRER
NiF. Zernike A — N5 A AL W I SE % IECEE (BN Zernike 2 I0EE) A= AL TR iR
T F Zernike 5 0] AAAEAT B B (0, FEA B ARG H AR EEARTEAR, B aE R B AR TR 4
T, H Zernike PRI £ e AR M, 45 FLAE H AR RN o A R IIACR. HE T Zernike [
R RN S 2%, i BAE TS Zernike 52 B, 75 250K IR UG Wi B B4 [, 451207 V4 1T
HRCRANR. TR, SCHR (31] $2H T —Fh 4\ B AR B TR IHGIA, M T Zernike 45, HA%
BRI T B AR T R, HA B e ) L

H Fourier ZZ 34t HUBRIIRHIE 2 57— 28 H I 75i%. &8 Fourier A7 B2 R &0 50 BR LR
TEARFE . %051k 8 e N H bR Fe Bk IR I — 4 A5 5 555, 285 A —4E Fourier ¥ %L
(RS A IR T AR FIRFAE IR 2. S Fourier #3AR R id & X IR BRI 1] #, STk [33] 42— Fb
W) Fourier #iiR T (GFD). ffi 1% 7772, 7a 2wy Joks B AT TAL 3, ¥ 5l s MG A e R i A A T
B, TR T 4k Fourier 84, HIH A REWBAENFIAR F. GFD 2% H AR iek 4o 80m-~1F-#
FRIASAR 1 1 FLE A T — MR S A 2 R

AR R, — R IR T H Radon 284 B4 S HARFEARIBEAT TLAAI 4347, Radon AR 32 22 JE AR
Je Xt HAR TR N BT PTRe I LR AR ARG, 133 — A i3 R(), 0), Z R EFR N H AR TR IE
4% Radon Z84fe, iX BL X Fl 0 & ELMINSEL, 5 0 37 AR i r 21 B 2 1) RR xR 39 A B 26 1) 7 1
. HET A BRI Radon 284 AN B XTHEFS « 48U~ FR A ZE M, Radon B IEAREE
R T B AR BRI, 75Z7E Radon AR BT 5-F1H P iE— 0 Hudh AR BT ARRFAE. WS 1% 07 1,
SCHR [35] PR H—FF R- B4, SCHR [36] $2H—FPZ A R- AR, STk [37] W H—FP 44 ) Radon
FAE, LAYE Radon 284 ()38 b, P2 A AR R T

5 R SRR B N BRI (1) SR B T TR DX B 1) 7325, W TR DX 3 B i N PR IX B AT 3
IXFRALHER FIA 77 V20 B AR f 2 B B U AR R 45 M RRAE. SCHR [38] 2t —Fhid I TR IX
oy RIEE, R EEEE T R AG TEAR X 3805 B SOl Rl /N X e, ERE—ANEAUE, X ET
TERIX TS, FRARHE IR (0 0o o B 4 AN/ X B IR — M EAUE P2 A ) X 3
BT A R, R T IR TR RHIE [ B B IX SRR R ZR, 1K, SR [39] £t —FhFR Ay dd B 43
J2 5% 1 7 B DXR I IR 735 2050 PR — A X L 3 R AE AR 5 0o A b 7= AR A ) =2, DA
ZIE TR X 3 A8 3R s R A R, (EUE T TR 203005 T AR T R R A bR R 48, TR AN 2 i
ARV, M4, B TR R, RIS R K, (F R R R R &, Tk 2
SR ) 5 2.

3 NBEEHRMHEEHIEXTF (HCMD)

TEARHT— > B LR PR B R B 2k, R SONE i F AR TR 072 8] 78 75 e 70 (R [a] 41
FEREST), ARG B L 7 FEAN T AR A A AR R F AR TR AU S 2 SR B LARTRFALE 1B, B ORIZ SRR AE
FEARFIA 73 FERTG 2R 2 ¥ A AT, (Eeh T30 ROk B AR TR A B AR S 2 MR, S 2 H A o
WL, RAEX > BABORZE R K B IR, PR SEBR I, ZRHIE — A A 1, 22
ANHA R TR IR 7 45 B R A A RE S8 A AR TR 55 27 AT Bt —Fhay J2 AR B2 2 ik
FAMELE, @ IEAHBX TR BEAT V)Y, b 2 40 RO R (¥ 52 28 VEARAE, DA IR TR 1) B A4 R AIE
A1 =5 B 1Y
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3.1 SEAHERIER
—ANEBR fEER AT BLRIR O A R AE R A

, if (x, ,
f(ar,y)={1 )€ D W

0, otherwise,

KH o Ay 7RG R SRR AR, D IR f A RE R A XL IR f ER S E SO

s= [[ @ y)dzdy. ()
i
IR F IR (7.,5,) LN
=g / / z - f(z,y)dedy, (3)
D
D

Rk f B RIS R TR AR, IR f IR RoR 2N

fl@,y) = [z -7,y = 7). ()
FRRTEAR f Ui £ e 6 # )5 TR I8 3R

folz,y) = f(xcosf — ysinb,ycosb + xsinh). (6)

AUEM f 5 Fo BAMERELG (0,0). iZmG, Wy S5 FXSEAR fo BEAT VIS 21 A2

_ folz,y), ifz <0,
fél)(x,y)={£9(x v), iz @

otherwise.

it @0, 70) IR TS B, SR, MFERIX B TS HEATHE o ST R, )
BB A BTEAR X HAT S T3t AR TR 7o ke DI 25, %48 k b EG =81 /&
WETRE HE R 7. 4% 7, o9 707, MIRHRRK g 7o) 4% 52 L

—(k—1) . _(k—1)
—(k) f9 (Z’, y)a if x g Ty 5
fo (z,y) = { (8)

0, otherwise,

7Y FORBARE 7Y (O AL,

i QU = (7 T TSI o R T AR T 0 T A K R K K > 1
BRUEE R MR, JoR BT IR i 0 MBI 0 K3 2m, W 09 — (9]0 € [0, 2n0))
IR T )R 1 B0 — AR K B4 RIOHAHERE . B 5 45t T AR 4 R HEA A 2 iy — A
T,
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k=1 k=2 k=3 k=4

PSR

| SN I
SrsriRie
<+

6=45°

~ - -

6=180°

Al A

B 5 SBR#WRERREG, —MEREAFEERT 0 ANERKER, 213 4 RIERYIE], 52T 5 MER (k =
0,1,2,3,4) KX R (R&ERVIEIZ, BRRERMIKERIFRL)
Figure 5 An example of hierarchical description framework. In the figure, a shape being rotated by angle 6 counterclock-
wise is partitioned into five levels of blocks (k = 0,1,2,3,4) by four iterative cuts, where the cut line is marked by grey
color and the centroid of the current region block is marked by white dot

3.2 FURRXRHERMEE

AN FIR K RGBS p 08— TR X B0 5T 2 AT B B RTRIR X B 75, HoAg 3
1) o FRH R AT RN X = {2fF (x,y) = 1o € R,y € R}, 185 £ y ALHRHI 0224 7T
Ty = W (z,y) = 1,2 € R,y € R}. % a1 = min(X ), zr = max(X$), yr = min(v,?),
yr = max(¥y"). MIARKHe 757 ML T3

- [ [ e o

SRR 75 HR O A bT 78 AT o0
R (J)
j(@j): ; f z-fo (v,y)dr

50 (10)
SR T 52 5208 RO B LA 4o e, TR A 2 X 5 T T R 1 4 e i
(4)
() _ Sy
? ~ (zr—0)(yr — L)’ (11)
(7)) _ Jyr
G == %J (12)
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— =0.3389
’ .

— =0.3678

B 6 MNERXRH#ATERMESHREE. LE: WHNSHMRXR (RERITEROHIEIL, RENEHEE
iE); ALEE: BERRKEROAE (R (11)); A TE: EERRXROFEMN (X 12)), BFHNEENEEE
Figure 6 An example of the complexity measures for a shape region block. Left figure: the measured shape region block
(the grey line is the cut line crossing the centre of the shape region block and the rectangle shown in dash line is the
bounding box of the shape region block; Right figure (upper): measuring the rectangle degree (Eq. (11)); Right figure
(bottom): measuring the balance degree (Eq. (12)), the numbers (right-most) are the values of the complexities of the
region blocks

IR (1) A1 (12), B 0< &) < 1A 0< P <1, &) BEmm BRI 750 wrRE, % ¢ =1,
R TR X B f” RAHH, Enﬁmﬁm 4 4\5 (@r,yz), (€L yr), (2ryye), (er,yr) TEATH AH
TR IR ¢ BRI RIBARK R T P, X B TLRIX Bt RO e 3, 25 (9 = 0.5,
WM 7Y AT (DB v =70 AR S RIS, TR K S T PR A, Rz
Wb FAETFARS, 2 ¢ > 0.5, MFEIARK Jelhi i 234, T ¢ < 0.5, MR B K Helhi 4514
B 6 45t T I (1) 1 (12) BEATTRIRIX s 4 b J B — AN 2

G T bR T TR A 4 Ve Bt T i TR X B LT 38 e T P T T
A RATIAR X Yot AT S T K J T e £ 6 2 o

() _ TR~ TL

=2RZAL 13
Mo YR — UL (13)
Zil
Z0)
i TR — X
e (14)
L

Forpr, 50 (13) FISREEE TR X B wE L, TN (14) FISREERTARIX B BT AR X T X e A 3L 5
PRESEL. EAIMEA RN T 1, AT ST AN ARA G, 3.3 MRS EiH— 21 X8 (o, 1].

3.3 MREBHSESTEMAE

3.2 AR X B 75 4t T HR H LT PO AR S 2 b e i € ¢ ) i ) Bl s
g, ik 0 AR 0 AAL 3] 27, W ¢§, ¢ ) ) Ao BIE AR B 0 BB, X HLB A4 BIsGE
N &(0), ¢(0), ni(0), 1;(0). BT K ERIRHESE |1 j=0,1,..., K — 1 133 ] 4K D —4ER%L
IS 4 HAR AR f, EMIE T 4K DMRZE L RIIA I LT

1681



ke — I T 2 R AR R A R R B B A R T i

N HTIX SR 2 4 %o B ARIUTER: AR PR R BT R U, RONTEF=E TR £ 1
WELFRZ AT, SRR £ IO R T AFR R &, AT LBk T T A8 5 —, IRk B
SR 42 #0005 2 AR IR RS AN, T R PR 45 B € A ¢ iy 3L (3R (11) A (12)), PR
AU #OR AU AR, RIS B AR R R A i O i, 4istA e (1) A1 (12) s
S, AR Ak R ) A ¢ B ARSI . IR, ) A S (R (13) A0
(14)) THERZKE R LR, U B AR R YE. 2 B FRTEAR R R e | i i &l 6o,
JEARZEA €5(0), ¢5(0), ni(0) A 11;(0) RE2EN €50 + 6o), ¢5(0 + bo), 1;(0 + 00) T 11;(6 + o), BIEATH
PRECIN 2R AT 0 T 1R R AESP RS, HPRE BN 0. % I BUKETE 5 S A LR IT BC By B i I A R 47 UL
BO R BRIZ . SRR A T B8, TEARZEA €;(0), 5(0), 1;(0) FA 1, (0) K a3 AE N & (2m—0),
¢(2m—0), n;(2m — 0) F p;(2m — 0). %10 LR BE 72 )5 2 TR ARVL OB BORE BR. e Ak, it s
Bk 0, (0) A p;(0) EFIXTE (0, 1), FEA1% B BN ST 0 — b

3.4 itH HCMD WEXERHEMESERE

A T HCMD, Wit 7 5IE A RS (LB 1), ZEIEAW NS, — RS2
WZHE K, — NS AEEIX R [0, 27 REEMIAIER T. BB SIEIATI [0 2 2% BE 4. X RN
AR BB EERE (o) oxnm, WIEARTEEME SR IX B R NSy N, BRE N<G-H. &
EHRFE T ER A 7 ~ 26 SPINTEIRERAE, LARNES 27 ~ 30 P Z AR IR A,

YRS, RS IIRE, HANBIER (36 9 ~ 24 22) BHAT—IK, XPURITERIX 8 D 347
SRR, R SATAR X D 43 B, BN 2 ISR R — IREER I 2w X B, JC ] 52
BN OS), KH S & YATXH D R S AL BT J0iEi 8 fE 5 — O AT AR X S i) 43 1
2B R ST A X, RSO MR XM T A R R S e T . fERMIEILT,
PATHZIEIR (55 9 ~ 24 20) HIEIRIT R R 24 FE N O(K N). {BARRERIS 24 1T LR X B R o i3k 47 )
F, FUX MG — A KA. TR E U B G EBE I M AT TR X S0, w7 RLA Y SR IX
B R RIS IR B A A A B2 AR S, BT DABAT NETEER (B8 9 ~ 24 20) ISP R 4R
O(N + N/2+4 -+ N/2K=1) = O(N). $UATH 25 LI B IRER ON), FrbABATINZTEIR (56 7 ~
26 ) HISEIIRTRIE E R O((N + N)T) = O(NT), 3R E 445N O(KN + N)T) = O(KNT).

X (5 27 ~ 30 5), $UATE 28 Al 29 SHIN A1 R 2 FEEH A O(T), B ARATES 27 ~ 30 1
IR O(KT). Wi I3 BEAN RPN R B 2458 O(NT + KT), RN K A% M5y
ZHZ R %, HAE B /N T AR XSG &R AN N, BT DA BRI PR R E 228 O(NT), B3R
WA E N O(KNT + KT) = O(KNT).

3.5 HCMD i FHIEBESE S X

A ERBANR A 1B, FIENHIHfHE T HCMD, RERENNRERE. ¥ A FIIR
BN {EN0),¢10),07(0), 1 (0)} 5, B HIIIREA N {€7(0),¢P(0).07 (0), n7 (0)}; 55 T AT
RIBGALBIRA A RIRE S {€10), ¢ 0), 02 (0), 1wt () AFEEHE, FNE 1) =
gr2m—0), (NO) = A 2m—0), ni(0) = nt(2m—0) Rl p(0) = pi(2m— 0). B EFRIRES ¢
ML E AG € [0,2m) HITARFEE N

27T
a'AB) = [ 160~ 0+ o) (15)
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H% 1 Calculating hierarchical complexity measures descriptor (HCMD)

Input:

(fz,y)ax m: the matrix of binary shape image;
K: the number of hierarchical levels;

T: the number of sampling angles from range [0, 271];

Output:

10:
11:
12:
13:

14:
15:

16:
17:
18:
19:
20:
21:
22:
23:
24:
25:
26:
27:
28:
29:
30:
31:

1
2
3
4
5:
6
7
8
9

(Ert) kx> Cht) K xT> (Mh,t) KxTs (Bk,t) kK x7: HCMD of shape f;

: Initialize (€x,¢) kxT 0 and (Cx ¢) Kk xT < 0;
: B+ {(z,y)|fe,y = 1}; /* Put all the pixel points distributed in the shape region into set B*/
: S = |BjJ; /* Calculate the area of the shape region*/
P T 4 % > (e)eB T U % > (e,ep ¥ /* Calculate the centroid of the shape*/
B+ {(z — %,y — 9)|(z,y) € B}; /* Move the centroid of the shape to the origin of the coordinate system*/
2 0« 2m/T;
: fort=1to T do
D « B;
for £k =1to K do
if S >0 then
Dy < {z | (z,y) € D};Dy < {y | (z,y) € D};
2y < max(Dyz); z; + min(Dy); yr < max(Dy); y; < min(Dy);
&t < S/((xr —x1 +1)(yr —y1 +1)); /* Measure the & complexity of the current shape block D using
Ea. (11)*/
Te é > (em)ep T /* Calculate the x coordinate of the centroid of the current shape block D*/
D. + {(z,y) | £ <= zc A(z,y) € D}; /* Partition the current shape block D into two parts along the line
z = x. and take the left one */
St = |Dc|; /* Calculate the area of the shape block D.*/
Cr,t < SL/S; /* Measure the ¢ complexity of the shape block D using Eq. (12)*/
et = (xr —27)/(yr — Y1 +1); /* Measure the n complexity of the shape block D using Eq. (13)*/
pr,t = (xr —xc)/(xe — @ +1); /* Measure the p complexity of the shape block D using Eq. (14)*/
D <+ D.; S+ Sp;
else
break;
end if
end for
B+ {(xcos — ysinf,ycosd + xsind)|(x,y) € B}; /* Rotate the shape by angle § */
end for
for k =1to K do

M, 1:T = Mk, 1.7/Max(ng 1.7); /* scaling the function values to (0, 1]*/
Kk, 12T — Mk, 17 /max(pg 1.7); /* scaling the function values to (0, 1]*/
end for

Return (§x,¢) ke x1s (Ck,t) kx> (Mk,e) kK x and (fk,t) K xT;

I |-y B8 LSRR, FREE SUBARBIES d2°(A, B), d3% (A, B) R d3¢(A, B). A& FTH & HTHIRE
4405 B FE B 52 SN

K-1

d(A,B)= min Y (w1~d§j"(A,B)+w2-déo(A,B)+w3-d$j9(A,B)+w4-dﬁj‘)(A,B)) ,(16)

A6€[0,2
€l0.2m) \ 55

XH wy, wa, ws, wy AAEREL, RKIFY A T HOMD T & REFIEAE AR 22 57 B B A ok, w)
CAFE SRR ] AR R 22 300 E . i BL 28, ATBUE ), I TREE A AE 0 3 LT RS, 345 T A
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AT e AR i L B, R H AR IR R AR Tiede, X (16) MMEAN R AL, TR A IOBTR AL AR
KHIR B KRR d(A, B) B LLEE K (16) HEAAE]. A, TBR A M B KIFRE 2 5E LN

D(A, B) = min(d(A, B), d(4, B)). (17)

N (17), DR T AR T B XTER A F B MEERE R, IR A 1 B #AH
L, W D(A, B) I{E#E/N, T D(A, B) BRI 2 AT 22 bl ok

TNV BTV SRR BE R B R ST A . TRUA A BEIX A [0, 2] BCRAER T AN, WK (15) 19
WA AR FE R O(T), FrbAihHE S (16) MIRIAIE AR E R O(KT?), B 2R (17) MR S 2%
FER O(KT?), BT RAREE B IR IR R 2458 O(KT?). [EREHIIE, K NAERD ERIRKE
WAL, T NFAERFEER, ST ML TR XGRS EE S R0, e
N K =5 T =32 TM{E MPEG-7 CE-1 kIR RMMHZE N 87.70% HI%: T #h 4 fIR IR 18 T7
% TEARBHH IR 7 18] FETEARDCEC R BRI RN E A% R O(nm?), IXEL n A m 43 53l N1 2% it 22 11
RAE R AR T T s A TR AR 7 7% TEAR R SCHfid 7 23] FNE B 4E A T Y e AIHE
TEARVC B BB (M B2 E By O(n®), 1IXH n N AR, Hith, AT RLE Y, HCMD J7iE7EEAR
VG BB B 7)1 B30 1) 52 2% i LI T Ik £ 75 7k

3.6 HCMD 4aERILLE T4

2, O H T AT HOMD BE X THEITE KRS R &, R — 2 Hve e, T EA G
AR, SCHk [39] 3 1 N 2 2 % S B B 1% (adaptive hierarchical density histogram, AHDH)
SR TAR BN, I TERE > Hrd, K HOMD 5 AHDH B9 8ETEH0E. HERIIIER: . 46 iR
AR HTEAR, B AT TR 44 17 A2 5 AN VR AL PR AN PR 2 JE B AT N, HCMD E3 2 XX 22 1,
A (AN, T AHDH B 7y AR5 T MR IR AR bR R G, ANl 2 e AN AR 1

HCMD K2 2R HELE, 7£55 0 )2 (k = 0), HCMD R 2 B MR B 260, BEZEH
(RGN, J 31 HH R R TR DX Rkt /) R T ik £ T IR A S8 AR Bk A1t 1) T T2 AR 40779, R B HOMD
BA MBI AR IR GE 71, EATEH IS, BIR AHDH KA W& —F 7 BRI HES (He 23
TrIa ), PIASRE 2 A T7 0] ERERTEAR S5 HFFAE. T HOMD R H B2 — Fhie % 16 73 = b AE 4E,
M0° B 360° SR, W ASANT7 A2 Z AR TR L7452, TRk HCMD B AHDH H A7 558

N TH R (R R 4 B, 6 HCMD At AHDH i BALLE:. AHDH 7E&F— UGS, 454 410 i
RIXBHLIF IR 4 B, HXHRE—AN 0 F H SR AR X S 08 B8 21 N — JORARL HE, X AEREE E 2 s,
a1 EIH TR X B R FR R K, WM ER k= 5 B, X R0 X BREET 2, 15 2000/ X )
MR F] 45 = 1024, T HCMD FE&F— OB, F 41T BIAR X Heay BEp B, HALGR B8 70 32 70
B AA A e g R, 0 E R IR B TR X AR — AN E i R — 5, XA HCMD
MEIER S B KT AHDH. B T BREIE S R H 8, (EX MBI A ab— AN HEE, X T4
E R B2 A A TEARIX B, 22 300 () 8 B B ozt 2 AN AR R O, T PR I 5 & 3 58 Z MRS
B, BEH R TG N E AR R RHE.

HCMD bt AHDH 1% HCMD MIRHENECH 4K T, T AHDH BIRFENECN 2(4+41 + -+ +
45y = 8(45 —1)/3. HILATLLE H, HCMD J5 & B R EAN B0 Bl 2 e 38 K 1 AHDH J57%
TV i 2 2 B Fa i 1
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BEAN, HOMD BRHEAR ) DA AR IR 7 — B A XTI A TR & 4 b, X2 RDY HCMD #id 1
FERFAESE I RE R, R PR SR #2515 2k T BB ARA 7 T S A v,
HAMH TR G R R 05 2, DI e TP AR e v, Rl T i itk Uik, i+
T IA T AT P AR AE, 2R E S 32 RIS BT, 123807 16 e/ HE H iUk, Itk HCMID J5
PUIE T A AT IR T S HE. TSI A0, Kedt— 2D ISR HOMD A e A T AR k.

4 SKIRLERFITIE

NV AR 1 TR IR T HCMD FIPERE, K N T BB R . fEscia b, R T
MPEG-7 MR FRAE ARG R IMASE: CE-1 3R AR CE-2 IR 4, *t
HCOMD ZEATPEREN . K3 H #0 HCMD J7 i 15 T XSRS 752, B DAESESG o, 18 &
BN GO T X TR A T, ‘B4 102 Zernike Hi (Zernike moments) 291 18 FH [ Fourier ik
F (generic Fourier descriptors, GFD) 331, Radon ZHA4F4E (Radon composite features, RCF) 37, & v
P 2% B 7 (adaptive hierarchical density histogram, AHDH) B9 #1748t (polar harmonic
transforms, PHTs) BU. JH Zernike fi /& MPEG-7 #EFEMIFRHE X IR 1A 7 27 3@ F ¥ Fourier F
TR AE DX ARAS 2R S A M BE R ILAILBR ¥ 7725 27:37)) Radon ZH &R AEZ VT KR HK#E T Radon
A T3, & MLV 2 5 B LT BRANOR TAR oh S AL TAR RO IRIE T ik, B 7 52T X3
TEARFR T BEAT LR Ah, I T PR EE T 2R K iR 757 TR (Shape Tree) 81 1 f&y 3 417 5
ABHEIRF (locally affine invariant descriptors) M4, P& 4 FpFEF sS4 FIFLMRI IR T7vk: o 4RSS
& (Unordered point-set description, UPSD) [251 JEAR | R3¢ (Shape Contexts) 231, PEE£E (Distance
Set) (24 FIHEAR L' Ane Rouge J7% (6] DIHEATEE N VZ B, FESLER T, HOMD S84 — W B N:
K =5T=32 w =0.18, wy = 0.59, w3 = 0.06, wy = 0.18. SLLKFE N—FH CPU N Intel Core i7-4770
3.4 GHz, WA 12 G, #1FE R4y Win 8 16 3HEL, SEH Matlab S SKil,

4.1 MPEG-7 CE-1 ®EZ&FRNR &

MPEG-7 CE-1 MliAE LA 1400 RECERAIEAREUR, EATH 50 1 70 MORIRSEHRY, F50 A I
Bl 7(a), B8 20 MEEAR (WBE 7(b)). PEREEE B 2 RN “bulls-eye test” VAL i [10~12,15~19,39],
KHZT7E, WARE F I — DM FEARVE N — AN B REA, BRGS0 BT A FEA AT ML LA, SR
JEARAE AR 22 S B HE R, 3R 0] 22 5 B A /NI R 2 20 = 40 TBENME, B4R B 40 1BEGHE %
A EREHREA R T [F — 2K, WA RIS N », BRA r < 20, tHE /20 MEIEAZE WA KRR
K, ¥ 1400 MG RFEAR IR 2R 1P EMEIE BRI ZR % (bulls-eye test score).

£ 14H T HOMD FiEMS 5 MM T ML R#R 1. 4 MET AENHR T/ 5 F
BT XM HER T/E MPEG-7 CE-1 MRS FIR R, MR AR v LR, IRFIZE —— B
T X IR TR IR T Zernike Moments 291, GFD 133, RCF B7), AHDH 3% fl PHTs Y MLk, HCMD
TERIK R RS E T 17.46%, 18.76%, 19.06%, 22.41% M1 15.44%. PFRILT 5S4 MR 7%
TR B SC 231 fEEs4E PO AR L' Ane Rouge 771 26 FIEFE M 4EHIA T 29 MIEL, HOMD J5i%
Mo almE T 9.85%, 7.98%, 1.07% Fl 8.18%. 1 BR P4 Fl 38 - i 28 (1036348 73 TR 3 0 =34 Bt
AHER T 14 AL, HOMD 753 UK T 1.34% Al 3.26%. {HJE HCMD kit SR B & T
PRI T H 2R (R 7. iR EE b, FOIRA J52 B) IRAE 4h SRR, M2 H 50 ~ 100 RAE
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7 MPEG-7 CE-1 El§E
Figure 7 MPEG-7 CE-1 image dataset. (a) Samples from the dataset; (b) 20 samples from a class in the dataset

# 1 # MPEG-7 CE-1 2K E LM RR
Table 1 Retrieval rates on the MPEG-7 CE-1 shape dataset )

Algorithm Bulls-eye test score (%)

Shape Tree (8] 87.701
Curve based

Locally affine invariant descriptors (14] 89.62F

Shape Contexts [23] 76.511

. Distance Set [24] 78.381

Point-set based .

Shape L/Ane Rouge [26] 85.25%

Unordered point-set description(UPSD) [25] 78.18

Zernike Moments [29] 68.90

Generic Fourier descriptors (GFD) [33] 67.60

. Radon composite features (RCF) [37] 67.30
Region based

Adaptive hierarchical density histogram (AHDH) [39] 63.95%

Polar harmonic transforms (PHTs) [31] 70.92

The proposed HCMD 86.36

a) The scores marked by f are directly cited from the published results.

AL, UCECH AN TEARBEFERT 5 x 1071 s B (B8 4T/E— & 3 GHz FITHEAL 1), 1 HCMD J73% LR
AARILTE 2.2 x 107% s, ELFLAR 2000 f5LA L. RS AR HER 7 14 335 78 %4 L 5e i 40
R g, SEEFERT 1.78 h, T HCMD 77 58 4 il ks 28 S 3a A FER) 4.2 min, tbZ R 25 f50L E. BN E
T, BINX AL CE-1 MIRAR B3k 17 87.70% A 89.62% Ifme 2k 2, (HAR X
PIAN G RIS T BRI TR A F s A B, IR ABEIE 1T T 5 T 1) MPEG-7 CE-2 B4R
MAREE. T %HF7#E MPEG-7 CE-1 it ER % T 85.25% MR FHIFHT SERIR L Ane Rouge 77
4 261 Z 07 AR A VSR AN TR A TRE B T3 5 s 26 iz & HCMD J57%. M MPEG-7 CE-1
MAREE M SLIG 45 T LR, 286 PR R R A H SR B IiE bR, HCMD Jik R 2 F 2 51
BRI T, TR T ILAERR B 2 PRI (1) 21k
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5= X ; NP
R % S
> e . .l e . v
W & & & Sa .
? == ;—_ ==
(a) (b)

8 MPEG-7 CE-2 B%E

Figure 8 MPEG-7 CE-2 image dataset. (a) Samples from the dataset; (b) 21 samples from a class in the dataset, where
the shape images shown from row 2 to row 5 are the rotated, scaled and perspective transformed versions of the sample
shown in the first row, respectively

4.2 MPEG-7 CE-2 XigiF iRk &

TP HOMD J5ik AR5 2 4152562 MPEG-7 CE-2 XIS ARIAR. 78 CE-2 MR+, &
H 3621 MXEIEAREUR A FEAR WK 8(a)), A 651 NMEEAY: 73 31 A, R4 21 MER, &
FR—HRZFZERR (K 8(b) 44t T Hrp—411 21 MEAR). WK 8 fTULE I, 2R AH IS
SR NS, T H— e TR FR AR I 23 FF B T UAN TR IX S 4 R, B TR DX I AN A — AN B I8 1)
A, SLARFET Hh B IR T VE TRV A FZ SRR, TR e 120 7 s e A il — SR 4. AR ZH S0 (1) 1 g
FEEANIR R “bulls-eye test” PEAL T2 FHARFINZE, FATERRFEARAS RN, 12
SYRE 31 IR 651 MFEA. XETX 651 MEAR, K —AME R RFEAR RN S 3621 MEA AT
FEARARAIN: EL A, 3R 0] 28 3 P fe /NI 2 21 = 42 MREAS, BGEiTiR I 42 1R EG T, SE A
BT E—AHREE, iILh r, BRE r <21 5 r/21 BEENZE RS ZRER, K 651 MER
FEA IR 2R R P AR BN RE R 2 (bulls-eye test score).

PRI T M 2R R iR 1 VA AL 3 CE-2 TRAR, P DAEARA Sega b, A AL T R 7% Shape
Contexts 231 il UPSD 1?91, 5 F[X 3 ##iiA T Zernike Moments 2, GFD 3], RCF 37, AHDH [ Al
PHTs BY fE R R, & 2 AT HCMD 77k 51X T 157E MPEG-7 CE-2 R4 L1
KRR, FEWERE, £ LA, RTS8 R 77 Distance set 24 F1 Shape L/ Ane
Rouge 26 BE:5IFH 73wk [24,26] #5145 . T3R5 X WA 77 10 SCHR A ELR 4 H S s
(R4HT, BT DAARZH Seatms 25 T BRIK P A S T AR R I TR, (BT PR B8 T 55 Shape Contexts (231 Al
UPSD 125 Pt T sl SR AR 7 v A L. T AR 4 S M 4k 82 T 5 [R5 —— ZE T XK TR
R PRI G8F 5 Miiks S T HR).

T 2 FIH [ sRie 45 T LAE H, HOMD J7iE7E CE-2 Mlil4E FR &R H A 2777 Zernike Mo-
ments 2], GFD 1331, RCF 371, AHDH 3] f1 PHTs BY (R0 Al s 78 13%. MR R T &
LR T Shape Contexts 1231 F1 UPSD 1251 Lk, M3l @t T 24.42% 1 10.39%. {H 1348 H 142,
ARSI ARTE BN I 2 FIRER 20 E A B AHDH B9 #5387 (HiZ 7 VEE CE2-2 Mlil4E I, (X
AR T 49.94% BRIz, H 32 2 jn) @ A ERANJT 0] _ERER TR, 277 15 00 4k A DL e Ao T
HARAR B F7 1), 1 HOMD J5i5R A T —Fhie s 70 |2 IR R HESE, N2 A T71m EiGR T IR 15 2
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#%* 2 7 MPEG-7 CE-2 BRMIX & L R EHE
Table 2 Retrieval rates on MPEG-7 CE-2 shape dataset

Algorithm Bulls-eye test score (%)
. Shape Contexts [23] 70.98
Point-set based
Unordered point-set description (UPSD) [25] 84.13
Zernike Moments [(29] 80.20
Generic Fourier descriptors (GFD) [33] 81.20
. Radon composite features (RCF) [37] 67.40
Region based
Adaptive hierarchical density histogram (AHDH) (39] 49.94
Polar harmonic transforms (PHTs) [31] 64.13
The proposed HCMD 94.52

S R mblE
| & | | ) | § [
T PE TR T OEW
RS S

9 (a) COIL-20 E&E+H 20 MBHRHNREER; (b) B (a) FEGHNZEXERK

Figure 9 (a) 20 object samples from the COIL-20 database; (b) the binary images derived from the images shown in (a)

SIRTE, HHIBARULECSE RAKIG T TR J7 ). % 2H SEBe 45 SR W], HOMD J7 ¥ 7E X ORI £
MPEG-7 CE-2 MR EILT 2 5 IR, a4 T2 5 R M i RS SRR AR IR 7, A
ML HCMD J7i B At 7592 5 e A ROt A AL 5 5 2% A B A5 A4 (T AR AR

4.3 COIL-20 =#BfrlitsE

ARSCHIER 3 S VPG 5L HCMD 7E COIL-20 M0 =4k HARMNASE LR A ERe. 124
W T35 RS LU MR B 22, e & A 20 PRI (LK 9(a)) /9 1440 EAKEERIR (B0 H b5
72 W, MR LA 10(a)). ENTRIZREUT 22 KR HARRE T —MEa b, HaE 50 fy, Xt
ZHAR R, Feaiedt— A, [EZEARN 72 DA EE. fESLirh, RS SCHR (23] 4
) H AR IR B PERE PG T3, XA BARI 72 EAL A R, AL IRl ke AIE L Mg G AE 9l 2k
FEA, RITHY 72 — MG EEAESNREEA, d A S — D EEAECN 20 x M BIIIZRERM — M REAZON

2) http://www.cs.columbia.edu/CAVE /software/softlib/coil-20.php.

1688



HERBYEERE BAaTE H 124

(b)

10 (a) COIL-20 B&EHF—EHRHNENTERANEL; (b) B (a) PEGHNZELER
Figure 10 (a) Example views of one object from the COIL-20 database; (b) the binary images derived from the images
shown in (a)

60 T T T T T T T T
—&— Shape Contexts
3¢ —%— UPSD 1
50 —+— Zernike Moments
I —©- GFD 1
45 | ——RCF
—%— AHDH
40 | —&— PHTSs |
B —%— Proposed  HCMD
35+ |
¥ 301
Noost
20 F
15F
10}

11 7 COIL-20 K&K LW BHRIRFERE E M8 EFFUABRENMIIIGHEAR M THURRESE
Hhk

Figure 11 The curve of the recogniton error rate E vs. the number M of the uniformly selected views per object for
training using the COIL-20 database

20 x (72 — M) WIIRER, SR “1-NN” 4p 3825 R R 2. [F)SCHR (23], M 40 5lEL 1, 2, 3, 4, 6, 8,
9 F 12, UL H] 8 HIZREAAE R FIMIREE, 70 dEAT 7325058, SR T B — SR ie 1 7 Rk
K E, WIS R SRR B A B RS A ARG E B ZRREARE M B ) 2 3 th 2.

K 11 47 HCMD JiiEfEAh 7 Mok (BMET SR 7% Shape Contexts 231 Fll
UPSD %] 5 i3t X I 7572 Zernike Moments 2/, GFD 331 RCF 7], AHDH B9 fil PHTs [B1)
R AR Z= R 28, FLH Shape Contexts (23] iR 22 28, BB E 1Z S0k S FI45 1. [EAFE H 2,
HCMD J7i%EZR A BARMITREFAE, TAET B AR —AH BUEHER, BRer G2 b i) Sk FE R
HEAT TEACALFE, ] 9(b) AT 10(b) 43 AI4aH T 9(a) A1 10(a) IR EUE S —EALAEE R K. |
Bl 11 T RAE H, XPiRZEF MR 8 MR A A — MR AL BDgS e A R BN ZRFEASL M, HOMD
TR ZE R HEALT S5 R HAD 7 By, K, 78 M =1 8, BIEAS His A —MIIGFEA,
% 5 LI I At 7 2 A A R TR R B A SR HE Y HOMID 59k AR IR A R i 5% PL b, 78 M =3
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B 12 —NEERER (EE) MEEMATARREEMBREFENERER (A8 4 RE: BREEESHH 0.2,
0.4, 0.6 1 0.8)

Figure 12 An original shape sample (the left figure) and its versions distorted by salt and pepper noise (the right four
figures with noise intensity of 0.2, 0.4, 0.6 and 0.8, respectively)

100 T
90 | e B
~ 80 —— 8
[
2 0g . :
g o0
2
& 50 * x * 1
:‘; —&— Shape Contexts —>— RCF
A 40 F —— UPSD —x— AHDH
—— Zernike Moments —g— PHTs
30 F —o— GFD —&— Proposed HCMD
20 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Noise intensity

13 7£ MPEG-7 CE-2 IRRMX&E £, FLXEZEMAT ARERERMERE T THRER (REBED 7
®EHN 0, 0.2, 0.4, 0.6 1 0.8)

Figure 13 The retrieval rates of various algorithms on the MPEG-7 CE-2 shape dataset distorted by different levels of
salt and pepper noise (the noise intensities are set to 0, 0.2, 0.4, 0.6 and 0.8, respectively)

MM =4 B, 25 A H Al 7 2 IR B R 20 LE A SCIR DV R B R R ) T 3.3% DAL
B 11 g5 R SRIR S5 R, B3P IAIE 1 AR ) HCMD J7 i3 BA B HAt 7 v BE 5 AR TR 3 g

4.4 MBRETFIHESHENR

55 4 ST AR HOMD J7 320 M s 30 (1 & ek, X R 5 S0k [37) AHIA) SRR 7 .
Xf MPEG-7 CE-2 JEARMNAEE (14— AN TARFEAS 23 A0 N e 75 9 B2 73 il 9 0.2, 0.4, 0.6 A1 0.8 [
MR AR R 4 MO T A FEBRE S TR IR, B 12 A T — AN EIIREE AR I
TN 5] 558 B AR M 75 R TR R AR, 7EIX 4 MR EEH, 73 AT FORAG 2 52568, 13 BITE %
M PSRN PR R . M TN AR M TR BOAS B Fe AT LA, e e AR i, A
REAENYH, T FIE LIS RS s — R RN e A B 2. |’ 13 45 7 HCMD k. W
FhIE T SUEER 5N 5 FhE T DX 5 v (e s S 25 . MO I mT UE Y, HOMD 5 VBl g 75 T4k
SRPEIE N, KRG T BEIE U, B 7R MR 7S 5 IR F) 0.8 B, HOMD 53R H1 T 91.20% &k
RIEMR, R T HXT S TR R 1. MBS 5 HA & 778, 6 FhIE T XA 5 AR 4 T Ak
T H4EMI T Shape Contexts 231 Fl UPSD 125 Xl 5 T i fe e M 4, BT R R LA B
NI BRI EE, FON R P TR B R AT 28 TR T AR TR KRB BTG 5 2 A, i AR FHZ
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ol FROlE H R, Shape Contexts 281 J7E(EME A TN, BRF AR 30%, KINZITiAIERE
AMVLECE AR, 5 BRI B AR S R D5 ., 0245 JE 0 e A Pl UK.

5 45ip

AP T R T R E AR R A T (HCMD), AN HF— B TER BB RIS, Z%
T ARG SN T (00 ~ 360°) IEARHD)E RN TR IX B, g — MR X B f 5
JE L CPATEAK E LR, DURIR LTRSS 22, [ — B8 &A1 TR X P e v
B EZERNIRE S, HE SN ZHET W TR 4 72 A AR 1 5 12 5 2= 1 &
AT, BRI ZE R E BTN HCMD Z B L1 FEESREE. HOMD BA Bk 240 IR
IR BE ), REHEAT AR T R4 e . PR MBI B A ZOR A, Bt E kg, Bf
— MR R T, BEREAT RCA B 16 B R S0 BRZR TR, SCRE AL B ELAT 5 44 PO 3B 45 R 1 X BT AR [ G 2R
. ] MPEG-7 HIP4Lbr e R G IR EXT HOMD Jr ik b T R M REVEAS, % Bk R
CE-1 3eBRZREARMIRLE, ICRTE CE-2 XIRJERMIREE, BT AL 2 R 0 e Hh HAB R 28 7 vk 20 13%,
i L E LT SRR R ik 23 2= 9%, i B A SR A2, B HCMD Jiik
A RBTTRNR B ELIR T, Z AR R E R R T EC 8 FIH AR s A P E R, H
ZITIEARIE CE-1 MIAAE HIARI T 86.36% MR RZE, Z4ROEM T2 5 T MR
5 16:7,9,10,20~22] i § HCMD 7y B A B T E AR, TE CE-1 Ml4E FHUS T sk R 21w
Pl T Hh 2R IR 72 TR 5 81 F0R 4 S AN AR a8 7 141 R Il B B 25 50U 1. fEE 4
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Hierarchical complexity measures for effective shape-based
image retrieval
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Abstract A novel descriptor, called HCMD, which is based on hierarchical complexity measures, is proposed for
generic shape based image retrieval. HCMD belongs to region-based methods and iteratively partitions a shape
into smaller blocks along various directions. The geometrical properties of these smaller blocks, which are derived
from each iterative cut, are measured to form a hierarchical description for the shape. The descriptor has the
ability to characterize a shape from coarse to fine, and can effectively capture its complex inner structural features.
Shape matching based on HCMD is independent of the rotation, scaling, translation, and mirror transform of the
shape. It has low computational complexity and can effectively handle both the contour and region shapes. Three
standard test sets, namely, the MPEG-7 CE-1 contour shape database, MPEG-7 CE-2 region shape database,
and COIL-20 database, are used to evaluate the performance of the proposed HCMD, and extensive comparisons
with state-of-the-art approaches, including five region-based descriptors, four point-set based descriptors, and two
curve-based descriptors, are conducted. All experimental results indicate that the proposed HCMD outperforms
these approaches in terms of their comprehensive performance based on the retrieval rates, retrieval efficiency,

and general applications.

Keywords shape description, hierarchical complexity measures, feature extraction, object recognition, image

retrieval
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