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Abstract A robust shape matching method is presented i this paper An area~based parameterization technique is
designed for shape resanpling Then the parameterized summation mvariant ( PSI) is generated based on the resampled
shape and summ ation mvariant ( SI). PSIwhich uses local parts of a shape to characterize the shape and can be calculated
via ntegral operation is affme mvariant and robust agamst noise In order to mprove the robustmess of shape matching
prior infom ation of PSI is analyzed to define a notion of distance betw een shapes based on feature regulating The proposed

distance m easure can be mplanented by dynam ic progranm ing Experinental results show that the proposed method is
valid

Keywords shapematching affine mvariant feature regulatng dynam ic progranm ing
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Fig 1 Area-based shape param eterization
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Fig 2 Shapematching based on dynam ic progranm ing

SESCIERC RIS (B (m ), B (n) IRIEERS d(m, n)Hy
dim,n) =1l Bim)- B(n)ll*+
Y(m-n) |lm-nl+
(B (m)) WBi(n))) (8)
WIS (Q 0)F] (m, n) fIAFEE DT (m, n )ik
DT (m, n) = d(m, n) +
DT (n- 1m)
m'ﬂ{DT(n—],m—l) (9)
DT (nm - 1)
B AR, B DT (N, N )b 5 B A2,
B ASASERAE B, B, 1] 5 .

HﬂEB 2,\751‘HHEI’JJ? FIKRE, HJR) B e AL
BIHE— R BNE I N, RTXS DT (m, n) BEAT Q0F 41
gt

max(ln-w+ 1) Sm <

mmn(N, n+w - 1)
oo HAth

DTinilial (ma n) =

(10)

Horr, w W RE DR, WK 20K . XFERIWIE

AR RE G, T ok iR AR AR K DT B s 6 ) 5, A R 45
KIWITHEHN O (wN ).

m?ﬁ,ﬁtiﬁ“ﬁﬁﬁfﬂ 1f15% éﬁz@c*%ﬂﬁ/}{

%B Bﬁfﬁﬁﬂﬁ&ﬁ’]lrﬂ&'ﬁ %)ﬂﬁ’ﬂﬁﬁuﬁjﬂiﬁ

BT 314 € 06 4 778 J5 FIRRAE 5 B f T
Eﬂﬁfb Rt BN AR, TUWEI]PET (13

{/\ES(B >T(THEFBA Q Smax(B ))ﬁhmﬁ'aﬁ i
RROKARL ri 6 N I 7F ST BC 25 31, %) PC PV 2 8G,

N =128 £ Matlab7 0V & L UL fic — Kl % 7¢
08s.

3 LW AITIE

3.1 SCIGEUEE
FRZE T MPEG7H 202K 5 46 /R (i & 3 B
)T R 5 SRR A R

cos( w ing ) sin( s ing )| ,

A = scale*

- sin(wing) cos(wing)
1 0 cos(tilt) — sin(tilt)
0 cos(slant) sin( izlt) cos( tilt)
(1)
HhZHcen k-
scale= {0.6 1 1.6}, swing = {05 155 355 709

85°), slant= {5° 30° 50° 70°}, tilt= {0° 20° 45°

W10 2 M
Kde &
X I e ¢
P’ RN

B3 20K R 4R AR
Fig 3 Origmal shapes of 20 classes




126

SIS UV

% 15%

60° 75° 85°), JA5 20 x432= 8 640ME IR . N F
WPHRITIEPIEE AR, SER AN T FHEY
JiZE oA EAMES, 0= {0051, 15225
3), B a4l T H A LA

0=15 0=2

B4 AN KPR 07 8 AR

Fig 4 Affne shapes m different noise levels

3.2 SEUKMATERR
NS HAKR A & [ RE, BB R E
FRIZE H AR P IE AR (W S TR ) HEAT S5, B
KHREEBIN = 256 M = 30, & 645 T s HbR
TEARNT I (1) SR FNANAS B M B 50N SR FIANAS 7 45 5L

E

(a)TEIR 1 (b)JEIR 2
5 HAsTEIR
Fig 5 Two shapes of an object

Horp, B 6( o) T BECAME TR 2(0= 1 5)ZHL
WSRANAAZ &, T 25 20 7 0 AN 2R A1k 110 5% 0
HIE 6 a)AME 6( b))l LU H, Z 8 bR MAZ &
BORMA S BAT A AR L, 302 th 5 T il
B S EA B IARAFAE Y S 2240 1~ A A
FEARJRFBH N tHE 6( b)FIE 6( ¢)nl LLE H, Xt H
AR BRRITEAR, FETEME FHOL T, Frif A
RAAEFEAR B AEA M AR OU T, SEIUK A BRI
ASE Mg, BAMSREERZN . 1, X LR
PO (WS R 7 ), B AR5k 3 1A
3 TP SRR 3ANRE s RRAERE AR AR AFAE A R Y
(KIFRA% BUARFAILAT =) B My A Ao N7 e J3E 22 A7 PR 2
FRFIE (0 AF S )AFAENS N, %I B T R IR
BEPURE A e

6

| — R

t(dR2

ﬂgﬁ 4

o, e
Ity
1r el

o
vl 0

||['.

I
' ' 1

0 50 100 150 200 250 0 50 100

(‘a) STRFE

(b) PSTFFAE

— KL — K1
=R < ==~ IR

150 200 250 0 S0 100 150 200 2350

()T PSIRFAERI M (0= 1 5)

K6 HE shHEFRBIRKKAMALEE (SHMBENWRMAZERE (0= 1 5)

Fig 6 Summation nvariants and param eterized summ ation mvariants of shapes i fig 5

3.3 FARIESIR5I5RE

AR T AR B o P M TR AT DR E S 56, JRAF
HEIN = 128 M = 15 w = 30 45 £ B B IRE N
40 000K . h 4R — 5 B2 P AR R AE FIARFAIE F AL T
BeVERE, TEARFFEIE FESR FIAN AR & (ST M Hik
SRAIANAS & (PST), HFAE DL RCIE R X R EL (Con)'™
ENAS I A) 25 gl (DTW ) R BT SR IE EE ¥ (FR) .
* A H T A7k (PSI+ FR), PSI+ Cor PSI+
DTW FI3CHR [ 10]1 7775 ( ST+ Cor), SI+ DTW, SI+

FR 6 Ff 7 78 AN ] e A K 1 UL BC 45 2R, e,
VERC IR m, JA) 2R VL AC IR m FOAS [F) 2R DG AT
BRI m 8 LR

m = X DI T AR 8 T [F) S BAN [ S At T Aff )
PR EL Bk B IREK

m = XF PR PR 1 [ A H T A P e 1)
I P DI EE NP SRY6-/

m = XF PG TR AR IR AN [ SR TE ) R 1)
WS IR IS ENCIENICRY€ 1



513 B RGBT 2B RO B 15 R AL TR TR DL T 127

W& TP BVE W, M FERILEDT 0N, 280k ERE B ELH .
KA & UL HE P REOL TSR AN ZE &, X2 ih T LA 20 RS AR TR A i, SR s &I UL e 12
R IRSEAL D k8 s TR AR AR YE, RN 47300, 3R 245 T AR A5 /KPR AN 7 VR IR
PG THRAE IR AR, 22 ISR RERERY, ARBEFACE R, Brifiikm
P TRAERI S0 ) FEAH R FRHE T, PrdRUCiceg UM PEREOL T oAl LA J7 32, X 55 DL I S5 v /Y
HORHAS RS fRARSC R B, BEME A 0, By 49w & .
A VLRSS RANFSENE, KR T IIA T AR

x 1 FTRIAZHEESER
Tah 1 M atching results of differentm ethods

J7i% fatr 0=0 0=05 o=1 o=15 0=2 0=25 0=3
m Q 800 8 Q 806 2 Q 790 6 Q7720 Q 756 3 Q773 3 Q 7358

SI+ Cor m oy, Q 920 7 Q 903 4 Q 910 7 Q9201 Q 918 4 Q 899 1 Q 886 2
m, Q9147 0 8985 Q 904 6 Q9126 Q 9102 Q 8929 Q 8311

m, Q 956 9 Q 956 3 Q9115 Q 867 6 Q 856 9 08475 Q799 3

PSI+ Cor m, Q 985 6 Q 9620 Q 964 1 Q9635 0 9343 Q 900 8 Q 900 2
m, Q 984 2 Q 961 7 Q 961 5 Q 958 6 Q 930 4 Q 898 2 Q 895 1

m, 0 8235 Q 7813 Q 843 8 Q 860 4 Q 701 2 Q 703 7 Q 710 8

SI+ DTW m oy, Q923 6 Q 889 6 Q 844 4 Q 818 4 Q 8010 Q 788 6 Q 6750
m, Q918 4 Q 883 1 Q 844 4 08206 Q7956 Q7786 Q 676 8

m, 0 989 5 Q979 6 Q 969 1 Q9783 Q 954 7 0 942 4 0 9283

PST+ DTW m o, Q 969 1 Q 966 7 Q 9527 Q 943 1 0 928 6 Q9279 Q 910 4
m, 0970 1 Q 967 4 Q 953 7 Q9450 Q 934 4 Q9286 Q9112

m, Q 970 6 Q 958 3 Q 979 2 Q 930 2 0 9540 Q9529 0 903 6

SI+ FR m oy, Q 9849 Q 971 4 Q 960 9 Q 959 7 Q9425 Q9420 Q 9343
m, 0 984 3 Q970 6 Q 961 8 Q 958 1 Q943 1 Q9425 Q 937 8

m, Q 989 5 Q 989 5 Q 989 5 Q 978 4 Q 964 7 Q9751 Q 966 2

PSI+ FR m,, Q979 3 Q 974 1 Q972 1 Q 969 4 Q 962 2 Q 9516 Q951 1
m, Q979 8 Q974 7 09729 Q 969 8 Q 962 4 Q9537 Q9519

xR 2 FRIAZERZMNER
Tah 2 Recognition accuracy of differentm ethods

Tk 0=0 0=05 o= 1 o=15 o=2 0=25 o=3

SI+ Cor 0 8343 Q8313 Q 8275 Q 824 4 Q8225 Q8223 Q 802 7
ST+ DTW Q 848 8 Q8315 Q7795 Q 736 0 Q 659 3 Q5709 Q5198
SI+ FR Q 9860 Q 981 4 Q9779 Q9779 0 969 8 Q 960 5 Q 901 2
PSI+ Cor Q9706 Q9519 Q9211 Q9133 Q 8779 Q 836 1 Q 8109
PST+ DTW Q9795 Q976 0 Q 976 0 Q 966 7 Q 959 8 09409 Q 909 8

PSI+ FR Q0 988 8 0 988 8 Q 988 8 09830 Q976 0 Q974 9 Q0 940 3




128 SIS UV

B 15%

AR SCNFFAE SR EONURF AL DL BC PRI AN 5 101 2% FE L fet
REARVE T o) 1, ZERRAESEEL b, ¥t 7 2 T i
HITEIRSEBACRNA — AL 7%, 3R 1 T ZH ALK A
A, P T SRAMANZ R AR S5 175 AERF Ak
1LY i AN 5 i1 R L o S B e 1 R
B Sevn TULECRIPERE . SR PR AR E AR A UL
E, N T B TAERERI LU, f8 B G N
M o L RS B L, O LRI R sy, AT SE A, {8
T TRESEEL, W AT E H AR JE T WA
A R A

A I LinW Y LR A B, 5
AT IR AR SO T .

S Z Hk (References)

[1] Flusser ] Suk T. Patiem recognition by affine manent invariants
[ J]. Pattem Recognition 1993 26(1): 167-174

[2] Heikkih J Pattem matching w ith affine mam ent descriptors [ J].
Pattem Recognition 2004 37(9): 1825-1834

[3] Rahm E, SaloM, HekkiR ] et al Generalized affne mament
invariants for object recognition [ C] //Proceedings of Intemational
Conference on Pattem Recogniton Hong Kong IEEE Press
2006 2 634-637.

[4] AterK, SnyderW E BuikhardtH, et al Application of affine-
mvariant Fourier descriptors to recognition of 3-D objects [ J].
[EEE T ransactions on Pattem Analysis and M achine Intelligence
199Q 12(7): 640~ 647

[5] Ok A E DaoudiM, Aboutadme D. Affine mvariant descriptors
using Fourier series [ J]. Patiem Recognition Letters 2002 23( 10):
1109-1118

[6] Mokhtarian ¥, Abbasi § Shape s ilarity retrieval under affine
transfoms [ J]. Pattem Recognition 2002 35(1): 31-41

[ 7] Mokhtarian F; Abbasi S A ffine curvature scale space with affine

[8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[ 16]

length param etrisation [ J]. Pattem Analysis & Applications
2001 4(1): 1-8

Calabi E, Oler P ] Shakban C, et al Differential and
num erically invariant signature curves applied to ob ject recogn ition
[ J]. Intemational Joumal of Canputer Vision 1998 26( 2):
107-135

Han C E, Hickman M S Projective curvature and mtegral
invariants [ J]. Acta ApplicandaeM athenaticae An Intemational
Survey Joumal on Applying M athenatics and M athem atical
Applications 2002 74(2): 177-193

LinW Y, Boston N, Hu Y H. Summation invariant and its
applications to shape recognition | C ] //Proceedings of IEEE
and Signal Processing

2008 & 205-

Conference on A coustics Speech
Philadelphia Pennsylvania USA: I[EEE Press
208

Rahw E SabM, Hekkih J A nev efficientmethod for producing
G lobal affine invariants [ C] //Proceedings of Intemational Conference
on Inage Analysis and Processmg Cagliarj ltaly Springer 2003

407-414

Pan Ding Shen Jun-yi Sinilarity discovery techniques n tenporal
datam ining [ J. Joumal of Software 2007 18(2): 246-258 [#E,

RER. IEAEERE IR AT IR [ 1], RAEIR, 2007 18
(2): 246-258 |

Manay S Cremers D, Hong BW, et al Integral invariants for
shapematching [ J|]. IEEE Transactions on Pattem Analysis and
M achme Intelligence 2006 28( 10): 1602-1618

Zhang Peng Research for the Selective A ttention M echanism in
the Image Infomation Processmg [ D |. Chmna

National University of Defense Technology, 2004 [5KME. K515
RACE R R EAURIBE S [ D], Kb E BRI,

2004 ]

Changsha

Ben-Arie ] Wang Z Pictorial recognition of objects anploying
IEEE T ransactions
1998 20( 6): 604-

affine mvariance n the frequency danai [ J].
on Pattem A nalysis and M achine Intelligence

618

Lt Yu-zeng PengQmmn LiXiang Shape recognition based on
the invariant of extranum features [ J]. Acta Ecectronica Sinica

2008 36(4): 92-97 [ B LI, AR, M. AT RERE
ISR IR [ J]. HT2%4R, 2008 36(4): 92-97.





