FSHBAWR H2H
2000 £ 2 H

SRl E AP
Journal of Image and Graphics

Vol.5(A),No.2

Feb. 2000

E T Hausdorff 2 &Y 2D IR EE MUHE
5K 35t
W OE EEVIAR A,

~
~
7y
VFRNG  IRpE e
(A AR AT,

200030)
o 7=
dorff BE BV 2 W) R %6 R ARARLYE (9000 5, 3 P 3t AL B89 30 AT S5 A T AR VT B 1 PR 8 2R, AR 318 dot A% $8 R 11 &5 IR 75 0B AT
— R R, N mE R . Se e 45
XEEiR BIRILHES  BEHEYE MR
FESZES: TP391.41

TV PR 1 S A 28 ) ok, DU R AT Jm SR IR 7. % 4 K Haus-
MHERARINED: A

UE B T %77 vk BE PR RS A xS P 2D TR B AT DL G,

XEHRS: 1006-8961(2000) 02-0106-04
An Improved Algorithm for 2D Shape Matching Based on

Hausdorff Distance
ZHANG Wen—ing, XU Xiao-ming, SU Jian-feng
Abstract

(Intellizent Control Research Institute. Shanghai Tiaotong Universitv. Shanehai 200030)

Matching between two images is often needed in automated visual inspection. Template matching,
which is the most principle approach for shape match, is time consuming in case of variation in position and rota—
tion. In this paper, an improved algorithm for 2D shape matching based on Hausdorff Distance is proposed. Haus-

dorff Distance is used to measure the degree of similarity between two objects to make matching more efficiently.

A high dimensional, non-diferentiable, and multi-modal objective function can be derived based on Hausdorff Dis—

higher speed and precision.

tance. Although Genetic Algorithm is a powerful and attractive procedure for function optimization, the solution
search interval. Initially the non-differentiable function is solved using multi-point stochastic search, and the solu—
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generated by the procedure do not guarantee to be the global optimal. A follow-up optimization scheme such as the
line search method is applied, which is capable of finding the minimum value of a unimodal function over a finite
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tion is further improved by executing a sequence of successive line searches that approach the optimal to a pre-de—

termined precision. The experimental results show that the proposed method is capable of matching 2D shape with
Shape matching, Genetic algorithm, Line search

(SEIPDRUNLUEER
FEVFZ ARG, H AR RS A2 —

AT LR, 100, I TR H AR P R e
i P B 04T EU AR, IX SR 1 S K X 28 H AR AE =2 (]

Hausdorff P2 & —Fhil ARA%/NIE 2, F 2
X, TEAR VT ECH AR 2 H bk e A7 5 AR 2 B 2

T E A SRR ILECFR L. 1535 5% genetic algo—
KW TTIE, &4 R 1, AMTeafe it 7 & FgRILAS

rithm) FIZEAR JRFE 1 Holland # 5G4 Y, I 4E 3K,
JivE, Horp, BB AR N 5 v AR UL Y % 4 ) A

C A BT N F 5 R AR 1] 8, SCHIRT 4] 32 Haus—

5
B VL o ARSI Y, M ARl ) 7k B 45

dorff B ESANEEA% 53K N 21 1 G p AR ksl o,
Jre e AR A, T B A TSI 8], 3452 VA HE A

Hausdorff P &5 1) 5 [ A A4 44 DL BE T — 57 i
J&., Be 8% SN R R AE ) R %8 100 2 22 TR) (1) AR AR
P, T 358 A SR D) FH T PR 5 e A2 AR DG T R e D0
FEI0H ) Hausdorff FREEGTHEA, 20 Y1kl

R B, XTI RS i 2 K %,
BEEWAB: Ll R B4R H(951111052)

5 B HA: 1998-12-29; W2 i& 245 B H1: 1998-02-08



%2

5k A BT Hausdorff FE 2 1) 2D TR DGR ek 55 vk 107

HAFE RS KH. 746, BT E AR FE iR
TG D, S AT I TR K PR T g R
£, T REME T SRABRG FE. A SCHE SE R HRFAE s 42 X
TSR R B AIE SR T Hausdorff FHES, K
J/0 T Hausdorff & T &, FEXT gL E L RIZ
ITERHATEM IR, 1om T ITR AR L.

1 Hausdorff FEE
HE2NARE A= {a1, a2, ---,ap}ﬂ] B= {b,

b2, -+, aq), WA B Z A1) Hausdorff ¥ 2 5E LA F:
H(A,B) = max(h(A,B),h(B,A)) (1)

=

h(A,B)= max min la - ol
A CB

. (2)
h(B,A)= max min 6 - all
bEB  aE A

Horprlle o 5e 7RS4 A R0 B b S BE S5 9 4L,
1] A STASE PR KG9 BRI 2 R (AL B) BRI MR
£ A B 54 B 19 A Hausdorff 8558, LLRFAl T2
N =B — M REA S %A X NMES
BT A5 r B BE B R B/ MEL B4 h(A, B) B R 545 A
WA 3 AR B IR B SR KA AR — B
BN h(A, B) FFAET h(B,A), WHE h(A,B) = d,
MBEH R AR A i S B R B ) B R B AR AE O
2 d WaHEZA.

Hausdirff #52 H (A, B) lU h(A, B) 1 h(B, A)
(1) e NAH, IXFEE 5T h(A, B) F1 h(B, A) &K
HEIA 3 2 AN e A FI B Z (Al (R DU RO FE B2

2  E T Hausdorff FEEEMARTEL
iRE

TEARSCHITEARIC L, A =2 & Bk S
BEBTEAR Z MR (B x, y Row) PR (DL 6 3%
7R) KR, I BABGE TR TR/ N2 — 30, a1
7. DAL TR DG 1 o0 B2 -4k — L I A i S 4
(wvy0), 43 ULECAR FE A f . 8 AT AR S5 A
RREILAL IS4, F A 2 MPE (1) BB
ARVERC AR, (2) WA AT SR A

TR NINWN P a kY uSuE- JSE T 3
MR SR M H AR 2 MR RS R I 2 %
RARFE BE I, Hoat B R K, N T8 h Rl
Hp Fq PSRN 2 TRILZ K %, H Hausdorff B

BIHEERERN O(p e q) . FIOSGFRE s (B A
mi U AR A AR L S K U 5 Hausdorff B
2, KKK T Hausdorff BB HIHE S A4 E.

WO AMEIDGRAE RS, M BB L Sk
fEREE, 1= (w,y, 0) ARV RS . iede 24, WL T
Hausdorff ¥ 25 FEARULEC AT AR 7R T R
I 71 minH (:(M), 0) (3)
Soofr ()RR b 53 ¢ AR S 0 2T
Hausdorff 25 HY:

cos® - sin x
(M) =1 . 3 M+ (4)
sin@ cos %
0\‘ C—\\
/) . »
F'J \\
g.r“' \\f
(a) 7Y (b) FrUCHE W44 ih %

K1 RS

3 DLESEAIKAE
B4 3R 3) 7 A B R FE SR T A

BRI, e — DA REMAR e s T, SKIBUBAY
5 W4k 2 18] ] Hausdorff PEES, & 1] LLSE LA 4 1)
JEARVEHC Y, {HIX P 2R 5 5 75 2K 8 A v T).
AL L T, R (— R & —
i F B 775, R SR8 22Kkt 1) i 1 7T BLK
ROV BELIN Ta], E 28 5 B N Jmy Fs A /IMEL. 3K L 3AT
T 55 R I8 AE SR Mg A A TE AR B UL B 2, 4%
JE A et Rk — PR S R
3.1 BEEE

WA L) 2 N AR AN S YRR ANTT
WO Z B (AN 2 AAE) B AR ek B oA ) . [ & 1
Y A R ] A B A TR T A k.

FHAEAR SHF R e — AN DA T R0 I 08 0 i
PLR LA 1A)

(1) wASBLE]  XF T W B9 B, A& & P A
g Ad 77 2, B IR 2 2 1) B AR —RE A, A7)



108 o B S T 25

HSAE(A R

KR B ASAE R g 507 2K, 1A% TR 62 — R R IR
T IRS, SOPRAE B EE B R, E 1% A5 TR AT ] AH AR I
2 N A AT — AR AN [R], AT DA 20 i A Y
Y ek 22 (A AT 38 5 — b A QR 2 ) 7 A KR I
PE ), o] AORUE AH AR FE 502 7] IR0 B BE B AR 400
1, BRI AE HEAT 70 S 3 A it vl AR 8 5 A R
) )98 2R 25 18] FRAH AR B4, SRR 4 2R 3 B AR
. KA AT 7 e AL B 20 o A R PR i 45 3 1 3
BAER INT, WA » AIRIRA:

v= a+ U%%Z(b— a)

Hrp, L BAAERDEy FMERFMKE, o, b AXH
v RS0 B 5L R AN g R R R EOA [R) B,
WA A B AN B R R KR 3.

(2) ENVERREL W1 4K H bR e R S
B, T A% SR BT Y B I A A, LA N
FFEA A 0 2 1 2 [a], PR e st A% B 1 18 NV S

A H(tl(M),O)

(x,y,0) KR T i (B (B0 SHas A)) o 3 ANk
24

(3) RIS Bk IR s S8 A i
ERN(N) AEHZF (pe) BT E(pu) A AL ACEL
(G) . A= 3CR 45 ) 2 B b [R) A2 40 19 1 O 07 48 2R
WS, FEAR R /N IEFE T /N N = 50, [ A8
Fipe= 1.0, WARRAEFERE: pu= (ph,pu), L ph
IR 526, p i Ry B — 384 AR S 6 1) DT
B, W — L AR AR R 3 A

pu(j) = (pw)' x pi, j= 0,1,.,6- 1
XK, FEIEAR FFURIT, £EBOK B9 2 X ] Y [A] I A T
BEALEE 2R, G B 2R, 2 SR 2 DR 5 AR AL
SR, FEATARAE 2T, A B sk T i
ARAE.

(4) VIR I AEN S Heas [a) A BE AL

MMEE AN, WA O HkEaian
BT IEKNARE 6 @ fEIEELE 20 ISR P HIER
) FR e VA AR St
3.2 ZMHER

FI 2R — B BOR T 3% SR 2 0 45 RAE 2tk
FRIPIAE. L RE R AT D siAE
HIAR L PEAL Tk, DMl o i) 1 1) 22 22 B R 2L

AR R, AN A AR R AT IE S 2R &R, B
PR A O 2R R PR IE AR AR, N T 46
PEAR RV SR AR ] R 1 SN R
LMHEHE()
{
WEVIBEREK 0 P RWAEHE 9948 K i#
WE Q RWELEWIHME vi,i= 1,2, .,n,n AXE
5% id
while(#RERKANTHEE Q
{
Do(i = 1 to n)
{
EEWESEH (vi+ @ H(vi- 0 -
H(vi);
if H(vi+ W< H (vi)
let vi= vit+ W
else if H (vi— W) < H (vi)
let vi= vi— W
}
if B A BT — R SEAT I i
w- w9
1
TEIERTFIRR B, —4E48 KB R IP KL
I SOE 5, B AR RN, R 4 RE b
T AR, 18R KA 2 8k /) 235 2
HWRIEFEER. Y g2 0.618 I, R FE A TEE 4>
B g2 0.5 N, WRIBEN R

4 LIGHER

BATLE Pentium PC( B8 133M Hz) tF & HL L
KA C BT T AR T k. B 1 AL AR
2 tEE %, Horb(a) ATHEHLA B S U Z1E
(PIARVE B G (B ALY | (b) b 18 3k B A% 19 21 10 44
GRS R B R 5 HEE O 320 240, K
P /N [ P 11 A A R X ) 48 BT AE 5. B4R Tk
LN RSB E 1 Jios, AL gt b 4
2420 10bit, ZHAK 30bit ISR R, o (a, y)
() BB Y B R [ - 256, 2551, © BB TS B k[ -
Tr] . GRS P A B 05 7 2, JE IR Hf B ah Ak 2 B AL~
A, AT FEBEAT T 20 YO BB i B 1K
2 N R IR AR R R AR B RN A 2, AR
FOE I8 4T I TRV RD 2 YR R 45 Bk 2 TR,
AJ LUE B384 HR IR 84 A 1RIEAT, et
RAEIEAC 23 51 IE.



2 5k A BT Hausdorff FE 2 1) 2D TR DGR ek 55 vk 109

Hausdor T PA &

100 150 200
W R
(a)

3.1

Hausdor{T BRE
w
o
(o]

0 20 10 50 0 100
BRI
(b)

B2 SRR ML P R AU R

B R LR
N 50 w 0.1
G 200 Q 0. 001
pe 1.0 R 0.618
pum (0.2,0.995)
L 10

#F2 FHERXE.CPU BFEF
BITER(EE 20 X3L5)

AR EL CPU(s) (x,y.6)

B R 84 4.3 (- 13.000, - 10.500,2. 552 544)

LR 23 0.4 (- 13.206, — 10.550, 2. 542 87)
A

5 %

PAUESR I T Bl AR UL B 5 ik, 57
FATRUR JUAMRY A

(1) #5717 5T Hausdorff 20 ES (1B AR UL BCAR
AAETY I 58 e 17 P AR SR HE JU) Bt R S PR

VFBEAS 1957 4FA, 1987 4L+
A R B AN R, IRAG A
1988~ 1989 43kt tr 22224 FRE [ T
LS. BT L ASE KRR K. b
AT K2 B ) A R B4R R 9T %
B EEHEE LS4 U IERE 201 KM
SPGB CIM S/ CIPS L &
IR0 A ] R e HSLAL I 2%
I MERTF . R R ARIRSCIT 200 £,
W IRAE TR R 3 T

(2) SRR BT AE sl b AT AR L BE, KK 2>

T VEHC s

(3) FIANBALF RS R T Bl R e
(4) FINEMARRITE, e T HRR L.

2 % 3 Wk

Rosenfeld A, Kak A C.Digital picture processing, second edition.
New York: Academic Press, 1982.

2 Csaszar A. General Topology. Bristol: Adam Hilger, 1978.

Holland J H. Adaption in Natural and Artificial Systems. The
University of Michigan Press, Ann Arbor, M1, 1975.

XL, WA, M5, 5T Hausdorff 8BS R AL STIE I
PRICTRE T 5. L1274, 1996, 24(4) : 1~ 6.

kIR 1971 44, 1993 4F 7 HTE
WEAL T2 [ 3R 15 2%+ 247, 1996 4F 3 A
E B 5L A LR K 27 SR 27 7, 1999
3 AN T BEACE K AR,
RAG T of 2R 7. F I oA
SN A B R B R DU BB L VILST
CAD %.

EEEE 1973 4FE/E, 1995 4F 7 H &
b T G 22 A0 K2, 1999 4E 3k |- A0 il
N T e X Ve Y ) A I DR )
PR oRlNAC L NN TS Ly e





