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PENG Xiao-ming” , CHEN Wu-fan""”, MA Qian”
b ( College of Automation, University of Electronic Science and Technology of China, Chengdu 610054 )
2 ( Department of Biomedical Engineering, Southern Medical University, Guangzhou 510515)
3) (5th Lab, Institute of Optics and Electronics, Chinese Academy of Sciences, Chengdu 610209)

Abstract Elastic registration is a difficult problem in image registration technology. An elastic point registration method
using the Hausdorff distance is presented in this paper. With B-splines as the deformation model, the proposed method is
able to handle elastic deformations between the images to be registered. Since no correspondence is required to be
established between two point sets, the method is robust to outliers. In addition, a sequential updating strategy is
introduced to further speed up the elastic registration method by dividing the source image and the grid of control points into
separate blocks. The performance of the proposed method is demonstrated and validated in three experiments, a synthetic
image registration experiment, a hand-drawn character registration experiment, and a brain MRI image registration
experiment. While these results are somewhat preliminary, they clearly demonstrate the applicability of our method to real
world tasks involving feature-based elastic registration.

Keywords feature-based registration, elastic registration, the Hausdorff distance, outlier rejection, B-splines

i

1 3]

Pl 450 P M 2 1 6 T T 5 P ) — T B R
X PR T AR B RES T E, KRR
MR CRAERZM . WBFAKGEE, AR

7 B K BT LA 43 3 T 4F AT (feature based ) i) 77
BT X (area based) B LB AR, Mo,
F TR 9 B HE 7 1k BT A A AR B R N 4R mh 4R B
MREAE, % AR IE A AE M & K™ a g™ 7
FRAE A1 4 S 0k I 0 5 B A L O
BB FEBOR AR X HE B E OL , 3F B O B B R4 880

E¢HA: BRESAEMPTE R “973” 5 H (2003CB716106 ) ; 7 B 1§ -+ J5 B 4 3 & I H (2005037808 )

1 7% B #9:2005-11-14 ; % B B #d :2006-02-20

F—HEEET ZHEN1974~ ) B, 2005 FRVEFRHERERLNI 58 RRE T 1:#47,2005 ~ 2006 4F1E B FHHEREH B
IR ESEARSLERAIGNEELEHRATE ANRFREREASNATRERBN . ERTRTEHRFEREE R HLME LR
RINMEXEGER, CAF LI XREHIR HEBNS PP LEERIRAEE, E-mail: pxmhust@ yahoo. com. cn



1080 PEEZEEER

F12 %

T 3380 S B A X A 5 5 T DX 1 T o O 3k T )
MERE BAR R & RRRE, T2 B A 08 ks
Bo XEHFEHRAM ARG R ALH0 i B
BREABTRESR, EXKIEREHGMH
04 0 BF £0.4% 19 — 4% H #H 3¢ (normalized correlation,
NC), K J& 2 ¥ 5 #l (sum of squared brightness
differences, SSD) , H.{5 B ( mutual information, MI)
&, — MR TEER D B FRAE BE S R 47 Mo R IR AT 4R
T, RAZETHEN T ESTRERIAGE" . I
b, % F— 2 R A (B 62 F IR -0CR) T &,
HEERAETRIEW k. HIL, 28R 30F W &8
WA T2 TRAEMRCHETT i,

M —A A R E , B E Ty i SURT DUAK 48 i
P FEAGTE A2 () 6] 1 T 43+ DA W 4P TG M ik 790 80 A .
FEFE, Hd wrd e R R R E , WS
5 W] L4k 2 P 48 b A A 0 SR 0E A (IR AR R Ak MY
W), M TR RN S, MR
BEHMIRESBG, RIEEELFFHB. ABA X
MORE, HU B RE T RN REEEPERT
DB o 2 T T 0 BP9
B>, Besl % A4 T R E I & (iterated closest
point, ICP) 78", 35X 4N J7 ¥k B SC M 14 ., {H B 4
B FFE R 22 2 (outliers) (¢ R BB R P HFTE
BXHE—SR, ENEEERERRPRIAS5ZH
XERIBICRL A . R KL AT BE R IR A SRR,
7] A8 B R AN TR RS TR B AR 25 57 B 30 B
B, Chui % A4 T TPS-RPM J5 35", A7 i
TR IR IBAH (softassign ) 77 ¥E R 4b B¢ s 5 0L,
PR R AT W 8 1R K R AT AL AR, R LB f7
HEBE,

AR T — AR T AR, &
FHLL3 K B B IE A RARERM
mERERENEED . AN, SASEETRIEN
Be k5 B A R) , A J ¥k 6 20 1 R 22 1) 2 S B A 1
Xof B K 5 o

2 BETBHSFMNENESEARE

2.1 E-F Hausdorff 35 55 g 48 L1 T B
ERTRHIEWBHEFEPRABREHREE,
SE e T 0 45 b R B0 AR X B B AR AE , R R fE X
FFAE (8] 8 5L B — — X B 56 R, T ) B X A X B
(RPERBRZENERSE T, R T

WS HERR R, B E AR IEER A R IE Z 0
B —— XN R, BE T, ACHER
FE: T Hausdorfl J5 85 0 5 3% , B A 3X 26 0 1 XF 4% AiE
TUAMBEMEN LA RIFHAHEE S, KR, B
# 93 T Hausdorff B B B9 07 361" 21 39 0 ¥k kb 7
MR EMER. AV ERA B RS, MEH
A48 Jnnl R 3L A T 54 A o A )

S MECHER R ER S5 R 1, R I, o L
H BARER (target image, Fi T 45 T f87R) I, HBEE
1% (source image, i 4R S 871 ), H I, #1 Iy ¥ di 4%
ESMR. BRI, H M I mIGHAT
FOME, O I 3 1, 134} Hausdorff BE 8 4"

&(1,1,) ={Et};§gi,gi|p—qll (1)

K, B f RBR— N BEEE 0,1 ] 22 H M55,
[thg(x) B S0 SRE M, RIS X LALT 5
{3 ( quantile) f th 4h i) g (x) i, BIH0, % f, = 1 i
(R RE 1th) , FEE R Ky g (=) R KRME /=172 B (X
B 172th) , HEER K g(2) HFE. & ng Fl ny 2351
BRI ML PRRIESEHE, ML WEE—1K
Pels,ﬂuiﬁﬁ'—/l\ﬂif:np -qlfE, Xﬂtﬁﬁﬁii*:b;rlilr:
lp - q|ME (FEF ng A) # BRI FHEF, BB 4 Ak 75 %
HFI P fxng NMLBRBRMEN & (I, 1,), &
(I, 1) M BB R R I, P ELH fxng MM
fER SER L, PR AT R 8 Z H A
it d (I,1) o REWTLUE X I B I W34
Hausdorff JEZS o/ (I,15) . ZEHHITRREC AR, R
# B H B g — AN 4> Hausdordf JE g3 Bpap ),

Rl , B E — M PERBME -, 7T LUE UM I B
I, 1f) Hausdorff 4} 3 ,

#({pel;| minlp -ql<r})

H, (I, L) = - (2)
Hep “#{ | "B ESER PRI A K
M, R Q)R FENSE H (I,1;) xng 4
FIEES I, TR E A BGE AR E S Z ) i B s R
AT 1. BEETF H (L,1,) AT I, #l I, MFR1E
BZEH——X N RR N pel, 5 qel,
PR B BT, BRSBTS R

BER ANMEHE H (I, 1,) b & B g 5 3
FAETHER EANXHEEFTLN S p el BBHE
L, 4R DI R A ARAE 5 Rl B, AT 28 7 B TR
NBERIRXHER pel, 5 I, J #X R RFAE & T A&




%63

HRYE AT BHRNBIE SR % 1081

WieSEd”  MECHE A, )5 A SCE KA
HAXEA~HB,
2.2 EFBHFNEEETED

HTBREAK MM ABR ™ HERE Lee
FARME, AR R MM P BB R B A T Rueckert
SANRBPRAR—EFEBWEZEGE T E
P T X — R AT HOR

BAEH n, x n, 551§ # # & (control
point ) ¥ 5% B9 W 4% 78 55 7E I, SR E B8 F i 1 (X
BLU2EBBIE), BAEHSAZEMERR S
(BpH pixel) , HEANEH S EAKFNEERH A
FrEEamE, BRMEHAN @ ;(0<i<n,,
O0<j<n) ATHEER, THNE & RERXA
B AR, D MAERR 2n,n,, & TLLERRN

D= [00,0,0:, 0n1 ] (3)
BHE
0, = [‘Pm%.u]T (4)

ER) MR (4)H,N=2n,n ,h=2(i+jn,) ,
R TRREEER, TR,

BRI, AR (x,y) " E R AL
ERATHBAREER I, A (2,5)" = (5 + Ax,
y+Ay) "4, Kb R R (Ax,Ay) " TTARR A

(A2,89)" = Y, Y B(6) B, (0) @1 jow (5)

EXGS) P, i=[26]-1,j=1y8]-1,u=
x/8-|x/8],0=y/6 -1y/8],l + IRABREHRHEIEZ
BB, Fm BHEAME | NERE:

B,(u) = (1 -u)’/6

B, (u) = (34’ - 6u’ +4)/6

B,(u) = (-3’ +34® +3u +1)/6
B,(u) = u’/6

MR (6) AT 5,7 8 EMMBBR T, (Ax,Ay)"
RHEHE 0. .. BHHNE ®RFEMN, B
FOMHE,L I, HEBXBHBEERE, M
Rid, WA (2) i H, (I, 1) 8O H, (I, I,
D), FKRZ ®WEH,

2.3 WMEQEERZ

HATATR, B S REN B R R ® & 1Y
WA, B H (I,I, &) ERESBEP A, ER
ST, 2% SCR RS BE B F B dE Y k4T AR
o EHITHEREZN,BEL M B2
LR, B RECHETEWARBDT:

(6)

B P=0,F r HEAEE[7,,, 7T ], U RIE
B e MBEAREKE N, BHEHETF c(0<c<1);

T =T a3

while(r=7, ) { //SMERF 1B
for(i=1,-,N) {//WIEHAFFH

. _oH,(I,,1,,9)
g 6=
if([Gll=¢) |

o . G
¢<—@;¢<—‘P +7 m;
HE AH=H (I,,I,,®) -H (I,,I, &) ;
if(AH<0) |
¢<—‘5;break;
}
}

else break;
L7/ NTER SR
= g HrUs AT ®) (I,I,) s
|7/ MBI R
B @ HE,
TEENEE LR H— ],
(1) fEHt® H, (1,1, ®) ZHi, £t 8 I, KiE
B A8 #t (distance transform ) %8 D, (5 I, I K/MHE
F),Dy 8 (x,y) BEE Y
dr(%,y) = min|[(z,7)" - g (7

RRE(2,9)" B I 5 2 Bl RS AE & 22 18] A BE
B, Dy RBIHE -, IR H (1,1, ®) I, F
WREI ML HEENXE, AR S I K
B—RER(s,y) EOWERTLTF L FESHK
AL E (%,7)" (R (5)), kT A D, SE3HW 2
dr(%,y) <TBIR(x,7)" MEH , BHEHBE R L
I AHEE K XS P RER L R S8 R
BH (I;,1,,9)

(2) BERE G KT HERESAHRED L
B, B, EHHE GHEENTR g (0<sk<

-y y HT(I 71 ’¢ ) _H1(1 QI 7¢)
2n.n, )t g Lo P L el @)

Hr D=0 @ T, 0, sy =
PiotsPh —TsPisis " o EB MG E B, T B
EBEK, XA R T 5 ik P 4R 2 () 47 A B B8 K T Ak
AR BEE B/, G M EBORENES, Bl @
BEE = W/ T 2 B A1

(3) BEYH r RHENBEN, EFITNE
RERBHRATUBE - H (L, L, D), RIEFERX
(AR (2) AT, d™" (I, L) <70 HAE




1082

ERERERER

0<c<1,llf """ (I, 1,) <d™ "™ (I,
L) <7, B#HK r RERTRE. EWGHE, 7%
PR , 3 A A T 5 T P 4R 2 1) A7 7E G K R A
TE 2 ; i A e A AR R AT , BRI F SR T 2
Wb, BABE, XHANT & fak, £30EX
e WSUNF, B Oy B R RSO -
BAERK , d "0 (I ) Fd™ S (1, 1)
B2 B RE /N AR a7 (I 1) B 7 i 2%
AR/, X B SR R R Z, ¢ IE B,
dcx}l,(ls,l-r.di) (Is 7IT) 5Fﬂ d”,(ls-”r'Q) (Is 9IT) B@]%%‘J%@
K ARRIH a0 (I, L) B 2 SIEK,
X REBHR, F—-MELAREER @ KitH
GR BN r WEKLTRALANT @ K41,
ZRATBHER,c=0.7~0.9 LBAE, W HNT
FOR B B S, 2 @ (I L) = B
W4 7 =d™ "2 (1, L) -Bo B A—NELK,
TEALE B HN 0.5,
2.4 FREFORETE LR

2.3 WY R R ke AR
FEEPEBENBRGHHA L. HTENHG
g — o RETT RN @ WA BT FIREE, il
WEEF AR H, (I, L, @), 81 F H, (I, I,
O)HARSE I, f I, WEBXEA/N X, Fl,
MRERL, F L HEE KA, B B R
Bon xn BZ(LH O MEBRE), RARKK
BT IR . Oy 1RSSR A B, A SCER
T—F P REHORET AR, THSAHE 1

124

je 0
S ° : it T v 9 T
;A[ RELA Y7L | E O I
B T T S S B T St
CooaEpr : ! :
R S S S NS
R R e T
A0 SN0 S S U B S S S S S I+
e T S R
bbb bbb bbb

B RMRFRE ) S PR IR 4 Bk
Fig.1 Division of the source image and the grid

~of control points

R 58 B R W

FER 2 o, SR BT R X R I B KO, B 2%
s 0 Bl R s ph 45 ) UM R AR o FE 1 R
I, fiEdl G4 A0 R 4 MEHAARES KWL,
T EAR K Br A B E °] LU T E LR, JFHRE
By RR R R T

(1) X & WEHHARSRHER, MRLRHHE
B Mg AERE— 2RSS a g MR &
W RXTRL ) D 5 8

2) ERBEH & HIBP,EIHR H, (I,
L, @), REBZ S HREASH I KXY
I AEEKH D

(3) wit® H, (I I, @) Kid &, AR (5) it

(=)

(a) HiFE®K (b) HEHK

(

c) E2(a) A 2(b) BMALR  (d) c=0.4 M BMPERAEL R

(e) ¢=0.7 it Bk RO HE SR (f) ¢=0.9 B ¥ FUAELS R

(8) c=0.98 MAMUMELR (b)) RAFREH KRBT 2 x2

SR Ja B Ak DRSS R

B2 SREKRERZR

Fig.2 Synthetic image registration results



FoeM

ERAS . XT BREAKME SRR E 1083

Bt mRER A o, AETEHAMS RS, M EH
BA RS RO RB IR ERENITE,
LeWMARMITBEZRUE, @6 &,(m =0~
M-1)YHAT R
5IA B R R i A S EHE T B i DR
WmF.
Xb I FESH A RS HEAT S B 3L M A8 e
BT I MR AR &5 m A48T K45
RSP, (m=0~M-1);
BH— 7, (m=0~M-DFEILHE, =0(m=0~M-1);
Vi b, =0;E8 7, WEBRBEE(r,, 7. JURER ¢
AMBRKEN,
WHEF c(0<ec<l);
To =Toa(m=0~M-1);
WHILE :n;Em =0//9E% 1 iR
for(m =0, M -1) {//EH 2 FF1h
if(rmafm)i
for(i=1,---,N) {//9E% 3 FH1h
oH (I I.,®,)

HERENRG, = oD,

if (|G, lI=¢)t
- - G,
D —PD ;D —D +7, m;

HEAH, =H (L 1, @,) -H(,1,,8,);
if(AHmsO){
(Pm*—dim ;break;
|
|

else break;
b//HE3R 3 BER
7, =d IO (5 1)
else £, =1;
/PR 2 B3R
b//70E%R 1 853K
BE @, (m=0~M-1)K1H,

3 LBRER

ARIEASCREEBR, A 3 LT T R
HELR, 2WHIEM Visual C+ + 6.0 EPAER
L L (3.0 GHz CPU,512M 4%, Windows® 2000
BERR) LA, AVHAHE 3 PLBRER,

xTE1

FEIX A~ SE e T A SO ok e o i 6 [ A0 O FE 4L
B RER FREEEEBRAR ¢ K HE,

B 2(a) FIE 2(b) 435 4 B AR B4 (193 x 147pixels)
YR B (193 x 147pixels) , B 2 (¢) K K AL HE B,
B2(a)ME2(b) HBMME R, BR, ZHZH
WIEE R EBEEE, BEPFHNSH K 6=10,n, =
20,ny =15, @ HHEEE RO W&, =10,7,, =
1,e=10"° N=100, & XHIKMHETF c K 0.2,
0.4,0.7,0.9 #10.98 Bf , KK EITE R (K5IA
FREFRKRE)FIAER L P, AEK 1 RIS HW
TR — MR, c R, BENEBEITHEBEE,
T LR EE, Bl c=0.2 8¢, 23 2 RE
oo RERT 7, M4 c=0.98 F, 2T 13 K
BHE L, ARE 1,0 WANETTLLE N, B LK
BB, MARLER T bE A B 4T, 7 A4k
FHRER, FERBBOE, M c=0.4 1, BEMWE
TR ¢ =0.7 f1 0.9 Bf BT MEEK,
FRHEFHE, XRENBEAS 2 KEH (r=2.0)1
Pt KM %K. MEEBRTE, M c=0.2
B REHEE 2R MGE 2(d) 2 c=0. 4 BF A B RCAE
SER o X IR R 4 B HE B A, T 5 HERR 0 R 5K
AT AE, H2(e) ~EH2(g) B cAHHO.7,
0.9F10.98 BY MMM EL R, X EEALFE
B, =ENEESREME, B2(h)ERAFREN

1 XV 1EFEc ERHHEHLRE
Tab.1 Convergences of experiment 1 with

different values of ¢

r WL R nik - i

¢=0.2 ¢=0.4 ¢=0.7 ¢=0.9 ¢=0.98
WAE 10.0 10.0 10.0 10.0  10.0
H1REH 2.0 4.47 6.0 7.0 8.0
E2REH 1.0 2.0 412 6.0 7.5
BIKEH - 1.0 3.0 5.0 7.0
54 WEH - - 2.0 4.24 6.7
%S5 WKEH - - 1.5 3.0 5.39
%6 WHEH - - 1.0 2.0 5.0
BTREH - - - 1.5 4.5
B8 WEHN - - - 1.0 3.16
B9 WEH - - - - 3.0
%10 KEH - - - - 2.5
%1 KEH - - - - 2.0
B2 KREH - - - - 1.5
BHIBBREH - - - - 1.0
BATEE () 2.41 52.86 40.0  45.55 54.02




1084 o [ R BT 2

F12%

SREEHEAT 2 x2 PR R R HEL R (¢ =0.9) ,3X
B IR 5. 13s, RARA R AR REFH KR LB
B (c=0.9)M 11% EA, AT, RAFREHEK
B A LK K 45 S 18 A7 B 1] o

XE2

XALBRXBIETE R F AT MR,
B3(a) MEA3(b)BHNEFEN B F, H
B 3(a)X BB (116 x 105pixels) , & 3(b) R
B (116 x 105pixels), B 3 (c) b K B # A

B 3(a)IE3(b)HBMMER. BEPTHSEHN
8§=10,n,=12,n, =11,® KW HMEH 0 15 &,
Tow =10,7,, =1,6=10"° N=100, & 3(d)FE 3
(e) 2 AR A K I B 0 30 SR w0 ok I BB B R
B (2 x2 3 MBS R (¢ =0.9) , Z & 53 Hnd
13. 11s 1 1. 89s,

AL F W, A STy B 7E T FF I I8 S AR )
75 A N A BT BB .

g |7
=) T3

A=,

=2

75 || A
F==llle=

(a) BHRER (b) BEHK (¢) B (a)Hi(b) (d) ¢=0.9 i ¥ (e) RFAAF R EF KB
Bima g R ROAEZ R HAT2 x2 FRIEH
MRS R
B3 FEFHEELR
Fig.3 Elastic registration results of hand-drawn characters
LR3 F(c=0.9),=F5H bt 102.85s 7 9.64s, KT

XA LR PR X B 2 B R AT O
Bl 4(a)FIFE 4 (b) ¥ A BrainWeb ™ f 7 i 8 1t
REQR, HpE 4(a)XF 0 T, MAER, B 4(b) Xt
BT, MACE &, LLE 4 (a) R B s B R (162 x
136pixels) , [ 4(b) HIFEE M (162 x 136pixels) , X
P B R #4T Canny IR, IPH 45 R BINTE 3
Ba(e), BEFHWSERIE=10,n, =17,n =14,
msEm o e, r, =107, =1,6=10"°,N=
100, E4(d)FE 4 (e) FFIRAKAF HEH K
BMARARFREHER(2x2 2R)WRES

H—H BB RN R R, ASUERAR R
B DRI FEEGBHTBEERERE, RFIHHEE
ERWEAGSHAAKBRZHEKH —-4ERER
( normalized mutual information) ™ , e RE T
REFRBEETERME—HERFE N 130,
XAFRERRBAEFTBINA—-HLERFRR
126, K FREHEMME—LEHFE 1. 18, XMW
Fhor sk AR T T X U e o 7 1 R o B g 3
MA—-EFEHNTEE, X—SRAEHERE,
PR 2 F DX S A R o O SR P B R R B AR B

(b) WRKEE®B

(a) BIRKERR

() B&(a) M (b)MA%
BimsR

(d) ¢=0.9 W ##k (e) RAIFREH R
RS R HAT2 %2 RIGH
BN LS R

E4 MRIFGRERELR

Fig.4 Elastic registration results of brain MRI images



FoM

EHRE%S.ET B#%B@?ﬁﬁ.ﬁﬁﬂ?&ﬁ?ﬁ. 1085

AT TR, B LA RE A8 B2 41 50 5 oY PG MR BE 5 T 3 T
FRER 7 skt T RAA T D R AR BoR R A
B ARAR B, B TE YA B OIS T 2 T X3
BT R, WEBHKNE EXIMLEHEEN
Canny J7 32 B i 30 G 15 OB R AE 2, SR 3 A —
SE R AR IR AR B #E , N NI 4 W1 LUE 2, 3 5
TR BB 38 AR B 1 2 gk BT DL 2 %o G M A EE
FRW o TE ARG 4R PUE I 7 AF 3R B b, AR S5
TR RS B S A O AR R, Xt R R OR W B IT
RS THAEZ—,

4 &

ASCH AR 1 4% Hausdorff B 25 I B T 45 19
SRPERCHE, ZOTHE L 3 K B AR N MR A,
FRABRMEEAR RN S o fEIAER B X
RE TR ER R, P RETERREE,
SCH SRR, A SO05 vk T I A T O B A
Bl B ASCR

B % 3Lk ( References)

1 Zitova B, Flusser J. Image registration methods: a survey[ J]. Image
and Vision Computing, 2003, 21(11); 977 ~1000.

2 Dai X, Khorram S. A feature-based image registration algorithm using
improved chain-code representation combined with invariant moments
[J]. IEEE Transactions on G i and Remote Sensing, 1999,
37(5) . 2351 ~2362.

3 Flusser J, Suk T. A moment-based approach to registration of images
with affine geometric distortion [ J]. IEEE Transactions on Geo-
science and Remote Sensing, 1994, 32(2) . 382 ~ 387.

4 Li H, Manjunath B S, Mitra S K. A contour-based approach to
multisensor image registration [ J]. IEEE Transactions on Image
Processing, 1995, 4(3) : 320 ~ 334,

5 Coiras E, Santamaria J, Miravet C. Segment-based registration
techniques for visual-infrared images [ J]. Optical Engineering,
2000, 39(1) . 282 ~289.

6 Sheng Y, Yang X, McReynolds D, et al. Real-world multisensor
image alignment using edge focusing and hausdorff distances[]].
Proceedings of SPIE, 1999, 3719. 173 ~185.

7 Hsieh ] W, Liao HY M, Fan K C, ez al. Image registration using a
new edge based approach [ J]. Computer Vision and Image
Understanding, 1997, 67(2): 112 ~130.

8 Zheng Q, Chellappa R. A computational vision approach to image
registration [ J ]. IEEE Transactions on Image Processing, 1993,
2(3): 313 ~326.

9 LiH H, Zhou Y T. Automatic visual/IR image registration[ J].
Optical Engineering, 1996, 35(2) : 391 ~400.

10 Yang Z, Cohen F S. Image registration and object recognition using
affine invariants and convex hulls{ J]. IEEE Transactions on Image
Processing, 1999, 8(7) : 934 ~946.

1

—

Yang Z, Cohen F S. Cross-weighted moments and affine invariants for
image registration and matching[ J]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 1999, 21(8): 804 ~814.

12 Chang S H, Cheng F H, Hsu W H, et al. Fast algorithm for point
pattern matching: invariant to translation, rotations and scale changes
[J]. Pattern Recognition, 1997, 30(2) . 311 ~320.

13 Kybic J, Unser M. Fast parametric elastic image registration[J].
IEZE Transactions on Image Processing, 2003, 12 (11). 1427 ~
1442.

14 Krucker J F , LeCarpentier G L, Fowlkes J B, et al. Rapid elastic
image registration for 3-D ultrasound [ J]. IEEE Transactions on
Medical Imaging, 2002, 21(11) ; 1384 ~ 1394.

15 Zhang Yu, Liu Zhe-xing, Li Shu-xiang, et al. Automatic elastic
registration of medical image based on mutual information [ J].
Chinese Journal of Biomedical Engineering, 2004, 23(3): 279 ~
281. [3k)E, NE R, ZMESF. ETEFIRNEXKGOIM
HRAELT]. PEAYERSTRY¥HR, 2004, 23(3): 279 ~281. ]

16 Likar B, Pernui F. vA hierarchical approach to elastic regisiration
based on mutual information [ J]. Image and Vision Computing,
2001, 19(1); 33 ~44.

17 Besl P J, McKay N D. A method for registration of 3-D shapes[J].
IEEE Transactions on Pattern Analysis and Machine Intelligence,
1992, 14(2): 239 ~256.

18 Chui H, Rangarajan A. A new point matching algorithm for non-rigid
registration[ J]. Computer Vision and Image Understanding, 2003,
89(2-3). 114 ~141.

19 Mount D M, Netanyahu N S, Moigne J L. Efficient algorithms for
robust feature matching[ J]. Pattern Recognition, 1999, 32 (1)
17 ~38.

20 Alhichri H S, Kamel M. Multi-resolution image registration using

multi-class Hausdorff fraction [ J ].

2002, 23(1-3) : 279 ~286.

Pattern Recognition Letters,

2

—

Rucklidge W J. Efficiently locating objects using the Hausdorff
Distance [ ] ]. Intemational Journal of Computer Vision, 1997,
24(3): 251 ~270.

22 Lee S, Wolberg K. Image metamorphosis with scattered feature
constraints[ J]. IEEE Transactions on Visualization and Computer
Graphics, 1996, 2(4) : 337 ~354.

23 Rueckert D, Sonoda L, Hayes C, et al. Nonrigid registration using
free-form deformations: application to breast MR images[J]. IEEE
Transactions on Medical Imaging, 1999, 18(8) . 712 ~721.

24 Press W H, Teukolsky S, Vetterling W, et al. Numerical Recipes in
C(2nd edition) [M]. New York: Cambridge University Press, 1993 ;
394 ~455.

25 Kwan R, Evans A, Pike G. MRI simulation-based evaluation of

image-processing and classification methods[J]. IEEE Transactions

on Medical Imaging, 1999, 18(11) : 1085 ~ 1097.



