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Abstract : Image registration is a core technology in computer vision and medical image analysis, aiming to
achieve spatial alignment of images acquired under different conditions. Multi—constraint registration
enhances accuracy and robustness by integrating multiple constraints, but it also increases the
complexity of the optimization problem. The Lagrange multiplier method provides an efficient solution
for constrained optimization. This paper systematically investigates its mathematical modeling and
application characteristics in multi—constraint image registration. After reviewing the relevant theoretical
foundations, a Lagrange optimization model integrating multiple constraints is constructed, and the
process for solving the optimal solution is derived. This work provides a theoretical basis and a
feasible solution for high—precision image registration in complex scenarios.

Keywords : image registration; lagrange multiplier method; multi-constraint optimization; mathematical
modeling; KKT conditions

515

BER BRI AR R, EGEREFEE A G WT, BRI TR ST 2N H . B, 2R GREGED)
JopkE RS s RGBT A SR s SRS, RO SR MR S BARRBI SIRER,
REENE SR 2 A Y,

RO HT 2R, FERAIFSESCRSTT, (HSCRR RS2 | Sl AT, 2T S St £
LB R AU R STHRSZ EFEETRMVE, (BRI, ORI FRLR IR A BRI O

REAE W] H SREHEIEIL B I ASRECK T LR A AL TR AR, BATEE ™ SRS, TR T2 M. FHR
MTZLRELHERRE, TS AR S LIRS — UL, NEAS e O, s et 5 .

—. HEXEICEM AHAER T BGRERAESEE, b, CHRERAEE S
TR R IR PR SO O RS LG HE R 22
(—) EfsEcH 1 AR
FHRTCHE Y AR S — AN as e e, KA G (% AR T AT S R 5 25 R G 2 (Al By 48 (A A 2k

HEG) MBI ZEEGRERRRT, EERENNKERER &, REEREAAERT 5 NI (7 542 #e A JE R 22
RTHE—3 HOOE el FIGTALEE, FHERISITH . #o NIMREE -1 . TER MBI e, RN

HEES:
ZYE 2025 FRRPEFRINEFITHIE (AFEEHDEEHE ) , MEKS: YQYB2025167,
2025 FELBHRUSHALEHSBERARRE (REEHR: BFUERTERREEEFRIHFRFRAREHAR, REKS: AZCJ2025131)

080 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



X'=ax—a,y+b,

V=ax+ay+b,

Herr, (x,p) I EHGEER AR,
B RR,
it

TiSTAEHRELST T IR . A0, PR SEERE Y,

:

(', ") B E S
O NTEEE L, b,b, 9P

a,=cos@ , a,=sind ,

ESvawok
a, a, b\(x

y
1

ay ay b
0o 0 1

oy ay,a,,a5,00, AT BERRTIYIREL, b0, 3
Fotit,
ARREAR e TR EMR ISR AS 58 LA AR NP A

RS B HEAAR e, TR (TPS) 45, iy, B AR
Huid H R AN A GRS, Rk

T )=2." 2 NN, ("E,
HA, N (x).N, (v) B RIR IR BREGESERREL, B, s
HITHRL, m. n R U A ACE .
2. AR R
ML O B TR RS F s BG5S 2 F G I —2
P, PR R R AR A B AR AEAR DU T
TR JEAFUDIEE JOE B e T IR R A AR FE BV 3, AN ELAF S R E
(CC) . H—LEMEREE (NCC) . EEE (MI) &, HAHX
FE TR R G S AR RS, FkaUh
2 U@ -DUE)-T)
X e - Y G -T)
Hr, Ix, ) BESFERGIKEE, J(,y) NEEEEIEG
KR, T, 5}7@%%-%@/}@%@@
BAZEIETE RIS PAHES, A5 RFT G S i Geit
PR, &M T E2MAERGEGE, FERN:
MI(1,J)y=HI)+H(J)-H(,J)

A, H() « H(J) 525 RGNS E G R 206
H(1,J) RGBS

FHEAME RS BT RO FA . JASEE I mUiE 7 ISR,
FATRSRRTOCRA RIS TS, (TR AR

(=) RitgEp ATRELE

TG B H B R AT L SR U 2 B R 205 ik, T
MT BARRECES TR AL, RS2 R Y
AL R HAZo O AR BRI B H 3Rt Bafr R
DA IR N TCZT AR AR B H PRI B SR F7E

L S LRI K i

T EE LA 7L -

HARBEEL: minf (x) (8 maxf(x) )

g g, (x)=0,i=1,2,...m

Hrp, xR, f(x) o bR EREL,
g (x) PEXLH AL, m WARZEENE, Hm<n

HLRRIAR B H e, SIATASHIHIREL 4, e R, MRS
B H BRI

x=(x,X,,...

(xA)=r1(x Zﬁ,g
ﬂﬂﬁ@ﬁéﬂﬁﬁﬁﬁ@clﬂ RO P AL Al JE s s BT T BRI — B (i
SHONZE, A

oL 0, j=12,n
Ox,
a—L=O,i=1,2,...,m
o,

TSR BRI, AIERAAR R x PORME R, R
S8 SRR e A

2. AL TR i

M T ARG L AN

EAREREL: minf (x) (50 maxf(x) )

LI g, (x)<0,i=12,..,m

HINFEFS| A KKT ( Karush—Kuhn—Tucker ) 45, KKT
S BB T MR AT b S A AN L A R 1
o FHASET H RREL:

L(x,A)=f(x z/lg

M KK'T 2 ﬁﬂ@?ﬁ.

(1) —Frieffitkssrt: V. L(x,2)=0

(2) TATIHEEME: g,(x)<0,i=12,..,m ;

(3) HAMAGZAT: Ag,(x )=0i=12 sl

(4) Rttt 4,20,i=12,..

IR E KKT /\ﬁiﬁﬁﬁ[}’f’txé x AL B H TS A
AR EAE XL A I B

—. ETHRBAERYGNSURE GRECHERFEER

(—) BfFREHmE
PG R H AR T R R e G i — sk, Acsh G
TR SRR, MER AR EFR L, BFReRECh
f(T)=a-NCCU,J)+(1-a)-FM(I,J,)
Hh 7 oM RESE, ae[0,1] MIERE, NCCU,J,)
T E R EG J, S2FE G 1T 19— B KR,
FM(1,J,) NEFAEDCREALE
AL EAR N ERAL £(T) |
LU R AEAR LA e
(=) HR& MR
IRABEME IS PRTTR, T LU R L o4&
L JUAIAE 2 o

AOLAL T (RS BRI AR

JUARTAS 2 SR T PR A 2 (RS H O ST, AR S B P 47 55
TS I A AR R, AR B AN 29 A EANIEAZ $y

1, AAGSHT TS HTLTH, g (T)=a? +a2-1=0,
HHra =cos@, a,=sin@, ONFEFEME, LA AL T
FEFPEGITARFIA NS

2. LR

P 2 TR R AR AR AS R G e v AR v R A

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 081



&M ITIZSRA | COMPUTER ENGINEERING AND APPLICATIONS

FEI AL B A IR TT, JEHIE T RN Rz 5. SR
HEPIRER, kA0

& (7)= J‘j[[azjgif’y)]z +(62J;J(;’y)J2]dxdy—C <0

o C R EE, T R AR R

3. IRBE—E 2R

I — BV L A T ORUE B 50 W R 2R A (B R A
P, EEGRHBUK ESEAE . TR R R BT, AR ECHE SRS
g 525 BIGRIKEEEE—ETEEN, Fky:

gE(T)=r(rx1i))(‘I(x,y)—JT ("7’)’)‘_‘gS 0

Hor & il UG 50 R 0 B E K R 2 (B

4. FFIEVGRCZ R

FFIEDCELZ o F T ORIE B S5 Rl s 23 [ — 2, sl b
HRIMA R GRLD, Fha

gA(T):krglgﬁp'k—T(pk)z —-56<0

Hhp p TS 2% UG ICTCAIE AR, 6 it
FHRZEEE,

(=) ETHRHREARMAMICIEEE

i BRI S A A, M TR I H IR £ 290K
UG RECACEA, e KA HARE N min— £(T) , SIATREL 4

GUTASRERAR) . An 4 4 CTHE. JRE—SCHE . HEDT
RURSRAFASRAR ) | HIERNS I H AL

L(T,A)=—f(T)+Ag, (T)+Z42:/1,.g,.(r)
a8 H s 5 KKTI e, BRI LU T 4
(1) —fripeflitissft: V,L(T,2)=0;
(2) FAXLEATHESE: g (T)=0;
(3) AEEXLPRATIERAE: g,(T)<0,i=23,4;
(4) EAMASZEE: g, (T)=0,i=2,3,4;
(5) AR 4,20,i=2,3,4,
(M) RLREREISE
Br FRUBTR, SR AR Rk PR AR RS T,
SRR :
R MRS T, (WRIIEIERR N 0, RN
0) . FASEIHTREL A, (AL, A A WIBARTEIIN0) | 2555y |
JERYCEUERE N TSSO & o BRI T BRI IS0 i 24
v A T2 31 58 g A& ] H FRECE NP w S ER
B ISR, X LUSHNTRE R I BRSO SRR A Bk =0
EOO RS M,
P PRl (R v S B VAT E v < = N
L(T,A) » FUELL X T Mk vV L(T,4,) -
SAES: MU NS T, =T, -n-V,L(T.4,) -
WA TN BT H R N TR 4, LR
g (T.) TEH, A=A +u-g(T,) (u NEFHEL) ; HFR
FA Y HEM 4G=234), M % KKT 5 4 2 5l 5 4 5=
o, A= max(O,/lik +u-g, (T,Hl)) °

RS FIWTRAW RS BT, - T <e | BUERR
Hk+1>N , WEIRER, wHEAEsHr =1, ; &N, 4
k=k+1, RAEE2,

FIE6: RIRHAHRSE T, WEFRGITERE S
&, S5ECHEE RS

KRR, JET TSR g TS p, AP IS
TR SRS E . iR g N REEAC AR, R 2R AR
[FIRIEEATT, R IR RS A E N A S H

=. MRS

(1) LRI S T etk Aokl B IAOEIER AL
IR LA, UTERLA, FRGH, RE—5
PE LA E DS RE 2 AT A0 A\ — R 9T B BB o
(R AL PR ST, OB

(2) FERESAFERERITARHLE] . Hobe Bl FTRALA R “BU
WE L HARNR MR AR AR PR B
PE" o SRR, BRI ( g (x) Bk ) HAR
4, TEEOHK, TERIE TR ITRRACL LTI, SEBURMERTE 5
£ SRR TR 3T

(3) HLBFRIETTMRENLEE . SREIR BA 2 SIT
WA, RREA T ARRRER, (LAGRE KKT 40, 3
ST T 4P AR BRI 5 4% 24 R R B L
USRI TR, SO AATRERET N . S H R
£ A TG LSBT RO, AR EAE S R
ROMESH L AEIROIE, B0, ORI L S )T — L
TR A, TR R RS MR A A O,

L b, ROk T E TR0 2 24 oK R I S R A
R, BRI RERE, TARE, TENLAES . TTRRERE R SR
ARRESPRRE, RO AT AN 45 3RS T

24k

[1] 3% . TR MBS RIS RS (D). TR Tloks: | 2023.

(2] SEARBA L AB/NBE , B . e RN SR 37 7712: (COSI=Corr) fEHBFRIZ AL s
M FZEA (1. HpERl kR 2025, 55(04):187-196.

[3] k%% . EET R FHEA RIS A mEOAIST D). KR TR | 2021,

(4] EFEHT . RS LN G T SR G R S RS SR IIST D). hE R AR
(FRERREBIG L ERE AT ) , 2025.

[5] 2=t . 2 E SR R AR R IS (D). ALatihB A |, 2025.

[6] Ui 745, R0 | IEE S0, S IR OS] S I R IR UMD U AR (DU EE B ().
HuERIE EURE2AR 2024 ,26(12) : 2659-2672.

[7) 728 . Rks B H FREOEARLATERST (1), WTLRME ,2020,41(09):42-43.

[81[1] BBt | T . XAME MRS KKT FIgg BAMIIL KKT 404 0] $ae
2447 ,2023,43(06):1897-1913.

[911] $BFd , B | Bp5ed | 55 PR BRI R b K PR K PR L S AR 2
FE FIERFZE (0], B AL S AR (Fh9E3C), 2024 ,22(S1):10-16.

(101 R0, Wk , FEFMR , &5 B SRR GEIA — (U ELAR ST BAR G5 A 1 PR O S0k ().
PR R4, 2019,41(03):50-55.

082 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.





