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RESEARCH ON AUTOMATIC REGISTRATION OF

MULTIMODAL REMOTE SENSING IMAGES

ABSTRACT

In the deep research of remote sensing, image registration is an effective method to achieve
the combination of multi-source information and realize the complementary advantages of images,
which is greatly valuable in the fields of national defense and military security, environment
monitoring, image processing and so on. At present, with the continuous enrichment of image data,
only relying on manual methods can not meet the needs of a large number of registration tasks.
Moreover, large geometric differences and nonlinear radiation distortion between multimodal
images also greatly restrict the improvement of the quality of automatic image registration.

This paper summarizes the basic theory of automatic image registration, and analyzes several
classical matching methods. Aiming at the rotation difference between images, this paper creatively
proposes a multi-modal image rotation correction method based on a double-branch neural network,
which realizes image rotation prediction and correction by constructing a feature vector of rotation
and a useful neural network model. Based on the information of phase congruency, this paper also
studies the construction methods of maximum moment map and maximum index map, which are
applied to feature point extraction and feature description process respectively. Aiming at the
problem of traditional Harris algorithm in point distribution and location, this paper proposes a set
of Harris feature point detection process which combines multi-scale space, local gravity center
detection and local optimal extraction.

The training and test results of the network show that the proposed image rotation correction
method can achieve high prediction accuracy for multiple types of images under multi precision
conditions, proved to have extensive effectiveness. The experiment of comparison and
comprehensive matching performance both show that the feature matching method based on phase
congruency has strong resistance to nonlinear radiation distortion, especially for the image with

clear geometric texture.

Key words: multi-modal image registration, rotation correction, phase congruency, double-

branch neural network
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1.1 REBERREX

AN SEEU S i NCT1bE R O | A SN B S T i el S AL S EFS N S OB S 55
RZ— o G FIRFE VT AL A T R AR AEAS S AL PR IR B 2 4 18 2 TR 4R FR ARSI v 4 [R] 44
KER, LB A B XTSRRI EAAG ) — i T2 B s I A IR A A i R
FhRE & WL UG A BB T8 W IR B 7T OG22 214 . SAR (Synthetic
Aperture Radar) 5% . LiDAR (Light Detection and Ranging)5i41% . ZLAMNAZ FIMHE b 25 %
FhEBL, AEAGHRIES BGHIEAR, SECEREERZ0E. ZME. Z0MH. 25
HER . KIS 2 57 550 36%?\3%7]‘#%@%1%0 -

e’ ’@

1-1 ZEERBBREBEH (FTHE-AE, SAR-A)D

Z B TEIRGL R UL H RTS8 2 — MR PR 1 ) 10) 7, fe 2% B VL e o 52 s A4 TR 22 %
IREMAR R, FEMZ R RN AFE R 2R RIEZER . FRAABAAEL i A . 7=
RERYVAGGBAEIUTZH AR, SHONJUAZER, FEBH THRREME. ITEIRES
A WIS BN G A W AR R )2 D () M vl A O 2R S IO R S AN — B
MG, HRR FEEZNE B RAGE FE P ATHE, Bes fRRE R ESE.

B RHETURCRR 7 AREVE 2 SCHE ) Rk A e v, R BRI SR 41, HAE [ R A 77
A TE 5 A A i 22 U B AT SR S AN B, TR B AR R E SRR ZURICA E
ALy SRS R TR A [y, MRy MR PR BT 7T, SR VLIS 2 M
T BARRAERER . sciR BT, —4ed g, Moy EE. W Sh. e, BE
PHESE A Z BUR AL AR T

BT 2R BEECR AT SRR i, 3 AR SC R FH 23 U R 2R BI04

(1) ZAEHBRILE. FoRFE— BRI AAFR TEMN SR . 2 0EAF L
FFAGAI O AL B, Al LE A s H AR (S b — e sl = 425 . UL 1 1R — 3 S AN A A0
i P2 RGN A T BRI PR . S4ea B g, iR B AR .

(2) ZIHHFABRILEC. ZRARMA G 1 [F—37 SAE R 2R B 2 S AN [R] B AL 8] Y 7 38
H 0L, T ANFI 2 37 5 AR VLD, 7] DR 2 1 S0 37 55 Ml 5 o A2 000, 2 K5 Bl
H AR TT . W H AR RISE . 40, RIHFAR R AR DG S5 R, DLt ]
BT EUE B AR 0N 183hEREE. [R5 8K (Simultaneous Location and Mapping,
SLAM) S50,

(3) ZUEFCARILEC . ASFIRER TR B3R A — 5 AR G EAR, dark [
BEXT A — s ) 2 MO RIS AL L AR A P2 = 3R A5 B o AN (R 80am7 3R A5 R AS [ 4
R ZIRAR, @ VTECN 55 A ASEI AR5 B R E, DAL SRASXT H bR A 1 v SRR,
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M SR FAAG AT S FH 5 KA o AH R CHE RA A nT 4 B R T 15 25 (R 5 =6 i o M e e A%
Mg RS s Bl A 516 BB ANE . ZILECGE ] N T 2R A e fr . PR
BTN FON R BOSI R ERB R S, IR RGBS R BRI
B A — B S  J HE BRAR R, A RIFEbR A 22 57 B, HMELAH 2 Sks
FRA LA B3R AL P K o T TR AN (R8RSR A5 ) 22 BEAS RAAL 1) U LA A 38 E AR RR A0,
B RS TR, S B EEAE EER, SARMAZ €M R &4
HERAER, SCHEEMSARFAL NG I L e o /R AR KRR B IR R e R S,
TIRTF 3 R 1o SR FE IR RAAG B, R B8 ey e S 2 A4 ) R A A T I = ot T2
ERGRAREEENENR, B RIFFETFRG.

(4) BERIPCRCRZIE . X T ENUR I St e, Wil Her @R A (Digital
Elevation Model, DEM) 45, H#IHI =45 HESH G 2 MUILES, A Pk e
FERAR S LEB R stiAs, AR BRI S BRI RIS SR AR

ZR b AR ULEC R AR TS AE N BT V2 e i A 5325 1 it M b 08 LA 5 K B3 7R F
B o TZITEORALE I 22N 20 A PRos i A 78 40 T B 1 AH S AT I B 224 o SR T Bl A P AR
#L, B EEHEFEE, RER —MEIERIR IS T S 2R TR S, FUILE
B S AN W I 5 R S I I B8 R B SEBR SR ME, X AR FEN B FTRELE SR 1) H b

1.2 EASMARINR

[ S 785 B FAE 1960 FARTTE T s AR ULEC AU i 78, 21 20 AR, H—4
A RVEFAG VLA i) 8 15 3 1 AR . Zitoval RGL 52 3B 25 T 2003 S PART 14
VCHCZ 887778, Fx =gt AT 7 A2,

b5 70 AR, WA e G AR UL EC H IR AT T R E RIS .
VFZ2 i FH B in T 3R H A SR TR N AR A S A2 I 3 277 . Kitchen,
Rosenfeld Z50IE 1982 4F 1 S tH—Fh 3 T v 50 ff S AN 59255 78 1987 4%, Forstner,
Gulch ZEOTH H R FH 524 — W SRR I AR, DAY 0 S920) i s (1) B i 1k 5 76 b2 |
Harris, Stephens!’/7E 1988 42 | Harris 5+ Ib/5, Rosten S5 MEIERTHEIHEE K,
$& 7 FAST (Features from Accelerated Segment Test) 5.y, 1% 7 iEER NN Rt B B A BH
STy e

BRIDGAT I, HB 5053 X A5G T 32 S AR Fh (1) X I UG BC 7 V538647 150 A p e
Tk FEEONH ML (Cross Correlation, CC). 1993 4, Hanaizumi, Fujimura 251 R &
AR R AT T, 48 7 RIER e & s Lewis!'OE 1995 A IH— L EAH R R
% (normalized cross correlation, NCC) BEATUCECHFFT, FH LAJHES 6 IE 5 K FE ARk (520

SRS, o B AR S A EIA WA A T ULECHE . 1986 4F, Bracewell!!!$& HAHAL
AR ITVESE I RAZ AR HE s Tzimiropoulos!'?I7E 2010 “FE4EH 7 —Fp2EF FFT (Fast Fourier
Transformation) X EAZRAELHE T2 MI (Mutual Information, H/E5E) J7VEH ] H Viola,
Wells!ITE 1997 SEHEH, 1% 5 1L RE 08 B A e 52 AR () () AR 2R M A 22 57 o

IR AR VL AL A VAT S R R A B B k55 25 S5 e 7 TR T B IR s, (A x) 2 40
JUT 558 5 22 SR AR U . Bl 2004 4, EFXTSARMUATZE R, Lowel 2 H 74 ML
SIFT (Scale Invariant Feature Transform) J5v%, 7EHKBURES e Z=5S . DL — @ E X
FEARL EHUAS TAR KBS, BIAE TATML I B s, 42 B A RIJR AR VL ECAT 25 B
VRHIE UL V2 — o ETIEE et i@ | sAAR I i 22 00 ROBE 25 [A), e ROBE 2 ) o o)
BRI R T VR A REE RS M4 S, FEos il S Be 307 ), R JE R B E
B SR P RFAE R 137, 8 S5O0 A () 07 328 58 BRORFAIE A UL IC . G, ASD I 9T 2538 X% 7
A T e, W PCA-SIFT, JIN ZE s o Ak it 47 B 4 Jinig b 22 . SURF (Speed-Up Robust
Features, M EFEAFE, 2008) IS HLRIE G RHIE SR . ASIFT(Affine-SIFT, 2009)!'¢)
S5 EPXF SAR SAE I HAREHIE, Dellinger!!7I7E 2015 4E42 H SAR-SIFT 5%, I NHTHIEAE
JE S, FEEDNT SAR SAAZ e B g A 1) B R

] N 6T 2 RS AR UL BL R i 78 AR 7E 2000 4E2 J5 eI, BT SIFT KL
K% B AR R ZHRNIR S5 P 3R A T B M A, DR Ry A R K 2 B T 2B
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@) X FRdrs ,
B stamorn 1no Ton onverams & AR S ITH A
BIILEC VL . 2RISR B THRE A, MR, RVERZ QI ULE T ETGIEA 3
& H T 2 S AMECHE, HTUoRS 2R E g

2001 4F, L, BRI NUSHRH T RBORIEEFE DT I R, KR TR WOG-4rah
R IIUCHD s BRI A5 TE 2004 AR08 HH LT Sobel H 15 1R TTAC ) PR TTRC J7v% 5 2008 4F,
JEUIN S5 N CURFEFE T /N AR $e AR DU RC A 1 B2, 456 NCC(Normalized Correlation Coefficient)
THEAMERE & TR 5 AP 2011 42t 7 — MRS B2 BRI E, ZEE
DAHRIT— € W PR A 22 57, FF [RIIRE X A] Wot-£L AR 24500 5 1) Wot-SAR S2 48003k 4T 1L
LR

2016 4, My 525 F i AL T LT 85 /R 1E 1) HOPC (Histogram of Orientated Phase
Congruency) %k, ZAHIER TR WS SAR SG FIRFERG R T 81T 7 U AR IT R 77
15, EZBEARNFEITECAT S R 2B AR 248 s 2019, FET, MJTEP2a it 1
REEGRRZ Mg LR R A 2017 48, ZInocs 2 RIFT (Radiation Invariant
Feature Transform) 5%, 7R MAMA —ZHEMRARE S, e T8RN EHEE.

TERAARVLECH, Jiehs 22 5o LT 2 e 1) — A £ 255y . H AT & 5870 0 T e 2 7R
IET7VERIE 9T . David G. LoweM &5t 5245 UL HC 1) RS AR 14 1) SIFT 5% )2 H Bay 555
FUHESE ) SURF SER A 1T HE S J7 M Re AR (RSB AR ST 1 BRI e e A2 1, H
EH T AH 9 712506 SEAG B B R s AR, AN A 7€ 1 R 52 AR VL O AT 55 Hh Be 8 AR AN R (1) 3R
W, BT 2SR VLA I RSCRAE . A S 2018 T SURF SR 1 J7 IRFAE A H Y
ARG FERFE DT R, 456 R AR5 W = IR &R AT R IR R N SRR, R
T Mgk 1 AT WOt 5 20 AR SRR S5 ) e AR e 10 R, {ELZ 7 V5 PR A AT 98 A2 B A P s
i, HMELLTE G RAE G It fm S I A2 (1) 528 40 SAR SE R B ks FERR IEAT 5%« Bl A b B 25 1]
EREARR P KR, Mg E AR AT S MRHER) HOPC CGE A AL — B )
VLHC %23 CFOG (J7 My FEIEIEREAE ) SRR Ieh R F S2 8 1) 4 B b 2 25 [R5 2, 40 A
Z A RE(RPC), Ha T4 ok R 5 807 m AR R S50 AR 1) T LA 22 e 34T BB,
ONERERE R E, SN ZRER, HEeMOBT AN MIERE, —HBRBBEAER
SIEH B AR (R AR R AR ZE R, AR TR SE R 2B o Jiayuan Li FPHEH ) RIFT
CRES AR RFEAS # ) S aE i A i de KB R 51 & (Maximum Index Map, MIMD , 4
MIM [ R Tt St /N 22 S, AR AT WA RS I, T8I T R R IR RE RS AE — e FR
USSR 2 R, SRR AR R A LR, (HiZ 07 VEZ 3] MIM TR RE R R
AERE A FERI PR, SCPRR IEARSFEAN R, FREARMARA b ok i FE R I ) . 7E BRIR AR BE ()
FofdAHoC s, EMRIRA . 385, AR E AL 2 MRS N T BUR R hes%
K IE. CUl SR A i FiAs N 5 06 d5e MG S5 D7 1k R R e e # o MBIk S5 12910 25 5 T IR
FEIE 5 15 AR AT NSRBI S e 5 2 1E - Lee Donggu Z5ERONIHE HY 17 2EF CNN 1 B4
W AR IESE, SRIEm BRIR A, %IV R R RATT 9 [FR S8

1.3 MRABTSETRH

FEZ RSB, SAR AR BA m e G RL . R AN G ST R AL =i, (I 9%
FACT A ICRAR: AT WOERAR e m LT etk o, (HEARSFEAR T SAR 4R, @idw]

HotE SAR SR RIBCHERL & A I AR, AT BME AT WOESAAR RN BT s R e A
FEEE, TRl SEIL SAR SR HIHE 70 HE A L . R, SAR A5 L Bl S SR 2 7 1 ) 7R
B PR EEBER, XSGR AR E 5 2 2 BRI TPim 51
KEEN 2 MR o AN, mdks LI OGER 2 T 80E BRI EAE B, BT
oy A AR IR G 23 AR K R AR S IR A2

H1T SAR 1% 5 0] WIERAG 2 A A ML 58 S AR, W3 2 1] 25 57 K S E0RE IE 5 L
BEAESSHMERERUR, &M T SAR SR G A R — R R S i) B HAL B AR
MR IEVCECAE S5 o DRI, Re HA B R PR 62 . SAR SUAR VR AR R 7t 12 2250
BXF, B LR RO RARWETT, I LR A RULRCRE 5 i &0y A AR AL Sk UL e P RE -
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1. WIS SAR SR LR A VLIS . 27 STE T 2RI AR L ) T AT 107 2%,
SEARR UL RCARE, M — e B 2 BES A B A A UL 5%,

2. WEFCI LTI A SAAR VLG (r) e XS LA 22 57 Hh B QB U i I e 5 22 5%, TSR
[ Jiedee 22 SR IE T iR W T, DASEEIL S BE R e A T S e I 53 - F i Bl T SR U5 i
FERFILAIBR L ARG —BUEE R, DR TN SR M B Xk s BIF TG W e e 22 5+ A1 14
M2 AR BT 5000, DASEELTI A ) ks BE SR X

3. WFFLARZ I S W AR AR VT IE 1) o 22 B DL 53 5 IRV DL 50 57200 A 2 P i S g
AR, MR RAZ I, AR 45 & log-Gabor A&ARHIAR AL — B EAFAE VL AT %
HFHRARAS E S5 h 5 RS R SR IR AL A5 M S BRI IR AT SE B 27 - SAR SR KT HE -

AV SCEAT LA T

Hw iR, MENHZEESEREARILEAE S 5 4 HATILRAE %5 i 2%
Meris A ARARICE BRI E NS TR

3R MRIL AL, RS ULECH E SO 4% 2 (B A i IR
BULECH)H RS BB IR, a2 =M N TR AR UL RS 2 7% Tl 2 415
R UL A5 PP AR

o BBIERAIETTE, AR BT %, A A B R
ARSCHE A2 2% Rot-Net IR A on SEi il 45 R 5 U] 5

FVUE BREREILAC T, 2N AR — B i R B RO B IR N 21 ik
(¥) Harris A0 7 28 SORME B AR AN (O THSLRAE s A R KA R 51 4R S R F A 1
AR 05255 B SRR UL R T W 3R A SO 155 2 B UL IE T iR 3EAT FU, o e R UL RE 4 2R
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2.1 5185

AR FE BN ARG RFE VLR A S 2 ML UGS 5 v o VUG 1) S8 S 7 T F- R

[i) B A ) 25 TR A 46 bR B, AN ) 0 25 ) AR 4 B AN TR R RE A o PRI BCE @ R i L 5, 75

BOEE DL P BRRAT R B RS UTHC st s SRBURFE R B E H4 2 X A AR A A A

PR FUCHES, F RS UL U0 SRR S8, e GRS « LR UL IC VA dE R T

AR IL ZAG I 53, B0 Harris 9%, FAST Byk%5, DIAETHER (MD KRR IT

i 7 VRN I T AR A — SO AR N i . ¥ AR 22 (RMSE) FIILFLIERf2% (CMR) &
SAG ULHC (1) E ZPAN 4R AR o

2.2 FEILEHE X 5% BT RER

SARVLHC A B A — H Ard St i el 22 8 A R R AR AT R 4 R R R, SCBLAR =
AL E B AR . BOIERFILRCR R, K — IR B S H 5 %,Afﬁ“ﬁﬁuxw%
—MEBRNNEL, KEDATNL(x,y), Fb(, y) AR R ER fA bR . WAL T 5
(2-1) BT RR:
Li(x,y) = HU(T(x,¥))) (2-1

A, H ORI K AR KB, T 977 (A2 sk . 385 IR AR AN 2 A 23T
DAL b S A A0 P 2 ) A H6 R 4 T IR AR gt A2 s AR DT o 7

FIFAG 2 (A AR R EA RN A e (5 AR . R0 5 2 AR e, A =
NENEA A, AT ARIFERESS (2-2) SRR AAR (o, y) B (2, y YIS R R -

x' my My X
ms m4 H ] (2-2)
Me

y
1
Hr, mos mys mys my N B @m%%mmiﬁ%ﬁ my~ mgRANEAG KA
WENFE; mes mBRHEIIKF SR EH. FHAAE) U .
(1) WA
LG R s B BB T R AR R, EERBGGAETITER . . BRIERR,
EQ%I®¢WEﬁEMWTﬁCH)%T

=150 osel 1+ [ @3)
B AT RZAR A = AN H B, AT DL 4 R LA B VLD 55X 3 T S H0R iR
(2) i A4
s A4 v LR R AR I B 5 PAT R R, I T P88 ks . SR BYY) 5487803 e,
HA BB A (2-4):
' mo m
[ ] rng rni][y] [ ] (2-4)

AR N E HEE, SRAERIELR =20 ) DL EATE— 2 H 2R ERIULHED 5%
(3) AR

b
a1
=
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PR A F RS 0284k, AR AT JE A PR UE R BN A 25 i H 22 U AN [ 26 B
BT R R, BT (2-5) Fis:
' my My My X m
[;C;] - [mZ m; mZ] [y] + [mi] (2-5)
PR WAL )\ H B, PRI SR DY 24 J L EANTE — 28 B4k b I DL D s XA T SR
(4) JRFRENERE
FEEAAR G 2 PR A IE P A B — 5K = A A, J3 0 1 AR 4o BE MR AR 5 2 AR Ee Mk
(R, ARSI H PR AN = T X 3 e 14 1 i A 4
(5) JEZki A
AL AR BB AT 2 1) R HOY O SR AT RS, nTRLAH I A (2-6) FoR:
x,y)=F(xy) (2-6)
et e 2 A e oy L, Rk v (2-7) how:
{x = agp + 19X + g1y + Ao X% + a1 xy + agyy? + -
¥ = bog + b1oX + bo1y + byox? + by1xy + bopy? + -+
XIAS R AG DT IC [ R, S G386 18 () AR AR 28, NI 5 07 S A 8 FH TV ok L AP Wi A
PIRHVCHD; B & 2 WA AR ILIC S 2 TR SRR VTG 4 kA R AT, )
I 7843 ) B 22 ARG IE m 1R AT oy 3 e 1t AR e 2 O
2.3 RGN ERRESZMTTE
AT EH T 5 G UCHC 0 JE AR AN — e 22 BLUT L 5 v : 28 T = 35013 J2 IR ARk r S
J7iF T EAG B XTI 77 VA AN T A A — B0t R AE VT AL 7% o b = 5 i AR
WEFCIIZERT, B =R R B SPIREAT T .
2.3.1 FARVLEC =AY

(2-7)

| H R |
R |,
} B
| oL B |
| mgkE |
| VAL | i
[ st | |
| 5 0 S UL | i

| TR |

%
| R E T | | shmmEg |
SHE Ik BYHRE

B 2-1 WAEARILERESEE
SR VLECHIRBEAE T, SREL 1 S i S (A AR B AR 5, € e DL A e S B A AL e s
G (AL B VLR P i vy o AR S MU E R AT IR B S HHERIE E S BT ik, i
SR PR SE FRARAULE BE B EAT AL UG IS, PR LI o AN R T S A e 2, 2 T
THHERIULEC S s JRE NI — S5, B AU 3 S8 7 ik s L
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@) X FRdrs
B saascrs o Tons Unrversrs & B RL AT AT
*ﬁUﬁ LB AR B B R, TR T X L RC R . PR TR 3 A iAE 4o
Bl 2-1 o
RYE S H A FIE R B AN S, B AR 2 00 8 RT3 2 B 70 70 BURS VLR AE sXT
FRAE SO0 SR OS2 5 AL S USSP IR R AE AR A e 48 2R X 3k KRR 3R 157 A S A A
M T ULRC .
(1) FRAE R R FRHE ARSI S R AR E RHE i, Wik M aY
W% AR RARRHE S, XK AR S BEARNFEE NRTFRIEE S, AR TR,
SEERMRHIE R AE SR AN T B EAA B 2K
(2) WEMRXI. RESHRAGRE NG, S RARERS, fEMAEMHEMNR R
RUARIERI E R 2R X X — I R SR A DL C A AT R O A, G TR i #4175 )
FH %t Bt 25 2 (R4 S AT 6T B R R R
(3) FRAERAR FFAE A o XS BEAMRRAE £ B HEXT B X 38048 28 o, MR v e AR 7 11 K/,
P R EREAS AR E R R 1T o FRAERIR T N BAG 5 B P SRRl e, N RR e HLlT i
5 HARAR ZR s R R AR B X, [FI BAG X 22 P 22 S G AR G P A o 22 e () B 1
(4) BEIMRE CVCHL . R A& AL ED B, Wk XEE R . 13— A R R 3L
(Normalized Correlation Coefficient, NCC) &5, 1E48 2 X 45 N 1 s8R & 11 3k47T 24 K ULAL,
AR S5t 1y ()4 28 5 B RRAE R 2 R DT O AR AE s XS ZR 5 FIA RANSAC (Random Sample
Consensus) HIEMMAITHCAE R, S FRRDLEL m%F, i HRS UL RC 2%

FFAEILED

FEE AT " WERFESE ' FHEHR TR " AR E O LA

St

ST L EC =0
!
HSTHRIRESH

& 2-2 AREHARILE A BRAEE
2.3.2 FETREME BRI EUT
R R, IS RBONp RERPf TE FAE . A ROl R
TESAAR I SRATI, 75 A7 s T KT 2 BN J7 R FEISBOR, 5 5007 [m) KR FE 32
SRR, A SO R AR E AT, XGRS XS LR AR AN RURR, E AR UL AL I AR
fIEfT. 1988 4, 7E Forstner WA IR LA -, Harris, Stephens7 42t T Harris & 1.
iZfﬁiﬁf‘ﬁﬁLXﬁh E A SCHE R RHIE B € SO R 38, SR 5 R e B I e th 2 25 R A0 A
o IS SRR R, B AT SRS BT MR .
Harris 55 Z S BA-AUF
(D XBI(x, y), B S, )G HFE M, i M RHIEE A RS A G R 51
—preg, RKiELH (2-8):

A C
M—[C ; (2-8)

Her, A. B, CHE XN (2-9) Fow:

b
<
=
bad
&
b=l



SRR A B IL L EAR T

B=Y*Qh(x,y) =I; ® h(x,) (2-9)
C=XY Qh(x,y) = I, ® h(x,y)
Kb, hQo ) NERERE: X YIERUSOR IR EGIRIEAE x 5 y IR L I
(2) BOE—AMNEBIZBIETE & H, AR T MBS MR & (u, v), THESXT
LK FESUE B E (o, y) W R (2-10) FizR:

2
E(x, y) = z Wyy [1x+u,y+v - Ix,y]
ww

{ A=X*Q@h(x,y) =I£ @ h(x,y)

= Y wyy[uX +vY + o(u, v)]?
xy (2-100
= Au® + Bv? + 2C
s wyy, A & DR R S (x, y) AR R4
(3) FHERE M AR B2, AT45:
E(x,y) = (w,v)M(x,y)" (2-1D)
ZAIFRE (x, y) 5 R B AH K R BRI
(4D WHEFE M IRFIEAB A, M1, AlATT 20 50 5 AR 2 s P A IEAS 7 1) B AR B2 TEAH R,
554K FE B A R BB 2R LB R o E (x, y) 2 — DS54 FIAL A R IR 2 i,
Xf L —ANRFEAE A A FIA FORRIE, 2R ARER T AR T R0 B G TR ALE

I L L

; 7R / ﬁ?rﬁ

oY U N
2k AR 2 s

B 2-3 RSHEE Harris BFRIRR

W 2-3 Fos, 4580 ST MRS SN, UEBH AN E RN, RN AR
AN AL s 224 5 S8 R — N T T (R FE ORI, A HAXCE — MR, N i
B 3 ST bk FE S ORI, MR E R AECR, A AR RO E .

FESEPRiT B A, WTLL Harris /i /0% R OB RHMEME TR, 24 R RT3 BER, )
WRSHT RO, AT (2-12) Fios:

R = detM — a(traceM)? (2-12)

A, detM = LA MitraceM = A, + A, 53 BUONFERE AT AL a NEKHEL — %
HUETE 0.04~0.06 2 [H],

A B b AR S LR R, 2006 4, E.Rosten ZESIMWHVEMHHE S H R, #2HT
FAST 8038, ZEERIH 2 IR0 U858 R R B8 = /) R R BT, 7E ARl st v - B
R L

FAST BEM BRI RE N BB A GRS, WE— MR, A E
NEZBER, PRI MEER, BT DS 2IRER I RS B3 16 4, W FEl 2-4

% 8 W $£35 11
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3 m-*“g SHANGHAI JIAO TONG UNIVERSITY ZREATE KR H B UCECF AR AT 7

P o 5 5E BUAH, RIRELEL B3d 16 D ml 51RO Rl R 225, RS IS 12 4> (509 )
B R B kS AR E Z2 I A HE R T BMER i 4 W REN FAST FFAE 5.

& 2-4 FAST #¥EAH

BT HEEIE 16 MEZE S, WAL 2 MESKER S, W PLRas TERES
KI5 R JE A 4 AT S > 34 BRIy T BB R RS, FAST #2474
TR BAR, e LR RROL B 4 A, R A0 2 AN AN L BSR4 AT B
Bl H e NAE FAST RHIE o S WDEIRIE NG, X I S B IR St 52 % FAST A&, )5
ZAEME KA H ] 5 15 B B R AE A5

MR, ut FAST TRk, B T RFAZRIA A, IOLRE RS S RSB A ok, A
A% TT VRN R B, (R P —

2.3.3 BT HAS BISAAZULE 71

HAS BIERAIH Viola, Wells!IZE 1997 4EHEHY, %7 5 BEUE B AT SR o SR 18] 1) Lk
R 225, T8 2 RS AR ECHE A U T B8R (BT BB 8O, X H AR AR E — e HIBR 1

NHE N BB AM S G BB, W55 BE R B AN e ), i
B2 B Shannon 5 W ARG 5 INACE IR Z 040, W= (2-13) Fios:

H(A) = —%IPA (@) logpa(a) (2-13)

K, pa(@ NKEFAZ AT R AL a i LEIEZE . — log pa (@) R FME BRI
BN, HoTER B B s . R AT HG SR RO

BAFAEANBENLAZ B, HAR BRI RERR BB & 05, B a AR SR AT i
IECrEy, HRAKXT (2-14) Fros:

H(A,B) = —Xpag(a,b)logpag (a,b) (2-14)

A, pag(a b) NIKEER (a, b) HELE R —18 2 AL B R

TAR B A2 SOR LA 5| Hm R . AERSRILIE T, BASERRA AL BHEESH
BEEAN, AR BEBOR N M IE AR AR B . BAE BRI RIE AN s

_ pap(ab) }
MI(A,B) = g)pA_B(a, b) log—pA(a).pB(b) (2-15)

HAF B AT DURRYE sAA5 B 5 B A R T B
MI(A,B) = H(A) + H(B) — H(A, B) (2-16)
F T ELA B0 AR R] B AE AL A BURR, M ARBL DX I T AR B/, DT 45 AR 25 5 I
NJRIEBHAE AR 4 R i KA, SEUCEC A IER R R, Kk, Studholme 7E 1999 £EBIHE
A A — L BAS BB AL G BA5 BRI 7515, PAIR/ N X3/ e, RIE =0T (2-17)
B



@) X ELALE

%‘%g </ SHANGHAI JIAO TONG UNIVERSITY ZREATE KR H B UCECF AR AT 7

H(AB)
H(A)+H(B)

2.3.4 BT AR — Bk B RAAE S U %

FARAE L — YEARUIS AR 4 J5 AT DL R AS [RIWE E MAE A7 1) 1E 521 >k 23k . Oppenheim Al
Lim 3@ SRR 1 AHALAE N HRAL S8 65 2 R B R AR 31 1 22 0C S SR

W B R, KPR 22 AR K R SEARAE SIS P 1R e FL 4, ZH PRI BT 524K . AN
SERATIL, Fr SRR SR ALE B R R AL, tRAEAS BAE H A i sk )
FHXTEUN o IX A T, 2548 % BB IR R AHAL 73 A BN S5 SJ IR B s PR T8 U8 WS A A0 A EL AR 5
MR AT T — B, & R E R AH BB s o, [ SR IR, 72238k
RINING fRERHE. B, BRI %. A SRHES S-SR AL 7 A B 58 oCEk
P, PEAEAAL—E % (Phase Congruency, PC) [IME&L21,

NMI(A,B) = (2-17)

1846 (a)

BigA
S
5 mEn
v REH
YEHEF (@) S
=
B EIF ()]
@m0t
REH:

HH426 (b)

|F(a)] - e—Jjo(b)

& 2-5 RERBLR NEE
X—4E(E 5 f o) MU Bk of, 183850 (2-18):

f(x) = Y Apcosrnx + @no) = X A, cos(@n(x)) (2-18)
n>0 n>0

e, A n RSB R @uo o0 @n ()N 8 x IROAIRL. %t
)4 AL —BOrE s U
ZoAn cos(pn(x)—®(x))

PC(x) =%
DI

i, @) R x BB IR > 2 AR AE ISR AR T B8 o 2% B AR i 15 T 22 fELA /N 1
s B g AR A — Bt B K A, B B QT 43 A A — B R BB JE 1 v (0,1] 0 B T AME T+ 5
WR MRS | RFRAEL IR, AL R FH A TR R A A, — B AT U B AR J=) B e

, Pn(x) € [0,27) (2-19)

2510 51 £ 35 1
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Mg, JREkRe EEE A B ] DAE— & SF A TR — B i i KA A B . TR
_ EM™
PC(X) = m (2-20)

He, EQ)HES H—HIEL B HHGR], FO)NE SRR, H() N IR
fHHRFE R, IE () n] e U (2-21):
E(x) = {F*(x) + H*(x) (2-21)
WFFEAR /N RO SRR S B A R, AR IO 4 i m] LLERARLE N — R 5
Gabor /NEJEW % FI%F 452158, Kovesi #&H T FIH log-Gabor /N TR ARAL —E0ik: 175
%o 4k log-Gabor JEK R AL =X (2-22) k.

—(n— —(A— 2
L(p,0,s,0) = exp ((p—ps)2> exp ((9—95")) (2-22)

203 203
@) H (p, O)YIRE X HAAHFR, 5. o NI IRELTTIA, pg Ogo LI XS . 2
B, 0y, ggHps OHIATTE
XA ME R F(x,y), HAE log-Gabor JEW A FTA ARREE s« AFRIJ7H o NHIAH
PL—BMERHEEPC (o, y) 1 T3 (2-23) FR:

_ s Yo Wo(x,¥)|Aso (x,¥) AP0 (x,y)-T]|
PCxy) = Ss o Aso())+E (2:23)

X (2-23) W, w, (o, y) AR TG B BB B A, ToAMEAE BIE, EN— e, 18
A1 RR U HACHRIE O B AR S, BEL 0, RIED B A (x,y) O 2 B 3L
AD g, (x, y) 38 LAl (2-24), (2-25) Fik:

Aso(x' Y) = \/Eso(x'Y)z + Oso(xy Y)Z (2-24)

Aso(x' y)Aq)so(x' y) = (Eso (x, Y)(E_E(x' Y) + Oso(x' Y)‘Is_o(x: Y))
~|(Eso (2, )P0 (%, ¥) = Oso (%, ) P (x, 1))

(2-25)
K (2-25) Fdp(x,y)Hdo (o, y) il Tl (2-26) ~ (2-28) Zhihi:
Do (x,y) = Xs Xo Os0(x,¥)/C(x,) (2-26)
Pe(x,y) = Xs Yo Eso(x,¥)/C(x,y) (2-27)
Cxy) = Qs Xo Eso(x, )2 + (T Xo 050(%, ¥))? (2-28)

FIR (2-24) ~ (2-28) HE,(x,¥)~ Og0(x, y) NIEW G HIMA R /38, 8 LWk (2-29)
Fim:

[Eso(x,¥), 050 (x, ¥)]
= [I(x,y) * L™ (x, y,5,0),1(x,y) * L°%(x,,5,0)]

3 (2-29) WL (x,y,s,0)5L°% (x,y,s,0) 53 7N —4E log-Gabor i3 B BUE 25 (RN
) SIS R 8 o T 43 B O (o, y) FEJ7 010 N BB N O, (0) , #78E HR [A]AZ & a. b 40 F i

(229

a= 3., (0s(6) cos (6)) (2-30)

b= 3., (05(8)sin (9)) (23D
MIARAL — S TT H 0 (x, y)

@(x,y) = arctan (b, a) (2-32)

Y5 Harris S5/ RSB 5 —4F, ARAL— SOkt T 9RO AL AL JF IR NpE 54
AR — BUERAE RS2 7S BT IR /DS, X AR MR S AR B 5 B e

011 7 #3500
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T mm— E AR RIAR B LR AT 5

2.4 RIGIEECHITTHN FRE

AR ULRC W FIPPO AR A ULRCRS BE . RRAE LG IERA R . SRR RN EIR G

VCHCHS P A i EE (i dE AR, H T RERHEVARSSHHENESERL, OB BRRA
TIRRZE (RMSE). SRR REEE Tk, Horh, RMSE 83 THE PR AR A VLA
Xt (BN TR i R 4 5 ) Z R RIR ZG 2], bR (2-33) fok:

N
=1 2 2
RMSE = \/ ) [(xz,L_xl,L) +(y2,L_y1,L) ] (2_33>

Ncho
A Nepo N EVCHC ST (g4 1) 1 (52,0, Vo, ) 23 BIA SRR S R4 00 %
I DG E 5 AR HR o
VGHC 1E % (correct matching ratio, CMR ) FH SR A S AIE 8 IR 5 -5 AR ARUPAE 00 B i my 42k,
HERIT (2-34):

CMR = NT (2-34)

S Neop JIRBRRILEC 55 FIERA L AC UG N OYULES 58 BUE 725 TR LS R0
HHL
SRV S 2 P S s ARV AT N TR kAl B, DL IG5 iR I T s, U vk kel . B
AR AT G, 8 2 AN RIS A PR AT VLIS, 1 SO L Y LA R AT A

=

Ho

2.5 KRB

R FEEXTARVL L A B 18 522 55 1 TRl B R TR UL 52 X
T T w2 AR B R I RIE SR R SRR BT AR FE A DL BCAE 55 U T R
BULKRC I FIE S B ERAP B SR E 0N 7 =M TR & VLI 2 7%
Harris 5 FAST $FACE 7 MI ULECVE. ARAZ —BUEER, BT % A R S s
e T T ARVL L IR bm vt

% 12 W 335

=
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F=F ETUGXHEMBHRRIEERIET A

3.1 5|15

FER AR UL RC AL R X 2O B b, V22 S50 i B A Bt B 2 [ 45 S R IO B 5o 4R
M, A LA B P23 (W45 B I AN T B8 LR FEAR ZE T, XSS RF0R AR KRR R LR
AHAER . £ U ZR T, W PR T EESMIINs S mr A, eds Zz=m 1k

AR TR RS R IR AR W) e 22 5, BTG VEIFR Y 1 5T X000 ST LR P 2% (A RE K
AR e I AE JTIEAE N AR VT IE i) TR B AR, 1207V Re 88 72U Ta7 5 s A5 500 1 O 75 AT
il B R A [R5 R R 2R 1 SEBLR A e 22 S R UL I

W 3-1 PSR R R R B . AR EZOP R R EMEOA LT =0
S i AR RFIE AT S BN R AIE [ 5 s 85 Bt IR N ZR—Fh B T Tl 22 A3 R AR () e e 72
SIS SO N4 5 B Jr R @G R 1L ) i N X 2%, i H1 O ol TN e Ay, el (7 5
AR AR S8 AR AR R IE o

__________________

TR R T -~ RVPC/RVG
| | 4 ||
| BB |/ ! R N | ITE AT A
|tz |\ ! ot-Net MBS HSRE
} 1 A i

SARE R J: E * RVPC/RVG
| 1

,,,,,,,,,,,,,,,,,,

B 3-1 BESEE A
3.2 hEARFHEREME

T FE TP 28 I 288 1) 52 A e S A I Il e, 5 T 0 FH iR R AR BRK S REARAE I 28 S N
VAR KA EXGIMM N ZRHE RS, JLHX T 2B MR, ZLIEMEIRE . 4L
TR B — 2 R/ A RETE G R RFIESR L. BE A R Il infiiH VGG, YOLO. ResNet %5
TR P22 I £ HESRFEAT TN 25, T X 28 IR P 5 2% B () v St R ZRid R 218 HE
H R4S Ty 1 4006 56 I o R, AR T KT S SR IR AR ) T S R A ) A D X 248 PR B N [
BOR AR B R A8 4 R B S AR AR R E B, DAL TR0 00X 28 55 R P BE it

3.2.1 FETAHAL — B e iy m) S

FAAL —BOERFELEA ST 2.3.4 F5 P T VEANRIA 4R, 2t (2-23) 53X (2-32) A7 451
THEAF AR T ME R 2 (x, y) FRHIEAEPC (x, y) S5 77 A B (%, y) o

PG I TARAL — B I I B W UE L ARVPC = (rg, 1y, ..., T350)» T EILFRUIT:

(D) RIKBGEBBANMEZR SIIPC(x, ) 50(x, y);

(2) ¥ T71A f 1A T U B A ns

(3) BHAIERVPCHIGCE, Ty MEITFN (3-1D. #FHn+1 =360, M, =1y;
{rn =m+m+1-¢xy))xPC(xy) 3.1
Th+1 = Tner T (@(x,¥) —n) X PC(x,y)

% 13 T 35|
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N/ SHANGHAI JIAO TONG UNIVERSITY D

(4) seBi P BT A B R A5, X ERVPCIUIA—LALEE, FotznH— it

A (3-2):
nj = (rj — )/ (tM — I'm) (3-2)

K, v S 70 B RFAE [ B RV PC P T R IR K E 5 i/ ME s npAH— AR S
M TCRE . BB RHE [ B 4EHCN 1x1x360.

JITRE S AR e S R AIE ) BRI 2% BRI\ o EH T AN, — BSOS
Xf U A ARAG S ANURR, (RIS BEAR L St R0 SR W) AR S PR S W AR, [R) A T ) 2 ) e e
fiEM & RVPC (Rotation Vector of Phase Congruency) [FIFEREWSHE S 048 S S ke, 7R
(RS TE RS FE AR BOR IS

3.2.2 HEFBHIERFIE A e % 1) F ) i

7 & B 5L AR T T 1Y) T Ak B et 8 P 1 ) R A 7 3 DA T %o 57 28 TG A P 2850 1A 3 s i, ER SR
FHAL— S E R A ) B e B RGP R I, BHAF R R R KRB, PIATY
AR BN FEAR FE T B0 PR IE 1A i % 1) B Ak — B B A

SAARHORR BEAS T o 4R B HIR B R T, X SARG (x, y)» HBEE N —Am &4 T2

(3-3) fis:

a6 aG1*

VG = [a,a (3-3)
EZAENRE, 5 (3-4):
2 2 %
VG| = mag(VG) = [(Z—j) + (Z—z) ] (3-4)
X Z AT AT 45
VG| =~ |G| + |Gy | (3-5)

BEER T R M5 (3-6) e
A(x,y) = arctan (%) (3-6)

T HEAE|IVG)| SHETTRAA(x,y), FIH 3210 THPPERAE, R DA RAET
1o FE 2GR AiE I &, 1M RVG (Rotation Vector of Gradient), ZE#(H 1x1x360.

5 RVPC I, RVG e 58S HM A, JEAH 2 Sem Pl 22Kk, AR 3.4 4%
B B SEER 25 A BL RVG Nl

3.3 W T HZMBIRAIG T

3.3. 1 M ML HISFEAE

P LS R SEA ZE R U N 3-2 AT S ANAIH H Z AT Dt — sl 2 4, SiEHE
RFREZE M B2 —, BRILLAMNEEEIZ . i ZEEAME T, AR SLbRN 75
FAl DUE AR 0 R . BN EABATAE TR, AL E BRDhRE; BREZEPIT
TR, REERMA SRR RS TS AN RSB E .

w+ Aw

O » output + Aoutput

HNE REE witE

A 3-2 HEM GBI

14 7 350
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FEAR BB R BN T AR R R )R AT DUE VR ) 5 O R AL 2 1)
A, T - MEREGEREN MR E R, SRR 3-3 Prn. B LR
AFFIEAE R G B S I AR RS 2 o N EBGE s EUR , e RIS BT DOMHME TR
PEAZ AT R

wy d -

Xy ——— |t
/I‘
o b

Z = x1W1 +x2W2 +b
X2

B 3-3 &FEEEIHE TR
WO BRSO SN 22 N 2 R B PRI RV B EBA YT, AU W TR . 8 WL IR0 e B
ReLU (ZEPEE) R4, Leakey ReLU CiffiltEz ZEVEEE) pREL. tanh BRI sigmoid BRI%L
. Hr, ReLU fgifi 2 BUF R, LN AN Z, HREEREmT 3-1 frw,
A 2 A5 FH R B0 BR B ReLU

RELU(x) = {x' x>0

0, x<0

ReLU SEFr B2 —AN7rBrek s, nIfsi iR 250 B AR CREFANAR, s TR 2oma S AR w4k, 4
TR R, DRI AR g B A o e E A, RS N R S T B T
MRS 1, PR S IR AR08 SE AP A2 AH OO R-E, S U ZR%kE .

A TR A 3 SR N 2% 1) RUBORIE T2 AL ph 22 I 2% (Siamese Network) F122 2K
FIHL (Multi-Layer Perceptron, MLP ).

MLP XHNZ 5 AR RN A N 2%, R U B2 40 28 70 4 0 423 35 E A B MLP
)25 J7 2 (B PR AN 22 T IR AR I3, 1T — 2 0% O 410 R N, £ 2 R & g,
Hh ] B2 5802 7T LA 2 R SR S o B (3R IA R I 7E — e FEFE LG 4 2 3000 3 o i 4
17, AEAH R P A Ik A2 2 B 52 24 TR 3

AR R I 2 B3 RO SRR P I 2%, HORBRAE T AN EZ MIA3, Ha
SERRBUEILTEN o FESLPERE T, PN SCH N R —AN 28 S5 o 2R A A ) 2 d B
HS/E T 2 AN N Z [ ARG R, PRt e BB F T A BE AN A < RABL /N2 57
BN o XIZ8 FIZ5 R IR B B 3-4 T :

Fw
A

(3-7)

|Gw (X)) = Gw(X2)]|

? A

GwiXy) Gw(X3)

Gw(X) | Gw(X)

Convolutional Convolutional
Network Network

i

X, Xz

A 3-4 ZRAEMIE 4 IB A
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By FENS-

et SHANGHAI JIAO TONG UNIVERSITY %*ﬁﬁ@@?ﬁ% Q ﬁ@ﬁﬂ&ﬂtﬁﬂ%
3.3.2 W5 S X £ AR Y f) ) gt

BT MLP 52825 w20 2 B0 BAR, K7 VERIEE T — /N J 04 SCR 2 N 4% Rot-Net,

FH TPl 22 125 sA R e e 22 3 A o
Rot-Net /2% [y A i 77 Xl N R s :
#3-1 Rot-Net 4 F AR =
JE AR 2L A JE 1 5 o L o PO RR A
Branch-FC0 S EIEEE 1x1x1024 ReLU
Branch-FC1 S EIEEE 1x1x512 ReLU
Branch-FC2 S EIEEE 1x1x256 ReLU
Branch-FC3 S EIEEE 1x1x128 ReLU
Branch-FC4 S EIEEE 1x1x64 ReLU
Dropout b Dropout /= 1x1x64 --
FC5 FF EERE 1x1x96 ReLU
FC6 FF EIEE 1x1x180 ReLU
Log-softmax +F W= 1x1x180 -

RIER 7R, Rot-Net IAEWFNLE—NET, W55 33 tHAHE RS 24 R
3SR IE AR KRR, 52 EGE R EIN ReLU BREL, 4 H 4EBEAR /N5
7y X B 5 — /2NN Dropout bR B 1E3 4005 4 i P 2% I AL 1M e B fa 8 2% 20 S —
AN Ix1x64 K/ ) B 4 A o

PR 2% 53 31 1) e A BR EQRE B il 9 — AN IxIx64 KN ET &, G FHEAM
MNEEEE, WS REUR A ReLU; s 5 H EN Log-softmax FREL, ZRECK M E TR
WAL BHEER, S i E4EH0N 1x1x180, XTI 0~180°V [l (K385 /1 . A T I P A
ATTHER LR, 45 HY Rot-Net fFEA 454 40 R & 3-5 fias:

Rot-Net
FC : ) FC FC il
Out-1024 512 256 128 64 =
= I:> Log
= softmax
- I Out-180
FC ’C FC FC 5
512 256 128 64 il

0
=

&l 3-5 Rot—Net HA L MR

£ Rot-Net MIZTHM, %K/ N1 x 1 x 180/ [ &, ic/ESout = (sq,S1,-..,5179), &
ATHLE TE R s AT —FL TG ER N S179

e ESout P LR NME NSy, T HEFZH m AL, Hdme[0,179],m € Z, 1T5Hs,,
(KIRT 89 MTCRMIAI NA > J& 89 ALICRMIMNA,,, EZAFE 90 ficR (HEH)EH
90 fLICER ). WMEEIIVIZNEE Nacc. A T BIFHIR HSoutik KT R K PUE HEAER, JF4s
A HRITTERN AN A AT O, S F i E L
(Aj1—Amaz)acc
2(Am1+Am2)

I Z AR R T 11 Ang Xt AR HEAT DT SRS IE, TR G AR AOAH CHE -

Ang =m+ (3-8)
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3.4 IRENIZSESSWER

SEEGF- 5 K H Windows10-64 fi7 RGEICA RN, AFEESA Intel(R)Core(TM)i5-7300HQ
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RESEARCH ON AUTOMATIC REGISTRATION OF
MULTIMODAL REMOTE SENSING IMAGES

Image registration is a very important and basic research in the field of image processing
technology, and it is one of the key technologies to realize information fusion of different kinds of
images. For definition, feature matching in the image registration task refers to the process of using
feature information of images to detect reliable and homonymic relationship between two or more
images and realize image spatial alignment. Remote sensing image is a kind of digital image which
is formed and converted by the sensing equipment carried by satellite according to a certain
mechanism. Common remote sensing images include optical image, SAR (synthetic aperture radar)
image, LiDAR (light detection and ranging) image, infrared image, raster map, etc. Different
sources of images and imaging mechanisms lead to multi-spectral, multi-angle, multi-temporal,
multi-resolution and large radiation difference among images, which is called the multi-modal
remote sensing image. Multi-modal image matching technology has high application value in
national production and daily life, national defense and military, image processing and other fields.
For example, multi-angle images can be used for 3D structure reconstruction, and multi-temporal
images can be used for target recognition, SLAM and other fields, and registration between multi-
source images can realize information fusion, super-resolution reconstruction and simulation scene
correction.

Among the multi-modal images, SAR image has the outstanding advantages of high
positioning accuracy and all-weather observation ability, but its resolution is lower than that of
optical image; Visible image has high resolution and readability, but its positioning accuracy is
lower than that of SAR image. Through the registration and fusion of optical and SAR images to
generate joint images, visible light images can have high resolution and high positioning accuracy
at the same time, and the super-resolution reconstruction of SAR images can be realized. Because
the imaging mechanism between SAR image and optical image is completely different, the large
difference between them leads to the difficulty of correction and matching task. The correlation
algorithm suitable for SAR and optical image is generally easy to be extended to other multi-modal
image correction and matching task. Therefore, the optical and SAR image pairs of more
challenging are selected as the main image pairs in this study.

Geometric difference and nonlinear radiation distortion are two main difficulties of multi-
modal image matching task, and the final matching quality is greatly influenced by the differences
between images. Among them, geometric difference mainly includes scale difference, rotation
difference and translation transformation, it is mainly caused by the stability of the aircraft, the
change of the attitude of the flight carrier and the movement of the ground objects. Radiation
distortion refers to the phenomenon that the measured spectral emissivity of ground objects is
inconsistent with the real spectral emissivity. Its main causes are transmission interference, noise
and sensor error in the imaging process. At present, there are many researches on image matching
technology, and many matching methods have been proposed from different perspectives. For
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example, Harris algorithm and fast algorithm based on edge detection; Cross-correlation method,

Fourier transform method and mutual information method based on image similarity; SIFT
algorithm, HOG algorithm, HOPC algorithm and RIFT algorithm based on depth feature, etc; At
the same time, deep neural network is also used in high-precision image matching. Different
methods have different suitable applications and some defects. In order to solve the differences
mentioned above, this paper focuses on the correction method of rotation differences between
images and the robust feature matching method to improve the resistance to nonlinear radiation
distortion.

The main process of image matching method is as follows: Firstly, feature point detection. The
stable feature points in the reference image are obtained by using the feature point detection
algorithm, and the corner and edge points are often selected as the image feature points. Secondly,
determine the search area. After obtaining the feature points of the reference image, rough
registration is performed on the image to be matched, and then for each feature point, a local search
area is delimited in the neighborhood of the corresponding pixel of the input image. Thirdly, feature
descriptor construction. According to the size of the template window, the local feature information
is used to construct the feature descriptor. Moreover, template window matching. Using appropriate
similarity measures, such as Euclidean distance, normalized correlation coefficient (NCC), etc. the
sliding template window in the search area is used for matching pixel by pixel, and the search points
with the highest similarity together with the original feature points form as the matching feature
points. Then, RANSAC (random sample consensus) algorithm is used to optimize the matching
results, eliminate the false matching point pairs, and select the accurate matching point pairs.
Furthermore, the appropriate transformation model is selected, and the model parameters are
calculated by using those accurate matching point pairs. The common evaluation indexes of image
matching include matching accuracy, feature point matching accuracy, complexity of algorithm and
robustness of algorithm. Matching accuracy is the most important index to measure the coincidence
degree between the transformed image and the reference image, including the root mean square
error (RMSE) of pixels, image correlation coefficient and other calculation methods.

For more details, in order to solve the problems of the difficulty of searching region and the
failure of matching algorithm the difficulty of searching region and the failure of matching algorithm
caused by large rotation difference in multi-modal images, this paper creatively proposes a multi-
modal image rotation correction method based on double-branch neural network. Firstly, the
rotation feature vector, named as RVPC or RVG, is constructed by using unique image feature
information such as the information of phase congruency and the feature of gradient. Then, a novel
double-branch neural network, named as Rot-Net is designed to predict the rotation angle. A public
image data set SEN1-2 is used to train and test the effectiveness of the network, and under the
condition of 5-degree (+ 2.5-degree) error, the highest training accuracy of precision is over 98%,
and the average test accuracy reaches 90%. The experimental results fully show that the method
presented in this study can get better prediction accuracy for multi-modal remote sensing image
pairs under multi precision training conditions. This method can ensure the smooth follow-up of
advanced high-precision matching tasks, and has certain advance and wide effectiveness.

According to the robust feature matching method based on the information of phase
congruency, this study optimizes the problem of uneven distribution of Harris detection points, low
positioning accuracy and poor reliability. Firstly, the multi-scale space of maximum moment graph
is used to check the reliability of detection points, and a batch of pre-selected feature points with
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high reliability are selected; Secondly, local barycenter detection is used to solve the problem of too

many detection points narrow in a certain area and SAR speckle noise. Furthermore, by using the
local optimal extraction method, the detection points are evenly distributed, and the robust and
reliable feature points with high accuracy are obtained. In the stage of feature matching, the
application of maximum moment graph and maximum index graph based on phase consistency
ensures high matching stability. The method in this study is compared with MI, HOG and HOPC
algorithm in matching accuracy, and three groups of matching experiments are carried out. For
images with clear geometric texture, the matching RMSE is less than 0.8 and the accuracy is higher
than 95%. The results show that the method in this chapter has great advantages in matching
accuracy and the decreasing of matching error, especially for the image with obvious geometric
structure.

To sum up, aiming at the difficult problems and the shortcomings of existing matching
algorithms, this paper creatively proposes rotation correction method and robust matching method.
Through many kinds of experiments, this method comprehensively improves the matching accuracy
and decreases the matching error of images under the same conditions. However, there are still some
problems in this research: for example, the calculation time of the algorithm is too long to meet the
requirements of real-time matching in the field of national defense and military. Moreover, the scale
difference has not been taken into account in this paper, and the rotation correction method is
sensitive to image size. Furthermore, this paper does not test the influence of different filter
parameters and template size parameters on the final matching results. Therefore, we need do further
research on the shortcomings of the above algorithm in the future.
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