5528 4,5 2 1]
2016 4F 06 A

ES -
REMOTE SENSING FOR LAND & RESOURCES

&K Vol. 28, No. 2
Jun. ,2016

doi: 10. 6046/ gtzyyg. 2016.02. 03

SRR, P8 MR, BT SIFT 193 R EMGR FCER AR 53R [ 1], [ - %8 U6 1% 8%, 2016,28 (2) : 14 -20. (Li F Y,Ye F M.

Summarization of SIFT - based remote sensing image registration techniques[ J]. Remote Sensing for Land and Resources,2016,28

(2):14 -20.)

T SIFT )28 Je R4 I e+ R 25 Ak

(W EASHEHAFTHAR, HE 330031

FEEE . 2R ERMR IO RHR R S PRI | PRI R A5 0 AN T i 2D 3R AR R B T R R T R
ARFEE AR I (scale invariant feature transform , STFT) (38 B RREC E Ik . FEXTE A FT SIFT A9 38 2% 15 15 e v Sk
MY TRRIT 3B Bl b X & A SIFT 38 B R BCHER R AT T R GEEITIR e & Rttt J 240 4 SIFT 48 7H 500 BT X
TR SRR PR BTG IR A 7R DL S XA AR MBS 4 285 200 T AN RIS Y Bk Jy vk 103l S LR B A

\\\\\

KA R ABRHEAS R (SIFT) 5 1@ R IEUR; FRECHE ; FRAESRHL

FEESEKS. TP79 CHEERZER. A

0 %

PG P HE S X 8] — 3 st M TR A A [l 4%
SRS AR A B XY 2 S5 R AT JL AT e
R AR R IR IR R I S B g v T o S P AR
e E AR ARSI | by iE o DL K 4 e it A e
AT DAL BR T AR T RS RAIE B TC v
EAFR) TR R R, o KB AR (scale in-
variant features, SIF ) 42 K% F5 AiF vh — Fh & B ARRAE
REEARZNENE AR e (scale invariant features transform ,
SIFT) 42 Lowe* 78 S 45 PG J& T A48 B H AR U RRAE
RO AR By 1t ) — o i 1 RUBE 23 ) 0 [R5 4
RS e A7 SR e A AR R IR AR R
AR ISR U, i T DL RCRE ) ok, S
ARFIERSSE | BT LA D 2% b P45 J) AN 28 e AE 41 ik 1
(discripter) HF R 1M H 2 4 ST AT O A 2 Ja PR T o
SR E) T ORI B BT, A SO SIFT 32 8% &
BECHEBOR BT SERE DLIEAT T RGEFIE, o
TR T — e SIFT BURBCHE DT s RGN 4 T
SR e T SR 5 T M 1) TR BE T A X STFT 4 4 1Y
— SO T BT T A R S R A P S L
FMRELT ; f e B85 T SIFT i IR EMG L+ R H
BUAFTE B S5 2R REURT R B, I % HER R 1) 2K Je 7 )
BT T RE,

A EHEA: 2014 - 12 -17; 1EiTHHER: 2015 -03 - 18

XEHS: 1001 —070X(2016)02 - 0014 — 07

1 SIFT B

SIFT B3k 3 2 T4l ik 5 4 I =18 i J 3
PERFAE , B AEZS (A RUEE i SR AR A A, FEER I LA
B ORI AN R 1A Lowe 1E 1999 4
BT 2004 4E5EER) ) SIFT 12 B EIGIC HE Y LA
RGO FRIEHEEL; QFFAEDLHL; R e
IR ; OEUSERAE, FARGREWLIE 1,

ETEETTTE
e | [
x| | xeerm |

¢m|

g !
T [eosining 7| [Eaoninsig 7
RSSO SO T
| R AL (IR

| xtucRext i |

| RANSAC! 75l B RYIU AT |
v

| ROMEBUR s (2 %) |

(D RANSAC jﬂ%ﬁ[ﬁﬂ}#éﬁ(‘[‘i(mndom sample consensus ) Bk,
E1 ETFSIFT MEGERARRER

Fig.1 Flowchart of SIFT — based image registration

E&WH: BRARPAREGIE “ BT AT A& o5 H Y 2 52 R EE H SRCE ST " (4 41261091) ¥t



52

2R AR s BT SIFT IR BRI R R 23R <15 -

LA RRAE B BN R AT DG C 3 A 4R O HE R
D SRy PSR AR R A SCFARAAIE R DL I
11 RSN

SIFT i kT s A VC AL vk B L e 24
HHELA QSR M RIS S R Y DG B AN, STFT 53072 G
SR ) B AR AR R A PR AR ) IR 25 TR 2 s 0 PRI
AR R L e — i 7 P T R 7 DR R A2 1Y AR A
WAL I XX 2 ST I | O f5 S A A 4
ZHEE . SIFT BOCHE SR LLT 4 203K

1) A s 7 2% (difference of Gaussians, DoG) X
JEzs Al BRI REEZS (8] L(x,y, o) B — 28 RUE
BT RREL G(x,y,0) FIRIUG 1(x,y) BRFGE] HD

L(x,y,0) = G(x,y,0) *I(x,y) , (1)

1 - (2

. +92) N b
K. G(x,y,0) = se 22 ;o ARESHG
270

 NEBRIBEA,

MR o B o RE AR & A4 48 R 2 1]
ORI o B9 G(x,y,0) F4H B — 4 (Octave) ,
DoG MNELIEIR D (x,y,07) 1 2 DARR 3 RO 25
() A G AHDSAS 1), SEPRE R, DoG 3 2t ) 7 %]
B4 IR, B BRI 0 41, 94 S
2, N —4L0 B B — 4L RS B R RS
FERRZH T ARAR 2 J2 00 4 RUBE 25 1] 1 LA AH DAL
153 DoG,

2) T4 RUEE 23 [a] v 114 Jeg 3 A L A 1 Ay 1 358 G
e BRI AR 5 L R 8 A AH AR AT LA
K BN AHSBIBER O A (38 +9 x2 =26 4~ 40)
HEAT LA, AR BR R (a5, X REAS B 1Y SR B A
(LA B A R S R A

3)VKEALSCHE AR I 25 2R . i TR (e AR
SRR ARG B RO N 53k 32 0 5 355017 5% W 58 K 1Y)
RIS TR R L AN RS Ak DG B a5 A
ERE

4) A OGBS T I, AR R DG T ZE Y
FROBE BRI, TR BN 43 36 A T7 MG T BT A m
(AR B2 7 ), RO el e E By L v 32 06 14 XoF g ) [l
K FETTI, EAFAEA ST E % 80% LA LAY 7 1A, Wl
Pk LTy [ ORI, R S R — AT
a], K2 20% HY 45 1 s Ay m, &4
PRI B () O AR 35 07 B A 8, e R R 3205
58, ATRUR 1 A4S 4 2 i) okl
1.2 SEBHHERIRFHERY

P B TE RUBE 2 (8] v X AR 40 e 8 PR R AN AR
(B R Z ST, SIFT Ay — > S AU 32 7 1) A1 g
AN AR R — AR T I X S AR T AR
I REZ BN

1) MR 498 5C B 5 BT 7 RUBE, 8 % A0 I /DN Y 408
B, 0008 4 x4 AT IR, AT XA 4 GO0 x4
Bt LLEETT ) o FE X 5 e, 0 A4S 1 X A
BT AT GEE TR 8 ATy BT, AR
4 x4 AT IXB AT XS 57 A 8 AT
], 8 SIFT FRF R4 4 x4 x8 =128 4k, i TH
J7 A JR /N DX I BE e A R T4 S A
Xof IR EE AT Y S0 AR, T LA A aHG 7 A 8 4 3 1 %)
DAt BAT — € R AR

2) RFFIE S B AT A — AL AL BE LU HA A —
E TR YOG IR i AR
1.3 $FERILE

SIFT FEvRAR 48 il 14 5 22 1] F9 I PG B 2 24 4]
FERRAE , I AR A ARLE 899 DR /I 147 R i i DR
A BRIE IE 38 S LA 4R 200k % DT e 45
PEATERAE , BRAT I B L R A ik 1~ Z A i 25 &
UL 5 5 YT A I 5 -5 i <08 5 114 FUAEL /N T 1
B, WA R XA SIFT P AR E i e AS R FE A 68
& BIBRIZIC RS, VERCRS AR AL 5, — il 2
5 1 Bl HIL il BE — 35 (random sample consensus,
RANSAC) J5Z SRS VL ALK, RAifE— 2 ERIL

2 B EG I

L55 SIFT B2 0 it e AS TR AR A 2 1) E bR
Yy AT SR DS RC I 4t 1Y o 1207 IR X [R]— i AL Jk
TR R 22 8] (4 % DU Bl ROR S B B 3 TN )
PR R R R 22 ) (A P o T BE 25 208K FER 2o
SR 5T, SIFT A5 BRI EL ; AR, 1%
8¢ SIFT By WAFAE A i 128 4k i 1 ik 1 18 i 18 4%
[, ATl STFT 55092 A T o b b7 ) F 328 Jo P& i
WL R 2R H AR T AN FE Atk %, T 4k 4
J5. DSIFT $ETH5 1 Q%N X328 8% B 45 M J5i 11 ek
ity QRA T, @F W R AR Rt
2.1 SIFT#HE*%

TETFEAL G R, 4k SIFT J5 XA KE#RETHE
RO A S B g T T I8 K RS L HE . Bay
SEPOMBAET SIFT 1 EAR, T 2008 $2 H i R
fiE ( speeded — up robust features , SURF) f#i i+, F &l
BRRBEBRIEH 5 TRFRBUYHE ; Liu
2230 SURF J3 T SAR ELUCHED , 3545 T &5 VL fe
2 Morel %% 42 1 T 15 4§ TC 9 ASIFT ( affine —
SIFT )4k, Yang %2 8% ASIFT 7 JH T L 1
[, Lin 250 {8 % ASIFT (9 EAR, 2k T SURF,
TS IC A ASURF (affine — SURF) 8.1 .

BFXT SIFT 48 F4E 4505 (128 4E) BT A &



- 16 - B + %

WoaE R 2016 4F

A ) 5, Liu 25170 52 87 R A% A ST B 43 40 BT
(kernel independent component analysis, KICA ) [%4E
(1) KICA — SIFT , K5 o T 8 e A e vfie L ol
PEF Ty 1T BRI 2 ST REA LA AE JRURRAIE 23 (W] 452
LI | DRI X AN ) A 28 1) e SR PR AR 5 2 43 ST , AN
REJH T4 [ b 2 2 SR IR O BT #E . AT, SURF #Y
iR T 2 64 4 THETHEUEE L SIFT B (H XS RUEEAZ
PR B G TC I AR R RAE B AN E T

Mikolajezyk 25171 F 2005 44 H B A6 BE A B 5
] B J5 &l ( gradient location — orientation histogram,
GLOH ) 2R H X K08 A8 A ] [543 B2 07 P41, 7
HEREAE (128 48) TG OL T 48 1 SIFT FRiEfiiid
T RS ST TS S (HI T
BYIGAEA , Sedaghat 252 B By & B ME— 20y
] FEANAR AR AR B (uniform robust SIFT, UR - SIFT)
A 8 AL T SIFT HRRAE 25 1 5045, AT
i e o FLAT SR S A 48 18 2 o S PG ) I TR

IR AT LA ) SIFT 428 T 553 1
) e R R CHE | B B 0T B R A R A R 7
b RO B R R 2 TR R BCHE , B B4 1Y
ROR 5 AERSTA [ 1 Jo 8 e IR A5 = ) Y T 7, T
FRABIGF I RSOR  EE R AT RESS R AL
2.2 SEXHERESRER B

EIREGFRE L TS ARG S )
e r EBPE B 22 R . NG h— ot K&
BT SIFT 3307 e BT 4 vy FH T Al 1R, 1VF 24
Xof T2 SR PR B ) SO AR 2 42
2.2.1 4t SAR B1#%

SIFT A% By J2& S A /b It v 30 g s ) — 't
FEMBETT Y SAR IR A 1Y 36 1 AH T B Mg 75 ™

SO T SIFT 5500 1Y OC B SR I S e iE 4 34 1 1Y

FasEME, BEXT SAR BRI RHE, BF 58 X SIFT fi
TORIRL Y SCHE 0 Lu S AR TR RUEE 45 ) 1Y
JRI AR ] 24 BB 8 4R d, A F M i o
(1 G A S A TR . Schwind 45 2 HH Bkt
S OGIE M P 52 W g R R &5 8] 4 F IR — R
(SIFT — OCT) , Ff HFH TG R X FR 48 £ 5 3 #% ( infinite
symmetric exponential filter, ISEF) ZbHREG , LI —
A CBEME A RS2 IR A R TR ] T
SEBEME R A A O G A S Suri %20 )R
TEAIR T VCRCRT BOR & KR BAR B, LUSg R4 7
KA A B SAR AR Z [8] D BC 1Y — B Pk, Wang
ST R B SUAIE I STFT ( bilateral filter SIFT, BF-
SIFT ) 50k FH X ke i e JCA v 307 D 0 2 U RUE
23 ), FH A% 1) S P D D0 i £l 0I5 D' TR M 7 I 30 G A5
BERE A %07 W i RUBE 25 (] 4 P 25 2 —

JZ, LAk /D 6 BE R R 1) 52 W0 I 2 5 L Dellinger
A8 P Y SAR — SIFT B3 4K IR R s S 4 vk &
BE LT SAR BURBREE  JFE T SIFT (Y G A
RN AL T 07 ) AU AR i A O s 5K
R IZ 0T TR SAR UK VBT J7 1 1 RBCRIZ L T
45 SIFT Bk,
2.2.2 AARREEA B

SIFT A< Ep W2t IR B 28 AL BA R A2 P (B Z 5
R 2 R OR B 25 R A R, AT LR AR
Abedini 55 X 2 5 40K I Ml 4% B8R LIDAR
K153 B BORF 1 SIFT 332 BURE | 72 DE L
142 W RANSAC Hl Baarda B8 #8000 %6 5 43 25
TRVCHL . Yi %65 B Xt 220630 2 Jak e 45 e o 1) A 4
H) RO Z) 3 SIFT ( scale restricted SIFT, SR -
SIFT) ZEVC L F v A 0k /b T IR 22 0 3% 2 Ik R R
RV 2 5 T 5 3850 4 10 DG i, L U 3553 DG TR ) e
AR Li S5 AR R R TR — Ty e B
B ARUEN, FFEETE T RRAE R R 7 B R, A
T 2000 R 2GR B, Varal 285 H2 1
A7 Ml BRI SIFT (orientation — restricted SIFT, OR —
SIFT) AN X 53 2 1] AR FEE , DA M) i AR A ik - it
JIT R4 5 181 R (bin ) B804 4 5 1207 B BEIE b K
VR BEAH S 22 60 1 R UG o, Sl P (A
T X A T TR
2.2.3 A AMELFAZ L

T S AR A UM M R B A A BRI
RS B AT DL S v IO O 0 B RORS FE L Liu
AEDA ALY 2L T POS REEHIHLER T3 SAR
RYCRER SAR KA, ik T SIFT 38 ¥ (1) VL i
IR SRS POS $R AL A7 B RN BE S BRI 2
A A VG FCXoF PR B8 DG JC X6 A9 AH G 22 B0 bk 2 DT
fic; UG 2h S 2 W T e B4 v B R A B TR B R
T AT R AR T R R 1A L
fA] & R BEA AL IE , 1 Bk RUBE R 5% 25 5% 5 PR
SIFT $54E , I FHZ5 AL PEFE B0 (structure simi-
larity index measure , SSIM ) B MR G I 25 4 A SIFT
REAEZ [ PR AR DL 0 B 5 325 R3S ] T AL 4 SAR
PG PG 5] DY FEIAR B | JLART R 50K R K
HAEAEIE /N B HIIE - 3 1 X R ABT

2Tk 78 43 R FH 8 SR (G AR A A e J R L
A E Bt SIFT 32 B R FC e, BUS T — 2 AL
WO BRI AN, HIERERF R Z A
BHIEAR], S 80RG 22 FAR K, AN [ 1 o e Jak
KI5 PR RS E AT HE RO SIFT FRAE , 38 75 T i —
SR
2.3 RAEFHZE

BRERXT SIFT B B (e gk ob B A R 20 5%



52

2R AR s BT SIFT IR BRI R R 23R 217 -

¥ SIFT HH AT A4, Al ok, X se)y ik i
TR PG HE R0 43 A RELIEC 7 FORS T HE 2 B B, 264
PCHERT B fdi F SIFT R H MG SR s 4 FH A
TP ARG BCHE, Yu U0 SEH SIFT FRAEHG A T
Xof 22 U532 R PR 0 4RI o L 5 5 A ) L2 1R 1%
TN IR B Harris £A S HEF RSO HE . X1 ) 184
SEDTUR Y ZEUS SR et i ELAT 0 BN AR
SIFT $FAEHE AR X SAR BULSEATHLFECHE , T4 5%
{H53f# (singular value decomposition,SVD) s PC g 55
PTG TRG TC o, DT B8 /& 1 2GR X LA AR
P B K BE AR A R Rafie (R e AR R, Li
SRR SURF 3 1 RN f5e /NS 5 FnA T
BFSEXT SAR BMG A AL o | P56 F 3 —fk B AH
ST EERATAG B U | BUS I AZ T G0R FE AR i B8
Ye 214005 SR — SIFT X 22 i 1% B K 4 17
FHBECHE , SR )5 M Harris 585 F1R3 30 A AR LU A+
FRNCEXT , H 2 Jm — BRI BRIRILEL , 52 A%
KEWCHE , REAL B S R Z R K 22 57
FLR S il SIFT B335 R AiF 5 9 1 A DT e SR AIK 1 1)
BB T —FPLE A R ARRAE S5 BB 5
5B AR HEST  , A RAR = T MR AR A5 Y
IERVCEC R, F R S A H Canny 1 2 K
ML I SAR MR AP A X3, T 7 By AS A8 4 4
TEAE A A1 DX R i R - R TR C o, P HH ekt
Canny HZHFEIY SIFT Bk d- A RS O i

FREE TR AE PR LS A AR
BRI MG 2 ] A A | TC RS 3 5, 8 RE A 21
BICHOKF, Hibi e TLA T Z2R07, 8
TRIMEBEAE B R R e R,
2.4 SHXERIRIEA R

AT SRS O B T ST SIFT B R B o
TR, E— e R rp 2 S s T O e T
SRR, R T RS AT BE 2 A R0 DT B X
2006 AFARHEHIAE S 1 JE I LR/ Bl 48
YRR AR A FE 25 LL 2 (R, 2B 10 AT 4 e i D X
P WA TR U 2 SRR s SR AEIZ 20 R T X
HATTRER VT EEXT 47 Bk 3k, DLk J o 2 A DE i
Xt 2008 4F Liu 55 76 R¢AE S BChom A 2 RUBE
Harris Kl 35—+ 25 (0] RO oK, IF 38 i Rk
H—AEH A BRI TR, £ A RO R FUAS [ 1%
JERER MR BRSO A B4R B, B Lowe ™ 2 HH BY
R B 485 YR 4B A9 BE 28 bR A T DU D B IR RE 2
S I A2 DT L | 22 % — DT JE (14 R) J3L , 2 55 97 4
Lk A A0 A3 B T R DR PR kb TR
VARAYIRICHD, 2010 4E Song 25147 75 JT T AL B v ffi
FH = IXIREUAR RANSAC, 8 3 4 i 4b BE K i SIFT

R FIRICEC A O 3 T —FP3EF Lissajous
ity 2 (R B AR DL B B s, R T BCME R R
Goncalves %5 **) f SIFT BCyfEf AR A T IS 5%
AR 3E T S Bk O D s L Qi S
Contourlet 254l 18 JERIEG 43t R e A0 AR AT K 4
FEFHAN IR T 125 43 0] 4 BRUREAE DX 3O0T (AR 43+
SIFT FHAE , = S - B C R KD | R #2585
B, SOl T AESE SIFT DUBLHIE 58 4 2 W AN [l FFAIE
iR T Z AU C R R E R A iR BR

WETTEEEEXS SIFT M ECHE AR AT oot 22
H AAE T ARBCE Z AT 5E/Y SIFT FRAEDVCELXT, LR =
BCAERE R, HIXSET7 8 SIFT RRIEA S, B 1, A
Fe 2> SIFT FHIE S BT A 1 SIFT FRAEFE — 8
A HEATRE AR DL IE 3 g ik o B AR DT C, m] LU ]
SIFT R Z [] 1) 23 [R5 B R AR S35 B Db B~
SIFT %32 PRRAIE A5 B AS J2 171 7T BE 5 By 52 DL i
2 A0 SIFT 4R AF A R F5 4F 5 45, A Haus-
dorff BB S 38 1 B pR KR, 38 1 358 1% 575 (genetic
algorithm, GA) 3K EME 0] LA AR e S 4k, X F
J7 AL TR SR VT e 72 O 6 T AR A DR
HATH S Pt s T 1 SIFT 1E2h
— AR FEAT VLI, I ] 8 15 1% #5 (belief propaga-
tion, BP) SV SR A A AL DR L

3 A5 EZ

3.1 TR R

XF SIFT 18R G HER AR R C AR Z 24
FEAE— LBl A e, R BERINAE 2 ATy i .

1) A [ i Joi 32 Jek Pl 4 e o ) ) ABBE, X6 AN ) 26
AL AR AR B AR AT B AERT R T M S 1 o 22
SRS LA ] G oe R AN i ER 2
[ IR JBE 53 A 25 S 3K, B ] SIFT J5 i k47 e o
ARG FEARAR, EE B A DOEL R W, SIFT FfEHE A TR
T B 22 IR R R 2 8] A e o, AR Z2 0 95 R SIFT
FEIEHG AR ISR R e FH T fire e 22 T 2R IR1R
P v ) L, (E A 1 R % A I o My (3 T
T ) FRIER IR, BT B 5 — I HEZLR | 1 R IE
BCAR BB T S AL B R . R, An el 48 SIFT J5
P A b T 2 U SR R O o, AR — 2R A

2) KT HC v BE () (), 1 22 S B I H 6
TR R M R A B oK, SIFT i TERRIE £
HSURN D e 1ok 2 o s FE I 45 22, AN RE W AT SRk
SN AT R I EC AT 55 R Bl i R R Y 25
() 73 B RN GTG 73 9 30 B o B vy | PR 08 SRR BT R Y



- 18 - H O+ %

2016 4F

B e o A G, Hicin Ak 2 B a] 4 23 R B
PRI, G DRI T TR B2 1) T B2 i v T R S8R
Wk AT EE
3.2 RE

SIFT Bk HA — 8 R AF A RRE , AR W8 T T8
SRR ICIE . anfal B3 41 & 45 SIFT BVE I RRE 32
e e S TG B o s B A LU L i) gy
JEA f IRE

1) 38 F A ) P o et S PR AR BE i) STRT i
R, IRZH9EHE B LIRS E 1T R
BRI R MG FCAERY) SIFT FRFH A T RS T
—ER R, (HIXSERTsE HO2 A w4 2 Fha L
AR R Y SIFT FRAERE IR i AW 5858 HI Y
TR ICHE SIFT FRIERER - BRI, F 9 5 18 ik
PG B TE e (i FH A [] a0 05 2 J PR A T 1Y
SIFT FFHE IR TR AR TR — D I7 1]

2) GANTHR ARG &, ME N TR AR
R R, CA — e N T R 7 125 0y 31 8 SR R
Y, U Ye 552 RN TS 2t Ak Bk S B T 228 SRk
EUGAHIECHE . H B AT SR TR RE 0 T
SIFT J& & ER B HEd, IRZ2 N LRI k5 A
AT LARRE SIFT 28 BRI Dk, fan . AR
BRerh AR 4R 7 ik EAT SIFT 3R 1y BE4E; H)
AN TR R b — 26k I k4T SIFT F#IE Y LI

3) HIFATIHHR ORGSR AALEE A K e
PLRIEAT TH SR AR TH 8 5 R 19 & i, ] hy ik o
SIFT L e R RS ORI DC i i F2 rh AE I 38 2 AN Tig
T R SN SR A IR P A DR T 58, 78K
W O 2T IR X 7 1 A 22128, B 40 Warn 55 ff
FHBRY O] 45 A2 32 58 1] B4 5] ( field programmable gate
array , FPGA ) BLAETERE(F 1S IFAT SIFT 533
I B IFAT A SIFT 228 JER R I 103 2 2 AR SR F
FE— D EE Ty,

4) 5HABBCHE DT EESS G o K SIFT (138 R IE R
PC SR 5 A C o 5 ik R AT 6 L, BF 9T R 8 AR 48
FLAAE B A ShiTA Ak e me Sk i 5 Y S
AR LT 10 P T A TR 58, TR BB IR A R
T —Ka#,

4 #ib

1) SIFT J73% M 1999 44 $2 2 5, 76 58 5 Y
10 A4 (], 7 1 Jak P 4 T o S5 3k A 31 7 )32 19 1
LB TS KRz,

2) FEXF SIFT 18 J&% B8 BC B AR (9 it 5% 2 2
T RGEVRAR LA b ASCRGE T — ) SIFT &

TRECHE TR 4 28 SIFT I FH 38 J8% 1 e o 1 el ik
R ALHE SIFT 2 TF5 1 B f 2 Jak UG M o 17 ek
b A R U S AR R e 5 i T
A5 TS 3 (4 35 FH 9 B AN Bk e

3) SIFT 3 8% MR BC o H R B i T 1 I ) 32 22
7] 502 AP T 5 0 22 Y AN (] 4 e e P A% P e 1 7
PRTIE T VA FEE (1% Tt oo i o

4) N A% SIFT S0k RATFHRE ot —2
i vy e SR P R e v ) R R AR B A A ELTEE
TR 1 R PR BCAE R SIFT R AERAR THF % 5
N TR ARG S AT LA 5 HA I v 7
FHSE A 7 O IR AR IR R .

222 3Tk ( References) :

[1] Zitova B, Flusser J. Image registration methods: A survey[ J]. Im-
age and Vision Computing,2003,21(11) ;977 —1000.

[2] Lowe D G. Distinctive image features from scale — invariant key
points[ J . International Journal of Computer Vision, 2004, 60

(2):91 -110.

(3] KB, ESHR. BURRAA R E SR [ M]. Jtat. EBy
Tl iRkt ,2010.

Wang Y M, Wang G J. Image Local Invariant Features and Descrip-
tors| M. Beijing : National Defense Industry Press,2010.

(4] RSN, Bhie #] Fh B RERR R AR SRR 1] LN
T#%,2013,21(11) 12960 -2972.

Yu X C,Lyu Z H,Hu D. Review of remote sensing image registra-
tion techniques [ J]. Optics and Precision Engineering, 2013, 21
(11) :2960 -2972.

[5] Lowe D G. Object recognition from local scale — invariant features
[ C]//The Proceedings of the 7th IEEE International Conference
on Computer Vision. Kerkyra:IEEE,1999,2.1150 - 1157.

[6] Vedaldi A. An Implementation of SIFT Detector and Descriptor
[R]. Los Angeles: University of California,2006.

[7] Mikolajezyk ,Schmid C. A performance evaluation of local descrip-
tors[ J]. IEEE Transactions on Pattern Analysis and Machine Intel-
ligence ,2005,27(10) :1615 - 1630.

[8] Morel ] M,Yu G S. ASIFT; A new framework for fully affine invari-
ant image comparison [ J ]. SIAM Journal on Imaging Sciences,
2009,2(2) :438 —469.

[9] Zhang N. Computing parallel speeded — up robust features (P -
SURF) via POSIX threads[ M]//Huang D S,Jo K H,Lee H H et
al. Emerging Intelligent Computing Technology and Applications.
Berlin Heidelberg: Springer,2009 :287 —296.

[10] Duan C,Meng X,Tu C,et al. How to make local image features
more efficient and distinctive [ J ]. IET Computer Vision, 2008,
2(3):178 - 189.

[11] Lin C,Liu J, Cao L. Image matching by affine speed — up robust
features [ C ]//Proceedings of Pattern Recognition and Computer
Vision. Guilin, China; SPIE,2011,8004 :80040G.

[12] Tuytelaars T, Mikolajczyk K. Local invariant feature detectors: A
survey[ J]. Foundations and Trends in Computer Graphics and Vi-
sion,2008,3(3) ;177 -280.

[13] Cheung W,Hamarneh G. N - sift: N — dimensional scale invariant



52

2R AR s BT SIFT IR BRI R R 23R 219 -

[

[

feature transform for matching medical images| C ]//Proceedings of
the 4th TEEE International Symposium on Biomedical Imaging:
From Nano to Macro. Arlington, VA ;. IEEE ;2007 ;720 - 723.

Ke Y, Sukthankar R. PCA - SIFT; A more distinctive representa-
tion for local image descriptors| C]//Proceedings of IEEE Comput-
er Society Conference on Computer Vision and Pattern Recogni-
tion. Washington, DC.IEEE. 2004 ,2.506 - 513.

Kupfer B, Netanyahu N S, Shimshoni I. An efficient SIFT — based
mode — seeking algorithm for sub — pixel registration of remotely
sensed images| J |. IEEE Geoscience and Remote Sensing Letters,
2015,12(2) :379 —383.

Lingua A ,Marenchino D, Nex F. Performance analysis of the SIFT
operator for automatic feature extraction and matching in photo-
grammetric applications[ J . Sensors,2009,9(5) ;3745 —3766.
Liu X Z,Tian Z,Leng C C,et al. Remote sensing image registration
based on KICA — SIFT descriptors [ C]//Proceedings of the Sev-
enth International Conference on Fuzzy Systems and Knowledge
Discovery (FSKD) . Yantai:IEEE,2010,1 278 —282.

Bu F,Qiu Y,Liu J,et al. Improved bidirectional image registration
based on Radon — SIFT[ J]. Journal of Computational Information
Systems,2012,8(12) :4997 - 5004.

Gong M G,Zhao S M, Jiao L C, et al. A novel coarse — to — fine
scheme for automatic image registration based on SIFT and mutual
information[ J |. IEEE Transactions on Geoscience and Remote
Sensing,2014,52(7) .4328 - 4338.

Bay H, Ess A, Tuytelaars T, et al. Speeded — up robust features
(SURF) [ J]. Computer Vision and Image Understanding,2008 ,
110(3) :346 —359.

Liu R H,Wang Y G. SAR image matching based on speeded up ro-
bust feature[ C]//Proceedings of WRI Global Congress on Intelli-
gent Systems. Xiamen ; [EEE ;2009 ,4.518 - 522.

Yang J B,Hu F Y. Image registration algorithm based on ASIFT
[J]. Electronic Technology ,2012(7) ;39 - 42.

Sedaghat A, Mokhtarzade M, Ebadi H. Uniform robust scale — in-
variant feature matching for optical remote sensing images [ J].
IEEE Transactions on Geoscience and Remote Sensing,2011,49
(11) :4516 —4527.

Lu J,Wang B,Gao H M, et al. SAR images matching based on lo-
cal shape descriptors[ C]//Proceedings of IET International Radar
Conference. Guilin;IEEE,2009 ;1 - 4.

Schwind P, Suri S, Reinartz P, et al. Applicability of the SIFT oper-
ator to geometric SAR image registration[ J . International Journal
of Remote Sensing,2010,31(8) :1959 - 1980.

Suri S,Schwind P, Reinartz P, et al. Combining mutual information
and scale invariant feature transform for fast and robust multisensor
SAR image registration| C]//Proceedings of the 75th annual AS-
PRS Conference. Wessling, Germany : Remote Sensing Technology
Institute ,2009.

Wang S H,You H J,Fu K. BFSIFT: A novel method to find feature
matches for SAR image registration[ J]. IEEE Geoscience and Re-
mote Sensing Letters,2012,9(4) :649 —653.

Dellinger F,Delon J, Gousseau Y, et al. SAR — SIFT: A SIFT - like
algorithm for applications on SAR images [ C |//Proceedings of
IEEE International Geoscience and Remote Sensing Symposium

(IGARSS) . Munich:IEEE ;2012 ;3478 - 3481.

[29] Fan ] W,Wu Y,Wang F et al. SAR image registration using phase

congruency and nonlinear diffusion — based SIFT[ J]. IEEE Geo-
science and Remote Sensing Letters,2015,12(3) :562 —566.
Abedini A, Hahn M, Samadzadegan F. An investigation into the
registration of LIDAR intensity data and aerial images using the
SIFT approach [ C ]//Proceedings of the 2nd International Ar-
chives of Photogrammetry , Remote Sensing and Spatial Information
Sciences. Beijing,2008 ,37:3 —11.

Yi Z,Zhiguo C,Yang X. Multi — spectral remote image registration
based on SIFT[ J]. Electronics Letters,2008 ,44(2) :107 - 108.
Li Q L,Wang G Y,Liu J G, et al. Robust scale — invariant feature
matching for remote sensing image registration[ J ]. IEEE Geosci-
ence and Remote Sensing Letters,2009,6(2) :287 - 291.

Vural M F, Yardimci Y, Temizei A. Registration of multispectral
satellite images with orientation — restricted SIFT [ C ]//Proceed-
ings of IEEE International Geoscience and Remote Sensing Sympo-
sium. Cape Town:IEEE,2009,3 ; III - 243 - III —246.

Liu J Z,Yu X C. Research on SAR image matching technology
based on SIFT[ C]. Proceedings of the 2nd International Archives
of Photogrammetry, Remote Sensing and Spatial Information Sci-
ences. Beijing,2008,37:403 —-408.

ERT T %, JUMAORSGHE SIFT () SAR B FG:
BB EELT]. W2E4,2012,41(4) :570 - 576.

Yue C Y, Jiang W S. An automatic registration algorithm for SAR
and optical images based on geometry constraint and improved
SIFT[J]. Acta Geodaetica et Cartographica Sinica,2012,41(4) .
570 -576.

Yu L,Zhang D R,Holden E J. A fast and fully automatic registra-
tion approach based on point features for multi — source remote —
sensing images[ J]. Computers & Geosciences,2008,34(7) ;838 —
848.

Xk M RGN, SE ST AE SIFT RHAERY SAR 5]
RWEHE( )], B T8 ,2010,37(11) ;121 —127.

Liu X Z,Tian Z,Wen J H, et al. SAR image registration based on
affine invariant SIFT features[ J]. Opto — Electronic Engineering,
2010,37(011) .121 - 127.

Yi Z,Zhang X,Mu X, et al. SAR image registration based on SIFT
and MSA [ C ]//Conferences of the Photoelectronic Technology
Committee of the Chinese Society of Astronautics ; Optical Imaging,
Remote Sensing, and Laser — Matter Interaction. Suzhou; SPIE,
2014,9142.91421K.

Li D,Zhang Y H. A fast offset estimation approach for InSAR im-
age subpixel registration[ J]. IEEE Geoscience and Remote Sens-
ing Letters,2012,9(2) :267 - 271.

Ye Y X, Shan J. A local descriptor based registration method for
multispectral remote sensing images with non — linear intensity
differences [ J ]. ISPRS Journal of Photogrammetry and Remote
Sensing,2014,90 .83 -95.

REAL. BETHAE S 50 RE B2 A s Z RSB A
W[ T]. BRI IE 2014 ,26 (3) ;48 —54. doi: 10. 6046/
gtzyyg. 2014.03. 08.

Song Z L. Automatic approach based on point and curve features
for multimodal remote sensing image registration[ J]. Remote Sens-
ing for Land and Resources,2014,26(3) :48 - 54. doi: 10. 6046/
gtzyyg. 2014.03. 08.

Ewete XBugh Am i, SR ANAERHIE R SAR 214 A 3
BCiE[J]. B £ VEURIE K, 2014,26 (1) :52 - 56. doi: 10. 6046/



£ 20 - B £ % | & & 2016 4F

gtzyyg. 2014.01. 10. istration through image segmentation and SIFT[ J]. IEEE Transac-

Wang X H,Deng K Z, Yang H C. Automatic SAR image registra- tions on Geoscience and Remote Sensing,2011,49 (7):2589 —

tion of integrated complementary invariant features [ J]. Remote 2600.

Sensing for Land and Resources, 2014,26 (1) :52 - 56. doi: [49] Qiu P R,Liang Y. The improved algorithm of remote sensing image

10. 6046/ gtzyyg. 2014.01. 10. registration based on SIFT and CONTOURLET transform [ C]//
[43] ZEE s B s 5 . BT SIFT 451 1938 1BG2 1% A Bh i #E Proceedings of the 4th TEEE International Conference on Software

[J]. &%~ ,2006,10(6) :885 —892. Engineering and Service Science ( ICSESS). Beijing: IEEE,2013;

Li X M, Zheng L,Hu Z Y. SIFT based automatic registration of re- 906 —909.

motely — sensed imagery [ J ]. Journal of Remote Sensing, 2006, [50] ZEfhg, &l 408, 5 0. 2T el Hausdorff B 25 Y % e 1

10(6) :885 —892. T[], E BRI I, 2014 ,26 (2) :93 - 98. doi: 10. 6046/
[44] Liu X J,Yang J,Sun J W et al. Image registration approach based gtzyyg. 2014.02. 16.

on SIFT[ J]. Infrared and Laser Engineering,2008,37 (1) :156 — Li W F,Zhou J Q,Fang S H. Image registration method based on

160. improved Hausdorff distance[ J]. Remote Sensing for Land and Re-
[45] ZE350% , M AR, BOUKLL, 55, SIFT SLE AL M T B E 4 sources,2014,26(2) :93 —98. doi: 10. 6046/ gtzyyg. 2014. 02. 16.

AZIIEHEL )] BBURFF 40 £ B RHE R, 2009,34(10) 11245 - (517 w5 46,8 & BRI A, 5T SIFT - BP MY EHRECHES [ T]. &

1249. PR 22840 B ,2011,25(12) 2106 - 110.

Li F F,Xiao B L, Jia Y H,et al. Improved SIFT algorithm and its Gao H,Cao F,Chen M X. Algorithm of image registration based on

application in automatic registration of remotely — sensed imagery SIFT - BP[J]. Journal of Chongqing Institute of Technology : Natu-

[J]. Geomatics and Information Science of Wuhan University, ral Science,2011,25(12) ;106 —110.

2009,34(10) ;1245 - 1249. [52] Ye F M,Xu S P,Xiong Y H. Two - step image registration by arti-
[46] KHEAE, FAPE, T # 36T SIFT 5k 0 5 8 R 2% B 3h ficial immune system and chamfer matching[ J]. Chinese Optics of

PURCHFSEL ], s F BT AR, 2011,19(13) 1176 - 179. Letters, 2008 ,6(9) :651 - 653.

Zhang J H,Bai Z F,Hui G Y. Research on automatic registration of [53] Warn S,Emeneker W, Cothren J, et al. Accelerating SIFT on paral-

multi — source remote sensing images based on SIFT algorithm[ J]. lel architectures [ C ]//Proceedings of IEEE International Confer-

Electronic Design Engineering,2011,19(13) :176 - 179. ence on Cluster Computing and Workshops. New Orleans, LA :
[47] Song Z L,Li S,George T F. Remote sensing image registration ap- IEEE,2009:1 - 4.

proach based on a retrofitted SIFT algorithm and Lissajous — curve [54] Moigne J L,Netanyahu N S, Eastman R D. Image Registration for

trajectories[ J ] . Optics Express,2010,18(2) :513 - 522. Remote Sensing [ M ]. Cambridge; Cambridge University Press,
[48] Goncalves H, Corte — Real L, Goncalves J A. Automatic image reg- 2011.

Summarization of SIFT - based remote sensing image registration techniques

LI Fuyu, YE Famao
( Department of Computer Science and Engineering, Nanchang University, Nanchang 330031, China)

Abstract; Remote sensing image registration is an indispensable part in such aspects as remote sensing image
fusion, change detection, and image mosaicking. Recently, many SIFT — based remote sensing image registration
methods have been presented. In this paper, SIFT — based remote sensing image registration techniques are
discussed in a systematic way. Improvements of these techniques are categorized into 4 types, i. e. , application of
improved — SIFT, improvement of remote sensing image properties, combination with other methods, and
improvement of the algorithm process. Then, the advantages, disadvantages and scope of applications are analyzed
for each category. The existent problems and difficulties of SIFT — based remote sensing image registration are
summarized. Finally, the prospects of SIFT — based remote sensing registration are predicted so as to provide some
valuable references for researchers in this field.
Keywords: scale invariant feature transform( SIFT) ; remote sensing image ; image registration; feature extraction
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