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Research on stitching method of satellite visual navigation image
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Abstract: In the space environment, visual sensors capture images with single colors, weak textures, and few feature
points, making image stitching difficult. The Hessian matrix and scale space were constructed to obtain matching
points through non maximum suppression, using Harris corner detection algorithm to construct feature point descrip-
tors. RANSAC algorithm was used to filter the matching results and obtain the homography matrix for concatenation.
In addition, satellite images were used in the experimental section to compare the processing performance of Harris
corner detection algorithm with other algorithms. The results show that the Harris corner detection algorithm has bet-
ter image stitching performance, and can be used to quickly stitch satellite images using the limited computing power
of onboard processing units based on the Harris corner detection algorithm.

Key words: Harris corner detection, SURF algorithm, RANSAC, image stitching

JARUAR AR B o T RS A A A% R A 3R
BBt —. QU RREssd, BRI
TRESHMAG ARSI edipHE2r XU FRE M TR S0 G

0 35l

IS BEA: 2024-07-10; {&EIHER: 2024-11-11



« 87

BERS 2024 45 12 #

%, FHESRAXCHE B THRE S, B2IHR
PR TR AL SR U IRAT RS I B
B P AR 1A% o0 2 B4 U T A0 TR ik
G o AT DX MR ULEC VA b, B TR AR
(RIULHC 7 AR R AR ) AR N R AR
T Z M T RRE A E@ﬂﬂﬁﬁ%’ 1988 4F, H:T
Moravec 5%, Harris 251 H 3 44 (¥ Harris £ £
Rl &, 3 BAE BIEE B T O G b R K R AR AL
fEFEATTH5E . Harris F3E M R k5 N RA#E
MEEA BEREXR, 2K, Shi Ml Tomasi
22 1994 4E 5%} Harris £ 246 0 3E4T 7 ohcisk, 42
tH 7 Shi -Tomasi 5, X Fp5E T 05 5 EUR AL
Y ) SR B VR A A 2 B AR OE R HE A B
Lowe %50 R ] Ja) 0 P 4% 5 iF 368 490 k33647 38531
P T REABRHE R (scale-invariant feature
transform, SIFT) %k, KA mlie 70k ik
FUBE 7% 8] 36175 43 3 DOG % 4y & 73, I 4i&
Hessian FEFEHEAT IR . 2 EBFRE . 4Tk
Hie e BA REEAANE, X450 R 5D AR L
UK . Bay 25U 2E 2006 4F 42 H 155 Fa fe R AE
(speeded up robust features, SURF) ik, %25
LR AR oy B al, RA A
MEL. BT SIFT RHIERA 12 128 4Em) &, T
SURF /2 64 4k [r] &, H 7£ R 1iE il ik 77 100 95 T
SIFT. Rublee 25C"O/E 2011 442 ty 1 5 A FAST
5 Jig¢ ¥ BRIEF (oriented fast and rotated BRIEF,
ORB) 5%, ZHE RS GHREM I (fea-
tures from accelerated segment test, FAST) %k
3 ) S B ST L AR HFAE (binary robust inde-
pendent elementary features, BRIEF) &y X} I
BEATOOEE, ot B R S, REtker, M
AR RIEALNE . 8 E w55 ”]ﬂﬁﬁ SURF #4iE
R IR R 2L R ATULED, JRES A B — 2
PEROE T A N AR R B . fERERAE b, Sad
BRI A A 1E J5 M B R A 58 i B R 2 . Zhu
AR Y — i T3 A R R 1) %2 R

%1% (improved multi-objective particle swarm op-
timization algorithm, ISGTA) X% Hbrki1
TR AL S92 DAY B DT e sk 72 A A8 4 il . Lu
IR T — Rl P2 R R, BRI
R 22 X 5% 56 v ) DX 38 PR AR5 AIE 3 s BEAT 2% AT TN
B T ORAE RS Rl A2 v S (R AN TS B AN, B
K b S0 R TR B2 ST R
HEB R, B Eﬁaér[m]fmtﬂT*ﬁFﬂﬂTEM
W) 2 ) Sk BE D75, B RUIRARAIZ 3 7 7]
ZARE R, RSB 3 U7 M AT, iR
il Sk i S e sh U7 AR R A, b E R A
S, ARTET BHERCR. SBMEE PR T
T AN A R ALE R A SR 0 1) ) AT AR A AR T 7 T
15, R A AURRE s SIS S A o
P 7 VR0 SRR A, AR 1 SRR AT
SEMTI BRI AE . B BC#E  Cas-projective-
as-possible image stitching, APAP) gyEie =
Ff TH AF 4t (triangular facet transformation, TFT)
Skl Vs A Wy AR T UG B
XX MO S, 8 H RS2k
RE 7 BAR, A 3RAF H JR E ER R A AE — E T N
BHERSN, KAXHNBEYR, HRMAHET
Harris f skl B9 EUE DF 7705, R DR 1O F
MG R MR R, e ‘457 £k, 153
st B Pf A R AT VRl . RN, B AL
I — O BERR AR, AR A 4 s B
EFER.

1 &T Harris f S A0 B 2

MER—GRNE, AREEAAMEMD N2
SRR,y GE S B PR SORG 2 TR
5. BGRHEEARCTZNHT I il
BLORESUR, BRI A E W
BUSER . H Al AT L i 2 i 5k s I B R B
i, ARSCEIEEE T R AL 1 Harris £ mR60 00 18
R ULECT7 2R IL R R RN R, SRR EATHE



iﬁﬁ] WRSFE

« 88

AL 8. fEZTET, EEPHER A R
AEEMER, f 2 Xk E &R F 4,
KB SR A an & 1 s

TREG
}[ Harrify Akl |——{ #HEDLR |
TR
RANSAC F-4RR R A%
PHEREIE K36 28 Mg 7
B EGH
1.1 Harris f 540

Harris f sk 0 F 78 BR oRs I L A R
fiE o A R B E O SR RS A B
F U JR) BRI R 12 B A AN [ XA 7] 77 1)
i 5t e 8 v S R AR MER ER AU IR B R £
oK VTR G 73 9 AR e 2 N R R T R ) K
FEAAL AN R BB & 1 (R 7 2256 R, i v SRR
BRI E A AL E . BB, Ronizf

Harris f s R B A0EC (D) Prios.

EU, V)= Z‘X’yw(x,y)[l(x+u,y+v)—I(x,y)]2 (D

b, weoy) NE O RE 16y MR E G,
I(x+u,y +v) W) (u,v) MEZ G BT
TE SUHLRE MK -

I} LI
M= zxyyw(x,y)[lx[y Iyzy] (2
Horb, LA 2 TR G, 76 BE a2 (e x
y 7Tl

A5 FH R B M) R AAE A R 3 0BT — A e i %
A P A 2 A A, B PATHE — > Harris £ 5

Wi S2AE R SR AW — > e S 2 M R, TR
AR PR . RITHE LT .
R = detM - oftraceM )’ (3)

1.2 4$F{E=ITHC
FRAE R SCAS B (RRE A B, RS AE 5 0 UG T
R RR CEE B sk g, —FRAMX. HEEMAE

PRI R AE N 4= (a1, as, -+, a, ) F1 B =
(blab27 '”9bn )’ mUAZ;FDBZEgKKE:EE%i—FﬁﬁﬁD—F:

d;= «/(aj—bj)z (Ge {1,2,-,n},ie {1,2,--,n} (4

DURFAE sURIR T 4, 5, it EH S
1T B AR BT R AE AR AF C I RR IRER BY, 4545
B 7 AH MR IR B A B . 3 45 R/ T e BE
WRFAEDCEC RS, B4 ByRL— XS ILEE AL N
S LR IEsE, AT — P B RANSACHfHL
FRE — BURE R B 1R DL A
1.3 EF RANSAC B A #Y 8 R 3B FE Al i+ Fn B (&
P&

EUG LA B R A [R] G b ) B A2 46 oy — A
ARFR R, RIS B B R RIEERE, AT LU BT
FCHERIPEHE . Ak, PR BR, FHEEE
PR EEARAN [ ) 06 R 2 A o

Fischler %" 42 th Biti WL 3 £ — %X (random
sample consensus, RANSAC) Hik, REA A
e FARR AR A I 25 42 EUR IR I (%) 70 A B i R
ZHARETE I . ZEES AT MR
PRI E T s FEAROTER AL () 245
HEATAS T, B 5 2 SR 00 v A 1 0 3%k AR IR S O
oo JMgsmULACAS B, A SOt RANSAC Sk
i 137 DG C A SR A o S0 B, 3 T i B0 T A8 99
o HOG, MNTRAS M ECE SO H i BT E 7
Mo HPEARBGERE, JRERXJLN SRR YW
7o Ak FARECHE SO TR AR AL X
RO FF SRR, M LB A AN s
) RN O T BRI R, D) I R B 9 A T
A AR RE . ARIEDL BT, BENLRAENIR, &
BN R KRS, THBRAE A SR I RN

T HBBIMITERAE AL, BB 2 8SH
BUE, WIAEE— S SRR H v AR 1 A3
BIZ 2 (A8 bR b, TSI MR B . AR ok
2w 5, Hrp(x, y)NEIHEEERE TR
Fo (s I NSEERB 2T .



« 89 .

BIERE 202-

X2
Y2
I

(5

X2
=H y2

1

X1 hi hio his
Yi|=|ha hyn hy
I hsi hy 1

DN i R AR AR TH SRR

_ huxa+hipys+his
h31X2+h32X2+I

_ haxathpyr+hy
Y= h31X2+h32)C2+I (6)

L FEDRIT

(1) BENLLE EME 1A EMR 2 REAE £ U T X o
POEA/NT 4AUCHES S, %X (4 kR
fife, FRBNHNAERE, I 80E BAE .

(2) MRHEFRNHRE H, K HARVUHT AR T
e, UM E IS SEbR s AR B . BT
ANFREBRIER, WRZRCNA AL FHGEH N s

(3) ZREEHHLULIE fix), EHE EIRDIRE R
WK, A3 BB SRR FE H A TSl
Be it o

(4) RIERANSACHF BRI FRNFERE, XTEIE 1
BHATHA, SRR 1 A EIG 2 B TP

2 SLEIREERK ST

21 ZWIMEREIE

A SCHEEIR BN Intel® Core™ i7-6700 CPU Al
16 GB RAM, iz 17 ¥ 5i Jy Windows7+MATLAB
2016a.

BEXPR R PR UG HHEE S, AU T
KRB, FIFZEBIR ST R PHEE
EIIBAIE. frHHEEBIE GG S E 2 Fs.

(b) FEPREEH2-2
K2 FrpfEEB IR SR

() fPREEH2-1

2.2 SCIRUE
221 HAEA

e P BB o K EEE S, 2 5 R H
Harris £ s M AT SURF FRAE S A, BIR 2-1 4%
fIE R 25 R B 3 o, BB 2-2 AT A
ZERME 4R

(a) Harris £ 35Kl 26 5 (b) SURFAHIE AT &5
K3 B 2- 1 RHE s D25 2R

(b) SURFHFE R 25 2
K4 PR 2-2 AL R I 25 2R

(a) Harris £ s{RI 45 1

) FH R FCRE B B TRFE S VTS, I RANSAC
B IRVCHD S, Harris £ SAGIIAT SURF 4HAE 5,
K I3y SeRFAE ST UCRC2E R S s

(b) SURFHFAE s PLAC 45 5
El5 it sULRC s R



‘ﬂﬂ MR 5HE

222 FELEXR

K6 Frs.

.90 -
R1 BEAGEDERIRSE DXt
i i RANSAC H56 fUR 28 & Al 1F 5 80 Bk NIQE SSIM
B, R R A v 1 B S R R R e R MR 2, RS SURF 7.223 0.306
B EE 2 5 EE 1 BHE, 9 SR PEE S5 R0 et APAP 6.452 0.615
TFT 4763 0.682
ARCE 4.296 0.691

(b) SURFHLH:HfH4E T
Blo 37stitpfpeas Fxt bk

(a) A EDEAE R

IR LRI A AT A, A SCHRIATE R
FE L ARXS T SURF 5EA B AR, AEfe L lE
B e R P

A Sl P T2 0 e R AT SE 6 06
IR EI A 1005k PR ARG . HEPHELS
R E ARG R BIRAE (NIQE) 5 FR AN 45
HILE (SSIMD R ARk B4 BT 5k 5
XFHCRE I BB PR FE . b, NIQE fRAr il
AN E SR MG R B, SSMI 36 25 W 1 i
TR B R S AR e 5 R P AR 00 & X
FAAURREE, b R T DR AR R T

FEVEE PR LR LR L, A
SCHRH O IR B B EIAR T A RGP
HErKHE, KT EGRENEWERTER, &
L NIQE #84r 8¢/, SSIM febrfe i, M AE
B iF . SURF #032: M1 APAP 5032 E % 4 i T 45 1iE
e #EG EAUE B, P REE T, FEE
SO, B R A I BN KR E BT
FoE, HABCRBARRL, —UI#E THRAE A
SRR . TFT SR RIA SR $ SO0 K 7 T
ZPEAK, HTFT 5k BRGNS RS
, BEMEZE. Wik, RBEEVEE IR T A
CATRIVESE VL IREE: L c

3 HRIE

ASCHE T Harris f sl R I 505 R B SCHL T 14
B P . I Harris /i S 55 SR BURFAE £
Fe) 7 Harris £ 5, 385 R R BE 0 6 4 AE A 2847
VLHC, O 7 sEeBlHgsR UL ECORS R H R, dEad
RANSAC FIEX R ILAC /AT TR, 1557
FNHE R, A SREL T BB AR HOR SE T B
BEAh, A 30% Harris 5592 41 SURF 5509% SE I &%
PHEREAT TRTLE, 4L BB B2 45 R R W] Harris
SR PHERCRIEIL T SURF 5% . ARk TAER:
W7 DRI = 4 s S

SE Rk

(1] W, P, BOKIL . 2T 2t ORB 9 A 1A I AL 5 3T 1Y
FCAETTIE]. R (H IE30), 2021, 38(2): 45-51.

HU T, HE L, XIA'Y J. Lunar surface landing visual navigation
registration based on improved ORB algorithm[J]. Aerospace
Shanghai (Chinese & English), 2021, 38(2): 45-51.

[2]1 MATY, JIANG X Y, FAN A X, et al. Image matching from
handcrafted to deep features: a survey[J]. International Journal
of Computer Vision, 2021, 129(1): 23-79.

[3] HARRIS C, STEPHENS M. A combined corner and edge de-
tector[C]//Proceedings of the Proceedings of the Alvey Vision
Conference 1988. Alvey Vision Club, 1988: 10-5244.

[4] SHI J. Good features to track[C]//Proceedings of the 1994 Pro-
ceedings of IEEE Conference on Computer Vision and Pattern
Recognition. Piscataway: IEEE Press, 1994: 593-600.

[5S] LOWE D G. Object recognition from local scale-invariant fea-
tures[C]//Proceedings of the Seventh IEEE International Con-

ference on Computer Vision. Piscataway: IEEE Press, 2002:



BERS 2024 45 12 #

« 91 .
1150-1157.
[6] YAN S, MA M. Image stitching based on an improved SIFT al-

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

gorithm[C]//Proceedings of the IEEE 7th International Confer-
ence on Electronic Technology and Information Science. Piscat-
away: IEEE Press 2022: 1-5.

BAY H, TUYTELAARS T, VAN GOOL L. SURF: speeded up
robust features[C]//Proceedings of the Lecture Notes in Com-
puter Science. Berlin, Heidelberg: Springer Berlin Heidelberg,
2006: 404-417.

LIU Y F, GENG S Z, YU Y N. Image feature matching based
on improved AKAZE and I-SURF algorithm[C]//Proceedings
of the 2022 7th International Conference on Multimedia and
Image Processing. New York: ACM, 2022: 66-71.

RUBLEE E, RABAUD V, KONOLIGE K, et al. ORB: an effi-
cient alternative to SIFT or SURF[C]//Proceedings of the 2011
International Conference on Computer Vision. Piscataway:
IEEE Press, 2011: 2564-2571.

JI X, YANG H M, HAN C. Research on image stitching
method based on improved ORB and stitching line calculation
[J]. Journal of Electronic Imaging, 2022, 31: 051404.

B 7, A7 L, KBIEEN, &5 . T 3RO A e 1 T8 AN AR
1§ SEI PHE TR, i 243R, 2023, 44(24): 135-144.
ZENG G Q, NIU Z F, ZHENG L L, et al. A real time video im-
age stitching method for UAV based on spherical transforma-
tion[J]. Acta Aeronautica et Astronautica Sinica, 2023, 44(24):
135-144.

ZHU S D, ZHANG Y Z, ZHANG J, et al. ISGTA: an effective
approach for multi-image stitching based on gradual transfor-
mation matrix[J]. Signal, Image and Video Processing, 2023,
17(7): 3811-3820.

LU C N, CHANG Y C, CHIU W C. Bridging the visual gap:
wide-range image blending[C]//Proceedings of the 2021 IEEE/
CVF Conference on Computer Vision and Pattern Recognition
(CVPR). Piscataway: IEEE Press, 2021: 843-851.

B, F SR, VEKFR, &5 AL £ [ S DE R SUA].
fL 2 4%, 2012, 33(11): 2065-2073

LIAO C, WANG G J, SHEN Y L, et al. Aerial video stitching
via multi-direction strips[J]. Acta Aeronautica et Astronautica
Sinica, 2012, 33(11): 2065-2073.

Gy, S0 L T AR AT AR WS ] 0 A A0 A AR
HE[T]. W25 244, 2012, 33(10): 1872-1880

[16]

[17]

(18]

[19]

[20]

YI M, GUO B L. Aerial video image registration method based
on invariant features and mapping restraint[J]. Acta Aeronau-
tica et Astronautica Sinica, 2012, 33(10): 1872-1880.
ZARAGOZA J, CHIN T J, BROWN M §,; et al. As-projective-
as-possible image stitching with moving DLT[C]//Proceedings
of the 2013 IEEE Conference on Computer Vision and Pattern
Recognition. Piscataway: IEEE Press, 2013: 2339-2346.

LIJ, DENG B S, TANG R F, et al. Local-adaptive image align-
ment based on triangular facet approximation[J]. IEEE Transac-
tions on Image Processing, 2019, 29: 2356-2369.

FISCHLER M A, BOLLES R C. Random sample consensus: a
paradigm for model fitting with applications to image analysis
and automated cartography[C]//Proceedings of the Readings in
Computer Vision. Amsterdam: Elsevier, 1987: 726-740.
MITTAL A, SOUNDARARAJAN R, BOVIK A C. Making a
“completely blind” image quality analyzer[J]. IEEE Signal Pro-
cessing Letters, 2013, 20(3): 209-212.

WANG Z, BOVIK A C, SHEIKH H R, et al. Image quality as-
sessment: from error visibility to structural similarity[J]. IEEE

Transactions on Image Processing, 2004, 13(4): 600-612.

(fEE ]

-
<

FRAREE (1974-), 2, FEFBZFFEHM/N T
SEAGH BT B TR, 32 BT I 1 AR
KM R MR, TR Z
REE,

Bk (1989-), 5, 4, pEBEER
N R BUHT T FU e g LARIW, BT
FT7 1) g B R AH R B B Ak
R, KHE. A3z, L6 A3)
PRI i e 4

R (1989-), 5%, hEFRFGERMA D
AW AR g LR, EEG A
NERGENR., DEFERHTF RS,
TEBTIABARE.



‘éﬁ MRSFL 92-

FRMESE (1982-), 55, HEFREEEH/NTE FNEY (1992-), 5, dEFRAEB N B
L QUHAT T BRI T TE b1, BT AN QP FTBE TREIN, T B TCTT A A
TEMECH. AWK, M. KA MR B R B A R A MR AR S o

HFHE (1990-), B, o [EFHEE BN
SEVFIT TR TR, S5
B IR 5 2 T 625

Z=TI (1972-), 5, F PH 7 58 3 9
WEX H LS L TREIW, EEG R
KRB BLR S (GIS) 4%,




