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Abstract Aiming to solve the problem of low accuracy and poor stability of random sample consensus (RANSAC)
algorithm in feature point matching, an image registration algorithm based on smoothness constraint and cluster
analysis is proposed in this paper. First, the scale information and spatial angle order of neighborhood matching
feature points are used to construct a smoothness constraint, and the initial matching points are divided into a
sampling set with a high inlier rate and a verification set with a high inlier number. Then, the solution is solved by
repeated sampling and model testing. Next, the inlier set is temporarily determined, and cluster analysis is
performed on it. Further, the optimal inlier set is selected according to the distribution quality of the cluster center
in the image overlapping area. Finally, the optimal inlier set is used to solve the model parameters to achieve image
robust registration. The simulation results show that compared with the RANSAC algorithm, the registration
accuracy of the algorithm improved by 26.83%, and the error standard deviation is reduced from 0.68 to 0.19.
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Fig. 1 Image registration process of our algorithm
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Fig. 3 Screening of initial matches based on SC. (a) Selection of reliable matches; (b) checking the consistency of the

global zoom scale; (c) local geometric constraints
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Fig. 6 Testing images. (a) Blur change; (b) viewpoint change; (c) rotation and scale changes; (d) illumination change;

(e) rotation change; (f) scale change

820

(2) —s— initial set

800 - —e— reduced set
780
760 |
740 |
720
700
680

01 02 03 04 05 06 0.7 08 09 1.0
04

Number of inliers

840l (© —=— initial set
—o— reduced set

780 ® =
720+
660 -
600 -
540+

ol . . . . . .
0.1 02 03 04 05 0.6 0.7 0.8 0.9 10

B

Number of inliers

1.0
(b) —=— jnitial set
—e— reduced set
% 08 ——e—o—
o
[=]
L 06
5
o
04r
01 02 03 04 05 06 07 08 09 1.0
[#4
1.0L(@ —=— initial set
—e— reduced set
£ 08} ——
1 e
E 0.6
[=]
]
g 04}
&
0.2}

01 02 03 04 05 0.6 0.7 0.8 09 1.0
B

B 7 AR TE 28O0 ) 0 VE LS AR SEME RERYSE A . () o XTSI RZ I 5 (b)) o X UG AR B REIE 5 (o) B X PN R A 52 ) 5
(d) B X PAY s, 25 B4 52 )
Fig. 7 Effect of different parameters on the purification performance of initial matches. (a) Number of inliers with different

a; (b) ratio of inliers with different @; (¢) number of inliers with different 8; (d) ratio of inliers with different 8

1210010-5



£58% E12H/2021 £ 6 R/HASBFFEHRE

55 AR B homogr HdE 4 L &l 8 fr
R AE 10 A EMR, A4 AR AL S 8 Xt W . A
S5 2R RIS E A BT SCCA B4 vk 14 I5C RS B8 i
EYE. I 5 RANSAC & k. /i # fk fb RANSAC
(FLRS) 8 ¥&. Jy & 45 9 f& & Jt i (LPM +
RANSAC) B Ak A UM A4k (FLRSH1BCO)
B AT E A 6 B S O R X I Sk
PEATIEE N AP SR 22 B (E N 2, SCCA 5k i

ZHCN, FIN, 439000 5 F 10, PR 38 BR A Wl A 64
Y177 M1 22 (RMSE) HEH 25 (P) ALE BR (R, T A
FE AR 4 1B R 53 Bk ST 2 AT 100 Y BOF- 34 (B 15
#| ,RMSE MBI P Al R #5615 2 o (0 kS
JEE . XF RMSE HUbR fE 22 (STD) B it i 53075 1)
FE Pk . STD A BRI, 3 WY B8k i A PR iRk . 52
¥ 385 . CPU Jy AMD Ryzen 9 3950X,3.49 GHz, N
14 16 GB 1 PC HL, $K 4 Matlab2017b,

8\

P8 I A T P 1R X

Fig. 8 Images pairs for homography estimation

PFESE R 45 g 1 FioR, vl LA H . SCCA &
2 RMSE 2 1. 50, FC ks B fe i » B STD 2y 0. 19,
TEAR T H A 8 kL A 2 SCCA 8 3k 7 RANSAC
R 96 AT AT SC 4 40 P 55 114 SR W RE AT 35 2 w8 R Y

Jic oA B fnAR e vE . WAt SCCA LM P MR
BT HA A R & SCCA B3 AN S B2
TE MG T B XA 1 5 43 A7 A8 B2 Ay o D0 35 3B £ P9
AR I SR RE A 5 i PR ) ) T R

#1 AFBEERTERE

Table 1 Performances of different algorithms

Algorithm RANSAC FLRS LPM-+RANSAC  FLRS+IBCO SCCA
Error (RMSE+STD) 2.05240.68 1.9540.51 2.0740. 65 1.8240. 34 1.50%0. 19

P /% 71.61 70. 84 71. 64 70. 34 72.94

R /% 77.96 85. 75 76. 67 89.07 90. 50

Time /s 0.17 0.13 0.03 9.66 0.51
4 o i Wﬂaﬁﬁﬁqﬂﬁ?%%ﬁ%Wﬁ%iﬁﬁ%%’éﬁﬁ,#—
PSR 2 w7 (B G TE 8 DX 3 A 38 0 0 A R R 0 B
Sy S B PG A BE M e e PR HE L AR T — DN U AR R T BB B SRS B . LS5
FPEE T SCCA My MR I HES . T SC BUAL R 53R, SCCA B33k iy e N B & e MR i T

JHI 408 38 DC I 4 1 i P9 R A5 8 B 22 ) g J38 WL Py g s
RFAIE A5, 4 Ja 406 R PE — B 249 SR Jg AR L e 29 5
AR BR T 90 46 DEBE R A R AR Ah . TR X B

RANSAC, FLRS. LPM + RANSAC f1 FLRS +
IBCO B, XF A0 30 38 & 4 38 B i & L o8 A1
Y R PR EMG B EE R L,

1210010-6



(1]

(2]

(3]

[4]

[5]

(6]

7]

(8]

(9]

[10]

2 % X #

Nichols M H, Ruyle G B, Nourbakhsh I R. Very-
high-resolution panoramic photography to improve
conventional rangeland monitoring [J]. Rangeland
Ecology &. Management, 2009, 62(6): 579-582.
Ren Z G, Li X Y, Ni D W. Compact space optical
system design with large relative aperture and field of
view[]]. Acta Optica Sinica, 2019, 39(9): 0922001.
RS, B, EeRH. RN LE R B
BMzs DL RG], %R, 2019, 39(9):
0922001.

LiJ H, Tan F L, Zeng C X, et al. Optical design of
an airborne camera with wide coverage and high
resolution[ J]. Acta Optica Sinica, 2021, 41 (2):
0222001.

I, e R, WR,
LG 7 R g et L.
0222001.

e E R, 2021, 41(2):

LuSF, LiuZ. A fast alignment method in sequence
images of multiple units train [J]. Acta Optica
Sinica, 2017, 37(9): 0915002.

AT, XIRE. 24 ) L7 A KGR 5F 07
0. &%, 2017, 37(9): 0915002.

Kale P, Singh K R. A technical analysis of image
algorithm[J].
Innovative Research in Computer and Communication
Engineering, 2015, 3(4): 3300-3309.

WuY, Ma W P, Gong M G, et al. A novel point-
matching algorithm based on fast sample consensus
registration[J]. IEEE Geoscience and
Remote Sensing Letters, 2015, 12(1): 43-47.

Lowe D G. Distinctive image features from scale-

stitching International Journal of

for image

keypoints[J]. International Journal of
Computer Vision, 2004, 60(2): 91-110.

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

LiZ Y, Tian Y, Chen F ],
stitching algorithm for unmanned aerial vehicles based
on improved ORB and PROSAC [J]. Laser &
Optoelectronics Progress, 2019, 56(23): 231003.
FART, W, RO, 4. 2Ttk ORB M
PROSAC I FE ABLALIA DR 52 (1] . WOt 506
ML 2F R, 2019, 56(23): 231003,

Yang Q N, Ma T L, Yang C K, et al. RANSAC

optimized

invariant

et al.

et al. Aerial image

image matching algorithm based on
sampling [J]. Laser & Optoelectronics Progress,
2020, 57(10): 101104.

WA, SR, HEER, % ETRAERER

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

1210010-7

585 £ 128/2021 £6 B/BAEREFEFHRHRE
RANSAC BEMQUCEA 2 [J]. WOk 5a i 7=k e,

2020, 57(10): 101104.

Fischler M A, Bolles R C. Random sample consensus
[J]. Communications of the ACM, 1981, 24 (6):
381-395.

Sattler T, Leibe B, Kobbelt L.
improving RANSAC’s
consistency filter [C] /2009 IEEE 12th International

SCRAMSAC:
efficiency with a spatial
Conference on Computer Vision, September 29-
October 2, 2009, Kyoto, Japan. New York: IEEE
Press, 2009: 2090-2097.

Torr P H S, Zisserman A. MLESAC: a new robust

estimator with application to estimating image
geometry[J]. Computer Vision and Image
Understanding, 2000, 78(1): 138-156.

Chum O, Matas J, Kittler J. Locally optimized
RANSAC[M]//Michaelis B, Krell G. Pattern
recognition. Lecture notes in computer science.

Heidelberg: Springer, 2003, 2781: 236-243.

Lebeda K, Matas J, Chum O. Fixing the locally
optimized RANSAC [C] // Procedings of the British
Machine Vision Conference, September 3-7, 2012,
Surrey. British: British Machine Vision Association,
2012: 1-11.

Lattanzi S, Lavastida T, Moseley B, et al. Online
scheduling via weights[M]//Chawla S.
Proceedings of the fourteenth annual ACM-SIAM
Philadelphia:
Society for Industrial and Applied Mathematics,
2020: 1859-1877.

Zhu Q, Wu B, Xu Z X. Seed point selection method

for triangle constrained image matching propagation

learned

symposium on discrete algorithms.

[J]. IEEE Geoscience and Remote Sensing Letters,
2006, 3(2): 207-211.

Mikolajezyk K, Schmid C. A performance evaluation
of local descriptors[J]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2005, 27 (10):
1615-1630.

Heinly J, Dunn E, Frahm ] M.
evaluation of binary features [M] // Fitzgibbon A,

Comparative

Lazebnik S, Perona P, et al. Computer vision-ECCV
2012. Lecture
Heidelberg: Springer, 2012, 7573: 759-773.

Ma J Y, Zhao J, Jiang ] J, et al. Locality preserving

notes in computer  science.

matching [ J].
Vision, 2019, 127(5): 512-531.
Cai Z P, Chin T J, Le H,
consensus maximization with biconvex programming
[EB/OL7. (2018-07-25) [2020-08-207. https: //
arxiv.org/abs/1807.09436.

International Journal of Computer

et al. Deterministic



