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Fig.9 Integration and Checking of Matching Results
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Fig. 11 The Influence of Different Parameter Thresholds Tda on the Matching Results
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Fig. 12 Line Matching Results for Complex Scenes

()AL ETiFXT 14 10(a) UL BTt 2R

(YA ST ST XS 14 10(c) UL ALt R

(a) Wi “£” HEK

(b) “—X—" F4ZHEZL
Kl 13 Wi A TLRLAS R
Fig. 13 Fracture Line Matching Result Check

Ak, WARCEFA R AEE, Wk 4 5
9-11 %, 6 HBGIIEA R4 ELEHE LA A
JRIE S AL HREAA DIRIE LM EE 75>
108 %4/60 2% 25 2k/29 % 32 %%/8 %k 0 %k/1 %. 0
%13 5. 28 %5/10 %%, AT HAEE “—xF—", “—
ﬁ%”“%ﬁ*”ﬂ“%ﬁ%”ﬂm%§,$iﬁ
TSI S B G B, SR LR A IR AR AL 2 3R
Rk “—XF—" ULHC, Fheha B2 R ILL LA
“Z7 HETILLEE. %M% 7 G TiC B 2% 4 1E
WhILEE “ 27 HEHATIE, #m 7 ILR IR,
RE T BB WI13%%,%E1WM
B ULEC 25 B R ORI, Az R B 2R VLA 45
BENEFR) “—X 27, “ZX—", “ZX£” ILh
KAZWE 13(a) fron, WEGHAMILLE “27 HE,
WK 13 (b) fis, BEIRAR “—X—" A4HEL,

ﬁf;m 15 a7 - /“/“5 %é‘gﬂ 0L 1T e os
S T Taes, /417 "6\75 2 A
F TR Y o T e
e f“%ﬂg oz ¥ .&ﬁ g /gg o
\,1;3!%;“ @W,AJME 13;3200 5, /é W s ;43@55% e B
251227 - 1%&-;&9 W fua 15z '25/12&,?7%1 9 ;3%‘[, L
s | B s e 8] T pan S GF s
-85 e s 8 ® iR “‘va? 3 4y
A8 W%é o L A %hae /Aﬂis oy h L
TEeET T gy {I 7\2%5 812 e
- _ |
“I 994 ,- S~ z} I i%:}; % nﬂ gﬁﬁq@é
~/
%ﬁ\m /145 “Dﬁ“ ;TQ ﬁw/ 136
ES ;Zé g@g \E T /Z/ Zﬂzjg. 4 m é’é T
/\ 9425 s % ug;?i@ figzd! WE’!“ e

(D) A= SCEE X ] 10(b) VL e 45 5

(d) 4= SR ] 10(d) DL e 45



()R SRS B 10(e) ULAC 45 S (A SCEEXT B 10(f) UL AL 45 3
14 HZILE 4
Fig. 14 Line Matching Results

K4 TEEZEELLEER
Tab. 4 Line Matching Results by Different Algorithms

S LR NG Ry R A% 45 R

b . % MATIE iR A% BRI PRIBIE ey oo o

g3t SHEW BRI qogaxs wakAme 25 BR O gmame BF 0 BR O ogpe sm
1% % 18 4 4 AR

N-LPI N/A  N/A N/A N/A N/A N/A 882 882 882 600 68.0
10(a) MSLD N/A N/A N/A N/A N/A N/A 366 366 366 310 84.7
AIcEy: 5689 6481 1306 1142 906 840 630 738 690 619 98.3
N-LPI N/A  N/A N/A N/A N/A N/A 256 256 256 248 96.9
10(b) MSLD  N/A N/A N/A N/A N/A N/A 173 173 173 165 95.4
AXHEPE: 1009 1086 851 860 344 342 233 258 262 229 98.3
N-LPI N/A  N/A N/A N/A N/A N/A 224 224 224 129 57.6
10(c) MSLD  N/A N/A N/A N/A N/A N/A 214 214 214 185 86.4
AICHBE 3965 4894 1199 836 488 468 385 417 393 370 96.1
N-LPI N/A  N/A N/A N/A N/A N/A 332 332 332 332 100
10(d) MSLD  N/A  N/A N/A N/A N/A N/A 148 148 148 121 81.8
ACHY: 1259 1201 132 143 129 126 113 113 114 113 100
N-LPI N/A N/A N/A N/A N/A N/A 412 412 412 409 99.3
& 10(e) MSLD N/A N/A N/A N/A N/A N/A 25 25 25 6 24.0
AICHE 2694 4063 528 590 369 361 206 206 209 204 99.0
N-LPI N/A  N/A N/A N/A N/A N/A 499 499 499 495 99.2
10(f) MSLD  N/A N/A N/A N/A N/A N/A 331 331 331 308 93.1
FxcEy: 3674 6481 2117 1768 648 483 385 413 395 378 98.2

3 L FH R A2 4 4 0t vh o9 B 2k 8] BT 25 1) J U AT g 45 B AR

REfEE, HT A, SRR TR, A

R TR AT . SO A b R L IUR

AR RGO LTS IE SRR L) s prpa sk mpo i B, (% B SR R
SIMARICRIE . VT E VIR e e e e
HIBLZA (UL R TC, WG REARILIC, JEAR jpmmmmnipt, xhoh B TR B 4, AR AT



FES R AR AR X7 MILEC R, IR
AR RSB R DL B 1583 Bkl i+
Wl L AR HLRILRCSES, IF a5 A FRE
AT XL AT, HOBIVC EC s H e UG HCAS FE 5 5 T
ASCHFEM S BRI Jasit—2D
PERASCHPIE SR ELILE . AN
WRINSEE %, W58 1) 2 BORE A L BC AL
RIER| A PHERRES, R, Hik, W
] F & N R B B SRR, PR AR VLRSS R 5
R R R — B W O A

2 % x #f

[1] Wang H, Jia Z H, Zhang Y F. Aerial Image Matching Based on
NSST and Quaternion Exponential Moment[J]. International
Journal of Performability Engineering, 2018, 14(11).

[2] Lu S H. Study and Implementation of Image 3D Reconstruction
Based on Feature Matching Strategy by Geometric Constraints[D].
Tsinghua University, 2018.(FfilE%€. BT 5 ) LT LR T HRC 5
W ) = 4 U7 AT AL S S PL[D] . IE K 2%, 2018.)

[3] Wang W Q, You X, Yang J, et al. ElasticFusion for Indoor 3D
Reconstruction with an Improved Matching Points Selection
Strategy[J]. Geomatics and Information Science of Wuhan
University, 2020,45(9):1469-1477. (EX:¥;, Wik, #al, % .—

Fh 8GR VG E A %o 146 B S5 1Y) ElasticFusion 28 P = 4 5 3 51 1E[0].

DK 2240 (15 SR R),2020,45(9):1469-1477.)

[4] Cao L. Research on 3D Building Model Reconstruction and
Optimization Method Based on Line Features of Obilique
Images[D]. PLA Strategic Support Force Information Engineering
University, 2020.(E#K. JETHURHE AR 2RI K 2 ST =
0 2 g S04k 72 5T [D]. M S BRI AME R AR R, 2020.)

[5] Chi Y C. Reconstruction and Evaluation Based on Image Edge
Feature for Space Target[D]. Harbin Institute of Technology,
2019.( MIRYAL. FE T EMGLGRE If) 25 (0] H b B 8 5 1A 7
VE[D]. MG /R Tl K%, 2019.)

[6] Liang Y. Research on 3D Model Reconstruction of Building form
Close Range Image Sequence[D]. Nanjing Normal University,

2013. (4. FETITH G S I S = 4eRE AL 5 A 7T[D).

R RUMTE R, 2013.)

[7] Zhang Y X. Research and Implementation of Multi-View Geometric
3D Reconstruction Algorithms Based on Linear Features[D].
Yanshan University, 2019.(5K#k 5%, & T BLZRRFME A 2 WL LA
YR A SART U S [D]. Ll K E2,2019.)

[8] Manuel H, Michael M, Horst B. Efficient 3D Scene Abstraction
Using Line Segments[J]. Computer Vision and Image
Understanding, 2017, 157:167-178.

[9] Schmid C and Zisserman A. Automatic Line Matching Across
Views[C]. IEEE International Conference on Computer Vision
and Pattern Recognition, 1997, 666 -671.

[10] Liang Y, Sheng Y H, Zhang K, et al. Linear Feature Matching
Method Based on Local Affine Invariant and Epipolar Constraint
for Close-range Images[J]. Geomatics and Information Science of
Wuhan University, 2014,39(2):229-233. (iE#fi, Bl4e, #kF,
S U RSB A7 56 AN AL B A% 2R A R IR 557 R AR B R AR AIE DL T

[ BRI 3240 (15 R34 7),2014,39(2):229-233.)

[11] Schmid C, Zisserman A. The Geometry and Matching of Lines and
Curves Over Multiple Views[J]. International Journal of
Computer Vision, 2000, 40(3):199-233.

[12] Li C, Liu Y W, Hu M, et al. Study on Street Elevation 3D
Reconstruction-Oriented Straight Line Matching for Close-Range
Images[J]. Geomatics and Information Science of Wuhan
University, 2010, 35(12):1461-1465.(ZW, X1 3X, WA, %5,
THT 1) 487 357 S T = 4 7 2 13l SR AR ELZR UL LT VAT 8] X
PR 2R (15 B RMEAR), 2010,35(12):1461-1465.)

[13] Jia Q, Fan X, Gao X K, et al. Line Matching Based on Line-Points
Invariant and Local Homography[J]. Pattern Recognition,2018,
81:471-483.

[14] Zhang Y S, Zhu Q, Wu B, et al. A Hierarchical Stereo Line
Matching Method Based on A Triangle Constraint[J]. Geomatics
and Information Science of Wuhan University, 2013,
38(5):522-527.(K =k, KIK, R, & —FIET=ZAMLAR
MISEARFGAR B AE 2 RUC I 72 (0], DR 22 2445 BRH
Jiit, 2013, 38(5):522-527.)

[15] Wang Z H, Wu F C, Hu Z Y. MSLD: A Robust Descriptor for Line
Matching[J]. Pattern Recognition, 2009, 42(5):941-953.

[16] Xing J, Wei Z, Zhang G. A Line Matching Method Based on
Multiple Intensity Ordering with Uniformly Spaced Sampling[J].
Sensors (Basel, Switzerland), 2020, 20(6).

[17] Wang L, Neumann U, You S. Wide-Baseline Image Matching
Using Line Signatures[C]. 2009 IEEE 12th International
Conference on Computer Vision. IEEE, 2010.

[18] Al-Shahri M, Yilmaz A. Line Matching in Wide-Baseline Stereo: A
Top-Down Approach[J]. IEEE Transactions on Image Processing,
2014, 23(9):4199-4210.

[19] Li K, Yao J, Lu X, et al. Hierarchical Line Matching Based on
Line—Junction—Line Structure Descriptor and Local Homography
Estimation[J]. Neurocomputing, 2016, 184:207-220.

[20] Li K, Yao J. Line Segment Matching And Reconstruction via
Exploiting Coplanar Cues[J]. ISPRS Journal of Photogrammetry
and Remote Sensing, 2017, 125:33-49.

[21] Kim H, Lee S. A Novel Line Matching Method Based on
Intersection Context[C]. IEEE International Conference on
Robotics and Automation, 2010, 1014-1021.

[22] Kim H, Lee S. Simultaneous Line Matching and Epipolar
Geometry Estimation Based on the Intersection Context of
Coplanar Line Pairs[J]. Pattern Recognition Letters, 2012,
33(10):1349-1363.

[23] Li K, Yao J, Lu X. Robust Line Matching Based on Ray-Point-Ray
Structure Descriptor[J]. Asian Conference on Computer Vision.
Springer International Publishing. 2014.

[24] OK A O, Wegner J D, Heipke C, et al. Matching of Straight Line
Segments from Aerial Stereo Images of Urban Areas[J]. ISPRS
Journal of Photogrammetry and Remote Sensing, 2012,
74(1):133-152.

[25] Wang J X, Song W D, Wang W X. Line Matching Algorithm for
Aerial Image Based on Corresponding Points and Z-Plane
Constraints. Acta Geodaetica et Cartographica Sinica, 2016,
45(1):87-95. (E3E, KHER, £HE. ML R L&ETHA
PRI 2 5% BLAR DTS00 0], 22224, 2016, 45(1):87-95.)

[26] Wang J X, Zhu Q, Wang W X. Reliable Line Matching Algorithm
for Stereo Images with Topological Relationship[J]. Acta



Geodaetica et Cartographica Sinica, 2017, 46(11):1850-1858.(+

S, ORIK, EHE. BRI R ISR AR ELARHIE T 5 32(4):722-732.

VLR SVA[I]. L4k, 2017, 46(11):1850-1858.) [28] Tola E, Lepetit V, Fua P. Daisy: An Efficient Dense Descriptor
[27] Gioi R G V, Jakubowicz J, Morel J M, et al. LSD: A Fast Line Applied to Wide-Baseline Stereo[J]. IEEE Transactions on

Segment Detector with a False Detection Control[J]. IEEE Pattern Analysis and Machine Intelligence, 2010, 32(5):815-816

P 2%
FReR

Line Matching Algorithm Based on Pair-wise Geometric

Features and Individual Line Descriptor Constraints

LIU Suyan! WANG lJingxuet? SHEN Zhaoyu! WANG Qiang?®
1. School of Geomatics, Liaoning Technical University, Fuxin 123000, China;
2.Faculty of Geosciences and Environmental Engineering, Southwest Jiaotong University, Chengdu 611756, China;
3. Tianjin Normal University School of Geography and Environmental Sciences, Tianjin 300387, China
Abstract: Objectives: In the field of line matching and checking, the geometric attributes of the individual
line are weakly stable, and non one-to-one matching results are difficult to be checked. To address the
problems above, a line matching algorithm based on pair-wise geometric features and individual line
descriptor constraints was proposed. Methods: For matching process, firstly two line segments which
satisfied certain geometric constraints in the neighborhood were grouped into a line pair and matched as a
whole. Secondly, the epipolar constraint of the intersection in the line pair was used to determine the
matching range. Then characteristic angles within line pairs, distance ratio between line segments and the
radiation information of the neighborhood of line pairs were used to narrow the range of the matching
candidates. Finally, the final matching pairs was obtained by caculating the gray similarity of triangle region.
For checking process, initially according to the angle of line with epipolar and the slope of line, the
corresponding relation between individual lines was established. Moreover, each corresponding line pair was
split into two groups of corresponding individual lines. Then, descriptors were established for two single
lines in each group and the similarity between the two line descriptors was calculated. Eventually, collinear
geometry and descriptor similarity were combined to check the matching results, eliminate the false matches.
Collinear lines in the results were merged and one-to-one matching results were obtained. Results: Aerial
images with typical texture features and close-range images of different transformation types were selected
for experiments. The results demonstrate that the proposed algorithm has a high matching accuracy. The
matching accuracy rate is higher than 95% in complex scenes with similar texture, perspective change,
rotation change, scale change and illumination change. Conclusions: The proposed algorithm has good
robustness to different types of images, and also has advantages for complex line matching check.
Key words: line matching; pair-wise line matching; results checking; collinear geometry; line descriptor
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