Computer Science and Application +EHLEIZ 5 R, 2021, 11(12), 2872-2889 Hans Xl
Published Online December 2021 in Hans. http://www.hanspub.org/journal/csa
https://doi.org/10.12677/csa.2021.1112292

ETESRLEERIERY
A

R, HEE, FEM
R ERHEGETER, L

FINRE

ks HiH: 20214F116H; FHHEM: 20214F12A6H; &4 HM: 20214F12 H13H

H E

PR LR ET ), RBGEZA ENEERN, FRIUEARRAPSHRRSHRAKITA
BRERAWHBHNETER LENEERR. b TEBIARSHIERRESR, AEaTUMANEREGIE
TEHAER, AT REFRI SRR BT, K80 T ETEBREEEAR, X
ZAERRIZD () 9B ALK AT AR ER MR F . B k@ i AR UL i i 75 R e AL BN 4%
RAXIR, HRRHEMXIEEHHTIR. RN HREGR T RAFER R HE, =i TR TREHHR
BB EE SRR R R ARGKRIE. NEGIERSLREERE O RETHRE, FRER
ERKEGPERKERR. BRE DMK EREANMARTENSIEY. A —PE e s <
g AL E, BT E T meanshiftiIBEE S, HSVEEZ A KSIERES FIHE, DARER
FRGEESNEREYE. &5, EBEFEANERM N —eREME, HITSEHE. AEEE
ARHEFEEE THINEGHHTER, METARBREE THSERIGER, WREREHT A
igi

XA
Femml, EGNE, BEEE, BesH

Penetrating Depth of Contact Group
Extraction Algorithm for Switch Machine
Based on Image Processing

Chenwei Yang, Shangzhi Xu, Zhipeng Li

Department of Information and Communication Engineering, Tongji University, Shanghai

Received: Nov. 6", 2021; accepted: Dec. 6, 2021; published: Dec. 13", 2021

NESIH: MRE, i, 25N BT ERCE KRR AT R RUEIED). THEAURE SR, 2021,
11(12): 2872-2889. DOI: 10.12677/csa.2021.1112292


http://www.hanspub.org/journal/csa
https://doi.org/10.12677/csa.2021.1112292
https://doi.org/10.12677/csa.2021.1112292
http://www.hanspub.org

Abstract

Switch machine is an important instrument to change track direction and reflect switch position in
railway. The penetrating depth between dynamic contact group and static contact group is an im-
portant index to judge whether switch machine worked normally. Owing to complicated internal
structure of switch machine, traditional image measurement methods of industrial objects are not
applicable. In order to improve the accuracy of switch machine maintenance and reduce the cost
of manpower, this paper designed an algorithm for measuring the internal penetrating depth of
ZD(J)9 switch machine based on image processing. First of all, this algorithm can accurately locate
the whole contact group region by means of template matching, which eliminated the interference
of other region structures. Meanwhile, a preprocessing algorithm based on affine transformation
is also proposed to rectify oblique images, after which the object length with clear length and
small distortion will be selected as the reference for scale calculation used for converting image
distance to actual distance. Some methods help further accurately locate the positions of contact
groups including meanshift filtering, color threshold segmentation in HSV color space and a de-
noising algorithm based on connected domain were also proposed. Finally, with the help of error
compensation algorithm, the calculation result can be more precise. This algorithm was tested on
images obtained at different shooting heights, revealing the effect of parameter extraction by
comparison. The causes of error were also analyzed in detail.
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Figure 1. Internal contact group of switch machine
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Figure 2. Basic flow chart of the algorithm
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Figure 3. Template image, image to be matched and matching result (from left to right)
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Figure 4. Oblique image
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Figure 5. Detection result of four operators
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Figure 6. Line detection on the edge of red bracket
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Figure 7. Contact group image and local magnified images
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Figure 8. Magnified filtering results comparison of dynamic contact group images
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Figure 9. Magnified filtering results comparison of static contact group images
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Figure 10. Binarization and image segmentation based on color
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Figure 11. Result of denoising by connected domain and edge dilating
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Figure 12. Hough circle detection determines the contact position
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Figure 13. Contact position (black points) and outer horizontal coordinates of metal reeds (red line)
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Figure 14. Both sides of static contact group
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Figure 15. Images of contact group under different heights
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Figure 16. Binarization and segmentation image of contact group under different heights
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Figure 17. Metal reeds in distorted (left) and undistorted regions (right)
E 17 BmEXE((E)MIERTXEE)NERER

43. WEHZENRGRE

EIMG BN 22 FEXTEE s A UG AT 3 B, X 40 23 B XA AR 2 3 XS 1) Fe b2 HSV (R 25 (] 1)
HIEE, REEIEERIEN < G5 UG R R A B s, (21 B AR GIR KA N L
RZAFFEAIIE], EETo R R S LIRSS &) e A L X S IX, AE 4R X 2 AN T Rk 5 3
AR A i k. fEEMG BN, 55 RIVF 2 BRI R BRI T im il BUS TS e
T8 AL S e S 2= 10 ME R DL IR % .

DOI: 10.12677/csa.2021.1112292 2887 TFE LR 5 R


https://doi.org/10.12677/csa.2021.1112292

48

Pefih AR ZE . BERIOMLAES AR b, 3h. SR AR — OO R B B A S R A A
SIS, (BRAAERRIIELE &, BT a4 TP, Bt R IR AN I . RS
ol R R A I B Bl R O B, SEBR EAAEE ML B R EST

BIGIE A R 22 4.2 i s], T BRGNS 8RR KM, BRI RN 2 — 2 2R . W
FERFT NIR PSP b8 78 i 38 A (R v, S v SR ) < JeR 358 5 I PR < 38 (1 S e R A 45,
DR P PR £ i < R 8 (0 R K BB A PR IR AR (R 2 PR 35k A% 1 BB e e 10 8
A, IR H A5 3 WA XIS ) RUBE R A A o XS IET7 SO LA SR AR e VA AL T 2, B
SEAVH BRI AR RN SRR 22, HAERE R 75 200 2 R S AT AR 06

5. BESRE

FEARICH, £FxF ZDA)9 BUF NN B4 M S AL, JE T HF FUR AL FR BT T AL N 2 B $2
Bk, XX RGN 2 EGIRURA IR R A 25 8 e AERNERI B I RE S Sl m 2 X as)
BB E, TR R BOT AL TSE A 32 R AR B AN 15 VL S B AR R B, 5 R 3 B O UL S 2K
R R B AR EER T RE BB BB, RECT BB AR e AT FACEE s oS IR D8 e (1 2 A 8 A8
AN UMD 28 SRS O LRSS, A28 B [ SRS IS A EHE IR 8 B, A TIOR3
MRS R AT REOR B 1 BRI, EEAmT DA B — 2/ NI e, BRI 2030 B T R 0y
ETER, AL SR A A B PR T B4R B B il R X 0 AN R A XI, —ei ol T, AR EAF
Z BB, 38 HSV R BRI AT BL 23 88 LS R AN R X S350 B0 R 0 1)
Ja B AEAC BB 1 TSI R AL ST T B AR, R E R RS T AE AL R R
RS TS E R . Fa, DCEEMEERT RS G107, RIS E AR E B A, 5N fE
IERMG ARG IR LA, AR T B G N T R R I R 15,
BT S E R RS

SR, X TR AR, PSR I AU A GRS RT DUIE AR S AT R 2 R R B A
orE], Sy EIERTE L EROB T & MBI E . FX b, S TERE PR EM e RF R, &
S AR 22 AU 2 AR A DR R e AR i SR B IR A v 22 b ASCE I TSI AUE IE R B0 R IR AR 5%
i, (EL X3 5 A B A R I AN, 7 2 B 2 SIS IR (IR E AME S

ELmAB

I TR T E R G AR A 1R B, %S 61773290,
FEE e

12 7 B B R 2 e 5
BE Tk

[1] Khan, S. (2001) Object Based Segmentation of Video Using Color and Spatial Information. IEEE Computer Vision
and Pattern Recognition Conference, Kauai, 8-14 December 2001, 746-751.

[2] Elias, N. (2003) A Survey on Industrial Vision Systems Applications and Tools. Image and Vision Computing, 21,
171-188. https://doi.org/10.1016/S0262-8856(02)00152-X

[3] Zhang, Y. (2004) Deformation Visual Inspection of Industrial Parts with Image Sequence. Machine Vision and Appli-
cation, 15, 115-120. https://doi.org/10.1007/s00138-004-0136-7

[4] &%, fLgad, HihE. PLES RImskiat MR 3], E B R EIE K, 2017, 22(12): 1640-1663.
[5] FhEHE, BN, HLASHLSA IS 5 8L [M]. JEat: BlaE di A, 2015.

DOI: 10.12677/csa.2021.1112292 2888 MR 5 R


https://doi.org/10.12677/csa.2021.1112292
https://doi.org/10.1016/S0262-8856(02)00152-X
https://doi.org/10.1007/s00138-004-0136-7

(6]
(7]
(8]
(9]

[10]
[11]
[12]

[13]

[14]
[15]
[16]

[17]
[18]
[19]
[20]
[21]

[22]

KM, ERE, HIFELE. EGNE R GRS R R IR 0]. AotENUE B, 2008, 8(2): 271-273.

R, S5 EURINE R0 R 2= o KA il R R IRAR[T]. R AR, 1997, 5(1): 133-141.

Brimfh, Fob, KRR, BENEEARFEME VRN R D] -S4, 2004, 25(6): 465-468.
Zfozulm ST MBS AL IE H il AR (B A VR 7 RST I SR A B R BT AT [D]: [ 254718 5L, PAVRIE: A /RVEHE TR 2%,

Gadelmawla (2011) Computer Vision Algorithms for Measurement and Inspection of Spur Gear. Measurement, 44,
1669-1678. https://doi.org/10.1016/j.measurement.2011.06.023

He, J. (2010) Size Detection of firebricks based on machine vision technology. International Conference on Measuring
Technology and Mechatronic Automation, Changsha, 13-14 March 2010, 2648-2651.

WO, R =4 RO R BB &8 75 VAR FE[D]: [ 22 A0 5], e K2 K2, 2019.

Li, S., Jiang, X. and Qian, H. (2016) Vehicle 3-Dimension Measurement by Monocular Camera Based on License Plate.
IEEE International Conference on Robotics and Biomimetics, Qingdao, 3-7 December 2016, 800-806.
https://doi.org/10.1109/ROBI0.2016.7866421

PEE, T RGO =S SRR SHERED]: [l 226018 50]. MRIE: Zdbklk k2%, 2019.
BN, BAIK. AT OpenCV Wi ARt R 58 ] HENE AR S KB, 2016, 26(12): 58-63.

Canny, J. (1986) A Computational Approach to Edge Detection. IEEE Transactions on Pattern Analysis and Machine
Intelligence, 8, 679-698. https://doi.org/10.1109/TPAMI.1986.4767851

He, K.M. and Tang, X.0O. (2013) Guided Image Filtering. IEEE Transactions on Pattern Analysis and Machine Intelli-
gence, 35, 1397-1409. https://doi.org/10.1109/TPAMI.2012.213

Camaniciu (2002) Mean Shift—A Robust Approach toward Feature Space Analysis. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 24, 603-619. https://doi.org/10.1109/34.1000236

Sural, S. (2002) Segmentation and Histogram Generation Using the HSV Color Space for Image Retrieval. Interna-
tional Conference on Image Processing, Rochester, 22-25 September 2002, 589-592.

Otsu, N. (2007) A Threshold Selection Method from Gray-Level Histograms. IEEE Transaction on Pattern Analysis
and Machine Intelligence, 9, 62-66. https://doi.org/10.1109/TSMC.1979.4310076

Duda, R.O. and Hart, P.E. (1972) Use of the Hough Transformation to Detect Lines and Curves in Pictures. Commu-
nications of the ACM, 15, 11-15. https://doi.org/10.1145/361237.361242

Bai, H.L. and Liu, C.P. (2004) A Hybrid License Plate Extraction Method Based on Edge Statistic and Morphology.
International Conference on Pattern Recognition, Cambridge, 23-26 August 2004, 831-835.

DOI: 10.12677/csa.2021.1112292 2889 H LR 15


https://doi.org/10.12677/csa.2021.1112292
https://doi.org/10.1016/j.measurement.2011.06.023
https://doi.org/10.1109/ROBIO.2016.7866421
https://doi.org/10.1109/TPAMI.1986.4767851
https://doi.org/10.1109/TPAMI.2012.213
https://doi.org/10.1109/34.1000236
https://doi.org/10.1109/TSMC.1979.4310076
https://doi.org/10.1145/361237.361242

	基于图像处理的转辙机接点组打入深度提取算法
	摘  要
	关键词
	Penetrating Depth of Contact Group Extraction Algorithm for Switch Machine Based on Image Processing
	Abstract
	Keywords
	1. 引言
	2. 转辙机介绍
	3. 转辙机参数提取算法设计
	3.1. 截取接点组的位置
	3.2. 图像预处理
	3.2.1. 图像旋转角度校正
	3.2.2. 均值漂移滤波

	3.3. 图像局部分割与降噪
	3.3.1. 基于HSV色彩空间的图像分割
	3.3.2. 图像降噪

	3.4. 定位与测量
	3.4.1. 接触点的定位
	3.4.2. 静接点座的定位
	3.4.3. 计算打入深度


	4. 测量结果与分析
	4.1. 测量结果误差
	4.2. 拍摄高度对误差的影响
	4.3. 测量算法的系统误差

	5. 总结与展望
	基金项目
	利益冲突
	参考文献

