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Research on Rail Surface Defect Detection M ethod Based on
Gray Equalization Model Combined with Gabor Filter
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ABSTRACT: The work aims to design a detection method to detect the defects on the rail surface quickly and accurately. First-
ly, the gray-level equalization model was constructed by the gray-level mean of the image, and the gray-level value of the pixels
in the rail surface image was corrected to overcome the influence of uneven illumination. Then, the spectral residual model of
the image and phase spectrum were used to enhance the defects in the rail surface image. Secondly, threshold segmentation
method was introduced to binarize the enhanced image, and the defective areas in the image were segmented and extracted
accurately. Finally, the noise in the binary image was filtered by the filter, and the edge of the defect area and other details were
preserved. Compared with the control group, the proposed method had better detection effect and higher precision and recall
rate. The intuitive test results showed that the method proposed in this paper could detect the surface defects of the rail more
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more completely. From the objective test results, the accuracy rate of the proposed method was 90.11% and the recall rate was

93.41%. At the same time, the objective test results also showed that the average time-consuming method was 45.17 ms. Com-

pared with the control group method, the time-consuming was the least. Therefore, the method proposed in this paper could de-

tect rail surface defects more accurately and rapidly. Therefore, the rail surface defect method proposed in this paper can not

only accurately detect the rail surface defect, but also has high detection efficiency.
KEY WORDS: detection of rail surface defect; gray scale equilibrium model; phase spectrum; spectral residual; Ostu threshold

segmentation; Gabor filter
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Tab.1 Objective test results of different methods

Methods W, Y, Y, Accuracy Recall The average

rate/% rate/% time/ms

Literatwre [17] 505 51 43 8016 8273  58.43
method

Literature [18] 536 37 27 8645 89.73 5174
method

Thispaper — o55 28 17 9011 9341 4517
method
3 %FHie

1) MU EMEAR R RO L - A 1 K S ¥
BRERL, X R PSR A K B (R T B IE, S ik
R 5 AR ' IR BE AN B S

2) ik P A T B A B A o B DX
PEAT A AL TR, BRAIR T  SAE B0 B DX I )
T, RIS TR

3) A ostu B{E 73 #13E S B P BR —AE 1k, Xk
B DCIRHEA T A A G . i) Gabor I8 #5 X A6 T 45
PEAT LM R, b ORI T BRI XA AR 5 R,
e 1 e A DX A 0 R

EESEE

(11 G, FERR, . HETOUHE SR SRR R

BRI k(). Pr3E2EH, 2016, 65(3): 351-360.
SUN Ming-jian, CHENG Xing-zhen, WANG Yan. Method
for detecting high-speed rail surface defects by photo-
acoustic signal[J]. Acta physica sinica, 2016, 65(3): 351-
360.

[2] TIAN Shi, KONG Jian-yi, WANG Xing-dong. Improved
Sobel algorithm for defect detection of rail surfaces with
enhanced efficiency and accuracy[J]. Journal of Central
South University, 2016, 23(11): 2867-2875.

[3] HE Zhen-dong, WANG Yao-nan, LIU Jie. Background
differencing-based high-speed rail surface defect image
segmentation[J]. Chinese journal of scientific instrument,
2016, 37(3): 640-649.

[4 T, £, k4. FET PCA BIHZGREN NI

MBI RN, B sk, 2017, 38(1):
73-76.
WANG Heng, WANG Man, ZHANG Hua. Vision saliency
detection of rail surface defects based on PCA model and
color featureg[J]. Process automation instrumentation,
2017, 38(1): 73-76.

[5] MIN Yong-zhi, XIAO Ben-yu , DANG Jian-wu. Real time
detection system for rail surface defects based on machine
vision[J]. Journal of image and video processing, 2018,
2018(1): 1-11.

[6] XIONG Zhi-min, LI Qing-quan, MAO Qing-zhou. A 3D
laser profiling system for rail surface defect detection[J].
Sensors (Basdl), 2017, 17(8): 1-19.

[71 UMANG A, MARIA T, COUDOUX F X. An HVS- in-
spired video deinterlacer based on visua saliency[J]. Viet-

(8]

(9

(10]

(11]

(12]

(13]

(14]

(19]

(16]

(17]

(18]

(19]

nam journal of computer science, 2017, 4(1): 61-69.

HE Fu-liang, GUO Yong-cai, GAO Chao. An improved
pulse coupled neural network with spectral residual for in-
frared pedestrian segmentation[J]. Infrared physics and
technology, 2017, 87(1): 22-30.

RBAG, TRk, BEODE. HE TR 22 I TR
TP SAR FGMATKINEL (3. ok 545, 2018
25(4): 7-11.

XIONG Wei, XU Yong-li, YAO Li-bo. A new ship target
detection algorithm based on visual salience calculation of
spectral residuals in high-resolution SAR images[J]. Elec-
tronics optics & control, 2018, 25(4): 7-11.

ASHIRBANI S, GAURAV B, JONATHAN Q M. Mutua
spectral residual approach for multifocus image fusion[J].
Digital signal processing, 2013, 23(4): 1121-1135.

XIN Liu, LU Xie, ZHONG Bi-neng. Automatic facial flaw
detection and retouching via discriminative structure tensor
[J]. IET image processing, 2017, 11(11): 1068-1076.
WANG Yu-lin, DING Wen-jia, CHEN Yi-xin. Positioning
corners of human mouth based on local gradient operator
[J. Multimedia tools and applications, 2016, 75(19):
11815-11829.

XUEL, X TR, HE T8 R IES Ostu 43 HIRYLLAb55
/NEFRREIIER[]. AL TR, 2017, 43(7): 253-260.
LIU Kun, LIU Wei-dong. Detection algorithm for infrared
dim small targets based on weighted fusion feature and
Ostu segmentation[J]. Computer engineering, 2017, 43(7):
253-260.

T, ALHE, BERE. AiERRLFRHEMR L —4E OSTU 1Y
PR B 5> FI B0 (3. 00 5488 7 4k, 2017,
31(6): 827-832.

YU Yang, KONG Lin, YU Chuang. Image threshold seg-
mentation algorithm based on adaptive particle swarm op-
timization of two-dimensional OSTU[J]. Journa of elec-
tronic measurement and instrumentation, 2017, 31(6): 827-
832.

SHI Y, YANG X, GUO Y. Trandlation invariant directional
framelet transform combined with gabor filters for image
denoising[J]. IEEE transactions on image processing,
2014, 23(1): 44-55.

ISRA A, ABDUL-AMEER A J. Face image enhancement
using wavelet denoising and gabor filterdJ]. Iragi journa
of computers, communication and control & systems en-
gineering, 2016, 16(1): 104-117.

PR, IR, T AR T R R A
SELT]. U Tolk K224, 2017, 43(10): 1472-1479.
MIN Yong-zhi, YUE Biao, MA Hong-feng. Adaptive seg-
mentation algorithm for rail surface defects image[J].
Journal of Beijing University of Technology, 2017, 43(10):
1472-1479.

CHOI WY, KIM JY, YANG | D. Rail surface defect detec-
tion system of next-generation high speed train[J]. The
transactions of the Korean institute of electrical engineers,
2017, 66(5): 870-876.

PURAR, EMERG, XN, BT R R R R R
BREAEUZR 7RI AUERER2=1R, 2016, 37(3): 640-649.
HE Zhen-dong, WANG Yao-nan, LIU Jie. Background
differencing-based high-speed rail surface defect image
segmentation[J]. Chinese journal of scientific instrument,
2016, 37(3): 640-649.



