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Abstract: This research paper shows the performance of different edge detection operators and Hough Transformation. The
proposed system can detects the crack on the two dimensional road images taken from Crack Forest image dataset by combining
canny and pewit edge detection operator and after that calculates length, width and shape of the cracks with the help of Hough
Transformation. Firstly, acquired image is preprocessed with the help of histogram contrast stretching and cleaned by using
morphological cleaning process. For handling noisy images, median filter is used. The performance of the system is measured by
calculating the PSNR, MSE, and SNR of the crack detected images by using different edge detection operators. The result shows
that combined canny-pewit edge detection operator has better result as compared to other edge detection operators.
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L. INTRODUCTION

Most of the manpower work is replaced by computerized system because it takes less time and efforts to complete their tasks.
Similarly, many computerized systems were developed to detect the cracks on the things for the purpose of maintenance of the
things. The proposed system is designed to detect cracks on the road images because road is the common medium for the transport
purposes. Moreover, roads play an important role in the development of the country. As roads are common medium, crack comes on
the roads. Moreover, crack comes on the roads by natural calamities. To detect that cracks some system is needed so that its
maintenance can be done at right time. The proposed system detects the crack with the help of combining prewitt and canny edge
detection operators. The proposed system works in two steps, first step is to detect the cracks on the road image by combining
prewitt and canny edge detection operator and after calculates the length, width and shape with the help of Hough Transformation.

A. The following are the some of the edge detection operators are:

1) Sobel Operator: The first type of edge detection operator is sobel operator. It is one of the kind of gradient based edge detection
operator. It extracts the edges of images but does not consider its direction. Sobel operator has pair of convolution of 3x3
kernels and one kernel rotates from other kernel about 90 degrees. The gradient magnitude is given as: [1]

|G|=|Gx|+|Gy]...Equation (1.1)

2) Prewitt Operator: Prewitt Operator is the differential operator which is discrete in nature and calculates approximate gradients.
It is also belongs to gradient based edge detection operator.It detects horizontal and vertical edges with convolution mask of
3x3. It estimates absolute magnitude and orientation of gradient of each pixel.[15]

3) Rabert’s Cross Operator:Robert Cross operator has a 2x2 convolution kernel. Its working is same as that of sobel operator but
difference comes in the convolution kernel. The gradient approximation magnitude is given as: [14]

GI=IGX[+|GY]. v ee e eennnn Equation (1.2)

4) Laplacian based Edge Detection: The Laplacian based Edge Detection uses second order derivatives to find the edges of the
image. Laplacian based edge detection operator shows the areas of the rapid change in the intensities. Laplacian based edge
detection operator also smoothes the image by using Gaussian filter. [15]

5) Canny Edge Detection Operator:The Canny Edge Detection Operator is different from above edge detection operator as it uses
two sets of thresholding for detecting the edges. One set contains high thresholding and other set contains low thresholding. A
pixel value having higher value than high thresholding is appeared as edge pixel and pixel value lower than low set value is not
appeared as edge pixel. [1]

6) Mathematical Morphological based Edge Operator: The mathematical morphological edge detection operator is based on
mainly four operations of set theory. These are: decay, inflate, closure and open.These operations are combined for performing
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morphological based edge detection. [15]Hough Transformation: The second step of the proposed system is to calculate length,
width and shape which is done with the help of Hough Transformation. It is a technique which is used for feature extraction.
This technique is mainly used in image analysis, digital image processing and computer vision. It was proposed in 1962 by Paul
Hough and finds the boundaries of an object.

1. METHODOLOGY
The steps followed by the proposed system for detecting and calculating length, width and shape of the cracks in the image are as
follows:

A. Image Acquisition: The first and foremost step in digital image processing is image acquisition. The proposed system uses
crack forest dataset for acquisition of images.

B. Image Enhancement: After acquisition of image, the next step is the enhancement of an image. It is done to remove
irregularities from an image. The proposed system uses median filter and histogram contrast stretching for enhancement.

C. Edge detection: The third step is the detection of edges of the cracks present in the image. The various edge detection operators
are used for detecting the edges of an object. The proposed system uses the combination of canny-prewitt edge detection
operators for detecting the edges of the cracks.

D. Calculation of parameters: The fourth step is to calculate the length, width and shape parameters of the cracks. The calculation
of parameters is done with the help of Hough Transformation.

E. Comparison of Performance of different edge detection: The last step is to compare the performance of canny- prewitt edge
detection operator with other operators in terms of PSNR, MSE and SNR performance measures factors.

imagc‘Acqmsmon. isitic using image

Figure 1: Methodology of Crack Detection and Parameter Estimation

1. RESULTS AND DISCUSSION
Testing of the system is done by giving the input of different road images to check whether the system is producing required output
for different types of cracks. The best result is obtained from our systemas compared to other edge detection operators. The systemis
testedon 40 images taken from Crack Forest dataset. The research is implemented in MATLAB R2011b.
The step wise result of research for road images is shown in Fig. 2 to Fig. 8. The system will firstly acquire image, detect the edges
and calculate the length, width & shape parameters for acquired image.
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Step 1: Image is acquired from Crack Forest dataset
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Figure 2: Acquired Image
Step 2: Get Original Image
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Figure 3: Original Image
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Step 3: Image is enhanced by histogram contrast stretching
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Figure 4: Enhanced Image

Step 4: Image is grayed
4\ MATLAB R2011b
File Edit Debug Parallel Desktop Window Help
O BRI | & D | @ CurentFolder CiProgram Fils\MATLABRLLb\in v [ B
" Shortcuts ] Howto Add ] What's New

=ol@| % |

r
l Figure 3 lﬂm
File Edit View Inset Tools Desktop Window Help L |

Ocdse h AROBEL-E|0E a3 ] sE

| currentFolder
Aio3sip puELILIOD

Col

I

I 2
o> -

Command Window ‘

e Q@ C i€ o0RE4E

Figure 5: Gray Image
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Step 5: Image is cleaned by morphological process
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Figure 6: Cleaned Image

Step 6: Edges are detected using Prewitt-Canny operator
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Figure 7: Edge detected Image
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Step 7: Parameters calculated on edge detected image
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Figure 8: Parameters calculated on edge detected image

Table 1: Length, width and shape of crack for above case

Parameters Values (in pixels)
Width 283

Length 478

Shape Line

Table 1 shows the length, width and shape calculated by the proposed system. The width of the crack calculated by the proposed
system is 283(in pixels), length is 478(in pixels) and shape is line.

Table 2: Performance Comparison of Canny-Prewitt Operator with other edge detection operators (for image shown in Figure3)

Edge dete;tion Operators  with  Hough P_SNR _ MSE SfNR _
Transformation (in decibel) (in decibel)
Sobel and Hough Transformation 31.1450 0.3918 21.1488
Prewitt and Hough Transformation 32.5427 0.284 20.9339
Canny and HoughTransformation 33.2562 0.2410 60.4918
Canny-Sobel and Hough Transformation 33.9976 0.2031 59.4218
Sobel-Prewitt and Hough Transformation 34.1654 0.1954 21.2422
Canny-Prewitt and Hough Transformation 35.4860 0.1442 59.3883

Table 2 shows the performance of the system in terms of PSNR (Peak Signal to Noise Ratio), MSE (Mean Square Error) and SNR
(Signal to Noise Ratio) for image shown in Figure3. The results show that Canny-Prewitt edge detection operator shows better
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results in case of PSNR (Peak Signal to Noise Ratio) and MSE (Mean Square Ratio) because for better results the value of PSNR is
high and the value of MSE is low.

36

35

iy 33.9976 34.1654
33.2562

33 325427

32 31,145

31 -

30

29 - = PSNR

28' T T T T T 1

w
al
i
0]
D

Values of PSNR in Decibei

Edge detection Operators

Figure 9: Graph Showing PSNR (Peak Signal to Noise Ratio)values for different edge detection operators for Table 2.
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Figure 10: Graph Showing MSE (Mean Square Error) values for different edge detection operators for Table 2.
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Figure 11: Graph Showing SNR (Signal to Noise Ratio) values for different edge detection operators for Table 2.

Table 3: Performance Comparison of proposed system with other edge detecting operators on 40 images

Edge detection  Operators with  Hough | PSNR MSE SNR
Transformation ('in decibel) ('in decibel)
Sobel and Hough Transformation 31.7832 0.3409 22.4228
Prewitt and Hough Transformation 33.1762 0.2472 22.2148
Canny and HoughTransformation 33.6489 0.2208 61.2473
Canny-Sobel and Hough Transformation 34.4192 0.1848 60.2650
Sobel-Prewitt and Hough Transformation 34.5434 0.1802 21.9956
Canny-Prewitt and Hough Transformation 35.9001 0.1315 60.2121

Table 3 shows the average performance of the proposed system tested on 40 images. From Table 3, it is concluded that Canny-
Prewitt Operator performs better than other edge detection operators in case of PSNR and MSE.
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Figure 12: Graph Showing PSNR (Peak Signal to Noise Ratio) values for different edge detection operators for Table 3.
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Figure 13: Graph Showing MSE (Mean Square Error) values for different edge detection operators for Table 3.
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Figure 12: Graph Showing SNR (Signal to Noise Ratio) values for different edge detection operators for Table 3.

V. CONCLUSION AND FUTURE SCOPE

There are different types of edge detection operators are available for detecting the edges. The proposed edge detection operator
which is made with the help of canny-prewitt edge detection operators performs better than the available edge detection operator in
terms of PSNR (Peak Signal to Noise Ratio) and MSE (Mean Square Error). The research is conducted on 40 images that are taken
from Crack Forest dataset shows PSNR value on using Canny-Prewitt edge detection operator is 35.9001which is highest among all
and for better results its value should be high. The MSE value on using Canny-Prewitt edge detection operator is 0.1315 which is
the lowest among all and for better results its value should be low.

In future, the system can be attached on the vehicles for the ease of driver. With the help of system driver will able to know that
there is crack on the road. The proposed system calculates the length and width in terms of pixel and in future it will be calculated in
other units like mm, cm etc.

REFERENCES

[1] B. HariPrasath, S. Karthikeyan, Mrs.G. Mary Valantina, “Computerized Highway Defects Recognition and Classification System” inlJPTFI, March-2016, Vol.
8, Issue No.1, page no. 11038-11048.

[2] Anan Banharnsakun, “Hybrid ABC-ANN for pavement surface distress detection and classification” in IJMLC, 2015, pp1-12.

[3] Henrique Oliveira, Paulo Lobato Correia, “Automatic Road Crack Segmentation Using Entropy And Image Dynamic Thresholding”, EUSIPCO 2009, August
24-28, 2009.

[4] Henrique Oliveira, Paulo Lobato Correia,” Automatic Crack Detection on Road Imagery Using Anisotropic Diffusion And Region Linkage” in EUSIPCO 2010,
August 23-27, 2010.

©IRASET (UGC Approved Journal): All Rights are Reserved 1308




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor:6.887

Volume 5 Issue X1 November 2017- Available at www.ijraset.com

[5] AiguoOuyang, ChagenLuo, and Chao Zhou, “Surface Distresses Detection of Pavement Based on Digital Image Processing”, in IFIP AICT 347, pp. 368-375,
2011.

[6] Ligindi, “Design and research of pavement crack detection system based on image processing” in BTAIJ, Volumel0, Issuel5, 2014.

[7] Suwarna Gothane, Dr. M. V. Sarode, “Case Study: Analysis and Study of Different Approaches for Road Network Maintenance” in IJSER, Volume 3 Issue 8,
August 2015.

[8] Fanfan Liu, GuoaiXu et al., “Novel Approach to Pavement Cracking Automatic Detection Based on Segment Extending” in KAM 2008.

[9] TienSy Nguyen, Manuel Avila, Stephane Begot, “ Automatic Detection and Classication of Defect on road Pavement using Anisotropy Measure” in European
Signal Processing Conference, 2009, Glasgow, United Kingdom, pp.617-621, 2009.

[10] Qin Zou, Yu Cao, etal., “CrackTree: Automatic crack detection from pavement images”, in Elsevier, 2011.

[11] Akhila Daniel, Preeja. V, “A Novel Technique for Automatic Road Distress Detection and Analysis” in IJCA, Volume 101- No.10, September 2014.

[12] Shi Guiming, SuoJidong, Huang Chao, “Research on vehicle-mounted pavement crack detection system based on image processing” in BTAIJ, 10(21), 2014.

[13] Miguel Gavilan, David Balcones, et al., “Adaptive Road Crack Detection System by Pavement Classification” in Sensors 2011.

[14] B. Santhi, G. Krishnamurthy, “Automatic Detection of Cracks in Pavements Using Edge Detection Operator” in JTAIT, Vol. 36, No.2, 2012.

[15] Pooja Sharma, Gurpreet Singh, AmandeepKaur, “ Different Techniques Of Edge Detection In Digital Image Processing” in IJERA, Vol. 3, Issue 3, May-Jun
2013, pp.458-461.

[16] Muthukrishnan.R and M.Radha, “Edge Detection Techniques For Image Segmentation” in IJCSIT, Vol 3, No 6, Dec 2011.

[17] Jogendra Kumar, Dr. GVS Raj Kumar, R. Vijay Kumar Reddy, “Review on Image Segmentation Techniques” in IJSRET, Volume 3, Issue 6, September 2014.

[18] Peggy Subirats, Jean Dumoulin, et al., ‘Automation of Pavement Surface Crack Detection Using the Continuous Wavelet Transform’ in ICIP 2006.

[19] AmanpreetKaur, “A Review Paper on Image Segmentation and its Various Techniques in Image Processing” in 1JSR, Volume 3 Issue 12, December 2014.

[20] GhadaMoussa, KhaledHussain, “A New Technique for Automatic Detection and Parameters Estimation of Pavement Crack” available at
www.iis.org/CDs2011SCI/IMET_2011/PapersPdf/FA884ZF.pdf.

©IJRASET (UGC Approved Journal): All Rights are Reserved




d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




