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ABSTRACT
Cracks are one of common road defects. Road crack detection is important for traffic safety. Image processing
methods of road crack detection were studied. Through the comparison of average filtering, median filtering,
and Wiener filtering, Wiener filtering method was employed to denoise images. Denoised images were subject to
binarization processing by histogram threshold segmentation method and between-cluster variance threshold
segmentation method, to lay the foundation for subsequent feature extraction of road cracks.
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I. INTRODUCTION

Other than subgrade settlement, pavement cracks are one of the most common road defects and an
important factor for major road structures to damage or collapse due to instability [1,2]. Currently, for the road
crack detection, crack observation instruments are mostly used to measure data, which will be manually
observed and judged [3]. Such method consumes time and labor, is strongly subjective and not favorable for
objective evaluation on road structure safety. In recent years, as large-scale wireless multimedia sensor networks
(WMSN) technology advances, it is possible to detect road cracks at large using the abundant multimedia nodes
of WMSN [4-6].

For road crack images collected via WMSN nodes, the key to distinguish cracks and normal pavement
lies in edges. Distinctive edges are basic conditions to judge whether cracks exist, and also important evidences
to extract crack information and evaluate crack damage degree. Affected by environment and equipment, crack
images collected via WMSN nodes inevitably include many noises. Therefore, proper image filtering and
segmentation methods are determined through analysis and comparison, to preserve better edge details of
cracks. This is important for further extraction of geometrical characteristics of cracks [7-9].

Image processing methods of road crack detection were studied. Through the analysis and comparison
on advantages and disadvantages of average filtering, median filtering, and Wiener filtering, Wiener filtering
method was employed to denoise images. Denoised images were subject to binarization processing by histogram
threshold segmentation method and between-cluster variance threshold segmentation method, to lay the
foundation for subsequent feature extraction of road cracks.

The rest of this paper is organized as follows. In Section 2, we introduced the components of road crack
detection system. In Section 3, we explained the principle of road crack image processing methods, including
three kinds of image filtering methods and two kinds of image segmentation methods. In Section 4, we
discussed the experimental results. And in Section 5we drawn the conclusions.

Il. THE COMPONENTS OF ROAD CRACK DETECTION SYSTEM

As a novel distributed sensing and monitoring network, WMSN integrates sensor technology,
distributed information processing technology, network topology routing protocol, image processing
technology, multimedia data transmission, and wireless communication network technology, uses many
multimedia sensor nodes as main part, thus being able to sense and monitor regional abundant multimedia
information including audios, videos, images, and values and monitor application environments accurately and
comprehensively in a fine-grained way, greatly enhancing the monitoring capability of the objective world and
environments, presenting very important research value and long-term application prospect [10,11]. The
structure of WMSN-based road crack detection system is shown in Fig. 1.
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Fig. 1. The bioartificial of road crack detection system

I11. DISCUSSION OF PROCESSING METHODS FOR ROAD CRACK IMAGES

There are many external intrusive factors in road monitoring scenarios. Due to the effects of light
scattering in outdoor monitoring environment, images will have changed chroma, lowered contrast ratio, suffer
from stripes, flickers and other image quality problems. Moreover, the images collected under conditions of
severe weather or illumination variation contain a lot of noises, usually come with low signal-to-noise ratio,
narrow dynamic range, small resolution ratio, insufficient contrast ratio among others, thus covering basic
features of images, deteriorating visual effects, and greatly affecting the reliability of road monitoring [12-
14].For the issues above, image processing methods of road cracks were compared and discussed in this section,
including three common filtering methods and two segmentation methods, to prepare for subsequent work.

The principle of road crack image filtering method
In general, a road crack image without displacement change can be expressed by the equation below:

fxy)=9(x.y)+z(x,y) (1)
Where, matrices f(x,y), g(x,y) and z(x,y) refer to the noise introduced for observed images, original images,
and during degradation process. Image filtering aims to denoise the model above or reduce noise z(x, y) impact,
to minimize the difference between the observed image f (x,y) and the original image g(x,y) ™.
(17

Common filtering methods in the image processing field are mean filtering 1*®, median filtering ™",
and Wiener filtering ¥, of which the principles are described below separately.

Mean filtering, also neighborhood averaging, falls to low-frequency filtering range. This method
allows low-frequency noises of images to pass through the filter and remove high-frequency noises, to achieve
the purpose of eliminating high-frequency noises, as shown in Equation (2).

h(xy) = F(x,9) 2

In Equation (2), h (x,y) is the image processed by average filtering, while f(x,y) is the observed image input

by filter.

Median filtering is a non-liner image processing method, and is a typical application of order-statistic
filter. The difference from the average filtering is that the median filtering decides grayscale of center pixels
based on ranking results of intra-neighborhood pixels by grayscale, as shown in Equation (3).

hy (x, y) =median[f (., ¥), (X, ¥,),--- £ (X, ¥,)] (3)
In Equation (3), h,(x,y) is the image processed by average filtering, and the right part of the equal sign means

the median of pixel grayscales in the observed image selected.

Wiener filtering assumes that the input of a liner filter is the sum of useful signals and noise, both of
which are in wide-sense stationary process and of known second-order statistical characteristics. Parameters of
the optimum liner filter are calculated based on the minimum mean square error criterion. The liner filter is an
adaptive minimum mean square error filter. As a statistical method, Wiener filtering adopts the optimal criterion
based on correlation matrices of images and noise, is able to adjust the output of the filter based on local
variance of images. The bigger the local variance of images, the stronger smoothing effects of the filter. It is
expressed by Equation (4).

O_2

L [F(xY)— 2] ()
(e

Where 4, o and v’ refer to average, variance, and noise square error of images, respectively. zz and o are
expressed by Equation (5) and Equation (6).

hy (X, y) = u+
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= 2100w (5)
o :ﬁigz(xi’%)_ﬂz (6)

The theory of road crack image segmentation method

To better analyze road cracks, road cracks shall be separated from observed images. Basically, crack
areas on images have different grayscale from background areas, so cracks and background can be segmented
by setting a threshold. Now the threshold segmentation methods which have been successfully transplanted to
relevant hardware platforms and widely applied are histogram threshold segmentation method ™! and OTSU
threshold segmentation method 2°!,

Histogram threshold segmentation method is a visual inspection threshold method proposed by
Prewitt. Its theory is to describe a grayscale image as f(x,y) by a 2D matrix. Where f refers to the pixel

grayscale at (x,y). If there is a grayscale threshold T which is able to divide all pixels on images into target

and background, then targets can be separated through finding out this threshold T .

The maximum between-cluster variance threshold segmentation method (OTSU threshold
segmentation method) proposed by Japanese scholar OTSU is one of the most widely applied image
segmentation methods and adopts the maximum between-cluster variance of images as segmentation threshold
criterion. Its theory can be simply explained below.

It is assumed that there is an image with M pixels, with the grayscale level range of [0,L—-1]. a
refers to the number of image pixels with the grayscale level of i, then the probability of pixels at each
grayscale level on a whole image is p, =a /M . If a single threshold T can be found, then the image can be

divided into the area f,(x,y) with the grayscale range of [0,T] and the area f,(x,y) with the grayscale range
of [T +1,L—1]. In this case, the grayscale average of the whole image, region f,(x,y) and region f,(x,y) can
be calculated from Equation (7):

L1 T L1
Hi :Zipi' Hy, :Zipi/nfll My, = Z ipi/77f2 )
i—0 i-0 iT 1

Where, p, p;, p refer to grayscale average of the whole image, region f,(x,y) and region f,(x,y), while
ny,» 1, refer to probability of pixels in region f,(x,y) and region f,(X,y) to the whole image. Therefore, the
between-cluster variance of the image can be defined as:
O',? e/ (,uf1 - p)? R/ (:ufz - 1)*(8)
When the maximum between-cluster variance is obtained, the optimal segmentation threshold (Otsu
threshold) can be expressed by:

T =arg max o7 (9)
0<T<L-1

V. EXPERIMENTS
To work out proper filtering methods and threshold segmentation methods for processing images of
road cracks, several algorithms mentioned here are experimented comparatively. To ensure the evaluation
objectivity, the denoising effects of filtering algorithms can be measured by peak signal to noise ratio (PSNR)
and mean square error (MSE), except visual judgment. Bigger PSNR and smaller MSE indicate better filtering
results and better retention degree of image features. All the experiments are promoted on a Inter(R) Core(TM)
i5 PC with 8 GB RAM.

In the first experiment, we compared the PSNR and MSE results by using mean filtering, median
filtering, and wiener filtering. The tests were performed on three crack images, which are given in Fig. 2. Each
image has a size of 500x354 pixels, and the bit depth is 8. White noise with variations of 0.1, 0.2, 0.3and
0.5were added in the images. The results are given in table 1 to table 3.

By watching the data shown in the above tables, it can be found that the PSNR results obtained by the
wiener filtering are better than those of the other methods for the same image. For example, by adding white
noise with variance of 0.1 to the crack image 1, the PSNR result obtained by wiener filtering is 15.6373 dB,
with the increased value by 0.8415 dB and 9.956 dB respectively compared to the values in mean filtering and
median filtering. Meanwhile, we found that Wiener filtering doesn’t show the optimum results on MSE, but
presents better results than median filtering and slightly worse than average filtering on noise variance.
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Fig. 2. The original images: Crack Image 1 (a), Crack Image 2 (b), and Crack Image 3 (c).
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We also found that the PSNR results obtained by wiener filtering are better than the others for
different images. For instance, by adding white noise with variance of 0.5, the PSNR result obtained by wiener
filtering is increased by 3.34 dB and 0.44 dB on average, respectively to mean filtering and median filtering.

v=0.1 v=0.2 v=0.3 v=0.5
PSNR MSE PSNR MSE PSNR MSE PSNR MSE
Mean 5.6813 1757.7 5.6869 1755.5 5.6920 1753.4 5.6997 1750.3
Median 14.7958 2155.3 12.0342 4070.6 9.5292 7247.1 6.2267 1550.3
Wiener 15.6373 1775.6 12.5674 3600.3 10.0886 6371.1 7.0291 1288.7
Table 1. Performance of the filtering methods of crack image 1
v=0.1 v=0.2 v=0.3 v=0.5
PSNR MSE PSNR MSE PSNR MSE PSNR MSE
Mean 5.3051 1916.8 5.3111 1914.1 5.3169 1911.6 5.3248 1908.1
Median 19.2855 766.5 13.8328 2690.3 10.4406 5875.2 6.9285 1319.0
Wiener 19.4212 742.9 13.9007 2648.6 10.5828 5685.9 7.3059 1209.2
Table 2. Performance of the denoising methods of crack image 2
v=0.1 v=0.2 v=0.3 v=0.5
PSNR MSE PSNR MSE PSNR MSE PSNR MSE
Mean 3.2649 3066.1 3.2691 3063.2 3.2722 3061.0 3.2743 3059.5
Median 19.0348 812.1 13.8638 26712 11.0671 5086.0 9.8575 6719.3
Wiener 19.6382 706.7 14.4467 2335.7 11.8006 4295.6 9.9839 6526.7

Table 3. Performance of the denoising methods of crack image 3

In the second experiment, three test images were added with Gaussian noise with the variance v of 0.5
and subject to comparative filtering experiment. The results are shown in Fig. 3. Based on these results, images
processed by average filtering and median filtering are fuzzy, present less obvious edges of road cracks and
certain ringing effects. Visual results by Wiener filtering are much better, which can denoise and preserve better
image edge features.

As a final experiment, three test images were subject to threshold segmentation experiment by
histogram threshold segmentation method and OTSU threshold segmentation method. The results are shown in
Fig. 4. Seen from Fig. 4, we found that, through binarization processing by histogram threshold segmentation
method, good results are obtained for test image 1 while poor results for test image 2 and test image 3, causing
that characteristics are almost lost completely and cannot be used for next processing. Through binarization
processing by OTSU threshold segmentation method, good results are obtained for test image 1 and test image 3,
presenting road cracks clearly and preserving complete edge details. Though the results for test image 2 by
OTSU method are worse than the other two images, road cracks can be observed and are better than the results
by histogram threshold segmentation method. This is because in test image 2, there are two road markings apart
from the existence of cracks with different grayscale from pavement background, so that the peak and valley on
grayscale histogram of the image are not distributed theoretically, leading to poor threshold segmentation results.
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Fig. 3. Visual comparison of the filtering results on three crack images, from top to bottom are crack
image 1, crack image 2, and crack image 3 (v = 0.5). The first column: noisy image, the second column:
mean, the third column: Median, the final column: Wiener.
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Fig. 4. Visual comparison for two kinds of segmentation methods on three crack images, from left to right
are results on crack image 1 (a), results on crack image 2 (b), and results on crack image 3 (c),

respectively.

V. CONCLUSION
In this paper, image processing methods of road crack detection were studied; the collection
possibility of crack images by WMSN system were discussed; the image enhancement method based on average
filtering, median filtering, and Wiener filtering as well as the image binarization segmentation method based on
histogram threshold segmentation method and OTSU threshold segmentation method were analyzed.
Experimental results show that Wiener filtering can effectively filter and remove Gaussian noise on images,
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while OTSU method can properly distinguish between image target and background, and preserve target edges
and other details. The research results lay the foundation for the next extraction of crack characteristics.
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