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Abstract: 
This article introduces the application of image recognition technology in cement pavement crack detection and put forward to method for 
determining threshold about grayscale stretching. This algorithm is designed for binarization which has a self-adaptive characteristic. After the 
image is preprocessed, we apply 2D wavelet and Laplace operator to process the image. According to the characteristic of pixel of gray image, an 
algorithm designed on binarization for Binary image. The feasibility of this method can be verified the image processed by comparing with the 
results of three algorithms: Otsu method, iteration method and fixed threshold method.
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1. Introduction
Pavement Surface Crack is one of the main damage forms of 
road. Manual crack detection is time-consuming, laborious and 
costly. This method is no longer suitable for the market. Road 
surface image capture and processing techniques are now widely 
used. However, due to various reasons of interference, the cap-
tured image is not easy to identify [1].

In order to solve the problems we encountered, many schol-
ars have done the corresponding research. Fan Jiu-lun [2] pro-
posed the two-dimensional otsu’s curve thresholding segmenta-
tion method for gray-level images; Lakhwinder Kaur [3] proposed 
image de-noising NormalShrink threshold method, but it can 
lead to blurry edges on the target. DONG Hong-Yan [4] proposed 
the multiscale edge detection based on laplacian pyramid meth-
od, this approach enhances the boundary between the target and 
background; Nobuyuki Otsu [5-9] proposed the Otsu method for 
binary image conversion, however, when it is applied to pave-
ment crack image processing, the results are not ideal.

In this article, we begin with gray scale transformation, and 
then we use weighted average method to transform the captured 
image. Using the improved grayscale stretching algorithm to 
stretch the gray image. After that, we use Laplace operator to 
sharpen the abrupt region of the image pixel value. Next step 
is image de-noising which use 2D wavelet de-noising method. 
Finally, an algorithm about binarization that have a self-adaptive 

characteristic is used to transform the image. The transformed 
image is compared with the processing results of Otsu method, 
iteration method and fixed threshold method.
The results show that the grayscale stretching algorithm and line 
self-adaptive threshold binarization algorithm in this paper pre-
sented are effective in image processing.

2. Image preprocessing
Images which are captured at high speed usually have three dis-
turbing factors: uneven illumination, random noise and the oc-
clusion of irregular objects. Cement pavement cracks are mainly 
divided into three types: transverse, longitudinal and irregular 
oblique cracks. Usually, the color of the crack is dark, that is, the 
gray-level of the target is low. To sum up, in image processing, it 
is necessary to enhance the target surface crack and reduce the 
interference from the background [10].
2.1 Gray-level transformation
There are three methods that maximum method, average meth-
od and weighted average method for image to transformation its 
gray-level [11]. The maximum method is to select the maximum 
value from the R, G and B values of the image as the R, G and B 
values of the new image. That is, as the following formula (1) is 
shown.

max( , , )R G B R G B= = = 				     
(1)
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The gray image obtained by this method is not suitable for 
pavement crack image processing because of its high brightness.
The average method converts the R, G and B values of the image 
into the average values of the original R, G and B values, as for-
mula (2) shown below:

( )
3

R G BR G B + +
= = = 	  (2)

The gray image generated by this method is softer than those 
obtained by other methods, while the processing of cracked im-
age requires enhancing the edge of mutant pixel, so this method 
is not applicable, too.
The weighted average method is to carry out the weighted av-
erage of the values of R, G and B according to a certain weight 
value, as formula (3) shown below.

( )
3

R G BR G BR G B ω ω ω+ +
= = = 	  (3)

Rω 、
Gω 、

Bω are the weights of R, G and B, and different 

values are taken to form different grayscale images. According 

to experience, taking G R Bω ω ω> >  could make the obtained 

images easier to recognize. In general, we take 0.2989Rω = ，

0.5870Bω = ， 0.1140Gω = ，that could obtain better gray-

scale images at this time, as shown in figure1.

2.2 Grayscale stretching method

2.2.1 Algorithm

Image quality is often affected by many reasons, which hinders 
the detection of cracks. Grayscale stretching is a common meth-
od to improve image quality.

The histogram of cement pavement crack image is mainly of 
single-peak type, and the crack of pavement is in the dark part 
with lower gray-level. The background focuses near the peak. 
Grayscale stretching is completed through grayscale transfor-
mation [12].

Let ( , )l n m  be the input image, its minimum gray-level J
and maximum gray-level K  are defined as follows:

min[ ( , )]J l n m= ;
max[ ( , )]K l n m=

Map J  and K  linearly to 0 and 255, respectively, and the 
resulting image ( , )q n m  is as follows:

255( , ) ( )[ ( , ) ]q n m l n m J
J K

= −
− 	  (4)

According to the characteristics of road surface image, us-
ing stretching method to improve the above formula. The main 
way of segmental stretching is to divide the gray histogram of 
pavement crack image into multiple sections, and then conduct 
linear processing to enhance the recognition degree of the image 
without losing the original information of the image. The piece-
wise linear transformation can highlight the grayscale details of 
the target and suppress the background of the image according 
to the actual needs [13]. The formula (5) is as follows:

1
1

1

2 1
2 1 1 2

2 1

2
2 2 2

2

( , ) ,                                ( , )

( , ) [ ( , ) ]   ,     ( , )

255 [ ( , ) ]  ,    ( , ) 255
255

m l n m l n m n
n
m mq n m l n m n m n l n m n
n n

m l n m n m n l n m
n


<


 −

= − + < < −
 −

− + < <
− 	 (5)

The grayscale range of the image is [0, 255] . According to 
the requirements, the range n  of the piecewise function and the 
slope m  of each function are selected, so we divide the gray 
level of the image into 1[0, ]n , 1 2[ , ]n n  and 2[ , 255]n , and the 
second section is stretched, which can effectively suppress the 
background area and enhance the crack pixel of the road im-
age. However, the numerical selection of 1n  and 2n  is a difficult 
work. According to the characteristics of pixel distribution of 
different images, different segmentation points can be selected. 
If the selected segmentation point is not reasonable, it may cause 
image distortion or enhance the image noise.

2.2.2 Piecewise function method

According to the characteristics of cement pavement images, de-

signing the algorithm to determine the threshold values 1n  and 

2n , The formula (6),(7) are as follows:

1 1

1 1 1   ( , )
i j

k
x

n i j M
k

= ∈
∑

	 (6)

2 2

2 2 2   ( , )
i j

k
x

n i j M
k

= ∈
∑

	     (7)

1n  in the piecewise function is the expected value of the last 

30% in the order from the largest to the smallest of the grayscale 

pixel values. 2n  in the piecewise function is the expected value 

of the first 30% in the order from large to small of the grayscale 

pixel values. K  is 30% of the total number of pixels. That is, 1 1i jx  

and 2 2i jx  are the pixel value.
Grayscale stretching was performed on the crack image, and 

the results were shown in figure 1. (a), (b) and (c) refer to the 
original, grayscale and grayscale stretching results.
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Figure 1.  Image processing results comparison

3. De-noising method based on 2D wavelet
Road surface images contain noise, which will cause interference 
to image grayscale stretching, sharpening and segmentation in 
the later stage. Due to the variable nature of its window, wavelet 
transform can maintain the image detail information at the same 
time of de-noising, that is, narrow window is used when the sig-
nal is high frequency, and wide window is used when the signal 
is low frequency [14].

Denotes the mother wavelet is ( )tψ , the scaling factor is a
, and the translation factor is b , then the wavelet generated by 
the mother wavelet is :

,
1( ) ( )a b

t bt
aa

ψ ψ −
=

	 (8)
There we have, , , 0a b R a∈ ≠ .
For the mother wavelet ( )tψ , there we have:

2ˆ ( )
dCψ

ψ ω
ω

ω
+∞

−∞
= < ∞∫ 	 (9)

The continuous wavelet transform of signal ( )f t  is
1
2

( , )( , ) , ( ) ( )df a b
t bw a b f a f t t

a
ψ ψ

+∞−

−∞

−
= = ∫ 	 (10)

( , )fw a b  corresponds to the decomposition of ( )f t  in fam-
ily of function , ( )a b tψ . It can also be regarded as the filtering op-
eration of the original signal ( )f t  and a set of wavelet bandpass 
filters of different scales, so that the signal can be decomposed 
into a series of frequency bands for analysis and processing.

Sample a  and b , take 0 0 0,m ma a b nb a= = , and obtain the 

discrete wavelet transform (DWT). Generally, 0 02, 1a b= =  are 
selected. In this case, DWT is called multi-resolution analysis.

Mallat puts forward the tower-type algorithm for solving 
wavelet coefficients [15], which enables discrete wavelet transform 
to appear in the form of digital QMF filter Banks. The wavelet 
decomposition formula of multiresolution analysis is

1
2

1
2

j j
k n k n

n
j j

k n k n
n

c a c

d b c

−
−

−
−

 =



=


∑

∑
	 (11)

The reconstruction formula is
1 1

2 2( )j j j
k k n n k n n

n
c p c q d− −

− −= +∑
	 (12)

Each row and column pixels of the image are processed by 
Mallat algorithm respectively to complete a 2D wavelet trans-
form. There we get four subgraphs representing different fre-
quency characteristics and direction characteristics of the orig-
inal image. 

The wavelet transform threshold de-noising method pro-
posed by Donoho et al. [16] is as follows:

Step1: The wavelet coefficients of signals are obtained after 
wavelet transform of signals.

Step2: The nonlinear threshold t  acting on the wavelet co-
efficient, and obtain the modified coefficient value, That is:

hard threshold method

,
ˆ ( , )

0,k

X X t
x T X t

X t

 ≥= = 
< 	 (13)

soft threshold method

sgn( )( ),
ˆ ( , )

0,k

X X t X t
x T X t

X t

 − ≥= = 
< 	  (14)

The nonlinear soft threshold is：

2logt nσ=
	 (15)

Where, n  is the signal length, σ  is the signal standard 
variance, and t  is the estimated threshold level.

Step3: carry out wavelet inverse transformation and recon-
struct the signal.
The above 2D wavelet de-noising method is used to process the 
original image, and the processed results are shown in figure 2.

Figure 2.  The result of 2D wavelet de-noising
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4. Laplace operator transformation
The main method of image sharpening enhancement is to 
strengthen the part of image pixel where the value change is big-
ger, so as to make the contour of image clearer. In other words, 
when the pixel gray value of the selected center of the neighbor-
hood is lower than the average gray value of other pixels in the 
field, the gray value of this center pixel will be reduced, and vice 
versa. In order to achieve image sharpening processing.

Laplace operator is a widely used sharpening operator in 
image sharpening processing [4].Laplace operator is a kind of 
second-order differential operator, whose input image will not 
affect the operator after rotating at a certain angle. For 2D image 

( , )f x y , the general equation of Laplace operator is:
2 2

2
2 2

f ff
x y

∂ ∂
∇ = +

∂ ∂ 	 (16)
Among them:

2

2 [ 1, ] 2 [ , ] [ 1, ]f f x y f x y f x y
x

∂
= + − + −

∂
 	 (17)

2

2 [ , 1] 2 [ , ] [ , 1]f f x y f x y f x y
y

∂
= + − + −

∂
	 (18)

The equation in discrete form is:
2 ( , ) ( 1, ) ( 1, )

                    ( , 1) ( , 1) 4 ( , )
f x y f x y f x y

f x y f x y f x y
∂ = + + − +

+ + − −
	 (19)

Laplace operator and appropriate filter template are used to 
sharpen the crack image after gray stretch, and the results are 
shown in figure 3.

Figure 3.  The result of Laplace operator transformation

5. Methods in this article
The histogram of the crack image processed by the above meth-
od is unimodal. The Ostu method [17] is for obtaining the thresh-
old value of images with bimodal gray histogram. Obviously, it 
has poor performance in pavement crack image processing. The 
iterative method retains too much noise when it is applied to 
pavement crack image processing. The fixed threshold method 
loses too much information in the work.

R. j. Wall put forward dynamic calculation of the thresh-
old algorithm [18], that divide image into many small pieces, get 
thresholds from each small piece. In comparison, the perfor-

mance of this algorithm is improved. Due to the cracks are line 
shape, after the processing image in Wall’s algorithm kept too 
much noise, the effect is not ideal.

In view of this situation, this article designs a binarization 
algorithm for cement pavement crack images. The pixel of ce-
ment pavement crack image is mainly divided into two parts: 
background and target. The pixel value of the target part is ob-
viously lower than that of the background part. Therefore, the 
common image segmentation algorithm has a large degree of 
distortion in the image segmentation of cement pavement. It 
cause the background and the noise get enhancement or the 
crack target information to lose.

Most of the already proposed adaptive threshold binariza-
tion algorithm have been used to segment pixels into chunks, 
that is, to consider the pixel value characteristics of a local 2D 
neighborhood, which leads to inadequate selection of threshold 
and unsatisfactory processing effect in crack image processing.

According to the characteristics of cement pavement image, 
designing the adaptive threshold binarization algorithm as fol-
lows. The processing image size is 1024 768× .

The operation process of this algorithm is shown in figure 4.

Figure 4.  The process of running the line threshold algorithm

Identify the grayscale image as ( , )f x y , Where, 

(1, 2, , )x m∈   and (1, 2, , )y n∈   are the matrix whose pixel 

of gray image is m  rows and n  columns, and the element is xya . 

Each xya  value pair should have a pixel gray value of (0, 255)xya ∈

.  Arrange each row pixel according to its gray value from small 

to large, then take the first s , where ,
10

ns t R
t

 = ∈ × 
.

After many experiments, when the pavement crack im-

age select 0.98t =  processing effect is good. Then the thresh-

old of line x  is 1 2 3x x x xs
x

a a a a
s

λ + + + +
=

 ,  and the pixel 

whose gray value is bigger than xλ ,then set it equal to 255; If 

pixels with a grayscale value less than xλ , let set it equal to 0. 
Traverse all the pixels of the image, that is, complete the bi-

narization transformation of the gray image.

6. Conclusions
The pavement crack images processed by gray stretch, Laplace 
sharp and 2D wavelet threshold de-noising were converted into 
binary-valued images respectively by Ostu method, iterative 
method and fixed threshold method and the method desighed 
in this article. The results are shown in figure 5, where (a), (b), 
(c) and (d) are the processing results of Ostu method, iteration 
method, fixed value method and line threshold algorithm.
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Figure 5.  Comparison of binarization results

In figure 6, figure 7, figure 8 and figure 9 are project charts of 
processing results of Ostu method, iteration method, fixed val-
ue method and line threshold algorithm. It can be seen that the 
noise in the image vertical projection processed by Ostu meth-
od seriously affects the recognition of crack location; The image 
processed by iterative method is lost information and the image 
has large noise interference. After the fixed threshold method, 
the target crack information is lost seriously. Line threshold al-
gorithm, the threshold binarization algorithm proposed in this 
paper, lost fewer information after processing.

Computer technology improves the efficiency of maintain-
ing the pavement. It saves labor cost and time cost. Compared 
with other binarization methods, the method proposed in this 
paper is more effective in image processing of pavement cracks. 
It loses less information and the resulting image is more recog-
nizable.

Figure 6. The projection of Ostu method processing results

Figure 7. The projection of iteration method processing 

Figure 8. The projection of fixed value method processing result 

Figure 9. The projection of line threshold method processing 
result 
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