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Abstract: The pavement crack detection is of great significance for improving road 

safety and reducing economic losses. At present, there are many researches on 

pavement crack detection, but these studies are either complicated and poorly 

universal, or slow in recognition. The detection algorithm based on convolutional 

neural networks can improve the shortcomings of current researches to some extent. 

It uses adaptive enhanced convolutional neural networks to identify pavement cracks. 

Its identification process includes image preprocessing, constructing and training of 

the convolutional neural networks. Compared with other crack detection algorithms, 

the algorithm proposed by this paper which has a better detection effect and higher 

detection precision and can effectively detect cracks of different sizes and shapes is 

an efficient and universal method of pavement crack detection. 
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1. Introduction 

The road surface often has different degrees of cracks due to construction quality, 

road environment, excessive vehicle load, etc.The pavement crack detection is an 

important part of urban traffic. Traditional crack detection methods are all done by 

manual visual inspection. Because China has a vast territory and a large number of 

roads, it is not only difficult, costly, but also dangerous to detect pavement cracks by 

manual visual inspection. In recent years, the use of computer image processing 

technology to detect cracks has been noticed widely. This technology is faster, more 

economical and safer than manual visual inspection, and is of great significance for 

improving road safety and reducing economic loss. 

At present, there are many research results on pavement crack detection. Some 
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studies have proposed a crack detection algorithm based on multi-feature manifold 

learning and matrix decomposition by constructing a multi-attribute manifold diagram 

structure and embedding it into the matrix decomposition algorithm iteration 

framework. This algorithm effectively improves the recognition rate of pavement 

cracks, but it is more complicated to calculate and cannot be well balanced between 

computational complexity and recognition rate. Some studies have improved the 

diffusion partial differential equation and used it for pavement crack detection which 

constructs a three-dimensional mode through using the improved micro partial 

differential equation to denoise the image firstly and then detecting the pavement 

crack by the gradient operator constraint. The method has high detection precision 

and good real-time performance, but its specific judgment condition parameters need 

to be set artificially, and it is no good universality. Some scholars apply the theory of 

topological inverse to the crack detection which constructs the original space of the 

crack data firstly , and then transforms the original spatial data by the principle of 

topological inverse transformation, and finally obtains the recognition result. This 

method has good denoising performance and recognition ability, but it is not ideal for 

the treatment of some small cracks. Some scholars have proposed a pavement crack 

detection algorithm based on structural feature，the main idea of which is to extract 

the cracks quickly by using the local Ridgelet function as the base of the structural 

feature and to make the extraction results more accurate by introducing the total 

variation regularization. This method can obtain crack images that are consistent with 

the results observed with the human eyes, but compared with other methods,the 

calculation amount is too large, and the recognition speed is not ideal. 

With the development of computer technology, the convolutional neural networks 

have been used in the field of image recognition widely, and achieved good results[6-

7], but now it hardly has results of applying them to pavement crack detection. In 

order to improve the accuracy and universality of pavement crack detection, this paper 

attempts to propose a detection algorithm based on convolutional neural networks. 

 

2. Image Preprocessing 

It is difficult to obtain the ideal result by processing the crack images directly since 

the road crack images have low chromatic saturation and contrast, and complex 

background. Therefore, the images must be preprocessed firstly0. 

Considering that the cracks have the lowest grayscale value in the images, which are 

far smaller than those of the background. This paper selects the grayscale linear 

conversion to preprocess the crack images. 

Assuming that the range of pixel grayscale on the original image f is [a b], and the 

range of pixel on the converted one g  is [a',b'], then the relationship between f and 
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g  can be expressed as: 

 

   𝑔 =  {

𝑎′                                    𝑓 ≤ 𝑎

𝑎′ +
𝑏′ − 𝑎′

𝑏 − 𝑎
(𝑓 − 𝑎)   𝑎 ≤ 𝑓 ≤ 𝑏

𝑏′                                    𝑓 ≥ 𝑏

  

   

(1) 

It can be seen from equation (1): the pixel points whose gray values are less than a 

in the original image are assigned the value a', and the pixels point whose grayscale 

values are greater than b  are assigned the values b', and the pixels whose grayscale 

values between a and b are linearly projected between a' and b'. if 𝑏′ − 𝑎′ ≥ 𝑏 − 𝑎 , 

the image will become clearer because the linear conversion will enlarge the grayscale 

range and contrast of the original image. After the conversion, the pixels with higher 

grayscale values in the original image will become higher, but the pixels with lower 

grayscale values will be hardly affected, which makes the crack and the background 

distinguishable. 

However, in different images, the ratios of crack and background are different. If the 

thresholds a  and b are fixed, it will be difficult to obtain the desired results. Therefore, 

considering the characteristics of the crack images, the adaptive thresholds a and b 

are selected for the grayscale linear conversion, and a' and b' are respectively set to 

2 and 255. Among them, a  means the upper limit of the grayscale values of the crack 

region.  

The upper limit chosen in this paper is grayscale values of those pixels whose grayscale 

values are 2%; b  means the upper limit of the grayscale values of those pixels having 

grayscale values similar to those of the crack area. This paper selects the grayscale 

values of the pixels whose grayscale values account for 20% of the entire image. As 

shown in equations (2) and (3): 

         {
𝑎′ = 0     
𝑏′ = 255

                                            (2) 

  

         

{
 
 

 
 
𝑎 = 𝑡1          ∑𝑝(𝑖) = 0.02

𝑡1

𝑖=0

𝑏 = 𝑡2          ∑𝑝(𝑖) = 0.2

𝑡2

𝑖=0

 

 
 

                                   (3) 

After the conversion, the pixels in the crack portion remain unchanged, and the 

grayscale values of the pixels with the grayscale values similar to the crack are linearly 

stretched. So the grayscale values of these points can be distinguished from those of 

the crack portion. The original image and the processed result are shown in Fig.1 and 

Fig.2. 
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3. Enhanced Convolutional Neural Networks and Pavement Crack 

Detection 

Convolutional neural networks are a kind of artificial neural network structures. They 

are mainly used for handwritten digit recognition, face feature extraction, image 

classification and image retrieval[9-11]. Because convolutional neural networks are not 

susceptible to object transformation, such as object flipping, tilting, and translating, 

they are widely used in the recognition of two-dimensional images. Convolutional 

neural networks cannot adjust the parameter effectively because they can get 

feedback from the classification error during the training process without effective 

analysis of the classification result, that is, whether the recognition results are correct 

or not, the classification error will be feedback without differences. 

The adaptive enhanced convolutional neural networks can make the classification 

results of different recognition results and iteration times adaptive. So the 

convergence speed of neural networks can be improved, their recognition rate can be 

promoted, and their generalization ability can be enhanced. Due to the above reasons, 

this paper selects adaptive enhanced convolutional neural networks to detect and 

identify pavement crack images. 

 

3.1 Design of Structure  

The adaptive enhanced convolutional neural networks consist of three parts: forward 

feature extraction and target classification, residual backpropagation and adaptive 

enhancement. There are two convolutional layers, two pooling layers, one fully 

connected layer and one output layer. The structure is shown in Figure 3. 

Fig.1  original image Fig.2  processed image
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Fig. 3 Structure of adaptive enhanced convolutional neural networks 

 

The adaptive enhanced convolutional neural networks use the error function E to 

measure the learning effect of each parameter on the input, reducing the output of 

error function and optimizing learning outcomes by training, that is, adjusting 

constantly the parameters of the hidden layer during the iterative process. When the 

output difference of adjacent twice error function is not over the set threshold, it is 

considered that convergence of the error function is reached and the learning is 

completed. The objective error function of this paper is:  

 
E(ω,b) =

1

2
(𝑦 − 𝑦′)2 =

1

2
(𝑒𝑟𝑟)2 

(4) 

In equation (4), err is the error between the classification result and the true value.  

According to the gradient descent method, the variation equation about input weights 

and offsets are: 

 

 
Δω =

∂E(ω,b)

∂ω
= d ∙ x 

(5) 

 
Δb =

∂E(ω, b)

∂b
= d 

(6) 

In equations (5) and (6)，d is residual error。 

The essence of adaptive enhanced convolutional neural networks is to add adaptive 

enhanced module in the forward and reverse process of learning, analyzing the 

classification result of learning, and adjusting adaptively the characteristic error of 

learning by using enhancement coefficient. The purpose for the arrangement is to 

enhance the characteristic residual error. Then, the enhanced characteristic residual 

error is feedback to the parameter of the hidden layer through the reverse process. 



Volume 6 Issue 1 2019 

   57 

The weights and offsets are enhanced and updated. The classification effect is 

improved. 

 

3.2 Algorithm Steps 

The algorithm steps of adaptive enhanced convolutional neural networks ： 

(1)Calculate classification error. 

(2)Extract classification result characteristics. 

(3)Determine adaptive enhancement factor. 

(4)adaptively enhance error value 

(5)Calculate enhanced residual error. 

(6)The enhanced residual error is fed back to the hidden layer. 

(7)Update the model. 

 

4. Experimental Results and Analysis 

The experiment implements adaptive enhanced convolutional neural network 

algorithm to classify and identify the image in Matlab2016a environment. The CPU of 

the computer is Intel Corei7-7700HQ with 8 GB of memory. 

The output value of target error function is recorded during the training iteration. 

When the difference of adjacent twice error function does not exceed the threshold, 

the experiment will stop training and the error function will reach convergence. The 

experiment uses the segmented pavement image to test the performance of the 

adaptive enhanced neural network, and uses the stochastic gradient descent method 

to implement the convolutional neural network. The threshold for convergence is set 

to 1 × 10−4. The remaining parameters are shown in Table 1. 

 Feature size Number of layers 

Input layer 32ⅹ32 1 

Convolution kernel 5ⅹ5 2 

Pooled domain 2ⅹ2 2 

Fully connected layer 192ⅹ1 1 

Output layer 2ⅹ1 1 

After the training is completed, the images that have not participated in the training 

are input into the trained neural network model, and the output results are compared 

with the actual situation.The results show that the trained neural network model can 

effectively identify pavement cracks, but it is not ideal for images with oil stains and 

potholes in the road surface. 

The test sample for this experiment has 1000 crack images. Of the results of the test, 

72 images were identified as no cracks.The recognition rate reached 92.8%, meeting 
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basically the engineering needs. 

5. Conclusion 

The final test results are satisfactory because the algorithm has used the adaptive 

enhanced convolutional neural networks to identify the road surface crack image, 

including image preprocessing, constructing and training of the convolutional neural 

networks. Compared with other crack detection algorithms, the algorithm proposed  

by this paper which has a better detection effect and higher detection precision and 

can effectively detect cracks of different sizes and shapes is an efficient and universal 

method of pavement crack detection. 

The algorithm is not ideal for image recognition of road surface with oil stains and 

potholes. In the future work, it will consider how to remove the influence of oil stains 

and potholes in the road surface in order to improve the recognition rate.At the same 

time, in future research, it is necessary to consider giving convolutional neural 

networks more identifiable types of diseases, such as pavement holes, to bring more 

comprehensive data for road maintenance. 
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