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Abstract - In this paper, a novel method for crack detection is proposed which involves training a classifier with raw images 
of concrete surfaces with a broad range of image variations. The images are taken from a complex engineering building 
using a decent camera.  Once the cracks are captured via a camera, several pre-processing techniques are applied for 
highlighting the cracks.  The prepared training image set is fed into an object detection model for separating cracked from 
intact concrete images in the validation set. Once the crack has been detected, they can be classified into different types 
based on their severity, structural impact, and size. Such data can form the basis of a decision support system which can be 
used for the structural analysis of a building. 
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I. INTRODUCTION 

 

Building safety is one of the main concerns 

nowadays. Safe buildings in decent conditions are a 

key factor in reducing accidents and reducing the 

death rate as an immediate result. Data from the 

National Crime Records Bureau (NCRB) show that 

between 2001 and 2015 a total of 38,363 people lost 
their lives as a result of the collapse of different 

structures [1]. Once buildings are built, there may be 

cracks on their surface due to various problems. 

Depending on the severity, the cracks on the surface 

of the building can be exacerbated if they are not 

repaired quickly. The sooner the pavement's flaws are 

repaired, the lower the cost of repairs. The process of 

detecting cracks in a building is called as Crack 

Detection. For detecting these cracks engineers 

generally use one of  the following techniques, 

Destructive Testing and Non-Destructive Testing 
(NDE). Destructive testing is generally much easier 

to carry out but not always suitable. In the NDE 

technique, we integrate visual examination and 

surveying tools, by which surface condition 

deficiencies are evaluated and the state of the crack 

remains intact. Manual Visual Inspection of 

structures is constrained due to time, accessibility, 

visibility, height, illumination etc. Automatic crack 

detection hence becomes crucial to this problem. 

Mobile phones can be used with cameras 

(visual/infrared) and lighting to capture pictures from 

difficult locations. 
The final objective is to develop a system which is 

able to auto-detect cracks in real time by moving a 

decent camera over the surface of the wall under 

inspection, trying to avoid any human intervention. 

Well - known algorithms such as Bilateral filter, 

Canny and morphological filtering were used in the 

first stage of this work. Crack detection and 

characterization technique are displayed in a solitary 

advance in the second stage. The result of which 

would help the engineer to make an informed 

decision regarding the safety of the building under 

inspection and subsequently take the necessary 

actions if in case the problem is critical. 

 

II. LITERATURE REVIEW 

 

A. Existing Systems 
This section provides information on processing 

techniques based on crack detection using different 

image processing techniques. A significant number of 

camera-based image processing systems are operated 

directly after pre-processing, several methods focus 

on the incorporation calculation where the extraction 

of the component is carried out. 

A Road Damage Detection technique using Deep 

Learning was proposed by Hiroshi Omata et al. [2] 

which provides a comparative analysis on various 

object detection models like Faster R-CNN, the You 
Look Only Once (YOLO) system, the Region-based 

Fully Convolutional Networks (R-FCN) system, and 

the Single Shot Multibox Detector (SSD) system. The 

data set which was created from a mobile camera was 

classified into eight classes of cracks. The models on 

which they were trained are SSD Inception V2 and 

SSD MobileNet. 

Salman et al.  [3] have proposed a way to deal with 

cracks in images based on the Gabor filtering. The 

high-potential Gabor filter can achieve multi-

directional crack identification. With the manual 

visual observation, the investigation of the Gabor 
filter work was specifically identified. Once the 

sifting has been completed, the cracks are identified 

that are aligned with different bearings. For their 

proposed philosophy, they have a 95 percent accuracy 

of recognition. They used the Canny-Zernike 

algorithm to acquire a break edge picture direction on 

the recovered images using stereo viewing cameras. 

The crack width was surveyed at this point using the 

minimal identification procedure for the crack edge. 
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R.S. Adhikari et al. [4] have proposed A 

methodology that used image stitching where 
different shots of a large area are taken in order to 

obtain adequate crack data. Prior to image processing, 

these individual crack outlines should be consolidated 

first. Histogram Equalization then tracks this 

procedure, which upgrades the image's global 

appearance. 

Tomoyuki Yamaguchi et al. [5] and Zhenhua Zhu et 

al. [6] proposed a solution which is based on liquid 

permeation called the percolation method. The latter 

applied image thinning and distance transform for 

calculating the parameters. 

Fco. J. Rodriguez-Lozano et al. [7] have proposed a 
method for road crack detection and classification in 

which the image pre-processing techniques used such 

as the Canny Edge detection and Morphological 

operations were very much influential in generating 

an image which contains good information of the 

cracks which proved to be instrumental for further 

training process for detection. 

Other work includes various crack recognition 

techniques. Most techniques require expensive or 

cumbersome installation. However, alternative 

strategies had tedious methods of pre-processing. The 
purpose of this segment is to understand different 

proposed techniques and to use a strategy or a 

mixture of different strategies that meet the 

requirements of the application. 

 

B. Limitations of Existing Systems 

From the above literature, we have understood there 

are    some problems described below based on the 

existing techniques: 

 The False Detection Rates (FDR) is very 

high for abstract lines. 

 None of the methods focus on preparing a 
structural analysis of the building. 

 Destructive testing is not possible in places 

which are difficult to access such as tunnels, 

radioactive materials etc. 

 Images lose pixels on zoom and detection 

becomes difficult. 

 The use of the canny edge detector increases 

the processing time. The trade-off between 

the processing time and the expected results 

is not promising. Moreover, including it 

would cause a lag for real-time processing. 
 

III. PROPOSED SYSTEM 

 

In this section, the process of real-time crack 

detection and classification is described. Initially, a 

review of its structure is delineated, followed by a 

detailed presentation of each part. The work 

presented in this study is divided into two sections: 

Pre-processing images and learning and 

classification. 

In a perfect circumstance, only the crack should 
appear after the image has been taken. However, due 

to the absence of perfect situations, shadows, 

commotion, and irregular noise will appear. The 
image is then preprocessed. The process is indicated 

in Fig.1. 

 

 
Fig.1. System Architecture 

 

Fig.1. indicates the process in the form of an 

overview: 

1) Extracting frames from the video feed 

followed by preprocessing of the frames. 

2) Detecting cracks by the trained model 

(YOLO). 

3) Classifying the cracks on the basis of their 

severity. 

4) Final report of true cracks along with its 

parameters. 

 

A. Components of the Proposed System 

1) The Dataset: The dataset contains concrete 

images having cracks. The data is collected 

from various buildings having both 

positive(crack) and negative(uncracked) 

classes of images. Each class has 100-150 

images with a total of 1100 images of 

varying resolutions. 

2) OpenCV Video Reader: Frame extraction 

and processing tool. 

3) LabelImg: LabelImg is a graphical image 
annotation tool used to label the region of 

interest given by a bounding box. 

4) YOLO: Real-time object detection tool used 

which predicts bounding boxes and class 

probabilities directly from full images in one 

evaluation hence the name YOLO (You 

Only Look Once). 

5) IP-Cam: IP Camera allows to convert a 

mobile camera to a network camera thus 

allowing real time processing of the 

surroundings. 
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B. Image Pre-processing and Feature Extraction 

In images, the helpful data only exist in the crack 
area, but this area is typically very little contrasted 

with the whole picture. It implies that most parts of 

the picture have a place with a futile basis that should 

be avoided by the processing in order to improve 

efficiency. Another probability of commotion could 

be a textured surface which will cause a ton of grainy 

pixels around the territory of intrigue. In this way, it 

is important to build up an image pre-processing 

activity to erase natural impedance however much as 

could reasonably be expected. 

 

The image preprocessing techniques used are: 
1. RGB to Grayscale conversion 

2. Image Negation: The brighter pixels become 

dark and the darker picture becomes bright 

making the cracks stand out. 

 

Once the crack has been detected a set of processing 

techniques have to be applied to extract the features 

within the region of interest. 

1. Gaussian Blur: A Filtering technique used to 

reduce noise. 

2. Sobel Filter: An edge detection operator used to 
enhance the cracks. 

3. Non-max suppression: It is a widely used 

technique used for removing multiple detection 

for the same object. One of its interesting 

properties is thinning the unwanted pixels around 

the area of interest. 

 

The following process is applied to obtain parameters 

of the crack. Edge detection would have simply given 

us locations of the edges. But we are interested in 

finding how edges are connected to each other by 

using the convexHull class in OpenCV. The 
procedure followed is as follows: 

1. Convert to grayscale and blur to remove noise. 

2. Threshold to binarize image. 

3. Finding the contours and the convex hull. 

 

IV. RESULTS 

 

The results were tested against a dataset which 

majorly contained of plain wall cracks. The dataset 

collected consists of approximately 2000 images. The 

testing was initially done on a sample image subset of 
200 images of each type of crack. The training was 

conducted after applying the pre-processing steps 

mentioned and detection was done using the YOLO 

object detection tool. 

 

A. Pre-processing 

The results which are given below consists of images 

of both plain cracks and cracks on a textured surface 

undergoing various pre-processing techniques. 

 

 
Fig. 2. Textured surface after preprocessing 

 

Fig. 2. shows how applying the pre-processing 

techniques grayscale conversion and image negation 

can help remove noise 

 

B. Feature Extraction 

The process followed by detection is feature 
extraction for which the region of interest was 

extracted in such a way that the crack information in 

the form of pixels is preserved for identification of 

severity and calculation of parameters. Fig. 2. shows 

how applying the pre-processing techniques grayscale 

conversion and image negation can help remove 

noise. 

 

 
Fig. 3. Textured image crack detection 

 
The accuracy of detection is satisfactory for cracks on 

plain walls but needs a more refined dataset for 

cracks on walls having a lot of texture or if it’s too 

background heavy like in the case given below in Fig. 

4. 

 

 
Fig. 4. False Detection 

 

 
Fig. 5. Image feature extraction with an external background 

(right) Input image. (left) Image after processing 
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Fig. 6. Image feature extraction on a plain wall crack 

 

The result on a plain wall crack is given in fig. 6. 

where the crack can be clearly preserved. 

 

C. Parameter Extraction 

The Convex Hull of a convex object is simply its 

boundary. The Convex Hull of a concave shape is a 

convex boundary that most tightly encloses it. 
The Crack Intensity is calculated by the ratio of the 

number of black pixels to white pixels. The Crack 

Area is calculated by summation of all the area 

bounded within the blue and green contours. Fig. 7 

below is the GUI screenshot which displays the crack 

parameters Crack Intensity and Crack Area. The unit 

of both the parameters are in pixels. 

 

 
Fig. 7. Parameter Extraction using Contours and Convex Hull 

 

Type of crack Dataset Accuracy 

Horizontal 150-250 87% 

Vertical 150-250 84% 

Diagonal 150-250 81% 

Step 150-250 75% 

Random 150-250 73% 

TABLE I. 

Crack Detection and Classification Results 

 

The overall results for accurate crack detection across 

all types is 80 percent. While, the results for 

classification of cracks is satisfactory for horizontal, 

vertical, and diagonal cracks as opposed to the other 

two types because of insufficient data available. 

Salman et al. [3] achieved a precision of 90% by 
using a commercial camera. Hence, the results are 

quite comparable given the limitations of the 

specifications of a mobile camera. 

 

V. CONCLUSIONS 

 

In the paper, we have proposed the system for Visual 

Examination of concrete structures by the method of 

NDE (Non-Destructive Evaluation). Hence, the 

proposed approach cannot harm the pre-existing 

structure in any manner. The solution presented aims 

to detect and classify cracks and such a tool can be 
used by civil engineers to help them aid in inspecting 

the structures in a better way. The scope and the 

future aim of this tool would be to map the cracks to 

the spatial location of the building under inspection 

and thus making the job of inspection much more 

straightforward. 

 

ACKNOWLEDGMENT 
 

We would like to thank the people who have helped 

us make this project into a reality. We would like to 
offer our sincere thanks to the Institute and we would 

like to express profound gratitude to our project guide 

Mrs. Puja Vakhare and project coordinators Mrs. 

Reshma Gulwani and Mrs. Sujata Oak for their 

support throughout this project work. 

 

REFERENCES 
 

[1] National Crime Records Bureau (NCRB), “State-wise 

distribution of accidental deaths”, 2016 [Online] 

[2] Maeda, Hiroya Sekimoto, Yoshihide Seto, Toshikazu 

Kashiyama, Takehiro, Omata Hiroshi. “Road Damage 

Detection Using Deep Neural Networks with Images 

Captured Through a Smartphone” Arxiv (2018). 

[3] Muhammad Salman, Senthan Mathavan, Khurram Kamal, 

Mujib Rahman, “Pavement Crack Detection using Gabor 

Filter”, 16th International Conference on Intelligent 

Transportation Systems · ITSC 2013 

[4] R.S. Adhikari, O. Moselhi, A. Bagchi, “Image-based retrieval 

of concrete crack properties for bridge inspection Autom. 

Constr.”, 39 (2014), pp. 180-194. 

[5] Yamaguchi, Tomoyuki & Hashimoto, Shuji, “Fast crack 

detection method for large-size concrete surface images using 

percolation-based image processing" Machine Vision and 

Applications (2010) 21. 797-809. 10.1007/s00138-009-0189-

8. 

[6] Paal, Stephanie & Zhu, Zhenhua & Brilakis, Ioannis, “Visual 

Recognition and Assessment of Concrete Crack Properties”, 

2010. 

[7] Fco. J. Rodriguez-Lozano, Rafael Villatoro, Joaquin Olivares 

and Jose M. Palomares, “Efficient pavement crack detection 

and classification”, EURASIP Journal on Image and Video 

Processing 2017 

 

 

 

 


