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Detection And Discrimination Of Cracked 

Digitized Paintings Based On Image Processing 

Methodology 
 

 

 

Abstract— With the passage of time, paintings can be 

damaged, and common deteriorations found in ancient 

paintings include cracking. Cracks can be caused by many 

factors, such as ageing, drying, and mechanical factors. The 

detection and restoration of crack formation on the earliest 

digitized paint surface concede great significance and safety for 

cultural heritages. particular, this paper is based on image 

processing methodology to detect and discriminate cracks. 

First, images are enhanced in the preprocessing stage for 

further processing. Then two proposed algorithms are 

employed to detect and separate medium and thin crack 

images. The experiments show better results compared with 

previous work. This study also confirms that the proposed 

image processing algorithms are an efficient and robust tool 

for the detection and discrimination of cracks. 
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I. INTRODUCTION  

Technology has progressed exponentially in the past few 
decades. Every day, a huge amount of data is generated due 
to the rapidly increasing size of the digital storage space. 
Information could contain images or video sequences, as 
well as synthetic illustration diagrams, charts, or computer 
aided graphics.  Many institutions, such as museums, 
libraries, galleries, and archives are digitizing their 
collections to simplify public access. Creating and 
maintaining the best possible environment for storing or 
displaying artefacts help prevent damages and increase 
longevity [1].  

One of the most prevalent deteriorations in ancient 
master paintings is cracking, which is brought on by a variety 
of things such the materials' natural age. the shrinkage of the 
paint as a result of volatile paint component evaporation. 
Last but not least, the visual quality is harmed by external 
factors such as vibrations and impacts. and serves as a record 
of their degrading condition. Cracks are the common name 

for these patterns. The method of restoring a digitized 
painting image involves using image processing to restore 
the ancient paintings original appearance. Old artworks that 
have been digitally captured are restored using a variety of 
technology and methodologies [2]. 

The structure of this paper is as follows. The literature on 
detection techniques is covered in Section II. The suggested 
methodological design is described in Section III in depth, 
and the proposed algorithm is covered in Section IV. Section 
V shows the experimentations, while Section VI discuss their 
findings. and Section VII presents the concludes. 

II. LITERATURE REVIEW 

Researchers are currently creating new methods and 
algorithms for the goal of repairing damaged paintings, 
cracks can be automatically recognized and discriminates 
with the use of image processing techniques through the 
application of a number of cutting-edge algorithms. 

Authors in [3] proposed a technique that uses spatial 
maps to investigate how to discriminate between painted and 
unpainted areas. To train and validate the suggested method, 
an inpainted image dataset produced using the exemplar-
based image inpainting technique is used. A hybrid 
encoding-decoded architecture is suggested, using a section 
of the DenseNet-121 architecture as an encoder, and a 
convolution neural network-based model for the 
identification of inpainted regions. 

In [4] a writers suggested a book Automatic weld picture 
segmentation using a semi-supervised Transfer learning 
based Multi-domain learning (ST-MDL) network. The 
suggested ST-MDL approach has been compared to six 
conventional segmentation models built on the U-net 
architecture. To determine and measure the weld porosity 
inside a weld image, the best performing model is used for 
semantic segmentation of weld images. 

Authors in [5] introduce a study of the logarithmic 
entropy's operation time is discussed. Then the pair is 
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replaced with the exponential entropy. Improvements are 
made to both the two-dimensional maximum entropy 
approach and numerical entropy. The information about the 
gray level of the four nearby pixels is combined utilizing the 
Otsu method. The experimental findings demonstrate that the 
method may efficiently reduce computation time, highlight 
edge characteristics, and improve the accuracy and 
robustness of threshold automatic selection. 

Researchers in [6] Describe a dark image enhancing 
strategy that involves doing local pixel transformations. To 
obtain the desired histogram, they apply a transformation 
algorithm to various portions of the input image's histogram. 
The input image was then subjected to the histogram 
specification technique utilizing the altered histogram. The 
effectiveness of the suggested strategy has been assessed, 
and the results demonstrate that, when compared to the 
alternatives, the suggested method increases image quality 
with the fewest unanticipated artefacts. 

Authors in [7] a sophisticated system capable of 
conducting quality control evaluations in an industrial 
manufacturing line. Using the transfer learning methodology, 
deep learning methods are used and successfully 
demonstrated in a real application for the inspection of 
welding flaws on a fuel injector manufacturing line [8]. The 
system is also set up to take advantage of fresh information 
that is gathered while in use, extending the current dataset 
and enhancing performance. The created system 
demonstrates that deep neural networks are capable of 
handling responsibilities for quality assessment that are 
typically assigned to people. 

The researchers in [8] introduce five main printing 
technologies—FDM (Fused Deposition Modeling), SLA 
(Stereo Lithography Apparatus), DLP (Digital Light 
Processing), LCD (Liquid Crystal Display), and SLS 
(Selective Laser Sintering)—are used in the authors' 
methodology for processing the restoration of a Charter on 
the preservation of digital heritage. The missing piece of the 
digital legacy is then recreated using modeling software. The 
3D fragment reconstruction is then finished, printed, and 
chromatically reintegrated. Different printing materials are 
utilized for testing in order to optimize this restoration 
procedure to produce the best aesthetic result similar to the 
appearance of the porcelain bowl. 

III. THE METHODOLOGY 

Fig. 1 illustrates the block diagram for the method of 
detection and discrimination of medium and thin cracks , 
which is includes several steps. 

 

Fig.1. Crack detection separation medium and thin crack. 

A. Cracked Paintings 

From several sources, digitized paintings and 
manuscripts were obtained (shot with a digital camera at high 
resolutions), and the files were compressed to require less 
storage. Row photos typically aren't good candidates for 
detection and discrimination of cracks  due to the noise-
pixels that  surroundings and undesired background. As a 
result, the preprocessing processes that follow include all of 
the necessary phases. 

B. Pre-processing Stage 

In the detection and restoration methods using color 
images, the pre-processing stage is crucial. These photos 
must be transformed into standard color formats, like a 
colored grayscale image. In order to build an image map. 
Noise during processing or transmission is the main cause of 
image data corruption. The noise may be removed or added. 
To retain the true image information and boost contrast, 
these sounds must be eliminated from the image. By 
selecting an ideal 3x3 window size that slides towered the 
image and can precisely identify the noise pixel that controls 
the outcome. The central pixel is recognized as the 
processing pixel.  

C. Processing Stage 

This stage is a critical one. Two steps make up its 
discrimination of medium cracks is step one and the thin 
cracks is step two. The current approach divided the image 
into two meaningful regions. It discriminates the crack from 
the obtained image set. Also, dark medium and thin cracks 
regions are observed and are expected to be obtained 

D. Post-rocessing stage 

The post-processing stage is the last step after detecting 

and classifying all of the image's fissures, which were filled 

with the color of their nearby pixels. 

E. Restored Paintings 

This module will restore the image's original appearance 

by removing the noise and unwanted cracks and after it has 

been damaged by mechanical and natural forces. 

 

IV. PROPOSED ALGORITHMS 

The goal of this study is to create a model that can detect 
and discriminates cracked digitized old paintings  byn using 
image processing methods. Fig.2 illustrate the architecture of 
the proposed Algorithms. There are two main steps are 
involved in the processing stage which is discriminate of 
medium and the thin cracks. These algorithms are mostly 
used for historical paintings and have proven to be effective 
in classifying the cracked paintings. 

.  

Fig.2. crack detection separation medium and thin crack 
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A. Descrimination of Medium Crack 

The proposed algorithm process is a zero-value; the 
number of pixels represents the background of the image, 
and value one represents the fact that the object is enlarged, 
which is indicated in the background image. Threshold 
operation applied for cracks detection which is exploited as 
well as some other objects. Similarly, with a higher 
luminance pixel can be identified as a background. 
Therefore, the result of thresholding is binary image which is 
zero present black color and 255 present white color. A 
window size of 3x3 was selected to determine the medium 
scratch pixels values between greater than or equal to 111 
and less than or equal to 121 pixels.  It also fills the holes in 
persistent objects.  The opening operation smooths the 
outline of an object, clears the narrow bridges, and eliminates 
minor extensions present in the object. However, the closing 
operation smooths the contour sections and blends little 
breaks and thin gaps. This helps the algorithm uncover 
medium-size patterns and fill gaps in the boundaries of the 
objects. The pseudocode for If. Else statements for 
separation of the medium cracks are: 

Algorithm 1: applying proposed algorithm on gray scale image. 

Input image map (medium crack) 

Output image map (discrimination of medium crack) 

Begin  

Step1: 

Step2: 

 

Step3: 

 

Step4: 

 

 

Step5: 

 

 

Step6: 

ws=ones (3,3) %create window size 

% read the image. 

K=imread(“dilation.png”); 

% define the structuring element. 

SE=strel(‘disk’,5); 

% apply the separation of medium crack 

operation. 

D=imdilate(k,3x3); 

%display all the images. 

Imtool(k,[]); 

imtool(d,[]); 

% medium crack condition. 

im= 121 ≥ separation of medium crack≤ 111 

displayimage; 

end 

 

B. Descrimination of Thin Crack 

The proposed morphological operations extract patterns 
from background images based on an efficient and mature 
method. The methodology of the proposed algorithm works 
by enlarging the number of pixels with a value of zero, 
representing the background of the image, and rendering the 
number of pixels the objects with values less than one which 
is devoted to the foreground. The proposed algorithm 
operation removes structures with a slight reduction in the 
size of the elements. A window size of 3x3 was selected to 
determine the thin scratch pixels value between less than or 
equal to 114 pixels and greater than or equal to 111 pixels. In 
binary, the operation of every image pixel has only two 
possible values. The number of neighbours considered 
depends on the size of the applied structural element.  

Algorithm 2: applying proposed algorithm on gray scale image. 

Input image map (thin crack) 

Output image map (discrimination of thin crack) 

Begin  

Step1: 

Step2: 

ws=ones (3,3) %create window size 

% read the image. 

 

Step3: 

 

Step4: 

 

 

Step5: 

 

 

Step6: 

K=imread(“dilation.png”); 

% define the structuring element. 

SE=strel(‘disk’,5); 

% apply the separation of thin crack operation. 

N=imdilate(L,3x3); 

%display all the images. 

Imtool(k,[]); 

imtool(d,[]); 

% thin crack condition. 

im= 114 ≥ separation of thin crack≤ 111 

displayimage; 

end 

 

V. EXPEREMENTAL 

The performance is done at three different algorithms 
Gabor, Nearest Neighborhood, and edge detection have been 
compared the results with the proposed algorithm in this 
experiment. The comparison is done by computing the MSE 
and PSNR of each image with respective to their 
corresponding ground truth images.  

The PSNR measures the peak signal-to-noise ratio 
between the images. This ratio is often used as a quality 
measurement between the original and repaired image[2], 
and is defined in Eq.(1)[2]. 

                          (1) 

Where Mean Square Error (MSE) is the most 
straightforward objective measure for evaluating image 
quality as shown in Eq.(2)[2][12]. 

                                       (2)   

VI. RESULTS AND DISCUSSION  

Table 1 shows the PSNR and MSE results of the 
proposed algorithm that discriminate medium cracked of 
nine old test images and compared with existing algorithms 
Gabor, Nearest Neighbourhood, Edge Detection. It can be 
observed from the numerical results that Gabor present 
highest average MSE. Whereas the proposed algorithm 
shows least average MSE among the three tested algorithms. 
On the other hand, the proposed algorithm presents the 
highest PSNR comparing to other three algorithms.  

 

Fig1 present the accuracy percentage of performance 
evaluation for nine cracked paintings had an of more than 
97.67% as shows below It is important to note the proposed 
algorithm capable of detecting medium scratched comparing 
to existing algorithms.  
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Fig.1 The accuracy rate of proposed algorithm comparing with the existing 
algorithms  

The numerical results in table 2 reveal the discrimination 
of thin cracked of nine old test images then compared with 
three existing algorithms Gabor, Nearest Neighbourhood, 
and Edge Detection that expose upper average MSE values. 
Whereas the proposed algorithm has the lowest average 
MSE. Furthermore, the existing algorithms present highest 
PSNR besides the proposed algorithm shows lower PSNR 
values.  

TABLE I.  COMPARISION OF MSE AND PSNR OF DIFFERENT 

ALGORITHMS FOR DISCRIMENATION THIN CRACK 

Fig. 2 show the accuracy percentage of discrimination 
thine crack from nine old cracked images of more than 
97.88%, comparing to the performance evaluation. It is 
clearly seen that the proposed algorithm shown the best 
result for discrimination thin crack as compare to existing 
algorithms. 

Fig.2 The accuracy rate of proposed algorithm comparing with the existing 
algorithms 

 

VII. CONCLUSIONS  

This paper present a proposed algorithm consists of three 
main stages for discrimination medium and thin crack. 
Where nine cracked digitized paintings where tested and 
measurements that used for evaluation are Mean Square 
Error and Peak Signal to Noise Ratio. Comparison with other 
literature algorithms done to evaluate the experimental 
results and to provide better outcomes. Which is considered 
the proposed algorithm is produce the highest accuracy rate 
around 97.67% in crack edge detection for medium scratches 
and approximately 97.88% for detection thin scratches that 
excellent relative to the value of other algorithms. 
Furthermore, one of the factors that affect the accuracy of the 
results is the processing of the data used in the discrimination 
task. The future scope will be to study the reason of 
discrimination crack from old painting and improve this 
proposed algorithm in a broader scope.  
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