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Abstract
This paper investigates the applicability of a proposed digital image algorithm
for filling cracks in digitized paintings. Filling is defined as a process of
modifying/restoring damaged regions or lost areas in images. Old paintings
affected by cracks suffer from decreased cultural heritage quality. Paintings that
are digitized typically suffer damages from humidity, dust, smoke, and weather
conditions, and the filling procedure is necessary for the restoration and
preservation of this cultural heritage for the future generation. An algorithm that
can automatically fill the cracks by first creating a 3x3window size to identify
unwanted pixels then applying local image information from neighborhood pixel
preserved from a previous procedure was proposed. The results confirmed that
the proposed algorithm resulted in an excellent restored image. It is also highly
accurate compared to previous algorithms, confirming its suitability for restoring
old digitized paints. The algorithm was evaluated by implementing PSNR (Peak
Signal-to-noise ratio) and MSE (Mean Square error), and MATLAB was used to
build the code required to process and analyze the data.
Keyword: Crack filling, Detection cracks, Denoising stage, Grayscale, Image
prepossessing.
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1. Introduction
Cracks and other deformities effect many paintings, especially old ones which is
called cracks. This crack developed in old paintings when different materials such
as varnish, glue and paint are used then it produces complex structure which is can
easily damage when it dropped or knocked. There are several factors that most
responsible of produces crack such as aging, drying, and mechanical factors. The
appearance of cracks on paintings are reduce the image quality[1]. To overcome
this problem using digital image processing techniques are applying to restore
digitized images of paintings.
Restoration of old digitizes painting is a procedure of repairing damaged areas
or fixing unnecessary elements from images. It recovers the missing or corrupted
parts of an image so that the reconstructed image appearances natural. In real world,
virtual restoration can provide clues to art historians, museum curators and the
general public on how the painting would look like in its initial state[2-4].
The outline of this paper is as following. Section 2 provides Related work of
techniques and methodologies has been developed for detection cracks and filling.
In section 3 an Automatic crack detection and filling techniques are produced.
Section 4 present the crack filling stage. Section 5 is the performance evaluation.
results and discussion are in section 6. Finally, Section 7 is the conclusion.

2. Literature Review
Various technology and methodology are used for restoration of digitized old
paintings. There are many techniques and algorithms are used for filling of old
digitized paintings image. Nevertheless, specific literature is produce based on this
study requirements.
In old, digitized paintings cracks are detected and identified by using the
mathematical morphology top-hat transform, and excluded hue and saturation
apply to determent the dark strokes. However, watershed segmentation techniques
used to identify the linear shape of cracks[5-6]. Also, a thresholding is the simple
and easily method is applied to detect and classify objects and some dark, thin, or
small noises are still misidentified as cracks., in which over 80% of cracks are
classified by the automated detection system[7]. Moreover, there are flexible image
processing techniques used to identified misidentified and irrelevant objects. For
detection and identification of cracks filling stage which is the most important step
of restoration is filling image with neighbour pixels that have been preserved in
previous stages. [8-10].
The researcher presents the techniques used in digital image processing
algorithm that implements crack detection and removal. Furthermost of existing
methods are working for enhancing brightness, colour to increase image quality.
Old painting can be degraded due to aging process[11-12]. However, crack is
identified by using mathematical morphology operant which is identify thin
strokes. Different methods employ to extract the cracks from the background of
image. However median proposed algorithm used for filling cracks image. the
comparison with current crack detection and filling show better performance
results [13].
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Researcher propose a significance algorithm for crack detection systems in
condition of non-uniform illumination[14]. A technique that can find the initial
clustering centre by using a histogram algorithm after that the improved K-means
algorithm is utilized to extract crack also to overcome the accurate crack extraction
of the non-uniform illumination in order to enhance the reliability and accuracy of
pavement crack detection. The processing rate of using the K-means algorithm is
fast and simple also can [15].
Researchers presents a non-destructive tool for crack detection and removal
techniques in digitized paintings. User intervention must identity the area on each
crack that to be restored by selected crack image using eight different oriented
Gabor algorithm[6]. The proposed algorithm is an integrated methodology
identifying and removal of cracks. Secondly, there are sets of local orientations
feature must representing a crack network. Median filter and weighted median filter
are used for filling cracks. in order to describe an orientation based of feature. The
performance shows very well result of using median filter and weighted median
filter on digitized paintings that suffered from cracks [16-17].
In proposed System, the detection and removal of cracks in digitized painting
is presented. Our system will restore the old cracked painting or images. Detect
crack using morphological high pass operator called top-hat transformation. Then
filling procedure will be applied on cracks[18-19]. Order statistics filter are used
for crack filling which deals with mean and median filter. In previous system this
process is done manually[20]. Our proposed system going to overcome all our
problems of existing because it is automated tool to detect and remove the cracks
from the cracked images [21-23].
Researchers stated that the ADBUTMF algorithm achieved better results of
noise pixels and enhance degraded images. There are different variations of Median
Filter (MF), Modified Decision Based Algorithm (MDBA), Decision Based
Algorithm (DBA), Progressive Switched Median Filter (PSMF) algorithms and
Modified Decision Based Unsymmetric Trimmed Median Filter (MDBUTMF).
The (ADBUTMF) proposed algorithm tested on different coloured and grayscale
image and the performance result shows better in standard measurement of PSNR
and IEF, which is recorded nearly up to 80 - 90% in accuracy rate especially at
higher noise densities [23-26].

3. Automatic crack detection and filling
The restoration of detection cracks and filling on digitized old paining images
which is integrates and adapts a number of image processing and analysis tools is
anticipated. The technique consists of the following processes:

Fig 1. Block diagram of proposed
algorithm of crack detection and filling Stages.
The diagram of the proposed work is shown in Fig. 1. while the approach used
for crack detection & filling is detailed below:
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3.1. Image pre-processing stage
Row images are not usually suitable for detection and filling because of the noise
environment conditions and unwanted background. Therefore, the following steps
of preprocessing contains the necessary stages.

3.1.1. Denoising algorithm
Image data are mostly corrupted by noise during processing or transmission. The
noise can be additive or removal. These noises need to get removed from image in
order to preserved the real image information and to improve the contrast. A
propose algorithm control the result by choosing the suitable 3x3 window size that
slid towered the image where the central pixel is recognized as the processing pixel
it can identify the exact noise pixel. Afterwards, the window size is increased based
on the other element of the current window until removed most of the noise from
image and increases image accuracy.

3.1.2. Grayscale conversion of image
Image can be determined as a picture elements (pixel) which is consists of twodimensional function, f(x, y), where x and y are spatial coordinates and each pixel
has a particular location that dictates details of color and brightness for that specific
pixel. Colored image is converted to grayscale image by using mathematical
operation top hat techniques that translates image information pixel with a large
gray value[27].
𝑦𝑦(𝑥𝑥) = 𝑓𝑓(𝑥𝑥) − 𝑓𝑓𝑓𝑓𝑓𝑓(𝑥𝑥)

(1)

𝑛𝑛𝑛𝑛 = 𝐵𝐵 𝜃𝜃 𝐵𝐵 𝜃𝜃 𝐵𝐵 … … 𝐵𝐵(𝑛𝑛 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡)

(2)

where fnb(x) is the opening of the function of f(x), and defined with a structuring set:

In Eq. (2), 𝜃𝜃 denotes is to defined dilation operation. When Eq. (2) is assessed,
it produces a final structuring set, and afterward it applied in the opening operation
of Eq. (1).

3.2. Crack detection stage
threshold operation used for cracks detection which is exploited to divided the
image into two meaningful regions. It separates the crack from the obtained image
set. Also, dark thin and medium cracks regions are observed and are expected to be
obtained 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[28].
𝑇𝑇 = 𝑇𝑇[𝑥𝑥, 𝑦𝑦, 𝑝𝑝(𝑥𝑥, 𝑦𝑦), (𝑥𝑥, 𝑦𝑦)]

(3)

where f (x , y) is the grey level of point (x , y), and p(x, y) is the average of the
grey level of a neighbourhood around (x , y).
The threshold image is given by:
𝑓𝑓 (𝑥𝑥) = ( 0 𝑖𝑖𝑖𝑖 𝑥𝑥 ≤ 𝑇𝑇) 𝑎𝑎𝑎𝑎𝑎𝑎 ( 1 𝑖𝑖𝑖𝑖 𝑦𝑦 ≥ 𝑇𝑇)

(4)

When the value of T changes over an image, it is called variable thresholding,
while when f (x, y) > T, it is called an object point, otherwise, the point is called a
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background point. The number of crack pixels would increase the value on the images
based on using the threshold method. Therefore, the (false crack identification) which
is the local minima condition can remain undetected due to the limitation of cracks in
its dark region would not be properly processed of this method.

4. Crack Filling Stage
After conversion colored image to local minimum gray-levels and remove the
corrupted pixels from image to enhance the image and increase the accuracy rate.
Mathematical operant used the output of image conversion stage and extract the crack
details from background to fill the image. The next step is applying the propose
algorithm to fill the cracks base on neighbourhood pixel. The procedure takes the
neighbourhood pixel and by averaging them calculates the approximate colour value
of the selected cracked pixels and substitute the value with previous one [29].

5. The Evaluation
MATLAB (2016) is used to evaluated the performance of the proposed approach
using the parameters MSE and PSNR based on equation (5):

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 10. log10 �

255 2

𝑀𝑀𝑀𝑀𝑀𝑀

(5)

�

where MSE is the mean square error between the original and restored image with
the size 𝑀𝑀∗𝑁𝑁 and 255 is identified as the maximum value of the pixel present in an
image. MSE is defined per equation (5):
𝑀𝑀𝑀𝑀𝑀𝑀 =

1

𝑚𝑚𝑚𝑚

𝑛𝑛

∑𝑚𝑚
𝑖𝑖=1 �𝑗𝑗=1(𝑒𝑒(𝑖𝑖, 𝑗𝑗) − 𝑓𝑓(𝑖𝑖, 𝑗𝑗))

(6)

where f(i, j) identify as is the final form of the restored image, and e (i , j) is the
earliest form of the original image [30].

6. Results and Discussion
This section presents the experimental results and discussions that conducted for
evaluation of data collected for algorithm proposed for filling cracks. The results
were obtained and analyzed using MATLAB environment.

6.1. Performance evaluation of the proposed algorithm
The algorithm proposed in this work depends on the conversion of colored images
to grayscale. The images were grayscaled using top-hat mathematical operation,
which reads the colored image reference extrusion sample and converts the
information into grayscale images, per Figs 2(a) and 2(b).
The threshold operant is then applied and adjusts T until the objects become
visible, per Eq. (4). This process extracts the objects from the background of an
image; therefore, the output images will be a one-bit per pixel image named binary
image or monochrome color (black and white), as seen in Fig. 2(d). However, the
images lack information and are very noisy due to the various brightness intensities,
and a noise reduction algorithm that implemented a 3x3 window size for detection
of 10% false pixels in order to minimize possible illumination noise from images
was used, as shown in Fig. 2(c).
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(a) Coloured cracked
image.

(b) Conversion coloured cracked
image to grayscale

(c) Image effected with
10% of noise

(d) Detection cracks
and noise reduction

(e) Filling cracks using the proposed algorithm.
Fig. 2. The result of crack detection and filling Stages.
The output of the prepossessing and detection stages is image formulation for the
proposed algorithm to begin filling cracks. The crack filling algorithm has been
implemented in nine tested images with various crack complicity and formats in the
literature. Comparisons were made with three current algorithms used in the literature
the Modified Trimmed Mean, Median, and the Modified Adaptive Median Filter.
Figure 3 shows the performance evaluation of the PSNR of the algorithms Modified
Trimmed Mean, Median, and Modified Adaptive Median Filter with the proposed
algorithm. It can be seen from the numerical results that the PSNR of the proposed
algorithm has the highest value (86.28), followed by Median Filter registered (33.14),
Modified Trimmed Mean listed (24.21), and Modified Adaptive Median Filter (36.31).
Figure 4 shows the MSE of images, which is the mean of the difference
between the original and degraded images. The comparison of the algorithms
resulted in the Modified Trimmed Mean (1.225) being the highest, followed by
Median Filter (1.284), Modified Adaptive Median Filter (1.412), and the proposed
algorithm (0.905).
It should be pointed out that the proposed algorithm resulted in better-preserved
crack edge and filling neighborhood pixels with the correct color relative to the original
image, per Fig. 2(e).
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Fig. 3. PSNR of filling proposed
algorithm and existing algorithms.

Fig. 4. MSE of filling proposed
algorithm and existing algorithms.

6.2. Accuracy rate
Based on analysis presented above that the results of proposed algorithm were
statistically significant in comparison of crack filling accuracy rate obtained that
shows better performance which is between (96.26% - 97.93%) then another
existing algorithm as it shows bellow in Fig. 5.

Fig. 5. Accuracy rate of filling proposed algorithm and current algorithms.

7. Conclusions
This paper presents an automatic crack detection and filling in old digitized painting.
The pre-processing steps was employed to prepare image by using top-hat operant to
convert row coloured image to grayscale output, then a proposed algorithm
implements to remove noise from image and to preserve edge and colour pixels
component. Then cracks information was extract from the rest of image thought
Threshold operant to generate monochrome colour (black and white) output. Finally,
in order to fill crack with colour a proposed algorithm was developed. The algorithm
applies by chosen the centre pixel which is need to be in 3x3 pixel element, the centre
pixel while moved vertically then horizontally were saved colour range from
neighbourhood pixels and fill in all cracked pixels of the old digitized image.
After analysing the tables and Graphs that experiments were performed in various
cracked images to evaluate with PSNR and MSE to obtain the accuracy rate of the
result. The comparison result of proposed algorithm was conducted between three
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different current algorithms. some important observations impact which is higher
value of PSNR gives high filling of proposed algorithm that works well in filling
cracks and get high accuracy rate as compared to other algorithms. MSE value must
be low as possible since the error must be low for a high quality old, digitized painting
which is prove the proposed algorithm is suitable to be implement.
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