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 In ceramic tiles manufacturing industry, tiles are manufactured at large scale 

which makes it more challenging to ensure the quality of each tile according to 

the set standards. Mostly, Statistical Process Control (SPC) is used by tile 

manufacturers at each step to monitor various processing parameters. SPC 

procedures are implemented manually that requires sufficient number of 

experienced human resource to identify defected tiles from a batch of tiles. The 

manual inspection also gives low accuracy of defect detection due to human 

errors and hard environment. Considering these drawbacks, in this paper an 

automated defect detection method is proposed which is based on image 

processing and morphological operation to ensure the quality and standard of 

tiles. The proposed method resizes and converts the input RGB image into 

grayscale image and removes any possible noisy artifacts. An edge detection 

algorithm is applied on grayscale image to enhance the edges representing the 

cracks. Afterwards, morphological erosion and dilation operations are applied, 

one at a time, to get two intermediate images. Finally, edges are detected by 

subtracting eroded intermediate image from dilated intermediate image. For 

detection, the proposed algorithm does not require any separate reference image. 

The algorithm is tested on an image set of sixty different defected tile images 

and attained 92% average detection accuracy. 

1. Introduction 

Previously, in ceramic tiles manufacturing industry, 

Statical Process Control (SPC) [1] was a widely used 

method to monitor the build quality of tiles. The SPC is 

a manual procedure, and its successful implementation 

depends on the knowledge and training of the person 

deployed for quality control. The manual procedure for 

quality check is somewhat slow and results could be 

different regarding same object because of experience, 

level of concentration, and tiredness of the person [2].  

For last couple of decades, the field of digital image 

processing and computer vision has turned into 
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exceedingly onerous unit of information Technology in 

automating industrial processes.  Digital images are 

processed by means of digital computer to extract 

important information, also called features, from images 

using simple to complex mathematical procedures [3]. 

Defect identification of tiles through digital images is 

widely used application of digital image processing to 

enforce computerized quality control process in 

manufacturing industry.  

For defect identification in tiles images, researchers 

have proposed many different algorithms depending on 

the types, sizes, and textures of tiles [4]. Traditionally, 

defect detection algorithms perform resizing, noise 

removal, and edge detection procedures to identify 

manufacturing defects in tiles through digital images [5]. 

Based on the functionality, most of the defect detection 

algorithms can be viewed as a two-stage process i.e., 

low-level stage and high-level stage. At low-level stage, 

the algorithm extracts feature like colours, texture, 

edges, and patterns. At high-level stage, the algorithm 

utilizes low level information to extract semantic 

meanings to identify defects like corner break, cracks, 

and faded textures.  

Another defect detection algorithm proposed by 

Elbehiery et al. [2], works in two stages. At first stage, 

the algorithm converts RGB image into grayscale to 

adjust the intensity of the image. Afterwards, intensity 

adjusted image is converted into binary image.  At 

second stage, different morphological operations are 

performed to identify various types of defects like spot, 

pinhole, and long crack. This algorithm is not 

completely automated as user must select morphological 

operation according to the detection problem.  

In [3], the authors proposed a gradient based 

algorithm to detect defect in Ceramic tiles. This 

algorithm performs scale-down operation to reduce 

image size and then converts it into grayscale. Edge 

detection is performed by using an edge detection 

operator [6] fixing the threshold value 0.13. In the next 

step, they applied a morphological operator on test 

image as well as on reference image. To detect the 

defects in the image, the algorithm counts white pixels 

of both of test image and compares their values with 

reference image. Main drawback of this algorithm is its 

huge processing time as it performs pixel by pixel 

comparison of test and reference image.  

A fairly simple defect detection algorithm that is 

based on Laplacian of Gaussian operator is proposed by 

Rajashri et al. [4]. This algorithm converts input RGB 

image into a grayscale image and then applies Gaussian 

Filter to remove noise and smoothen the image then 

edges are detected using Laplacian of Gaussian Operator 

[7]. To identify cracks, this algorithm performs pixel by 

pixel comparison of edge detected image with a 

reference image of a perfect tile. This algorithm is 

simple to understand and easy to implement but, it can 

only be used to identify defects in a flat or single-color 

tile. 

In [8], the authors presented a real time defect 

detection system to identify cracks based on Erosion 

operator [9]. The accuracy of the algorithm depends on 

threshold value as this value is not constant for different 

types of defects as well as images of plain and textured 

tiles.  

Another technique for defect detection proposed in 

[10] is based on Prewitt algorithm [11]. This algorithm 

uses adaptive histogram equalization technique for 

contrast enhancement. Afterwards, noise is removed 

using median filter and edges are detected using Prewitt 

algorithm. Finally, defects are detected using 

morphological operation i.e. union, intersection, and 

inclusion. This algorithm only works for images of 

having size range between 600 x 600 and 800 x 800. 

To address the main drawbacks discussed above, in 

this study, we propose an algorithm for defect detection 

that is easy to implement, requires less processing time 

and power, and is able to identify defects in plain and 

textured tile images without requiring any additional 

reference image. 

The rest of the paper is organized as follows: In 

Section 2, details of the proposed algorithm are given. 

Section 3 contains results of the proposed algorithm and 

its comparison with some of the existing algorithm in the 

same domain. Section 4 summarizes the paper. 

2. Proposed Methodology for Defect Detection 

System 

The proposed algorithm is a three-step process. At first 

step, input image is converted into grayscale and pre-

processing is performed to enhance the quality of the 

grayscale image. At second step, edge detection 

methodology is implemented on enhanced image. At 

third step, enhanced grayscale image produced at first 

step and edge detected image at second step are 

converted into binary and defects are detected after 



 
© Mehran University of Engineering and Technology 2022     148 

 

subtracting magnitude of both images. Complete 

procedure of the proposed algorithm is shown in Fig. 1. 

Details of each steps are given in the following sub-

sections.  

 

Fig. 1. Proposed Algorithm 

2.1 Pre-Processing 

Image pre-processing is an important step to remove any 

unwanted artifact from the input image. At this step, we 

resized input image it its size is greater than 500 x 500 

to reduce the overall processing time of the algorithm. 

After resizing, we converted resized image into 

grayscale because colour features do not play any role in 

identification of defects like cracks, holes, and broken 

edges.   

2.2 Edge Detection 

The boundary between two dissimilar regions of an 

image is known as an edge. Usually, the boundaries 

form due to the different surfaces of objects or due to the 

light and shadow falling on a single surface [12]. In 

literature, different edge detection algorithms have been 

proposed which are being used to detect cracks in tiles. 

Some of the widely used methods are based on gradients 

that use predefine kernel for convolution, for example, 

Prewitt [13], Canny [14], Sobel [15], and Robert [16]. In 

our proposed algorithm, we used morphological dilation 

and erosion operations for highlight cracks and edges. 

These operations are natively robust for noise and are 

able to correct imperfections in structure by connecting 

any disjoint pixels [17]. These operation uses a small 

matrix structure, called structuring element [18]. The 

important properties of structuring element are its origin, 

shape, and size. Origin represents a pixel whose value is 

going to be updated after applying the operations, shape 

defines the pattern of 0 and 1 for pixels falling within a 

window, and size represents a window used to process 

number of neighbourhood pixels at a time. Structuring 

element can be used with different shapes such as line, 

disk, square, diamond, pair, and rectangle. In the 

proposed algorithm, we used disk shape structuring 

element with the radius 2 [19], as shown in Fig. 2. 

 

Fig. 2. Disk shape structuring element of size 2 

After defining the structuring element, the algorithm 

performs dilatation and erosion operation on grayscale 

image. The dilation operator [18] is used to expand the 

foreground of image up to the extent to the maximum 

neighbourhood value in structuring element. The 

implementation of Dilation process is just like spatial 

convolution. Mathematical procedure of dilation 

operation is represented in Eqs. (1) and (2). 

(𝑄 ⊕ 𝑆𝐸)(𝑖, 𝑗) = max{𝑄(𝑖 − 𝑖`, 𝑗 − 𝑗`)| (𝑖`, 𝑗`)𝜖𝐷𝑆𝐸}         

  …(1)   

𝑑 = 𝑄 ⊕ 𝑆𝐸                                                                        (2) 

where SE is the structuring element, DSE is domain of 

structuring element, Q is the enhanced grayscale image, 

Q(i,j) is supposed the -∞ outside the image domain, 

(i`,j`) are domain of SE which belongs to DSE, this 

symbol ⊕ represent the dilation operation, and d is the 

eroded image.   

The Erosion Morphological operation is used to 

shrink the foreground of image [20]. In other words, 

erosion operation is the complement of dilation Process. 

The erosion operation also works like dilation operation, 

but it changes the value of origin pixel with minimum 

value found in neighbourhood window. Mathematical 

procedure of erosion is represented in Eqs. 3 and 4. 

(𝑄 ⊝ 𝑆𝐸)(𝑖, 𝑗) = min{𝑄(𝑖 + 𝑖`, 𝑗 + 𝑗`)| (𝑖`, 𝑗`)𝜖𝐷𝑆𝐸}  

  …(3)   
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𝑒 = 𝑄 ⊝ 𝑆𝐸                                                                          (4) 

where SE is the structuring element, DSE is domain of 

structuring element, Q is the enhanced grayscale image, 

Q(i,j) is supposed the +∞ outside the image domain, 

(i`,j`) are the domain of SE which belongs to DSE, this 

symbol ⊝ represent the erosion operation, and e is the 

eroded image.   

In Eq. 5, d is intermediate dilated image and e 

intermediate eroded image and N is the final edge 

highlighted image. 

𝑁 = [𝑑𝑜𝑢𝑏𝑙𝑒(𝑑)] − [𝑑𝑜𝑢𝑏𝑙𝑒(𝑒)]                               (5) 

2.3 Crack Detection 

For crack detection, the proposed algorithm binarization 

is perform on both grayscale image and edge detected 

image because of its ability of detecting the different 

type of defect, object separation, pattern recognition, 

and reduce the computation complexity.  Afterwards, 

the algorithm calculates the magnitude of binary images 

individually. If magnitude of binary grayscale image 

equals to the binary edge detected image, then the tile is 

a perfect tile. 

3. Results and Discussion 

To test the performance of the proposed algorithm, we 

perform a series of experiments on dataset containing 

sixty images of different tiles.  The dataset we used is 

not available publicly and so we collected images from 

multiple locations [21-22] because of the need of a 

dataset containing colour tile images. Some datasets are 

available publicly that contain pre-processed black & 

white images which are not suitable to test the proposed 

algorithm. The dataset used to test the algorithm is 

categorised in two categories, as shown in Table 1. 

Category 1 contains 29 perfect images i.e. images of 

faultless tiles and category 2 contains 31 images of 

defected tiles containing cracks, missing patterns, and 

surface scratches. Images in category 1 and category 2 

are shown in Fig. 3 and Fig. 4 respectively.   

Table 1 

Categories of dataset used to test the algorithm 

Category Number of Tiles 

Category 1 (Faultless Images) 29 

Category 2 (Faulty Images) 31 

       

       

       

       

 

Fig. 3. Category 1, faultless images in dataset 
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Fig. 4. Category 2, faulty images in dataset 

   

(a) (b) (c) 

   

(d) (e) (f) 

Fig. 5. Visual result of proposed algorithm applied on perfect tile image of category 1 (a) Input image (b) Pre-process image      (c) 

Noisy image, (d) Eroded image, (e) Dilated image, (f) Final edge detected image 
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(a) (b) (c) 

   

(d) (e) (f) 

Fig. 6. Visual result of proposed algorithm applied on defective tile image of category 2 (a) Input image (b) Pre-process image    

(c) Noisy image, (d) Eroded image, (e) Dilated image (f) Final edge detected image 

For the purpose of demonstration and to save the 

space, only one experimental detail for each category is 

presented in this section. The visual results of each stage 

produced by the proposed algorithm are shown in Fig. 5 

and Fig. 6 for image no. 6 from category 1 and image 

no. 9 from category 2, respectively. The details of 

complete experimental outputs are given in Table 2. 

Table 2 

Details of experimental results of the proposed algorithm 

Total number of tested tiles 60 

Total number of perfect tiles 29 

Total number of defected tiles 31 

Number of perfect tiles detected as defected 2 

Number of defective tiles detected as perfect 3 

Total number of correct outcomes 55 

Total number of wrong outcomes 5 

From the results, it is found that the accuracy of the 

proposed algorithm is almost 92% and total processing 

time to process whole dataset is approximately 30sec. 

To find the accuracy of the proposed algorithm, 

following equation is used. 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 𝑅𝑎𝑡𝑒 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑟𝑟𝑒𝑐𝑡 𝑜𝑢𝑡𝑐𝑜𝑚𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑖𝑙𝑒
× 100     

  …(6) 

3.1 Comparison with Existing Algorithm 

We compared our proposed algorithm with six existing 

and widely used algorithms in the same domain. The 

algorithms we selected for comparison includes Prewitt 

[23], Sobel [15], canny [24], Roberts [15], Kirsch [25], 

and Robinson [25]. Fig. 7 represents visual results of 

edge detection after applying existing and proposed 

algorithm on tile 15 of category 2. It can be observed 

that the edge detected image produced by the proposed 

algorithm is clearer, sharper, and provides smooth and 

noiseless visual information that helps in clearly 

identifying cracks and tile texture.  Normally, visual 

results of any defect detection algorithms are not 

important as humans are not involved in the process of 

identifying defects. The software, implementing the 

algorithm, is responsible of detecting and highlighting 

defects in underlying images. Edge detected image 

provides the base for detecting defects therefore, for the 

sake of comparison, we also compared the visual quality 

of the edge detected image of the proposed algorithm 

with existing algorithms. During the experiments, we 

observed that if defect detection algorithm produces 

good quality edge detected image, it ultimately provides 

better accuracy in defect detection stage. Visually, the 

proposed algorithm produces better edge detected image 

but, visual comparison is just one aspect. Sometimes, 

visual comparison alone is not enough as different 

persons may have different opinions regarding 

information available in the same image. Therefore, to 

validate our claim, we also compared objectively the 

edge detected images produced by the proposed 

algorithm and existing algorithms using three widely 

used image quality assessment matrices, i.e. RMSE [26], 
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PSNR [27] and SSIM [28]. The mathematical equations 

and output results of RMSE, PSNR, and SSIM are given 

in Eqs. 7-10 and Table 3, respectively. Accuracy and 

processing time comparison of the proposed defect 

detection algorithm with existing defect detection 

algorithms are given in Table 4, respectively. 

𝑀𝑆𝐸 =
∑[𝑂(𝑖,𝑗)−𝑒(𝑖,𝑗)]

𝑖∗𝑗
                                              (7) 

𝑅𝑀𝑆𝐸 =  √𝑀𝑆𝐸                                               (8) 

where i and j are number of rows and columns of an 

image O is consider as an original image and e is edge 

detected which is also called the compressed image. 

And, root mean square error, RMSE, is actually the 

square root of the mean square error, MSE. 

𝑃𝑆𝑁𝑅 = 10𝑙𝑜𝑔10  (
𝑅2

𝑀𝑆𝐸
)                                        (9) 

where R is maximal value of input image. 

SSIM (i , j) = [𝑙(𝑖, 𝑗)]𝛼 . [𝑐(𝑖, 𝑗)]𝛽 . [𝑠(𝑖, 𝑗)]𝛾              (10) 

where l is luminous used to compare the brightness 

factor, c is contrast used to compare the brightness and 

darkness region, and s is structure used to compare the 

pattern. α, β and γ are the positive constants. 

As shown in Fig. 11, the proposed edge detection 

algorithm is given the high accuracy rate. The Proposed 

Defect Detection process give the 92% accuracy which 

is an achievement of our proposed system. 

Table 3 

Comparison of Edge Detection Algorithm 

Algorithm 

Name 

RMSE PSNR SSIM 

Prewitt  120.3038 6.73 0.0514 

Sobel  133.6235 5.89 0.0334 

Canny 129.3551 7.19 0.0382 

Robert 123.2008 5.71 0.0366 

Kirsch 89.1963 9 0.0111 

Robinsion 114.9114 6.9 0.0430 

Proposed 

Algorithm 

88.97 8.89 0.213 

Table 4 

Comparison Using Existing Defect Detection Process 

Algorithm Correct 

Result 

Incorrect 

result 

Accuracy Time 

Prewitt 37 23 63% 27sec 

Canny 44 16 74% 29sec 

Sobel 38 22 65% 29sec 

Roberts 41 19 70% 28sec 

Kirsch 46 14 76% 33sec 

Robinson 50 10 87% 35sec 

Proposed 

Algorithm 

55 5 92% 30sec 

 

  

 
   

 

 

Fig. 7. Comparison of edge detected images. (a) Prewitt (b) Sobel (c) Canny (d) Robert (e) Kirsch (f) Robinson (g) proposed 

 

      (a)                  (b)                                  (c) 

(g) 

      (d)                  (e)                                  (f) 
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Fig. 8. Graphical representation of RMSE value in Table 3 

 

Fig. 9. Graphical representation of PSNR value in Table 3 

 

Fig. 10. Graphical representation of SSIM value in Table 3 

 

Fig. 11. Graphical representation of accuracy rate in Table 4 

 

Fig. 12. Graphical representation of SSIM value in Table 4 

 

4. Conclusion 

By attaining 92% accuracy and taking 0.5 to 1 sec to 

process a single tile image, the proposed algorithm 

proven to be a better alternative to the existing defected 

detection algorithms.  The reason of better accuracy rate 

is dependent on sequence of procedural steps, quality of 

input image, and quality of edge detected image. The 

less processing time makes the proposed algorithm very 

practical for implementation in real time defect 

detection systems. However, the proposed algorithm 

attained less accuracy in detecting hair line cracks and 

colour fading present in some of the tile images. Our 

future work will focus on making the proposed 

algorithm more efficient by adding the ability to detect 

small cracks, defects, and colour fading. 
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