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Ceramic tiles inspection placed an important role in various fields such as construction, architecture
and so on. The quality of the ceramic tiles leads to improve the overall efficiency of the user defined
application area. The manual inspection of the ceramic tiles fails to detect the quality of the tiles
with effective manner. So, in this paper introduces the automatic ceramic tiles inspection process
using the optimized data mining and image processing technology. The data mining techniques
analyse the different tiles features using various optimization techniques and feature extraction
methods that reduce the error rate while inspecting the ceramic tiles from the collection of tiles. In
addition to this data mining technique, the image processing techniques examines the tiles images by
utilizing the pre-processing, segmentation and feature extraction process. From the extracted
features, tiles are inspected by applying the optimized data mining techniques such as artificial
neural networks (ANN), probabilistic neural networks (PNN) and back propagation neural networks
(BPNN). Thus the paper examines the comparative study of the ceramic tiles inspection process
using the sensitivity, specificity and accuracy metrics.

Copyright © Umamaheswari C et al, 2017, this is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided the

original work is properly cited.

INTRODUCTION

Now day’s ceramic tiles are playing a vital role in various
industrial, construction and architectural application due to the
distinct characteristics of the marbles, knock sand, travertine
and other stone items [1]. Depending on the characteristics of
the ceramic tiles, it has been utilized for the texture, surface,
shading and creating pattern while making the building rooms,
house, industries and other construction process. Different
types of ceramic tiles such as Wall Tile, Glazed Ceramic Tile,
Porcelain Tile, Color body Porcelain Tile and Scratch Hardness
based tiles which are used to manage the several business
related applications [2]. The developed ceramic tiles are
sometimes shade in reliability, accuracy of the tiles is difficult
to identify by using the human eye also the precision level of
the tiles should be difficult to manage. Then the visual
inspection system [3] has been used to inspect the tiles by
processing the tiles which consumes few pitfalls such as
requires skilled person, difficult to maintain the details about
the tiles, time consuming process, chance to miss few operator
inevitability, difficult to maintain new type of defects,
inspection may be unreliable and difficult to reproduce the
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inspection result. Due to the various disadvantages present in
the visual inspection process, automatic ceramic tiles
inspection system [4] has been developed for overcoming the
above issues. The automatic system is developed by using the
image processing and data mining techniques because the
image processing techniques analyze the entire ceramic tiles
images with the help of pixel by pixel which reduces the
problems faced by visual inspection. In addition to this, data
mining techniques are placed an essential role while examining
the ceramic tiles. Data mining technique[5] analyze the entire
ceramic tiles image by using the different processing steps pre-
processing, data collection from various resource also this
technique selects the optimized ceramic features from the huge
amount of features with effective manner that reduces the error.
In addition, to the concept, mining technique [6] analyze the
tiles according to the marketing concept which eliminates the
low quality tiles in the beginning stage, cost of the inspection
has been reduced due to the enormous collection of data’s, it
determines the optimized control parameter while examining
the data and the ceramic manufacturing information has been
effectively managed. Due to the various advantages [7], the
data mining concept is used for automatic ceramic tiles



Umamaheswari C et al., Developing Automatic Ceramic Tiles Inspection System Using the
Optimized Data Mining With Image Processing Techniques

inspection process to ensuring the high efficiency, Then the
different techniques such as Normalized cross-correlation
approach, Statistical moments approach, Edge detection
approach, Local linear transforms approach, histogram, region
based approach, support vector machine, neural networks,
principle component analysis method are introduces to
processing the ceramic tiles successfully. So, in this work
utilizes the various image processing techniques [8] such as
median filter, wiener filter, soble edge detection method along
with the data mining concepts Gray scale level co-occurrence
matrix(GLCM) and classifiers are helps to inspecting the
ceramic tiles. After that the comparison has been made with the
data mining based ceramic tiles classifiers. Then the efficiency
of the system is examined with the help of the experimental
results and discussions. The remaining section is organized as
follows, section 2 analyze the different research opinions about
the ceramic tiles inspection, section 3 discusses about the
proposed ceramic tiles inspection process, section 4 evaluate
the efficiency of the proposed classifiers and concludes with
section 5.

Related Works

In this section analyze the different research that about the
ceramic tiles inspection and related processing methodologies.
In [9] developing the automatic ceramic tiles defects detection
system by using the image processing techniques such as
median filter, weiner filter, canny edge segmentation, Gaussian
filter and so on. These image processing techniques analyze
each ceramic features, cracks, color, and corner for detecting
the fault in the developed ceramic tiles. The efficiency of the
system is examined with the help of the experimental results.
The author introduced system works better when compared to
the human eye based inspection process.

In [10] tiles and ceramic defects are recognized by applying the
fuzzy thresholding and morphological process. The methods
examine the noise present in the image using the surface
detection process, coloring detection and crack detection
method. From the detected information different information
are derived by author defined techniques which are helps to
prevent the cracks and defects present in the tiles image. The
efficiency of the system is examined with the help of the
experimental results and discussions.

In [11] developing the automatic morphological filtering based
tiles inspection system for eliminating the defects present in the
tiles. Initially the tiles images are gathered noise has been
removed by applying dilation and erosion based morphological
operator. After that the particular region has been segmented
with the help of the different homogeneity based segmentation
process. From the detected area, the defects are identified by
applying the pin hole concept. This process is repeated to
eliminate the defects from the ceramic tiles. Based on the
various authors opinions the ceramic tiles have been detected
by applying the image processing techniques. Further it has
been improved with the help of the data mining process which
is implemented in our work that was discussed as follows.

Proposed Data mining based Ceramic Tiles Recognition

In this section examines about the proposed ceramic tile
inspection or recognition process [12] which consists of

different processing steps such as image pre-processing,
segmentation, feature extraction and inspection. Each step
plays a vital role while examining the ceramic tiles related
images. The structure of the ceramic tiles recognition process is
shown in the figure 1.

Pre-processing
using filters

Image
Segmentation
using soble edge

Image Acquisition

GLCM based Feature
Extraction

Figure 1 Ceramic Tiles Inspection Process

According to the above figure 1, first the ceramic tiles images
are collected which may contains the noise that leads to reduces
the entire efficiency of the system. So, the collected images are
processed step by step for improving the overall excellence of
the automatic tiles inspection process which is explained as
follows.

Image Pre-processing

The first step of the ceramic tiles inspection is to eliminate the
noise present [13] in the image by using the filtering concept.
Initially the images are collected; noise has been modelled as
follows,

Clx.y)=A(xy) +B(x.y) (1

Where A(x, y) is the original image pixel value and B(x, y) is
the noise in the image and C(x, y) is the resulting noise image.
After modelling the image, the noise present in the images is
further examined with the help of the median filter [14] which
analyzed each and every pixel present in the image. Each pixel
is compared with the neighboring pixel value, if the pixel is
corrupted by the noise that has been replaced with the help of
the median value. The median value is estimated by arranging
all the pixels in the sorting order and the median value is
calculated. The calculated pixel value is used to replace the
corrupted pixel value. This process is repeated until to
eliminate the noisy pixel value. After that the image contrast is
further enhanced with the help of the continuous adaptive
histogram equalization process. The histogram process
analyzes the images by dividing into multiple region and
normalize the pixels present in the image which are done by
using the following eqn (2).

b-a
Pout:(Pin_C)E+a (2)
Where Pout denotes the normalized pixel value, Pin denotes the
current pixel value, b is the upper pixel value, a is the lower
pixel value, d denotes the uppermost pixel value of input image
and signify the smallest pixel value of input tile image. This
process is repeated to normalize entire pixel present in the
image. Then the particular edges and regions have to be
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segmented for improving the further ceramic tiles inspection
process which are explained as follows.
Image Segmentation

The next step is segmentation [15] which is done by using the
soble edge segmentation process. Initially ceramic tiles edges
have to be analyzed with the help of the soble operator that
helps to increase the overall efficiency of the system. During
the edge segmenting process, the sobel operator consider the
assumption about the edges discontinuity and gradient value of
the image. By considering these assumptions, the images are
examined with the help of the gradient value using the
following approximation values.

af(xy) - Ax = [fx+dxy)-f(x,y)

dax dx A3)
UEY) _ Ay = [EY+dy)-(xy)
dx dy @)

Where dx and@Yare measure distance along the x and y

directions respectively. In discrete images, one can consider dx
anddy in terms of numbers of pixel between two points.

dx=dy=1 (pixel spacing) is the point at which pixel
coordinates are (i, j) thus,

Ax = f(i+1,)) - f@i)) 5)
Ax=f(l,]+1)—f(l,]) (6)

In order to detect the presence of a gradient discontinuity, one
could calculate the change in the gradient at (i, j). This can be
done by finding the following magnitude measure

M= /Ax% + AZy (7)

and the gradient direction 0 is given by

— -1 (8
0 =tan [M ®)
Based on the approximation and magnitude values, the edges
are extracted with effective manner. From the segmented
edges, it has to be verified by applying the Otsu’s method
which compares each edge pixel with the neighboring pixels
probability value and mean intensity measures. This process is
repeated continuously for determining the edges of the ceramic
tiles with effective manner.

Feature Extraction

The next important step is feature extraction in which the
important details are derived from the extracted image edges.
Before extracting the features, Un-Decimated Discrete Wavelet
Transform (UDWT) [16] is applied to the image for sampling
the images with low and high frequency components. This
wavelet method examines the images, and divided into the
different lower and higher level components that reduce the
array size decimation issues while examining the different
features. The decomposed wavelet images consists of different
bands of information such as low-low, low —high, high-low and
high —high of image information. After decompose the images
into different levels, different features are derived from the
image using the GLCM method [17]. Then the derived features
are listed in the table 1.

Table 1: GLCM related Features and Formula

Features Related Formula
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Based on the above table 1 value, various features are derived
from the segmented images, which are helps to inspect the
ceramic tiles by using the data mining based classifiers which
are explained as follows. Ceramic tiles classification using data
mining techniques The last step is ceramic tiles inspection or
classification which are done by utilizing the different data
mining techniques such as linear discriminate analysis (LDA),
artificial neural networks (ANN), probabilistic neural networks
(PNN) and back propagation neural networks (BPNN). The
listed data mining techniques are effectively analyzing each
and every pixel involved in the ceramic tiles classification
process. Each and every method is discussed as follow,

Linear Discriminant Analysis (LDA)

Linear Discriminant Analysis (LDA) [18] is a technique used
for data classification and dimensionality reduction. Principle
of LDA is to preserve most of the class discriminatory
information without losing any data. It has been used majorly
in many real time applications such as image retrieval, face
recognition, microarray data classification etc. In PCA, the
shape and the location of the original data sets changes when
transformed to different spaces whereas LDA doesn’t change
the location but only tries to provide more class separation and
draw decision between the given classes. In this analysis, two
of the scatter matrices namely within-class (Sw) and between
class (Sb) matrices quantify the quality. According to LDA
computation between-class scatter is maximized while within
class scatter is minimized. Such a transformation should reduce
the variation caused due to sources namely illumination and
maintain large amount of class separation.

det(Sy)

M P
aximize det(s,) ©)

Where Spis with in class scatter and Swis between class scatter.

Artificial Neural Networks (ANN)

The next important classifier is Artificial Neural Networks
(ANN) [19], it is one of the supervised learning algorithm
which helps to separates the defected and non-defected tiles
features with effective manner. During the inspection process,
the algorithm utilizes the three layers input, hidden and output

layers. The input layer consumes the extracted features as the
input which is processed by different hidden layer neurons and
the output is generated with the help of the defined classes. The
Artificial Neural Network (ANN) is connected with extracted
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feature values for automatic defect detection in ceramic tiles.
The highly parallel dynamic system of ANN is consisting of
several simple units that can execute transformation by their
input information. The input features are defined as,

X1(P), X2(P), ..., Xu(P), the desired
Ya1(P),Yaz(P), ....Yan(P) and the activation

output is

Function is defined as sigmoid. Where n denotes number of
input neurons j in the hidden layer.

y;(P) = sigmoid[Y}, x;(P).w;(P) — 6] (10)

yi(P) = sigmoid[Y12, x;,(P).wj(P) — 6;] (1n

Where in output layer neuron k is in number of input m.
is threshold levels

ek®) = ya x(P)—yi(P) (12)

The given neuron weight is defined as
w1(P),wy(P), ...,Wu(P)and error gradient is defined as,
8k(P) where 8k(P) =yi(P)[1-Yk(P) . ex(P)[1- ]. and the
weightcorrection is 8W(P) where AWjk(P) = @.y;(P). 8, (P),
This process repeated to inspect the all ceramic tiles features
with effective manner.

Probabilistic Neural Networks (PNN)

The next data mining based classifier is probabilistic neural
networks (PNN) [20] which effectively examines each features
present in the feature extraction process using the probability
density function as the training algorithm. The PNN network
recognizes each feature present in the network using the
competitive manner that helps to determine according to the
winner concept that is done by using the 4 layers such as input,
hidden, pattern and decision layer. The input layer consumes
the features from the previous step that are transmitted to the
hidden layer. The hidden layer trains the feature using the RBF
kernel function and fed into the pattern layer in which the
features are categorized according to the target value. The
weight values coming from each of the hidden neurons adds up
by denominator summation unit. Numerator summation unit
adds up the weight values multiplied by the actual target value
for each hidden neuron. In decision layer, PNN networks the
decision layer compares the weighted votes for each target
category accumulated in the pattern layer and uses the largest
vote to predict the target category. This process is repeated for
examining the ceramic tiles with effective manner.

Back propagation Neural Networks (BPNN)

The last data mining based classifier is back propagation neural
networks (BPNN) [21], it is one of the multi-layer feed forward
neural network that uses the three different layers, input,
hidden and output layer. The input layer receives input from
the previous feature extraction step which is transformed into
the input features that is fed into the hidden layer. The resultant
of the hidden layer is simulated which is defined as follows,

h; = E;F (13)

The simulated result has been used to estimate the output value
according to the input features which is defined as follows,

¥V ehi-1r?
J~ N (14)
Where, Y is represented as the smoothing factor.

When the error has been occurred during the inspection
process, the gradient descent function is used to updating the
weights and bias values that helps to reduce the error rate.
Finally the output value is estimated as follows,

n‘?t,"l = Y Wi, (15

Yi= f(netjl'l) (16)

According to the above process, the derived features are
successfully fed into the data mining based classifiers for
inspecting the ceramic tiles which reduces the error rate that
improves the overall efficiency of the system as well as the
further user defined applications. Then the efficiency of the
system is evaluated with the help of the experimental results
and discussions defined in the following section

Performance Analysis

In this section examines the efficiency of the proposed data
mining based classifier such as linear discriminate analysis
(LDA), artificial neural networks (ANN), probabilistic neural
networks (PNN) and back propagation neural networks
(BPNN) for inspecting the ceramic tiles. The effectiveness of
the proposed ceramic tiles inspection system is analyzed by
running the algorithm in MATLAB tool. The defects have been
analyzed by applying the image segmentation process on the
ceramic tile image because it has the valuable information
about the inner cells. From the image the efficiency of the
proposed system efficiency is evaluated with the help of the
true positive, true negative, false positive, false negative,
sensitivity, specificity and accuracy metrics. By using the
above ceramic tile images, the efficiency of the medical image
segmentation process is analyzed using the following
performance metrics. The performance metrics that have been
employed in this research work for analyzing the effectiveness
of the proposed ANN classification is described below.

Sensitivity

Sensitivity is a measure used to find out how the proposed
system correctly classifies the image pixels with efficient
manner. The sensitivity is measured as follows,

True Positive

Sensitivity = — -
(True positive+False Negative) 17
Specificity
Specificity measures how the proposed system correctly
identifies the negative classifiers during the image
segmentation process which is measured as follows,
P True Negative
Specificity = Lo —
(True negative+False positive) 21(18)
Sensitivity/Specificity
Images True positive True negative Falsepositive False
(Tp) (Tn) (Fp) negative(Fn)
PNN 93 32 28
BPNN 91 38 31 31
LDA 97 28 25 21
ANN 97 28 25 21
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Accuracy is statistical measure which is used to analyses how
well the binary classifier recognizes the affected region in an
optimized way. In addition, the accuracy is the proportion of
the true results that includes both true positives and true
negatives among the total number of cases examined. Then the
accuracy value is calculated as follows,

number of true positive+number of true negative
number of true positive+false positive+false negative+true negative (2 1 )

Accuracy =

The accuracy value also has been determined by the sensitivity
and specificity values which is defined as follows,

Accuracy = (Sensitivity)(Prevalence) + (Specificity)(1 — Prevalence) (22)

Based on the above performance metrics the obtained results
are shown as follows Table 2 Sensitivity and Specificity Values
of Ceramic tile Images The above table 2 clearly shows that the
ceramic image efficiently recognize the affected region and
eliminates the false region when compared to the other ceramic
image in an effective manner that has been recognized
successfully using the data mining techniques. The related
graph representation is shown in the figure 2

HPNN
HBPNN
I.DA

mANN

Percentage

Tp Tn Fp Fn
Performance Metrix

Figure 2 Performance analysis

The proposed system achieves the higher accuracy while
segmenting the ceramic tile images which is shown in the table
3

Table 3 Classification Accuracy for Different Segmentation

Techniques
S.No Segmentation Classification
i Techniques Accuracy (%)
1 LDA 89.6
2 PNN 922
3 BPNN 93.7
4 ANN 98.37

From the above table 3 clearly shows that the Histogram
threshold sobel segmentation method achieving the better result
98. 37% when compared to the other existing segmentation
methods and the related graph representation is shown in the
figure 3.

From the figure it clearly shows that the proposed data mining
based classifiers successfully inspects the tiles due to effective
segmentation of edges and parts form the images which are
done by applying the soble detection and adaptive histogram
enhancement approach. Table 4 and figure 4 results show that
the proposed system classification has better efficiency of
texture and color feature results. The proposed system displays
the promising results in different types of ceramic tiles defects.

100 ¢~
B 98 1
E 96
g
& 94 17
=
g ny
£ a0 {7
[~ s
[
E 881
& 86+
Ba -
LDA PNN BPNN ANN
Different Classifiers
Figure 3 Performance of the Accuracy
Table 4 Classification Efficiency
Defect Efficiency Texture Results Color Results
Feature Feature
Blob 99.9 Mean 7.42 Energy 9.50
Scratch 98.69 Variance 7.02 Contrast 1.25
Pitting 97.99 Energy 5.48 Dissimilarity  1.79
Crack 99.56  Smoothness 9.9 Sum 1.58
Average
Maximum
Texture 9x.99 Probability 9.74
LongCrack  99.78 Absolute - 61
Value
Corner 100 Correlation 6.20
Edge 100

Effceny (%)

Figure 4 Classification Efficiency

Figure 4 show the efficiency of the proposed work, with
sensitivity results 83.86% and specificity results with 99.99 %,
these two experimental results shows the promising result in
terms of tile defect detection accuracy with 98.44 %. Thus the
proposed data mining techniques with image processing
techniques successfully inspecting the ceramic tiles with
highest accuracy that reduces the further problems in different
user preferred applications.

CONCLUSION

Thus the paper examining the different data mining techniques
such as linear discriminate analysis (LDA), artificial neural
networks (ANN), probabilistic neural networks (PNN) and
back propagation neural networks (BPNN) for inspecting the
ceramic tiles. Initially the ceramic tiles images are collected,
noise present in the images are eliminated with the help of the
median filter. From the noise present in the image, edges are
segmented using the soble method which is enhanced by
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adaptive histogram approach. After that the images are
decomposed into different sub images and GLCM features
derived efficient manner. The extracted features are analyzed
using the defined data mining techniques which successfully
analyze the features in terms of applying the training algorithm,
activation function, weights and bias values. At last the
efficiency of the system is examined using the experimental
results. Due to the advantages of the data mining technique, the
defined classifiers successfully inspect the ceramic tiles.
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