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ABSTRACT

Since the natural rocks have quite different textures even they are in the same class. It’s
very difficult and challenging task to classify each type of rocks .In this thesis, a new technique
for recognizing each type or pattern of natural rock image was presented in order to economize
processing time. First of all, original bands of image, Red, Green, and Blue bands, was
transformed into PCA bands, Principle Component Analysis bands. Then, the set of features
composed of three values from Eigen vector of the highest Eigen value band, two modified SFM
values, Spatial Frequency Measure, of the highest and the lowest Eigen value bands, respectively.
The modified SFM value can be obtained from the different between the SFM from the original
equation and the SFM from an adaptive SFM equation. Finally, back propagation neural network

was performed to classify each type of rocks by using these features.
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mean, = i (2.5)
i=l

2.
m

o ' A Ay 9 = L | [
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C=[a; —mean ],,, (2.6)
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L R e (2.16)
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o ¢
2.4.2 ypudiasavaaszam (Neuron)
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o TEACH /USE
X2

INPUTS OUTPUT
In E /,JA

e

TEACHING INPUT

31 2.8 vunveallszmmiiivuediadie

2.4.4 nanmIMIMNuveuaI e elszanines

dmivlunsuianesiaseuilszneudisduymiaziomiyniiiouru  Tasiianeld
¥ v
dunnuaazduiimnsnimin  (weight)  ifluddmumiminvesduynlaviisounsas
v
niweziifunsalya (threshold) Humdmuainhminsmvesdunndosiidnnnmiilais
1 L4 [ w A 4 o a ' ] 1w Yo ' o
wasemun ldaiseudiould dehiseuudazmibondeiuliiausuiums

]
-

o e o @ aaa = a 1 a o o
i luneassnzudinzmileusul §isouaiininialuawes divwd lunouiuneiduay

A a

wazA1a 9 mMinA1 wgn ldumuiljaseuniinfatiuneluaues

2.4.5 m3eenuuulnsavig

] a do o n’:
mseonuuyIasavelszamilszaufildlasmstanauwatszamidudu q uda
" } ¥ ¥
ponuuUMII¥eNABYBuYaale q nulududoaiuuaziioganduiu NawwIme mssy
3 ¥ ° o o ) 0 ' ¥ ¥ a4 oA
Yoy nazmaihmaawieengniouen msaeulasaielasldgudeyain @onuuiy
1) r T ) = v v ' ¥ e gy A '
gavosdeyadmiumsGeud deudrlnssiudnlsuuduiminvesms wendevewa
' ' o v ' ' o v a o a
a1 q awlulasaie Tasi ludrezuisInssiweeniluamdundniio $uduwn (nput
E ¥ 1 L b4
Layer) #UNA19M303UWOU (Hidden Layer) a2 $1101%WN (Output Layer) Tatdfunats 11
[ ¥ £ ] ]
Whilszneulu@uaniudeyadhoinniouen Fureenfeduilsznoudvwaiidenadng

] 3/ [l ¥
nldesngnisuen dunanvlszneudisrai BYITNINABIFULITNAINGT

& "4 .Y
2.4.6 MIYIUADTDANTIZHINITY

d'i 1 1 n’: ] = L3 ° b L] & "
ﬂ‘lilﬂiﬂUﬂ95$H11Q‘Hu1}BQIﬂiQ1ﬁ1Uﬂi3ﬁ1ﬂﬂi$ﬂﬂ§81ﬂﬂ11ﬂﬂﬁ‘wu‘U‘lJL‘ﬂu ouno

o 1 g A 1w o’: o “ ]
@3158iL1 (Fully connected) ADuAnziyavoasunsni¥ousenunnravery oa'll oude



dninnoayANa N NIzssuInmIIANTR 17

1 i - 1o — 3 - ] n’a‘ Y w
11NNNaEIY (Partially connected) A0 i uilufivzAoudoudeomsa vostuusniuynra
14 [l ¥ ¥ [
vossuse il Woudeuuuflounss (Feed forward) Aoiwaluduusniloudoyaliiralusun
' o 9 o 0’: = : A 1 % z - AN A
avaua lusudayatlounduaneinduiaoniu uaz WouAsUUUABIN (Bi-directional) Ao
[ 3 1
gamsitouae lndudoameszningu madeuaenuutlouaswazinuaemioinldms

A4 J A v dyy
LﬂﬂﬂﬂﬂuﬂUﬂuuim"?ﬂlﬂQﬁjuﬂ1ﬂ

a d

) v |
2.4.7 nszuaumsiiouiveslasanelszamlszfug

14
Tagiugwudniuausayudezisouinnlszaumsallueda dmiuTnsete
L [ ]
Uszamiszangaunsasoud 1ddemslfmiminveamsiseudenioluTassioive 1414
o o ' o - 3 Y 4 a n’ Y A 3
fmoudmsuilyuilaq 18 TnseteidumsSoudinud@iihminvesmaiyen denislu
fmmnzaufmmsai i/ 1ddudeyasiluFimlszininld mssouiveslase vielasna’lyl

fAefuaoauuu[10)Ae

2.4.8 mitiauidmmiviasavieyszam (Neural Network)

1. M3BouuUIMsaau (Supervised Learning )
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= 1 . .
2. m3isounuy lilimseeu (Unsupervised Learning)
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2.4.9 Tnssnenlszenmiiesuuuiduuean (Multilayer Perceptron: MLP)

| P d = &4 ' A da
Tassvedszamifsuuuueuneaiilugduuunilsves Tassiolssmmivuii
Tassadradluuwniu dmivnuntianududeuldnaiiuedied Taviinszuunsindu
v

Wuwnviidasunazldiunoumsdenidfoundy  (Back propagation)  dmiunsinsy

nszuauMsdambeundu szneudas 2 daudesiio madariulidamin (Forward Pass)

mydsudoundy (Backward Pass) dmiumsderinlidranir doyaszrnudrinsevie
= d’: 9 a 1 ' = u’: & =) : = ) o’:
Uszaminoundudeyadunn  uazszdei vindndunite hlgdnsunilaounseiad gy

L * [

foyaoon daumsdaiubounduaninminnisiende sxgniliunlaouliaeandesdung
msuddeRanaIn (error-correction) AONAR19VDINAABUT LT3 (actual response) NUHAADL
- ol = A o o y 1

ithvane (target response) mmfluﬁfgtymnnwmﬂ (error signal) mtrtgtympqﬂwmﬂﬁqum

1 ¥ 1
doundudhqlnssiilszamionlufiemassiudwdums Weude Animinnisideuds

wonlivvunsgiwaneuiuieiuih lndwanewflmune



19

*Nh 1

T ¥
U 2.11 MredanTevelszamisunaios zaudu
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2.4.11 YuneuIsmIaamdeunay (Backpropagation Algorithm)
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e‘; o [ ") 3 ' o 7o ¥
nniwihmsdiudygruesnnInualususeudidioflandunszdu  (Activation
¥ ¥
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Z, = f(InputL,) (2.22)
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2.4.12 v lumangarinely

] b
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1. iewaswvesmiRanaiamaesznaeianatuihmuienvue (SSQERR) iia

annafesnidriidinun Tasfmuaumsmsimasyeaeidyaamuadail
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2.4.14 M3 IAANMBIUEVBIIZ VTR
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ABSTRACT

Since the natural rocks have quite different textures even they are in the same class, it is very difficult and
challenging task to classify each type of natural rocks. In this paper, we present a method to classify each type of rocks
using the modified version of Spatial Frequency Measurement (SFM). In our approach, each type of color rock images
are firstly transformed into two dimensional intensity features, obtained from the highest and lowest eigenvalues of the
Principle Component Analysis (PCA). The highest and lowest eigenvalues are corresponded to the most and least
significant feature components. Next, the textural contents of each component are measured using the modified version
of SFM, which measures all overall activity level of each component in two directions including vertical, horizontal
directions by shifting one by one pixel for two-neighborhood pixels in both direction. Before applying modified version
of SFM, the edge detection operator, Sobel operator, is applied to the most significant component only. After applying
the modified version of SFM to both components, two textural features are used to define each type of rock. In our
experiments, we test our approach to classify on 14 different classes of rock textures, each class has 30 samples. From
the results, we found that the scatter plots of each type of rock features are obviously grouped and stuck together in the
same class while the different classes are clearly separated.

Keywords: Stone Recognition, Texture Recognition, SFM.

1. INTRODUCTION

Texture classification plays an important role in many applications such as medical, sensing, and industrial. In
stone industry, stone texture is important to classify each type of stones due to their properties and prices are various. To
identify the type, it needs the experts or experienced persons. However, some of stone textures are very similar. These
couid lead to fault identification.

Natural stone are widely used for building decoration. So rock classification is quite demanding in industrial
field. The classification of natural color rock image textures is a difficult task because rock texture in many cases is non-
homogeneous and strongly directional, unlike most of the Brodatz textures. In addition, the granular size of the texture
varies significantly in some rock types [2]. In general, rock texture classification can be classified into textural and
spectral features. There are the former metheds that extract the statistical properties from textural intensity, while some
of the other considering about color of texture [3]. Lately, the methods based on co-occurrence matrices have been
introduced. However, the calculation time of those still cost high.

This research work is simply focused on textural feature classification due to the human perception has been
found to be sensitive to textural features. Our proposed approach, we define each type of textural rock features using the
modified version of the Spatial Frequency Measurement (SFM) on the most significant and least components of each
rock texture. PCA is used to convert R-G-B band of color rock image into PCA bands and we sslect the highest and the
lowest eigenvalue bands of them to represent the most prominent and least significant components of each rock texture.
To test the performance of our proposed approach, we test on 14 different classes of rock textures, each class has 30
samples. Our approach yields promising result. Therefore, our approach leads to an effective method for rock texture
classification.
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2. RECOGNITION OPERATION

I——-; Sobel Operator |—»| Modified SFM‘

A 4

Input
ez, R 5 G Classification [—»
image

»| Modified SFM

Figure.l. the experiment’s procedure P

Since the classifications of rock image need to be considered with both color and texture information. The
variation of all three primary colors, red (R), green (G), and blue (B), is very important. If we process each color band
(RGB) separately, the computation time will be increased. Therefore, we propose to use Principle Component Analysis
(PCA) to reduce the dimensions of image.

Figure 1 shows the experiment’s procedure. In the first step, we prepare the raw data by reducing its dimension
using PCA. In the second step, after we apply PCA to images, they are separated to three dimensions with different eigen
value. Then we select the highest and lowest value dimensions to reconstruct two images. In the third step, we apply
Sobel edge operator on the image from the highest eigenvalue. Finally, we process the proposed SFM on each image
from the second and third steps, and then use such two values as the features. =

2.1 Principle Component Analysis

Principal components analysis (PCA) is the way to identifying patterns of data, and expressing the data in such
a way to highlight their similarities and differences. The main advantage of PCA when applied to color images is that it
can reduce the number of dimensions, without much loss of information [6]. When PCA is applied to color image, we
can start with the RGB representation of the image. The covariant matrix size is 3 x 3 and consequently, the numbers of
associated eigenvectors are 3. If we take the eigenvector with the highest eigenvalue, we will found the principal

component of the image.

AX, =24 X, (n
Step 1 : Define x,,X,,and X; as sequences of Red, Green, and Blue dimension data.

Step 2 : Move the value of center of the sequences to zero by subtracting the original sequences with their mean value.
Step 3 : Calculate the correlation matrix of ali dimension by multiplying [JCl X, x3] with [xI X, x3] :

Step 4 : Calculate the eigenvalue and eigenvector from the correlation matrix.

Use the highest and lowest eigenvalue to recreate 2 images which are the highest and lowest variation directions.

2.2 Sobel Edge Detection

Edge dstection is aimed to mark the poinis in a digital image at which the luminous intensity changes sharply.
This change in properties of the image usually reflects the important events and information. Since, edge detection could
used to isolate particular objects from their background, and to recognize or classify objects [8]. Therefore, we test such
edge detection operators and find that Sobel Operator is the most appropriate operator for our method. They provide
good edges and perform reasonably well in the presence of noise. Two masks, horizontal and vertical detector, of Sobel
operator are shown as: e
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4101 of g
G=|-2 0 2 G=|0 0 ©
=1 0 $ 5

where G, is horizontal edge and G, is vertical edge.

Therefore, the magnitude gradient of an image is obtained with;

G=,/G!+G! @)

3. SPATIAL FREQUENCY MEASUREMENT (SFM)

In our work, SFM is used as a statistical textural feature to classify the texture of rocks. Since, SFM indicates
the overall activity level in an image. It can be defined as the characteristic of an image, which can be evaluated in
spatial domain [5], obtained from:

SEM =JR* +C? 3)
ZZ(x(m,n) x{(m,n-1)) S oAl

n-ln-!

szz (x(m,n)=x(m- ln)) (s)

m=2 n=l

where R is row frequency and C is column frequency, x(m, n) denotes the samples of image

M and N are the numbers of pixels in horizontal and vertical directions, respectively.

The most statistical values depending on probability density functions cannot be used to classify the natural
rock images because their probability density functions of one type are quite similar to another type of rock. Thus, in this
work, the modified version of SFM is introduced. According to SFM characteristic, the difference between the original
image and the ongma! image shifted one pixel; we adapt it by change the number of shifting from one pixel to / pixel(s).

The modified version of SFM can be written as:
SFM, =R} +C} (6)

R = \[—A;Ei:’——ﬁi i (x(m,n)—x(m,n—l))z

m=) p=l+l

C= J(M I)NZ‘Z( x(m,n)—x(m- ln)) ®)

m=l+! n=|l

—~
~
-

So, the modified textural feature of SFM can be expressed as,

VSFM =|SFM,-SFM,_| ©

If we choose / = 2, this modified version of SFM will compare every two-neighborhood pixels.

> -
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4. CLASSIFICATION

In the classification process, we will evaluate the representational value for each class of rock. This value can be
calculated from equation as follow,

N
(10)

N
- yfn
¥ = Z : an
A n=| N

where, X, and J, is the representative of the class in x-axis and y-axis, N is the number of data.

We arrange each data into each class by calculating the normalization of Euclidean. dtstance between each data
and the representative of each class from the equation as follow,

—\2 T
D= [[Be=% | [ %2 s

Xt X, YaT)

Class ]

T ————

Figure 2: 16 classes examples of the color rock images.
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5. EXPERIMENTAL RESULTS

In these experiments, we use 14 classes of the color rock images as shown in figure 2. Each class contains 30
samples so we have 420 samples of natural rock images in our database for testing. We apply PCA to every class of
color rock images and select two bands from three bands which are the highest eigenvalue band (the principle component
band)-and the lowest eigenvalue band. In the textural feature analytical phrase, we plot the relationship graph between
each class of rock images and original SFM, compared with modified version of SFM, where the X-axis corresponds to
the value of each feature and Y-axis refers to the classes of each rock image.
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Figure 3: Scatter plots of Original SFM.
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Figure 4: Scatter plots of modified SFM.

Figure 4 shows the result of modified SFM before applying Sobel operator. Although, the effectiveness of the
modified version of SFM in the lowest eigenvalue band shown in figure 4(b) is slightly increased, the modified version
of SFM in the highest eigenvalue band shown in figure 4(a) can separate each group more clearly than the original
version of SFM compared to figure 3(a).

PN
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The result of the scatter plots illustrated in figure 5 is modified SFM that apply to image after using Sobel edge
operator. As can be seen from figure 5, the characteristic of rock images is more clearly divided each class than figure
4(a). From the experimental results, the best features to extract the texture of image, which are the modified SFM of edge
image of the highest eigenvalue band and the modified SFM of the lowest eigenvalue band, are selected. Then we
combine these two graphs to construct the new graph in figure 6. :
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Figure 6: Proposed SFM on edge image at the highest eigenvalue band vs. Proposed SFM at the lowest eigenvalue band.

This graph shows that each class of rock is divided. Moreover, the result states that there are only a few points
that do not stand close to their group members. If we focus on x-axis, it shows that we can separate images from natural
rocks into three main groups. First group is homogeneous texture (class No. 1,2 and 6). Second group is the non-
homogeneous of dark rock or bright rock which consist of less finer black grains (class No. 3,4,7,8,9,10,11,and 12),
while the third Group is the non-homogeneous of bright rocks which consist of numerous finer black grains or large
black grains (class No. 5,13 and 14). As can be seen, using the modified SFM version, if tha.texture properties do not
vary between each pixel, the texture is homogeneous. On the other hand, if these feature values have significant
variances, the texture sample is non-homogeneous. In case of the bright rock textures that contain numerous finer black
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grains or large black grains, SFM provides the highest values. From y-axis, we use the proposed SFM on the lowest
eigenvalue band to divide the groups that the modified SFM on x-axis alone cannot divides.

Then, we test the effectiveness of our method by measuring accuracy rate as following;

# correct group data
#data
Table 1: The accuracy rate of each class of rock

Class No. 1 2 3 4 5 6 7
accuracy rate | 96.7 | 100 | 100 | 93.3 | 100 | 96.7 | 100
Class No. 8 9 101 12 13 14
accuracy rate | 100 | 100 | 96.7 | 100 | 86.7 | 100 | 96.7 | .

(15)

accuracy rate =

As can be seen from the result in table 1, our method leads to an efficient method to distinct each class with
high recognition rate.

6. CONCLUSION

In this paper, a method for extracting color rock texture features has been presented using PCA and modified
SFM version. Using PCA, we have combined RGB color bands to produce the images that contain the different
information from the rock texture images. Moreover, the modification SFM version is used as the textural feature
statistic that can be used to classify each type of rock. When we apply the modified SFM version on the edge image from
the highest eigenvalue band, we can classify the rock into 3 groups. The first group is homogeneous texture (most of
rock textures are in same pattern), which yields the lowest SFM value. Second group is non-homogeneous dark rock or
bright rock containing less fine black grains. In this group, SFM value is higher than the first group. The last group is
non-homogeneous bright rocks, which consist of numerous finer black grains or large black grains. In this group, SFM
value gained the highest value. In addition, we apply the modified SFM version on image from the lowest eigenvalue
band to separate the type of rocks that the modified SFM on x-axis alone cannot do. In the experiments, we demonstrate
that using our proposed approach yields the promising resu!t. Our method can divide the natural rocks. In future work,
we will develop and study more about characteristics of SFM and find the most appropriate of / value of the modified
SFM for textural rock classification. In addition, other statistic features will be considered and combined with SFM in
order to get the better classification rate in terms of textural and spectral features.
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