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Abstract

A simple and efficient sequence of procedures to build an image recognition system will be proposed, this system
will be easily used to classify any image, with any type and size. A procedure to create the image features database
will be introduced, this procedure will be based on local binary patterns method, it will decrease the features
extraction time and create a unique features array for each image, and this array will be used as an identifier to
recognize the associated image. The second procedure will use a feedforward artificial neural network, the
architecture of this ANN will be proposed and trained, the optimal ANN which minimize the mean square error
between the targets and the calculated outputs, this ANN will be saved to be used in the image classification
procedure. Several images will be selected, the features of each image will be extracted and save to create the image
features database. This database with the required targets will used to train the ANN; various approaches will be
discussed in order to achieve the optimal ANN. The created optimal ANN then will be used as a classification tool
to identify the image using its features.

Keywords: DCI, features, features database, ML, classification, ANN, Neuron, optimal ANN, training cycle.

1. Introduction

Color digital images [1-5] are considered one of the most widespread types of digital data and are used in many vital
applications. Digital image recognition systems are used in banking systems, e-learning systems, security systems,
and many others [6-12]. For these reasons, in this research paper we will present a set of easy-to-implement
procedures that can be used to build the necessary discrimination system to classify digital images or any other type
of digital data [13-17].

Digital color image is a set of pixels, each pixel is represented by a three bytes (see figure 1), the first byte
represents the red color, the second byte represents the green color, while the third byte represents the blue color.
Mixing the three colors will form the pixel color as shown in figure 1. The image colors are organized in a 3D
matrix (one 2D matrix for each color) (see figure 1), this matrix can be easily reshape to one row matrix by applying
image reshaping operation [18-24].
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Figure 1: DCI: a) color pixel b) Colors mixing c) image 3D matrix

The digital image usually has a large size, which will create many difficulties in identifying it by reviewing its pixel
components. Accordingly, each digital image is represented by a fixed and limited number of values, and this set of
values is called a feature vector (see figure 2). Using this vector the image recognition system (IRS) can recognize
the image (see figure 3) [25-30].
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Figure 2: Features vector to apply image classification
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Figure 3: Identifying the image by features vector

IRS requires a machine learning system (ML). The easiest way to build a ML system is to artificial neural network
(ANN) as shown in figure 4 [31-36].
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Figure 4: ML system for image classification

Feedforward ANN with backpropagation is one the most popular tools used to build ML system. This ANN is
consisted of a set of full connected neurons organized in one or more layers as shown in figure 5.
ANN neuron is a math model which performs two functions (see figure 6) [[37-41]:

Summation: this function finds the summation of the products of each input with its weight.

Calculating the neuron output: the neuron uses the summation and the activation function to generate the neuron
output.
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Figure 6: Neuron operations

© 2024, 1ICSMC All Rights Reserved, ZAIN Publications, Fridhemsgatan 62, 112 46, Stockholm, Sweden 44



Prof. Ziad AlQadi, International Journal of Computer Science and Mobile Computing, Vol.13 Issue.8, August- 2024, pg. 41-53

To use ANN as a classification tool the user must take the following points into consideration:

Select the ANN architecture: How many layers, how many neurons in each layer, what activation function for each
layer.

Initialize the weights to zeros or to random numbers.

Normalize the input data set to avoid using large number, this large number may produce a neuron output equal 1,
and this output will not be changed during the training process.

Initialize the mean square error (MSE) (goal) to zero.

Select the number of training cycles. The training cycle includes a feed forward process to compute the neurons
outputs starting from the input layer. The outputs will be compared with the targets and the error will computed. If
the error is acceptable then the training cycles will be stopped, otherwise the weights will be updated using a
backpropagation algorithm starting from the output layer as shown in figures 7 and 8.
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Figure 7: Forward process of the training cycle (neurons outputs calculation)

Learming Rate = 0.1

Hidden
Input1 new weight 1
=-15 00.1'61 ‘08

=.1473

new weight
=1.1+0.1°0 *04452

= 1.153%9

Output
oM
new weight =2.1 +0.1* 05° 0.8= 2 1085

M
newwe»gm:l,docn'01'073‘4:;_::3

Realy =25

new weight oH
206+0.1'5,°07

Inputy =@ Hidden,

new weight
=09+0.1°3"* 08909

0078

Figure 8: Backward process of the training cycle (error calculation and weights updating)
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Some times the goal of ANN cannot be reached, here we can increase the number of training cycles or/and adjust the
ANN architecture by adding an extra layer or by increasing the number of neurons in one or more layers, or by
changing the activation functions for one or more layers.

2. Proposed Procedures
Creating DCI features database
Features database is a 2D matrix; the number of rows shows the length of the features vector, while the number of
columns shows the number of selected images (one column of features for each image).
Here in this procedure a method of features extraction must be selected and all the images must be treated by this
method. The length of the features vector must be selected, and it must be fixed for all the images in the image
database.
A lot of methods can be used for image features extraction, here we will select method based on local binary pattern
(LBP), this method is simple and the features extraction time is very small.

Extracting the image feature vector using LBP based method can be implemented applying the following steps:
Get the image

Get the image size

Reshape the image to one row matrix.

Initialize the features vector F to zero (feature vector is a one column matrix of 4 elements).

For each value in the image row matrix starting with position 2 to image size minus 1 do the following (see figure
9):

Compare the element | with the element i-1, if greater or equal make a0 equal 1, else make a0 equal 0.
Compare the element i+1 with the element i, if greater or equal make al equal 1, else make al equal zero
Compute the index of feature vector, which will equal 2xal+a0+1.

Add 1 to contents of features vector with the calculates index/

Add one column to the features database matrix.

ndex 1 2 - i-1 1 I+1 - 31

123 200 130 213 1 163

(=]
(=11

al=1; al=0 (binary=10}
Index of FFalx2+al+1=3

Add 1 to F(3)

Figure 9: Features vector calculation (example)

Below is the mat lab code, which can be used to implement features extraction procedure ( this must be executed for
each image in the image database):
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9pFeatures extraction

clc, close all

a=imread("E:'\my_ images'al2.jpg');

[n1 n2 n3]=size(a);S=n1*n2*n3;

al=reshape(a.1.5);

k=12;

f=zeros(4.1);

for i=2:5-1
c0=al(l.i)>=al(l.i-1);
cl=al(l.i+1)==al(1l.i);
c=cD+2%c1;
f(c+1,1)=f(c+1,1)+1;

end

features(:.K)=f

The previous code was implemented using 12 selected images, and figure 10 shows the obtained features data base:

Columns 1 through 8
35842 13941 142210 1197649 897728 16912 85963 32700
36940 18289 89581 1149987 774633 22444 99545 24929
36941 18290 89581 1149987 774633 22443 99545 24929
41124 27454 197026 1643175 1879214 60464 233345 68415
Columns 9 through 12
33708 28133 490737 892303
33581 38883 270871 1488147
33581 38882 270871 1488148
50103 45453 857519 2250656

Features data base

Figure 10: Created features database

As we can see from figure 10 the values of the feature database are large, so we have to normalize the database by
dividing the matrix by the maximum value (this value must be remembered and to be used in the classification
procedure), figure 11 shows the normalized features database:

Columns 1 through 10

0.0159 0.0062 0.0632 05321 0.3939 00075 0.0382 0.0145 0.0150 0.0125
0.0164 00081 0.0398 0.5110 0.3442 00100 0.0442 0.0111 0.0149 0.0173
0.0164 00081 0.0398 05110 0.3442 00100 0.0442 0.0111 0.0149 0.0173
0.0183 0.0122 0.0875 0.7301 0.8350 0.0269 01037 0.0304 0.0223 0.0202
Colamns 11 through 12

0.2180 03965

0.1204 0.6612

0.1204 0.6612

0.3810 1.0000

MNormalized features data base : divide by max, max=2250656

Figure 11: Normalized features database
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ANN creation and training
To create ANN the following steps must be implemented:

Initialization:

Load the normalized features data base (which was created in the previous procedure), select the targets (the target
values must be integer values, and with the values 1, 2, 3, to N, where N is the number if images in the image data
base.

ANN creation:

In this step the number of layers must be selected, select the number of neurons in each layer, and select an
activation function for each layer.

Initialize ANN weights.

Set the goal (error) to zero.

Select the number of training cycles (epochs).
Train the ANN using the inputs and the targets.

Check the error, if the error is acceptable then save ANN to be used later as a classification tool, otherwise adjust the
training cycles or/and the ANN architecture and retrain the ANN again.\

This procedure can be easily implemented using the following mat lab code:

09ANN creation and training:
load features

target=1:12;
net=newff(minmax(features),[4 1],
{'logsig'.'purelin'});
net=init(net);
net.trainParam.goal=0;
net.trainParam.epochs=1000;
net=train(net,features.target);
cc=sim(net,features)

save net

The created ANN was trained using the features database for 12 images, the obtained MSE was closed to zero,
figures 12 and 13 show the training procedure outputs:
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Performance is 1.50199e-027, Goal is 0
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Figure 12: Obtained MSE

Simulated targets:
Columns 1 through 10
1.0000 2.0000 32.0000 4.0000 5.0000 6.0000 7.0000 S8.0000 9.0000 10.0000
Columns 11 through 12
11.0000 12.0000

Figure 13: Obtained classifiers

Using ANN as a classification tool

This procedure can be used to recognize the image, the image features must be extracted using the same previously
used method of image features extraction, the features must be normalized by dividing the obtained features by the
same value used in the previous procedure, this procedure can be implemented applying the following steps:

Get the image.

Apply LBP based method to get the image features.
Divide the features by the normalization value.
Load ANN.

Run ANN using the features as input.
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f) Check the classifier, and according to the classifier value get the image.

The following matlab code can be used to run this procedure:

load net

a=imread('E:\my_images'al2 jpg’);

[n]l n2 n3]=size(a);S=nl*n2*n3;

al=reshape(a,l,S);

f=zeros(4.1);

for i=2:8-1
cl=al(l.i)==al(l.,i-1);
cl=al(l,it1)==al(l.i);
c=ciH2%cl;
f(ct1.1)=f(c+1,1)+1;

end

f

{=1/2250656

c=sim(net.f);

if(round(c)==1)
r=imread({'E:\my_images'al.jpg’);

end

if(round(c)==2)
r=imread{'E:\my_images'a2.jpg');

end

if(round(c)==3)
r=imread('E:\my_images'al.jpg’);

end

if(round(c)==4)
r=imread({"E:\my_images\ad.jpg’);

end

if(round(c)==5)
r=imread('E:'\my_images'a5.jpg’);

end

if(round(c)==6)
r=imread('E:'\my_images'a6.jpg’);

end

if(round(c)==7)
r=imread{'E:\my_images'a7.jpg’);

end
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if(round(c)==8)

r=imread("E:\my_images\a8.jpg');

end

if(round(c)=—=9)

r=imread("E:\my_images\a9.jpg’);

end

if(round(c)==10)

r=imread('E:\my_images'al(.jpg');

end

if(round(c)==12)

r=imread('E:\my_images'al2.jpg');

end

if(round(c)==11)

r=imread('E:'\my_images'all.jpg');

end

if(round(c)=—12)

r=imread({'E:\my_images'al2.jpg');

end
imshow(r),title(['Image is: ',num2str{c)])

Conclusion

Simple procedures were presented; these procedures can be easily used to build digital image recognition system.
The image features database was created using LBP based method, this method is simple and easy to implement, it
does not require much time and the extracted features vector is a unique for each image. The ANN was used as a
classification tool, the architecture of this network will be stable, the optimized ANN architecture was achieved by
using two layers, the hidden layer with four neurons and the output layer with one neurons. The zero MSE was
achieved and it was shown that to achieve the goals the training cycles and/or the architecture of ANN can be
changed, when reaching the goals the ANN must saved to be used later as a classification tool.
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