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Abstract

Image segmentation is the technical process of partitioning the image into multiple specific
and unique regions and extracting the interested objects. This paper improves the artificial
neural network with relatively ideal image segmentation effect and takes the gray-scale
image with specific objects as the image to be segmented. Because the differential
evolution (DE) algorithm can compute the non-linear multi-dimensional data space in a
quick and effective manner, it cannot only get the global optimum, but it also greatly
reduces the computation time, therefore, to study the sample with DE algorithm and BP
algorithm can get the training network. Then, with the pixel matrix of the image as the
input vector, classify it in the well-trained network and realize the segmentation finally. The
simulation experiment proves that with excellent segmentation effect, the image
segmentation method based on neural network and differential evolution algorithm is a
feasible image segmentation method.
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1. Introduction the foundation of object expression and it

Image segmentation is a key step to
transit from image processing to image
analysis and it occupies an important position
in the image engineering. Image segmentation
is the technique and process to partition the
regions with unique features and extract the
interested objects [1]. The features here can
refer to the grayscale, color and texture of the
pixels and the pre-defined object can
correspond to single region or multiple
regions. On one hand, image segmentation is

greatly affects the feature measurement, on the
other hand, the original image has become
more abstract and compact due to the object
expression, feature extraction and parameter
measurement, making the higher-level image
analysis and understanding possible [2]. From
image analysis to image processing, image
segmentation is of indispensable importance,
additionally, as a significant image technology,
image segmentation has played an important
role in pattern recognition and image
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processing and it has also been developed
rapidly in practical applications [3].

The development of image
segmentation technique is closely related to
many other displaces and fields such as
biology, artificial intelligence and computer
science. The researchers have come up with
many methods in the development of image
segmentation technique, including threshold
segmentation, region segmentation, edge
segmentation and the segmentation method
combined with specific theories [4]. The
threshold, region and edge segmentation
methods have been developed maturely,
however, due to object diversity and object
imaging uncertainty, it is difficult for single
feature extraction method to obtain satisfactory
extraction result on the images with
complicated objects and the existing
algorithms still have the following problems:
the segmentation result is easy to distort, the
accuracy of segmentation is low, the
algorithms costs much time and they are not
suitable for large-scale data processing[5]. The
latest research hotspot is the segmentation
methods integrating specific theories, which
include artificial neural network, intelligence
algorithm, cluster analysis and fuzzy set
theory. The continuous emergence of new
methods have broadened the application scope
of the image segmentation and improved its
accuracy [6,7].

Based on the above analysis, the
current research of the image segmentation
requires the combination of multiple methods
to make full use of and avoid the disadvantages
of every method. This paper first analyzes the
basic principles and characteristics of BP
neural network and differential evolution
algorithm as well as the problems of the
existing image segmentation techniques in
practical applications. Then it proposes an
image segmentation method based on BP
neural network and differential evolution
algorithm to better combine them together in
the application of image segmentation. Finally,
it is the experiment simulation and analysis.

2. Basic Principles of DE Algorithm

DE algorithm has become an effective
and robust method to solve non-linear,
indifferentiable, multiextremum and high-
dimensional complicated functions. Starting
from a certain random initial population, DE
algorithm produces new individuals through
the summation of the weighted vector

difference of any two individuals and the third
individual. Then, it compares the new
individual with the pre-defined individual in
the current population: if the fitness of the new
individual is superior to that of the old one, the
new individual will supersede the old one in
the next generation, otherwise, the old one will
be reserved. Through continuous iteration, the
excellent individuals are reserved while the
inferior are eliminated, thus, leading the search
process to be close to the optimum solution[8].
The main evolution operators in DE algorithm
include: mutation, crossover and selection
operators.

(1) Initialization

DE uses NP real-value parameter
vectors with D dimensions as the population
of every generation and every individual is
referred as:
X;6(i=12,..., NP) (1)

In this formula, is the sequence of the
individual in the population, G is the number
of evolutional generations and NP is the
population scale. In the minimization, NP
remains the unchanged [9].

In order to build the initial point of
optimization search, the population must be
initialized. Generally, a method to search the
initial population is to randomly select from
the given boundary constraints. In the research
of DE, it is generally assumed that all the
randomly initialized population conforms to
the uniform probability distribution. Assume
that the boundary of the parameter variable is
X <X, < X, then:

X =rand(0.2)- (X' =X )+ X" (i=12...,NP;j=13,....D)

ji0

)

In this formula, rand[0,1] is the uniform
random number generated between [0,1].
(2) Mutation Operation

v,=X+F -(xiz - X;, (3)
Vi=X + F '(Xil — Xpet) + F ‘(Xi2 - Xis) 4)

Here, F >0 is the real constant to
control differential mutation, i,i,,i, are the
individuals randomly selected from the
population and x,,, is the optimum solution to
be found [10].

In the computation of differential
evolution, the change value of gene-bit is

determined by the difference between other
individuals. It fully utilizes the information of
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other individuals in the population for the
purpose of expanding the population diversity
and avoids the randomness and blindness
resulting from the pure mutation operation
within the individuals. In the random-vector
differential evolution, the mutation of every
individual depends on the vector difference of
any two random individuals[11].

(3) Crossover Operation

) {vi, ., if (U<CR) -

In this formula, CR is the crossover
probability and U is a variable randomly
generated between 0 and 1.

In the computation of differential
evolution, the subjects to perform crossover
operation are the parent individuals and the
new individual produced from the parent
individuals after the mutation operation.
Although it seems that no information
exchange is conducted between the
individuals, since the new individuals come
from mutation and they carry the information
of other individuals in the population, the
crossover operator also has the mechanism of
information exchange among the individuals
[12].

"] x ., otherwise

i

(4) Selection Operation
In order to decide whether the test

vector U; ¢, Will become a member of the next

generation, DE will compare the test vector
with the object vector of the current population
in accordance with the greedy criterion. If the
object function is to be minimized, the vector
with smaller object function value will win a
place in the next-generation population. All the
individuals in the next generation are at least as
good as if no better than the corresponding
individuals of the current population. Please
note that in DE selection, the test vector is only
to be compared with only one individual
instead of all the individuals, as indicated in
Formula (6).

y z{vi, if ((v) < £(x)) )

In this formula, f is the fitness and

DE uses the greedy selection method to
guarantee the population of the next generation
contains the vector with better fitness [13].

X., otherwise

NP parameter vector from generation t
Mutated parameter vector vi*

o<

y 4

> minmium

Figure 1. Generation process of vectors in DE
algorithm

According to the above analysis, DE
algorithm has the following characteristics:
this algorithm is universal so that it won’t rely
on the problem information, it can operate on
the structure objects directly without restricting
the object functions, its cooperative search has
inherent parallelism and it has local
information of the individuals and global
information of the population to instruct the
further searching ability of the algorithm. The
generation process of the wvector in DE
algorithm is indicated in Figure 1.

3. BP Neural Network Model and Its
Basic Principles

Short for back-propagation neural
network, BP neural network is constituted by
one input layer, one or multiple hidden layers
and one output layer and is comprised of
certain neurons. Just like human nerve cells,
these neurons are inter-related[14]. The basic
idea of BP algorithm is that the learning
process includes the signal  forward
propagation and the error back propagation. In
the forward propagation, the input sample
passes from the input layer through the
processing of the hidden layer(s) and to the
output layer. If the actual output of the output
layer is inconsistent with the expected output
(teacher signal), then turn to the phase of back
propagation of error. The error back
propagation propagates the output error
through the hidden layer to the input layer in
some form and allocates the error to all the
units in every layer so as to get their error
signals as the basis to correct the weights of
every unit [15]. This signal forward
propagation and the weight adjustment of the
error back propagation go in cycles. The
continuous adjustment of the weights is the
training process of network and it goes on until
its output error is acceptable or until it reaches
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the pre-set learning times[16]. The propagation
of BP neural network is as follows:

(1) Signal Forward Propagation

The input net, in the ith node in the

hidden layer:
M

net, = > WX, +6, (7)
j=1

U]

The output y, in the ith node in the
hidden layer:

Yi :¢(meti):¢(§:v\/ijxj +9|J (8)

The input net, in the kth node in the
output layer:

q q M
net, :Zwkiyi +a, :Zwki¢(zvvijxj +0ij+ak (9)
i-1 i-1 =

The input o, in the kth node in the
output layer:

i=1

Oy :'//(ne':k):‘//[zq:wkiyi +akj_‘//[iwki¢[iwijxj +@J+akJ

(10)

(2) Error Back Propagation

The error back propagation is to
compute the output error of the neurons in
different layers layer by layer from the output
layer and then adjust the weight and threshold
of various layers according to the error
gradient descent method to make the corrected
final output be close to the expected value[17].

The quadratic error criterion function
of every sample p is E,:

E, =2 (-0’ (1)

The system’s overall error criterions
function on p training samples:

1&g
E=2 20 (1 -0} (12)

p=1 k=1
Correct the correction Aw, of the
weight and the correction Aa, of the threshold

in the output layer as well as the correction
Aw; of the weight and the correction A, of

the threshold in the hidden layer according to
the error gradient descent method [18].

Plenty of processing units interconnect
into a non-linear and self-adaptive information
processing system. It is raised on the basis of
the research achievements of modern
neuroscience, trying to process the information
by simulating the form the brain neural
network processes and memorizes information
[19].

Generally, BP network is a two-layer
or more neural network and every neurons in
different layers in the right and left to realize
full connection, namely every neuron in the
first layer in the left connects every neuron in
the first layer in the right while there is no
connection between the neurons in the upper
and lower layers[20].

4. The Application of DE Neural
Network in Image Segmentation

Read the image, get its pixel matrix
and get the input vector through dimension
reduction operation on the matrix. Train the
input vector with the well-trained differential
evolution neural network and the final output
vector is the classification result of the image.
Restore the classification result from one-
dimensional vector array into the image matrix
form and display the segmentation result.
Every sample to be classified is one
corresponding pixel point T, in the image T

and put this sample into the DE neural network
Denn for classification. Get an output value
O, and classify the pixel points of the image

according to the output value [21, 22].

O, = Denn(T;) (13)
F, O.>05
_J T
! _{B, 0, <05 (14)

Here, F is the object region, B is the
background region and T is the segmented
image. Restore the classification result from
one-dimensional vector array to the image
matrix form and indicate the segmentation
result [23]. The application procedure of DE
neural network in image segment as shown in
Figure 2.
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and get the input vector

Read the image, get its pixel matrix

!

Determine the structure of BP neural network

T and fix the DE algorithm parameters

]

N he initial lati Initialize the BP neural network Train the input vector with the
enerate the initial population and determine parameters —| well-trained differential evolution
L i neural network
Calculate the fitness and ranking _ | set t_he optimal solutions as the l
weights and threshold values N
Output the final vector,
L classification result of the image
Train the BP neural network and
change weights i

Error meet the
requirements

Calculation error

Restore the classification result from
one-dimensional vector array into the
image matrix form and display the
segmentation result

End

Figure 2. Operation flowchart of DE algorithm to optimize BP neural network

5.  Simulation Experiment and
Analysis

In order to prove the feasibility and
validity of the method of this paper in the
image segmentation, train the BP neural
network by selecting 300 images from the
image segmentation library. Select and test the
gray-scale images with certain specific features

(@) Original image

(b) DE neural network

and give the comparison results of the image
segmentation based on DE neural network and
BP neural network. All the simulation
experiments in this paper take Matlab R2012a
with the platform and the storage and
computation of the image are conducted in the
form of matrix and vector. The experimental
results are as follows Figure 3.

(c) Neural network

Figure 3. Simulation experiment analysis

From the image to be segmented, the
original test image has more object regions and
the contrasts in some regions are weak. The above
analysis of the experimental result proves that the
image segmentation result by the algorithm of this
paper has high definition, obvious edge, sufficient
extraction of object region, excellent stability and
segmentation accuracy. Therefore, it can be seen

that the image segmentation method based on BP
neural network is an effective algorithm.

6. Conclusion

This paper has studied the basic principles
of differential evolution algorithm and BP neural
network systematically and proposed the image
segmentation method based on differential
evolution algorithm and BP neural network. It
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improves the BP neural network by using the
strong global searching ability of differential
evolution algorithm so as to make up for the

Neural Networks: Design and Its
Application.  Expert  Systems  with
Applications, 40(5), p.p.1451-1466.

shortcomings of BP neural network such as slow 8. Umesh Kumar Rout, Rabindra Kumar
training speed, easy trap in local minimum and Sahu, Sidhartha Panda (2013) Design and
weak global searching ability. In the end, it has Analysis of Differential Evolution
given the basic procedures of the algorithm in this Algorithm Based Automatic Generation
paper and the steps of image segmentation and Control for Interconnected Power System.
simulated the BP neural network before and after Ain Shams Engineering Journal, 4(3),
the improvement with MATLAB, proving the p.p.409-421.
validity of the algorithm in this paper. 9. Banaja Mohanty, Sidhartha Panda, P.K.
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