virtual tags does not necessarily lead to the higher

positioning accuracy. When the virtual tag number

reaches a certain degree, it won’t have much influ-
ence on the positioning accuracy. (3) Error compar-
ison and simulation is taken in LANDMARC algo-
rithm, the linear interpolation-VIRE algorithm-VIRE
algorithm, Newton interpolation-VIRE algorithm and
neural network-VIRE algorithm respectively. The ex-
perimental results show that the positioning accuracy
of the linear interpolation-VIRE algorithm is higher
than that of LANDMARC algorithm, and the posi-
tioning accuracy of Newton interpolation-VIRE algo-
rithm is higher than that of VIRE system algorithm,
but neural network-VIRE algorithm has the higher
positioning accuracy, and can better conduct high-ac-
curacy positioning in the extreme environment.
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Image Feature Classification Based on Particle Swarm Optimization
Neural Network
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Abstract

Image feature classification is one of the basic questions of image processing and computer vision and it is
also a key step of image analysis. BP neural network has been extensively applied in feature classification
and it can classify specific objects or features through early learning; however, BP algorithm also has many
defects, including slow convergence speed and easiness to be trapped in local optimum.
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This paper proposes an image feature classification method based on particle swarm optimization (PSO).
It takes the gray image with specific object as the object to be segmented, studies the samples with PSO
neural network and gets the training network. Then it takes the pixel matrix of the image as the input vector
and puts in the well-trained network for classification. Finally, it realizes the segmentation. The experiment
shows that the method of this paper is a feasible one and it has higher convergence speed and stronger
robustness. Through the highly-efficient processing, this method can obtain important information and
achieve excellent effect when used in the segmentation of the objects in complicated scenes.

Key words: IMAGE FEATURE CLASSIFICATION, PARTICLE SWARM OPTIMIZATION, NEURAL

NETWORK.

1. Introduction

The purpose of image feature classification is to
divide an image into serveral meaningful regions ac-
cording to certain features (i.e. gray scale, frequen-
cy spectrum and texture), making these features the
same or similar in a certain region but significantly
different in different regions[1]. Image segmentation,
object separation, feature extraction and parameter
measurement will transfer the original image into a
more abstract and compact form, making it possible
for high-level analysis and understanding. Image fea-
ture classification is the foundation of image under-
standing and recognition and the research on image
feature classifcation has always been a research hot-
spot of digital image processing techniques|2].

Image feature classification serves as a connect-
ing link in the image engineering and it lies between
the low- and high-level processing. Although foreign
scholars have made extensive research on the tech-
niques of image feature classification, it is still very
difficult to find a reliable image feature classification
method. Every segmentation algorithm performs the
segmentation by using certain specific characteris-
tics of the image[3]. The algorithm suitable for the
segmentation of a certain kind of image may not be
able to do the segmentation on another kind or it is
possible that different segmentation methods are re-
quired in segmenting different regions of the same
image[4]. Many current techniques are not fit for re-
al-time or approximate real-time processing. So far,
an increasing number of scholars have begun to apply
such research achievements as intelligent algorithm
theory, neural network, fuzzy theory and wavelet
transform theory into the image feature classification,
thus bringing advanced image feature classification
techniques which integrate specific mathematical
methods into being[5]. This paper considers image
feature classification as a kind of classification prob-
lem. With such advantages as self-organization and
intelligence, PSO optimized neural network fully ex-
hibits its global search ability and parallel operation
ability, classifies and recognizes the image pixels at
tiny cost, realizes the segmentation and improves the
performance of image feature classification.
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This paper firstly introduces the theory of image
feature classification and then it analyzes the basic
principles of PSO and neural network. After that, it
designs an image feature classification method based
on the optimized neural network of PSO. Finally, it
proves that the method of this paper works through
the analysis and summarization of the experimental
simulation.

2. Image Feature Classification

2.1Definition of Image Feature Classification

The purpose of image feature classification is to
divide an image into serveral meaningful regions ac-
cording to certain features (i.e. gray scale, frequen-
cy spectrum and texture), making these features the
same or similar in a certain region but significantly
different in different regions. Image feature classifi-
cation shall include the following characteristics:

(1) Different separated regions have similarity
towards certain feature (i.e. grayscale and texture)
and the regions are interconnected without too many
holes.

(2) Similar regions are greatly different in the fea-
tures on which threshold segmentation is based.

(3) There is clear-cut boundary between the re-
gions.

The mathematical form of image feature classifi-
cation is defined as follows: A is the image, g means
having similar characteristics and image feature classifi-
cation decomposes 4 into n ,namely 7i, i=1,2,3,...,n,
which meet the following conditions:

(DUTi:A,z AT, =®,Vi,j,i# j
i=1

Q) vi, j=1,2...,n,g(Ti) = Ture -
3) Vi, j# j,g(TivTj)= Falase -

Condition (1) shows that the segmented regions
need to cover the entire image but different regions
don’t overlap with each other, Condition (2) suggests
that every region has similar property and Condition
(3) indicates that the neighboring two regions can’t
be merged as one region due to different properties. If
the constraints to maintain regional connectivity are
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canceled, the division of the pixel set is called Pixel
classification and every pixel set is a Class[6].

2.2. Image Feature Classification Methods
Based on Threshold

Image thresholding segmentation is a tradition-
al and commonly-used image feature classification
method and it is especially suitable for the imag-
es with object and background occupying different
grayscale ranges because of its simple realization, lit-
tle computation and stable performance. The bound-
ary of a system is a threshold, its numeral value is
called threshold value and the “threshold value”com-
mand of the image is to convert gray or colored image
into black-and-white image with high contrast. The
command of “threshold value”is of great significant
to determine the brightest and the darkest regions.
The purpose of image thresholding is the divide the
pixel sets according to the grayscale and every sub-
set forms a corresponding region to the real scenery.
Every region has the same property while the neigh-
borhood region has similar property. Such division
can be realized by selecting one or more thresholds
starting from the grayscale.

Thresholding method is a common image feature
classification method which splits the interested ob-
jective from the background of the image. Assume
that the original image is I(x,y) and the thresh-
old method determines serveral threshold values
1,T,,...,T,,(N 21) in the image I(x,y)according to
certain rules. Classify the image features into several
parts with these thresholds and the segmented image
can be represented as follows:

Ly if 1(x,y) =T,

Ly, ifT,, <I(x,y)<T,
; ()

L T <Ixy<T,

LO lfI(X,y)<T1

Here, L,,L,,---,L, are the grayscale of the result-
ing image. If N =2, the segmentation steps above are
also called the image binaryzation based on thresh-
olding method. The selection of threshold is deter-
mined according to the specific questions. As for the
given image, the optimal threshold can be determined
by analyzing the histogram. For example, when the
histogram lies in two peaks, the midpoint of the two
peaks is selected as the optimal threshold[7].

It is especially suitable for the image the object
and background of which occupy different grayscale
ranges. It can greatly compress the amount of data
and significant simplifies the analysis and processing
steps. In the specific implementation of thresholding
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segmentation, the selection of local segmentation
threshold is usually realized by controlling the selec-
tion range of threshold, namely to divide the original
image into smaller images and segment every smaller
image with different thresholds according to the local
characteristics of the image[8]. Thresholds are divid-
ed into: global threshold, local threshold and dynamic
threshold.

(1) Global threshold: This threshold depends on
the image grayscale and it is only related to the char-
acteristics of the pixels of every image.

(2) Local threshold: This threshold relies on the
image grayscale and certain local characteristics of
the neighborhood, namley it is related to the charac-
teristics of local region.

(3) Dynamic threshold: This threshold is deter-
mined by the space coordinate, which means that the
threshold is related to the coordinate.

3.Description of Particle Swarm Optimization

Similar to other evolutionary algorithms, PSO
also uses the concepts such as swarm and evolution
and it searches the optimal solution in the complicat-
ed space through the collaboration and competition
among the individuals. PSO generates the initial pop-
ulation, namely randomly initializes a group of par-
ticles in the space of feasible solutions. Every par-
ticle may be a feasible solution to the optimization
problem and a fitness value is determine by the object
function. PSO considers every individual as a parti-
cle with no volume and weight in a »-dimensional
search space. Every particle moves in the solution
space and its direction and distance are determined by
a speed. Generally, the particle will move by follow-
ing the current optimal particle and get the optimal
solution through search generation by generation. In
every generation, the particle will track two extrem-
ums: one is the optimal solution pbest it has found
and the other is the optimal solution gbest the entire
population has found[9].

Assume that in D -dimensional search space,
there are m particles forming a group, the position of
the ith particle is represented as x, = (x,,x,,...,X,,)
in D -dimensional space, the best position(with the
best fitness) the ith particle has passed is marked
as P=(p,,p,,---»pyp) and the flying speed of every
particle is V, = (v;,V,5,...,Vp ), i =1,2,...m . In the en-
tire group, the best positions which all particles have
passed are P, =(p,,,P,,.---»P,p) and the particles of
every generation will update their own speeds and po-
sitions according to the following formulas:

Vg =WV + (P —X,) + 65 (P —Xy) ()
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Xig = Xig T Vg - 3)

Here, w is the inertia weight, ¢, and ¢, are learn-
ing factors and » and r, are random numbers within
[0,1]. The inertia weight w describes the influence
the speed of the particle in the last generation has on
that of the current generation. To control its value can
adjust the global and local optimization abilities of
PSO[10].

4. Basic Principle of BP Neural Network

BP (Back Propagation) network is a multi-layer
feedforward network and it is one of the most exten-
sively-used neural network models at present. BP net-
work can learn and save plenty of input-output mode
mapping relations without revealing the mathematical
equation which describes such relation in advance. Its
learning rule is to use the steepest descent method,

which keeps adjusting the weight and threshold of
the network through back propagation so as to min-
imize the sum of the squared network error[11].The
topological structure of BP neural network model in-
cludes: the input layer, the hidden layer and the out-
put layer , as indicated as Fig.1.

Figure 1. BP network model

Figure 2. Flowchart of BP neural network optimization by PSO

A standard BP network model is consisted of three
neuron layers: the input layer, the hidden layer and
the output layer (from left to right). Neuron is the
most fundamental component of neural network. The
neighboring neurons are fully-connected, that is to
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say, every neuron of the next layer is fully connected
with every neuron of the current layer and the neu-
rons of the same layer are also fully connected[12].
BP neurons are similar to other neurons and the differ-
ence is that the transmission function of BP neurons
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are non-linear functions. The commonly-used func-
tions include logsig and tansig and some output layer
may also select linear function like purelin[13].

5. Image Feature Classification Based on PSO
Neural Network

The training sample in the simulation experiment
of'this paper is one-dimensional vector of P=[0:1:255]
and it represents the 256 grayscale of the image. The
object sample of this experiment is a 256x1 matrix
with 1-100 as 0 and 101-256 as 1. The main param-
eters of this experiment is as follows: the maximum
number of network training is 5000, the maximum
number of generations is 200, the number of individ-
uals is 30, the number of independent variables of the
fitness function is 5 and the fitness limit is 0.00001.
The construction process of PSO neural network is
indicated as Figure 2.

Put the above input samples and object samples
into the built BP neural network and PSO neural net-
work respectively and get the following results:

Figure 3. BP neural network training chart

Figure 4. PSO network training chart

Through the comparison of Fig.3 and Fig.4, it can
be seen that BP neural network has numerous train-
ings, that it has long training time and it is difficult
to converge to the minimum error. Its trainings are as
many trainings as 5000 and its error is only converge
to 0.01, which is far away from 0.00001, therefore, it
is obvious that BP neural network is low in training
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and learning effiency and its operating time is low.
On the contrary, PSO neural network can converge
to the preset minimum error after only 180 trainings.
Through this simulation experiment, it can be seen
that PSO algorithm can greatly optimize the perfor-
mance of neural network, find the optimal solution at
a shorter time and resolve the problems in a faster and
more accurate manner[14].

6. Experimental Simulation and Analysis

The image feature classification method based
on the neurual network of PSO mainly includes two
parts: the first is to conduct learning training on the
samples with PSO neural network and the second is
image feature classification and its main steps are as
follows:

(1) After determining the object to be segmented,
abstract the samples of various classes as the initial
training samples of the neural network.

(2) Train PSO neural network. This is an extreme-
ly important step because it manifests the differences
from the traditional segmentation algorithms and it
is also a learning and training process. Through con-
tinuous learning and training, it enhances the under-
standing of PSO neural netwok on the segmentation
problem and it can naturally separate different classes.

(3) Read the image, get its pixel matrix and obtain
the input vector by conducting dimensionality reduc-
tion on the matrix.

(4) Train the input vector by using the well-trained
PSO neural network and the final output vector is the
classification result of the image. Every sample to be
classified is a corresponding pixel point 7, in the im-
age I, send this sample into the PSO neural network
psonn_for classification, get an output value O, and
classify the pixels according to this output value.

O, = psonn(l,) 4)
U,0,>0.4 S
"71G,0,<0.6 )

Here, U is the objective region, G is the back-
ground region and / is the segmented image.

(5) Restore the classification result from one-di-
mensional vector array into image matrix form and
show the segmentation result.

In order to verify the effectiveness of this algo-
rithm, this paper makes comparison experiment be-
tween PSO neural network method and Otsu method
with Matlab test image as the object. The computer
used in this experiment is configured as follows: CPU
is Intel(R) Core(TM) i5 CPU@I1.40GHz, internal
memory is 4G, operating system is Windows7 and
the programming environment is 64-bit MATLAB
R2012a. The comparison of the image feature classifi-
cation effects is indicated as Fig.5.
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Figure 5. Image feature classification effect comparison

It can be seen from Fig.5 that the segmented result
of Otsu method is just the outline of the objective and
some features in the region can’t be extracted while
that of PSO neural network is obviously much bet-
ter. It performs well in the objective outline and the
regional details, it makes uniform segmented image
regions and accurate boundary shape and it balances
the segmentation accuracy and the preservation of
the image details well. Therefore, it has higher seg-
mentation accuracy and better segmentation result
compared with Otsu method.

7. Conclusion

Image feature classification is to estimate the seg-
mented feature graph of the image to be processed.
Through the description of the segmentation result,
the relating information contained in the image can
be understood. This paper has proposed an image fea-
ture classification method based on PSO optimized
neural network. To design the weight and threshold
with PSO can avoid such shortcomings that BP al-
gorithm is easy to get trapped in local minimum, it
has slow training speed, its error function must be
derivable and its error is big and greatly improve
the learning performance of the network. The sim-
ulation experiment proves that PSO neural network
has excellent effect and it is a feasible image feature
classificaiton method.
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Trajectory Algorithm for Underwater Target based on Kalman Filter

Peng Wang

School of Electronic Information Engineering, Xi'an Technological University, Xi'an 710021, PR

China

Abstract

To improve the accuracy of identification and the damage efficiency for underwater target, this paper
researched the processing algorithm of moving trajectory for underwater target. This paper ameliorated
the conventional Kalman filter algorithm in order to obtain true moving trajectory of underwater target,
adopted state space description method and recursive algorithm to establish the signal's nonlinear state
equation for the motion model of target, used the Unscented Kalman Filter (UKF) method to get rid of
the influence of noise and then to get more accurate estimated value of the target location. The results
of simulation calculation from multi—sensor data fusion show the real-time tracking data had high
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