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Abstract

In order to enhance the accuracy of brain CT image classification, this article proposes a brain CT image clas-
sification of improving harmony search algorithm to optimize LSSVM(HIS-LSSVM) aiming at the optimization
problems of parameters of least squares support vector machine (LSSVM)in the classifier. This article first takes
LSSVM parameters as a combination of tones from different musical instruments and then finds the optimal pa-
rameters through “tone tuning” of harmony search algorithm. It also introduces optimal position adjustment policy
of particle swarm optimization to strengthen the algorithm’s capability to jump out of local minimum. At last, this
article establishes brain CT image classification model according to optimal parameters and implements simula-
tion test to the performance of the model. It is shown from the simulation results that comparing with the contrast
model, HIS-LSSVM not only enhances the accuracy of brain CT image classification, but also increases classifica-
tion speed. It is more suitable for the real-time classification requirements of brain CT image.

Keywords: BRAIN CT IMAGE CLASSIFICATION, LEAST SQUARES SUPPORT VECTOR MACHINE,
HARMONY SEARCH ALGORITHM, PARTICLE SWARM OPTIMIZATION

1. Introduction patients. It becomes more and more important to dig
In recent years, radiodiagnosis equipment is con-  information from these image data which can help
tinuously renewed and perfected. Hospitals have doctors diagnose patients. The image classification
collected a large amount of brain CT image data of is an important research content for brain CT image
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data digging. How to establish high accuracy and fast
speed brain CT image classification model becomes a
hot spot in computer-aided diagnosis research. Brain
CT image classification is actually a model identifica-
tion problem. The good or bad classification results
are closely related to selection of classifier and op-
timization. At present, the brain CT image classi-
fiers are mainly based on Bayesian Method, neural
network and support vector machine (SVM) . The
Bayesian Method and neural network are both based
on “Large Sample”theorem. When satisfying the
large sample conditions, they will have good classifi-
cation results. But brain CT image is a kind of small
sample and high-dimensional data which is easy to
be caught in drawbacks such as local extremum and
overfitting. It is difficult for the classification accu-
racy to satisfy brain CT image assisting diagnosis
requirements. The LSSVM is a improved support
vector machine which is based on minimum structure
risk principles and better overcomes the drawbacks
such as overfitting of neural network, slow speed of
standard SVM and is widely used in brain CT image
classification. The parameters of LSSVM have direct
influences on brain CT image classification results.
In order to solve this problem, scholars have pro-
posed genetic algorithm, particle swarm algorithm,
simulated annealing algorithm, ant colony algorithm
and so on to optimize LSSVM parameters. But all of
these algorithms have their own shortcomings and
will influence the accuracy of brain CT image clas-
sification of LSSVM. Harmony search (HS)algorithm
is a meta-heuristic search algorithm which simulates
harmony theories in the band of musical performance
and has a strongly parallel and global searching capa-
bility. It provides a new research instrument to LSS-
VM parameters optimization. In order to enhance the
accuracy of brain CT image classification basing on
LSSVM, improved HIS is introduced into LSSVM
parameters optimization to establish a brain CT im-
age classification model basing on HIS-LSSVM and
also simulation test is implemented to examine the
efficiency of the algorithm.

2. IHS Algorithm and LSSVM

2.1. Least Squares Support Vector Machine
(LSSVM)

LSSVM is a kind of machine learning algorithm
basing on statistical learning theory. It is a compro-
mise between model complex rate and risk accord-
ing to limited sample information to gain the best
generalization ability. Given the training set is (x,,y),
i=1,2,...,n, n represents training sample number,
xER™is sample input, yiE{1,-1}is output, the linear
function of LSSVM in high-dimensional space is:
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Fx)=wlp(x)+b (1)

In formula (1), w is weight vector, b is offset.

According to minimum structure risk principle,
after overall consideration of fitting error and com-
plex rate of function, formula (1) is changed to:
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In formula (2), y is regularization parameter, e, is
forecast error.

Convert formula (2)into non-restraint dual optimi-
zation problems through introducing Lagrange mul-
tiplier, that is

/
L(w,b,e,a) = J(w,e)—Za,- (wTw(xl-)+b+el- —yl-) 3)
i=1
In formula (3), a, is Lagrange multiplier.
According to KKT conditions, it can get
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For non-linear classification problems, solve it
through introducing kernel function to high-dimen-
sional feature space. Comparing with other kernel
functions, Radial Basis Function (RBF) has a few
parameters and better performance. So it is selected
as the kernel function of LSSVM. The definition of
RBF is:

K(xi,xj)zexp(—"xl-—xj |2/20'2j &)

In formula (5), o is the width parameter of RBF.
At last, the decision function of LSSVM classifi-
cation is:

f(x)= sgn[Zal- exp(—
i=1

It is known from LSSVM classification theorem
that the learning performance of LSSVM is related
to parameters y and o. So if a good accuracy of brain
CT image classification is to be obtained, the most
reasonable y, o values must be selected.

2.2. Improved Harmony Search Algorithm

HS algorithm implements simulation to tone tun-
ing of band and finally realizes perfect harmony.
Solution for optimization problems according to
this concept has been successfully applied to com-
bination optimization problem. In HS algorithm, the
“tone tuning” among the candidate solutions are in-
dependent from each other. There is no information

x,-—xj||2/20'2)+bj (6)
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sharing system, so it is easy to be caught in local
minimum. In order to overcome this drawback, the
optimal position renewal policy of particle swarm
optimization is introduced. It refers to the “most
beautiful harmony” in the harmony database to im-
plement “tone tuning” which reserves tone tuning
parameters and in the meantime prevents the “tone
tuning” process from fading. The procedures of IHS
algorithm are:

Step 1: Initialize the parameters such as har-
mony Memory Considering Rate (HMCR), Harmo-
ny Memory Size (HMS), Band Width (bw), Pitch
i =%

x:
1
1
Among them, x£5%" is the optimal candidate solu-
tion which corresponds to the solution vector of No. i
dimension in the harmony database.

By introducing optimal position renewal strategy
of particle swarm optimization, it not only refers to
the value of optimal candidate solution in the har-
mony database, but also reserves bw parameters and
finally realizes the information sharing between opti-
mal candidate solution and new solution.

Step 4: If the fitness value of new solution it(X”)
is superior to the candidate value in the harmony da-
tabase, use X’ to replace the solutions with worst fit-
ness in the database.

Step 5: Check whether it satisfies the end condi-
tions. If it is unsatisfied, then switch to Step 3 to con-
tinue iteration.

3. Brain CT Image Classification of
IHS-LSSVM

3.1. Pre-estimation of LSSVM Parameters
Range

During the LSSVM parameters optimization pro-
cess, the parameters range needs to be pre-estimated.
Because the kernel function can be understood as the
sample covers samples in its surroundings, the kernel
parameter o can refer to the distance between sam-
ples. For the whole training samples, the range of ¢
is limited:

ki dpin =07 <0 <0, =ky dpay (8)

In formula (8),d = andd  are the nearest and far-
thest distance in average of training set respectively.
(1)Lower Bound ol . When the radius of RBF
kernel function is less than 0.003 (small probability
event), then the current sample of LSSVM has ex-
tremely slight influence on neighboring samples. It
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,i <HMCR ,r, > PAR

Adjusting Rate (PAR), Iteration Number (NI) and
SO on.

Step 2: Given the solution of the problem is
xk = {xlk xk ,---,x,’f } , the candidate solution is ini-
tialized to a random value within the value range of
every dimension, that is x{‘ = Rnd(L(xf‘ ),U (xl-k )). And
the X* e R",k e[1, HMs], i e[l,n]. And calculate the
fitness function of every initial solution.

Step 3: The r, r,are randomly generated. And ran-
domly select a solution Xiin memory bank to gener-
ate a new solution X'= ‘xi,xvz,---,x;l‘ according to the
following rules.

.= Rnd (xl‘-gBeSt —bw, xl‘-gBeSt +bw),n < HMCR ,r, 2 PAR 7
= Rnd(L(x;),U(x;)) , n = HMCR

is easy to have overfitting phenomenon. So, given
k(xi,xj)=0.003, then 61 =0.2935dmin .

(2)Upper Bound cu. The support vector has a
greater influence on samples which are nearer than
samples which are far away. So the greater the
o, the bigger the corresponding covering range.
ou=12.29dmax.

According to the above analysis, approximately
given k=0.3, k,=13, the setting of ¢ parameter range
is [0.001,1000].

It is difficult to determine the range of parameter j.
So it is set as [1,1000] according to experience.

3.2. Brain CT Image Classification of LSSVM
Parameters Optimized by IHS

(1) Collect brain CT image data and implement
pre-treatment with denoising and strengthening to en-
hance the quality of image.

(2) Extract image features. Adopt gray level co-
occurrence matrix textural features as classification
features which include gray value and angular second
moment of pixel, inverse difference moment, entro-
py, relevant textural features in specific to determine
training sample set and forecast sample set.

(3) The different dimensions of feature data cause
the greater change of data range. In order to prevent
the features of greater value weakening the properties
of smaller value, implement normalization treatment
to the features and scale them between [0,1]. The spe-
cific is shown below:

. xy —min(y,)
ik

)

B max(x; ) —min(x; )

X represents the value of No. j in the feature of
No.i. min(x,) and max(x,) represent the minimum
value and maximum value of feature of No.i. respec-
tively.
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(4) Set the range of v, o as well as relevant param-  individual corresponding to maximum fitness value
eters of HS algorithm. in HM.

(5) Initialize harmony memory bank. There arem  (7) Iteration k=k+1. If k is bigger than maximum
initial solutions. Every X corresponds to a group of  iteration NI, then the (y.0) corresponding to optimal
parameters (y,6). And calculate the fitness value of individual should be taken as the optimal parameter

e : . f LSSVM. Otherwi itch to step (6) t ti
every individual in memory bank (Accuracy of Brain 0 erwise switch to step (6) to continue

o iteration.
CT Image Classification). (8) Retrain LSSVM classifier according to optimal

(6) Generate new individual X according to for- parameter combination(y,c)) to establish the optimal
mula (7) and calculate fitness value of the new indi-  brain CT image classifier.

vidual. If this individual is better than the maximum (9) Use the established optimal brain CT image
fitness value in memory bank, adopt X’ to replace the ~ classifier to classify test sample set.

Collection of
medical images

\
Extract
features

A 4
Set LSSVM and HS
parameters

Y

Initialize harmony database
and calculate fitness value
-

Randomly select an
individual

Generate new

Rnd(0,1)<HMCR solution randomly

Rnd(0,1)<PAR Non-tuning of this

solution
Implement tuning to | Generate new solution | g
the optimal solution (LSSVM parameters)
Train LSSVM according

to parameters calculate
fitness value

Replace worst solution in
the harmony with new
solution

Satisfy end
conditions

Obtain optimal parameters
and establish medical
images classification model

Diagram 1. Brain CT Image Modeling Classification Flow
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4. Simulation Experiment

4.1. Data Source

Adopt Matlab 2009a to realize algorithm on
CPU:Intel Intel(R) Dual 2.3GHZ, RAM 3GB, Win-
dows XP platform. The data comes from the online
image library of McConnell Brain Image Center of
McGill University, http://www.bic.mni.mcgill.ca/
brainweb/). The images are divided into normal im-
ages and abnormal images. There are 500 images of
training samples and 100 images of test samples. The
abnormal and normal images are shown in Picture 1.

(b) Normal Images

(a) Abnormal Images

Figure 1. Brain CT Image

4.2. Method Comparison and Evaluation Index

In order to make the IHS-LSSVM classification
results comparable, genetic algorithm is adopted to
optimize LSSVM(GA-LSSVM). Particle swarm opti-
mization algorithm is used to optimize LSSVM(PSO-
LSSVM) which is taken as contrast model. The eval-
uation index of model performance are sensitivity
and specificity. Their specific definitions are shown
as follows:

sensitivity = =P x100% (11)
pos
specificity = r_neg 100% (12)

neg

t _posT is the correctly identified normal brain
CT image number, pos is normal brain CT image
number. ¢ neg is correctly identified abnormal brain
CT image number, neg is abnormal brain CT image
number.

4.3. Results and Analysis

First, extract normal and abnormal brain CT im-
age features respectively and implement normal-
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ization treatment. Then take these features as input
vectors of LSSVM and category of image as output
vectors. Input the training sample into LSSVM for
learning. Use GA, PSO and IHS algorithms to opti-
mize the LSSVM parameters (y,oc ) and obtain the
optimal parameters. See Table 1.

Table 1. Optimal LSSVM Parameters Obtained from
Different Algorithms

Optimization Algorithm of
¥ o
Parameters
GA 28.311 2.292
PSO 40.405 2.136
IHS 51.026 2.150

Adopt the optimal parameters in Table 1 to estab-
lish GA-LSSVM, PSO-LSSVM, IHS-LSSVM brain
CT classifier. Classify the test samples set to obtain
the results shown in Table 2. It is known from Table
2 that comparing with GA-LSSVM, PSO-LSSVM,
[HS-LSSVM can obtain much better classification
results which has a high accuracy for correct normal
and abnormal brain CT image classification. In the
meantime, the specificity value is much more close to
100% which explains that it has slim chance to mis-
classify abnormal brain CT images. This is what the
medical experts expect. It is shown from the contrast
results that HS can get much more optimal LSSVM
parameters and is in favor of enhancing the accuracy
of brain CT images classification.

Table 2. Comparison of Classification Algorithm

Algorithm Sensitivity (%) | Specificity (%)
GA-LSSVM 90.04 90.28
PSO-LSSVM 91.32 91.80
IHS-LSSVM 92.18 92.09

In order to verify the efficiency of improved stan-
dard HS algorithm, this article adopts standard HS
algorithm to implement contrast simulation experi-
ments. There are altogether 5 experiments. The re-
sults are shown in Table 3. It is known from Table
3 that the classification performance of IHS-LSSVM
is better than HS-LSSVM. And the training time is
reduced obviously. The brain CT image classification
speed is accelerated sharply. This is mainly because
[HS-LSSVM discovers a more optimal LSSVM pa-
rameters which reduce support vector points number
and sample storage volume and speed up rate of con-
vergence. It is much more conform to the real-time
and online requirements of modern brain CT images
classification.
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Conclusions

This article proposes a brain CT image classifica-
tion of improving harmony search algorithm to opti-
mize LSSVM(HIS-LSSVM) aiming at the optimiza-
tion problems of parameters of LSSVM in brain CT
classification modeling process. It is shown from the
simulation results that IHS algorithm better solves
the parameters optimization problems of LSSVM. It
not only enhances the accuracy of brain CT classifi-
cation, but also enhances classification efficiency. At
the same time, the automatic classification of brain
CT is also related to features selection. The combined
optimization of features selection and LSSVM will
be the next research contents.
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Abstract

The accurate prediction of network public opinion trends has great significance to prevent the public safety threat
of negative network public opinion, and in allusion to time-dependent nature and chaos characteristic, this paper
has proposed network public opinion prediction model (PSR-SVR) combined with chaos theory and SVRM.
Firstly, the chaotic characteristic of network of public opinion has been proved, and Takens theorem is used to
determine time-series phase-space reconstruction delay time and embedding dimension of network public opinion
using mutual information method and GP method. Finally, in the phase space, support vector regression (SVR)
is used to establish network public opinion prediction models and prediction model and to conduct comparison
experiments with other prediction models. The results show that compared to the comparative models, PSR-SVR
has improved the prediction accuracy and reliability of network public opinion, and its forecasted results have
some practical values.

Keywords: PHASE-SPACE RECONSTRUCTION, CHAOS THEORY, NETWORK PUBLIC OPINION,
SUPPORT VECTOR MACHINE, PREDICTION MODEL

1. Introduction ers are both receivers and message originators, so
Internet public opinion is an important part of that dissemination of information on the network can
social public opinion, and as opposed to the tradi- be more timely and rapid. Negative Internet public
tional news media, it’s strongly interactive, and us-  opinion will pose a larger threat to public safety, thus
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