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Abstract: In many fields such as signal processing, machine learning, pattern
recognition and data mining, it is common practice to process datasets containing
huge numbers of features. In such cases, Feature Selection (FS) is often involved.
Meanwhile, owing to their excellent global search ability, evolutionary
computation techniques have been widely employed to the FS. So, as a powerful
global search method and calculation fast than other EC algorithms, PSO can solve
features selection problems well. However, when facing a large number of feature
selection, the efficiency of PSO drops significantly. Therefore, plenty of works
have been done to improve this situation. Besides, many studies have shown that
an appropriate population initialization can effectively help to improve this
problem. So, basing on PSO, this paper introduces a new feature selection method
with filter-based population. The proposed algorithm uses Principal Component
Analysis (PCA) to measure the importance of features first, then based on the
sorted feature information, a population initialization method using the threshold
selection and the mixed initialization is proposed. The experiments were performed
on several datasets and compared to several other related algorithms. Experimental
results show that the accuracy of PSO to solve feature selection problems is
significantly improved after using proposed method.

Keywords: Feature selection; population initialization; particle swarm
optimization; principal component analysis

1 Introduction

Feature selection can be regarded as optimization problem to some extent. The key is to establish an
evaluation criterion to distinguish an optimal feature subset which contributes to classification and find a
subset of features that are redundant, partially or completely unrelated. Different evaluation functions
may lead to different results [1]. According to the relationship between the evaluation function and the
classifier, feature selection methods can actually be regarded as composed of filter and wrapper. Among
them, filter uses an evaluation function independent of the classifier, and the wrapper takes the error
probability of the classifier as the evaluation function. The final goal of feature acquisition is to minimize
the error probability of the classifier, so the most intuitive way is to use the classifier error probability as
the evaluation criterion, i.e., to select features or feature combinations that minimize the error probability
of the classifier. Solberg et al. classify the multi-texture features of SAR images, and Sylvie unsupervised
the classification of airborne multi-spectral and multi-frequency SAR data [2], all of which are selected
by comparison of classification results. However, this method is too computationally intensive and has
poor practicability. Even if the class conditional distribution density is known, the error probability of
calculating the classifier is very complicated. In practice, the conditional distribution density is often
unknown, which is more difficult to calculate. Therefore, feature selection based on the evaluation
function is more common.
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Feature selection actually includes two aspects: feature extraction and feature selection [3]. Feature
extraction refer to a transformation of data from high-dimensional space to low-dimensional space to
achieve dimensional reduction [4]. Feature selection is to remove redundant or unrelated features from a
set of features to reduce dimensionality. Both are often used in combination. Principle components
analysis (PCA) can be said to belong to feature extraction. The main idea of PCA is to reduce dimension,
transforming n-dimensional features into k-dimension with few features. These reduced features are linear
combinations of original features and are not related to each other, which can reflect most of the
information of the original data.

One of the great benefits of PCA technology is the dimensional reduction of data, which can detect
and correct for population structure [S]. After sorting the importance of the new “principal” vector, we
can take the most important part in the front, and discard the unimportant dimension, so as to realize
dimension reduction to simplify the model or compress the data. Meanwhile, the information of the
original data is maintained to the greatest extent.

Another advantage is that it has no parameters at all. In the PCA calculation process, no artificial
parameter settings are required or the calculation is intervened according to any empirical model. The
final result is only associated with the dimension and independent of the researcher.

Usually, a search algorithm and a feature evaluation criterion are involved in a feature subset
selection algorithm. The potential solution space is explored in the search algorithm [6], while the
evaluation criterion measures the ability of feature subsets to distinguish one category from others.
Exhaustive search, heuristic search and random search are three typical categories of search techniques in
the FS method. The advantage of exhaustive search is that it can obtain the best solution, but for most
practical applications, it is not feasible because of the complexity of its computing time. The typical
heuristic search methods are Greedy Stepwise Reverse Selection (GSBS) and Linear Forward Selection
(LFS), which are improved on the basis of SGS and SFS. By limiting the number of features in each step,
LFS improves the operation efficiency of SFS. Although the backward selection can consider feature
interaction compared with positive selection, it is still unable to cope with datasets of hundreds of features.
GSBS cannot be completed in a short time because it runs on datasets with a great number of features.
Besides, the front and back strategies usually face local optimal problems.

Random searches may generate subsets in a completely random manner, using the Las Vegas
algorithm, such as LVW, which converges too slowly in a large search space. Unlike random generation,
Evolutionary Computation (EC) is a random method that applies evolutionary principles or group
intelligence to generate better subsets from the current subset [7]. Based on the above discussion, EC
seems to be the best choice. Moreover, as a method of EC, PSO is a swarm intelligence technology
applied to FS and shows its effectiveness. So, as a powerful global search method and calculation fast
than other EC algorithms, PSO has been widely employed to solve feature selection problems. However,
when facing high-dimensional disaster, the efficiency of PSO drops significantly. At the same time, the
filter methods can converge quickly although its low efficiency. What’s more, a great deal of useful
heuristic information can be attached from them. Therefore, this paper introduces a new way for
population initialization considering applying PCA into the population initialization of PSO is proposed.
The main idea is first to evaluate the features using PCA and choose the most important features to
initialize the population. After that, in order to make these features more flexible to use, the threshold
selection and the idea of the mixed initialization [8] are employed to select features randomly. This paper
is structured as follows: a brief review of the PSO, PCA and initialization techniques of PSO is presented
in Section II. In the next section III, the main characteristics of the proposed method are described.
Moreover, Section IV introduces the process of experimental design. Finally, Section V analyzes the
results of the experiment and summarizes the main conclusions of this work.
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2 Background
2.1 Particle Swarm Optimization

PSO, deriving from the research of bird predation behavior, is a kind of evolutionary algorithm. It
has the advantages of fast convergence speed, high accuracy and simple implementation. PSO algorithm
firstly generates the particle swarm satisfying the feasible solution, and then each particle swarm
independently searches for the possible optimal solution and shares its own information with other
particle swarms. Assuming that there is a group of hungry birds out looking for food. In order to find the
real object as soon as possible, they need to search separately. During this period, they also need to share
their location in real time so that they do not stray. In this way, they can work together to find the target
(i.e., the optimal solution) efficiently and quickly. Like an interconnected Internet, they can share their
location in real time as they want and judge whether someone has found the optimal solution to the goal.
Finally, the whole swarm gather around the target source, representing we have found the optimal
solution, i.e., the problem convergence. Constant iteration, update the position and velocity of each
particle following the formulas Eq. (1) and Eq. (2) and finally get the optimal solution that satisfies the
termination condition.
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where w is the inertia weight; ¢ is the t*" iteration of the evolution process; i means the current particle.
d represents the d* dimension. x{;, represents the d** dimension of the i particle’s position and v{, is
the velocity of the i particle. ¢, and ¢, stand for acceleration constants. r; and r, stand for random
numbers in [0, 1]. p4, pga represents the d** value of the personal best solution and all the global best

solutions respectively.

2.2 Initialization Methods of PSO

In evolutionary algorithms, population initialization is a key since it can affect the quality of the final
solution and also the convergence speed. In order to solve low dimensional problems, Reference [9]
utilize differential evolution algorithm with opposite optimization for population initialization to better
the performance of the proposed method. For solving the high dimensional problem better, Reference [10]
validates a genetic algorithm in the initial population to improve the quasi-random sequence. Some
methods were also proposed, Reference [11] mentioned a population initialization method based on
clustering and Cauchy deviates, which provides a good starting position for the search, increasing
convergence rate noticeable. To improve the performance of PSO, several initialization methods were
designed to solve feature selection problems better. For example, Reference [12] adopt the PSO with
chaotic opposition-base initialization and stochastic search technique to avoid likely local optima on
complex multimodal problems. Reference [13] presents a new initialization method to generate the initial
population through applying a space transformation search (STS) strategy.

So far, a lot of work have been already done to increase the efficiency of the evolutionary algorithms,
however, there is only a little reported research done to improve population initialization in evolutionary
algorithms. Since population initialization can improve the efficiency of evolutionary algorithms
significantly, we should take time to study how to better improve population initialization. What’s more,
PSO has a natural advantage in feature selection. However, when high-dimensional feature selection
problems are encountered, the efficiency of PSO will be greatly reduced. But for filters, which can handle
high dimensions quickly, they can effectively select features to provide heuristic information. However,
the filters are rarely used to solve feature selection in evolutionary algorithms for now. So, this paper aims
to propose a new population initialization method combined with filter to increase the efficiency of the
evolutionary algorithm when facing high-dimensional disaster problems.
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3 The Proposed Method
3.1 PCA

PCA method was introduced by Karl and Pearson. Its core idea is to map high-dimensional data into a
low-dimensional space that can accurately represent the original data. After dimensionality reduction, the
data not only retains the variation information in the high-dimensional data, but also indicates whether it is
optimal according to the degree of change of the data. Mainly relying on the position information of the
sample in space, PCA assumes that the sample set has the largest variance along with certain directions, and
then projects the sample onto the straight line where these directions are located, so as to eliminate
correlation and noise between features. The solution to the above problem can be simplified to the
eigenvalue or eigenvector problem with respect to the mode correlation matrix C. And the order of the main
components is determined by the value of the corresponding eigenvalue. Supposing that a dataset represents
S and the number of samples represents N, the whole pseudo code of PCA is shown as Algorithm 1.

Algorithm 1: Pseudo Code of PCA algorithm
Input: dataset (S), the number of samples (M), the
Dimension of features (N);

Output: new dimensionality reduction sample X

1 Pre-process the data to normalize its mean and variance (1).
2 Calculate the covariance matrix of the data (2).
3 Find the eigenvalues of the covariance matrix and

the corresponding eigenvectors (3).

4 Arrange the eigenvalues from large to small, and
keep the top corresponding K eigenvectors.

5 Transform the data into the new space constructed
by the above K eigenvectors (4).

In PCA, the mean of the data is zeroed first and then rescale the unit variance of each coordinate to
ensure different attributes are processed on the same “scale.” For instance, if x1 was room’ maximum
temperature in centigrade (taking values in the high tens) and x2 were the size of room in square meter
(taking values around 30—40). After this normalization, the attributes are more comparable. According to
Algorithm 1, the following Eq. (3) are used to normalize its mean and variance.
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where x® represents the i®* sample. j represents the j**dimension of the i®*sample. u represents the sample
mean. o’ represents the standard deviation of the j** dimension.

As we all know, what PCA has to do is to find a new coordinate system to maximize the variance
after projecting the original data. To formalize this, given that the unit vector u and a point x, and the
length of the projection of x onto u is given by xTu., i.e., if x® is a point in our dataset, then its
projection onto u is distance xTu from the origin. Therefore, aiming to make the variance of the
projections maximized, we choose a unit-length u so as to maximize:
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is only the empirical covariance matrix of the data. So, we can simplify equation above to the following

Eq. (5).

D u=Au 5)
We got it! A and u are the eigenvalue and the eigenvector of ~. The best projection line is the feature

vector corresponding to the maximum value of the feature value A, followed by the second largest
corresponding feature vector of A, and so on.

After eigenvalue decomposition of covariance matrix, we extract the eigenvectors corresponding to
the first k eigenvalues as the best new eigenvalues and the new features are orthogonal. After getting the
first k u, the sample x(® can get a new sample by the following Eq. (6).
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3.2 Initialization Method Combining the Filter and Threshold Selection

Filter can be used to screen for appropriate features, since it can effectively and quickly select valid
features and apply heuristic information. Also, PCA can project the data into a new space and then select
the main components in front, which retain most of the original data information. So, we can use PCA to
extract the most important features to initialize the PSO. However, the key is to choose an appropriate
number of features to better maximize the classification effect. To solve this problem, we use mixed
initialization here. After sorting the “remolding” of features by the PCA and prioritizing them, we select a
few of the most important features to initialize most of the particles. Meanwhile, a relatively great number
of important features are used to initialize the remaining particles. In detail, we first employ PCA to make
features sorted by importance from top to bottom and then select the top 80%. To further reduce the
number of features, the threshold mechanism is added to further extract features from the selected 80%
features. In PSO, the location update and velocity of a particle are both continuous values limited to [0, 1].
To convert this continuous value into a discrete value, the threshold mechanism is needed. More narrowly,
when the continuous value is greater than or equal to 8, it will be set to 1, which means that this feature is
appropriate. Conversely, if the continuous value is less than 6, then it will be set to 0, which implies that
it has been discarded. According to the above discussion, we can get our initialization method—the filter
and threshold selection based initialization method (FTSI). We make appropriate modifications to the
threshold mechanism combined with the characteristics of the mixed initialization. First, after using PCA
to measure the features, the top 80% of them are stored in VS. Then in terms of the features selected in
VS, for most particles, if the value of the j* dimension of i*" particle in PF,sxp 1s more than the
threshold 6, the corresponding position of the matrix PF, 5, p will be set to 1, meaning the corresponding
feature is appropriate. If not, it will be set to 0 meaning that corresponding feature is abandoned. By
contrast, for the remaining small amount of particles, the corresponding position of the matrix PF,¢yp is

set to 1 when the value of the j* dimension of the it particle in PFp,sxp is no more than the threshold 6,

meaning that the corresponding feature is appropriate. Otherwise, it will be set to 0. Algorithm 2 shows
the detailed steps of FTSI.
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4 Experiments Design
4.1 Datasets

The three algorithms are tested and compared on 4 UCI datasets. Tab. 1 shows all datasets, where all
data is ordered and represented by “Ds™”, “NoE”, “NoF”, “NoC” respectively represent the number of
instances, the number of features, and the number of categories. And each dataset consists of 70%
training set and 30% test set.

Table 1: Information of datasets

ID Datasets NoE NoF NoC
DS1  ConnectionistBenchData 208 60 2
DS2 hill 606 100 2
DS3 musk1 476 166 2
DS4 marti 150 1024 2
4.2 Parameter Settings

In this paper, mixed initialization, random initialization and our proposed method are applied to
compare experimental results in the following experiments. The involved Algorithm 2 and parameter
settings are shown below:

® The standard PSO (random initialization);
® PSO of mixed-initialization (mixed initialization);
® Population initialization with PCA (PCA-PSO) (our approach);

In this experiment, we use k-Nearset Neighbour as classifier and the parameter k is set to 3. The
population size ps is set to 100 and the maximum health assessment is set to 300,000. Set to 0.6, the
threshold 6 can be used to determine appropriate features. We also use a continuous value limited to [0,1]
to represent a solution for each particle. The average number of evaluations is utilized to measure the
performance of convergence. To facilitate the comparison, the same parameter settings were kept same as
in involved algorithms to ensure a fair comparison. All the experiments are run over 30 times on each
dataset, and the average results throughout the optimization runs are recorded.

5 Results and Analysis

The comparison result among PSO, PSO of mixed-initialization and PCA-PSO are shown in Tabs.
24, where “Mean” stands for the average best function value found in the last generation and “Std”
indicates the standard deviation throughout 30 runs. Tab. 2 shows the solution size of PSO on training
sets with three initialization methods. Tab. 3 shows the classification accuracy of three methods on
training sets. And the corresponding classification accuracy on test sets is shown in Tab. 4. Among them,
“P-M” means the mixed initialization method, “P-R” means the random initialization method, and “P-F”
means the method FTSI we proposed. “CA” represents the classification accuracy. “SZ” represents the
solution size. And the bold represents the best average for each dataset.

Table 2: Solution size of different methods on training

P-M P-R P-F
Datasets
mean std mean std mean  std
DS1 26.00 2.83 20.00 1.83 2775 2.06
DS2 4275  6.08 42.00 5.72 42.00 497
DS3 7725 19.02 68.00 7.62 66.00 2.16

DS4 480.50 13525  411.50 9.75 382.00 66.86
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Algorithm 2: Detailed steps of FTSI method
Input: population size (ps), the number of features (D), the threshold (8);

Output: PF, s p
1 Create matrix P and all zero matrix PF. Then PCA is used to evaluate and analyze the
features. After sorting in VS from large to small, the features with first 80% of weights
are selected.
2fori < psdo

3 for 80% of particles do
4 for j <D do
5 if (p;; = 0) and (j S VS) then
6 PF;; =1,
7 end
8 else
9 PF;; =0;
10 end
11 end
12 | end
13 | for 20% of particles do
14 for j < D do
15 if (p;; < 6)and (j € VS) then
16 | PF;; =1,
17 end
18 else
19 PF;; =0;
20 tlnd
21 end
22 | end
23 eénd

5.1 Results of Solution Sizes

Tab. 2 shows the solution size after the data are processed by three method. We can see that all three
methods can effectively reduce the feature size by 54% to 67%. Moreover, as the number of features
increase, the better effect of the proposed method is played on feature dimension reduction, which
indicates that our proposed method may have certain advantages when dealing with large-scale features.
Perhaps it is because PCA has an inherent advantage for high-dimensional data.

5.2 Results of Classification Accuracy on Training Sets and Test Sets

As Tab. 3 and Tab. 4 show, the proposed method has excellent performance on all the test sets and the
training sets we used. Although in DS1, FTSI performs slightly worse on the DSI1 test set, it is almost as
efficient as the other two methods and can be ignored. This may be because the method we proposed is not
very good at data with lower dimensions. In particular, the method we proposed is outstanding in DS2 training
set, and the effect is more than 35% of the other two methods. Perhaps because the method we proposed is
more suitable for DS2 training set. It can be obtained easily from the above analysis that our proposed method
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is effectively helpful to reduce the feature dimension thus to improve the classification accuracy on dataset.
This proves that PCA really helps the population initialization of PSO and enhances its effect.

Table 3: Classification accuracy of different methods on training sets (%)

P-M P-R P-F
Datasets
mean std mean std mean std
DS1 0.9202 0.0183 0.9310 0.0158 0.9359 0.0186
DS2 0.6415 0.0051 0.6467 0.0118 0.9853 0.0022
DS3 0.9189 0.0104 0.9234  0.0063 0.9324 0.0058
DS4 0.8829 0.0023 0.8821 0.0027 0.8929 0.0017

Table 4: Classification accuracy of different methods on test sets (%)

P-M P-R P-F
Datasets
mean std mean std mean std
DS1 0.7544 0.0366 0.7542 0.0450 0.7510 0.0637
DS2 0.4698 0.0104 0.4886 0.0209 0.4908 0.0034
DS3 0.7907 0.0170 0.7711 0.0105 0.7953 0.0455
DS4 0.8769 0.0039 0.8785 0.0066 0.8934 0.0055

5.3 Convergence Performance of Different Methods on the Training Sets

Fig. 1 shows the classification accuracy of three different population initialization methods in PSO
algorithm on four training sets as they converge over time. Compared to the other two methods, it can be
obviously obtained easily from the figure that our proposed method can quickly obtain a higher accuracy
in a shorter time. And in the later convergence process, its convergence speed is slower, that is to say, it
still has higher momentum to reach higher accuracy, which is especially obvious in high-dimensional data.
This also proves that our proposed method does have a more efficient effect on high-dimensional data.
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Figure 1: Convergence curves of different methods on DS1-DS4
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6 Conclusions and Future Work

This paper proposes a new initialization approach of PSO for initialization of population. The
proposed population initialization method considering PCA reduces features by more than half but still
retains most of the information. The experimental results also indicate that the proposed method can
increase the classification accuracy effectively while reducing the feature dimension, which is especially
obvious in high-dimensional data.

Of course, our experiments only verified a small number of data sets, and whether the proposed
method is suitable for most data sets is still debatable. And there are many filter methods, each filter method
has its scope of application. Whether there is a better filter approach to improve the initialization of
population in PSO is still worth exploring. These are all directions we will continue to study in the future.
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