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Abstract

Feature selection is a prolific research field, which has been widely studied in the last decades and has
been successfully applied to numerous computer vision systems. It mainly aims to reduce the dimensionality
and thus the system complexity. Features have not the same importance within the different classes. Some
of them perform for class representation while others perform for class separation. In this paper, a new
feature selection method based on discriminative power is proposed to select the relevant features under an
uncertain framework, where the uncertainty is expressed through a possibility distribution. In an uncertain
context, our method shows its ability to select features that can represent and discriminate between classes.
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1 Introduction

The emergence of Big Data analytic, mainly those containing a large number of features brings important
requirements for strategies, which can effectively reduce the dimensionality of data. In real-world applications,
the training data may be uncertain, imprecise or even missing due to unreliable information sources, noise, etc.
These forms of imperfection are part of epistemic uncertainty. In this context, the possibilistic modeling is the
appropriate framework not to remove these imperfections, but rather to consider them in the data modelling
step [c1,c2].

Usually, in the modeling phase, data is characterized by using features. It is necessary to highlight that the
use of all features, during the data modeling, increases the dimensionality and then the system complexity.
In [3], the authors use 4 million features in their system. Surely, some of them are redundant or unneces-
sary. Therefore, they can be a source of different types of noise that can lead to a deterioration of the system
performance.

The feature selection is becoming an increasingly important step in decision-making systems. Its main
purpose is to reduce the dimensionality of the system, thereby reducing its complexity. Features do not have the
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same importance towards classes. Some of them are good for class separation, while others are more reliable
for class representation. The proposed method consists of selecting the relevant features under an uncertain
framework, where the uncertainty is expressed through a possibility distribution.

Several feature selection methods are presented in the literature such as the Linear Forward Selection (LFS)
[4], Principal Component Analysis (PCA) [5], Relief [6], Fisher score [7], and so on. Various overview papers
of feature selection methods are presented in [8 -11]. Some of these methods have shown good results in
some cases but have failed elsewhere. Therefore, we aimed to develop a feature selection strategy that can
outperform conventional feature selection algorithms. Togacar et al. [12] used a deep learning method based on
convolutional neural networks (CNN) to classify plant species. In [13, 14], authors proposed feature selection
methods based on CNN in order to classify and identify cancer types in microarray cancer data. It should be
noted that if there is no good GPU, the CNN-based feature selection process will become very slow. Other
recent interesting works have addressed feature selection under an uncertain framework [15, 16]. In this case,
the relevant features are extracted from possibility distributions. In this paper, we are focused on the selection of
features, which are modeled by possibility distribution. Indeed, the possibility theory could model both different
kinds of information (categorical, numerical, symbolic, etc.) and deal with different types of imperfection
(imprecision, ambiguity, etc.). It is, therefore, interesting to propose an efficient feature selection method in the
possibility framework.

2 Possibility theory: An overview

Good modeling helps to improve the performance and reliability of computer vision systems since it considers
the imperfections of information by using specific methods or theories to convert information into mathemati-
cal representations. In [1], the imperfect information modeling theory is reviewed. The choice of one of these
theories strongly depends on the application and its complexity, the available knowledge and the type of im-
perfection [1]. For example, when there are a large number of samples and you only want to model random
uncertainty information, probability theory is considered a very suitable theoretical framework. However, if the
sample size is limited and other types of imperfections must be considered, the probability theory will not be
the right choice.

For computer vision systems, the imperfection of data is part of epistemic uncertainty since it is due to
the physical properties of the used visual sensor. In this context, the possibility theory is the most suitable
framework for dealing with these imperfections. Therefore, special attention has been paid to this theory.

Possibility theory provides flexible mathematical tools and an effective model for dealing with uncertain
information. It was first proposed by Zadeh [17] as an extension of the theory of fuzzy sets. In fact, while fuzzy
set theory relaxes the framework of classical set theory to deal with imprecision, possibility theory is intended
to deal with epistemic uncertainties. The possibility theory was then developed by many researchers such as
Dubois and Prade [18-23]. In this section, we present an overview of the possibility theory.

2.1 Possibility distribution

Among the basic concepts used in the possibility framework, we have the possibility distribution, denoted by 7
(.) defined as follows:
m:Q—[0,1]

Ty — T(Ty)

ey

which assigns to each singleton z,, of €2, a value in the interval [0, 1]. The value 7(z,,) represents the possi-
bility degree that the singleton x,, is the only singleton that occurs. Considering this definition, two extreme
knowledge situations can be defined:

» Complete knowledge: 3z, € Q, 7(xy,) =1 and 7(zy,) =0, V., € Q, Ty # T

* Total ignorance: Vz,, € €, m(x,) =1 (all singletons of 2 are quite possible)



M. Chakroun et al. / Electronic Letters on Computer Vision and Image Analysis 21(1):111-120; 2022 113

s o

0

fr

Figure 1: Two possibility distributions with different specificity

The estimation of the possibility distribution is one of the most discussed issues in possibility theory [1, 2].
In [1], the techniques for estimating the possibility distribution are divided into two categories: (i) techniques
guided by expert knowledge, used to directly or indirectly express the general form of the possibility distribu-
tion, and (ii) techniques based on characteristic functions of other theories of uncertainty to infer the possibility
distribution, namely: the probability distribution, the mass function, etc. In our work, we pay particular at-
tention to the technique of estimating possibility distributions based on probability distributions transformation
[18-23]. Note that this conversion represents conceptual consistency, as probability and possibility distributions
apply to information that is susceptible to uncertainty.

2.2 Yager’s specificity measure "S,"

The Yager’s specificity describes the change in the amount of information of a possibility distribution [24]. In
this work, the ".S;," is used to evaluate the feature capacity for representing classes. In fact, the more specific
the distribution, the better the class is represented. Let 71 w2 and two possibility distributions. As shown in Fig.
1, 71 is more specific than 7o according to a feature fj as met only when 7 (w;) < ma(w;), ¥V w; € Q.

In the following, the proposed feature selection method, based on Yager’s specificity measure of a possibility
distribution to infer the discriminative power, is detailed.

3 Proposed feature selection strategy

3.1 Context and motivation

Let Q={C1,Cy,...,C;,...Cn} the universe of discourse, {Objy, Obja, ..., Obj;,...Objn} a set of objects
belonging respectively to the classes {C, Co, ..., C;, ...Cx} and acquired by a sensor. Let { f1, fa, ..., f&, .- fx}
be the features set extracted from the acquired data. These feature values measured on objects allow these ob-
jects to be attributed to one of the €2 classes. Sometimes we can measure the same value of a feature on objects
belonging to different classes, as shown in Fig. 2. This situation can cause ambiguity when assigning unique
class labels to objects, which can affect the efficiency of the classifier. Therefore, elucidating this ambiguity is
important.

3.2 Proposed strategy

Our proposed strategy is based on both, feature capacity for class representation "C},, " and feature capacity for
classes separation "Cj,,. ". The ability of a feature f;, k € {1...., K}, in class representation is estimated based

sep
on the calculation of the average of all specificity measures Sp(ﬂéiz ), 1€ {1,..., N}. In our work, the capacity of
a feature to separate classes is related to the maximum height of all intersection points "M}" of N possibility
distributions. In fact, the lower "M}," according to a feature, the greater the capacity of the considered feature
to separate the different classes. The discriminative power of a feature is determined as the average of its two
capacities "Cp,,," and "C}_ . ". In the following, the algorithm of the proposed feature selection method is
given.

rep
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Figure 2: Uncertainty related to attributes in a classification process

Algorithm: The proposed feature selection strategy

Inputs: Q={nc,, 7c,, ..., Ty } the set of features F= { f1, fo, ..., fK'}
Output: b: boolean value, b=1 if the feature is selected, b=0 if it is rejected
fork=1to K do
Stepl: Calculate "C{ffep "
Calculate the Yager’s specificity measure of each possibility distribution 7¢;
Sp(ﬂ'gz) +— Specificité Yager (Wé’z)
Calculate the average of all specificity measures of S,(7¢,) i=1,..., N

S Sp(mk)
Cgfep - #
Step 2: Calculate "C’gfep"

"H}": the set of heights of the intersection points of all possibility distributions

hf,]; A Wé :77({3;. L,je{l,..,N}hi#j

Hy, +— {h{% # 0}

M]* «— max(Hy)

ChE, +— 1-Mj*

Step 3: Calculate the discriminative power "D,,"

fr fi
fk Cprep +Cpsep
Dp 2

Step 4: Let 0 an empirical threshold

if D >6
b+—1
else
b+<—0

end if end for
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Figure 3: Different representation situations of two classes C; and C according to the shapes and the disposi-
tion of their respective models

The more specific the model, the better it is informative and representative of its class. Fig. 3 shows that the
separation between two classes is more marked as their respective models are more specific (narrower shapes).
The two cases illustrated by Fig. 3(c) and (d) show two classes represented by non-specific models, which are
not useful for separation.

At least one model must be relatively specific to be able to discuss the separability between classes. The
heights of the intersection points between the models are informative about the separability between classes.
The lower this value, the better the classes are separable. Fig. 3(a) and (e) illustrate the favorable separation
situations between two classes, while Fig. 3(b) and (f) illustrate unfavorable situations for separation. The ideal
case, illustrated by Fig. 3(a), corresponds to zero height.

The validation of the proposed feature selection method, as well as the obtained results, are presented in the
following.

4 Experimental results

Two experiments are carried out to validate the proposed feature selection strategy in the possibilistic context.
The first experiment is carried out on a synthetic data set, which is constructed to know in advance the ability
of each feature regarding class discrimination and class representation. This experiment helps us to verify
that the expected results are achieved. The second experiment consists in evaluating our strategy on different
benchmark datasets and comparing it with other feature selection methods. The classification task is performed
by an SVM classifier.

4.1 Synthetic database

The constructed synthetic data set, given in the form of possibility distributions conditional to each class,
assumes a mixture of relevant and not relevant features. The universe of discourses of this data set is composed
of three classes 2 = {C1, Ca, C3}, described by nine features F' = { f1, fa, .., fo}-

From Table 1 and Fig. 4, we can conclude that:

* Ideal features: { f1} since its Cy,_ is equal to 1 and it has the highest C,,

sep rep®

» Discriminant features: { f2, f5, fs, fo} since their C,,_, and C), _ are not too low.

sep Prep
* Features seem to be not discriminant: { f3, fi, f7, fs} since their Cp,, are too low.

For the case where the threshold is set empirically to 0.6, five features { f1, f2, f5, f6, fo} Will be selected
(Fig. 5)
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Figure 4: Possibility distribution of C, Cs and C'5 according to each feature

Table 1: Discriminative capacities of each feature

Set of the height of Maximum of the set Cpeep | Cprep
intersection points { H;} | of the height of intersection points M},

fi {o} 1%} 1 0.792
f2 {0.2, 0.3} 0.3 0.7 | 0.748
f3 {0.8} 0.8 0.2 | 0.758
fa {0.1, 0.05, 1} 1 0 0.762
fs {0.15,0.3,0.2,0.35} 0.35 0.65 | 0.707
fe | {0.2,04,0.3,04,0.1} 0.4 0.6 | 0.652
fr {0.6,0.4,0.8} 0.8 02 | 0.53
fs {0.8, 0.5, 0.6} 0.8 0.2 | 0426
fo {0.4,0.2,0.4} 0.4 0.6 | 0.604

09

0,8

o 0.7

0,6

a &5
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0,2
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Figure 5: Discriminating power D), for each feature
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4.2 Benchmark data set

To evaluate our strategy, we use four benchmark databases from UCI Machine Learning Repository [25],
namely Glass database, iris flower database, Pima Indian diabetes database and vehicle silhouettes database.
The obtained results are compared to those obtained from five literature feature selection approaches namely
Principal Component Analysis (PCA), Linear Forward Selection (LFS), Fisher score, RELIEF and methods
proposed in [15, 16] based on possibilistic models. The evaluation of the feature selection method is based on
two concepts: the number of selected features (NSF) and the correct classification rate (CCR). Table 2 and Fig.
6 show the results obtained by each feature selection method based on the considered databases.

Table 2: Feature selection results obtained using the different methods

Method Iris Glass Diabetes Vehicle
NSF | CCR | NSF | CCR | NSF | CCR | NSF | CCR
All features 4 96.2 9 95.3 8 78.1 18 | 82.8
PCA 2 81.3 6 93.9 4 75.6 7 74.7
LFS 2 95.3 7 93.9 4 77.8 10 | 70.6
Fisher 2 81.3 4 91.5 6 76.4 10 | 74.2
Relief 2 81.3 4 934 4 77.2 10 | 72.8
Method proposed in [15] 2 95.3 7 94.4 4 76.3 8 72.8
Method proposed in [16] 3 94.4 5 94.6 5 76.3 7 75.2
Our strategy 2 95.3 5 94.8 4 77.2 6 77.5

100
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CCR (%)

80

Glass Diabetes Vehicle

m All features mPCA mLFS Fisher mRelief mMethodin [15] Method in [16] mOur

75

70

65

Figure 6: Correct classification rate calculated based on feature selection methods evaluated by 4 databases

As shown in Table2, the CCR is very dependent on the NSF, which makes difficult do highlight the contribu-
tion of our strategy. To avoid these dependencies, in [1], two rates are proposed to quantify the gain obtained by
each selection method: i) the feature selection rate (FSR) defined by the equation (2), and ii) the classification
effect rate (CER) defined by the equation (3). A CER value greater than 1 indicates that the correct classification
rate has been improved before feature selection. A value of CER less than 1 means that the selection reduced
the recognition. The higher the |1 — C'E'R|, the greater the impact of the feature selection on the classification
rate.

NSF
FSR = NAF 2
where:
NAF: number of all features
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Figure 7: Variation of classification effect rate according to feature selection rate: (a) for LFS, PCA, Relief and
our approach, (b) Fisher, method in [15], method in [16] and our approach
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Figure 8: Mean of CER measures calculated based on feature selection methods evaluated by 4 databasess

RSF

ER = "~
CER RAF

3)
where:

RSF: recognition rate using selected features

RAF: recognition rate using all features

Each point in Fig. 7 corresponds to the performances (FSR, CER) achieved by a feature selection method
for a dataset. It is quite visible that very few couples (method/dataset) have a CER greater than 1. This may
be because features could have already been preselected. It should be noted that our proposed approach shows
remarkable stability compared to the other approaches, with CER values very close to 1. This is visible by the
linear, horizontal, tight, rectilinear shape, close to the unity, of its curve.

In order to have a more comprehensive understanding of the performance achieved by different methods, the
mean is calculated as shown in Fig. 8. In fact, the mean value gives an overall estimate of the performance of
the method.

Since we aim to assess the ability of feature selection methods to keep stability on the recognition rate, we
propose to calculate the variance corresponding to each feature selection method. The method having the lowest
variance value is the one who has the most recognition stability regarding the number of selected features. As
shown in Fig. 9, our method attains the best stability score.

Our method allows us to obtain good classification results on any database while pushing the reduction of
features as much as possible. Unlike our method and methods proposed in [15, 16], other methods in the litera-
ture have random performance. Therefore, we can conclude that the inference of the representation/separation
capabilities of these methods leads to a good compromise between the feature reduction rate and the correct
classification rate on any database. However, our method is not as complicated as methods proposed in [15,
16]. In fact, the method proposed in [15] mainly depends on the complexity of the Shapley index, which in-



M. Chakroun et al. / Electronic Letters on Computer Vision and Image Analysis 21(1):111-120; 2022

0,006

0,005

o I I I I
. |
PCA LSF

Fisher Relief Method in  Method in Our
[15] [16]

Variance
o o o
[=] (=] o
o o o
S 8 B

Figure 9: Variance of CER measures calculated based on feature selection methods evaluated by 4 databases

creases exponentially with the number of features, while the method proposed in [16] depends on the number
of Cross-validation bases, which increases with the number of classes.

5 Conclusion

In this paper, we present a new method to select relevant features in an uncertain context where classes are
presented through possibility distributions. The selection of a feature is realized according to its discriminative
power that is defined as the average of the representation and separation capacities. The representation capacity
is defined through the Yager’ specificity measure [24]. In fact, the more specific the possibility distribution is
the best the class is represented. The separation capacity of a feature depends on the height of the intersection
points "M}" of all possibility distributions linked to it. The lowest "M}" height is the most the classes are
separated.

Two experiments are carried out to evaluate the proposed feature selection method. Firstly, the proposed
method is evaluated on synthetic data in order to verify that the expected results are achieved. Then, we
evaluate our strategy based on benchmark datasets to compare its performance with literature feature selection
methods (including 4 classic methods and a method that operates in the same context as ours). The possibilistic
methods, namely the proposed method and those presented in [15, 16], have shown better performance than
the classic methods. We noticed that our method has a slight advantage in terms of algorithm complexity. The
evaluation was performed through the correct classification rate criterion using an SVM classifier.
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