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Data description and data reduction are important issues in sensors data
acquisition and rough sets based models can be applied in sensors data
acquisition. Data description by rough set theory relies on information
granularity, approximation methods and attribute reduction. The distribution of
actual data is complex and changeable. The current model lacks the ability to
distinguish different data areas leading to decision-making errors. Based on the
above, this paper proposes a neighborhood decision rough set based on justifiable
granularity. Firstly, the rough affiliation of the data points in different cases is given
separately according to the samples in the neighborhood. Secondly, the original
labels are rectified using pseudo-labels obtained from the label noise data that has
been found. The new judgment criteria are proposed based on justifiable
granularity, and the optimal neighborhood radius is optimized by the particle
swarm algorithm. Finally, attribute reduction is performed on the basis of risky
decision cost. Complex data can be effectively handled by the method, as
evidenced by the experimental results.

KEYWORDS

justifiable granularity, sensor data, local neighborhood decision rough set model,
attribute reduction, granular computing

1 Introduction

In sensor data processing systems, researchers are often confronted with large amounts
of multimodal and complex sensing data. To deal with these sensing data, data description
and data reduction are pivotal process. For data acquisition, rough sets based models are
considered as effective approaches in recent years [1, 2]. Rough set theory [3] was proposed
in 1982 by Pawlak as a mathematical tool for analyzing and handling imprecise, inconsistent,
and incomplete information. Traditional rough set theory lacks fault tolerance and does not
take errors in the classification process into account at all. Pawlak et al. proposed the
probabilistic rough set model to improve rough set theory using probabilistic threshold [4].
A probabilistic rough set model has been introduced to Bayesian decision theory by [5].
Further, Yao proposed a three-way decision theory on the basis of decision rough set
theory [6].

Currently, many scholars have been improving the research on decision rough sets from
different aspects. [7] proposed the theoretical framework of local rough set. [8] proposed
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local neighborhood rough set, which integrated the neighborhood
rough set and local rough set. [9] combined Lebesgue and entropy
measure, and proposed a novel attribute reduction approach. [10]
introduced the pseudo-label into rough set, and proposed a pseudo-
label neighborhood relationship, which can distinguish samples by
distance measure and pseudo-labels.

As proposed  equivalent
modifications to the neighborhood decision rough set approach

mentioned above, scholars
from multiple perspectives. However, for complex sensor data
processing, neighborhood decision rough set methods still face
some challenges. For example, in practical applications, complex
data distribution is often uneven. In addition, the presence of
abnormal data can also greatly weaken the performance of rough
models and cannot correctly classify abnormal data points. For the
issues mentioned above, this paper proposes a local strategy to
improve the calculation process of rough membership. Additionally,
the neighborhood of sample is optimized by the particle swarm
optimization method (PSO algorithm) to offer the optimal
neighborhood granularity for the model and carry out attribute
reduction.

The remainder of this paper is structured as follows. Section 2
introduces the relevant basic theories. Section 3 presents a decision
rough calculation method based on justifiable granularity. Six
datasets are chosen in Section 4 to evaluate the suggested
methodology. Section 5 summarizes the full text.

2 Preliminary notion
2.1 Neighborhood relation and rough set

The construction of equivalence relations for numerical type
data first requires the discretization of the original data, and this
method will inevitably cause the loss of information. On the basis of
neighborhood relations, a neighborhood rough set model was
proposed by Hu et al. [11-13].

Assume that information system is expressed as
S= (U, AT =CUD, f,V).Among them, U = {x}, %3, ... , X,}
represents a collection of non-empty limited objects, AT stands
for the set of attributes, containing conditional attribute set C and
decision attribute set D.

Definition 1. Suppose the information system is S = (U, AT
=CUD,f,V), Vx €U, B<C, the §-neighborhood of x in B is
defined as:

85 (x) = {y € U|disy (x, y) < 6,6 >0} (1)

where dis (®) represents the distance between any objects, using
Euclidean distance commonly.

Definition 2. Suppose the information system is S= (U, AT
=CUD,f,V), VxeU, XcU, BcC, the rough affiliation
g (x) of x to X in B is defined as:

X N 8 (%)

#p () = P(X10s () = — 5 v
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where P(X|8p(x)) represents the conditional probability of
classification, and |e| represents the number of elements in the
combination.

Definition 3. Suppose the information system is S= (U, AT

=CUD,f,V),X<U,B<cC, the lower and upper
approximations of the decision D in B are defined as:

05(X) = {x € Ulds (x) N X #2} (3)

95 (X) ={x € U|dp(x) < X} (4)

The following definitions apply to the positive, negative, and
boundary regions of X in B:

POS;(X) = 8 (X) = {x € U| P(X|05(X)) = 1} (5)
NEG;(X) =U - 8p (x) = {x €U|P(X[0s(x)) =0}  (6)
BNDg(X) = 85 (x) =8 (x) = {x e U0<P(X|6s(x)<1} (7)

From the above definition, it can be found that the conditions on
which the neighborhood rough set is based in taking both
acceptance and rejection decisions are too severe and lack a
certain degree of fault tolerance. Only elements that are
completely correctly classified are grouped into the positive
domain. Alternatively, that are completely
misclassified are classified in the negative domain. The result of

only elements

such a definition makes the boundary domain too large.

2.2 Rough set with neighborhood decision

The rough set model for decision-making put forth by Yao et al.
[5] lacks the ability to directly process numerical data. In order to
address this weakness, a rough set model of decision theory based on
neighborhood was proposed by Li et al. [14] through the integration
of the neighborhood rough set and the decision rough set.

The decision rough set has two important elements: Q =
{X,~ X} and Action = {ap,ap,an}. When different decision-
making actions are taken, different losses will occur. App, Agp,
Anp respectively represent the cost of ap,ap and ay when X
owns the object, Apn, Agn, Ann respectively represent the cost of
ap,ag and ay when X is not the owner of the object. Through cost
risk analysis, the solution formula of (a, f) is given [5] as follows:

o= Apn — Agy )
(Apn = Ann) + (Asp — App)
Asn — AN
= 9
ﬁ (AN = Ann) + (Anp — Agp) ©)

In addition, Yao proposed three decision theories based on
decision rough set model [5], including P rule, N rule and B rule.

Definition 4. Suppose the information system S= (U, AT
=CUD,f,V), X cU, BCC, then the P, B, and N rules of X on
d-neighborhood under attribute set B are defined as:

P rule: if x € U, P(X|05(X)) > «a, then x € POSp (X);

B rule: if x € U, < P(X|d5 (X)) <a, then x € BNDg(X);

N rule: if x € U, P(X|d5 (X)) <3, then x € NEGp (X).
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3 Neighborhood decision rough
set model based on justifiable
granularity

To solve the problems discussed above, this article first
introduces the local neighborhood rough set model to eliminate
the interference of some noise data on the approximate set.

3.1 Local rough neighborhood decision
model

Definition 5. Suppose the information system S= (U, AT

=CUD,f,V), X cU, BcCC, then the X of the attribute set B is

related to the upper and lower approximation sets of the

§-neighborhood based local rough set, which are defined as:
85 (X) = {x € X|P(X185(x)) > B}

85 (X) ={x € X|P(X|05(x)) 2}

(10)
(11)
The following definitions apply to the positive, negative, and
boundary regions of X in B:
POS3(X) =85 (X) ={x e X|P(X|dp(X))2a};  (12)
NEGy(X) =U - 85 (x) = {x € X| P(X|05(x)) < B}; (13)
BNDj (X) = 85 (x) - 85 (x) = {x € X|B<P(X|05(x) <a}. (14)
The the
neighborhood rough set model and the neighborhood rough

most significant difference between local
set model is the different search scope when finding the upper
and lower approximation sets. In the neighborhood rough set
model, finding the approximation set for each decision category
requires traversing all the data points in the data set. However,
in the local neighborhood rough set model, the focus is on the
data points of the same category, and only the data points of the
same decision category need to be traversed. This greatly
the effort the

computational speed [14]. This model not only improves

reduces computational and increases
computational efficiency, but also eliminates the interference
of noisy points.

In addition, the traditional method of calculating rough
affiliation does not take into account the complexity of the
data. In this paper, the calculation process of affiliation degree
is improved for the affiliation degree, and the process is as
follows:

Suppose S = (U, AT = C U D, f,V) is a decision system, U/D =
{X1,X5,... X4} is the decision attribute of all objects U in the
decision attribute set D, Vx € U, the neighborhood of x is
expressed as §(x), the decision value of the information system
is L = {1,2,...,d}. Now suppose that the decision value of the sample

x to be investigated is q.

(1) 18 (x)| <N (N represents a small positive integer), this paper sets
rough membership degree to P(X|8(x)) = e™.

(2) Ly =g, Vx; € 6(x), |Ly]| =1 and Ly, = g, this paper sets rough
membership degree to min[1, py +s x (|06(x)| — N)], where py
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represents the initial probability value and N represents the
minimum number of neighborhoods, s represents the
search step.

(3) Li=q Vx;i€8(x)—x; |Lgyl=1
membership degree is set to P (X|d(x)) = 0.

and |Ly|#g, rough

Depending on which of the data points in the neighborhood
information granularity are specifically situated, above rules is used to
define the rough membership function for each category of data points.

Based on the above discussion, this paper designs the following
Algorithm 1 to calculate the upper and lower approximation sets
and identify the anomalous data. Different from the classical method
that only considers the upper and lower approximation sets,
Algorithm 1 not only identifies label noise data points and
outlier data points based on the neighborhood information,
making the upper and lower approximation sets more accurate.
It also appends category information to the label noise data, which is
referred to as pseudo-tagging in this paper.

Input: S=(U,AT=CuD), neighborhood radius &, cost
matrix A.
Output: lower approximate & (X;), upper approximate

S(Xq), outlier points set 0, labeled noise points set
Noise, and predicted pseudo-labels set Noise’.
1: Segmentation of the entire dataset by tag

categories U/D ={Xy,Xo, ..., Xq}.

2: Using the costmatrix, the threshold value « andp
are calculated according to Egs 8, 9.
3: For vx; € Xq
4 Compute the §-neighborhood &(x;) of x; on the
conditional attribute set C and obtain the
label category Lo,y ={1,2, ..., d}.
5: end
6: If|6(x:)<N
7: P(Xqlo(x3)) =e™®.
8: 0=0uU{x5}.
9: End
10:  If |Lopyl=1& Ly, =g
11: P(Xqld(x1))=0.
12 Noise = Noise U {x;}.
13: Noise' = Noise' U {x;}
14 End
150 If T<|lsxyl<d
16: P(Xgl8(xy)) = 20l
17: End
18:  If P(Xgld(xi))>a
19: 3 (Xg) =8 (Xq) U fx1} .
20: If P(Xglé(x1))>p
21: 8(Xg) = 6(Xg) U {x1} -
22: End
23: End
24: Returnd (Xq), 6(Xg), 0, Noise, Noise'.

Algorithm 1 The upper and lower approximation sets of
local neighborhood rough set.

Algorithm 1 detects outliers and labeled noisy points, as well as
enables the detection of data points for high-density areas. In fact,
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TABLE 1 Dataset description.

No. Datasets Sample  Attribute  Class
1 Banknote Authentication 1372 5 2

2 Cardiotocography 2126 23 10

3 Glass Identification 214 10 7

4 Tonosphere 351 34 2

5 Sonar 208 60 2

6 WDBC 569 31 2

some samples are not always considered as outlier data or noise, and
their decisions sometimes depend on the choice of neighborhood
radius.

3.2 Selection of neighborhood information
granularity based on justifiable granularity

According to the above-mentioned rough set model, a smaller
neighborhood radius contains very little information, while a
larger radius may cause the next approximate set to be an empty
set. This paper introduces the justifiable granularity criterion [15,
16]. There are generally two functions in the construction of
information granules, namely, covering function and
particularity function.

The coverage function describes how much data is in the
constructed information granule. This paper designs the coverage

index function as shown below:

cov(8) = max[0, F; + F,] (15)
where F; = m Z |($q (x)I - jirll,?i(d |5j (x)l and F, = |5(lx)|

xeXy i4q

(|POS(X,)|-| BND(X,))).

The coverage index function mentioned above is considered
from two perspectives, namely, neighborhood information
granularity and approximate set. In terms of specificity criteria,
the smaller the neighborhood radius, the better. Therefore, the
specificity function can be designed as: sp(6) =1 - 6.

Obviously, the two are contradictory. Therefore, the
function for optimized performance can be written as the
multiplication of specificity and coverage, which is: Q=
cov (8) x sp(9).

In this way, the optimal neighborhood about X, can be
obtained. To further elaborate, the cumulative behavior can be
represented in terms of the decision partition set U/D =
{X1, X5y, X4} as follows: Q=Q; +Q; +..+Qy where Q,
Qs,. .., Qg correspond to the optimized value of each decision
class.

To achieve the optimal Q value and the corresponding
optimal neighborhood radius. In this paper, PSO algorithm is
used for optimization [17, 18], which is an evolutionary

algorithm based on population intelligence, proposed by Drs.
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Kennedy and Eberhart in 1995. In this paper, we use the PSO

algorithm to intelligently —optimize the selection of
neighborhoods and select the appropriate granularity as a way
to improve the accuracy of decision making.

Moreover, to update the dataset, one can utilize the
noise identification strategy along with the set of predicted
pseudo-decision labels. The main steps are described in

Algorithm 2.

1: Obtain the optimal neighborhood radius § using PSO
optimization algorithm;

2: Execute Algorithm 1 to obtain the approximation set,
the set of outlier points, the set of labeled noise
points, and the pseudo-tags of labeled noise points;

3: Updating decision labels for noisy data based on
pseudo-labels;

4: Update the approximation set using the modified
decision system.

Algorithm 2 Update of rough approximation set in label
noise injection environment.

3.3 Attribute reduction based on
neighborhood decision rough set model

In this paper the risky decision cost will be used to reduce the
attributes. It comes from the Bayesian decision process, which is
comparable to the classical rough set. Risky decision costs for P, N
and B rule can be separately expressed as:

COSTpos = .
x;eu/D
m (16)
Z Z(A’;’P.P(XA [x]ck) + AI;’N.P(N le [x]Ck))
xePOS (X;) k=1
COSTyg = .
x;eU/D
m (17)
Y Y (MeeP(X|Ixle,) + MveP(~ X|[x]c,))
xeNEG (X;) k=1
COSTsxp= ).
x;eU/D
(18)

z Z(A};P'P(XA [x]Ck) + AZN'P(N le [x]Ck))

xeBND (X;) k=1

As discussed above, the cost of making a risky decision for all
decision rules can be obtained as:

COSTg = COSTpos + COS Tngg + COS Tynp (19)

Obviously, the higher COS T', the greater the significance of the
attribute becomes evident.

Definition 6. Suppose  the  information  system
S=(U,AT=CUD,f,V), BCC, a¢ B, the significance of an
attribute is defined as:

sig(a, B, D) = COS Ty, (D) — COS T (D) (20)
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Comparison of AQ and NN with different noise ratios.
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A scheme based on neighborhood decision rough sets is
designed for forward search to achieve the optimal reduction. Its
specific steps are shown in Algorithm 3.

1 RED = @ .

2: Fora; eC-RED

3: Calculate sig(a;,B,D) = COS Trepya, (D) — COS Tgep (D) .

4 End

5 Select ay which satisfies sig(ax,B,D)=max;(sig
(ai, RED,D)) .

6 If sig(ax,B,D)>0
7: RED = RED U {ay} .
8: Else

9 Break.

1 End

1 Return RED

_a .-

Algorithm 3. Attribute reduction based on neighborhood
decision rough set model.

3.4 Evaluation index

To assess the effectiveness of the suggested approach, this article
discusses the following two evaluation indicators: the lower
approximation and information granularity.

Approximation quality (AQ): Given decision information

system S= (U,AT=CUD,f,V), AcC, the approximate
quality of A relative to D [19] is defined as:
U 84(X,)
=L —Tl(g=12..d 1)
v="g )

The y value is expressed as the ratio of the number of objects
correctly classified by the conditional attribute set A to the number
of all objects in the decision information system. The performance of
the proposed granularity description is evaluated in terms of the
lower approximation.

Neighborhood number(NN): x € U, suppose x € Xg. §,(x) is the
set of data points with decision label g in the neighborhood of x.
Therefore, the categories of similar decision label data and different
data in the neighborhood can be described as:

(22)

NN=Y (ISq(x)l- i |5j(x)|>

xeXq j=Lj*q

The larger value of NN indicates that the information
granularity provides greater information value to the decision
maker and more reasonable granularity.

4 Experiment analysis

In this section, six UCI datasets are utilized to illustrate the
feasibility and validity of the suggested methodology. Table 1
describes the relevant information of the datasets.
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Parameter setting of PSO algorithm, initialize the particle
swarm size to 300, a maximum of 100 iterations is permitted, the
individual experience learning factor ¢; = 1.49445, the social
experience learning factor ¢, = 1.49445, the top flight speed of
the particle is 0.5 and the allowable error is set to 0.1. For the
purpose of assessing the effectiveness of the inertia weight w,
consider the use of a linear differential decreasing inertia weight
[20], which is expressed as:

dw _ 2 (Wstart = Wend)
dk~ T:

max

x k (23)

(wsturt — Wepd )
2
T max

w (k) = Wetars — x k* (24)
where wy,,¢ represents the initial inertia weight, w4 represents the
inertia weight when the iteration reaches the maximum number, k
represents the current iteration number, and T, is the maximum
iteration number. Set W,y = 0.9 and w,,y = 0.4.

Figure 1 show the performance of y and NN respectively. The
neighborhood decision rough set model based on reasonable
granularity proposed in this paper is abbreviated as JGNDTRS,
and NDTRS stands for traditional neighborhood decision rough
set. Various noise ratios are represented on the x-axis of each
subfigure, which corresponds to a dataset. It can be seen
intuitively from the figure that as the noise ratio increases,
the approximate quality and NN of NDTRS both show a
downward trend. Regarding various noise ratios, the
JGNDTRS can obtain the best and relatively stable values of y
and NN in all datasets. Furthermore, JGNDTRS has remarkable
performance in identifying anomalous data such as high-density
and sparse-density region data points as well as label noise
points.

Figure 2 shows the comparison of the cost of JGNDTRS and
NDTRS when performing attribute reduction. A dataset is
represented by each subplot, and various Universe sizes are
shown on the x-axis. Through closer observation, we can
conclude that the decision cost of both JGNDTRS and NDTRS
shows a decreasing trend as the size of Universe increases. In each
dataset, the decision cost of JGNDTRS is always lower than that of
NDTRS, regardless of the value of the Universe size. This indicates
that JGNDTRS has a superior performance with less cost used in
performing attribute reduction.

5 Conclusion

The proposed neighborhood decision rough set model
compensates the lack of fault tolerance of classical rough sets.
However, there are some challenges in the existing models when
dealing with complex data. In this paper, we propose a neighborhood
decision rough set model based on justifiable granularity. Firstly, the
calculation of rough affiliation is improved according to the number
of data points in the neighborhood and the corresponding decision
label categories. Secondly, to rectify the original labels, provide
pseudo-labels for the noisy data points that are found. A justifiable
granularity criterion is introduced and the optimal neighborhood
radius is obtained by PSO algorithm. Finally, the risky decision cost is

used for attribute reduction. The results of the experiments
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demonstrate that the neighborhood decision rough set model based
on justifiable granularity has significant performance in identifying
abnormal data points and can enhance classification performance. In
the future work, the attribute reduction of the neighborhood decision
rough set based on justifiable granularity will be further investigated.
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