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Abstract

RFID Network Planning (RNP) is the problem of deploying RFID readers within a workspace so
that each tag can be covered by at least one reader. The objective of RNP is to determine the optimal
positions of readers while satisfying certain constraints, such as maximum coverage, minimal
interference, load balance among readers, etc. However, most previous studies considered the
workspace rectangular or square and assumed a fixed number of readers. They then employed some
heuristic methods to find the optimal reader positions. This approach is not practical because the
workspace can have any shape, and an approach adaptable to the actual shape of the workspace is
needed. This paper proposed an improved adaptive model considering the workspace shape, called
RNP-3P. The objectives of RNP-3P are to minimize the number of readers, maximize coverage area,
minimize interference, and achieve load balance. RNP-3P optimizes the problem in three phases:
Phase 1 involves modeling the workspace with grid cell size, Phase 2 determines the objective
function, and Phase 3 proposes the iGAPO algorithm to optimize the number and positions of readers
within the workspace. Simulation results demonstrate that the proposed model is more effective
compared to other heuristic methods.

Keywords: RFID Networks, RFID Network Planning, Genetic Algorithms, Optimization Number
and Positions of Readers.

1 Introduction

Internet of Things (loT) is an inevitable trend in technology in the near future, the device's
communication ability is the most important point of 10T, in Radio Frequency ldentification (RFID)
technology is contributing to promoting the development of this trend. RFID has been widely applied in
the retail business when it is expected to completely replace barcodes or in medical applications with
monitoring capabilities to take care of the elderly or infants. In addition, this technology is widely used
in security systems, the transportation industry, etc (Costa et al., 2021).

An RFID network consists of a set of RFID tags, one or more RFID readers interconnected, and a
central base station for data storage and processing (Figure 1). An RFID tag can be active or passive.
Active RFID tags are powered by their energy source, such as a battery, while passive RFID tags do not
have their power source. They derive power from the interrogation signal of the reader to respond with
a small amount of data (typically the tag ID). Passive tags are relatively small and inexpensive, which
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makes them widely applicable in real-world scenarios, such as public security, traffic control, warehouse
monitoring, and more.

Each RFID reader has a limited coverage area, so there is a need for an RFID network that allocates
RFID readers in a way that they can cover/read all the tags. Additionally, some other constraints such
as minimizing the number of readers, minimizing interference, achieving load balance among readers,
etc, are additional requirements that can be present in RFID systems. The problem of deploying a
network of RFID readers with multiple objectives is known as RFID Network Planning (RNP).
Optimizing RNP is a challenging task and is considered NP-hard (Khamayseh et al., 2020). Various
proposals have been made to address this problem, primarily using heuristic algorithms such as Genetic
Algorithms (GA) (Suriya & Porter, 2014), Particle Swarm Optimization (PSO) (Bhattacharya & Roy,
2010), Cuckoo Search (CS) (Jaballah & Meddeb, 2017), etc. However, these solutions often consider
the workspace as rectangular or square. Furthermore, the number of readers in the workspace is usually
assumed to be fixed initially, and a heuristic algorithm is used to optimize the positions of these readers.
This approach is not realistic since the workspace can have any shape, and the distribution of tags can

vary.
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Figure 1: An Example of an RFID System

In this paper, we proposed a method for arranging RFID readers within a workspace of arbitrary
shape and subsequently presented a method for optimizing the number and positions of readers using a
grid cell size-based approach. The proposed model is named RNP-3P and performs optimization in three
phases: Phase 1 involves modeling the workspace based on grid cell size; Phase 2 defines the fitness
function; and Phase 3 introduces the iGAPO algorithm to optimize the number and positions of the
readers within the workspace.

The subsequent sections of this paper include: Section 2 presents related studies in the field of RNP,
Section 3 introduces the proposed RNP-3P model, Section 4 covers implementation results and analysis,
and Section 5 concludes the paper.

2 Related Works

Since the RNP problem belongs to the category of NP-hard problems (Guan et al., 2006), the commonly
used approach is to use mainly heuristic methods, especially evolution-based methods. chemistry.
Among them, the most popular and effective solution is GA and its variations. Guan et al. (2006) is one
of the first works to apply GA to the RNP problem. Their goals include minimizing the number of
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readers needed, minimizing interference, maximizing reader coverage, and ensuring an uplink signal
from the tag to the reader. These objectives are formulated into component objective functions and the
fitness function is defined as the weighted sum of these component objectives. Experimental results on
a rectangular workspace of 120m? show that the genetic algorithm only needs 6 readers to cover 92% of
the monitored area, while Vasquez et al. (2001) required 7 readers to achieve 90% coverage.

Applying GA to the RNP problem was also explored by Botero and Chaouchi (2011), considering 6
objectives: minimizing the overlap between readers' coverage areas, minimizing the required number of
readers, maximizing the covered number of tags, minimizing the number of readers positioned outside
the workspace, minimizing excess readers, and minimizing the number of overlapping tags within
reading ranges. Experiments were conducted on two propagation models, Friis and 1TU, within a
20x20m? workspace. The results showed that the ITU model exhibited less coverage range, required
fewer iterations, and had faster processing times compared to the Friis model.

The study by Xiong et al. (2013) proposed using GA to minimize the number and position of readers
in a 30x30m? workspace, using 99 randomly distributed tags. Where only 10 readers are used, the
coverage area of these readers can cover 76 tags, which is an improvement over previous studies that
only covered 72 tags. To include all 99 tags, the proposal of Xiong et al. (2013) required 21 readers,
which is still significantly less than previous studies requiring 30 readers.

In contrast to the above-mentioned studies, the proposal of Tang et al. (2016) proceeds to consider
heterogeneous coverage areas. The goal proposed by Tang et al. (2006) is to minimize the cost and
interference of readers. The method is to use a divide-and-conquer policy. Simulation results show that
the proposed multi-objective genetic algorithm performs better than several evolution-based methods.

One of the limitations of the evolutionary algorithm in the RNP problem is that the coding scheme
(chromosome) has a fixed length; This limits the adjustment of the number of readers. Therefore, Zhang
et al. (2017) developed a flexible genetic algorithm in which chromosome length can vary. Techniques
such as crossover are achieved through region swapping and Gaussian mutation. Simulation results show
that the flexible genetic algorithm brings higher efficiency in terms of coverage, interference, and
convergence compared to the traditional genetic method.

A combination of GA and PSO has also been proposed by Feng and Qi (2013), where Feng and Qi
(2013) introduced the GA-PSO solution for optimizing the allocation of RFID reader positions. The
main idea of this hybrid algorithm is to divide the PSO population into multiple swarms and use genetic
selection and mutation techniques to improve swarm performance. In another study, Zhu and Li (2018)
used a combination of GA and PSO to directly deploy RFID readers for monitoring predictable moving
objects.

The combination of using GA with different grid sizes has also been proposed by Le et al. (2023),
where three grid sizes of 3.2m, 1.6m, and 0.8m were investigated. The results showed that smaller grid
sizes led to higher deployment efficiency. However, this benefit was counterbalanced by increased
computational complexity. A recommendation for a grid size of 1.6m was suggested as a compromise
between network planning effectiveness and computational complexity. Additionally, the proposal by
Le et al. (2023) utilized an ON/OFF policy for readers to eliminate non-compliant readers based on
predefined conditions.

However, in all of the aforementioned studies, the assumption of a square or rectangular workspace
is unrealistic, as workspaces can have arbitrary shapes. Moreover, the initial number of readers is also
assumed to be fixed. Then an effort is made to reduce the actual number of readers needed by
deactivating or removing some readers. This lack of flexibility arises when there are changes in the
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number of tags and the distribution density of tags within the workspace. This paper addresses these
issues by proposing a 3-phase model named RNP-3P, in which the first phase involves modeling the
workspace using grid cell sizes. The second phase determines the fitness function values, and the third
phase employs the improved GA-based Placement Optimization (iGAPO), an enhancement of GA, to
optimize the quantity and positions of readers within the workspace. The detailed model is described in
the following sections.

3 The RNP-3P Model

Formulation

To optimize the RNP, we proposed an RNP-3P model with 3 phases: In Phase 1, the workspace is
transformed into a list of candidate installation positions based on the given grid cell sizes; Phase 2
involves constructing a fitness function that represents the objectives and constraints of the RNP
problem; and in Phase 3, an optimal installation position search is performed using an improved version
of the Genetic Algorithm (improved GA-based Placement Optimization - iGAPO). The detailed
operation of the model is described in Figure 2.

Workspace

Constructing

Modelling the workspace by
position list the Fitness Function

Figure 2: The RNP-3P model

position based on the iGAPO —_

algorithm
The best
position

=
Optimizing RFID reader}

Phase 1: Modelling the Workspace by Position List

Determining the Grid Cell Sizes

Assuming the readers are configured at a frequency of 915 MHz, transmit power of 2 watts (W), receiver
power threshold of 0.1 milliwatts (mW), and equipped with an isotropic antenna having circular
coverage with a radius determined by Equation (1) (Huang & Chang, 2011; Le et al., 2023).

_ 1 |PGG,

-4 1
T r @)

where:

Pt : The power transmitted by the reader (2 W)

P: : The power transmitted by the tag (0.1 mW or —10 dBm)
Gy, Gy, : The gain of the reader and tag (assumed to be 1)

A : The wavelength of the signal (0.3278 m)

r : The radius of the antenna coverage area
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By using the aforementioned values, the reading radius of each reader is determined to be r = 3.69m.
The access approach based on the concept of hexagonal tiling (Huang & Chang, 2011; Le et al., 2023)
serves as an example of arranging readers to cover the entire workspace with the minimum interference
region size. With the wave coverage radius of each reader being 3.69m, the distance between the
placements of two consecutive readers will be r = 2x3.69%c0s(30°) ~ 6.4m, as indicated in Figure 3.

Cell size ~ 6.4m

Figure 3: Circular coverage area organized into Hexagons

Thus, with the organization of the circular coverage area into hexagons, the ideal distance between
two readers is 6.4m. The RNP problem can therefore be transformed into a reader placement problem
with various objectives (maximum coverage area, minimum Interference, maximum load balance, etc.),
with an additional constraint that the minimum distance between two neighboring readers is 6.4m. Note
that the value of 6.4m might change depending on the RFID hardware technology and the available
power of the readers. Newer RFID reader technologies might have broader coverage areas, but as the
reader's power decreases, its coverage area might shrink. Nevertheless, the solution we propose remains
adaptable to these assumptions.

Determining the List of Installation Positions

As mentioned above, the proposed solutions for the RNP problem often consider a rectangular or squared
workspace, which is not suitable for real-world deployments. In this paper, we examine a workspace of
arbitrary shape, and without loss of generality, we assume an elliptical working area with a major axis
of 50m and a minor axis of 30m, as shown in Figure 4. The tags are randomly and uniformly distributed
within the working area. To limit the number of candidate installation positions, the working area is
divided into a hexagonal grid (Figure 3). The grid cell diameter is 6.4m as analyzed in the above section.
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Figure 4: An example of a working area divided into a cell size
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As depicted in Figure 4, only grid cells size with an area larger than 50% of the working area (grey
cells) are considered for reader placement, while the remaining cells with an area less than 50% of the
working area are excluded from reader placement consideration (white cells). Based on this criterion,
we create K positions (assuming there are K positions) of candidate installation positions. The RNP
problem is then transformed into a search problem to find the optimal positions of n readers from K
positions of candidate cells. There will be C# possible solutions.

Phase 2: Constructing the Fitness Function

Deploying readers within a working area needs to satisfy various criteria, which are formulated as
objective functions. Common criteria such as coverage, interference, and load balance are often
considered in RNP problems by many studies. This paper also considers these criteria to evaluate the
effectiveness of the RNP-3P model.

Coverage

Improving coverage is always a crucial goal in RFID network design. In many applications, full coverage
is required, meaning that each tag is covered by at least one reader. Let N,. be the set of initially deployed
readers, and TS be the set of tags. Since both communications from the reader to the tag and
communication from the tag to the reader are considered, for any tag € TS, it is considered to be covered
if and only if there exists a tag € TS, that satisfies the condition Distance(reader,tag) < r (the
Euclidean distance from the reader to the tag is less than the reading range).

The coverage ratio of the network can be defined as in Equation (2), where f1 is the coverage objective
function.

cv(tag)

=C0V = —_—
fi TS| (2)
tageTS
where
1 if 3reader € RS, Distance (reader,tag) <r
t =
cv(tag) {0 otherwise }

and |TS| is the number of tags distributed within the working area.

According to Equation (1), the value of f; belongs to the range (0, 1): a larger f; indicates greater
efficiency as it implies a higher number of tags being covered.

Interference

Achieving complete tag coverage can lead to overlapping interrogation areas for the readers. This
coverage can cause interference when multiple readers attempt to query a tag simultaneously, resulting
in read errors and consuming more energy (Figure 1, tags are named from t; to ts). Therefore, one of the
important next tasks of RNP is to reduce interference. To address this, the paper proposed a function to
reduce the number of tags read in interference areas, as described in Equation (3):

_ TS|
f2_|T5|+ I

Where I, represents the number of tags within the interference area. The value of f, = 1 when I; =0,
indicates that in this case, the installation of readers does not cause interference.

)
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Load Balance

In an RFID system, load balance for the readers is essential because it affects the balance of their energy
consumption. In practice, the energy of the readers is not unlimited. If a reader is responsible for too
many tags, it will quickly deplete its energy, and communication quality will deteriorate. However, if a
reader operates below its average capacity because it only handles a few tags, this will result in resource
waste and increase network planning costs. Therefore, building an RFID system needs to consider load
balance. The formula for determining the load balance objective function (Cao et al., 2021) is as follows:

[Ny |
o=, (4)
i=1

In which T; represents the number of tags handled by reader i.

Combining the Objective Functions: Fitness Function

While the primary objective of the RNP problem is to minimize the number of required readers, it's
important to ensure other constraints such as coverage, interference, and load balance are met. Therefore,
the fitness function for each candidate solution is calculated as the weighted sum of the objective
functions (2), (3), and (4) using the following Equation (5):

fitness = fiwy + fowy + faws (5)

Where wi represents the weight of objective function k, and Y3_, wy, = 1. The best solution has the
highest fitness value.

Phase 3: Optimizing RFID Reader Position based on the iGAPO Algorithm

iIGAPO Algorithm

Currently, there are numerous research studies applying heuristic algorithms such as GA, PSO, CS, etc.,
to optimize the placement of RFID readers. Each solution comes with its advantages and disadvantages.
However, most of these studies fix the initial number of readers (N,), which limits adaptability. If N,. is
set to a small value, achieving complete tag coverage becomes challenging. Conversely, if N,. is set too
high, it leads to inefficiencies, increased interference, and load balance.

Therefore, we propose an algorithm named iGAPO (improved Genetic Algorithm Placement
Optimization) to search for the optimal placement positions of n RFID readers with the smallest possible
value N,.. The details of the iIGAPO algorithm are described in Figure 5.

The goal of our proposed iIGAPO algorithm is to optimize the number and position of readers
allocated in a workspace of arbitrary shape, which is consistent with real-world workspaces. Optimizing
the number and position plays a crucial role in the RNP problem. On one hand, it helps minimize
equipment investment costs by finding the optimal number of readers. On the other hand, determining
the optimal locations aids in the installation and control of evaluation criteria related to coverage,
interference, and achieving a better load balance. This forms the basis for the algorithm's ability to
deploy and install RFID reader devices in real-world workspaces.
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Figure 5: Flowchart of proposal iGAPO algorithm
The algorithm is executed as follows:

First, we determine N; (the number of readers allocated within the workspace) using the formula N,
= Nmin, Where Nmin represents the minimum number of readers that can be allocated in the system and va
0 < Nmin < Nmax. Nmax is the maximum number of readers that can be allocated. As shown in Figure 4,
Nmax is calculated as Nmax = K = 34.

The iGAPO first checks the condition Ny < Nmax. If Nr = Nmax, the algorithm terminates because at this
point, the number of readers is nearly covering the entire workspace, and there is no need to search for
optimal installation positions anymore. If Ny < Nmax, the improved GA is invoked (see Section Using

Genetic Algorithm) to determine the optimal positions for N readers. The fitness function value fnow is
determined based on the current N, readers.

Next, the condition faow > fore + A is checked, where fqre is the previous fitness value when the number
of readers was Ny -1, and A is the fitness change value (determining the extent of fitness value change
beyond a certain threshold to adjust the number of readers). If this condition is satisfied (YES), fore iS
updated to fiow, and the value of N, is increased. If this condition is not met (NO), the algorithm
terminates because increasing the number of readers at this point does not improve the objective fitness
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function value. In this case, the current number of readers N, is considered optimal for the working area.
The algorithm will terminate in two scenarios: (1) when N, reaches Nmax or (2) when it finds the best N,
value according to the fitness function provided.

Using Genetic Algorithm

The objective of the RNP problem in this paper is to determine the optimal positions of readers within
the workspace, so the position of each reader on the grid is of primary concern. Therefore, candidate
solutions are encoded as pairs of genes representing the positions of readers in each candidate solution.
The result is a chromosome structure consisting of a sequence of 2N, genes, where N; represents the
number of readers. Figure 6 illustrates the structure of a chromosome.

1

reader; reader, reader,
X1 Y1 X2 Y2 Xn Yn
gene
Chromosome

Figure 6: Chromosome Structure

The genetic algorithm is executed as depicted in the diagram in Figure 7.
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Figure 7: Genetic Algorithm Flowchart

1. The initial population is randomly initialized with several individuals in the population equal to 5%

of the total number of individuals in the population. To ensure that individuals are evenly distributed
in the solution space, we initialize them according to a Gaussian distribution.

To select the best individuals for the next generations, we use the fitness value described in Equation
(4).

For Genetic Algorithms, the stopping criterion is often a specific number of generations (e.g., 50 or
100). Additionally, we recommend adding a condition where the fitness value remains unchanged
for a certain number of generations (e.g., 3 or 5 generations) to reduce the number of generations
further.

The method for selecting parents for crossover is based on the roulette wheel, where the size of each
slice (pie) of the wheel corresponds to the fitness of each individual in the population. With this
selection method, any individual has a chance to be chosen. Individuals with higher fitness have a
higher probability of selection, while individuals with lower fitness have a lower probability of
selection (as shown in Figure 5). An example of the probability of selecting parents for mating
among 5 individuals based on their fitness values in Figure 8.
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1 0.865 4
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4 0.1258 ,

5 0.6895 3 18%

Figure 8: An example of the probability of selecting parents for mating among 5 individuals based on
their fitness values

1. In Genetic Algorithms, crossover can occur at a single point, multiple points, or uniformly. In this
RNP problem, the crossover is performed at a single point, where the crossover point is randomly
chosen.

2. The mutation is typically performed only at one gene and with a relatively low probability (around
0.01), aiming to introduce diversity in the offspring while ensuring that the mutated individual is not
too different from its parents. The mutation value range must be within the coordinate domain of
the working region.

3. The new population is selected based on the fitness values of the offspring and their parents, of
which 20%-30% of elite individuals are transmitted directly to the next generation and 70%-80%
The remaining individuals (including the remaining parents and newborn offspring) have the best
fitness.

The algorithm stops when the fitness value does not change for a certain number of generations, for
example, 5 generations. The individual with the best fitness in the population will finally be chosen as the
encoding for the best candidate solution found.

4 Simulation Results and Analysis

The simulation is implemented using the Python programming language. To maintain generality, we
assume an elliptical working area with a major axis of 50m and a minor axis of 30m, as shown in Figure
4, where 90 RFID tags are randomly distributed within the test area. The weights of the objective
functions f1, f, and f3 are determined as follows: wi = 0.6, w, = 0.2, and wz = 0.2. The coverage criterion
is still considered the most important, so it has a higher weight. By dividing the area into cells with a
size of 6.4m, the maximum number of readers that can be deployed in the working area is Nmax = 34.
The simulation parameters are as shown in Table 1.
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Table 1: Simulation Parameters

Parameters

Value

Fitness weight

wy =0.6; w, =0.2; wz=0.2

Fitness function

Equation (5)

individuals/population

Nimax 34 RFID reader
Nimin 15 RFID reader
A value 0.01
stopping condition Over 100 generations or 5 generations, fitness remains
unchanged
The number of 8

The selection method

Roulette wheel

Crossover method

A crossover point

Mutation method (probability)

A gene (0.05)

Selecting the next generation

30% from the best of parents and 70% from the best of

offspring

The Simulation Objectives Include

o Comparing the efficiency of RFID network planning based on GA and iGAPO;
e Comparing the efficiency of the iGAPO as the number of tags varies.

Comparing the Efficiency of RFID Network Planning based on GA and iGAPO

We conducted a comparison between iGAPO and GA in a workspace with 90 tags, and the number of
readers varied between 15, 20, and 25 for GA. The results are illustrated in Figure 9. The findings
indicate that iGAPO has a better fitness value than GA in all three cases when GA is used with a fixed
number of readers at 15, 20, and 25. Additionally, the generation count to achieve convergence for
iGAPO is also better than GA. Specifically, GA with a fixed number of readers at 15 converges in 50
generations, with 20 readers converging in 60 generations, and 25 readers converging in 70 generations.
In contrast, iIGAPO achieves convergence in 50 generations.

0.95
0.9
0.85
0.8
0.75

Fitness value

0.7
0.65
0.6

0.55
10 20

30

40

50

Generations

60

iGAPO

GA (N=15)
GA (N=20)
GA (N=25)

70 80 90 100

Figure 9: Compare the fitness value of iGAPO with GA
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A comparison of GA in Table 2 according to the criteria of fitness value, coverage, interference, and
load balance shows that as we increase the number of readers, fitness value also increases in GA. The
reason for the increase in fitness value is the improved card coverage. Specifically, with 15 readers, the
coverage only reached 76.67%. However, it increases to 91.11% with 20 readers and 96.67% with 25
readers. Increasing the number of readers also leads to an increase in noise values due to increased
overlap of reader regions. As shown in Figure 10(a), with 15 readers there are only 4 tags in the
interference area, but with 20 readers in Figure 10(b) there are 7 tags, and with 25 readers in Figure
10(c), 10(d), there are 11 tags. Increasing the number of readers also leads to a decrease in load balance,
with 15 readers reaching 91.25%, while with 20 readers, this number drops to 85.32%, and 82.66% with

25 readers.
Table 2: Comparison of the efficiency of the GA and iGAPO
Algorithm | Nr | fitness f1 f2 f3 Coverage | Interference | Load balance
GA 15 | 0.83362 | 0.76667 | 0.955556 | 0.9125294 | 76.67% 4.44% 91.25%
20 | 0.90176 | 0.91111 | 0.922222 | 0.8532439 | 91.11% 7.78% 85.32%
25 | 0.92087 | 0.96667 | 0.877778 | 0.8265894 | 96.67% 12.22% 82.66%
iGAPO | 21 | 0.94487 | 0.95556 | 0.933333 | 0.9243659 | 95.56% 6.67% 92.44%
From the results above, we can observe that using the GA for the RNP problem is less efficient.

When increasing the number of readers, the fitness value increases, but it comes at the cost of increased
interference and reduced load balance. Moreover, in the RNP problem, determining the minimum reader
value to achieve the most criteria is of the highest priority. Therefore, we propose using the iGAPO for
Phase 3 of the proposed model to address this goal.

0.0 -
0.0 3.2 6.4 9.6 12.816.019.222.425.628.832.035.238.441.644.848.0

Reader and tag distribution

0.0 =
0.0 3.2 6.4 9.6 12.816.019.222.425.628.832.035.238.441.644,848.0
X

(a) GA with 15 RFID reader

Reader and tag distribution

s

II ,AI ll
‘F
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X

(c) GA with 25 RFID reader

Reader and tag distribution

P I

0.0 3.2 6.4 9.6 12.816.019.222. 425 628.832.035.238.441.644.848.0

(b) GA with 20 RFID reader

Reader and tag distribution

0.0 = -
0.0 32 6.4 9.6 12.816.019.222.425.628.832.035.238.441.644.848.0
X

(d) iIGAPO with 21 RFID reader

Figure 10: Allocation of reader positions using iGAPO compared to GA
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As shown in Table 2, with the iGAPO, the optimal number of readers N, is 21, which is more efficient
compared to using 25 readers with GA. Specifically, the fitness value increases by 2.4%, from 0.92087
to 0.94487. Although the coverage has decreased by 1.1% compared to using 25 readers with GA, the
interference has reduced by nearly 50%, and the load balance has improved by almost 10%.

Comparing the Efficiency of the iGAPO as the Number of Tags Varies

We continued to evaluate the effectiveness of the iGAPO by randomly changing the number of tags
from 30 to 120 tags in the workspace, and the results are presented in Table 3. From Table 3, we can see
that the iGAPO demonstrates a good ability to adapt to changes in the number of tags. Specifically, when
the number of tags is low, the optimal allocation of readers also decreases, and as the number of tags
increases, the number of readers also increases to cover the tags effectively. As shown in Figure 11, the
iGAPO consistently achieves tag coverage of over 95% in all four cases of varying the number of tags
in the workspace. With a large number of tags, an increase in interference and a decrease in load balance
are inevitable. However, tag coverage also increases accordingly.
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Figure 11: Allocation of reader positions using the iGAPO as the number of tags varies from 30 to 120
tags
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Table 3: Comparison of the efficiency of the iGAPO as the number of tags varies

RFID tag | Nr | fitness f1 T2 f3 coverage | Interference | Load balance
30 13 | 0.9775196 | 0.96667 | 1.00000 | 0.98759 | 96.67% 0.00% 98.76%
60 17 | 0.9617135 | 0.98333 | 0.90000 | 0.95856 | 98.33% 10.00% 95.86%
90 21 | 0.9448725 | 0.95556 | 0.93333 | 0.92436 | 95.56% 6.67% 92.44%
120 25 | 0.9408239 | 0.99167 | 0.88333 | 0.84578 | 99.17% 11.67% 84.58%

5 Conclusion

RFID network planning is a problem classified as NP-hard and is often solved using evolutionary
methods such as GA, PSO, CS, etc. Unlike previous proposals, where the workspace is typically square
or rectangular, real-world workspaces are often arbitrarily shaped. Therefore, in this paper, we propose
the RNP-3P model to optimize the quantity and positions of readers allocated based on a grid size in
arbitrarily shaped workspaces. Simulation results demonstrate the effectiveness of the RNP-3P model,
providing a promising solution for efficiently solving the RFID network planning problem in arbitrarily
shaped workspaces, aligning with real-world working environments.
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