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The Radio Frequency Identification system (RFID) is a generic term for technologies of a type
of automatic identification system that use radio-frequency waves to automatically identify people or objects.
Multiple RFID readers are required to detect and monitor the tags in the network area due to their limited
interrogation range. Therefore, the cost of the RFID System, its efficiency in the communication process, and
the number of tags covered directly depend on the number of deployed readers. In this work, we present a new
many/multi-objective model with the aim to achieve the optimal solutions of the NP-hard problem of RFID
Network Planning (RNP). The model involves many objectives and constraints as determining the minimum
number of readers, finding their optimal 3D deployment and localization, guarantying a full coverage of all the
tags distributed in the area, and minimizing the energy and the interferences caused by an overlap in the readers
signals and the tags responds at the same time. Moreover, we provide a new decision aid application with the
aim to access, manage, solve, and optimize the RNP problem involving the needs of researchers and decision
makers.
Abstract.

1 Introduction
The term RFID refers to the Radio Frequency Identification system, which is an automated data collection technology that use radio-frequency waves to automatically
identify and track objects.
The RFID system consists mainly of three components:
tag attached to the object to be uniquely identified, reader
to transmit and receive data through radio waves, and finally the RFID middleware [1] to manage the network, as
well as to filter and formats data.
Due to the limitations of the reader’s interrogation range,
many sensors are required to cover all the tags in an area.
Therefore, the efficiency of the RFID network depends
mainly with the number of deployed readers and the coverage of the tags. In order to achieve the optimal deployment
of the RFID Network Planning problem (RNP) [2, 3], it’s
becoming difficult to ignore the number of objectives to
satisfy as determining the minimum number of deployed
readers, guarantying a full coverage of all the tags distributed in the area, and minimizing the energy and the
interferences caused by an overlap in the readers signals
and the tags responds at the same time. Therefore, several attempts have been made to achieve the optimal RFID
network planning, mostly by using the multi-objective optimization [4] based on operators and algorithms. There is
a large volume of published studies describing the role of
the RFID Network Planning (RNP) and presenting several
keys in order to achieve the optimal deployment of RFID
readers. As in [5], authors presented a tentative reader
elimination operator (TRE) based on PSO algorithm, and
with the aim to delete and recover the deployed readers
during the search process. Detailed multi-objective op-

timization of RNP showed in [6, 7], in order to find the
globally best Pareto-optimal solutions of the problem. In
other major studies and with the aim to propose a new way
to solve the RNP problem, [8–10] describe a new optimization algorithms called respectively, hierarchical artificial bee colony (HABC), the multi-colony bacteria foraging optimization (MC-BFO), and the cooperative multiobjective artificial colony (CMOABC). [11–13] provide
in-depth analysis and results of the RNP problem, by using new models in order to obtain an optimal deployment.
Moreover in other studies as in [14], the authors reached
the robust optimal solutions of the deployment readers
problem which are insensitive to the uncertainties and the
uncontrollable variations on the optimization parameters
using a robustness multi-objective optimization. Or in
[15], where the research provides a probabilistic model of
coverage for solving the RFID network planning.
In this work, we will describe a new robust many/multiobjective model for a 3D deployment and localization
of the RNP problem involving many objectives and constraints. Moreover, we deal with the needs of the decision
maker by providing a full decision aid platform with the
aim to access, manage, solve, and optimize the RNP problem for academic and real-world applications of the RFID
system.

2 Multi-objective Optimization
The optimization deals with the study of those kinds of
problems with the aim to minimize or maximize one or
more objectives simultaneously that are functions of some
real or integer variables, and to obtain their optimal values
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while respecting some constraints.
The process of modeling, solving and optimizing problems with two or more conflicting and non measurable
goals is called Multi-objective optimization. Problems
with multiple objectives can be found in many real-world
applications and various fields [20, 21], and known as
Multi-objective Optimization Problems (MOP). They generally have more than one solution in the feasible region,
which satisfy the trade-offs among the objective functions.
The set of those solutions is called the Pareto set [4].
A basic formulation of a multi-objective optimization
problem can be defined as:

The figure 1 shows an example of the Pareto-optimal
of a multi-objective problem, with the aim to minimize
the two objectives f1 and f2 . A solution is said to be dominated when it cannot be improved without worsen another
solution of the set found so far. All Pareto-optimal solutions are non-dominated, which mean that no other solutions in the solution space (Feasible Region) are superior
to them while taking into consideration all of the objectives.

Min x F(x, p) = [ f1 , f2 , ..., f M ]
St :
g j (x, p) ≤ 0
( j = 1 . . . J)
hk (x, p) = 0
(k = 1 . . . K)
xL ≤ x ≤ xU

OptRFID solution is a valuable tool for the decision
makers, researchers, and industrial designed to solve and
optimize the deployment of readers in the RFID network.
It provides an interface to access, manage, solve, and
optimize the RNP problem.
Our experiences using and maintaining of many academic
and real-worlds of the RFID system, have helped us to
develop and improve the OptRFID design and implementation by including some features as simplicity, facility of
use, flexibility, extensibility and portability.





















3 OptRFID Solution for an optimal RNP
Problem

M
where ( fi )i=1
are the objective functions, x is the design
variable vector, xL and xU are respectively the lower and
upper bounds of x, p is the parameter vector, and the funcK
tions (g j ) Jj=1 , (hk )k=1
are the constraints.
In the optimization’s studies including multi-objective
optimization, the main focus is placed in finding the global
optimum or global Pareto-optimal solutions (called by
economist Vilfredo Pareto), representing the best possible
objectives values, and where the quality of each solution is
incomparable without any prior knowledge of preference.
In the optimization of problems with a single-objective,
the superiority and the quality of a solution over others
are easily determined by comparing their objective function values. On the other hand in the multi-objective optimization problems, the goodness of a solution is determined by the dominance. The multi-objective optimization techniques ideally generate a set of non-dominated
solutions, and for this reason the concept of global optimum no longer makes sense. In general this set of solutions is known as the set of non-dominated solutions, or
non-inferior or Pareto front. The set of Pareto optimal solutions is called the Pareto optimal set, and its image in
the objective space is known as the Pareto front. Thus, it
is important in the multi-objective optimization to find the
solutions as close as possible to the Pareto front.

The traditional methods of the optimization management pose several problems of the incapacities such
as the absence of an easy-to-use, flexible, extensible
and portable software framework for solving the RNP
problem. Indeed, the decision maker may be interested in
consulting and identifying in real time all probable set of
efficient solutions for different scenarios in the research or
the decision making process. Therefore, it’s very difficult
to find a tool that gathers and provides all the above
needs due to the complexity of the problem or to the large
number and diversity of scenarios. Moreover, with the
aim of allowing a minimum optimizing and programming
effort, there is a lack of solutions which provide a set of
ready-to-use algorithms implementations.
Our aim was to develop one of the world’s leading
optimization of the deployment of RFID readers. All
functions of the problem deployment, used algorithms
and optimization methods can be tracked and managed in
real-time, through a cost effective and innovative solution
’OptRFID’.

3.1 OptRFID’s Mathematical Modeling

In this section, we outline the different objectives and
constraints that we considered and included in the OptRFID platform for reaching the optimal deployment of
RFID readers. The goal is to find a set of the coordinates
readers for covering all the tags deployed in the whole
area. At the same time, the total number of readers and
their interference must be minimized.
Figure 2 shows an example of RFID deployment: readers
are presented by red cross and their interrogation range by
red circles, tags are presented by blue diamond nodes.

Figure 1. Illustrative example of The Pareto front of a set of
solutions in a bi-objective space.
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3.1.3 Tags Interference

The tags interference is the interrogation of a tag with several readers at the same time as we can see in figure 3. It
decreases the efficiency of the RFID system. The interference mainly occurs when at least two deployed readers in
the area cover a tag.
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Figure 2. Example of RFID deployment.

Figure 3. Example of the interference of six tags covered by
three RFID readers.

Throughout this paper, we use the following notations:

The interference must be reduced by using the following expression:
NT
X
f3 =
ci

• NR : Number of the available RFID readers.
• NT : Number of the tags deployed in the area.
• IR j : Interrogation range of the jth reader.

i=1

• d ji : Distance between the jth reader and the ith tag.

Where,
(
ci =

3.1.1 Number of deployed readers

The first objective function in OptRFID tool represents the
number of RFID readers, which is an important index for
evaluating the performance of the deployment. Minimizing the total number of readers aims to reduce the cost.
The optimization algorithm will search for the minimum
value of this objective function. It can be defined as:
f1 =

NR
X

3.1.4 Readers Interference

The readers interference is the interrogation of several
readers at the same time as we can see in figure 3. It
decreases the efficiency of the RFID system. The interference mainly occurs when at least two deployed readers
in the area overlap. The interference must be reduced by
using the following expression:

rj

j=1

Where,
(
rj =

P R
if Nj=1
y ji ≥ 2
otherwise.

1
0

f4 =

1 if the jth reader is deployed.
0 otherwise.

NR
X

cr j

j=1

Where,
Moreover, OptRFID finds the optimal position of each deployed reader and ensures that we can only place each
reader within a certain area. For a rectangular area with
height H, width W, and depth D, this constraint is satisfied:

(
cr j =

1
0

PNR
if k=1,
j,k IntR jk ≥ 2
otherwise.

and,
(

0 ≤ x j ≤ H and 0 ≤ y j ≤ W and 0 ≤ z j ≤ D ∀ j = 1, . . . , NR IntR jk =
3.1.2 Full coverage

1 if ∃! k = 1 . . . NR / (dr jk ≤ (IR j + IRk ) and r j ∗ rk = 1
0 otherwise.

3.1.5 Power of readers

The main objective function for the deployment of RFID
readers in OptRFID is to cover all the tags in the whole
space. That means each tag must be in the interrogation range of at least one deployed reader. Therefore, we
should reduce the number of non-covert tags, which can
be formulated as follows:
NT
X
f2 = NT −
y ji
( j = 1 . . . NR )

In the RFID system, the identification of objects relates on
the communication process between the reader and the tag.
This process depends on correlated factors and parameters
to find the ideal power received at an antenna using the
Friis Transmission Equation:
Pr
λ 2
= Gr Gt (
)
Pt
4ΠR

i=1

Where, Gr and Gt are the gain of the transmitting and reWhere,
ceiving antenna, respectively. Pr is the power at the re(
1 if ∃! j = 1 . . . NR such that (d ji ≤ IR j and r j = 1) ceiving antenna, Pt is the output power of transmitting any ji =
tenna, λ the wavelength, and R is the distance between the
0 otherwise.
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• Optimization module for manipulating and choosing the
optimization setting as the robustness (acceptable variation for all the five objectives described in section 3.1),
the solutions, the desired objectives (Choose the objectives to include in the optimization) and constraints, etc.

antennas. Therefore, instead using the power of readers
in the objective functions, we decide to work with the distance between the antennas, call it in the the manuscript
d ji : the distance between the jth reader and the ith tag, and
using IR j : the interrogation range of the jth reader.
Optimizing the RFID system related to minimizing the
power of readers:
NR
X
f5 =
IR j

• Algorithm module which includes all provided algorithms (SMPSO, NSGA-II), Operators (Mutation,
Crossover, etc), Quality indicators (Hyper Volume, GD,
IGD, Spread, Epsilon, etc), etc. Through this option,
OptRFID allows to the decision maker to choose specific settings about the desired algorithm for solving the
RNP problem.
The following table 1 provide an example of the parameters allowed to the decision maker if using for SMPSO
or NSGA-II algorithms.

j=1

Our OptRFID optimization deployment for the RNP
problem is formulated as a multi-objective problem:


Min F(x, y, z, ir, r) = ( f1 (x, y, z, ir, r), f2 (x, y, z, ir, r),



f3 (x, y, z, ir, r), f4 (x, y, z, ir, r), f5 (x, y, z, ir, r))



 (x, y, z, r) ∈ (RN , RN , RN , {0, 1}N ) and 0 ≤ ir ≤ IR
+

+

+

Table 1. Allowed parameters if using SMPSO or NSGA-II
algorithms.

where N is the maximum number of RFID readers that can
be deployed in the working area, (xik , yki ) is the coordinate
of the kth reader and rik its availability, which equals 1 if its
deployed and 0 otherwise.
3.2 OptRFID’s Architecture, Design and
Implementation

OptRFID is easy to understand and use, which respond
to any specific needs of decision makers for the RFID
deployment. It’s allowing to automate the process of organization of the problem’s optimization, and to facilitate
the traceability. Furthermore, the framework includes the
implementation of many algorithms, which can be used as
drafts for developing and covering large scenarios. Also,
it’s flexible according to the decision needs by requiring
minimum updates to solve the problem under different
configurations, including algorithm parameters as well as
those related to the problem, and the variable variation.
OptRFID is indigenously interfaced, but can also be
deployed separately in order to supports any needs from
any user. Therefore, the solution allows to design new
problems, to integrate new elements, or even to combine
different optimizations methods and algorithms in order
to be able to evaluate and to compare different scenarios
fairly.
Moreover, OptRFID provides a single platform for
managing and optimizing the RFID network planning
problem, which means a single place for entering, managing, maintaining parameters, algorithms, etc. This
drives naturally multiple benefits as being more efficient
in decision-makers servicing; each user can have his own
configuration matching with his own needs; A change of
parameters is automatically spread across all the platform
and optimization processes; and one system to install,
maintain, upgrade, get trained on, etc.

SMPSO’s Parameters

NSGA-II’s Parameters

Max Iterations H

Max Evaluations

Swarm Size W

Population Size

Particle Length

Chromosome Length

Number of runs

Number of runs
Mutation Probability
Crossover Probability

OptRFID is a parametrizable system, which mean that
the details of the RNP problem, tags, algorithms, optimizations are defined through a specific set of parameters
that can be changed at any-time, and from any-where.
Changing a parameter does not require any lines of codes,
but at the opposite can be done by any user, and the new
optimization can be started immediately.
OptRFID provides an easy to use interface that can
be used by the users, and within two or three screens,
a decision-maker puts all data required to define the
parameters of all deployed components in the RFID
network. Moreover, OptRFID platform provided with a
database and an appropriate GUI. For this we opted for
Oracle to create the database, and the languages PlSql,
PHP, JavaScript, Json, Angular, etc for the development.
It’s designed for traceability, secure management, and
adaptable the needs of the decision makers.
The figures 5 and 6 show some screens of OptRFID for
managing the algorithms and readers parameters.
The figure 4 shows the Conceptual Data Model (CDM)
by presenting the structure of the information system from
the view of data (dependences or relations between the various data of the information system).
Our platform provides pre-formatted data that allows
external system to reprocess and to build a proper statement out of data provided by OptRFID. Moreover, with
the aim to get the expected data to the specific needs,
OptRFID allows to the user choosing the results type
by providing a set of data output available in multiple

OptRFID is divided into a set of modules that cover
the entire spectrum of the optimal RNP deployment:
• RNP Module for defining the RNP problem parameters
as tags deployments (tag’s coordinates), readers coverage (reader interrogation range, variation), problem dimension (2D or 3D), etc.
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Figure 4. OptRfid’s Conceptual Data Model.

Figure 5. NSGA-II Algorithm Configuration Screen.

Figure 6. RFID Readers Deployment Screen.
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formats (csv, matlab, maple, R, latex tables, json, oracle
database, excels, matplotlib, scilab, etc), and reaching a
clear and fast visibility on the optimal deployment of a
specific problem.

100
90
80

Multi−Objective
Multi−Level

70
Coverage

The experiments were conducted to evaluate and validate the performance of OptRFID platform for solving a
benchmark using the provided optimization and design solutions. The table 2 presents some used parameters for
solving the benchmark using OptRFID.

60
50
40
30
20

Table 2. Properties of multi-objective optimization of RNP
Problem using OptRFID.

10
0

1

2

3

Settings

Module
RNP

Optimization

Parameter

Value

Dimension

2D

Area

50 ∗ 50m2

Dimension

2D

Tags Number

100

Type

Multi-Objectives

Objectives

Nbr of Readers

4

5
6
Nb−Readers

7

8

9

Figure 7. The Pareto front.

Full Coverage
Tags Interference
Algorithm

Choice

SMPSO

Maximum Iterations

20 000

Swarm Size

20

Length of Particle

10

Number of runs

10

The results are graphically supported in Figures 7 and 8 by the Pareto optimal solution for the
problem according to the desired objectives and the
optimal deployment of RFID readers. The OptRFID tools
provides the best overall performance by guarantying the
quality of the non dominated solutions and yield higher
accuracy and efficiency in a faster and cheaper way, which
facilitates the decision aiding.

Figure 8. The optimal RNP Deployment.

for the 3D NP-HARD problem of RFID Network Planning
(RNP). As perspectives, we plan to present a new approach
in order to deal with the uncontrollable parameters and
variables. We aim also to apply the game theory and hierarchical strategies [16–19] in the context of RFID network
planning, in order to achieve a robust optimal deployment
of RFID readers with lower computation times. Moreover,
we plan to integrate our global solution for solving many
problems in various fields such as logistics, air, military,
security, and personal services.

As perspectives, we opt opening the solutions to the
external word by providing standard interfaces (mainly
batch or web services) that can be used by any user in order to provide a great flexibility for the decision makers,
and let them deploying OptRFID solution at the pace they
wish. We plan also to integrate more algorithms and optimizations types to let more choices and visibility for the
decision maker.
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