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A Prospective Look on Optimization Methods For
RFID Systems: Requirements, Challenges, and
Implementation Aspects

Lida Kouhalvandi

Abstract—The radio frequency identification (RFID) is a con-
figuration of wireless communication that uses radio frequency
(RF) waves for following up and recognizing data. The RFID
system includes important parts as antenna and integrated circuit
(IC) for radiating and storing data, respectively. Hence, high
performance antenna and IC circuits must be designed for assem-
bling the energy from the radio waves and feeding the RFID chip.
One of the important circuit/block in the IC part is the amplifier
where the antenna is sensing the radiated output power. For this
case, it is substantially important to design high performance
antenna and amplifier where the specifications of these circuits
must be optimized in a professional way. In this paper, we
collect the recently published optimization methods that are
employed for designing antenna and RF/analog-based amplifiers.
Any researcher by referring to these algorithms can access and
find the solutions for their problems, straightforwardly.

Index Terms—Amplifier, antenna, radio frequency identifica-
tion (RFID), radio frequency (RF), optimization methods, power
amplifier (PA).

I. INTRODUCTION

HE need of radio frequency identification (RFID) sys-
tems is growing day-by-day, and can be used in the
internet of things (IoT) networks, healthcare, agriculture, in-
dustrial environments, and smart houses [1], [2], [3], [4], [5],
[6], [7], [8], [9], [10]. These systems are preferred due to the
contactless communication, dense read/write operation, and
low-cost profits in modern technologies [4], [11]. Typically, the
RFID system includes the tags, readers, and a database server
where the reader can prompt the tags and then send/receive
data to/from the tags [12], [13] as Fig. 1 shows. The RFID
reader is the device that receives data from the identifiers
where the electromagnetic provided from the reader antenna
can be used as an energy source [14]. As Fig. 2 shows,
in the active RFID systems the two significant components
are antenna and amplifiers that is connected to the smart
card chip. For proper working of RFID system, designing
and optimizing high performance antennas [15], [16], [17]
and amplifiers [18], [19], [20], [21], [22], [23], [24], [25]
are required where advanced optimization methods must be
employed for configuring and sizing these designs [26], [27],
[28], [29], [30], [31], [32].
Optimization methods are the techniques focusing on min-
imizing or maximizing aimed objective functions. At the
system and circuit level designs, required constrains and
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Fig. 2. Components of active RFID system [35]; voltage-controlled oscillator
(VCO) and phase-locked loop (PLL).

goals must be determined and afterwards suitable optimization
methods can be considered for designing various designs and
circuits. Over the last decade, various optimization methods
have been employed for designing and optimizing antennas
and amplifiers that can be also used in the RFID applications
[33]. The reported optimization methods have significant ad-
vantages as speeding-up the process, reducing cost and errors
with the least efforts.

This survey devotes to provide a comprehensive summary
on various optimization methods that can be employed in the
design of RFID systems. Typically, any RFID systems in-
clude two important designs as antenna and amplifier circuits.
Hence, this paper is to summarize various optimization meth-
ods and algorithms used in improving the overall performance
of RFID systems. Such kind of survey will enable engineers
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to figure out successfully the various optimization methods
at once and will decide easily on the accurate methods for
solving their problems.

The remainder of the article is organized as follows. Section
II presents the motivation of employing optimization methods
in the RFID systems. Section III devotes to summarize the var-
ious optimization methods employed in antenna and amplifier
designs. Finally, Sec. IV concludes this manuscript.

II. OPTIMIZATION METHODS AND RFID DESIGNS

Optimization methods have proved their practical uses in
the coupled antennas that are used for the RFID systems. As
Fig. 3 presents, a large ferrite core is inserted into the tag coil
antenna for improving the magnetic coupling that is between
the reader and tag antennas.

Reader antenna
hl |D

Ferrite core
tag antenna

=~

Fig. 3. Schematic of two RFID solenoid antennas presented in [36].

In [37], self-tuning performance is done for solving the
optimization problems in the design of ultra-high frequency
(UHF) RFID antennas. The presented method leads to maxi-
mize the performance of the RFID and to make it independent
at the surrounding environment. Figure 4 presents in detail the
fingertip tag. For UHF RFID reader, the Quasi-Yagi antenna
is presented in [38]. It is a wearable device and can be used
in wireless sensing (see Fig. 5) by determining a centered
frequency band at 915 MHz.

The RFID sensing antenna is presented in [39] where the
detail of antenna structure is shown in Fig. 6, and it has
dimensions of (65 x 65 x 4 mm?). The type of antenna differs
with the injected liquid that is inside the presented antenna.

One of the amplifier architecture that can be used in the
RFID systems is depicted in Fig. 7 that includes the active
transistor, switch, and an antenna in the overall configuration.
This circuit can be used in the field of communications by
means of reflected power. Another use of amplifier is proved
in [40] where a low-power amplifier is presented using tunnel
diodes results in stable reflection gain (see Fig. 8).
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Fig. 4. Presented fingertip tag in [37] to be used as a UHF-RFID Antenna
with a) Tag layout in mm size, b) practical use of antenna in the bio-medical
applications, c¢) Tag layout.
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Fig. 5. Wearable quasi-Yagi antenna as UHF RFID reader [38].

III. OPTIMIZATION METHODS

This section provides an overview on various optimization
methods used for designing and optimizing antennas and
amplifiers. The recently published studies include advanced
optimization methods are summarized in a comprehensive
aspect.

The chicken swarm optimization (CSO) method is a bio-
inspired algorithm aims to follow the hierarchical order and
the behaviors of the chicken swarm [41]. This optimization
method is employed in [42] for deployment of phased array
antennas to be used in the RFID networks. In this method, a
new indicator is used to reflect the disturbance of frequency
selective fading. The general structure of the CSO method is
summarized in Fig. 9.
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Fig. 6. Presented RFID tag antenna with a) overall structure, b) top, and c)
exploded view [39].

50
[~®@=cain: Vbias = 175mV]
7.59 mm
40 —
Tunnel Diod
20.195 mm % Monopole Antenna
= 30 —| Biasing Circuit
£ LE
o RX Repeater
RF-DClsolating Stub
g 20 = TunnelDiode
7, i ¥ T Rapester
Biasing Circuit k-_ .
‘Matching Net
10 T . T | |

-90 -80 -70 -60 -50 -40
Input Power (dBm)

Fig. 7. Presented RFID amplifier presented in [18].
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Fig. 8. Tunnel diode-based reflection amplifier presented in [40] to be used
in the RFID systems.

The Particle swarm optimization (PSO) method is per-
formed by iteratively trying to enhance a candidate solution
and is a stochastic optimization technique based on swarm
[43]. This method is employed for the real-time 3D localiza-
tion of UHF-RFID tags in [28]. In another study presented
in [44], the PSO method is used for improving the RFID
anticollision model and for optimizing the high-dimensional
problem that Fig. 10 illustrates the feature of this optimization.

The hierarchical multilevel bottom-up method becomes im-
portant for radio frequency (RF) designs in the recent years
where the accuracy simulation of overall system especially for
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Fig. 9. The CSO method employed in [42] for designing phased array antenna.
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Fig. 10. Employed PSO method in [44].

the electromagnetic simulations have been increased, substan-
tially [45].

The bottom-up optimization (BUO) is the method where it
starts with smallest parts and develops to the largest sections.
In [46], by using inductor-capacitor networks shown in section
A and B of Fig. 11.a, matching networks (MNs) for the power
amplifier (PA) with Gallium Nitride (GaN) high electron
mobility transistor (HEMT) is designed and optimized. In this
method, input and output MNs are started with one MN and
sequentially the number of MNs are increasing up to achieving
desired output specifications. The detail implementation of this
method is shown in Fig. 11.b.

This method is also employed for designing and optimiz-
ing the antenna, presented in [47], where the transmission
lines (TLs) are increased sequentially and are configuring
the structure of antenna. The detail implementation of BUO
method used for optimizing antenna is presented in Fig. 12.
Additionally, this method is used for designing array antenna
[48] where the number of single antennas is enhancing in a
latter style as Fig. 13 presents. Hence, the optimal number of
single antennas with suitable feeding point can be determined.

Th BUO method can be employed in the system-level design
as well [49], [45] where Fig. 14 illustrates one of the useful
aspect of this method. This method splits the system into
sub-blocks as low-noise amplifier (LNA), voltage controlled
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Fig. 11. a) Smith chart with various passive MNs [top]; b) BUO method for
designing and optimizing an amplifier [bottom] [46].
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Fig. 15. An illustration of multi-antenna synthetic [2].

oscillators (VCO), and mixer leads to generate and size the
layout, effectively.

In [2] for 3D localization of UHF RFID tags, a nonlinear
optimization leads to assemble measurements from various
antennas is presented (see Fig. 15). This method aims to
optimize the cost function where phase measurements are
gathered by minimum two antennas, and finally a multi-
antenna synthetic aperture is generated.

During designing any antenna or amplifier circuit, time
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Fig. 16. The comparison between anatomical model (presented in left side)
and the cuboid model (presented in right side) [3].
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computation is also another important specification along with
the output performances. In [3], the antenna is designed based
on the cuboid model since with this model the simulation
time with mesh size are reduced, substantially compared with
anatomical model (see Fig. 16).

The coarse-to-fine optimization method is employed in [15]
for improving the localization accuracy in RFID systems. The
presented optimization process is based on the space mapping
[50] and uses two models of the same physical system namely
as: expensive model (fine model) and cheaper (coarse) model.
Based on this method, RF-monocular visual odometry (MVO)
is presented that is connecting a light-weight 2D monocular
camera to two reader antennas in a parallel version results in
reduced localization error. Figure 17 shows the presented RF-
MVO architecture with the direction of arrival (DOA) that is
azimuth and elevation angles.

QI et al., presents optimization techniques based on the
queuing theory and control feedback for minimizing the en-
ergy cost where it is illustrated in Fig. 18 that can be used in
the industrial internet of things (IloT) [5].

In [30] efficient global optimization (EGO) method is ap-
plied for sizing the designed antenna as Fig. 19 presents. This
antenna provides cost-effective option for sensing by using
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Fig. 18. Configuration of computing service provider (CSP) on Redis in [5].
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Fig. 20. a) Ilustration of TDO method for dividing input/output MNs with
S-parameter blocks [top]; b) Replacement choices of each block presented
above with various TL-based blocks [bottom] [52].

multidimensional differential measurement.

The top-down optimization (TDO) method is opposite to the
BUO method and it starts with largest sections and decreases
to the smallest sections [51]. This method is employed in [52]
for designing and optimizing amplifier where the input/output
MNs are divided into subsections presented with scattering
parameters (S-parameter) (see Fig. 20.a) and each of the sub-
sections are replaced and evaluated with various TLs presented
in Fig. 20.b.

This method is employed for optimizing the implanted
multiple-input and multiple-output (MIMO) antennas leads to
generate the configuration of the implanted antenna used for
bio-medical applications [53]. As Fig. 21 presents the structure
of the implanted MIMO antenna where firstly the various bio-
medical tissues as bone, muscle, fat, and skin surroundings
are sticked over together. Afterwards, the MIMO antenna
mounted on the ground and substrate planes are assembling to
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Fig. 21. Presented TDO method for configuring and optimizing implanted MIMO antenna [53].
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Fig. 23. Subsets of Al and it’s applications in various domains and fields.

the bio-medical tissues. With this procedure, the difficulty of
configuring implanted devices can be solved and the general
structure of these bio-medical devices can be easily generated.
Liu et al., present the use of lion swarm optimization method
for presenting a trajectory planning model for equipment with
RFID readers [32]. This method enhances the efficiency and
safety of overall system by minimizing the length of the flight
path. Figure 22 shows the general view of drone stocktaking
of goods where it is optimized to the minimal flight path.
For the practical use of RFID systems, artificial intelligence
(AI) has gotten attention of researchers in the recent years [54],
[55] and the subsets of Al are described in Fig. 23. From
another point of view in the developed fifth and sixth genera-
tion (5G and 6G) networks, high performance amplifiers and
antennas play important roles to improve the communication
performance [56], [57]. Typically, the figure of merit (FoM)
of each amplifier can be determined by the output power (P1,)
that is challenged by the power gain (Gp,), drain efficiency

(np)), phase distortion (AM/PM), and amplitude distortion
(AM/AM). Concurrently, considering these specifications are
not straightforward and requires strong optimization-based
approaches. Conventional electronic design automation (EDA)
tools such as ADS, AWR, etc. are good candidates for provid-
ing optimizations; however, when the design parameters and
specifications are lot, these tools can not be powerful enough.

Recently, learning-based methods that are based on the
machine learning (ML) have been successfully used in the
RF designs. In this track, shallow neural network (SNN) and
deep neural network (DNN) are candidates to model the RF
circuits such as amplifiers and antennas by determining the
relationship between the input and out data that are design
parameters and design specifications, respectively.

The SNN is the neural with one hidden layer that it proves
its benefits in designing and optimizing complex circuits.
In [58], the SNN is employed for designing an amplifier
with TLs. In the presented method, the amplifier design is
initialized by using the simplified real frequency technique
(SRFT) [59]. Firstly, the suitable SNN for the amplifier with
lumped elements is designed. Then the suitable SNN for this
amplifier is trained, and finally with the help of constructed
SNN, the amplifier with TLs is optimized. Figure 24 presents
the general flowchart for optimizing an amplifier with TLs
through a pre-constructed SNN.

The SNN is also used in the domain of antenna designs
and it is useful in sizing the patch antennas. In [60] based
on the Bayesian optimization (BO), the SNN is trained and
the configured antenna with the BUO method is optimized
results in flat-gain performance. Figure 25 demonstrates the
presented optimization method that is based on the BUO and
BO methods for configuring and sizing antennas, respectively.

By using the neural network, the antenna shown in Fig. 26
is optimized and sized where the optimal design parameters
are predicted [61]. This network is employed uisng the particle
swarm optimization (PSO). Another use of neural network is
presented in [62] for GPS Beidou dual-mode Yagi microstrip
antenna (see 27).

W. Su et al., design and optimize antenna that can be
used for cross-body communication using neural network.
The comprehensive antenna model with simulation results
are depicted in Fig. 28 [63]. In another study, presented in
[64], the BO method is employed for converting the lumped
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element (LE) PA to the amplifier with distributed elements
(DE). Figure 29 presents the BO-method for generating a PA
with DEs where the initial design is with LEs.

The DNN is the multi-layer neural network leads to accu-
rately modeling RF designs with lot design parameters [65],
[66]. The practical use of this network is provided in the
recently published studies.

The touch screen interaction system can be employed in

the innovation of RFID sensing. Hence, many applicant are
requesting high quality touch screens. In [54], the DNN
structure is used for predicting the the hand finger gesture
coordinates (see Fig. 30).

The application of DNNs with previously reported optimiza-
tion methods is summarized in Fig. 31. It shows that based
on the AI methods, once the transistor model is selected,
automatically the high power amplifier (HPA) configuration
with the electromagnetic (EM)-verified post-layout is gener-
ated. The summarized methods in the following will help
the designers to achieve the ready-to-fabricate layouts without
human interruption and dependency to designer’s experience.
The main objective is to provide the novel optimization-
oriented methods where the transistor model is selected, the
optimal configuration and design parameters are predicted
automatically that result in post-layout generations. All the
process is performed automatically where this platform is
created with the combination of electronic design automation
(EDA) tool as ADS and numerical analyzer as MATLAB.
The EDA tool, working in the background, generates the
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Fig. 27. Sizing of antenna using the neural network presented in [62].

nonlinear simulation results of the PA. Besides, the numerical
analyzer gets these data and do mathematical analysis and
optimization. These optimized data are used for constructing
the DNN to predict the optimal design parameters. Typically,
optimizing nonlinear design specifications as Py,, Gy, 1p, and
phase distortion are not straightforward and requires intelligent
algorithms and methods. Hence, this method proposes the use
of artificial intelligent (i.e., DNNs) and also implementation
of strong multi-objective algorithms that paves the way of RF
designers and generates ready-to-fabricate layouts.

The benefits of using DNNs in the RF designs can be
divided into four subsections as:

o Providing an automated optimization-oriented environ-

ment which decreases the manual interruptions;

o Employing multi-objective algorithms for concurrently
optimizing Pr,, G, 7p, and phase distortion;

o Constructing the sequential classification and regression
DNNs for predicting the suitable PA configuration and
also optimal component values;

o Generating the ready-to-fabricate layout of HPAs after
providing the transistor model.

Following devotes to present in detail the use of DNNs:

In [67] for enhancing the measurement performance of
RFID system, DNN is employed to optimize the 3-D structure
of multitag as Fig. 32 presents. This performance will avoid
the collision of tags communication importantly and will

reinforce the overall specification of the subsequent multitag
batch reading.

In another study, the classification DNN and regression
DNN are employed for determining the suitable topology of
PA and sizing the design parameters, respectively [68]. The
regression DNN, presented in [68], is based on the thompson
sampling efficient multi-objective optimization (TSEMO) al-
gorithm and the regression DNN, presented in [69], is based
on the multi-objective pareto front using modified quicksort
(PFUMQ) algorithm. The TSEMO-based DNN is for optimiz-
ing output power (P1) that is challenged by the power gain
(Gp), and drain efficiency (p)). Additionally, the PFUMQ-
based DNN is for optimizing the phase distortion (AM/PM),
and amplitude distortion (AM/AM). Figure 33 presents the
classification DNN employed in [68] and the two regression
DNNs based on the TSEMO [68] (Fig. 34.a) and PFUMQ [69]
(Fig. 34.b) algorithms. The input layer features of regression
DNN presented in Fig. 34.b are AM-to-AM and AM-to-PM
specifications where they depend on the variation of source
power (Pgs). The output features are the pareto optimal front
(POF) of two functions (f; and f;) by using the PFUMQ
algorithm.

In summary, the presented summarized methods can be used
in designing and optimizing the amplifier and antennas.

1) Constructing and predicting the optimal configuration

by:

« Bottom-up optimization [46], [47];

o Top-down pruning optimization [52];

o Classification DNN [68];

2) Predicting optimal design parameters by:

« Bayesian optimization with SNN [64], [58], [60];

« Regression DNN based on the Thompson Sampling
Efficient Multi-objective Optimization (TSEMO) al-
gorithm [68];

o Regression DNN based on the multi-objective par-
ticle swarm optimization (PSO) and multi-objective
pareto front using modified quicksort (PFUMQ)
algorithms [69];

In [70], a new method called MWISBAII is presented that is
the distributed anti-collision algorithm and is based on the idea
of a centralized collision avoidance algorithm. This method
is combined with the machine learning leads to improved
output responses. An example of RFID system with four
readers as (R, Ra, Rs, and Ry) is presented in Fig. 35
where R, and Rj3 are active and R; with R, are inactive.
The overall performance of RFID system is improved by
employing presented neural network in Fig. 36. For this case,
a single neural network model is trained and the constricted
model to every RFID reader is applied. The details of proposed
flowchart are presented in Fig. 37.

C. Peng et al.,, present the deep convolutional neural net-
work (CNN)-based approach for locating multiple tags with
acceptable accuracy and stability in the indoor environment
[71]. Figure 38 presents the designed CNN model for location
scene of RFID readers and reference tags (see Fig. 39). In
another use of deep learning, in [72] convolutional neural
network structure is presented for activity recognition from
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substrate. (b) the configuration of unit cell of antennas shown in (a) and (e). (c) equivalent circuit of the unit cell in (b). (d) simulated surface current
distribution of the antenna. (f) measured radiation patterns of the flexible mosaic antenna. (g) the measured S11 of the flexible mosaic antenna. The inserted
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passive RFID data and it is appropriate for applications with
large number of activity classes (see Fig. 40).
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IV. CONCLUSION

The RFID system plays an important role in the real world
since it can capture and compute information automatically
in the wireless communications. As presented in detail, the
important blocks of RFID systems are amplifiers and antennas.
For this case, this manuscript provides the comprehensive
study on the recently published optimization methods used for
designing RFID systems. That includes the diverse kinds of
optimization methods and algorithms used for designing anten-
nas and amplifiers. The engineers by studying this survey, will
get a general idea of various algorithms and will determine a
suitable method that can be applied for their design problems.
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