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Abstract

Radio Frequency Identification (RFID) is a technological system that utilizes various radio waves for the identification of objects, animals, or
individuals. This paper aims to give a clarify the idea about of RFID technology, emphasizing its fundamental concepts. RFID employs radio
frequencies to facilitate the wireless and contactless transfer of data, thus enabling the distinct identification of entities. The main components of
an RFID system include RFID readers, RFID tags, and antennas. Use of RFID instead of barcode is because RFID doesn't need a direct line of
sight, which significantly enhances their versatility, applicability, and efficiency across a wide range of use cases.
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1. Introduction

RFID is a type of wireless communication that employs
electromagnetic or electrostatic coupling within the radio
frequency spectrum to assign unique identifiers to objects or
individuals. This technology supports the identification,
tracking, and communication with tags or individuals via
radio frequency. RFID functions by utilizing electromagnetic
fields to automatically transmit data from a tag attached to an

2. RFID Basics

RFID systems depend on the generation of radio waves or
microwave signals from the reader to identify the transponder
wirelessly, such as an access card or vehicle tag. This is
followed by communication with an access control system,
which verifies the credential and triggers an action.
Radio-frequency identification is a technology relying on
three main components to exchange data wirelessly for

object, thereby enabling its identification and tracking. The identification, tracking, and other purposes. These
tags stores information which can be read radio waves from components include:

distances of several meters, negating the need for a direct line e RFID Tag (Transponder)

of sight. RFID technology permits the collection of data e RFID Reader (Interrogator)

regarding any specified entity without requiring physical e Antenna
contact or visual access to the data carrier, using inductive
coupling or electromagnetic waves. The tags have a i). RFID Tag

microchip linked to an antenna (collectively known as a
transponder or tag), which enables data communication within
a specific range to a reader (transceiver) that relays the
information to a host computer. Middleware, which is
software designed for reading and writing tags, can be
enhanced with cryptographic techniques for applications that
require increased security.

RFID technology is been used in various fields, such as
Smart Access Management, Real-Time Asset Tracking, Smart
Gate Systems, and smart Supply Chain Management, due to
its exceptional efficiency and accuracy in monitoring and
managing items. The data transmission process over the
internet involves the identification or tracking of an object.
The information which are stored in the tag are retrieved once
it’s under the specific range of the reader. The retrieved
information is then sent to backend (database).
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An RFID tag, often known as a transponder, is a small
electronic device that consists of a silicon microchip and an
integrated antenna. These tags are typically attached to
various objects, which can range from individual items to
larger packages or bags. The primary function of the
microchip within the RFID tag is to collect and store
information, which can then be transmitted wirelessly to a
compatible reader. RFID tags are classified into three distinct
categories based on their power source: active tags, which are
equipped with batteries; passive tags, which do not contain
batteries; and semi-passive tags, which represent a hybrid of
the two. Each RFID tag is programmed with a unique
identification code, enabling it to communicate specific
information to a reader when prompted. A detailed overview
of the classification of RFID tags is provided in Table 1.
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Table 1: RFID TAGS TYPES
RFID Tags
-Commonly referred to as Reflective or Beam
Powered
-Derives its operational power from the reader.
Passive -The reader emits electromagnetic waves that generate

a current in the tag's antenna; the tag then reflects the
transmitted RF signal, modulating the reflected signal
with data from Tag-Based Sensor Network
Applications.

The tag depends on a battery to support the memory
Semi- and give more energy to the electronic components

Passive  |which is responsible for tuning the return signal.
Its operation is akin to that of other passive tags.
The internal battery supplies power to the chip's
circuitry, allowing for signal transmission to the
Active  |reader. Generally, it provides a longer read range

compared to passive tags. The batteries necessitate
regular replacement.

ii). RFID Reader

The RFID reader is the device that develops and sends the
radio waves that will power the RFID tags. It receives the
radio frequency signals sent back by the tags, processes the
data and sends it, for actions on the respective systems, e.g.
access control, logging data etc.

The RFID reader-writer communicates with the RFID
transponders to retrieve stored data. It extracts information
like Electronic Product Code (EPC), operational status details,
and other information that could be stored in the memory of
the RFID tag [,

iii). Antenna

The antenna of both RFID reader and RFID tag is an
important ingredient to transmit and receive radio signals. The
reader antenna makes electro-magnetic waves, while the tag
antenna receives radio signals and sends back the information
that stored in the microchip of tag.

3. Types of RFID Frequencies

RFID tags are categorized into three frequency bands
according to their operational features:

e Low Frequency

High Frequency

Ultra-High Frequency

i). Low Frequency

It is generally true that low frequency tags are much cheaper
than tags working at high frequencies. They speed they
provide sufficient for all purposes; however, as the volume of
data increases, the duration a tag is expected to remain in the
vicinity of the reader increases. One significant advantage of
low frequency tags is that they are relatively less affected or
chosen by interference due to liquids or metals. The main
disadvantage is that they have a rather short reading range.
The most commonly used low-frequency (LF) RFID tags
operate in the 125-134.2 kHz and 140-148.5 kHz frequency
ranges [©,

ii). High Frequency

To an extent, high frequencies can transmit data at a higher
rate and longer range than LF tags although the acquisition
and maintenance costs are much higher compared to LF tags.
Most popular in this regard are smart tags, which operate
using a frequency of 13.56MHz.
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iii). Ultra High Frequency (UHF)

UHF RFID tags are distinguished by their superior range
compared to other types of RFID tags. Passive UHF tags
generally have an operational range of 3 to 6 meters, whereas
active UHF tags are capable of functioning at distances
exceeding 30 meters. These tags facilitate high-speed data
transmission, allowing for quick reading, which is essential
for monitoring rapidly moving objects. Nonetheless, UHF
tags tend to be more costly and are susceptible to interference
from liquids and metals, which limits their optimal
application to automated toll collection systems. The
commonly utilized frequencies for UHF RFID tags include
868 MHz in Europe, 915 MHz in the United States, 950 MHz
in Japan, and 2.45 GHz.

iv). Microwave

One of the wavelength that are shorter than those of radio
waves yet longer than those of infrared waves is microwaves.
The wavelength range of microwaves extends from 1 meter to
1 millimetre, corresponding to frequency ranges between 300
MHz and 300 GHz.

Table 2: Different types of frequency

Frequency Range Frequencies Passive read distance
Low Frequency (LF) 120-140 KHZ 10-20 cm
High Frequency(HF) 13.56 MHz 10-20 cm
Ultra High Frequency | 868-928 MHz 3 meters
Microwave 2.45 & 5.8 GHz 3 meters

4. RFID Work Flow

Reacler or
Interrogator

Tag or
Transponder

Computer

Fig 1: Work flow of RFID

In operation, RFID technology basically consists of an
intersection between three essential elements: RFID tags,
RFID readers, and antennas. An RFID tag containing unique
identity information broadcasts its signal to the RFID reader
when the tag enters the range of the RFID reader's antenna,
which radiates electromagnetic signals (Figure 1).

Passive RFID tags activate in response to the signal emitted
by the reader, transmitting their distinct identifier along with
additional information. The reader's antenna receives this
signal, decodes the transmitted data, and subsequently relays
it to the associated system for further processing.

<10>
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The connected application then reacts according to the
processed data, be it granting access or recording attendance
to a secure area. Hence, RFID is a wireless communication
scheme and is operational at many frequency bands like LF,
HF, and UHF. Each frequency has its own unique range and
capability context.

5. RFID History

The concept of Radio-Frequency Identification (RFID) dates
back to early experiments with radio waves for
communication. However, its practical use emerged during
World War II, when military forces developed systems to
distinguish between friendly and enemy aircraft. This
technology, known as Identification Friend or Foe (IFF),
allowed aircraft to send signals that identified them to allied
forces, marking one of the earliest implementations of RFID
principles -8,

In 1948, studies introduced the concept of reflected power
communication, which laid the theoretical groundwork for
passive RFID systems ). During the 1960s, industries began
exploring electronic tracking methods, leading to the
development of Electronic Article Surveillance (EAS)
systems for retail theft prevention [ 2. This period also saw
increased interest in RFID-related technologies for security
and logistics applications B1.

By the 1970s, RFID research expanded into vehicle
identification and tracking . In 1973, a workshop was
conducted to assess its potential for toll collection, but the
idea of a national standard was rejected, leading to
independent developments of RFID systems worldwide ['%). In
1978, further advancements in microwave homodyne
techniques helped refine RFID's accuracy and efficiency [131.
The 1980s and 1990s marked the commercialization of RFID
technology. The first practical applications emerged in
Norway and the United States, where RFID was used in
automated toll collection > Y. Some American states,
including Kansas and Georgia, integrated RFID into traffic
management  systems, while European companies
collaborated to create standardized RFID-based tolling
solutions [ 141,

By the early 2000s, RFID technology had expanded across
industries, with smaller, more efficient tags enhancing supply
chain management, healthcare, and security ['4 1516 By 2001,
electronic toll collection using RFID had grown to thousands
of traffic lanes worldwide, streamlining transportation
infrastructure ). Today, RFID continues to evolve,
supporting innovations in contactless payments, real-time
tracking, and smart logistics [17- 1819201,

¥4 ean 1930 2000 2010 220

1850 10 1970

Fig 2: Evolution of RFID technology over the years
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6. RFID Application

RFID technology has gradually entered into various fields,

sometimes without attracting much attention. Even then,

RFID technology finds greater relevance in the lives of

people, paving the way for new applications while

complementing the already established ones. In some of these
applications, RFID does not have a direct correlation with
human observation; rather, it assists in different processes for
the realization of products and services used every day.

Accordingly, it is perceived that sometimes RFID can rightly

be considered as a requirement or a key technology for the

Internet of Things (IoT).

i). Supply Chain and Logistics: RFID technology has
totally changed supply chain management by offering
them real-time visibility of assets. This enables
automatic identification and tracking of goods, reducing
human errors, thus enhancing inventory management.
The various studies have discussed how effective the
use of RFID is in warehouse automation, shipment
tracking, and cold chain logistics (Sarac et al., 2010) [14],

ii). Healthcare and Pharmaceuticals: Using RFID in
health care has led to improved patient safety, better
tracking of medications, and efficient hospital
workflows. RFID systems assist in patient identification
and tracking of surgical instruments as well as the
inventory of pharmaceutical products (Singh et al.,
2018) [l The technology helps with regulatory
compliance and reduces counterfeit drugs.

iii). Retail and Contactless Payments: RFID technology
has retooled retail, allowing fast checkouts, shrink
reduction, and better customer experience. Retail giants
Walmart and Zara have successfully employed RFID
solutions to help with stock management and loss
prevention (Hardgrave et al, 2009) [, With the
convenience and security offered by RFID-based Near
Field Communication (NFC), contactless payments have
gained popularity.

iv). Security and Access Control: RFID finds use in
security applications like access control, tracking of
assets, and anti-counterfeiting. RFID ID cards are
popular authentication devices in use today for
accessing offices and educational and high-security
facilities (Juels ef al., 2006) [, In addition, RFID can be
coupled with biometrics to enhance the security of such
systems.

v). Smart Cities Integration through IOT: The Internet
of Things has popularized RFID an extensively. In smart
cities, the role of RFID enhances intelligent traffic
management, waste management, and public transport
systems. Smart parking solutions and automated toll
collection also models the RFID form of technology in
the efficient mobility of urban dwellers (Ngai ef al.,
2012) 071,

vi). Tracking Systems for Asset Management: RFID
technology in educational institutions has enabled online
attendance recording, library administration, and access
control-all which form important pillars in the effective
monitoring of students and staff (X. Liu, 2020) 8], The
optimization techniques through UHF RFID have been
studied with an aim to improve the accuracy and
efficiency of attendance tracking (Martins & Silva,
2022) 191,

In a nutshell, RFID now could track people, animal, and
even vehicles industries that deal with logistics,
aviation, and warehousing, among others to add up as a
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means of improving security and operational efficiency
(Martins & Silva, 2022) 29,

vii). Integrating Artificial Intelligence and Machine
Learning: Real-time data analytics, predictive
maintenance, and  automated  decision-making
enhancement will be RFIDs integrated with Al and ML.
RFID-supported fraud detection and improvement of
efficiency through machine learning models are
optimized (Wang & Lin, 2021) '3,

Conclusion

The origins of RFID technology can be traced back to the
events of World War II, and over time, it has undergone
substantial progress to reach its current state. With the
increasing integration of the internet of things, substantial
advancements are being made in the field of RFID
technology, particularly in civilian sectors, with a strong
emphasis on its practical applications. The technology has had
a significant impact on various aspects of life, including
fashion, cuisine, housing, and mobility. The current state of
RFID technology in the country lags behind that of other
countries. There are numerous unexplored applications that
have yet to be discovered ['8],

This paper introduces the overall basis, history, components,
frequency types and evaluation pertaining to RFID over the
years. The next wave in RFID, in future, will be Al, IOT and
wireless technologies integrated to make it indispensable in
the digital world.
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