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CHAPTER 4  
RFID INDUSTRY 

4.1 RFID SYSTEMS 

RFID systems consist of three main components: tags, readers, and host systems as 

shown in Fig 4-1. What is different from the traditional Information Technology (IT) is 

the way to communicate and collect the information. The data and ID information are 

stored and identified through the communication between reader and tag. Their 

communication process is managed and controlled by protocols.  After the information 

collection, the data is processed by the data process systems. With the integration of the 

existent enterprise systems such as ERP (Enterprise Resource Planning), SCM (Supply 

Chain Management) and CRM (Customer Relationship Management), companies can do 

the business planning, decision and execution intelligently and dynamically.  

Table 4-1 illustrates the major industry segments for RFID technology. They include the 

RFID chips, readers and software system integrators. Thanks to semiconductor 

technology, RFID tags are expected to be driven as a cost-competitive Auto-ID solution 

over the tradition bar code labels. Meanwhile, with the rapid growth in RFID 

applications, more and more companies including the traditional automation solution 

providers offer the featured RFID products and service to penetrate this new market.  
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Fig  4-1  RFID system architecture 

Table 4-1  RFID industry ecosystem 

Industry Segment Companies 

Chip design Philips, Sharp, Hitachi, TI, ST Micro, Toshiba 

Foundry TSMC, UMC, National semiconductor, Fairchild, Philips, ST 
Micro RFID chip 

Assembly and 
Package 

Rafsec, Avery, YF, KSW, CCL Label, Dai Nippon, International 
Paper, Sensormatic, CheckPoint, Toppan 

Reader AWIG, Alien, Matrics, Samsys, Symbol, ThingMagic 

Software Microsofot, Oracle, SAP, IBM, NCR, Manhattan Associates 
Software 
system 

integrator System integrator IBM, NCR, Intel, Sun Microsystems, Symbol, Savi, BCI, SAIC, 
Sensitech, Siemens 
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4.2 TAGS 

RFID tags come in a variety of forms and are often application specific. RFID tags consist 

of three major parts – chip, antenna and coverage. Generally, the tags can be divided into 

three categories – active, semi-active and passive tags. Fig 4-2 shows a typical passive 

RFID tag. 

                

Fig  4-2  Typical RFID tags 

The passive tags have no dedicated power source. It generates the power by the reader 

through the radio wave fed into the tag antenna. Apparently, the transmission distance of 

passive tags is limited. Since the passive tags do not have internal batteries, the passive 

tags can be made small enough to be integrated in a label.  

Active tags have their own power source to transmit the data and to provide power for the 

chip embedded. The transmission distance of active tags are significantly larger than the 

passive counterparts and therefore led them to a different set of applications.  

Semi-active tags have the characteristics of both passive and active groups and therefore 

are called semi-active tags. The tag uses a battery to power the chips, but does not use the 

energy provided by the battery to communicate with the reader. Since the power 

transmitted by the reader can be used by the tag for its own transmission of data, the read 

range increases compared to a passive tag. 

The comparison of these three types of RFID tags is summarized in Table 4-2. 

 



 

49 

Table 4-2  RFID tag comparison 

Tag types Advantages Disadvantages Frequency ranges Applications 

Passive 

Longer life time 

Wider range of 
form factors 

Lower cost 

Distance limited to 
4-5m (UHF) 

Strictly controlled 
by local regulations 

LF, HF, UHF Most widely 
used 

Semi-passive 
UHF Track high value 

materials or 
equipments 

Active 

Greater 
communication 
distance 

Can be used to 
manage other 
devices like sensors 

Expensive 

Reliability issues 

UHF, Microwave Logistics for 
tracking of 
containers 

 

Alternatively, according to the classification made by EPCglobal organization, the tags 

can be categorized into Class 0, 1, 2, 3, 4, and 5. The following details the characteristics 

of each tag class. 

 EPC Tag Classes 

Class 0 – Read only – Factory programmed 

These are the simplest type of tags, where the data, which is usually a simple ID 

number, is written only once into the tag during manufacture. The memory is then 

disabled from any further updates. Class 0 is also used to define a category of tags 

called EAS (Electronic Article Surveillance) or anti-theft devices, which have no ID, 

and only announce their presence when passing through an antenna field. 

Class 1- Write once read only (WORM) – factory or user programmed 

In this case, the tag is manufactured with no data written into the memory. Data can 

then either be written by the tag manufacturer or by the user – one time. Following this 

no further writes are allowed and the tag can only be read. Tags of this type usually act 

as simple identifiers. 
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Class 2 – Read / Write 

This is the most flexible type of tag, where users have access to read and write data into 

the tag’s memory. They are typically used as data loggers, and therefore contain more 

memory space than what is needed for just a simple ID number. 

Class 3 – Read / Write with on board sensors 

These tags contain on-board sensors for recording parameters liker temperature, 

pressure, and motion, which can be recorded by writing into the tags memory. As 

sensor readings must be taken in the absence of a reader, the tags are either 

semi-passive or active. 

Class 4 – Read / Write with integrated transmitters 

These are like miniature radio devices which can communicate with other tags and 

devices without the presence of a reader. This means that they are completely active 

with their own battery power source. 

Class 5 – Read / Write with enhanced reader function 

Essentially, the readers can power Class 1, 2 and 3 tags as well as communicate with 

Class 4 and 5 with each other. 

Table 4-3 summarizes the EPC tag classes based upon the tag characteristics and its 

applications.  

Table 4-3  Summary of EPC tag classes 

Class Memory Power source Applications 
0 None Passive Anti-theft 

1 Read-only Passive Identification 

2 Read / Write Passive Data logging 

3 Read / Write Semi-passive / Active Sensors 

4 Read / Write Active Ad hoc networking 

5 Read / Write Active Intelligent wireless network 
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4.3 READERS 

RFID readers can appear in varied forms and frequency. The design of the reader depends 

on the application that the reader was constructed for. The frequency rage of reader must 

cover that of tags with which it communicates. Because tag and reader are 

communicating with each other via the radio wave, there is no need for the line of light 

during operation. It is more flexible to setup the readers to communicate with tags 

attached.  

According to the process layout and operation design, the readers can be divided into 

three types – portal reader, handheld reader and shelf reader. They vary in the cost, read 

rate and functional features. For the readability accuracy, multiple antennas can even be 

allocated to connect the same reader. Due to the invisibility of radio wave and the 

interference from signal reflection or material effect, the reader performance should be 

adjusted and tested to qualify for the system demands before the field deployment. 

Meanwhile, the readers perform differently in reading different types of tags. It results 

from the insufficient protocol support or not covering the tag’s operation frequency rage. 

This is highly different from the traditional perception of bar code scanners. System 

architecture varies according to the system performance requirements and environment 

where it operates. 

 

4.4 OPERATING FREQUENCY 

The frequency used for the communication between readers and tags is one of critical 

factors. It affects the read range, data rate, sensitivity, resistance to interference and 

package size. Currently, there are five main frequency ranges for RFID applications. The 

characteristics and comparison among them are illustrated in Table 4-4. In general, the 

frequency selection is based upon the reading requirements such as tag size, maximum 

reading distance, the resistance to interference, and standard compliance. The spectrum 

distribution and its corresponding application standards are shown in Fig 4-3.  
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Table 4-4  RFID frequency and comparison 

Frequency 125~134 kHz 13.56 MHz 433MHz 860~950 MHz 2.45~5.8 GHz

Applications Passive Passive Active Passive / 
Active 

Passive / 
Active 

Reading 
method 

Inductive 
coupling 

Inductive 
coupling EM Wave EM Wave EM Wave 

Readable 
range Long Short Long Long Very long 

Tag size Large Small Large Large Large 

Moisture 
effect Big Small  Big Big 

Metal effect Small  < - - - - - - - - - - >  Large 

Reading speed Slow  < - - - - -  - - - - - - >  Fast 

 

 

Fig  4-3  RFID Frequency spectrum 
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 Regional Regulations and Frequency Allocation 

RFID tags and readers fall under the category of short-range devices (SRD’s), which 

although they do not normally require a license; the products are governed by the laws 

and regulations, which vary from country to country. Today, the only globally accepted 

frequency band is the HF 13.56MHz. For passive UHF RFID, the problem is much more 

complicated as frequencies allocated in some countries are not allowed in others, due to 

their proximity to already allocated bands for other devices as mobile phones and alarms. 

This discontinuity has resulted in the ITU (International Telecommunication Union) 

dividing the world into three regulatory regions as illustrated in Table 4-5.  

Table 4-5  Spectrum regulation in areas 

Region Area Main regulatory body 

Region 1 

Europe, Middle East, Africa and the 

former Soviet Union including Siberia 

CEPT  

(European Conference of Postal and 

Telecommunications) 

Region 2 
North and South America and Pacific 

east of the international date line 

FCC  

(Federal Communication Commission) 

Region 3 

Asia, Australia and the Pacific rim west 

of the international date line 

In Japan, MPHPT 

(Ministry of Public Management, Home 

Affairs, Posts and Telecommunication) 

 

 

4.5 STANDARDS 

Global standards play an important role for RFID to be widespread used in 

inter-organizational applications. Without standards, companies are reluctant to invest in 

a technology the might not be compatible with systems used in other countries or 

companies. The standardization process for RFID is mainly driven by two organizations - 

ISO/IEC and EPCglobal. 
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 ISO/IEC Standards 

ISO (the International Organization for Standardizations) is working together with IEC 

(the International Electro-technical Commission) to create standards for RFID. ISO 

defines the air interface communication between reader and tag, and includes the 

parameters in communication protocol, signal modulation types, data coding and frames, 

data transmission rates, and anti-collision (detection and sorting of many tags in the 

reader field at the same time). The list of these standards is shown in Table 4-6. 

Table 4-6  ISO/IEC 18000 series standard 

Standard Description 

ISO/IEC 18000-1 Part 1 – Reference architecture and definition of parameters to be standardized. 

ISO/IEC 18000-2 Part 2 – Parameters for air interface communication below 135kHz 

ISO/IEC 18000-3 Part 3 – Parameters for air interface communication at 13.56MHz 

ISO/IEC 18000-4 Part 4 – Parameters for air interface communication at 2.45GHz 

ISO/IEC 18000-5 Part 5 – Parameters for air interface communication at 5.8GHz 

ISO/IEC 18000-6 Part 6 – Parameters for air interface communication at 860-930 MHz 

ISO/IEC 18000-7 Part 7 – Parameters for active air interface communications at 433 MHz 

 

For item management, the data protocol used to exchange information in a RFID system 

is specified in ISO/IEC 15961:2004 and in ISO/IEC 15962:2004 as illustrated in Table 

4-7. ISO/IEC 15961:2004 focuses in the interface between the application and the data 

protocol processor, and includes the specification of the transfer syntax and definition of 

application commands and responses. It allows data and commands to be specified in a 

standardized way, independent of the particular air interface of ISO/IEC 18000. 

Table 4-7  ISO/IEC standard for item management 

Standard Description 

ISO/IEC 

15961:2004 

Radio frequency identification (RFID) for item management  

– Data protocol: application interface 

(Address the information interface with the application system) 
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ISO/IEC 

15962:2004 

Radio frequency identification (RFID) for item management  

– Data protocol: data encoding rules and logical memory function 

(deals with the processing of data and its presentation to the RF tag, and the 

initial processing of data captured from the RF tag) 

 

For contactless integrated circuit cards, the standards are specified in ISO/IEC 

15693-1:2000, ISO/IEC 15693-2:2000 and ISO/IEC 15693-3:2001. Table 4-8 lists the 

description of these standards. 

Table 4-8  ISO/IEC standard for contactless IC cards 

Standard Description 

ISO/IEC 

15693-1:2000 

Contactless integrated circuit cards – Vicinity cards  

– Part 1: Physical characteristics 

ISO/IEC 

15693-2:2000 

Contactless integrated circuit cards – Vicinity cards  

– Part 2: Air interface and initialization 

ISO/IEC 

15693-3:2001 

Contactless integrated circuit cards – Vicinity cards  

– Part 3: Anti-collision and transmission protocol 

 

 EPCglobal Standards 

EPCglobal is a joint venture between EAN International and UCC. It has developed the 

EPCglobal Network that is a set of technologies aiming at enabling immediate automatic 

identification and sharing of information on items in the supply chain. EPCglobal has 

created a number of action groups focusing on developing standards for the different 

aspects of the network. Any company interested in influencing the standardization 

process can join one or several of these action groups. Through this process, EPCglobal 

wants to ensure that standards that suit the industry will be formed.  

Due to the high cost issue in RFID tags, EPCglobal recognized that in order to solve the 

problem, tags needs to be as simple as possible, and act as pointers to information held on 

servers on the internet. The vision drives the development of the universal unique 

identification for individual items. This leads to the idea of the EPC (Electronic Product 
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Code), which would provide fast and detailed information of products anywhere in the 

supply chain. The EPC is encoded in an inexpensive Radio Frequency Identification 

(RFID) tag. The goal was not to replace bar codes, but rather to create a migration path for 

companies to move from bar code to RFID. The code is similar to the UPC (Universal 

Product Code) used in bar codes, and ranges from 64 bits to 256 bits with 4 distinct fields 

described below. What sets the EPC apart from bar codes is its serial number which 

allows to distinguish the uniqueness of an item, and track it through the supply chain. The 

EPC number layout and its detailed explanation for 96-bit version are illustrated 

respectively in Fig 4-4 and Table 4-9. 

 
Fig  4-4  Typical layout of EPC number [Source: Auto ID Labs] 

 

Table 4-9  Explanation of EPC number 

Bits Class Description 

0-7 Header 
The Header is 8 bits, and defines the length of the code. The 

EPC length ranges from 64 to 256 bits. 

8-35 EPC manager 
Typically contain the manufacturer of the product that the EPC 

tag is attached to. 

36-59 Object class 
Refer to the exact type of product in the same way as an SKU 

(Stock Keeping Unit) 

60-96 Serial number Provide a unique identifier for up to 296 products 
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According to the architecture definition by EPCglobal, the EPCglobal Network consists 

of five fundamental elements – Electronic Product Code (EPC), ID system, EPC 

Middleware, EPC Information service, and Discovery service. The detailed description 

of each element is shown in Table 4-10. Meanwhile, Fig 4-5 demonstrates the EPCglobal 

network architecture. EPCglobal is aming at the building of an open platform on the 

internet to share the information among companies and end users. With the benefits of 

internet connection and RFID technology, information sharing can be instantaneously 

achieved across the borders and among organizations. Essentially, it will greatly improve 

the information visibility and accuracy among the vendors in the value chain.  

Table 4-10  Elements of EPCglobal network 

Element Description 

Electronic 
Product Code 
(EPC) 

The Electronic Product Code™ (EPC) is a globally unique serial number that 
identifies an item in the supply chain. This allows enquiries to be made about a 
single instance of an item, wherever it is within the supply chain. 

The ID System The ID System consists of EPC tags and EPC readers. EPC tags are RFID devices 
that consist of a microchip and an antenna attached to a substrate. The EPC is 
stored on this tag, which is applied to cases, pallets and/or items. EPC tags 
communicate their EPCs to EPC readers using Radio Frequency Identification. 
EPC readers communicate with EPC tags via radio waves and deliver information 
to local business information systems using EPC Middleware.  

EPC Middleware EPC Middleware manages real-time read events and information, provides alerts, 
and manages the basic read information for communication to EPC Information 
Services as well as a company’s other existing information systems. EPCglobal is 
developing a software interface standard for services enabling data exchange 
between an EPC reader or network of readers and information systems.  

EPC Information 
Services (EPCIS) 

EPC Information Services enables users to exchange EPC-related data with 
trading partners through the EPCglobal Network. 

Discovery 
Services 

The Discovery Services is a suite of services that enables users to find data related 
to a specific EPC and to request access to that data. The Object Naming Service 
(ONS) is one component of the Discovery Services. 
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Fig  4-5  Architecture of EPCglobal network 

 

4.6 MARKET OF RFID TECHOLOGY 

With the potential benefits to manufacturers, retailers and end consumers, RFID 

technology is being proved a feasible and affordable solution to make the industry supply 

chain visible, efficient and collaborate. Meanwhile, with the driving by the world’s 

largest retailer – Wal-Mart, American Department of Defense and Metro group, progress 

is being made on the commercial implementation of this technology in the ways 

manufacturers and retailers do business. According to the market forecast made by ABI 

research institute, the RFID market is forecasted to grow at a very rapid speed as shown in 

Fig 4-6. The global market revenue is forecasted to reach around 10 billions USD in 2009 

from 2 billions USD in 2005.  
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Fig  4-6  Global RFID Revenue  [Source: ABI Research] 

 

 

 

 

 

 


