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EXECUTIVE SUMMARY

This report provides congtruction industry owners and contractors with current
information about enhancing their operations using radio frequency identification (RFID)
technology. Radio frequency identification involves the use of tags, or transponders, that
collect data and manage it in a portable, changeable database; communicate routing
ingructions and other control requirements to equipment; and withstand harsh
environments. It can be viewed as asSster technology to bar code labels which use light
waves ingtead of radio wavesto read atag. An RFID system comprises tags, or
transponders, and a reader that, depending on configuration, includes an antennaand
scanner. The tag contains asmdl integrated circuit chip and an antennathat is
encgpsulated in a protective shell. The reader contains, a a minimum, an antenna and
scanner and is used to communicate with the tag. Tags can be categorized as read only or
have both read and write capabilities. Moreover, they are classfied as active, which
means they include a battery, or passive, which means they are powered by the reader’s
energy fiddd. The memory capacity of the tags varies from 64 to 32,768 bytes (one byte
equals eight bits of binary code). The technology, in existence for severd years, is
currently being used in severa application areas such as vehicle access, personnd
identification, asset tracking, livestock identification, and tolls and fees. Application
development is currently underway in areas related to groceries, postage slamps, and
baggage identification in airports.

The primary benefits of usng RFID technology are its ability to store data and
retrieveit at alater time. In addition, unlike bar code labdls, it is more robust because
RFID tags are not damaged as easly, can be read in direct sunlight, and survive harsh
conditions. Limitations include higher tag costs compared to bar code labels; lack of
tandardization, which prohibits one manufacturer’ s reader from reading another
manufacturer’ stag; and potentia interference from stedl objects and other radio
frequency sgnds.

The purpose of this research project was to disseminate information regarding
RFID to owner and contractor organizations, enabling them to take advantage of this
emerging technology as it becomes commercidly available. The project report aso
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provides RFID manufacturers with relevant information regarding the needs of the
congtruction industry so future RFID products better address the industry's needs.

The scope of this research project includes (1) providing Construction Industry
Ingtitute (Cl1) member companies with a better understanding of RFID tagging
technology (whet it is, how it works, benefits, costs, and current gpplications); (2)
understanding ClI member company needsin terms of what applications will best suit
their needs, the type of data that should be stored on each tag, and barriersto
implementation; (3) pilot-testing gpplications in the condruction and owner facility
operations environment; and (4) assessng how RF tagging technology can be
incorporated into a fully integrated, automated project process (FIAPP).

A congruction indusiry-RFID supplier workshop was held to disseminate
information about this technology and to generate suitable application ideas for the
indudiry. Thirty-one people attended the workshop, which included representation from
both CIl owner and contractor firms and four RFID suppliers (Brady RFID Systems,
HID, Intermec-Amtec, and SAT Corporation). Potentia application areas discussed by
participants included materia management and procurement (e.g., materia receiving,
ingdlation, and gartup and commissioning), field operations (e.g., personnd
management, timekegping, handling certification for mechanical mechinery, and fleet
management), and maintenance (e.g., ingpection, repair history, operating data, and
compliance records). Moreover, the following critical points were identified during the
workshop:

1. RHD hasits strengths and limitations.

2. There arefew congruction-related RFID suppliers.

3. RFID should be used with the larger company information system (FIAPP).

4. Bar codelabels and RFID tags should be considered complementary

technologies.

With the information gathered during the workshop, five gpplication ideas were
selected and pilot tests conducted to learn more about RFID and its gpplicability to the
congtruction industry. One contractor application, related to receiving pipe supportson a
jobsite, was explored. Three owner gpplications reated to (1) tracking smart instruments,
(2) maintenance of pressure rdlief valves, and (3) operator rounds and mechanical
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integrity ingpections were tested on exigting plant facilities. The Nationd Ingtitute of
Standards and Technology also conducted an experiment using RFID to track stedl
components on ajob site. These testsinvolved the use of passive RFID technology in the
125-Khz frequency range.

Results from these pilot tests showed that RFID can potentialy reduce costs for
both owners and contractors. The contractor pilot showed that RFID tags reduced the
time required to download data into a company’s materia tracking system and could
“flag” an item s0 an entry was not repeated. \When scanning the tags, sun glare was not a
problem. Furthermore, it was perceived that there were lower rework costs, reduced
invertory shrinkage, reduced start-up times, and positive materia identification for the
owner gpplications.

This report dso investigates ways to integrate RFID technology throughout the
project life cycle, improving productivity, cost, schedule, qudity, and safety. The
primay aess ae reaed to condruction (personnel accountsbility, safety, rigging
equipment, flet management, measuring and testing equipment, qudity, and materid
control) and owner operations. From the owner's perspective, asset management would
provide the greatest benefit. At the point of manufacture, RFID tags could be encoded
with specific information by the manufacturer that the contractor would use upon receipt
for inventory control a the dte induding preventive mantenance requirements thet
would apply throughout the component’s life and during the storage cycle of the project.
When the asset was turned over to the owner, the information stored on the RFID tag
could be used to track the asset’ s life during its maintenance and operation period.

Radio frequency identification is becoming more popular as atagging and
identification technology. In addition to itsrelatively large Storage capacity, it isvery
reliable and extremely robugt in harsh environments. Thistechnology aso hasahigh
level of security because it is nearly impossible to replicate tag information. Severa
gpplications have aready been successfully developed using this technology. As
demonstrated by the contractor and owner pilot tests, RFID is a promising technology for
enhancing congtruction operations related to materid receiving and aso possibly other
operations related to maintenance and operations. Overal, this technology has

Documents

Xiii Document Sharing Hub

Full document details: Cll RR151-11 2000


http://www.avadocuments.com/doc/cii-rr151-11-2000
http://www.avadocuments.com/doc/cii-rr151-11-2000

sgnificant potentid for enhancing severa processes in the construction and facility

operations environment.
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1.0 INTRODUCTION

Radio frequency identification (RFID) refersto a branch of autometic
identification technologies in which radio frequencies are used to capture and transmit
data. The radio frequency identification technology involves the use of tags, or
transponders, that can collect data and manage it in a portable, changeable database
within the tag; communicate routing instructions and other control requirementsto
equipment; and withstand harsh environments. Specific RFID gpplications have dready
been developed in many areas including materia identification, tool handling, automatic
guided vehicle contral, toll and fee collection, hazardous materid identification, meter
reading, equipment maintenance, personnd identification, asset location and tracking,
animd tagging, and home and business security systems. A recent study projects annua
sdes revenue for RFID to increase approximately 300% from 1999 to 2004 (868 million
to 3,622 million, respectively (Id Systems, 1999).

Owner and contractor organizations may want to become more familiar with
RFID technology so they too can regp the benefits other industries have aready
experienced by applying thisinnovation. Under the guidance of Dr. Edward Jasdskis, a
civil and condruction enginearing professor at lowa State University, Ames, two
graduate students conducted this research project, which investigates how RFID
technology can enhance construction operations by reducing project cost and cycletime.
Moreover, the project considers the possibility of incorporating RFID technology into a
fully integrated, automated project process (FIAPP). Owner and contractor Construction
Industry Ingtitute (CI1) member companies can benefit from this study because they will
be able to make more informed decisons about the various RFID applications and how
they can be combined with integrated, automated systems, improving operating
effidency.

Thisresearch project assists Cll member companies in making more informed
decisons regarding the RFID gpplication at any phase within the project cycle where
improved efficiency is desired and can be achieved. Some examples described in this
report relate to (1) enhancing the materid receiving process for engineered items,
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(2) improving the ingtalation process of smart instruments and steel components, and (3)
improving maintenance operations during critica turnaround projects.

1.1 Purpose of Research Project

The purpose of this research project isto collect information regarding RFID
technology and present it to CIl member companies, enabling them take advantage of this
emerging innovation. It so provides suppliers of this technology with important
information about the needs of owner and contractor organizations, enabling the suppliers
totalor to the industry's needs.

1.2 Scope
The scope of this research project involves

- Providing CIl member companies with detailed information about RF D tagging
technology (e.g., description, current applications, benefits, cogts, and limitations),
promoting a better understanding and wider acceptance of the technology.

- Soliciting feedback from ClI member companiesin terms of their needs, what
goplications will best meet these needs, the type of data that should be stored on each
tag, and barriers to implementation.

- Performing pilot tests from both owner and contractor perspectives to determine the
technology’ s cgpabiilities and potentid for improving project life cycle costs.

- Assassaing how radio frequency identification technology can be integrated into FIAPP.

- Summarizing and reporting the findings of this research.

1.3 Research Approach

Theinitiad research gpproach involved developing a better understanding of the
technology through an extensve literature review and interviews with severd
knowledgeable RFID specidists. The research team next sponsored an industry-RFID
supplier workshop for owner and contractor representatives to introduce and promote the
technology and to solicit ideas about potentia applications. Based on recommendations

from this workshop, severd pilot applications were devel oped and tested from an owner
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and contractor perspective. The results of these pilot tests are summarized and presented
in thisfind report. The report aso considers RFID’srolein FIAPP. Finaly, the report
presents the research team’ s recommendations for implementing this technology in both
owner and contractor organizations.

1.4 Report Organization

This report begins with a description of the technology, that is, consdering its
components, operating processes, benefits, current applications, codts, and limitations. A
discussion of potential applications, the result of the industry-RFID supplier workshop, is
then provided. After the pilot tests are described, including the results, RFID’srolein a
FIAPPisexplored. Recommendations for successful implementation are presented in the
following chapter, and the study conclusions end the report.

Documents
3 Document Sharing Hub

Full document details: Cll RR151-11 2000


http://www.avadocuments.com/doc/cii-rr151-11-2000
http://www.avadocuments.com/doc/cii-rr151-11-2000

2.0 DESCRIPTION OF RFID TECHNOLOGY

This chapter provides a genera description of the radio frequency identification
(RFID) technology induding its components, an overview of how the technology
functions, its benefits, its costs, and its limitations. A comprehensive glossary of RFID
terminology is presented in Appendix A. Furthermore, acomplete list of RFID suppliers
and trade organizationsisincluded in Appendices B and C, respectively.
2.1 Components

Radio frequency idertification systems consist of four basic components: (1) teg,
or transponder, (2) antenna, (3) scanner, and (4) reader. In someindustria applications
where equipment may be permanently fixed, each of these components is a separate item.
In other applications where portability is required, some of the components may be
combined into one hand-held configuration that includes, for example, the antenna,
scanner, and reader. A description of each component follows.

2.1.1 Tag, or Transponder

Thetag, dso cdled atransponder, contains an antenna and integrated circuit chip
that is encapsulated to protect againgt shock, fluids, dust, dirt, and other contaminants.
Radio frequency tags can come in many shapes and szes. Figure 2.1 shows avariety of
tags manufactured by Texas Insruments. Note that some of the tags are in the shape of
identification cards, disks, cylinders, and hermeticaly enclosed glass capsules (refer to
lower right corner of thefigure). A tag can range in Sze from the Sze of asmall agpirin
to gpproximately the size of abrick (Datdogic, 1996). Over 34 billion unique
identification codes can be stored on the tags (Hughes I dentification Devices, no date).
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Tags are classified as active or passve and may have read-write or read only
cgpability. Active tags contain a battery that powers the tag once the reader has activated
it. They can beread or written to from greater distances because of the battery; however,
active tags are generdlly more expensive than their passive counterparts and have a
limited 3 to 10 year life. Some active tags are now being produced that use the incoming
radio sgnd to recharge their internd battery, extending their life beyond 10 years
(Moore, 1998). Passive tags, on the other hand, are powered solely by the magnetic field
emanated by the reader or may contain batteries that are used to energize the internd
circuitry but are not responsible for data transmisson. Passive tags have an extremdy
long life and usudly last longer than the object itself, making it suitable for usein
hazardous waste materia container tracking and identification (What is RFID?, 1996).
Read and write ranges for passve tags are generaly lessthan 6 fest; in most
configurations, the read rangeisonly 8to 12 inches. Refer to Table 2.1 for a summary of

thisinformation.
Table 2.1: Characterigtics of Active versus Passive Tags
Active Passive
Power Source Battery Powered by magnetic field
Read Range 5-100 ft. Lessthan 6 ft (usudly 1-6 inches)
Lifetime 3-10yrs. Unlimited lifetime

A read only tag is programmed ether during manufacture or by the user once
during itslifetime. The information programmed onto read only tags cannot be dtered at
alater time. Read only tags are generaly used only for smple identification purposes,
because they hold approximately 8 to 128 bits of memory. With read-write tags, as the

name implies, the user can dter the information stored on thetag. There are dso write-
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once, read many (WORM) formatted cards and tags that are essentidly read only; the
user can program them onetime.

The memory capacity of read-write tags varies anywhere from 64 to 32,768 bytes
where one byte equals 8 bits of binary code (i.e., “0” or “1"); this represents severa
pages of text (Datalogic, 1996). The larger capacity tags are basicaly portable data files
that can initiate action or be selectively read for specific information (Radio Frequency
Identification, 1998). The precise amount of memory depends on the specific tag
selected. For example, Balogh fixed code or read only tags are available with 1-byte, 2-
byte or 7-byte capacities. Its read-write tags are available with 64-byte, 2-kilobyte, or 8-
kilobyte memory capacities (Baogh, no date). Refer to Table 2.2 for a summary of read-

write versus read only tag characterigtics.

Table 2.2: Characteristics of Read-Write Tags versus Read Only Tags

Read-Write Read Only
Memory Capacity 64 -32,768 hits 8-128 hits
Information Content User can alter User can not dter
Data Transfer Speed Approx. 3,000 bps Approx. 8,000 bps

2.1.2 Antenna

The antenna tranamits an dectromagnetic field that activates the trangponders
when they come within range. When the trangponder transmits its deta, the information
IS inturn, received by the antenna. To meet different mounting and orientation demands,
they may be fixed or portable. Antennas are available in severd configuraions and vary
in size and shape. They can be freestanding or imbedded in other Sructures such asina
concrete block wall to detect personnd badges or passersby.  Antenna placement
depends on factors such as the system’ s operating frequency, the size of the tags and
antennaiin use, the nature of the surrounding materials, and the amount of free space
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(Foyd, 1993). Figure 2.2 shows various antennas that are fixed in place including a
portal antennathat would be found a store entrances. Figure 2.3 shows a portable

antenna, which aso houses the scanner eectronics.

Figure 2.3: Example of a Portable Antenna
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2.1.3 Scanner

The scanner board is connected to the antenna and has the following two
functions it (1) generates the energizing Sgnd transmitted from the antennarto the
trangponder and (2) filters and amplifiestheincoming datasignd. Certain scanners have
an antennaintegrated into the printed circuit board; others must be used with a separate
antenna (Telsor, no date @). Upon receipt of the reader’ s enabling signa, the scanner
initistes the magnetic field generated by the antenna, acts as areceiver for the return code
from the transponder, and relays the signa back to the reader. Scanners are configured in
modds with externd antennas, as well as with interndly integrated antennas.

2.1.4 Reader

The reader communicates with the tag via the antenna, usng an eectromegnetic
fidd. Readers convert the scanner’ s andog output into the digital format, which can then
be used for data analysis, recording, and reports by the host computer. Reader interfaces
aso monitor incoming signas from the transponders to ensure valid tag data and virtudly
error-free operation (Telsor, no date b).

Readers come in either stationary or hand-held modds. Stationary models
typicaly have a gresater read range because they can generate more energy than the
battery- operated, hand-held moddls. Hand-held models are used where portability is
desirable, such as warehouse management. These portable readers generdly contain an
antenna, scanner board, reader electronics (decoder, data converter, and computer
interface), and a power supply (Whet is RFID?, 1996). Figure 2.4 shows a Telxon reader
that includes an antenna.and scanner. This portable unit is rated for operation in an
explogve environment (Class | Divison 2) and can withstand rough trestment (e.g., can

be dropped approximately four ft on a solid surface and till function properly).
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Figure 2.4: Telxon Hand-held Reader

2.2 How RFID Works
2.2.1 Oveview
Figure 2.5 provides an overview of how this technology works. The reader

(including an antenna and scanner) sends energy to the tag (refer to A in diagram), and
the tag sends identification data back to the reader (refer to B in diagram). The reader
decodes the data and tranamits it to a computer for inclusion in the facility informeation

system (refer to C in diagram).

READER [ p——
iy

W O e
s B -—

Figure 2.5: How RFID Works
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In addition to the sngle channd system depicted in Figure 2.5, there are also
multiplexing systems. Figure 2.6 shows the schematic of a Hughes 1S52001 multiplexing
system, amultiplexing reader that will support up to eight scanners. It is equipped to
supply an enable signd to each scanner while inquiring for atranamitted ID. The
multiplexing reader decodes the ID number, digitally formatsit, and identifies the
scanner number, sending the information to the host computer (Hughes, no date).
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Figure 2.6: Hughes Multiplexing System (Hughes, no date)

2.2.2 Operating Frequencies

Radio frequency identification operates within three frequency ranges: high,
intermediate, and low. Table 2.3 showsthe typica characteristics and gpplications for
these three ranges (Radio Frequency Identification, 1998). High-frequency (850-950
MHz and 2.4-5 GHZz) systems are suitable for gpplications requiring alonger read range
such astoll collection, railroad cars, and intermoda containers. Intermediate-frequency
(10-15 MH2) systems are emerging in the financia transaction processing area of smart
card use. Low-frequency (100-500 kHz) configurations are used for gpplications
requiring shorter read ranges such as access control, work-in-process tracking, time-and-
attendance management, vehicle identification, laundry/textile identification, and asset
management (What is RFID?, 1996). One advantage of lower frequenciesistheir ability
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to read through obscuring materials and around corners (Moore, 1998). It should be
noted that the Federa Communication Commission redtricts frequency use to either the
very low (50-500 kHz) or microwave (0.9-2.5 GHz) range (Datalogic, 1996).

Table 2.3: Frequency Bands and Applications

Frequency Band Characteristics Typical Applications
Low Short to medium read range Access control
(100-500 kHz) Inexpensve Animd identification

Low reading speed Inventory control

Car immobilizer

Intermediate Short to medium read range Access control
(10-15 MH2) Potentidly inexpensve Smart labds
High Long read range Railroad car monitoring
(850-950 MH2) High reading range Tall callection sygems
(2.4-58 GHz) Line of sght required

Expensve

2.2.3 Data Storage Characteristics

The mogt efficient and frequently used method to store dataon an RFID tagisasa

coded bit map. Figure 2.7 represents a 64-byte memory tag with addresses from 0 to 63.
Note that each address contains 8 hit locations (from bit O to bit 7), and each bit can be

either a“1” or “0” (Balogh, no date). Each address may represent a binary code (e.g.,

01100001 represents the lower-case letter “a’ as shown in Address 8 of Figure 2.6) or a

characterigtic of a product being manufactured as the next example discusses.
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Address hitO bit 1 bit 2 bit 3 bit 4 bit 5 bit 6 bit 7
0 Oorl Oorl Oorl Oorl Oorl Oorl Oorl Oorl
1 Oorl Oorl Oorl Oorl Oorl Oorl Oorl Oorl
2 Oorl Oorl Oorl Oorl Oorl Oorl Oorl Oorl
3 Oorl Oorl Oorl Oorl Oorl Oorl Oorl Oorl
4 Oorl Oorl Oorl Oorl Oorl Oorl Oorl Oorl
*

8 0 1 1 0 0 0 0 1
*

63

Figure 2.7: Tag Memory Map

As an example of atypica manufacturing operation involving RFID tagging,
consider a computer being assembled on a production line. An RFID tag is attached to
the computer frame to provide the operators with configuration assembly information and
record ingpection datus. Figure 2.8 shows the memory map for information programmed
onto thetag. In this example, the tag has four addresses (0, 1, 2, and 3). Address0
identifies the hard disk size (2, 3, or 6.4 gigabytes) and if the hard disk passed an
ingoection. Address 1 identifies the type(s) of disk drives that will be included in the
computer (3.5", Zip drive, CD-ROM) and if the disk drive(s) passed the ingpection.
Address 2 relates to whether the computer will be configured with amodem and aso
includes memory to indicate the ingpection status. Lastly, address 3 indicates how much
interna memory will be configured in the computer (32, 48, or 64 kilobytes of random
access memory [RAM]) aswell as an ingpection status indicator.
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Address hitO bit 1 bit 2 bit 3 bit 4 bit 5 bit 6 bit 7
0 2GigHD 3 GigHD 6.4 GigHD PASSED FAILED

1 3.5" Drive Zip Drive CD ROM PASSED FAILED

2 Modem PASSED FAILED

3 32RAM 48RAM 64RAM PASSED FAILED

Figure 2.8: Tag Memory Map for Computer Example

Suppose a computer configuration is to include the following components: 2-
gigabyte hard disk, 3.5-inch disk drive, Zip drive, CD ROM drive, modem, and 64
kilobytes of RAM. After the computer has been assembled and &l components have
successfully passed the ingpections, the tag memory appears as shown in Figure 2.9.

Address hitO bit 1 bit 2 bit 3 bit 4 bit 5 bit 6 bit 7
0 1 0 0 1 0

1 1 1 1 1 0

2 1 1 0

3 0 0 1 1 0

Figure 2.9: Tag Memory Map for Selected Computer Configuration

2.2.4 Data Communication Protocol

To transfer data efficiently between the transponder and the reader requires the
information to be “...superimposed upon arhythmicaly varying (Snusoidd) fied or
carier wave,” (Radio Frequency Identification, 1998). Thisis done by varying one of
the main components of the wave: its amplitude (amplitude modulation [AM]), its
frequency (frequency shift keying [FSK]), or its phase (phase shift keying [PSK]) (Radio
Frequency Identification, 1998). The most common transmisson techniqueis FSK
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between 123.2 kHz and 134.2 kHz. It has adower data transfer rate than the other two
methods but a strong immunity to background noise. While PSK also has good noise
immunity, it requires more complicated readers (Sharp, 1998 b).

The 123.2 kHz to 134.2 kHz frequencies are the most popular because operating
below 135 kHz does not require a frequency dlocation from the necessary regulatory
organization, making the system very cos effective to implement (Transponder News,
1998). Figure 2.10 shows an example of FSK (TIRIS Technology Overview Catalog,
1992). Note that the binary character “0” is designated by the higher frequency (134.2
kHz) and the binary character “1” is designed by the lower frequency (123.2 kHz).
Specidly desgned eectronic circuits are cgpable of detecting this frequency shift.

Figure 2.10: Example of Frequency Shift Keying

Moreover, there ae three different desgn communication principles in the
passive, low frequency RFID market related to full-duplex (FDX), hdf-duplex (HDX),
and sequentia approaches (SEQ). In the FDX agpproach, the data transfer from the reader
to the tag takes place a the same time as the data transfer from the reader to the
trangponder  (Finkenzeller, 1999). This means that the trangponder returns the
interrogator signa once the beginning of the interrogator sgnd is received and the
smoothing capacitor has been charged. As long as a continuous interrogetor sgnd
continues, the return dgnd is recelved without interruption. With FDX, data are
trangmitted from the trangponder a a completedly independent or” an harmonic”
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frequency which means that a transponder does not need to store energy to return its
entire code.

On the other hand, with the hdf-duplex approach, the data transfer from the
reader and the transponder dternate with each other.  This means that the return signa is
sent once because it initiates only after the complete recelving of the interrogetor signa
and after the storage capacitor has been fully charged. It is important to note, the two
gpproaches are completdly different. However, in the two agpproaches, the transfer of
energy from the reader to the transponder is a non-stop, meaning thet it is independent of
the data transfer direction. Although a compromise is easy to reach by having competible
readers that can read both types of transponders. A reader of such specification would
degrade the FDX performance by inheriting the drawbacks of the HDX sysem. The read
speed peformance of the FDX will drop to that of HDX because of the dower HDX
sysem. The result is a more expensve reader that is designed to read two types of
technology with lower efficiency than it would be the case of having only a sngle
sysem.

With the sequentid systems (SEQ), the energy transfer between the tag and the
reader occurs for a limited period of time. The transfer of data from the tag to reader is,
therefore, performed in the pauses between the power supply to the tag.  Figure 2.11
graphicdly depicts the FDX, HDX, and SEQ approaches over time. In this figure, the
teem “uplink” refers to the data transfer from the tag to the reader, while the term

“downlink” refersto the opposite direction of datatrandfer.
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Figure 2.11: Comparison of FDX, HDX, and SEQ Approaches (Finkenzeller, 1999)

2.25 Batch Reading

One of theissues associated with RFID involves reading multiple tags in the same
inquiry zone (Hawkes, 1998). The interrogator becomes confused because signals from
multiple trangoonders will overlap with respect totime.  As can be seenin Figure 2.12,
this often causes some of the signalsto go unread.  Incompatible trangponders or readers
can compound this problem. Batch reading is one of the potential major advantages of
RFID over other scanning systems such as bar code. Scanning multiple items, as
opposed to each item individudly, saves Sgnificant time and money. Because of this
concern, several companies have developed some creetive solutions to the batch-reading
issue. The solutions can be broken down into three categories. Oneisusing tags that
“die’ or “degp” when their signd has been read. Another category isto have the receiver
act as asearchlight over the entire zone with a beam narrow enough to hit each
trangponder singly. Thethird is the use of multiple interrogators (Hawkes, 1998).
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Figure 2.12: Schematic of Batch- Reading Issue (Hawkes, 1998)

One example of the deeping tag technology is SAM Sys TechnologiesInc.’s
Fastrak System, a unique system that can scan, identify, and count up to 50 assorted or
identically coded items every second, diminating the need to scan each item individualy
and quickly. The system’s proprietary anti-clash protocol permits the reading of
identically coded tags without conflict. According to the company, thisRFID systemiis
the only one that incorporates an eectronic counting capability. The length of deep or
shutdown timeis programmable. This*change-of-state” feature ensures that the tagged
item is cleared before it passes a checkpoint, which guarantees that no tag is read twice
(SAMSys, no date). Thistype of tag isided for scanning groceries in ashopping cart,
vehicdes on a highway for toll collection purposes, or passenger baggage for the airline
industry.

Savi Technology, Inc. has a batch collection (copyrighted) agorithm for its Savi
Ast Management Sysem that can accuratdy and automaticaly identify thousands of
tagged assats at a single location in a matter of minutes (Savi Technology, 1993). This
dgorithm uses the multiple interrogator agpproach. The Depatment of Defense has
implemented the Savi batch collection technology for materids management and asst
tracking. Using multiple readers connected to a computer, a grid system is erected over
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large dtes containing thousands of items. The exact location of one paticular item can
be determined or an inventory of the entire Site can be easily performed (Lawlor, 1993).

2.3 Bendfits
The primary benefits of usng RFID areits ability to operate in anon line-of-sght
capacity and to store data in a changegble database. Moreover, while other identification
technologies rely on optics and require arelatively clean, moisture-free environment,
RFID technology isided for dirty, harsh, and hazardous environments. Radio frequency
identification technology can aso survive temperatures ranging from - 40° Ct0 200°C
(What isRFID?, 1996). Thetechnology is very reliable and can operate flavlesdy for an
extended period of time. Moreover, data security is high because it is very difficut to
copy the code. A complete, more detailed list of benefits follows.
RFID tags and readers have no moving parts, so they rarely require maintenance.
Unlike bar codes, RFID is very difficult to copy and is ided for confidentia
identification purposes.
RFID tags can sore much more data than bar code labds, dlowing more
information to be tracked.
RFID is fas: the tag and reader can communicate in millissconds without
requiring contact or an unobstructed view.
RFID reads are highly accurate (Telsor's advanced eror detection agorithm
ensures less than 1 in 100 trillion chance of reporting a labd’s data erroneoudy or
mistaking “noise” for avalid transponder response) (Telsor, 1991).

2.4 Costs

The cost of RFID varies considerably, depending on the types of tags and readers
necessary and the application requirements. Many RFID vendors assign lump sum costs
to different applications, depending on the gpplication’s Size and pecidization.
Currently, individua RFID components are more expensve than other forms of
automatic identification; however, these cogis have significantly decreased in recent
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years. Thistrend of declining priceswill most likely continue as RFID vendors
experience lower manufacturing costs.

Table 2.4 reved s the gpproximate costs of this technology. Notice that passve
tags cost between $1.00 and $150 each, while active tags can cost up to $250 each. The
$0.50 active tags, for instance, require an externd antenna that is not incdluded in thislow
price. Tag packaging can vary gregtly in price, depending on its operating environmen.
Moreover, alonger read range and increased memory aso increases tag price.

Reading units generally cost between $200 and $10,000 but average around
$4,000 each. Software development can range from alow $100 (for minima
programming requirements) to severa thousand dollars for development of customized
software applications.

Table2.4: RFID Costs

ITEM PRICE RANGE
Active tags (each) $0.50 - $250

Passive tags (each) $1.00 - $150

Readers $100-$10,000

(inc. scanner board) (each)

Antennas (each) $100 - $1,000
Software $100 - $100,000 and up

In addition to the cost of the components, vendors aso include the costs
associated with designing the RFID system, implementing the system, training personnel
to operate the system, and support and maintenance costs. These costs are usudly hourly
rates or per diem amounts comparable to those of other consultants who specidizein

electronic or computer technologies.
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2.5 Limitations

The limitations asociated with this technology are important to understand. The
main limitation of RFID concerns sandardization. Currently, most RFID systems are
“closed”, meaning that one manufacturer’ s reader cannot read a tag made by another
manufacturer, which does not present a problem to those closed RFID systems contained
within afactory or acompany. However, if acompany, such as a construction company,
wants to track products and materias from different suppliers and manufacturers, this
poses aproblem. It might be difficult to get suppliersto agree on acommon RFID
system, and it would be too costly to purchase areader for each type of RFID system
used. Standardization and multi-tag readers will hopefully solve this problem. This
concern would be mitigated if RFID standards are established early on such that dl
vendors and suppliers are directed to use the same equipment and tagging technology for
agiven project. Currently, various standards organizations and interested companies are
expending sgnificant effort on developing sandards for RFID use. Appendix D provides
adescription of the stlandardization efforts to date.

Another limitation of RFID isthat meta's can hamper RFID operations by
blocking and canceling the radio frequency (RF) sgnas. When placed directly behind
metd, the tag is unreadable, because the metd either absorbs or reflects the signdl.
Mounting tags some distance away from meta objects, however, may minimize this
limitation. In any case, tags mounted on metal objects can be successfully read if the tag
isrased dightly off of the metd surface or if it includes a meta back plane that is
oriented with the antenna.

Interference from nearby RFID systems can dso pose communication problems
between the reader and tags. The interference is frequency dependent with lower
frequencies, cregting smple interference concerns, and with high frequencies, resulting in
multipathing problems. However, the most evasive interference that affects tags comes
from cathode ray tubes. Sdlecting RFID systems whose frequencies do not interfere with

frequencies commonly used near the congtruction Ste may dleviate this concern.
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Furthermore, batteries wear out on active tags, limiting their life expectancy.
When tracking key project equipment from vendor shop to the Site, this might not present
adgnificant concern, since the duration isgenerdly short term. A battery management
program will need to be implemented, however, for longer life asset tracking

requirements.

2.6 Complementary Technologies

Severa technologies complement RF tagging including radio frequency data
communications (RFDC), globa positioning systems (GPS), and on-board sensors.

2.6.1 Radio Frequency Data Communications

Radio frequency data collection (RFDC) systems link automatically collected data
from bar code or RFID and tranamit it to a centrd controlling computer. Radio frequency
data communi cation systems enable field employees with access to a portable, wireless
termind to communicate with the operation's controlling computer viaaradio link. One
of RFDC's key benefitsis that company staff can ingtantaneoudy and accuratdly collect
on-gte data and transmit it to decison makers without the use of hardwirelinks. This
featureisided for conditions where consderable movement or physica flexibility is
required, asin warehouses and processing plant floors. An RFDC system diminates the
need for managers to wait for areport, voucher, or order form to be filed. Thisred-time,
paperless system shortens the operationa lead-time traditionaly needed and efficiently
utilizes available resources.

The RF link for an RFDC system using low to high frequenciesin the microwave
range tranamits data from the portable termina to ahost computer up to severd miles
away. For ingance, the hand-held scanner in the RFDC system employed in the lowa
Department of Trangportation’s (IDOT) warehouse can relay information up to two miles
away viaRF, according to IDOT officids (Gray, 1993; Lande, 1993). Modems may aso
be linked via frequency modulation (FM) transceiver technology, atdephoneline, or a
cdlular tlephone. Radio frequency data communication has dready been linked to data
callection using radio frequency identification technology.
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Recently, Amtech partnered with Wavel ink Technologies, Inc. to develop a
wireless transaction network for real-time inventory management usng RF data
communication technology. Wavelink’s Wireless Network provides interactive data
communication for real-time inventory control in warehouses, trangportation terminals,
and manufacturing facilities. This system gives users the freedom to move about the
facilities while communicating ingtantaneoudy with the host computers (Amtech Data
Technology Solutions, 1996).

2.6.2 Globa Postioning Systems

Globd pogtioning systems (GPS) use satellites in gpace and mobile receivers on
earth to identify the location of objects on earth. Based on observations of transmitted
sgndsfrom orbita satellites, GPS facilitates fairly accurate location of points upon the
earth (up to millimeter accuracy, if desired). The two main objectives of GPS are
navigation and precise positioning. Unlike conventiona means of precise positioning,
GPS provides for greater "speed, accuracy, lack of intervisbility requirements between
dations, operationd capability day or night and in any weather” (Wolf and Brinker,
1989).

The most important piece of GPS hardware is the GPS geodetic receiver. The
recelver picks up the signa sent from the satellite and trandates it into a usable form.
Multiple GPS receivers dlow the determination of points that may then be tied together.
In addition, the receivers record the data, which can be downloaded into a computer.
These receivers consst of one or more radio channds, an internd clock, and a computer
to perform the analyses and store the information (Huxhold, 1991). The internd clock is
avery important part of the recelver; it records the time it takes for asgnd to reach the
receiver from its satdllite origin. Thistimeisthen used to caculate the distances used in
the triangulation process. Micron Communications has dready implemented this
pasitioning technology.

Micron Communications, Inc. developed the Ambit Mobile Asset Control System
that integrates both RFID and GPS technologies. This system may be used to track cargo
and know both its location and specific contents (Micron, 1998). The AmbiTag 512K
RIC (remote intelligent communications) unit with GPS sdlls for $1,000 to $2,200,
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depending on the quantity purchased. Other components include the reader ($2,600 to
$5,200, depending on quantity ordered), and other peripheras associated with this system
include the powerpack, power adapter, antenna, and cable.

2.6.3 On-Board Sensors

On-board sensors can dso be implemented with RFID to monitor avehicle's
performance level such as temperature, oil pressure, odometer reading, ride quality, and
exhaust emissons. Actudly, the features that may be monitored on avehicle are
unlimited. Thisinformation is then written to the tag and read from an RFID reader.
Amtech has dready integrated some on-board sensorsinto their RFID tagging
technology. Some of these innovations are discussed in the next chapter about current
RFID applications.
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3.0 CURRENT RFID APPLICATIONS

Since radio frequency identification technology (RFID) was marketed as a usable
product in 1979, companies have begun to develop innovative applications in areas such
as trangportation, manufacturing, agriculture, security, construction, sports, and power.
Additiond applications are being tested for airline baggage identification, grocery
labeling, and postage stamps. Radio frequency identification users have identified
severd benefits as aresult of implementing RFID in their business operations. In
gpplications related to production applications, benefits included improved work
scheduling, increased productivity, absolute error-free identification, red-time data and
control, workflow optimization, and improved planning. In gpplications related to
inventory control, benefits included product identification, postive location
identification, red-time inventory tracking, reduced inventory shrink, lower labor codts,
reduced retrieva time, and greeter accuracy. Benefits associated with materia handling
included smplified control systems, positive position location, red-time materias
tracking, improved planning, and improved management. Moreover, the benefits of
gpplications related to access control and personnel management included accurate job
costing, improved security, location reporting, and hands-free identification.
Trangportation gpplication benefits related to efficient fuel reporting, red-time
maintenance reporting, red-time asset management, and increased security (Telsor, no
date b). Several RFID applications are discussed in the balance of this chapter.

31  Transportation

The trangportation industry is becoming aleading user of RFID technology.
Radio frequency identification can be found in many gpplications reated to railroad car
management, traffic management, tolls and fees, fare collection, equipment identification,
solid waste hauling, fudl dispensing, and vehicle access. Each is described in more detail

asfollows.
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3.1.1 Ral Ca Management

The Associaion of American Railroads mandated the use of a universal RFID
sysem for freght carriers. By July 1994, 1.4 million railroad cars and 25,000
locomotives were expected to be tagged, and radio frequency (RF) readersingtdled at
srategic locations. Each car carries two 128-bit tags (20 cm by 5 cm by 2.5 cm),
mounted on diagonaly opposed corners, bearing therail car or locomoative identification
code that can be read at speeds up to 322 kmv/hr. These tags could be replaced with read-
write tags providing detailed information about each car’s contents. The technology is
compatible with proposed advanced train control systems (Kachmar, 1992).

3.1.2 Trafic Management

Houston Trangtar is a comprehensive traffic management system developed to
manage traffic on freeways throughout Greater Houston and Harris County, Texas.
Trangtar uses Amtech RFID equipment to monitor traffic. Readers are mounted on
overhead sgns and can accurately identify the tagged vehicles that pass below, providing
real-time traffic speed and traffic flow information, essentid to the devel opment of
effective traffic control strategies and useful to commuters (Amtech Newdetter for
ETTM, 1996). Eventudly thisinformation will be transmitted to display unitsin each
vehicle (Bredin, 1995).

An RFID system is dso being used to speed up public transportation in urban and
city- center traffic near Southampton, United Kingdom. A RFID system helps by giving
buses and emergency vehicles agreen light as they gpproach atraffic sgna. The system
optimizestraffic sgnd time, dleviates congestion problems, and reduces fudl
consumption and environmental damage. Siemensingdled this sysem, which conssts
of passive tagsfitted to the chassis of the buses, aloop aerid embedded in the road
surface, and aroadside tag reader. When atagged bus passes over the loop, thetag is
read by the roadside tag reader, which sends a demand to the traffic sgna controller or
the centralized traffic control system that incorporates bus priority. The system aso can
be further expanded to log and record bus movements on alocal basis and then send this
information to centrd traffic control computers where it updates passenger display
systems at bus stops or improves bus fleet management (Greavy, 1998).
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