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Preface

This book is addressed to business management and project managers as well as
researchers who are evaluating the use of radio frequency identification (RFID)
for tracking uniquely identified objects. In an effort to make RFID project
management less of an art form and more of a science RFID Technology and
Applications brings together pioneering RFID academic research principals to
analyze engineering issues that have hampered the deployment of RFID and to
share ““best practices” learnings from their work. By extending the original work
of the Auto-ID Center at MIT and the subsequent Auto-ID Labs consortium led
by MIT that now comprises seven world-renowned research universities on four
continents, this book seeks to establish a baseline for what RFID technology
works today and identifies areas requiring research on which other researchers in
academic, commercial, and regulatory agencies can build.

The researchers represented in these pages have gathered on three continents in
the course of the RFID Academic Convocations, a research collaboration hosted
by the Auto-ID Labs that started in January of 2006, at MIT, and was followed
by events co-hosted with the Chinese Academy of Sciences and Auto-ID Labs at
Fudan University in Shanghai, as RFID Live! 2007 pre-conference events, and by
the event in Brussels organized with the European Commission Directorate-
General for Informatics (DGIT) and the Auto-1D Labs at Cambridge University.
These Convocations bring together academic researchers with industry repre-
sentatives and regulatory stakeholders to collaborate across disciplines and
institutions to identify challenges faced by industry in adopting RFID technology.
As summarized by Robert Cresanti, Under Secretary of Commerce for
Technology, United States Department of Commerce in his remarks that day,
“the two primary challenges facing this new technology are standards and
interoperability issues across various RFID systems, companies, and countries,
and privacy and security concerns.”!

Following an introduction to the history of RFID as it bears on standards and
interoperability, the technology chapters that follow (Chs. 2-7) address core
engineering issues related to the design of RFID chips and antennas that must be
tuned to specific products, the placement, packaging, and density of those tags to

! Technology Administration Speech, remarks by Robert C. Cresanti, Under Secretary of Commerce
for Technology, United States Department of Commerce, delivered March 13, 2007 at the EU
RFID FORUM 2007 (http://fwww.technology.gov/Speeches/RC_070313.htm).
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maximize their readability, and the characterization of downstream RF operating
environments, and the reader range and densities for effective (read accuracy and
speed) RFID data acquisition and secure information exchange.

In investigating RFID applications (Chs. 9-15) researchers illustrate the
challenges of implementing RFID applications today, especially where they are
seeking to change current business processes. Sanjay Sarma, co-founder of the
Auto-ID Center at MIT and EPCglobal board member, leads the RFID technology
section (Chs. 2-7) with an introduction to the technology that he was personally
instrumental in developing at the Auto-ID Center and subsequently as interim CTO
and Board Member for Oat Systems, a leading RFID middleware company
founded by his graduate student Laxmiprasad Putta. Sanjay Sarma sets the stage
for the subsequent technology chapters by highlighting the many areas of ongoing
research related to RFID (Ch. 2). The introduction to designing RFID tags
optimized for low power consumption by Hao Min, Director of the Auto-ID Labs
at Fudan University (Ch. 3), is followed by an overview of the physics challenges
and performance trade-offs of competing passive HF and UHF RFID systems by
Marlin Mickle, Director, and colleagues Peter J. Hawrylak and Leonid Mats from
the RFID Center of Excellence at the University of Pittsburgh (Ch. 4).
Specifications for active RFID sensors and a proposal to standardize interfaces
to active RFID sensors, building on the EPCglobal RFID and IEEE1451 sensor
interface specifications, are introduced by Kang Lee of NIST and Tom Cain, Ph.D.,
University of Pittsburgh (Ch. 5). A test methodology for evaluating real-time
location systems with RFID systems, starting with IEEE 802.11g and ISO 24730
Part 1 Real Time Locating Systems (RTLS), is introduced by Mohammad Heidari
and Kaveh Pahlavan, Director of the Center for Wireless Information Network
Studies at Worcester Polytechnic Institute (Ch. 6). A simulation methodology for
modeling the EPC network is presented by John Williams, Director, and Abel
Sanchez, Ph.D., of the MIT Auto-ID Labs and colleagues from SAP Research
(Ch. 7). In the conclusion we will revisit the question of how passive RFID
technology for the supply chain integrates with sensor networking and location
tracking, and how these applications complement and/or conflict with current RF
infrastructure and applications from aerospace to medical and retail facilities.

In the RFID applications section of this book (Chs. 8-14) Giselle Bennett,
Director, Logistics and Maintenance Applied Research Center, and Ralph
Herkert of the Georgia Tech Research Institute at Georgia Institute of
Technology expose the challenges of deploying active RFID systems (Ch. 8)
from their experience managing projects for the US Navy. Bill Hardgrave,
Director of RFID Research Center at the University of Arkansas and Robert
Miller, Ph.DD., of the Dauch College of Business at Ashland University in Ohio,
follow with their assessment of challenges and opportunities for achieving
visibility in cross-border international supply chains (Ch. 9). Duncan McFarlane,
Director of the Cambridge University Auto-ID Labs and colleagues Alan Thorne,
Mark Harrison, Ph.D., and Victor Prodonoff Jr. describe creating an Aero-ID
Programme research consortium with the largest US and European exporters who
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are using RFID identification and tracking technology in restructuring the
aerospace industry supply base (Ch. 10). J. P. Emond, Co-Director of the Center
for Food Distribution and Retailing, shares the challenges of using temperature
sensors with RFID tags in “cold chain” applications for fresh produce and
pharmaceuticals (Ch. 11). Thorsten Staake from the Auto-ID Labs at MIT with
collecague Florian Michahelles, and Elgar Fleish, Director of the Auto-ID Labs
at St. Gallen, address RFID technology and application problems in anti-
counterfeiting (Ch. 12).

When RFID data is shared in the context of new business processes that extend
beyond the four walls of the enterprise, entirely new possibilities for visibility
emerge. Dimitris Kiritsis describes (Ch. 13) how RFID systems are being designed
at Fiat to track products across their lifecycles for managing vehicle disposal,
which today accounts for 10% of hazardous waste in landfills in Europe, and how
W3C Semantic Web technology can be used to link uniquely identified objects
with conceptual objects such as processes, agents, and time stamps using the RDF
representation scheme. The RFID applications chapters close with an exploration
of autonomic logistics by Bernd Scholz-Reiter and Dieter Uckelmann with
researchers Christian Gorldt, Uwe Hinrichs, and Jan Topi Tervo of the Division
of Intelligent Production and Logistics Systems, University of Bremen (Ch. 15).

Throughout each chapter we explore how RFID may be used to unlock
information from manual entry or “line-of-sight” barcode data acquisition
scanning processes, as well as from proprietary enterprise data models, to enable
cross-company, cross-industry, and cross-country information services about
products, their condition, and where they are. “How does the world change,”
observes Hao Min, Director of the Auto-ID Lab at Fudan University in Shanghai
while working on his contribution to this book, “when the ‘Internet of things’
contains a profile for every object. If we contrast this to the internet today,
information about people and events are recorded and Google is used to search
information about people and events. If the information (profile) of every object
(include people) is recorded, what will the internet be like?”

The market for RFID technology is growing rapidly, with significant
opportunities to add value, but also, because of the challenging engineering issues
that are identified in this book, many opportunities for failure. At the 2007 Smart
Labels Conference here in Boston, Raghu Das, CEO of IDTechEx, estimated that
almost half as many tags will be sold this year as the total cumulative sales of RFID
tags for the prior sixty years of 2.4 billion. While approximately 600 million tags
were sold in 20035, expectations for 2006 are for sales of 1.3 billion tags in a $2.71
billion market. Of that amount *‘about 500 million RFID smart labels will be used
for pallet and case level tagging but the majority will be used for a range of
diverse markets from baggage and passports to contactless payment cards and
drugs.”® The total market for passive RFID tags conforming to international

2 RFID Smart Labels 2007 - IDTechEx, February 20-23, 2007, Boston Marriott, Boston, MA (http://
rfid.idtechex.com/rfidusa07/en/RFIDspeakers.asp).
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interoperability standards for supply chain applications has not yet been growing as
quickly as anticipated. The challenge of gaining market share for any disruptive
technology in an established market such as RFID requires selling much higher
volumes of low-cost items to impact industry sales, as is the case for passive UHF
RFID tags that are priced at under 15 US cents.

In fact, not only is the overall number of RFID tags being sold doubling,
but also the numbers of technology choices are expanding rapidly. RFID
transponders (receiver—transmitter “tags’) as part of a class of low-cost sensors
are evolving to include more or less intelligence (processors, memory, embedded
sensors) on a variety of platforms (from semiconductor inlays or MEMs to
inorganic and organic materials that form thin film transistor circuits — TFTCs)
across a variety of frequencies (UHF, HF, LF) and protocols (802.11, Bluetooth,
Zigbee, EPC GenlII/ISO 18000-7). One of the resulting challenges for planning
RFID systems is the necessity to keep track of the evolving technology, from
semiconductor inlays and printed antenna designs for RFID tags, both passive
and active, via high-speed applicators and reader engineering, to sensor
networking and the definition of new shared business processes.

Somewhere between an overall RFID market that promises to deliver more
tags in the next year than in the prior sixty years since RFID was invented and
specific industry sectors where penetration of RFID and, in some cases, even
barcode usage is low, there are significant opportunities to use RFID for
improving efficiency and visibility. The breakthrough in low-cost RFID tags
for everyday products has occurred as a result of the adoption of specifications
for interoperable UHF RFID tags that were developed by and licensed from the
MIT Auto-ID Center by the barcode associations, now known as GS-1, and the
nonprofit EPCglobal industry membership consortium that was formed to
promote the use of RFID in today’s fast-moving, information-rich, trading
networks. The longer read range (several feet at a minimum) requirements for
loading dock and warehousing applications, as well as recent UHF near-field
research for closer-range applications as presented in this book, make the EPC
Genll/ISO 18000-6C specifications a leading contender for passive RFID
systems where global interoperability is required. This is clearly the case for
supply chains where tags on products manufactured in one country must be
read by RFID interrogators (transmitter/receiver “readers”) halfway around the
world.

In addition to low-cost passive RFID technology, the authors explore active
RFID technology for adding telemetry and real-time location system (RTLS)
data. During the initial proposal review process with Cambridge University Press
for this book, reviewers questioned the usefulness of adding sensor and RTLS
technology to a field that, as Dr. Julie Lancashire, Engineering Publisher,
describes, is so “massively multidisciplinary.” Subsequently the market validated
the importance of incorporating active RFID technology for asset tracking and
condition-based monitoring applications with the recent acquisitions of Savi
Networks by Lockheed Martin and of Wherenet by Zebra Technologies, whereby
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RTLS systems now account for up to 30% of RFID systems sold, according to the
IDTechEx market study cited above. As a matter of scope, this initial book does
not explore RFID systems that work at close (several inches) proximity that are
being deployed for access control, personal and animal identification, and
payment processing systems based on emerging standards such as IEEE 802.15.4
WPAN and NFC

The chapters that follow address these opportunities from the perspective of
principal researchers who have been engaged in the RFID Academic Convoca-
tions with senior executives from “first mover” market-leading companies in
acrospace and healthcare life sciences, as well as from retail “cold chain’ and fast-
moving consumer goods supply chains. As Gerd Wolfram, Managing Director of
Advanced Technologies at Metro Group Information Technology, said in his
address to the EU RFID Forum 2007/4th RFID Academic Convocation,’ the
development of interoperability standards has truly been a community effort with
input from academics, industry users, and service providers, as well as from non-
governmental and government agencies around the world.

One industry that is establishing benchmarks for how RFID can be used for
securing the supply chain and is working to harmonize compliance reporting
across jurisdictions is healthcare. At the 5th RFID Academic Convocation pre-
conference co-hosted by the Auto-ID Labs and RFID Live 2007 in Orlando,*
Ron Bone, Senior Vice President of Distribution Planning for McKesson
Corporation, and Mike Rose, Vice President RFID/EPCglobal Value Chain for
Johnson and Johnson, who serve as EPCglobal Healthcare Life Sciences (HLS)
Business Action Group Co-Chairs, spoke about the industry’s progress in
working proactively with government agencies for a safer and more secure
pharmaceutical supply chain. At this gathering the Office of Science and
Engineering Labs Center for Devices of Radiological Health at the US Food
and Drug Administration (FDA) also presented findings and discussed test
methodologies for evaluating the impact of RFID on medical devices. In
evaluating EPC network components, from RFID tags to network registries, a
common theme emerged from the academic papers that were presented, of an
ongoing requirement for fact-based simulation and test methodologies to
evaluate various RFID scenarios under consideration, an approach that is
pursued in the chapters that follow.

Carolyn Walton, Vice President of Information Systems for Wal-Mart, stated
in her address at the 5th RFID Convocation that healthcare costs are growing
more quickly than company profits and threaten to overcome national healthcare
programs such as Medicare. Citing the $11 billion in excess costs identified by the
Healthcare Information and Management Systems Society (HIMMS) study of

3 EUROPE RFID Forum 2007, organized in conjunction with the 4th RFID Academic Convocation
in Brussels (http://ec.europa.eu/information_society/policy/rfid/conference2007_reg/index_en.htm).

* 5th RFID Academic Convocation — Pre-conference to RFID Live! April 30, 2007, Disney
Coronado Springs Resort, Orlando, FL (http://www.rfidjournalevents.com/live/preconfer_academic_
convocation.php).
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hospitals,” where supplies consume 40% of operating costs and administration
exceeds 25% of supply chain costs, and especially where barcode technology has
not been implemented, Carolyn said that there is an opportunity for supply chain
management best practices including RFID.

RFID together with wireless sensors and actuators are extending the reach of
the internet in ways that promise to transform our ability to communicate about,
and interact with, things in the physical world. These chapters are written from
the very different perspectives of principal investigators from their diverse areas of
research interest. Nonetheless, the authors share an interest in and vision of RFID
technology that facilitates communication and enables better visibility and
management decisions. The challenge that we face — and would like to invite
readers of this book to explore — is one of finding out how we can combine data
related to unique IDs to create applications that add value to our communities
and to commerce. An acknowledgment of individuals who have supported this
collaboration follows this preface.

Stephen Miles, Sanjay Sarma, and John R. Williams
Massachusetts Institute of Technology, Auto-ID Labs,
Cambridge, MA

5 The Healthcare Information and Management Systems Society (HIMSS) breaks down savings into
four categories: $2.3 billion inventory management, $5.8 billion order management, $1.8 billion
transportation, and $1.1 billion physical distribution; 14th Annual HIMSS Leadership Survey.
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