A
Accenture, 375
Access command(s), 86—-89
Accredited Standards Committee (ASC,
ANSI), 37
ACCUMODE multisensor tag, 411
ACK command, 85
ACMA, see Australian Communication
and Media Authority
Active systems, tags in, 89-92
Active tags, 9-10, 62-65
antennas, 65
DoD requirements for, 213-214
life span of, 63-64
power for, 9, 96, 134
Ultra Wideband, 90-92
Wi-Fi, 89-90
ZigBee, 90
Adapter, middleware as, 247
Adelaide Auto ID Lab, 375
ADF (Australian Defense Force), 377
Adilam Electronics Pty. Ltd., 375
ADT Security Australia, 375
AECOC (Spanish Association of
Commercial Codification), 432-433
Aerospace industry applications, 442
AFGC (Australian Food & Grocery
Council), 378
AFNOR (French Normalization
Association), 390
Agile manufacturing, in automotive
industry, 302
Agile readers, 117
AIDC, see automatic identification and
data capture
AIM, see Association of Automatic
Identification and Mobility
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Air baggage tracking service, 428, 466
Airbus, 139, 401, 464-466
Air cargo management, 429
Air interface standards, 198-202
Aironet® (Cisco), 64
Air Transport Association (ATA) Spec
2000, 465
Air travel industry applications, 463-466
airport taxi management, 393
baggage tracking service, 428
Boeing 7E7 Dreamliner, 156
cargo management, 429
IFF system for plane identification, 26—
27
luggage trolley handling, 400
safety inspection parts tracking, 133
tool and equipment handling system,
401
Alien Technology, 67, 73
Allflex Australia, 375
Alliance Gaming Corp., 468
ALN-9354-R “M” tag, 73, 74
ALN-9440 Generation 2 Squiggle Tag
(Alien Technology), 67
ALOHA algorithm, 106-108
AM, see Amplitude modulation
American Express, 341
American National Standards Institute
(ANSI), 37, 195, 255, 448
Ammunition management system, 428
Amplitude modulation (AM), 102, 104
Amplitude-shift keying (ASK), 104, 391,
392
AMQM™ (Automatic Mail Quality
Measurement System), 377
ANFR (National Frequencies Agency,
France), 389
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Anomaly-handling, 142
ANSI, see American National Standards
Institute
Antennas, 8, 61-62
for active tags, 65
coil type, 72
dipole, 73, 77-78
fabrication of, 119
future development of, 295
as key topic in RFID advancement, 131
and multipath effect, 113-114
on-chip, 420
for passive tags, 9, 66, 67, 70, 72-73
printable, 140
for readers, 11
shapes of, 134, 135
Wal-Mart specifications for, 213
Anticollision algorithms, 104-110
ISO 14443A, 43
reader, 105-106
tag, 4243, 106-110
Anticollision system, radar as, 26
Antitheft vehicle immobilizers, 299-301
Applications. See also specific applications
in airline industry, 463-466
attraction-park children positioning, 5,
6
in Australia, 376-379
automotive industry, 299-304
in casinos, 466-468
cattle ranching, 305-309
in China, 383-386
in Columbia River basin, 461-463
early, 27-28
evaluating appropriateness of, 18-20
in France, 391-393
gasoline payment, 5, 6
in Germany, 399-402
health care, 311-318

high-value asset tracking/management,

5
implementation of, 20-23
injected RFID chips, 457-459
in Japan, 407-410
manufacturing, 321-324
marine terminal operation, 325-332
military, 333-339
Naoru-kun doll, 469-470
NASCAR racing, 470-471
newborn-infant tracking, 4-5
payment transactions, 341-346

retailing, 347-354
RFID-enabled, 17-18
in Singapore, 418-421
in smoke diver rescue missions, 468—
469
in South Korea, 427-430
in Spain, 434-436
at Tech Museum of Innovation, 459-461
toll roads, 4
transportation, 357-362
in United Kingdom, 441-442
in United States, 451-452
warehousing and distribution systems,
363-370
Wild Rivers Waterpark, 471-472
in wine-making, 472-474
Application programming interfaces
(APIs), 80
Application-to-reader interface, 80
Applying RFID tags, 129-130
ARCEP (Electronic Communications and
Posts Regulatory Authority, France),
389
Arowana protection, 418
ARPANET, 40
ASC (Accredited Standards Committee,
ANSI), 37
Ashton, Kevin, 54-56
ASK, see Amplitude-shift keying
Asset location, 259-261
Asset management:
fixed assets, 384
in United Kingdom, 441
warehousing, 369
Association of Automatic Identification
and Mobility (AIM), 449, 450
ATA Spec 2000, 465
ATMs (automated teller machines), 132
ATS (Korean Agency for Technology and
Standards), 424
Attraction-park children positioning, 5, 6
Auburn University Detection and Food
Safety (AUDFS), 450
Australia, 373-379
adoption of RFID in, 375-376
applications of RFID in, 376-378
cattle tagging in, 307
potential RFID uses in, 378-379
regulation and licensing in, 373-374
regulation status for EPC™ tags in, 78
RFID testing/development institutions
in, 374-375



standards in, 374
technology advances in, 378
Australian Communication and Media
Authority (ACMA), 373, 374
Australian Defense Force (ADF), 377
Australian Food & Grocery Council
(AFGC), 378
Australia Post, 377
Authorization, 42
Auto-ID Labs, 45
Adelaide, Australia, 375
Fudan University, China, 383, 385
Japan, 406-407
MIT Auto-ID Center, 13, 29, 44, 45, 223,
449, 450
University of Cambridge, 441
Automated teller machines (ATMs), 132
Automatic identification and data capture
(AIDC), 195, 196, 450
Automatic Mail Quality Measurement
System (AMQM™), 377
Automatic vehicle identification (AVI),
358
Automation:
of perception, 54
for predictability, 141-142
process, 142-143
in warehousing, 364
Automotive industry applications, 299-
304
agile and flexible manufacturing, 302
automobile recalls, 153
inventory management, 301-302
product life cycle management, 302-303
vehicle immobilization, 299-301
vehicle tracking during assembly, 427-
428
AVI (automatic vehicle identification), 358

B
Back-end security, 287
Backscatter, 66-67, 100
BAGs (Business Action Groups,
EPCglobal), 50
Baggage tracking service, 428, 466
Baja Beach Club, Barcelona, Spain, 457-
459
Balance sheet, 163, 164
Balogh, 391, 393
Bandwidth, 74, 75, 112
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Barcodes, 150-151
cost of RFID vs., 34
history of, 30
implementation of RFID vs., 33-34
RFID vs., 3, 30-35
speed of, 33
standards for, 31-33
visibility of, 33
Barcode Data Systems Pty. Ltd., 375
Bardeen, John, 27
BarrelTrak™ software, 473
Batch processing model, 254, 255
Batteries, see Power
Baylor University, 450
BBC (British Broadcasting Corporation),
26
Beacon rate, 63
Beacon (transmitter) type coupling, 100
Beef industry, see Cattle ranching
applications
Beer keg management, 441
Beijing Futianda, 385
Beijing University, 385
Beijing Vision, 385
Bell Labs, 27
Benefits of RFID (in business case):
comparison of, 192-193
estimated, 182-192
hard/soft, 166-167
Best Buy, 155
Biphase space encoding, 102
Bits per second, 111
BizTalk®, 38
Blackjack tables, RFID-enabled, 467, 468
BlockErase command, 89
“The Blocker Tag” (Juels, Riveset, and
Szydlo), 279
Blocker tags, 279
Blocking, for security, 279
BlockWrite command, 88-89
Boeing, 156, 464, 465
Boeing 7E7 Dreamliner, 156
Bonneville Power Administration (BPA),
462, 463
Bowen, Debra, 284
Box Hill Institute, 376
BPA, see Bonneville Power Administration
BPI, see Business process integration
Bracelets, RFID, 315-316
Brandt Beef, 307
Brattain, Walter, 27
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Brazil, regulation status for EPC™ tags
in, 78
British Broadcasting Corporation (BBC),
26
BRML (Business Rules Markup
Language), 244
Broekman Group, 331
Budnesnetzagentur (Germany), 397
Buffered data, 240
Buffered model, 255
Buffer zones, 40-41
Bus fleet management, 360-361
Business Action Groups (BAGs,
EPCglobal), 50
Business applications, 18-23
business process integration, 251-256
enterprise resource planning in, 143
extended business components for, 228-
234
Business case for RFID, 159-193
comparison of proposal benefits, 192—
193
for decision and logistical process
improvement, 453
estimated benefits, 182-192
financial statements, 162-165
hard and soft costs/benefits, 166167
key business drivers, 161-162
proposals, 180-182
ROI analysis, 167-172
and ROI for RFID, 172-178
sample analysis of, 178-193
Business drivers, 161-162, 174
Business partners, RF data exchange with,
154-156
Business process integration (BPI), 251—
256
business-to-business, 256
data collection, 253
data-processing models, 254-255
definition of business rules, 253-254
frameworks, 252-253
Business process reengineering, 178
Business rules, definition of, 253-254
Business Rules Markup Language
(BRML), 244
Business-to-business integration, 256

C
Cameras (barcodes), 31
Canada:

cattle tagging in, 306, 307
regulation status for EPC™ tags, 78
Canadian Radio Frequency Identification
(CRFID) reader program, 306
Capilano Honey, 378
Car parking fees/access control, 361-362
Carrefour, 393
Carrier waves, 102
Cart tags (retail), 353
CAS (Chinese Academy of Sciences), 382
Case-level RFID tagging, 350
Cash flow, 192-193
Cash flow statements, 164, 165
Casino applications, 466—468
Cattle, tags implanted in, 28, 130, 306-307
Cattle ranching applications, 305-309
CB radio, see Citizen’s band radio
CCD scanners (barcodes), 31
Cell phones, 139, 140, 144-145
CENELEC (European Committee for
Electrotechnical Standardization), 395
Center for Innovation in Micro &
Nanotechnology, France (MINATEC),
391
Centralized management of systems, 250—
251
CEPT (European Conference of Postal
and Telecommunications
Administrations), 398
Channel capacity, 111-112
Charge-coupled device (CCD) scanners
(barcodes), 31
“Chatty” systems, 240
CheckPoint, 392
Checkpoint®, 28
Chep, 378
Children, applications related to:
attraction-park children positioning, 5,
6, 471
Naoru-kun doll, 469-470
newborn-infant tracking, 4-6
China, 381-387
adoption of RFID in, 383-384
potential RFID uses in, 385-386
regulation of RF in, 381-382
regulation status for EPC™ tags in, 78
RFID testing/development institutions
in, 382-383
standards in, 382
technology advances in, 384-385
China EPC Working Group, 383



China Railway Automatic Train
Identification System, 384
Chinese Academy of Sciences (CAS), 382
Chip die, production of, 118-119
Christina Care, Wilmington, Delaware,
315
Ciphertext, 42
Circuit etching, 27
Circuitry, as key topic in RFID
advancement, 131
Cisco Systems, Inc., 64
Citgo, 341
Citizen’s band (CB) radio, 76, 77
Class 0 UHF algorithm, 107, 109, 110
Class 1 UHF algorithm, 109
Clipped Tags, 131
Clip tags, 279-280
Cloning, threat of, 274-275
Clothes processing industry applications,
384
CNIL (National Commission for Data
Protection and the Liberties, France),
395
Coil type antennas, 72
Collision(s), 12, 104. See also Anticollision
algorithms
defined, 12
reader, 104
tag, 104-105
Columbia River basin, 461-463
Combat operations applications, 335-336
Commonwealth Bank Credit Card, 377—-
378
Communication. See also Transmission
among computer systems, 37
of data, see Data collection and
exchange
languages for, 36-37
radio, 26, 27
between tag and reader, see Tag and
reader communication
“Communication by Means of Reflected
Power” (Harry Stockman), 27
Communication interface, in readers, 116
CompactFlash cards, 81
Comparison of RFID project benefits,
192-193
Compatibility problems, 455
Computers, paperboard, 140-141
Computer architectures, 37
Conception and System Integration
Laboratory, France (LCIS), 391
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Concrete testing applications, 420
Conductive Inkjet Technology, 140
Conspiracy theory, 273
Consumers:
customer satisfaction and loyalty
applications, 353
customer service applications, 351-352
guidelines for consumer environments,
285-286
tracking, 272, 280-282
Contactless smart cards, 341, 343-344
Contact tracing applications, 419-420
Container Security Initiative (CSI), 327,
331
ContentMaster™, 38
Controllers, in readers, 116
Conveying (warehousing), 367
Cookbook, RFID, 379
Corporate espionage, 271
Cost(s):
as barrier to RFID use, 369
of capital, 169
future decline in, 139
hard /soft, 166-167
of hardware, 175-176
of integration, 176-177
key cost components, 174-175
of personnel, 177
of readers, 136
of RFID tags, 129
of RFID vs. barcodes, 34
of software, 176
of tags, 136
Countries, RFID in:
Australia, 373-379
China, 381-387
France, 389-396
Germany, 397-403
Japan, 405-413
legislation limiting, 284
regulation status for EPC™ tags, 78
Singapore, 415-421
South Korea, 423-430
Spain, 431-437
United Kingdom, 439-443
United States, 445-456
Coupling, 95-101
beacon (transmitter) type, 100
inductive, 96-100
modulated backscatter, 100
transponder type, 101
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Cows, see Cattle, tags implanted in

CRC (Cyclic Redundancy Check)-16 field,

82

Credit cards, 132, 377-378

CRFID (Canadian Radio Frequency
Identification) reader program, 306

Cross-docking (distribution), 365-366

CSI, see Container Security Initiative

CSIRO, 375, 378

C-TPAT (Customs-Trade Partnership
Against Terrorism), 327

Cubelnfo, 420

Customer satisfaction and loyalty
applications, 353

Customer service applications, 351-352

Customs-Trade Partnership Against
Terrorism (C-TPAT), 327

Cybernetix, 391, 392

Cyclic Redundancy Check (CRC-16) field,

82
Cyclist tracking, 376
Cypak AB, 140

D
Dai Nippon Printing, 410, 411
Data abstraction layer (DAL), 243
Databases, 16-17
referencing unique fields in, 259
storage configuration in, 257-258
Database servers, in network layer
integration, 242
Database systems, as middleware, 249—
250
Data buffering, in network layer
integration, 240
Data collection and exchange:
for business process integration, 253
computer system architecture for, 37
data capture, 142
electronic data interchange, 36—40
exchange between software systems,

153-154
exchange with business partners, 154—
156

exchange with humans, 152-153

recent progress in, 150-152

in Sensor Age, 54

technological advances in, 149-156

third-party software for, 37-38

writing data to transponders, 137
Data encoding, 99, 101-103

Data filtering, in network layer
integration, 239-240
Data formats, for barcodes, 32
Data integrity, 145, 151
Data logging, in network layer
integration, 240-241
Data model, 258-266
Data modulation, 102, 104
Data-processing models, 254-255
Data-processing servers, in network layer
integration, 241-242
Data protocol standards, 202-205
Data rates, 74, 75
maximum, 111-112
and type of data modulation, 103
Data sharing, see Data collection and
exchange
Data storage, 224
in information layer integration, 256—
258
and usefulness of information, 43
Decision and logistical process
improvement, 453
Decoupling of information, 287-288
Defense applications, 442
Delta Airlines, 466
Demilitarized zones (DMZs), 40-41
Demodulation Inc., 68, 133
Dice RFID tag, 410-411
Differential biphase encoding, 102
Differential encoding, 102
Dipole antennas, 73, 77-78
Discount rate, 169
Distance:
defined, 205
for passive read ranges, 75
for transmissions, 112
Distribution system applications, see
Warehousing and distribution system
applications
Distribution System Research Institute
(DSRI), 406
DMZs (demilitarized zones), 40—-41
DNS (domain name server), 41
DoD, see United States Department of
Defense
Domain name server (DNS), 41
Drug tracking and authenticity, 452
Dryden Flight Research Center (NASA),
132-133
DSRI (Distribution System Research
Institute), 406
Dumb interface, 223
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EAN (European Article Number), 32
EAN Code 128, 32, 433
EAN International, 32, 44
EAN-UCC system, 32
EAS (electronic article surveillance), 27-28
EASA (European Aviation Safety Agency),
466
Eavesdropping;:
ranges for, 276
threat of, 274
Edge devices, 238-243
Edgeware, 223-224
EDI, see Electronic data interchange
EDS, 375
Edy, 407, 408
Effective Isotropic Radiated Power (EIRP),
77,78
Effective Radiated Power (ERP), 77-78
Egypt, regulation status for EPC™ tags
in, 78
EIRP, see Effective Isotropic Radiated
Power
E.J. Brooks, 156
Electric motors, 401-402
Electro-Com (Australia) Pty. Ltd., 375
Electromagnetic induction, 97
Electromagnetic radiation:
components of, 70
health issues related to, 395-396
Spanish regulations on, 432
Electromagnetism, 25-27
Electronic article surveillance (EAS), 27—
28
Electronic Communications and Posts
Regulatory Authority, France
(ARCEP), 389
Electronic data interchange (EDI), 34, 36—
40, 152
Electronic Privacy Information Center,
285-286
Electronic Product Code (EPC) memory
bank, 81-82
Electronic Product Code (EPC) standard,
13-14, 32, 33
adoption of, 127
in France, 390
Gen 2 (writes per second), 137, 440
and privacy issues, 271
Electronic Road Pricing System,
Singapore (ERP), 419
Electronics and Telecommunications
Research Institute (ETRI), 426, 429
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Electronic seals (e-seals), 156, 206, 208—
210
Electronic toll collection (ETC), 4, 29-30,
358-359
in Australia, 379
Highway 407, Toronto, Canada, 29
transponders in, 101
Electronic vehicle registration (EVR), 359—
360
Encoding, see Data encoding
Encryption, 42, 277-279
algorithms for, 42
as key topic in RFID advancement, 130
Enterprise management console, 79-80
Enterprise resource planning (ERP), 143
Entertainment applications:
attraction-park children positioning, 5,
6, 471-472
casino games, 466-468
Naoru-kun doll, 469-470
NASCAR racing, 470-471
Wild Rivers Waterpark, 471-472
EPassport (Australia), 379
EPC, see Electronic Product Code
standard
EPC Competence Centre, Spain, 433
EPCglobal, Inc.:
action groups in, 46, 50
EPC developed by, 32, 33
and EPC standard, 13
formation of, 32, 44
Intellectual Property Policy of, 46
Object Name Service of, 36
organization chart for, 45
preference for ISO over, 14
privacy guidelines from, 283
subscribing to, 46
tag classifications of, 68, 69
EPCglobal Australia, 379
EPCglobal France, 390
EPCglobal Japan, 406
EPCglobal Network, 44-51
components of, 50
EPCglobal, Inc., 44—45
flow of data through, 51
GDSN vs., 53
origin of, 44
Physical Markup Language in, 37
standards development process, 45-51
standards track, 46, 48-49
submission trace, 45, 47
EPCglobal Singapore, 416
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EPCglobal Transport and Logistics
Services Business Action Group (TLS
BAG), 417

EPC memory bank, 81-82

EPC™ tags:

classifications of, 68, 69
regulation status for, 78

Epson, 411

ERP (effective radiated power), 77-78

ERP (Electronic Road Pricing System,
Singapore), 419

ERP (enterprise resource planning), 143

Error detection, by middleware, 251

E-seals, see Electronic seals

Espionage, corporate/industrial, 271

Estimated benefits (RFID projects), 182—
192

ETC, see Electronic toll collection

Ethernet, 237

E-Toll, 379

ETRI, see Electronics and
Telecommunications Research
Institute

ETSI, see European Telecommunications
Standards Institute

Europe. See also specific countries

retailing RFID systems in, 347
RF spectrum regulation in, 76, 77
European Article Number (EAN), 32
European Aviation Safety Agency
(EASA), 466
European Central Bank, 132
European Committee for Electrotechnical
Standardization (CENELEC), 395
European Conference of Postal and
Telecommunications Administrations
(CEPT), 398
European Telecommunications Standards
Institute (ETSI), 76, 389, 435
European Union:
electronic device regulation in, 439
privacy laws in, 436
RFID requirements in, 284

Event information, 15
in business process integration, 254
notification by database systems, 250
notification by middleware, 246
with sophisticated systems, 16
“tag into zone,” 16-17

EVR (electronic vehicle registration), 359—
360

Export-import logistics infrastructure, 428

ExpressPay, 341

Extended system components, 228-234

Extensible Markup Language (XML), 37,
143

ExxonMobil, 131-132, 341, 353

F
FAA (Federal Aviation Administration),
465
Fabrication of devices, 118-119
Faraday cages, 272, 275
Far field, 73
Fast fading, 113
FCC, see Federal Communications
Commission
FDMA (Frequency Division Multiple
Access), 105
Federal Aviation Administration (FAA),
465
Federal Communications Commission
(FCQC), 76, 445, 446, 448
Federal Network Agency, Germany, 397
Federal Network Agency for Electricity,
Gas, Telecommunications, Post and
Railway, Germany, 397
FeliCa technology, 407
FHSS (Frequency Hopping Spread
Spectrum), 77
Field combat applications, 335-336
Filtering, data, 239-240
Financial statements, 162-165
Financial transactions with RF, 132. See
also Payment transaction applications
Firewalls, 40
Fish, embedded tags in, 461-463
Fixed assets management, 384
Flamingo Hotel, Las Vegas, 467
Fleet management, 360-361, 393
Flexible manufacturing, 302
Flexible tags, 62
FM, see Frequency modulation
FMO encoding, 102
Food industry:
cattle ranching applications, 305-309
frozen food manufacturing and supply
chains, 379
imported beef tracking service, 428
technology advances for, 134, 136
Ford Motor Company, 303
France, 389-396



adoption of RFID in, 391-393
potential RFID uses in, 394
regulation of RF in, 389-390
regulation status for EPC™ tags, 78
RFID testing/development institutions
in, 390-391
standards in, 390
technology advances in, 393-394
Fraport AG, 400
FreedomPay, 343
Freeman, Paul, 166
French Normalization Association
(AFNOR), 390
Frequency(-ies):
common ranges and uses, 126
of waves, 68, 70
Frequency Division Multiple Access
(FDMA), 105
Frequency Hopping Spread Spectrum
(FHSS), 77
Frequency modulation (FM), 102, 104
Frequency-shift keying (FSK), 104
Friendly force identification, 337
Frozen food manufacturing and supply
chains, 379
FSK (frequency-shift keying), 104
Fudan University Auto-ID Lab, 383, 385

G
Gaesung Industrial Complex, 424
Gambling applications, 466-468
Gartner “hype” cycle, 55
Gartner Inc., 55
Gasoline payment applications, 5, 6, 341
Gas turbine applications, 400-401
GDSN, see Global Data Synchronization
Network
Gemplus, 391
Gencod-EAN France, 390
General Motors, 299
Geodis, 393
Georgia Institute of Technology Logistics
and Maintenance Applied Research
Center (LandMARC), 450
Germany, 397-403
adoption of RFID in, 399-402
potential uses for RFID in, 402
regulation of RF in, 397-398
regulation status for EPC™ tags, 78
RFID testing/development institutions
in, 398-399
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standards in, 398
technology advances in, 402
Gillette, 29, 352, 378
GITV (global in-transit visibility), 214-216
GLN, see Global Location Number
Global activities:
in-transit visibility, 214-216
toward standardization, 211-216
Global Data Synchronization Network
(GDSN), 51-53, 245-246
Global in-transit visibility (GITV), 214—
216
Global ITV Network, 214
Global Location Number (GLN), 52, 53
Globally unique ID (GUID), 205, 258
Global Positioning System (GPS), 329, 330
Global Product Classification (GPC), 52,
53
Global Trade Identification Number
(GTIN), 32, 33, 52, 53, 449
GlobeRanger™, 223
Goodyear Company, 470, 471
GPC, see Global Product Classification
GPS, see Global Positioning System
Graafstra, Amal, 139
Granularity, 91-92
Graveleau, 393
GS1 Asia-Pacific Regional Forum, 417
GS1 Australia, 374, 378
GS1 France, 390
GS1 Germany, 398
GS1 Global Registry, 51-52
GS1 Japan, 406
GS1 Korea, 426
GS1 Singapore Council, 416, 417
GS1 UK, 440
GS1 US™, 32, 51, 195, 448, 449
GTAG™, 448
GTIN, see Global Trade Identification
Number
GUID, see Globally unique ID

H
Hackers, 42
HAGs, see Hardware Action Groups
(EPCglobal)

Handheld readers, 117
Hard costs/benefits, 166-167
Hard Rock Hotel & Casino, 467
Hardware, 221-223

cost components for, 175-176
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Hardware (continued)
technological advances in, 126-141
Hardware Action Groups (HAGs,
EPCglobal), 46, 50
Hardware interface, RFID readers, 80
Harmonic tags, 68, 133-134
Hazardous waste management, 429
HCL, 375
Health care applications, 311-318
accident and emergency departments,
312-313
asset tracking, 153
bracelets, 315-316
contact tracing, 419-420
drug tracking and authenticity, 452
hospital research laboratories, 392
implanted tags, 316
and injuries resulting from medication
errors, 153
inpatient wards, 313-314
newborn-infant tracking, 4-5
outpatient care, 314
patient management system, 316
resources management system, 316-318
tracking system, 316
in United Kingdom, 443
in United States, 453-454
Healthcare’s B2B Standards Development
Organization (HIBCC) standards, 448
Health issues with RFID use, 395-396
Hertz, Heinrich Rudolf, 25-26
Hewlett-Packard, 421
HF (high frequency), 126
HIBCC (Healthcare’s B2B Standards
Development Organization)
standards, 448
Hibiki project, 212-213, 410
High frequency (HF), 126
High-value asset tracking/management,
5,278
High-water mark, 255
Hitachi, 410, 411
HMTS (Hospital Movement and Tracking
System), 419-420
Homeland security applications, 336-337
Hong Kong Octopus Card, 132
Hospital Movement and Tracking System
(HMTS), 419-420
Hospital of La Conception, 392
Hospital of La Timone, 392
Hospital research laboratories, 392

Household applications, 138

HP RFID Noisy Lab, 407

Humans, data exchange with, 152-153
“Hype” cycle, 55

1
IAN (International Article Numbering)
system, 32
IATA (International Air Transport
Association), 440
IBM ASEAN/South Asia RFID Solution
Zone, 410
IBM Corporation, 38, 279
IBM Industry Solution Center, 391
IBM-Nanyand Polytechnic RFID
Integration Zone, 410
IBM RFID Solution Center, 407
IBM WebSphere®, 247
ICs, see Integrated circuits
IC (integrated circuit) boards, 11-12
ICNIRP (International Commission on
Non-Ionizing Radiation Protection),
395
Icoca, 408
iCrystal, 376
IDA (InfoComm Development Authority,
Singapore), 415-416
Identification, friend or foe (IFF) system,
26-27
IDTs (interdigital transducers), 119
IDtrack, 433-436
IEC (International Electrotechnical
Commission), 195
IFF (identification, friend or foe) system,
26-27
IITA (Institute of Information Technology
Assessment), 426-427
IME, see The Institute of Microelectronics
Immigrants, tracking, 453
Immobilizers, vehicle, 299-301
Implanted RFID chips:
Digital Angel, 452
for everyday uses, 139
in health care industry, 316
origin of, 28
at Spanish nightclub, 457-459
Implementation of RFID solution,
guidelines for, 20-23
Imported beef tracking service, 428
Incheon Airport Corporation, 429
Income statement, 162-163



Inductive coupling, 96-100
Inductive tags, 72
Industrial espionage, 271
Industry standards, 195-216
in Australia, 374
in China, 382
and Department of Defense RFID
mandate, 213-214
development process for, 45-51
EPC, 13-14
in France, 390
in Germany, 398
global activities toward, 211-216
global in-transit visibility, 214-216
Hibiki project, 212-213
of ISO, 195, 197
ISO 18185 series (e-seal), 206, 208-210
ISO/IEC 15691 to ISO/IEC 15693 (data
protocol), 202-205
ISO/IEC 18000 series, 198-202
in Japan, 406-407
RFID tag and interrogator performance
test methods, 205-207
in Singapore, 416417
in South Korea, 424-426
in Spain, 432-434
standards track for, 46, 48—-49
submission track for, 45, 47
for supply chain applications, 209, 211,
212
for tag and reader communication, 13—
14
in United Kingdom, 40
in United States, 448-450
and Wal-Mart RFID mandate, 213
Infant tracking, 4-5
InfoComm Development Authority,
Singapore (IDA), 415-416
Information, decoupling, 287-288
Information kiosks, 351
Information layer integration, 256-266
data model, 258-266
interface, 262, 263, 266
management, 263, 265
reporting, 263
security, 265, 266
storage, 256258
Information safekeeping, 270, 287. See also
Privacy; Security
Infosys, 375
Infrared signals, for signposts, 13
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Infrastructure, see RFID systems
Injected RFID chips, see Implanted RFID
chips
Inlays, 62, 67
Inlet assembly, 119
Input/output channels, in readers, 116
Installation services, 177-178
Institute for Infocom Research, 417
Institute of Information Technology
Assessment (IITA), 426-427
The Institute of Microelectronics (IME),
417, 420
Integrated circuits (ICs), 8, 28, 62
Integrated circuit (IC) boards, 11-12
Integration, 237-266
business process, 251-256
cost of, 176-177
information layer, 256-266
network layer, 237-251
between software applications, 151
Intel Corporation, 28
Intellectual Property (IP) Policy
(EPCglobal), 46
Intelligent transportation, 357-358
Intel SBS RFID Lab, 398, 399
Interdigital transducers (IDTs), 119
Interface cards, 81
Intermec Technologies Corporation, 79
Internal rate of return (IRR), 171-172
International Air Transport Association
(IATA), 440
International Article Numbering (IAN)
system, 32
International Commission on Non-
Ionizing Radiation Protection
(ICNIRP), 395
International crime, preventing, 334-335
International Electrotechnical Commission
(IEC), 195
International Organization for
Standardization (ISO), 14, 195-197
communication standards platform of,
14
France’s work with, 390
as governing body in U.S., 448
technical committees of, 448-449
working groups of, 449
International Post Corporation (IPC), 377
Internet, 40-44
Internet Protocol (IP), 40
Internet Protocol Security (IPSec), 248
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Interoperability, 455
Interrogators, see RFID readers
Intranets, 40
In-transit visibility (ITV) systems, 214,
216, 377
Inventory commands, 84-86
Inventorying, 270, 271
Inventory management:
in automotive industry, 301-302
military applications, 333-334
retailing applications, 350, 351
warehousing applications, 366-367
IP (Internet Protocol), 40
IP address, 41
IPC (International Post Corporation), 377
IPICO, 79
IP Policy (EPCglobal), 46
IPSec (Internet Protocol Security), 248
IRR (internal rate of return), 171-172
ISO, see International Standards
Organization
ISO/IEC standards:
15691 to 15693 (data protocol), 202—205
15961 (application interface), 202-203
15962 (data encoding rules and logical
memory functions), 203—-204
17363-17367 (supply chain
applications), 209, 211
18000-6 (Type A and Type BO, 198-200
18000 series (air interface), 198-202, 382
159663 (unique identification of RF
tags), 204-205
Gen 2 and 18000-6 (Type C), 200-202
in Japan, 406
ISO standards:
14443, 43
18185 (proposed), 417
18185 series (e-seal), 206, 208-210
Italy, regulation status for EPC™ tags in,
78
Itemfield Corporation, 38
Item-level tagging, 351-353
ITV systems, see In-transit visibility
systems

J
Jack Link’s Beef Jerky, 153-154
Japan, 405-413
adoption of RFID in, 407-410
Hibiki project in, 212-213
potential uses of RFID in, 411-412

regulation of RF in, 405-406
regulation status for EPC™ tags, 78
RFID testing/development institutions
in, 407
standards in, 406407
technology advances in, 410411
Japanese Industrial Standard Committee
(JISC), 406
Japan Railways (JR) East, 408
JISC (Japanese Industrial Standard
Committee), 406
Johns Hopkins, 450
Johnson Controls, 299
Joint Technical Committee 1 (JTC 1), 195
JR (Japan Railways) East, 408
JTC 1 (Joint Technical Committee 1), 195
Juels, Ari, 276, 279
Julius Caesar, 277

K

KARUS (Korea Association of RFID/
USN), 427

KATS (Korea Agency for Technology and
Standards), 195

KAZ Group, 375

KDDI, 408

KEELOQ®, 42

Kenetics Innovation, 418

KETI (Korea Electronics Technology
Institute), 426

Key business drivers, 161-162, 174

Key cost components, 174-175

Kill command, 81, 86-87, 276-277

Kilobits per second, 111

KMB (Kowloon Motor Bus Company
Limited), 360

Korea Agency for Technology and
Standards (KATS), 195

Korea Association of RFID/USN
(KARUS), 427

Korea Electronics Technology Institute
(KETTI), 426

Korean Agency for Technology and
Standards (ATS), 424

Korean Standards Association (KSA), 426

Kowloon Motor Bus Company Limited
(KMB), 360

KSA (Korean Standards Association), 426

L
Label printers, 67, 68
Label tags, 67



Laboratory of Electronics and Information
Technologies, France (LETI), 391
LANSs (local area networks), 40
LandMARC (Georgia Institute of
Technology Logistics and
Maintenance Applied Research
Center), 450
Laser scanners (barcodes), 31
LBT (Listen Before Talk), 77
LCIS (Conception and System Integration
Laboratory, France), 391
LDAP (Lightweight Directory Access
Protocol), 249
LETI (Laboratory of Electronics and
Information Technologies, France),
391
Lezin, Matt, 28
LF (low frequency), 126
LF (low frequency) tags, 70
Library applications, 273
in France, 392-393
in Singapore, 418-419
Licon Logistics e.V., 398, 399
Lightweight Directory Access Protocol
(LDAP), 249
Limited-range transmissions (for
security), 275-276
Linfox, 378
LipSoft Electronics, 434
Listen Before Talk (LBT), 77
Load balancing, 255-246
Local area networks (LANSs), 40
Lock command, 88
Lock Tag Memory, password for, 81
Logging, data, 240-241
Logistics control:
air baggage tracking service, 466
decision and logistical process
improvement, 453
export-import logistics infrastructure,
428
military logistics and inventory control,
333-334
port logistics services, 429
LogMotion Lab, Fraunhofer Institute for
Factory Planning and Operation,
Germany, 398-399
Long Beach Port, California, 330
Lost Recovery Network, Inc. (LRNI), 64,
65
Low frequency (LF), 126
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Low frequency (LF) tags, 70

LRNI, see Lost Recovery Network, Inc.
Luggage trolley handling, 400
Lyngsoe, 377

M
McDonald’s, 132
Magallan Technology, 378
Magnetic-strip payment cards, 342
MAINtag, 391
Management console, 250
Management dashboard, 250
Management of systems, see System
management
Manchester encoding, 101
Manufacturing:
changing processes in, 144-145
clothes processing industries, 384
electric motors, 401-402
extended business components for, 228—
232
fabrication of devices, 118-119
RFID applications in, 321-324
semiconductor manufacturing
edgeware, 223-224
Marconi, Guglielmo, 26
Marine terminal operation applications,
325-332. See also Shipping containers
in China, 384
port logistics services, 429
Thames Port, 441
validating container contents without
visual inspection, 156
Marks & Spencer, 134, 136
Marsh’s supermarket, Tory, Ohio, 30
Massachusetts Institute of Technology
(MIT), 13
Auto-ID Center, 13, 29, 44, 45, 223, 449,
450
research on RF radiation impacts, 454
MasterCard, 377-378
Matthews Intelligent Identification, 375,
379
Maximum data rate, 111-112
Maxwell, James Clerk, 25
Maxwell Equations, 25
M-Chip® (Hitachi), 66, 67
Medical care applications, see Health care
applications
Megabits per second, 111
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Memory:
future development of, 295
as key topic in RFID advancement, 131
layout in passive tags, 81-83
nonvolatile, 131
in readers, 116
for read-write tags, 11
in retail RFID chips, 282
in tags, 8
Memory motors, 401-402
Message routing, 244-245
Metcash, 378
METI, see Ministry of Economy Trade and
Industry, Japan
Metro Future Store, 398, 399
Metro Group, 347
M-Fiber Microwire™ (Demodulation Inc.),
68
MIC (Ministry of Information and
Communication, South Korea), 423—
424, 430
MIC (Ministry of Internal Affairs and
Communication, Japan), 405, 406
Microchip®, 42
Microprocessors:
increasing capacity of, 278
Intel 4004, 28
in readers, 116
RFID integrated circuits vs., see
Integrated circuits
Microsoft Corporation, 38, 375
Microsoft Technical Center (China) RFID
Lab, 383
Microwaves, 70, 75, 126
Microwire™, 133-134
Middleware, 15-17, 223-226
common features and functions of, 224—
226
database systems as, 249-250
error detection by, 251
event notification by, 246
message routing by, 244-245
in network layer integration, 242-249
as rules engine, 243-244
security with, 248-249
selective information provided by, 16,
17
standard components of, 242
as standardized interface, 247
synchronization by, 245-246
transformation of data by, 246

Military applications, 333-339
field combat, 335-336
friendly force identification, 337
homeland security, 336-337
IFF system, 26-27
logistics and inventory control, 333—
334
national security, 334-335
reconnaissance, 337-338
shipping container tags, 29
training, 336-337
UK defense applications, 442
Miller (subcarrier) encoding, 101
MINATEC (Center for Innovation in
Micro & Nanotechnology, France),
391
Miniaturization, 410—411
Minimum performance requirements, 211,
212
Mining applications, 468—469
Ministry of Construction and
Transportation, South Korea (MOCT),
430
Ministry of Economy Trade and Industry,
Japan (METI), 406, 408, 410, 412
Ministry of Information and
Communication, South Korea (MIC),
423-424, 430
Ministry of Internal Affairs and
Communication, Japan (MIC), 405,
406
Ministry of Science and Technology,
China, 382
MIT, see Massachusetts Institute of
Technology
Mitsukoshi, 411
Mobile phones, RFID-chipped, 407, 408
Mobile scanners, 81
Mobile Suica, 408
MOCT (Ministry of Construction and
Transportation, South Korea), 430
Modified Miller encoding, 102
Modulated backscatter coupling, 100
Montague Cold Storage, 379
Moore’s law, 278
Multicasting, 43, 44
Multifrequency readers, 138
Multipath effect, 113-114
Multipathing, 91
Mun, 1., 153
Museum exhibit applications, 459-461
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NAK command, 85-86
Naoru-kun doll, 469-470
NASA Dryden Flight Research Center,
132-133
NASCAR racing applications, 470-471
National Commission for Data Protection
and the Liberties, France (CNIL), 395
National Computing Agency, South Korea
(NCA), 423424, 427-429
National Conference of State Legislatures,
284
National Frequencies Agency, France
(ANFR), 389
National Institute of Standards and
Technology, United States (NIST), 448
National Internet Development Agency of
Korea (NIDA), 427
National Library Board, Singapore (NLB),
418, 419
National Livestock Identification System
(NLIS), 308, 376
National Radio Administration Bureau,
China (SRRC), 381
National Rail services, 341
National security applications, 334-335
National Telecommunications and
Information Administration, United
States (NTIA), 445, 448
Navigo pass, 393, 395
NCA, see National Computing Agency,
South Korea
Near field, 72
NEC, 410, 417
NEC Academy, China, 383
Neptune Orient Lines, 417
Net present value (NPV), 169-172
Networks:
Internet, 40-44
scalability of architecture, 43
self-forming, 14, 15
Network layer integration, 237-251
and database systems as middleware,
249-250
middleware, 242-249
RFID devices, 237-242
system management, 250-251
Network reader, 116
Network segmentation, 239-240
Newborn-infant tracking, 4-5
NICT, 411
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NIDA (National Internet Development
Agency of Korea), 427

Nippon Sheet Glass, 411

NIST (National Institute of Standards and
Technology, United States), 448

NLB, see National Library Board,
Singapore

NLIS, see National Livestock Identification
System

Nokia, 140

NOL-Sun Advanced Technology Center,
417

Nominal read range, 276

Nonreturn to zero (NRZ) direct encoding,
101

Nonvolatile memory, 131

Nordic Bank, 140

Normalized data models, 262

North Dakota State University, 451

North University Hospital, 392

Notification services:

in databases, 250
by middleware, 246

NPV (net present value), 169-172

NRZ (nonreturn to zero) direct encoding,
101

NTIA, see National Telecommunications
and Information Administration,
United States

N-tier architectures, 243

NTT DoCoMo, 408

Nugan Wines, 378

NYK Logistics, 330

Nyquist bit rate formula, 111

Nyquist-Shannon theorem, 112

(0]

Object Name Service (ONS), 36, 41, 227

OCA (on-chip antenna), 420

Octopus Card Limited, 343, 344

Octopus system (Hong Kong), 341, 342,
344-345

Ofcom, 439

Offered load, 106

Ohio University Center for Automatic
Identification, 450

Omron, 473

On-chip antenna (OCA), 420

ONS, see Object Name Service

openlD Center, 398, 399

Open-loop system components, 226-227
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Open systems interconnection (OSI)
model, 117-118

Optical range, 113

OSI (open systems interconnection)
model, 117-118

Oyster card, 341

P
Packaging equipment, 385
Palinkas, Simon, 144
Pallet-level RFID tagging, 350
Paoli Calmettes Institute, 392
Paperboard computers, 140-141
Paramount Farms, 144
Paris subway system, 393, 395
PASOMO, 408
Passive systems:
tag and reader communication in, 81—
89
tag commands for, 83-89
Passive tags, 8-9, 66-68
antennas, 9, 66, 67, 70, 72-73
backscatter, 66-67
DoD requirements for, 214
memory layout of, 81-83
power for, 95-96, 134
Passports, RFID tags in, 42, 272-273, 379
Passwords, 81
Patient management systems, 316
Patties Foods, 379
Paxar, 392
Payment transaction applications, 341—
346. See also Electronic toll collection;
Retailing applications
PayPass technology, 377-378
PCBs (printed circuit boards), 62
PC (Protocol Control) field, 82
PCMCIA cards, 81
PDF417 format (barcodes), 32
Peacock Bros. Pty. Ltd., 375
Pen wand (barcodes), 30-31
Perception, automation of, 54
Performance metrics, 251
Performance requirements, minimum,
211, 212
Performance test methods standards, 205—
207
Permittivity, 75
Personnel, costs of, 177
Pets, tags implanted in, 28
Pfizer, 392

Pharmaceutical industry applications, 137
Phase Jitter Modulation (PJM) technology,
378
Phase modulation (PM), 104
Phase positioning, 102, 104
Phase-shift keying (PSK), 104
Philips 66, 341
Physical Markup Language (PML), 37,
227
Picking (warehousing), 367
PIE, see Pulse-interval encoding
PiTaPa, 408
Pit tag information (PTI) system, 462
PJM (Phase Jitter Modulation) technology,
378
PKIs (public key infrastructures), 248
PLM (product life cycle management),
302-303
PM (phase modulation), 104
PML, see Physical Markup Language
Point-to-point data delivery, 43-44
Port logistics services, 429
Port of Busan, South Korea, 330
Port of Rotterdam, Netherlands, 331
Power:
for active tags, 9, 62-64, 96, 134
battery life, 130
for broadcasting, ratings for, 77
in HF interface, 115
as key topic in RFID advancement,
130-131
in modulated backscatter coupling, 100
for passive tags, 8-9, 63, 66, 95-96, 134
for semi-active tags, 10, 65-66, 96
for semi-passive tags, 68
with UWB tags, 91
Power generation applications, 400-401
Power modulation, 102, 104
PPS (Public Procurement Service), 428
Prada, 352
Pratt, Tom, 455
Principals, 42
Printable antennas, 140
Printed circuit boards (PCBs), 62
Printers, 67, 68, 117, 130
Privacy bit, 279
Privacy Guideline in Japan, 412
Privacy issues:
in France, 395
issues raised concerning, 271-273
in Japan, 412



in Singapore, 421
and tags in U.S. passports, 42
traceability and inventorying, 270-271
in United States, 453, 455-456
Privacy protection:
blocking for, 279
clip tags for, 279-280
decoupling of information for, 287-288
defined, 269
European Union privacy laws, 436
facts and misunderstandings about,
280-282
guidelines for, 282-286
information safekeeping, 287
Kill command for, 276-277
limited-range transmissions for, 275—
276
security vs., 269-270
Sleep command for, 277
Process automation, 142-143
Procter & Gamble, 378
Product identification, 352-353
Product identification resolution, 50
Production process, RFID in, 322-323
Product life cycle management (PLM),
302-303
Projects, RFID, 156. See also Business case
for RFID
Proposals (RFID projects), 180-182
Protocol Control (PC) field, 82
PSA Singapore Terminals, 331
PSK (phase-shift keying), 104
PTI (pit tag information) system, 462
Public key infrastructures (PKIs), 248
Public Procurement Service (PPS), 428
Publish and subscribe (Pub-Sub)
architectures, 39-40, 52
Pulse-interval encoding (PIE), 102, 103
Pulse-pause encoding, 102
Putaway (warehousing), 366

Q

QR format, see Quick Response format
QueryAdjust command, 85

Query command, 84-85

QueryRep command, 85

Quick Response (QR) format, 32, 33

R
Radar, 26-27
Radiative tags, 73
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Radio broadcasting, 26
Radio frequency harmonic tags, see
Harmonic tags
Radio frequency identification (RFID):
anticipated future impact of, 53-56
barcodes vs., 3, 30-35
basic principle of, 3
cost of, 293-294
current implementations of, 292-293
defined, 3
early uses of, 27-30
and electronic data interchange, 34, 36—
40
in enterprises, 18-23
first known implementation of, 26
future of, 294-296
hype associated with, 293
and Internet, 40-44
origin of, 25
promise of, 3
real-life implementation of, 4-6
in specific countries, see Countries,
RFID in
traditional uses of, 25-30
Radio frequency (RF) spectrum,
regulation of, see Regulation of RF
Radio waves, 26, 27
RAID, 256-257
Railway system positioning, 361, 384
Range, maximum, 112
Rayleigh range, 113
Raytheon Corporation, 27, 29
Read command, 86
Readers, see RFID readers
Reader collision, 104. See also Anticollision
algorithms
Reader-to-tag eavesdropping range, 276
Read-only (RO) tags, 10, 11
Read ranges, 276
Read-write (RW) tags, 10, 11
Real-time data processing, 255
Real-time location systems (RTLSs), 64, 65
beacons in, 100
data processing prior to reports in, 263
filtering in, 239
The Real-Time Operating System Nucleus
(TRON), 407
Receivers, in HF interface, 115
Receiving (warehousing), 364-365
Reconnaissance applications, 337-338
RECO-View RFID Tag Rewritable Sheet,
411
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Reflection characteristics, 100
REG, see RFID Experts Group
Regulation of RF, 75-78
in Australia, 373-374
in China, 381-382
in France, 389-390
in Germany, 397-398
in Japan, 405-406
in Singapore, 415-416
in South Korea, 423-424
in Spain, 431-432
in United Kingdom, 439
in United States, 76-77, 445-448
Regulatory standards, see Industry
standards
Relay attack, threat of, 274-275
Reports, 263
Republic Polytecnic, 410
Req_RN command, 86
Reserved memory bank, 81, 82
Resonance step-up, 97
Resonant frequency, 97
Resources management systems:
in health care, 316-318
in manufacturing, 321-323
Retailing applications, 347-354
customer satisfaction and loyalty, 353
customer service, 351-352
in European Union, 284
in France, 393
information kiosks, 351
inventory and shelf management, 350
351
in Japan, 411
myths vs. facts about, 280-282
opportunities and threats in, 348-349
security, 352-353
shrinkage prevention, 352-353
in Spain, 434
in United Kingdom, 443
in United States, 451-452
Wal-Mart’s RFID mandate, 29
Return on investment (ROI):
defined, 167
in evaluating applicability, 20
formula for, 167
for RFID projects, 172-178
ROI analysis, 167-172
and time value of money, 168-169
Reusable containers, 137
RF-absorbent objects, 112-113

RF Code, Inc., 79
RF engineering, 27
RF environment, 205
RF garbage, 91
RF harmonic tags, see Harmonic tags
RFID, see Radio frequency identification
RFID Action Australia (RFIDAA), 374—
375
RFID Australia Pty. Ltd., 375
RFIDa Web site, 479
RFID Centre, United Kingdom, 440
RFID-chipped mobile phones, 407, 408
RFID cookbook, 379
RFID Expertise @ A*STAR’s Research
Institutes, 417
RFID Experts Group (REG), 449, 450
RFid Gazette Web site, 480
RFID in Sports Event-Cycling (RISE-C),
376
RFID Journal Web site, 477-478
RFID@NEC Centre, 417
RFID News Web site, 482
RFID printers, 67, 68, 117, 130
RFID projects, 156. See also Business case
for RFID
RFID readers, 11-12, 79-81. See also Tag
and reader communication
antennas, 11, 65
anticollision algorithms for, 105-106
application-to-reader interface, 80
classification of, 79
components of, 11
control group, 115-117
costs of, 136
enhanced durability, 80
enterprise management console, 79-80
form factor, 81
hardware interface, 80
HF inferface, 115
IC board, 11-12
main function of, 114
mobility of, 117
multifrequency, 138
in network layer integration, 237-238
placement of, 33
speed of, 33
subsystem for, 114-117
tag density, 80-81
tag population of, 83, 84
technological advances in, 134-141
Wal-Mart specifications for, 213



RFID Research Center, Shanghai Jiaotong
University, 383
RFID Security and Privacy (Ari Juels), 276
RFID switchboard Web site, 481
RFID systems, 6-18. See also System
components; specific components
applications supported by, 17-18
communication standards for, 13-14
database in, 16-17
major components of, 5-7
middleware, 15-17
readers in, 11-12
reader subsystem in, 114-117
self-forming RFID networks, 14-15
signposts in, 12-13
tags in, 7-11
RFID Systemes, 391
RFID tags, 7-11, 61-78. See also Tag and
reader communication; specific types of
tags
active, 9-10, 62-65
antennas, 8, 61-62, 70, 72-73
anticollision algorithms for, 42-43, 106—
110
applying, 129-130
associating objects with, 36
and characteristics of radio waves, 73—
75
classes of, 127
component of, 8
cost of, 34, 128-129, 136
density of, 80-81
EAS, 27
and EPC™ adoption, 127
EPC™ tag classifications, 68, 69
inexpensive mass production of, 410
integrated circuit of, 8, 62
key topics in evolution of, 130-131
life expectancies for, 133
memory in, 8
minimum performance requirements,
211, 212
passive, 8-9, 66—68
passive tag antennas, 70, 72-73
printed circuit board/substrate of, 62
radio frequency harmonic tags, 68
read-only, 10, 11
read-write, 10, 11
and regulation of radio frequency
spectrum, 75-78
reliability of, 128
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semi-active, 10, 65—66
semi-passive, 68
shapes of, 128
sizes of, 128
in systems operating at various
frequencies, 68, 70-71
technological advances in, 127-134
URIs for, 41
RFID Technology Guide (Auto-ID Center),
223
RFID Update Web site, 478
RFID Weblog Web site, 480-481
RfidXchange Web site, 482-483
RF-opaque objects, 112, 113
RF signal bleeding, 12
RF spectrum, regulation of, see Regulation
of RF
Ricoh, 411
Rigid tags, 62
RISE-C (RFID in Sports Event-Cycling),
376
Rogue scanning range, 276
RO, see Return on investment
RO (read-only) tags, 10, 11
Royal Academy of Arts, 441
RTLSs, see Real-time location systems
Rules engine:
for BPI, 253-254
middleware as, 243-244
Rule definition languages, 244
Rule Markup Language (RuleML), 244
Russian Federation, regulation status for
EPC™ tags in, 78
RW (read-write) tags, 10, 11

S

SAC (Standardization Administration of
China), 382

SAGs, see Software Action Groups
(EPCglobal)

Sainsbury’s, 443

Salmon, embedded tags in, 461-463

Sandtracker, 140

SAP, 385

Savi Technology, Inc., 79, 333

Savi Technology Australia Pty. Ltd., 377

SAW (surface acoustic wave) devices,
119-120

Scalable architecture, 43

Scaling systems, 255

Schneier, Bruce, 42
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SDIO cards, 81
SDMA (Space Division Multiple Access),
105
Seagate Technology, 323-324
Sea Smoke Cellars, 472-474
Security, 273-280
back-end, 287
clip tags for, 279-280
of data on tags, 137, 138
defined, 269
demilitarized zones for, 40-41
encryption for, 277-279
facts and misunderstandings about,
280-282
of information layer, 265, 266
information safekeeping, 287
with Internet, 41-44
of intranets, 40
as issue in United States, 455-456
Kill command for, 276-277
limited-range transmissions for, 275
276
in marine terminal operations, 327-329
with middleware, 248-249
with passport RFID chips, 272-273
privacy vs., 269-270
proposals for enhancing, 275
with readers embedded in cell phones,
140
in retailing applications, 352-353
Sleep command for, 277
threats to, 274-275
warehousing and distribution system
applications, 368-369
Segmentation, network, 239-240
Select command, 84
Self-checkouts, 351-352
Self-forming networks, 14, 15
Semi-active tags, 10, 65-66, 96
Semi-passive tags, 68
Sensors:
external, channels for, 116
in smart tags for shipping, 329
Sensor Age, 54
Sensormatic®, 28
Serial GTIN (SGTIN), 33
Serial reader, 116
Sernam, 393
Service-oriented architecture (SOA), 39
SGML (Standard Generalized Markup
Language), 37

SGTIN (Serial GTIN), 33
Shanghai Fudan Microelectronics, 385
Shanghai Huahong, 385
Shanghai Huashen, 385
Shanghai Jiaotong University, 385
Shanghai RFID Solution Center, 383
Shannon’s formula, 111
Shapes of antennas, 134, 135
Shelf management, 350-351
Shenzhen Promatic, 385
Shenzhen Yuanwanggu, 385
Shipping (distribution systems), 367-368
Shipping containers. See also Marine
terminal operation applications
Container Security Initiative, 327
in military applications, 29
national security concerns with, 334—
335
reusable, 137
in Shanghai port, 384
smart seals for, 328-329
tags on, 29
validating contents without visual
inspection, 156
Shockley, William, 27
Shoplifting, 352
Shrinkage prevention applications, 352—
353
Siemens Business Services, 399
Siemens Power Generation, 400-401
Signal bleeding, 12
Signal diversity, 113-114
Signal impedance, 112-113
Signposts, 7, 12-13
Silver, Bernard, 30, 31
SIMTech (Singapore Institute of
Manufacturing Technology), 417
Simulation, 148-149
Singapore, 415-421
adoption of RFID in, 418-420
potential uses for RFID in, 420
regulation of RF in, 415-416
RFID testing/development institutions
in, 417
standards in, 416-417
technology advances in, 420
Singapore Institute of Manufacturing
Technology (SIMTech), 417
Singapore RFID Alliance, 418
Singulation, 106-107
SKUs, see Stock-keeping units



SkyeModule M0™, 134
SkyeTek, Inc., 134
Sleep command, 277
Slot scanners (barcodes), 31
Slotted ALOHA algorithm, 107, 108
Smartag, 418
Smart cards, 131-132
key benefits of, 345
in Octopus system, 344-345
for payment transactions, 341, 343
smart ID cards (China), 383-384
in South Korea, 427
uses of, 344
Smart DSP algorithms, 114
Smart ID cards (China), 383-384
Smart seals, 328-329
Smart shelves, 350-351, 353
Smithsonian Institute, Washington, D.C.,
30
Smoke diver rescue missions, 468—-469
SOA (service-oriented architecture), 39
sOc-EUSAI, 394
Soft costs/benefits, 166-167
Software:
advances in hardware vs., 141
and anomaly handling, 141-142
in application stack, 220
changing purposes of, 144-145
data capture with, 142
data storage requirements, 145
evaluation of, 145-146
integration between applications, 151
as key cost component, 176
middleware, 15-17
process automation with, 142-143
purposes of, 146-148
reliability of, 143-144
RF data exchange between systems,
153-154
standards for, 143
support for, 145
technological advances in, 141-149
Software Action Groups (SAGs,
EPCglobal), 46, 50
Software radio technology, 455
Solutions:
evaluating appropriateness of, 18-20
implementation of, 20-23
Sony, 407
Sortation (warehousing), 367
Source tagging, 411
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South Africa, regulation status for EPC™
tags in, 78
South Korea, 423-430
adoption of RFID in, 427-429
Port of Busan in, 330
potential uses for RFID in, 429-430
regulation of RF in, 423-424
RFID testing/development institutions
in, 426-427
standards in, 424-426
technology advances in, 429
Space Division Multiple Access (SDMA),
105
Spain, 431-437
adoption of RFID in, 434-435
potential uses for RFID in, 435-436
regulation of RF in, 431-432
RFID testing/development institutions
in, 434
standards in, 432-434
technology advances in, 435
Spanish Association of Commercial
Codification (AECOC), 432-433
Speed, of RFID readers vs. barcodes, 44
Speedpass™ cards, 132, 341, 353
Split-phase encoding, 101
Spoofing, threat of, 274
SPRING (Standards, Productivity and
Innovation Board, Singapore), 417
Spychips Web site, 478-479
Squiggle tags, 67, 73
SRRC (National Radio Administration
Bureau, China), 381
Standards:
acceptance of, 152
for barcodes, 31-33
for business terminology, 36-37
for computer system formatting, 37
defining, 151
for RFID, see Industry standards
for wireless networks, 40
Standards, Productivity and Innovation
Board, Singapore (SPRING), 417
Standard Generalized Markup Language
(SGML), 37
Standardization Administration of China
(SAC), 382
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Sun Microsystems, 375, 378, 417
Sun RFID Design Center, 407
Sunshine Technologies, 375
Supermarket applications, 348-352, 421
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RFID systems
application stack, 220
differing sets of, 219
extended, 228-234
general characteristics of, 234-235
hardware, 221-223
middleware, 223-226
open-loop, 226-227
System management:
centralized, 250-251
information layer, 263, 265
network layer, 250-251
Szeflin, Dave, 144

T
Tags, see RFID tags
Tag and reader communication, 79, 81-92
active systems, 89-92
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Throughput, 111. See also Transmission
TID (Tag Identification) memory bank,
81-83
Time Division Multiple Access (TDMA),
105-106
TLS BAG (EPCglobal Transport and
Logistics Services Business Action
Group), 417
TNT Logistics, 299, 303
Toica, 408
Toll collections, see Electronic toll
collection
Tool and equipment handling systems,
401, 464-465
Toppan, 410, 411
Traceability, 270
in beef industry, 305
IDtrack, 433-436

Index 507
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multipath effect on, 91, 113-114
radio, 27
secure, 265
by signposts, 12-13
wireless, history of, 26
Transmitters, in HF interface, 115
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