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integrity loss, 241–242
overview, 237–238

selecting
technologies, 86
vendors, 259–265

semipassive tags, 29–30
semipassive ultra high frequency 

(semipassive UHF), 133–134
sensors. See also location sensors

calibration, 63
feature, 12
orientation, 62
power needs, 62–63
semipassive UHF, 134

server monitoring, 96
serviceability, 37
session hijacking, 169
shipping volumes, 264
shock (tag), 33
signal propagation error (GPS), 161
signal synthesis attacks, 242
signal-monitors, 177
site surveys, 263
size

distributed model, 200
overview, 59
semipassive UHF, 134

social-networking applications, 225–226, 293
soft benefi ts, 300–301
software

costs, 65
fi rmware, 37
serviceability, 37

solar cells, 214
spectrum analyzer, 244
speed

active LF solutions, 129
Bluetooth, 197
cellular network locating, 167
dead reckoning, 184
WiMAX, 173
ZigBee, 207

spoofi ng
cellular networks, 169
GPS, 159

staff emergency response, 235
staffi ng constraints, 78
standard, 277

standardization
active LF, 126
infrared, 143
passive HF, 130
powerline positioning, 149–150
RuBee, 128
SAW, 135
semipassive UHF, 134
UHF, 132–133
ultrasound, 146, 148

standards-based
Bluetooth, 197
solution, 69
Wi-Fi, 192
WiMAX technology, 173
ZigBee, 207

storage temperature (tag), 33
storing batteries, 273–274
strap sensor, 244
strategic vendor, 260–261
streamlining ineffi cient procedures, 103
structure of facilities, 19
sub-room level

locating at, 13
relationship with accuracy, 58

suppliers, 80
support

enlisting, 80–81
help staff, 77
ongoing, 297
pilot, 91

surface acoustic wave (SAW), 135–136
symbolic position, 13
synchronous data routing, 107

• T •
tag ID set (SAW), 136
tag start-position initializer, 183
tagging

assets, 17–18
defi ned, 17
people, 18–19

tags
acoustic locating systems, 212
active, 29–30
active LF solutions, 128
battery, 31–32
birthing, 91
building illumination, 214
calibration (sample), 191
cellular network locating, 167
characterizing, 28–30

31_398685-bindex.indd   31631_398685-bindex.indd   316 3/12/09   11:20:23 PM3/12/09   11:20:23 PM



317317 Index

cleaning, 64
computer vision, 211
computing locations, 43–51
connecting to assets, 34–35
deactivating, 239
dead reckoning, 182–183
defi ned, 27
detachment, 238
enclosure ratings, 32–33
environmental capabilities, 33
ergonomics, 31
features, extra, 11–12
indirect-positioning, 16
landmark, 191
LF-based solutions, 125
locating people and assets, 11
monitoring, 96
overview, 9
passive HF, 28–29, 130
passive LF, 28–29, 123, 127
pilot installation, 91
programming, 35–36, 136
reference, 244
remote-positioning, 15
security, increasing, 36
self-positioning, 15
semipassive, 29
serviceability, 37
specifi cations, 30
spoofi ng, 241
telemetry, 34
theft, 238
tracking with interrogators, 114–115
tracking locations, 293
unauthorized readings, 291–293
value adds, 66–67

tamper detection feature, 36, 243–244
TCO (total cost of ownership), 297–298
TDOA. See Time Difference of Arrival (TDOA)
TDOA-based Wi-Fi RTLS, 191–192
technical landscape, 78–79
technological evolution, 181
technologies

available, 50–51
choke points, 121–136
locating by associating, 221–223
overview, 15, 80, 82–83
selecting, 86

technologies, choke point
active low frequency (active LF), 125–127
passive high frequency (passive HF), 

129–130
passive low frequency (passive LF), 122–125

passive ultra high frequency (passive UHF), 
131–133

RuBee, 127–129
semipassive ultra high frequency 

(semipassive UHF), 133–134
surface acoustic wave (SAW), 135–136

technologies, precision locating
acoustic locating systems, 211–213
active RFID, 200–204
air interface standards, 204
Bluetooth, 195–197
building illumination, 213–214
computer vision, 208–211
dead reckoning (DR), 181–184
802.15.4a standard, 206
overview, 180–181
passive RFID, 197–200
ultra-wideband, 204–206
Wi-Fi, 185–195
ZigBee, 207–208, 209

technologies, room-level locating
infrared, 140–144
overview, 140
powerline positioning, 148–151
ultrasound, 144–148

technologies, wide area coverage
locating with cellular, 163–170
overview, 155–156
satellite navigation systems, 156–163
TV-signal positioning, 174–177
WiMAX, 170–173

telemetry, 34
television. See TV
temperature

measurement (SAW), 136
operating, 268
sensor, 12
tag, 34

temporary setups, 25–26
test model, 85–86
test plan, 92
testing

performing, 255
tools, 110

theft
location sensors, 238
tags, 238

TheRTLSblog, 283
thin fi lm batteries, 270
3GPP, 280
throughput

passive HF, 130
passive UHF, 133
tightly coupled model, 199
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tightly coupled model, 198–199
time advance, 166
Time of Arrival (TOA)

computing tag locations, 45–46
overview, 38

time delay, 193
Time Difference of Arrival (TDOA)

overview, 39
UWB, 205
WiMAX, 172

Time Distance of Arrival, 46–47
Time of Flight (TOF)

computing tag locations, 47–48
overview, 39

TOA. See Time of Arrival (TOA)
TOF. See Time of Flight (TOF)
tolerance, 59
tools

debugging, 110
deployment, 63
testing, 110

total cost of ownership (TCO), 297–298
traceability, 292
tracing assets, 18
tracking

Alzheimer’s patients applications, 157
assets, 17, 119
Bluetooth, 197
people, 19, 119
performance, 68
stations, 160
tag locations, 293
tags with interrogators, 114–115
Wi-Fi, 193

traffi c analysis, 242–243
training

costs, 297
pilot, 92
Wi-Fi, 192

transceivers. See interrogators
transponders. See tags
triangulation technique, 40, 42
trilateration technique

computing tag locations, 48–49
overview, 40–41
Wi-Fi, 189

troubleshooting
maintenance consideration, 64
remote, 264–265
Wi-Fi, 192

TV broadcasting frequencies, 174
TV tuner, 175

TV-signal positioning
frequencies, 174
mobile TV, 177
overview, 174
process, 175–176
pros and cons, 176–177

2405-2480 MHz frequency, 209

• U •
Ubiquitous ID Center, 279
UHF (ultra high frequency), 131, 217
UL-TDOA (Uplink Time Difference of Arrival), 

166–167
ultra high frequency (UHF), 131
ultra wideband (UWB)

accuracy, 181
frequencies, 204
overview, 204
process, 205
pros and cons, 205–206

ultrasound
applying, 145–146
defi ned, 144
overview, 144–145
pros and cons, 146–148
standardization, 146
uses for, 145

unauthorized tag readings, 291–293
underestimating

integration cost, 253–254
maintenance efforts, 256

underground (LF-based solutions), 124
underwater (LF-based solutions), 124
Underwriters Laboratories Inc., 32–33
unifying device management, 105
updates, remote, 264–265
upgrades, 64
Uplink Time Difference Of Arrival (UL-TDOA), 

166–167
urban areas

cellular network locating, 167
IV-signal positioning, 176
WiMAX, 173

urban canyons (GPS), 161
usability, 56
users

experience, 96
facility, 76
identifying, 74–75
interface, 75–76
pilot, 91

UWB. See ultra wideband (UWB)
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• V •
value adds

features, extra, 67
overview, 11–12, 56
tag, 66–67

variables, 38–39
vendors

engagement level, 262
interviewing, 87–88
overview, 80
selecting, 259–265
strategic, 260–261
technological focus, 262

vertical silo, 103
vibration (tag), 33
vibrators feature, 12
visitor information sector, 25
visualizing implementation goals, 73–77
voice to voice feature, 12
voltage, 271

• W •
wall wart, 63
Web sites

AIDC, 100, 281
AIM Global, 279
Bluetooth SIG, 282
cellular network frequencies, 165
CEN (Comité Européen de 

Normalisation), 281
commercial and non-profi t organization 

resources, 282–283
EPCglobal, 132, 278–279
IEC (International Electrotechnical 

Commission), 32, 281
IEEE, 278
International Organization for 

Standardization (ISO), 124, 278
NEMA, 32
RFID Journal, 282
RFID Monthly, 283
RFID Product News, 283
RFID Tribe, 282
standardization and dedicated technology 

workforces, 277–282
TheRTLSblog, 283
3GPP, 280
Ubiquitous ID Center, 279
Wi-Fi Alliance, 279
ZigBee Alliance, 280

wide area coverage
cellular network frequencies, 165
cellular network safety/security, 169
comparing accuracy level and 

precision, 154
GPS safety/security, 159
mobile TV signal, 177
overview, 154–155
technologies, 155–177
television broadcasting frequencies, 174
WiMAX technology, 170

Wi-Fi Alliance, 279–280
Wi-Fi (wireless fi delity)

accuracy, 181
frequencies, 186
locating by associating, 222
overview, 185
presence-based locating, 216
presence-based positioning, 217
process, 185–192
pros and cons, 192–195

WiMAX (Worldwide Interoperability for 
Microwave Access)

overview, 170–171
process, 171–172
pros and cons, 173
receivers (tags), 171
technology, 170
tower, 171

wireless access point, 185
wireless fi delity. See Wi-Fi (wireless fi delity)
wireless router, 185
workfl ow, 19
Worldwide Interoperability for Microwave 

Access. See WiMAX (Worldwide 
Interoperability for Microwave Access)

writeable memory feature, 12

• Y •
yard management applications, 157

• Z •
ZigBee

accuracy, 181
frequencies, 209
how it works, 207
locating by associating, 222
overview, 207
pros and cons, 207–208

ZigBee Alliance, 280
zone level, relationship with accuracy level, 58
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