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active badge, 487-488
activity scheduling, 346—347, 355
actor networks, 25-29
aggregation function, 509-510
duplicate sensitive, 509
exemplary or summary, 509
monotonic, 509
partial state, 510
ALOHA, 254
anchor /beacon nodes, 278—279
angle of arrival, 283
anonymity issues, 449-451
sender and path anonymity, 451
applications, 5—14, 419
environmental applications, 6—9
military applications, 5—6
approximation ratio, 348
architecture, 25-27
area coverage, 360—374, 426
centralized, 365-366
hexagonal, 364-365
localized, 366—368
mobile sensors, 371-373
multiple, 368370
neighbor cooperation, 365
threshold based, 361-363
variations, 370-371
attacks on location discovery,
166—169

backbone construction, 343-355
GAF, 351
grid partitioning, 351-352
MPR (multi-point relay), 351-352
bat system, 488
Bayes classifier, 478
beaconless routing, 403
BLR, 404
contention-based forwarding, 403
implicit geographic forwarding, 403

Bluetooth scatternet formation, 326327
broadcast authentication, 141-172
DOS attacks, 149-153
LTESLA, 142153
broadcasting, 343-360, 434-435
blind flooding, 346
minimum energy broadcasting,
359-360
MPR based, 358
neighbor elimination, 356—358
taxonomy, 355-356
two-tier data dissemination, 444

calibration, 199-237
case studies, 232-234
classes, 231-232
collaborative in-place, 233-234
parameter estimation, 232-233
system model, 231
carrier sense multiple access, see CSMA
classes of synchronization, 208—-211
continuous lifetime, 208—-209
clock synchronization, 210
offset synchronization, 209-210
on-demand lifetime, 208209
internal versus external, 208
rate synchronization, 209
scope, 209
time instants, 211
time intervals, 211
timescale transformation, 210
cluster routing, 394—-395
clustering, 429-431, 349-351
code division multiple access, 249—-250
collaborative signal processing, 474—475
distributive processing, 475
information fusion, 475
on-demand processing, 475
communication models, 313-314
cone-based topology, 326
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configuration, 204

congestion control, 521-522

connectivity, 332-338

contention access protocols, 253

cooperative reachback, 42

coordinate system registration, 300—-304

coordinate system stitching, 294—-296

covering and connectivity properties,
363-364

cricket, 488

critical node degree, 333-334

critical nodes and links, 336—338

critical total power, 334

critical transmission range, 332—333

cryptographic services, 141-172

CSMA, 255-261

data aggregation, 18-22, 123-129,
422-423, 432-433, 442443,
483-484

lossless aggregation, 128—129
data-centric protocols, 417-456
data-centric storage, 433
data dissemination, see broadcasting
data fusion, 493-526
basic operations, 508
parameter estimation, 508, 512-513
redundancy suppression, 508—-513
system architecture, 513-515
tradeoffs, 515-516

data gathering, 428, 437-438, 493-526
basic functions, 509
classification, 500-507

grid, 505
tree, 505-507

cluster, 505-506
LEACH, 428, 506

data storage, 22—-23

data transport, 516-517
energy awareness, 520
flow conservation, 519
flow control and routing, 519-520
flow indivisibility constraint, 519
latency, 520
quality-driven utility function, 520
utility based, 517-521

database systems, 29-30, 496—-499
Cougar, 498
TinyDB, 498
TinySQL, 498

Delaunay triangulation, 324-325

demand assignment protocols, 250

dense networks, 42—43

deployment strategies, 423
depth-first search, 387—-389
design challenges, 2—-5, 15
design guidelines, 429-431
design metrics, 15
dFSK receiver simulation, 66—70
diffusion, 288, 502-504
APIT, 291-293
bounding box, 289
directed, 21, 30, 428, 503
gradient, 290
one phase pull, 502
push, 503
relaxation, 293-294
SPIN, 503-504
two phase pull, 502
distributed frequency shift key, 64—66
modulation scheme, 65—-66
wavelet generation, 64—65
distributed prediction tracking, 484—486
assumptions, 484-485
DPT algorithm, 485-486
failure recovery, 486
selection algorithm, 486
distributed signal processing, 41-73
dominating sets, 347-348, 391
enhanced dominating sets, 354—355

EAR, 261-264
eavesdrop-and-register protocols, 261264
embedded operating systems, 173—-197
energy reservoirs, 77—87
macroscale batteries, 78—79
microscale batteries, 79—80
microfuel cells, 80-83
micro-heat engines, 83—86
ultracapacitors, 80—81
energy resources, 202-203
energy scavenging, 75—-105

face routing, 389-394

fixed assignment protocols, 246

frequency division multiple access,
246-247

fusion, see data fusion

Gabriel graph, 24, 322-323, 390
generating random unit graphs, 315
geocasting, 435-436, 441-442
geographic routing, 23-24, 381-415
greedy routing, 23, 383-386
guaranteed delivery, 387-394
memorization, 387-389



MFR, 383-384
progress, distance, direction, 383-384
greedy-face-greedy (GFG), 23-24,
389-394
GOAFR+, 392-39%4
GPSR, see greedy-face-greedy

hardware, 10—-12, 31
Mica mote, 10-12

IEEE 802.15.4, 269-271
infrastructure, 203-204

key management, 141-172
key predistribution, 153-166
closest pairwise key scheme, 164—165
grid based, 160—163
location aware deployment model,
163-164
random, 153-166
random pairwise keys, 155-160

localization, 17-18, 113-116, 277-310,
460-473

angle of arrival, 18
APS, 17-18, 465-466
cluster structure, 117
coarse-grain localization, 113-116
computational complexity, 471-473
distance to anchors, 466—467
DV-hop, 467
dynamic coordinate system, 116—117
environmental obstacles, 284—-285
GPS-less outdoor, 469-470
hardware, 278283
lateration, 460461
multilateration 17, 461-463
node density, 284
nonconvex topologies, 284
pattern matching, 463
resource constraints, 283 -284
time-based, 468—-469
trilateration 461-463

localized algorithms, 345

location discovery, see localization

MAC layer, 29, 239-276
channel occupancy, 244
CSMA, 33
deadlock, 242
fairness, 241, 243
function, 240-245
latency, 241, 243
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livelock, 241

power consumption, 242-243

quasi-stationary, 244

scalability, 244

self-maintenance, 244

self-organization, 244

TDMA, 33

throughput, 243

unlicensed frequency bands, 244
MACA, 259-261
MANTIS, 174, 188-192

com, dev, net layers, 189—-191

kernel, 188

memory management, 188—189

power management, 191
maximum likelihood, 479
MDS-MAP, 287
message complexity, 345
microsensor node hardware, 175-177

EEPROM, 175-176

flash, 175

peripheral interfaces, 176

power systems, 176—177

radios, 176

SRAM, 175
minimal spanning tree, 317-318, 332, 390,

434-435
LMST, 318-322, 332, 337,
434-435, 441-442, 443

minimum power topology, 325-326
mobile sensors, 445
mobile sink, 444445
modeling, 109-110, 344

genetic material, 110
multicasting, 395-396, 437
multidimensional scaling, 304—308
multilateration, 298 -300
multiple access control, see MAC

neighbor discovery, 315-316
network dynamics, 203
network management, 186
network reliability, 31
packet reliability, 32—33
PicoRadio network, 31

operating systems, 3435, 173-197
applications, 181182
bridging to IP networks, 185-186
comparison summary, 192—-194
CPU bandwidth, 179
data memory, 178—179
design principles, 177—-182
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operating systems (Continued )

dynamic network reprogramming,
182-183

features, 182-186
file system, 184185
maintenance, 182
managing hardware, 177
networking, 181
power management, 179-182
program memory, 179
resource constraints, 178
sensing, 181
task coordination, 177—-178

PAGER, 397
PAMAS, 264-266
path exposure, 457-491
physical layer, 404-408
polling, 250-251
power and cost aware routing
397-402
enclosure graph, 398
guaranteed delivery, 402
power consumption, 7677
power distribution, 87—-88
acoustic emitters, 88
electromagnetic RF power
distribution, 87-88
light, 88
wires, 88
power scavenging, 88—100
human power, 91
photovoltaics (solar cells), 88—-90
pressure variations, 92—93
temperature gradients, 90—-91
time-varying structural strain, 93—95
vibrations, 96—100
wind and airflow, 91-92
protocol stack, 27-29, 31-32

queries, 496—497
event-triggered, 496
historical, 496
long-running, 496
multidimensional range, 496
snapshot, 496

query processing, 29-30, 422
Cougar, 29
TinyDB, 30

RADAR, 488-489
radio hop count, 280-281

radioactive power sources, 86—87
rate based data propagation, 448—-449
reachback communication, 42
realistic physical layer, 41-73, 313-314,
358-359, 370, 404—-408
fuzzy unit graph, 314
real-time communication, 386—387
received signal strength indication,
279-280
reference broadcast synchronization,
220-221
relative neighborhood graph,
320-322, 328
reporting to sink, 438—-442
PEGASIS, 441
reservation, 251-252
routing, 123-136, 381-415
energy efficient, 129-136, 432
sector routing, 433
RSSI, see received signal strength
indication

security, 141-172
semi-definite programming, 286—-287
sensor-MAC, 266—269
services, 14—24
shortcut-based routing, 391
SMACS, 261-264
software clocks, 205-206
support vector machine, 479-480
synchronization, 112-113
frequency hopping, 112-113
task based, 123
synchronization techniques, 211-229
asynchronous diffusion, 224
beacon based distributed algorithms,
288-292
benchmark challenges, 229
case studies, 218-224
centralized algorithms, 286-287
clock drift, 229
clustering, 217
combining multiple time estimates,
214-216
combining multiple time intervals, 216
combining synchronization error, 225
evaluation strategies, 224-229
flooding, 223
in rounds, 214
interval-based, 223
lightweight, 221-222
linear regression, 215
measurements, 226-228



message delays, 228

one sample, 211

out-of-band synchronization, 217

performance evaluation, 226

phase-locked loops, 215-216

precision, 225

reference broadcasting, 213-214

round trip, 212-213

simulation, 228229

steady state and convergence time,
225-226

synchronization of multiple nodes,
216-218

system organization, 285

systems and topologies, 227-228

time diffusion, 224

timing-sync protocol, 222

tiny-sync and mini-sync, 221

tree construction, 217-218

TSync, 222

unidirectional synchronization,
211-212

unstructured, 218

target classification, 478
k-nearest neighbor, 478—-479
minimum error, 478
target location, 457-491
target tracking, 473489
cooperative binary detector, 480—-484
deployability, 474
multiple, 477
piecewise linear approximation, 480
power constraints, 474
scalable coordination, 474
single, 476-477
space-time cells, 475-480
tracking accuracy, 474
task based data processing, 122—123
TDoA, see time difference of arrival
time difference of arrival, 282-283
time division multiple access,
248-249
time synchronization, 14, 43, 199-237,
423-425
bounded-drift model, 205
bounded-drift-variation model, 205
clock models, 45-47, 204-205
communication models, 206—-207
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communication pulses, 50
constant-rate model, 205
delay uncertainty, 206—207
implicit versus explicit, 206
multihop synchronization, 58—59
observation model, 47-49
one-hop synchronization, 57-58
optimality conditions, 56-57
physical layer, 54—60
propagation model, 49-50
randomly shifted pulses, 52—-53
signal-reception model, 50-51
simulation, 60—64
symmetrical versus asymmetrical
links, 206
synchronization errors, 207
synchronization protocol, 54—56
synchronization pulse trains, 51
system model, 204-207
unicast versus multicast, 206
time-stamp synchronization,
218-220
TinyOS, 174, 186-188
components, 187
execution model, 187
nesC language, 187—-188
topology construction, 23, 311-341
fault tolerance, 334—-335
heterogeneous networks, 327-331
k-vertex topologies, 335-336
topology control, 425-426
tracking objects, 445-491
mobicast, 447
network based, 463—-464
tree reconfiguration, 446
training protocol, 111, 117-122,
424
corona training, 118-122,
424-425
transport layer, 421-422
trunking, 252-253

virtual infrastructure, 107-140
Voronoi diagrams, 385-386

Yao graph, 325

ZigBee, 269-271



