
Subject Index

Abduction, 335, 336, 346, 377
Acceleration
linear, 61, 118, 213
Acceptors
finite-state, 417
Action potentials, 141
Action selection, 115, 137, 168
Activation function, 143, 145, 147–149
ActivMedia Robotics, 4, 15, 65, 187, 343
Actuators, 10, 47
cybernetic, 323
electromagnetic, 48, 56
hydraulic, 55
nonlinear, 47
pneumatic, 48, 55, 330
prismatic, 228
series elastic, 270
Adaptive Suspension Machine, 289, 290, 303
adaptive cord mechanism, 204
adaptivity, 31, 279
Adduction, 335, 336, 346, 377
Adept Technology, 4
Adonis, 178
Aerosonde, 233, 234
AeroVironment, 234, 236, 244, 245
AFSMs. See Augmented finite-state machines
Aggregation, 403
AIBO, 5, 22, 62, 121, 318, 319, 429, 430, 452,

510
Aircraft
semiautonomous, 232
tilt-rotor, 232
Algorithms
control and mapping, 489
evolutionary, 9, 153
genetic, 154, 155, 168, 170, 173, 175, 235, 291,
296, 415, 504, 516

optimization, 480
ALLIANCE, 407, 409–411, 432, 437
Alpha motoneuron, 276, 338
Ambler, 298, 299, 324
American Sign Language, 176

Amputation
above-knee, 278
below-elbow, 357
Amputee, 278, 279, 281, 282, 356–358, 363
Anthropomorphic appearance, 442
Anthropopathic robots, 442
Aquatom, 222
Arbitration, priority-based, 106
Architectures
3T, 109
ALLIANCE, 407
application programming layer, 121
AuRA, 109, 404
behavior-based, 3, 8, 10, 21, 97, 104, 107, 134,
409, 488
BERRA, 109, 110
cognitive, 110, 113, 114, 168, 170, 173, 447
control, 3, 7, 10, 33, 118, 384, 413
deliberative, 8, 100
hierarchical-deliberative planning, 108
hybrid deliberative reactive, 107, 109
layered, 105, 121
MissionLab, 404
multiple robot, 10, 402
open, 8, 121
pheromone, 411
Ranger-Scout, 412
reactive, 104
sense-think-act, 102
software, 13, 97, 99, 457, 509
subsumption, 3, 106–108, 294, 295
supervisory layer, 108
three-level, 13, 14
Ariel, 223–225, 303
Arms
anthropomorphic, 344, 464, 465
control system redundancy, 337
human, 14, 43, 47, 334, 335, 337, 339, 344
humanoid, 344
major movements, 336
mechanical, 333
prosthetic and orthotic, 10, 355, 358



Arms (cont.)
robot, 12, 333–335, 338, 352, 354, 358, 364, 396,
397
Stanford-Rancho, 361

Arnold, 468, 470–471
Artificial Intelligence Laboratory. See Massa-

chusetts Institute of Technology
ASIMO, 5, 23, 24, 263, 270, 429, 449–452
Asimov’s laws, 3
Assemblages, 51, 405
Atlantis, 109
ATR Computational Neuroscience Laboratories,

346, 453
ATRV, 187, 189
Attractors, 417, 418
Auction, 434
Augmented finite-state machines (AFSMs), 294
AuRA. See Architectures
AUSS (Advanced Unmanned Search System). See

Underwater robots
Australian Defence Science and Technology

Organization, 233
Automata, finite-state, 405
Automatons, 285, 444
Autonomous robots, future of, 11, 509, 511, 513,

515, 517
Autonomous air vehicles. See Flying robots
Autonomous ground vehicles. See UGVs
Autonomous underwater vehicles. See UUVs
Autonomy, 1, 3, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25,

443
AVATAR, 8, 19, 21, 110, 117, 118, 120, 237
Avatars, 515
Averaging, statistical, 497
Avoiding, 3, 7, 99, 106, 108, 111, 131, 132, 175,

327, 473, 489, 503
Axon, 140, 141, 142

Back-propagation, 146, 147, 154
Barrett Technology, Inc., 374, 467
Batteries, 358
Bayes’ rule, 486, 503
Behaviors
built-in, 99
cooperative, 391
emergent, 516
low-level, 118
map-building, 491
midlevel, 118
nonlinear, 38
odometry correction, 491
primitive, 398, 404
reflex, 13
social, 395

Belgrade hand, 379, 381
Biological control systems, nonlinear, 7, 38
Biped kinematics, 9, 274
Biped locomotion, 253

Biped structure, exoskeletal, 278
Biped walkers, 23, 447
Biped robots. See Humanoids
Birds, 21, 57, 186, 200, 233, 244, 254, 276, 393,

420, 475–477
Blackboard, 326, 433
Bode diagram, 522, 527
Body posture, 218, 260
Box-pushing, 131, 133
Brachiation, 231
Bradbury, Ray, 514
Broadcast, 416
Broca’s area, 175
Brown-Boveri industrial robot, 339
Buoyancy, 212, 216

C3PO, 441, 442
Cams, 49, 51
Camera
CCD, 118
digital, 242
Canter, 304, 306, 322
Carnegie Mellon University, 5, 19, 109, 189,

190, 208, 209, 238, 244, 298, 328, 430, 432,
458, 517

Case Western Reserve University, 291
Caster, 186, 189, 194, 195
CDL, 405, 406
CEBOT, 415
Cell body, 140, 141
Cellular robotic systems, 246, 413, 415
Center of curvature, instantaneous, 194
Central pattern generator (CPG), 258, 259
Cerebellum, 33, 260, 286, 354
Cerebral palsy, 260, 358
Chain of friendships, 422, 423, 424
Charles Stark Draper Laboratory, 221
Chromosome, 170
C-Leg, 279, 280, 281
Clock, 294, 476, 478
Clustering, 95
CMOMMT, 407, 410, 411
CNS (central nervous system), 31, 286
Cockroach, 291–294, 296, 299–302, 322
Coelacanth, robotic, 222
Cog, 5, 24, 52, 378, 463, 465, 466
Cognition, 2, 13, 105, 464, 511
Cognitive ability, 2, 429, 441, 443, 447, 457
Collective, 19, 21, 117–119, 242, 411, 412, 415,

505
Collective tasks, 392
Collision avoidance, 402, 403, 404, 409, 415
Commitment, 435
Communication
goal, 418
human-robot, 419
inter-robot, 419, 436
point-to-point, 416

564 Subject Index



state, 417
stigmergic, 418
via the environment, 416, 436
Comparators, 7, 29, 30, 36, 38, 72, 75–78, 526
Compass, 201, 214, 236, 242, 300, 327, 478–480,

488
celestial, 476
flux gate, 215, 242
magnetic, 475, 476, 477
sun, 475, 476, 478
Competition, 136, 393, 428, 457
RoboCup, 428
Compliance, 259, 299, 300, 302, 307, 313, 345, 467
Compliant legs, 302, 332
Computer, on-board, 12, 298, 400
CONDOR, 376
Configuration description language, 405
Configuration space, 485
Connectionist networks. See Neural networks
CONRO, 247, 249, 250, 514
Construction, autonomous, 432
Contrast enhancement, 11, 13, 63, 138
Control, robot, 7, 8, 2, 7, 43, 71, 73, 75, 77, 79, 81,

83, 85, 87, 89, 91, 93, 95
adaptive, 8, 43, 88
altitude, 119
behavior-based, 10
blood volume, 27, 32
body temperature, 9, 34
centralized, 391, 392, 402, 407, 413, 428
chemical, 28
distributed, 392
feedback, 6, 7, 26, 29, 31, 34, 37, 43, 58, 71, 74,
75, 76, 99, 193, 320, 325, 332, 355, 407, 522, 525,
526, 530

formation, 239, 405, 420, 421, 426, 427, 436
forward kinematic, 46
forward-speed, 265
functional motions, 7, 43
gait, 247, 268
grasping, 369
helicopter, 8, 117, 242
hierarchical, 33, 399
high-level, 34, 98, 99
hopping-height, 265, 266
in robot colonies, 399
inverse Jacobian, 353
leg movement, 33, 52, 263
level, 3, 34, 426
local, 33, 285, 399, 400, 427
low-level, 3, 76, 79, 98, 99, 214, 278
manipulator, 351
model-free, 8, 91, 243
multilink structures, 8, 79
myoelectric, 358
neural, 28, 156, 186, 256, 260, 286, 291, 332, 338,
364

nonlinear, 85

optimal, 71, 88, 240
position, 7, 76, 77, 79, 80, 294, 351, 352
redundancy, 32
resolved motion, 351
skeletal muscles, 36
sliding-mode, 212
software-enabled, 239
theory, 6, 71, 82, 99, 392, 398
trajectory, 16
uncertainty, 8, 92
very simple robots, 10, 400
vision-based, 243
vorticity flow, 221
Controllability, 194, 214
Controller
biologically inspired, 94
cerebellar model articulation, 354
design, 8, 76
feedforward, 354
fuzzy, 93, 120, 183
heading, 119
lateral velocity, 119
learning, 128
multipurpose, 32
navigation, 119
PID, 78
programmed gain, 89
Control systems
biological, 7, 10, 25, 28, 30, 33, 34, 38, 42, 43,
44
closed-loop, 29, 72, 73, 191, 526
design, 529
engineering, 7, 27, 30, 31, 34, 36, 38, 43
homeostatic, 27
linear, 519
open-loop, 72
theory, state space approach, 8, 82
Convergence, 148, 354
Cooperation
without communication, 416
human-robot, 11, 512
Coordinate frames, 340
Coordinates
Cartesian, 80, 81, 344, 348, 351, 352, 353
rotational, 19, 36, 49, 57, 60, 61, 81, 203, 247, 262,
275, 315, 334, 348, 350, 377, 481

Coordinate systems, 178, 333
global, 411, 421, 482
inertial, 211, 340, 482
Coordination, 19, 25, 106, 165, 278, 285, 287, 296,
298, 303, 338, 404, 405, 411, 426, 427, 432, 434,
435, 466
eye-hand, 364
leg movements, 288
between limbs, 287
Coriolis acceleration, 275, 350
Cost functions, 7, 42
maximum velocity, 42

Subject Index 565



Cost functions (cont.)
minimum energy consumption, 42
minimum mean square error, 42
minimum overshoot, 42
quadratic, 499

Covariance matrix, 499, 501
CPG. See Central pattern generator
Crawling, 25, 185, 186, 203, 209, 250, 304, 305,

312, 320, 321, 324, 483, 509
Credit assignment, 131, 138, 139, 168
structural, 131
temporal, 131, 139

Criterion, performance, 530
Critic, 129, 131, 303
Crosscoupling, 242
Crossover, 155, 162, 168, 170
Crystals, 246
Cyclic, 19, 117, 120, 219, 242

Damping, 40, 54, 86, 91, 99, 127, 182, 212, 345,
359

Dante, 328, 329
DARS (Distributed Autonomous Robotic Systems

Conference), 398
Dartmouth University, 229
DB, 346, 453, 455
Dead zone, 39
Defuzzification, 93
Degrees of freedom, 14, 46, 247, 293, 298, 300, 302,

312, 313, 315, 334, 342, 343, 347, 360, 378, 381,
389, 454

Delay, 7, 181, 354
Deliberation, 104, 107
Delta rule, 144
generalized, 147

Denavit-Hartenberg representation, 340
Dendrites, 141
Denning, 189, 405
Describing-function methods, 88
Dexterity, hand, 312, 373, 464, 465
Di¤erential drive, two-wheel, 189
Di¤erential equations, stochastic, 500
Dispersion, 403, 404, 438
Disturbances, 2, 75, 88, 92, 98, 118, 129, 137, 212,

260, 497
Dolphins, 217
Dorsiflexion, 256
Double-limb stance, 255, 261
Drag, 19, 212, 232, 303
Dragon Eye, 233, 234
Drift, gyroscope, 492
Drives
di¤erential, 194
synchronous, 196

Dynamic Brain, 346, 453
Dynamics
biped, 273
humanoid, 444

muscle, 256, 338
musculoskeletal, 9, 256, 276
uncertain, 499

Eagle Eye, 232–234
Electric motors, 12, 15, 48, 49, 50, 54, 55, 191, 340,

356
motor current monitor, 132
EMG electrodes, 387, 388, 389
Electrolux, 22, 511
Electromagnets, 225, 230
Electromyography, 356
Embodiment, 106, 411, 443
Emergent behavior, 1
Emotions, 27, 418, 457, 458, 463, 512, 513
Encoders, wheel, 473
Encoding, 178
End e¤ectors, 10, 14, 47, 79, 335, 337, 340–342,

348, 349, 351–354, 358, 360, 363, 368, 369, 373,
379, 380

flexible, 371
industrial, 369, 370
simple, 339, 363, 371, 380
Endoscopes, snakelike, 203
environments, unstructured, 184
Equations
di¤erential, 7, 19, 21, 85, 94, 237, 273, 507, 519,
524

discrete-state, 84
dynamical, 83
Hill, 258
linear di¤erential, 9
measurement, 499
Riccati, 501
state, 83
van der Pol, 40
ERATO, 270, 346, 453, 455
Errors
Gaussian, 481
navigation, 492
odometric, 481
sensor, 481
Error signal, 6, 7, 30, 36, 38, 72–74, 77
Esthetics, 512
Estimation, 58, 61, 351, 467, 478, 480, 481, 485,

486, 491, 497–501, 505, 506
maximum likelihood, 505
optimal, 499
pose, 495
variability, 501
Ethernet, wireless, 69, 192, 242, 489
Ethics, 512
Ethology, 392
Evolution
autonomous, 515
simulated, 92, 116, 153, 173, 175
staged, 155, 156
Exoskeleton, 446

566 Subject Index



Exploration, 14, 136, 186, 190, 197, 203, 214,
221, 328, 373, 392, 409, 437, 483, 488, 490, 494,
506

Extensibility, 110

Facial expressions, 459–460, 462
Fanuc Robotics, 341
Feature detectors, 136–139, 462, 490
Features, topological, 489, 494
Feedback
intrinsic mechanical, 313
negative, 6, 30, 31, 36, 37, 38, 72, 526
Feet, compliant, 229
FES. See Functional electrical stimulation
Fibers
a¤erent, 33, 36, 47
e¤erent, 31
Field Robotics Center. See Carnegie Mellon

University
Filter, Kalman. See Kalman filters
Fins, 218, 219, 221, 222
caudal, 219, 222
tail, 218, 219
Finger, virtual, 367
Finite-state machines (FSM), 294
Fish, 210, 217–223, 475
anguiliform, 218
carangiform, 218, 219, 223
maneuverability, 217
ostracliform, 218
Fitness, 162–164, 169
Fitts’ law, 337
Flexible spine, 24, 315
Flexion, 280, 281, 286, 312, 330, 335, 336, 343, 346,

363, 365, 377, 388
Flocking, 3, 395, 403
Flying, 13, 21, 25, 91, 94, 98, 112, 117, 185, 186,

234, 237, 240, 241, 244, 285, 313, 420, 425, 426,
429, 474, 475, 477, 509

Flying robots, 9, 232, 233, 244
Footfall formula, 304
Foot trajectories, permissible, 320
Foraging, 1, 3, 106, 404, 416–419
Forces
gravitational, 19, 203, 232, 262, 275, 304
ground reaction, 275
van der Waals, 225
Forearm, 335, 348, 357, 365, 378, 385, 387, 388
Formation architectures, spacecraft, 425
Formations, 167, 239, 241, 405, 420–427, 436,

438
center referenced, 421
control, 424
diamond, 423
flying, 427
leader referenced, 421
neighbor referenced, 42
noncentered, 422

Foster-Miller, Inc., 199
Fourier transforms, 522
Fraunhofer Institute, 19, 20, 207, 226, 228, 303
Frequency domain, 71, 76, 82, 85, 88, 519, 522–
525

Frequency response, 53, 522, 527
Friction, 350
FSMs. See Finite state machines
Fujitsu, 263, 339, 456
Function
bidding, 434
fitness, 154, 155, 162, 165, 170
linearly separable, 144
loop transfer, 77, 527, 528
mutual coherence, 425, 426
quadratic, 145
sigmoid, 149
Functional electrical stimulation (FES), 282
Functionoid, 289
Fuzzy logic, 93, 240

Gain
Kalman, 500
Kalman-Bucy, 500
margin, 528, 529
Gait
bounding, 313, 315
concertina, 203
creeping, 307, 320
high-speed, 306, 320
human, 255, 261, 278
metachronal wave, 291
pathological, 260
pattern, 156, 287, 304, 321
quasi-dynamic, 264
serpentine, 203
tripod, 157, 164, 165, 291, 296, 298, 300
wave, 164, 165, 291, 296, 298, 300
Gallop, 18, 200, 306, 314, 320, 332
Geckos, 225, 328
General Electric, 305
GENESIS, 157
Genetic engineering, 517
Genghis, 107, 157, 294, 295, 296, 302, 307, 321
Geo II, 315, 316
Geons, 95
Georgia Institute of Technology, 239, 245, 404
German Aerospace Center, 377
Germany, 19, 20, 66, 209, 226, 228, 237, 279, 291,
303, 330, 341, 380, 457, 466, 511

Gesture recognition, 458
Gestures, 69, 176, 443, 457, 458, 471, 511, 512
Global positioning satellite (GPS), 15, 98, 119, 233,
240, 421, 429, 477, 478, 480, 482, 487, 494, 495,
497, 499, 502, 503, 504
di¤erential, 118, 240, 242
Goal, global, 113, 392, 399, 400, 415, 437
Goggles, virtual-reality, 233

Subject Index 567



Golem, 444
Golgi tendon organs, 11, 36, 37, 259, 338
GPS. See Global positioning satellite
Gradient methods, stochastic, 154
Grasping devices, electromagnetic, 226
Grasp mode, 149, 150, 152, 153, 367, 465
Grasp postures, 367
Grasps and grasping, 13, 25, 43, 62, 67, 94, 95,

149–153, 226, 231, 253, 337, 340, 343, 358, 363–
373, 376–378, 380–386, 388–390, 396, 397, 401,
403, 449, 465, 470–471
human, 149, 364

Gray code, 60, 161
Gray’s paradox, 220
Grazing, 417–419
Grid, occupancy, 485–487
Grip, 470. See also Arms, robot
Gripper. See End e¤ectors
Ground e¤ect, 244
Gyrocompass, 213
Gyrodotomy, 481
Gyroscopes, 478
solid-state, 242

Hadaly, 458–460
HAL, 443
Hamlet, 303
Hands
anatomy of, 366
artificial, 356, 363, 385–387, 390
Barrett, 374, 467
Belgrade-USC, 95, 150, 151, 374, 363, 376–382,
390, 465
dextrous, 372
DLR, 374, 377
human, 148, 300, 363, 365, 368, 371–373, 377,
379, 380, 385, 390
multifingered, robot, 10, 371, 364, 369, 371, 372,
374, 379
myoelectric, 387
Omni, 377
prosthetic, 10, 385, 386, 390
Robonaut, 374
reaching and grasping, 365
robot, 149, 385
Salisbury, 374
shape adaptive, 379
Southampton, 389, 390
Stanford-JPL, 375
Steeper Electric, 385
Utah-MIT, 49, 364, 374, 376

Haptic exploration, 465
Helicopters, 11, 19, 21, 117, 118, 120, 121, 183,

186, 232, 233, 237–243, 328, 330, 429
attitude control system, 240
autonomous, 237, 242
commercial RC, 237
dynamics, 2, 19, 21, 118, 121, 237, 240–244

electrically powered, 241
hover, 118, 233, 239
lift, 19, 21, 117, 118, 205, 232, 235, 242, 244, 253,
286, 318, 328, 465

Yamaha, 237, 238, 240, 241, 242
HELIOS-I, 224, 225
HERMES, 468–470
Heuristics of motion control, 95
Hexapods, 157, 200, 290, 293, 294, 301–304
biologically inspired, 299
miniature, 300
Hidden Markov model, 458
Hierarchical organization, 10, 95
Hierarchy, 437
High-level control, 3, 25, 135
Hippocampus, 468
Hirose-Yoneda Laboratory, 4, 17, 205, 206, 224,

225, 307, 308, 312
Hitachi, 339
HMMWV, 189
HOAP, 456, 457
Holonomic, 194
Homeostasis, 7, 27
Homing, 106, 403, 404, 474, 475
Homo sapiens, 477, 517
Honda, 5, 23, 24, 263, 270, 272, 443, 448, 449, 450,

452
Hook, glove-covered, 386
Hook grip, 149
Hopping robot
Caltech/JPL, 200
combustion-driven, 201
Horse, simulated, 322
Human facial expressions. See Facial expressions
Human organizations, 400
Human-robot interaction (HRI), 11, 457, 460, 467,

468, 512
Humanoid robots, 2, 23, 263, 270, 429, 441–445,

448, 449, 454–457, 463–468, 471
Cog, 465
full-body, 448
interaction with humans, 457
partial-body, 466
Sarcos-Kawato, 453
Waseda University, 454

IAI-CSIC (Spain), 226
Iguana Robotics, 315
Ikarus, 238, 241, 242
Imitation, 14, 120, 126, 175–180, 182–184, 443,

463, 512
learning, 175
levels, 176
Inclinometer, 215, 324, 325
Inertial e¤ects, 350
Inertial measurement unit (IMU), 118, 119, 242
Inertial navigation systems, 482
Information, local, 113, 399, 421, 435, 437, 482

568 Subject Index



Infrared detector, 132
Input command, 6, 7, 49
Insects
societies, 392–394
walking-stick, 296
Instability, 7, 15, 278, 325, 354, 527, 528, 529
Intel Corporation, 515
Intelligence, 2, 7, 12, 22, 24, 106, 107, 315, 465
artificial, 13, 88, 98, 125, 128, 175, 318, 447, 465,
466, 507, 514

computational, 447
humanoid, 24
machine, 515
swarm, 415
Intelligent Machine Architecture, 467
Intelligent Soft-Arm Control, 467
Interferometer, three-spacecraft, 426
Internal synergy, 378, 382
Inverse dynamics, 355
Inverse kinematics, neural networks for, 353
Inverted pendulum, 444
spring-loaded, 300
iRobot, 5, 22, 65, 187, 189, 198, 223–225, 303, 511
ISAC, 464, 467, 468

Jacobian, 211, 350, 352
Japanese Ministry of International Trade and

Industry, 448
Jet Propulsion Laboratory, 109, 186, 190, 200, 209,

361
Joints
prismatic, 47, 48, 298, 299, 302, 309, 324, 334, 339
rotary, 19, 47–49, 54, 237, 298, 302, 314, 324, 334,
339, 341, 343, 454, 510

telescoping, 48, 307, 334
Jumping, 13, 36, 200, 201, 260, 294, 412, 438

Kalman filters, 16, 59, 63, 93, 181, 478, 482, 491,
494, 498, 499–505

extended, 497, 501
Kangaroos, 253
Katharina, 303
Kawato Dynamic Brain Project, 453
Kevlar, 54, 465
Khepera, 4, 18, 187, 188, 195, 342, 343
Kidnapped-robot problem, 474
Kinematics
chain, 45, 46, 364
finger, 365
forward, 80, 349
inverse, 10, 46, 80, 196, 348, 353, 354
Kinesthesia, 466
Kismet, 460, 461
Knees, artificial
friction brake, 279
hydraulic, 280
polycentric, 279
Knowledge-based system, 384

Koala, 188, 189
K-Team, 5, 18, 188, 342
KUKA, 15, 339, 341
KUMO-1, 308

L-ALLIANCE, 409
Landmarks
artificial, 487, 488
detection, 490, 491, 494
natural, 487
portable, 505
Land mines, unexploded, 303, 312, 391
Laplace transforms, 26, 83, 85, 86, 522–525
Lateral pinch, 150
LAURON, 303
Lazlo, 465
Leader following, 424
Leaky integrator, 148
Learning
by demonstration, 175, 180, 183
from failure, 168
genetic algorithms and, 153
high-level, 180
imitation, 175
inverse dynamics, 354
machine, 125, 128
monolithic, 132
ontogenetic, 165, 173
neural network-based, 140
ontogenetic, 165
from perception, 166
phylogenetic, 165, 168, 173
Q, 134
rate, 134, 144
reinforcement, 129, 135, 138
from success, 167
Learning model, 90
Least-squares, 171, 490, 497, 499
Legged locomotion
finite-state models, 10, 321
motion control, 53, 77, 93, 253, 530
stability control, 253, 265
Legged vehicles
advantages, 200, 288
design, 315
Legs
motion, 160, 164
movement sequence, 288
rhythmic movement, 286
springy, 265
walking, 268
Liberating Technologies, Inc., 387
Limit cycles, 10, 40, 42
Linearization, 85
feedback, 355
Linear regression, 182
Linguistic descriptions, 93
Linkages, four-bar, 57

Subject Index 569



Links, 45, 46, 47, 57, 79, 111, 201, 208, 209, 216,
230, 232, 242, 244, 324, 330, 335, 339, 350, 351,
358, 489

Linux, 68, 121, 456, 457
Localization, 68, 494
collective, 505
cooperative, 505
landmark-based, 494, 495
Kalman filter–based, 502
Multirobot, 504

Localization and mapping, simultaneous. See
SLAM

Locomotion
animal, 9, 185, 303
biped, 253, 263
eight-legged, 327
equine, 322
four-legged, 304
human, control of, 9, 258
insect, 285, 291
legged, 253, 288
neural control, 286
serpentine, 205
six-legged, 289

Luddite, 517

M-2, 262
Magellan, 65, 189
Manipulation, 12–14, 25, 44, 49, 126, 250, 312,

333, 338, 349, 361, 364, 369, 372, 375, 378, 396,
465, 468, 470–471, 511
block, 183
cooperative, 397
dextrous, 345
dual-arm, 396

Manipulators, 2, 14, 47, 48, 49, 55, 61, 76, 82, 94,
210, 211, 333, 334, 339, 340, 341, 343, 344, 347,
350, 352, 353, 361, 369, 396, 431, 467
anthropomorphic, 345
dynamics, 350
forward kinematics, 10, 347
industrial, 4, 341, 348
inverse kinematics, 348
mechanical impedance adjustment (MIA), 344
multilink, 352
position accuracy, 342
redundant, 28, 47, 334, 337

Map building, 107
Map matching, 494
Mapping, 13, 26, 128, 130, 136–138, 161, 173, 232,

237, 353, 399, 433, 434, 474, 483–485, 487–489,
491, 494, 503, 504, 506, 507
combined metric and topological, 488
grid-based, 483, 484, 487, 488
indoor, 483
inverse, 353
metric, 483
occupancy, 484

outdoor, 483
perception to action, 128, 130, 494
sonar-based, 486
topological, 483, 487, 488, 504
Markov decision models, partially observable,

503
Martian Chronicles (Ray Bradbury), 514
Marvin, 135, 136, 138, 139, 140
MARVIN, 238, 241, 242, 243
Massachusetts Institute of Technology (MIT), 4, 5,

24, 219, 378, 460
Leg Laboratory, 201, 263
Media Laboratory, 461, 462
Ocean Engineering Department, 220
Towing Tank, 219
Master-slave control, 305, 312, 449
MATLAB, 44, 182
Matrix
Coriolis acceleration, 275
gravity, 275
inertia, 211, 275, 350
Jacobian, 81
torque, 275
Maximum-likelihood. See Estimation
McGill University, 312
McKibben artificial muscle, 51, 52
Measurement, predicted, 501
Mecho-Gecko, 225
MEMS, 513
Meno, 323
Microbat, 244, 245
Microprocessors, 12, 68, 93, 236, 295, 306, 376
Microswitches, 136
Micro-UAVs, 233
Military vehicles, unpiloted, 189
Minerva, 459
Mines, unexploded, 221, 225
Miniaturization, 251
Minimalist principle, 229
Minimum-e¤ort motion, 95
Mini-Sprawl, 300
Missiles, 98, 103
MissionLab, 404, 405
MIT. See Massachussetts Institute of Technology
Mobile robots, heterogenous, 399
Models
actuator control, 112
internal, 128, 129, 306, 338, 354, 355, 399, 432,
437

inverse-dynamics, 354
nonparametric, 181
reference, 91, 122, 127
roulette wheel, 115
Molecules, 11, 247, 411
Momentum, 148, 231, 254, 286
Monterey Bay Aquarium Research Institute,

214
Moore’s law, 515

570 Subject Index



Motion
incremental rotary, 56
stepping, 159
Motor control, 282, 337, 338, 354, 380, 464
Motor deficiencies, rehabilitation, 278
Motor primitives, 176, 177
Motor unit, 338
Movement
attention selection in tracking, 178
coordinated, 338
corrective, 99
imitation, 175
oscillatory, 159
reaching, 338
serpentine, 204
trunk, 9, 276
Movement specializers, 177
Mt. Erebus, 328
Mt. Spurr, 329
Multiple moving targets, 407
Multiple robot systems
cooperative multirobot observation, 407
communication among, 10, 415
control issues, 399
deployment, 438
design issues, 435
history, 10, 395
Multiple-hypothesis tracking, 503
Muscle
artificial, 12, 47, 48, 51–54, 442, 467
contraction, 335
force-velocity relation, 258
skeletal, 36, 47, 256, 338
spindles, 11, 13, 31, 36–38, 259, 261, 338, 444
Musculostekeletal systems, biomechanics, 337
Museum guide robot, 469
Mutation, 155, 162, 168, 170

Nagoya University, 231
Nanorobots, 11, 513, 514, 517
Nanotechnology, 517
NASA, 63, 102, 109, 186, 189–192, 209, 241, 328,

344, 361, 372, 377, 379, 463
Johnson Space Center, 344, 464
NASREM, 97, 102
National Maritime Research Institute, 223
Naval Automation Institute, 214, 215
Navigation
bird, 475
dead reckoning, 480
human, 477
inertial, 215, 482
insect, 476
robot, 478
Neck, articulated, 465
Negotiation, 432
Nerd Herd, 402, 403, 404
Nerve impulses, 258, 286, 338

Neural networks, 84, 88, 92, 93, 94, 112, 120, 126,
136, 138, 140, 147, 149, 150, 153–156, 165, 179,
183, 189, 243, 293, 294, 303, 330, 333, 353, 354,
365, 486
context-sensitive, 353
feedforward, 146
hidden layers, 146
general-regression, 120
multiplayer, 144
Neural Simulation Language, 157
Neuron, 94, 140, 141–143, 149, 158, 159, 161, 162,
292, 293
artificial, 143
computational, 149
McCulloch-Pitts, 142
mirror, 175
pacemaker, 291
Neurophysiology, 175
NEUROS, 470
New Zealand, 303
NINJA, 228, 229
NIST, 102, 432
Nitinol, 52, 53, 54
Noise, 14, 61, 75, 92, 129, 435, 497, 498, 499–
501
additive, 84, 92, 498, 499
system, 92, 499
Nonholonomic robots, 193, 194
Nonlinearity, 39, 83, 85, 143, 148
Northeastern University-Marine Biology
Laboratory, 54, 223

Obelix, 131, 132, 133
OBLIX, 206
Obstacle avoidance, 13, 18, 105, 106, 122, 136, 192,
392, 401, 404, 424, 489

Obstacles, 8, 135, 171
Occupancy values, 486
Odetics, 289
ODIN, 212, 213, 214
Odometry, 16, 58, 61, 192, 194, 195, 473, 481, 482,
490, 491, 499, 502, 504, 505
error reduction, 502
Ohio State University, 268, 289, 290, 294
Omnicam, 64, 495
Omni-Hand III, 374
OPEN-R, 121, 122, 318, 452
Opposition principle, 364
Opposition spaces, 367
Optical flow, 179
Optimization, gradient, 144
Organization, 7, 11, 25, 393, 437, 490, 515
Orientation, 6, 7, 15, 47, 57, 62, 80, 95, 98, 104,
117, 150, 164, 193, 194, 201, 205, 207, 242, 297,
314, 327, 334, 337, 340, 348, 349, 351, 384, 402,
421, 424, 429, 460, 463, 465, 466, 468, 473–475,
477, 478, 480, 481, 483, 488, 489, 497, 503, 505,
506

Subject Index 571



Ornithopters, 244, 245
Orthoses, 282, 356, 358
reflex-controlled, 282

Orthotic devices, 282, 283, 355
Rancho Orthotic Arm, 359

Oscillation
harmonic, 159
steady-state, 40
tail fin, 219
uncontrolled, 526

OTTER, 214, 216
Otto Bock HealthCare, 279, 281
Overhead, run time, 111

Panasonic, 339, 341
Pantograph, 291, 308
Partial fraction expansion, 523, 528
Path planning, 411, 479
Patrush, 315
Payload, 187, 240, 241
Pegasus, 233, 234, 244
Pendulum, 86, 87, 176, 180–183, 264, 265, 275,

282, 307, 466
inverted, 264

Perception, 11, 102, 104, 105, 107, 109, 113–115,
128, 166–168, 175, 178, 312, 337, 368, 392, 417,
427, 428, 457, 471

Perceptrons, 143, 144, 146
Performance evaluation, 127
Periodic phenomena, 40
Phase margin, 528, 530
Pheromones, 11, 411, 477
Phony Pony, 305–307, 320, 321, 323
Pickup behavior, 106
Ping-Pong game, 180
PINO, 270, 455, 456, 471
Pioneer, 15
PIRAIA, 209
Pitch
collective rotor blade, 117
cyclic rotor blade, 117

Planner, artificial intelligence, 100
Planning, 10, 13, 33, 44, 68, 95, 97–99, 102, 103,

107–109, 119, 214, 232, 247, 354, 481, 483, 485,
487, 488, 509
strategic, 102

Plant, 7, 9, 38, 71–75, 82, 85, 86, 90, 91, 93, 121,
355, 519, 522, 525

Plantarflexion, 256
Poles, 56, 57, 529
Policy, control, 125, 130, 134, 135, 180
PolyBots, 247
Polygon of support, 285
PolyPEDAL Laboratory, 223, 225, 303
Pose, robot, 196, 481, 497, 504
Position control. See Control, robot
Position error, steady-state, 78
Position sensing, 58

encoders, 59, 60, 63, 188, 192, 197, 270, 314, 342,
376, 383, 467, 478, 480–482, 487, 502, 503

odometer, 58, 61, 502
potentiometer, 17, 36, 58
Postural stability control, 265
Posture, self-stabilizing, 302
Power, 11, 149, 201, 208, 212, 340, 451, 514
Precision pinch, 149
Prehensors, 386
Prehensile postures, 366
Preshaping, 365, 383, 384
human hand, 365
Primitives
geometric, 95, 367, 368
motion, 177, 178
software, 405
visuo-motor, 177
Probability distribution, Gaussian, 498
Probability-of-occupancy, 486
Problem solving, 125
Processor, on-board, 18, 77, 187, 192, 241, 488
Proprioceptive sensor. See Sensors
Propulsion, fish, 221
Prostheses
above-knee, 278
active, 278
arm, Hosmer Dorrance Corporation, 357
hand, RSL Streeter MultiControl, 388
sensor-based above-knee, 279
upper-extremity, 356
Pulp pinch, 149
Pupin Institute, 446
Puppy, 315, 316

Q-Learning, 134
QRIO, 450, 451, 452, 453, 457
Quadruped robots
human-controlled, 305
hydraulically powered, 305
Meno, 10, 323
Raibert’s, 307
TITAN, 16, 307–312
Quadrupeds, 18, 200, 253, 254, 265, 286, 287, 303–

305, 318, 320, 323, 324
Quake Snake, 205, 206

R2-D2, 441, 442
Radio communication, 192
Rancho Los Amigos Medical Center, 359
Range finders, 478
Ranger, 412, 413, 429, 437
Rate control, resolved motion, 351
Reachable space, 334
Reaching, 28, 42, 43, 94, 95, 193, 324, 335, 337,

338, 363–365, 450, 466, 477
Reactive strategies, 10
Reasoning, 2, 10, 13, 40, 44, 68, 98, 99, 102, 105,

107, 125, 129, 164, 427, 497, 511, 527

572 Subject Index



Receptors, 31–35, 38, 39, 44, 85, 259, 286, 287
Reciprocal inhibition, 287
Reconfigurability, 11, 514
Reconfigurable robots, 3, 245
Reconnaissance, 14, 186, 198, 232, 233, 245, 399,

410, 412, 429, 436, 511
weather, 233
Reference value, 29, 30, 36
Reflex actions, 279
Reflex control, 95, 261
Reflexes, artificial, 282, 283
Rehabilitation, 33, 278, 282, 283, 322, 361, 366
Reinforcement
negative, 130
positive, 130, 138
Reinforcement learning, 168
Reliability, 112, 251, 278, 279, 370, 380, 395, 436,

437
Repeatability, 342, 343
Reproduction, 154, 168, 169, 517
Resistor, force-sensing, 383
Response, desired, 127
REST, 226
Reward function, 132–134
RF transmission, 242
Rhex, 299–303, 313
Robocrane, 432
RoboCup, 2, 22, 428, 430
Robomote, 197, 198
Robonaut, 63, 344, 372, 378, 463–465, 468
RoboPike, 219–221
Robot
acquiescence, 408
autonomous ocean-sampling, 216
biped, 5, 52
colonies, 168, 169, 393, 395, 420
control (see Control, robot)
emotions, 458, 463
entertainment, 62, 453
fishes, 221
force-controlled, 345
foreman, 432, 433
galloping, 314
H3, 179
hands (see Hands, robot)
helicopter, 5, 19
hexapod, 293
Honda P-3, 262, 448
humanoid, 14, 23, 24, 25, 33, 44, 175, 262, 263,
344, 429, 441, 443, 444, 446, 447, 457, 471, 509,
510, 515

hyperredundant, 205
impatience, 408
inchworm, 229, 230
industrial, 341
juggling, 180
Khepera, 4, 187, 195, 342
Koryu, 2, 205

lamprey eels, 223
legged, 9, 199, 330
lobster, 54, 55, 223, 328, 330
manipulators, 2, 43, 60, 71, 89, 333, 339, 340, 347,
355, 360, 361, 447, 512
mobile, 1–4, 10, 12–15, 24, 25, 44, 45, 48, 49, 55,
58, 63, 68, 71, 76, 77, 79, 91, 93, 94, 97, 105, 112,
121, 185, 186, 188, 245, 251, 294, 334, 340, 344,
352, 361, 395, 403, 411, 415, 419, 421, 424, 483,
488, 509
motivations, 408, 432
museum guide, 459
nonholonomic, 194
one-legged, 265
PackBot, 198
piano-playing, 446, 447
Ping-Pong playing, 180
planetary exploration, 298
quadruped, 4, 10, 17, 305, 307–312, 313, 323
roving-eye, 432
six-legged, 294
snake, 5, 9, 13, 203, 204, 206, 209
soccer, 2, 22, 315, 321, 427–429
swarm and cellular, 10, 412
underwater, 9, 13, 91, 112, 209, 210, 217, 219,
209, 224, 474
vacuum-cleaning, 5
walking-stick insect, 297
window-cleaning, 226
Robotics
current trends, 11, 510
potential dangers, 11, 516
Robotic systems
distributed autonomous, 398
multilimbed, 230
Robots
brachiating, 231
chain, 246, 247
climbing, 225
elder care, 511
embedded into the Internet, 419
hopping, 9, 185, 200, 201, 203
lattice, 246
marsupial, 412
morphing, 245
multiple, 111, 113, 197, 391–393, 395, 398, 399,
401, 402, 405, 407, 412, 415, 418, 419, 428, 437,
506
pet, 318
self-reconfigurable, 9, 245
service, 511
slave, 400
track-driven, 197
wheeled, 13, 15, 49, 61, 185–191, 196, 428
RoboTuna, 219, 220
Robug IV, 330, 331
Robustness, 251, 303, 435, 436, 505
Rocker arm, 381, 382

Subject Index 573



Rocker-bogey suspension, 191, 192, 312
Rocky, 7 191, 192
Rodney, 5, 14, 15, 157, 158, 160, 164, 165, 294–

296, 302, 461, 465, 518
ROMEO, 214
Roomba, 5, 22
Ross-Hime Designs, Inc., 374
Rossum’s Universal Robots (RUR), 445, 516
Rotor, 19, 21, 56, 57, 117–119, 234, 237, 240–242,

244
Roulette wheel, biased, 115, 169
Royal Institute of Technology, Stockholm, 315
Running, 36, 136, 139, 154, 200, 213, 254, 258,

260–262, 267, 270, 286, 304, 307, 308, 315, 489,
490

Running Dog Project, 315

Saab Systems, 233
Safety margin, 528
Sandia National Laboratories, 197, 201, 202
Saphira, 109, 110
Sarcos, 181, 346, 376, 453
Saturation, 38–40, 85
Scalability, 110, 111, 438
in multiple-robot systems, 393

Schemas, 368
Schunk GmbH, 371
Scorpion, 330, 331
Scout II, 312–314, 320
Scouts, 412, 438
Sea bream, 222
Self-diagnosis, 251
Self-organizing feature map, 353
Self-reconfigurable robots, 246
Self-repair, 437, 515
Self-replication, 11, 515
Sense of self, 466
Sensing, 58, 63
audition, 66
battery charge, 62
failures, 62
laser, 66
olfaction, 66
panoramic vision, 64
proximity, 63
slippage, 67
tactile, 66, 67, 463
velocity, 61
vision, 63, 340, 478

Sensitivity, 66, 71, 75, 526
Sensor Hand, Otto Bock, 386, 387, 389
Sensors, 7, 57
biological, 31
exteroceptive, 11, 57
foot obstacle, 324
force, 219, 390
friend, 421

fusion, 44
haptic, 457
IR triangulation, 188
lasers, 63
networks of mobile, 393
night imagery, 233
proprioceptive, 11, 12, 57, 373
proximity, 188, 247, 295, 467, 490
range, 15, 136, 499
rpm, 242
sun, 478
ultrasonic, 63
Sensory ego-sphere, 468
Sequence learners, 177
Servomechanisms, 72, 99
Servomotors, 48, 49, 191, 219, 236, 315, 324, 376,

377, 381
Servo motors, Futaba, 157, 296
Sextant, 480, 495
Shakey, 100, 102, 105, 107, 186
Shape adaptation, autonomous, 382
Shape deposition, 302
Shape memory alloys, 52
Shape shifters, 246
SICK range finder, 66
Sidewinding snake movement, 203, 208
Signals
digital-hormone, 250
EMG, 356
myoelectric, 356, 357, 387
noise, 497
punishment, 139
reinforcement, 136
reward, 139
Simplification of the problem domain, 95
Single-limb stance, 255, 261
Sirius, 226, 228
Situatedness, 106
Skeletal muscle, force-velocity relation, 258
Skid steering, 187
SLAM, 474, 488, 490, 504
Slippage, 11, 49, 58, 61, 67, 194, 198, 265, 340, 363,

375, 389, 390, 473
Slocum, 216, 217
Smart dust, 414
Snake robots
active cord mechanism, 204
Dowling design, 208
Gavin Miller, 209
GMD, 207
OBLIX, 206
serpenoid curve, 204
skeleton, 203
Snakey, 205
Soccer, robot, 318, 429
Social cues, 461
Social interaction, 402, 463

574 Subject Index



Societies
animal, 393, 415
insect, 394
robot, 394, 395
Sociobiology, 10, 393
Sociorobotics, 395
Softbot, 12
Software organization, 3, 97
Sojourner, 186, 190, 191, 437
Solenoids, 56
Sonars, 187
Sony, 5, 22, 121, 122, 263, 270, 318, 319, 429, 430,

450, 451, 452
Digital Creatures Laboratory, 318, 451
Sony Dream Robot (SDR), QRIO, 270, 450
Space
parameter, 145, 156
state-action, 134
SPAWAR, 213
Speech, 24, 66, 147, 175, 176, 318, 452, 454, 457,

460, 462, 467, 511, 512
Speed, 19, 187, 188
Spherical grasp, 149
Spiders, 327, 328
Spike train, neuronal, 142
Spinal cord, 13, 19, 33, 37, 38, 163, 203, 258–260,

286, 444
Spirit, 191, 192
Spirochete, 225
Sprawl, 300, 302
Sprawlita, 300–302
Spring Flamingo, 270, 272
Springiness, 300, 302, 307
Spring Turkey, 270
Stability, 10, 12, 260, 278, 318, 321, 323, 325, 444,

526, 528
biped robot, 262
describing-function methods, 88
dynamic, 18, 254, 262, 285, 286, 288, 304, 320, 452
lateral, 254
margins, 299, 320, 324, 325
phase plane method, 40, 88
static, 18, 253, 254, 260, 262, 264, 270, 285, 286,
299, 303, 304, 320, 324, 328, 452

Staircase locomotion, 449
Stance, 160, 254, 255, 261, 262, 264, 265, 275, 279–

281, 286, 304, 313, 322
Stanford-Rancho arm, 360
Stanford Research Institute, 100
Stanford University, 214, 244, 300, 361, 396
Stan Winston Studio, 461, 462
Star Wars, 441, 442
State
estimation, 499
machine, 273, 405
observer, 272
space, 82, 84, 433

variables, 82–84, 499, 503
vector, 82–84, 499
Steering
Ackerman, 194
front-wheel, 193
kingpin, 194
Stepper motors, 49, 56
Stiquito, 53
Stochastic map, 504
Strategy, navigation, 489
Stretch receptors, 31
Stretch reflex, 36
Stride, circulating, 299
STRIPS, 100
Structural elements, 45
Structure, 7, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63,
65, 67, 69
chained multilink, 80
hierarchical, 13, 100, 103, 108, 392, 516
manipulator, 339
Subcontrollers, 118
Suction cups, 225, 228
Superposition, 38, 85, 178, 520
Supervisor robots, 392, 437
Surf zone, 224, 225, 303
Suspension, 191, 192
Swarm Bot, 415, 416
Swarms, 401, 413–416, 438
Sway, 211, 261, 262, 444, 456
Swimming robots, 25, 185, 186, 218, 219, 220, 222,
285, 477, 509

Swing, 95, 157, 159–161, 164, 182, 225, 231, 254,
255, 256, 260, 261, 265, 274, 280–282, 286, 291–
293, 296, 304, 307, 308, 313, 321, 322, 324

Switches, tongue-actuated, 360
Symbiosis, human-robot, 345, 512
Symbol-grounding problem, 466
Synapses, 141
Synaptic weights, 143
System function, 522
Systems
biological, 10
controlled, 7, 31, 87, 519
dynamic, 7, 82, 84, 498, 503, 519, 524
first-order, 520, 527
homeostatic, 9, 32
inertial navigation, 482
linear control, 9, 85
multilink, 232
multirobot, 10, 11, 319, 513
nonlinear, 10, 21, 39, 40, 42, 47, 49, 52, 55, 71, 75,
83, 85–88, 94, 121, 127, 149, 210, 212, 237, 239,
242, 243, 256, 263, 272, 273, 323, 338, 349, 352,
355, 481, 497, 501
respiratory, 32
self-regulating, 394
static, 7

Subject Index 575



Tachometers, 61, 72, 77, 270, 502
Tail rotor, 242
Talon, 199
Task allocation, multirobot, 434
Task assignment, 11, 431, 436
Task Description Language (TDL), 432
Tasks, prehensile, 365
Task selection, 432
Taylor’s series expansion, 86
Teaching by showing, 120
Teach pendants, 353
TeamBots, 109, 110
Technical University of Munich, 297
Tekken I, 315
Tekken II, 315, 316
Tendons, 37, 47
TerminatorBot, 251
Terrain, uneven, 18, 205, 302, 323, 473, 474
Tethers, 210, 215, 324, 328, 330
Tetrapods. See Quadrupeds
Thinking, 100, 441
abstract, 125

Threshold, 132, 141–143, 149, 159, 325, 326,
388

Thrust, 21, 242, 244, 266
Thrusters, 211–215, 221
TITAN robots. See Quadruped robots
Topological mapping, incremental, 488
Torso, humanoid, 5, 24, 52, 465
Tortoise, 99, 100, 133, 186, 395
Trajectory, missile, 103, 104
Transfer functions, 11, 76, 77, 522, 525, 528
closed-loop, 525
forward-path, 525

Transformation, coordinate, 14, 15
Translation, linear, 49
Triangle of support, 286, 304, 318, 320, 325
Triangulation, 495–497
Trilobite, 22
Tropism element, 114–116, 166, 167, 168
Tropism system, 110, 113, 114, 168, 173
Trot, 304, 306, 307, 308, 320, 322
TRS, Inc., 386
Tuna, 217–219, 221

UAVs, 190, 232, 233, 235. See also Flying robots
Black Widow, 235
fixed-wing, 232
IAI, 236
micro, 233
rotary-wing, 237

UGVs, 190, 210
UMass Torso, 464, 467, 468
Umbilical cords, 212
Underwater robots, 210, 217
AUSS (Advanced Unmanned Search System), 213
dynamics, 210

Undulation
lateral, 203, 204, 209
Unimation, 333, 338
Universal approximators, 92, 147, 353
Universal joints, 46, 208, 272
University of Belgrade, 378, 379, 446
University of Bochum, 470
University of Bremen, 330
University of California at Berkeley, 223, 239, 244,

245, 299
University of California at Los Angeles, 244
University of Electro-Communications, Tokyo,

315
University of Hawaii, 212, 213
University of Illinois Urbana-Champaign, 315
University of Karlsruhe, 303
University of Massachusetts, 467
University of Minnesota, 251, 412
University of Munich, 468
University of Novi Sad, 379
University of Southern California (USC), 5, 8, 10,

15, 19, 21, 95, 107, 110, 113, 117, 130, 135, 150,
151, 197, 237, 238, 241, 244, 247, 249, 288, 296,
305, 306, 315, 323, 363, 374, 378–383, 390, 396,
398, 400, 401, 432, 433, 435, 465, 481, 492, 493,
507

USC Information Sciences Institute, 249
USC Robotics Research Laboratory, 107, 135,
488

University of Tsukuba, 188
University of Zurich, 315
Unpiloted air vehicles. See UAVs
Unpiloted ground vehicles. See UGVs
Unpiloted underwater vehicles (UUVs). See

Underwater robots
Unstructured environments, 14, 10, 19, 126, 130,

251, 371, 473
Untethered, 214
U.S. Army, 199, 237, 405
UUVs, 190. See also Underwater robots

Vanderbilt University, 467
Variance, 92, 498, 499, 501
Vector, torque, 350
Vehicles
all-wheel-drive, 199
autonomous flying, 232
climbing, 225
legged, 199, 253, 285
NASA rover, 191
tethered, 212
thermal-glide, 216
tracked, 9, 197
underwater, 209
wheeled, 9, 186
Velocity feedback, 77
V-formations, 420

576 Subject Index



Vision system, 22, 100, 150, 181, 315, 364, 367,
383, 384, 401, 402, 431, 452, 454, 458, 460, 464,
465, 467, 471, 490

active, 462
computer, 478
robot, 12, 458
Visual system
frog, 11
human, 11

WABIAN, 263, 270, 276, 277, 452, 454, 455
WABOT-1, 454
WABOT-2, 446, 454
Waggle dance, 58, 476
Walking
backward, 164
circulating walker, 298
dynamic passive, 264
forward, 164
human, 9, 254
learning, 156
mechanical aids, 277
multilegged robots, 9, 287
robot, 307
stable, 285
uphill, 260
Walking and manipulating, relationship, 334
Walking machines, 13, 23, 47, 61, 82, 86, 185, 245,

247, 254, 263, 270, 274, 278, 286–289, 291, 293,
294, 298, 308, 327, 332, 350

eight-legged, 327
four-legged, 304
six-legged, 285, 289
TUM, 298
two-legged, 274
Walking stick, 291
Wall following, 136
Wandering, 106, 398, 417
Warp I, 315, 316
Waseda Bipedal humanoid, 454
Waseda University, 263, 264, 270, 272, 276, 277,

344, 345, 446, 447, 454, 455, 458, 513
Way points, 483
Welding, ship, 226
Whales, 217, 477
Wheels, 1, 3, 6, 12, 15, 16, 18, 48, 58, 72, 116,

135, 136, 185–187, 189–192, 194–199, 204–
206, 209, 247, 403, 441, 442, 469, 473, 481, 487,
502

drive, 187
Wings, 185, 186, 216, 235, 244, 245
flapping, 21, 244
Winner-take-all, 136
WL-104R, 264
Woods Hole Oceanographic Institution, 216
Work, cooperative, 398
Workgroups, 400

Xavier, 109
Xerox Palo Alto Research Center, 246, 247

YACS, 240
Yamabico, 189
Yugoslavia, 15, 306, 378–380, 446

Zeros, 529
ZMP (zero moment point), 272, 273, 277, 452

Subject Index 577


