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APPENDIX A
A WORD ON KALMAN FILTERS

The most widely used method for sensor fusion in mobile robot applications is the Kalman filter.
This filter is often used to combine all measurement data (e.g., for fusing data from different sensors)
to get an optimal estimate in a statistical sense. If the system can be described with a linear model and
both the system error and the sensor error can be modeled as white Gaussian noise, then the Kalman
filter will provide a unique statistically optimal estimate for the fused data. This means that under
certain conditions the Kalman filter is able to find the best estimates based on the “correctness” of
each individual measurement. 

The calculation of the Kalman filter is done recursively, i.e., in each iteration, only the newest
measurement and the last estimate will be used in the current calculation, so there is no need to store
all the previous measurements and estimates. This characteristic of the Kalman filter makes it
appropriate for use in systems that don't have large data storage capabilities and computing power.
The measurements from a group of n sensors can be fused using a Kalman filter to provide both an
estimate of the current state of a system and a prediction of the future state of the system. 

The inputs to a Kalman filter are the system measurements. The a priori information required are
the system dynamics and the noise properties of the system and the sensors. The output of the Kalman
filter is the estimated system state and the innovation (i.e., the difference between the predicted and
observed measurement). The innovation is also a measure for the performance of the Kalman filter.

At each step, the Kalman filter generates a state estimate by computing a weighted average of the
predicted state (obtained from the system model) and the innovation. The weight used in the weighted
average is determined by the covariance matrix, which is a direct indication of the error in state
estimation. In the simplest case, when all measurements have the same accuracy and the measure-
ments are the states to be estimated, the estimate will reduce to a simple average, i.e., a weighted
average with all weights equal. Note also that the Kalman filter can be used for systems with time-
variant parameters. 

The extended Kalman filter is used in place of the conventional Kalman filter if the system model
is potentially numerically instable or if the system model is not approximately linear. The extended
Kalman filter is a version of the Kalman filter that can handle non-linear dynamics or non-linear
measurement equations, or both [Abidi and Gonzalez, 1992]. 
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APPENDIX B
UNIT CONVERSIONS AND ABBREVIATIONS

To convert from To Multiply by

(Angles)
degrees (E) radian (rad) 0.01745
radian (rad) degrees (E) 57.2958
milliradians (mrad) degrees (E) 0.0573

(Length)
inch (in) meter (m) 0.0254
inch (in) centimeter (cm) 2.54
inch (in) millimeter (mm) 25.4
foot (ft) meter (m) 30.48
mile (mi), (U.S. statute) meter (m) 1,609
mile (mi), (international nautical) meter (m) 1,852
yard (yd) meter (m) 0.9144

(Area)
inch  (in ) meter  (m ) 6.4516 × 102 2 2 2 -4

foot  (ft ) meter  (m ) 9.2903 × 102 2 2 2 -2

yard  (yd ) meter  (m ) 0.836132 2 2 2

(Volume)
foot  (ft ) meter  (m ) 2.8317 × 103 3 3 3 -2

inch  (in ) meter  (m ) 1.6387 × 103 3 3 3 -5

(Time)
nanosecond (ns) second (s) 10-9

microsecond (µs) second (s) 10-6

millisecond (ms) second (s) 10-3

second (s)
minute (min) second (s) 60
hour (hr) second (s) 3,600

(Frequency)
Hertz (Hz) cycle/second (s- ) 11

Kilohertz (KHz) Hz 1,000
Megahertz (MHz) Hz 10  6

Gigahertz (GHz) Hz 10  9
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To convert from To Multiply by

(Velocity)
foot/minute (ft/min) meter/second (m/s) 5.08 × 10-3

foot/second (ft/s) meter/second (m/s) 0.3048
knot (nautical mi/h) meter/second (m/s) 0.5144
mile/hour (mi/h) meter/second (m/s) 0.4470
mile/hour (mi/h) kilometer/hour (km/h) 1.6093

(Mass, Weight)
pound mass (lb) kilogram (kg) 0.4535
pound mass (lb) grams (gr) 453.59
ounce mass (oz) grams (gr) 28.349
slug (lbf · s /ft) kilogram (kg) 14.5942

ton (2000 lbm) kilogram (kg) 907.18

(Force)
pound force (lbf) newton (N) 4.4482
ounce force newton (N) 0.2780

(Energy, Work)
foot-pound force (ft · lbf) joule (J) 1.3558
kilowatt-hour (kW · h) joule (J) 3.60 × 106

(Acceleration)
foot/second  (ft/s ) meter/second  (m/s ) 0.30482 2 2 2

inch/second (in./s ) meter/second  (m/s ) 2.54 × 102 2 2 -2

(Power)
foot-pound/minute (ft · lbf/min) watt (W) 2.2597 × 10-2

horsepower (550 ft · lbf/s) watt (W) 745.70
milliwatt (mW) watt (W) 10-3

(Pressure, stress)
atmosphere (std) (14.7 lbf/in ) newton/meter  (N/m  or Pa) 101,3302 2 2

pound/foot  (lbf/ft ) newton/meter  (N/m  or Pa) 47.8802 2 2 2

pound/inch  (lbf/in  or psi) newton/meter  (N/m  or Pa) 6,894.82 2 2 2

(Temperature)
degree Fahrenheit (EF) degree Celsius (EC) EC = (EF -32) × 5 / 9

(Electrical)
Volt (V); Ampere (A); Ohm (S)
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APPENDIX C  SYSTEMS-AT-A-GLANCE TABLES



Systems-at-a-Glance Tables Odometry and Inertial Navigation

Name Computer Onboard Accuracy- Accuracy - Sampling Features Effective Reference
Equipment position [mm] orientation [ ] Rate [Hz] Range, Noteso

 This result is based on running the University of Michigan Benchmark (UMBmark) test for dead-reckoning accuracy. This test is described in*

detail in [Borenstein and Feng, 1994].

222

General 0.01%-5% of traveled dis- 100-10,000 or Error accumulation Unlimited, internal, [Parish and Grabbe,
tance analog local 1993]

Omnitech Robotics,
Inc.

TRC Labmate 486-33MHz Each quad-encoder pulse 4×4 meters bidirectional On smooth concrete*: 6 Very high Short wheelbase Unlimited [TRC] Transition
corresponds to 0.012 mm  square path : 310 mm With ten bumps*: 8 ~ 1 KHz Research Corp. 
wheel displacement

*

o

o

Cybermotion Onboard Drive and steer encoders 4×4 meters bidirectional On smooth concrete*: Synchro-drive design Cybermotion
proprietory square path*: 63 mm 1 to 3.8o

With ten bumps*: 4o

Blanche MC68020 Uses a pair of knife-edge [Cox, 1991] 
non-load-bearing wheels NEC Research Insti-
for odometry tute

Model-reference 386-20 MHZ Wheel encoders and Average after a 2×2 m Average after 2×2 m 20 Hz Can only compensate for Unlimited [Feng et al., 1994]
adaptive motion con- TRC Labmate sonars for orientation mea- square path: 20 mm square path: 0.5º systematic error Univ. of Michigan
trol surements

Multiple robots Two cooperative robots: Simulation: 8 mm after 100 Capable of maintaining Umlimited [Sugiyama, 1993] 
one moves and one stays meters movement at 2 m step good position estimate NTT Communica-
still and measures the mo- over long distance tion Science Lab.
tion of the moving one

CLAPPER: 486-33 MHz Two TRC Labmates, con- 4×4 m square path: On smooth concrete*: 25 Hz Capable of compensating Require additional [Borenstein, 1994]
Dual-drive robot nected by a compliant no bumps: 22 mm 22 for random disturbance robot or trailer Univ. of Michigan
with internal correc- linkage; two absolute ro- With 10 With 10 
tion of Odometry tary encoders, one linear bumps : 44 mm bumps*: 0.4

encoder
1

o

o

UMBmark calibra- 486-33 MHz or Any differential-drive mo- 4×4 ms square path: 25 Hz Designed for reduction of systematic odometry [Borenstein and
tion for reduction of any onboard bile robot; tests here per- average return position error: errors; this calibration routine can be applied to Feng, 1995a,b, c]
sytematic odometry computer formed with TRC 30-40 mm any differential-drive robot, requires no special Univ. of Michigan
errors LabMate tooling or instrumentation

Fluxgate magnetom- ±1 - ±4º 10-1000 or External, global, $100- Unlimited [Parish and Grabble,
eter analog 2000 1993]

Prone to magnetic distur- Omnitech Robotics,
bance Inc.
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Angular rate gyro Very accurate models available at $1K-5K Problems are 0.01%-5% of full scale 10-1000 or Internal, local, $1K-20K. Unlimited [Parish and Grabble,
(laser or optical fi- rate. analog 1993]
ber) Omnitech Robotics,

time dependent drift, and minimum detectable rate of
rotation Gyro will not “catch” slow rotation errors

Inc.

Radar velocimeter 0.01%-5% of full scale rate 100-1000 or Internal, local, $1K-10K Unlimited [Parish and Grabble,
(Doppler) analog 1993]

Omnitech Robotics,
Inc.

Filtered/inertial sen- 0.01%-5% of distance trav- 10-1000 or Internal, local, $3K- Unlimited [Parish and Grabble,
sor suite (direction eled, also time dependent analog $150K+ 1993]
gyros and accelerom- drift Omnitech Robotics,
eter based) Inc.

MiniRover MKI Underwater vehi- Fluxgate magnetic sensor Accuracy:  ±2% max. analog  0º - 359º [BENTHOS]
cle Resultion:  2º BENTHOS, Inc.

Futaba model heli- Output: pulse- Drift: >1E/s 20 ms $150 [TOWER]
copter gyro FP-G154 width modulated

signal

Gyration RS232 interface Drift: 9º/min $300 Unlimited [GYRATION]
GyroEngine Gyration, Inc.
Murata Gyrostar Analog interface Piezoelectric triangular prism. Drift: 9º/sec (maximum Measured drift: small, light (42 gr), $300 Unlimited [Murata]
ENV-05H rated by manufacturer. Actual drift is lower) 3-15º/min

Angular rate gyros, Very accurate models available at $1K-5K  Problems are 0.01%-5% of full scale 10-1000 or Internal, local, $1K-20K. Unlimited [Parish and Grabble,
general (Laser or rate. analog 1993], Omnitech
Optical Fiber) Robotics, Inc.

time dependent drift, and minimum detectable rate of
rotation  Gyro will not “catch” slow rotation errors

Hitachi OFG-3 RS232 interface Originally designed for automotive navigation systems Drift: 0.0028E/s 100 Hz Unlimited Komoriya and
or TTL Oyama [1994],

[HITACHI]

Andrew Autogyro
and Autogyro Navi-
gator

RS232 interface Quoted minimum detectable rotation rate: ±0.02º/s Actual Drift: 0.005º/s 10 Hz $1000 Unlimited [ANDREW]
minimum detectable rate limited by deadband after A/D Andrew Corporation
conversion: 0.0625º/s

Complete inertial navigation system including ENV-O5S Gyrostar solid Position drift rate 1 to 8 cm/s Gyro drift 5-15º/min. 100-1000 or Internal, global unlimited [Barshan and
state rate gyro, the START solid state gyro, one triaxial linear acceler- depending on the freq. of After compensation: analog Durrant-Whyte,
ometer and two inclinometers acceleration change drift 0.75º/min 1993, 1995];[GEC];

[MURATA]

Non-Wire Guidance VCC-2 vehicle Solid state gyroscope, po- Position codes (landmarks) [CONTROL]
System for AGV's control computer sition code reader Control Engineering

Company
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Name GPS Type Static position Static position error Time to City driving: Percent Manufacturer
error mean standard dev. first fix of time navigation
[m (feet)] [m (feet)] [min] data available
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Magnavox 6400 (10-year old system, out- 2-channel sequencing receiver 33.48 (110) 23.17 (76) ~30 no nav. data: 10.3% [MAGNAVOX]
dated) only 2-D data:0.2% Magnavox Advanced Products

full 3-D data: 89.4% and Systems

Magellan OEM GPS Module 5-channel GPS receiver, OEM 22.00 (72) 16.06 (53) ~1 to 2 no nav. data: 0.0% [MAGELLAN] 
type only 2-D data:25.8% Magelan Systems Corp.

full 3-D data: 74.2%

Magnavox GPS Engine 5-channel GPS receiver, OEM 30.09 (99) 20.27 (67) ~1 to 2 no nav. data: 3.4% [ROCKWELL]
type only 2-D data:5.3%  Rockwell International

full 3-D data: 91.2%

Rockwell NavCore V 5-channel GPS receiver, OEM 28.01 (92) 19.76 (65) ~1 to 2 no nav. data: 0.0% [MAGNAVOX]
type only 2-D data: 1.1% Magnavox Advanced Products

full 3-D data: 98.9% and Systems

Trimble Placer 5-channel GPS receiver, OEM 29.97 (98) 23.58 (77) ~1 to 2 no nav. data: 0.0% [TRIMBLE]
type only 2-D data:5.2% Trimble Navigation

full 3-D data: 94.8%
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Name Computer Onboard Stationary Accuracy Accuracy - Sampling Features Effective Manufacturer
Components Components - position [mm] orientation [ ] rate [Hz] Rangeo
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CONAC 486-33 MHz Structured opto- Networked opto- Indoor ±1.3 mm Indoor and 25 Hz 3-D - At least 3 Need line-of-sight [MacLeod, 1993]
(computerized electronic acquisi- electronic acquisi- outdoor ±5 mm outdoor ±0.05º NOADS for one for at least three (MTI)
opto-electronic tion beacon tion datum acre. Networkable NOADS
navigation and (STROAB) (NOAD) for unlim. area
control)

ROBOSENSE Scanning laser Retroreflective tar- 10-40 Hz 2-D - Measure both 0.3-30 m [SIMAN]
rangefinder gets angle and distance SIMAN Sensors &

System measures direction and distance to bea-
cons with accuracy <0.17º  and <20 mm, respec-
tively  Accuracy for robot location and orientation
not specified

to target Intelligent Machines
Ltd.

NAMCO RS-232 serial Rotating mirror Retroreflective tar- Angular accuracy is within ±0.05%  with a reso- 20 Hz Derives distance 15 meters (50 ft) [NAMCO, 1989]
LASERNET bea-
con tracking sys-
tem

interface pro- pans a near-infrared gets of known di- lution of 0.006   Accuracy for robot location and from computing
vided laser beam through mensions orientation not specified. time of sweep over

a horizontal arc of target of known
90 widtho

o

TRC beacon navi- 6808 integrated Rotating mirror for Retroreflective tar- Resolution is 120 mm (4-3/4 in) in range and 1 Hz Currently limited to 24.4 m (80 ft) [TRC]
gation system computer, RS232 scanning laser gets, usually 0.125   in bearing for full 360  coverage in a single work area of

interface beam mounted on stand- horizontal plane 80×80 ft
alone poles

o o

LASERNAV 64180 micro- Laser scanner Retroreflective bar ±1 in moving at 2 ft/sec; ±0.03º. 90 Hz 2-D - Measures 30 meters (100 ft) [Benayad-Cherif,
computer codes. Up to 32 can ±0.5 in stationary only angles to re- With active reflec- 1992] and  [DBIR]

be distinguished. flectors tors: up to 183 m

Odyssey Hand-held Pole- or wand- Two laser-beam Horizontal: ±1 mm 5 Hz ~$90,000 Indoor:75m(250ft) [SPSi]
mounted receiver transmitters Vertical:  ±1 mm outdoor: Spatial Positioning

150m (500ft) Systems, inc

BNS (beacon navi- Optical IR detector Infrared beacon 0.3º in the ±5º central 10 Hz 500 ft [Benayad-Cherif,
gation system); (±10º field of view transmitter area and ±1º out to suitable for long 1992] (Denning)
30.5 m in horizontal and (uniquely identifi- the periphery of the corridors

vertical axes) able, 128 codes) sensitive area

Laser scanner + 8086 Laser scanner Three corner cubes LN-10: ±500 LN-10: ±1º 0.5 Hz LN-10 50 m [Nishide et al.,
corner cubes LN-20: ±20 LN-20: ±0.1º LN-20 50 m 1986]. Tokyo Air-

LN-30: ±500 LN-30: ±1º LN-30 200 m craft Instrument Co.,
LN-40: ±20 LN-40: ±0.1º LN-40 200 m Ltd. 

Laser scanner + Laser scanner Barcoded target 0.033 Hz [Murray, 1991]
bar code Caterpillar

Magnetic markers Magnetic markers buried under path (50 ft apart) [Murray, 1991]
Eaton-Kenway
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Name Computer Onboard Stationary Accuracy - Accuracy - Sampling Features Note Researchers
Components Components position [mm] orientation [ ] rate [Hz] &Referenceso
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Three object 486-33 MHz Computer vision Mean error Mean error Mean time Computer simulation (I) Iterative Search [Cohen and Koss,
triangulation system (I) x=234, y=225 (I) 4.75º (I) 3048.7 for comparative study (G) Geometric tri- 1992]

(G) x=304, y=301 (G) 141.48º (G) 3.8 of four triangulation angulation Univ. of Michigan
(N) x=17, y=17 (N) 2.41º (N) 33.5 algorithms (N) Newton-
(C) x=35, y=35 (C) 5.18º (C) 4.8 Accuracies are sensi- Raphson

tive to landmark loca- (C) Circle intersec-
tion tion

Laser beam 8086 Four laser trans- Two corner cube x=30 10 Hz [Tsumura et al.,
+ corner cube ceivers (transmitter reflectors on both y= 2 1988]

and receiver) sides of the path

Ultrasonic bea- Eight sonar receiver Six sonar beacons Measured standard dev. 150 ms [Kleeman, 1992]
cons array (45E apart) in a 12 m  space of path error of 40 mm2

Infrared beacons One optical infra- Infrared beacons 25 m  test area, beacons ±0.2º [McGillem and
red scanner (0,0), (5,0) and (5,4); Rappaport, 1988]

2

worst error = 70

Laser scanner + Z80 Laser scanner Retro-reflector Inside DABC: Inside DABC: mean=0.07 F=0.06 [Tsumura and
corner cube 45×45 m space, 3 Mean=57,F.=25 Outside DABC: mean=0.13,F=0.16 Hashimoto, 1986]

reflectors at Outside DABC: On line AB or AC: mean=0.12,F=0.05
A(0,0),B(45,0), mean=140, F=156
C(0,45) On line AB or AC

mean=74, F=57

Vision camera + Vision camera + Retro-reflectors on Path error within 10mm, 10 Hz [Takeda et al.,
retro-reflectors light source the path at 1m/s 1986]

Three target tri- Detector Active beacon 100 with very noisy Optimize using all beacon data, reweighted [Durieu et al.,
angulation measurement least square criterion 1989]

Direction mea- Laser scanner Strips of reflective At 0.3 m/s, error <2 cm Can navigate on wet [Larsson et al,
sure of several tapes At 1 m/s, is stable rainy field, even when 1994]
identical bea- At 1.5 m/s, instable the drive wheels were University of
cons spinning Lulea

Triangulation 3 to 20 beacons. 6.5 cm in 10×10 m Simulation results only, but simulation includes model of large measurement errors When [Betke and
with more than 3 area. many beacons available, system can identify and discard outliers (i.e., large errors in the Gurvitz, 1994],
landmarks measured angles to some of the beacons) MIT
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Camera vision robot PC Vision camera Rectangular ceiling <100 mm >1 Hz Cyberworks, Inc.
position and slippage lights, concentric [CYB]
control system circle

Absolute positioning 68030, 25 MHz Fixed vision cam- Known pattern com- Accuracy: Repeatability 4 Hz Can monitor robot operation at the same [Fleury and Baron,
using a single image era (6 m high) posed of coplanar mean=2,max:10 mean: 0.3º time. 3-D operation. 1992]

discretization points (IR diodes) repeatability X: max: 0.7º Laboratoire
9.5×6.0 mm for Test pattern: 1.0×2.8 mean=0.7,max: 2 std. 0.4º d'Automatique et
one pixel m. 84 uniformly dis- F= 0.8 d'Analyse des

tributed points Y: mean: 2 Systemes
max: 5, std. 2

Real-time vision- Sun 4/280 com- 780×580 CCD- Vertical edges 15 mm 0.1º 2 Hz Correspondence between observed land- [Atiya and Hager,
based robot localiza- puter camera, f=8 mm matching using marks and a stored map, give bond on the 1993]
tion Karlsruhe mo- VISTA real-time stored map localization error University of

bile robot image processing 2-D operation Karlsruhe
(KAMRO) system

Robot localization Sun workstation 640×400×4b CCD Objects with a <5% Sensitive at certain [Chen and Tsai,
using common ob- camera, PC-EYE polygon-shaped top orientations 1991] 
ject shapes imaging interface and a lateral surface National Chaio

perpendicular to the Tung University
top

Omnidirectional vi- Vision camera with A light array (3x3) 40 mm 0.3º [Cao et al., 1986] 
sion navigation with fish-eye lens University of Cin-
beacon recognition cinnati

Vision algorithm for TRC Labmate Vision camera Two sets of four 7 m distance [D'Orazio et al.,
mobile vehicle navi- coplanar points are 10% 1991]
gation necessary Istituto

Elaborazione
Segnali ed Immagini

Adaptive position Litton S-800 Camera, strobe, Two circles of differ- 5 mm Convergence Adapt system model [Lapin, 1992]
estimation 486 control landmark ent radii 120 measurements using maximum like- Georgia Institute of

MC68000 posi- lihood algorithm Technology
tioning

Guidance system Sun Camera, Reflector pattern [Mesaki and
using optical reflec- strobe light, mounted on the ceil- Masuda, 1992]
tors (only on 0.3 s) ing 2 m high Secom Intelligent

Systems Laboratory

Positioning using a Camera A sphere with hori- 5% 5º 3-D angle error increases as great circles [Magee and
single calibrated ob- zontal and vertical approach the edge of the sphere  Distance Aggarwal, 1984]
ject calibration great cir- error increases with the distance between the University of Texas

cles robot and landmark



Systems-at-a-Glance Tables Landmark Positioning

Name Computer Onboard Features used Accuracy - Accuracy - Sampling Features Effective Reference
Components position [mm] orientation [ ] Rate [Hz] Range, Noteso

228

Model based vision TRC LabMate 512×512 gray-level Corners of the room 100 mm ±3º 3-D orientation error <0.5 . if the corner is [D'Orazio et al.,
system 68040 CCD camera, f=6 middle error 2% in the center of the image  Large error when 1993] Istituto

mm corner is off image center and angle coeffi- Elaborazione

o

cients of L and R are too small Segnali ed Immagini

Pose estimation 9200 image pro- Fairchild 3000 Quadrangular target At 1500 mm: At 1500 mm: 3-D volume measurement of tetrahedra [Abidi and Chandra,
cessor CCD camera s12=77.5,s13=177.5 11 mm 1.5º. composed of feature point triplets extracted 1990] 

(256×256), s14=162,s23=160 from an arbitrary quadrangular target and University of Ten-
f=13mm s24=191,s34=104 the lens center nessee
Perceptics

Positioning Relative displace- At 5000 mm: Largest Errors increase with [Kabuka and Are-
using standard pat- ment pattern: circle, 2.2% error: 2º increasing distance, nas, 1987]
tern half white & half angle between land- University of Miami

black mark and camera too
Identification pat- small or too large
tern: bar code

TV image process- Diamond shape, 90º At 4000 mm: At 4000 mm: 90 s processing 2-D Errors increase with [Fukui, 1981]
ing for robot posi- angle and 23 cm 70 mm ±2º time distance and angle Agency of Industrial
tioning each side too small or too large Science and Tech-

nology

Single landmark ARCTEC Gem- Infrared detector Infrared beacons At 4000 mm: 2-D, error increases Running fix: using [Case, 1986]
navigation ini robot (angular resolution 400 mm with the increase of dead-reckoning info US Army Construc-

±4E) At 2400 mm: distance between the to use measurement tion Eng. Research
200 mm vehicle and beacon obtained at t(k-1) at Lab.

time t(k)

Robot positioning 386 PC 256×256 camera, Circle (R=107mm) At 2000 mm 30 Hz 2-D, the result is the Errors are function of [Feng et al., 1992]
using opto-electronic Image-100 im- f=16 mm 35 mm fusion of dead reck- the distance and an- University of Michi-
processor age processing Hough transform oning and observed gle gan

board filter (128×128)

Global vision Camera mounted at Large range over Main problems: [Kay and Luo,
fixed points in the which obstacles can how many cameras 1993]
environment be detected, allows and where to put North Carolina

global path planning them? State University

Robot localization Sony CCD camera, Vertically oriented Min. distance to 2-D Utilizes the good an- [Krotkov, 1991]
using a single image f=8.5mm parts of fixed objects, landmark: gular resolution of a Laboratoire

resolution = e.g., doors, desks and 1000 mm. CCD camera, avoids d'Automatique et
0.12º/pixel at im- wall junctions Stored orientation 0.2º feature correspon- d'Analyse des
age center map dence and Systemes

3-D reconstruction

Autonomous robot Two VME- CCD camera, IR "Natural” land- On the order of centi- On the order of [AECL]
for a known environ- based cards spot laser range- marks, e.g., semi- meters <10 m.
ment (ARK) finder, custom- permanent struc-

made pan/tilt table tures, doorways)
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Scanning laser 0.5%-5% 1 to 10 kHz or External, local, $10K- 300 m [Parish and Grabble,
rangefinder analog 100K 1993], Omnitech

Robotics, Inc.

Scanning IR range- 1%-10% 100-1000 or External, local, $5K- 5-50 m [Parish and Grabble,
finder analog 20K 1993], Omnitech

Robotics, Inc.

Scanning (or ar- 1%-10% 1-100 External, local, $100- 1-10 m [Parish and Grabble,
rayed) ultrasonic 5K 1993], Omnitech
rangefinder Robotics, Inc.

Visual 1%-20% 0.1-100 External, local, $500- 1-10000 [Parish and Grabble,
50K 1993], Omnitech

Robotics, Inc.

Navigation by TRC Labmate Cohu CCD camera, Integrates position esti- [D'Orazio et al., 
multi-sensory inte- f=16 mm mates from vision sys- 1993]
gration dead reckoning tem with odometry us- CNR-IESI

ing Kalman filter frame-
work

Laserradar and Tricycle robot 24 sonars. four la- Utilizes heterogeneous [Buchberger et al.,
sonar based world ser rangefinders, info from laser radar 1993]
modeling rotate at 360 /s, and sonars Kaiserslautern Uni-o

each scan 720 versity
range points

Vision directed Sun Sparc for Vision camera Doors, columns ±5.0 cm 2.0º 2 Hz 3-D University of Water-
navigation vision, Micro- Convex and loo [Wong and Gao,

VAX as host, concave poly- 1992] 
ROBMAC100 gons
tricycle type ve-
hicle

Robot localization Sun-3 for local- One rotating sonar Geometric beacon - 1 Hz EKF utilizes matches [Leonard and
by tracking geo- ization or six fixed sonars naturally occurring between observed geo- Durrant-Whyte,
metric beacons Sun-4 vehicle environment fea- 1991]

control ture University of Oxford
metric beacons and a
priori map of beacon
locations

Position estimation Differential-drive 756×581 CCD Vertical edges and 40 mm 0.5º 2-D - Realistic odom- Extended Kalman [Chenavier and
using vision and vehicle camera stored map etry model and its un- filter to correct the Crowley, 1992]
odometry 386 PC f=12.5 mm certainty is used to de- vehicle pose from LETI-DSYS

tect and calculate posi- the error between
tion update fused with the observed and
observation estimate angle to

each landmark
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Recognize world Stereo cameras Long, near vertical 1000 real-world data Least-squares to [Braunegg, 1993] 
location with ste- stereo features recognition test, under find the best fit of MITRE Corp.
reo vision 10% false negative, zero model to data and

false positive evaluate that fit

Environment learn- Omnidirectional a ring of 12 sonars Left wall, right Dynamic landmark de- Learn the large- [Mataric, 1990]
ing using a distrib- three-wheeled and a compass wall, corridors tection utilizing robot's space structure of MIT
uted repre- base motion environment by
sentation recording its per-

manent features

Localization in Motorola A ring of 24 sonars Classify objects 0.1 Hz Positions resulting from Each mapping of [Holenstein et al.,
structured environ- M68020 into edges, corners,  all possible mappings two model objects 1992]
ment walls, and un- are calculated and then onto two reference Swiss Federal Inst. of

known objects analyzed for clusters objects correspond Technology
The biggest cluster is to a certain robot
assumed to be at the position
true robot position

Localization using SUN 4 Linear array of Local map: <10 mm <1º Local map: feature extraction [Sabatini and
sonar three sonars: A. feature map (ex- Matching: least squares Benedetto, 1994]

reduce the angular tended reflectors, EKF for estimating the geometric parameters of Scuola Superiore di
uncertainty, B. help e.g., wall, and point different targets and related uncertainty Studi Universitari
identify the target's reflectors) 
class

Sonar-based real- Neptune mobile Sonars Probability based Map with 3000 6 in cells made from 200 Map matching by convolving them It gives the [Elfes, 1987]
world mapping robot occupancy grid well spaced readings of a cluttered 20×20 displacement and rotation that best brings one Carnegie-Mellon

map ft room can be matched with 6 in displace- map into registration with the other, with a University
 ment and 3  rotation in 1 s of VAX time measure of the goodness of matcho

Comparison of Cybermotion A ring of 24 sonars Histogramic in- HIMM results in a sensor grid in which Index of performance (IOP) computes the [Raschke and
grid-type map K2A synchro- motion mapping entries in close proximity to actual object correlation between the sensed position of Borenstein, 1990]
building by index drive robot (HIMM) and heu- locations have a a favorable (low) Index of objects, as computed by the map-building University of Michi-
of performance 386 20 MHz PC ristic probability performance value algorithm, and the actual object position, as gan
(IOP) function measured manually The IOP gives quantitative

measure of the differences in the sensor grid
maps produced by each algorithm type

Comparison of Local map: Best result obtained Grid to segment match- Segment to segment [Schiele and
position estimation grid map by matching segment ing: generating a mask matching: A. orien- Crowley, 1994]
using occupancy Global map: to segment for the segment and cor- tation LIFIA
grid grid map relating it with the grid B. collinearity

map C. overlap



Systems-at-a-Glance Tables Landmark Positioning

Name Computer Onboard Features used Accuracy - Accuracy - Sampling Features Effective Reference
Components position [mm] orientation [ ] Rate [Hz] Range, Noteso

231

Blanche MC68020 Optical range- 24 line-segment 6 in path following Position up- (1) Least-square for Segments [Cox, 1991]
Tricycle-type finder, res.=1 in at environments map date every 8 s data and model match- Assume the dis- NEC Research Insti-
mobile robot 5 ft, 1000 sam- for a 300×200 in for a 180 ing placement between tute

ples/rev. in one s. room points image (2) Combine odometry the data and model
Odometry and a map of and matching for better is small

24 lines. 2-D position estimate using
map. maximum likelihood

Range map pose  SPARC1+ 1-D Laser range Line segment, cor- Mean error Max under 1.2º Feature-based: 1000 points/rev. [Schaffer et al.,
estimation finder ner Feature-based: 60 for both 0.32 s Iconic approach matches every range data point 1992]

1000 points/rev Iconic estimator: 40 Iconic: 2 s to the map rather than condensing data into a CMU
In a 10×10 m space small set of features to be matched to the map

 

Positioning using A rotatable ring of Line segments 3-5 cm Classification of data Clustering sensor [MacKenzie and
model-based maps 12 polaroid sonars Coverge if initial esti- points data points. Dudek, 1994]

mate is within 1 me- Weighted voting of cor- Line fitting. McGill University
ters of the true posi- rection vectors
tion

Positioning using INMOS-T805 Infrared scanner Line segment The variance never Kalman filter position When scans were [Borthwick et al.,
optical range data transputer exceeds 6 cm estimation taken from 1994]

Line fitting erronrous pos. University of Oxford
Matching, only good matches consis-
matches are accepted tently fail

World modeling A ring of 24 sonars Line segments x=33 mm 0.20º A model for Extracting line segments Matching includes: [Crowley, 1989]
and localization covariance: 1 covariance: the uncertainty from adjacent collinear orientation, LIFIT(IMAG)
using sonar rang- y=17 mm 17.106 in sonars, and range measurements and collinearity, and
ing covariance: 1 the projection matching these line seg- overlap by compar-

of range mea- ments to a stored model ing one of the pa-
surement into rameters in segment
external Carte- representation
sian coordinate

2-D laser range- Sun Sparc Cyclone 2-D laser Local map: line Max. 5 cm On SUN Matching: remove seg- Local map: [Gonzalez et al.,
finder map build- rangefinder accu- segment map average 3.8 cm Sparc, 80 ms ment already in the clustering 1994]
ing racy ±20 cm, range Global map: line for local map global map from local clustering segmen- Universidad de

50 m segments building and map, add new segment tation malaga
135 ms for line fitting
global map
update
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Iconic position Locomotion em- Cyclone laser range In general, has a Max. 36 mm Max. 1.8º Iconic method works Assume small dis- [Gonzalez et al.,
estimator ulator, all-wheel scanner, resolution large number of mean 19.9 mm mean 0.73º directly on the raw placement between 1992]

drive and all- =10 cm short line segments sensed data, minimizing sensed data and Carnegie Mellon
wheel steer, range = 50m the discrepancy between model University
Sun Sparc 1 1000 readings per it and the model Two parts: sensor

rev. to map data corre-
spondence & error
minimization

Environment rep- Geometrical rela- A graph where the The recognition [Taylor, 1991]
resentation from tionships between nodes represent the ob- problem can be for- Yale University
image data observed features served features and mulated as a graph

rather than their edges represent the rela- matching problem
absolute position tionships between fea-

tures

Localization via Sonars Local map: multi- Using datasets from Local grid Positioning by classify- Matching: K-near- [Courtney and Jain,
classification of Lateral motion vi- sensor 100×100 10 rooms and hall- maps ing the map descriptions est neighbor and 1994]
multi-sensor maps sion grid maps, cell ways, estimate a 94% Feature-level to recognize the minimum Texas Instruments,

Infrared proximity 20×20 cm recognition rate for sensor fusion workspace region that a Mahalanobis dis- Inc.
sensor rooms, and 98% for by extracting given map represents tance

hallways spatial descrip-
tions from
these maps
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Guide path sensor 0.01-0.1 m 100-1000 or analog External, local, or 0.01-0.2 m [Parish and Grab-
(magnetic, optical, waypoint indication, ble, 1993]
inductive, etc.) $100-$5K Omnitech Robot-

ics, Inc.

Odor trails for nav- Applicator for lay-    Unlimited [Russell et al.,
igation ing volatile chemi- 1994]

cals on the floor; Monash University
olfactory sensor

Thermal path fol- Quartz halogen  0.833 No need to remove Unlimited [Kleeman and Rus-
lowing bulb and markers after use sell, 1993] 

pyroelectric sensor Monash University



This page intentionally left blank



University of Michigan grad. student Ulrich Raschke verifies the proper alignment of ultrasonic sensors. All
three robots in this picture use 15 -angular spacing between the sensors. Many researchers agree that 15o o

spacing assures complete coverage of the area around the robot.

References

Subject Index

Author Index



REFERENCES 

1. Abidi, M. and Chandra, T., 1990, “Pose Estimation for Camera Calibration and Landmark
Tracking.” Proceedings of IEEE International Conference on Robotics and Automation,
Cincinnati, OH, May 13-18,  pp. 420-426. 

2. Abidi, M. and Gonzalez, R., Editors, 1992, Data Fusion in Robotics and Machine Intelligence.
Academic Press Inc., San Diego, CA.Acuna, M.H. and Pellerin, C.J., 1969, “A Miniature Two-
Axis Fluxgate Magnetometer.” IEEE Transactions on Geoscience Electronics, Vol. GE-7, pp
252-260.

3. Adams, M.D., 1992, “Optical Range Data Analysis for Stable Target Pursuit in Mobile Robotics.”
Ph.D. Thesis, Robotics Research Group, University of Oxford, U.K.

4. Adams, M. et al., 1994, “Control and Localisation of a Post Distributing Mobile Robot.” 1994
International Conference on Intelligent Robots and Systems (IROS '94), Munich, Germany, Sept.
12-16, pp. 150-156.

5. Adams, M., 1995, “A 3-D Imaging Scanner for Mobile Robot Navigation.” Personal
Communication. Contact: Dr. Martin Adams, Institute of Robotics, Leonhardstrasse 27, ETH
Centre, CH-8092, Switzerland. Ph.: +41-1-632-2539. E-mail: adams@ifr.ethz.ch.

6. Adams, M.D. and Probert, P.J., 1995, “The Interpretation of Phase and Intensity Data from
A.M.C.W. Light Detection Sensors for Reliable Ranging.” Accepted for publication in the IEEE
International Journal of Robotics Research, April.

7. Adrian, P., 1991, “Technical Advances in Fiber-Optic Sensors: Theory and Applications.”
Sensors, Sept.pp. 23-45.

8. Agent, A., 1991, “The Advantages of Absolute Encoders for Motion Control.”  Sensors, April,
pp. 19-24.

9. Allen, D., Bennett, S.M., Brunner, J., and Dyott, R.B., 1994, “A Low Cost Fiber-optic Gyro for
Land Navigation.” Presented at the SPIE Annual Meeting, San Diego, CA, July.

10. Arkin, R.C., 1989, “Motor-Schema-Based Mobile Robot Navigation.”  International Journal
of Robotics Research, Vol. 8., No. 4, Aug.,  pp. 92-112.

11. Aronowitz, F., 1971, “The Ring Laser Gyro,”  Laser Applications, Vol. 1, M. Ross, ed.,
Academic Press.

12. Arradondo-Perry, J., 1992, “GPS World Receiver Survey.” GPS World, January, pp. 46-58.
13. Atiya, S. and Hager, G., 1993, “Real-time Vision-based Robot Localization.” IEEE

Transactions on Robotics and Automation, Vol. 9, No. 6, pp. 785-800.
14. Aviles, W.A. et al., 1991, “Issues in Mobile Robotics: The Unmanned Ground Vehicle Program

Teleoperated Vehicle (TOV).” Proceedings of the SPIE - The International Society for Optical
Engineering, Vol: 1388 p. 587-97.

15. Avolio, G.,  1993, “Principles of Rotary Optical Encoders.”  Sensors, April,  pp. 10-18. 



References 237

16. Ayache N. and Faugeras, O.D., 1987, “Building a Consistent 3-D Representation of a Mobile
Robot Environment by Combining Multiple Stereo Views.” Proc. Internaltional Joint
Conference on Aritificial Intelligence, pp. 808-810.

17. Baines, N. et al., 1994, “Mobile Robot for Hazardous Environments.” Unpublished paper.
Atomic Energy of Canada, Ltd., Sheridan Research Park, 2251 Speakman Drive, Mississauga,
Ontario, L5K 1B2, Canada, 416-823-9040.

18. Baker, A., 1993, “Navigation System Delivers Precision Robot Control.” Design News, Dec.
20, p. 44. 

19. Banzil, G., et. al., 1981, “A Navigation Subsystem Using Ultrasonic Sensors for the Mobile
Robot Hilare.” Proceedings of 1  Conference on Robot Vision and Sensory Control,st

Stratford/Avon, U.K., April 13.
20. Barrett, C.R., Nix, W.D., and Tetelman, A.S., 1973, “The Principles of Engineering

Materials.” Prentice Hall, Englewood Cliffs, NJ.
21. Barshan, B. and Durrant-Whyte, H.F., 1993, “An Inertial Navigation System for a Mobile

Robot.” Proceedings of the 1993 IEEE/RSJ International Conference on Intelligent Robotics
and Systems, Yokohama, Japan, July 26-30, pp. 2243-2248. 

22. Barshan, B. and Durrant-Whyte, H.F., 1994, “Orientation Estimate for Mobile Robots Using
Gyroscopic Information.” 1994 International Conference on Intelligent Robots and Systems
(IROS '94). Munich, Germany, Sept. 12-16, pp. 1867-1874.

23. Barshan, B. and Durrant-Whyte, H.F., 1995, “Inertial Navigation Systems Mobile Robots.”
IEEE Transactions on Robotics and Automation, Vol. 11, No. 3, June, pp. 328-342. 

24. Bauer, R. and Rencken, W. D., 1995, "Sonar Feature Based Exploration." Proceedings of the
IEEE/RSJ/GI International Conference on Intelligent Robots and Systems (IROS'95),
Pittsburgh, Pennsylvania, August 5-9,, pp. 148-153.

25. Benayad-Cherif, F., Maddox, J., and Muller, L., 1992, “Mobile Robot Navigation Sensors.”
Proceedings of the 1992 SPIE Conference on Mobile Robots, Boston, MA, Nov. 18-20, pp.
378-387.

26. Bennett, S. and Emge, S.R., 1994, “Fiber-optic Rate Gyro for Land Navigation and Platform
Stabilization.” Presented at Sensors Expo '94, Cleveland, OH, Sept. 20.

27. Betke, M and Gurvits, L., 1994, “Mobile Robot Localization Using Landmarks.” 1994
International Conference on Intelligent Robots and Systems (IROS’94). Munich, Germany,
Sept. 12-16, pp.135-142.

28. Beyer, J., Jacobus, C., and Pont, F.,  1987, “Autonomous Vehicle Guidance Using Laser Range
Imagery.”  SPIE Vol. 852, Mobile Robots II, Cambridge, MA, Nov, pp. 34-43.

29. Biber, C., Ellin, S., and Shenk, E.,  1987, “The Polaroid Ultrasonic Ranging System.” Audio
Engineering Society, 67  Convention, New York, NY, Oct.-Nov.th

30. Binger, N. and Harris, S.J.,  1987, “Applications of Laser Radar Technology.”  Sensors, April,
pp. 42-44.



238 References

31. Boltinghouse, S., Burke, J., and Ho, D.,  1990, “Implementation of a 3D Laser Imager Based
Robot Navigation System with Location Identification.”  SPIE Vol. 1388, Mobile Robots V,
Boston, MA, Nov., pp. 14-29.

32. Boltinghouse, S. and Larsen, T.,  1989, “Navigation of Mobile Robotic Systems Employing a
3D Laser Imaging Radar.”  ANS Third Topical Meeting on Robotics and Remote Systems,
Section 2-5, Charleston, SC, March, pp. 1-7.

33. Bolz, R.E. and Tuve, G.L., Ed., 1979, CRC Handbook of Tables for Applied Engineering
Science, CRC Press, Boca Raton, FL.

34. Borenstein, J. and Koren, Y., 1985, “A Mobile Platform For Nursing Robots.” IEEE
Transactions on Industrial Electronics, Vol. 32, No. 2, pp. 158-165.

35. Borenstein, J. and Koren, Y., 1986, “Hierarchical Computer System for Autonomous Vehicle.”
Proceedings of the 8th Israeli Convention on CAD/CAM and Robotics, Tel-Aviv, Israel,
December 2-4.

36. Borenstein, J., 1987, “The Nursing Robot System.” Ph. D. Thesis, Technion, Haifa, Israel,
June, pp. 146-158.

37. Borenstein, J. and Koren, Y., 1987, “Motion Control Analysis of a Mobile Robot.”
Transactions of ASME, Journal of Dynamics, Measurement and Control, Vol. 109, No. 2, pp.
73-79.

38. Borenstein, J. and Koren, Y., 1990, “Real-Time Obstacle Avoidance for Fast Mobile Robots
in Cluttered Environments.”  IEEE International Conference on Robotics and Automation,
Vol. CH2876-1, Cincinnati, OH, pp. 572-577, May.

39. Borenstein, J. and Koren, Y., 1991a, “The Vector Field Histogram  Fast Obstacle-Avoidance
for Mobile Robots.” IEEE Journal of Robotics and Automation, Vol. 7, No. 3., June, pp.
278-288.

40. Borenstein, J, and Koren, Y., 1991, "Histogramic In-motion Mapping for Mobile Robot
Obstacle Avoidance." IEEE Journal of Robotics and Automation, Vol. 7, No. 4, 1991, pp.
535-539.

41. Borenstein, J., 1992, “Compliant-linkage Kinematic Design for Multi-degree-of-freedom
Mobile Robots .” Proceedings of the SPIE Symposium on Advances in Intelligent Systems,
Mobile Robots VII, Boston, MA, Nov. 15-20, pp. 344-351.

42. Borenstein, J., 1993, “Multi-layered Control of a  Four-Degree-of-Freedom Mobile Robot With
Compliant Linkage.” Proceedings of the 1993 IEEE International Conference on Robotics and
Automation, Atlanta, GA, May 2-7, pp. 3.7-3.12.

43. Borenstein, J., 1994a, “The CLAPPER: A Dual-drive Mobile Robot with Internal Correction
of Dead-reckoning Errors.” Proceedings of IEEE International Conference on Robotics and
Automation, San Diego, CA, May 8-13, pp. 3085-3090. 

44. Borenstein, J., 1994b, “Internal Correction of Dead-reckoning Errors With the Smart Encoder
Trailer.”  1994 International Conference on Intelligent Robots and Systems (IROS '94).
Munich, Germany, Sept. 12-16, pp. 127-134.



References 239

45. Borenstein, J., 1994c, “Four-Degree-of-Freedom Redundant Drive Vehicle With Compliant
Linkage.” Video Proceedings of the 1994 IEEE International Conference on Robotics and
Automation, San Diego, CA, May 8-13.

46. Borenstein, J. and Feng, L., 1994, “UMBmark — A Method for Measuring, Comparing, and
Correcting Dead-reckoning Errors in Mobile Robots.” Technical Report, The University of
Michigan UM-MEAM-94-22, Dec.

47. Borenstein, J., 1995a, “Control and Kinematic Design for Multi-degree-of-freedom Mobile
Robots With Compliant Linkage.”  IEEE Transactions on Robotics and Automation, Vol. 11,
No. 1, Feb., pp. 21-35.

48. Borenstein, J., 1995b, "Internal Correction of Dead-reckoning Errors With the Compliant
Linkage Vehicle." Journal of Robotic Systems, Vol. 12, No. 4, April, pp. 257-273.

49. Borenstein, J. and Koren, Y., 1995, “Error Eliminating Rapid Ultrasonic Firing for Mobile
Robot Obstacle Avoidance.” IEEE Transactions on Robotics and Automation, Vol. 11, No.
1, Feb., pp 132-138.

50. Borenstein, J., Wehe, D., Feng, C., and Koren, Y., 1995, “Mobile Robot Navigation in Narrow
Aisles with Ultrasonic Sensors.” Presented at the ANS 6th Topical Meeting on Robotics and
Remote Systems, Monterey, CA, Feb. 5-10.

51. Borenstein, J. and Feng, L., 1995a, “Measurement and Correction of Systematic Odometry
Errors in Mobile Robots." Accepted for publication as a regular paper in the IEEE
Transactions on Robotics and Automation, Apr. 

52. Borenstein, J. and Feng. L., 1995b, “Correction of Systematic Dead-reckoning Errors in
Mobile Robots.”Proceedings of the 1995 International Conference on Intelligent Robots and
Systems (IROS '95), Pittsburgh, PA, Aug. 5-9, pp.  569-574.

53. Borenstein, J. and Feng. L., 1995c, “UMBmark: A Benchmark Test for Measuring Dead-
reckoning Errors in Mobile Robots.” 1995 SPIE Conference on Mobile Robots, Philadelphia,
October 22-26.

54. Borenstein, J., 1995, Video, “The CLAPPER: A Dual-drive Mobile Robot With Internal
Correction of Dead-reckoning Errors.” Video Proceedings of the 1995 IEEE International
Conference on Robotics and Automation, Nagoya, Japan, May 21-27.

55. Borenstein J. and Feng, L., 1996, "Gyrodometry: A New Method for Combining Data from
Gyros and Odometry in Mobile Robots." Accepted for presentation at the 1996 IEEE
International Conference on Robotics and Automation, Minneapolis, Apr. 22-28, 1996.

56. Brooks, R., 1985, “Visual Map Making for a Mobile Robot.” Proceedings of IEEE
International Conference on Robotics and Automation, St. Louis, MO, March 25-28, pp. 824-
829. 

57. Brown, R.G., Hwang, P.Y.C.,  1992, Introduction to Random Signals and Applied Kalman
Filtering. 2nd ed.,  John Wiley and Sons, New York, NY.

58. Buchberger, M., Jörg, K., and Puttkamer, E., 1993, “Laserradar and Sonar Based World
Modeling and Motion Control for Fast Obstacle Avoidance of the Autonomous Mobile Robot



240 References

MOBOT-IV.” Proceedings of IEEE International Conference on Robotics and Automation,
Atlanta, GA, May 10-15, pp. 534-540. 

59. Buholz, N. and Chodorow, M., 1967, “Acoustic Wave Amplitude Modulation of a Multimode
Ring Laser.” IEEE Journal of Quantum Electronics, Vol. QE-3, No. 11, Nov., pp. 454-459.

60. Bulkeley, D.,  1993, “The Quest for Collision-Free Travel.” Design News, Oct. 4.
61. Burns, W.K., Chen, C.L., and Moeller, R.P., 1983, “Fiber-Optic Gyroscopes with Broad-Band

Sources.” IEEE Journal of Lightwave Technology, Vol. LT-1, p. 98.
62. Byrd, J.S. and DeVries, K.R., 1990, “A Six-Legged Telerobot for Nuclear Applications

Development,  International Journal of Robotics Research, Vol. 9, April, pp. 43-52.
63. Byrne, R.H., 1993, “Global Positioning System Receiver Evaluation Results.” Sandia Report

SAND93-0827, Sandia National Laboratories, Albuquerque, NM, Sept.
64. Byrne, R.H., Klarer, P.R., and Pletta, J.B.,  1992, “Techniques for Autonomous Navigation.”

Sandia Report SAND92-0457, Sandia National Laboratories, Albuquerque, NM, March.
65. Cao, Z., Roning, J., and Hall, E., 1986, “Omnidirectional Vision Navigation Integrating Beacon

Recognition with Positioning.” Proceedings of the 1986 SPIE Conference on Mobile Robots,
Cambridge, MA, Oct. 30-31, pp. 213-220. 

66. Carter, E.F., Ed.,  1966, Dictionary of Inventions and Discoveries, Crane, Russak, and Co.,
New York, NY.

67. Case, M., 1986, “Single Landmark Navigation by Mobile Robot.” Proceedings of the 1986
SPIE Conference on Mobile Robots, Cambridge, MA, Oct. 30-31, pp. 231-237. 

68. Chao, S., Lim, W.L., and Hammond, J.A., 1984, “Lock-in Growth in a Ring Laser Gyro.”
Proceedings, Physics and Optical Ring Gyros Conference, SPIE Vol 487, Snowbird, UT,
January, pp. 50-57.

69. Chen, H.H., 1991, “Pose Estimation from Line-to-Plane Correspondences.” IEEE Transaction
on Pattern Analysis and Machine Intelligence, vol. 13, no. 6, pp. 530-541.

70. Chen, S. and Tsai, W., 1991, “Determination of Robot Locations by Common Object Shapes.”
IEEE Transactions on Robotics and Automation, Vol. 7, No. 1, pp. 149-156.

71. Chen, Y.D., Ni, J., and Wu, S.M.,  1993, “Dynamic Calibration and Compensation of a 3D
Lasar Radar Scanning System.”  IEEE International Conference on Robotics and Automation,
Atlanta, GA, Vol. 3, May, pp. 652-664.

72. Chenavier, F. and Crowley, J., 1992, “Position Estimation for a Mobile Robot Using Vision
and Odometry.” Proceedings of IEEE International Conference on Robotics and Automation,
Nice, France, May 12-14, pp. 2588-2593. 

73. Chesnoy, J., 1989, “Picosecond Gyrolaser.” Optics Letters, Vol 14, No. 18, Sept., pp. 990-
992.

74. Chow, W.W., Gea-Banacloche, J., Pedrotti, L.M., Sanders, V.E., Schleich, W., and Scully,
M.O., 1985, “The Ring Laser Gyro.”  Reviews of Modern Physics, Vol. 57, No. 1, January, pp.
61-104.



References 241

75. Christian, W.R.and Rosker, M.J., 1991, “Picosecond Pulsed Diode Ring Laser Gyroscope.”
Optics Letters, Vol. 16, No. 20, Oct., pp. 1587-1589.

76. Clark, R.R.,  1994, “A Laser Distance Measurement Sensor for Industry and Robotics.”
Sensors, June, pp. 43-50.

77. Cohen, C. and Koss, F., 1992, “A Comprehensive Study of Three Object Triangulation.”
Proceedings of the 1993 SPIE Conference on Mobile Robots, Boston, MA, Nov. 18-20, pp.
95-106. 

78. Congdon, C., et al, 1993,  CARMEL Versus FLAKEY — A Comparison of Two Winners. AI
Magazine, Winter, pp. 49-56.

79. Conrad, D.J. and Sampson, R.E.,  1990, “3D Range Imaging Sensors.”  in Traditional and
Non-Traditional Robotic Sensors, T.C. Henderson, ed., NATO ASI Series, Vol. F63, Springer-
Verlag, pp. 35-47.

80. Cooper, S. and Durrant-Whyte, H., 1994, “A Kalman Filter for GPS Navigation of Land
Vehicles.” 1994 International Conference on Intelligent Robots and Systems (IROS '94).
Munich, Germany, Sept. 12-16, pp. 157-163. 

81. Courtney, J. and Jain, A., 1994, “Mobile Robot Localization via Classification of Multisensor
Maps.” Proceedings of IEEE International Conference on Robotics and Automation, San
Diego, CA, May 8-13, pp. 1672-1678. 

82. Cox, I.J.,  1991, “Blanche - An Experiment in Guidance and Navigation of an Autonomous
Mobile Robot.” IEEE Transactions Robotics and Automation, 7(3), pp. 193-204. 

83. Crowley, J., 1989, “World Modeling and Position Estimation for a Mobile Robot Using
Ultrasonic Ranging.” Proceedings of IEEE International Conference on Robotics and
Automation, Scottsdale, AZ, May 14-19, pp. 674-680. 

84. Crowley, J.L. and Reignier, P., 1992, “Asynchronous Control of Rotation and Translation for
a Robot Vehicle.” Robotics and Autonomous Systems, Vol. 10, pp. 243-251.

85. DeCorte, C., 1994, “Robots Train for Security Surveillance.” Access Control, June, pp. 37-38.
86. Deveza, R., Thiel, D., Russell, R.A., and Mackay-Sim, A., 1994, “Odour Sensing for Robot

Guidance.” The International Journal of Robotics Research, Vol. 13, No. 3, June, pp. 232-
239.

87. D'Orazio, T., Capozzo, L., Ianigro, M., and Distante, A., 1993, “Model Based Vision System
for Mobile Robot Position Estimation.” Proceedings of the 1993 SPIE Conference on Mobile
Robots, Boston, MA,  Sept. 9-10, pp. 38-49. 

88. D'Orazio, T., Distante, A., Attolico, G., Caponetti, L., and Stella, E., 1991, “A Vision
Algorithm for Mobile Vehicle Navigation.” Proceedings of the 1991 SPIE Conference on
Mobile Robots, Boston, MA,  Nov. 14-15, pp. 302-309. 

89. D'Orazio, T., Ianigro, M., Stella, E., Lovergine, F., and Distante, A., 1993, “Mobile Robot
Navigation by Multi-Sensory Integration.” Proceedings of IEEE International Conference on
Robotics and Automation, Atlanta, GA, May 10-15, pp. 373-379. 



242 References

90. Dahlin, T. and Krantz, D.,  1988, “Low-Cost, Medium-Accuracy Land Navigation System.”
Sensors, Feb.,  pp. 26-34.

91. Depkovich, T. and Wolfe, W.,  1984, “Definition of Requirements and Components for a
Robotic Locating System.”  Final Report No. MCR-83-669, Martin Marietta Aerospace,
Denver, CO, February.

92. Dibburn, U. and Petersen, A.,  1983, “The Magnetoresistive Sensor - A Sensitive Device for
Detecting Magnetic Field Variations.”  Electronic Components and Applications, Vol. 5, No.
3, June.

93. Dodington, S.H., 1989, “Electronic Navigation Systems.” Electronic Engineer’s Handbook,
D. Christiansen and D. Fink, eds., 3rd edition, McGraw Hill, New York, pp. 76-95.

94. Dunlap, G.D. and Shufeldt, H.H., Dutton’s Navigation and Piloting,  Naval Institute Press, pp.
557-579.

95. Durieu, C., Clergeot, H., and Monteil, F., 1989, “Localization of a Mobile Robot with Beacons
Taking Erroneous Data Into Account.” Proceedings of IEEE International Conference on
Robotics and Automation, Scottsdale, AZ, May 14-19, pp. 1062-1068. 

96. Duchnowski, L.J.,  1992, “Vehicle and Driver Analysis with Real-Time Precision Location
Techniques.” Sensors, May, pp. 40-47.

97. Edlinger, T. and Puttkamer, E., 1994, “Exploration of an Indoor Environment by an
Autonomous Mobile Robot.” International Conference on Intelligent Robots and Systems
(IROS '94). Munich, Germany, Sept. 12-16, pp. 1278-1284. 

98. Elfes, A., 1987, “Sonar-Based Real-World Mapping and Navigation.” IEEE Journal of
Robotics and Automation, Vol. RA-3, No. 3, pp. 249-265.

99. Elfes, A., 1989, “Using Occupancy Grids for Mobile Robot Perception and Navigation.”
Computer, June, pp. 46-57.

100. Ellowitz, H.I., 1992, “The Global Positioning System.” Microwave Journal, April, pp. 24-33.
101. Engelson, S. and McDermott, D., 1992, “Error Correction in Mobile Robot Map Learning.”

Proceedings of IEEE International Conference on Robotics and Automation, Nice, France,
May 12-14, pp. 2555-2560. 

102. Evans, J. M., 1994, “HelpMate: An Autonomous Mobile Robot Courier for Hospitals.” 1994
International Conference on Intelligent Robots and Systems (IROS '94). Munich, Germany,
Sept. 12-16, pp. 1695-1700.

103. Everett, H.R.,  1982, “A Computer Controlled Autonomous Sentry Robot.”  Masters Thesis,
Naval Postgraduate School, Monterey, CA, October. 

104. Everett, H.R.,  1985, “A Multi-Element Ultrasonic Ranging Array.”  Robotics Age, July, pp.
13-20.

105. Everett, H.R., Gilbreth, G.A., Tran, T., and Nieusma, J.M., 1990, “Modeling the Environment
of a Mobile Security Robot.” Technical Document 1835, Naval Command Control and Ocean
Surveillance Center, San Diego, CA, June.



References 243

106. Everett, H.R., Gage, D.W., Gilbreth, G.A., Laird, R.T., and Smurlo, R.P., 1994, “Real-World
Issues in Warehouse Navigation.” Proceedings SPIE Mobile Robots IX, Volume 2352, Boston,
MA, Nov.2-4.

107. Everett, H. R., 1995, Sensors for Mobile Robots: Theory and Application, ISBN
1-56881-048-2, A K Peters, Ltd., Wellesley, MA.

108. Ezekial, S. and Arditty, H.J., Ed., "Fiber Optic Rotation Sensors and Related Technologies."
Proceedings of the First International Conference, MIT, Springer-Verlag, New York. 

109. Fan, Z., Borenstein, J., Wehe,  D., and Koren, Y., 1994, “Experimental Evaluation of an
Encoder Trailer for Dead-reckoning in Tracked Mobile Robots.” Technical Report, The
University of Michigan, UM-MEAM-94-24, December.

110. Fan, Z., Borenstein, J., Wehe, D., and Koren, Y.,1995, “Experimental Evaluation of an
Encoder Trailer for Dead-reckoning in Tracked Mobile Robots” To be presented at the 10th
IEEE International Symposium on Intelligent Control, Aug. 27-29.

111. Feng, L., Koren, Y., and Borenstein, J., 1994, “A Model-Reference Adaptive Motion
Controller for a Differential-Drive Mobile Robot.” Proceedings of IEEE International
Conference on Robotics and Automation, San Diego, CA, May 8-13, pp. 3091-3096. 

112. Feng, L., Fainman, Y., and Koren, Y., 1992, “Estimate of Absolute Position of Mobile Systems
by Opto-electronic Processor,” IEEE Transactions on Man, Machine and Cybernetics, Vol.
22, No. 5, pp. 954-963. 

113. Fenn, R.C., Gerver, M.J., Hockney, R.L., and Johnson, B.G., 1992, “Microfabricated
Magnetometer Using Young’s Modulous Changes in Magnetoelastic Materials.” SPIE Vol.
1694.

114. Fennema, C., Hanson, A., Riseman, E., Beveridge,  J.R., and Kumar, R., 1990,
“Model-Directed Mobile Robot Navigation.” IEEE Transactions on Systems, Man, and
Cybernetics, vol 20, no 6, November, pp. 1352-1369.

115. Figueroa, J.F. and Lamancusa, J.S., 1992, “A Method for Accurate Detection of Time of
Arrival:  Analysis and Design of an Ultrasonic Ranging System.” Journal of the Acoustical
Society of America, Vol. 91, No. 1, January, pp. 486-494.

116. Figueroa, J.F., Doussis, E., and Barbieri, E.,  1992, “Ultrasonic Ranging System for 3-D
Tracking of a Moving Target.”  92-WA/DSC-3, Proceedings, Winter Annual Meeting,
American Society of Mechanical Engineers, Anaheim, CA, November.

117. Figueroa, J.F. and Barbieri, E., 1991, “Increased Measurement Range Via Frequency Division
in Ultrasonic Phase Detection Methods.” Acustica, Vol. 73, pp. 47-49.

118. Figueroa, J.F. and Mahajan, A., 1994, “A Robust Navigation System for Autonomous Vehicles
Using Ultrasonics.”  Control Engineering Practice, Vol. 2, No. 1, pp. 49-59.

119. Fischler, M.A. and Bolles, R.C. , 1981, “Random Sample Consensus: A Paradigm for Model
Fitting with Application to Image Analysis and Automated Cartography.” Commumination
ACM, vol. 24, no. 6, pp. 381-395.



244 References

120. Fisher, D., Holland, J.M., and Kennedy, K.F.,  1994, “K3A Marks Third Generation Synchro-
Drive.” American Nuclear Society Winter Meeting, Proceedings of Robotics and Remote
Systems, New Orleans, LA, June.

121. Fleury, S. and Baron, T., 1992, “Absolute External Mobile Robot Localization Using a Single
Image.” Proceedings of the 1992 SPIE Conference on Mobile Robots, Boston, MA,  Nov. 18-
20, pp. 131-143. 

122. Fox, K., 1993, “Indoor Robots Starts Flying Blind.” Science, Vol. 261, Aug. 6, pp. 685. 
123. Fraden, J., 1993, AIP Handbook of Modern Sensors, ed., Radebaugh, R., American Institute

of Physics, New York.
124. Frederiksen, T.M. and Howard, W.M.,  1974, “A Single-Chip Monolithic Sonar System.”

IEEE Journal of Solid State Circuits, Vol. SC-9, No. 6, December.
125. Fukui, I., 1981, “TV Image Processing to Determine the Position of a Robot Vehicle.” Pattern

Recognition, Vol. 14, pp. 101-109.
126. Ganapathy, S., 1984, “Decomposition of Transformation Matrices for Robot Vision.”

Proceedings of the IEEE International Conference on Robotics and Automation, pp. 130-139.
127. Getting, I.A., 1993, “The Global Positioning System,” IEE Spectrum, December, pp. 36-47.
128. Geyger, W.A., 1957, Magnetic Amplifier Circuits, 2  ed., McGraw-Hill, New York.nd

129. Gilbert, W., 1992, “De Magnete.” 1600. (Translation:  P.F. Mottelay, John Wiley, 1893.)
130. Gonzalez, J., Stentz, A., and Ollero, A., 1992, “An Iconic Position Estimator for a 2D Laser

RangeFinder.” Proceedings of IEEE International Conference on Robotics and Automation,
Nice, France, May 12-14, pp. 2646-2651.

131. Gonzalez, R. and Wintz, P.,  1977, “Digital Image Processing.” Addison-Wesley, Reading,
MA.

132. Gonzalez, J., Ollero, A., and Reina, A., 1994, “Map Building for a Mobile Robot Equipped
with a 2D Laser Rangefinder.” Proceedings of IEEE International Conference on Robotics
and Automation, San Diego, CA, May 8-13, pp. 1904-1909. 

133. Gothard, B.M., Etersky, R.D., and Ewing, R.E., 1993, “Lessons Learned on a Low-Cost
Global Navigation System for the Surrogate Semi-Autonomous Vehicle.” SPIE Proceedings,
Vol. 2058, Mobile Robots VIII, pp. 258-269.

134. Gould, L.,  1990, “Is Off-Wire Guidance Alive or Dead?”  Managing Automation, May, pp.
38-40.

135. Gourley, C. and Trivedi, M., 1994, “Sensor Based Obstacle Avoidance and Mapping for Fast
Mobile Robots.” Proceedings of IEEE International Conference on Robotics and Automation,
San Diego, CA, May 8-13, pp. 1306-1311. 

136. GPS Report. November 5, 1992. Potomac, MD: Phillips Business Information.
137. Grenoble, B., 1990, “Sensor and Logic Form Digital Compass.”  Electronic Design News, Dec.

6, pp. 228-229.



References 245

138. Gunther, J., 1994, “Robot Asks, Where Am I?” Popular Science, Feb., pp. 32. 
139. Hager, G. and Atiya, S., 1993, “Real-Time Vision-Based Robot Localization.” IEEE

Transaction on Robotics and Automation, vol. 9, no. 6, pp. 785-800.
140. Hammond, W., 1993, “Smart Collision Avoidance Sonar Surpasses Conventional Systems.”

Industrial Vehicle Technology ‘93:  Annual Review of Industrial Vehicle Design and
Engineering, UK and International Press, pp. 64-66.

141. Haralick R.M. et al., 1989, “Pose Estimation from Corresponding Point Data.” IEEE
Transactions on Systems, Man, and Cybernetics, vol 19, no 6, pp. 1426-1445.

142. Harmon, S.Y., 1986, “USMC Ground Surveillance Robot (GSR): Lessons Learned.”  Mobile
Robots, SPIE Vol. 727, Cambridge, MA, pp. 336-343.

143. Harris, J.C., 1994, “An Infogeometric Approach to Telerobotics,” Proceedings, IEEE National
Telesystems Conference, San Diego, CA, May, pp. 153- 156.

144. Henkel, S.L., 1987, “Optical Encoders: A Review.” Sensors, September, pp. 9-12.
145. Henkel, S.L.,  1994, “GMR Materials Advance Magnetic Field Detection.” Sensors, June, p.8.
146. Hine, A., 1968, Magnetic Compasses and Magnetometers, Adam Hilger Ltd., London.
147. Hinkel, R. and Knieriemen, T., 1988, “Environment Perception with a Laser Radar in a Fast

Moving Robot.” Symposium on Robot Control 1988 (SYROCO '88), Karlsruhe, Germany,
October 5-7, pp. 68.1 - 68.7.

148. Holenstein, A., Muller, M., and Badreddin, E., 1992, “Mobile Robot Localization in a
Structured Environment Cluttered with Obstacles.” Proceedings of IEEE International
Conference on Robotics and Automation, Nice, France, May 12-14, pp. 2576-2581. 

149. Holland, J.M., 1983, Basic Robotics Concepts,  Howard W. Sams, Macmillan, Inc.,
Indianapolis, IN. 

150. Holle, S.,  1990, “Incremental Encoder Basics.”  Sensors, April, pp. 22-30.
151. Hollingum, J., 1991, “Caterpillar make the earth move: automatically.” The Industrial Robot,

Vol. 18, No. 2, pp. 15-18.
152. Hongo, T., Arakawa, H., Sugimoto, G., Tange, K., and Yamamoto, Y., 1987, “An Automated

Guidance System of a Self-Controlled Vehicle.”  IEEE Transactions on Industrial Electronics,
Vol. IE-34, No. 1, pp. 5-10. 

153. Hoppen, P., Knieriemen, T., and Puttkamer, E., 1990, “Laser-Radar Based Mapping and
Navigation for an Autonomous Mobile Robot.” Proceedings of IEEE International Conference
on Robotics and Automation, Cincinnati, OH, May 13-18, pp. 948-953. 

154. Hurn, J., 1993, GPS, A Guide to the Next Utility, No. 16778, Trimble Navigation, Sunnyvale,
CA, Nov.

155. Institute of Navigation. 1992. Class notes from "Introduction to GPS/INS Integration,"
Institute of Navigation GPS-92 Conference, Tutorials, Albuquerque, NM, September 14-15,
1992. Arlington, VA: Navtech Seminars, Inc.



246 References

156. Janet, J., Luo, R., Aras, C., and Kay, M., 1993, “Sonar Windows and Geometrically
Represented Objects for Mobile Robot Self-Referencing.” Proceedings of the 1993 IEEE/RSJ
International Conference on Intelligent Robotics and Systems, Yokohama, Japan, July 26-30,
pp. 1324-1331. 

157. Jenkin, M., Milios, E., Jasiobedzki, P., Bains, N., and Tran, K., 1993, “Global Navigation for
ARK.” Proceedings of the 1993 IEEE/RSJ International Conference on Intelligent Robotics
and Systems, Yokohama, Japan, July 26-30, pp. 2165-2171. 

158. Jörg, K.W., 1994, “Echtzeitfähige Multisensorintegration für autonome mobile Roboter.”
ISBN 3-411-16951-6, B.I. Wissenschaftsverlag, Mannheim, Leipzig, Wien, Zürich.

159. Jörg, K.W., 1995, “World Modeling for an Autonomous Mobile Robot Using Heterogenous
Sensor Information.” Robotics and Autonomous Systems, Vol. 14, pp. 159-170.

160. Jones, J.L. and Flynn, A., 1993, Mobile Robots: Inspiration to Implementation. ISBN 1-
56881-011-3, A K Peters, Ltd. Wellesley, MA.

161. Kabuka, M and Arenas, A., 1987, “Position Verification of a Mobile Robot Using Standard
Pattern.” IEEE Journal of Robotics and Automation, Vol. RA-3, No. 6, pp. 505-516. 

162. Kadonoff, M.B., 1986, “Navigation Techniques for the Denning Sentry.”MS86-757, RI/SME
2  International Conference on Robotics Research, Scottsdale, AZ, August.nd

163. Kak, A., Andress, K., Lopez-Abadia, and Carroll, M., 1990, “Hierarchical Evidence
Accumulation in the PSEIKI System and Experiments in Model-driven Mobile Robot
Navigation.” in Uncertainty in Artificial Intelligence, Vol. 5, Elsevier Science Publishers B.
V., North-Holland, pp. 353-369. 

164. Kay, M. and Luo, R., 1993, “Global Vision for the Control of Free-Ranging AGV Systems.”
Proceedings of IEEE International Conference on Robotics and Automation, Atlanta, GA,
May 10-15, pp. 14-19. 

165. Kenny, T.W., Waltman, S.B., Reynolds, J.K., and Kaiser, W.J., 1991, “Micromachined Silicon
Tunnel Sensor for Motion Detection.” Applied Physics Letters, Vol. 58, No. 1, January.

166. Kerr, J.R.,  1988, “Real Time Imaging Rangefinder for Autonomous Land Vehicles.”  SPIE
Vol. 1007, Mobile Robots III, Cambridge, MA, November,  pp. 349-356.

167. Kihara, M. and Okada, T., 1984, “A Satellite Selection Method and Accuracy for the Global
Positioning System.” Navigation: Journal of the Institute of Navigation, Vol. 31, No. 1,
Spring., pp. 8-20.

168. Killough, S.M., Pin, F.G.,  1992, “Design of an Omnidirectional Holonomic Wheeled Platform
Prototype.” Proceedings of the IEEE Conference on Robotics and Automation, Nice, France,
May, pp. 84-90.

169. Kim, E.J., 1986, “Design of a Phased Sonar Array for a Mobile Robot.” Bachelor's Thesis,
MIT, Cambridge, MA, May.

170. King, S. and Weiman, C., 1990, “HelpMate Autonomous Mobile Robot Navigation System.”
Proceedings of the 1990 SPIE Conference on Mobile Robots, Boston, MA, Nov. 8-9, pp. 190-
198. 



References 247

171. Klarer, P.R., 1988, “Simple 2-D Navigation for Wheeled Vehicles.”  Sandia Report SAND88-
0540, Sandia National Laboratories, Albuquerque, NM, April.

172. Kleeman, L., 1992, “Optimal Estimation of Position and Heading for Mobile Robots Using
Ultrasonic Beacons and Dead-reckoning.” Proceedings of IEEE International Conference on
Robotics and Automation, Nice, France, May 12-14, pp. 2582-2587. 

173. Kleeman, L. and Russell, R., 1993, “Thermal Path Following Robot Vehicle: Sensor Design
and Motion Control.” Proceedings of the 1993 IEEE/RSJ International Conference on
Intelligent Robotics and Systems, Yokohama, Japan, July 26-30, pp. 1319-1323. 

174. Koenigsburg, W.D., 1982, “Noncontact Distance Sensor Technology.”  GTE Laboratories,
Inc., 40 Sylvan Rd., Waltham, MA, 02254, March, pp. 519-531.

175. Komoriya, K. and Oyama, E., 1994, “Position Estimation of a Mobile Robot Using Optical
Fiber Gyroscope (OFG).” International Conference on Intelligent Robots and Systems (IROS
'94). Munich, Germany, Sept. 12-16, pp. 143-149.

176. Koper, J.G., 1987, “A Three-Axis Ring Laser Gyroscope,” Sensors, March, pp. 8-21.
177. Kortenkamp, D. and Weymouth, T., 1994, “Combining Sonar and Vision Sensing in the

Construction and Use of Topological Maps for Mobile Robots.” Submitted to the IEEE
Transactions on Robotics and Automation. 

178. Krotkov, E., 1991, “Mobile Robot Localization Using a Single Image.” Proceedings of IEEE
International Conference on Robotics and Automation, Sacramento, CA, April 9-11, pp. 978-
983. 

179. Kumar, 1988, “Determination of the Camera Location and Orientation.” Proc. Image
Understanding Workshop 88, pp. 870-881.

180. Kuc, R., and Siegel, M.W., 1987, “A physically-based simulation model for acoustic sensor
robot navigation.” IEEE Trans. Pattern Analysis and Machine Intelligence PAMI-9, No. 6,
pp. 766 -778.

181. Kwiatkowski, W. and Tumanski, S.,  1986, “The Permalloy Magnetoresistive Sensors -
Properties and Applications.”  J. Phys. E: Sci. Instrum., Vol. 19, pp. 502-515.

182. La, W.H.T., Koogle, T.A., Jaffe, D.L., and Leifer, L.J., 1981, “Microcomputer-Controlled
Omnidirectional Mechanism for Wheelchairs.”  Proceedings, IEEE Frontiers of Engineering
in Health Care, CH1621-2/81/0000-0326.

183. Langer, D. and Thorpe, C.,  1992, “Sonar Based Outdoor Vehicle Navigation and Collision
Avoidance.” International Conference on Intelligent Robots and Systems, IROS ‘92, Raleigh,
NC, July.

184. Langley, R.B., 1991, “The Mathematics of GPS.” GPS World, July/Aug., pp. 45-49.
185. Lapin, B., 1992, “Adaptive Position Estimation for an Automated Guided Vehicle.”

Proceedings of the 1992 SPIE Conference on Mobile Robots, Boston, MA, Nov. 18-20, pp.
82-94.

186. Larson, T.R. and Boltinghouse, S.,  1988, “Robotic Navigation Within Complex Structures.”
SPIE Vol. 1007, Mobile Robots III, Cambridge, MA, Nov., pp. 339-348.



248 References

187. Larsson, U., Zell, C., Hyyppa, K., and Wernersson, A., 1994, “Navigating an Articulated
Vehicle and Reversing with a Trailer.” Proceedings of IEEE International Conference on
Robotics and Automation, San Diego, CA, May 8-13, pp. 2398-2404. 

188. Lefevre, H.C., 1992, “The Interferometric Fiber-Optic Gyroscope.” in Fiber Optic Sensors,
Udd, E., Editor, Vol. CR44, SPIE Optical Engineering Press, Bellingham, WA, Sept.

189. Lenz, J.E., 1990, “A Review of Magnetic Sensors.” Proceedings of the IEEE, Vol. 78, No. 6,
June.

190. Lenz, R.K. and Tsai, R.Y., 1988, “Techniques for Calibration of the Scale Factor and Image
Center for High Accuracy 3-D Machine Vision Metrology.” IEEE Transaction on Pattern
Analysis and Machine Intelligence, vol. 10, no. 5, pp. 713-720.

191. Leonard, J. and Durrant-Whyte, H.F., 1990, “Application of Multi-Target Tracking to Sonar-
Based Mobile Robot Navigation.” International Conference on Decision and Control.

192. Leonard, J. and Durrant-Whyte, H. F., 1991, “Mobile Robot Localization by Tracking
Geometric Beacons.” IEEE Transactions on Robotics and Automation, Vol. 7, No. 3, pp. 376-
382.

193. Lewis, R.A. and Johnson, A.R., 1977, “A Scanning Laser Rangefinder for a Robotic Vehicle.”
5th International Joint Conference on Artificial Intelligence, pp. 762-768.

194. Liu, Y., Huang, T.S., and Faugeras, O.D., 1990, “Determination of Camera Location from 2-D
to 3-D Line and Point Correspondence.” IEEE Transaction on Pattern Analysis and Machine
Intelligence, vol. 12, no. 1, pp. 28-37, 1990.

195. MacLeod, E. and Chiarella, M., 1993, “Navigation and Control Breakthrough for Automated
Mobility.” Proceedings of the 1993 SPIE Conference on Mobile Robots, Boston, MA, Sept.
9-10, pp. 57-68.

196. Maddox, J., 1994, “Smart Navigation Sensors for Automatic Guided Vehicles.” Sensors, April,
pp. 48-50.

197. Maenaka, K., Ohgusu, T., Ishida, M., and Nakamura, T., 1987, “Novel Vertical Hall Cells in
Standard Bipolar Technology, Electronic Letters, Vol. 23, pp. 1104-1105. 

198. Maenaka, K., Tsukahara, M., and Nakamura, T., 1990, “Monolithic Silicon Magnetic
Compass.” Sensors and Actuators, pp. 747-750.

199. Magee, M. and Aggarwal, J., 1984, “Determining the Position of a Robot Using a Single
Calibrated Object.” Proceedings of IEEE International Conference on Robotics and
Automation, Atlanta, GA, March 13-15, pp. 140-149. 

200. Mahajan, A.,  1992, “A Navigation System for Guidance and Control of Autonomous Vehicles
Based on an Ultrasonic 3-D Location System.”  Master’s Thesis, Mechanical Engineering
Department, Tulane University, July.

201. Manolis, S., 1993, “Resolvers vs. Rotary Encoders For Motor Commutation and Position
Feedback.” Sensors, March, pp. 29-32.

202. Martin, G.J., 1986, “Gyroscopes May Cease Spinning.”  IEEE Spectrum, February, pp. 48-53.



References 249

203. Mataric, M., 1990, “Environment Learning Using a Distributed Representation.” Proceedings
of IEEE International Conference on Robotics and Automation, Cincinnati, OH, May 13-18,
pp. 402-406. 

204. Matsuda, T. and  Yoshikawa, E., 1989, “Z-shaped Position Correcting Landmark for AGVs.”
Proceedings of the 28th SICE Annual Conference, July 25-27, pp. 425-426.

205. Matsuda T. et al., 1989, “Method of Guiding an Unmanned Vehicle.” U.S. Patent  #4,866,617.
Issued Sep.12.

206. Matthies, L. and Shafer, S.A., 1987, “Error Handling in Stereo Navigation.” IEEE Transaction
on Robotics and Automation, vol. 3, pp. 239-248.

207. McGillem, C. and Rappaport, T., 1988, “Infra-red Location System for Navigation of
Autonomous Vehicles.” Proceedings of IEEE International Conference on Robotics and
Automation, Philadelphia, PA, April 24-29, pp. 1236-1238. 

208. McPherson, J.A., 1991, “Engineering and Design Applications of Differential Global
Positioning Systems (DGPS) for Hydrographic Survey and Dredge Positioning.” Engineering
Technical Letter No 1110-1-150, US Army Corps of Engineers, Washington, DC, July 1.

209. Menegozzi, L.N., Lamb, W.E., 1973, “Theory of a Ring Laser.”  Physical Review A, Vol. 1,
No. 4, October, pp. 2103-2125.

210. Mesaki, Y. and Masuda, I., 1992, “A New Mobile Robot Guidance System Using Optical
Reflectors.” Proceedings of the 1992 IEEE/RSJ International Conference on Intelligent
Robots and Systems, Raleigh, NC, July 7-10, pp. 628-635. 

211. Miller, G.L. and Wagner, E.R., 1987, “An Optical Rangefinder for Autonomous Robot Cart
Navigation.”  Proceedings of the Advances in Intelligent Robotic Systems: SPIE Mobile
Robots II. 

212. Moravec, H.P., 1981, “Robot Rover Visual Navigation.” UMI Research Press, Ann Arbor,
Michigan.

213. Moravec, H.P. and Elfes, A., 1985, “High Resolution Maps from Wide Angle Sonar.” Proceed-
ings of the IEEE Conference on Robotics and Automation, Washington, D.C., pp. 116-121.

214. Moravec, H.P., 1988, “Sensor Fusion in Certainty Grids for Mobile Robots.” AI Magazine,
Summer, pp. 61-74.

215. Motazed, B., 1993, “Measure of the Accuracy of Navigational Sensors for Autonomous Path
Tracking.” Proceedings, SPIE Vol. 2058, Mobile Robots VIII, pp. 240-249.

216. Murray, C., 1991, “AGVs Go Wireless.” Design News, June, pp. 27-28. 
217. Nickson, P.,  1985, “Solid-State Tachometry.”  Sensors, April, pp. 23-26.
218. Nishide, K., Hanawa, M., and Kondo, T., 1986, “Automatic Position Findings of Vehicle by

Means of Laser.” Proceedings of IEEE International Conference on Robotics and Automation,
San Francisco, CA, Apr. 7-10, pp. 1343-1348. 

219. Nitzan, D. et al. 1977, “The Measurement and Use of Registered Reflectance and Range Data
in Scene Analysis.” Proceedings of IEEE, Vol. 65, No. 2, Feb., pp. 206-220.



250 References

220. Nolan, D.A., Blaszyk, P.E., and Udd, E., 1991, “Optical Fibers." Fiber Optic Sensors: An
Introduction for Engineers and Scientists, E. Udd, Ed., John Wiley and Sons, Inc., New York,
pp. 9-26.

221. Parish, D. and Grabbe, R., 1993, “Robust Exterior Autonomous Navigation.” Proceedings of
the 1993 SPIE Conference on Mobile Robots, Boston, MA, Sept. 9-10, pp. 280-291. 

222. Patterson, M.R., Reidy, J.J., and Rudolph, R.C., 1984, “Guidance and Actuation Systems for
an Adaptive-Suspension Vehicle.” Final Technical Report, Battelle Columbus Division, OH,
AD#A139111, March 20.

223. Pessen, D.W., 1989, “Industrial Automation.”  ISBN 0-471-60071-7, John Wiley and Sons,
Inc.

224. Petersen, A., 1989, “Magnetoresistive Sensors for Navigation.”  Proceedings, 7th
International Conference on Automotive Electronics, London, England, Oct, pp. 87-92.

225. Pin, F.G. and Killough, M., 1994, “A New Family of Omnidirectional and Holonomic Wheeled
Platforms for Mobile Robots.” IEEE Transactions on Robotics and Automation, Vol. 10, No.
4, Aug., pp. 480-489.

226. Pin, F.G. et al., 1989, “Autonomous Mobile Robot Research Using the HERMIES-III Robot.”
IROS International Conference on Intelligent Robot and Systems, Tsukuba, Japan, Sept.

227. Pin, F.G. and Watanabe, Y.,  1993, “Using Fuzzy Behaviors for the Outdoor Navigation of a
Car with Low-Resolution Sensors.”  IEEE International Conference on Robotics and
Automation, Atlanta, Georgia, May 2-7, pp. 548-553.

228. Pletta, J.B., Amai, W.A., Klarer, P., Frank, D., Carlson, J., and Byrne, R., 1992, “The Remote
Security Station (RSS) Final Report.” Sandia Report SAND92-1947 for DOE under Contract
DE-AC04-76DP00789, Sandia National Laboratories, Albuquerque, NM, Oct.

229. Premi, K.S. and Besant, C.B., 1983, “A Review of Various Vehicle Guidance Techiques That
Can be Used by Mobile Robots or AGVS.” 2nd International Conference on Automated
Guided Vehicle Systems, Stuttgart, Germany, June.

230. Primdahl, F., 1970, “The Fluxgate Mechanism, Part I:  The Gating Curves of Parallel and
Orthogonal Fluxgates.” IEEE Transactions on Magnetics, Vol. MAG-6, No. 2, June.

231. Primdahl, F., 1979, “The Fluxgate Magnetometer.” J. Phys. E: Sci. Instrum., Vol. 12, pp. 241-
253.

232. Purkey, M., 1994, “On Target.” Golf Magazine, May, pp. 120-121.
233. Raschke, U. and Borenstein, J., 1990, “A Comparison of Grid-type Map-building Techniques

by Index of Performance.” Proceedings of IEEE International Conference on Robotics and
Automation, Cincinnati, CA, May 13-18, pp. 1828-1832. 

234. Reister, D.B., 1991, “A New Wheel Control System for the Omnidirectional HERMIES-III
Robot.” Proceedings of the IEEE Conference on Robotics and Automation, Sacramento,
California, April 7-12, pp. 2322-2327. 



References 251

235. Reister, D.B. et al., 1991, “DEMO 89 —  The Initial Experiment With the HERMIES-III
Robot.”  Proceedings of the 1991 IEEE Conference on Robotics and Automation Sacramento,
California, April, pp. 2562-2567. 

236. Reister, D.B. and Unseren, M.A., 1992, “Position and Force Control of a Vehicle with Two
or More Steerable Drive Wheels.” Internal Report ORNL/TM-12193, Oak Ridge National
Laboratories.

237. Reister, D.B. and Unseren, M.A., 1993, “Position and Constraint Force Control of a Vehicle
with Two or More Steerable Drive Wheels.” IEEE Transactions on Robotics and
Automation.Vol. 9, No. 6, December, pp. 723-731.

238. Rencken, W.D., 1993, “Concurrent Localization and Map Building for Mobile Robots Using
Ultrasonic Sensors.” Proceedings of the 1993 IEEE/RSJ International Conference on
Intelligent Robotics and Systems, Yokohama, Japan, July 26-30, pp. 2192-2197. 

239. Rencken, W.D., 1994, “Autonomous Sonar Navigation in Indoor, Unknown, and Unstructured
Environments."1994 International Conference on Intelligent Robots and Systems (IROS '94).
Munich, Germany, Sept. 12-16, pp. 127-134. 

240. Reunert, M.K., 1993, “Fiber Optic Gyroscopes: Principles and Applications.” Sensors, August,
pp. 37-38.

241. Russell, R.A., Thiel, D., and Mackay-Sim, A., 1994, “Sensing Odor Trails for Mobile Robot
Navigation.” Proceedings of IEEE International Conference on Robotics and Automation, San
Diego, CA, May 8-13, pp. 2672-2677.

242. Russell, R.A. 1993, “Mobile Robot Guidance Using a Short-lived Heat Trail.” Robotica, Vol
11, Part 5, pp. 427-431.

243. Russell, R.A., 1995a, “A Practical Demonstration of the Application of Olfactory Sensing to
Robot Navigation.” Proceedings of the International Advanced Robotics Programme (IARP),
Sydney, Australia, May 18-19, pp. 35-43.

244. Russell, R.A., 1995b, "Laying and Sensing Odor Markings as a Strategy for Assisting Mobile
Robot Navigation Tasks." IEEE Robotics and Automation Magazine, Vol. 2, No. 3, Sept., pp.
3-9.

245. Sabatini, A. and Benedetto, O., 1994, “Towards a Robust Methodology for Mobile Robot
Localization Using Sonar.” Proceedings of IEEE International Conference on Robotics and
Automation, San Diego, CA, May 8-13, pp. 3142-3147. 

246. Sagnac, G.M., 1913, “L’ether lumineux demontre par l’effet du vent relatif d’ether dans un
interferometre en rotation uniforme.” C.R. Academy of Science, 95, pp. 708-710.

247. Sammarco, J.J.,  1994, “A Navigational System for Continuous Mining Machines.” Sensors,
Jan., pp. 11-17.

248. Sammarco, J.J.,  1990, “Mining Machine Orientation Control Based on Inertial, Gravitational,
and Magnetic Sensors.”  Report of Investigations 9326, US Bureau of Mines, Pittsburgh, PA.



252 References

249. Sanders, G.A., 1992, “Critical Review of Resonator Fiber Optic Gyroscope Technology.” in
Fiber Optic Sensors, Udd, E., Ed., Vol. CR44, SPIE Optical Engineering Press, Bellingham,
WA, Sept.

250. Schaffer, G., Gonzalez, J., and Stentz, A., 1992, “Comparison of Two Range-based Pose
Estimators for a Mobile Robot.” Proceedings of the 1992 SPIE Conference on Mobile Robots,
Boston, MA, Nov. 18-20, pp. 661-667.

251. Schiele, B. and Crowley, J., 1994, “A Comparison of Position Estimation Techniques Using
Occupancy Grids.” Proceedings of IEEE International Conference on Robotics and
Automation, San Diego, CA, May 8-13, pp. 1628-1634. 

252. Schiele, B. and Crowley, J., 1994, “A Comparison of Position Estimation Techniques Using
Occupancy Grids.” Robotics and Autonomous Systems, Vol. 12, pp. 163-171. 

253. Schultz, W.,  1993, “Traffic and Vehicle Control Using Microwave Sensors.” Sensors,
October, pp. 34-42.

254. Schulz-DuBois, E.O., 1966, “Alternative Interpretation of Rotation Rate Sensing by Ring
Laser.” IEEE Journal of Quantum Electronics, Vol. QE-2, No. 8, Aug., pp. 299-305.

255. Shoval, S., Benchetrit, U., and Lenz, E., 1995, “Control and Positioning of an AGV for
Material Handling in an Industrial Environment.” Proceedings of the 27th CIRP International
Seminar on Manufacturing Systems, Ann Arbor, MI, May 21-23, pp. 473-479.

256. Siuru, B., 1994, “The Smart Vehicles Are Here.” Popular Electronics, Vol. 11, No. 1, Jan.,
pp. 41-45.

257. Slama, C.C., Editor, 1980, "Manual of Photogrammetry." American Society of Photogram-
metry, Falls Church, Virginia, fourth edition.

258. Stokes, K.W., 1989, “Remote Control Target Vehicles for Operational Testing.”  Association
for Unmanned Vehicles Symposium, Washington, DC, July.

259. Stuart, W.F., 1972, “Earth’s Field Magnetometry, Reports on Progress in Physics, J.M.
Zinman, Ed., Vol. 35, Part 2, pp. 803-881.

260. Stuck, E. R., Manz, A., Green, D. A., and Elgazzar, S., 1994, “Map Updating and Path
Planning for Real-Time Mobile Robot Navigation."1994 International Conference on
Intelligent Robots and Systems (IROS '94). Munich, Germany, Sept. 12-16, pp. 753-760.

261. Sugihara, K., 1988, “Some Location Problems for Robot Navigation Using a Single Camera.”
Computer Vision, Graphics and Image Processing, vol. 42, no. 1, pp 112-129.

262. Sugiyama, H., 1993, “A Method for an Autonomous Mobile Robot to Recognize its Position
in the Global Coordinate System when Building a Map.” Proceedings of the 1993 IEEE/RSJ
International Conference on Intelligent Robotics and Systems, Yokohama, Japan, July 26-30,
pp. 2186-2191. 

263. Sutherland, K. T. , 1993, “Landmark Selection for Accurate Navigation.” Proc. Image
Understanding Workshop 93, pp. 485-490.

264. Tai, S., Kojima, K., Noda, S., Kyuma, K., Hamanaka, K., and Nakayama, T., 1986, “All-Fibre
Gyroscope Using Depolarized Superluminescent Diode.” Electronic Letters, Vol. 22, p. 546.



References 253

265. Talluri, R. and Aggarwal, J.K., 1990, “Position Estimation for a Mobile Robot in an
Unstructured Environment.” Proc. IEEE Workshop on Intelligent Robots and Systems, IROS
'90, pp 159-166.

266. Talluri, R. and Aggarwal, J.K., 1991, “Position Estimation of a Mobile Robot Using Edge
Visibility Regions.” Proc. IEEE Conf. on Computer Vision and Pattern Recognition CVPR '91,
pp. 714-715.

267. Talluri, R. and Aggarwal, J.K., 1992, “Transform Clustering for Model-Image Feature
Correspondence.” Proc. IAPR Workshop on Machine Vision Applications, MVA '92, pp
579-582.

268. Talluri, R., and Aggarwal, J., 1993, “Position Estimation Techniques for an Autonomous
Mobile Robot - a Review.” in Handbook of Pattern Recognition and Computer Vision, World
Scientific: Singapore, Chapter 4.4, pp. 769-801.

269. Takeda, T., Kato, A., Suzuki, T., and Hosoi, M., 1986, “Automated Vehicle Guidance Using
Spotmark.” Proceedings of IEEE International Conference on Robotics and Automation, San
Francisco, CA, Apr. 7-10, pp. 1349-1353. 

270. Taylor, C., 1991, “Building Representations for the Environment of a Mobile Robot from
Image Data.” Proceedings of the 1991 SPIE Conference on Mobile Robots, Boston, MA,
Nov. 14-15, pp. 331-339. 

271. Thompson, W.B.,Henderson, T.C.,Colvin, T.L., Dick, L.B., and Valiquette, C.M., 1993,
“Vision-Based Localization.” Proc. Image Understanding Workshop 93, pp. 491-498.

272. Tonouchi, Y., Tsubouchi, T., and Arimoto, S., 1994, “Fusion of Dead-reckoning Positions
With a Workspace Model for a Mobile Robot by Bayesian Inference.” International
Conference on Intelligent Robots and Systems (IROS '94). Munich, Germany, Sept. 12-16, pp.
1347-1354.

273. Tsai, R.Y. , 1986, “A Versatile Camera Calibration Technique for High-Accuracy 3D Machine
Vision Metrology Using Off-The-Shelf Cameras and Lenses." IEEE Transaction on Robotics
and Automation, vol. 8, no. 2, pp. 129-139.

274. Tsumura, T. and Hashimoto, M., 1986, “Positioning and Guidance of Ground Vehicle by Use
of Laser and Corner Cube.” Proceedings of IEEE International Conference on Robotics and
Automation, San Francisco, CA, Apr. 7-10, pp. 1335-1342. 

275. Tsumura, T., 1986, “Survey of Automated Guided Vehicle in Japanese Factory.” Proceedings
of IEEE International Conference on Robotics and Automation, San Francisco, CA, Apr. 7-10,
pp. 1329-1334. 

276. Tsumura, T., Fujiwara, N., Shirakawa, T., and Hashimoto, M.,1981, “An Experimental System
for Automatic Guidance of Roboted Vehicle Following the Route Stored in Memory.” Proc.
of the 11th Int. Symp. on Industrial Robots, Tokyo, Japan, pp. 18-193.

277. Tsumura, T., Hashimoto, M., and Fujiwara, N., 1988, “A Vehicle Position and Heading
Measurement System Using Corner Cube and Laser Beam.” Proceedings of IEEE
International Conference on Robotics and Automation, Philadelphia, PA, Apr. 24-29, pp. 47-
53. 



254 References

278. Turpin, D.R.,  1986, “Inertial Guidance:  Is It a Viable Guidance System for AGVs?”  4th
International Conference on AGVs (AGVS4), June, pp. 301-320.

279. Udd, E., 1985, “Fiberoptic vs. Ring Laser Gyros: An Assessment of the Technology.” in Laser
Focus/Electro Optics, Dec.

280. Udd, E., 1991, “Fiberoptic Sensors Based on the Sagnac Interferometer and Passive Ring
Resonator.” in Fiber Optic Sensors: An Introduction for Engineers and Scientists, E. Udd,
Ed., John Wiley and Sons, Inc., New York, pp. 233-269.

281. Vaganay, J., Aldon, M.J., and Fournier, A., 1993a, “Mobile Robot Attitude Estimation by
Fusion of Inertial Data.” Proceedings of IEEE International Conference on Robotics and
Automation, Atlanta, GA, May 10-15, pp. 277-282. 

282. Vaganay, J., Aldon, M.J., and Fournier, A.,  1993b, “Mobile Robot Localization by Fusing
Odometric and Inertial Measurements.” 5  Topical Meeting on Robotics and Remote Systems,th

Knoxville, TN, Vol. 1, Apr., pp. 503-510.
283. Vestli, S.J., Tschichold-Gürman, N., Adams, M., and Sulzberger, S., 1993, “Amplitude

Modulated Optical Range Data Analysis in Mobile Robotics.'' Proceedings of the 1993 IEEE
International Conference on Robotics and Automation, Atlanta, GA, May 2-7, pp 3.243 -
3.248.

284. Vuylsteke, P., Price, C.B., and Oosterlinck, A., 1990, “Image Sensors for Real-Time 3D
Acquisition, Part 1.”  Traditional and Non-Traditional Robotic Sensors, T.C. Henderson, Ed.,
NATO ASI Series, Vol. F63, Springer-Verlag, pp. 187-210.

285. Wax, S.I. and Chodorow, M., 1972, “Phase Modulation of a Ring-Laser Gyro - Part II:
Experimental Results,”  IEEE Journal of Quantum Electronics, March, pp. 352-361.

286. Weiß, G., Wetzler, C., and Puttkamer, E., 1994, “Keeping Track of Position and Orientation
of Moving Indoor Systems by Correlation of Range-Finder Scans.” 1994 International
Conference on Intelligent Robots and Systems (IROS’94), Munich, Germany, Sept. 12-16, pp.
595-601. 

287. Wienkop, U., Lawitzky, G., and Feiten, W., 1994, “Intelligent Low-cost Mobility.” 1994
International Conference on Intelligent Robots and Systems (IROS '94). Munich, Germany,
Sept. 12-16, pp. 1708-1715.

288. Wiley, C.M., 1964, “Navy Tries Solid-State Compass.” Electronics, Feb. 14, pp. 57-58.
289. Wilkinson, J.R., 1987, “Ring Lasers.” Progress in Quantum Electronics, edited by Moss, T.S.,

Stenholm, S., Firth, W.J., Phillips, W.D., and Kaiser, W., Vol. 11, No. 1, Pergamon Press,
Oxford.

290. Wolf, P.R., 1983, “Elements of Photogrammetry.” McGraw-Hill, New York, second edition.
291. Woll, J.D.,  1993, “A Review of the Eaton VORAD Vehicle Collision Warning System.”

Reprinted from International Truck and Bus Meeting and Exposition, Detroit, MI, SAE
Technical Paper Series 933063, ISSN 0148-7191 Nov., pp. 1-4.



References 255

292. Wong, A. and Gan, S., “Vision Directed Path Planning, Navigation, and Control for An
Autonomous Mobile Robot.” Proceedings of the 1992 SPIE Conference on Mobile Robots,
Boston, MA, Nov. 18-20, pp. 352-360.

293. Woodbury, N., Brubacher, M., and Woodbury, J.R.,  1993, “Noninvasive Tank Gauging with
Frequency-Modulated Laser Ranging.” Sensors, Sept., pp. 27-31.

294. Wormley, S., 1994, “A Little GPS Background.” Internet message, swormley@
thrl.cnde.iastate.edu to Newsgroup sci.geo.satellite-nav, March 15.

295. Wun-Fogle, M. and Savage, H.T., 1989, “A Tunneling-tip Magnetometer.”  Sensors and
Actuators, Vol. 20, pp. 199-205.

296. Yuan, J.S.C., 1989, “A General Photogrammetric Method for Determining Object Position and
Orientation.” IEEE Transaction on Robotics and Automation, vol. 5, no. 2, pp 129-142.

Cited Product Information from Commercial Companies

297. ACUITY - Acuity Research, POC: Bob Clark, 20863 Stevens Creek Blvd, Cupertino, CA
95014-2115, 415-369-6782.

298. ADL - Applied Design Laboratories, P. O. Box 2405, Grass Valley, CA 95945, 916-272-8206
299. AECL - Atomic Energy of Canada Ltd., Sheridan Research Park, 2251 Speakman Drive,

Mississauga, Ontario, L5K 1B2, Canada. POC Narindar Baines, 905-823-9060
300. ANDREW Andrew Corporation, 10500 W. 153rd Street, Orland Park, IL 60462. 708-349-

5294 or 708-349-3300.
301. BENTHOS - Benthos, Inc., 49 Edgerton Drive, North Falmouth, MA

02556-2826,508-563-1000.
302. CATERPILLAR - Caterpillar Industrial, Inc., Product Literature, SGV-1106/91, Caterpillar

Self Guided Vehicle Systems,  5960 Heisley Rd, Painesville, OH 44077, 216-357-2246.
303. CONTROL - Control Engineering Company, 8212 Harbor Spring Road, Harbor Spring, MI

49740, 616-347-3931. 
304. CYBERMOTION - Cybermotion, Inc., 115 Sheraton Drive, Salem, VA 24153, 703-562-7626.
305. CYBERWORKS - Cyberworks, Inc., "Camera Vision Robot Position and Slippage Control

System." Product Literature, 31 Ontario Street, Orillia, Ontario, L3V 6H1 Canada, 705-
325-6110.

306. DBIR - Denning Branch International Robotics, 1401 Ridge Avenue, Pittsburgh PA 15233,
412-322-4412.

307. DINSMORE - Dinsmore Instrument Company, Product Literature, 1490 and 1525 Magnetic
Sensors, Flint, MI, 313-744-1330.

308. ERIM - Environmental Research Institute of Michigan, Box 8618, Ann Arbor, MI 48107, 313-
994-1200.



256 References

309. EATON - Eaton-Kenway, Inc., 515 East 100 South, 515 E 100 S, Salt Lake City, UT 84102,
801-530-4688.

310. ESP - ESP Technologies, Inc., “ORS-1 Optical Ranging System.” Product Literature, ESP
Technologies, Inc., 21 Le Parc Drive, Lawrenceville, NJ 08648, 609-275-0356. 

311. FUTABA - Futaba Corporation of America, 4 Studebaker, Irvine, CA 92718, 714-455-9888.
312. GEC - GEC Avionics, Kent, U.K.
313. GPS - GPS Report, 1992, Phillips Business Information, Potomac, MD, Nov.
314. GREYHOUND - 1994, “Accident Rate Keeps Falling.”  Greyhound Connections, Vol. 4, No.

2, March/April.
315. GYRATION - Gyration, Inc., 12930 Saratoga Ave., Building C, Saratoga, CA 95070-4600,

408-255-3016.
316. HITACHI - Hitachi Cable America, Inc., New York Office, 50 Main Street, 12th floor, White

Plains, NY 10606, 914-993-0990.
317. HP - Hewlett Packard Components, “Optoelectronics Designer's Catalog, 1991-1992, 19310

Pruneridge Ave., Cupertino, CA, 800-752-9000.
318. HTI - Harris Technologies, Inc., PO Box 6, Clifton, VA 22024,  703-266-0904.
319. ILC - ILC Data Device Corporation, 1982, “Synchro Conversion Handbook," Bohemia, NY.
320. ISI - Intelligent Solutions, Inc., EZNav Position Sensor, One Endicott Avenue, Marblehead,

MA 01945, 617-646-4362.
321. ISR - IS Robotics, Inc., RR-1/BS-1 System for Communications and Positioning. Preliminary

Data Sheet.” IS Robotics, Twin City Office Center, Suite 6, 22 McGrath Highway, Somerville,
MA 02143, 617-629-0055. 

322. KAMAN -  Kaman Sciences Corporation, “Threat Array Control and Tracking Information
Center." Product Literature, PM1691, Colorado Springs, CO, 719-599-1285.

323. KVH - KVH Industries, C100 Compass Engine Product Literature, 110 Enterprise Center,
Middletown, RI 02840, 401-847-3327.

324. MAGELLAN - Magelan Systems Corp., 960 Overland Court, San Dimas, CA 91773, 909-394-
6062.

325. MAGNAVOX - Magnavox Advanced Products and Systems, 2829 Maricopa Street, Torrance,
CA 90503, 310-618-1200.

326. MASSA - Massa Products Corporation,  “E-201B & E-220B Ultrasonic Ranging Module
Subsystems Product Selection Guide.” Product Literature 891201-10M, Hingham, MA 02043,
617-749-4800.

327. MICRO-TRAK - Micro-Trak Systems, Inc., “Trak-Star Ultrasonic Speed Sensor.” Product
Information. P.O. Box 3699, Mankato, MN 56002, 507-257-3600.

328. MTI - MTI Research, Inc., “Computerized Opto-electronic Navigation and Control
(CONAC )” and “What You Can Expect From CONAC  Products.” Product literature. 313TM TM

Littleton Road, Chelmsford, MA 01824., 508-250-4949. 
329. MOTOROLA - Mini-Ranger Falcon, Product Literature, Motoroloa Government and Systems

Tech. Group, 8220 E. Roosevelt Road, PO Box 9040, Scottsdale, AZ 85252, 602-441-7685.



References 257

330. MURATA - Murata Erie North America, 2200 Lake Park Drive, Smyrna, GA 30080, 800-831-
9172.

331. NAMCO - Namco Controls, 7567 Tyler Blvd. Mentor, OH 44060, 800-626-8324.
332. NASA - 1977, “Fast, Accurate Rangefinder.” NASA Tech Brief, NPO-13460.
333. NIKE - NIKE, Dept. of Fitness Electronics, 9000 South-West Nimbus, Beaverton, Oregon

97005, 503-644-9000.
334. POLAROID - 1981, “Polaroid Ultrasonic Ranging System User’s Manual.”  Publication No.

P1834B, Polaroid Corporation, 784 Memorial Drive, Cambridge, MA 02139, 617-386-3964.
335. POLAROID - 1987, “Technical Specifications for Polaroid Electrostatic Transducer.” 7000-

Series Product Specification ITP-64, Polaroid Corporation, 784 Memorial Drive, Cambridge,
MA 02139, 617-386-3964.

336. POLAROID - 1990, “6500-Series Sonar Ranging Module.”  Product Specifications PID
615077,Polaroid Corporation, 784 Memorial Drive, Cambridge, MA 02139, 617-386-3964.

337. POLAROID - 1991, “Ultrasonic Ranging System.” Product Literature, Polaroid Corporation,
784 Memorial Drive, Cambridge, MA 02139, 617-386-3964. 

338. POLAROID - 1993, “Polaroid Ultrasonic Ranging Developer’s Kit.”  Publication No.
PXW6431 6/93, Polaroid Corporation, 784 Memorial Drive, Cambridge, MA 02139, 617-386-
3964. 

339. REMOTEC - Remotec, 114 Union Valley Road, Oak Ridge, TN 37830, 615-483-0228
340. RIEGL - 1994, “Laser Distance, Level, and Speed Sensor LD90-3.” Product Data Sheet 3/94,

RIEGL Laser Measurement Systems, RIEGL USA, 4419 Parkbreeze Court, Orlando, FL
32808, 407-294-2799.

341. ROCKWELL - Rockwell International, 3200 East Renner Road, MS 461-235, Richardson, TX
75082, 214-705-1704.

342. SFS - Safety First Systems, Ltd., POC: Allen Hersh, Safety First Systems Inc, 550 Stewart
Ave, Garden City, NY 11530-4700, 516-681-3653.

343. SEO - 1991a, Schwartz Electro-Optics, Inc, “Scanning Laser Rangefinder.” Product Literature,
3404 N. Orange Blossom Trail, Orlando, FL 32804, 407-297-1794.

344. SEO - 1991b, Schwartz Electro-Optics, Inc, Process Report for US Army Contract DAAJ02-
91-C-0026, 3404 N. Orange Blossom Trail, Orlando, FL 32804, 407-297-1794.

345. SEO - 1995a, Schwartz Electro-Optics, Inc, “LRF-200 Laser Rangefinder Series.” Product
Literature, Schwartz Electro-Optics, Inc., 3404 N. Orange Blossom Trail, Orlando, FL 32804,
407-297-1794.

346. SEO - 1995b, Schwartz Electro-Optics, Inc., “SHIELD Scanning Helicopter Interference
Envelope Laser Detector” Product Literature, 3404 N. Orange Blossom Trail, Orlando, FL
32804, 407-297-1794.

347. SIMAN - Siman Sensors & Intelligent Machines Ltd., MTI-Misgav, D.N. Misgav 20179,
Israel, +972-4-906888.

348. SPERRY - Sperry Marine Inc., Seminole Trail, Charlottesville, VA, 22901, POC: Peter
Arnold, Head of Engineering, ext. 2213, 804-974-2000.



258 References

349. SPSi - Spatial Positioning Systems, inc., 12007 Sunrise Valley Drive, Suite 200, Reston, VA
22091-3406, 703-648-9400.

350. TOWER - Tower Hobbies, Mail Order Catalog, P.O. Box 9078, Champaign, IL 61826-9078,
217-398-1100.

351. TRC - Transitions Research Corp., “TRC Light Ranger,”  Product Literature,  Danbury, CT
06810, 203-798-8988.

352. TRC - Transitions Research Corp., “Beacon Navigation System,” Product Literature, Shelter
Rock Lane, Danbury, CT 06810, 203-798-8988.

353. TRIMBLE - Trimble Navigation, 645 North Mary Avenue, Building 5, Sunnyvale, CA 94088,
408-481-2865.

354. UNIQUE -Unique Mobility, Inc., Product Literature, 425 Corporate Circle, Golden, CO
80401, 303-278-2002.

355. VORAD-1 - VORAD Safety Systems, Inc., “The VORAD Vehicle Detection and Driver Alert
System.” Product Literature, 10802 Willow Ct, San Diego, CA 92127, 619-674-1450.

356. VORAD-2 - Eaton VORAD Technologies, L.L.C., Eaton Center, Cleveland, OH 44114-2584,
216-523-5000

357. WATSON - Watson Industries, Inc., Melby Rd., Eau Claire, WI 54703, 715-839-0628.
358. ZEMCO - Zemco Group, Inc., 3401 Crow Canyon Road, Suite 201, San Ramon, CA 94583,

415-866-7266.

Relevant Research Articles on Mobile Robot Positioning, for Further Reading
359. Adams, M., 1993, “Amplitude Modulated Optical Range Data Analysis in Mobile Robots.”

Proceedings of IEEE International Conference on Robotics and Automation, Atlanta, GA,
May 10-15, pp. 8-13. 

360. Bhanu, B., Roberts, B., and Ming, J., 1990, “Inertial Navigation Sensor Integrated Motion
Analysis for Obstacle Detection.” Proceedings of IEEE International Conference on Robotics
and Automation, Cincinnati, OH, May 13-18, pp. 954-959. 

361. Blais, F., Rioux, M., and Domey, J., 1991, “Optical Range Image Acquisition for the
Navigation of a Mobile Robot.” Proceedings of IEEE International Conference on Robotics
and Automation, Sacramento, CA, Apr. 9-11, pp. 2574-2580. 

362. Bourbakis, N., 1988, “Design of an Autonomous Navigation System.” IEEE Control Systems
Magazine, Oct., pp. 25-28. 

363. Chen, Q., Asada, M., and Tsuji, S., 1988, “A New 2-D World Representation System for
Mobile Robots.” Proceedings of IEEE International Conference on Robotics and Automation,
Philadelphia, Apr. 24-29, pp. 604-606. 

364. Crowley, J., 1986, “Navigation for an Intelligent Mobile Robot.” IEEE Journal of Robotics
and Automation, Vol. RA-1, No. 1, pp. 31-41.

365. Curran, A. and Kyriakopoulos, K., 1993, “Sensor-based Self-localization for Wheeled Mobile
Robots.” Proceedings of IEEE International Conference on Robotics and Automation,
Atlanta, GA, May 10-15, pp. 8-13. 



References 259

366. Drake, K., McVey, E., and Inigo, R., 1985, “Sensing Error for a Mobile Robot Using Line
Navigation.” IEEE Transactions on Pattern Analysis and Machine Intelligence, Vol. PAMI-7,
No. 4, pp. 485-490. 

367. Drake, K., McVey, E., and Inigo, R., 1987, “Experimental Position and Ranging Results for
a Mobile Robot.” IEEE Journal of Robotics and Automation, Vol. RA-3, No. 1, pp. 31-42.

368. Fennema, C., Hanson, A., Riseman, E., Beveridge, J., and Kumar, R., 1990, “Model-Directed
Mobile Robot Navigation.” IEEE Transactions on Systems, Man, and Cybernetics, Vol. 20,
No. 6, pp. 1352-1369. 

369. Harmon, S.Y., 1987, “The Ground Surveillance Robot (GSR): An Autonomous Vehicle
Designed to Transit Unknown Terrain.” IEEE Journal of Robotics and Automation, Vol. RA-
3, No. 3, pp. 266-279. 

370. Holcombe, W., Dickerson, S., Larsen, J., and Bohlander, R., 1988, “Advances in Guidance
Systems for Industrial Automated Guided Vehicle.” Proceedings of the 1988 SPIE Conference
on Mobile Robots, Cambridge, MA,  Nov. 10-11, pp. 288-297. 

371. Huang, Y., Cao, Z., Oh, S., Katten, E., and Hall, E., 1986, “Automatic Operation for a Robot
Lawn Mower.” Proceedings of the 1986 SPIE Conference on Mobile Robots, Cambridge, MA,
Oct. 30-31, pp. 344-354. 

372. Kanbara, T., Miura, J., and Shirai, Y., 1993, “Selection of Efficient Landmarks for an
Autonomous Vehicle.” Proceedings of the 1993 IEEE/RSJ International Conference on
Intelligent Robotics and Systems, Yokohama, Japan, July 26-30, pp. 1332-1338. 

373. Kortenkamp, D., 1993, “Cognitive Maps for Mobile Robots: A Representation for Mapping
and Navigation.” Ph.D. Thesis, The University of Michigan. 

374. Krotkov, E., 1991a, “Laser Rangefinder Calibration for a Walking Robot.” Proceedings of
IEEE International Conference on Robotics and Automation, Sacramento, CA, Apr. 9-11, pp.
2568-2573. 

375. Kuipers, B. and Byun, Y., 1988, “A Robust Qualitative Method for Robot Spatial Learning.”
The Seventh National Conference on Artificial Intelligence, pp. 774-779. 

376. Kurazume, R. and Nagata, S., 1994, “Cooperative Positioning with Multiple Robots.”
Proceedings of IEEE International Conference on Robotics and Automation, San Diego, CA,
May 8-13, pp. 1250-1257. 

377. Lebegue, X. and Aggarwal, J., 1994, “Generation of Architectural CAD Models Using a
Mobile Robot.” Proceedings of IEEE International Conference on Robotics and Automation,
San Diego, CA, May 8-13, pp. 711-717. 

378. Levitt, T., Lawton, D., Chelberg, D., and Nelson, P., 1987, “Qualitative Navigation.” Proc.
DARPA Image Understanding Workshop, pp. 447-465.

379. Lu, Z., Tu, D., Li, P., Hong, Z., and Wu, B., 1992, “Range Imaging Sensor for Auto - Vehicle
Guidance Applying an Optical Radar.” Proceedings of the 1992 SPIE Conference on Mobile
Robots, Boston, MA, Nov. 18-20, pp. 456-465.



260 References

380. MacKenzie, P. and Dudek, G., 1994, “Precise Positioning Using Model-Based Maps.”
Proceedings of IEEE International Conference on Robotics and Automation, San Diego, CA,
May 8-13, pp. 1615-1621. 

381. Malik, R. and Polkowski, E., 1990, “Robot Self-Location Based on Corner Detection.”
Proceedings of the 1990 SPIE Conference on Mobile Robots, Boston, MA,  Nov. 8-9, pp.
306-316. 

382. Malik, R. and Prasad, S., 1992, “Robot Mapping with Proximity Detectors.” Proceedings of
the 1992 SPIE Conference on Mobile Robots, Boston, MA, Nov. 18-20, pp. 614-618.

383. McGillem, C. and Rappaport, T., 1989, “A Beacon Navigation Method for Autonomous
Vehicles.” IEEE Transactions on Vehicular Technology, Vol. 38, No. 3, pp. 132-139.

384. McKendall, R., 1988, “Robust Fusion of Location Information.” Proceedings of IEEE
International Conference on Robotics and Automation, Philadelphia, PA, April 24-29,
pp. 1239-1243. 

385. McVey, E., Drake, K., and Inigo, R., 1986, “Range Measurements by a Mobile Robot Using
a Navigation Line.” IEEE Transactions on Pattern Analysis and Machine Intelligence, Vol.
PAMI-8, No. 1, pp. 105-109. 

386. Ohya, A., Nagashima, Y., and Yuta, S., 1994, “Exploring Unknown Environment and Map
Construction Using Ultrasonic Sensing of Normal Direction of Walls.” Proceedings of IEEE
International Conference on Robotics and Automation, San Diego, CA, May 8-13, pp. 485-
492. 

387. Parker, K., 1993, “'Bots Struggle to Learn Basics.” Manufacturing Systems, Oct. 12, pp. 13-
14.

388. Partaatmadja, O., Benhabib, A., Sun, A., and Goldenberg, A., 1992, “An Electrooptical
Orientation Sensor for Robotics.” IEEE Transactions on Robotics and Automation, Vol. 8,
No. 1, pp. 111-119.

389. Pears, N. and Probert, P., 1993, “An Optical Range Sensor for Mobile Robot Guidance.”
Proceedings of IEEE International Conference on Robotics and Automation, Altanta, GA,
May 10-15, pp. 659-664. 

390. Roth-Tabak, Y. and Jain, R., 1989, “Building an Environment Model Using Depth
Information.” Computer, June, pp. 85-90. 

391. Roth-Tabak, Y. and Weymouth, T., 1990, “Environment Model for Mobile Robot Indoor
Navigation.” Proceedings of the 1990 SPIE Conference on Mobile Robots, Boston, MA,  Nov.
8-9, pp. 453-463.

392. Safaee-Rad, R., Tchoukanov, I., Smith, K., and Benhabib, B., 1992, “Three-dimensional
Location Estimation of Circular Features for Machine Vision.” IEEE Transactions on Robotics
and Automation, Vol. 8, No. 5, pp. 624-640.

393. Santos, V., Goncalves, J., and Vaz, F., 1994, “Perception Maps for the Local Navigation of
a Mobile Robot: a Neural Network Approach.” Proceedings of IEEE International Conference
on Robotics and Automation, San Diego, CA, May 8-13, pp. 2193-2198. 

394. Schwind, G., 1994, “Controls Offer Non-Wire Guidance Without a Costly Premium.” Material
Handling Engineering, March, p. 31. 



395. Shertukde, H. and Bar-Shalom, Y., 1988, “Target Parameter Estimation in the Near Field with
Two Sensors.” IEEE Transactions on Acoustics, Speech, and Signal Processing, Vol. 36, No.
8, pp. 1357-1360. 

396. Singh, K. and Fujimura, K., 1993, “Map Making by Cooperating Mobile Robots.” Proceedings
of IEEE International Conference on Robotics and Automation, Atlanta, GA, May 10-15, pp.
254-259. 

397. Sutherland, K.T. and Thompson, W.B., 1993, “Inexact Navigation.” Proceedings of the IEEE
International Conference on Robotics and Automation, May, pp. pages?

398. Xu, H. and Chi, X., 1993, “Calibration and Parameter Identification for Laser Scanning
Sensor.” Proceedings of IEEE International Conference on Robotics and Automation, Atlanta,
GA, May 10-15, pp. 665-670. 

399. Yoo, J. and Sethi, 1991, “Mobile Robot Localization with Multiple Stationary Cameras.”
Proceedings of the 1991 SPIE Conference on Mobile Robots, Boston, MA, Nov. 14-15, pp.
155-170. 

400. Zheng, J., Barth, M., and Tsuji, S., 1991, “Autonomous Landmark Selection for Route
Recognition by a Mobile Robot.” Proceedings of IEEE International Conference on Robotics
and Automation, Sacramento, CA, April 9-11, pp. 2004-2009. 



262 Index

SUBJECT INDEX

AC . . . . . . . . . . . . . . 47, 59, 65, 81, 82, 103, 226, 246
acceleration . . . . . . . . . . . . . . . . 10, 73, 146, 220, 223
accelerometer . . . . . . . . . . . . . . . . . . . . . 146, 147, 223
accumulate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
AccuRange . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117-119
Ackerman . . . . . . . . . . . . . . . . . . . . . . . . . . 21, 22, 138
acoustic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115, 247
acousto-optical . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
acquisition . . . . 71, 82, 111, 159, 164, 166, 173, 201,

254, 259 146, 163, 171, 179, 180, 229, 238-246, 248-
active . . . . . 10, 11, 35, 36, 38, 39, 42, 62, 65, 68, 93,

95, 99, 151, 152, 155, 158, 163, 169, 170, AutoSense . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104-106
172, 176, 183, 197, 198, 217, 225, 226 auto-compensation . . . . . . . . . . . . . . . . . . . . . . . . . . 57

active/passive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
actuators . . . . . . . . . . . . . . . . . . . . . . 62, 169, 248, 255
AGC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
AGV . . . . . 15, 21, 160, 161, 165, 176, 178, 246, 252
airborne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17, 107
aircraft . . . . . . . . . . . . . . . . . . . . . . . . . 42, 65, 76, 145
airplanes . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 33, 151
air-core . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
algorithm . . . . . . 12, 26, 57, 107, 144, 152-154, 175,

187, 190, 191, 193, 194, 198, 199, 203-205, beacon . . . . 15, 65, 69, 118, 151-153, 155, 158-160,
209-212, 214, 227, 232, 241 163-166, 169, 172, 176, 183, 195, 225-228,

alignment . . . . 23, 32, 46, 57, 61, 166, 200, 212, 235
all-solid-state . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
all-terrain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
almanac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71, 93
alphanumeric . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175
altimeters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
altitude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
amorphous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
amplitude . . . . . . . . . 63, 95, 101, 112, 113, 117, 118,

121-123, 240 benchmark . . . . . . . . . . . . . . . . . . . 132, 134, 222, 239
-induced . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121
-modulated . . . . . . . . . . . . . . . . . . 42, 95, 123, 255

AMR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
analog . . . . . . 34, 35, 42-44, 47, 52, 54-59, 62, 63, 98,

101, 103, 108, 113, 118, 161, 222, 223, 230 -coded . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 17, 176
analog-to-digital . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
Andros . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28, 29, 139
annealed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
antenna . . . . . . . . . . . . 67, 79-81, 83, 91, 93, 125, 126
ARK . . . . . . . . . . . . . . . . . . . . . . . . 174, 175, 229, 246
Army . . . . . . . . . . . . . . . . . . . . . . . 103, 228, 249, 257
arrays . . . . . . . . . . . . . . . . . . . 109, 110, 159, 160, 207
arsenide . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57, 58, 92
ASCII . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
associative location . . . . . . . . . . . . . . . . . . . . . . . . . 69
asynchronous . . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 88
atmospheric . . . . . . . . . . . . . . . . . . . . . . . . . 72, 73, 77
atom . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

attention . . . . . . . . . . . . . . . . . . . . . . . . . . . 59, 79, 207
attenuation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41, 79
attractive . . . . . . . . . . . . . . . . . . . . . . . . 10, 42, 43, 146
audible . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153
AutoCad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169
autocalibration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
AUTOGYRO . . . . . . . . . . . . . . . . . . . . . . . 43, 44, 223
autonomous . . . . . . 22, 28, 29, 45, 66, 102, 116, 143,

250, 252, 253, 255, 259, 260

availability . . . . . . . . . . . . . . . . 73, 75, 78, 93, 97, 109
backscatter . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38, 107
balanced-mirror . . . . . . . . . . . . . . . . . . . . . . . . . . . 118
balanced-mixer . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
bandwidth . . . . . . . . . . . . . . . . . . . . 14, 43, 44, 59, 127
bar-code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176, 178
baseline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65, 216
base-station . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
baud . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56, 57, 92, 93

230, 240, 260
beam . . . . 13, 16, 18, 36-38, 42, 61-63, 96, 100, 102-

105, 107-109, 112, 114-119, 123, 125, 152,
159, 160, 163, 165-167, 170, 178, 225, 226,

253
beamwidth . . . . . . . . . . . . . . . . . . . . . 97, 98, 121, 126
bearing . . . . . 46, 70, 75, 76, 119, 138, 143, 158, 161,

163, 164, 175, 222, 225
belt-drive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

bias . . . . . . . . . . . . . 42-44, 49, 62, 137, 147, 148, 178
bias-free . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137
bidirectional . . . . . . . . . . . . . . . . . . 134, 136, 142, 222
binary . . . . . . . . . . . . . . . . . . . 16, 17, 92, 93, 110, 111

binoculars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
bipolar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121, 248
bistatic . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97, 98, 127
Blanche . . . . . . . . . . . . . . . . . . . . . 198, 199, 222, 232
blank . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
blind . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125-128, 244
blockages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84, 93
boron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
bounded . . . . . . . . . . . . . . . . . . . . . . . 11, 77, 187, 210
break-beam . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 16
broadcast . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65, 93
buffer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115, 116



Index 263

building . . . . . 95, 164, 185, 186, 193, 194, 202-204,
207, 214-216, 232, 233, 244, 250-252, 256, coil . . . . . . . 42, 43, 47, 49, 50, 52, 53, 56, 57, 59, 62

258 collapsed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 208
bumper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
bursts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
bus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116, 126, 254
B-field . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49, 51, 58
B-H curve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48, 49
C100 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56, 57, 256
calculation . . . . . . . . . . . . . . 30, 70, 95, 161, 188, 218
calibrated . . . . . . . . . . . . . . . . . 60, 121, 209, 228, 248
CALMAN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171
camera . . 99, 109-111, 116, 174, 175, 207-213, 216,

226-231, 236, 247, 248, 252, 253, 255 composite . . . . . . . . . . . . . . . . . . . . . 76, 111, 185, 200
camera-calibration . . . . . . . . . . . . . . . . . . . . . . . . . 211
camphor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182
cantilever . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
canyon . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88-91, 258
capacitor . . . . . . . . . . . . . . . . . . . . . . . . . . 93, 101, 113
capacity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185
CARMEL . . . . . . . . . . . . . . . . . . . . . . . . . 12, 129, 241
carrier . . . . . . . . . . . . 19, 66, 73, 76, 77, 123, 174, 193

-phase-differential . . . . . . . . . . . . . . . . . . . . . . . 77
carrying . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134
Cartesian . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199, 203
castor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131, 137
Caterpillar . . . . . . . . . . . . . . . . . . . 176, 178, 225, 255
CCD . . . . . . . . . . . . 110, 111, 174, 175, 207, 227-231
ccw . . . . . . . . . . . . . . . . . . 30, 134, 135, 137, 139, 140
CDMA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
ceiling . . . . . . . . . . . . . . . . . . . . . . . 157, 174, 183, 227

-mounted . . . . . . . . 19, 52, 56, 158, 165, 166, 170
cells . . . . . . . . . . . . . . . . . . . . . 58, 188, 197, 231, 248
centroid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154, 186
cesium-clock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
cesium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71, 72, 76
chained . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
channel . . . . . . . . . . . . 14, 15, 47, 51, 67, 78, 155, 224
checksum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157
chemical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62, 182
chip . . . . . . . . . . . . . . . . . . . . . . 15, 58, 71, 72, 76, 244
chirp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
CLAPPER . . . . . . . . . . . . . . . . . . . 143, 222, 238, 239
classification . . . . . . . . . . . . . 105, 203, 232, 233, 241
Class-I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178
clean-room . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23, 39
cliffs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88, 237
closed-loop . . . . . . . . . . . . . . . . . 15, 35-37, 42, 50, 59
closed-ring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
coalition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
coarse-to-fine . . . . . . . . . . . . . . . . . . . . . . . . . 175, 216
coaxial . . . . . . . . . . . . . . . . . . . . . . . . . . 114, 116, 118
code . . . . . . . 12, 16, 17, 69, 71-73, 76, 77, 176, 178,

212, 223, 225, 228 daisy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
codeless . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

code-division-multiple-access . . . . . . . . . . . . . . . . . 69

collimated . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116, 117
collinear . . . . . . . . . . . . . . . . . . . . . . 75, 165, 199, 233
collision . . . . . . 97, 107, 125-127, 240, 245, 247, 254
columnar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
compact . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101, 163
compass . . . 31, 45-47, 52-59, 61, 77, 182, 229, 231,

244, 248, 254, 256
compensation . . . 24, 57, 69, 142, 150, 157, 223, 240
compliant . . . . . . . . . . 27, 28, 143, 144, 222, 238, 239
complimentary . . . . . . . . . . . . . . . . . . . . . . . . . 17, 159

compressible . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138
CONAC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166, 225
concealed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134
concentrators . . . . . . . . . . . . . . . . . . . . . . . . . . . 57, 63
conductor . . . . . . . . . . . . . . . . . . . . . . . . . . 17, 57, 166
cone-shaped . . . . . . . . . . . . . . . . . . . . . . . . . . 152, 155
congruence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 198
constant-slope . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148
constrained . . . . . . . . . . . . . 28, 40, 164, 187, 198, 215
consumption . . . . . . . . 24, 47, 52, 53, 55, 59, 93, 100,

126, 163, 164
contamination . . . . . . . . . . . . . . . . . . . . . . . . . . 92, 179
continuous-wave . . . . . . . . . . . . . . . 66, 114, 115, 121
contour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 217
contrast . . . . . 25, 41, 58, 73, 137, 139, 153, 173, 175-

177, 183, 196, 207, 211
convoy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
cooperative . . . . . . . . . . . . . . . 102, 108, 114, 163, 222
core-cladding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
Coriolis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33, 34
correction . . . . 30, 46, 57, 60, 76, 139, 141, 143-145,

156, 157, 159, 178, 180, 186-188, 192, 198-
200, 232, 238, 239, 242

correlation . . . . . . . . 71, 175, 188, 192, 216, 232, 254
correspondence . . . 27, 110, 185, 187, 189, 199, 209,

211, 213, 214, 216, 227, 248, 253
covariance . . . . . . . . . . . . . . . 194, 200, 201, 218, 232
cranes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
crosstalk . . . . . . . . . . . . . . . . . . . . 38, 96, 97, 123, 158
cross-correlation . . . . . . . . . . . . . . . . . . . . . . . . . . 192
cross-referenced . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
cryogenically . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
cryptographic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
crystal . . . . . . . . . . . . . . . . . . . . . . . 54, 60, 61, 71, 182
CT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119, 163, 258
current-loop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
curvature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141
CW . . . . . . . . . . . . . . 30, 115, 134, 135, 137, 139, 140
C-band . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

data-gathering . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108



264 Index

Datums . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
DC . . . . . 15, 33, 49, 51, 57-60, 81, 82, 179, 249, 252
dead-reckoning . . . . 17, 19, 21, 28, 45, 54, 130, 131,

133, 137, 146, 167, 179, 195, 203, 222, 228, drift . . . . . 17, 30-34, 42-44, 56, 59, 77, 145-148, 223
238, 239, 243, 247, 253 drive . . . 16, 19-28, 49-51, 53, 54, 62, 132-134, 137-

degradation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23, 73
degree-of-freedom . . . . . . . . . . . . . 25-28, 46, 56, 239
depth . . . . . . . . . . . . . . . 14, 36, 78, 111, 200, 202, 261
derivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141
Desert Storm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
detection . . . . . . . 11, 41, 59, 69, 70, 95-97, 100, 101,

104-106, 109-116, 118, 119, 125-128, 155- 119, 147, 169, 201, 236
157, 159-161, 163, 166, 173-177, 183, 186, -frequency . . . . . . . . . . . . . . 65, 77, 112, 121, 159

188, 200, 202, 231, 236, 243, 245, 246, 258, duty . . . . . . . . . . . . . . . . . . . . . . . . . . . 24, 99, 117, 127
260 dynamic . . . . . . . 11, 34, 42, 78-84, 88, 90-92, 94, 96,

detection/gating . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
detector . . . . . . . . 16, 35, 96, 101, 103-105, 107, 112,

121, 126, 158, 160, 172, 225, 226, 228 -based . . . . . 11, 13, 15, 17, 23, 30, 58, 65, 68, 69,
DGPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75-77, 249

-capable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
diagnostic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
diaphragm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
dielectric . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
differential . . . . . 14, 19, 21, 23-25, 27, 28, 49, 75-77,

82, 92-94, 112, 114, 132-134, 137-139, 179, EKF . . . . . . . . . . . . . . . . . . . . . . . . 147, 148, 230, 231
181, 182, 222, 231, 243, 249 elasticity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60, 63

-capable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
-drive . . . . . . 19, 21, 23-25, 27, 28, 132-134, 138,

222, 238, 239, 243, 244 optical . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115, 164
differentially . . . . . . . . . . . . . . . . . . . . . . . . . . 138, 143

-steered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21, 22
digital . . . . . . . . 13, 14, 33, 35, 42, 44, 47, 54-57, 66,

69, 98, 101, 103, 108, 109, 116, 126, 213- emergency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
215, 244 emission . . . . . . . . . . . . . . . . . . . . . . . . . . 38, 110, 155

diode . . . . . . . . 41, 101, 103, 104, 107, 115, 117, 120,
125, 241, 252 emitter/detectors . . . . . . . . . . . . . . . . . . . . . . 158, 159

DIP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46, 167
dipoles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60, 61
direct-memory-access . . . . . . . . . . . . . . . . . . . . . . 116
distinguishable . . . . . . . . 159, 175, 184, 204, 209, 210
distort . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191
distribution . . . . . 23, 54, 86, 134, 139, 181, 191, 197,

210, 216 encryption . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
disturbance . . . . . . . . . . . . . . . . . . . . . . . 136, 146, 222
dither . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38, 73
divergence . . . . . . . . . . . . . . . 107-109, 118, 119, 163
dock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158, 159
docking . . . . . . . . . . . . . . . . . . . . . . . 15, 158, 159, 168
dock-mounted . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158
domain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212
doorway . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120, 175
DOP . . . . . . . . . . . . . . . . . . . 75, 79-81, 83, 86-88, 91
doppler . . . . . . . . . . . . . 17-19, 73, 114, 124-126, 223
dots . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176, 198
dot-matrix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

double-sided . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158
downlink . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158
downloading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

139, 143, 179, 222, 226, 231-233, 237-239,
243, 244, 251, 255-258

-motor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 160
DSP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
dual

-axis . . . . . . 32, 37, 38, 43, 51, 52, 56, 58, 59, 61,

118, 146, 197, 231
earth . . . . . . . . . . . . . . . . 17, 30-32, 45-47, 70-72, 245

71, 76, 95, 96, 101, 109, 112, 115, 121, 125,
146, 150, 163, 172-174, 183-188, 194-199,

203, 206, 207, 231, 232, 236, 242, 248, 252,
259, 260

EEPROM . . . . . . . . . . . . . . . . . . . . . . . . . . 57, 92, 126
efficiency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143

electro
-optics . . . . . . . . . . . . . . . . . . . 101-106, 257, 258

electrostatic . . . . . . . . . . . . . . . . . . . . . 62, 63, 99, 257
elimination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
elongation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

emitter . . . . . . . . . . . . . . . . . . . 17, 103, 117, 158, 159

enable/disable . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
encoder . . . . . . . . . 13-17, 20, 21, 24, 25, 28, 35, 103,

117, 130, 131, 138, 139, 143-145, 166, 222,
238,

243, 245
encoding . . . . . . . . . . . . . . . . . . . . . . . 13, 16, 109-111

endurance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194
end-effector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
engine . . . . 22, 56, 67, 78-80, 83-88, 90-92, 224, 256
ENSIGN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
envelope . . . . . . . . . . . . . . . . . . . . . . 96, 103, 155, 258
Ephemeris . . . . . . . . . . . . . . . . . . . . . . . . . . 71, 73, 93
equator . . . . . . . . . . . . . . . . . . . . . . . . . . 31, 46, 58, 70
error . . . . . . 10, 17, 30, 44, 46, 53, 54, 59, 66, 72-77,

80, 82-88, 91, 95, 96, 106, 121, 130-149,
152-156, 162, 171, 179, 180, 185-187, 194,
196-199, 201, 203, 206, 210, 216, 218, 222,

226-228, 231-233, 259



Index 265

-inducing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
ESP . . . . . . . . . . . . . . . . 116, 117, 121, 122, 189, 256
estimation . . . . . . . . 11, 76, 77, 91, 97, 130, 131, 148-

150, 157, 175, 185, 187, 189, 197, 202, 203, FM . . . . . . . . . . . . . . . . . . . . 42, 76, 95, 123, 124, 165
213-218, 227, 228, 232, 236, 240, 241, 245, FMCW . . . . . . . . . . . . . . . . . . . . . . . . . . 125, 127, 128

247, 252-254, 261 fog . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178
etched . . . . . . . . 13, 62, 125, 126, 153, 154, 187, 232,

233, 244 force . . . . . 23, 26, 27, 30, 34, 46-49, 52, 71, 73, 138,
-array . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125, 126

Ethernet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
ETL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
Euclidean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199
Evaluation . . . . . . . . . . . . . 4, 51, 57, 77-79, 240, 243
excitation . . . . . . . . . . . . . . . . . . . . . 47, 49-53, 59, 63
exclusive-or . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
experimental . . . . . 92, 134, 138, 143-145, 150, 171,

181, 189, 194, 195, 201, 204, 253, 254 frequency
experimenter . . . . . . . . . . . . . . . . . . . . . . . . . 132, 133
extrinsic . . . . . . . . . . . . . . . . . . . . . . . . . 208, 211, 213
eye . . . . . . . . 103, 107, 116, 120, 163, 164, 174, 227

-safe . . . . . . . . . . . . . . . . . 103, 116, 120, 163, 164
Falcon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68, 257
fan-shaped . . . . . . . . . . . . . . . . . . . . . . . 103-105, 163
fast-growing . . . . . . . . . . . . . . . . . . . . . . . . . . 143, 144
feature-based . . . . . . . . . . . . . 183, 187, 194, 195, 232
feature-level . . . . . . . . . . . . . . . . . . . . . . 186, 204, 233
feature . . . . . 126, 157, 159, 164, 174, 181, 183, 185-

188, 193-195, 204, 208, 211, 212, 215, 216, full-duplex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158
228-233, 237, 253 fusing . . . . . . . . . . . . . . . . . . . . 46, 149, 216, 218, 254

ferrite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57, 58, 180
ferromagnetic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
ferrous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
fertilizer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
FET . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121
fiber . . . . . . . . 10, 32, 34-36, 39-44, 61, 62, 108, 146,

148, 150, 223, 236, 243, 247, 248, 250, 252, gamma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
254 gasoline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

-optic . . . . . . . . . 10, 32, 34-36, 39, 41-43, 61, 62,
146, 150, 236, 237, 240, 248 gated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103, 110

-optically . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
fiberglass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
field-of-view . . . . . . . . . . . . . . . . . . . . . . . . . . 110, 161
filter . . . . . 56, 76, 107, 116, 123, 147, 148, 150, 181,

210, 216, 218, 228, 230-232, 241 GDOP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75, 76, 87
Fischler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212, 243
fixed gear . . . . . . . . . . . . . . . . . . . . . . . . . 15, 20, 23, 24, 179

-length . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 135
-location . . . . 66-68, 96, 154, 156, 157, 165, 166,

169, 260 generator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
-reference . . . . . . . . . . . . . . . . . . . . . . 65, 222, 243

flexible . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92, 93
floating . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46, 56, 93
fluctuating . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
fluid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46, 56
flux . . . . . . . . . . . . . . . . . . . . . . . . . . 45-52, 57, 58, 63

-gathering . . . . . . . . . . . . . . . . . . . . . . . . . . 50, 108
fluxgate . . . . 45, 47-49, 51-57, 59, 222, 223, 236, 250
flywheel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

foliage . . . . . . . . . . . . . . . . . . . . . . . . 77, 79, 88, 90, 93

220, 251
forward-looking . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
FP-G154 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
fractional . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114, 155
free

-ranging . . . . . . . . . . . . . . . . . . 115, 163, 178, 246
-running . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
-space . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199

-modulated . . . . . . . . . . . . . . . . . . 42, 95, 123, 255
-modulation . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
-to-voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118

Fresnel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
frictional . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
fringe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
front

-mounted . . . . . . . . 19, 52, 56, 158, 165, 166, 170
-surfaced . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119

fuel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

fusion . . . 69, 148, 185, 186, 204, 206, 216, 218, 228,
233, 236, 249, 254, 260

GaAlAs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
GaAs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
gain . . . . . . . . . . . . . . . 11, 38, 100, 113, 116, 117, 121
Gallium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

gate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113

gateways . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204
gating . . . . . . . . . . . . . . . . . . . . . 47-49, 110, 111, 250
Gauss . . . . . . . . . . . . . . . . . . . . . . . . . 45, 57-59, 61-63
Gaussian . . . . . . . . . . . . . . . . . . . . . . . . . 210, 216, 218

GE9300-C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

-drive . . . . . . 19, 21, 23-25, 27, 28, 132-134, 138,
222, 238, 239, 243, 244

Genghis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
geodetic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65, 77
geographical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
geomagnetic . . . . . . . . . . . . . . . . . 45-47, 51, 52, 57-59
gimbal-mounted . . . . . . . . . . . . . . . . . . . . . . . . . 52, 56
gimbal . . . . . . . . . . . . . . . . . . . . . . . . . . 31, 46, 52, 56



266 Index

glass . . . . . . . . . . . . . . . . . . . . . . 13, 37, 39, 40, 58, 62
-ceramic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
-epoxy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

global . . . . . . . . 11, 65, 69, 70, 72, 76, 151, 153, 164,
176, 177, 184, 187-189, 196, 198, 199, 203, 66, 80, 143, 144, 148, 150, 153, 159, 163-
206, 222, 223, 229, 232, 233, 242, 244, 246, 166, 169, 187, 214, 247, 253

249, 252 helicopter . . . . . . . . . . . . . . . . . . . . . . . . . 33, 103, 258
globe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31, 46
glycerine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
GMR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
gold-film . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
GPS . . . . 65, 69-88, 90-92, 151, 154, 224, 236, 241,

244, 245, 247, 255, 256 heterodyne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118
GPS/INS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76, 245
gravitational . . . . . . . . . . . . . . . . . . . . . . . 34, 146, 251
gravity . . . . . . . . . . . . . . . . . . . . . 21, 32, 42, 135, 146
grid . . . . . . 66, 67, 186, 188, 189, 196-199, 203, 204,

231-233, 250 -accuracy . . . . . . . . . . . . . . 33, 151, 154, 156, 242
-based . . . . . 11, 13, 15, 17, 23, 30, 58, 65, 68, 69,

71, 76, 95, 96, 101, 109, 112, 115, 121, 125, -frequency . . . . . . . . . . . . . . 65, 77, 112, 121, 159
146, 150, 163, 172-174, 183-188, 194-199, -performance . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

203, 206, 207, 231, 232, 236, 242, 248, 252, -permeability . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
259, 260 -power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57, 65

-map . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 198, 199
grill . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125

-mounted . . . . . . . . 19, 52, 56, 158, 165, 166, 170
ground . . . . . 17-19, 21, 22, 65, 66, 68-71, 73, 81, 83,

131, 138, 139, 145, 236, 245, 253, 259 -shock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
-based . . . . . 11, 13, 15, 17, 23, 30, 58, 65, 68, 69,

71, 76, 95, 96, 101, 109, 112, 115, 121, 125, -temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
146, 150, 163, 172-174, 183-188, 194-199, -to-low . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

203, 206, 207, 231, 232, 236, 242, 248, 252, -tolerance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
259, 260 highway . . . . . . . . . . . . . . . . 88, 90, 91, 105, 167, 256

-speed . . . . . . . . . . . . . . . . 14, 16, 18, 69, 101, 146
-wave . . . . . 14, 35, 49, 59, 60, 66, 113-115, 117,

121, 125 HMMWV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
grounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121, 123
guidance . . . . 165, 180, 223, 227, 237, 241, 244, 245,

248-251, 253, 254, 259-261 horizon . . . . . . . . . . . . . . . . . . . . . . . . 66, 83, 178, 225
gyro . . . . . . . . . 30-42, 44, 55, 56, 146-150, 223, 229,

236, 237, 240, 254 host . . . . . . . . . . . . . . . . . . 57, 116, 126, 166, 167, 230
gyrocompass . . . . . . . . . . . . . . . . . . . . 31, 32, 55, 179
GyroEngine . . . . . . . . . . . . . . . . . . . . . . . . . . . 33, 223
GyroPoint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
gyroscope . . . 30-34, 43, 44, 147, 148, 223, 241, 247,

248, 252 hybrid . . . . . . . . . . . . . . . . . . . 131, 155, 169, 175, 179
Gyrostar . . . . . . . . . . . . . . . . . . . 33, 34, 147, 148, 223
hairpin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168
Hall . . . . . . . . . 45, 47, 57-59, 233, 237, 240, 248, 259

-effect . . . . . . . . . . . . . . . . . . . . . 19, 45, 47, 57-59
halogen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181, 234
handshake . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
hand-held . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170, 225
hard-wired . . . . . . . . . . . . . . . . . . . . . . . . . . . 103, 155
harmonic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51, 52

hazardous . . . . . . . . . . . . . . . . . . . . . . . . . 65, 126, 237
HCTL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 16
He . . . . . . . . . . . . . . . . . . . 52, 107, 118, 160, 199, 210
heading . . . . 15, 21, 22, 24, 30, 45-47, 53, 54, 57, 58,

helium-neon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
HelpMate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
hemisphere . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
hemispherical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
HERMIES-III . . . . . . . . . . . . . . . . . . . . . 26, 250, 251

heterodyning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
heterogeneous . . . . . . . . . . . . . . . . . . . . . . . . 186, 230
heuristic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199
high

-end . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145, 161

-precision . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
-pulse-repetition-rate . . . . . . . . . . . . . . . . . . . . 103
-resolution . . . . . . . . . . . . . . . . . . 17, 60, 179, 250
-sensitivity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

-speed . . . . . . . . . . . . . . . . 14, 16, 18, 69, 101, 146

histogram . . . . . . . . . . . . . . . . . . . . 189-192, 197, 238
histogramic . . . . . . . . . . . . . . . . . . . . . . . . 86, 232, 238

hobbyists . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
homing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

hospitals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173, 242

hostile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
Hough . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176, 228
household . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136
humidity . . . . . . . . . . . . . . . . . . . . . . . . . . 96, 155, 157

Hydro . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174
hyperbolic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65, 66
hysteresis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48-50, 87
H-field . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49, 50
IC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58, 59, 92
iconic . . . . . . . . . . . . . . . . . . . . . . . 187, 232, 233, 244
icon-based . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187
IFOG . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40-43
illumination . . . . . . . . . . . . . . . . . . . . . . . . . . 107, 166



Index 267

image . . . . 3, 105, 106, 109, 110, 120, 175, 176, 187,
188, 198, 199, 207-209, 211-217, 227, 228, 144, 155

232, 233, 243, 244, 247, 248, 252, 253, 259, inter-robot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
260 intolerance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

-based . . . . . 11, 13, 15, 17, 23, 30, 58, 65, 68, 69,
71, 76, 95, 96, 101, 109, 112, 115, 121, 125, IPEC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143-145
146, 150, 163, 172-174, 183-188, 194-199, IR . . . . . . . . . . . . . . . . . . . . . . 174, 225, 227, 229, 230

203, 206, 207, 231, 232, 236, 242, 248, 252, iron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46-48, 61, 62
259, 260 irregularities . . . . . . . . . . . . . . . . . . . . . . 131, 138, 162

imaginary . . . . . . . . . . . . . . . . . . . . . . . . . . . 21, 22, 31
imbalances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
immobile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177
immunity . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 17, 82
impact . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46, 136
Imperial . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165
impulse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
inaccuracies . . . . . . . . . . . . . . . . . . . 96, 130, 190, 203
incline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
incremetal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180
index . . . . . 14, 15, 38-40, 43, 57, 166, 232, 235, 250,

262, 279 KMZ10B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
indexed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
indium-antimonide . . . . . . . . . . . . . . . . . . . . . . . 57, 59
indium-arsenide-ferrite . . . . . . . . . . . . . . . . . . . . . . 58
indoor . . . . 24, 46, 65, 67, 70, 97, 131, 166, 169, 171,

180, 184, 202, 203, 213, 225, 242, 251, 254, Lambertian . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
261 landmark . . . . . 10, 11, 13, 15, 17, 23, 30, 58, 65, 68,

indoors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
induced . . . . . . . . . . . . . . . . 21, 36, 42, 52, 62, 71, 121
inductive . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 104, 234
inductor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
inert . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46, 56
inertia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
inertial . . . . . . . . . 10, 15, 17, 30, 31, 34, 35, 77, 145,

146, 150, 156, 207, 216, 223, 237, 251, 254 laser . . . . . . . . 10, 34-39, 41-44, 61, 65, 66, 101-104,
infogeometric . . . . . . . . . . . . . . . . . . . . . . . 69, 70, 245
infrared . . . . . 104, 107, 116, 117, 151, 158-160, 163,

172, 179, 181, 186, 225, 226, 228, 232, 233 216, 223, 225, 226, 229, 230, 232, 233, 236-
InGaAs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101, 104
initialization . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 211
injecting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
INS . . . . . . . . . . . . . . . . . . . . . . . 76, 77, 145-147, 245
insecticides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
insensitivity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
instabilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14, 38
instantaneous . . . . . . . . . . . . . . 21, 44, 51, 52, 62, 144
instrument-grade . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
Intel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100, 126
intelligent . . . 105, 153, 163-165, 225, 228, 236-239,

241-243, 246, 247, 249-254, 256, 258, 259 LaserNav . . . . . . . . . . . . . . . . . . . . . . . . 162, 163, 225
intensifiers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
intensity . . . . . . . 34, 35, 42, 45, 59, 62, 96, 100, 106,

116, 121, 122, 181, 236 latency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146
interferometer . . . . . . . . . . . . . . . . . . . . . . . 38, 61, 254
intersection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153

interval . . . . . . 14, 15, 20, 44, 66, 111, 113, 114, 124,

intrinsic . . . . . . . . . . . . . . . . . . . . . . . . . 208, 209, 211

J1455 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
jamming . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
K2A . . . . . . . . . . . . . . . . . . . 15, 24, 25, 158, 174, 232
K2A+ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174
K3A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
Kalman . . . . . . 76, 147, 148, 150, 181, 185, 200, 210,

216, 218, 230-232, 239, 241
-filter-based . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

Kaman . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66, 67, 256
kinematic . . . . . . . . . . . . . 19, 137, 138, 143, 238, 239
kinematics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138

knife-edge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 222
LA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155, 244, 247
LabMate . . . . . . . 16, 19, 27, 134, 136, 137, 157, 222,

227, 228, 230

69, 71, 76, 95, 96, 101, 109, 112, 115, 121,
125, 130, 131, 146, 150, 153, 163, 172-176,
179, 180, 183-188, 194-199, 203, 206, 207,
209, 210, 217, 226-229, 231, 232, 236, 240,

242, 248, 249, 252, 259-261
lane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104, 105, 258
large-diameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

107-112, 115-119, 125, 146, 152, 160, 163-
167, 169-172, 174-176, 178, 186, 191, 207,

238, 240, 241, 244, 245, 247-249, 252-255,
257, 258, 261

-based . . . . . 11, 13, 15, 17, 23, 30, 58, 65, 68, 69,
71, 76, 95, 96, 101, 109, 112, 115, 121, 125,
146, 150, 163, 172-174, 183-188, 194-199,

203, 206, 207, 231, 232, 236, 242, 248, 252,
259, 260

-diode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
-energy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
-guided . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66, 176
-radar . . . . . . . . . . . . . . . . . . . . . . . . . 19, 186, 245

LASERNET . . . . . . . . . . . . . . . . . . . . . . 160-162, 225
latch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

lateral . . . . . . . 22, 24, 30, 63, 66, 143, 144, 160, 177,
178, 180, 227, 233



268 Index

lateral-post . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177
latitude . . . . . . . . . . . . . . 30, 46, 66, 70, 80, 83, 84, 87
lattice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60, 61
lawnmower . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171
LCD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54, 55, 82
lead . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76, 82, 133
leader/follower . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
learning . . . . . . . . . . . . . . . . . 188, 231, 242, 249, 260
least-square . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 232
LED-based . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163
LED . . . . . . . . . . . 116, 120, 126, 158, 159, 163, 176
length-to-diameter . . . . . . . . . . . . . . . . . . . . . . . . . . 49
lenses . . . . . . . . . . . . . . . . . . . . . . . 104, 110, 158, 253
lexan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
lidar . . . 101, 107, 118, 119, 121-123, 186, 189, 190
light . . . . . . . 10, 13, 14, 16, 18, 34-37, 39-43, 61, 62,

68, 71, 95, 96, 101, 104, 107, 110, 111, 114- magnetizing . . . . . . . . . . . . . . . . . . . . . . . . . . 47-49, 52
121, 123, 124, 158, 159, 163, 176, 181, 223, magnetoelastic . . . . . . . . . . . . . . . . . . . 45, 60-63, 243

226, 227, 236, 258 magnetomechanical . . . . . . . . . . . . . . . . . . . . . . . . . 62
-based . . . . . 11, 13, 15, 17, 23, 30, 58, 65, 68, 69,

71, 76, 95, 96, 101, 109, 112, 115, 121, 125, 243, 250, 255
146, 150, 163, 172-174, 183-188, 194-199, magnetoresistive . . . . . . . . . . . . . 45, 59, 61, 242, 247

203, 206, 207, 231, 232, 236, 242, 248, 252, magnetostriction . . . . . . . . . . . . . . . . . . . . . . . . . 60, 61
259, 260 magnetostrictive . . . . . . . . . . . . . . . . . . . . . . . . . 60, 61

-weight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
lighting . . . . . . . . . . . . . . . . . . . . . . . . . . 119, 179, 183
LightRanger . . . . . . . . . . . . . . . . . . . . . . . . . . 120, 163
linearity . . . . . . . . . . . . . . . 38, 58, 121, 122, 124, 125
linearization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199
linearized . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153, 199
line-of-position . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
line-of-sight . . . . . . 66-68, 70, 76, 166, 167, 169, 225
linkage . . . . . 27, 28, 50, 51, 143, 144, 222, 238, 239
liquid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
Lithium . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92, 93, 181
live-fire . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
load-bearing . . . . . . . . . . . . . . . . . . . . . . . . . . 138, 222
localization . . . 65, 173, 174, 176, 202, 203, 207-209,

211, 213, 215, 216, 227, 229-233, 236, 237, 232, 238, 242, 244, 245, 259, 260
241, 244, 245, 247, 248, 251, 253, 254, 259, marine . . . . . . . . . . . . . . . . . . . . . . . . . 46, 65, 68, 258

261 maritime . . . . . . . . . . . . . . . . . . . . . . . . . . . 17, 76, 145
lock-in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
locomotion . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 233
locus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
longitude . . . . . . . . . . . . . . . . . . 66, 70, 80, 83, 84, 87
look-up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57, 101
loops . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66, 104
Loran . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65-67
Loran-type . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
low MDARS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176-178

-accuracy . . . . . . . . . . . . . . 33, 151, 154, 156, 242
-coherence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
-cost . . . . . . 13, 32, 39, 42, 43, 47, 51, 52, 56, 59,

61, 97, 116, 119, 146, 154, 163, 166, 242, mechanical . . . 2, 14-16, 23, 30-34, 38, 44-47, 58, 62,
244 102, 118, 146, 179, 243, 248

-friction . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31, 47
-loss . . . . . . . . . . . . . . . . . . . 43, 69, 186, 204, 233
-power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57, 65
-priced . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
-speed . . . . . . . . . . . . . . . . 14, 16, 18, 69, 101, 146

LSS390 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
M113-based . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
Mach-Zender . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
magnet . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46, 47, 180
magnetic . . . . . . . 13, 31, 37, 38, 45-54, 56-63, 71, 81,

123, 182, 222, 223, 225, 234, 242, 244, 245,
248, 251, 255

magnetically . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
magnetite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
magnetization . . . . . . . . . . . . . . . . . . . . . 49, 50, 59, 60
magnetized . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

magnetometer . . . . 47, 48, 50, 52, 58, 59, 61-63, 236,

manifold . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
manipulating . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
map . . . . . . . . . . 11, 95, 111, 123, 150, 153, 164, 173,

174, 184-188, 190, 193, 194, 196-199, 201-
204, 206, 207, 211, 214-217, 227, 229-233,

239, 242, 250-252, 260
-based . . . . . 11, 13, 15, 17, 23, 30, 58, 65, 68, 69,

71, 76, 95, 96, 101, 109, 112, 115, 121, 125,
146, 150, 163, 172-174, 183-188, 194-199,

203, 206, 207, 231, 232, 236, 242, 248, 252,
259, 260

-building . . . . . . . . . . 185, 186, 193, 194, 232, 250
-matching . . . . . . . . . . . . . . . . . 195, 198, 201, 203

mapping . . . . . . . . . 65, 102, 130, 164, 186, 187, 231,

marker . . . . . . . . . . . . . . . . . . . . . . 177-179, 181, 182
mask . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79, 188, 232
master/slave . . . . . . . . . . . . . . . . . . . . . . . 66, 155, 159
match/correction . . . . . . . . . . . . . . . . . . . . . . . . . . 198
matrix . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 156, 218
Matthis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 216
MC6809-based . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
MCP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

MDOF . . . . . . . . . . . . . . . . . . . . . . . . 25-28, 143, 144
mean . . . . . . . 38, 83, 84, 86, 123, 149, 226, 227, 232,

233



Index 269

mechanical-scanner . . . . . . . . . . . . . . . . . . . . . . . . 118
median . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
medium-resolution . . . . . . . . . . . . . . . . . . . . . . . . . . 17
Melboy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149, 150
membrane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
memory . . . . . . . . . . . 57, 93, 116, 126, 173, 184, 253
metal . . . . . . . 13, 17, 54, 99, 107, 179, 180, 200, 229
metallic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54, 60, 62
METGLAS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62, 63
Mexico . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
Michigan . . . . 2, 4, 25, 27-29, 34, 56, 129, 134, 139,

143-146, 152, 222, 235, 239, 243, 249, 255, multisensory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186
259 mumetal . . . . . . . . . . . . . . . . . . . . . . . . . 47, 48, 57, 58

micro . . . . . 18, 62, 78, 186, 187, 225, 230, 251, 256
-machining . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

microchannel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
microprocessor-controlled . . . . . . . . . . . . . . . . . . . . 56
microprocessor . . . . . . . . . 54-57, 100, 107, 119, 126,

164, 182 250, 251, 260
microwave . . . . . . . . . . . . . . . . . 17-19, 127, 242, 252
mid-air . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167, 168
military . . . . . . . . . . . . . . . . . . . . . . . . . . 23, 56, 72, 77
millimeter-wave . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
minivan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
Mini-Ranger . . . . . . . . . . . . . . . . . . . . . . . . . . . 68, 257
mirror . . . . . . . . . . 35, 37-39, 103, 105, 115, 117-119,

121, 158, 160, 225 network-level . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
misalignment . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 131
missiles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145
MIT . . . . . . . . . . . . . . . . . . 36, 65, 226, 231, 243, 246
mixer . . . . . . . . . . . . . . . . . . . . . . . . . . . 113, 124, 126
Mobility . . . . . . . . . . . . . . . . 19, 26, 27, 248, 254, 258
Mobot . . . . . . . . . . . . . . . . . . . . . . . . . . . 189, 190, 240
modality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186
model-based . . . . . . . . . . . . . . . . . . . . . . . . . . 213, 214
modified-FMCW . . . . . . . . . . . . . . . . . . . . . . . . . . 127
modular . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
modulated . . . . . 42, 95, 112, 116, 117, 121, 123, 223,

254, 255, 258 -linear . . . . . . . . . . . . . . . . . 38, 153, 199, 203, 218
modulation . . . . . 38, 71, 112-114, 119, 123-125, 158,

240, 254 -point . . . . . . . . . . . . 24, 25, 57, 69, 131, 152, 213
module . . . . . . . . . 78, 91, 92, 97-101, 125, 164, 174,

175, 215, 224, 256, 257 -ranging . . . . . . . . . . . . . . . . . . 115, 163, 178, 246
moment . . . . . . . . . . . . . . . . . . . . . . . . 21, 49, 75, 186
momentum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
monolithic . . . . . . . . . . . . . . . . . . . . . . 37, 58, 59, 244
monostatic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97-99
motorized . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
motor-driven . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
multi -volatile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

-axis . . . . . . 32, 37, 38, 43, 51, 52, 56, 58, 59, 61,
119, 147, 169, 201, 236 north . . . . . 30-32, 45, 46, 49, 66, 229, 246, 255, 257,

-degree-of-freedom . . . . . . . . . 25-28, 46, 56, 239
-faceted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
-mode . . . . . . . . . . . . . . 40, 79, 83, 86, 88, 91, 101

-path . . . . . . 40, 70, 72, 73, 75, 77, 132, 134, 139,
140, 142

-room . . . . . . . . . . . . . . . . . . . . . . . . . . 23, 39, 154
-target . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121, 248
-turn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39, 42

multibus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
multiple . . . . . . . 16, 26, 40, 43, 66, 69, 96, 100, 101,

109-111, 154, 155, 166, 169, 197, 202-204,
207, 208, 211, 212, 222, 237, 260, 261

-echo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
multiplying . . . . . . . . . . . . . . . . . . . . . . 71, 76, 95, 113

Mylar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 17
narrow . . . . . . . . . . . . . . . . . . . 62, 109, 125, 159, 239

-band . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
-beam . . . . . . . . . . . . . . . . . . . . . . 13, 16, 159, 225

National . . . . 2, 4, 26, 78, 79, 84, 227, 240, 245, 247,

NAV . . . . . . . . . . . . . . . . . . . . 158, 159, 224, 225, 255
NavCore . . . . . . . . . 78, 80, 83-85, 87, 88, 90-93, 224
Navmaster . . . . . . . . . . . . . . . . . . . . . 15, 24, 158, 177
Navstar . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70-72, 154
Navy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27, 57
network . . . . . . . . . . . . 11, 69, 76, 166, 167, 204, 261
networked . . . . . . . . . . . . . . . . . . . . 154, 166, 167, 225

Newton-Raphson . . . . . . . . . . . . . . . . . . . . . . . . . . 153
nickel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48, 61
NOAD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166, 225
nodding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
node . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35, 203
non

-contact . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
-differential . . . . . . . . . . . . . . . . . . . . . . . . . . 28, 77
-interfering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
-jammable . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146
-line-of-sight . . . . . . . . . . . . . . . . . . . . . 66, 67, 76

-load-bearing . . . . . . . . . . . . . . . . . . . . . . . . . . 222

-radiating . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146

-reciprocal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
-reflective . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159
-repetitive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
-robotics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
-systematic . . . . . . . . 130-132, 134-137, 143, 149
-vision . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176

nonlinear . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212, 213

258
northern . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
north-seeking . . . . . . . . . . . . . . . . . . . . . . . . . . . 31, 32



270 Index

NPN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
NRL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62, 63
object . . . . . . . . 95, 96, 101, 111, 114, 116, 124, 131,

143, 203, 207, 208, 211, 213, 215-217, 226, pesticides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
228, 232, 240, 241, 248, 255 phase . . . . . 14, 15, 24, 38, 41, 42, 53, 65-67, 77, 95-

obstacle . . . . . 24, 127, 128, 184, 185, 202, 238, 239,
244, 258 143, 155-157, 169, 191, 192, 196, 203-205,

obstructions . . . . . . . . 79-81, 83, 88, 90, 91, 93, 103,
154, 179 -detection . . . . . . 95, 112-114, 116, 118, 125, 157

occlusion . . . . . . . . . . . . . . . . . . . . . . . . 164, 167, 178
occupancy . . . . . . . . . . . 188, 197, 198, 231, 242, 252
ocean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 17, 242
odometry . . . . . . . 10, 13, 19-25, 28-30, 77, 80, 130-

135, 137-139, 143, 144, 148-150, 173-175, -quadrature . . . . . . . . . . . . . . . . . . . . . . . . . . 14, 15
178, 180, 188, 193, 194, 197, 198, 206, 216, -shift . . . . . . 67, 95, 109, 112, 115, 117, 123, 125

222, 229-232, 239, 240 phenomenological . . . . . . . . . . . . . . . . . . . . . 186, 187
-based . . . . . 11, 13, 15, 17, 23, 30, 58, 65, 68, 69,

71, 76, 95, 96, 101, 109, 112, 115, 121, 125, photodiode . . . . . . . . . . . . . . . 101, 103, 105, 107, 115
146, 150, 163, 172-174, 183-188, 194-199, photoelectric . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165

203, 206, 207, 231, 232, 236, 242, 248, 252, photogrammetry . . . . . . . . . . . . . . . . . . . 212, 252, 254
259, 260 photograph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189

-derived . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
odor . . . . . . . . . . . . . . . . . . . . . . . . 181, 182, 234, 251
Odyssey . . . . . . . . . . . . . . . . . . . . . . . . . 170, 171, 225
OEM . . . . . . . . . . . . 78, 79, 91, 92, 99, 101, 102, 224
olfactory . . . . . . . . . . . . . . . . . . . . . 181, 182, 234, 251
omnidirectional . . . . . 25, 26, 69, 152, 155, 169, 227,

231, 246, 247, 250 pingers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
onboard . . . . . . . 11, 13, 71, 103, 149, 151, 159, 164-

167, 171, 178, 179, 188, 222, 229 pixel . . . . . . . . . . . 110, 116, 121, 122, 175, 227, 229
on-road . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
on-site . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
on-the-fly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157
opaque/transparent . . . . . . . . . . . . . . . . . . . . . . . . . . 13
open-collector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
open-loop . . . . . . . . . . . . . . . . . . . . . . . . 35, 39, 42, 59
optical . . . . . . . . . 13-16, 30, 34-36, 38-44, 61, 95, 96,

103, 109, 110, 114-117, 120, 121, 125, 146, positioning . . . . . . 2, 4, 10-12, 19, 30, 54, 65, 66, 68-
148, 157-159, 164, 166, 170, 176, 180, 198, 70, 72, 95, 129, 130, 146, 150-152, 157, 163,
207, 209, 213, 223, 225-227, 232, 236, 240, 164, 169-171, 173-175, 179, 183-185, 188,

247-249, 252, 254, 256, 258, 260, 261 194-198, 206, 207, 209-211, 214, 215, 217,
opto-electronic . . . . . . . . . . . . 166, 167, 225, 243, 257
orbital . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70, 71
ordnance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
oscillator . . . . . . . . . . . . . . . . . . . . . . . . 53, 92, 97, 126
outdoor . . . . . . . 22, 65, 169, 171, 213, 215, 225, 247,

250 prediction-verification . . . . . . . . . . . . . . . . . . . . . . 176
outliers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154, 226
over-the-horizon . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
package . . 13, 55, 56, 59, 92, 93, 106, 108, 125, 163
packaging . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39, 93
packet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79, 92, 155
path-following . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148
PDOP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75, 87
pendulous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

permalloy . . . . . . . . . . . . . . . . . . . . . . . . . . 47, 48, 247
permanent-magnet . . . . . . . . . . . . . . . . . . . . . . . . . . 47
permeability . . . . . . . . . . . . . . . . . . . . . . . . . . 47-49, 63

97, 109-118, 120, 121, 123, 125, 127, 129,

218, 236, 243

-lock-loops . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
-measurement . . . 65, 71, 114, 115, 123, 125, 155,

157
-measuring . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115

photodetector . . . . . . . . . . . . . . . . . . 13, 115, 116, 160

photometric . . . . . . . . . . . . . . . . . . . . . . . . . . 207, 216
photon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
photoplast . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
photovoltaic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
Piezoelectric . . . . . . . . . . 33, 34, 62, 99, 156, 159, 223
pin-hole . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211

Pittsburgh . . . . . . . . . . 30, 76, 163, 237, 239, 251, 255

Pletta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240, 250
point-to-point . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
polarity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49, 92
polarization . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 43
Polaroid . . . . . . . . . . . . . . . . . . 99-101, 232, 237, 257
pose . . . 185, 187, 207, 213, 214, 217, 228, 231, 232,

252

225, 228, 232, 233, 240, 242, 244, 246, 249,
252, 256, 258, 260

potentiometers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
predetermined . . . . . . . . . . . . . . . . . . . . . 76, 117, 161
predict . . . . . . . . . . . . . . . . . . . . . . . . . . 194, 202, 214

prism . . . . . . . . . . . . . . . . . . . . . . . . . 33, 34, 103, 223
probabilistic . . . . . . . . . . . . . . . . . . . . . . . . . . 176, 210
propagation . . . . 40, 65, 66, 70, 71, 95, 96, 107, 124,

152, 154, 155
Proxim . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
proximity . . . . . . . . 13, 54, 59, 75, 95, 167, 177-179,

232, 233, 260
PRSM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40



Index 271

pseudo . . . . . . . . . . . . . . . . . . . . . 71, 72, 75, 144, 197
-code . . . . . . . . . . . . . . . . . . . . 73, 76, 77, 176, 178
-probability . . . . . . . . . . . . . . . . . . . . . . . . . . . 197
-random . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
-range . . . . . . . . . . . . . . . . . . . . . . . . . . 72, 75, 169
-stable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

pulsed-Doppler . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
pyroelectric . . . . . . . . . . . . . . . . . . . . . . . . . . 181, 234
quadrature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14, 15
quadrilateral . . . . . . . . . . . . . . . . . . . . . . . . . . 163, 164
quadruples . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 210
quadruplet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 210
quartz . . . . . . . . . . . . . . . . . 63, 71, 107, 181, 182, 234

-crystal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
-stabilized . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

radar . . . . . . . 18, 19, 65, 95, 101, 108, 109, 123, 125-
127, 186, 223, 230, 237, 238, 240, 245, 260 SAE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99, 254

-based . . . . . 11, 13, 15, 17, 23, 30, 58, 65, 68, 69,
71, 76, 95, 96, 101, 109, 112, 115, 121, 125, Sandia . . . . . . . . . . . . . . . . 4, 78-80, 84, 240, 247, 250
146, 150, 163, 172-174, 183-188, 194-199, satellite . . . . . . . 11, 13, 15, 17, 23, 30, 58, 65, 68-73,

203, 206, 207, 231, 232, 236, 242, 248, 252, 76, 77, 79, 83, 88, 95, 96, 101, 109, 112,
259, 260 115, 121, 125, 146, 150, 163, 172-174, 183-

-like . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57, 65, 72
radio . . . . . . 10, 33, 65, 66, 70, 76, 96, 155, 166, 167

-control . . . . . . . . . . . . . . . . . . . . . . . . . 15, 33, 118
-controlled . . . . . . . . . . . . . . . 28, 33, 56, 160, 167
-frequency . . . . . . . . . . . . . . 65, 77, 112, 121, 159

range scanning . . . . . . . . . 62, 102-105, 108, 109, 115, 116,
-lateration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
-measurement . . . 65, 71, 114, 115, 123, 125, 155,

157 scatter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
-points . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196
-rate . . . . . . . . . . . . . . . . . . . . . . . . . 103, 126, 148

rangefinder . . . . . . 101, 102, 107, 108, 115, 116, 120,
164, 165, 174, 175, 191, 225, 230, 233, 244, selective . . . . . . . . . . . . . . . . . . . . . . . 73, 75, 103, 111

246, 248, 249, 257-259 self
ratiometric . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
Raymond . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 78
rays . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 208-210, 212
real-time . . . . . . . . 11, 66, 70, 71, 143, 170, 227, 242,

252, 254 semiconductor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
reed-follower . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
reflectance . . . . . . . . . . . . . . . . . . . . . . . . . . . 116, 249
reflection . . . . . . . . . . . 40, 73, 96, 104, 110, 116, 159
reflective . . . 35, 37, 39, 96, 158, 159, 166, 176, 178,

226 SFS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 257
reflectivities . . . . . . . . . . . . . . . . . . . . . . . . . . . 96, 106
reflectivity . . . . . . . . . . . . . . . . . . . . . . . 101, 116, 166
reflector . . . . . . . . . . . . . . . . . . . . . . . . . 155, 226, 227
refraction . . . . . . . . . . . . . . . . . . . . . 38, 40, 72, 73, 77
remote-controlled . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
repeatability . . . . . . . 15, 57, 66, 67, 69, 125, 136, 227
resolver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17, 53
resonance . . . . . . . . . . . . . . . . . . . . . . . . . . . 33, 36, 42
resonator . . . . . . . . . . . . . . . . 36, 38, 39, 42, 252, 254

Reston . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170, 258
retentivity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49, 50
retro-reflector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 226
RF . . . . . 17, 65, 67, 68, 80, 92, 95, 96, 112, 126, 155,

157
ringing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
ring-core . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50, 51, 56
Roamer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193, 194
ROBART . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52, 53
ROBOSENSE . . . . . . . . . . . . . . . . . . . . 164, 165, 225
round-trip . . . . . . . 36, 65, 95, 96, 107, 112, 114, 116,

124
running-average . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
RVSI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
SA . . . . . . . . . . . . . . . . . . . . . . . . . . 22, 73-75, 84, 94
saddles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215

Sagnac . . . . . . . . . . . . . . . . . . 34, 36, 40-42, 251, 254

188, 194-199, 203, 206, 207, 231, 232, 236,
242, 246, 248, 252, 255, 259, 260

saturable-core . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
sawtooth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
SBIR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27, 104

119, 122, 157, 158, 160, 163-166, 177, 178,
208, 211, 225, 230, 240, 248, 258, 261

Scooter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167, 168
SCSI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118
segmentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176

-calibrating . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
-contained . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 146
-mapping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164
-organizing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

semi-permanent . . . . . . . . . . . . . . . . . . . . . . . . . . . 175
SEP . . . . . . . . . . . . . . . . . . . . . . . . . . . 73, 76, 77, 249
sequencing . . . . . . . . . . . . . . . . . . . 78, 84, 88, 90, 224
servo-control . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 118

shared-spectrum . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
short

-lived . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181, 251
-pulse . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103, 107
-range . . . . . . . . . . . . . . . . . . . . . . . . . . 72, 75, 169
-term . . . . . . . . . . . . . . . . . . . . . . . 56, 93, 130, 150

shot-noise-limited . . . . . . . . . . . . . . . . . . . . . . . . . . 43
shuttering . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109, 110



272 Index

signal . . . . . 17, 31, 38, 42, 49, 50, 58-60, 62, 63, 66,
67, 69-72, 77, 79, 92, 95, 96, 100, 101, 104, step-index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
106, 112, 114, 116-118, 121-124, 126, 127, Stereo . . . . . . 115, 197, 203, 211, 215-217, 231, 237,

146, 155, 160, 166, 181, 182, 223, 261 249
-coding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
-processing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
-to-noise . . . . . . . . . . . . . . . . . 70, 79, 96, 116, 146

signatures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174
silicon . . . . . . . . . . . . . . . . . . . . . . 58, 59, 62, 246, 248

-based . . . . . 11, 13, 15, 17, 23, 30, 58, 65, 68, 69,
71, 76, 95, 96, 101, 109, 112, 115, 121, 125, surveillance . . . . . . . . . 2, 17, 181, 241, 242, 245, 259
146, 150, 163, 172-174, 183-188, 194-199, swing-needle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

203, 206, 207, 231, 232, 236, 242, 248, 252, synchros . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
259, 260 synchro-drive . . . . . . . . . . . . . . . 23, 25, 138, 222, 244

silk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
simulation . . . . . . . 138, 144, 148, 153, 154, 210, 222,

226, 247 TAD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
single telemetry . . . . . . . . . . . . . . . . . . . . . . . . 66, 67, 71, 168

-axis . . 32, 37, 38, 43, 51, 52, 56, 58, 59, 61, 119,
147, 169, 201, 236 temperature-nulled . . . . . . . . . . . . . . . . . . . . . . . . . . 57

-board . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
-channel . . . . . . . . . . . . . . . . . . . . . . . . 14, 78, 224
-DOF . . . . . . . . . . . . . . . . . . . . . 27, 102, 119, 156
-echo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100, 101
-frequency . . . . . . . . . . . . . . 65, 77, 112, 121, 159
-mode . . . . . . . . . . . . . . 40, 79, 83, 86, 88, 91, 101
-word . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116

singularities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157
sink . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
six-legged . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115, 240
skid-steer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
sky-wave . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
slippage . . . 17, 18, 21, 23, 24, 26-28, 130, 131, 137-

139, 227, 255 -to-amplitude-conversion . . . . . . . . . . . . . . . . 101
SLNM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
slow-growing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143
smaller . . . . . 24, 39, 82, 99, 104, 136, 148, 149, 180,

193, 200, 206 topological . . . . . . . . 11, 187, 196, 197, 203, 204, 247
small-area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
small-diameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
SN28827 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99, 100
solenoidal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50, 62
solid-state . . . . . . . . . . . . 42, 43, 55, 57, 146, 147, 254
sonar . . . . . . . . 97, 101, 159, 177, 178, 186, 195, 200,

202, 204, 205, 226, 230-232, 237, 239, 244- translation-invariant . . . . . . . . . . . . . . . . . . . . . . . . 186
249, 251, 257 translation . . . 130, 162, 186, 191, 192, 211-215, 241,

sonobuoys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
space-stable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
Spatial . . . . . . 53, 170, 171, 185, 186, 204, 207, 225,

233, 258, 260 TreeSense . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103, 104
spiral . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
spread-spectrum . . . . . . . . . . . . . . . . . . . . . 69, 70, 155
SPSi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 258
SQUID . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
standing-wave . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

Starguide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

stiction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
stiffness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
STROAB . . . . . . . . . . . . . . . . . . . . 166, 167, 169, 225
structured-light . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158
super-luminescent . . . . . . . . . . . . . . . . . . . . . . . . . . 41
suppression . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

TACAN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159
TACTIC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66, 67

tele-operated . . . . . . . . . . . . . . . . . . . . . . . . 23, 28, 29

terrestrial . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
thermal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181, 234
three-wheel . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25, 26
tilt-compensated . . . . . . . . . . . . . . . . . . . . . . . . . . . 146
time

-division-multiple-access . . . . . . . . . . . . . . 69, 155
-measurement . . . 65, 71, 114, 115, 123, 125, 155,

157
-of-arrival . . . . . . . . . . . . . . . . 65, 66, 72, 155, 156
-of-flight . . . . . . . . . . . . . . . 95, 106, 114, 156, 175
-phase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53, 77
-stamped . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
-tagged . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

-variant . . . . . . . . . . . . . . . . . . . . . . . . . . . 181, 218
-walk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

timer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118

toroidal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51, 53, 56
tractable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215
tractor-trailer . . . . . . . . . . . . . . . . . . . . . . . . . 144, 145
trailer . . . . . . 138, 139, 144, 145, 222, 238, 243, 248
trajectory . . . . . . . . . . . . 133, 140, 150, 196, 215, 216
Trak-Star . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18, 19

244
transmitter-receiver . . . . . . . . . . . . . 68, 125, 152, 155
transponder . . . . . . . . . . . . . . . . . . . . . . . 68, 154, 158

triangulation . . . . . . 95, 151-153, 160, 163, 165, 172,
177, 178, 226, 241

tricycle . . . . . . . . . . . . . . . . . . . 21, 138, 179, 230, 232
trinocular . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 216
triplets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211, 228



Index 273

tripods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161, 170
true-north . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
tunneling . . . . . . . . . . . . . . . . . . . . . . . . . . 61-63, 255
tunneling-tip . . . . . . . . . . . . . . . . . . . . . . . . 61-63, 255
two-dimensional . . . . 66, 79, 110, 169, 186, 209, 211,

213, 214 VME . . . . . . . . . . . . . . . . . . . . . . . . . . . 116, 174, 229
two-wheel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
ultrasonic . . . . . . . . 12, 18, 19, 65, 95-100, 113, 151,

154-159, 172, 178, 179, 189, 193, 194, 199- 146, 150, 163, 172-174, 183-188, 194-199,
202, 216, 226, 230, 235, 237, 239, 241-243, 203, 206, 207, 231, 232, 236, 242, 248, 252,

247, 248, 251, 256, 257, 260 259, 260
ultrasound . . . . . . . . . . . . . . . . . . . . . . . . . 19, 154, 207
UMBmark . . . . . . . . . . . . . . . 134-137, 139, 141, 222
unibody . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
USMC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
vacuum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39, 41
variable . . . . . . . . . . . . . . . . . . . . . . . . . . 58, 111, 216
variable-width . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
variance . . . . . . . . . . . . 80, 83, 84, 121, 200, 210, 232
VAX . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116, 230, 231
VDOP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75, 87
very-large-area . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
vessel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 46
VH1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
VH2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
VHF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
vibrating . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33, 34, 63
vibration . . . . . . . . . . . . . . . 16, 34, 42, 52, 71, 99, 161
vidicon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
vision . . 109-111, 115, 174-177, 183, 186, 187, 203-

205, 207, 210, 212-217, 226-231, 233, 236,
237, 240, 241, 244-248, 252, 253, 255, 261

vision-based . . . . . . . . . . . . . . . . . . . . . . 174, 207, 236
visual . . . . . . 126, 167, 188, 204, 207, 208, 213-216,

230, 249
visualization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
visualizes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133

-based . . . . . 11, 13, 15, 17, 23, 30, 58, 65, 68, 69,
71, 76, 95, 96, 101, 109, 112, 115, 121, 125,

-bus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
volatile . . . . . . . . . . . . . . . . . . . . 14, 57, 181, 182, 234
waveform . . . . . . . . . . . . . . . . . . . . . . . . . 99, 117, 124
waveguide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39, 40
wavelength . . . . . . . . 35, 37, 40, 41, 43, 72, 102-104,

106, 109, 112, 114, 115, 118, 119, 125, 155,
157, 163

wheel . . . . . . . 10, 13, 15-17, 19-28, 30, 44, 130-133,
136, 138-143, 179, 222, 233, 250

-slippage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
wheelbase . . . . . . 20, 24, 131-133, 137, 140, 142, 222
wideband . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
workspace . . . . . . 154, 163, 176, 203, 204, 233, 253
world-modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . 189
worst-case . . . . . . . . . . . . . . . . . . . . 75, 107, 118, 131
Y-code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76, 77



274 Index

AUTHOR INDEX

Abidi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236
Acuna . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236
Adams . . . . . . 121, 123, 131, 202, 236, 254, 258
Adrian . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236
Agent . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182, 236
Aggarwal . . . . 175, 176, 185, 187, 197, 214, 215,

228, 248, 253, 260 Buholz . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38, 240
Aldon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254
Allen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236, 257
Amai . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250
Arakawa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245
Aras . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246
Arditty . . . . . . . . . . . . . . . . . . . 36, 38, 39, 41, 243
Arenas . . . . . . . . . . . . . . . . . . . . . . . . . . . 176, 246
Arimoto . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
Arkin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99, 236
Aronowitz . . . . . . . . . . . . . . . . . . . . . . . . . 36, 236
Asada . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259
Atiya . . . . . . . . . . . . . . . . . . . . . . . . . 211, 236, 245
Attolico . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
Aviles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236
Avolio . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 236
Ayache . . . . . . . . . . . . . . . . . . . . . . . . . . . 216, 237
Baines . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237, 255
Bains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246
Baker . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169, 237
Banzil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
Barbieri . . . . . . . . . . . . . . . . . . . . . . 113, 157, 243
Baron . . . . . . . . . . . . . . . . . . . . . . . . 176, 227, 244
Barrett . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60, 237
Barshan . . . . . . . . . . . . . . . . . . . 34, 146-148, 237
Barth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
Benchetrit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252
Benedetto . . . . . . . . . . . . . . . . . . . . . . . . . 231, 251
Benhabib . . . . . . . . . . . . . . . . . . . . . . . . . 260, 261
Bennett . . . . . . . . . . . . . . . . . . . . . . . . 44, 236, 237
Besant . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165, 250
Betke . . . . . . . . . . . . . . . . . . . . . . . . 153, 210, 237
Beveridge . . . . . . . . . . . . . . . . . . . . . . . . . 243, 259
Beyer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
Bhanu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 258
Biber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
Binger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
Blais . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259
Blaszyk . . . . . . . . . . . . . . . . . . . . . . . . . 40, 41, 250
Bohlander . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259
Bolles . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212, 243
Boltinghouse . . . . . . . . . . . . . . . . . . 116, 238, 247
Bolz . . . . . . . . . . . . . . . . . . . . . . . . . 181, 234, 238
Borenstein . . . . . 2, 15, 26, 96, 99, 132, 134-136,

139, 142-144, 149, 176, 197, 232, 238, 239, DeVries . . . . . . . . . . . . . . . . . . . . . . . . . . 115, 240
243, 250 Dibburn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 242

Bourbakis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259
Brooks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239
Brown . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72, 239
Brubacher . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255
Brunner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236
Buchberger . . . . . . . . . . . . . . . . . . . . . . . . 186, 239

Bulkeley . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240
Burke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 238
Burns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240
Byrd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115, 240
Byrne . . . . . 2, 4, 18, 73, 74, 77, 78, 85, 130, 178,

240, 250
Byun . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Cao . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240, 259
Caponetti . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
Capozzo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
Carlson . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50, 250
Carroll . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246
Carter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240
Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153
Chandra . . . . . . . . . . . . . . . . . . . . . . . . . . 228, 236
Chao . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240
Chelberg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Chen . . . . . . . . . . . . . . . . . . . . . . . . . 213, 240, 259
Chenavier . . . . . . . . . . . . . . . . . . . . . 130, 210, 240
Chesnoy . . . . . . . . . . . . . . . . . . . . . . . . . . . 38, 240
Chi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
Chiarella . . . . . . . . . . . . . . . . . . . . . . . . . . 167, 248
Chodorow . . . . . . . . . . . . . . . . . . . . . . 38, 240, 254
Chow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36, 240
Christian . . . . . . . . . . . . . . . . . . . . . . . . . . . 38, 241
Clark . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241, 255
Clergeot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 242
Cohen . . . . . . . . . . . . . . . . . . . . 129, 152, 172, 241
Colvin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 271
Dick . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 271
Congdon . . . . . . . . . . . . . . . . . . . . . . . . . . 197, 241
Conrad . . . . . . . . . . . . . . . . . . . . . . . . . . . 114, 241
Cooper . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77, 241
Courtney . . . . . . . . . . . . . . 186, 197, 203, 204, 241
Cox . . . . . . . . . . . . . . . . . . . . . . . . . . 134, 198, 241
Crowley . . . . . . 20, 130, 185, 188, 189, 197, 199,

210, 231, 232, 240, 241, 252, 259
Curran . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259
D'Orazio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
Dahlin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 242
DeCorte . . . . . . . . . . . . . . . . . . . . . . . . . . 177, 241
Depkovich . . . . . . . . . . . . . . . . . . . . . . . . 101, 242
Deveza . . . . . . . . . . . . . . . . . . . . . . . . . . . 181, 241



Index 275

Dickerson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259
Distante . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
Dodington . . . . . . . . . . . . . . . . . . . . . . . . . . . . 242
Domey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259
Doussis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243
Drake . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259, 260
Duchnowski . . . . . . . . . . . . . . . . . . . . . . . . 67, 242
Dudek . . . . . . . . . . . . . . . . . . . . . . . . . . . . 232, 260
Dunlap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 242
Durieu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 242
Durrant-Whyte . . . . . . . . . . . . . . . . . . . . . 237, 241
Dyott . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236
Edlinger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 242
Elfes . . . . . . . . . . . . . . . . . . . . . . 99, 197, 242, 249
Elgazzar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252
Ellin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
Ellowitz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 242
Emge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44, 237
Engelson . . . . . . . . . . . . . . . . . . . . . . 186, 187, 242
Etersky . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244
Evans . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130, 242
Everett . . . . . . 2, 4, 52, 53, 99, 176, 177, 242, 243
Ewing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244
Ezekial . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36, 243
Fainman . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243
Fan . . . . . . . . . . . . . . . . . . . . . . 103-105, 163, 243
Faugeras . . . . . . . . . . . . . . . . . . . . . . . . . . 216, 237
Feiten . . . . . . . . . . . . . . . . . . . . . . . . 216, 237, 248
Feng . . . 2, 34, 132, 134-136, 139, 141, 142, 149,

176, 222, 239, 243 Hollingum . . . . . . . . . . . . . . . . . . . . . . . . 130, 245
Fenn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63, 243
Fennema . . . . . . . . . . . . . . . . . . . . . . 214, 243, 259
Figueroa . . . . . . . . . . . . . . . . . . . . . . 156, 157, 243
Fischler . . . . . . . . . . . . . . . . . . . . . . . . . . .  212, 243
Fisher . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244
Fleury . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244
Flynn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14, 246
Fournier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254
Fox . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244
Fraden . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244
Frank . . . . . . . . . . . . . . . . . . . . . . . . . 16, 129, 250
Frederiksen . . . . . . . . . . . . . . . . . . . . . . . . . . . 244
Fujimura . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
Fujiwara . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
Fukui . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176, 244
Gage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243
Gan . . . . . . . . . . . . . . . . . . . . . . . . . . 226, 232, 255
Ganapathy . . . . . . . . . . . . . . . . . . . . . . . .  212, 244
Gerver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243
Getting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244
Geyger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244
Gilbert . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46, 244
Gilbreth . . . . . . . . . . . . . . . . . . . . . . . . . . 242, 243
Goldenberg . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Goncalves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261

Gonzalez . . . . . . . . . . . . . 199, 218, 236, 244, 252
Gothard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244
Gould . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244
Gourley . . . . . . . . . . . . . . . . . . . . . . . . . . . 137, 244
Grabbe . . . . . . . . . . . . . . . . . . . . . . . 146, 222, 250
Green . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252
Grenoble . . . . . . . . . . . . . . . . . . . . . . . . . . 47, 244
Gunther . . . . . . . . . . . . . . . . . . . . . . . . . . 169, 245
Gurvits . . . . . . . . . . . . . . . . . . . 153, 154, 210, 237
Hager . . . . . . . . . . . . . . . . 175, 211, 227, 236, 245
Hall . . . . . . 45, 47, 57-59, 233, 237, 240, 248, 259
Hamanaka . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252
Hammond . . . . . . . . . . . . . . . . . . . . . . 97, 240, 245
Hanawa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249
Hanson . . . . . . . . . . . . . . . . . . . . . . . . . . . 243, 259
Harmon . . . . . . . . . . . . . . . . . . . . . . . . . . 245, 259
Haralick . . . . . . . . . . . . . . . . . . . . . . . . . . 213, 245
Harris . . . . . . . . . . . . . . . . . 69, 115, 237, 245, 256
Hashimoto . . . . . . . . . . . . . . . . . . . . . . . . 226, 253
Haenderson . . . . . . . . . . . . . . . . . . . 241, 253, 254
Henkel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245
Hine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51, 245
Hinkel . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189, 245
Ho . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 238
Hockney . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243
Holcombe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259
Holenstein . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245
Holland . . . . . . . . . . . . . . . . . . . . . . . . 23, 244-246
Holle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14, 245

Hong . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Hongo . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138, 245
Hoppen . . . . . . . . . . . . . . . . . . . . . . . . . . . 185, 245
Hosoi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
Howard . . . . . . . . . . . . . . . . . . . . . . . . . . . 244, 245
Huang . . . . . . . . . . . . . . . . . . . . . . . . . . . . 248, 259
Huber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
Hurn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245
Hwang . . . . . . . . . . . . . . . . . . . . . . . . . 72, 73, 239
Hyyppa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 248
Ianigro . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
Inigo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259, 260
Ishida . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 248
Jacobus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
Jaffe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247
Jain . . . . . . . . . 186, 197, 203, 204, 233, 241, 261
Janet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246
Jasiobedzki . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246
Jenkin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246
Johnson . . . . . . . . . . . . . . . . . . . . . . 101, 243, 248
Jones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246
Jörg . . . . . . . . . . . . . . . . . . . . . . . . . 186, 239, 246
Kabuka . . . . . . . . . . . . . . . . . . . . . . . . . . . 176, 246
Kadonoff . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246
Kaiser . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246, 254



276 Index

Kak . . . . . . . . . . . . . . . . . . . . . . . . . . 188, 214, 246
Kaman . . . . . . . . . . . . . . . . . . . . . . . . . 66, 67, 256
Kanbara . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259
Kato . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
Katten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259
Kay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246
Kennedy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244
Kenny . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62, 246
Kerr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114, 246
Kihara . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75, 246
Killough . . . . . . . . . . . . . . . . . . . . . . . 26, 246, 250
Kim . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99, 246
King . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246
Klarer . . . . . . . . . . . . . . . . . . . . . . . . 240, 247, 250
Kleeman . . . . . . . . . . . . . . . . . . . . . . 151, 181, 247
Knieriemen . . . . . . . . . . . . . . . . . . . . 189, 191, 245
Koenigsburg . . . . . . . . . . . . . . . . . . . . . . . . . . . 247
Kojima . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252
Komoriya . . . . . 44, 131, 132, 146, 148, 149, 223,

247 Matthies . . . . . . . . . . . . . . . . . . . . . . . . . . 216, 249
Kondo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249
Koogle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247
Koper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247
Koren . . . 4, 96, 99, 132, 134, 137, 149, 151, 197,

238, 239, 243 McVey . . . . . . . . . . . . . . . . . . . . . . . . . . . 259, 260
Kortenkamp . . . . . . . 129, 203, 204, 206, 247, 259
Koss . . . . . . . . . . . . . . . . . 129, 152, 172, 226, 241
Krantz . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145, 242
Krotkov . . . . . . . . . . . . . . . . . . . . . . 210, 247, 259
Kuc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202, 247
Kuipers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Kumar . . . . . . . . . . . . . . . . . . . 213, 243, 247, 259
Kurazume . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Kwiatkowski . . . . . . . . . . . . . . . . . . . . . . . 59, 247
Kyriakopoulos . . . . . . . . . . . . . . . . . . . . . . . . . 259
Kyuma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252
La . . . . . . . . . . . . . . . . . . . . . . . . . . . 155, 244, 247
Laird . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243
Lamancusa . . . . . . . . . . . . . . . . 113, 155, 156, 243
Lamb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36, 249
Langer . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97, 247
Langley . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71, 247
Lapin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247
Larsen . . . . . . . . . . . . . . . . . . . . . . . . 116, 238, 259
Larson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247
Larsson . . . . . . . . . . . . . . . . . . . . . . . 138, 171, 248
Lawitzky . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254
Lawton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Lebegue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Lefevre . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41, 248
Leifer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247
Lenz . . . . . . . . . . . . . . . . . . . 61, 62, 213, 248, 252
Leonard . . . . . . . . . . . . . . . . . . . . . . . 10, 202, 248
Levitt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Lewis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 248

Li . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Lim . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240
Liu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213, 248
Lovergine . . . . . . . . . . . . . . . . . . . . . . . . . 213, 248
Lu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Luo . . . . . . . . . . . . . . . . . . . . . . 176, 177, 229, 246
MacKenzie . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
MacLeod . . . . . . . . . . . . . . . . . . . . . . . . . 169, 248
Maddox . . . . . . . . . . . . . . . . . . . . . . . . . . 237, 248
Maenaka . . . . . . . . . . . . . . . . . . . . . . . . . . . 58, 248
Magee . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176, 248
Mahajan . . . . . . . . . . . . . . . . . . . . . . 157, 243, 248
Malik . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Manolis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 248
Manz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252
Martin . . . . . . . . . . . . . . . . . . . . . 38, 236, 242, 248
Masuda . . . . . . . . . . . . . . . . . . . . . . . 176, 227, 249
Mataric . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249
Matsuda . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249

McDermott . . . . . . . . . . . . . . . . . . . . 186, 187, 242
McGillem . . . . . . . . . . . . . . . . . . . . . . . . . 249, 260
McKendall . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
McPherson . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249

Menegozzi . . . . . . . . . . . . . . . . . . . . . . . . . 36, 249
Mesaki . . . . . . . . . . . . . . . . . . . . . . . . . . . 176, 249
Milios . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246
Miller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249
Ming . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 258
Miura . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231, 259
Moeller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240
Monteil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 242
Moravec . . . . . . . . . . . . . . . . . . . 99, 197, 216, 249
Motazed . . . . . . . . . . . . . . . . . . . . . . . . 73, 76, 249
Muller . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237, 245
Murray . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249
Nagashima . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Nagata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Nakamura . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 248
Nakayama . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252
Nelson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Ni . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240
Nickson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249
Nieusma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 242
Nishide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249
Nitzan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249
Nix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
Noda . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252
Nolan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250
Ohgusu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 248
Ohya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Okada . . . . . . . . . . . . . . . . . . . . . . . . . . 75, 76, 246
Ollero . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244
Oosterlinck . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254



Index 277

Oyama . . . 44, 131, 132, 135, 146, 148-150, 223,
247 Shoval . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252

Parish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250
Parker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Partaatmadja . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Patterson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250
Pears . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
Pedrotti . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240
Pellerin . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51, 236
Pessen . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 250
Petersen . . . . . . . . . . . . . . . . . . . . . . . 59, 242, 250
Pin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26, 97
Polkowski . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Pont . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
Prasad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Premi . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165, 250
Price . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254
Primdahl . . . . . . . . . . . . . . . . . . . . . . . . 49, 50, 250
Probert . . . . . . . . . . . . . . . . . . . 122, 123, 236, 261
Purkey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250
Puttkamer . . . . . . . . . 186, 191, 239, 242, 245, 254
Rappaport . . . . . . . . . . . . . . . . 152, 226, 249, 260
Raschke . . . . . . . . . . . . . . . . . . . . . . . . . . 235, 250
Reidy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250
Reignier . . . . . . . . . . . . . . . . . . . . . . . . . . . 20, 241
Reina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244
Reister . . . . . . . . . . . . . . . . . . . . . . . . 26, 250, 251
Rencken . . . . . . . . . . 185, 188, 193-196, 237, 251
Reunert . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 251
Reynolds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246
Rioux . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259
Riseman . . . . . . . . . . . . . . . . . . . . . . . . . . 243, 259
Roberts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 258
Roning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240
Rosker . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38, 241
Rudolph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250
Russel . . . . . . . 132, 181, 182, 234, 241, 247, 251
Sabatini . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 251
Sagnac . . . . . . . . . . . . . . . 34, 36, 40-42, 251, 254
Sammarco . . . . . . . . . . . . . . . . . . . . . . . . 146, 251
Sampson . . . . . . . . . . . . . . . . . . . . . . . . . . 114, 241
Sanders . . . . . . . . . . . . . . . . . . . . . . . . 43, 240, 252
Santos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
Savage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255
Schaffer . . . . . . . . . . . . . . . . . . . . . . . . . . 187, 252
Schiele . . . . . . . . . . . . . . . . . . . . . . . 188, 189, 252
Schleich . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240
Schultz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252
Schwind . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
Scully . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240
Sethi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
Shafer . . . . . . . . . . . . . . . . . . . . . . . . . . . . 216, 249
Shenk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
Shertukde . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
Shirai . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259

Shirakawa . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253

Shufeldt . . . . . . . . . . . . . . . . . . . . 13, 17, 145, 242
Siegel . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202, 247
Singh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
Siuru . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252
Slama . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212, 252
Smith . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
Smurlo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243
Stella . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
Stentz . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244, 252
Stokes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252
Stuart . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50, 252
Stuck . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197, 252
Sugihara . . . . . . . . . . . . . . . . . . . . . . 209, 210, 252
Sugimoto . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245
Sugiyama . . . . . . . . . . . . . . . . . . . . . . . . . 143, 252
Sulzberger . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254
Sun . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Sutherland . . . . . . . . . . . . . . . . . . . . 215, 252, 261
Suzuki . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
Tai . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252
Takeda . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
Talluri . . . . . . . . . . . . . . . . . . . . 185, 214, 215, 253
Tange . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245
Taylor . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203, 253
Tchoukanov . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
Tetelman . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237
Thiel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241, 251
Thompson . . . . . . . . . . . . . . . . . . . . 215, 253, 261
Thorpe . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97, 247
Tonouchi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
Tran . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 242, 246
Trivedi . . . . . . . . . . . . . . . . . . . . . . . . . . . 137, 244
Tsai . . . . . . . . . . . . . . 212, 213, 227, 240, 248, 253
Tsubouchi . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
Tsuji . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259, 261
Tsukahara . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 248
Tsumura . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
Tu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
Tumanski . . . . . . . . . . . . . . . . . . . . . . . . . . 59, 247
Turpin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254
Tuve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47, 238
Udd . . . . . . . . . . . . . . . . . . . 36, 248, 250, 252, 254
Unseren . . . . . . . . . . . . . . . . . . . . . . . . . . . 26, 251
Vaganay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254
Valiquette . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
Vaz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
Vestli . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254
Vuylsteke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254
Wagner . . . . . . . . . . . . . . . . . . . . . . . 116, 117, 249
Waltman . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246
Watanabe . . . . . . . . . . . . . . . . . . . . . . . . . . 97, 250
Wax . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38, 254
Wehe . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 239, 243



278 Index

Weiman . . . . . . . . . . . . . . . . . . . . . . . . . . 183, 246
Weiß . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191, 254
Wernersson . . . . . . . . . . . . . . . . . . . . . . . . . . . 248
Wetzler . . . . . . . . . . . . . . . . . . . . . . . . . . . 191, 254
Weymouth . . . . . . . . . . . . 203, 204, 206, 247, 261
Wienkop . . . . . . . . . . . . . . . . . . . . . . . . . . 197, 254
Wiley . . . . . . . . . . . . . . . . . . . . 239, 244, 250, 254
Wilkinson . . . . . . . . . . . . . . . . . . . . . . . . . . 36, 254
Wintz . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186, 244
Wolf . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212, 254
Wolfe . . . . . . . . . . . . . . . . . . . . . . . . 101, 115, 242

Zheng . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261

Woll . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254
Wong . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255
Woodbury . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255
Wormley . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255
Wu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240, 260
Xu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
Yamamoto . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245
Yoo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
Yoshikawa . . . . . . . . . . . . . . . . 179, 180, 229, 249
Yuta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213, 255
Zell . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 248

COMPANY INDEX

ACUITY . . . . . . . . . . . . . . . . . . . . . 117-119, 255
ADL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19, 255
ANDREW . . . . . . . . . . . . . . . . . . . . . 43, 223, 255
BENTHOS . . . . . . . . . . . . . . . . . . . . . . . . 223, 255
CATERPILLAR . . . . . . . . . . . 176, 178, 225, 255
CYBERMOTION . . . 24, 25, 132, 158, 174, 222,

232, 255 MURATA . . . . . . . . . . . . 166-169, 225, 257, 258
CYBERWORKS . . . . . . . . . . . . . . . 183, 227, 255
DBIR . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163, 255
DINSMORE . . . . . . . . . . . . . . . . . . . . . . . 47, 255
EATON . . . . . . . . . . 125, 126, 225, 254, 256, 258
ERIM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255
ESP . . . . . . . . . . . . . 116, 117, 121, 122, 189, 256
FUTABA . . . . . . . . . . . . . . . . . . . . . . 33, 223, 256
GEC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 256
GREYHOUND . . . . . . . . . . . . . . . . . . . . 126, 256
GYRATION . . . . . . . . . . . . . . . . . . . 33, 223, 256
HP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 256
HTI . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69, 70, 256
ILC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 256
ISI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 256
ISR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155, 256
KVH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56, 256

MAGELLAN .   78, 80, 83-85, 87-88, 91-92, 224,
256

MAGNAVOX 76, 78-81, 83-88, 90-92, 224, 256
MASSA . . . . . . . . . . . . . . . . . . . . . . . . . . . 109-111
MICRO-TRAK . . . . . . . . . . . . . . . . . . . . . 18, 256
MOTOROLA . . . . . 57, 58, 68, 110, 126, 231, 257

NAMCO . . . . . . . . . . . . . . . . . 160, 161, 225, 257
NASA . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62, 257
NIKE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 257
POLAROID . . . . . . . . . . . . 99-101, 232, 237, 257
REMOTEC . . . . . . . . . . . . . . . . . 28, 29, 139, 257
RIEGL . . . . . . . . . . . . . . . . . . . . . . . 107-109, 257
SEO . . . . . . . . . . . . . . . . . . . . . 101-104, 257, 258
SFS . . . . . . . 78, 80, 81, 83-85, 87, 88, 90-93, 224,

257
TOWER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 258
TRC . . . . . . 16, 28, 118, 119, 134, 136, 137, 157,

163, 164, 222, 225, 227, 228, 230, 258
UNIQUE . . . . . . . . . . . . . . . . . . . . . . . . . . 27, 258
VORAD . . . . . . . . . . . . . . . . . . 125, 126, 254, 258
WATSON . . . . . . . . . . . . . . . . . . . . . . 55, 56, 258
ZEMCO . . . . . . . . . . . . . . . . . . . . . 52-54, 56, 258



Index 279

Bookmark Index

Page
PART I   SENSORS FOR MOBILE ROBOT POSITIONING
Chapter 1   Sensors for Dead Reckoning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
Chapter 2   Heading Sensors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
Chapter 3   Ground-Based RF-Beacons and GPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
Chapter 4   Sensors for Map-Based Positioning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

PART II   SYSTEMS AND METHODS FOR MOBILE ROBOT POSITIONING
Chapter 5   Odometry and Other Dead-Reckoning Methods . . . . . . . . . . . . . . . . . . . . . . 130
Chapter 6   Active Beacon Navigation Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151
Chapter 7   Landmark Navigation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173
Chapter 8   Map-based Positioning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184
Chapter 9   Vision-Based Positioning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207

Appendix A   A Word on Kalman Filters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 218
Appendix B   Unit Conversions and Abbreviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219
Appendix C   Systems-at-a-Glance Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236

Subject Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 262
Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 274
Company Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 278
Bookmark Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 279
Video Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280
Full-length Papers Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 281



280 Index

Video Index
This CD-ROM contains video clips prepared for two different playback sizes: 320×240 and 240×180.
Users of single- or double-speed CD-ROM players and entry- or mid-level computers should select
video clips by clicking the green "240×180" text in the boxes below. Users of quad-speed or faster
CD-ROM players and high-end computers should click the red "320×240" text in the boxes below
to view the associated video clips.

Notes:
L In order to close a video window after viewing you need to hit the "Escape" key (or equivalent

key on keyboards that don't have an "Escape" key).
L For smoother playback close all other open applications before playing back video.

Atomic Energy of Canada Transition Research Corpora-
(AECL): tion (TRC):
"ARK" System
Duration: 3:42 minutes

240x180 360x240

a. LightRanger rotating/nodding lidar
b. Vision-based landmark detection
Duration: 4:28 minutes

240x180 360x240

The University of Michigan: The University of Michigan:
Multi-Degree-of-Freedom 
vehicle with compliant linkage. Correction with the CLAPPER.
Duration: 3:15 minutes

240x180 360x240

Internal Odometry Error 

Duration: 4:24 minutes

240x180 360x240

Spatial Positioning Systems: MTI:
Odyssey laser beacon posi- CONAC laser beacon position-
tioning system ing system, applied in Scooter
Duration: 2:23 minutes experiment

240x180 360x240 240x180 360x240
Duration: 3:27 minutes

Windsor Industries and Den-
ning Branch International Ro-
botics: 
RoboScrub
Duration: 2:00 minutes
240x180 360x240

Learn about video

To learn some more about digital
video and how the video clips on
this CD-ROM were produced,
click the "Learn about video" icon.

Note
These video clips are included only on the commercially available CD-ROM version of this report, entitled: "Navigating Mobile Robots: Sensors and Techniques." Price (subject to change): $39.95. 
Publisher: A. K. Peters, Ltd., Wellesley, MA 
Ph.: +1-617-235-2210, Fax.: +1-617-235-2404
ISBN 1-56881-058-X, Publication date: April 1996. 
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reason for not including papers by other authors is Copyright. When an author submits a paper to a
journal or conference, he/she transfers copyright to the publisher and the paper may be reprinted
only with permission by the publisher. We negotiated with IEEE to obtain the rights to re-print
certain papers. The result: IEEE charges $25 per page for the permission to reprint papers that were
originally published in IEEE journals or at IEEE conferences. This cost is inhibitive for our purposes.
However, we are allowed to re-print at no cost papers that we authored ourselves. 
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Note
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