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accessible rural public transport, case
study 89-92
algorithms
combine C 164
‘distance3d’ function 163
estimate location of bus from odometer
signal 163
overview of events 164-5
update value of C 164
update value of Ct 164
along-track errors 4,111-12, 116, 125,
127
American Association of Geographers
82
amplitude modulation (AM) 30
analysis techniques 11-13
angular frequency 45
anti-spoofing (A/S) 31-2
APIC 17
APIC4 9
applications 20-3
descriptions and explanations 21
examples 21
integrating GIS and GPS 81-95
Applied Technology Institute (ATI) 82
ArcGIS 159
ARCGIS/INFO 9
archaeological potential 22
archaeological record management 21-3
archaeological sites, vector format 22
ArcSDE/Oracle 9
ArcView 22,159
argument of perigee 27
artificial neural network (ANN) 151
atomic clock 26, 30
attribute data 9
attribute information 14-15
autocorrelation technique 35-6

Autodesk 82

automated mapping/facilities management
system (AM/FM) 9

automatic vehicle location 82

baseline solution using double differences
58-61

beacon detection 159-60

bearing error 153

beat phase 47

BERNESE software 64

bicubic interpolation 136

bilinear algorithm 135

bilinear interpolation 136

biquintic interpolation 137

Boolean values 16

Broadcast Ephemeris 26, 31

Broadcast Message 70

bus priority system 93

bus routes, London 151-2, 159-61

Bus Travel in Wales: A Consumer’s
Journey 89

Canada Land Data Systems (CLDS) 9
car location see vehicle location
carrier beat signal 45-6, 48
carrier phase 49-50

bias 49

observable 43-56

concepts 43-8

observation model 48-52

positioning 121

relative positioning using 56-63
carrier signals 30
Cartesian coordinates 67

ellipsoidal transformation 71-2

transformation into ellipsoidal

coordinates 75
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CDOP (Correction Dilution of Precision)
120, 151, 153
clock bias parameters 50
clock errors 26
clock time 47-50
meaning of 43
coarse acquisition (C/A) code 30-1, 34-5,
128,138-9
code generation 32-5
cofactor matrix 42, 118-20
diagonal elements 120
commercial applications integrating GIS
and GPS 81-95
common mode errors 119
computer-aided design (CAD) 8, 18
continuously operating networks (CGPS),
methodology 83
control segment 26, 29
control software 91-2
Cooperative Research, Education and
Extension Service (CSREES)
81-2
coordinate systems 1
Correction Dilution of Precision (CDOP)
120, 151,153
correction factor (C) 154-5
calibration if GPS data is recently
offline 156-7
correction factor algorithm
alterations 158
implementation 155-6
correlation coefficient 42-3
covariance matrix 41-3, 59-60, 118-19
estimated parameters 63
interpretation 42
transformation of coordinates from
geocentric system to topocentric
system 73
cross-track errors 111-12, 125, 127
crustal formation 75
CSREES (Cooperative Research,
Education and Extension Service)
81-2
curve (arc) matching algorithm 101
cycle slip 47

data collection and processing 13840,
159

data sets 139

data weight matrix for double differences
62

database management system (DBMS)
10-11

DATATOUR 84-5

datum transformation and projections
67-80
dead reckoning (DR) 87,99, 150-1
deep integration 2, 95
deformation monitoring 82-3
denial of accuracy 31
design matrix 40
coefficients 60
differencing techniques 52-6
see also double differences; single
differencing; triple differencing
differential GPS (DGPS) 4,98, 119,
131-2, 153
digital elevation model (DEM) 86, 134
interpolating 135
digital mapping 3, 86
digital road map intelligence 4
digital spatial data storage 16
digital terrain model (DTM) 102-3, 129,
13348, 153, 158
accuracy 134-5
applications 134-5
height accuracy 135
spatial interpolation of elevation data
135-7
dilution of position (DOP) 101
dilution of precision (DOP) 74, 107, 120
direct spatial referencing 15
distance correction factor (C) 154-5
distance error 153
distance measurement and connectivity
12
dither 31
Doppler Effect 47-8
DORIS 70
double differences 53-7, 60-1
ambiguity 54-5
baseline solution using 58-61
data weight matrix 62
phase observation equation 54-5
statistical dependence 61
Drive Restriction Information (DRI) 128,
1312
dynamic link library (DLL) 159

E911 links 85

Earth rotation 29

Easting error 139-40

EDINA Digimap service 129

electronic media 22

elephant tracking 82

ellipsoidal coordinates
Cartesian transformation 72
transformation 75



ellipsoidal height 79
Environmental Systems Research
Institute (ESRI) 82
Ephemeris Algorithm 26
error
bias 119
computation 41-3
ellipse 43
estimation 73-4
propagation 134
reduction 4
vector 119, 137-8
estimated residuals 40, 118
ETAK 128
Extended Kalman filter (EKF) algorithm
87
eXtensible Mark-up Language (XML) 20

Falcon Air Force Base 29
Farm Service Agency 82
Forest Service 82

frequency, meaning of 43
frequency modulation (FM) 30
fuzzy logic techniques 150

Galileo 77,150
GAMIT software 64
geographical data 14-16
components 9
geographical information
features of 13-14
use of term 7
geographical information system see GIS
Geography Mark-up Language (GML)
20

geoid models 79
Geomatics 82
GIPSY OASIS II software 52
GIPSY software 64
GIS 1,150
basic concepts 8
data organization 9
database 3
definitions 9
functionality 10-13
fundamental concepts 13-14
interface 8
overview 7-24
themes or layers 9-10
GIS/GPS see GPS/GIS
Global Navigation Satellite System
(GNSS) 1,79,150
Global Positioning System see GPS
global reference systems 68-74
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Gold code 34, 36
GPS 79, 149-50, 152, 154, 158
accuracy estimation 149-61
basic description 25-32
geodetic software 51
heights 3
outline of system 1-2
position error vector 116-17
principles of theory 25-65
receivers 1-3, 37, 82-3
continuously operating networks
(CGPS) 82-3
segments 26-32
signals 30-2
transmission and reception 35
GPS-enabled mobile GIS applications 81,
85-6
GPS/GIS
combined positioning solution 97-113
deeply integrated 2,95
integration 2-3, 67-8, 81-95
rural transport 90
intelligent 3
loosely integerated 2
shallow integration 94-5
GPS/INS integrated navigation systems
89, 150-1
multi-sensor 151
GPSurvey software 106
graphical user interfaces (GUI) 7
Great Basin 83
grid representation 16
ground deformation monitoring 82-3
ground segment 26
ground track, repeating 28
group velocity 50

hand-held receivers 2

Haptic Interfaces for Virtual
Environment and Teleoperator
Systems 8

height above sea level 79-80

height aiding (HA) 129, 133, 137, 147,
158~

height errors 140-1, 143-5

high order interpolation algorithms 135

high precision GPS geodesy 63-5, 129,
139

sources of data and information 64-5

high precision software 63—4

high sensitivity GPS receiver 86, 89

horizontal dilution of precision (HDOP)
74,119

horizontal positional errors 108-9
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IERS (International Earth Rotation and
Reference Frame Service) 65
in-car navigation 8, 81, 97
inclination angle, consequences of 28
inertial navigation system (INS) 87, 150
INFOTOUR 84
Initial Matching Process (IMP) 87
input 10
observation errors 118
INS/GPS integrated navigation systems
see GPS/INS
InSAR 83
Integrating GIS and the Global
Positioning System 82
integration see GPS/GIS
intelligent map matching 115-32
intelligent transport systems (ITS) 4, 81,
86-9
expectation of market in Japan 87
International Earth Rotation Service
(IERS) 69
International GPS Service (IGS) 31,70
International Terrestrial Reference
System (ITRS) 69-70
Internet 20
inversion process 2
IRRF 128
fully integrated solution 130-1
ITRF2000 reference frame 70
ITRS 69-70

Kalman filter 64, 86-7, 98-9, 150
Keplerian elements 27, 38
Kepler’s laws of orbital motion 27

land information system (LIS) 9
LandForm Panorama 134
LandForm Profile 134
latitude, converting to UTM 77-8
least squares methods 2, 38-42, 59, 86,
101, 118, 133, 154-5
minimum data requirements 60-1
position error vector 116-19
Leica 500 series geodetic GPS receivers
139
Leica Ski-Pro software 139
LIDAR data characterized by height 13
light time equation 37-8
linear algorithms 134
linear dependence of observations 56
problem of 58
linear feedback register 33—4
linear feedback register sequence 34
10-stage 34

linearized observation equations 59
location-based services (LBS) 4, 81,
83-6
potential applications 83—4
Location-based Services Resource Center
85
Location-Based Services (Schiller and
Voisard) 85
Location-Enabled Business (LEB) 85
London bus routes 151-2, 159-61
longitude, converting to UTM 77-8

m X m identity matrix 41
Map-aided Receiver Autonomous
Integrity Monitoring (RAIM) 86
map-matched GPS (MMGPS) 4, 149,
151-4, 161
map-matching
combined positioning solution
97-113
mathematical framework 99
methodologies 98-101
RREF algorithm 101-6, 117, 128-9
semi-deterministic algorithm 99
techniques 87, 149-61
use of term 98, 137
see also specific methods
Mapping Dilution of Precision (MDOP)
4,115-32
basic road shapes 121-4
computation 122-3
definition 121
maximum (worst case) and minimum
(optimum) values 122
minimum value 123
point position solutions 124-5
testing 124-7
MapQuest 8
matrix equation 41
mean sea level (MSL) height 3
Microsoft Access 9
mobile multi-modal interaction (M3I)
platform 86
mobile telephones, positioning 83
moments and moment invariants 101
multi-dimensional GIS 17
multi-path error 28
multi-receiver analysis 49
multi-satellite analysis 49

NAD-83 75

National GIS/GPS Integration Team 82
National Grid 15,22, 130

National Mayday System 97



national systems 76-7

Natural Resources Canada (NRCan) 75

Natural Resources Conservation Service
82

Navigation Message 26, 31, 35, 37-8, 51,
119

navigation systems for pedestrians and
vehicles 86

neighbourhood characterization 12-13

Network Analyst Extension 128

network distance calculation 132

NGS (US) 75-6

non-Keplarian behaviour 27

nonrandom common mode errors 119

normal equations 41

Northing error 139-40

object-orientation concepts 16
object-oriented database management
systems (OODBMS) 9, 11, 16-17
object-oriented GIS (OOGIS) 17
observation model 50
observation variance 43
observations, selection 56-8
odometer calibration 149-61
odometer correction factor 153-4
odometer-derived distances (OMMGPS)
4,149, 1514, 158-61
Open GIS Consortium, Inc. (OCG) 20
orbit design 27
consequences of 27
prograde 28
orbital motion, Kepler’s laws of 27
orbital planes 27
Ordnance Datum Newlyn height 3
Ordnance Survey 22, 76, 91, 100, 102, 125,
134-5, 151
Ordnance Survey Mastermap data 18
orientation of satellites 29
orthometric height 3
‘above sea level” 79-80
OSCAR Traffic Manager 128
OSGB36 75,107,130, 139
OSGM9I1 107
output 13
overlaying operations 12

P (precise) code 31-2, 34
PARAMOUNT services 84-5
patchwise polynomial
biquintic interpolation 137
interpolation 136
path closure ratio 122-3
path constructed of unit vectors 122
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PDOP see Position Dilution of Precision
(PDOP)
pedestrian navigation systems 81
phase, meaning of 43
phase ambiguity 46-7
phase constant 49
phase modulation 30
phase velocity 50
piezoelectric vibrating gyro 89
plane coordinates 77
plate tectonics 75
point position outputs 107-8
point position solutions 130, 139
point positioning 25, 59
linearized model 38-40
using pseudorange 38-43
Position Dilution of Precision (PDOP)
74,107, 146-8, 151, 158
position error 73,99, 108-12, 125-6, 132,
139-40, 142, 144, 146-7
correction 133
reduction 87-8, 137
position error vector 153
least squares estimation 116-19
position solution computation 129
positioning based on odometer-derived
distances 149
postcode systems 15-16
precision agriculture 82
precision farming 81, 93-4
special requirements 93-4
Prime Meridian 69
Princeton University’s Large-Scale
Automobile Routing (PULSAR)
Project 101
PRN code 31,34
pseudorange
exclusion 86
model 50
observable 32-8
observation 36
equations 37-8
point positioning using 38-43
use of term 25-6
Public Information Systems 82
Public Safety & Commercial Info
Mobility Applications & Services in
the Mountains see PARAMOUNT
services
public transport in rural areas 8§9-92

quality measures associated with road
geometries for map-matched GPS
124
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radar interferometry 83
random error 131
random position errors 117
range formulation 49-50
range formulism 43
range-rate term 51
ranging error 107
raster data format 16
real-time data collection 85
real-time DGPS 98
real-time kinematic (RTK) processing
106, 130, 139
real-time passenger information 93
reclassifying maps 11-12
reference satellite concept 57
reference station concept 57-8
regional ellipsoidal coordinates 74-7
regional reference system 74-80
relational database management system
(RDBMS) 11, 16-17,22
relative coordinates, Cartesian to
topocentric transformation 72-3
relative positioning using carrier phase
56-63
repeating ground tracks 28
resolution time 123
right ascension of ascending node 27
rigid-body transformation 75-6
RINEX files 129, 149, 153
road centre-line 99-100, 105-6
road geometry, quantifying 119-21
Road Reduction Filter (RRF) 4, 115-16,
125, 132-3, 137-8, 147-8
algorithm flow 103-4
general approach 102-4
map-matching algorithm 101-6, 117,
128-9
map-matching enhancement 128-31,
137
road centre-line determination 105-6
test of overall performance 142
test results 108-12
road shapes, transformation into path
shapes 123
root mean square error (RMSE) 142-3,
145
route network analysis routine 128
route tracking system 90-1
RRF-DRI 130
RRF-Network 130
rural areas, public transport in 89-92

SAFETOUR 84
satellite hardware 29

satellite orbit, parameters defining 27
satellite position 37-8
satellite-receiver, geometry 42
Satellite Vehicle Numbers (SVN) 34
satellites
health assessment 30
nominal specifications 29
position of 26
subset of 146-7
scene/line feature matching 88
sea-level 79-80
search-and-rescue (SAR) organizations
84
selective availability (S/A) 4,31, 126-7
modelling 102
shallow integration 94-5
Short Messaging Service (SMS) 91
simplified observation equations 58
single differencing 52-3
sky tracks, repeating 28
Smallworld GIS 11, 17
Smallworld Magik 11
Socio-economic Applications in
Geographical Information Science

solution uniqueness 58

Space Segment 26

spatial analysis 11

spatial data 9-10, 14-16

modelling 16
visualization 18

spatial decision support system (SDSS)
11,24

spatial elements 14

spatial referencing 15-16

standard deviation 119

State Plane Coordinate System
(SPS/SPCS) 15

statistical dependence of double
differences 61

stochastic model 61-3

storage requirements 10-11

Streetmap 8

Subsequent Matching Process (SMP) 87

subset of satellites 146-7

Surveyors Land Information Package
(SLIMPAC) 22

Taylor series 51

Taylor theorem 39

terrain contour navigation (TCN) 88

terrain models 22

terrain-referenced navigation (TRN)
88-9



three-dimensional (3D) map-matching
solution 86

three-dimensional (3D) objects and
surfaces 17

three-dimensional (3D) space 79

three-dimensional (3D) visualization 18

time-tag 50

time-tag bias 50, 53-4

time transfer 51

topocentric coordinates 72-3

Topologically Integrated Geographic
Resource Information System
(TIGRIS) 17

triangulated irregular networks (TIN) 17

trilateration 25

Trimble, hand-held GPS Mapping Systems
82

triple differencing 55-6

true anomaly 27

truth table, XOR function 33

unique solution 58

Universal Transverse Mercator (UTM)
projection 77

converting latitude and longitude to
77-8

US National Geodetic Survey (NGS)
75-6

User Segment 26, 29

utility company utilization 23

vector format, archaeological sites 22
vector format data 16
vector land parcel theme 11
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vehicle location 1-2
vehicle positioning 149-61
vehicle tracking and routing 87
vehicular navigation system 89
vertical dilution of precision (VDOP)
74
very long baseline interferometry (VLBI),
satellite laser ranging (SLR) 70
virtual DGPS (VDGPS) 102-4, 109-12
testing methodology 106-7
virtual reality (VR) 22
Virtual Reality in Geography 10
visualization
definition 18
methods 18
spatial data 18
three-dimensional (3D) 18

way point 3
weighted least squares approach 59
weighting scheme 155
WGS-84 1, 76,107, 139
Cartesian coordinates 68-9
coordinates 2,75
ellipsoidal coordinates 70-1
global reference system 67
satellite coordinates 26
World Wide Web Consortium (W3C) 20

‘XOR exclusive or’ binary function
32-3
truth table 33

zip codes 16

With kind thanks to Geoffrey Jones of Information Index for compilation of this index.






