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Learning Format

e Lecture

— One hour presentation and
orientation to GeoXT

e Lab

— Field trip (when?) to practic
GPS in the field

What is GPS?

The Global Positioning System (GPS)

A Constellation of Earth-Orbiting
Satellites Maintained by the United
States Government for the Purpose of
Defining Geographic Positions On and
Above the Surface of the Earth. It
consists of Three Segments:

User Segment

Control Segment




GPS Satellites (Satellite Vehicl

* First GPS satellite launched in
1978

* Full constellation achieved in 1994

» Satellites built to last about 10
years

» Approximately 2,000 pounds,17
feet across

e Transmitter power is only 50 watts
or less

GPS Lineage

e Phase 1:1973-1979
CONCEPT VALIDATION
1978- First Launch of Block 1

* Phase 2: 1979-1985
FULL DEVELOPMENT AND

* Phase 3: 1985-Present
PRODUCTION AND DEPLO

Navigation Satellite Systems

* NAVSTAR (Navigation Satelli
Ranging)
— By United States Air Force, US

* GLONASS (Global Navigatio
System)
— By Aerospace Defence Forces
» Galileo

— By European Union (EU) and
Agency (ESA)

Precise Positioning System

Authorized users ONLY

U. S. and Allied military

Requires cryptographic
equipment, specially
equipped receivers

Accurate to 21 meters 95%
of time




Standard Positioning Service (SPS)

* Available to all users

» Accuracy degraded by
Selective Availability until
2 May 2000

— Horizontal Accuracy: 100m

* Now has roughly same
accuracy as PPS

Space Segment

e 24+ satellites

— 6 planes with 55°
inclination

— Each plane has 4-5
satellites

— Broadcasting position
and time info on 2
frequencies

— Constellation has
spares

Space Segment

* Very high orbit
— 20,200 km

— 1 revolution in
approximately 12 hrs

— Travel approx. 7,000mph
» Considerations

— Accuracy

— Survivability

— Coverage

Control Segment
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Monitor and Control




User Segment

* Over $19 Billion invested by L

* Dual Use System Since 1985

(civil & military)

* Civilian community was quick
advantage of the system

— Hundreds of receivers on the

— 3 billion in sales, double in 2 ye

— 95% of current users

* DoD/DoT Executive Board se

policy

Common Uses for GPS

* Land, Sea and Air
Navigation and
Tracking

The Current
Ephemeris is
Transmitted to

Surveying/ Mapping

Military Applications
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Distance Measuring

Distance = Rate x Time
second (Speed of Lig

Time = time it takes
signal to travel from the
SV to GPS receiver

SV and Receiver Clocks

« SV Clocks
— 2 Cesium & 2 Rubidium in ea
— $100,000-$500,000 each

» Receiver Clocks
— Clocks similar to quartz watc

— Always an error between sat
and receiver clocks (A t)

» 4 satellites required to sol
X,V¥,z,and At

« PROBLEM

— Can’t use atomic
clocks in receiver

Cesium Clock =
$ESIIIS!




The Carrier Signal...

combined with...

Satellite

The PRN code... |—| |—| —|_’—|_

produces the

Modulated carrier signal
which is transmitted...
demodulated...

Receiver
And detected by receiver,
Locked-on, but _I_I_,_|_
With a time delay... -
- Time delay

Accuracy and Precision i

« Accuracy

— The nearness of a measu
standard or true value

e Precision

— The degree to which seve
measurements provide an
to each other.

What affects accuracy and
precision in GPS?

Sources of Error

» Selective Availability

— Intentional degradation of e e
GPS accuracy

—100m in horizontal and —

160m in vertical -

— Accounted for most error |
standard GPS - »

— Turned off May 2, 2000

s

Sources of Error

* Geometric Dilution of
Precision (GDOP)

— Describes sensitivity of receiver to
changes in the geometric
positioning of the SVs

* The higher the DOP value, the

poorer the measurement

QUALITY
Very Good

Good
Fair
Suspect

Pips 183

GOOD GDOP




Sources of Error

* Clock Error
— Differences between satellite
clock and receiver clock
* lonosphere Delays

— Delay of GPS signals as they
pass through the layer of
charged ions and free electrons
known as the ionosphere.

* Multipath Error

— Caused by local reflections of o TelM
the GPS signal that mix with
the desired signal ﬂ o ﬂ 5

Differential GPS

Method of removing errors that affect GPS
measurements

A base station receiver is set up on a location
where the coordinates are known

Signal time at reference location is compared to
time at remote location

Time difference represents error in satellite’s

DIFFERENTIAL GPS POSITIONING

signal

Real-time corrections transmitted to remote 7=
receiver \ ‘?1
— Single frequency (1-5 m) \b‘ A

— Dual frequency (sub-meter) Reference
location

Post-Processing DGPS involves correctiy,aa www.ngs.noaa.gov/OPUS

later time

Online post-processing

Wide Area Augmentation System

+ System of satellites and ground
stations that provide GPS signal
corrections

» 25 ground reference stations across
us

GPS Accuracy
with SA on with SA off

* Master stations create GPS
correction message

+ Corrected differential message
broadcast through geostationary
satellites to receiver

» 5 Times the accuracy (3m) 95% of
time

Wide Area Augmentation System

GPS
1* Satelites

Why should | worry about datums and
coordinate systems when using GPS?

Datums and Coordinate Syst

Selected Reference Ellij

* Many datums and coordinate
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Geodetic Datums: What are

» Define the size and shape
of the earth

» Used as basis for

Topographic Surface

Ellipsoid Surface__

coordinate systems _ Geoid Surs?

« Variety of models: Earth Surfaces
— Flat earth WGS-84 Geoid Height -
— Spherical e =
— Ellipsoidal o

* WGS 84 defines geoid
heights for the entire earth

Coordinate Systems: What
» Based on Geodetic Datums

» Describe locations in two or three
dimensions (ie. X,Y,Z or X,Y)

* Local and Global

UTM Zone Numbers
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« Common systems S ‘o

— Geodetic Lat, Long (global) : in HEE = 1

— UTM (local) : e i

— State Plane (local) ZHa i __2‘
i ST

Universal Transverse Mercator (UTM) System

Variety of transfo

World UTM Zones
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~ Universal Transverse Mercator (UTM) System

Peter H. Dana Q704

Geodetic Latitude, Longitu

* Prime Meridian and Equator ar
planes used to define latitude a

_Prime Meridian

0 Dagrees Longiuda

~Equator
0 Degrees Latiude

Feter H Thana 9/ 17%4




Same location can have many refer
depending on coordinate system us

Which is the correct location?

The Austin Capitol Dome Liberty Star Horizontal Control Station
{The star in the hand of the Goddess of Liberty)

Datum Coordinate System Coordinates Tnits
NAD 83 | Geodetic Latitude, Longitud 30:16:28.82 IV, 07:44:25.19 W i
NAD-2T | Geodetic Latitude, Longitud 30:16:28.03 N, 07:44:24.00 W .
WGS-T2 | Geodetic Latitude, Longitud 30:16:28.68 IV, 97:44:25.75 W
MAD-83 | UTM Easting, Northing, Zone 621160.98, 3349803.53 14 R mMeeTs
NAD-2T | UTM Easting, Northing, Zone 621193.18, 3349688.21 mekers
NAD-83 | Military Grid Refe System 14RPU2116149894 meiers
NAD-2T | Military Grid Ref; System 14RPJ2119349688 mekers
NAD-83 | Stak Plane, TX C 4203 Easting, Northing | 949465059, 3070309475 MEeETs
NAD-2T | Stak Plane, TX C 4203 Easting, Northing | 2818560.55, 23059176 feet
NAD-§3 | Stae Plane, TX SC 4204 Easting, Northing | 721201.977, 4271229.432 MEeEeTs
NAD-2T | Stak Plane, TX SC 4204 Easting, Norihing | 239774125, 88074008 feet
WGS-T2 | World Geographic Refe Sysiem FIHALS16 deg, and min.
VOR-DME Bearing, Distance, VOR ID 230.46, 2.271, 114.6 Ch.93 AUS deg,nmi,id
Loran-C GRITO80 W, X, ¥, ZTDs 10994.9,24705.0,47040.8,63002.3 microsec.
T1.5. Postal Zip Code (5-digits) T8T0S

One Location Described by Different Coordinate Systems

P. H. Dana 8/20/98

“Mobile Mapping”

and GIS software

Mobile Mapping Pros and C

* Pros

— More efficient data entry

— Ready access to GIS data

— Less transcription error

— Possible real-time

upload/download through

wireless

Hands on with GPS

Integrates GPS technology

Makes GIS data directly
accessible in the field

Can be augmented with
wireless technology
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Question?
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