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. What is GPS?

GPS is a positioning system based on a network of satellites that continuously
transmit coded information. The information transmitted from the satellites can be
interpreted by receivers to precisely identify locations on earth by measuring
distances from the satellites.

GPS is funded by and controlled by the U.S. Department of Defense (DOD). The
system is called NAVSTAR.

»Precisely identify locations on earth by
measuring distances from the satellites

» NAVSTAR —
Navigational Satellite Timing And Ranging
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Three Components to GPS

Space Segment -the
satellites orbiting the
earth and transmitting
timing and ranging

Control Segment -
monitors the health

messages ~ and position of the
/7 LW satellites in the
‘ space segment and
. 4 transmits correction
/ : information back up
> 4" to the satellites

User Segment - the hand-
held or other receivers used
to . e messages

roadcast from the
satellites




v v =l

USDA
USI

GPS Constellation

The nominal GPS Operational Constellation consists of roughly 24
satellites. Each satellite has a number on your GPS screen. Newer
satellites have been sent up to replace older ones.

The GPS signal communicates information about the precise position of the
satellite and the precise time of the signal.

Each satellite orbits the earth in about 12 hours. The satellite orbits repeat
roughly the same ground track each day. Learn to identify the time of day

when satellite coverage is best in your area and plan your field work
accordingly.




2-D and 3-D Positioning

Since we exist in three
dimensions, theoretically we
need to get our distance from
three satellites. The scenario
above is theoretical because it
supposes that we know exactly
how far we are from the
satellites. In order to get our GPS
clock in synch with the satellite
clocks, we need to get data from
a fourth satellite to calculate the
time offset and set our GPS clock
to near perfect system time.

USDA
=

Bottom line:

You need at least 3 satellites to
get a 2-Dimensional position and
4 satellites to get a 3-D position.



Sources of Error...

that decrease the accuracy of your GPS readings

 Number and geometry of satellites visible
e Signal multi-path

e Orbital and Satellite Clock errors

« |lonosphere and troposphere delays

e Recelver clock errors

GPS position is not perfect . Some errors you have some control over. As a GPS
user, you have some control over the first type of error - you can wait for the
satellites to move into better geometry or plan your data collection for a good time
of day. You cannot control multi-path error, but you do need to recognize when it
may occur and pay close attention to the measurements that you are taking.
Orbital and Satellite Clock errors as well as atmospheric delays are invisible to
you, but you can avoid them by using differential correction. There is nothing that
USDA you can do about your receiver clock errors. GPS receivers will generally report
————_ an estimate of the accuracy of the position being reported by the unit at the time.



DGPS

Differential Global Positioning Systems

« DGPS improves the accuracy and integrity of standard GPS

« DGPS works by placing a GPS receiver at a known location,
this is called a reference station

» The reference station knows its exact location, and therefore
can calculate the difference between the GPS derived
positions and the true position.

The reference station calculates the errors in the GPS signals by comparing its known
position to the position derived from the satellite signals. The stations actually calculate the
differences between measured and actual ranges for each of the satellites visible from that
station. This calculated difference is called the “differential correction” for that satellite. In real
time DGPS, the correction signals are broadcast from the reference station and used
immediately by the roving GPS to correct the position data being collected. There are two
main sources of real time DGPS that USDA uses.
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NDGPS

Nationwide Differential Global Positioning System

The Coast Guard operates a network of reference stations known as the
Coast Guard Maritime Differential GPS Service as well as the developing
Nationwide DGPS service.

The type of frequency that the NDGPS uses is “ground following”, meaning
that it will not be blocked by most terrain features in its operating range. This
means that the GPS user does not need to have a clear line of site to the
DGPS transmitter. GPS users can use this signal if they have specialized
receivers like the MBX-3 that is included in the USDA GPS configuration 1.
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NDGPS

Nationwide Differential Global Positioning System

Coast Guard base
station and differential
transmitter

Known Position




Wide Area Augmentation System
(WAAS)

WAAS is a DGPS system implemented by the Federal Aviation Administration
and designed primarily for aviation users. The system uses 25 ground reference
stations to generate a nation-wide correction message. This message is then
uploaded to two geo-synchronous satellites. The WAAS satellites then beam the
correction message back to GPS users on the L1 frequency, the same frequency
that the GPS signal is broadcast on.

The target accuracy of this system is 7 meters horizontal and vertical, testing has
found it to be in the 3-5 meter range.

WAAS has some serious limitations for users on the ground because the L1
frequency is “line of sight”, meaning that it can be blocked by terrain, buildings,
etc.
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Wide Area Augmentation System
(WAAS)

GPS Satellites

WAAS Satellite
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GPS Error NO

* Poor Satellite Geometry
« Poor Satellite Visibility
e Multipath Interference

USDA

Addressed by DGPS
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GPS Error NOT Addressed by DGPS

DGPS can eliminate some errors that were discussed in the last slide
but not all of them.

Satellites that are bunched in the sky will give a less accurate position
than if those satellites were more evenly distributed in the sky.

If the satellites are hidden by trees, buildings etc then they can not be
used to determine position.

As you gain experience, you will get an idea of where satellites are in
the sky at different times of the day. This will help you to plan when to
get GPS data in difficult areas.

The signal can be bounced around by buildings and other flat reflective
surfaces. This can cause some error because a bouncing signal will
take longer to get to you and will therefore tell you that the satellite is
farther away than it really is. This is called multipath interference and
you just need to be aware that it exists.
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Accuracy varies by type of GPS unit

o Standard GPS - 15 m horizontal (50 ft)
e NDGPS - 5 m horizontal (16 ft)
« WAAS - 3 m horizontal (10 ft) in tests
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II. GPS Applications in NRCS

Determine 3-Dimensional Positions
Measure Lengths/Distances
Measure Areas

*Navigation

*GPS Mapping
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II. GPS Applications in NRCS

GPS allows the user to obtain, record and manipulate precise positions on the
face of the earth. This basic functionality can be used to accomplish the core
tasks listed in the previous screen.

Determining positions means that you obtain their geographic coordinates.
Lengths and areas can be measured if end points of a line or the corners of a
field are obtained with a GPS.

If you know the coordinates of your destination, then the GPS can show you the
distance and direction to that point.

GPS position measurement relies on very precise time measurement. Because
of that, the general GPS user can tell time with near atomic clock accuracy.

USDA
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The key function of GPS...
to locate your position on the Earth

Barn Location
Latitude 39.5673 N
Longitude 115.345 W

GPS allows us to obtain, record and manipulate
positions on the earth.

A waypoint gives us the coordinates for a single
point location.

Waypoints and tracks give us a digital record in the
form of a geospatial layer that we can print to a map
(ex. planned practice, structure, resource layer)

GIS tools allow us to discern relationships and
measure distances between points.
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GPS can be used to measure distances
Waypoint

Point to Point Distance = 200 ft

Track
Length of Berm = 350 ft

Tracks are a collections of points collected
automatically by the unit. For example, the
GPS can record track points every 10 seconds
as you walk the perimeter of a field. The
collection method can also be set to distance,
l.e. collect a point every 5 feet. Garmin also
has an automated mode that takes into
account speed of travel and direction changes.
The length of a track is calculated as the
cumulative length between each track point.
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GPS can be used to measure areas

Just like lengths, areas can be measured using points or
tracks.

Points can be used to define the area of regularly shaped
areas that have well defined corners. A shape with
curving edges, like a circular field or a field bounded by a
meandering stream, will be harder to define using points
that you determine in the field.

Tracks are very good at capturing curving lines as you
travel around those edges. The downside is that a track
will follow your every move.
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Routes

A route is an ordered set of waypoints that represents the path
between two locations.

The solid line on the slide shows an example of the straight line
between the points labeled start and the finish.

A route allows you to set intermediate waypoints on your path from A
to B that take into account terrain, roads or other relevant factors.

The GPS will report the length of the entire route as well as the
lengths of each of the segments between waypoints.
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GPS Mapping

GPS data can be used to map point, line and area features.
Examples of these features are:

Points - grain bins, utility poles, range monitoring sites, cultural
resource areas,

Lines - roads/trails, streams, pipelines, fences

Areas - fields, wetlands, ponds

In general, and on the GPS units that USDA is acquiring, there is a
method to attribute data that you collect in the field. That means that
you can give unique symbols and names to the data that you collect
so that you can interpret it back in the office. For example, you will
be able to distinguish between points collected for a field boundary
and those collected to map a grain bin.
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The data collected using GPS can be used to make maps of natural
resources, physical infrastructure or any other geographic features.

In the slide the field is an area defined by 4 corner points, the road is
a line, the lake is and area defined by a series of points.
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Required Accuracy Levels

USE THE DGPS BEACON TO ACHIEVE GREATEST ACCURACY

DGPS Beacon Receiver -
Accuracy should be less than or equal to 10 ft.
Use for: Certifying Conservation Practices

Stand-Alone GPS -
Accuracy should be less than or equal to 20 ft.
Use for: Basic Conservation Planning
Resource Inventories
Navigation

USDA
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Layout and Button Functions of
the Garmin GPSMap76

Antenna

__Zoom In
~Page
Menu
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Back of the unit

Antenna Cable

Port
[ SRS
Battery I
Compartment e N
Power/Data
Port

GPaMAPYS, Am

GAAY  Diging LTS

Open the battery compartment by turning the steel D-ring 1/4 turn counter-
clockwise and then pulling straight away from the unit.
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Turning on the Map76

®
V. ’
GARMIN

OEIJIJIJ ANHD DATA IRELAMD,

GﬂRMlN GﬂRMlN
GPSmap / O\

for reference only.

76 Press Ficetl to continue You assume total
responsibility and
; risk associated with
c;:::::r[;‘::' =FEED ELEW&TION ACCURSCY u=in9 this dEUice'
All Rights Reser;red u,unﬂ 185,411 49,21; Press to agree
Simulating GPS
Turn on the GPS by pressing
and holding the power key. - S I
- B 02 04 07 0209 11
Move through the introductory m B
screen by pressing the Page .-
key. 04-JAN-02 04: 54 19“
USDA W077.02995°
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Setting the Map76 to Simulator
Mode

ZFEED ELE% ATION ACCUR &Y
W § m
h t i

Acquiring Satellites

2 Track Up

New Elevation

New Location
(MEHD) for Main Menu |- —-

28-HAR-02 07:30:18

|
|

o

You will want to set theMap76 to simulator mode any time you have the
GPS unit powered up inside. This save batteries by not powering the
antenna, it also prevents you from getting messages telling you that the
unit can not see any satellites.
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SPEED DIST TO HEXT

00' 06T

Adamson Gallery

SFEED ELE%/ATION AGCURACY SPEED DIST TO HEXT

0.0" 185.4*| 49.2¢ 0 0’% 0 67’?

Sil'l'll.llﬂtil'lﬂ GPS COURSE OFF COURSE

040" | 0.00

03 - I Ill Adamson Gallery

17} 02 04 07 02 09 11
o

II Pag eS O n th e M ap 76 Adamson Gallery|

04-JAN-02 04:54:19° A
N 38.88744 By
”07702995 Active Route

ADMSNG-THHMSJF

Wavpoint Distance ¢

Adamson Ga _.__"
»Washington 0.30°

Lincoln Memm 1.11"

Thornas Jef Ly The Page and Quit keys are
| used to navigate between
the pages.

QSDA Total 2.04"




GPS Information Page

Sky Map — .,

Position —
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SFEED ELE%W & TIOH ACCLUR &Y

0.0 |185.4% 49.2%
Simulating GPS
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Recelver Status
Message

. Satellite Strength
Indicator Bars
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Main Menu

Trip Computer
Tracks

Points

Routes
Proximity
Celestial
MapSource Info
System Info

Light Memory Power
@ | B |
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Interface Setup

Stand-Alone GPS Backpack - DGPS

Ol Ll Interface tion Alarms Interface

Serial Data Format Serial Cata Format
GARMIN GARMIN
GARMIN
GARMIN DGPS
NMEA
Text Qut
RTCH In
RTCH In/NMEA Out
RTCHM In/Text Out
None
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Backpack — DGPS Beacon Receiver

M M‘nﬁ Inl:orfnu

rial Data Formet
H Infl"l Emm.h

. ey e

Set the “Beacon” field to User and then set the Frequency and bit rate for the NDGPS
station that you want to use. This is often more effective and predictable than the Scan
setting. Baud rate setting is a parameter of the communication between the GPS and
the Beacon receiver and can not be adjusted by the user on this screen.
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Note Accuracy

<— Accuracy
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Mark A Waypoint

A waypoint is the coordinate definition of a position stored on Mark Waypoint

the GPS. - 010

To mark a waypoint: 18-APR-02 19:56
Location

Press and hold the Enter key (also called the Mark key) until 18 5 0286037

vt 4324520

the waypoint dialog box appears on your screen. Use the Elevation Depth
Rocker key to highlight the name field, located on the top right 397" K
of the dialog box. Press Enter to begin editing the waypoint

_ v Show Hame on Maps
name. Waypoint names can be up to 10 characters long. The

characters for each field are selected one at a time using up Delete Map
and down on the rocker key. Press enter to accept a name for Goto -E]-
the point.

Waypoints are automatically saved when you press the Mark button. Pressing the
Quit button before the waypoint information is edited will prevent the waypoint
from staying in the memory. Otherwise, if you find that you have created a
waypoint that you do not want, select the delete button on the waypoint screen
and press enter. The GPS unit will ask you for a confirmation before it deletes the
waypoint.

USDA
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Using the Averaging Function

The averaging function can be used to reduce the inaccuracy of

e Waypoints. To use averaging, start marking a point like you would
| Mark Waypoint |*| normally. Before naming the point or accepting it, press the Menu
= 954 key. Press Enter to accept “Average Location.”
Location
H 38'887440 ZPEED ELEWATION ACCURACY
W077.02995 24 ( Mark W int |"
T A “;54“‘"’“'“ Keep the GPS antenna in the
' Show Hume::;u-p;- = Location . Saing place!
0! Delete | Map | S C
Goto | .E-| [HEAD) for Main Menu
oo e fgtainMe
v’ Show Hame on Maps = [ nUEﬂIHE Location |
0 Delet M i Location
Lo N 38.88744"
Goto | OK | W077.02995° |
TV I AW PN Estimated Accuracy x
48.1%
Elevation
1 185
Once the accuracy has stabilized, press O Measurement count B
Enter to return to the waypoint page. 10
Highlight “OK” and press Enter to save the | Save |

waypoint.
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