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GPS AND MAPPING SOFTWAE

INTRODUCTION AND OVERVIEW

The purpose of this publication is to provide an introduction to the technal@gigble for
mapping emigrant trails. The publication is not an instructional guide to mapping; that is covered
in other publications in the Mapping Emigrant Trails (MET) series, in particalasA& and C.

Since the development of the mappapproactdescribed in OT A dmiginal Mapping

Emigrant Trails (MET) Manual, remarkable improvements imtlag@pingtechnology available

at reasonable cost to npnofessionals have occurred. The satebidsed Global Positioning

System (GPS) permits an individual to locate atjwrson the surface of the earth within a few

feet (or less). The information gathered by hlaettl GPS units costing less than $150 can be
downloaded to mapping software in personal computers to generate maps identical to the USGS
1:24,000 scale topograje quadrangles (quads$ed in MET mapping

The methodology described in the MET ManBait A includes techniques for researching,

identifying and classifying trails as well as the transfer of this information to prmagd An

understanding of that pcess is a prerequisite for understandiveg whichfollows. The MET

methodology is sound and widely accepted. The approach described herein exploits modern
technology to facilitate the MET proce$4oreover,the manuamappingprocess described in

the MET Manual remains valid and can be used by those notcomfrtati t h t he f#Ahi gh
approach using GPS and mapping software.

The essential elements of the information recorded on a i&Jare (1) trail location, (2) trail
condition, and (3) trail docum@ation (notes that support the trail location and condition
assessment). Trail condition is defined byshxeMET classes as described in the MET Manual

Part A When OCTA began documenting trails, location data was originally acquired during

field visits by relating the topography and evidence on the ground to a position on the paper map.
A line representing the trail was drawn on the map. Later, GPS units were used to record the data
which was plotted on the paper map. The objective of the new appsdacacquirerecordand

print this information using computdrased software.

Beforeproceedingsomegeneral commenisn GPS devices and software are appropriate. Any

GPS wunit that is capable of recordiadgAland sto
consumedgrade units provide similar accuracy which is more than adequate for trail mapping.

The most popular brands are Gar min, Magel |l an
whi st | ssalydo ndt provide significant improvemisnn the capabilities used for our

!1Both the terms fAwaypointso and fimarkerso are used by n
paper uses the term fiwaypointo to describe recording a
use the ter m térecard &kvaaypoint. a menu
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mapping projectsThe capabilities of various brands and devices may be examined at the
manufacturerds websites. U foeadditional mforanatien may al s

Separately, the National Park Service hagetbped a Graphics Information System (GIS)

approach usingioresophisticated (and costly) hardware and software. The system is part of a

much larger effort to document National Trailsof alltypes 't i s OCTAOGs object
compatible informatio to the NPS system using the proceddiescribed in this papevith less

costly hardware and software.

THE MAPPING PROCESS: YESTERDAY AND TODAY

Before GPS deploymentié mappingprocess involve observatior(or detectionpf the field

evidence and location of tleeidenceon a map by reference to other physical features

(topographic contours, streams, unique features, etc.). John Latschar, a member of the team that
mapped the Oregon Trail as part of its designation agiarfdaHistoric Trailin 1979 described

the process as follows:

AWay, way back in the old days é& we did al
fashioned terrain analysis; i.e., we worked with USGS maps, compasses,

odometers, and triangulation. With the né¥s and GPS technologies available

today, you could probably do in five weeks what it took us five months to
accomplish. o

With the availability of the GPSery accurateecorded data became available that could be
plotted on the quads. Coincident wittetimtroduction of handield GPS units, mapping software
became available. This software permits downloading of mapping data (tracks and waypoints)
from a GPSo0 a personal computer whitlosts(or has access to) digital versionglod USGS

maps This permts a segmento be mapped precisely without a hapldtting processes.

Over the year®QCTA mapping project$or the NPS have taken three forms. The first maps of
trails werepreparedht the 1:100,000 scale. These were hdiravn maps prepared by members
based upon their knowledge and expetbisegenerallydid not use GPS data. They were
submitted to the NPS for use in theil9®Lomprehensive Management and Use Plan. These
maps are stored at the NPS office in Salt Lake Cityaaedvailable to OCTA metvers as

digital files (TIF formaj.

OCTAOGs second predubte AMETt mapbdBSwhich are do
Up to 2012he preferred approach for submitting trail data to the WBShe papemrmaps The

submitted maps are scanned andigderenced to the NPS baseline. Trail datthen

digitized.

2 National Trails are designated by Congress under the National Trails System Act. The Oregon, California,
Mor mon Pioneer and Pony Express trails are designated |
Appalachan Tr ail are designated fANati onal Scenic Trails. o
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The third approacts to provide the NPS with trail data in digital format as provided by a GPS
device.

Regardless of whether a manual or digital mapping process is used, a structured procedure is
employed.The procduremay be summarized as follows:

1. Conduct esearch: review of old maps and documents.

Setup the GPS for field work (clear old data, add mapppopriate).
Collect data (tracks, waypoints, and features)

Download data to a computer with mapping software.

Evaluate and select data (discard erroneous or redundant data).
Integrate with other information (maps, images and text)
Generate maps and outiles.

No s

Researclis a prerequisite for field work. All too often this stepursleremphasizeahnd field
work is begun without the information needed to establisthe  tred#ility. The process for
conducting research is well documented in the NMEEhualPart Aso we will not discuss it
further in this paper.

The computebased approach to mapping is summarized in Figure 1.

GPS

\.

Way Points and Tracks

Data Management
Maps
and
Images

Mapping Software

Data File in ArcView Format

> Data File in NPS. format

Quad
Map

=) Data File in TNP format

Figurel. Mapping Using GPS and Mapping Software
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THE GLOBAL POSITIONING SYSTEM (GPS)

SystemDescription

For the readedesiring detailed information on the GPS system, there are numerous articles
available on the Internsuch as WikipediaA simplified description follows.

The GPS unit is a radio receiver. It receives signals from a constellatippraiximately

twenty-four satellites that have known positiatsany given timeCoverage isvorld-wide. The

satellites broadcast atinset a mp e d A me s s a goe the gtotnghfter aisisort delayc e i v e d
The GPS unit compares the time of transmission to the time of receialculates the distance
tothesatellitdby mul ti plying the signal ds speed (the

Distance = Velocity x Time

Using the data from foulor morg satellites gives four (or more) values of D whadmbineto
detemine the position on the surface of the earth.

From the first measurement, the observer could be anywhere on the surface of aespbezd

at the satellitavith radius D, but we know th#te observemust beon the circle that is the
intersection othis sphere and the surface of the earth. Other measurements provide other
spheres and their resulting circles on the surface of the earth. The common point among them all
i s t he o0bs eTherecaredmall drrorgiadll of the measurements thgtha reduced

by measurementsom additional satellites and collection over an interval of ti@wrections

from known calibration sitewith known positionsnay also be used to improve accuracy.

Russia has also deployed a navigation satellite syste®@NBISS) thatcan beused by some
GPS devices.

GPSOperationsi Recording Markers and Tracks

For the purpose dhis discussion, a Garmin eTréegend is used as an examplEhe
discussion will focus on major functions and is not intended as an endorsement or an instruction
manual for the unifThe Main Menwf an eTrex Legenis shown in Figure 2.

3The Garmin eTrex Legend Cx was purchased in 2008, but similar units may still be purchased. Additional
information on this and other Garmin GPSs may be foumahat.garmin.com Information on Magellan and
Trimble devices is available at their websites.

B-4


http://www.garmin.com/

5 & B

SGteIIite; Trip..a)mp. Mark

N k -

find Trooks . Routes
ES S ég;
Highway Setup Prosimity

24 A ‘ [~

Coler;dor Alarm Clock Colctﬁotor 1

Main Menu

Figure 2. Main Menti eTrex Legend GPS

The essential features forourpurpcs ar e t he i cons ASaffel | ite, 0 f
A S at edon protidesdinformation on the satellites that are visible (not hidden by the earth or

local features) andrebeing used at any given time to calculate positiogedmetric pread of

saellites generally improves accuracyvesuld theuse of more than four satellites. Closely

clustered satellites result in poorer accuracy. A GPS user has no control over this situation other

than choosing another time of day for observatginse the sailite constellations are

constantly changingsee PDOP discussion that follows.

From a functional standpoint, the two things to be accomplished ate &cprd the route
(track) of the trail and (2.Jo recordmarkers or the locations of trédatures This is
accomplishedvith the iconsi Ma rakn dradkso

A waypointis recorded when something changémg the trail like its classificatioor a

defining trail feature appears. It is a discrete point described by its coordinates, typically in

latitude and longitude or Universal Trahkercator (UTM) coordinates. With an eTrex Legend a
point is marked by going awmdtthkee mas éefhismsetniun g s i@
accomplished with a toggle on the eTrex, but other units may use other techniques.

To mark successive points the process is repeated. Note that the result is a series of unconnected
points, not a continuous line. The deyplfor a waypoint on the eTrex is shomrFigure 3.
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Figure3i eTrex Screen for Marking Waypoints

In an eTreX_egendthe waypoint numbers (001 above) are assigned automatically and can be
edited in the field, but it is probably betterwait untilthedata is downloaded to a computer

with a keyboardSupplementary field notes should be used to record the event that Waypoint
001 is recording (such as a change in trail classificatiantrail featuri

A Atracko i s a cont i lkdowrutlse trdili With the edrexoLegenel dis a s
recorded by selecting ATrackso from the mai
is continuous until the track log is turned off with the same menu selection. The continuous

y
n

(0]

nature otraké& GBSEOSding means that everywhere

If you are walking and recording a defined trail trace and divert off that trace to examine and
interesting feature, that diversion will be recorded. A degree of discipline ise@dol record an
accurate track.

In summarytheprocess of data collection is as follows:

1. The GPS unit should be initializédfore beginning a sessitmremove old tracks
and markers.

2. Atthe start of the segment to be recorded, the first waypoint is recorded. The field
notes would record the start and the tckbs If there is some feature at that point it
would also be noted.

3. Nextthe track recording is started. The track and waygahould be recorded in the

A

direction of the emigrantds travel on

4. The next waypoint would either be some feature (trail marker, unique landmark, etc.)
or a change in trail classification. The track logger need not be stopped when th
waypoint is recorded, although it may be a good idea to stop and start the logger if
significant time is being speit one location.

5. The process is continued until the entire segment of interest is recorded.
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Theoretically, the entire segment could bearded as one track with waypoints along the track.
However, it may be more convenient to record the traskartsegments so that it will be easier
to redo a segment if a problem arises.

Other GPS Features

Basic Functions

Most GPSs come with builb maps of limited scale, detail and geographic coverage. This
A b a snapsaditware is not adequate for the preparation of Mjgality mapping products, but
is essential for GPS operatiansthe field

For a Garmin GPS thup sdtware is MapSource Topo USANith the GPS linked to a

computer, maps can be selected and downloaded to the GPS. MapSource maps are 1:100,000
scale and cover the entire U.S. If storage space in the GPS is an issue, then only those maps
covering the work ea may be downloaded to the GPS.

Many oftheancillary functions of a GP&e shown in Figure.2A GPScan be used to navigate
to prescribed points and record trips, as well as serving as a calculator, calendar, clock and
camera. Each brarahd modelares to some degree and generally the more featuresigtner
the cost. Display quality also improves in higher priced units.

Accuracy

Typical accuracy as stated in the specification for a consumer graden@iS10 meters (33

feet). Accuracy is sinmar across various consumer grade units unless it incorparagesernal

antennaor additional processing using corrections from known reference pofiots.will

probably observe that your unit on most occasions provides much better a¢ancerythre
metersortenfeeke speci al ly i f conditions permit fiseein
are not present. The best time for taking readings can be determined by doing so in optimal

times. See discussion of PDOP below.

Datum
Inordertomaplogt i ons on earth, an appr oxastabishadomon of t
defnrea ref erence surface. The approximation of t

datum. The datum defines the size and shape of the ellipsoid used to apgi@xim shape of

the earth and its origin and orientatiofhere are two main categoriesdaftum 1) locally

centered and 2) eartfentered.NAD27 is an example of a locally centered datum which uses an
ellipsoid that is centered in Kansas to provitlere accurate local measurementslorth

America WGS84 is an eartbentered datum that provides equally good measurement around the
world and is the standard for GPS data collectidADS83 is also an eartbhentered datum

There isvery little differencebetween NAD83 and WGS84 coordinates.

4 For a Magellan GPS this function is provided by MapSend and MapSend Topo software.
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If you would like more detaibn datum NOAA has developed a good online training
AUnderstandingpatum Coordinate Systems and Map Projectiofifie link is

http://www.csc.noaa.gov/digitalcoast/_/elearning/datimdsx.html

Signal Interference

Radio $gnals at the frequency used by GPS do not penetrate forest canopy well. Use of units
with external antennas can alleviate this problem. Sun spot activity also causes signal
interference. Data collection in times ofh sunactivity should be avoided.

PDOP1 Scheduling Data Collectionfor Best Results

Position Dilution of Precision (PDOPs a measure of thgeometricgoodness of the satellite
constellation that is being used at a given time and location. High numbers icthsatg
clustered constellation while low numbers show a spread of satellites from overhead to the
horizon in various directionNsee Figure 4)Tablel summarizes the impact on accuracy of
various PDOP values. When planning a trip gorie of these websités checkcurrent
conditions.

http://asp.ashtech.com/GNSSPlanningMobile/en.html
http://lwww.spectraprecision.com/support/gipsznning/
http://www.trimble.com/planningsoftware.shtmi

ol b W o
{uy

PDOP: low (1.5) PDOP: high (5.7)

Figure 4. Satellite Constellations with Gogew) and BadHigh) PDOP

Wi ki pedia, @dADilution of Precision GPSO
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DOP

Ratin Description
Value g P
<1 deal This is the highest possible confidence level to be used for applicatior
demanding théighest possible precision at all times.
At this confidence level, positional measurements are considered acci
1-2 Excellent

enough to meet all but the most sensitive applications.

Represents a level that marks the minimum appropriated&img busines
2-5 Good decisions. Positional measurements could be used to make reliablegan
navigation suggestions to the user.

Positional measurements could be used for calculations, but the fix gt

>-10 ML could still be improved. A more opetew of the sky is recommended.

Represents a low confidence level. Positional measurements should k
10-20 Fair discarded or used only to indicate a very rough estimate of the curren’
location.

At this level, measurements are inaccurate hyash as 300 meters with

>20 Poor . .
6 meter accurate device (50 DOP x 6 meters) and should be discarde

Table 1. PDOP Ratings

With the proliferation of deployed satellites, PDOP has become a less critical parameter. Other
factors such as vegetative cover and pahactivity may have greater impacts on field
operations.

MAPPING SOFTWARE

The basic objective for our use of mapping software fariotionallyreplicate the paper MET
mapsin either physical or digital fornirhis in turn requires the ability to recardarkers, tacks
and trail classification on a computer generated map.
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Map Basics

Some mapping software includes maps for a specified area (like a state) while others use maps
published in digital format by the USGB.he USGS06 s wwevibwsusgs.gov) providesr t  a't
a source for all USGS maps in both printed and digital form. A search tool at the website quickly
identifies maps of interest by a number of search parameters. Maps at all standard scales are
available. Digital information is freeriRted quads are currentl@®ach (as of January 1,

2014).

Throughout the west, mapping was originally done by the General Land Office (GLO), the
predecessor of the Bureau of Land Management. Their product (GLO map&xisetient

starting point for tris research although other historic maps should be sogbL.O map

(Figure § coversone township and range and vary greatly in geographical content depending on

the original surveyoilOftenh e maps are accompanied by dfield
crossings are noted. The maps were drawn in the office using the field notes, by a draftsman.

= Lol Rea R S S PR D BN

Township No. 9 South, Range No. 6 West, Willamette Meridian, Oregon.
o % #

Figure 5. General Land Office (GLO) Survey Map

The GLO maps use the Public Lands Survey System (PLSS), where township, range and section
are surveyed from a mdian. Many GLO Mapdave beescanned and can be downloaded from

site http://www.glorecords.blm.gov/Coordinates of corners twiwnships andections can be

obtained from sitéttp://www.earthpoint.us/Townships.aspx
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UTM WGS84 probably workbest, beause section lines crossing from survey notes are given in
chain$. From a corner, convert the chains to meters in a spread3heetesultingoordinates

are in UTM WGS84 and then can be converted to any diitdesired The PLSS is also useful

for determining location and is a standard reference for property ownership.

Printed versions of the GL@apsareoftenavailable at state libraries and archives. In addition,
some are available from BLM offices. The national BLM websitev.blm.govprovides inks

to state offices or trwww.xx.bim.govwh e r e A x x -fetter sgate telsignationwfor
examplewww.ut.blm.govfor Utah). Field offices within the states can usually be accessed from
the state websites. Other Internepsources are summarizedAppendix8.

Figures6 and7 illustrate typical labeling on a quad map. Figérghows the lower right corner

with the quad name and date of preparation. Note that the right hand @other map

corresponds to 119 degrees west longitude, 41 degreedatitie (a point in Northwestern

Nevada). The UTM NAD27 coordinates of the nearest grid crossing are 331000E and

4541000N. This is a distance in meters measured from central meridian in Zone 11, a reference

line of 500000M, and the distance north of gggiator, one of eleven UTM zones that cover the
continental U.S. A complete description of the UTM system and other geographic references

may be found in the publication AUSGS GeoDat a
(Www.usgs.goy.

The lower left corner of the same map is shown in Figutegives information on the dates
date and basis of updates and on the datum (NAD27). Corrections fodatineare also
described.

Survey of Software Packages

There are two generigtpes of fAmapping softwareodo packages.
GPS unit itself or is available as a supplementary package. It is generally not suitable for
OCTAOGs final mapping needs. The second is tha
processing the data and generating maps or data files. From this point on, the first will be
referred to as Adata management softwareo and

Mapping software products include products like MyTopo (MapTech) Terrain Nav{gatahe

Pro version), the National Geographic Society
products include USGS quads at multiple scales and a variety of output file formats along with

the ability to print maps. The have limited or no ability $& maps from other sources and

output in a limited formats. The retail price of these packages is about $100 per state although a
careful search for discounts can bring this down to less than $50 per state in some cases.

8 GLO maps have supporting documentatiothie form of field notes. These notes describe the locations of points
where there are road, trail or creek crossings of section lines as measured in rods and chains. Familiarity with this
measurement system permits full exploitation of this information.
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Figure6. Quad Map.abeling Right Corner
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Qy@ - Mapped, edited, and published by the Geological Survey
0@1 Control by USGS and NOS/NOAA
‘X\Q%c,‘\§ Topography by photogrammetric methods from aerial
Y photographs taken 1972. Field checked 1975. Map edited 1979

N\ . :
Projection and 10,000-foot grid ticks: Nevada coordinate

system, west zone (transverse Mercator)

1000-meter Universal Transverse Mercator grid, zone 11
1927 North American Datum

To place on the predicted North American Datum 1983
move the projection lines 15 meters north and

84 meters east as shown by dashed corner ticks

Fine red dashed lines indicate selected fence and field lines where
generally visible on aerial photographs. This information is unchecked

Where omitted, land lines have not been established
or are not shown because of insufficient data

Figure7. Quad Map Labeling_eft Corner

A second class of mapping softwaeands the capabilities of the first group to incldd&

layers and direct access to aerial and satellite photographs. The anagesreferenced so that
they may be overlaid on the maps to provide clues of trail locations. Packages in this category
include Terrain Navigator Pro (TNP) and Global Mapper (GM). These packages sell for about
$300. For TNP this cost is per state. Since @&ds external sources for maps which can be
acquiredat no cost, this is the total cdet multi-state coverage
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Both TNP and GM provide capabilities equal to
typified by the products of ESRI, Inc. (such s software packages in the ArcGIS Desktop).

ESRI products are used by many cities, counties, states and federal agencies to maintain their
geographic knowl edge base. | t dasbaself lsstorict he Dbas
trails. The ArcViewsoftware, part of the ArcGIS Desktop, costs about $1,500.

GM has the benefit of using extermadpinformation, but it introduces the need to import and

integrate mapping data. A map is constructed by importing basiditmensional information of

a quad & digital raster graphic or DRG) and the terrain data (a digital elevation model or DEM)

to form the complete three di mensional map. A
a continuous map. Terrain Navigator Pro (and some other packages) pseadeess maps

while allowing import of images to provide map overlays.

Recommended Software

The NPS mapping project uses the sophisticated GIS products of ESRI, Inc. Tki$-gtatart
system is widely used, but is complex and expern§i¥¢00) Ideally we would use the same
software, but it i1ot practical fomostindividuals to acquire these products and develop a
proficiency in their use.

From the perspective of low cost and moderate complédigf,opod $errain Navigator Pro is

preferred. Tl cost is $299 per stanich includes all USGS maps for that state at 1:250,000,

1:100,000 and 1:24,000 scal@erial photos are also provided at 1:12,000 scale.e @A Pr o 0
versionalsoincludes the capability to import other maps and images for usehegituads

included in the software. If @secapabiliies arenot needed, then the standard version is

availableat a cost of $99 per state. The Pro versi
interoperability with ESRI products.

A good alternatie with a slightly different approach is Global Mapper (GMxapability

similar to ESRI&6s products is provided by GIlo
uses maps and data from other sources which a
complexty is greater than the Terrain Navigator products, but it provides some additional
capabilitiesGM is now piced at $399 for a single user, but there is no additional cost for maps,

The power of Global Mapper is its ability to work with a wide varietfoofats for both input

and output.For example, one can input files from any GPS, merge them with any of the USGS
digital map products, add and gedderence any image files such as a digitized GLO map,
historical USGS topo map, historical USGS aerialtphor image from Google Earth, and then
output the products as final maps or collections of layers into almost any geographic format,
including any of the ESRI file typedvore info on Global Mapper can be found at:

http://www.bluemarblegeo.com/produigmbatmapper.php
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Terrain Navigator Pro (TNP)

TNP is an allinclusive packagat low to medium coghat is relatively easy to use. For that
reason it igecommended angsed as the baseline for our mapping discusSiba.text that
follows is not inteded as an instruction manual for TNP. We will focus on those capabilities
needed to meet our objects/e

Theupper portion of thepening screem TNPis shown in Figurd. Transfer of data is initiated

by connecting the GPS to a computer through a dableally a USB or serial port connectin)
TNPOs operati ons ar ebasedprgrams. Piddwa manas appeak¥orn d o ws
the main menu options in the bar below the title.

A set of toolgline drawing, labels, etci$ provided inthe second anttird toolbars in the upper
|l eft corner. The magnifying glass with a plus
primary tools for navigatiorSee Appendix 13 for a description of Té&Basic tools.

Figure81 Map and Menu Display for TerraMavigator Pro

In thefirst menu babelow thetitten e ar t he center i s dteminthisem | abe
menu all ows you to download information (ARec
information will appear on the map as shawiirigure9. If you do not see the expectedcks

and waypoints, then the selected map may not be in the area of theTihasks.corrected by

movingthe background map to the appropriate area.

7 On first use, initialization of the interface is required. The software will automatically search for the GPS you are
using.
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