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Summary

Both WGS 84, the datum used by GPS, and NAD 83, commonly used in North America, have been redefined
several times since their beginning. Parallel to this, there have also been several realizations of the
International Terrestrial Reference System (ITRS), referred to as ITRFxx, where ITRF stands for
International Terrestrial Reference Frame and xx refers to the date. ITRF realizations are closely tied to
developments both in WGS 84 and NAD 83.

The introduction of various realizations of reference frames has affected the methods used by Trimble
mapping processing software to transform from WGS 1984 to NAD 1983, as well as the methods used by
field software to effect the same transformation. It has also given rise to much confusion regarding datum
transformation methods and recommended practices.

This paper will briefly cover the history of WGS 1984 and NAD 1983, then discuss in practical terms how
users of Trimble’s TerraSync software and ESRI’s ArcPad mobile GIS software are affected by these issues.

The Evolution of NAD 83

There have been five realizations of NAD 83 in the United States. These changes have come as a result of
maturing GPS and other geodetic technologies that have allowed for more precise measurements of the
earth’s center of mass, and other elements that define a reference system (the location of the North Pole, or
International Reference Pole, and the location of zero longitude at the equator, used in defining the alignment
of the cartesian axes; and the realization of the unit of length (what constitutes the physical measurement of
the meter) or “scale.”).
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The original NAD 83 (referred to as NAD 83 (1986) by the National Geodetic Survey) was developed
using the best technology available at the time. However, the geocenter, cartesian axes, and scale were all
somewhat imprecise.

Starting in 1989, each state - in conjunction with NGS and various other state institutions — used GPS to
establish regional reference frames that were to be consistent with NAD 83. These networks of GPS
control points were originally called High Precision Geodetic Networks (HPGN), and currently are
referred to as High Accuracy Reference Networks (HARN). This collection of regional realizations
referred to as NAD 83 (HPGN) or NAD 83 (HARN) is the second realization of NAD 83.

Beginning in late 1994, NGS introduced further realizations of NAD 83 when the agency organized a
network of continuously operating reference stations (CORS). These realizations are the result of
transforming then-current ITRFxx positional coordinates of a subset of CORS stations in the United
States, and in its last realization, in the US and Canada, to NAD 83. These realizations are referred to as
NAD 83 (CORS93), NAD 83 (CORS94), and NAD83 (CORS96). NGS continues to use NAD 83
(CORS94) positions for all CORS sites, except those that have come online since the fall of 1998 and
those whose NAD 83 (CORS96) position differs from their corresponding NAD 83 (CORS94) position
by more than 2 cm horizontally or 4 cm vertically.

The NGS is currently involved in a national readjustment of NAD 83 which is being referred to as the
National Spatial Reference System (NSRS). This realization is being referred to as NAD 83 (NSRS). For
more information, please see the NGS Website at http://www.ngs.noaa.gov/NationalReadjustment/.

It should be noted that the NAD 83 (HARN) latitude and/or longitude of a given control point may differ
by up to a meter from its corresponding NAD 83 (1986) coordinate. Fortunately, the horizontal
discrepancy between the NAD 83 (CORS93) and NAD 83 (HARN) positions for a control point is almost
always less than 10 cm, and the horizontal discrepancy between any two NAD 83 (CORSxx) positions for
a control point is almost always less than 2 cm.

The Evolution of WGS 84

The DoD (Department of Defense) established the original WGS 84 reference frame in 1987. As GPS
was in its infancy, GPS was not used to establish this original WGS 84. The original WGS 84 realization
essentially agrees with NAD 83 (1986). It is generally assumed, and this assumption is substantiated by
the National Geodetic Survey, that WGS 84 (original) is identical to NAD 83 (1986).

In 1994, DoD introduced a realization of WGS 84 that was based completely on GPS observations. This
new realization is officially known as WGS 84 (G730) where the letter G stands for “GPS” and “730”
denotes the GPS week number (starting at Oh UTC, 2 January 1994). This realization is generally
assumed to be identical to ITRF92.
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A third realization of WGS 84, also based completely on GPS observations, was introduced 29 September
1996, and adopted by the GPS Operational Control Segment on 29 January 1997. This realization is
termed WGS 84 (G873), and is generally assumed to be identical to ITRF96.

The latest realization is termed WGS 84 (G1150) and is generally assumed to be identical to ITRFQO.
This realization was adopted 20 January 2002.

A GPS position calculated in one realization of WGS 84, when converted to another realization of WGS
84, will differ by only a few centimeters.

The Impact of Evolution: What does all this mean?

GIS data that is referenced to NAD 83 and was created by GPS input is actually referenced to an epoch or
realization of NAD 83, such as NAD 83 (1986).

Therefore, it is important to understand that different datum transformations from WGS 84 to NAD 83
exist, and their use assumes a certain input reference frame and specifies a certain output reference frame.

In GPS positioning as it applies to Trimble Mapping systems and software, the input reference frame or
‘input datum’ can vary depending on DGPS source, field software datum transformation settings (in the
case of ArcPad), and post-processed differential correction settings. These will affect the output reference
frame or “output datum,” as will other processing software settings, such as Export settings.

These facts are in conflict with many long-standing assumptions for some users, which can lead to
confusion and unsatisfactory positioning results, especially when using H-Star receivers such as the
GeoXH and ProXH, which are capable of sub-8" accuracy using a Zephyr antenna.
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Identifying the Input Datum

Field Software

It has long been assumed that GPS data collected with a Trimble Mapping system is always referenced to
WGS 84. Itis absolutely true that the GPS coordinates calculated by the Trimble GPS receiver are
always referenced to WGS 84. However, the data that is collected by software such as TerraSync or
ArcPad can actually be referenced to a different spatial reference.

For Trimble Mapping software, such as TerraSync (or now discontinued software such as Asset
Surveyor), theoretically all data collected will be referenced to WGS 84. Coordinate System and datum
settings in the software are display-only; data stored in WGS 84 is converted to the spatial reference of
your choice for map display and measurement.

When NDGPS (USCG Beacon) corrections are used in real-time, the spatial reference of TerraSync data
is changed to NAD 83 (CORS96). This is because USCG Beacon corrections are referenced to NAD 83
(CORS96), being based on the NGS CORS network. Subsequent processing must take this fact into
account. For example, if the data is downloaded to Pathfinder Office and exported without differential
correction, care must be taken not to apply a NAD 83 (CORS96) datum transformation again during
Export, since it has already been affected in the field by the DGPS source.

ESRI ArcPad software records data in shapefiles that can be referenced to any supported projected
coordinate system and datum. To accurately transform incoming GPS coordinates, ArcPad therefore
needs to know three things — the input GPS datum (assumed to be WGS 84), the output datum (e.g. NAD
83), and datum transformation parameters.
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The input GPS datum in ArcPad 7.x is selected from the
GPS Datum drop-down list found in GPS Preferences >
Datum tab (above left). The defaultis D_WGS 1984,

The output datum is specified in the .prj file used by ArcPad to set the Map Projection. The .prj file used
will be that .prj associated with the first layer loaded in the current map, the ArcPad.prj file found in \My
Documents (if present), or the .prj file chosen in the Table of Contents (above right).
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oK to the left.

In ArcPad 7.0 and 6.0.x the default transformation between WGS 84 and NAD 83 is a ‘zero’ datum
transformation. This could lead to 1 meter horizontal errors when compared with NAD 83 (CORS96)
control. To find out which version of ArcPad you have, go to the Help drop-down, and select About
ArcPad...

About ArcPad

%. ArcFad
A=) Version 7.001.53

4 ESRI Support Centar

T About ArcPad...
About Extension

As noted above, when using a Trimble Mapping receiver, the input GPS datum will always be WGS 84
unless using USCG Beacon corrections, in which case the input GPS datum will be NAD 83 (CORS96).
It would be necessary to change the GPS Datum to D_North_American_1983, particularly in ArcPad
7.0.1. Otherwise, a datum transformation from WGS 84 to NAD 83 (CORS96) could be applied twice —
once by the USCG Beacon correction, and a second time by ArcPad.
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Note: In ArcPad 6.0.x or 7.0, if the GPS Datum is left at the default D_WGS_1984, no datum
transformation will be applied anyway, since the default transformation in these versions between WGS
84 and NAD 83 is a ‘zero’ datum transformation. Therefore, input = output, e.g., NAD 83 (CORS96)
input > ‘zero’ datum transformation > NAD 83 (CORS96) output.

Office Software

Whether using Pathfinder Office or GPS Analyst software, there are several places where datum
transformation can take place during processing.

Pathfinder Office — The spatial reference of GPS data can be changed from WGS 84 to a realization of
NAD 83 during Differential Correction as well as during Export.

During Differential Correction, the user is presented with a choice regarding the base station reference
position. Essentially, the choice is to use the reference position contained in Trimble’s base station list, or
to use the reference position from the base files themselves. The default choice is to use the reference
position contained in Trimble’s base station list, which has been compiled from details submitted by base
station operators and is presented in terms of ITRF0O. This is the option selected below, in Pathfinder
Office 3.1 Differential Correction Wizard.

Reference Position
"~ Use reference position from base files

& Use reference position from base provider

Seiler - Chicagoland Select... |
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In Pathfinder Office 3.0 or earlier, the reference position displayed in the dialog box below is the one
from Trimble’s base station list.

Reference Position

Reference Pogition
(] 4

Station Latitude: 4473905 207830

Cahicel

Station Longitude: |84°DB'DD.EDEESD'W

Help

il

Station Height [HAE):  |273.50 m

Antenna Height: |D.EIEIEI m

Set From Baze File...

Siter

System: Lat/Laong Teie
Fone: =

Dratum: WiGES 1984

Since the release of Pathfinder Office 3.0, all reference positions contained in Trimble’s base station list
have been put in terms of ITRFOO (essentially WGS 84 (G1150)). The reliability of the assumption that
all of these reference positions are in terms of ITRFOO0 depends upon the coordinate supplied by the base
provider; and if the reference position was originally referenced to a NAD 83 realization, whether the
correct realization could be determined when converting to ITRF00. Particularly with CORS stations,
data sheets exist that document clearly which NAD 83 realization the reference position is referenced to,
whereas with private base stations, that is not always so easily determined. This could introduce
positional errors. For example, if a base station reference position were actually referenced to NAD 83
(1986) but it was assumed that it was referenced to NAD 83 (CORS96) when the reference position
contained in Trimble’s base station list was converted to ITRFOO, there could be 1 meter horizontal errors
introduced by what amounts to an “incorrect’ reference position.

The other option, ‘Use reference position from base files’ or ‘Set From Base File...,” will use whatever
reference position is supplied by the base station operator in whatever datum it has been established. In
the case of CORS stations, that would be NAD 83 (CORS94) or NAD 83 (CORS96). Therefore, if this
option is selected, GPS data will actually be transformed to the datum of the base station reference
position, in this case NAD 83 (CORS94) or NAD 83 (CORS96). Care would have to be taken that a
datum transformation from WGS 84 to NAD 83 (CORS96) was not applied again during Export.

The “Use reference position from base files’ option will transform data to whatever spatial reference is
used by the base station reference position. In the case of non-CORS stations, there may be confusion
regarding what that spatial reference is. In reality, it could be WGS 84 or any realization of NAD 83.
This could cause positional errors, since the input datum may not be known accurately.

™ Duncan-Parnell
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It should be noted that if USCG Beacon-corrected data is differentially corrected, the raw GPS
information that is recorded in parallel to the DGPS positions is what is post-processed.

GPS Analyst — When a geodatabase is GPS-enabled, you are prompted to specify a datum transformation
if your geodatabase is referenced to something other than WGS 84. For WGS 84 to NAD 83
transformation, the choices are:

NAD_ 1983 To WGS_1984 1 NAD 83 (1996) - "zero" datum shift
NAD 1983 To WGS 1984 2 Alaska Aleutians

NAD 1983 To WGS 1984 3 Hawaii
NAD_1983 To WGS 1984 4 United States - ITRF94

NAD_ 1983 To WGS_1984 5 United States - ITRF96

Specify the _5 transformation for NAD83 (CORS96).

Note: This is a transformation between NAD 83 (CORS 96) and ITRF96, which is only a few centimeters
different from ITRF00. ESRI ArcGIS does not yet provide a NAD 83 (CORS 96) to ITRF00
transformation.

When doing differential correction in GPS Analyst, you are again prompted to select the source of base
station Reference Position. If you have selected a _5 transformation, use the default option to avoid
applying a transformation twice.

Reference Position
(" Use reference position from base files

(@ Use reference position from base provider

Seiler - Chicagoland Select... |
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Alternatively, if you select a _1 datum transformation (“zero” datum transformation) when GPS-enabling
a geodatabase, you could choose the option to “Use reference position from base files’ with CORS base
stations, which would effectively transform to NAD83 (CORS96).

Specifying the Output Datum

If you are using Pathfinder Office, the final place where spatial reference can be changed for data
collected with TerraSync or other Trimble Mapping software is during Export. This is specified in Export
Setup Properties on the Coordinate System tab.

In Pathfinder Office 3.0 and older, the NAD 1983 datum choices were all “zero” datum transformations,
based on the old assumption that WGS 84 (original) = NAD 83 (1996). As these spatial references
evolved and the demand for greater accuracy increased, the need for a more accurate transformation to
NAD 83 was recognized. Therefore, in Pathfinder Office 3.1, a new datum choice, NAD 1983 (Conus)
CORS96, was introduced.

Select By
& Coordinate Systern and Zone
- Cancel
- e _Cored |
Help
Systen: | UTH ﬂ
Zongt 12 Noith |
Datum: [MaD 1927 [Conus) -
MAD 1983 [Alazkal A

Altitude b MAD 1983 [Aleutian |£)
£ Hei MAD 1983 [Canada)

BEOI N AD 1983 [Conus
ol T, MAD 1983 [Conus) CORS 96
o HAD 1933 [Hawail)

G20l AD 1983 (Mesico/Cent Americal v
o' Defined Geoid [EGMIE [Global])
" Other
Coordinate L nits: | Meters j
Altitude Units: |Metel$ ﬂ

For those who are still using Pathfinder Office 3.0 or earlier, a Support Note is available specifying how
to add this datum transformation into the Coordinate System Database. For more information, click here:
http://trl.trimble.com/dscqi/ds.py/Get/File-170369/SprtNote PFO-GPSA NAD83Datum.pdf.
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Note: In the case of USCG Beacon-corrected data that is not differentially corrected, and is therefore still
referenced to NAD 83 (CORS96), or in the case of data that has been differentially corrected against
CORS base stations with the Reference Position option ‘Use reference position from base files” and is
therefore referenced to NAD 83 (CORS96) one would want to select the NAD 1983 (Conus) datum choice
to avoid applying a datum transformation twice.

Conclusion

As spatial references continue to evolve, it is important to understand how such evolution affects the
Mapping software that we use for collecting and processing GPS data. Options in both field and office
software can change the spatial reference of the GPS data that we collect. Knowing how these changes
occur can eliminate much confusion and lead to satisfactory positioning results.
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Dr. Richard Snay is Manager of the National Continuously Operating Reference Station (CORS) program
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Branch, Spatial Reference Systems Division, National Geodetic Survey.

™ Duncan-Parnell

-] GEODETIC

Tech Tips Page 11 Product Solutions




