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Basic Principles of GPS 

How does GPS work? 

Satellites  

28 GPS satellites are currently in orbit around the earth. The maximum available at any time from a point in Oregon is generally between 4 to 11.  The satellites send out radio signals that are collected and read by the GPS receiver.

GPS receivers 

GPS receivers can calculate a position on the earth by measuring the travel time of radio signals from the satellites to the receiver.  The calculations depend on highly accurate clocks.  The satellites have atomic clocks that are accurate to a nanosecond but due to cost, the clocks in most GPS receivers are not that accurate.  Using three satellites, each measurement of time generates a sphere.  Where these three spheres intersect is a point that indicates a place on the earth.  The fourth satellite can then be used to eliminate any clock errors in the ground-based receiver.  Even a small clock error can create a large error in location. 

Factors that effect data quality  

Satellite geometry and PDOP

PDOP, or Position Dilution of Precision, is a measure of how well the satellites are distributed in the sky – the lower the number the more accurate the reading.  A minimum of four GPS satellites are required to compute accurate three dimensional GPS positions.  The best satellite geometry, and therefore the lowest PDOP, has at least four satellites, three evenly spaced around the horizon, but above 15 degrees, and one directly overhead.  With the current number of satellites available, collecting data in 2D is never recommended.  When “only three satellites” are available, an accurate “project elevation” must be determined and input into the receiver.

Signal to Noise Ratio (SNR) 

Also called signal level or signal strength. Arbitrary strength units used to determine the strength of a satellite signal. SNR ranges from 0 (no signal) to around 35.  Higher-elevation satellites have SNRs in the high teens to low 20’s. 

Multipath

Another possible source of error is interference, similar to ghosts on a television screen, that occurs when GPS signals arrive at an antenna having traversed different paths. The signal traversing the longer path causes an error in the position fix. Multiple paths can arise from reflections off structures and other obstructions near the antenna.
Accuracy of the data under different conditions  (PDOP and SNR)

Canopy cover

Canopy cover can adversely effect accuracy in two ways.  It can reduce the number of satellites the receiver can use and can cause the signal to bounce off of nearby surfaces before reaching the receiver, causing errors in location.

Topographic position

Steep canyons can limit the number of satellites the receiver can use. They can also limit the spread of satellites across the sky causing poor satellite geometry.

Ability to “turn off” data collection when predicted error is high.

On the Trimble Geo Explorers, Pro XRs and other higher end receivers there is a setting for PDOP that will cause the receiver to not log positions when the PDOP is too high due to poor satellite constellation or when SNR is poor.  The recreational units do not have the ability to set these filters and thus will log positions regardless of their accuracy.  

The use of Trimble Pathfinder Office Planning Software (which comes with the purchase of a Trimble GPS unit) to predict satellite availability is important for those using GPS receivers under less than ideal conditions, such as under tree canopy or in steep terrain.  The number of satellites and PDOP available due to these canopy and terrain constraints can limit field data logging to specific times of day.  This software is essential for planning when to log data.  Though this planning software was designed for Trimble units, it could also be used to increase the accuracy of recreational units.  Planning reduces “wasted time” by predicting exactly when the appropriate number of satellites will be available for each planning session, or data point.

Testing of various units for resource data collection

See the following table for accuracies of various GPS units (from extensive testing done for the FS by Mancebo and Chamberlain, 2000):

http://www.fs.fed.us/database/gps/gps_standards/GpsAccuracyStd.pdf
Conclusions on accuracy of Recreational GPS receivers (from the same testing as the above table):  

· Accuracy performance in open sites is acceptable for mapping and GIS applications. 

· A significant decrease in accuracy performance in forested sites was observed. Accuracy in forested sites is not acceptable for mapping and GIS applications. 

· The ability to log multiple observation waypoints offers increased accuracy for forested sites.  The accuracy of the average of 60 positions made with the Garmin GPS III was not accurate enough for GIS applications at 31 meters.

· The efficiency observed for all receivers approached 100% even at forested sites. It appears that the PDOP and SNR settings for these receivers, which are not user configurable, are set to allow maximum data logging in adverse canopy conditions. These configurations allow “noisier” data to be logged therefore the high errors under canopy.

Recommendations for GPS data collection 

Data to be used outside GIS  

For data that will never be put into GIS, you can use whatever equipment or method gives you acceptable accuracy for your project (see above accuracy table).   

Data to be incorporated into GIS 

Project layers 
For data that is not used in conjunction with any other corporate data, is used only at a very small scale, or is very time-sensitive, you may use whatever method will give you an acceptable accuracy.  This would include things such as firelines, points for a small-scale map (such as the location of a timber sale on a forest-wide map), or for a personal project such as tracking your path of travel during a survey.

Corporate layers 

Landlines or legal boundaries must be GPSed with survey-grade GPS units.  For other corporate layers, if recreational grade GPS data is all that’s available, it may be incorporated into the corporate data, but must be designated as “>5 meter accuracy” in the metadata for the features you GPSed (see below). This will allow us to exclude this data from applications requiring highly accurate features, like PBS updates. If more accurate data is available from another source it should be used instead.

Metadata for GSPed features

Metadata is necessary to identify the source and accuracy of the data you are adding to GIS.  Any GPS data that may eventually be added to a Primary Base Series quad map must have metadata attached. In addition, some GPS data, such as public land survey and ownership boundaries, must meet survey-grade requirements and have metadata to back it up.
National Map Accuracy Standards

The 2003 GIS Data Dictionary requires the horizontal accuracy of most layers to meet the National Standard for Spatial Data Accuracy.  At the scale of 1:24,000, this standard is 40 feet or 12.2 meters.

Source Codes for GPS Data

Three source codes for GPS data have been specified in the Guidelines for Digital Base Map Updates. The Draft GPS Data Accuracy Standard (USFS) also refers to these same codes to use for GPS accuracy.  CSA 2 has added a fourth code to address greater than 5 meter accuracy (such as data collected with a Garmin). A detailed description of the codes is attached to this document in Appendix A.

How to Record the Metadata

Record the source of your GPS data, using the codes from Appendix A, in the item listed in the table below. The item should be added to the coverage if it is not already there. You will need to coordinate this with a GIS person on your district or Forest (item_width 2, output width 2, item type C.)  In addition, an item called source_code_memo can be added to record additional information or explanatory notes about the data, such as the model of the receiver used.  The GIS themes for which you are most likely to be collecting GPS data are listed below.  If the coverage you want to add data to is not listed, use source_code (2,2,C). 

	Theme
	Item 

	Transportation
	source_code

	Cultural Properties
	data_source

	Fire Management
	source_code

	Wildlife
	source_code

	Range
	source_code

	Water
	source_code

	Recreation
	source_code

	Land
	source_code


Downloading data to GIS  

We recommend the DNRGarmin software for use with “recreational GPS units” such as the Garmin eTrex.   It is freeware, easy to set up, easy to use, and customizable to your local area.  It is an ArcView extension and VB program written by the Minnesota Dept of Natural Resources for downloading GARMIN data directly to an ArcView shapefile.   It projects the data as it is downloaded.  For more info, here’s a link to a document called “INSTRUCTIONS FOR COLLECTING AND PROCESSING GPS DATA WITH A GARMIN RECEIVER” - 

http://fsweb.f10.r6.fs.fed.us/irm_teams/gis/documents/teams/gps_team/Using_DNR_Garmin_Extension.doc
Trimble units should utilize the latest version of Trimble Pathfinder Office or Trimble Geomatics Office for survey grade units.
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Appendix A

SOURCE CODES FOR GPS DATA

CODE “02” - GPS 2-5 Meter Receiver, 3-D

The GPS data collected such that sufficient satellites are simultaneously visible at base and remote instruments to enable continuous 3-D collection. Positional Dilution of Precision (PDOP) value should be no greater than 8, and the signal- level mask setting should be no less than 6. All data must be differentially processed using a base station that is within the allowable range for 2 to 5 meters or better accuracy. The base station instrument must occupy a point whose coordinates are established using third-order or better survey techniques. All data collected should comply with NMAS for appropriate map scale 40 feet horizontal on the 1:24,000- scale PBS/SEQ map, 106feet on the Alaska 1:63,360-scale PBS/SEQ. Data collected must be referenced to the appropriate coordinate system and datum. Differences between NAD 83 and NAD 27 can cause positional errors of a few centimeters to more than 100 meters. No source code memo is required as long as these parameters are met.

CODE “03” - GPS 2-5 Meter Receiver, 2D

The GPS data collected such that sufficient satellites will be simultaneously visible at base and remote instruments. PDOP value should be no greater than 8, and signal-level mask setting should be no less than 6. All data must be differentially processed using a base station closer than 300 miles to the remote instrument. The base station instrument must occupy a point whose coordinates are established using third-order or better survey techniques. For linear features such as trails, 2-D data collection should not be used if more than 40feet of change in relief occurs along the feature being collected. All data collected should comply with NMAS for appropriate map scale-40 feet horizontal on the 1:24,000-scale PBS/ SEQ map, 106 feet on the Alaska 1:63.360-scale PBS/SEQ. Data must be referenced to the appropriate coordinate system and datum. Differences between NAD 83 and NAD 27 can cause positional errors of a few centimeters to more than 100 meters. No source code memo is required as long as these parameters are met.

CODE “04” - GPS Survey Grade and Sub-meter

Survey Grade. The GPS data collected by survey (L1) and geodetic (L1,L2) grade receivers processed and network adjusted to a standard deviation of 2 sigma (95 percent) at a maximum of 3 centimeters horizontal and 10 centimeters vertical or better of ground position. The following information must be provided along with the data: summary of covariance matrices for primary observed vectors and summary of error ellipse(s) for new stations.

The type of horizontal and/or vertical control stations used (for example, HARN, first order, second order).

Which station(s) are constrained, geoid model used (Geoid 90, 93or 96 or preferably Geoid 99 CONUS) reference ellipsoid used, and the coordinate system and datum. Local examples are: State Plane Coordinates using the proper zone and coordinate units (North or South in Oregon) either WGS 84 (meters), NAD 83( meters) or NAD 27 (u.s. survey feet). Universal Transverse Mercator (UTM in meters) utilizing the proper zone (10 for Longitudes 120º and greater, and zone 11 for Easter Oregon/Washington Longitudes < 120º. The other coordinate system is  simply Latitude and Longitude, NAD 83 or NAD 27. Most current software applications will select the correct spheroid associated with the coordinate system. 
This information should be provided in the source code memo. Data collected must be referenced to the appropriate coordinate system and datum. Differences between NAD 83 and NAD 27 can cause positional errors of a few centimeters to more than 100 meters. 

Sub-meter. The GPS data collected and processed using carrier phase (L1 C/A code) receivers and processing using Trimble Navigation’s MCORR 400 or Phase Processor for static point, or the latest version of Trimble Pathfinder Office. When using phase processing, base lines should not exceed 50 kilometers for positional accuracies of less than 0.3 meter and should not exceed 120 kilometers or positional accuracies of less than 1 meter. When using MCORR 400, baseline lengths should not exceed 500 kilometers from a carrier phase reference station to achieve positional accuracies of less than 1 meter. Data must be collected in 3-D mode only. Data collected must be referenced to the appropriate coordinate system and datum. Differences between NAD 83 and NAD 27 can cause positional errors of a few centimeters to more than 100 meters. No source code memo is required as long as the above parameters are met.

CODE “10” - GPS >5 Meter Receiver

The GPS data collected does not meet any of the above collection and processing standards or parameters.  Use source_code_memo to record name and model of receiver.
