Policy Statement for Using DGPS, WAAS, and Stand-Alone GPS
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GPS Background
The Global Positioning System (GPS) is a dual-use system providing highly accurate positioning and timing data for both military and civil users.  GPS is a 24-satellite constellation that transmits timing and local information to users all over the world.  Developed by the Department of Defense as a military navigation system, GPS is used for civil, commercial and scientific applications.   

Differential GPS (DGPS) is a technique where observed GPS signals at a reference station, with a known position, are compared to the calculated values.  Based on the discrepancy, GPS signal correctors are broadcast and used by suitably equipped GPS receivers to remove the common error sources.  DGPS accuracy depends on many factors, including distance from the reference station and provides 3 to 5 meter positioning accuracy.  

Designed primarily for aviation, the Federal Aviation Administration (FAA) is developing the Wide Area Augmentation System or WAAS.  WAAS is a safety-critical navigation system that will provide a quality of positioning information never before available to the aviation community. It is what the name implies, a geographically expansive augmentation to the basic GPS service. The WAAS improves the accuracy, integrity, and availability of the basic GPS signals. This system will allow GPS to be used as a primary means of navigation for enroute airplane travel and non-precision approaches in the U.S.   Mariners and other terrestrial users with a clear line-of-sight can utilize WAAS data.  The coverage area for this system includes the entire United States and some outlying areas such as Canada and Mexico.

Discontinuation of Selective Availability 
Selective Availability (SA) is a technique used to reduce the accuracy of unaugmented, single-receiver GPS measurements.  This is accomplished by altering (or dithering) the GPS satellite clock signals, and by modifying orbital elements of the broadcast navigation message.  These alterations are done in a coded fashion, and can be removed by authorized users.  This alteration causes horizontal positional errors on the order of 100 meters and varied in a manner that prevented averaging of positional data.  

President Clinton decided to discontinue Selective Availability at midnight UTC on May 1, 2000. Horizontal positional accuracy is expected to improve to about 10 to 20 meters.  The accuracy of GPS will vary, depending on the receiver in use, the location on the earth, the level of solar disturbance of the ionosphere, and other factors.  

GPS Accuracy

There are two categories of GPS positioning required in Chart Updating activities: 1) static positioning and 2) dynamic positioning.   Static positions are recorded alongside a fixed point, whereby the GPS receiver remains stationary.  Averaging readings over a short period of time does little to improve positional accuracy but it may help prevent blunders.   Dynamic positions are required when conducting channel and range surveys.  In these surveys, the vessel and thus, the receiver are constantly moving. 

Assuming adequate satellite coverage and geometry, the accuracy of both DGPS and WAAS has been documented to be better than 10 meters at the 95 percent level.  The accuracy of stand-alone GPS with SA turned off is still under study.   Most analyses show that the horizontal positional accuracy of stand-alone GPS is better than 20 meters.  

Changes in NOS Policy 

Effective immediately, NOS will accept all Chart Updating data collected by DGPS, WAAS, and stand-alone GPS satellite receivers.  While DGPS and WAAS positions are highly desirable for nautical charting purposes, stand-alone GPS positions may be used when other more accurate positioning methods are not available.     

NOS is interested in receiving USCG Auxiliary comments on this new policy.  Comments should be directed to Ed Martin: ed.martin@noaa.gov, 301-713-2730 x179. 

Useful GPS Web Links
Trimble tutorial:



http://www.trimble.com/gps/

Garmin 12XL Accuracy Report ‑ Post SA
http://sparkie.nrri.umn.edu/saoff/intro.html

Sam Wormley=s GPS resources 
http://www.cnde.iastate.edu/staff/swormley/gps/status.html
GPS Error Distribution ‑ Garmin 12XL 
http://users.erols.com/dlwilson/gps.htm

FAA WAAS Website:  http://gps.faa.gov/Programs/WAAS/waas.htm
Procedures for Recording DGPS, WAAS, and Stand-Alone GPS Positions

United States Coast Guard Auxiliary/National Ocean Service 

Chart Updating Program

July 1, 2003

There are a wide variety of GPS receivers on the commercial market today.  The capabilities and positional accuracies of these different receivers vary.  For example, some receivers use Horizontal Dilution of Precision (HDOP) as a measure of horizontal position accuracy, while others use Estimated Position Error (EPE).  Other receivers use the term “Accuracy” (without any explanation of its derivation) in conjunction with EPE.  Some receivers allow the user to exclude low elevation satellites from the position computation while other receivers use all satellites in view.   Due to the wide variety of receiver models in use in the Chart Updating Program, it is difficult to develop specific guidelines that apply to every model receiver in use.  

It is recommended that the following GPS guidelines be adhered to as closely as possible.   We realize that not all GPS units give you all of this information.

I.  For DGPS, WAAS, and Stand-Alone GPS Positioning  
A.  A minimum of 4 satellites should be used to compute all positions.

B.  If possible, GPS receivers should be configured such that satellites below 5o above the horizon should not be used in position computations.

C.  The GPS horizontal dilution of precision (HDOP) should not exceed (be higher than) 2.5.   Record the EPE if your receiver does not use HDOP.  Try to obtain positions when the EPE is less than 10 meters.

D.  Be certain the GPS unit is using NAD 83 horizontal datum.

E.  If using DGPS, use the closest radio beacon. 

II. Basic DGPS, WAAS, and Stand-Alone GPS Confidence Checks
Although not mandatory, periodic confidence checks ensure that GPS positioning equipment is functioning properly.    Three general methods can be used to obtain a GPS or DGPS confidence check:

A.  Fixed-Point Comparisons- A fixed-point confidence check is, as the name implies, the process of comparing a GPS-computed position to a known, fixed mark.   If a geodetic mark is available, compare the observed position to the published position.    If using non-differential GPS, the difference should be within 20 meters.  If using DGPS or WAAS, the difference should be within 10 meters.  If a geodetic mark is not available, compare the observed GPS position with a charted distinct charted feature (such as the end of a pier).  

B.  Receiver-to-Receiver Comparisons - Two vessels, both equipped with GPS receivers could be maneuvered so as their GPS antennas are in close proximity.   Simultaneous positions are then logged and compared, taking into account the distance offset between the two GPS antennas.  If the inverse distance of the comparison does not exceed 10 meters, the performance check is successful.

C. Waypoint Distance Difference - Two independent positions are recorded along a pier.  The difference between the two positions is measured with a tape measure.  This distance is compared to the distance computed by the GPS receiver.  

III. Recording Static Positions
When submitting a DGPS, WAAS or stand-alone GPS position for a given item, the following must be included.


A.  Chart number, edition number, and edition date.

B.  Briefly describe the method and results of GPS confidence check (if conducted).


C.  Identify positioning equipment by manufacturer and model number.


D.  Identify HDOP or EPE (or other performance measures) while observing the position.


E.  Identify the number of satellites used to determine the position.


F.  If DGPS is used, identify the Differential Beacon and the Signal Strength. 


G.  Briefly describe the following, if applicable

1. Unusual or unique methods of operating positioning equipment

2. Any obstructions in close proximity

3. Procedure used for recording 


H.  Be sure to indicate if the position you reported is in -  

1. Degrees, minutes, seconds and decimal seconds

If seconds, record to nearest hundredths e.g.

4117'17.33" N, 7119'44.45" W            
OR

2. Degrees, minutes, and decimal minutes 
If minutes, record to thousandth of a minute e.g.

4117.289" N, 71 19.741" W 


I.  Record the distance and the direction from the GPS antenna to the object being located.   (Don=t forget - the position you are reporting is the position of the GPS antenna).

Repetitive or redundant observations are no longer required; however, they are often useful in preventing blunders.  

IV. Recording Dynamic DGPS, WAAS, or Stand-Alone GPS Positions

When conducting depth surveys, the vessel speed should not exceed 5 knots.  If steering a straight line, positions should be recorded at a time interval so that soundings can be plotted every 5 millimeters at the scale of the largest scale chart.  For example, on a 1:10,000 scale chart, 5 millimeters on the chart corresponds to 50 meters in real distance.  Therefore, a vessel traveling 5 knots (about 2.5 meters/sec) should record a position every 20 seconds.  If the vessel is slowed down, the position and sounding interval can be increased.  Record one EPE or HDOP reading for the entire depth run.   Preferably, this should be the maximum value observed during the survey.        

V.  Comments on GPS Procedures
NOS is interested in receiving USCG Auxiliary comments on this document.  Comments should be directed to Ed Martin: ed.martin@noaa.gov , 301-713-2730 x 179.
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