3-1.  The Global Positioning System (GPS)

The global positioning system was originally developed by the Department of Defense as an all-weather, space based navigation system.  GPS has been further developed by civilian firms for other uses.  These uses vary from the tracking of semi-trailer trucks, to pinpointing the location of a motorist in distress using available options on today’s automobiles.  GPS is fast becoming the most accurate and efficient means of conducting land surveys with accuracy’s down to a few millimeters.  GPS represents the “next step” in our quest for the quickest, most accurate and efficient means of determining locations and distances during surveys. 

646.  GPS Basics

The Department of Defense developed the GPS system to enhance our military capabilities as a nation.  This system became operational in 1993 consisting of 24 satellites in 6 orbital planes around the earth.  Each plane has 4 satellites which orbit the earth in approximately 12 hours.  The system is set up to provide the best possible “visibility” of the satellites at any time.  Obviously you will not be able to actually see the satellites, but your instruments will see them electronically.  The spacing of the satellites is meant to provide visibility of between 5 and 9 satellites from any point on the earth’s surface, or in it’s atmosphere at any one time.  All of the satellites are controlled by the master control station at Falcon AFB, Colorado. 

Applications

Virtually any task requiring the location of things on the earth’s surface or in it’s atmosphere has the potential for using GPS.  As an Engineering Specialist, your primary uses of GPS will be surveying, and in the future, the combined use of GPS and your bases geographic information system (GIS) for emergency and contingency operations.

Surveying

All  surveys that can maintain contact between the satellites and the GPS receiver may be accomplished using GPS systems.  These surveys can be accomplished in less time, using fewer people, and obtaining more accurate data.  The only exceptions to GPS use are subterranean surveys, and surveys with extensive overhead obstructions.  These obstructions may be trees, large buildings or structures, and land forms.  Although in some of these cases you will get readings from the satellites, remember that the obstructions are interfering with the signal, placing a degree of error in all of your measurements.  

Emergency and contingency operations

During an exercise, have you ever tried to figure out where your damage assessment team was at when you lost communications?  With the combined use of GPS and GIS systems, we will have the capability of “tracking” vehicles, and in some cases individuals in “real time”.  This application is already in use be many trucking companies who have installed GPS receivers on their trucks in an effort to determine the timeliness of their deliveries.  This also allows them to track their vehicles in the event of a hijacking or theft.  This same concept will be used in the command post to track emergency vehicles on your computer screen, enhancing commanders abilities by providing immediate feedback during operations. 

Accuracy

The current handheld GPS navigation units are capable of beginning accuracy’s of  100 meters down to approximately 20 meters.  This depends on the quality of the signals being received, the number of satellites being observed, and the quality of the unit being used. The number of satellites being observed also limits the types of data we can use.  For 2-dimensional data 3 satellites are sufficient, but you must have 4 satellites to obtain 3-dimensional data.  With the use of more than one GPS receiver, positional accuracy’s can be obtained in the sub millimeter range.  These accuracy levels far exceed the old school orders of accuracy.

Surveying equipment

The types equipment required to perform your survey, depend on the type of GPS survey you will be performing, and the system that you are using.  At a minimum, you will require a GPS sensor, tripod with tribrach and optical plummet, and a GPS controller.  This equipment will allow you to perform a static GPS survey.  Additional equipment is required to perform either rapid static or real-time kinematic surveys.

647.  GPS surveys

The intent of this unit is to make you aware of the GPS options available.  In obtaining reference material for writing this unit, it has become very evident that GPS surveying is so “new”, that even the different types of surveys seem to have two or more names for the techniques used.  The two prevalent GPS survey methods are static and kinematic, with different variations and applications of both.  With this in mind, read through the following with an open mind, realizing that the GPS survey field is developing at a rapid rate.  

Static survey

The static GPS survey requires the receiver to occupy a station for a considerable time period.  This time frame is usually one hour or more, and is intended to collect sufficient data to enable for correction of phase ambiguities.  The static survey method is used for long-distance work, control densification projects and where mobility limits the uses of the other techniques.  The static GPS survey technique is the most accurate method to be used, in that after applying the corrections, determined accuracy will be will below a couple parts per million.  Translated, your position will be within two  millimeters of the actual point in measuring one kilometer.  The disadvantages of the static method is of course, the time factor involved and you must insure no obstructions of your view of the satellites.

Kinematic survey

The kinematic survey you will recognize as being the most like traditional surveying methods.  Kinematic refers to a moving receiver.  Again, two or more receivers are required, the first of which remains stationary at a known point.  The subsequent receivers move around the area to be surveyed, collecting satellite data at every point. If radio modems are used, the information is relayed to the collector at the stationary receiver.  This type of survey is the most efficient method for collecting points in a GPS survey, but it is also the most demanding and unforgiving.  The reason for this, is that you must maintain lock on the satellites at all times.  If this lock is not maintained, the survey  must be reinitialized.

Rover kinematic

Roving receivers should always return to the point on which they were initialized.  As in conventional surveying, this provides for data closure.  The one rover kinematic survey is much like radial surveying.  The reference or stationary receiver performs as the total station would in the conventional survey, with the rover performing the functions of the rodman.  It is recommended that the stations be revisited the following day using a different base station location.  This will provide a check on the base station, the satellites used, and the kinematic stations themselves.  This additional step will provide for survey closure.  it is very important to insure that a lock be maintained on at least four satellites during the entire survey.  Any loss of lock, or anytime the quality of the signal being received is suspect, the checks discussed above will provide a check on the overall survey.  

Some variations of this survey are the two base station with one rover, one base station with two rovers, and two station with two rovers.  The use of additional base stations improves the quality of the data received. 

Pseudo-kinematic 

This method is more of a combination of the static and kinematic methods.  The main improvement is that no initialization is required, and there is no requirement for maintaining lock on the satellites.  In some cases, the receiver may even be turned off, however this is not recommended. 

This method uses the same method as kinematic for observing the unknown points, except that the points are measured for between 5 and 10 minutes.  You will then move onto the next point and continue to the end.  Once the last measurement is completed, you then return to the same points in the same order as previously measured.  The time lapse between the two measurements should be at least 1 hour after the initial measurement was taken.  This provides data which will resolve the phase ambiguities.   

Differential survey

Differential surveying is not a separate type or method of GPS survey.  Differential refers to the method of correcting for phase ambiguities.  If we use two receivers tracking the same satellite at the same time, then we are able to perform double differencing calculations.  With the two receivers gathering the same data, we can determine the difference in the carrier phase measurements, and then reduce the effects of these errors.  The carrier phase errors refer to the timing errors in the signal from the satellite.  

Triple differencing refers to the use of two receivers observing the same two satellites for the same two different time intervals.  This method will eliminate the carrier phase ambiguities entirely.

Self-Test Questions

After you complete these questions, you may check your answers at the end of the unit.

646.  GPS basics

1.  The layout of the GPS system should allow for visibility of at least?

2.  What are the possible applications for GPS technology?

3.  What are the limitations of a GPS survey system?

4.  The hand held GPS navigation units currently in use provide what degree of accuracy?

647.  GPS surveys

1.  What are the two primary methods of performing a GPS survey?

2.  When would you prefer to use static GPS surveying methods?

3.  Kinematic GPS surveying is most like what traditional surveying method?

4.  Why is kinematic GPS surveying so demanding?

5.  What are the advantages of Pseudo-kinematic surveying?

6.  What does the term differential refer to in a GPS survey?

Answers to Self-Test Questions

646.  GPS basics

1.  5 to 9 satellites from any point on the earth’s surface or in its atmosphere.

2.  Virtually any task requiring the location of things on the earth’s surface on in its atmosphere.

3.  They can not be used for subterranean surveys, or surveys with extensive overhead obstructions.

4.  20 meters.GPS surveys

647. GPS basics

1.  Static and kinematic.

2.  for long-distance work, control densification projects, and where mobility limits uses of the other techniques.

3.  Radial surveying.

4.  Because you must maintain lock on the satellites at all times.

5.  No initialization is required, and there is no requirement for maintaining lock on the satellites.

6.  To the method of correcting for phase ambiguities.

