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INTRODUCTION

On May 1st this year, millions of users of GPS around the world were given a free upgrade to their receivers.  The artificial degradation known as Selective Availability (SA) was removed from the GPS signals, and horizontal navigation accuracies jumped from a specified 100m to around 15m overnight.  This followed a promise from the US President in 1996 that SA would be removed by 2006, and the need for its continued use would be reviewed every year from 2000.  Fortunately, at the first review, the decision was taken to remove it.

SA was applied by 'dithering' the clocks on board the GPS satellites, so that the accuracy of any range measurement was no better than about 30 m.  The effect was to cause the position indicated by a stand-alone receiver to wander about in an unpredictable manner, at speeds of up to 5km per hour.  Figure 1 shows a typical plot of horizontal accuracy, from two hours of tracking with a static receiver.

To anyone who was first exposed to GPS after SA was applied, in 1991, the accuracy now achievable with a stand-alone receiver is quite remarkable.  Even to those working with GPS before SA, the various improvements to receiver technology and the system itself have had a surprisingly beneficial effect.  There is now an over-specification constellation (28 satellites at the time of writing), with broadcast orbits that are more accurate than ever.  Even the cheapest receiver has enough receiving channels to track all the satellites above the horizon, and the measurements made by the best receivers are more precise than the system designers ever expected.

TYPICAL ACCURACY

The following plots show what could be achieved under SA conditions, and what can now be achieved, with a cheap hand-held receiver.  Measurements taken every 30 seconds over a 24 hour period lead to 2880 separate position solutions.  Horizontally, 95% of these solutions are within 8m of the mean.
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Figure 1 - Typical GPS accuracy 
under Selective Availability
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Figure 2 - Stand-alone GPS accuracy post-SA

To achieve this sort of accuracy, users previously had to invest in separate equipment to allow the stand-alone measurements to be differentially corrected against a reference station - a technique known as Differential GPS (DGPS).  The advantages of DGPS in this post-SA world are now less clear-cut.  Figure 3 shows the effect of differentially correcting the results in Figure 2.  There is an improvement, but DGPS no longer has the dramatic benefit that it used to.  95% of the horizontal DGPS positions are now within 5.7m of the mean.
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Figure 3 - Typical DGPS accuracy
Of course, these two figures only show the spread of results around the mean.  The question that most surveyors would ask is how close is the mean to the truth in each case.  In the DGPS case, the horizontal mean is only 10cm from the truth.  The surprising result is that the mean of the stand-alone horizontal positions is no more than 40cm from the truth, after only 24 hours.

Many users may decide that this sort of stand-alone performance is quite adequate for their purposes.  However, other users may appreciate the extra assurance that DGPS gives, that the solution is correct.  They may also require the extra accuracy that DGPS gives.  

HEIGHT PROBLEMS

As we've seen above, the improvement in horizontal accuracy is not great, but the effect on height is more important.  In the above example, 95% of the DGPS height solutions are within 11m of the truth, whereas the figure for the stand-alone solutions is 26m.  In fact, the stand-alone heights are significantly biased, with the mean being over 13m from the truth, whereas the mean DGPS height is within 70cm of the truth.

The cause of the poorer height performance in the stand-alone case is the atmosphere, which slows the satellite signals, leading to errors in the range measurements.  If a receiver can see satellites in all directions, giving a good distribution in azimuth, then the effects of atmospheric errors can average out to virtually nothing in a horizontal position solution.  Clearly though, it is impossible to have the equivalent distribution in elevation, since the receiver will never see satellites below the horizon.  Atmospheric errors will therefore always affect height more than they do horizontal position.  The above results have all been produced with single-frequency (L1 only) data, so the effects of both the troposphere and the ionosphere are present.  Dual-frequency receivers are able to eliminate most of the ionospheric effect, because it is frequency-dependent.  However, the tropospheric effect is the same for both GPS frequencies, and cannot be eliminated this way.  It therefore remains as one of the dominant errors in GPS, now that SA has gone.

Differential GPS improves the accuracy because the atmospheric errors (as well as most of the other error sources) are almost the same at two nearby locations.  A reference receiver at a known location will be affected by almost the same atmosphere as a user's receiver, at a distance of up to several hundred kilometres.  Only when the distance between the reference and the user is such that the two experience significantly different atmospheric effects, does the technique cease to be of use.

DGPS is a technique that really came into its own when SA was introduced.  Since the clock dither is a one-dimensional error (ie all users will experience the same effect, regardless of how far apart they are), DGPS was able to counter SA even at very long ranges.  However, to do this effectively, the DGPS corrections had to come at a rate that could keep up with the rapid changes in the SA clock dither.  Typically, the DGPS corrections were considered too old if it took more than about 10 seconds from the moment they were computed to the moment they were applied by the user.  This placed a considerabe strain on DGPS systems, particularly in the communication channel used to broadcast the corrections to the users.  Now that SA has gone, the situation is quite different.  The remaining errors, mostly atmosphere and satellite orbits, change much more slowly, so that a DGPS correction will not age for possibly several minutes.  This will relieve the strain on the communication channel, and could even lead to innovative communications options that would previously have been considered too slow.

IMPACT OF THE REMOVAL OF SA 

A further impact of the removal of SA will be seen in the apparent performance of different receivers.  SA was something of a leveller, and most receivers, operating in a stand-alone mode, had a similar performance.  With SA off, the quality of the receiver hardware, and the models within its firmware, will be far more evident.  As a result the good receivers will provide a more significant improvement in accuracy to others that are perhaps not so well designed or manufactured.

High precision surveying with GPS has always been accomplished with carrier phase systems.  Carrier phase observations from two receivers lead to very accurate measurements, at the centimetre level, of the vector between the receivers.  To achieve this accuracy, carrier phase observations are normally processed as 'double differences' (two receivers, two satellites).  This approach has the advantage that any error sources common to pairs of differenced observations are eliminated.  As we saw above, SA's clock dither is common to any measurements made to a particular satellite, provided they are all made at exactly the same time (or within a few milliseconds of each other).  As a result, the traditional double difference technique was virtually immune to the effects of SA, a fact which has allowed carrier phase surveying to continue and develop over the last decade in spite of SA.

In fact, carrier phase surveying has developed to such a level that most GPS manufacturers now offer systems that will allow carrier phase surveying with a mobile receiver - a technique known as real-time kinematic (RTK) surveying.  This, if anything, is the one area where carrier phase surveyors may notice an improvement since SA was removed.  RTK relies on transmitting the carrier phase observations from one receiver to the other, usually from the reference receiver to the mobile user, in a similar way to the DGPS principle.  Just as in DGPS, this transmission takes a finite amount of time, perhaps a few seconds, with the result that the post-processed RTK position solutions are not, in fact, real-time - they can lag by a few seconds.  For many low dynamic users, this sort of delay is quite satisfactory.  However, there are some users who need genuine real-time performance.  The approach to providing this type of performance necessarily involves a prediction of the reference station data, based on the previous epoch(s) and an observed rate of change of those measurments.  Again, just as in DGPS, there is a point at which the age of the previous measurements becomes such that the predictions are not as accurate as the real-time corrections.  Under SA, the result was that a few centimetres of error could be attributed to errors in the predictions.  Of course, now that SA is no longer with us, such real-time systems may no longer suffer from this effect, and RTK surveyors could see an improvement of one or two centimetres as result.  Of course, the post-processed solutions, which lag real-time by a few seconds, would not see this improvement, as they were always immune to the effects of SA.

CONCLUSIONS

So, in summary, the removal of the SA degradation by the US operators of GPS is not expected to have a huge impact on surveying users.  The most significant benefit will be seen by stand-alone users, and to some extent by users reliant on a communications link for DGPS or RTK GPS surveying.  There are those within Europe who would reason that the removal of Selective Availability was brought about in response to the European developments of Galileo.  This may be true, but regardless of the cause and process, we should all welcome the demise of Selective Availability.  It has been long overdue.
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