GPS Accuracy

GPS accuracy is affected by distortions to the signal as it passes through the Ionosphere. This results in position readings that are only accurate to within several meters.  To improve accuracy, correction systems have been developed which determine how great the average inaccuracies are so that the rover can develop a more accurate location.  Corrected agricultural GPS comes in 3 main levels of accuracy.  

The Wide Area Augmentation System was originally developed for Air Navigation and uses references stations scattered across the United States.  These reference stations calculate the inaccuracy and supply it to satellites roughly every 5 seconds, and it is then supply it to rover units.  This system is usually advertised to provide a non-repeatable accuracy of 15cm-20cm +/- of the desired mark, however studies by the NSTB (National Satellite Test Bed) have only shown accuracies of around 90 cm.  This is a free correction system.

OmniStar HP/XP is a subscription based correction system, which also delivers corrections via satellite.  Omnistar HP/XP transmits on 2 frequencies allowing the rover to calculate the distortion between those two frequencies delivering a more accurate correction.  OmniStar HP/XP is often advertised as non-repeatable 5-10 cm +/- of the desired mark.

Real Time Kinematic correction uses a stationary base station which delivers a correction signal up to 20 times per second over a radio of internet link.  These reference station must be much closer to the rover as well, generally less than 20 miles.  These factors greatly increases accuracy by minimizing delay in the correction.  These systems can be expanded through the use of a CORS (Continuously Operating Reference Station) network, which allows the rover to draw on correction information from several reference stations at once.  RTK systems are often advertised as repeatable and sub-inch accuracy. 

All of these advertised values need to be look at carefully.  Often manufactures advertise based on maximum accuracies and leave out the more important figures.  The most important figure is the percentage of time that the advertised values are likely to be achieved.  The WAAS design specification only requires it to be accurate to within 7.6m, 95% of the time and meaning that the 15cm-20cm advertised claims may be true at times, but some percentage of the time the location will be far less accurate.  OmniStar is 5-10cm 95% of the time meaning that some part of the time it will be more than 10 cm away from the target.  

RTK accuracy descriptions brings in one more factor to consider.  Because RTK relies on relatively “local” correction stations, accuracy will degrade as the rover move away from that station.  Therefore RTK accuracies are described as:
[image: ]
from “Two inches is Enough” Leica Geosystems AG, Heerbrugg, Switzerland, 2007

Early RTK systems using mobile base stations achieved low distance loss because they were rarely more than a mile from the base station.  As CORS networks became more common the distance loss became a bigger factor because the rover could often be 10 or more miles from the nearest base

A rough calculation on our GPS system in most operating conditions is as follows:

+/- 1cm (.4”) + {(1*.063”) * 12mi} = 1.156” 95% of the time.

This is before any inaccuracies due to calibration, terrain, or equipment are figured in and helps to explain why GPS guidance of cultivators has not worked well.  Even in ideal situation we have been consistently experiencing accuracies not better than 2” with all other factors figured in.

[bookmark: _GoBack]For a further discussion of RTK accuracies see “Two Inches is Enough” published by Leica AG, Heerbrugg, Switzerland, 2007.  Graphic was used from that publication without permission.
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*see datasheets attached. 1-sigma is commonly used as an approximation of ‘RMS’. 
Trimble receiver specifications were obtained from their website in April  2007.  This may 
be subject to change, upgrades or new product announcements by Trimble. Other receiv-
ers may be available for the AutoPilot so please check with Trimble for Specifications. 
Illustrations, descriptions and technical specifications are not binding and may change. 
‘Trimble’ , AgGPS and ‘AutoPilot’ are the property of Trimble Navigation Limited. 
Printed in USA–Copyright Leica Geosystems AG,Heerbrugg, Switzerland, 2007 
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RTK ‘Sub-inch’ Farming Mythology 
The term ‘sub-inch’ originated in the Survey industry to describe the approximate accuracy of the RTK systems they use 
to measure land areas.  In most surveying applications, surveyors have the luxury of working close to their RTK base sta-
tion, and to them, ‘sub-inch’ has real-world meaning. The term became commonly used in Agriculture as RTK systems 
migrated to tractor autosteer applications in the late 90’s.  Unlike surveyors, farmers mostly do not have the ability to 
stay within a few hundred yards of the base station, so the term ‘sub-inch’ quickly loses its practical meaning. 
 
Distance from the Base Station 
We all know that metal machine parts like bearings are made and measured to within certain tolerances or accuracies.  
We also know that these tolerances can change as temperatures rise and fall causing the metal to expand and shrink.  
Analogously, RTK receivers have tolerances or errors in their position calculations, and in addition, these errors can 
change as the distance from the base station changes.  As distances from the base rise, the position accuracy gets 
worse; and as it falls, the accuracy gets better.  In the fine-print, GPS makers may quote accuracy in the following way: 
 
 - Leica 1200 Accuracy RMS* =   ±0.4”  +   1ppm   ,   1-Sigma 
 - Trimble 214 Accuracy RMS*=   ±0.4”  +   2ppm  ,    1-Sigma 
 
 
 
 
 
 
 
 
 
Example 1 
If you were farming 6 miles away from your base-station with your Trimble AutoPilot, your RTK Accuracy will be: 
   Accuracy  = 0.4” + {(2 x 0.063”) x 6mi}  =  1.156” 
This means that each position used by your AutoPilot with an AgGPS214 receiver has a 68% chance of being within ±1.2” 
accurate at 6 miles.  This is not “sub-inch” - even before the terrain compensation errors creep in. 
 
Example 2 
If you were farming 1 mile away from your base-station with your Trimble AutoPilot, but this time with a Trimble 
AgGPS332 or AgGPS252 receiver (±0.98” + 2ppm, 2-sigma), your RTK Accuracy will be: 
   Accuracy  =  0.98” + {(2 x 0.063”) x 1mi}  =  1.106” 
This means that each position used by your AutoPilot with a 332 or 252 receiver has a 95% chance of being ±1.1” accu-
rate at 1 mile range from the base station.  Again, this is close, but not “sub-inch”.  At 6 miles this is ±1.7”… and so on. 
 
It is clear that if you want to be 95% sure your autosteer system is going to be “sub-inch” then you have to stay about 
half-a-mile from your base-station.  Of course this is not practical and we all know that autosteer has huge financial 
benefits to farms as it is.  Buyers just need to better understand what they are purchasing in terms of accuracy. 



This tells you that for each position 
measurement your RTK receiver 
calculates, 68% of them will be within 
the stated accuracy. Or 32% won’t be! 
2-Sigma is 95%; 3-Sigma is 99%.



This tells the accuracy or tolerance of the 
RTK Engine if your base was next to the 
machine’s GPS receiver.  The “±” 
indicates the error can be 0.4” to the left 
or right of the desired machine line. 



This tells you how much worse the 
accuracy gets as you get further from 
the base station.  “ppm” stands for 
parts-per-million; or 1ppm = 0.063” of 
error per mile from the base station.
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