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1. Introduction 

By far the most commonly asked question with regard to our GPS technology is “How 
accurate is it?” The problem has always been that there is no single, simple answer to this 
question, as it depends on many factors. This document presents results from a number of 
real-world tests to evaluate the performance of various aspects of the GPS’s performance. 
None of the results are simulated, they have not been carried out under idealised conditions 
and as such are fully representative of how you should expect our equipment to perform on a 
day-to-day basis under typical test conditions. 

This report is a comparative assessment of the DL2’s GPS system only  – The unit is also 
capable of 100Hz speed and position measurement by interpolating from GPS speed and 
position by using the built in accelerometers, however, no reference is made to the 
capabilities of the rest of the system. The accelerometer routines were disabled for the 
purposes of these tests; clearly the additional information from the accelerometers can be used 
to improve the position/speed/distance data further and eliminate GPS spikes and drop-outs 
that are commonly experienced under poor GPS reception conditions. 

1.1. Race Technology’s DL2 

The DL2 is a highly advance automotive data logging system, comprising of: 

• High accuracy GPS system 

• Dual axis, digital, accelerometer 

• 16 high accuracy analogue inputs 

• 4 wheel speed (frequency) inputs 

• Engine speed input 

• External high speed serial input (and optionally CAN with adapter) 

• Serial output for driving our range of dashboards, video overlay hardware or 
telemetry systems. 

All the logged data is stored onto a compact flash memory card in the standard FAT16 PC 
disk format. The DL2 is protected by a CNCed aluminium enclosure, sealed to IP66 and 
internally the most sensitive electronics are isolated on elastomer dampers. To the rear of the 
unit there are 4 military specification connectors. Optionally, the unit also features an internal 
lithium-polymer rechargeable battery pack. For more information on the DL2’s technical 
specification, please contact Race Technology using the details at the beginning if this report. 

There are two GPS systems available on the DL2, 5Hz and 20Hz.  Both systems are tested in 
this report.  The main difference between the two is that the 5Hz system uses the processor 
on-board the GPS module to give a real-time 5Hz update, whereas on the 20Hz unit, this real-
time data is supplemented by the raw data which is stored, this is then used to construct the 
20Hz data in post processing. 
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1.2. GPS and its application to automotive testing 

GPS is now widely used for automotive testing with regard to position, speed, distance 
measurements, and is generally accepted as the preferred technology due to its combination of 
very high accuracy, flexibility, and convenience. Of the systems available for automotive 
testing today, the VBOX3 is probably the most prevalent, which is why we chose to compare 
the performance of the DL2 against the VBOX3 in this report. Both the DL2 and the VBOX3 
use similar modern GPS technology and as such share a similar technical specification. 

One of the “headline” specifications for the VBOX is its 100Hz GPS sample frequency, and it 
is a common misconception that this makes it fundamentally more accurate than a 20Hz GPS 
system. The sample frequency and the accuracy of a GPS system are two entirely different 
subjects - sample frequency in no way correlates to how “good” or “accurate” a GPS system 
is. 

With reference to section 5, there is a very direct trade off between GPS sample frequency 
and noise in the results, put very simply: “whilst there is no theoretical upper limit to how fast 
you can sample the GPS signal, the faster you sample, the more error you get due to noise”. 
So you need to trade off the measurement bandwidth you require, against the measurement 
noise that is acceptable. 

A typical road car has a resonance of around 3Hz, meaning that the amount of power at 
frequencies higher than this drops of very quickly, so sampling at 20Hz seems like a good 
engineering compromise to make sure you are “not missing anything”. An analogy to this 
would be sampling a 3mm thermocouple with a response time of five seconds: you might 
sample the voltage twice a second to make sure you don’t miss any information, but there is 
absolutely no point in sampling it any faster. 

Finally, please be cautious of directly comparing specifications of GPS systems from different 
manufacturers – there is a huge difference between “best case” GPS accuracy and “real 
world” GPS accuracy. The only way to compare the accuracy of two systems is to test them 
on the same day, under the same conditions, at the same time. During our time developing the 
DL2 system we have been faced with a large amount of conflicting information about what is 
and is not possible with GPS – by developing our own solution from the ground up we are 
now confident that the DL2 is the best, most accurate, and technically robust solution for 
vehicle testing. 

1.3. Introduction to the DL2’s GPS technologies 

The DL2 has been developed by Race Technology Ltd, and was released for sale in May of 
2005. The DGPS option is currently scheduled for release in late June. 

The most revolutionary feature of the DL2 is that the logger unit records both the processed 
and the raw GPS transmissions, this raw data is then converted into “physical data” 
(acceleration, speed, distance and position) once the data has been transferred to the computer 
- this approach is generally termed “post processing”. Although the post processing approach 
is new to the world of automotive testing, it has been used for many years when using GPS 
for surveying and it has several very important advantages: 
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§ The processor in an average PC is hundreds of times more powerful than the 
microcontroller embedded on a GPS card, so more advanced processing techniques can 
be used. 

§ When post processing the GPS data, it can be processed forwards and backwards. This 
has a number of advantages; normally, after passing an obstruction for say one second 
(such as a bridge) a GPS system can take around ten seconds before it reaches maximum 
accuracy. By processing the data backwards, this period of inaccuracy is eliminated – so 
instead of having no data for one second followed by ten seconds of poor data, a post-
processed solution will provide one second of no data then optimal data immediately 
afterwards. 

§ If using DGPS then there is no need to have an expensive and unreliable real time data 
link between the static reference receiver and the mobile receiver. The raw GPS data is 
simply logged at the reference receiver and the mobile receiver, and then combined in 
software. The DGPS solution is also often more accurate, as the two GPS data sets can be 
combine in more complex ways than is possible in a real-time solution. 

§ All the GPS code has been developed in-house by Race Technology Ltd, with the 
assistance of some of the leading GPS consultants in the field. All the intellectual 
property and program source code is the sole property of Race Technology Ltd, and as 
such we have complete control over all aspects of the processing – there are no unknown 
mystery black boxes to “tweak”. The system has been designed from the outset for 
automotive applications and is heavily optimised for this task. The DL2 is the only 
product that can claim this – in contrast, all other automotive test systems on the market 
rely on standard “general purpose” GPS boards. The Race Technology GPS system is 
optimised for the task in a number of key areas, in particular the GPS processing system 
has been programmed with knowledge of: 

§ The limits of the vehicle’s dynamics, including physical limits of longitudinal 
acceleration, lateral acceleration, velocity and rates of roll/pitch/yaw. 

§ The physical limits of possible vehicle manoeuvres, for example minimum turning radius, 
maximum gradient that vehicle could climb, etc. 

§ Using this knowledge about the physics of the vehicle, the GPS software engine can be 
optimised in many areas to produce highly accurate data without having any negative 
impact on the data that would occur with traditional “filtering”. 
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2. Main Test Results 

All the tests were carries out at the Bruntingthorpe proving grounds in Leicestershire, UK on 
20 April 2005. The test ground is an old airfield and as such has a relatively clear view of the 
sky and only a few low buildings, however, the horizons are obscured by trees in all 
directions – so whilst the GPS reception conditions are good, it is certainly not an idealised 
case, they are typical for a test or race track. The weather during the day was cloudy with 
light rain and a permanently damp track but with no standing water.  

The tests were carried out on a production saloon with the GPS antennas mounted fairly 
centrally on the car’s metal roof. All the DL2 experimental work was done using standard 
production equipment  – all antennas, cables etc were also production units as would be 
supplied in a completely standard system purchased from Race Technology Ltd. 

The instrumentation on the car consisted of: 

§ a 20Hz DL2 system 

§ a 5Hz DL2 system 

§ a VBOX3 

§ an RTK reference system 

§ a non-contact optical speed sensor 

The trackside correction systems for the DGPS DL2, VBOX3 RCTM and RTK system were 
all placed in a similar location at the trackside. 

The last of the tests described later in this report “Validated speed accuracy over a fixed 
distance” were done at a later date when only the 5Hz and 20Hz DL2 system were available – 
so no comparative data is available from the other systems. 
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2.1. Static positional “scatter” 

This test is the simplest demonstration of the overall positional accuracy of the system. For 
this test the vehicle was parked in a clear location and data was logged for approximately 30 
minutes. The data below shows the error from the mean position. Please note that the 
positional scatter during a stationary test is normally significantly higher than the positional 
errors that you would expect during a “real” test where the vehicle is moving, and as such is 
of limited use. The problem with stationary tests is that the results are more affected by 
“multipath errors” (for an explanation of this see Section 5). Also note that the DL2 with 
DGPS option was tested in this case with the DL2 and the reference receiver connected to a 
common antenna. While this is clearly impractical, it is simply done to illustrate the level of 
error that the DL2 itself imposes due to receiver inaccuracies. In this case the spread of errors 
is about 20cm. 
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2.2. Moving positional errors 

Clearly a far more useful demonstration of positional accuracy is with the system actually 
moving around the test track, rather than the “artificial” stationary case. Positional errors 
under high dynamics are a far more complicated subject, and are affected by many different 
error sources. Further, accurate assessment of positional errors under high dynamic conditions 
is not trivial, and particular care has to be taken to align the data very accurately in time. 

For this test a high accuracy RTK system was used as the positional reference (for an 
explanation of RTK systems, see Section 5). RTK systems have a typical accuracy of about 
2cm; however, they are prone to losing lock under anything but excellent GPS reception 
conditions. The positional errors were calculated by simply comparing the positional 
information from the test systems with the output of the reference RTK system. The data was 
disregarded in places around the circuit where the RTK system lost lock. The graphs below 
plot the errors in the positional data from the 5Hz DL2, the 20Hz DL2, the 20Hz DL2 with 
DGPS option and the VBOX3 with option trackside RCTM/DGPS option.  
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5Hz DL2 

Nominally the 50% CEP of the 5Hz DL2 
system is quoted as 2 - 3m, and this data 
confirms that – however there are 
significant outliers. 
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20Hz DL2 

Nominally the 50% CEP of the standalone 
20Hz DL2 is quoted as 1-2m, however this 
data highlights that not only is the standard 
deviation of the data smaller than the 5Hz 
system, there are also far fewer outliers. 
The result is that although the 50% CEP is 
not greatly smaller than the 5Hz DL2 
system, the maximum error is much 
improved. Note that this data was collected 
in Europe without the benefit of EGNOS or 
WAAS. (EGNOS is not due to be fully 
operational until 2006) 
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20Hz DL2 + DGPS 

Nominally the 50% CEP of the 20Hz DL2 + 
DGPS is quoted as “sub 1m”; in practice the 
differential option normally reduces the 
positional error from the standalone DL2 by 
about 50%. This spread of error is about the 
limit of what is possible using today’s GPS 
technology without apply ing RTK 
techniques. 
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VBOX3 + RCTM/DGPS 

As you would expect, the distribution of 
positional errors from the RCTM/DGPS 
enabled VBOX is very similar to the DL2 
with DGPS. This bears out the notion that 
this level of error is as good as can be 
expected from a non-RTK system. 
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2.3. Static speed test 

This test simply compares the measured speed outputs from the test systems while the test 
vehicle was parked on a clear part of the track. Obviously, in the static case the speed is 
known to be exactly zero, so the error is very simple to calculate! Static speed tests are the 
best way to access the random noise on the speed signal - although it should be stated that a 
low noise speed signal doesn’t necessarily mean the speed is more accurate. Accuracy is 
assessed separately within this report. 

Note that the differential corrections do not affect the speed accuracy  (they only improve 
positional accuracy), so separate results have not been included for the DL2 with DGPS. 
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20Hz DL2 
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One of the key areas of the 20Hz DL2 that has been heavily optimised for vehicle testing are 
the speed calculations, for most applications the emphasis is on positional accuracy and this is 
the area where most time is spend when designing standard GPS system. For autosport and 
automotive testing, accurate speeds are at least as important and we’ve put a great deal of 
resources into making sure the speed measurements are as good as they can be. The DL2 
achieves very low noise and high accuracy without resorting to dynamic filters which affect 
speed response. The result is class leading high accuracy, low noise speed measurements. 
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VBOX3 
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As would be expected, the noise of the VBOX3 is significantly higher than that of the 20Hz 
DL2; this is primarily due to its high 100Hz sample frequency. (see Section 5 for more details) 
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2.4. Speed (comparative testing) 

Validating the speed on a moving vehicle whilst on the track is difficult as there is no obvious 
“reference” to compare against, GPS already represents the state -of-the-art with respect to 
high accuracy speed measurements – so for this test it is really a comparison against 
competitor systems rather than a true “validation” of accuracy.  

It is also worth noting that on the day of the test, the track was damp in places (although not 
wet, and certainly no standing water) which is known to cause problems to optical speed 
systems – we would have expected better results from the optical system on a dry track. 

2.4.1. Direct comparison of measured speeds 
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The speed accuracy from all systems was good, and looking at the data on a large scale the 
results are overlaid almost line-on-line, the only apparent difference is the occasional dropout 
from the optical system, apparently caused by light water spray from the track. 
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On a closer scale the difference between the 5Hz and the 20Hz sample rates becomes 
apparent, although the accuracy of the 5Hz system is still excellent at update times. 
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Examining the data in detail, the slightly higher noise of the VBOX3 becomes apparent, as 
well as the small latency in the optical sensor output. This final graph is measured over a 
moderate acceleration rate of 0.6g. 

2.4.2. Distribution of differences in measured speeds 

Standard Deviation = 0.035kph
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To more fully compare the outputs of the different systems, the differences in measured 
speeds have been plotted as a frequency chart. The results are from an extended 20 minute run 
that contained some steady state data (low and high speed) as well as a great deal of transient 
data. Clearly the 20Hz DL2 and the VBOX are in exceptionally close agreement with a mean 
of 0.001kph and a standard deviation of just 0.036kph. Clearly this is only a comparison 
between the VBOX and the DL2, looking at this result in isolation there is no way to tell 
which system had the lower error, we can only summarise the speed error from both systems 
was very low under all the static and dynamic conditions. 

The 5Hz DL2 also performed well, with a very low mean error and a standard deviation of 
under 0.1kph. Notably both the mean and standard deviation of the optical system were 
significantly higher. 
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2.4.3. Differences in measured speed time-alignment 

Estimated time alignment error = 0.004 seconds
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Much is made of the latency of GPS speed measurements, and this has been a source of 
significant error in older GPS systems. The DL2 is a post processed system, so there is no live 
output of speed on the box – however it is still essential that the GPS data is correctly aligned 
with the other inputs (wheel speeds for example). To test the time alignment of the two 
systems, calculated speeds from both the VBOX and the DL2 were “cross-correlated”. The 
time alignment of the recorded speeds from the 20Hz DL2 and the VBOX was found to be 
around 4ms. 

The reason for this small time discrepancy is that the VBOX3 show the average speed over 
the previous 10ms, so the centre point of the sample is actually 5ms before the provided data. 
Because the DL2’s speed solution is post processed, no such error exists. However, a time 
alignment error of 4ms - 5ms is small enough to be insignificant for vehicle testing 
applications. 
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2.5. Validated speed accuracy over a fixed distance 

To accurately assess the absolute speed and distance measurement accuracy of the DL2, we 
set up a laser trap system as shown in the diagram below. A fast laser sensor was mounted in 
the car and driven past two reflective markers at the side of the track approximately 40m 
apart. The DL2 was set to log when the vehicle passed the reflective markers as well as 
storing the GPS data. The laser detector pulse was time stamped with a resolution of 0.16µS. 

 

 

 

A total of seven passes were made; the first five were made at a relatively constant speed, for 
the final two tests the vehicle was driven into the trap at a constant speed and then maximum 
braking was applied and maintained through the second trap. In the past, this has been a test 
which has showed serious problems with GPS based speed/distance measuring systems as any 
latency in the measurement or any filtering in the speed measurements causes large errors in 
the computed distance. 
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Measured distance  

Description DL2 – 20Hz DL2 - 5Hz 

Test 1 Constant speed, approx 92kph 40.27m 40.26m 

Test 2 Constant speed, approx 67kph 40.25m 40.24m 

Test 3 Constant speed, approx 113kph 40.29m 40.32m 

Test 4 Constant speed, approx 80kph 40.27m 40.27m 

Test 5 Start speed approx 93kph, maximum braking 40.29m 40.25m 

Test 6 Start speed approx 113kph, maximum 
braking 

40.23m 40.15m 

From the results it can be seen that in the case of the 20Hz DL2 system, the maximum 
discrepancy between the measurements is 6cm, and in the case of the 5Hz system this 
increases to 17cm. 

Of the 6cm error from the DL2, a large proportion of the error is very likely to be 
experimental rather than true inaccuracies in the system – for example a small course change 
of the vehicle would account for a significant proportion of the error, or even very small 
angular movement in the laser detector would account for the errors seen. In conclusion, the 
results suggest that the DL2 GPS system is free from any significant time misalignment, and 
measured distance accuracies are within a few centimetres over a typical braking/acceleration 
test. 

If we assume the limiting case and all the measured error is from the DL2s measurements, 
rather than from the experiment then the equivalent average speed errors are: 

 Speed Errors 

 DL2 – 20Hz DL2 – 5Hz 

Test 1 0.008kph -0.015 kph 

Test 2 -0.028 kph -0.1 kph 

Test 3 0.066 kph 0.151 kph 

Test 4 0.007 kph 0.007 kph 

Test 5 0.044 kph -0.031 kph 

Test 6 -0.087 kph -0.277 kph 
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3. Other GPS data 

To introduce you to some of the other information available from the DL2 GPS system, we 
have included some sample data as well as a discussion of the variable’s properties, and some 
of the problems you may encounter using them. The data included in the following section 
was collected at the Bruntingthorpe testing grounds at the same time as the main test data 
presented in section 2. 

3.1. Altitude 

Altitude is available from the DL2, but as discussed elsewhere, vertical errors from any GPS 
system (including the DL2) are typically twice that compared with horizontal error. This 
means that vertical errors for a standalone GPS system are in the range 3m-6m, although this 
can obviously be reduced using the differential system. The graph below is typical of the 
results you would expect; here we have altitude data from two laps around the track and, 
whilst the data has a similar trend, there is clearly several meters error. 
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3.2. Heading and Gradient 

Both heading and gradient data are derived directly from the GPS velocity information. The 
GPS system calculates a velocity vector, this is then converted to a speed scalar value as well 
as a gradient and heading. Because the DL2 GPS system calculates heading and gradient from 
the velocity vector, the data becomes more accurate with increasing speed, however, even at 
low speeds they tend to be very accurate, low noise measurements. Only once the vehicle is 
almost stationary do the headings and gradients become inaccurate. 

In the graph below we have plotted gradient and heading from the same 2 track laps as the 
altitude example above. The gradient data is typically accurate to a few tenths of a degree, as 
is heading. In this case we can clearly see the excellent agreement of the gradient information 
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over the two laps. We can also see the similar heading information; they only diverge at 
corners indicating the different lines taken around the track. Please note that in this case the 
heading has not been filtered, however gradient has been filtered over a period of one second 
to reduce the noise component. This also reflects the fact that the track gradient is unlike ly to 
change significantly over such a short period. 
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3.3. Accelerations 
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Both longitudinal and lateral vehicle accelerations can be derived from the GPS velocity 
information. Relative to using a dedicated accelerometer, this approach has some advantages 
and some disadvantages:  
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Advantages Disadvantages 

Unaffected by body, tilt and roll or going up 
gradients 

Can be noisy, as they are calculated from 
differentiating velocity 

Do not need to align sensor with vehicle axis Relatively low useful bandwidth 

DC (and low frequency) accuracy is excellent Acceleration calculations only work if zero 
slip is assumed 

Almost zero drift and scaling errors over time  

In practice although GPS derived accelerations do have some useful properties, they cannot 
usually be used as a replacement for a dedicated accelerometer. 

3.4. Satellites in view 

This data is largely for diagnostics of GPS data, and can normally be ignored. The DL2 
system records two similar variables, firstly the actual number of satellites in view, and 
secondly the effective number of “perfect satellites”. The actual number of satellites reflects 
the number of satellites that are being tracked by the GPS receiver at that point, as stated 
earlier this needs to be greater than four for a solution to be calculated. The second variable, 
effective number of “perfect satellites”, reflects that not all the satellites are equally useful in 
the solution. For example the satellite’s signal maybe noisy, or it is very low in the horizon or 
the signal might be being regularly blocked; in any of these cases (and more) the GPS signal 
weighting in the final solution is reduced by as much as 95%.  
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3.5. Reported positional and velocity accuracies 

Also useful in the diagnostics of the GPS data is the reported positional and velocity 
accuracy. These variables are a measure of the accuracies of the current speeds and velocities. 
In practice the reported accuracies are obviously only an estimate, and should only be 
regarded as an indication – this is particularly true with low satellite counts when it becomes 
increasing difficult to estimate system accuracy. 

Note that the positional accuracy is also a measure of the altitude accuracy, and the velocity 
accuracy a measure of the heading and gradient accuracies. 
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4. Conclusions 

§ The DL2 represents the state of the art with regard to GPS measurements as applied to 
vehicle testing. It utilises advanced post-processing techniques to achieve high 
performance and accuracy. The DL2s GPS system is also unique in that it has been 
specifically optimised for vehicular applications. 

§ Assuming a similar specification of GPS receiver noise performance, a 100Hz GPS 
system does not outperform a 20Hz system for vehicle testing applications; however a 
20Hz GPS system does outperform a 5Hz system. 

§ Differential GPS corrections only improve positional errors; they have no direct or 
significant effect on speed or distance. 

§ From the tests comparing the VBOX3 with the 20Hz DL2, the performance of the 
systems are broadly equivalent; although the noise in the VBOXs speed output is 
significantly higher due to its higher sample frequency. No firm conclusion can be drawn 
against the optical system: Tests results on the day were poor; however this may have 
been due to the damp track. 

§ Positional accuracies are in the sub meter range for the DGPS DL2. For a standalone DL2 
(without WAAS or EGNOS) the positional accuracies are in the 3m range (50% COP). 
These results are entirely consistent with other GPS system and are largely limited by the 
physics of the GPS system not the receiver. 

§ The speeds from the DL2 are exceptionally accurate both dynamically and statically – the 
actual level of accuracy of the system is difficult to conclude as no definitive reference is 
available, however the system certainly achieved better than 0.1kph even with high speed 
dynamics. 

§ Distance accuracies of the DL2 for a typical acceleration/braking test are in the range of a 
few centimetres. Again it is difficult to state a precise level of accuracy, as it is limited by 
the practical experimental errors. 

§ The DL2 also records altitude, however, due to the limited accuracy of GPS in the 
vertical direction, this can be of limited application. 

§ The gradient, heading as well as longitudinal and lateral accelerations are calculated from 
the GPS velocity. Even at low speeds the gradient and heading are accurate and useful. In 
contrast, whilst GPS measured acceleration has some very useful properties, its relatively 
high noise and low bandwidth mean it is not a replacement for a dedicated accelerometer 
device. 

§ Finally, the DL2 system also records the number of satellites in view as well as the 
systems overall estimated accuracy. The later can be very useful in diagnosing data and 
assessing the confidence levels in the data used. 
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5. GPS Theory and background 

5.1. Introduction 

The global positioning system is a satellite-based navigation system consisting of a network 
of 24 orbiting satellites that are orbiting in space eleven thousand miles from Earth. The 
satellites are constantly moving, making two complete orbits around the Earth every 24 hours.  

The first GPS satellite was launched by the US Military in February 1978 and civilian use 
began in the early 1990's. In May 2000 the US Military turned off selective availability, 
which reduced GPS positional errors from 30m to just a few meters. 

Each GPS satellite transmits a message containing three pieces of information, the satellite 
number, its position in space and the time at which the message was sent. The GPS receiver 
reads the message and saves the information. 

To calculate posit ion, the GPS receiver can compare the time at which a signal was 
transmitted by a satellite with the time it was received by the GPS receiver. This allows it to 
determine how far away that particular satellite is. Using information from four satellites the 
GPS receiver can calculate its 3D position and the time, if the receiver already knows the time 
to with a few nanoseconds then only three satellite signals are required, however this is not 
normally the case, and in practice four are required for a “useful” solution. 

The main unavoidable errors in the GPS positioning system are due to four main sources, all 
of which have approximately equal impact: 

Ephemeris data Errors in the transmitted location of the 
satellite 

Satellite clock Errors in the clock on board the satellite 

Ionosphere Errors in the corrections of ionosphere effects 

Troposphere Errors in the corrections of troposphere 
effects 

The last of these errors Ionosphere and Troposphere are effects of the atmosphere delaying 
the radio signals from the GPS satellites. All of these errors are present in the GPS "system" 
before the signal is received, they are receiver independent. Typically the resultant error in 
position due to these sources is in the range 2m-3m. 

There are another two important sources of positional error in GPS positioning: 

Multipath 
Errors caused by reflected signals entering the 
receiver antenna 

Receiver 
Errors in the receiver's measurement of range 
caused by thermal noise, software accuracy, 
and inter-channel biases 
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In an open environment with no local obstructions, multipath is quite low and not a major 
problem, however in built up environments it can quickly become the dominant source of 
error and is particularly difficult to eliminate. 

Using modern electronics, receiver errors are now very small. For raw satellite ranges the 
error is in the range of about 20cm, for carrier phase the errors are less than 1mm. The raw 
satellite range comes from the receiver tracking the signal information from the satellite; the 
carrier phase comes from tracking the actual radio wave oscillation. All modern GPS 
receivers track both these signals. Good positional accuracy relies on both accurate ranges 
and carrier, whilst speed and distance are predominantly based on carrier only information 

In conclusion, most of the errors in GPS system are caused by the signals themselves and not 
by the GPS receiver itself. So the performance from a good quality GPS system from 
manufacturer "A" compared with manufacturer "B" are likely to be very similar indeed. 

5.2. Methods of improving on GPS’s positional accuracy 

§ The basis of the positional calculations are outlined above, basically the receiver uses the 
measured ranges from the satellites to fix its position in 3D space. Using a GPS receiver 
the standalone accuracy using this method is about 3m, however there are several 
methods that can be used to improve on this: 

• Wide area differential corrections. This uses corrections either transmitted from 
beacons or the GPS satellites to remove some of the error from the satellite orbit, 
clock and atmospheric effects. In practice the improvements are quite small. In 
common with all good quality GPS systems, all Race Technology’s products have the 
ability to use WAAS corrections when it is appropriate. 

• Local differential corrections. This uses a local static GPS receiver to correct the 
received ranges of the moving GPS receiver. In a low multipath environment, single 
differencing typically reduces errors to the sub meter range. Race Technology’s DL2 
with DGPS option, and the VBOX3 with RCTM/DGPS option use this method. 

• Real time kinematic (RTK). Again this requires a trackside reference receiver and 
works by tracking the number of carrier waves between the satellite and the receiver. 
Because the carrier phase can be tracked far more accurately than the raw range 
information (about 1mm compared to around 20cm) the result is a positional accuracy 
of just a few centimetres. The problem with this method is that it is not particularly 
robust, as both receivers need to have a clear view of all satellites for several minutes 
before any positional is available, and even trees by the trackside can cause the 
solution to fail. In practical terms this is satisfactory for surveying applications; 
however it is not readily suited to automotive testing. 

Note that none of these methods directly impact the accuracy of the speed measurement; there 
is very little that can be done to improve these using differential corrections. 



Race Technology Ltd, May 2005 

 23 

5.3. Calculation of acceleration, speed and distance from 
GPS 

A common question is “if your GPS system has a positional error of say 1m, and you are 
calculating speed at 5Hz, then that would give you a speed error or 1m x 5Hz = 5m/s or 
about 10mph. How can you claim 0.1mph?” 

The answer is that speed is not calculated by simply differentiating the GPS position. The 
GPS position is firstly calculated using the method outlined about, and then speed is 
calculated separately based on either the Doppler shift of the satellites, or the carrier phase of 
the GPS signal. 

It is commonly documented that GPS speed is always calculated from the Doppler shift in the 
satellites signal – however this is not strictly true. When available, it is more accurate to use 
the carrier information to calculate speed. For a typical good quality GPS receiver you have a  
carrier noise of around 1mm, so if you are sampling at 20Hz then speed error is 
approximately 1mm x 20Hz = 20mm/s or 0.05mph. If the carrier signal is not available then 
the Doppler shift of the radio signal can be used, but with an increase in error. In practice, you 
do not continuously use one method or the other; it is a weighted average depending on the 
relative quality of the signals and the conditions. 

This highlights a problem with GPS speed measurements – the higher the sample frequency 
of the GPS system, the higher the noise on the speed signal. If we assume that only the carrier 
information is used to calculate the speed then: 

• At 5Hz, with 1mm carrier noise we get about 5mm/s or 0.01mph error. 

• At 20Hz, with 1mm carrier noise we get about 20mm/s or 0.04mph error. 

• At 100Hz, with 1mm carrier noise we get about 100mm/s or 0.2mph error. 

Clearly, these are very much “order of magnitude” figures, but they illustrate that as you 
increase the sample frequency, the error/noise on the speed measurements also increases – so 
there is a direct trade-off between speed accuracy and the measurement update rate. Road cars 
have a resonant frequency of approximately 3Hz, race cars are lighter, more stiffly sprung, 
and have much faster throttle response so they have a higher resonant frequency; 6Hz would 
be a reasonable estimate.  Above the resonant frequency, the energy falls away very quickly, 
so there is very little information to be gained above the resonant frequency.  It is normal to 
want to sample at least twice the resonant frequency, so in this case 20Hz seems like a good 
engineering compromise. 

It is also worth noting that all Race Technology’s speed measurement system combine the 
raw GPS speed information with inertial information from the accelerometers to get a sample 
frequency of 100Hz without any increase in measurement noise – however this aspect of the 
products is not discussed within this report. 

Once speed is calculated, distance and acceleration can be very simply derived. Distance is 
calculated by integrating the speed information; acceleration is calculated by differentiating 
the speed information. 

Distance can either be calculated from the “3D” speed, which includes the effects of going up 
and down hills, or the so called “2D” speed which is the distance as you would measure from 
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a map. The advantage of only using 2D speed is that it is less “noisy” as vertical errors are 
approximately twice the size of horizontal errors, however on a steep gradient the error would 
be up to about 3%. All Race Technology products use 3D speed, for higher dependable 
accuracy under all conditions at the expenses of a small increase in measurement noise. 

GPS based acceleration is calculated from differentiating the speed signal – however 
differentiating any signal increases its noise a great deal, consequently GPS-only based 
accelerations are often too noisy to be used directly. All Race Technology equipment 
measures acceleration directly using dual axis digital accelerometers. 
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