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The GPR Interpretation Challenge 
Prior to the elimination of Selective Availability for GPS signals in 2000, the use of GPS tracking for 
GPR surveys, without the use of costly RTK-DGPS equipment, was essentially impossible due to the 
large uncertainty in position solutions.  As GPS and now multi-constellation GNSS receivers have 
plummeted in price and complexity, combining GPS and geophysical sensors has become 
commonplace.  Some GPR systems now include integrated GNSS receivers. 

There are three possible sources of error when considering coupling GNSS data to GPR antennas.  The 
first being the actual degree of positioning accuracy possible with the GNSS itself.  GPS surveys are 
often conducted within buildings or under cover, making GNSS tracking impossible.  Surveys carried 
out in urban environments (e.g., urban canyons) have minimal line of sight to the sky, reducing the 
geometrical spread of the possible satellites used in triangulation.  Surveys conducted under foliage 
often see effects of multipathing, whereby the GPS signal is bounced off leaves and buildings to reduce 
survey accuracy. 

Some GNSS receivers include built-in low-speed averaging using a Kalman filter (particularly those 
designed for marine applications).  Although these GNSS receivers may produce smooth lines, these 
lines are often +/- 10 feet offset from their actual position on the Earth.   

In recent years, the introduction of other satellite constellations, including Russia’s GLONASS, 
Europe’s Galileo, China’s Baidou, Japan’s QZSS, and India’s IRNSS, has significantly increased the 
number of satellites visible in urban canyons.  Modern GNSS receivers can receive at least two if not 
more constellations concurrently.  New, low cost (<$400) L1/L2 receivers use the more precise military-
grade pseudo-random code, enabling these receivers to achieve +/- 3” accuracy with no base station in 
open areas, and +/- 1’ in most urban conditions.   

A second source of error which is often not accounted for is the actual position of the GPS antenna in 
relation to the centre of the GPR antenna.  Often, logistics or available mounting options force the GPS 
antenna to be offset to the rear and/or side of the centre of the GPR antenna.  This offset must be taken 
into account when positioning the radar data. 

Finally, perhaps the most critical and most often overlooked source of error is GNSS latency.  GNSS 
latency is the time between the calculation of the position solution within the electronics and the time 
when the GPR datalogger records the GPS position to a specific GPR trace.  This latency can often be 
up to (and sometimes greater than) one period of GPS sentence output.  Most consumer-grade GPS 
receivers output NMEA sentences at 1 Hz.  Assuming a normal walking pace of 3’ per second, this 
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means that a GPR trace could be mis-positioned by up to 3’ if using GNSS positioning alone.  A simple 
way to mitigate this latency issue is to use a faster output rate of 5 Hz or 10 Hz, although many GNSS 
receivers simply create new positions at 10 Hz by interpolating between 1 Hz position solutions. 

It is recommended that a simple calibration correction be performed.  This may need to be performed 
at each survey site, but the calibration is generally consistent when using the same GNSS receiver and 
the same GPR datalogger.  The calibration requires the use of a fixed metal place (e.g. manhole cover) 
on the ground.  A survey is started and the GPR is moved in a large figure “8” pattern, with the middle 
crossing point directly over the metal plate/manhole.  This figure 8 should be tens of feet in diameter 
and each loop of the “8” should take tens of seconds to perform.  The more figure 8 patterns performed, 
the more accurate the final calibration.   

Once the data are collected, the data are loaded into processing software.  A marker is placed on the 
obvious antenna ringing caused by passing the plate each time (Figure 1).  When viewed in plan, these 
markers will be scattered in a cloud near the metal plate (Figure 2).  Some processing software will then 
allow the user to enter a time offset (latency) to cluster the markers as close as possible over the metal 
plate (Figure 3).  This time correction can then be used for the remainder of the survey. 

 

Figure 1 – marking of obvious ringing events from manhole over in calibration survey 
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Figure 2 – Un-calibrated GPS points showing latency effects of recorded manhole position 

 

 

Figure 3 – GPS latency after calibration 

Note, in the above article, the terms GPS and GNSS have been used interchangeably, although in 
reality, GPS now describes the US subset of the multi-national GNSS constellations.  


