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Abstract - In this paper, we describe the steps required in or-
der to adapt and complete a GPR system applied to road 
evaluation. Following some previous studies about the charac-
teristics of the transmitted signal, we have directed our efforts 
towards both the design of an adapted vehicle and the integra-
tion of GPR data, together with other sources of information 
(GPS and video). 
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I. INTRODUCTION 
The continuous development of the surveying techniques 
has extended the application of the Ground Penetrating 
Radar (GPR), opening new areas of study and application. 
As the technology matures, the sophistication of signal 
recovery techniques, hardware designs and operating prac-
tices increase[1]. The numerous contributions made in this 
field lead to its spectacular advancement. There are many 
examples of these contributions; case studies, computer 
simulations, experimental tests and computing [2,3].  In 
spite of this considerable evolution, there are not that many 
companies associated with the development, manufacture 
and supply of GPR equipment.  

 

 

Figure 1. 1000, 800 and 500 MHz ground-coupled antennas.  

 

One of the main problems related to this technology is that 
the technical information provided by the different compa-
nies is practically nonexistent, except for certain details 
about the processing capacity of the equipment. The lack of 

knowledge of the different parameters of emission of the 
antennas, as well as other characteristics of the emitted 
signal, constitutes an added difficulty for accurate interpre-
tation of GPR data. In order to address this problem, a set 
of experiments have been made to analyse the characteris-
tics of the signal emitted by the antennas and to calibrate 
them. We used three different RAMAC/GPR shielded an-
tennas (see Figure 1) characterized by the central frequency 
of their emission: 1 GHz, 800 MHz and 500 MHz.  

 

 

Figure 2. Trolley designed for road evaluation 

 

At the moment of carrying out road evaluation tests, it is 
advisable to use an adapted vehicle to optimise data acqui-
sition. Because of this, we have worked towards the design, 
fabrication and completion of a special towing, taking into 
consideration the characteristics of our equipment. 

In this type of study, the support provided by other infor-
mation sources is of great interest [4]. Currently there is a 
logical tendency to integrate Video and GPS devices. All 
this information relative to the study area will be valuable 
in the subsequent phases of processing and interpretation of 
the obtained GPR records [5,6].  

Regarding GPS, the equipment’s smaller sizes, improved 
precision and new wireless communication technologies 
help their incorporation. The integration of GPR + GPS 
allows to correctly position, under favourable conditions, 
the data obtained by radar, and incorporate all that informa-
tion to a Geographical Information System (GIS). 
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Finally, this work deepens with these particular matters, 
having to solve the problems we have encountered during 
the integration process with these technologies utilising 
available equipment. 

II. ANTENNA CALIBRATION 
Some of the characteristics of the impulse emitted by the 
AUT are shown in Table 1. To determine the impulse char-
acteristics, each AUT was oriented towards the sky in a 
reflector free surrounding, in order to isolate the direct sig-
nal between dipoles. 

 
 

Table 1 shows the time duration for the different transmit-
ted pulses associated with bandwidth. The initial section is 
also specified within the main pulse where most of the en-
ergy is concentrated (Transient Region) Figure 3, as sets out 
in [6]. 

 
 

Main Pulse 

Transient Resonance 

Tail  Pulse  

Figure  3. Time domain 500 Mhz antenna response 

2.1 Warm-up time  

Figure 4 represents the relative travel times of the direct 
signal and reflected pulse for the different AUT, according 
to the results obtained for the time base drift evaluation. A-
scans were collected each 5 s with an internal 128-fold 
stack per trace for a minimum of 60 min. As in [8], the me-
dian travel time of both reflections was removed to empha-
size their relative drift, in such a way that demedianed data 
virtually overlie each other. Resulting travel time drifts 
have values between 0.2 and -0.6 ns. 

 

Figure 4. Time base drift  

 

As we can see, to make sure that the signal emitted by the 
antenna is stable, the antenna should be allowed a warm-up 
time. This reduces the vertical signal deflection of the data. 
Although the manufacturer recommends waiting between 
3-5min, the results obtained in this study suggest a greater 
delay (8-10min). With this delay, we are sure to avoid the 
errors in depth calculations due to the time deviations of 
the traces in this initial period. These errors will logically 
have more relevance for those mediums where the propaga-
tion velocity of the wave is greater. 

2.2 Properly fitting the two-way travel time scale  

The a-priori knowledge of the distance between the antenna 
and the reflector, allows establishing the origin of the two-
way travel times scale for the A-scans obtained in this 
study. 

As we can see in Figure 5, starting off at the greatest ampli-
tude value from the first semi-period of the reflected pulse 
and considering the separation with respect to the antenna 
(1.60m), we can fix the origin. This origin corresponds to 
the greatest amplitude value of the first semi-period of the 
direct signal in all cases. 

The study of the time origin allows us to establish the crite-
rion to fit the two- way travel time scale properly. With this 
procedure we are able to diminish the errors related to the 
zero misalignment. It has been observed that for certain 
separation distances the interference of the first reflected 
signal is very destructive and the main pulse is dramatically 
altered. 

Table 1. Pulse characteristics  

AUT (MHz) Main Pulse 
(ns) 

Transient Re-
gion  (ns) 

Bandwidth  3dB 
(MHz)  

500 10.40  5.74 361 

800 6.26  2.36 425 

1000 4.50 2.59 462 
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Figure 5. Data time zero 

 

2.3 Time Aliasing and Spherical Spread Attenuation 

The calculations of the minimum no-overlap distances al-
low us to know how far must we separate the antenna from 
the surface for a clear first reflection. Otherwise, if the 
study will need the antenna to be closer, knowing the me-
dium where we are going to survey and before data acquisi-
tion, we can estimate the zone of the medium that will be 
unclear because of this overlap. The minimum no-overlap 
distances are directly related to the internal signal size of 
each AUT. This signal is determined by: the direct wave, 
the internal reverberations and the electronic noise. In some 
antennas of this type, between the receiver and the emitter 
there is an absorbent element to diminish the amplitude of 
this signal and to make sure that the greater percentage of 
energy reaches the receiver from the external reflection.  

 

 

Figure 6. Sequence of stacked traces for different distances 
with the 800 MHz antenna 

 

Spherical spread attenuation is one of the easier attenuation 
effects to offset, because it is computable from the distance 

between the antenna and the reflector. When carrying out 
field studies the signal can be amplified applying gains to 
diminish the signal attenuation due to this effect. This pro-
vides a better radargram interpretation. 

A sequence of consecutive A-scans gathered with the 800 
MHz antenna is displayed in Figure 6. In each position an 
interpolation of 20 traces, with an internal 128-fold stack 
per trace has been made. For the 800MHz antenna the over-
lap of the reflected signal in the transient region starts with 
a separation of 38cm, but already for a separation of 25cm 
the signals are not clearly differentiated. The equivalent 
distances for the rest of the AUTs are: 69cm-46cm for the 
500MHz antenna and 37cm-21cm for the 1 GHz antenna.  

We also analysed the attenuation caused by the spherical 
spread of the wavefront. Figure 7 shows the results ob-
tained with the 500 MHz antennas. For each A-scan the 
direct signal between transmitter and receiver was sub-
tracted and the relative amplitude values (divided by the 
amplitude of its direct signal) were used to adjust a decay 
function.   
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Figure 7. Results obtained for the 500 MHz antenna.  

 
This result could be applied to other mediums, with the 
intention to separate this effect with regard to attenuation 
determined mainly by the conductivity of the ground and 
scattering effects.  

2.4 Stacking  

A set of B-scans with an internal stacking of 1, 8, 16 and 32 
traces, were recorded for the different AUTs. This system 
can stack up to 32 traces (even an internal 32768-fold stack 
per trace is possible), but these are unviable in studies that 
demand some kind of continuous movement. Fig. 7 shows 
the same trace with different stacking values (1, 8 and 32 
respectively) gathered with the 1GHz antenna.  

As expected, a high stacking produces a smoothed signal 
shape improving the signal-to-noise ratio. Its effect is more 
evident with the high frequency antennas.  
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The suitable value depends on the precision with which we 
want to detect and the optimum survey velocity of re-
cording. A stacking value of 1 allows a high prospecting 
speed but the noise level can become considerable. As we 
increase the number of traces stacked, the noise level de-
creases, but the prospecting speed is slower too. Generally 
a value of 8 seems to be a good commitment, but for GPR 
applications where a multi-antenna system is necessary and 
the velocity of survey is an important factor, the suitable 
value could be lower.    

III. TROLLEY DESIGN 
When gathering GPR data, there are certain limitations that 
must be taken into account. The electromagnetic nature of 
the signal causes the proximity of metallic elements to in-
troduce unwanted interference. This interference makes 
difficult the visualization and later interpretation of the 
obtained data.  

Because of this and taking into account its specific applica-
tion to road surface evaluation, it has been necessary to 
design a special trolley adapted to this type of study. The 
absence of metallic elements, in the chassis as well as roll-
ing elements, has made its design difficult, due to the dy-
namic charge that it must carry. This trolley allows trans-
porting up to two antennas simultaneously; their orientation 
and height with respect to the ground can be changed in 
order to use different antenna configurations. As is shown 
in Figure 9, the rest of the equipment controlled by opera-
tors is placed inside the vehicle. 

Once the trailer has been made, it has to be compliant for 
use on public roads, some important elements had to be 
incorporated that could constitute potential interference 
sources in the records, such as the illumination system or 
the metal number plate.  

 

 
 

Figure 9. Data acquisition with the special trolley  

 

In order to analyse these problems, we have run different 
tests to find the best possible location for these elements, so 
that they would introduce the smallest interference possi-
ble. As you can see in figure 10, we have managed to 
minimize its influence in the records making it almost im-
perceptible. 

  

 
 

Figure 10. The same profile a) without the  illumination sys-
tem and the metal number plate, b) with them 

 
 

 
 

Figure 8. 1GHz A-scans with different stacking values. 

b) 

a) 
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IV. GPR AND GPS SYNCHRONIZATION 
 

4.1 GPS Precision 

Regarding GPS systems, to the accomplishment of this 
study, a dual frequency (L1+L2) RTK GPS, two Bluetooth 
GPS receivers (SiRF), admitting both real time differential 
corrections (SBAS) and a GPS receiver with post-
processed sub-meter accuracy were used. 

 

 
 

Figure 11. Example of evaluation tests: precision and coordi-
nation of available GPS equipment and GPR 

 

Taking into account its applications in the study of road 
surfaces, different circuits in different places were per-
formed in order to evaluate and compare its precision and 
behaviour (see Figure 11). At different stages we looked for 
simulating different conditions that a study like this could 
face, taking into account the parameters such as character-
istics of the circuit, orography or data gathering speed, 
looking at the limitations imposed by the radar. 

 

4.2 Synchronization 

In order to gather data, two programs are used. 

Ground Vision (v.1.4.1) is a Windows based acquisition 
software designed by Malå GeoScience and dedicated to 
the RAMAC/GPR single- or multi-channel systems. This 
program allows gathering GPR and GPS data via a com-
puter connected to a radar control unit through a parallel 
cable and a GPS terminal on a serial port. The software 
interface shows on real time both GPS coordinates and 
GPR data that are being registered. 

Road Cam is part of the applications pack Road Doctor 
(v.1.280) of Roadscanners Oy, an advanced software for 
GPR data processing and interpretation. Road Cam allows 
simultaneous data gathering from different devices in order 
to study road surfaces, making possible the synchronization 
of radar data, multimedia information supplied by video 

camera, GPS positioning and additional information sup-
plied through a serial port. 

For our road evaluation studies we have used Ground Vi-
sion for GPR and GPS data acquisition and Road Cam for 
Video acquisition. We have encountered some problems 
when running both programs at the same time on the same 
computer, due to limitations on the processing capacity of 
our computer. These limitations required to use two com-
puters. 

In this way, one computer is connected to a GPR through a 
parallel port and a GPS through a serial port. Ground Vi-
sion is executed, generating three files. The first one con-
tains the 16-bit binary data (.rd3), the second one saves the 
header information (.rad) and in the last one the trace num-
ber and GPS data are logged  (.cor, .utm, .wks).  

The other computer is connected to a video camera through 
a FireWire port (IEEE-1394) and a GPS through a serial 
port. This GPS is the same one that is connected to the first 
computer. For this, an adapted serial cable with two exits 
was used. Road Cam is executed, generating the two files. 
One that contains the video file (.avi) and another one in 
which frame number and GPS data are logged (.sync).   

Road Cam by itself accurately synchronizes all this data 
(GPR, Video and GPS) in the case of SiR radar units 
(GSSI), since it adds to this .sync file the trace number that 
is being registered through a parallel port connected to the 
control unit. The case of RAMAC units is different, as this 
connection option is not possible, and although Road Doc-
tor is still able to present all this data synchronized by in-
terpolation, the precision decreases considerably. 

Besides this, after performing several tests, some irregulari-
ties were observed in the files generated by Ground Vision. 
Something to be highlighted is the appearance of different 
traces in the same second with different GPS coordinates, 
as well as different traces in different seconds with the 
same GPS coordinates. It is also interesting to mention that 
in specific traces, randomly and without an apparent rea-
son, the GPS date was substituted for the date in the sys-
tem.  

To solve these problems we designed an application that, 
taking into account GPS data, modifies the Road Cam syn-
chronization file from the information trace-coordinate 
provided by Ground Vision, so it can be later interpreted by 
Road Doctor. By doing this, all synchronized data (GPR, 
GPS, Video) can be presented simultaneously. 

The following types of transmission NMEA were used: 
v1.5 APA(GPGLL/GPVTG), v1.5 XTE(GPGLL/ GPVTG) 
and v2.1 GSA (GPGLL / GPGGA / GPRMC / GPGSA / 
GPGSV / GPGSV / GPGSV/ PMGMST). 

In the trace-coordinate files generated by Ground Vision, 
the traces are the dominant parameter, so each of the regis-
tered traces are assigned in any case, a GPS coordinate. The 
information of time and date allocated to each trace-
coordinate in these files, it is determined by the time and 
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date of the system (NMEA0183 v1.5), or by the GPS time 
and date (NMEA0183 v2.1). In the first case, the Height 
and PDOP always appear with a null value due to the fact 
that the sentences in this version do not provide this infor-
mation. 

In the frame-coordinate files generated by Road Cam, the 
NMEA sentences and therefore GPS coordinates are the 
dominant parameter. So all NMEA messages that arrive to 
the program remain registered in the archive and each of 
them is assigned a frame and the corresponding millisec-
onds  

V. CONCLUSIONS 
The results obtained in the first tests presented in this paper 
contribute to our knowledge of certain characteristics of the 
signal transmitted by our equipment. The greater knowl-
edge of the signal allowed us to establish guidelines to be 
considered during the fieldwork. These guidelines provide 
an efficient calibration, minimizing the possible errors pro-
duced in the calculation of depths and elements discrimina-
tion. 

When taking samples the designed trailer behaved satisfac-
torily during testing, adapting to the necessary characteris-
tics in each case (multi-antennas, different speed, road 
types). Also added elements in order to achieve compliance 
(number plate and illumination system) did not introduce 
any considerable interference. 

Following GPS results, the receiver with post-processed 
sub-meter accuracy is the equipment offering the best fea-
tures. 

Once the above was achieved, efforts were directed to inte-
grate and synchronize GPR/GPS technology with comple-
mentary information given by other devices and applica-
tions such as video cameras and the positioning of data 
collected on cartographic maps of the area. In order to do 
this, a Visual Basic program was created. This program 
reads the file traces generated by Groundvision and adjusts 
them to the corresponding coordinates of the file generated 
by Road Cam so Road Doctor can present all the informa-
tion simultaneously. 

We continue to work on the programs clean up, as well as 
the behavioural study in each case of lost satellite coverage. 
We are collaborating with the technical consultancy Enma-
cosa in the GPR data integration process obtained in a GIS 
of their property, oriented to the inventory of the national 
road network.  
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