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and German researchers with a Swedish-made RAMAC 
georadar, made by MALA GeoScience, with antennas for 
rough terrain RTA 50  MHz (II) (Fig.  3). The values of 
50  MHz (RAMAC) and 75  MHz (GROT 12H) determine 
the most efficiently transmitted and received frequency in 
the spectrum of each of the devices.

It is known that the receiving part of the georadar pro-
duced by RAMAC, one of the leading manufacturers of geo-
radars on radio pulses, is based on the principle of frequency 
gating (Finkel’shtein et al., 1994), wherein, to restore the 
waveform, the received signal is transferred to the low-fre-
quency domain for the further analog–digital transforma-
tion. For example, to display the reflected signal on a time 
scale which consists of 512 points with 1 ns intervals, 512 
transmitter pulses are required. Therefore, one of the essen-
tial characteristics of georadars based on the gating princip
les is the pulse repetition frequency of the transmitter. Thus, 
for the RAMAC series georadars, the effective repetition 
frequency of the sounding pulses reaches 100 kHz per physi
cal channel (https://www.guidelinegeo.com/wp-content/up-
loads/2016/03/MALA-RTA-Antennas.pdf). Along with in-
troducing additional noise into the receiving path, frequency 
gating leads to a band-pass filtering of the reflected signal, 
which is responsible for the loss of low-frequency compo-
nents and, therefore, for a decrease in the maximum achiev-
able sounding depth.

Indeed, when sampling a signal in time, a stroboscopic 
converter takes one sample from each copy of the signal (as 
opposed to an ADC). This provides for converting the signal 
into a sequence of pulses, the envelope of which repeats the 
shape of the signal, and the duration can be much longer 
than the original. The period of the gate pulse Tgp, as a rule, 
exceeds the period of the signal Ts by the reading step Δt: 
Tgp = m·Ts + Δt. When the coefficient m > 1, a number of 
signal periods are missed, usually m = 1. To obtain the shape 
of the entire signal at the period Ts, a minimum of n strobe 
pulse periods is required n = Ts/Δt (each of the strobe pulses 
is shifted by a reading step). Then the total duration of the 
converted signal (a sequence of n strobe pulses modulated in 
amplitude by the input signal) is equal to Tcs = n·Tgp, and the 

coefficient of temporal transformation (stretching of the 
time scale) is
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The increase in Ktt is limited by the technical capabilities 
of the converter:

• the minimum step of reading;
• operation speed;
• stability of the reading step;
• the duration of the gate pulse.
Spreading a signal in the time domain is equivalent to 

narrowing it in the frequency-domain representation of the 
spectrum. Therefore, the concept of effective bandwidth is 
used, which depends on the maximum achievable gate-pulse 
repetition frequency. Usually it is linked with the minimum 
duration of the gate pulse τgp by the empirical relation

��� � � ���� � � �� � � �� � � �� � � ������ � � ����� .

For the considered RAMAС equipment, the digitization 
of the reflected signal is carried out in Δt = 2 ns, and the 
speed of obtaining the waveform of the reflected signal al-
lows recording 2–4 waveforms per second, depending on 
the settings.

The GROT 12H single-pulse georadar directly digitizes 
the reflected signal from one powerful (at least 1 MW) vid-
eo pulse up to the entire depth of the estimated time delays, 
i.e., up to 20,000 ns (http://www.georadargrot.com/grot12h). 
The absence of gating allows digitizing in this range without 
narrowing the spectrum. In this case, the digitization error is 
determined by the characteristics of the ADC. The signal-to-
noise ratio (SNR) is equal to the ratio of the root-mean-
square value of the input signal Vin to the root-mean-square 
value of the noise magnitude Vnoise, expressed in decibels: 
���� �� ��
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mine the proportion of noise in the measured signal in rela-
tion to the wanted signal. For an ADC with a certain resolu-
tion, it is the quantization noise that limits the converter 
capabilities by the theoretically best signal-to-noise ratio, 
which is defined as ���� � � � �� � � �� � � �� � � ������ � � �, where N is the 
ADC number of quantization bits. In particular, for the 12-
bit ADC used in the GROT 12H SNR = 74 dB. The quan-
tization noise can only be reduced by making measure-
ments with an ADC with a greater number of bits. The 
increase in the dynamic range for the given characteristics 
of the ADC is reached by means of linear attenuators. The 
number of transmitter pulses is equal to the number of 
waveforms on the radargram. The measurement speed in 
both the pedestrian and transport versions is almost not 
limited by the pulse repetition frequency. The scheme of 
the device makes it possible to obviate the need for accu-
mulation and averaging procedures, though it gives an op-
portunity to use them.

Fig. 3. Expedition member Michael Angelopoulos with the RAMAC 
georadar with antennas of 3 m (50 MHz).
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The main element in the formation of a video pulse signal 
is the transmitting and receiving antennas. For georadars of 
any design, they, among other purposes, act as filters for 
both the receiving and transmitting signals. A significant 
difference in the design of the GROT 12H and RAMAC is 
the implementation of the formation of signals of different 
shapes. The design of the GROT 12H series georadars using 
resistive load allows creating an aperiodic sounding pulse, 
the shape of which provides a large steepness of the front 
and the absence of additional oscillations associated with 
multiple reflections of the emitted and received signal from 
the ends of the antennas. The emitting antenna of GROT 
12H dissipates almost half the transmitter signal power on 
load resistances, but the high power of a single ultra wide-
band aperiodic pulse, which can be easily formed by a gas-
discharge or solid-state key element, permits obtaining a 
significant gain in the effective dynamic range of the entire 
device. In practice, the shock-excited voltage in the RAMAС 
georadar is 370 V, and in the GROT 12H georadar, no less 
than 5  kV. The technical characteristics of RAMAC RTA 
50  MHz and GROT 12H are given on the manufacturers’ 

sites (https://www.guidelinegeo.com and http://www.geora-
dargrot.com/grot12h).

To compare the data of RAMAC and GROT 12H geora-
dars, a GPR profile was chosen, on which studies were se-
quentially performed with two different georadars and an-
tennas.

Figure 4 shows the relative position of the profiles on the 
surface of Lake Gol’tsovoe in the GROT program window. 
The red line marks the profile traversed from north to south 
on the lake ice using the GROT 12H georadar with 2-m an-
tennas (which corresponds to the effective emitted central 
frequency of 75  MHz). For convenience of joint analysis, 
Figs. 5 and 6 show radargrams from both georadars obtained 
on the same profile.

We analyzed the radargrams in the SeiSee independent 
data processing program. It was originally designed for seis-
mic data processing, but is quite applicable to the processing 
of radargrams obtained in georadiolocation. Besides, identi-
cal attenuation and filtration were applied.

Radargrams from both georadars obtained in the de-
scribed experiment on the same profile under the same con-

Fig. 4. Scheme of the GPR profiles on the map of Lake Gol’tsovoe in the window of the GROT processing program.
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ditions represent the field of the reflected signal measured 
on the ice surface. 

The appearance of the RAMAC radargram (Fig.  6) is 
smoother in comparison with the GROT 12Н radargram 
(Fig. 5), but they represent the same geologic structures. The 
RAMAC time delay scale is limited by the number of points 
in accordance with the technical characteristics. Comparison 

of Figs. 5 and 6 shows that for a correct comparison of the 
data, it is necessary to combine the radargrams both along 
the profile and along the axis of time delays. To match the 
position of the boundaries of the reflected signal and, ac-
cordingly, to estimate the relative depth of sounding, it is 
necessary to shift the GROT 12H radargram down along the 
time delay axis by 50 ns.

Fig. 5. Radargram of the profile surveyed from north to south using the GROT 12H georadar with 2-m antennas (center frequency 75 MHz) in the 
SeiSee program.

Fig. 6. Radargram of the same profile as in Fig. 5, surveyed with RAMAC RTA 50 MHz, in the SeiSee program.
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COMPARISON OF THE EXPERIMENTAL DATA 
BASED ON ANALYSIS OF THE REFLECTED  
SIGNAL SPECTRA

In our experiment, data from two different georadars 
were obtained on the same profile at the same time. There-
fore, the medium parameters can be considered the same. 
Considering that, let us analyze the data obtained to assess 
the features of the sounding pulses in both cases.

Let us compare the spectra of the reflected signals at the 
same points on the profile and apply the averaging proce-
dure over the entire profile. In all the figures which show the 
spectra below the frequency is plotted along the horizontal 
axis, and the relative amplitude of the reflected signal is 
plotted along the vertical axis.

Figure 7 shows the amplitude–frequency characteristic 
(AFC) for two georadars for the same range of the time de-
lays. The vertical axis shows the relative value of the ampli-
tudes of the reflected signal harmonics in percentage of their 
presence, averaged over the entire profile; the frequency in 
MHz is along the horizontal axis. On the whole, the signal 
spectrum of RAMAC corresponds to the above estimates, 
and it has a smoother (averaged) pattern. The upper limit is 
bound to half in the frequency because of the two times 
lower sampling frequency. The border of the spectrum in the 
low-frequency region for RAMAC, as expected, is close to 
the central frequency of the antenna – 50 MHz. The spec-
trum features of the RAMAC signal are a consequence of 
the use of frequency gating in the receiver circuit. Indeed, 
the gating scheme (Finkel’shtein et al., 1994) leads to the 
fact that all three parameters (pulse repetition rate, the num-

ber of digitizing points on the time delay scale, and the scale 
length) are rigidly linked.

The depth resolution is determined by the high-frequency 
domain of the pulse spectrum. As it was shown in (Fin
kel’shtein et al., 1994), the depth resolution is determined by 
the pulse duration τ0.5 at the level of 0.5 of the maximum 
amplitude: The less τ0.5, i.e., the faster the amplitude falls to 
half its maximum, the higher the resolution. At the same 
time, the sounding depth is determined by the low-frequency 
part of the pulse spectrum. Thus, the spectrum width deter-
mines both the resolution and the depth of the GPR, that is, 
its real dynamic range, which is verified in practice.

Let us analyze the effective width of the reflected signal 
spectrum for the used georadars based on the data obtained 
(Fig. 7). The width of the spectrum of the received signal at 
the level A = 40% of the maximum amplitude is about 
100 MHz for GROT 12H and about 225 MHz at the level 
A  = 20%. For the RAMAC georadar, these values are 30 
and 90 MHz, respectively.

In the high-frequency part of the spectrum for GROT 
12H, the amplitude of the reflected signal converges in the 
limit to the value A = 10%; for RAMAC, to A = 0%. It was 
shown in (Kharkevich, 2013) that the rate of decrease in the 
amplitudes of harmonics in the spectrum depends on the 
structural properties of the signal: The coefficients will de-
crease the faster, the smoother the shape of the signal and its 
derivatives. If the signal has precipitous changes, which is 
typical for a single video pulse signal, the amplitudes of the 
harmonics in its spectrum tend to zero very slowly. The 
faster the Fourier coefficients decrease, the smoother the 

Fig. 7. Spectrum of the reflected signal for RAMAC (a). Spectrum of the reflected signal for GROT 12H (b). The horizontal scale is for the fre-
quency F in MHz; the vertical scale is for the relative amplitude of harmonics A.
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signal form, and the smaller the width of its spectrum. In the 
limit, the “smoothest” monoharmonic vibration is observed. 

Thus, the recorded differences in the spectra represent the 
signal shape features in the considered georadars and indi-
cate that the GROT 12H georadar has a video pulse signal, in 
contrast to the radio pulse signal in the RAMAC georadar.

The radargram of the profile surveyed using the GROT 
12H georadar to the depths of time delays of 800 ns (Fig. 8) 
allows the analysis of the reflected signal to be continued at 
greater depths.

DISCUSSION

Comparison of radargrams in Figs. 5 and 8 shows that the 
visualization of the radargram with a twofold increase in the 
scale of time delays obtained using GROT 12H made it pos-
sible to locate zones of re-reflections of different origins up 
to time delays over 700 ns; for the RAMAC georadar, up to 
400 ns.

On radargrams (Figs. 5 and 6), differences in reflection 
coefficients from irregularities are noticeable, for example, 
around the interval of time delays of 350–400 ns, which is 

Fig. 8. Radargram of the GROT 12H profile in the SeiSee program. The signal spectrum corresponding to this radargram is shown in Fig. 9.
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expressed in the degree of contrast of the subsurface struc-
tures visualization. In general, the greater signal attenuation 
for the RAMAC georadar is observed. It should be noted 
that the central frequency of the RAMAC georadar is shifted 
to the low-frequency part of the spectrum by 25  MHz, in 
comparison with the central frequency of the GROT 12H. If 
all the characteristics of the devices were the same, this 
would lead to sounding at noticeably (approximately 1.5 
times) greater depths for RAMAC (according to the classi-
cal concepts of the theory of geometric optics).

Let us note the differences in the dimensions of the an-
tenna systems for practical application in logging radio 
sounding. Providing an in-line arrangement of the receiving 
and transmitting antennas for GROT 12H, as it is done in 
the ground version for the RAMAC RTA 50 MHz, the total 
length of the installation will be 5 m, while for the RAMAC 
RTA 50 MHz, the total length is 9.25 m. This difference for a 
georadar for a logging purpose is significant. It should be 
noted that, to provide radial resolution, the logging radar 
must contain at least one more receiving antenna (Gulevich et 
al., 2014), which will lead to an even greater overall length.

Comparison of the spectra in Fig. 7 reveals the following 
features:

(1) the presence of a significant low-frequency compo-
nent in the GROT 12H spectrum and its absence in the 
RAMAC spectrum;

(2) a noticeable increase in both sides of the effective fre-
quency band of the received signal for GROT 12H;

(3) significantly greater presence of high-frequency com-
ponents in the spectrum of the GROT 12H. 

The noted differences in the spectra under consideration 
represent the fact that the shape of the sounding signal of the 
RAMAC georadar is formed by a radio pulse (Kharkevich, 
2013), and for the GROT 12H georadar, it corresponds to a 
video pulse. That is also verified by the significant presence 
of low-frequency components in the spectrum of the reflect-
ed signal of the video pulse and by the slow tendency to zero 
of the amplitudes of the harmonics of the high-frequency 
components.

With an increase in the scale of time delays for calculat-
ing the spectrum which corresponds to the radargram in 
Fig.  8, the amplitude–frequency spectrum unambiguously 
conveys the fact that the form of the signal of GROT 12H is 
close to the form of a classical video pulse with a steep lead-
ing edge (Kharkevich, 2013) (Fig. 9). Unfortunately, a fair 
model of the interaction of these pulses with highly absorb-
ing and dispersive media, which makes it possible to carry 
out quantitative calculations, has not yet been created even 
for geological sections with known properties. 

Generally, in natural media sounding with video pulses, 
which already have different applications in radiolocation 
and communication, the experiment is still noticeably ahead 
of the theory, allowing us to obtain practically significant 
results for many applications even with the achieved level of 
technology.

The experimental data considered in this work are based 
on theoretical models, which are still presented in very lim-
ited approximations. To shift to the solution of the problem 
considering the layering of the dispersed medium even in 
the one-dimensional approximation, it is necessary to use 
numerical methods. Today, we have no numerical solutions 
of the problem using nonseparable solutions of Maxwell’s 
equations for the propagation of video pulses in dispersive 
media, in particular, for models of geological section of 
boreholes. Therefore, to obtain quantitative estimates of the 
advantages of logging sounding with video pulses, the con-
sidered comparison of experimental data may be of interest. 
In particular, the data obtained on a twofold increase in the 
sounding depth with an increase in resolution make it pos-
sible to assess the change in the maximum sounding dis-
tance in a borehole.

It should be noted that the problem in theoretical model-
ing of a pulsed electromagnetic field emitted from logging 
georadars is to take into account the effect of different de-
signs of the emitting and receiving antennas, the logging 
probe cover, and the layer of drilling fluid present in a bore-
hole on the amplitude and spectrum of the pulse emitted into 
the sounding medium and received inside the logging probe. 
In fact, the cover of the logging probe and the layer of drill-
ing fluid should be considered electrodynamically as an ele-
ment of the antenna, because they are located in the near-

Fig. 9. Spectrum of the reflected signal of the GROT 12H georadar at 
the level of time delays of 800 ns. The horizontal scale is for the fre-
quency F in MHz; the vertical scale is for the relative amplitude of 
harmonics A.
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field zone of the transmitters (Epov et al., 2008). These 
features should be taken into account when designing a log-
ging video pulse georadar.

Conclusions

Comparison of the data of two georadars and theoretical 
conclusions in the works (Shvartsburg, 1998; Rudenchik et 
al., 2008; Volkomirskaya et al., 2013) make it possible to 
explain the higher efficiency of devices operating on video 
pulses with an aperiodic shape, in comparison to radio pulse 
devices. As an example, under the same conditions, the 
same international team of operators using the GROT 12H 
georadar with higher-frequency antennas received reflec-
tions from about two times greater depths than using the 
RAMAC georadar. When using video pulses, a lower at-
tenuation of a signal in the medium in accordance with (Sh-
vartsburg, 1998), a higher resolution, and better reflections 
from the boundaries of media with different electrical char-
acteristics were observed.

The performed studies show that, to obtain quantitative 
estimates of attenuation and resolution, it is necessary to ad-
equately describe the interaction of video pulses with the 
medium and derive a solution based on Maxwell’s equations 
for rapidly changing nonperiodic fields. This is especially 
important in the problems of logging and crosshole radio 
sounding, where the medium is characterized by significant 
conductivity and frequency dispersion (Epov et al., 2011) 
and there are restrictions on the weight and size characteris-
tics of the equipment. The study of specific models of oil 
and gas reservoir media based on numerical modeling of 
nonstationary nonseparable solutions of Maxwell’s equa-
tions will help to optimize the design of a logging georadar 
and the shape of the video pulse to achieve the maximum 
possible sounding depth while maintaining high resolution. 
At present, the calculations have not yet been performed. 
Therefore, in comparison with exact solutions for the propa-
gation of nonperiodic signals in the homogeneous medium, 
although experimental studies of the characteristics of de-
vices created on different principles are qualitative, the au-
thors think that they guide the development of logging radio 
sounding technology.

The practicability of carrying out experimental work of 
the use of video pulses for logging sounding is based pri-
marily on the prospect of increasing the maximum depth of 
exploration of the near-borehole zone: up to tens of meters 
during sounding and up to hundreds of meters during cross-

hole radio sounding (according to preliminary estimates 
based on the capabilities of the prototype – the GROT 12H 
georadar in subsurface GPR).

In the absence of estimates based on numerical calcula-
tions of the problem of the video pulses propagation in a 
medium typical of geological models of the borehole zone, 
it seems useful to conduct a joint experiment to compare the 
data of the video pulse and radio pulse signals in equal con-
ditions to determine the quantitative increase in the limiting 
depth of sounding of the borehole area when switching to 
video pulses.
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