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1
ULTRA-WIDEBAND RADAR WAVEFORM
CALIBRATION FOR MEASUREMENTS OF A
HETEROGENEOUS MATERIAL

FIELD OF THE DISCLOSED TECHNOLOGY

The disclosed technology relates generally to ground-pen-
etrating radar (GPR), and, more specifically, to a technique
for calibrating the measurement system response.

BACKGROUND OF THE DISCLOSED
TECHNOLOGY

GPR, or ground-penetrating RADAR (where RADAR is
“RAdio Detection And Ranging), is a technology used to
assess the composition and location of heterogeneous mate-
rials. GPR uses common radio frequencies and is particularly
useful in that it is both non-destructive and non-ionizing. In
fact, GPR uses frequencies similar to a cellular phone, but at
far lower power levels. Common applications include locat-
ing the precise position of rebar within a concrete wall/floor,
identifying and locating buried objects underground, assess-
ing the quality and uniformity of an asphalt or concrete high-
way surface, and detecting deterioration on bridge decks. In
road surface applications, GPR is used, for example, to detect
cracks, fissures, or contamination in any one of the chip seal,
pavement layers, gravel base, and so forth. In many roadway
applications, a resolution of features of the road surface of
less than one inch (2.54 cm) is desired. Such systems may be
mounted on vehicles, travelling over the surface while acquir-
ing measurement data. GPR systems are disclosed in more
detail in U.S. Pat. No. 5,499,029 to Bashforth, et al., and U.S.
Pat. No. 5,384,715 to Lytton, which are hereby incorporated
by reference.

There are two common types of GPR for road/bridge sur-
face measurement: Ground-coupled and air-launched. Both
may operate on an ultra-wideband frequency range. However,
in the current state of the art, neither is completely accurate or
repeatable in their measurement response for a given sce-
nario. Noise and distortion affect the system and, in fact, the
transmit pulse itself has varying degrees of accuracy com-
pared to what is intended to be transmitted. For example, the
pulse may last an extra few nanoseconds longer than intended
or the present pulse may not have finished reflecting back at
the receiver before the next pulse is transmitted, causing
distortion or interference. Further, the receiver may introduce
additional distortion and time-domain blurring. The ampli-
tude of the pulse at a given subset of the transmission fre-
quency may also vary. Reflections may return at different
times due to multipath distortion and clutter.

Presently, the known methods and devices which account
for distortion and interference function by calibrating the
transmitting signal based on a reflection off a metal plate.
Then, the received reflection when reflecting off of a hetero-
geneous material, such as a road surface, is calculated by
subtracting from the result the received reflection off the
metal plate. Similarly, distortions due to reflections off of a
vehicle on which the antenna is mounted may be subtracted.
This, however, is imprecise because the actual signal trans-
mitted may vary with each transmission and, in fact, the
actual characteristics of the signal are not known that is, there
is a difference between an ideally transmitted signal and the
actual transmitted signal. Even when this error is within a few
nanoseconds, a noticeable decrease in resolution, in a GPR
system, results.
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Thus, there remains an unsolved need in the art to provide
a GPR device or method which provides, or corrects, for
errors in the transmit pulse signal or receipt thereof.

SUMMARY OF THE DISCLOSED
TECHNOLOGY

Therefore, it is an object of the disclosed technology to
adjust the transmit and/or received pulse signal used in GPR
to an idealized signal or, at least, closer to what an ideal signal
would be.

It is a further object of the disclosed technology to remove
multipath distortion in GPR and/or align received signals.

It is a further object of the disclosed technology to adjust a
transmit or received pulse of a GPR system to match a
response of a bandpass system with a flat magnitude response
and a linear phase response.

An embodiment of a device of the disclosed technology is
ground-penetrating radar (GPR) device. The GPR device has
a transmitting and receiving antenna which transmits and
receives ultra-wideband pulses, an analog-to-digital con-
verter, a delay-tap filter equalizing a measurement response
received by the antenna, and a measurement system for deter-
mining the composition of a heterogeneous material.

The equalizing may be performed in real-time or as a part
of'post processing, and may be based off a previous response,
received by bouncing the pulses off a homogeneous material
(e.g., a metal plate) and providing gleaned adjustments (e.g.,
equalization) from this response to equalize a response off a
road surface. The previously determined response may be a
response at a known distance from the homogeneous mate-
rial, e.g., to use the same distance when equalizing a response
off of a road surface.

Further, coefficients of the predetermined and present
equalizing (see prior paragraph) may be determined based on
variations in the antenna, that is, the antenna’s response at
different frequencies or the antenna’s response relative to
other antennas used with the device simultaneously or previ-
ously. Such equalizing may in addition or instead be deter-
mined based on temperature, that is, that the antenna’s
response varies depending on the temperature in which it is
functioning.

Still further, an equalizing profile may be used (that is, data
representing coefficients used to modify the signal), and a
different profile may be used depending on the factors recited
in the prior paragraph and/or, additionally, a known feature of
said composition of the heterogeneous material or a known
feature of the location where said system is being employed.

Still further, the delay-tap filter may minimize the width
and delay time of each of a plurality of pulses transmitted by
the antenna.

In a method for shaping an ultra-wideband signal reflected
off a heterogeneous material is also disclosed and claimed.
The method proceeds by transmitting a plurality of ultra-
wideband pulses, receiving (a reflection of) the plurality of
ultra-wideband pulses, passing each pulse through a band-
pass system with a flat magnitude response and a linear phase
response (which may further involve modifying the width and
delay time of each pulse), and determining a composition of
a heterogeneous material based on the transmitting, receiv-
ing, and passing. Alternatively, the passing step may be a
processing step where each received pulse is processed with
a bandpass system that is induced to have a more flat magni-
tude response and a more linear phase response than the
received response (the response in the step of receiving a
reflection of the plurality of ultra-wideband pulses). The step
of passing each pulse through a bandpass system with a flat
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magnitude response and a linear phase response may be per-
formed in real-time or as a part of post processing.

The step of passing/processing may further be carried out
based on equalizing a response off a road surface, based on a
previously determined response off a homogeneous material
(e.g., ametal plate). The previously determined response may
be a response at a known distance from the homogeneous
material.

Asinthe device of the disclosed technology, the equalizing
may be based on/vary based on, temperature, a known feature
of the composition of the heterogeneous material (e.g., type
of'road surface and anticipated response), a known feature of
a location where the method is being carried out (e.g., antici-
pated distortion or interference), or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a high level block diagram of an ultra-wide-
band ground-penetrating radar system which may be used to
carry out embodiments of the disclosed technology.

FIG. 2 shows a measurement device used in embodiments
of'the disclosed technology to equalize a GPR response in an
embodiment of the disclosed technology.

FIG. 3 shows a high level block diagram of a method of
determining a response of a band pass filter or other digital
filter to equalize a response of a GPR device in an embodi-
ment of the disclosed technology.

FIG. 4 shows various waveforms which may be generated
as reference waveforms.

FIG. 5 shows an actual measured UWB radar response of a
metal-plate reflector (homogeneous material) and its subse-
quent equalization and correction.

FIG. 6 shows a coefficient set used to correct and equalize
inputted waveform as defined based on carrying out the steps
of the method of the disclosed technology.

FIG. 7 shows a high-level block diagram of a measurement
device that may be used to carry out the disclosed technology.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE DISCLOSED TECHNOLOGY

Embodiments ofthe disclosed technology relate to ground-
penetrating radar (GPR) systems and devices for measuring
the composition of a heterogeneous material, such as the
ground-using radio frequency (RF) response to measure
same. The present technology solves a problem whereby the
transmitted signal in GPR, even a signal measured under a
controlled scenario, such as when reflecting the signal off a
homogeneous material, is not as ideal as one would like it to
be. As such, the resulting returned waveform yields less than
ideal data related to the composition of a material being
tested, because even the exact characteristics of the controlled
signal are not known. For example, the received pulse may
have atime delay, scattering, multipath distortions, extend for
longer than intended, and so forth. This may vary as a function
of temperature or the characteristics of a GPR hardware used
(including antenna).

The disclosed technology is a device for, and method of,
correcting a measurement response which may vary from one
device to another, due to temperature changes, or due to
differences in antenna pickup or interference at various fre-
quencies. This is accomplished by passing/processing pulses,
either in real-time or as a part of post processing, through a
bandpass system with a flat magnitude response and a linear
phase response. Different profiles may be used to configure
the processing based on the above-listed factors, such as a
change in temperature. In this manner, in a calibration phase,
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the response of a GPR system under controlled circumstances
is modified to make the signal more ideal (e.g., like a refer-
ence waveform), and coefficients uncovered, which are used
to idealize the signal, are also used to modify the response of
a GPR system in a second phase, the measuring of a compo-
sition of a heterogeneous material.

Embodiments of the disclosed technology will become
clearer in light of the description of the figures, below. FIGS.
1 and 2 show high level block diagrams of devices used to
carry out embodiments of the disclosed technology. FIG. 3
shows a high level method of carrying out embodiments of the
disclosed technology, such as by way of using the devices
shown in FIGS. 1 and 2. FIGS. 4, 5 and 6 show graphical
representations of data discovered/used in embodiments of
the disclosed technology.

FIG. 1 shows a high level block diagram of an ultra-wide-
band ground-penetrating radar system which may be used to
carry out embodiments of the disclosed technology. A mea-
surement system 100 receives and carries out measurement
functions on a reflected RF (radio frequency) signal. The
measurement system may also direct the incident RF signal to
be transmitted. The measurement system may be one com-
prising any or a plurality of logic, computational inputs and
outputs, oscilloscope, TFT (thin-film transistor) LCD (liquid
crystal display) monitor, and ability to execute code. A mea-
surement system may also comprise elements such as those
shown and described further with reference to FIG. 2 and
FIG. 7, as well as the prior art cited in the background section
or information disclosure statement. An antenna or trans-
ducer 110, such as a horn antenna, propagates an RF (radio
frequency) signal towards a material to be analyzed. The RF
signal is typically a UWB (ultra wide-band) transmission,
which is defined as signal whose bandwidth is either greater
than 500 MHz or more than 20% of the center frequency. In
the calibration step, the RF signal is reflected off a homoge-
neous material, such as a metal plate (not shown). In an
analysis step, i.e., during an analysis of a heterogeneous
material to determine its makeup, the RF signal is reflected off
the heterogeneous material, such as heterogeneous material
130. The heterogeneous material 130 may be a road surface,
wall, ground, or other structure or space. Materials, in a
roadway surface, may comprise a chip surface, pavement
layers, gravel, and so forth. The incident measurement energy
120 is transmitted from the antenna 110, reflects off the het-
erogeneous (or homogeneous) material 130, and the reflected
measurement energy 125 is measured (received through the
antenna). In embodiments of the disclosed technology,
antenna is used to refer to a transmitting antenna, a receiving
antenna, an antenna carrying out both the functions of trans-
mitting and receiving, and an array of individual antennas
carrying out the functions of transmitting and/or receiving.

Referring still to FIG. 1, measurements taking place in
embodiments of the disclosed technology are for the purpose
of assessing the structure, position, shape, and/or velocity of
heterogeneous materials placed within a measurement space
(that is, where a signal may be transmitted, reflected off the
material, and received again). The measured response is
adapted in order to adjust or change the appearance and/or
anticipated interpretation, so as to compensate for implemen-
tation-specific hardware characteristics of the ultra-wideband
measurement system.

FIG. 2 shows a measurement device used in embodiments
of'the disclosed technology to equalize a GPR response in an
embodiment of the disclosed technology. Put another way, the
measurement device is used to idealize data (make more ideal
or closer to a reference waveform), such as radio frequency
data, reflected off a heterogeneous object. Where applicable,






