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« Radar (originally acronym for radio detection and ranging) is a detection system that uses radio waves to
determine the distance (ranging), angle, and radial velocity of objects relative to the site. It can be used to
detect aircraft, ships, spacecraft, guided missiles, motor vehicles, weather formations, and terrain. A radar
system consists of a transmitter producing electromagnetic waves in the radio or microwaves domain, a
transmitting antenna, a receiving antenna (often the same antenna is used for transmitting and receiving) and
a receiver and processor to determine properties of the objects. Radio waves (pulsed or continuous) from the
transmitter reflect off the objects and return to the receiver, giving information about the objects' locations and

speeds.

.
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Doppler effect

» For waves that propagate in a medium, such as sound waves, the velocity of the observer and of the source
are relative to the medium in which the waves are transmitted. The total Doppler effect may therefore result
from motion of the source, motion of the observer, or motion of the medium. Each of these effects is analyzed
separately. For waves which do not require a medium, such as electromagnetic waves or gravitational waves,
only the relative difference in velocity between the observer and the source needs to be considered. When
this relative velocity is not negligible compared to the speed of light, a more complicated relativistic Doppler
effect arises.
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Ground-penetrating radar

« Ground-penetrating radar (GPR) is a geophysical method that uses radar pulses to image the subsurface. It

IS a non-intrusive method of surveying the sub-surface to investigate underground utilities such as concrete,

asphalt, metals, pipes, cables or masonry.tl This nondestructive method uses electromagnetic radiation in

the microwave band (UHF/VHF frequencies) of the radio spectrum, and detects the reflected signals from

subsurface structures. GPR can have applications in a variety of media, including rock, soil, ice, fresh water,
pavements and structures. In the right conditions, practitioners can use GPR to detect subsurface objects,
changes in material properties, and voids and cracks. 23]

 GPR uses high-frequency (usually polarized) radio waves, usually in the range 10 MHz to 2.6 GHz. A GPR
transmitter and antenna emits electromagnetic energy into the ground. When the energy encounters a buried

object or a boundary between materials having different permittivities, it may be reflected or refracted or

scattered back to the surface. A receiving antenna can then record the variations in the return signal. The

principles involved are similar to seismology, except GPR methods implement electromagnetic energy rather

than acoustic energy, and energy may be reflected at boundaries where subsurface electrical properties

change rather than subsurface mechanical properties as is the case with seismic energy.
YunTech G funech B _— 12


https://en.wikipedia.org/wiki/Geophysics
https://en.wikipedia.org/wiki/Radar
https://en.wikipedia.org/wiki/Geophysical_imaging
https://en.wikipedia.org/wiki/Ground-penetrating_radar#cite_note-1
https://en.wikipedia.org/wiki/Nondestructive_testing
https://en.wikipedia.org/wiki/Electromagnetic_radiation
https://en.wikipedia.org/wiki/Microwave
https://en.wikipedia.org/wiki/Band_(radio)
https://en.wikipedia.org/wiki/Ultra_high_frequency
https://en.wikipedia.org/wiki/VHF
https://en.wikipedia.org/wiki/Radio_spectrum
https://en.wikipedia.org/wiki/Ground-penetrating_radar#cite_note-2
https://en.wikipedia.org/wiki/Ground-penetrating_radar#cite_note-3
https://en.wikipedia.org/wiki/Permittivity
https://en.wikipedia.org/wiki/Seismology
https://en.wikipedia.org/wiki/Acoustics

Ground-penetrating radar

The electrical conductivity of the ground, the transmitted center frequency, and the radiated power all may
limit the effective depth range of GPR investigation. Increases in electrical conductivity attenuate the
introduced electromagnetic wave, and thus the penetration depth decreases.

Because of frequency-dependent attenuation mechanisms, higher frequencies do not penetrate as far as
lower frequencies. However, higher frequencies may provide improved resolution. Thus operating frequency is
always a trade-off between resolution and penetration.

Optimal depth of subsurface penetration is achieved in ice where the depth of penetration can achieve several
thousand meters (to bedrock in Greenland) at low GPR frequencies.

Dry sandy soils or massive dry materials such as granite, limestone, and concrete tend to be resistive rather
than conductive, and the depth of penetration could be up to 15 meters (49 ft).

However, in moist or clay-laden soils and materials with high electrical conductivity, penetration may be as
little as a few centimeters.

Ground-penetrating radar antennas are generally in contact with the ground for the strongest signal strength;
however, GPR air-launched antennas can be used above the ground.

Cross borehole GPR has developed within the field of hydro geophysics to be a valuable means of assessing
the presence and amount of soil water.

YunTech G unech B — 13
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Dry Rock 0.12
Limestone 0.12 04-10
Wet Rock 0.10
Concrete 0.08-0.12
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Typical GPR Antenna Frequencies
i) bl ln] s

(1.8 in)

05ns I
(5.9in)
1nsI

2.5ns
(29.5in)

5ns
(59 in)

High Resolution
Low Depth Penetration

Antennas may be Ground Coupled or Air Coupled
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Copyright

— -

(in air)

Low Resolution

+ High Depth Penetration

@ 2015 Geophysical Survey Systems, Inc
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[Wang et al., 2006] and [Huang and Zhou, 2003])
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The true sign
of intelligence

is not knowledge
but
Imagination.

~ Albert Einstein &
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