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Wave Radars: Techniques and
Technologies

Advantages and Disadvantages of Different Ground-Based Radar

Remote Sensors

By Dr.ing. Qistein Gronlie
Technical Manger

Miros AS

Asker, Norway

Surface ocean waves can be mea-
sured by a number of different ra-
dar remote sensing techniques, and
there are a lot of commercially avail-
able instruments to help do so. One
problem from the user’s point of view
is that many of these instruments are
commonly called simply “wave ra-
dars,” quite unprecise and often mis-
leading, as their operation may be
based on very different principles
given the instrument’s different quali-
ties. This article gives a brief descrip-
tion of the most common ground-
based radar remote sensing techniques
available, as well as some of their
advantages and disadvantages.

Terms and Definitions

A wide range of radio wavelengths
may be used for remote sensing of sea
waves, spanning from high frequency
via microwave to infrared (IR). There
are basically two different classes of
radar remote sensors for waves: direct
and indirect sensors. The direct sensor
directly measures some relevant para-
meter of the wave system. Indirect
sensors observe the surface waves by
their interaction with some other phys-
ical process. This greatly complicates
the interpretation of the measurement
results.

Microwave radars may be used in
two different modes. In the near-verti-
cal mode, the radar echo is generated
by specular reflections from the sea
surface. In the low grazing angle
mode, the radar echo is generated by
Bragg scattering. Hence, wind-gener-

installed offshore Brazil.

ated surface ripples must be present.
The backscattered signal will be mod-
ulated by the large gravity waves, and
the gravity wave information is de-
rived from the modulation of the
backscattered signal. An excellent pre-
sentation of the theories of microwave
remote sensing of the sea surface is
given by W. J. Plant and D. L. Shuler.

Radar resolution is determined by
the bandwidth of the radar signal and
the beamwidth of the radar antenna.
The beam of a microwave antenna is
dispersive, so consequently, the foot-
print size becomes a function of range.
The beam of an IR radar is non-dis-
persive, so the footprint size is inde-
pendent of range.

High-frequency radars also utilize
the Bragg scattering mechanism and
always operate at very low grazing
angles. Due to the low-frequency of
operation, the radar waves are back-
scattered directly from the gravity
waves, and wind-generated surface
ripple need not be present.
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Radar transceivers may either be
coherent or non-coherent. Coherent
radars measure Doppler modulation
and amplitude modulation, while non-
coherent radars only measure ampli-
tude modulation. Hence, a non-coher-
ent radar echo contains less informa-
tion about sea surface properties.

The radar transmitter waveform
may be an unmodulated continuous
wave (CW), modulated or pulsed. An
unmodulated CW radar has no range
resolution.

From the above discussion, one may
well understand why the term wave
radar is not very precise. The wave
radar performance is highly dependent
on the mode of operation, class of sys-
tem, frequency of operation, radar
waveform, type of transceiver and
radar antenna properties.

Remote Sensing Techniques

An excellent survey of different
radar techniques for remote sensing of
waves is given by M. J. Tucker.
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Polar sea echo image of a marine navigation radar shows the gravily wave pattern.

Laser Altimeters. Laser altimeters
are small and lightweight, and work in
the IR frequency band. They operate
in vertical mode and normally use
pulsed waveforms to perform direct
measurements of sea surface eleva-
tion, which can easily be converted to
wave amplitude. The laser beam is
very narrow and almost non-disper-
sive. The footprint is small and almost
independent of range. Due to the high
frequency of operation, laser altime-

ters are prone to interference from nat-
ural sources of IR emissions. Salt and
soot deposits on the optical window
greatly deteriorate the measurement
performance. The sensor easily locks
on to fog and water spray, and will fre-
quently be unable to track the sea sur-
face.

Microwave Range Finders. Micro-
wave range finders also operate in ver-
tical mode at gigahertz frequencies.
Due to the much lower frequency, the

microwave range finder is not as
affected by fog and water spray as the
laser altimeter. A continuous wave fre-
quency modulated or pulsed radar
waveform is normally used to provide
range resolution. The beam is disper-
sive, so the size of the footprint in-
creases linearly with range.

Low-Cost Vertical Microwave Sen-
sors. These sensors, designed to be
used as level gauges, are generally not
suitable for wave measurement appli-
cations. The main problems are high
sensor noise levels, requiring large
averaging intervals, and large foot-
prints due to wide antenna beams.

One example of a microwave range
finder is the Miros SM-094, which is
designed for wave and water-level
measurements.

Microwave CW Doppler Radars.
These radars operate in vertical mode
and use a coherent unmodulated con-
tinuous waveform to measure the
Doppler shift caused by the vertical
velocity of the sea surface.

The Doppler measurement is direct-
ly related to wave height by simple
integration. This radar has no range
resolution, and the antenna footprint is
entirely determined by the antenna
pattern.
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The FOCUS-2 is the latest
generation ROTV in the
FOCUS family and is repla-
cing the existing FOCUS
models.

The vehicle is constructed
using carbon fibre technolo-
gy and is based on the

vehicle design.

The FOCUS-2 uses state of
the art computer technology
and fibre optic telemetry for
vehicle and sensor commu-
nication providing high data
capacity in a very efficient
package.

Applications

Pipeline inspection
Large area searches
MCM

Site surveys

Sea floor mapping
Cable route surveys
Fisheries research

The NEXUS multiplexers,
MK-I, MK-11l, NEXUS 907,
MK-X, have now become
the commonly used F/O
multiplexer for ROV/ROTV
survey and inspection jobs
involving multibeam sonar
systems.

MacArtney A/S e Gl. Guldagervej 48 ¢ DK-6710 Esbjerg V
Tel.: +45 7613 2000 o Fax: +45 7511 7220 ¢ mac-dk@macartney.com e www.macartney.com

Underwater Technology Uncompromising solutions

www.sea-technology.com

OCTOBER 2006

@ Single fiber operation
using CWDM technology

@ Gbit Ethernet iff

@ Touch Screen control of
camera, pan/tilt and
sensor on/off

@ On line monitoring of
subsea sensors status

Pressure vessels are
delivered in hard anodised
aluminium, high tensile
stainless steel or titanium
depending on operating
depth. Optolink F/O
connectors are standard and
any electrical connectors
can be fitted.

/ ST 41



13.01,2002 17:58:29
13.01.2002 18:00:34 60,00+

55,00 -
50,00
45,00

0,00

3
2

20,00 -

15004 = su i me ey

10,00+
500

015
Hz

2D wave spectrum (feft) and point spectrum (right) measured by Miros Wave and Current Radar.

An accelerometer can be used to remove the ship or plat-
form vertical motion from the Doppler measurement.

An array of three vertical radars in a triangular configu-
ration can be used to measure a directional wave spectrum.
Algorithms and signal processing software are similar to
what is used in the processing of heave, pitch and roll
buoys.

A frequently occurring problem with vertical radars is the
effect of the interference on the structure on which they are
mounted. The wave field to be measured will be disturbed,
and the resulting measurement error will depend on wave
direction.
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Marine Navigation Radars. These radars provide sea
clutter images, which contain a pattern resembling a sea
wave pattern. By digitizing the radar video signal, it can be
processed by a digital computer. Sea surface parameters
may be calculated on the basis of these digitized images.
The marine navigation radar operates in low grazing angle
mode, and wind-generated surface ripple must be present.

The marine navigation radar is non-coherent and is a typ-
ical example of an indirect wave sensor because there is no
direct relation between wave height and radar backscatter
modulation amplitude. An empirical method of wave spec-
trum scaling is normally employed. These methods work
well under most conditions, but may occasionally fail. It is,
therefore, impossible to quote reliable wave height perfor-
mance figures valid under all conditions. Additional wave
height measurements may be required for calibration pur-
poses. Marine navigation radar-based wave sensors are
excellent tools for wave direction measurements.

A marine navigation radar may also be a tool for surface
current measurements. Point measurements of the current
vector, as well as current maps up to a distance of a few
kilometers, can be provided.’

The Miros WAVEX has been commercially available
since 1996. The main area of application is directional wave
measurements {rom moving ships.

Range Gated Pulsed Doppler Microwave Radar. This
radar operates the in low grazing angle mode. By using sev-
eral antennas, it may be used as a directional wave sensor,
measuring the directional spectrum of the horizontal water
particle velocity. The velocity spectrum is directly related to
the wave height spectrum by a mathematical model based
on linear wave theory, and accurate measurements of the
wave spectrum can be provided under most conditions. As
measurements are taken at a distance from the platform on
which it is mounted, the wave field is only disturbed by
interference from the platform structure to a small degree.

The Miros Wave and Current Radar is the only commer-
cially available wave sensor based on the range gated
pulsed Doppler radar technique. This radar also uses the
dual-frequency technique to perform point measurements
of the surface current vector.

Dual-Frequency Microwave Radar. This radar transmits
two microwave frequencies simultancously. The frequency
separation is chosen to give a spatial beat length, which is
in the range of the water waves of interest. The dual-fre-
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“Radar resolution is determined by the
bandwidth of the radar signal and the
beamwidth of the radar antenna.”

quency radar may be considered a microwave equivalent of
the high-frequency radar, and is suitable for the measure-
ment of surface current. As far as wave measurements are
concerned, the back-scatter processes are too complicated
(and not well enough understood) to allow useful measure-
ment accuracy to be attained.

High-Frequency Radar. This radar is well established as
a powerful tool for sea current measurements up to a range
of about 30 kilometers. It operates in the megahertz fre-
quency band, corresponding to a radar wavelength in the
range of 10 to 300 meters. The Doppler shift of the first
order Bragg lines of the radar echo is used to derive sea cur-
rent estimates in very much the same way as for the dual-
frequency microwave radar, Two radar installations are nor-
mally required, looking at the same patch of the sea surface
from different angles.

For wave measurements, a more complex second order
mechanism of backscatter is used. Basic problems are that
the range of wave frequencies and sea states that can be
measured depends on the selected radar frequency, and that
data return is limited by propagation and radio interference
effects. A great disadvantage of many high-frequency
radars is the size of their phased array antennas. Some sys-
tems use compact direction-finding antennas instead, but

wave measurements are believed to be more difficult with
the compact antennas. Recent work has demonstrated that
useful wave measurements in agreement with buoy mea-
surements can be obtained using high-frequency radars."

Conclusions

In this article a number of different radar techniques suit-
able for ocean wave and surface current measurements have
been presented. These techniques are implemented in com-
mercial wave and current sensors that differ in complexity
and performance. In order to select the “right” sensor, the
user must have an understanding of the requirements im-
posed by his application and the working principles of the
different sensors.
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