Sea State Monitoring From
A Mobile X-Band Radar System

Ship and Recreational Vehicle-Based Radar Systems
Provide Short-Term, Mobile Monitoring of Sea Conditions

at National Cheng Kung University and the National Applied
Research Laboratories integrated a mobile radar monitoring
device onto a recreational vehicle (RV) and later to a ship,
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Methods to monitor sea
state generally include in-situ or remote sens

ing techniques. Remote sensing is a useful
way to view sea surface features in the spatial
domain—the remotely sensed image de
scribes the sea surface based on its backscat

tering strength.

Remote sensing using marine X-band radar
has been widely applied in ship navigation,
and recently it has begun to be used to mea

sure ocean surltace waves .tl"fi currents
Spatiotemporal sea-surface information can
be extracted from continuous X-band radar
image sequences

Most of today’s marine X-band radar prod
ucts operate from land-based stations, but
short-term or mobile monitoring stations are
necessary for coastal engineering, ocean pol-
lution monitoring and maritime rescue. To
meet these mobility requirements, researchers
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detected by the system. After collecting the sea-surface image
signals from the radar system, different algorithms for image
analysis are applied to extract sea-state information.

The functional core of the mobile X-band radar system
includes an analog-to-digital system with a 20-megahertz
sampling rate and 12-bit resolution. The spatial resolution of
the radar image is 7.5 meters per pixel under this sampling
rate. At 42 revolutions per minute, the radar acquires 42 con-
tinuous sea-surface image sequences every minute and the
image sequence has a temporal resolution of 0.7 hertz.

After monitoring the same sea area continuously, radar
image sequences can be processed to obtain information
about the sea surface.

The first step to derive the sea-surface wave and current
information from the radar image sequences involves spec-
trum transformation. Fourier transform, which is suitable for
homogeneous image analysis, is the most common and use-
ful tool to extract the image sequence spectrum from the
homogeneous radar image sequence.

Recently, studies have shown the inhomogeneity of
nearshore sea surface patterns. Different solutions based on
the algorithms of the dispersive surface classificator and
wavelet transform have been used to analyze the inhomoge-
neous sea-surface features from radar images.

Eliminating background noise is necessary to capture accu-
rate sea-state information. The theory of dispersion relation is
applied to filter noise from the spectrum.

Once the noise has been filtered, operators can extract sea-
surface current information from the image sequence spec-
trum using Doppler-shifted dispersion calculations.

To obtain the ocean wave spectrum, the modulation trans-
fer function is recommended as a means of establishing the
relationship between the filtered image-sequence spectrum
and the ocean wave spectrum. Significant wave parameters,
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such as the wave period and wave height, can then be calcu-
lated from the wave spectrum.

RV-Based Radar System
To operate safely and effectively, the mobile X-band radar
system required sufficient height, power and stability.
The shadowing effect of electromagnetic waves caused
by a low grazing angle was avoided by equipping the RV
with a seven-meter boom, powered by an oil pump, that
could lift the radar antenna to a sufficient height. Powering
the radar and supporting equipment required a 1,000-watt
generator in the RV,
The added height and weight of the X-band radar on
the boom required the RV to be stabilized. Four jacks
were placed under the vehicle, and the seven-meter
boom was stabilized with four four-millimeter cables
anchored to 3.5-centimeter steel piles. Even with these stabi-
lizing features, the system still takes less than 30 minutes to
deploy and operate after arriving on site, and the system can
still operate safely in severe weather: During a typhoon on the
Hengchun coast in Taiwan with wind gusts of more than 35
meters per second, the system remained stable.

Ship-Based Radar System

The sea-state monitoring system was most recently modi-
fied to operate on a container vessel with a 6,600 20-foot-
equivalent-unit capacity. Mounting the system on a moving
vessel requires a global positioning system and compass to
correct the radar image signals.

While being used for sea-state monitoring, the X-band
radar retains its navigational functionality; radar image, ship
tracking and heading continue to be presented on screen.

The influence of pitch and roll of the moving ship required
the team to develop an algorithm that would calculate the
wave parameter based on the radar image. The algorithm is
based on the statistical analysis of the Weibull probability
density function.

Results

In one example of a radar image sequence taken from the
RV-based system, refraction and diffraction phenomena were
observed. In this example, a moored buoy collected wave
data information three kilometers from the coastline at a
water depth of 45 meters. The moored buoy found a signifi-
cant wave height of 3.2 meters and a dominant wave direc-
tion of 158 degrees. The RV-based X-band radar imaged this
same area to determine spatial waves and current fields of the
waves.

The results calculated by the wavelet transform show the
wave direction changes from 127° 1o 192°. The results fit the
pattern of refraction and diffraction waves. The calculated
wave heights varied between 2.7 meters and 3.1 meters, cur-
rent speeds measured between 0.15 meter per second and
0.3 meter per second, and current directions were between
302° and 351°.

For the ship-based system, the results were also successful.
The average difference in wave height between the ship-
based radar system data and an in-situ data buoy was less
than 0.2 meter, showing that the ship-based system is also
accurate.

These results reveal that the mobile system is a viable
method of measuring the sea-surface state.
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A sample screen of the ship-based radar monitoring system.

Conclusions

This article presents a mobile X-band radar system that can
be integrated into an RV or a container ship as a sea-state
monitoring device. Operators using the marine X-band radar
and a computer with high-speed data acquisition can extract
continuous sea-surface image sequences. Operating the radar
on an RV requires a generator, an elevated boom and a sta-
bilization system. To operate on a moving ship, algorithms

must be applied to compensate for the influences of pitch and
roll. Both the RV-based and ship-based radar systems have

1!t‘l-rlir|lt'l.l‘.l'{i successiully.
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0E14-502 HIGH DEFINITION COLOUR ZOOM CAMERA

Defining Features:
BOOTV Lines per picture height horizontal resolution (Min)
10:1 zoom, water compensated optics, 6,000m depth rating
Exceptional dynamic light range and image quality

Multi-standard video output - Component (Y, Pb, Pr) and
HD-5D1 on coax or fibre connectors (Single or Multi-mode)

st available range of C

wavelengths

f JULY 2010

KONGSBERG

Kongsberg Maritime’s latest compact high definition colour
zoom camera, the OE14-502, offers best in class performance
for all general purpose ROV inspection tasks.

Designed to give excellent image quality and continuously
perform down to 6,000m in the harshest underwater
environments, the multi video standard OE14-502 offers a
range of new features, including; full user configurable
camera settings, direct digital HD-SDI fibre and coax
connectivity, the widest range of fibre wavelength
compatibility and Kongsberg Maritime’s unique infra-red
remote controlled long line drive for Y/Pb/Pr operation.

THE FULL PICTURE

www.km.kongsberg.com/cameras
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