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[57] ABSTRACT

A system for radar remote sensing of near surface ocean
currents in coastal regions. The system employs a pair
of low power, transportable high frequency radar units
to scatter signals from the shore off to the ocean waves.
Underlying surface currents impart a slight change in
velocity to the ocean waves which is detected by the
radar units. Each radar unit can determine the angular
direction of arrival of the radar echo signals by compar-
ing the phase of the signals received at three short an-
tennas on the shore. Signals scattered from the same
point on the ocean by each of the two geographically
separated radar units are used to construct a complete
current vector for that point. The radar pair takes simul-
taneous measurements over an ocean area with a prede-
termined grid pattern. Vectors are constructed for each
square section of the grid, and a map of the near surface
current field is output in real-time by an on-site mini-
computer.

§ Claims, 7 Drawing Figures
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HF COASTAL CURRENT MAPPING RADAR
SYSTEM

ORIGIN OF THE INVENTION

The invention described herein was made by employ-
ees of the United States Government and may be manu-
factured and used by or for the Government for govern-
mental purposes without the payment of any royalites
thereon or therefor.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to oceanographic mea-
suring systems, and more particularly to surface current
mapping systems.

2. Description of the Prior Art

Surface currents are defined as the means horizontal
flow of water within the uppermost layer of the ocean.
The thickness of this layer can be nominally taken as 20
to 50 centimeters. On the open oceans, the height of the
waves present will almost always be many times greater
than the thickness of this top layer; in addition, the
phase velocities of these waves will also be much larger
than the speed of the mean surface currents (e.g., 10 to
100 times greater). Because of these two facts, the
moored current meter—which is used successfully at
greater depths—is relatively useless for measuring sur-
face currents.

Yet the currents in the uppermost layer of the ocean
are of great importance, especially in near coastal re-
gions. Anything that floats on the surface is transported
by these currents, waves notwithstanding. Thus the
trajectory and fate of an oil spill or a leak from an off-
shore rig will depend upon the patterns of the near
surface currents in the area, as will the destination of hot
water and pollutant effluents discharged near the shore.
The rescue of a person in the water, especially in condi-
tions of poor visibility, could be aided considerably by
real time observations of surface currents over the area
and relevant trajectory predictions.

Nearly all available techniques for measuring these
near-surface currents-are Lagrangian in nature, meaning
that they measure the trajectory of a parcel of water
near the surface, thus obtaining one or more current
streamlines vs. time. The most common technique con-
sists of visualy or photographically observing a dye
marker’s dispersal or the movement of timed release
floats from an airplane. Such experiments are expensive
and hence limited in area and time. Drogued free float-
ing buoys, tracked either by by radar or optically from
land, ship, and possibly in the future by satellite repre-
sent an alternative technique. Satellite tracking of sev-
eral such buoys will ultimately provide valuable infor-
mation on general oceanic circulation patterns and
thence, surface wind and ocean/atmosphere energy
exchange, but can hardly be useful for the finer grid-
scale requirements for coastal waters over the continen-
tal shelves.

Observation of sea echo with HF radar has been
employed as a method for measuring surface current
features. HF, as considered here, extends from the
broadest band to VHF, including radar wavelengths
between 10 and 200 m. Although the heights of ocean
waves are generally small in terms of these radar wave-
lengths, the scattered echo is nonetheless surprisingly
large and readily interpretable in terms of its Doppler
features. Sea currents are evident in the records as an
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2

overall offset of the Doppler peaks from their expected
(normalized) positions at ==1. Barrick et al. in Proc.
IEEE, Vol. 62, pp. 673- 680 and Stewart and Joy in
Deep Sea Research, Vol. 21, pp. 1039-1049 have shown
that the radial component of surface current, that is, the
apparent surface current magnitude observed along the
direction of a fairly narrow azimuthal radar beam, can
be measured to a reasonable precision. A long, 800 foot,
antenna array was used to form the beam so that the
azimuthal direction of arrival could be assumed to be
the same as that of the transmitted beam. The complete
surface current vector could not be determined by this
method. Also, these prior efforts did not permit real-
time determination of the surface current since the data
was recorded in the field and analyzed later.

SUMMARY OF THE INVENTION

Accordingly, an object of this invention is to provide
an improved system for measuring and mapping surface
currents in coastal regions.

It is another object of this invention to provide such
a system which is capable of measuring the complete
current vector, rather than a single component thereof.

1t is a further object of the present invention to pro-
vide such a system which can produce a surface current
vector map in real-time in the field.

It is yet another object of the present invention to
provide such a system which is compact and easily
transportable.

The objects of the present invention are achieved by
apparatus for mapping surface current velocity vectors
in coastal waters. The apparatus comprises a pair of
radar transceivers positionable at two spaced apart sites
for scattering signals off waves at a point where a sur-
face current vector is to be determined; at least three
spaced apart receiving antennas at each of the two sites
for locating the point relative to the two spaced apart
sites; and digital processing units for determining the
surface current vector components radial to each of the
sites from the Doppler echos of the scattered signals and
mapping the complete surface current vectors in real-
time.

Another aspect of the present invention involves a
method of mapping surface current vectors in coastal
waters. The method includes the steps of selecting a
point where the surface current vector is to be deter-
mined; scattering radio signals off waves at the point
from two spaced apart radar sites to produce Doppler
echos at each site; and measuring the surface current-
produced component of the Doppler shift of the echos
at each of the two radar sites. The method further in-
cludes the steps of determining the respective surface
current vector components radial to each of the two
radar sites from the measured Doppler shift compo-
nents; locating the point relative to each of the two
radar sites; and combining the respective radial surface
current vector components trigonometrically to extract
the complete surface current velocity vector at the
point.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and
many of the attendant advantages thereof will be
readily obtained as the same becomes better understood
by reference to the following detailed description when
considered in connection with the accompanying draw-
ings wherein:
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FIG. 1 is a plot of a typical radar sea-echo Doppler
spectrum.

FIG. 2 is a schematic diagram for explaining the
principles of the present invention.

FIG. 3 is a schematic plot of the radar sea-echo Dop-
pler spectrum.

FIG. 4 is a schematic illustration of the simplest radar
site geometry of the present invention.

FIG. 5 is a schematic illustration of the simplest ge-
ometry of the antenna placement in the present inven-
tion.

FIG. 6 is a schematic block diagram of a current
mapping radar unit as would be utilized at each of the
two coastal stations in the present invention.

FIG. 7 is a flow chart of the processing steps in pro-
ducing the current vector map.

DETAILED DESCRIPTION OF THE
INVENTION

Before entering into the detailed description of one
embodiment of the present invention according to the
accompanying Figures of the drawing, the theory of the
present invention will be explained in detail hereinafter.

Scattering of short radio waves from the surface of
the sea back to their source has been observed since the
earliest days of radar. If one illuminates the sea, using
vertically polarized signals at frequencies of a few MHz
to avoid horizon distance limitations and observes the
resultant backscattered signals, three features are ob-
served. First, there are two echos each having a width
of 0.01-0.005 Hz. This is a remarkably narrow spectrum
as compared to what one might intuitively expect of
signals scattered from such an irregular and changing
surface as the sea. Second, each echo is slightly offset in
frequency about the frequency of the transmitted signal.
Finally, the magnitude of the echos is quite large, im-
pluging that the scattering cross section of the sea is also
large. An example of a typical backscatter spectrum is
shown in FIG. 1, and illustrates the first two of these
points. The transmitter frequency appears at center,
with 1 corresponding to the echos.

Referring to FIGS. 2 and 3, the observations can be
explained with the following hypothesis. The sea is
considered to be made up of many components long
crested sinusoidal gravity waves travelling in a wide
range of directions. Some of these have a length, L,
which is half the radio wavelength, A. Of these, some
will be travelling radially toward, and some will be
travelling radially away from, the transmitter and re-
ceiver. Only these will scatter the incident signal back-
wards since the signals scattered from successive crests
separated by a distance L=A/2 will add in phase in the
direction of the receiver. The sea wave components
travelling in non-radial directions will not scatter en-
ergy towards the receiver because the component
waves have infinite crest lengths and thus the scattering
polar diagram will be of zero width. Because the com-
ponent waves of resonant length, L=2A/2, travel with a
velocity v whose magnitude is given by

v=VgL/2m

in deep water, the backscattered signals undergo a Dop-
pler shift in frequency,

Sf=%20/A=%Vg/mA

where g is the acceleration of gravity. The plus and the
minus sign refer respectively to signals backscattered by
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waves travelling radially toward, and to signals back-
scattered by waves travelling radially away from, the
transmitter and receiver. This accounts for the observed
frequency shifts. Moreover, it can be shown that this
Doppler shift is precisely equal to the frequency of the
gravity waves of resonant length on the surface of the
sea. The component seawaves extend over considerable
distances and thus a large number contribute to the
received signal. This qualitatively explains the rela-
tively large cross section which is observed.

Information about ocean surface currents can also be
extracted from the sea echo Doppler spectrum. The
Doppler echo peaks are often observed to be shifted
equally by a small amount (see FIG. 1) from the posi-
tions predicted by the above hypothesis. This implies
that the waves causing resonant scattering are superim-
posed on a sea surface which is physically moving due
to surface currents. The radial component of this sur-
face current vector can thus be calculated in terms of
the translation from the predicted Doppler echo posi-
tion to be u=v A where A is the normalized translation
from the predicted Doppler echo position arising from
the surface current vector as measured in FIG. 1 and
the velocity v is defined above.

Thus, by measuring the total Doppler shift (and
hence the total radial ocean-wave velocity), and know-
ing precisely the velocity v of the waves of resoant
length, one can determine the radial component of sur-
face current at any point P.

In order to construct a map of current vectors repre-
senting the surface current, radar sea echo signals must
be processed in a special manner. Signals from two
coastal stations separated by tens of kilometers are re-
quired to obtain a complete horizontal vector at any
point, since those from one station alone can provide
only the surface current vector component radial to
that station. Referring to FIG. 4, the simplest site geom-
etry is illustrated where the two radar units are located
on a straight shoreline, separated by a spacing d.. As far
as construction of the map is concerned, radar-deduced
surface current vectors can be plotted only in the com-
mon region seen by the radar units; this area is con-
tained within overlapping circles of radius R, the cov-
erage range, centered on each site. The common cover-
age area A, above the shoreline is shown shaded.

Three basic quantities, then, are needed from each of
the two stations to produce a surface current map: (i)
the range r to the scattering point P at which the surface
current vector is desired; (ii) the azimuthal angle a to
the point P from a specified direction; (iii) the radial
component of surface current u at the point P. The first
two quantites (r, a) pinpoint the geographical source of
the echo, and the third (u) represents the desired geo-
physical quantity to be extracted from the echo.

The range r, or distance to the scattering point, is
determined from the two-way propagation time of the
signal; in other words, the time of pulse transmission is
noted, and the time of receipt of the echo thereafter is
directly proportional to the distance of the scattering
point from the radar station of interest. The entire cov-
erage area A, can be mapped by gating the signals at
progressively larger ranges from the radar station, that
is, by sampling the echos vs time after transmission. The
sequential time signals are referred to as “range gates”.
Each of the sequential time samples represents the echo
from a scattering cell having an annular finite radial
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