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(57) ABSTRACT

Integration of ionospheric models in over the horizon radars
(OTHR) is achieved with very little or substantially no change
to existing coordinate registration systems or software by
specifying a virtual transponder at a target location and gen-
erating a signal which appears to have emanated from a
transponder at that location. A return path to said virtual
transponder is ray-traced through the ionospheric model to
produce propagation parameters, and an appropriately
delayed virtual transponder signal is inserted into the
receiver. The result produced at the receiver is used to perform
coordinate registration for further received signals.
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1
RADAR COORDINATE REGISTRATION

The present invention relates to radar systems and methods
and particularly to over the horizon radar (OTHR).

Conventional radar systems operating at microwave fre-
quencies typically have arange limited by the curvature of the
earth, because of the straight line propagation nature of elec-
tromagnetic waves. As such, these radar systems have maxi-
mum ranges of the order of tens of kilometers. OTHR sys-
tems, as the name suggests, allow radar monitoring to be
extended beyond the limits imposed by the horizon, and
ranges of thousands of kilometers are possible.

The operation of OTHR systems relies on ionospheric
reflection of certain radio waves. Transmitted waves can be
reflected or backscattered from the ionosphere, and the reflec-
tion from the target likewise reflected back to the receiver.
Such systems typically operate at wavelengths of 3 MHz to 30
MHz, resulting in antenna arrays up to a kilometer in size.

Return signals from OTHR systems are unsurprisingly
weak and contain high levels of noise and clutter. In fact, it is
only with the significant increase in signal processing capa-
bility over the past 20 years that OTHR has become a truly
viable technology. In addition, ionospheric reflection is
highly variable, and varies with the time of day amongst other
factors. Current systems therefore attempt to adapt to changes
in the ionosphere by making measurements of the prevailing
ionosphere using the radar itself and/or using a vertical inci-
dence ionosondes located close to the radar and spatially
extrapolating this information. The resulting information is
used to convert radar-range to ground-range—a process
known as co-ordinate registration.

Some OTHR radars also deploy transponders and other
instrumentation at known locations—these transponders pick
up the transmitted signals and retransmit them to provide
reference signals. The effectiveness of the technique is lim-
ited by the spatial homogeneity of the ionosphere which
requires that they be located relatively close to the radar
target. This necessitates access to areas which may not be
available. The reliance on transponders corrections also
places a strain on radar resources when a radar beam cannot
simultaneously illuminate both the area of interest and the
transponder.

Another approach to improve accuracy involves the use of
vertical sounders at the mid-point, however this requires
access to a landmass at the mid-point which may not be
available.

Most recently, it has been suggested that assimilative iono-
spheric models of the ionosphere could provide the necessary
specification of the ionosphere to provide improved perfor-
mance in OTHR systems. Assimilative models combine a
variety of data sources and ingest the data into a background
model in a structured mathematical way to derive a best
estimate specification of the ionosphere. The range of data
inputs is wide and could include ground base measurements
of the ionosphere by the radar (e.g. backscatter, vertical and
oblique ionograms and transponder signals). However, the
data could also include other space-based and ground based
data streams such as those from total electron content (TEC)
receivers. For an example of ionospheric assimilative model-
ling, see M. J. Angling and P. S. Cannon, “Assimilation of
radio occultation measurements into background ionospheric
models” Radio Science, Vol. 39, RS1S08, doi:10.1029/
2002RS002819, 2004.

However, integration and implementation of such assimi-
lative models in existing and even planned radar systems is
expensive and can demand significant changes in radar fre-
quency management and coordinate registration architecture.

It is an object of the present invention to provide an
improved radar system.

According to a first aspect of the invention there is provided
a method of radar coordinate registration, the method com-
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2

prising specifying a virtual transponder at a target location,
providing an ionospheric model, and ray tracing through said
model from the radar transmitter to said virtual transponder
and back to a receiver to produce propagation parameters,
delaying a virtual transponder signal according to said propa-
gation parameters, and inserting said delayed signal into said
receiver, and using said received virtual transponder signal to
perform coordinate registration for further received signals.

By generating a signal which appears to have emanated
from a transponder at a known location, a solution is provided
to the use of assimilative and other ionospheric specification
models in OTHR radars with very little or substantially no
change to existing coordinate registration systems or soft-
ware. The virtual transponder signals are then processed by
the radar system in the same way as signals from a real
transponder, to aid coordinate registration.

In one embodiment, the ionospheric model is produced by
ionospheric assimilative modelling, as explained above.

Ray tracing may be performed by any known method, such
as numerical techniques using Haselgrove’s equations, how-
ever these are typically computationally expensive, and there-
fore not well suited for real time use. Embodiments of the
invention therefore advantageously use analytic ray tracing
which uses explicit equations to define the ionosphere and to
determine ray parameters. Although less accurate, such tech-
niques are less computationally expensive and therefore less
time consuming, and more suited to real time application. A
particularly suitable analytic technique is a segmented ana-
Iytic technique, in which the ground range of a ray path is
divided into multiple segments, and analytic ray equations are
applied independently to advance a ray through each seg-
ment. This ray tracing technique is described in detail for
example in R. J. Norman and P. S. Cannon, “A two-dimen-
sional ray tracing technique accommodating horizontal gra-
dients”, Radio Science, Vol. 32, No. 2, Pages 387-396,
March-April 1997.

The invention also provides a computer program and a
computer program product for carrying out any of the meth-
ods described herein and/or for embodying any of the appa-
ratus features described herein, and a computer readable
medium having stored thereon a program for carrying out any
of'the methods described herein and/or for embodying any of
the apparatus features described herein.

The invention extends to methods, apparatus and/or use
substantially as herein described with reference to the accom-
panying drawings.

Any feature in one aspect of the invention may be applied
to other aspects of the invention, in any appropriate combi-
nation. In particular, method aspects may be applied to appa-
ratus aspects, and vice versa.

Furthermore, features implemented in hardware may gen-
erally be implemented in software, and vice versa. Any ref-
erence to software and hardware features herein should be
construed accordingly.

Preferred features of the present invention will now be
described, purely by way of example, with reference to the
accompanying FIG. 1, which illustrates schematically an
OTHR system according to an aspect of the present invention.

A target location is determined at 102, and input to a ray
tracer 104. The target may be selected at or close to a specific
geographical location to be monitored, or alternatively mul-
tiple targets forming an array pattern may be generated for
wide area coverage. The ray tracer is also provided with an
ionospheric model 106 including an electron density map,
and ray traces a path from the transmitter to the target location
and back to the receiver 110, appropriate to signals from areal
transponder at that target location. From this computation, the
ray tracer determines the group delay associated with the ray
path through the ionosphere at a particular time for the
selected target location.
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A signal processor 112 receives a signal from generator
114, which in this example also provides the input to radar
transmitter 108 (which may be embodied in the same physical
antenna or antenna array as receiver 110), but may be a
separate dedicated virtual transponder generator. Based on
the group delay provided from the ray tracer, the processor
112 applies the appropriate delay and attenuation to multiple
copies of the signal from generator 114, corresponding to
modelled multipath propagation.

The delayed and attenuated signals are passed to an input
stage 116, which inserts the signals into the radar receiver, via
the antenna feed or the beam former for example. The radar
receiver also receives backscatter from transmitted radar sig-
nals in the conventional fashion, as illustrated by dashed
arrow 118.

The output from the radar receiver is input to a coordinate
registration stage 120, which may operate substantially iden-
tically to that of a conventional prior art OTHR system. Based
onthe known location of the virtual transponder from 102, the
signal from input stage 116 assists registration to ground
range of signals reflected from real target objects to provide a
radar output 122.

The process can then be repeated for multiple target loca-
tions.

It will be understood that the present invention has been
described above purely by way of example, and modification
of detail can be made within the scope of the invention.

Each feature disclosed in the description, and (where
appropriate) the claims and drawings may be provided inde-
pendently or in any appropriate combination.

The invention claimed is:
1. A method of radar coordinate registration, the method
comprising:

specifying a virtual transponder at a target location;

providing an ionospheric model, and ray tracing through
said model from the transmitter to said virtual transpon-
der and back to areceiver to produce propagation param-
eters;
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delaying a virtual transponder signal according to said
propagation parameters, and inserting said delayed sig-
nal into said receiver; and

using said received virtual transponder signal to perform
coordinate registration for further received signals.

2. A method according to claim 1, wherein said ionospheric

model is produced by ionospheric assimilative modelling.

3. A method according to claim 1, wherein said ray tracing
is performed by analytic ray tracing.

4. A method according to claim 3, wherein said ray tracing
is performed by segmented analytic ray tracing.

5. A method according to claim 1, wherein said virtual
transponder signal is the transmitted radar signal.

6. A method according to claim 1, wherein said propaga-
tion parameters are group delays.

7. A method according to claim 1, wherein said delayed
virtual transponder signal is attenuated before insertion into
the receiver.

8. A method according to claim 1, wherein said delayed
virtual transponder signal is inserted into an antenna feed of
the receiver.

9. A method according to claim 1, wherein said delayed
virtual transponder signal is inserted into a beam former of the
receiver.

10. An over the horizon radar system comprising:

a receiver;

a signal generator for generating a virtual transponder sig-

nal;

an ionospheric model of the prevailing ionosphere;

a ray tracing processor for ray tracing through said model
from a transmitter to a target location and back to said
receiver, and determining propagation parameters;

a signal processor for delaying and attenuating said virtual
transponder signal according to said propagation param-
eters, and inputting said delayed and attenuated signal
into said receiver; and

a processor for performing coordinate registration for fur-
ther received signals based on the received virtual tran-
sponder signal.



