
Radar System Field of the Invention           The present invention relates
to a radar system, and relates specifically to 5scanning radar systems that
are particularly, but not exclusively, suitable for detecting and monitoring
ground-based targets. Background of the Invention Radar systems are
used to detect the presence of objects and to measure 10  the location
and movement of objects. In general, radar systems are designed for a
specilic application: to measure distance over a specified range or
distances; over a specified scan region; within a specified level of
accuracy; and in relation to a specified orientation. For radar systems that
are required to scan over large distances, the antennas are required to
generate powerful 15electromagnetic radiation, requiring the use of a
correspondingly powerful source and specific types of antennas.       It is
common for such radar systems to sweep across a given region, scanning
the region for the presence of such objects. In order to sweep over the
region the radar systems either employ mechanical devices comprising an
20  antenna that physically moves in space, or electronic devices
comprising elements that are arranged to steer radiation as it is
transmitted or received. A problem with the mechanical radar systems is
that their operation is reliant on physical components and associated
control and moving parts. This inventory of parts is costly and can require
a commensurately large power source. 25  One known group of electronic
devices is phased antenna arrays, which apply various phase shifts to
signals, thereby effectively steering the received and transmitted beams.
These electronic devices are commonly used in RF sensor and
communications systems because they do not involve physical motion of
the antenna and are capable of moving a beam rapidly from one
30position to the next. Whilst radar systems incorporating such devices
can provide an extremely accurate measure of the position of targets, a
problem with  



2 these types of electronic devices is that adequate control of the beam
requires often several arrays or electronics components; this increases
the physical size, complexity and cost of the radar system. Another group
of such electronic devices is frequency scanning arrays, 5 which, in
response to input signals of varying frequencies, can steer a beam in an
angular plane. Frequency scanning arrays have been combined with
moving parts that rotate in another plane, as described in US patent
US4868574. However, a problem with this combination is that it incurs the
size and cost shortcomings or regular mechanical scanning system and
performance-wise, is 10less accurate than the phased antenna systems.
It will therefore be appreciated that the various known radar systems are
one or several of costly, bulky and heavy, which limits their applicability to
uses in which either cost or weight or size are an issue. 15Summary of the
Invention       In accordance with a first aspect of the present invention,
there is provided a scanning radar system comprising a frequency
generator, a frequency scanning antenna, and a receiver arranged to
process signals received from a target so as to identify a Doppler
frequency associated with the target, 20 wherein the frequency generator
is arranged to generate a plurality of sets of signals, each set having a
different characteristic frequency, the frequency generator comprising a
digital synthesiser arranged to modulate a continuous wave signal of a
given characteristic frequency by a sequence of modulation of patterns
whereby to generate a said set of signals, and 25 wherein the frequency
scanning antenna is arranged to cooperate with the frequency generator
so as to transceive radiation over a region having an angular extent
dependent on the said generated frequencies.       The inventors of the
present invention have focussed the design effort on low power radar
systems that are capable of detecting and locating objects 30moving
along the ground, and to this end have combined digital synthesiser
techniques, which are capable of precise frequency generation and
control, with  3 



passive frequency scanning and Doppler processing techniques. This
enables accurate control of range and or scan rates, and enables
optimisation of range cell size for factors such as slow and fast target
detection and Signal to Noise ratio, and thus enables detection of targets
located at distances considerably 5larther away than is possible with
known systems having similar power requirements.       With scanning
radar systems there is inherently a trade off between the rate at which an
area is scanned and the range, or distance, over which targets can be
detected during the scan. For relatively last scan rates, a given angular 10
region can be scanned several times as a target moves relative to the
region, but the number of signals in a given set of signals will be
correspondingly limited, with the result that the detectable range will be
limited For relatively slow scan rates, the number of signals in a given set
or signals is relatively high, meaning that targets located further away can
be detected, at the expense or tracking 15 movement of targets within the
angular region. Advantageously these parameters can be accurately and
repeatably controlled by the digital synthesiser, while use o f- a frequency
scanning radar means that the radar system can return to transmit at
precisely the same angle at which signals have previously been
transmitted, thereby reducing errors in range return associated 20with
Doppler modulation that are associated with mechanical scanning radar
systems.       The range R",," of the scanning radar system according to
embodiments of the invention can be estimated from the radar equation
R","" = (P, G A, (74(4 7)2 S",,"))", where Sila," is the minimum detectable
signal (as a power 25 value), Pt is the transmitted power, G is the gain or
the antenna, A, is the effective aperture of the antenna and a is the cross
sectional area of the target. For a target having a cross sectional area of
approximately 1m2, the maximum range R,"x is approximately 5 km; I-or
targets such as cars, which present a cross sectional area of approx I
0m2, the maximum range Rmax is approximately 9 km 30while for larger
targets having a cross sectional arca of the order 1001112, the maximum
range R""" is approximately 15 km It will be appreciated that as the  4
scanning duration in a particular direction increases, the value of Stub will
decrease; accordingly, lor a given target size, the radar range in respect of
that target in the particular direction will increase until, due to system
imperfections, target motion and Doppler spread, further scanning in that
direction cannot 



5reduce S",i" or increase Pt any lurther to have a material bearing on
12""".       Since signal strength is proportion& to distance to the fourth
power from source, an advantage of designing a short range radar system
is that the power required to transmit radiation within a range of tens of km
requires less power than conventional radars typically require.
Consequently the weight and 10required output of the power source
components is less than that required by conventional radar systems.
The radar system might be physically located on the ground or sited upon
an object that is itself- grounded (such as on a floor or a building or upon a
vehicle). 15A further advantage of embodiments of the invention is that
frequency scanning antennas are less complex, in terms of processing
and control components, than phased antenna arrays or mechanical
steering antennas. As a result, the size and weight of the antenna circuit
components are relatively small and light, respectively. These factors
together enable the radar system to be 20  powered by for example a 12
Volt battery, a solar panel or a vehicle battery (e.g. via a convenient
connection within the vehicle such as a cigarette lighter) such as a 12, 24
or 48 Volt vehicle battery.       In one arrangement the radar system is
arranged to transmit data indicative of radiation received and processed
thereby to a remote processing 25  system for display, review and
interpretation at the remote processing system instead or at the radar
system, thereby further reducing the processing and control components
required by the radar system. Advantageously, and as will be appreciated
from the foregoing, since a radar system according to this aspect of this
invention is neither bulky nor heavy, it readily lends itself-to portability.
30Having selected a frequency scanning antenna, the inventors were
faced with the problem of identifying a frequency source that minimises
the amount of  5 phase noise in the signal, so as to enable discrimination
between small targets that move and large stationary targets. Most known
synthesisers utilise a lixed frequency source (e.g. in the form of a crystal
oscillator), which, in order to generate a range of frequencies, are
integated with a circuit that includes 



5 frequency dividers and a variable frequency oscillator (conventionally
referred to as Phase Locked Loop Synthesisers). Such variable frequency
oscillators inherently have a certain amount of phase noise (typically
referred to as dither) in the output signals, and phase locked loop
synthesisers multiply up the signal received from the signal generator,
including the noise. As a result, a signal 10with a significant amount of
dither, when reflected from a stationary target, can confuse the signal
processing components and appear as a moving target.       Preferably,
therefore, the frequency generator is embodied as a signal generator
comprising a first circuit portion and a second circuit portion, the lirst
circuit portion comprising a variable frequency oscillator 15 arranged to
output signals at an output frequency in dependence on control signals
input thereto and tuning means arranged to generate said control signals
on the basis of signals received from the second circuit portion for use in
modifying operation or the variable frequency oscillator, the second circuit
portion being arranged to receive said output signals 20 and to derive
therefrom signals to be input to said tuning means, the second circuit
portion comprising a frequency divider arranged to generate signals of a
divided frequency, lower than said output frequency,       wherein the
second circuit portion cotnprises means arranged to derive reduced
frequency signals from said output signal, said reduced frequency
25signals being of a frequency which is lower than said output frequency
and higher than said divided frequency.       Conveniently the frequency
generator further includes a fixed frequency oscillator such as a crystal
oscillator or SAW (Surface Acoustic Wave) oscillator, which provides input
to the lirst circuit portion. in one arrangement 30the tuning means of the
lirst circuit portion preferably comprises a lurther frequency divider and a
phase comparator, and the second circuit portion 6 



comprises a static frequency multiplier and a mixer which cooperate so as
to reduce the frequency of signals that are input to the frequency divider of
the second circuit portion. The further frequency divider associated with
the first circuit portion is employed to step-down the fixed oscillator
frequency, so as to 5 control the frequency resolution of the signal
generator. In relation to the second circuit portion, the frequency divider is
employed to step-down the frequency of signals output from the mixer,
and the output from the first and second frequency dividers are
synchronised by a phase comparator, which generates said control
signals (in the form of phase-errorsignals) to modify the 10 output of the
voltage controlled oscillator. Conveniently the second circuit portion
serves to reduce the frequency of signals that are input to the second
frequency divider, which means that the amount of multiplication required
by the second frequency divider is correspondingly reduced. Since phase
noise is dependent on the amount by which the frequency of 15 a given
signal is tnultiplied, substantially less phase noise is present in the signals
generated by embodiments of the invention compared with that generated
by conventional signal generators. In addition, this means that phase
locked loops of signal generators embodied according to the invention are
capable of operating at higher loop frequencies than is possible with
20conventional arrangements.       Essentially, therefore, the inventors
identified a specific arrangement of components which minimises the
amount by which output from the frequency source is multiplied, and thus
the amount of phase noise that is transmitted. In preferred arrangements,
the scanning radar system is a Frequency 25 Modulated Continuous
Wave (FMCW) radar system, which is arranged to output a frequency
modulated signal of a predetermined pattern, preferably comprising a
sequence of linear frequency sweeps. In a most convenient arrangement
the digital synthesiser is responsive to inputs so as to repeat the
modulation pattern a predetermined number of times. 30Radar systems
are commonly used to identify the Doppler frequency of targets so as to
identify the magnitude and direction of tnovement thereof. The 7 inventors
have identified a problem with FMCW radar resulting from the fact that a
target's Doppler frequency is dependent on the radar's carrier frequency,
namely that a radar which operates within a range of frequencies can
generate Doppler frequencies for a given target which can, of themselves,
indicate 5  movement of the target. The inventors realised that by varying
the period of- the frequency sweeps in proportion to the carrier frequency,
the normalised Doppler frequency remains substantially constant.
Accordingly in relation to this aspect of the present invention, the inventors
have developed a frequency scanning radar controller lor use in 



10  controlling frequency modulation or a continuous wave signal, the
continuous wave signal having a characteristic frequency and being
modulated by a sequence of modulation patterns, wherein the radar
controller is arranged to modify a given modulation pattern in dependence
on the characteristic frequency of the signal being modulated. 15In
preferred embodiments of the invention the radar controller is arranged to
modify the duration of individual patterns in the sequence, thereby
modifying the modulation pattern. In one arrangement each modulation
pattern of the sequence comprises a linear ramp period and a dwell
period, and the radar controller is arranged to modify the duration of dwell
periods of respective 20  modulation patterns in the sequence, thereby
modifying the modulation pattern. In another arrangement each
modulation pattern or the sequence comprises a linear ramp period and a
descent period, and the radar controller is arranged to modify the duration
of descent periods of respective modulation patterns in the sequence,
thereby modifying the modulation pattern. In other arrangements the 25
modulation pattern includes a combination or a ramp period, a descent
period and a dwell period, in which case the duration of either of the
descent or dwell periods can be modified. Conveniently the frequency
generator is responsive to inputs indicative of the respective durations so
as to modulate the characteristic frequency. 30In relation to the frequency
scanning antenna, the inventors round that a particularly efficient antenna
(in terms of level of complexity - relatively low -  8 and performance -
relatively good) is the travelling wave antenna. The inventors were then
faced with the problem that a travelling wave antenna only radiates over a
relatively narrow scan angle as the frequency is changed, this limiting the
scan area over which the antenna could be used. 5The inventors realised
that two or more array antennas could be arranged to form an antenna
structure, and that, by coordinating the reed to a respective antenna array
of the antenna structure, individual scan areas can be combined to
generate an increased overall scan region. Accordingly the inventors
developed a frequency scanning antenna 



10  structure for transceiving radio frequency energy and being capable or
steering a radio frequency beam to a plurality of different angles about the
antenna structure, the antenna structure comprising at least two array
antennas and a controller for controlling input or energy to the two array
antennas, wherein the array antennas are disposed within the antenna
structure such that the antenna 15  structure is capable of steering a
beam to a first angle using one of said two array antennas and of steering
a beam to a second angle, different to said first angle, using the other or
said two array antennas.       In one arrangement the antenna structure is
arranged to steer a beam across a plurality of non-contiguous angular
regions, and in another to steer a 20  beam across a contiguous angular
region. Conveniently the antenna structure is capable of steering a beam
across a first range or angles (a lirst angular region) using one of said two
array antennas and of steering a beam across a second range of angles
(second angular region) using the other of said two array antennas: the
first and second angular regions being different, and collectively
25olTering a scan region or an angular extent greater than that achievable
with individual antenna arrays.       Conveniently each said array antenna
comprises input means for inputting said energy thereto, and the controller
is arranged to input energy to respective array antennas so as to steer the
beam to said lirst and second angles. 30More specifically, each input
means is arranged to input energy to respective array antennas so as to
steer the beam across said contiguous or non-contiguous  9 angular
regions. In one arrangement the input means is connectable to ends of
the antenna array and is in operative association with a frequency
generator - such as that described above - so as to receive signals
comprising radio frequency energy at a plurality of different frequencies in
order to steer the 5beam.       Preferably the controller is arranged to input
energy in accordance with a predetermined sequence so as to steer the
beam across said first and second angles, the sequence comprising, for
example, inputting energy to a first end of the first antenna array, inputting
energy to a first end or the second antenna 10array, inputting energy to a
second end of the second antenna array, and 



inputting energy to a second end of the second antenna array.       In
relation to the configuration of the antenna structure itself, the antenna
structure can conveniently be characterised in terms of a longitudinal axis
and a transverse axis perpendicular to said longitudinal axis: a first or said
array 15 antennas being inclined at said first angle relative to said
transverse axis and a second of said array antennas being inclined at said
second angle relative to said transverse axis. Moreover, the first and
second array antennas are symmetrically disposed about the longitudinal
axis and each of said array antennas comprises two ends and two side
portions, a side portion of said 20 second array antenna substantially
abutting a side portion of said first array antenna. The extent of the scan
region is dependent on the physical relationship between the two array
antennas, more specifically on the angle each respective array antenna
makes to the transverse axis. In one arrangement the angular extent of
the rathr system is substantially 80 degrees, but other angles are 25
possible, ranging from 60 degrees, 100 degrees, 120 degrees, consistent
with various arrangements of the antenna arrays within the antenna
structure. Furthermore the antenna structure can be configured so as to
include more than two array antennas, thereby further increasing the
angular extent of the radar system. 30In one arrangement, each or the
array antennas comprises a mesh structure and a dielectric base. Each
mesh structure can comprise a plurality of 10 interconnected elements
embodied as a micro circuit strip (commonly called a microstrip) and can
conveniently be disposed on a surface of a corresponding said dielectric
base. The mesh structure can conveniently be characterised by the
lengths of 5 respective sides and ends of the elements: each of said
dements comprising two sides and two ends or respective lengths, the
length or said sides being greater than the length of said ends. Typically
the length of the sides is of the order of one wavelength at a mid-point
between said first frequency and said second frequency and the length of
the ends is of the order of one-half of one 10 wavelength at said mid-point
frequency. Each mesh element has a characteristic width, and in a
preferred arrangement the tnesh widths of the sides are progressively
decreased from the centre of the mesh to each respective end thereof.
Since impedance is inversely proportion& to mesh width, it will be
appreciated that this provides a convenient means or controlling the
impedance 15of the antenna array elements and thus the resulting
radiation pattern.       Further features and advantages of the invention will
become apparent from the following description or preferred embodiments
or the invention, given by way of example only, which is made with
reference to the accompanying drawings. 20 



Brief Descripion of the Drawinf4s       Figure I is a schematic block
diagram showing components or a radar system according to
embodiments of the invention;             Figure 2 is a schematic block
diagram showing an arrangement of 25components of- a frequency
generator shown in Figure I;       Figure 3 is a schematic diagram showing
a modulation pattern for use by the frequency generator of Figure 2;
Figure 4 is a schematic block diagram showing an alternative
arrangement of components of a frequency generator shown in Figure 1;
30Figure 5a is a schematic diagram showing an embodiment of an
antenna array utilised in the antenna shown in Figure 1; 11       Figure 5b
is a schematic diagram showing another embodiment of an antenna array
utilised in the antenna shown in Figures 1 and 4;       Figure 6 is a
schematic diagram showing components of a radar system according to
an alternative embodiment of the invention; 5Figure 7 is a schematic
engineering drawing showing an antenna structure comprising the
antenna arrays ofFigure 5a or 5b for use in either of the radar systems
shown in Figures 1 or 6;       Figure 8a is a schematic diagram showing
radiation emitted from the antenna structure or Figure 7 for a given output
frequency; 10Figure 8b is a schematic block diagram showing radiation
emitted from the antenna structure of Figure 7 for two different output
frequencies; 



Figure 9 is a schematic block diagram showing components of a radar
system according to yet another embodiment of the invention;          Figure
10 is a schematic engineering drawing showing an antenna 15structure
comprising the antenna arrays of Figure 5a or 5b for use in any of the
radar systems shown in Figures 1, 6 or 9;       Figure I I is a schematic
diagram showing radiation emitted from the antenna structure o r Figure
10; Figure 12 is a schematic flow diagram showing steps performed by the
20controller shown in Figure 1 during scanning of the radar system of
Figure 1; Figure 13 is a schematic diagram showing processing or signals
in relation to a transmitted modulation pattern;       Figure 14 is a
schematic block diagram showing components of a radar system
according to yet another embodiment of the invention; 25Figure IS is a
schematic block diagram showing components of a radar system
according to a yet different embodiment or the invention; and       Figure
16 is a schematic engineering drawing showing an alternative antenna
structure comprising the antenna arrays of Figure 5a or 5b for use in
either of the radar systems shown in Figures I or 6. 30Several parts and
components of the invention appear in more than one Figure; for the sake
of clarity the same reference numeral will be used to refer to  



12 the same part and component in all of the Figures. In addition, certain
parts are referenced by means of a number and one or more suffixes,
indicating that the part comprises a sequence of elements (each suffix
indicating an individual element in the sequence). For clarity, when there
is a reference to the sequence 5per se the suffix is omitted, but when
there is a reference to individual elements within the sequence the suffix is
included. Detailed Description of the Invention Figure 1 shows a radar
system 1 according to embodiments or the 10 invention, comprising a
power source 10, a controller 12, and a computer 14, the power source
and computer 10, 14 being arranged to provide power to, and operational
control over, the controller 12. The controller 12 comprises a
microprocessor and a set of instructions (not shown) ler execution
thereby, effectively generating control signals that cause the RF frequency
source, or 15 signal generator 16, to output RF energy at a specified
frequency Four, and this output signal, under control of switches 18 and
amplifiers 20, drives antenna 22 (whilst the Figure shows a switch
component 18, it will be appreciated that in this particular arrangement - in
which there is only one antenna 22 - the switch 18 is inessential). As will
be described in tnore detail below, the RF frequency 20 source 16
generates signals within a range of frequencies, causing the antenna 22
to transmit beams in different angular directions, thereby scanning over a
region beyond the radar system 1.       The radar system 1 also includes a
receiving antenna 32, which receives radiated signals reflected back from
objects, and passes the received radiation 25 through switch and amplifier
components 18', 20' to mixer 34. The mixer 34 comprises two inputs: a
first connected to the RF source 16; and a second connected to the
receiving antenna 32. The output of the tnixer 34 is fed to an Analogue to
Digital converter ADC 36, to produce a digitised signal for input to the
signal processor 38, which performs analysis of the received signal. The
30signal processor 38 performs a spectral analysis on the received
signals, because the range between the radar systetn and external
(reflecting) objects is contained  13 



as frequency information in the signal. Aspects of the receiving and
processing components are described in detail below, but lirst aspects or
the RF frequency source and antenna will be described. Figure 2 shows
components of the RF frequency generator 16 according 5  to an
embodiment of the invention, which is preferably used to generate signals
having a range of- frequencies. Relen-ing to Figure 2, the frequency
generator 16 comprises a frequency source 200, first circuit portion 210
and a second circuit portion 220. The first circuit portion 210 comprises a
frequency divider 205, a phase comparator 209, a lilter 211, and a Voltage
Controlled Oscillator VCO 10  213, while the second circuit portion 220
comprises a frequency divider 207, static multiplier 201 and a mixer 203.
The mixer 203 receives, as input, signals output from the VCO 213 and
signals from the high grade, static multiplier 201, and generates signals of
frequency equal to the difference between the frequencies of the two
inputs (f3). The values RI, R2 characterising the 15  frequency dividers
205, 207 are selectable, and the phase comparator 209 is arranged to
compare the frequency and phase of signals output from the frequency
dividers 205, 207 (13/R2 and 1, so as to output a phase-error signal, of
magnitude dependent on the difference between 13/R2 and Ger. The
phase-error signal is input to the VCO 213, and the first circuit portion 210
operates so 20  as to cause the output from the VCO 213 to stabilise in
dependence on the phase-error signal. Thus different values or R2 can be
used to force the loop to stabilise at a frequency multiple or the input
signal. In one arrangement the frequency source 200 is embodied as a
crystal oscillator and in another arrangement as a SAW oscillator. 25As
stated above, an objective of the design or the RF frequency generator 16
is to minimise the amount or phase noise present in the output signal
Four. As will be appreciated from earlier parts of this specification,
multiplication of the phase noise of the reference oscillator and phase
comparator is dependent on the magnitude or RI and R2, so an objective
of the 30RF frequency generator 16 is to minimise the amount of
multiplication of the  14  oscillator output 200- in other words to keep the
values of RI and R2 as low as possible.       Accordingly the frequency
generator 16 includes high-quality multiplier 201 and mixer 203, the
former (201) being arranged to increase the frequency of 5the signal
output from oscillator 200 to as high a value as possible (e.g. the 



lower limit or the desired output frequency or vco 213), while the mixer
203 serves to output signals of frequency equal to the difference between
fn and thereby effectively stepping down the output of the VCO 213. As a
result, the magnitude of the frequency input to divider 207 is relatively low,
which means 10that for tuning or the output of VCO 213, the value or R2
can be far lower than that possible with conventional arrangements.
The advantages of embodiments of the invention can best be seen with
reference to a particular example, considering firstly how signals are
processed by conventional phase-locked loop circuits and then how
signals are processed 15by embodiments of the invention, assuming
frequency source 200 outputs signals with a frequency of 100MHz: CO.
213. 0utp.0Ri    Conventional Embodiments of the Invention n=40
Embodiments of the Invention n=50  5GHz 5.1GHz 5.1IGHz 5GHz
5.1GHz 5.11GHz 5.1GHz 



5.I1GHz  15       It can be seen that by stepping up the frequency of
signals input from the frequency source 200 and mixing them with the
output or the VCO 213, the amount of multiplication applied by the
frequency dividers 205, 207, and thus amplification of phase noise in the
oscillator output, is correspondingly reduced 5 compared to convention&
frequency synthesisers. It is to be noted that the circuit design shown in
Figure 2 offers a 20 - 30dB reduction in noise contribution of the phase
detector compared to conventional circuits operating loop frequencies of
the order 200MHz. The signals output from the second circuit portion are
then modulated by 10 output 'DDS or a third circuit portion 230, which in
one arrangement comprises a Direct Digital Synthesiser 223, a Digital to
Analogue Converter DAC 225 and a low pass filter 227. The third circuit
portion 230 is configured, under control of the controller 12 shown in
Figure 1, to generate a repeating pattern comprising a linear frequency
ramp. The ramp has a specilied duration and magnitude, 15 values of
which are programmed via the controller 12. Figure 3 shows an example
of one such frequency ramp 3011 for a given carrier frequency fa, the
duration of which is approximately 64ps, the magnitude of which, in terms
of range of frequencies - fous,min), is approximately 20MHz, and is
followed by a flyback ramp 3031 to prepare the third circuit portion 230 for
the 20 next ramp 3012. The pattern repeats at a predetermined rate -- in
the present example a rate of 8ICHz (thus a sweep repeat period 307 of
125ps (subject to the modifications described later in the specification)) is
a convenient choice. Such a modulation pattern is entirely conventional
and the foregoing details are included as illustrative; the skilled person will
appreciate that any suitable 25 values could be selected, dependent upon
the use of the radar system (e.g. the nature of the targets to be detected).
For each carrier frequency, the third circuit portion 230 is arranged to
repeat the linear ramp pattern a specified number of times, e.g. 256 or
512 times, the number being dependent on the desired signal to noise
ratio and therelore a design choice. Whilst the third circuit portion 230
30shown in Figure 2 comprises digital synthesiser components, it could
alternatively be embodied using analogue components such as a
sawtooth  16 generator and VCO or similar. Preferably, and in order to
save power, it is to be noted that the antenna 22 is not energised during
either of the flyback ramp or dwell periods 303, 305. 



Turning back to Figure 2, the output fDps of the third circuit portion 230 5
is input to a fourth circuit portion 240, which comprises a phase
comparator 233, a lilter 235, a Voltage Controlled Oscillator 237 and a
mixer 231. The mixer receives signals output from the second circuit
(having frequency f2) and signals output from the VCO 237 (having
frequency f5) and outputs a signal at a frequency equal to the difference in
frequency between G and 15. The phase 10 comparator 233 outputs a
phase-error signal, of magnitude dependent on the difference between (fn
- f5) and fDps to the VCO 237, and the fourth circuit portion 240 operates
so as to cause the output from the VCO 237 to stabilise accordingly. The
signals output from the fourth circuit portion 240 (having frequency 15 f5)
are then combined, by means of mixer 241, with signals of a reference
frequency f4, which are signals output from the oscillator 200 having been
multiplied by a second static multiplier 251, and the output is liltered (lilter
243) so as to generate a signal having an output frequency Foy,. It will be
appreciated from Figure 2 that when the signal generator 16 is operable to
20 output signals corresponding to a carrier frequency of between
15.5GHz and 17.5GHz, for a crystal oscillator 200 outputting signals of
frequency 100MHz, the second static multiplier 251 is of- the order 130.
Whilst the signal generator 16 could be used to generate frequencies
within any selected range of frequencies, when used as a ground-based
radar 25 system, the frequency range can fall within the X band (80Hz -
12.4GHz); the Ku band (12.4GHz - 180Hz); the K band (18GHz -
26.5GHz); or the Ka band (26.5GHz 40GHz), and most preferably within
the Ku band, or a portion within one of the afore-mentioned bands. Thus
for each carrier frequency the frequency generator 16 generates a
repeating pattern or frequency modulated 30signals of- various carrier
frequencies.  17       Whilst in preferred arrangements the first and second
circuit portions 210, 220 of frequency generator 16 are embodied as
shown in Figure 2, the frequency generator 16 could alternatively be
based on an arrangement comprising a plurality of fixed frequency
oscillators, as shown in Figure 4, one 5 of which is selected via switch 400
so as to generate a signal at frequency I. Judicial selection or an
appropriate fixed frequency oscillator (e.g. a crystal oscillator) means that
the frequency generator 16 can incur minimal phase noise, since the
signals are taken directly from one of the oscillators. However, this
advantage is accompanied by a corresponding limitation, namely that
there is no 10 means for line-tune adjustment of the carrier frequency,
which can be a disadvantage when working with antennas 22 that require
fine tuning of the carrier frequency to achieve optimal beamwidth
distribution (in terms of distribution ofradiation within the lobes). It will be
appreciated from the Ibregoing that the antennas 22, 32 



15 transmit and receive radiation in response to input signals of varying
frequencies; accordingly the antennas 22, 32 are of the frequency
scanning antenna type. In a preferred embodiment, the frequency
scanning antenna is embodied as a travelling wave antenna structure
comprising at least two array antennas, one such antenna array 500 being
shown in Figure 5a. In one 20 arrangement, the antenna array comprises
a mesh structure 501 and a dielectric base 503 and has input means 507
for inputting energy to the mesh structure 501. Preferably the antenna
array 500 also includes a ground plane. The input means 507 can
comprise coaxial feeds positioned orthogonal to the plane of the antenna
array 500, but the skilled person will appreciate that alternative feeds
25could be used.       In the arrangement shown in Figure 5a, each mesh
structure 501 comprises a plurality of rectangular interconnected elements
509 that arc disposed on a surface of the dielectric base 503; each
rectangular element 509 comprises two sides 5I 3a, 5! 3b and two ends
511 a, 51 lb, the length L of the 30sides 513a, 5I 3b being greater than the
length S of the ends 511a, 51 lb. The physics underlying the operation of
the travelling wave antenna are well known, 18 having first been
investigated by John Kraus and described in US patent US 3,290,688.
Suffice to say that the length L of the sides 513 is of the order of one
wavelength of the mean carrier frequencies, and the length S of the ends
511 is of the order one half of the wavelength of the mean carrier
frequencies. It will 5be appreciated from the teaching in US patent US
3,290,688 that mesh configurations other than rectangular and planar can
be used.       In relation to the particular configuration adopted for
embodiments of the invention, when current is fed through the mesh
structure 501 via feed 507, currents passing through the ends 5 I la, 511b
are in phase with one another. 10 The current flowing through a
respective side 513a of a given element 509 is received from an end 511a
of an adjacent element (shown as input 517) and splits into two current
flows, each flowing in a different direction and being out ()I-phase with one
another. As is &so shown in Figure 5a, the width of the mesh making up
sides 213a, 213b is progressively decreased from the centre of the 15
mesh to each respective end thereof, thereby effectively increasing the
length of the sides 213a, 213b from the centre of the array towards its
ends. In a preferred arrangement the antenna can be embodied as a
micro circuit strip.       The conliguration of the antenna structure 701
according to an embodiment of the invention will now be described with
reference to Figures 6 20 and 7. Figure 6 shows a development of the
radar system 1 shown in Figure 1, including two antennas 22a, 22b rather
than one. Turning &so to Figure 7, each of the antennas 22a, 22b is
embodied in the form or antenna array 500a, 500b shown in Figures 5a
and 5b, and the antenna structure 701 is responsive to input from the
controller 12 for controlling input of energy to respective feeds Ii, II of 



25 the antenna arrays 500a, 500b. Referring &so to Figure 8a, the two
planar array antennas 500a, 500b are disposed within the structure 701
such that, lor any given radio frequency, the antenna structure 701 is
capable of transmitting the radio frequency energy within different angular
regions 801a, 80 lb.          Referring back to Figure 7, the antenna
structure 701 can be 30characterised by a longitudinal axis Al and a
transverse axis A2, which provides a convenient frame of reference for
describing the arrangement of the planar  19 antenna arrays 500a, 500b.
As can be seen from Figure 7, the first array antenna 500a is inclined at
an angle a relative to said transverse axis A2 and the second planar array
antenna 500b is inclined at angle 13 relative to the transverse axis Al. As
can also be seen from the Figure, a side portion of said second array 5
antenna 500b abuts a side portion of said first array antenna 500a (in the
Figure the side portions are located on the dot indicating axis Al) such that
when viewed face on, the antenna arrays 500b are located in adjacent
longitudinal planes. It will be appreciated from the schematic shown in
Figure 8a that the 10  orientation of the respective antenna arrays 500a,
500b - that is to say angles a, and f3 - determine the direction in which
radiation is emitted from the antenna structure 701. Thus, by varying the
relative positions of the respective antenna arrays 500a, 500b, different
portions of an angular region can be scanned for a given output
frequency, fouri. 15Figure 8b shows radiation emitted 801a - 801d from
the antenna arrays lor two different output frequencies lou 1,1 and foul,2,
and it can be seen that appropriate selection of the values of fouu and
focy, results in the antenna structure 701 outputting radiation so as to
cover a substantially contiguous region, thereby scanning over a greater
angular region than is possible with a 20single antenna array, or even two
arrays that are positioned in the same plane, such as that described in US
patent US 4,376,938.       The arrangements shown in Figures 5a, 6, 7, 8a
and 8b relate to an arrangement in which the antenna arrays 500a, 500b
comprise a single feed Ti, I, at one end of respective antenna arrays.
However, and referring to Figures 5b 25and 10, each antenna array could
comprise an additional feed at its other end 



L.?). Each antenna 22a, 22b can then be considered to be capable of
emitting radiation in two directions for a given frequency fou-f, since the
transceive-behaviour of the antenna array 500a is dependent on the
direction from which energy is fed into the antenna. In Figure 9, this is
indicated by the 30presence of two antennas for each of antenna parts
22a and 22b. Turning to Figure 11, it can be seen that by feeding energy
to two input feed points for each  20 antenna array, the region R within
which radiation can be transceived is e ITecti vely doubled.       It will be
appreciated from the foregoing that the frequency four of signals output
from the signal generator 16 is controlled by the controller 12. In 5 addition
to controlling the duration and rate of the ramp as described above, the
controller 12 is arranged to select a different value for carrier frequency
after the ramp pattern has been repeated a specified number of times for
a given carrier frequency (examples of 256 and 512 were given above). In
one arrangement the values ror the carrier frequency can be selected
from a look-up table accessible 10to the controller 12 (e.g. stored in local
memory or on the computer 14), this look-up table being particular to a
given antenna array 500a, 500b.       Operation of the radar system 1
described above will now be described with reference to Figure 12, which
is a schematic flow diagram showing steps carried out by the controller
12. At step SI2.1 the controller 12 energises one or 15 the input feeds lk."
of the antenna structure 701, e.g. by appropriate configuration of the
switch 18; at S12.3 the controller 12 retrieves the value of the first carrier
frequency fa (e.g. from the look-up table mentioned above), and at step
S12.5 the controller 12 sets the values of RI and R2 accordingly (to set
the carrier frequency) and causes the third circuit portion 230 to generate
the ramp pattern a 20 predetermined number of times Rmpmax (S12.7),
to repeatedly modulate the carrier frequency. Having reached Rmp",,,, the
controller retrieves the value of the next carrier frequency f2 and sets the
values RI, R2. Preferably the overall duration of step S12.7 - in other
words the duration of any given set of repetitions of the linear ramp 301,
pattern - is the same for all values of the 25 carrier frequency, re, These
steps are repeated, as shown in Figure 12, for each reed point 1-1,1 b.,
12,2 hi to the antenna structure 701, thereby causing the antenna
structure 701 to progressively scan over the angular extent R.       The
description has thus far focussed on the generation and transmission of
signals from the radar system 1; referring to Figures 1, 6, 7, 9 and 10,
aspects 



30of with receiving and processing of signals will now be described. As
can be seen from these Figures the radar system 1 preferably also
includes a separate  21 antenna 32 embodied as structure 703 for
receiving radiation, which corresponds to the transmitting antenna
structure 701 described above. Referring to Figure 6 or 9, the signals
received by antenna structure 703 arc input to mixer 34, together with the
output four from the RF frequency generator 16, and, in 5 accordance with
standard homodyne operation, the output Irom the mixer 34 is fed through
an ADC 36 to produce a digitised Intermediate Frequency (Fir) signal as
input to the signal processor 38. Energising of the receiving antenna
structure 703 is performed under control of the controller 12, via switch
18', and, as for the transmitting antenna structure 703, this occurs during
the linear 10ramp period only 301i.       The signal processor 38 is
conveniently embodied as a programmable logic controller (PLC) and a
plurality of software components, which run locally on the PLC 38 in
response to signals received from a conventional PC computer 14 and
which are written using the proprietary programming language
15associated with the PLC 38.       As described above, the radar system
1 operates according to homodyne principles, which means that the
Intemiediate Frequency Fif is equal to differences between the received
signal frequency and the transmitted signal frequency. In etnbodiments of
the invention, as will be appreciated from the 20 foregoing and Figures 2
and 3 in particular, the output of the radar system 1 is a sequence of
frequency sweeps 301i. It is a well known principle or radar that targets
located in the path of a given transmitted beam will reflect the transmitted
signals; since the transmitted signal in embodiments of the present
invention comprises a linear frequency sweep 301i, the reflected signals
also 25 comprise a linear frequency sweep. Targets that are stationary will
generate reflected signals that are identical to the transmitted signals
(albeit somewhat attenuated), but separated therefrom at a constant
frequency difference referred to herein as a tone. Referring to Figure 13, it
will be appreciated from the Figure that different targets T1, T2 -- located
at dilTerent distances from the 30radar system 1 - reflect the transmitted
sweep 301; at different delays in relation  22 



to the time of transmission, and that therefore targets Ti, T2 at these
different locations will be associated with different tones Afi, Afi.       In
view of the fact that the signals output from the mixer 34 contain tones,
the signal processor 38 is arranged to delay the processing of signals until
5 the ramp 301 has travelled to the extents of the detection region and
back. Thus for example, if the detection region extended to 4 5 km from
the radar system 1, the signal processor 38 would start processing signals
output from the mixer 34 at: 4500 x 2 -30 is from the start of-transmission
of a given ramp 30l. 3 x 108 10Considering, for the sake of clarity, one
processing period 13011, the signal processor 38 essentially calculates
the Doppler frequency of targets within range of the transmitted beam -
and which reflect the transmitted beam. This is achieved by sampling the
received tones Af1, Af,...Af," at a predetermined sampling rate. The
sampling rate is selected so as to as ensure 15 that phase shirts of the
transmitted signal, which are induced by moving targets, can be captured.
The skilled person will appreciate that this is dependent on the ramp rate,
since the Doppler frequency is dependent on the frequency of the
transmitted signal: Doppler Frequency = 2v fic [Equation II Thus, the
output of the ADC 36 falling within the processing period 20 13011 will be
processed a predetermined number of times (corresponding to the
sampling rate) by the signal processor 38. Each sample will contain zero,
one or a plurality of tones, each relating to signals reflected from targets.
As will be appreciated from the foregoing, the linear ramp 301; is
transmitted a plurality of times for each carrier frequency. Accordingly the
25 signal processor 38 processes data received during a corresponding
plurality of processing periods 1301i, and generates, by means or a
Range FFT, a set or return samples, individual members of which are
assigned to a respective set or range gates for each said processing
period 1301i. Thus the output of the Range FFT, for a given Processing
period 13011, is frequency information distributed 30over so-called range
gates. As is well known in the art, range gates represent  



23 successive distances from the radar system 1, such that if return
samples fall within a given range gate, this indicates the presence of a
target located at a distance equal to the range gate within which the return
sample falls. Having transformed the received signals into range gates the
signal 5 processor 38 is arranged to take the FFT of the return samples
assigned to each given range gate. In the current example it will be
appreciated that each set or range gates corresponds to transmission of a
linear ramp 301, (for a given carrier frequency), and that the sampling rate
in relation to range gates - the rate at which data railing within a given
range gate are measured - is the frequency at 10 which the pattern or
transmission of linear ramps 301; is repeated (commonly referred to as
the Pulse Repetition Frequency (PRE)). In the example given above, and
with reference to Figure 3, this is nominally 8KHz. Accordingly, for each
carrier frequency, the signal processor 38 effectively generates an array
or data, each row in the array corresponding to a given processing period
1301i, 15and each column in the array corresponding to a given range
gate.       The FFT output comprises amplitudes and phases of various
components of signal energy which fall on frequencies spaced linearly at
the inverse or the duration of a complete signal sample set (in
embodiments of the invention, the signal set comprises tones, not
absolute frequency values). In the current 20 example, therefore, and
assuming the signal sample set for a given carrier frequency to comprise
the 512 linear ramps 3011...3015p transmitted at a rate or 8KHz, there are
512 FFT output bins spaced at a Doppler frequency or 8000/512 =
15.625Hz; for a carrier frequency of 156Hz, this is equivalent to
0.15625m1s. Thus each FFT output bin represents a different velocity;
stationary targets will 25appear in bin 0, while moving targets will appear
in a bin dependent on their velocity (a target travelling at 10 m/s will
appear in bin 64).       As is known in the art, the signal processor 38 can
be arranged to store each set of range gate samples in a "row" of a
conceptually rectangularly-organised memory, referred to as a corner
store, each row corresponding to 30range gates falling within a given
processing periods 1301, and thus to a particular linear ramp 301,. Once
all 512 linear ramps 3011...301512 have been  24 



transmitted, each column - i.e. each range gate - is read out and input to a
FFT lor processing thereby in the manner described above.       From
Equation 1, it will be appreciated that the Doppler frequency is directly
proportional to the carrier frequency fe. Therefore when the carrier 5
frequency varies - as is the case with frequency scanning antennas - the
variation in carrier frequency will modify the derived Doppler frequencies
so as to effectively scale the magnitude of the frequencies. For example, a
radar system that operates between 15.5GHz to 17.50Hz can generate
Doppler frequencies, for a given target, which vary by +6%. This equates
to a system- 10 generated shill in Doppler frequency of more than 2
semitones, and a variation in ambiguous Doppler velocity from 70mph to
79mph, which can complicate the task of removing velocity ambiguity from
targets moving at these speeds and above. Referring back to Figure 11 it
will be appreciated that in certain configurations of the radar system 1 the
carrier frequency can jump from the 15maximum carrier frequency to the
minimum carrier frequency, causing the signal processor 38 to output a
change in tone of more than 2 semitones.       Accordingly the controller
12 is arranged to modify the sweep repeat period 307 (or sweep repetition
frequency) such that the sweep repetition frequency is proportional to the
carrier frequency, thereby effectively removing 20 this systematic
aberration. Turning back to Figure 12, this means that step S12.5
perlbrmed by the controller 12 in relation to carrier frequency Ici retrieved
at step SI2.3 is accompanied by calculation or a sweep period 307 for the
particular value of this carrier frequency fo. In preferred embodiments of
the invention the linear sweep period 301 remains unchanged (so that the
effect of 25 this adjustment does not affect the signal processor 38), and
the controller 12 adjusts the duration of the flyback and/or dwell periods
303, 305; most preferably the dwell period 305 is modified. Of course all of
the repetitions of the sweep repeat period 3071,fci 307.512,fc; are
identical for a given carrier frequency f6 (step S12.7). In one embodiment
the controller 12 has access to a 30look-up table, which lists sweep repeat
periods 307i lor discrete carrier frequencies fo. Conveniently such data
could be stored in the look-up table that  25 is accessed by the controller
at step S12.3, when identifying a next carrier frequency re,.       As
described above in relation to Figure 12, the overall duration D of step
S12.7 is preferably maintained constant. When, as is the case with 



5 embodiments of the invention, the sweep repeat period 3073 varies in
accordance with carrier frequency fej, the duration of 512 repetitions
applied in respect of each different carrier frequency varies; thus, of itself,
the period associated with 512 repetitions would not be of duration D for
all carrier frequencies. In order to ensure that the duration is nevertheless
constant, the controller 12 is 10 configured to wait Ibr a period equal to the
time dilTerence between the end or 512 repetitions and duration D before
moving onto the next instance of steps S12.3, S12.5 and S12.7 (i.e. for a
different carrier frequency). In the present example the value ()ID is
preferably set to the sum of 512 sweep repeat periods 307 corresponding
to the duration or the longest sweep repeat period (and thus 15that
associated with the lowest carrier frequency       This feature of the
controller 12 is advantageous for configurations in which the linear ramp
period 301 is constant (in Figure 3 it is shown as 64ps), incurring a fixed
transmitter power dissipation: maintaining duration D for the overall
duration of step S12.7 means that the average transmitter dissipation is
20 constant and independent of variations to the sweep repeat period 307
(PRF). As a result the temperature of the transmitter T" is maintained at a
constant level, which, in turn, minitnises the variations in parameters that
are temperature dependent. Preferably the Doppler frequencies are
scaled and output as tones within 25 the audible range and at a fixed
audio sample rate. Playing back the tones at a fixed rate is a convenient
approach in view of the fact that the Doppler frequencies have been
normalised in relation to the variation in carrier frequency.          As an
alternative to selecting sweep repeat periods 307i as a lunction or
30carrier frequency ft.), the sweep repeat period 3071 could be varied
incrementally, for exatnple linearly, based on the approximation
1+cE--1/(1-a) for ot<<1. For  26 the example frequency range of 15.5GHz
- 17.5GHz, the sweep repeat period 307 for a carrier frequency of
15.50Hz could be 140.65ps, and period 307 for a carrier frequency of
17.5GHz could be 125ps, while the sweep repeat period 307 for carrier
frequencies between the extents of this range can be selected so 5 as to
vary linearly between 125ps and 140.65ps. As for the first alternative -
where the sweep repeat period 307 is varied discretely as the carrier
frequency varies - the linear ramp 301 and thus the processing periods
1301 remain unchanged for all values or the sweep repeat period 307.
The net change in Doppler frequency is then reduced to 0.2% and the
ambiguous Doppler 10velocity varies from 78.7mph to 79.0tnph.       As
described above, a radar system according to embodiments of the
invention can conveniently be used for transceiving radio frequency
energy and processing the same so as to output an audible representation
of Doppler frequencies and thus identifying moving targets. The signal
processor 38 is 



15 arranged to transmit data indicative of the Doppler frequencies to the
computer 14, which comprises a suite or software components 39
arranged to convert the Doppler frequencies to audible signals and to
playback the same. As described above, the Doppler Frequencies arc
normalised by processing the received signals at a variable rate, the rate
being selected in dependence on the carrier 20frequency of the
transceived signal, while the rate at which the audio is played back is
substantially constant. Preferably the post processing software
components 39 are arranged to ensure smooth transition between
respective audio bursts by controlling the playback rate in relation to the
rate at which, for a given range gate, data have been processed by the
signal processor 38 (i.e. the 25 frequency at which the pattern of
transmission of linear ramps 301; is repeated). If the PRF is varied
between 71C1-1z and 8Kilz and the audio playback rate is 8.5ICHz, then
in the absence of suitable phased-audio control, there will be gaps in the
audio output, which presents an interruption to any audible analysis or the
Doppler data; one way of mitigating this is to recycle Doppler data during
30periods that would otherwise be silent, until such time as further
Doppler data are made available from the signal processor 38. In order to
ensure a smooth  27 transition between respective sets of Doppler data,
the computer 14 would be arranged to fade-out previous, and lade-in and
current, sets of Doppler data. As an alternative, the audio playback rate
could be set at a value lower than the PRF (e.g. for the current example,
6.9KHz) so that respective sets of Doppler data 5overlap; the periods of
overlap can be managed using appropriately selected lade-in and fade-out
functions.       In arrangements where the duration of sets of repetitions of
the linear ramp period 301i is constant (duration D), any set of Doppler
data (corresponding to a given carrier frequency 1) will arrive at the signal
processor 10 38 a constant rate, which means that the software
components 39 can be configured to apply the same conditions in relation
to overlaps and/or gaps in the Doppler data (since the amount of overlap
or gap can always be calculated from duration D). An advantage of this
arrangement is that it simplifies the logic associated with the
post-processing software components 39 and enables 15more constant
audio output over the varying PRE.       A particular feature of a radar
system according to embodiments of the invention is that the software
components 39 are arranged to transmit data output from the signal
processor 38 to a remote processing system, for tracking and monitoring
of targets. Most preferably the software components 39 are 



20 arranged to transmit data output from the signal processor 38 each
time the carrier frequency - and thus region being scanned --- changes.
This means that the computer 14 acts primarily as a conduit for data,
while the data intensive processes of correlating targets between
successive scans, rendering of targets upon a display and prediction of
target behaviour can be performed by a 25 separate processing system.
In a preferred arrangement the data are transmitted wirelessly, but it will
be appreciated that any suitable transmission means could be used.
Additional Details and Alternatives 30Whilst in the foregoing the linear
ramp 301 is independent or variations in the sweep repeat period, the
controller 12 could alternatively modify the 28 duration and/or slope of the
linear ramp. Whilst this is not a preferred method, because operation or
the signal processor 38 (in particular in relation to the processing periods
1301) would have to be modified, tnodifying the slope is a convenient
method when more than one radar system is being utilised in a given
5region, since the difference in slopes of the linear ramp can be used to
distinguish between output from respective radar systems.       Figure 14
shows an alternative configuration of the radar systetn 1 comprising
antenna structures according to embodiments of the invention, in which
the single amplifiers 20, 20' are replaced by individual ampliliers, each
10being associated with a respective antenna.       In the above passages
the radar system 1 is assumed to cotnprise a separate transmit and
receive antenna structure 701, 703. However, and turning to Figure 15,
the radar system I could alternatively comprise a single antenna structure
701 and a circulator 40, which, as is known in the art effectively 15
combines signals that are transmitted and received from the antenna
structure 701. As an alternative to the circulator 40, the radar system 1
could include a switch or an alternative antenna utilising a turnstile
junction or orthomode junction (not shown). Figure 16 shows an
alternative configuration of the antenna arrays 500a, 20 500b within an
antenna structure 701, in which each the antenna array 500a, 500b is
located on a respective support structure, an outer edge 53Ia or one
support structure abutting a corresponding outer edge 53 lb or another
support structure so as to form an antenna structure having a generally
isosceles shape; since the supports of respective antenna arrays abut one
another the radar system 



25 can be labricated such that receiving antenna structure 701 abuts
transmitting antenna structure 703, thereby generating a physically
smaller radar system, in terms of depth occupied by the antenna structure,
compared to that shown in Figure 7. It will be appreciated that other
configurations are possible, involving two, three or several such antenna
arrays mounted on suitable support structures. 30Whilst in embodiments
or the invention the radar system I preferably uses antenna structure 701
described above, which is based on travelling wave  29 antenna
technology, the radar system 1 could alternatively use a waveguide in the
lorm of a serpentine antenna or similar as the frequency scanning
antenna. A suitable antenna is described in US patent US4868574. Whilst
the above embodiments describe use of a frequency scanning 5 antenna
for beam steering, it will be appreciated that the configurations and
methods described above could be applied for the purposes of avoidance
detection, and/or in the presence of other radar systems, and/or to
counteract frequency jamming equipment (e.g. by hopping between
operating frequencies in order to avoid detection of, interference with, or
jamming or, the radar 10system).       The above embodiments arc to be
understood as illustrative examples of the invention. Further embodiments
of the invention are envisaged. It is to be understood that any feature
described in relation to any one embodiment may be used alone, or in
combination with other features described, and may also be 15 used in
combination with one or more features of any other of the embodiments,
or any combination of any other of the embodiments. Furthermore,
equivalents and modifications not described above may also be employed
without departing from the scope of the invention, which is defined in the
accompanying claims.  30 Claims 1.A scanning radar system comprising a
frequency generator (16), 



a frequency scanning antenna (701, 703), and a receiver arranged to
process 5signals received from a target so as to identify a Doppler
frequency associated with the target,       wherein the frequency generator
is arranged to generate a plurality of sets of signals, the signals within a
given set having the same carrier frequency and each set having a
different carrier frequency, the frequency generator 10  comprising a
digital synthesiser (230) arranged to frequency modulate a continuous
wave signal of a given carrier frequency by a sequence of modulation
patterns whereby to generate a said set of signals, said individual ones of
said patterns being repeated within a said set,          wherein the
frequency scanning antenna is arranged to cooperate with 15the
frequency generator so as to transceive radiation over a region having an
angular extent dependent on the said generated frequencies and
wherein said receiver is arranged to identify a Doppler frequency for a
said set by processing of said signals received from a target for said set.
202.A scanning radar system according to claim 1, wherein the receiver is
arranged to process signals indicative of radiation reflected from a target
so as to derive frequency data therefrom, said derived frequency data
comprising a tone corresponding to said target. 253.A scanning radar
system according to claim 2, the receiver comprising signal processing
means (38) arranged to process said tones so as derive data indicative of
movement of said target, and to transmit said derived movement data to a
display means, said display means being located remote from said
scanning radar system.  31       4. A scanning radar system according to
claim 3, wherein the radar system is arranged to communicate wirelessly
with said display means. 



5. A scanning radar system according to any one of the preceding
5claims, the radar system being arranged to cooperate with a portable
power source (10).        6. A scanning radar system according to claim 5,
wherein the portable power source comprises a battery pack or a solar
panel. 10        7. A scanning radar system according to any one of the
preceding claims, wherein the frequency generator comprises a first circuit
portion (210) and a second circuit portion (220), the first circuit portion
comprising a variable frequency oscillator (213) 15  arranged to output
signals at an output frequency in dependence on control signals input
thereto and tuning means arranged to generate said control signals on the
basis of signals received from the second circuit portion for use in
modifying operation of the variable frequency oscillator,            the second
circuit portion being arranged to receive said output signals 20and to
derive therefrom signals to be input to said tuning means, the second
circuit portion comprising a frequency divider (207) arranged to generate
signals of a divided frequency, lower than said output frequency,
wherein the second circuit portion comprises means arranged to derive
reduced frequency signals from said output signal, said reduced
frequency 25signals being of a frequency which is lower than said output
frequency and 
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Claims 

 

1. A scanning radar system comprising a frequency generator (16), 

a frequency scanning antenna (701, 703), and a receiver arranged to process 

signals received from a target so as to identify a Doppler frequency associated 5 

with the target, 

wherein the frequency generator is arranged to generate a plurality of 

sets of signals, the signals within a given set having the same carrier frequency 

and each set having a different carrier frequency, the frequency generator 

comprising a digital synthesiser  (230) arranged to frequency modulate a 10 

continuous wave signal of a given carrier frequency by a sequence of 

modulation patterns whereby to generate a said set of signals, said individual 

ones of said patterns being repeated within a said set,  

wherein the frequency scanning antenna is arranged to cooperate with 

the frequency generator so as to transceive radiation over a region having an 15 

angular extent dependent on the said generated frequencies and 

wherein said receiver is arranged to identify a Doppler frequency for a 

said set by processing of said signals received from a target for said set. 

 

 2. A scanning radar system according to claim 1, wherein the 20 

receiver is arranged to process signals indicative of radiation reflected from a 

target so as to derive frequency data therefrom, said derived frequency data 

comprising a tone corresponding to said target. 

 

3. A scanning radar system according to claim 2, the receiver 25 

comprising signal processing means (38) arranged to process said tones so as 

derive data indicative of movement of said target, and to transmit said derived 

movement data to a display means, said display means being located remote 

from said scanning radar system. 
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higher than said divided frequency.       8. A scanning radar system
according to claim 7, further comprising a fixed frequency oscillator (200),
wherein the second circuit portion comprises 30a static frequency
multiplier component (201) arranged to derive increased frequency signals
from the fixed frequency oscillator.  32       9. A scanning radar system
according to claim 8, wherein the means arranged to derive reduced
frequency signals comprises a mixer component (203) arranged to receive
signals output from the variable frequency oscillator 5and signals output
from the static frequency multiplier component so as to derive said
reduced frequency signals.       10. A scanning radar system according to
claim 8 or claim 9, wherein the tuning means comprises a frequency
comparator component (209), said 10  fixed frequency oscillator being
arranged to output signals to the first circuit portion via a further frequency
divider (205), and said frequency comparator being arranged to generate
said control signals on the basis of signals received from said further
frequency divider and said divided frequency. 1511.A scanning radar
system according to any one of claim 7 to claim 
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 4. A scanning radar system according to claim 3, wherein the radar 

system is arranged to communicate wirelessly with said display means. 

 

5. A scanning radar system according to any one of the preceding 

claims, the radar system being arranged to cooperate with a portable power 5 

source (10). 

 

 6. A scanning radar system according to claim 5, wherein the 

portable power source comprises a battery pack or a solar panel. 

 10 

7. A scanning radar system according to any one of the preceding 

claims, wherein the frequency generator comprises a first circuit portion (210) 

and a second circuit portion (220),  

the first circuit portion comprising a variable frequency oscillator (213) 

arranged to output signals at an output frequency in dependence on control 15 

signals input thereto and tuning means arranged to generate said control signals 

on the basis of signals received from the second circuit portion for use in 

modifying operation of the variable frequency oscillator,  

the second circuit portion being arranged to receive said output signals 

and to derive therefrom signals to be input to said tuning means, the second 20 

circuit portion comprising a frequency divider (207) arranged to generate signals 

of a divided frequency, lower than said output frequency,  

wherein the second circuit portion comprises means arranged to derive 

reduced frequency signals from said output signal, said reduced frequency 

signals being of a frequency which is lower than said output frequency and 25 

higher than said divided frequency. 

 

8. A scanning radar system according to claim 7, further comprising 

a fixed frequency oscillator (200), wherein the second circuit portion comprises 

a static frequency multiplier component (201) arranged to derive increased 30 

frequency signals from the fixed frequency oscillator. 

10, wherein the frequency generator further comprises:       combining
means (240) arranged to combine said sequence of modulation patterns
with said signals output from the first circuit portion so as to frequency
modulate said signals output from the first circuit portion. 20       12. A
scanning radar system according to any one of the preceding claims,
further comprising a frequency scanning radar controller (12) for use in
controlling modulation of the continuous wave signal, wherein the radar
controller is in operative association with the digital synthesizer so as to
modify 25a given sequence of modulation patterns in dependence on the
carrier frequency of the signal being modulated.          13. A scanning
radar system according to claim 12, wherein the radar controller is
arranged to modify the duration of individual modulation patterns 30of the
sequence, thereby modifying the modulation pattern.  33       14. A
scanning radar system according to claim 12 or claim 13, wherein each
modulation pattern of the sequence comprises a ramp period (301) and an
intervening period, and the radar controller is arranged to modify the
duration of the intervening periods of respective modulation patterns in the
5sequence, thereby modifying the modulation pattern.       15. A scanning
radar system according to claim 14, wherein each modulation pattern of
the sequence comprises a linear ramp period and a dwell period (305),
and the radar controller is arranged to modify the duration of dwell
10periods of respective modulation patterns in the sequence, thereby
modifying the modulation pattern. 
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9. A scanning radar system according to claim 8, wherein the means 

arranged to derive reduced frequency signals comprises a mixer component 

(203) arranged to receive signals output from the variable frequency oscillator 

and signals output from the static frequency multiplier component so as to 5 

derive said reduced frequency signals. 

 

10. A scanning radar system according to claim 8 or claim 9, wherein 

the tuning means comprises a frequency comparator component (209), said 

fixed frequency oscillator being arranged to output signals to the first circuit 10 

portion via a further frequency divider (205), and said frequency comparator 

being arranged to generate said control signals on the basis of signals received 

from said further frequency divider and said divided frequency. 

 

11. A scanning radar system according to any one of claim 7 to claim 15 

10, wherein the frequency generator further comprises: 

combining means (240) arranged to combine said sequence of 

modulation patterns with said signals output from the first circuit portion so as 

to frequency modulate said signals output from the first circuit portion. 
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12.         A scanning radar system according to any one of the preceding 

claims, further comprising a frequency scanning radar controller (12) for use in 

controlling modulation of the continuous wave signal, wherein the radar 

controller is in operative association with the digital synthesizer so as to modify 

a given sequence of modulation patterns in dependence on the carrier frequency 25 

of the signal being modulated. 

  

13.      A scanning radar system according to claim 12, wherein the radar 

controller is arranged to modify the duration of individual modulation patterns 

of the sequence, thereby modifying the modulation pattern. 30 

  

16. A scanning radar system according to claim 14, wherein each
modulation pattern of the sequence comprises a linear ramp period and a
descent 15 period, and the radar controller is arranged to modify the
duration of descent periods of respective modulation patterns in the
sequence, thereby modifying the modulation pattern.          17. A scanning
radar system according to any one of claim 12 to claim 2016, wherein
each modulation pattern of the sequence comprises a linear ramp period.
18. A scanning radar system according to any one of the preceding
claims, further comprising an audio system for outputting audio data
derived 25 from signals received by the frequency scanning radar system,
the frequency scanning radar system comprising a signal processor
arranged to derive tone data from said received signals, wherein the audio
system is arranged to playback the derived tone data at a constant rate.
34 19.A scanning radar system according to claim 18 when dependent on
claim 13, wherein the constant rate is selectable in dependence on said
duration of individual modulation patterns of the sequence. 520.A
scanning radar system according to claim 19, wherein each cycle of audio
data comprises data derived from one or more said modulation patterns in
the sequence.          21. A scanning radar system according to claim 19 or
claim 20, 10wherein the data derived from one said modulation pattern in
the sequence is played back at least once in each cycle of audio data. 
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14.      A scanning radar system according to claim 12 or claim 13, 

wherein each modulation pattern of the sequence comprises a ramp period (301) 

and an intervening period, and the radar controller is arranged to modify the 

duration of the intervening periods of respective modulation patterns in the 

sequence, thereby modifying the modulation pattern. 5 

  

15.      A scanning radar system according to claim 14, wherein each 

modulation pattern of the sequence comprises a linear ramp period and a dwell 

period (305), and the radar controller is arranged to modify the duration of dwell 

periods of respective modulation patterns in the sequence, thereby modifying the 10 

modulation pattern. 

  

16.      A scanning radar system according to claim 14, wherein each 

modulation pattern of the sequence comprises a linear ramp period and a descent 

period, and the radar controller is arranged to modify the duration of descent 15 

periods of respective modulation patterns in the sequence, thereby modifying the 

modulation pattern. 

 

17.      A scanning radar system according to any one of claim 12 to claim 

16, wherein each modulation pattern of the sequence comprises a linear ramp 20 

period. 

 

18. A scanning radar system according to any one of the preceding 

claims, further comprising an audio system for outputting audio data derived 

from signals received by the frequency scanning radar system, the frequency 25 

scanning radar system comprising a signal processor arranged to derive tone 

data from said received signals, wherein the audio system is arranged to 

playback the derived tone data at a constant rate. 

 

22. A scanning radar system according to any one of claim 19 to claim 21,
wherein at least some data derived from one said modulation pattern 15in
the sequence is played back more than once in each cycle of audio data.
23. A scanning radar system according to any one of claim 19 to claim 22,
wherein the audio system is arranged to control transitions between
consecutive cycles of audio data. 20        24. A scanning radar system
according to claim 23, wherein the audio system is arranged to apply an
audio fading function to tone data played back at respective ends of a
given cycle of audio data. 2525.A scanning radar system according to any
one of claim 19 to claim 24, wherein the constant rate is selected so as to
be greater than a rate corresponding to said duration of individual
modulation patterns of the sequence.  35       wherein said frequency
scanning antenna comprises an antenna structure comprising at least two
antennas, and the antennas are disposed within the antenna structure
such that the antenna structure is capable of steering a beam to a first
angle using one of said two array antennas and of steering a beam to a
5second angle, different to said first angle, using the other of said two
array antennas. 
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19. A scanning radar system according to claim 18 when dependent 

on claim 13, wherein the constant rate is selectable in dependence on said 

duration of individual modulation patterns of the sequence. 

 

20. A scanning radar system according to claim 19, wherein each 5 

cycle of audio data comprises data derived from one or more said modulation 

patterns in the sequence. 

 

21. A scanning radar system according to claim 19 or claim 20, 

wherein the data derived from one said modulation pattern in the sequence is 10 

played back at least once in each cycle of audio data. 

 

22. A scanning radar system according to any one of claim 19 to 

claim 21, wherein at least some data derived from one said modulation pattern 

in the sequence is played back more than once in each cycle of audio data. 15 

 

23. A scanning radar system according to any one of claim 19 to 

claim 22, wherein the audio system is arranged to control transitions between 

consecutive cycles of audio data. 

 20 

24. A scanning radar system according to claim 23, wherein the 

audio system is arranged to apply an audio fading function to tone data played 

back at respective ends of a given cycle of audio data. 

 

25. A scanning radar system according to any one of claim 19 to 25 

claim 24, wherein the constant rate is selected so as to be greater than a rate 

corresponding to said duration of individual modulation patterns of the 

sequence. 

 

26. A scanning radar system  according to any one of the preceding 30 

claims,   



35 

 

 

wherein said frequency scanning antenna comprises an antenna structure 

comprising at least two antennas, and the antennas are disposed within the 

antenna structure such that the antenna structure is capable of steering a beam to 

a first angle using one of said two array antennas and of steering a beam to a 

second angle, different to said first angle, using the other of said two array 5 

antennas. 

 


