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(57) Abstract: There is provided a radar receiver, comprising a primary receiver (140) for connecting to a primary antenna (110),
and a secondary receiver (145, 146, 147, 148) for connecting to a secondary antenna (115, 116, 117, 118). The primary receiver
(140) has a greater sensitivity than the secondary receiver (145, 146, 147, 148). The primary receiver (140) is configured to detect a
radar signal and to generate a trigger signal in response to detecting the radar signal, wherein the secondary receiver (145, 146, 147,
148) is contigured to receive the trigger signal and to search for the radar signal, the search being based upon timing information car -
ried by the trigger signal. There is further provided a method of detecting a radar signal at a secondary receiver, the detection being
based upon a detection of the radar signal at a primary receiver having a greater sensitivity than the secondary radar receiver.
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A RADAR RECEIVER AND RADAR DETECTION METHOD

Technical Field of the Invention

The invention relates to a radar receiver and a method of detecting a radar signal, for example

for determining what radar systems are operating in the vicinity of the radar receiver.:

Background to the Invention

Radar systems typically emit radar signals comprised of multiple radar pulses. The radar
pulses are transmitted by the radar system transmitter, and then received by the radar system
receiver at later times following reflection from various objects in the path of the transmitted

radar pulses.

There is a desire to detect what radar systems are operating nearby, so that the characteristics
‘of the radar systems can be determined, for example the direction of the radar system froma

given location.

‘The document US 6,388,604 discloses a receiver for detecting radar signals from radar
~ systems, the receiver having multiple channels of the same capability, each channel having its

own antenna, frequency down-converter, and analogue-to-digital converter.

However, the amount of processing' to be performed by such a receiver may make it
prohibitively expensive to implement, particularly if the digital receiver is to monitor a large
range of frequencies at high sensitivities, requiring the use of high-quality and low-noise
components.

It is therefore an aim of the invention to improve upon the known art.

Summary of the Invention

According to a first aspect of the invention, there is provided a radar receiver, comprising a
primary receiver for connecting to a primary antenna, and a secondary receiver for

connecting to a secondary antenna. The primary receiver has a greater sensitivity than the
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secondary receiver. The primary receiver is configured to detect a radar signal and to
generate a trigger signal in response to detecting the radar signal. The secondary receiver is
configured to receive the trigger signal and to search for the radar signal, the search being

based upon timing information carried by the trigger signal. -

Accordingly, a single sensitive receiver can be used in conjunction with a less sensitive
receiver to gain further information on a received radar signal than could be determined by
the sensitive receiver alone. The sensitive (primary) receiver is used to trigger the less
sensitive (secondary) receiver to help compensate for the lower sensitivity of the secondary
receiver, and means that the éecondary receiver can be a lower-cost and/or wider bandwidth
receiver than the primary receiver. For example, the primary receiver could use digital signal
processing to increase sensitivity whilst the secondary receiver could be based upon Detectbr
Log Video Amplifiers (DLVA’s) to provide large dynamic range and bandwidth, as is knbwn .
to those skilled in the art.

The sensiﬁvity of a receiver is closely related to the bandwidth of the receiver, according to
the well-known relation of noise power = Boltzmann’s constant*Temperature* Bandwidth,
‘meaning that the greater the bandwidth the lower the signal to noise ratio for a given signal

will be, as will be épparent to those skilled in the art. Accordingly, the bandwidth of the
secondary receiver may be greater than the bandwidth of the primar}} receiver to provide
greater detection bandwidth at the secondary receiver, whilst providing greater sensitivity at

the primary receiver than at the secondary receiver.

Alternatively, the bandwidths of the primary and secondary receiver could be the same but
different sampling techniques used to generate a higher sensitivity primary receiver and a
. lower cost secondary receiver. For example, the primary receiver could oversample radar

 signals and the secondary receiver could undersample the radar signals.

The radar receiver may comprise a plurality of the secondary receivers, each-of the secondary
receivers configured to receive the trigger signal and to search for the radar signal, the search
being based upon timing information carried by the trigger signal. Each of the secondary

receivers may be connectable to a respective secondary antenna.
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The radar receiver may further comprise a signal processor connected to each second‘ary
receiver, the signal processor configured to receive an output signal of each secondary
receiver to help determine a direction of a transmitter of the radar signal, for example by
collating together.output signals from a plurality of the secondary receivers and using
amplitude, phase, frequency or time—of—arrival information with commonly known location

algorithms, that will be apparent to those skilled in the art.

The signal processor may be connected to the primary receiver, and may collate an output
signal of the primary receiver with output signal(s) from one or more secondary receivers to

help determine a direction of a transmitter of the radar signal.

- The signal processor may communicate the trigger Signal from the primary receiver to the
secondary receiver(s). Optionally, the signal processor may format the trigger signal from the

primary receiver into a format that the secondary receiver(s) are configured to understand.

-

The primary receiver, secondary receiver(s), and signal processor may be formed as
electronic circuitry of the radar receiver. The signal processor may be a DSP chip, or méy be
formed from multiple electronic components distributed throughout the radar receiver
circuitry. The radar receiver fnay comprise an enclosure that houses the primary receiver,

secondary receiver(s), and signal processor.

" The determined direction is typically a direction from the secondary and/or primary antennas'
tb the transmitter. The defermined direction may for example be a particular geographical

direction determined with reference to a known conﬁguraiion of primary/secondary antennas,
for example the determined direction may be expressed in terms of an arigle of arrival relative

a reference direction of the antenna configuration.

Alternatively, the determined direction may simply be provided in terms of the
primairy/secondary vantennas, rather than in terms of any particular cartographic reference
directions. For example if there are two secondary antennas then the determined direction
may simply be information stating that the transmitter is closer to one secondary antenna than
the other secondary antenna, such as when a stronger signal is received at the one secondary .
antenna than at the other secondary antenna, or when the one secondary antenna receives the

radar signal before the other secondary antenna. As another example, if the secondary
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antennas are direétional, then the determined direction may simply be information stating that
the transmitter is nearer the direction of a first one of the secondary antennas than the o
direction of a second one of the secondary antennas, such as when a stronger signal is
received at the first secondary antenna than the second secondary antenna. The cartographic
direction, for example Ndrth, East, South, or West, could be determined subsequently by the
radar receiver, or by some other apparatus connec:kd to the radar receiver that is aware of the

positions/directions of the antennas.

Advantageously, the timing information carried by the trigger signal may comprise a
répetition rate of radar pulses of the‘ radar signal, and the repetition fate inay be carried by the
tri;gger signal by virtue of times when the trigger signal is sent to the receiver, or by virtue of
a repetition rate indicated within data of the trigger signal. The triggér signal may for

~ example be sent to the secondary receivers at regular intervals corresponding to the repetition
rate of radar pulses of the radar signal, to inform the secondary receivers of the repetition

rate. The secondafy receivers may use the repetition rate to help search for the radar s_ignai, | .

for example by searching for radar pulses that occur at the repetition rate. :

The timing information carried by the trigger signal may comprise a time of arrival of a radar
pulse of the radar signal. The secondary receivers may use the time of arrival to help search E
for the radar pulses, for example each secondary receiver may be configured to search a part
of an RF signal that was received at the time of arrival indicated by the trigger signal. The
time of arrivai r.nay’be speciﬁéd to providé a resolution of less than 100ms, so that the radar
pulses 6f‘ the radar signal can be found at the secondary receiver without needing to check an

excessive time span of an RF signal received at the secondary receiver.

The time of arrival may for example be the time when the primary antenna Would have

" received the radar pulse; the time when the brimary receiver received the radar pulsé; or if the
primary receiver has sufficient knowledge of the configuration of the secondary antennas and
secondary receiv'ers, the time when the primary receiver calculates the secondary antenna or

the secondary receiver would have received the radar pulse.

Advantageously, the time of arrival of the radar pulse may be carried by the trigger signal by
virtue of the time when the trigger signal is sent to the secondary receivers. Then, the trigger

signal may be a single pulse which is sent to the secondary receivers each time that the
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primary receiver determines that a radar pulse of the radar signal has been received.”
- Alternatively, the trigger signal may comprise data that can be read by the secondary
receivers, and the data may include a timestamp indicating when a radar pulse of the radar

signal was received.

The trigger signal may be comprised of multiple signals that communicate timing information
- relating to the radar signal from the primary receiver to the secondary receivers. R
Advantageously, the search performed by each secondary radar receiver may comprise
defining multiple time segments of an RF signal received from a secondary antenna
associated with the secondary radar receiver. The times of the multiple time segments are set
according to the timing information carried by the trigger signal, so that it is known that a
radar signal pulse exists within each one of the mﬁltfple time segments. The times of the time
segments may for example comprise one or more of start times of the multiple time segments,

end times of the multiple time segments, duration times of the multiple time segments.

Each secondary ra;iar receiver may be configured to temporally overlay the multiple time
segments of the RF signal received from the secondary'antenna associated with the secondary
radar~ receiver, based on the timing information, such that a radar pulse of the radar signal
occurs in each one of the multiple time ségments at sub‘sféntially the same time. For example,
the trigger signal may indicate that a radar pulse occurs at time T1, the time T1 being within a
first time segment, that another radar pulse occurs at a later time T2, the 'time T2 being within
a second time ségment, and that still another radar pulse oceurs at a still later time T3, the
time T3 being within a third time segment. The temporal overlaying of the multiple time
segments may be done such that the times T1, T2, and T3 all occur at a same time as one
-another, so that combining the temporally overlaid multiple time segments together hés the

effect of amplifying the radar signal pulses.

‘The temporally overlaid multiple time segments may be combined or integrated together to
reconstruct a radar pulse of the radar signal. Continuing the example directly above, the radar
pulse, the another radar pulse, and the still another radar pulse may be combinéd together to
re-construct a radar pulse of the radar signal. Combining rﬁﬁltiple pulses together in this way

will help to amplify the radar signal above noise, increasing the effective sensitivity of the
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secondary receiver. Clearly, the more time seégments that are temporally overlaid with one

another, the greater the improvement in sensitivity will be. -

Advantageously, éaéh secondary radar receiver may be configured to determine an
intersection of the temporally overlaid multiple time segments to reconstruct a radar pulse of
the radar signal, for examplelby calculating the product of the temporally overlaid multiple
time segments at each moment of time cox}ered by the temporally overlaid multiple time

segments.

Calculating the intersection of the temporally overlaid multiple time segments with one
another may enable the radar pulses received at the secondary antennas to be amplified above
the noise floors of the secondary receivers, thereby enabling the secondary receivers to gather
information upon the radar pulses that they would not have been able to gather had the more-
sensitive primary receiver not received the radar pulsAes and sent the timing information to the
less-sensitive secondary receivers. The gathered information may for example comprise times
of-arrival of thé radar pulses at the various secondary antennas/receivers, and/or signal
intensities éf the radar pulses at the various secondary antennas/receivers, enabling the

direction of the radar signal source to be determined.

The above temporal over‘layihg and interéeg:tion calculation of the multiple time segments is
similar to performing a cross-correlation of the multiple time segments, but does not '
constitute a cross-correlation, since the intersection of the multiple time segments is only
calculated when the relative temporal positions of the tnultiplé time segments are set
according to the timing information in the trigger signal, so that all the multiple timé
segments have a radar pulse at the same time. The intersection is not calculated at all possible
relative temporal positions of the multiple time segments, thereby saving considerable

processing time.

The above reconstruction of the radar pulse assumes that all the radar pulses of the radar
signal have the same pulse shape as one another, as is often the case in radar systems

currently in use. If the radar pulses of the radar signal have different pulse shapes to one
another, then the reconstructed radar pulse will have an average pulse shape of the radar.

pulses of the radar signal, which should still provide useful information on the radar pulses.
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Some direction finding techniques may only require the difference in received radar signal
“amplitudes between multiple receivers, without needing any information on the actual pulse
shape. According, the multiple time segments may be combined together in another way
without temporally overlaying them, for example by integrating or otherwise combining the
multiple time segments to produce an output value, the magnitude of the output value
| indicating the stréngth of the radar signal. -
The multible time segments may comprise an initial time segment followed by subsequent
time segments, and the start time of the i‘nit\ial time segment may be set according to the time
of arrival carried by the trigger signal. The start times of the subsequerit tfme segments may
also be determined according to the timing information carried by the trigger signal. For
example, the start times of the subsequent time segments may be determined accofding to the
start time of the initial time segment, and according to a repetition rate carried by the trigger
. signal that enables the start times of the subsequent time segments relative to the start time of

the initial time segment to be calculated. . -

The start times of ,the initial time segment may be set to be a fixed duration of time before the
time of arrival carried by the trigger signal, such that the initial time segment fully contains
the radar pulse that caused the generation of the trigger signal by the primary receiver. The
start time of each subsequent radar ségmeht may also be set to be a fixed duration of time
before a subsequent radar pulse, either by receiving another trigger signal indicating that a
subsequent radar pulse has been received, or by calculating when a subsequent pulse would
have been received in the case where the trigger signal comprises data stating the pulse
repetition rate. Then, temporally overlaying all of the multiple time segments without any
temporal offsets between their start times should result in éll of the radar pulses coinciding
with one anothef, so that calculating the intersection of the temporally overlaid'multipl'e fime
segments results in a reconstruction of the radar pulse. ‘ |

A : .
Advantagéously, the timing information carried by the tri gger signal may comprise a pulse
width of radar pulses of the radar signal, and a time duration of each one of the multiple time
segments.may be determined according to the pulse width. For example, the time durations of -
the multiple time ‘segments may be set to be a multiple of the pulse width, the multiple being
greater than 1, or the time durations may be set to be a fixed amount of time greater than the

pulse width.
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The trigger signal may further carry a frequency of the radar signal, and each secondary radar
receiver may be configured to filter the RF signal received from the secondary antenna

~ connected to the secondary radar receiver according to the frequency. ‘The filtering may be
done upon the RF sighal, upon the multiple time segmen:s, or upon the reconstructed radar
pulse. Filtering out the frequenciés of the RF signal that do not correspond to the radar si gnal

may help to reduce the noise in the RF signal and/or reconstructed radar pulses.

According to a second aspect of the invention, there is provided a radar receiver system
comprising the radar receiver described above, a primary antenna connected to the primary
receiver, and a secondary antenna connected to thé secondarir receiver. The primary and
secondary antennas may be located at the same location as one another, for example on the
same structure as one another, such as on the same vehicle or ship, or on the same antenna

tower.

A plurality of the secondary receivers and a plurality of respective secondary antennas may
be comprised in the radar receiver system, to add to the accuracy of information on the radar

signal that can be obtained by the radar receiver system.,

The field of view of the secondary antenna(s) preferably fall within the field of view of the -
primary antenna, but the primary and secondary antenna(s) may have different directivities to
one another. Both primary and secondary antenna(s) are capable of receiving the same signal
of interest simultaneously, in the case of multiple secondary antennas at least one secondary
antenna needs to be able to receive the same signal of interest as the primary antenna.

The primary antenna preferably has a wider field of view than the secondary antenna,
enabling the primary antenna to monitor a wide range of directions for radar signals, and
enabling the signal from the secondary antenna to provide useful directional information

based upon the direction in which the secondary antenna is pointing.

Advantageously, the field of view of the secondary antenna may overlap the field of view of
the primary antenna,.to assist the secondary antenna in picking up radar signals that are
- received by the primary antenna, without needing to rotate the primary and secondary

antennas.
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Advantageously, the primary antenna may be an omnidirectional antenna, and the secondary
antenna may be a directional antenné. In the case where a plurality of directional secondary
‘antehnas are connected to a pluralify of respectiv'e seéondairy receivers comprised in the radar .
receiver, the plurality of secondary antennas may be directed in different directions to one

another.

- According to a third aspect of the invention, there is provided a method of detecting é radar
signal ata secondary receiver, the detection being based upon a detection of the radéx signal
at a primary receiver having a greater sensitivity than the secondary radar receiver, the |
method comprising:

detecting the radar signal at the primary receiver;

generating a trigger signal in response to the detected radar signal, the trigger signal
comprising timing information of the detected radar si gnal;

receiving the trigger signal at a secondary receiver; and

searching for the ra'dar signal at the secondary receiver, the search being based upon

the timing information received by the secondary receiver within the trigger signal.

The detection of the radar signal at the secondary radar receiver enables gathering of further
information concerning the radar signal than could be obtained by the primary receiver alone, -
for example by virtue of the signal processing capabilities of the secondary receiver

- compared to the primary receiver, or by virtue of complaring the measurements taken by the
primary and seqpndafy radar receivers.

Advantageously, the primary receiver may receive the radar si‘gnal from a primary antenna, |
and the secondary receiver may receive the radar signal from a secondary antenna, the
primary antenna and the secondary énfenna potentially differing in positions, bandwidths

and/or gains.

The method may further comprise any one or more of the actions described above in relation

to the radar detector.
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. Brief Descrintion of the Drawings

Embodiments of the invention will now be described by way of example only and wi_th_

reference to the accompanying drawings, in which:

Fig. 1 shows a plan schematic diagram of a radar receiver system éomprising primary and
secondary antennas connected to primary and secondary receivers according to an-
embodiment of the invention; '

Fig. 2 shows a schematic diagram of one example of primary and secondary receivers
suitable for use in the Fig. 1 embodiment; |

Fig. 3 shows a schematic diagram of another exampie of pfirnary and secondary receivers
suitable for use in the Fig. 1 embodiment; and

Fig. 4 shows a flow diagram of a method according to an embodiment of the invention.
The drawings are for illustrative purposes only and are not to scale.

Detailed Description

An embodiment of the invention will now be described with reference to the schematic
diagram of Fig.'1, which shows plan schematic diagram of a radar receiver system
comprising primary 110 and secondary 115-118 antennas, primary 140 and secondary 145-

148 receivers, and a signal processor 150.

The primary antenna 110 is an omnidirectional antenna and having a response illustrated by
the curve 120. The secondary antennas 115 - 118 are directional antennas in the form of a
horn antennas directed horizontally, and have directional responses illustrated by the curves
125- 128, |

The primary antenna 110 is connected to the primary receiver 140 via a connection 130 (only
partially shown in Fig. 1 for claritj), and the secondary anten‘nas 115 - 118 are connected-to
respective ones of tﬁe secondary receivers 145 — 148 by respective connections 135 — 138
(only partially shown in Fig. 1 for clarity). The connections 135 — 138 are formed by co-axial

cables connected between each secondary antenna and the respective secondary receiver.
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The primary receiver 140 is a high sensitivity, narrowband receiver configured to detect radar
signals and to generate a trigger signal in response to detecting a radar signal. The primary
receiver 140 is connected to the signal processor 150, and is configured to send information

upon the detected radar signél and a trigger signal to the signal processor 150.

The secondary receivers 145 — 148 are lower sensit{vity, wideband receivers configured to
search fof the radar signal in response to receiving the trigger signal generated by the primary
receiver 140. The search is based upon timing information carried by the trigger signal. The
secondary receivers 145 - 148 are connected to the signal processor 150, and are configured
to send information about the radar signal to the signal processor 150, and to receive the

trigger signal from the primary receiver 140 via the signal processor 150. '

The signal processor 150 gathers the information on the radar signal from the secondary
receivers together, and determines a direction of a source of the radar signal based upon the
differences in the radar signal réported by the secondary receivers. In particular, the signal
processor may compare Signal strengths of the radar signal at the various secondary receivers,
in conjunction with the directions in which the secondary antennas point, in order to

- determine the direction of the radar source. The secondary receiver.connected to the
secondary antenna that is directed closest to the direction of the radar source, will clearly
report the strongest signal strength. The direction of the radar source is output at output

160. The signal processor 150 may comprise electronic circuitry distributed between the

primary and secondary receivers.

The bandwidth of the primary receiver is riarrower than that of the secondéry receivers,
leading to the higher sensitivity of the primary receiver. For example, the primary receiver
may have a bandwidth of 500MHz and the secondary receivers may each havé a bandwidth
of 16GHz.

One example of the primary and secondary receivers will now be described with reference to
Fig. 2, which shows a primary receiver 240 and a secondary receiver 245. The primary
receiver 240 receives an input signal 230 from a primary antenna such as the primary antenna
110, and fche secondary receiver 245 receives an input sigrial 235 from a secondary antenna

such as the secondary antenna 115.
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The primary receiver comprises an RF front end 270, a radar signal detection unit 272, and a
~ trigger 1.3ulse generator 274. The RF front end 270 receives an RF signal 230 from the
primary antenna, and down-converts it in frequency for the radar éignal detection unit 272.
The radar signal detection unit 272 identifies a radar signal present within the RF signal from
the primary antenna, and informs the trigger pulse generator 274 of the radar signal .
charactén'stics. The radar signal detection unit 272 also outputs the radar signal
characteristics in a signal 273, for example to a signal processor such as the signal processor
150.

The trigger pulse generator 274 also receives the down-converted RF signal from the RF
front end 270, and uses the radar signal characteristics received from thg radar signal
detection unit 272 to identify incoming radar signal bulses of the radar signal. Each time a
‘radar signal pulse of the radar signal is received, the trigger pulse generator 274 outputs a
trigger pulse as an oﬁ’tput trigger signal 275. The trigger pulse is sent a predetermined length
of time after the incoming radar signal pulse is received, so that the timing relaﬁonshib A
between the incoming radar signal pulse within signal 230 and the triggef pulse within signal

275 is known. The trigger pulse is set to last for the same duration as the radar signal pulse.

The secondary réceiver 245 comprises an RF front end 280, a delay stage..281,v and an
integrator 282. The RF front end 280 receives an RF signal 235 from the secondary antenna,
and outputs it to the delay stage 281. After a time délay, the delay stage 281 outputs the
sigﬁal from the RF front end 280 to the integrator 282, which integrates the signal. The
integrator 282 also refzeives the trigger signal 275 that was generated by the primary receiver.
The integration times of the integrator are controlled by the trigger pulses of fhe trigger signal
275. The t'rigger signal 275 may be received directly from fhe primary receiver, or via other

circuitry, such as the signal processor 150.

The delay stage 281 delays the signal from the RF front end 280 by én z;lmount corresponding
to the predetermined delay introduced by the primary receiver betwéen the incoming radar
signal pulse within signal 230 and the trigger pulse within signal 275. Accordingly, when the
int’egratér receives an incoming radar signal pulse from the delay stage 280, it also receives a
trigger pulse within signal 275 that has the same timing and duration as the incoming radar
signal pﬁlse. The t;igger pulse.causes the integrator 282 to integrate the signal from the delay

line for the duration of the radar signal pulse, and to cease integrating until another trigger
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pulse corresponding to another incoming radar signal pulse is reccived, whereupon
integration is performed again. Accordingly, the trigger pulses define multiple time segments
of the received RF signal 235, each time segment comprising an incoming radar signal pulse.
The repetition rate of the radar signal pulses is indicated by the repetition rate of the trigger
pulses. The trigger pulses éause the integrator 282 to integrate (search) for the radar signal at

the times when incoming pulses of the radar signal are known to be present.

After a set number of incoming radar pulses have been integrated, the output of the integrator
is output in output signal 283, and the integrator is reset. The output signal 283 of the
integrator 282 cofresponds to the amplitude of the radar signal at the secondary receiver, and
may be conipared to the amplitudes recorded by other secondary receivers, and/or the

primary receiver, for example within signal processor 150.

The integrator enables multiple incomiﬁg radar pulses to be combined toget'her within the
secondary receiver, realising a high processing gain that lifts the incoming radar signal pulses
far enough above the ndise floor of the secondary receiver, providing a useful indication of
signal strength of the radar signal at the secondary antenna that is connected to. the secondary

-receiver 245.

The number of radar pulses that are integrated can be determined in advance or dynamically

determined in relation to a pre-specified signal-to-noise threshold target.

The secondary receiver may further comprise a radar signal detection unit (not shown in Figs)
that is similar to the radar signal detection unit 272 of the primary receiver, but which may

use the trigger signal 275 to assist in radar signal detection.

The above example primary and secondary receivers are fela'tively simple to implement, and
use a straightforward trigger pulse as a trigger signal to indicate to the secondary receiver the
“times when it should be receiving the radar 51: gnal pulses of the radar signal detected by the
primary receiver, so that a high processing gain can be realised to cdmpensate for the lower
sensitivity of the secondary receiver. The generation of a trigger pulse each time a radar
signal pulse is received means the system can cope with jittered radar pulses that do not have -

fixed repetition intervals between them.
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Another example of primary and secondary receivers suitable for use in the Fig; 1 syétem will
now be described with reference to the schematic diagram of Fig. 3, which shows a primary
receiver 340 and a secondary receiver 345. The primary receiver 340 receives an input signal
330 from a primary antenna such as the primary antenna 110, and the secondary receiver 345
receives an input signal 335 from a secondary antenna such as the s.econd'ary antenna 115.
The primary receiver comprises an RF front end 370, a radar signal detection uﬁit 372,and a
trigger signal generator 374. The RF front end 370 receives an RF signal 330 from the
primary antenna, and down-converts it in frequency for the radar signal detection unit 372.

" The radar signal detection unit 372 identifies a radar signal present within the signal from the
RF front end, and informs the trigger signal generator 374 of the radar signal characteristics.
Tile radar signal detection unit 372 aléo outputs the radar signal characteristics in a sfgnal

373, for example to a signal processor such as the signal processor 150.

The trigger signal generator 374 also receives the down-converted RF signal from the RF
front end 370, and uses the radar signal characteristics received from the radar signal
detection unit 372 to identify an incoming radar signal pulse of the radar signal. Once an
incoming radar signal pulse is identified, the trigger signal generator 374 outputs a trigger
signal 375. The trigger signal 375 includes data comprising a timestamp of the time of arrival
of the radar signal pulse, a repetition rate of the radar signal pulses, a pulse width of the radar

signal pulses, and an RF frequency of the radar signal pulses.

The secondary receiver 345 comprises an RF front end 380 connected to a buffer stage 381,
and an intersection stage 382 connected to the buffer stage 381. The RF front end 380
receives an RF signal 335 from the secondary antenna, and the intersection stage 382 outputs

a signal strength of the radar signal that is within the RF signal 335.

The secondary receiver further comprises a trigger signal iﬁterpreter 385, which receives the
trigger signal 375 generated by the primary receiver 340, extracts the data within the trigger
signal 375, and controls the RF front end 380 and the buffer stage 381 to search for the
presence of the radar signal' within the RF signal 335. The trigger signal 375 may be received
by the secondary receiver 345 directly from the primary receiver 340, or \'/ia other circuitry,

such as the signal processor 150.
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The trigger signal interpreter 385 extracts the RF frequency of the radar signal pulses from |

. the trigger signal 375, and sets filters and/or down-conversion local oscillator frequencies of '
the RF front end 380 to match the freqﬁency of the radar signal pulses. The‘trigger signal
interpreter 385 also extracts from the trigger si gnal 375 the timestamp, pulse repetitidg rate,
and pulse width of the radar signal pulses for controlling the buffer stage 38 1. s

In use, when the secondary receiver 345 receives the trigger signal 375. generated by the
primary receiver 340, the RF front end 380 down-converts and. filters the RF signal 335 from »
the secondary antenna accordmg to the RF frequency carried by the tri gger signal, and passes
the down-converted and filtered signal to the buffer stage 381. The buffer stage 381 starts
buffering this signal into a first row ovf the buffer stage at a start time indicated by the
timestamp carried within the trigger signal 375, and for a duration according to the pulse |
width carried within the trigger signal 375. The data in the first row of thé buffer stage

constitutes an initial time segment of the RF signal received from the secondary antenna.

The buffer stage 381 then determines (or receives from the trigger signal interpreter 385) a
start time of the next radar signal pulse-of the radar signal, the start time of the next radar
signal pulse bemg deterrhined as the timestamp in the trigger signal data plus one radar signal
| pulse repetition interval, the radar signal pulse repetition interval determined from the
repetition rate in the trlgger 51gna1 data. At the start time of the next radar 51gna1 pulse, the
buffer stage 381 starts buffermg the signal from the RF front end 380 into a second row of the -
buffer stage, for a duration accordlng to the pulse width carried within the trigger signal 375.
The data in the second row of the buffer stage constitutes a subsequent time segment of the

RF signal received from the secondary antenna.

- This is repeated for subsequently received radar pulses, buffering each subsequently received
radar pulse into a respective row of the buffe'r stage 381, to store a respective time segment.
The buffering process temporally overlays the time segments by the data of the first row
starting at the time of the timestamp, and the data of each subsequent row starting at the time
of the timestamp plus an integer number of the pulse repetition interval, such that each
column of the buffer stage 381 holds data corresponding to the same part of each received

radar signal pulse.
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Once a predetermined number of multiple time segments (radar signal pulses) are stored into
: Buffer stage 381, the buffer stage 381 indicates to the intersection calculation stage 382 that
the buffer stage 381 contains mﬁltiple time segments ready for intersection calculation. The
i)redetermined number may be fixed, or thé trigger signal may further comprise an indication
of how many radar signal pulses are likely to be received foliowing the timestamb, and the
predetermined number may be set according to this indication. Since radar signal pulses are
usually received in bursts, the trigger signal generator 374 preferably sends the trigger signal
375 in response receiving the first pulses(s) of a burst, S0 that there are several,.more radar

~ signal pulses that will follow and will be collected within the buffer 381.

. The intersection calculation stage 382 then calculates the intersection of the multiple time'
segments, to realise a processing ga\in that lifts the received radar signal pulses within the
multiple time segments sufficiently above the noise floor to give an indication of the strength
of the received radar signal, or to determine more accurately the rise and fall edges of the
pulse for time of arrival measurements. The intersection may for example be calculated by

“adding up fhe data along the columns of the buffer stage 381 and dividing the added column
values by the number of rows, to produce a composite time segment wherein the effects of

noise are averaged-out.

Once the intersection has been calculated, the result is output as outpuf signal 383, and the
buffer stage 381 is reset pending receipt of another instruction from the trigger signal |
interpreter 385 that another trigger signal has been received. The output signal 383.indicates
the signal strength of the radar signal at the secondary receiver 345, and may be compared to.
the amplitudeé recorded by other secondary receivers, and/or the primary receiver, for -

example within signal processor 150.

To help ensure that the buffer stage 381 starts buffering thehsignal from the RF front end 380
at the time of the timestamp, the timestamp generated by the primary trigger signal may bea
'ltime at which the beginning of a next radar signal pulse is expected to be received, so that the
buffer stage 381 réceives— the timestamp sufficiently quickly to start buffering at the time of
the timestamp when that radar signal pulse is received. Or, the buffer stage 381 may include
an initial delay stage, for example similar to the delay stage 281 of the secondary receiver |

245. Or; the buffer stage 381 may treat the received timestamp as being the timestamp in the
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trigger signal data plus one radar signal pulse repetition interval, the radar signal pulse

repetition interval determined from the repetition rate in the trigger signal data.

* The primary and secondary receivers 340 and 345 may for example be connected to a
common clock to help ensure that the timestamp included in the trigger signal 375 at the
primary receiver 340 is properly interpreted by the secondary receiver 345 without any

significant timing offsets being‘introduced.‘

The secondary receiver 345 may further comprjse_ a radar signal detection unit (not shown in
Figs) that is similar to the radar signal detection unit 372 of the primary receiver, but which
may use the trigger signal 375 to assist in radar signal detection.
Compa}ed to the first example of Fig. 2, this example relies on a constant repetition rate of
radar signal pulses so that the start times for the time segments can all be calculated based
upon the tirﬁestan}p and the radar puise repetition rate. However, this example could be
amended to make it applicable to jittered radar signél pulses if desired by including -
timestamps within the trigger signal for multiple radar signal pulses, instead of just a
timestamp of a first radar signal pulse togéther with a repetition rate. Then, the multiple time
segments could be defined with reference to the multiple timestamps.

[
The above example primary and secondary receivers 340 and 345 have less stringent timing
* requirements than the primary and secondary receivers 240 and 2435, since the timing
information of the trigger signal is carried as data within the trigger signal 375, rather than by

the times at which trigger pulses of the 'trigger signal 275 arrive at the receiver.

Another embodiment uses different analogue-to-digital conversion techniques to provide a
reduced complexity, multiple channel radar receiver system. The brimary receiver uses an
analogue-to-digital converter that oversa;ﬁples an intermediate frequency signal from a
tuning stage, the intermediate frequency signal containing the radar signal. An oversampling
tecﬁnique allows an optimum pulse detection method to be implemented and can fesult in

high signal-to-noise ratios.

The secondary receiver(s) uses an analogue-to-digital converter that undersamples an

intermediate frequency signal from a tuning stage, the intermediate frequency signal
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containing the radar signal. Undersampling is simpler and more cost effective than the

oversampling implemented in the primary receiver, but results in lower signal-to-noise ratios.

The difference in sensitivity between the oversampling primary receiver and the.
‘undersampling secondary receiver(s) is reduced by enabling the primary receiver to trigger
the secondary receiver(s) when a radar signal is present and the secondary receivér(s) to
-integrate over multiple pulses in order to increase the signal-to-noise ratio of the secondary
receiver(s) to a level that is comparablé to the signal-to-noise ratio of the prirriary receiver.

A méthod according to an embodiment of the invention will riow be described with reference
to the flow diagram of Fig. 4. The metho& is a method of detecting a radar signal at a
secondary receiver, the detection being based upon a detection of the radar sighal at a primary
~ receiver having a greater sensitivity than the secondary radar receiver. The primary receiver

| may for example be the primary receiver 240 or 340, and the secondary receiver may for

example be the secondary receiver 245 or 345.

In a first step 410, the method compr_ises detecting a radar signal at the primary receiver. In a
second step 420, the primary receiver generates a trigger signal in response to the detected
radar signal, the trigger signal comprising timing information of the detected radar signal.
Then, the trigger signal is sent from the primary receiver to thé secondary receiver in a step
430, and in a step 440, the secondary receiver proceeds to search for the radar signal based :

upon the timing information received within the trigger signal.

Further embodiments falling within the scope of the appended claims will also be apparent to

. those skilled in the art.
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CLAIMS

1. A radar receiver, comprising a primary receiver for connecting to a primary antenna,
and a secondary receiver for connecting to a secondary antenna, wherein the primary receiver
has a greater sensitivity than the secondary receiver, wherein the primary receiver is
configured to detect a radar signal and to generate a trigger signal in response to detecting the
radar signal, wherein the secondary receiver is configured to receive the trigger signal and to
search for the radar signal, the search being based upon timing information carried by the '
trigger sighal, and wherein, ‘ .
the sécondary receiver is one of a plurality of secondary receivers comprised in the radar
receiver, each of the pluralify of secondary receivers being configured to receive the trigger
~signal and to search for _thé radar signal, the search being based upon timing information:
carried by the trigger signal, and wherein the radar receiver further comprises a signal
processor connected to each of the plurality of secondary receivers, the signal processor
configured to collate output signals of the secondary receivers to determine a diréction ofa

transmitter of the radar signal.

2. The radar receiver of claim 1, wherein a bandwidth of the secondary receiver is

greater than a bandwidth of the primary receiver.

3. The radar receiver of claim 1 or 2, wherein the primary receiver is configured to
oversample the radar signal and wherein the secondary receiver is configured to undersample

the radar signal.

4. The radar receiver of any preceding claim, wherein the timing information carried by
the trigger signal comprises a repetition rate of radar ;)ulses of the radar signal, and wherein
the repetition rate is carried by the trigger signél by virtue of times when the trigger signal is
sent to the secondary receiver, or by virtue of a repetition rate indicated within data of the
trigger signal.

5.  The radar receiver of any preceding claim, wherein tﬁe timing information carried by

the trigger signal comprises a time of arrival of a radar pulse of the radar signal.
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6. The radar receiver of any preceding claim, wherein the search performed by the
secondary radar receiver comprises defining multiple time segments of an RF signal received
from a secondary antenna, and wherein times of the multiple time segments are based upon

the timing information carried by the trigger signal.

7. The radar receiver of claim 6, wherein the secondary radar receiver is confi gured 1o -
temporally overlay the multlple time segments with one anothcr bascd on the timin g

information, such that a radar pulse of the radar signal occurs in each one of the multiple time

segments at the same time.

8. The radar receiver of claim 7, wherein the secondary radar receiver is further
configured to determine an intersection of the temporally overlaid multiple time segmeﬁts to

reconstruct a radar pulse of the radar signal.

9. . The radar receiver of any one of claims 6 to 8, wherein the timing information carried
by the triggér signal comprises a pulse width of radar pulses of the radar signal, and wherein
a time duration of each one of the multiple time segments is determined according to the
pulse width.,

10.  The radar receiver of any preceding claim, wherein the trigger signal further carriés a
frequency of thé radar ‘signal; and wherein the secondary radar receiver is configured to filter

an RF signal received from a secondary antenna according to the frequency.

11. A radar receiver system, comprising the radar receiver of any preceding claim, a
primary antenna connected to the primary receiver, and a secbndary antenna connected to the

secondary receiver.

12. The radar receiver system of claim 11, wherein the primary antenna has a wider field

‘of view than the secondary antenna.

13.  The radar receiver system of claim 11 or 12, wherein the field of view of the

secondary antenna overlaps the field of view of the primary antenna.
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14. A method of detecting a radar signal at a secondary receiver, the detection being
based upon a detection of the radar signal at a primary receiver having a greater sensitivity
than the seconc{ary radar receiver, the method comprising:
detecting the radar signal at the primary receiver;
generating a trigger signal in response to the detected radar signal, the trigger signal
comprising timing jnformaﬁon of the detected radar signal;
receiving the trigger signal at a secondary receiver; and
searching for the radar signal at the secondary receivér, the searéh being based upon
the timing information received by the secondary receiver within the trigger signal,
wherein |
the secondary receiver is one of a plufality of secondary receivers comprised in the radar
receiver, each of the plurality of secondary receivers being configured to receive thé trigger
-signal and to search for the radar signal, the search being based upon timing information
carried by the trigger sfgnal, and wherein the radar receiver further comprises a signal
processdr connected to each of the plurality of secondary receivers, the signal processor
configured to collate output signals of the secondary receivers'to determine a direction of a

transmitter of the radar signal.

15. A radar receiver, comprising a primar}} receiver for connecting to a primary antenna,
and a secondary receiver for cbnnecting to a secondary antennai, wherein the primary receiver
has a greater sensitivity than the secondary receiver, wherein the pr_imary receiver 1s
configured to detect a radar signal and to generate a trigger signal in response to detecting the
radar signal, wherein the secondafy receiver is configured to receive the trigger signal and to
search for the radar signal, the search being based upon timing information carried by the

trigger signal.
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