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a. receiving a radar return signal from a target and generating a 
range-Doppler target image signature of the target 

b. Selecting a Spectral line within the range-Doppler target image 14 
signature from a modulation feature on the target which 

comprises an effective point scatterer 

16 

c. providing a range profile for the spectral line 

18 
d. obtaining a reference range profile of a reference point 

SCatterer 

e. determining a difference between a power at a range shorter 2O 
than a peak corresponding to the modulation feature in the 
range profile and a power at a corresponding range of the 

reference range profile 

22 

f. determining whether the difference is above a threshold value 

24 26 

g. where the difference is above the g. where the difference is not above the threshold value, generating a second threshold value, generating a first control 
signal arranged to cause provision of the 
range-Doppler target image Signature 

Control signal arranged to prevent 
provision of the range-Doppler target 

image signature 
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a. receiving a range-Doppler target image signature of a target 

b. identifying a spectral line within the range-Doppler target 64 
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comprises an effective point scatterer 
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CONTROLLING ARADAR SYSTEMAND 
THE PROVISION OF A RANGE-DOPPLER 

TARGET IMAGE SIGNATURE 

RELATED APPLICATIONS 

This application is a continuation of U.S. application Ser. 
No. 13/821,522, filed Mar. 7, 2013, now U.S. Pat. No. 
9,063,217, and entitled “RADAR SYSTEM AND METH 
ODS OF CONTROLLING ARADAR SYSTEMAND THE 
PROVISION OF A RANGE-DOPPLERTARGET IMAGE 
SIGNATURE.” which is a U.S. National Stage application 
under 35 U.S.C. S371 of PCT/GB2011/051644, filed Sep. 1, 
2011, and entitled “RADAR SYSTEM AND METHODS 
OF CONTROLLING A RADAR SYSTEM AND THE 
PROVISION OF A RANGE-DOPPLERTARGET IMAGE 
SIGNATURE,” each of which are incorporated herein by 
reference in their entireties. 

FIELD OF THE DISCLOSURE 

The disclosure relates to a method of controlling a radar 
system. The method further relates to a method of control 
ling the provision of a range-Doppler target image signature 
of a target. The disclosure further relates to a radar system 
arranged to implement a method of controlling a radar 
system. 

BACKGROUND 

Range-Doppler target image (RDI) signatures are often 
used in target recognition applications. In order to accurately 
extract target features from an RDI signature it is necessary 
for the range profiles of the RDI signature to have good time 
sidelobe performance (typically better than 20-25 dB below 
the level of the peak return for close in local peaks in the 
profile). If good time sidelobe performance is not achieved, 
“ghost” reflection Sources can appear in the target signature, 
which can be interpreted as being part of the real target and 
severely degrade the feature extraction process. In order for 
the desired time sidelobe performance to be achieved, the 
radar used to generate the RDI signature must be operating 
in its linear region. If the radar receiver receives unexpect 
edly high power radar return signals, for example from a 
target having a large radar cross-section or at a short range, 
it will become saturated and the time sidelobe performance 
and the consequent feature extraction performance will be 
degraded. There are various known methods for calibrating 
the time sidelobe performance of a radar system to enable 
the radar to be set to operate in its linear region, including 
using a remote point scatterer, such as a corner reflector, a 
remote delay line transponder, or a closed loop transponder 
to generate a calibration time sidelobe characteristic. 

SUMMARY 

According to a first aspect of the disclosure there is 
provided a method of controlling a radar system, the method 
including: 

receiving a radar return signal from a target and generat 
ing a range-Doppler target image signature of the target; 

Selecting a spectral line within the range-Doppler target 
image signature from a modulation feature on the target 
which has an effective point scatterer; 

providing a range profile for the spectral line; 
obtaining a reference range profile of a reference point 

scatterer; and 
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2 
determining a difference between a power at a range 

shorter than a peak corresponding to the modulation feature 
in the range profile and a power at a corresponding range of 
the reference range profile. 

In an embodiment, the method includes controlling pro 
vision of the range-Doppler target image signature based on 
the difference. 

In an embodiment, the method includes: 
determining whether the difference is above a threshold 

value; and 
where the difference is not above the threshold value, 

generating a first control signal arranged to cause provision 
of the range-Doppler target image signature, and, where the 
difference is above the threshold value, generating a second 
control signal arranged to prevent provision of the range 
Doppler target image signature. 
The method is able to determine whether the RDI signa 

ture that has been generated has suffered any time sidelobe 
distortion and to control the provision of the RDI signature 
in dependence on whether distortion has occurred; if distor 
tion is determined to have occurred, provision of the RDI 
signature is prevented, and if distortion is determined not to 
have occurred, provision of the RDI signature is enabled. 
The method may be used to ensure that an RDI signature that 
is to be used for feature extraction and target recognition is 
only provided if the RDI signature has not suffered any time 
sidelobe distortion. The method may allow the quality of an 
RDI signature to be assessed based on the RDI signature 
itself, with no additional measurements needed beyond 
provision of the reference range profile. 

In an embodiment, selecting a spectral line includes: 
identifying one or more spectral lines having a signal 

power peak; 
generating a range profile for each said spectral line; and 
selecting a said spectral line having a range profile having 

a primary power peak and one or more secondary power 
peaks, and each said secondary power peak located at a 
shorter range that the primary power peak having a Substan 
tially lower power that the primary power peak. 

It has been observed from measurement and analysis of 
RDI signatures of aircraft corresponding to the “front of the 
target, nearest the radar, that strong modulation returns from 
JEM lines, Scanning antennae, rotors and propellers appear 
as point targets. Hence, “in front of these modulation 
Sources in the direction of the radar the range profile tends 
to be due to the inherent time sidelobes of the radar and not 
due to other modulation sources or scatterers. Any multi 
path effects present occur “behind these strong modulation 
Sources resulting in the range profile beyond the radar being 
a combination of the inherent time sidelobes characteristics 
of the radar and the multi-path reflections. This means that 
the range profile in front of these strong modulation scat 
terers is determined by the radar system's time sidelobes and 
measuring these characteristics may be used to determine 
whether the radar signal is being distorted, due to high 
power signals, for example. 

In an embodiment, identifying one or more spectral lines 
includes selecting the or each of the identified spectral lines 
corresponding to a modulation feature not located on a skin 
of the target. It has been determined that there are typically 
a large number of skin scatterers on the skin of an aircraft 
and the resulting range profile is complex. As a result, no 
meaningful time sidelobe characteristic can be extracted 
from the RDI signature if skin scatterers are used. Using a 
non-skin scatterer ensures that a usefully simple range 
profile can be generated. 
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In an embodiment, selecting a said spectral line includes 
selecting the spectral line having the highest signal power 
peak and the said range profile. Using the highest signal 
power peak may ensure that the secondary power peaks have 
a Substantially lower power that the primary power peak. 5 

In an embodiment, the spectral line includes one of a jet 
engine modulation spectral line, a rotor chopping line, a 
reflection from a scanning antenna and a propeller chopping 
line. These modulation features act as strong point targets. A 
jet engine modulation (JEM) line in particular has a rela- 10 
tively simple range profile. 

In an embodiment, the reference range profile includes a 
range profile of a spectral line from a modulation feature of 
a reference target having an effective point scatterer. The 
range profile of a spectral line from a modulation feature of 15 
a reference target may provide a better reference profile, 
having sharper resolution peak and lower time sidelobes, 
than a range profile generated from a remote point target, a 
remote delay line transponder, or a closed loop transponder. 

In an embodiment, the spectral line is identified as being 20 
from a modulation feature having an effective point Scatterer 
by: determining a difference between the range width of a 
primary power peak of a range profile of the spectral line and 
the range width of a corresponding power peak of the 
reference range profile; determining whether the difference 25 
is above a threshold value; and if the difference is not above 
the threshold value, identifying the said spectral line as 
being from a modulation feature having an effective point 
Scatterer. 

In an embodiment, the range width includes the full width 30 
of the power peak at the 3 dB power point of the peak and 
the threshold value includes 10 percent of the range width of 
the power peak of the reference range profile. 

In an embodiment, the method includes determining a 
mean difference between powers at range cells at ranges 
shorter than a peak corresponding to the modulation feature 
in the range profile and powers at corresponding range cells 
of the reference range profile. 

In an embodiment, generating the range-Doppler target 
image signature includes applying a gain, and the method 
further includes generating a third control signal arranged to 
change the gain to reduce the power of the returns in a 
Subsequent range-Doppler target image signature. The 
method may thus be used to control the gain applied during 
generation of a Subsequent RDI signature. If time sidelobe 
distortion is determined to have occurred, the method may 
enable the gain applied during generation of the Subsequent 
RDI signature to be reduced in order to mitigate the distor 
tion. It will be appreciated that gain here includes both 
positive gain and negative gain (attenuation), and changing 
the gain to reduce the power of the returns in a Subsequent 
RDI signature may therefore include reducing a positive 
gain or increasing a negative gain. The method may thus be 
used to provide dynamic calibration of a radar system in 
response to receipt of radar return signals of varying power 
levels. 

In an embodiment, the method further includes providing 
an overdriven reference range profile generated from a 
reference radar return signal having a power arranged to 
cause a radar receiver to operate in Saturation, and generat 
ing the third control signal includes: determining a differ 
ence between a power at a range shorter than a peak 
corresponding to the modulation feature in the range profile 
and a power at a corresponding range of the overdriven 
reference range profile; obtaining a gain variation value in 
dependence on the difference; and generating a third control 
signal arranged to cause the gain to be changed by the gain 

35 

40 

45 

50 

55 

60 

65 

4 
variation value before generation of the Subsequent range 
Doppler target image signature. 

In an embodiment, determining the difference between a 
power at a range shorter than a peak corresponding to the 
modulation feature in the range profile and a power at a 
corresponding range of the reference range profile includes 
generating and transmitting again re-set signal arranged to 
re-set the gain to a default value following generation of 
each RDI signature. The third control signal is transmitted 
after the gain re-set signal so that the gain variation value is 
applied following re-setting of the gain. The method may 
therefore ensure that the gain is re-set to an appropriate level 
that will allow radar return signals having a lower power 
than the previously received radar return signal to be 
detected. 

In an embodiment, the range-Doppler target image sig 
nature includes a high range resolution range-Doppler target 
image signature. 
A second aspect of the disclosure provides a method of 

controlling the provision of a range-Doppler target image 
signature of a target, the method including: 

receiving a range-Doppler target image signature of a 
target; 

identifying a spectral line within the range-Doppler target 
image signature from a modulation feature on the target 
which has an effective point scatterer; 

providing a range profile for the return from the modu 
lation feature; 

obtaining a reference range profile of a reference point 
scatterer; and 

determining a difference between a power at a range 
shorter than a peak corresponding to the modulation feature 
in the range profile and a power at a corresponding range of 
the reference range profile. 

In an embodiment, the method includes controlling pro 
vision of the range-Doppler target image signature based on 
the difference. 

In an embodiment, the method includes: 
determining whether the difference is above a threshold 

value; and 
where the difference is not above the threshold value, 

generating a first control signal arranged to cause provision 
of the range-Doppler target image signature, and, where the 
difference is above the threshold value, generating a second 
control signal arranged to prevent provision of the range 
Doppler target image signature. 
The method is able to determine whether the received 

RDI signature has suffered any time sidelobe distortion and 
to control the provision of the RDI signature in dependence 
on whether distortion has occurred; if distortion is deter 
mined to have occurred, provision of the RDI signature is 
prevented, and if distortion is determined not to have 
occurred, provision of the RDI signature is enabled. The 
method may be used to ensure that an RDI signature that is 
to be used for feature extraction and target recognition is 
only provided if the RDI signature has not suffered any time 
sidelobe distortion. The method may allow the quality of an 
RDI signature to be assessed based on the RDI signature 
itself, with no additional measurements needed beyond 
provision of the reference range profile. 

In an embodiment, identifying a spectral line includes: 
identifying one or more spectral lines having a signal 

power peak; 
generating a range profile for each said spectral line; and 
selecting a said spectral line having a range profile having 

a primary power peak and one or more secondary power 
peaks, and each said secondary power peak located at a 
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shorter range that the primary power peak having a Substan 
tially lower power that the primary power peak. 

It has been observed from measurement and analysis of 
RDI signatures of aircraft corresponding to the “front of the 
target, nearest the radar, that strong modulation returns from 
JEM lines, scanning antennae, rotors and propellers appear 
as point targets. Hence, “in front of these modulation 
Sources in the direction of the radar the range profile tends 
to be due to the inherent time sidelobes of the radar and not 
due to other modulation sources or scatterers. Any multi 
path effects present occur “behind these strong modulation 
Sources resulting in the range profile beyond the radar being 
a combination of the inherent time sidelobes characteristics 
of the radar and the multi-path reflections. This means that 
the range profile in front of these strong modulation scat 
terers is determined by the radar system's time sidelobes and 
measuring these characteristics may be used to determine 
whether the radar signal is being distorted, due to high 
power signals, for example. 

In an embodiment, identifying one or more spectral lines 
includes selecting the or each of the identified spectral lines 
corresponding to a modulation feature not located on a skin 
of the target. It has been determined that there are typically 
a large number of skin Scatterers on the skin of an aircraft 
and the resulting range profile is complex. As a result, no 
meaningful time sidelobe characteristic can be extracted 
from the RDI signature if skin scatterers are used. Using a 
non-skin scatterer ensures that a usefully simple range 
profile can be generated. 

In an embodiment, selecting a said spectral line includes 
selecting the spectral line having the highest signal power 
peak and the said range profile. Using the highest signal 
power peak may ensure that the secondary power peaks have 
a Substantially lower power that the primary power peak. 

In an embodiment, the spectral line includes one of a jet 
engine modulation spectral line, a rotor chopping line, a 
propeller chopping line and a reflection from a scanning 
antenna. These modulation features act as strong point 
targets. A jet engine modulation (JEM) line in particular has 
a relatively simple range profile. 

In an embodiment, the reference range profile includes a 
range profile of a modulation feature of a reference target 
having an effective point Scatterer. The range profile of a 
spectral line from a modulation feature of a reference target 
may provide a better reference profile, having sharper reso 
lution peak and lower time sidelobes, than a range profile 
generated from a remote point target, a remote delay line 
transponder, or a closed loop transponder. 

In an embodiment, the spectral line is identified as being 
from a modulation feature having an effective point Scatterer 
by: determining a difference between the range width of a 
primary power peak of a range profile of the spectral line and 
the range width of a corresponding power peak of the 
reference range profile; determining whether the difference 
is above a threshold value; and if the difference is not above 
the threshold value, identifying the said spectral line as 
being from a modulation feature having an effective point 
Scatterer. 

In an embodiment, the range width includes the full width 
of the power peak at the 3 dB power point of the peak and 
the threshold value includes 10 percent of the range width of 
the power peak of the reference range profile. 

In an embodiment, prior to receiving a range-Doppler 
target image signature of a target. the method includes 
applying again to the range-Doppler target image signature 
of a target, and the second control signal is further arranged 
to change again to be applied to generate a further range 
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6 
Doppler target image signature. The method may thus be 
used to control the gain applied during generation of a 
subsequent RDI signature. If time sidelobe distortion is 
determined to have occurred, the method may enable the 
gain applied during generation of the Subsequent RDI sig 
nature to be reduced in order to mitigate the distortion. It will 
be appreciated that gain here includes both positive gain and 
negative gain (attenuation), and changing the gain to reduce 
the power of the returns in a Subsequent RDI signature may 
therefore include reducing a positive gain or increasing a 
negative gain. 

In an embodiment, the reference range profile includes a 
linear reference range profile generated from a first radar 
return signal having a first signal power arranged to cause a 
radar receiver to operate linearly and the method further 
includes providing an overdriven reference range profile 
generated from a second radar return signal having a second, 
higher power arranged to cause the radar receiver to operate 
in Saturation. 

In an embodiment, the range-Doppler target image sig 
nature includes a high range resolution range-Doppler target 
image signature. 
A third aspect of the disclosure provides a radar system 

including: 
receiver apparatus arranged to receive a radar return 

signal and to generate a range-Doppler target image signa 
ture; and 

a controller arranged to: 
select a spectral line within the range-Doppler target 

image signature from a modulation feature on the target 
which includes an effective point scatterer; 

provide a range profile for the spectral line; 
obtain a reference range profile of a reference point 

scatterer; and 
determine a difference between a power at a range shorter 

than a peak corresponding to the modulation feature in the 
range profile and a power at a corresponding range of the 
reference range profile. 

In an embodiment, the controller is arranged to control 
provision of the range-Doppler target image signature based 
on the difference. 

In an embodiment, the controller is further arranged to: 
determine whether the difference is above a threshold 

value; and 
where the difference is not above the threshold value, 

generate a first control signal arranged to cause provision of 
the range-Doppler target image signature, and, where the 
difference is above the threshold value, generate a second 
control signal arranged to prevent provision of the range 
Doppler target image signature. 
The radar system is able to determine whether the RDI 

signature has suffered any time sidelobe distortion and to 
control the provision of the RDI signature in dependence on 
whether distortion has occurred; if distortion is determined 
to have occurred, provision of the RDI signature is pre 
vented, and if distortion is determined not to have occurred, 
provision of the RDI signature is enabled. The radar system 
may be operated in a manner that ensures that an RDI 
signature that is to be used for feature extraction and target 
recognition is only provided if the RDI signature has not 
suffered any time sidelobe distortion. The radar system may 
be able to assess the quality of an RDI signature based on the 
RDI signature itself, with no additional measurements 
needed beyond provision of the reference range profile. 

In an embodiment, the controller is arranged to provide a 
range profile for the spectral line by the following process: 
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identify one or more spectral lines having a signal power 
peak; 

generate a range profile for each said spectral line; and 
Select a said spectral line having a range profile having a 

primary power peak and one or more secondary power 
peaks, and each said secondary power peak located at a 
shorter range that the primary power peak having a Substan 
tially lower power that the primary power peak. 

It has been observed from measurement and analysis of 
RDI signatures of aircraft corresponding to the “front of the 
target, nearest the radar, that strong modulation returns from 
JEM lines, scanning antennae, rotors and propellers appear 
as point targets. Hence, “in front of these modulation 
Sources in the direction of the radar the range profile tends 
to be due to the inherent time sidelobes of the radar and not 
due to other modulation sources or scatterers. Any multi 
path effects present occur “behind these strong modulation 
Sources resulting in the range profile beyond the radar being 
a combination of the inherent time sidelobes characteristics 
of the radar and the multi-path reflections. This means that 
the range profile in front of these strong modulation scat 
terers is determined by the radar system's time sidelobes and 
measuring these characteristics may be used to determine 
whether the radar signal is being distorted, due to high 
power signals, for example. 

In an embodiment, the controller is further arranged to 
identify one or more spectral lines, in that it is arranged to 
select the or each of the identified spectral lines correspond 
ing to a modulation feature not located on a skin of the 
target. It has been determined that there are typically a large 
number of skin scatterers on the skin of an aircraft and the 
resulting range profile is complex. As a result, no meaning 
ful time sidelobe characteristic can be extracted from the 
RDI signature if skin scatterers are used. Using a non-skin 
scatterer ensures that a usefully simple range profile can be 
generated. 

In an embodiment, the controller is further arranged to 
select a said spectral line, in that it is arranged to select the 
spectral line having the highest signal power peak and the 
said range profile. Using the highest signal power peak may 
ensure that the secondary power peaks have a Substantially 
lower power that the primary power peak. 

In an embodiment, the controller is arranged to select a 
spectral line having one of a jet engine modulation spectral 
line, a rotor chopping line, a propeller chopping line and a 
reflection from a scanning antenna. These modulation fea 
tures act as strong point targets. A jet engine modulation 
(JEM) line in particular has a relatively simple range profile. 

In an embodiment, the reference range profile includes a 
range profile of a spectral line from a modulation feature of 
a reference target having an effective point scatterer. The 
range profile of a spectral line from a modulation feature of 
a reference target may provide a better reference profile, 
having sharper resolution peak and lower time sidelobes, 
than a range profile generated from a remote point target, a 
remote delay line transponder, or a closed loop transponder. 

In an embodiment, the controller is arranged to identify 
the spectral line as being from a modulation feature having 
an effective point scatterer by: determining a difference 
between the range width of a primary power peak of a range 
profile of the spectral line and the range width of a corre 
sponding power peak of the reference range profile; deter 
mining whether the difference is above a threshold value: 
and if the difference is not above the threshold value, 
identifying the said spectral line as being from a modulation 
feature having an effective point Scatterer. 
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8 
In an embodiment, the range width includes the full width 

of the power peak at the 3 dB power point of the peak and 
the threshold value includes 10 percent of the range width of 
the power peak of the reference range profile. 

In an embodiment, the controller is arranged to determine 
whether the difference is above a threshold value, in that it 
is arranged to determine a mean difference between powers 
at plurality of range cells at ranges shorter than a peak 
corresponding to the modulation feature in the range profile 
and powers at a corresponding plurality of range cells of the 
reference range profile. 

In an embodiment, the radar system further includes 
signal power control apparatus arranged to apply again to 
the range-Doppler target image signature and the controller 
is further arranged to generate and transmit a third control 
signal arranged to change the gain applied by the signal 
power control apparatus to reduce the power of the returns 
in a Subsequent range-Doppler target image signature. The 
radar system may therefore control the gain applied during 
generation of an RDI signature and can change the gain 
between a first RDI signature and a Subsequent RDI signa 
ture. If time sidelobe distortion is determined to have 
occurred, the radar system may enable the gain applied 
during generation of the Subsequent RDI signature to be 
reduced in order to mitigate the distortion. It will be appre 
ciated that gain here includes both positive gain and negative 
gain (attenuation), and changing the gain to reduce the 
power of the returns in a Subsequent RDI signature may 
therefore comprise reducing a positive gain or increasing a 
negative gain. The radar system may therefore be dynami 
cally calibrated to take account of changing power levels of 
received radar return signals. 

In an embodiment, the controller is further arranged to 
provide an overdriven reference range profile generated 
from a reference radar return signal having a power arranged 
to cause a radar receiver to operate in Saturation, and the 
controller is arranged to generate the third control signal by: 
determining a difference between a power at a range shorter 
than a peak corresponding to the modulation feature in the 
range profile and a power at a corresponding range of the 
overdriven reference range profile; obtaining again value in 
dependence on the difference; and generating a third control 
signal arranged to cause a gain of the gain value to be 
applied during generation of the Subsequent range-Doppler 
target image signature. 

In an embodiment, the controller is further arranged to 
generate a re-set signal arranged to re-set the gain to a 
default value following generation of each RDI signature. 
The controller is arranged to transmit the third control signal 
after transmitting the re-set signal so that gain variation 
value is applied following re-setting of the gain. The method 
may therefore ensure that the gain is re-set to an appropriate 
level that will allow radar return signals having a lower 
power than the previously received radar return signal to be 
detected. 

In an embodiment, the system includes a high range 
resolution range-Doppler target radar system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the disclosure will now be described in 
detail, by way of example only, with reference to the 
accompanying drawings, in which: 

FIG. 1 is a flow chart of a method of controlling a radar 
system according to a first embodiment of the disclosure; 

FIG. 2 shows a reference range profile of a reference point 
target generated using a remote delay line transponder, 
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FIG. 3 shows: a) (diamonds) a range profile of a JEM 
spectral line of a target; and b) (squares) the reference range 
profile of FIG. 2: 

FIG. 4 shows: a) (diamonds) a range profile of a chopping 
line of a helicopter rear rotor; b) (squares) a range profile of 
a JEM spectral line of a fighter jet; c) (triangles) a range 
profile of a spectral line from a scanning antenna of a 
surveillance aircraft; d) (crosses) a range profile of a JEM 
spectral line of a transport aircraft; and e) (stars) the refer 
ence range profile of FIG. 2; 

FIG. 5 shows: a) (diamonds) the reference range profile of 
FIG. 2; and b) (squares) the mean of the range profiles a) to 
d) of FIG. 3; 

FIG. 6 is a flow chart of a method of controlling the 
provision of a range-Doppler target image signature of a 
target according to a second embodiment of the disclosure; 

FIG. 7 is a schematic representation of a radar system 
according to a tenth embodiment of the disclosure; and 

FIG. 8 is a schematic representation of a radar system 
according to an eleventh embodiment of the disclosure. 

DETAILED DESCRIPTION 

Referring to FIGS. 1 to 5, a first embodiment of the 
disclosure provides a method 10 of controlling a radar 
system. 
The method 10 includes: 
receiving a radar return signal from a target and generat 

ing a range-Doppler target image signature of the target 12; 
Selecting a spectral line within the range-Doppler target 

image signature from a modulation feature on the target 
which includes an effective point scatterer 14: 

providing a range profile for the spectral line 16; 
obtaining a reference range profile of a reference point 

scatterer 18; and 
determining a difference between a power at a range 

shorter than a peak corresponding to the modulation feature 
in the range profile and a power at a corresponding range of 
the reference range profile 20. 

In some embodiments, the method 10 further includes: 
determining whether the difference is above a threshold 

value 22; and 
where the difference is not above the threshold value, 

generating a first control signal arranged to cause provision 
of the range-Doppler target image signature 24, and, where 
the difference is above the threshold value, generating a 
second control signal arranged to prevent provision of the 
range-Doppler target image signature 26. 
The method may be used in real time to control a radar 

system to ensure that only RDI signatures that have not been 
distorted are output. 

Again referring to FIG. 1, a second embodiment of the 
disclosure provides a method of controlling a radar system 
that is similar to the method 10 of the first embodiment, with 
the following modifications. 

In this embodiment, selecting a spectral line within the 
range-Doppler target image signature from a modulation 
feature on the target which includes an effective point 
scatterer 14 includes: 

identifying one or more spectral lines having a signal 
power peak; 

generating a range profile for each said spectral line; and 
Selecting a said spectral line having a range profile having 

a primary power peak and one or more secondary power 
peaks, and each said secondary power peak located at a 
shorter range that the primary power peak having a Substan 
tially lower power that the primary power peak. 
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10 
In some embodiments, each identified spectral line cor 

responds to a modulation feature not located on a skin of the 
target. Because there are typically a large number of skin 
scatterers on the skin of a target aircraft, and the resulting 
range profile is therefore complex, no meaningful time 
sidelobe characteristic can be extracted from a single RDI 
signature using a skin scatterer. 

In some embodiments, the spectral line having the highest 
signal power peak is selected that has the desired range 
profile characteristics. 
The selected spectral line is checked to confirm that is 

generated from a modulation feature that includes an effec 
tive point scatterer. This is done by determining a difference 
between the range width of the primary power peak of the 
range profile of the spectral line and the range width of the 
peak of the reference range profile. In this example, the 
range width includes the full width of the power peak at the 
3 dB power point of the primary peak, i.e. the full-width half 
maximum (FWHM) of the primary peak. The difference is 
compared to a threshold value, which in this example 
includes 10% of the range width of the power peak of the 
reference range profile, to determine whether it is above the 
threshold value. If the difference is not above the threshold 
value, the said spectral line is identified as being from a 
modulation feature having an effective point Scatterer. 

It has been observed from measurement and analysis of 
RDI signatures of aircraft corresponding to the “front of the 
target, nearest the radar, that strong modulation returns from 
JEM lines, Scanning antennae, rotors and propellers appear 
as point targets. Hence, “in front of these modulation 
sources in the direction of the radar the range profile tends 
to be due to the inherent time sidelobes of the radar and not 
due to other modulation sources or scatterers. Any multi 
path effects present occur “behind these strong modulation 
Sources resulting in the range profile beyond the radar being 
a combination of the inherent time sidelobes characteristics 
of the radar and the multi-path reflections. This means that 
the range profile in front of these strong modulation scat 
terers is determined by the radar system's time sidelobes and 
measuring these characteristics may be used to determine 
whether the radar signal is being distorted, due to high 
power signals, for example. 
An example reference range profile of a reference point 

scatterer that may be used with the methods of first and 
second embodiment is shown in FIG. 2. In this example, the 
reference range profile has been generated using a remote 
delay line transponder. The use of a remote delay line 
transponder to provide a calibration or reference range 
profile of a radar will be well know to the person skilled in 
the art and so it will not be described in detail here. The 
range profile has a clear primary peak extending over range 
cells 10-14 and the power level of the return in the profile at 
ranges shorter than the primary peak (range cells 0-9) are 
significantly below the level of the primary peak. The 
reference range profile can therefore be said to have good 
time sidelobe performance. The returns at ranges longer than 
the primary peak are not of interest here as it is not possible 
to determine whether the returns are multipath returns or real 
returns, and so they cannot be relied upon. 

FIG. 3 shows a range profile of a JEM spectral line of a 
business jet, (diamond shaped data points) and the reference 
range profile of FIG. 2 (square shaped data points). A JEM 
spectral line is chosen as a modulation feature because the 
range profile for a single JEM spectral line is relative simple 
as JEM returns only come from the aircraft engines. A 
particular JEM spectral line (chopping line) is generated by 
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a particular engine at a location appropriate to the compres 
sor blade stage that generates it. JEM lines tend to be well 
localised. 
AJEM spectral line is preferable to a skin return (from a 

scatterer on the skin of the target) because there are typically 
a large number of skin scatterers on the skin of a target 
aircraft and the resulting range profile is complex. As a result 
no meaningful time sidelobe characteristic can be extracted 
from a single RDI signature. 
As can be seen from FIG. 3, the shape of the range profile 

of the JEM spectral line around its primary peak, in range 
cells 8-14, is in good agreement with the peak of the 
reference range profile. The range resolution of the JEM 
spectral line range profile is very close to the reference range 
profile and the close agreement of the shapes of the peaks of 
the profiles indicates that the JEM spectral line is acting as 
an effective point scatterer. There is no evidence of degra 
dation of the range profile due to the presence of a second 
engine on the business jet or due to multipath returns. 

Analysis of many JEM spectral line range profiles has 
shown that the shape of their primary peak does not tend to 
be distorted when the radar receiver is overdriven, i.e. driven 
into non-linear operation, by receiving a high power radar 
return signal. Only the secondary peaks (time sidelobes) are 
affected during non-linear operation of a radar receiver. It 
can be seen that at range cells 2, 6 and 21 the power levels 
of the JEM spectral line are over 10 dB higher than the 
reference range profile. For a JEM spectral line it has been 
determined that the primary peak tends to be well localised 
and there is no mechanism for a high level return to occur 
before the primary peak unless distortion is present in the 
radar receiver. It has been realised that it can therefore be 
concluded that the secondary peaks at range cells 2 and 6 are 
due to radar receiver saturation. It cannot be determined 
whether the return at range cell 21 is due to radar Saturation, 
a second engine return or multipath returns. The secondary 
returns at ranges shorter than the primary peak in the JEM 
spectral line range profile have therefore been identified as 
being uSeable as measures of the presence of distortion. 

The level of degradation of JEM spectral line time side 
lobes (secondary peaks in the range profile) has been deter 
mined to be strongly correlated with an apparent deviation 
of the return signal received from the target from the fourth 
power of the target range. 
The modulation feature may alternatively comprise a 

rotor chopping line, a propeller chopping line or a reflection 
from a scanning antenna. FIG. 4 shows range profiles for 
each of a range profile of a chopping line of a helicopter rear 
rotor (diamonds), a range profile of a JEM spectral line of a 
fighter jet (squares), a range profile of a spectral line from a 
scanning antenna of a Surveillance aircraft (triangles), a 
range profile of a JEM spectral line of a transport aircraft 
(crosses), and the reference range profile of FIG. 2 (stars). 
The modulation features were selected based on their 

signal strength and their location within the RDI signature. 
The strongest spectral line of each modulation feature was 
selected for use. The test for determining whether the 
selected spectral line corresponded to the modulation feature 
acting as an effective point scatterer was applied, comparing 
the width of the primary peak of the range profile of each 
spectral line with that of the reference range profile and 
checking that the range profile does not include any other 
strong scatterers (secondary peaks) from any other part of 
the target nearer to the radar (i.e. at ranges shorter than that 
of the primary peak), as described above. 
As can be seen in FIG. 4, between range cells 4 and 15 the 

range profile, and thus the time sidelobe characteristics, of 
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12 
the modulation features are similar to or better than the 
reference range profile from the remote delayed line tran 
sponder point scatterer. 
A third embodiment of the disclosure provides a method 

of controlling a radar system that is similar to the method of 
the second embodiment, with the following modifications. 

In this embodiment, the reference range profile is a range 
profile of a spectral line from a modulation feature of a 
reference target, which includes an effective point scatterer. 
The mean range profile (square data points) of the modu 

lation features of FIG. 4 is shown in FIG. 5. It can be seen 
that there is generally good agreement with the reference 
range profile (diamond data points). The modulation fea 
tures can therefore be identified as acting as effective point 
ScattererS. 

The modulation features have a slightly sharper resolution 
primary peak and slightly lower secondary peaks (time 
sidelobes) on average than the reference range profile. 
Remarkably, the modulation features therefore provide bet 
ter reference range profiles than the remote delayed line 
transponder. 

Using a modulation feature on a target to generate a 
reference range profile therefore provides a representative 
and accurate reference range profile. 
A fourth embodiment of the disclosure provides a method 

of controlling a radar system that is similar to the method of 
the second embodiment, with the following modifications. 

In this embodiment, determining the difference between a 
power at a range shorter than a peak corresponding to the 
modulation feature in the range profile and a power at a 
corresponding range of the reference range profile includes 
determining a mean difference between powers at plurality 
of range cells at ranges shorter than a peak corresponding to 
the modulation feature in the range profile and powers at a 
corresponding plurality of range cells of the reference range 
profile. 
A fifth embodiment of the disclosure provides a method of 

controlling a radar system that is similar to the method of the 
second embodiment, with the following modifications. 

In this embodiment, receiving a radar return signal from 
a target and generating a range-Doppler target image signa 
ture of the target 12 includes generating the RDI signature 
further includes applying a gain and the method further 
includes generating and transmitting a third control signal 
arranged to change the gain to reduce the power of the 
returns in a Subsequent RDI signature. 
An overdriven reference range profile is provided that has 

been generated from a reference radar return signal having 
a power arranged to cause a radar receiver to operate in 
saturation. The third control signal is generated by deter 
mining a difference between a power at a range shorter than 
the primary peak in the JEM spectral line range profile and 
a power at a corresponding range of the overdriven reference 
range profile. The difference indicates the level of time 
sidelobe saturation that has occurred. Typically the differ 
ence is determined by comparing the power of a secondary 
peak in the JEM spectral line range profile with the power 
level at the corresponding range in the overdriven reference 
range profile. Based on the difference, again variation value 
is obtained. In this example, the gain variation value is 
obtained from a look-up table of the received radar return 
signal power as a function of the difference. By obtaining the 
radar return signal power corresponding to the difference a 
gain variation can be calculated to reduce the radar return 
signal power to a level below a maximum value at which the 
radar receiver will operate in its linear region. 
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The method includes generating and transmitting a third 
control signal arranged to cause the gain to be changed by 
the gain variation value before generation of a Subsequent 
RDI signature. It will be appreciated that gain is here 
understood to mean both a positive gain and a negative gain 
(i.e. an attenuation). In the case of a positive gain the gain 
will be reduced to reduce the power of the radar return signal 
prior to generation of the Subsequent RDI signature and in 
the case of a negative gain (attenuation) the gain (attenua 
tion) will be increased. 
A sixth embodiment of the disclosure provides a method 

of controlling a radar system that is similar to the method of 
the previous embodiment, with the following modifications. 

In this embodiment, determining a difference between a 
power at a range shorter than a peak corresponding to the 
modulation feature in the range profile and a power at a 
corresponding range of the reference range profile 20 
includes generating and transmitting a gain re-set signal 
arranged to re-set the gain to a default value following 
generation of each RDI signature. The third control signal is 
transmitted after the gain re-set signal so that the gain 
variation value is applied following re-setting of the gain. 
The method may therefore ensure that the gain is re-set to an 
appropriate level that will allow radar return signals having 
a lower power than the previously received radar return 
signal to be detected. 

It will be appreciated that the RDI signature of each of the 
above described embodiments may comprise a high range 
resolution (HRR). RDI signature, being particularly useful 
for feature extraction and target recognition applications. 
A seventh embodiment of the disclosure provides method 

60 of controlling the provision of an RDI signature of a 
target. 

The method 60 includes: 
receiving a range-Doppler target image signature of a 

target 62; 
identifying a spectral line within the range-Doppler target 

image signature from a modulation feature on the target 
which includes an effective point scatterer 64; 

providing a range profile for the return from the modu 
lation feature 66: 

obtaining a reference range profile of a reference point 
scatterer 68; and 

determining a difference between a power at a range 
shorter than a peak corresponding to the modulation feature 
in the range profile and a power at a corresponding range of 
the reference range profile 70. 

In some embodiments, the method 60 further includes: 
determining whether the difference is above a threshold 

value 72; and 
where the difference is not above the threshold value, 

generating a first control signal arranged to cause provision 
of the range-Doppler target image signature 74, and, where 
the difference is above the threshold value, generating a 
second control signal arranged to prevent provision of the 
range-Doppler target image signature 76. 
The method may be used to control the provision of both 

current RDI signatures in real time and to select historical 
RDI signatures for provision, in both cases ensuring that 
only RDI signatures that have not been distorted are deliv 
ered. 

Again referring to FIG. 1, an eighth embodiment of the 
disclosure provides a method of controlling provision of an 
RDI signature of a target, which is similar to the method 60 
of the previous embodiment, with the following modifica 
tions. 
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In this embodiment, identifying a spectral line within the 

range-Doppler target image signature from a modulation 
feature on the target which includes an effective point 
scatterer 64 includes: 

identifying one or more spectral lines having a signal 
power peak; 

generating a range profile for each said spectral line; and 
selecting a said spectral line having a range profile having 

a primary power peak and one or more secondary power 
peaks, and each said secondary power peak located at a 
shorter range that the primary power peak having a Substan 
tially lower power that the primary power peak. 

In some embodiments, each identified spectral line cor 
responds to a modulation feature not located on a skin of the 
target. Because there are typically a large number of skin 
scatterers on the skin of a target aircraft, and the resulting 
range profile is therefore complex, no meaningful time 
sidelobe characteristic can be extracted from a single RDI 
signature using a skin scatterer. 

In some embodiments, the spectral line having the highest 
signal power peak is selected that has the desired range 
profile characteristics. 
The selected spectral line is checked to confirm that is 

generated from a modulation feature that includes an effec 
tive point scatterer. This is done by determining a difference 
between the range width of the primary power peak of the 
range profile of the spectral line and the range width of the 
peak of the reference range profile. In this example, the 
range width includes the full width of the power peak at the 
3 dB power point of the primary peak, i.e. the full-width half 
maximum (FWHM) of the primary peak. The difference is 
compared to a threshold value, which in this example 
includes 10% of the range width of the power peak of the 
reference range profile, to determine whether it is above the 
threshold value. If the difference is not above the threshold 
value, the said spectral line is identified as being from a 
modulation feature having an effective point Scatterer. 
As discussed above in relation to FIG. 4, the modulation 

feature may alternatively comprise a rotor chopping line, 
propeller chopping line or a reflection from a scanning 
antenna. 

A ninth embodiment of the disclosure provides a method 
of controlling provision of an RDI signature that is similar 
to the method of the previous embodiment, with the follow 
ing modifications. 

In this embodiment, the reference range profile is a range 
profile of a spectral line from a modulation feature of a 
reference target that includes an effective point scatterer. 
The mean range profile (square data points) of the modu 

lation features of FIG. 4 is shown in FIG. 5. It can be seen 
that there is generally good agreement with the reference 
range profile (diamond data points). The modulation fea 
tures can therefore be identified as acting as effective point 
ScattererS. 

The modulation features have a slightly sharper resolution 
primary peak and slightly lower secondary peaks (time 
sidelobes) on average than the reference range profile. 
Remarkably, the modulation features therefore provide bet 
ter reference range profiles than the remote delayed line 
transponder. 

Using a modulation feature on a target to generate a 
reference range profile therefore provides a representative 
and accurate reference range profile. 
A tenth embodiment of the disclosure provides a method 

of controlling provision of an RDI signature that is similar 
to the method of the seventh embodiment, with the follow 
ing modifications. 
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In this embodiment, determining a difference between a 
power at a range shorter than a peak corresponding to the 
modulation feature in the range profile and a power at a 
corresponding range of the reference range profile 70 
includes determining a mean difference between powers at 
plurality of range cells at ranges shorter than a peak corre 
sponding to the modulation feature in the range profile and 
powers at a corresponding plurality of range cells of the 
reference range profile. 

It will be appreciated that the RDI signature of each of the 
above described embodiments may comprise a high range 
resolution (HRR). RDI signature, being particularly useful 
for feature extraction and target recognition applications. 
An eleventh embodiment of the disclosure provides a 

radar system 80, as shown in FIG. 7. 
The radar system 80 includes: 
receiver apparatus 82, 84, 86, 88,90 arranged to receive 

a radar return signal and to generate an RDI signature; and 
a controller 92 arranged to: 
select a spectral line within the RDI signature from a 

modulation feature on the target which includes an effective 
point scatterer, 

provide a range profile for the spectral line; 
obtain a reference range profile of a reference point 

scatterer; and 
determine a difference between a power at a range shorter 

than a peak corresponding to the modulation feature in the 
range profile and a power at a corresponding range of the 
reference range profile. 

In some embodiments, the controller 92 is further 
arranged to: 

determine whether the difference is above a threshold 
value; and 

where the difference is not above the threshold value, 
generate a first control signal arranged to cause provision of 
the RDI signature, and, where the difference is above the 
threshold value, generate a second control signal arranged to 
prevent provision of the RDI signature. 
The receiver apparatus of this example includes a radar 

antenna 82 arranged to receive a radar return signal, a 
duplexer 84, a receiver front end 86, a down converter 88 
and a digitiser 90. 
The receiver front end 86 includes a low noise amplifier 

that establishes a low noise figure and provides high sensi 
tivity performance to the radar system 80. 

The controller 92 in this example includes a computer but 
it will be appreciated that a programmable microcontroller 
or microprocessor may alternatively be used. The controller 
92 is provided with a data storage unit 94, which here 
includes the RAM memory of the computer, in which the 
reference range profile is stored and from where the refer 
ence range profile is obtained by the controller 92. 

For completeness, the transmission side of the radar 
system 80 is also shown but it does not form part of this 
embodiment. The transmission side includes a waveform 
generator 96, an upconverter 98, and a TWT amplifier 100. 
The duplexer 84 and antenna 82 additionally form part of the 
transmission side of the radar system. 
Where the difference is not above the threshold value, the 

first control signal causes the RDI signature to be provided 
within an output signal 106. Where the difference is above 
the threshold value, the second control signal prevents 
provision of the RDI signature. The RDI signature is there 
fore not output from the radar system 80. 
A radar system 110 according to a twelfth embodiment of 

the disclosure is shown in FIG. 8. The radar system 110 of 
this embodiment is similar to the radar system 80 of FIG. 7, 
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with the following modifications. The same reference num 
bers are retained for corresponding features. 

In this embodiment, the radar system 110 further includes 
signal power control apparatus 112 arranged to apply again 
to the RDI signature. The signal power control apparatus 112 
of this example includes a variable or programmable attenu 
ator, and thus applies a negative gain. It will be appreciated 
that a variable or programmable gain element arranged to 
apply a positive gain may alternatively be used as the signal 
power control apparatus. 
The controller 92 is further arranged to, where the differ 

ence is above the threshold value, generate and transmit a 
third control signal 114 to the signal power control apparatus 
112. The third control signal 114 is arranged to change the 
gain applied by the signal power control apparatus 112, to 
reduce the power of the returns in a Subsequent RDI signa 
ture. 

In this example, an overdriven reference range profile is 
provided that has been generated from a reference radar 
return signal having a power arranged to cause a radar 
receiver to operate in Saturation. 
The controller 92 is arranged to generate the third control 

signal by: determining a difference between a power at a 
range shorter than the primary peak in the range profile and 
a power at a corresponding range of the overdriven reference 
range profile, obtaining a gain value in dependence on the 
difference; and generating a third control signal arranged to 
cause the gain to be changed by the gain variation value 
before generation of the Subsequent range-Doppler target 
image signature. 
The third control signal is generated by determining a 

difference between a power at a range shorter than the 
primary peak the range profile, for example a JEM spectral 
line range profile, and a power at a corresponding range of 
the overdriven reference range profile. The difference indi 
cates the level of time sidelobe saturation that has occurred. 
Typically the difference is determined by comparing the 
power of a secondary peak in the JEM spectral line range 
profile with the power level at the corresponding range in the 
overdriven reference range profile. Based on the difference, 
a gain variation value is obtained. 

In this example, a look-up table of the received radar 
return signal power as a function of the difference is pro 
vided in the data storage unit 94 and the gain variation value 
is obtained by looking up the radar return signal power 
corresponding to the difference. The controller is arranged to 
then calculate the gain variation to reduce the radar return 
signal power to a level below a maximum value at which the 
radar receiver will operate in its linear region. 

In this example, the radar system 110 is arranged to 
generate a high range resolution (HRR). RDI signature, and 
the radar system 110 is therefore of particular use for feature 
extraction and target recognition applications. 
A thirteenth embodiment of the disclosure provides a 

radar system having the same structure as the radar system 
110 of the previous embodiment, with the following modi 
fications. 

In this embodiment, the controller 92 is further arranged 
to generate and transmit a re-set signal arranged to re-set the 
gain to a default value following generation of each RDI 
signature. The controller 92 is arranged to transmit the third 
control signal after transmitting the re-set signal so that gain 
variation value is applied following re-setting of the gain. 
The method may therefore ensure that the gain is re-set to an 
appropriate level that will allow radar return signals having 
a lower power than the previously received radar return 
signal to be detected. 



US 9,562,967 B2 
17 

A fourteenth embodiment of the disclosure provides a 
radar system having the same structure as the radar system 
110 of the twelfth embodiment, with the following modifi 
cations. 

In this embodiment, the controller 92 is arranged to 
provide a range profile for the spectral line by: 

identifying one or more spectral lines having a signal 
power peak; 

generating a range profile for each said spectral line; and 
Selecting a said spectral line having a range profile having 

a primary power peak and one or more secondary power 
peaks, and each said secondary power peak located at a 
shorter range that the primary power peak having a Substan 
tially lower power that the primary power peak. 

In some embodiments, each identified spectral line cor 
responds to a modulation feature not located on a skin of the 
target. Because there are typically a large number of skin 
scatterers on the skin of a target aircraft, and the resulting 
range profile is therefore complex, no meaningful time 
sidelobe characteristic can be extracted from a single RDI 
signature using a skin scatterer. 

In some embodiments, the spectral line having the highest 
signal power peak is selected that has the desired range 
profile characteristics. 
The selected spectral line is checked to confirm that is 

generated from a modulation feature that includes an effec 
tive point scatterer, as described above. 
An example reference range profile of a reference point 

scatterer that may be used in this embodiment is shown in 
FIG. 2, as described above. 
The modulation feature may alternatively comprise a 

rotor chopping line, a propeller chopping line or a reflection 
from a scanning antenna, as described above in relation to 
FIG. 3. 
A fifteenth embodiment of the disclosure provides a radar 

system having the same structure as the radar system 110 of 
FIG. 8, with the following modifications. 

In this embodiment, the reference range profile is a range 
profile of a spectral line from a modulation feature of a 
reference target that includes an effective point scatterer. 
As described above in relation to FIG. 4, modulation 

features can therefore be used as effective point scatterers. 
A sixteenth embodiment of the disclosure provides a radar 

system having the same structure as the radar system 110 of 
FIG. 8, with the following modifications. 

In this embodiment, the controller 92 is arranged to 
determine a difference between a power at a range shorter 
than a peak corresponding to the modulation feature in the 
range profile and a power at a corresponding range of the 
reference range profile by determining a mean difference 
between powers at plurality of range cells at ranges shorter 
than a peak corresponding to the modulation feature in the 
range profile and powers at a corresponding plurality of 
range cells of the reference range profile. 

The invention claimed is: 
1. A method of controlling a radar system, the method 

comprising: 
receiving a radar return signal from a target and generat 

ing a range-Doppler target image signature of the 
target; 

Selecting a spectral line within the range-Doppler target 
image signature from a modulation feature on the target 
which comprises an effective point scatterer; 

providing a range profile for the spectral line; 
obtaining a reference range profile of a reference point 

Scatterer; and 

18 
determining a difference between a power at a range 

shorter than a peak corresponding to the modulation 
feature in the range profile and a power at a corre 
sponding range of the reference range profile. 

5 2. The method as claimed in claim 1, further comprising 
controlling provision of the range-Doppler target image 
signature based on the difference. 

3. The method as claimed in claim 1, further comprising: 
determining whether the difference is above a threshold 

value; and 
at least one of 

in response to the difference not being above the 
threshold value, generating a first control signal 
arranged to cause provision of the range-Doppler 
target image signature, and 

in response to the difference being above the threshold 
value, generating a second control signal arranged to 
prevent provision of the range-Doppler target image 
signature. 

4. The method as claimed in claim 1, wherein selecting a 
spectral line comprises: 

identifying one or more spectral lines comprising a signal 
power peak; 

generating a range profile for each said spectral line; and 
selecting a said spectral line having a range profile 

comprising a primary power peak and one or more 
secondary power peaks, and each said secondary power 
peak located at a shorter range that the primary power 
peak having a Substantially lower power that the pri 
mary power peak. 

5. The method as claimed in claim 4, wherein identifying 
one or more spectral lines comprises selecting the or each of 
the identified one or more spectral lines corresponding to a 
modulation feature not located on a skin of the target. 

6. The method as claimed in claim 4, wherein selecting a 
said spectral line comprises selecting the spectral line com 
prising the highest signal power peak and the said range 
profile. 

7. A method of controlling the provision of the range 
40 Doppler target image signature of a target, the method 

comprising: 
receiving a range-Doppler target image signature of a 

target; 
identifying a spectral line within the range-Doppler target 

image signature from a modulation feature on the target 
which comprises an effective point Scatterer; 

providing a range profile for a return from the modulation 
feature; 

obtaining a reference range profile of a reference point 
Scatterer, 

determining a difference between a power at a range 
shorter than a peak corresponding to the modulation 
feature in the range profile and a power at a corre 
sponding range of the reference range profile, and 

generating a control signal for changing a gain of the 
range-Doppler target image signature based on the 
difference, and transmitting the control signal to a 
signal power control apparatus, 

wherein the signal power control apparatus is configured 
to be controlled by the control signal and further 
configured to change the gain of the range-Doppler 
target image signature based on the control signal. 

8. The method as claimed in claim 7, further comprising: 
determining whether the difference is above a threshold 

value; and 
where the difference is not above the threshold value, 

generating a first control signal arranged to cause 
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provision of the range-Doppler target image signature, 
and, where the difference is above the threshold value, 
generating a second control signal arranged to prevent 
provision of the range-Doppler target image signature. 

9. The method as claimed in claim 7, wherein identifying 
a spectral line comprises: 

identifying one or more spectral lines comprising a signal 
power peak; 

generating a range profile for each said spectral line; and 
Selecting a said spectral line having a range profile 

comprising a primary power peak and one or more 
Secondary power peaks, and each said secondary power 
peak located at a shorter range that the primary power 
peak having a substantially lower power that the pri 
mary power peak. 

10. The method as claimed in claim 9, wherein identifying 
one or more spectral lines further comprises selecting the or 
each of the identified one or more spectral lines correspond 
ing to a modulation feature not located on a skin of the 
target. 

11. The method as claimed in claim 9, wherein selecting 
a said spectral line comprises: selecting the spectral line 
comprising a highest signal power peak and the said range 
profile. 

12. The method as claimed in claim 7, further comprising: 
applying again to the range-Doppler target image signa 

ture of a target; and 
changing the gain to be applied to generate a further 

range-Doppler target image signature based on the 
difference. 

13. The method as claimed in claim 7, wherein the 
reference range profile comprises a linear reference range 
profile generated from a first radar return signal having a first 
signal power arranged to cause a radar receiver to operate 
linearly, and wherein the method further comprises provid 
ing an overdriven reference range profile generated from a 
Second radar return signal having a second, higher power 
arranged to cause the radar receiver to operate in saturation. 

14. A radar system comprising: 
receiver apparatus arranged to receive a radar return 

signal and to generate a range-Doppler target image 
signature; and 

a controller configured to: 
Select a spectral line within the range-Doppler target 
image signature from a modulation feature on the 
target which comprises an effective point scatterer; 
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provide a range profile for the spectral line: 
obtain a reference range profile of a reference point 

scatterer; and 
determine a difference between a power at a range 

shorter than a peak corresponding to the modulation 
feature in the range profile and a power at a corre 
sponding range of the reference range profile. 

15. The radar system as claimed in claim 14, wherein the 
controller is further configured to control provision of the 
range-Doppler target image signature based on the differ 
CCC. 

16. The radar system as claimed in claim 14, wherein the 
controller is further configured to: 

determine whether the difference is above a threshold 
value; and 

at least one of 
in response to the difference not being above the 

threshold value, generate a first control signal 
arranged to cause provision of the range-Doppler 
target image signature, and 

in response to the difference being above the threshold 
value, generate a second control signal arranged to 
prevent provision of the range-Doppler target image 
signature. 

17. The radar system as claimed in claim 14, wherein the 
controller is further configured to: 

identify one or more spectral lines comprising a signal 
power peak; 

generate a range profile for each said spectral line; and 
Select a said spectral line having a range profile compris 

ing a primary power peak and one or more secondary 
power peaks, such that each said secondary power peak 
located at a shorter range that the primary power peak 
has a substantially lower power that the primary power 
peak. 

18. The radar system as claimed in claim 17, wherein the 
controller is further configured to: 

select the or each of the identified spectral lines corre 
sponding to a modulation feature not located on a skin 
of the target. 

19. The radar system as claimed in claim 17, wherein the 
controller is further configured to: 

Select the spectral line comprising the highest signal 
power peak and the said range profile. 


