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After this demodulation, a signal is obtained whose frequency is proportional
to the distance from the target counted relative to the triggering range of the
demodulation ramp. When the target range is extended, we obtain a

20 combination of signals where the frequency and start instant are proportional
to the range and the amplitude is proportional to the reflectivity of each target
element. In general, as we are interested in targets where the length is small
compared with the length of the transmitted pulse, it is possible to filter,
sample and narrow band encode the obtained signal. The range profile of a

25 target can then be reconstructed by a spectral analysis of the signal thus
sampled. For a target that has several elements at different ranges from the
radar, each element reflects a signal of different frequency that is
proportional to the element's range. Therefore, we can identify the nature of a
target.

30 The obtained range resolution r is inversely proportional to the
bandwidth of frequencies transmitted B, where B is equal to fmax - fmin. This
resolution r is given by the following relationship:

r=o— (1)
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resolution r is given by the followi ng relationship: C r=a (
i arranr ~m *(j 00002* 1 2 JAN 2006 2 where c represents the phase 6@|3@ﬁt
light and a is a coefficient that depends on the type of spectral anaIyS|s
used. If this analysis is a weighted,Fourier transform a is equal to 1.
For a Hammi ng weighting, a is roughly equal to 1.3 while for a

hi gh-resol ution analysis, a may be less than 5 1. For sone applications,
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metre for example, by passmg a band B that is distinctly greater than 50 MHz

inside a pulse. However, such a solution is costly and complex to implement.
It very significantly complicates the radar's transmission and receiving

15 circuits. Another solution to improve the range resolution could be to use
"synthetic band" type techniques by sending several narrow band pulses.
Nevertheless, range is determined at the cost of a long exposure time that
may be incompatible with some applications, for example panoramic watch
applications.

20 One aim of the invention is to compensate for the aforementioned
disadvantages by notably economically improving the range resolution. For
this purpose, the subject of the invention is a pulsed radar that analyses the
range profile of a target from a train of N ‘pulses transmitted to this target, the
signal of each pulse being frequency modulated according to a ramp (21, 22,

25 23), the ramps being frequency-shifted from one pulse to another. Each
pulse signal reflected by the target is demodulated by its corresponding
ramp, then sampled. The range is analysed by spectral analysis of the signal
represented by the series of samples obtained by concatenating the N
sampled signals.

30 The main advantages of the invention are that it can be applied
without modifying the hardware of existing radar, it allows the range to be
determined almost instantly and it is simple to implement.

Other characteristics and advantages of the invention will be
shown in the following description with appended drawings that show:
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15 reflected by the target is demodulated by a signal of the same modulation

law. The demodulation is triggered at an instant close to the instant that the

pulse returns after reflecting off the target. This instant may be known

- because the distance from the target to the radar is also known, by means of

another radar function but without specific resolution. After this demodulation,

20 we obtain a signal at the radar receiving circuits, whose frequency is

proportional to the distance from the reflection point on the target. The range
resolution obtained is given by the relationship (1).

Figure 2 illustrates an example of a waveform transmitted by radar

25 according to the invention, which notably obtains a better range resolution
than the previous one. To determine the range, the wave transmitted by the
radar has N consecutive pulses. Each of these pulses is generated in the
same way as the one illustrated in figure 1, i.e. with the same duration T. But

the centre frequency of the transmitted signal varies from one pulse to

30 another. Figure 2 shows an example of a case where the number of pulses N
is equal to 3. This figure does not show the actual waveform, but its
associated frequency modulation represented by ramps 21, 22, 23 that are
frequency-shifted. An initial pulse of duration T is sent at an instant to. The
frequency of the pulse signal increases from a frequency fomin to a frequency

35 fomax. A second pulse of duration T is sent at instant t;. The frequency of the



proportional to the distance fromthe reflection point on the target. The
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flmn to a frequency frmax. A third pul se of duration T is sent at instant

t2. The frequency of the pulse signal increases froma frequency f2mn to
a frequency f2maxThdlgentreddcuidneles dfahdwaeigs 8re for excamplecshifted blyea sane f or

each pul se, thus; B=f X,- fOnn = - flmn =f2max - f2mn (2)
The cent r%uqqt%agﬁqrgsor}ﬁr%ﬁgtqgﬂéﬂqeg.rlg 445ﬂgl‘ﬁ%rrpl e shifted by a quantity
AF fram one pulse to another. In particular: 10 f2max + f2mn flmax +fIlmn

= 1 max + floring fOmx +iQuf,- AF2 22,2 3) Q,[ecelying each pul se,
the radar treats tHis-ptise—as—a ton i - —gatifhpul se (Béi ng

denodul ated by its co%respondi r?g 15 ranp.” Then the Tadar stores the sanples
of each pul se received and denodulated in nenory, after encoding. The

frequency domain @palysiising’ each pulse, the radar treats this pulse as a
conventional pulse, each pulse being demodulated by ‘its corresponding

15 ramp. Then the radar stores the samples of each pulse received and
demodulated in memory, after encoding. The frequency domain analysis of
the target range profile is then carried out on all the samples of N signals
after concatenating them, the distance being proportional to the frequency of
the global signal represented by all the samples.

20 It is possible to be satisfied with narrow band encoding insofar as
the range depth of the target is limited. If we analyse a range depth dp, with a
waveform of duration T and bandwidth B, we can sample the signal, after
demodulation, at a frequency fs given by the following relationship:

. _ 2B,

25 i
cT

(4)

As an example, for a depth of d, = 500 metres, a pulse of duration
T = 100us and bandwidth B = 150 MHz, the radar can sample the signal at
the frequency fs = 5 MHz. In particular, arrow band encoding allows
30 conventional encoders to be used, which do not have specific speed
performances.
Once the N pulses sampled have thus been stored in memory, the
radar performs a process to determine notably the range.



the target range profile is then carried out on all the sanples of N
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If the target moves, the phase law for the received signal is
15 different from one pulse to another. To ensure the consistency of the signals,
this phase variation must therefore be compensated for. This compensation
is deduced in a known manner from the knowledge of the speed of the target.
The frequency overlap [fimin, fomax), [fzmin, fimax] allows this speed to be
determined. In particular, the frequency interval [fimin, fomax] belongs to the
20 first and second pulses. In each of these pulses, the radar determines a
range spectrum for this interval [fimin, fomax] in @ conventional manner, i.e. a
set of frequencies that are representative of target element ranges. Given
that the signal is the same, the same range profile is obtained, but with a
range difference between the responses of both successive pulses. Given
25 that the radar knows the time passed between two pulses, it can then deduce
the speed from it. The modulation band overlap is therefore a means of
compensating for the phase differences due to the target moving.
The total useable bandwidth B is given by the following
relationship:
30
B = (1+(N-1))B = pB (6)

By keeping the same type of analysis as previously, the
corresponding range resolution ry therefore becomes:
35



15 different fromone pulse to another. To ensure the consistency of the

signals, this phase variation nust therefore be conpensated for NT g
conpensation is deduced in a known nanner fromthe know edgée A’?‘ ﬂj@ speed
of the target. The frequency overlap,.[fimn, fomax], [f2m n, fomax]
allows this speed to be determ ned. Pn particular, the frequency interval
[fimn, fomax] belongs to the 20 first and second pul ses. In each of these
pul ses, the radar determ nes a range spectrumfor this interval [fimn ,
fomax] in a conve,nuarlél_ndnner i.e. a set of frequepgjes that are
representative of tarQ@.r elenment ranges. Gven that the signal is the
sane, the sane range profile is obtained, but wwth a range difference

bet ween the responses of both successive pulses. Gven 25 that the radar

knows the time pagged rh@ttM‘@?é‘sdlMﬁberlls%%ﬁnedlbyQﬁé réllaﬁﬁn@lﬂélm? t he speed
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i nproved. or a'radar 'that the capacity to transmt six
pul ses with a bandwidth B = 50 MHz, with O = 0,85 and an analysis with
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corr esponghé Gatiae ahalBes 'tAk raPbePHioiRs of a target from a train of N pulses.
Each pulse signal reflected by the target is demodulated by.its corresponding
ramp by conventional receiving means. The ramps are frequency-shifted
15 from one pulse to another as shown in figure 2. Each basic signal received
and demodulated, which corresponds to a pulse, is sampled then encoded by
encoding means. The samples are then stored in memory. The 1, 2, ...N
pulse samples represented on the input of the processing means in figure 3
are these sampled and stored signals, which correspond to the first, second
20 and N™ pulse in the train respectively.
The processing means in figure 3 include target movement
parameter estimation means 31, particularly speed. These estimation means
31 work for example from target tracking means 32 that are also present in
the radar. In particular, these tracking means allow the speed of the target to
25 be determined. The movement parameter estimation means 31 are linked to
the memory storage means, not shown, for the samples of received signals.
They therefore take into account the 1, 2, ...N pulse samples. Movement
correction means 33, 34, 35 are associated to each set of samples ofa 1, 2,
...N pulse. From the movement parameter estimation means 31, the
30 movement correction means compensate for the phase differences due to
the target movements, particularly its speed. For example, this compensation
is carried out, as indicated previously, by means of modulation band
overlapping. The correction means 33, 34, 35 modify the value of the
samples in order to produce the required compensation.



The radar analyses the range profile of a target froma train of N pulses.
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estimati %Bre common to the two signals k and k+1. By concatenation, the resulting
signal only contains the samples 42 common to the two bands once. The

20 global sampled signal supplied by the concatenation means is then supplied
to conventional range analysis means 30.

A particular advantage of the invention is that improves the range
resolution of ramp frequency modulated pulsed radar without substantial
hardware modification. This improvement costs practically nothing

25 concerning the hardware. The only adaptations concern processing. The
invention can therefore be advantageously applied to existing radar without

modifying their hardware.
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froma trt&yensgpgwermpg%gt Fr%iﬁlﬁ P?ﬁgg Oissﬁnélggeﬂﬂégﬁ'% tﬁ%%éhlzgteﬁfealltﬁgr each
pul se 1bei (a®)fof ¢iopidnsampiedwdignald. according to a ramp (21, 22, 23), the
ranps bei ng frequency-shifted fromone pul se to anot her, each pul se signal

reflected by the target being denodul ated by its correspondl ng ra t hen
sanpl ed, the rang2 Radayaceomisinty daim ileahaiacterisadhby e fagtdhatihs n@& s of

the si h t
10e(Zb)gngéulﬁﬁgrrﬁ%‘é%édsé?ﬂetdu‘?at?&fT%’ﬁdé@dar accorﬁf)’ﬁ'g*’?ém'ﬂﬁaﬁ‘ﬁ@m”a i on

char acter?%-e%?’ Vten@‘ef%ﬁff‘etbgagwﬂq{g N pul ses have the sane duration T and
their 1f5requency nodul ation ranps (21, 22, 23) have the sane bandw dt h.

3. Radar according to any one of the previous claims,
characterised by the fact that the ramps are shifted by the same quantity AF
from one pulse to another.

20 4. Radar according to any one of the previous claims,
characterised by the fact that the modulation bands overlap from one pulse to

another ([f1min, meax]v [fzmin- 1:1max])-

5. Radar according to any one of the previous claims,

25 characterised by the fact that it includes means (31, 33, 34, 35) to

compensate for the phase differences from one pulse to another due to
movements of the target, these means modifying the value of the samples.

6. Radar according to claims 4 and 5, characterised by the fact

30 that the compensation is carried out by means of band overlapping
([F1min, fomaxl, [fzmin, fimax]), the radar determining a range spectrum for an
overlap interval that is common to two consecutive pulses, the same range
profile being obtained for the two pulses with a range difference between the
responses, the speed of the target being defined by knowing the time passed



15 3. Radar according to any one of the previous clains, characterised by
the fact that the ranps are shifted by the sane quantity AF t?om%ﬂgul se
to another. 20 4. Radar according to any one of the previous a ,
characterised by the fact that the rm(yJI ati on bands overlap from one pul se
to another ([fimn , fomax] , [f2mn 7" flmax]) 5. Radar according to any
one of the previous clains, 25 characterised by the fact that it includes
means (31, 33, 34, 35) to conpensate for the phase differences from one

pul se to betvémr twputses, thevehmase eoropensriianabejag dedussd fraraiBe $Beeeyi ng t he
val ue of %’F% s%r;(@lﬁtes. 6. Radar according to clainms 4 and 5, characterised
by the fa S at the conpensation is carried out by neans of band
overlapping ([flmn, fomax], [f2m n, finmax]), the radar determ ning a
range spectrumfor a e it ey abnt hainel Sofc Qidudo @aimsecuti ve
pul ses, the sarre.rvanngdg}pl)r%tf‘?@g"géei F\dg; ggga?tggdsgfo?ﬁgg?r;&o ulses wth a
range di f thaeterisast edhe hiact rhapolhsibsludese meansy (8P ¢ »ge%) 38i ng
defined b ' i ifféAMcRR0BoM bakvmese ttooamsthegs, the
phase co &e)n aﬁs?)ﬁa %ﬁtg%’@cmgﬂﬁsé 8t he speed of t\rfgﬂt arget. 5 7. Radar
accor di ng 'ﬂQﬁeaWaaﬁénQﬂ"%’mgaﬂ’\@r‘éﬁ)P%l?gt S$?MBSS- char act eri sed by the fact
that it includes neans (30, 36, 37, 38) to conpensate for the random phase
di fferences fromone pulse to another, these nmeans nodifying the val ue of
t he sanpl es.



