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1 2292494

PROCESS FOR THE PHASE AMPLITUDE DEMOOULATION OF A
RECEIVED RADAR SIGNAL AND DEVICE IMPLEMENTING SUCH
A_PROCESS
The present inveEntron TVTI:QS to devices for the
phase amplitude demodulation of & received radar signal,
this demodulation generally taking place after trans-
position of the UHF'sibnal into intermediate frequency.
Traditionally, radars in which Doppler filtering
or digital pulse compression is carried out necessitate

the use of receivers including a coherent detection
device. These devices which are also called demodulators
give information on the amplitude and phase of the
received signals. These coherent detection radar
receivers therefore include, after an intermediate
frequency amplifier, two phase amplitude detectors

which work together in quadrature in order to carry

out amplitude and phase demodulation. This demodulation
consists in shifting the whole spectrua of the carrier
frequency in order to bring one of the two spectra

(real spectrum or image spectrum) into base band.

Then, a low pass filtering is carried out in order

to eliminate the image spectrum. These phase amplitude
detectors are controlled by the output signal of a

Local reference oscillator at intermediate frequency.
The video output signals are generally called I and

Q.

Now, the two channels I and Q which come from the
two phase amplitude detectors, are followed by two
sampling and coding devices. A balance fault between
these two channels I and @ can appear at the point
of phase amplitude detection, which gives a slight
unbalance in amplitude in these two channels and also
a quadrature fault, in other words a phase shift
slightly aifferent from 90° from the Local oscillator
reference signal F1 also gives a phase unbalance in
the two channels I and Q.

These faults can be compensated for by adjustaent

Loops associated with very powerful computation



algorithas but despite cverything they remain an
element Limiting the perforlance of radar signal pro-
cessing devices. In particular they cause a rising

of secondary Lobes at the output of the Doppler filters
which is undesirable. In the same uay this rising

of secondary Lobes also appears in aigital pulse coa-
pression devices whereas it is required to reduce

the secondary lobes as much as possible.

Another solution solving this problem of balance
consists in using devices for the autosatic balancing
of the gain and the quadrature of the video signals
1 and @. A description o% this solution can be found
in the following articles: "Radar Conference 82" IEE
Conference publication number 216 p.46. "Sacrifices
in radar clutter suppression due to compromises in
implementation of digital Doppler filter”. 1.¥. TAYLOR;
or 1EE Trans. AES 17 p. 131 “"the correction of 1 and
Q@ errors in a coherent processor”. The implemented
devices are not however always simple and sometimes
complicate the production of signal processing devices,

The present invention relates to 8 process for
the phase amplitude demodulation of a received radar
signal consisting in the direct sampling of the
intermediate frequency fi'received signal at a frequ~-
ency of fe which is Lower than that intermediate
frequency.

In fact, one characteristic of the process consists
in sampling the fg signal at a frequency f, equal to
o« B, B corresponding to the reception pass band and

K being a positive number greater than or equal to 2.

Another characteristic of the invention consists in
then carrying out a sub-sampling at a frequency f'e
such that f', is approximately equal to B, before or
after having brought the signal into baseband by
demodulation.

The present invention also relates to a radar recei-
ver implementing the process, which according td a first
embodiment includes an intersediate frequenzy amplifier



followed by an analog-digital converter, this converter
being followed by a digital processing circuit.

The present invention also relates to 8 radar
receiver isplementing the process, which according
to a second esbodiment includes an intermediate frequ-
ency amplifier, a demodulator which brings the
intermediate frequency signal to 8 frequency t'y,
such that f*; = fOL'f'el foL being the frequency
of the local oscillator and f', being the sub-sampling
frequency, this demodulator being followed by an analog-
digital converter,

Other characteristics and advantages of the present
invention will clearly appear on reading the following
description given by way of non-limiting example and
with reference to the appended drawing in which:

- Figure 1 shows the general block diagram of a first
embodiment of the device according to the invention;

- Figure 2 shows the general block diagram of a second
embodiment of the device according to the invention;

- Figure 3 shouws the basic block aiagram of a first
variant embodiment of the digital processing circuit;
- Figure & shows the basic block diagram of a second
variant embodiment of the digital processing circuit;
- Figure 5 shows the basic block diagram of a third
variant embodiment of this same circuit;

- Figure SA shows a special case relating to Figure 5;
- Figures 6 and 7 show the spectra of the signal after
sampling according to the first and second variant
embodiments respectively;

- Figure 8 shows a particular embodiment of the digital
processing circuit;

- Figure 9 shows a series of samples at frequency f,

and at freguency fé

The process according to the invention consists
in sampling the received signal transposed into inter-
aediate frequency. The sampling frequency fe is chosen

equal to o{ times the reception pass bana B, o being a



nuaber greater than or equal to 2. The process then
consists in carrying out a digital processing in order
to provide digital signals representing the amplitude
and the phase of the received signal.

Eleaents having the saae function for the purpose
of the same result are given the same references.,

The general block diagras of the device implement-
ing the process according to the invention is shown
in Figure 1. It is a first embodiment wherein the
device includes an intermediate frequency amplifier
1, an analog-digital converter 2, and a digital pro-
cessing circuit 3. The amplifier 1 receives the radar
signal §, transposed into intermediate frequency
and amplifies it. The amplified signal S, is sampled
by the converter 2 at a trequency of f, equal to KB,
the sampled signal then being processed by circuit
3. This processing consists in particular in carrying
out a sub-sampling at a frequency ' such that f'e
is approximately equal to B.

Figure 2 shows a second eabodiment vherein the
amplified intermediate frequency signal is demodulated
by a demodulator & by 2 signal at intermediate fre-
quency f'; such that f'; is equal to fOL-felk,
foL being the frequency of the receiver's Ltocal oscil~-
Lator. The signal coming froa the demodulator & is
saapled at frequency fe' fes A B. The sampled
signal is processed by the processing circuit 3.

Figures 3, & and 5 show the basic block diagraas
of the processing circuit according to three variant
embodiments.

According to the first variant the circuit 3 inc-
Ludes firstly a demodulator 5 which brings the useful
signal into baseband, i.e. shifts the spectrum of the
signal by at least plus or minus folh(t te/4).

This circuit is followed by a low pass tilter 6 which
eliminates the conjugate image spectrum. The baseband
signal is then sub-sampled at -trequency f'e which

is approxisatety sagdl o 8.



In the second and third variants shown in Figures
& and S respectively the order in which the demodula-
tion and filtering operations are carried out is changed.
The solutions proposed in these two variants are equival~-
ent to the first one. In fact, in Figure &, a band-
pass filter 8 filters the output signal of the converter
2. The filtered signal is then demodulated by the
demodulator 9 and then sub-sampled at frequency f',
by circuit 10,

In Figure 5, there is also a band-pass filter 11
foilouing the coder 2, a sub-sampler 12 which sub-
samples at frequency f'e the signal coaing from the
filter 11. The demodulator 13 demodulates the output
signal of the sub-sampler.

The principle of the invention therefore consists
in sampling the signal on a carrier. 1In order to do
this it is necessary that the pass—-band of the inter-
mediate frequency is matched to the useful band of
the signal in order not to reduce the signal to noise
ratio.

The sampling frequency chosen must satisfy the
Shanonn Niquist criterion and its ratio with the in-
termediate frequency of the signal aust enable an
acceptable separation of the two bands of the signal
(real and image spectra).

By choosing a sampling frequency fe such that:

fo = AB
where A 3 2
and an intermediate frequency fi such that:
fy =k 1/00¢,
k being an integer, the two imposed conditions are
satisfied.

It is also noted that the second condition ensures
not only the separation of the two bands but also
the balancing of the inter-band difference. This
difference is therefore:

e - 28
2
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The chofice between ¢ or = corresponds with the
two possible positions of the bands with respect to
the origin. The signal on carrier S, (at the inter-
mediate frequency) is expressed by & function of time
t, namely y(t), this tfunction y(t) naving a Fourier
transfora Y(f) such that:

Y(f) =% (X(-1)+ X" (1, - 1)

where X(f) represents the spectrum and X*(f) represents
the image spectrum.
It § () is the sampling function:

@
Gt(t)=n’i-°6 (t-nT) T:l/fe
The sampled signal is therefore equal to 2(t),
such that:
z2(t) = y(t). J.cct), or:

4+ -

l(t):t Yﬂﬁ(t-nt)

Nz -®

where yn = y(n ).
The spectrum of the sampled signal 2(t) is expressed
by its Fourier transforms which is:
¢¢.
Z(f)=1_ 2 y(f -nf)
€ > e
In the case in which f; = (k-1/4)t, is chosen,
the spectrum shown in Figure 6 is obtained, namely:

+®

f, I x(f-fe/ts-nxe)+x‘(-f-fe/u-nfe)

Nz - ®

Z(f) =

(NI

The lLow pass filter will be passing between 0 and
B/2 and attenuating betueen fo/2 - B/2 and f /2 + B/2.
In the case in which f; = (k+1/4)f, is chosen,

the spectrum shown in Figure 7 is odbtained, namely:
+ @

Z(f) = ie z (X‘(-f+fe/'# -nfe)+X(+ff te/n +nfe)}

N =



?

The band~pass filter will be passing betuween
fe/b - B/2 and t,/4 + B/2 and attenuating betueen
3fe/4 - B/2 and 31,74 ¢+ B/2.

The two solutions are of course equivalent. The
processing after sampling therefore consists in
restoring X(f) explicitly.

This processing therefore consists as has been
described previously in bringing the useful signal
into baseband, i.e. in shifting the spectrua by
+ t./4 according to whether f; = (k ¢ 1/8)¢,
in eliminating the image spectrum by means of a
low-pass (or band-pass) filter and in sub-sampling
in order to approach a sampling frequency that satis-
fies the Shanonn criterion (f'e o~ B).

In the case in which the demodulation is carried
out before the sub-sampling as shown in Figures 3 and
4, the following operation is carried out on each
sample x..
thff nt’

¢ _ hd -
Xpn=X, ¢ t-l/fe

)n

Ni=

x' =
n~*¢

This demodulation consists in fact in multiplying
the modulo p, 9=0,1,2,3 samples by the states repres-
enting e 13", d.e. 1, + 5, -1, % 3. It xg, xq,

X, and x3 are the first four successive samples,
these samples will be respectively aultiplied by 1,
+j, =1, =j it t; = (k+¥1/4)F, or DY (1, -j, -1,

+j) it t, = (k=1/8)1,.

The practical achievement of this operation is
trivial for a specialist in the field as it is a matter
of sign changes and exchanging of real and imaginary
parts. ’

When the filtering takes place after the demodula-

tion, xn 1S of course real (Figure 3) and when the

filtering takes place before the demodulation, x,
is complex (Figure &).



In the case in which the demodulation is carried
out after the sub-sampling as shown in Figure 5, the
following operation i1s carried out:

. e
X, =x el j2Zm-¢ ot

In the special case in which of = & has been chosen,
the demodulation disappears, circuit 3 carries out
the band-pass filtering and the sub-saapling as shoun
in Figure SA.

In other cases the following operation is carried

out:

o
'
Q
N
I+
)
Q
('

Figure 8 shows a particular esbodiment of the digi-
tal processing device 3 which corresponds with the
case in which cX= &, i.e. that of Figure 5A. In this
case the demodulation disappears. 1In addition the
computing power that is used is reduced by a factor
of & as only samples corresponding to the sub-sampling
are computed,

Circuit 3 includes a processing circuit 20 which
restores the real part of the signal, ji.e the amplitude
I. 1t also includes a processing circuit 40 which
restores the imaginary part of the signal, i.e. the
phase @. Each of these two circuits carries out the
filtering and the sub-sampling. The demodulation dis-
appears as has been stated previously because of the
particular choice of A.

The series of samples x,, N = 0,1...N, is rec-
eived at the input of each of the circuits 20 and 40.
These two circuits carry out a digital filtering and
the sub-sampling.

It y, is the signal at the output of these cir-
cuits, the filtering and sub-sampling operation on the
samples X, is obtained by <errying out the following

operationg:



where h, represents the complex coefficients of the
digital filter produced.

Figure 9 shows 8 first Line corresponding to a
series of samples x,, n =0, 1 ... N, and 2 second
Line corresponding to the series of samples at
frequency f',. It is noted that a sample y, cor-
responds with a sample X4ne The filtering and sampl~-
ing operation represented by equation (1) can be
simplified by noting that if we consider u past samples
and u future saaples, the complex coefficient h_n
to be applied for a given sample among the u past
samples is equal to the conjugate of h_, i.e h*,
to be applied to a future sample corresponding in tise.
The operation therefore consists in carrying out the
following function:

u=+N/2
= I
’n u=-N/2 x“n-u.h!'
ors
0
N/2
Yo= L x - h i,
n u=-N/2 4n-u T u=0 x‘H'Nu'hu

- *
Where: h_, = h,

In order to make understanding sispler we shall

take an example in which u =0, 1, 2, 3 ; h,= a, ¢

< * : <
jb, and h_ = h =~ from which h_, = a,-jb,

u
Yn = X4n-303,=i0 ) tx 3 Ca +5b )

or:
N/2

y = Z (x
n u=20 4n-u * xllmu)_ (au) * (x‘inﬂl - ‘”’PU) (bu)

which for the previous example is:



WY

( :; b3
Yn * ey ¢ Xane s * Gypey = Xand | B
2 bO

Circuit 21 perforas the function (xgn=u**4neu?
j.e. the suaming of the samples considered as past and
of the samples considered as future. Circuit &1 per-
forms the function (xgney=%4n-y) 1-¢- the difference
betueen those same samples.

Circuit 22 stores the 2u real eleaments, i.e. it
will carry out the following operation:

+N/2

Zo (x'm-u + xlmw) (au)

Circuit &2 stores the 2u imaginary elements, i.e.
it will carry out the following operation:

+N/2

02 (xlonm - xkn-u) (bu)

The output of circuit 22 delivers a digital signal
corresponding to the amplitude of the received signal
and the output of circuit 42 delivers a aigital signal
in quadrature corresponding to the phase of the received
signal.

Circuit 21 advantageously includes a FIFO (first
in, first 2ut) stack 23 which receives successively
the samples x., these samples are stored in 2
Random Access Memory (RAM) 24 uhich will fora the
memory containing the future samples (+u samples at
a given time). A sequential circuit 25 for exaample
of Programmable Logic network (PAL) type addresses
the memory. These samples are put into 3 register
26 which stores them in order to transmit thea to a
stack 27 of First In , First Out (FIFO) type on the
one hand and to an adder 28 on the other hand.

The stack 27 successively introduces the samples
which were in the semory 24 in order to re-enter thea

in arandom acces (RAM) memory 29. Memory 25 stores the "future" samples



“yq

vhich become “"past”., A sequential circuit 30 addresses
this memory 29. The data read froa memory 29 are stored
in a register 31 which restores thea at one input of the
adder 28 at the same time as register 26 restores the
stored data to the other input of the adder. The adder
28 therefore successively receives at each input the
future and past samples (x,.._, and x..,.) in order

to add thea and to successively deliver the resultant
saaples of the sua to the output.,

Circuit 22 includes a multiplier accusulator cir-
cuit 31 (BAC). This circuit 31 includes a multiplier
32 which receives the output signal of aadder 28 and
the data stored in a Programaable Read Only amemory
(PROM) 33 in which the real coefficients a, of the
filter are stored. This memory 33 is controlled by
a PAL sequencer 34. The output of multiplier 32 is
applied to an adder 35. This adder is associated with
an accumulator 36 to carry out the sum of the 2u ele-
ments and deliver a sample which is stored in a register
37.

Circuit 41 is formed from circuits referenced 43
to SO0. Circuits 43 to 47, 49 and 50 are identical
to circuits 23 to 27, 29 and 30, i.e. they perfors
the same function for the purpose of the same result.
Only circuﬁt 48 giffers since this is a subtractor
which carries out the difference betuween the "future”
samples and the "past™ samples.

Circuit &2 is formed from circuits 51 to 57. Cir-
cuits 51 to 57 are identical to circuits 31 to 37,
they perfora the same function for the purpose of the
same result. However, the Programmable Read Only Memory
$3 does not contain the real coefficients of the filter
but the complex coefficients b, of the filter. Reg-
jster ST delivers samples in quadrature with the output
samples from register 37,

The present invention carries out a phase-amplitude
demodulation of a signal on a carrier fj using a

sampling frequency tg,uh),ch; 8y be very wc" ¢°PQ"



e

than the carrier frequency since this frequency f,
is equal to X B, ©X = &4 in a preferred eabodiment
and B being in general very small with respect to t
(the ratio can vary from 1 to 50 for example).



13

CLAIRS

1. Process for the phase smplitude demodulation
of 8 received radar siﬁnal aftcf transposition of that
signal into intermediate frequency ts, characterized
in that 1t consists in sampling this signal at inter-
aediate frequency f; at @ sampling frequency f,
such that f, = A B, where B is the width of the
reception pass-band and CA is & numsber greater than
or equal to 2.

2. Process according to Claim 1, characterized
in that the signal sampled at frequency fe is demod-
ulatea in order to bring the useful signal into baseband,
then filtered in order to eliminate the conjugate image
spectrus and is sub-sampled at a frequency f'e such
that ', is approximately equal to B.

3. Process according to Claim 1, characterized
in that the signal sampled at trequency fe is tilterea,
then demodulated and then sub-sampled at a frequency
t'. spproximately equal to B.

&. Process according to Clais 1, characterized
in that the signal sampled at frequency t  is til-~

tered then sub-sampled at a frequency f'e 3PProximately
equal to B and then demodulated.

S. Process according to any of Claias 1 to 4,
characterized in that the intermediate frequency signal
results from a first transposition of the Ultra High
Frequency signal and then a demodulation of this signal
st a frequency f; such that fy = foL~te/4,
where fq4, is the frequency of the receiver's local oscil-
Lator.

6. Process according to any of Claias 1 to 5,
characterized in that the sampling frequency fe and
the intermediate frequency are in a ratio such that
t; = (k ¢ 1I‘)fe, k being an integer.

7. Process according to CLaim 2 or 3, characterized
in that the demodulation consists in sultiplying the
aodulo p samples respectively by p representative states
corresponding to €1, ¢j, =1, =§) it we have taken



1%

ty = (k¢1/4)ty or (1, =§, -1, +J) it we have taken
ty = (k=1/8)t,.
8. Process according to Clais &, charscterized
in that the demsodulation consists in carrying out the
following operation on edch sample X

f
. €
e;_f_]Zﬂn 5 o
n

where U is equal to 1/f,.

9. Process according to Claim 8, characterized
in that we take oA =4, which enables the demodulation
operation to be suppressed.

x' =X
n

10. Phase asmplitude cemodulation device, character~
ized in that it includes an f, amplifier (1), an
analog-digital converter (2) and a digital processing
circuit (3).

11. Device according to ClLaim 10, characterized
jn that the digital processing circuit (3) includes
a filter (6, 8, 11), and a sub-sampler (7,10,12).

12. Device according to Claim 10 or 11, character-
jzed in that the digital processing circuit (3) atso
includes a demodulator (5,9,13).

13. Device according to Claim 12, characterized
in that, when the demodulation is carried out before
the filtering, the filter is a lLow-pass filter 3,
and when it takes place after the filtering, the filter
is a band-pass filter (8,11).

14. Device according to any of Claims 10 to 13,
characterized in that the demodulator (13) is placed
after the sub-sampler (12).

15. Device according to Claim 11, wherein the sampl-
ing frequency f, is equal to 4B and f, = “‘if%)fe’

characterized in that the digital proces-
sing circuit (31) is formed from a tirst digital circuit
(21) which receives the samples x,, and carries out
the addition of terms having the safme filtering coef-
ficient, a second digital circuit (22) which carries
out the digital filtering of these samples and delivers
a aigital signal I, at the sub-saspling rate 1ifé.



1S

corresponding with the asaplitude of the received signal,
8 third digital circuit (41) which receives the saamples
Xn carries out the subtraction of teras having the

same filtering coefficient, 8 fourth digital circuit
(42) which carries out the digital filtering of these
saaples and delivefs a digital signal @ in quadrature
with the first signal and at the same rate 1/¢,°,

16. device according to Claim 14, characterized
in that the first and third circuits (21) ana (41)
include respectively a first Random Access Memory (24)

(44) containing the "future” ssaples, a8 second Randor
Access Memory (29)(49) containing the “past™ samples,
a FIFO stack (27)(47) for introducing the samples from
the tirst aemory into the second mesory, sequencing
circuits (25, 30) (45,50) sequencing the read-write
operations of the memories; output registers (26,31)
(46,51) for the memories; an adder (28) for the first
circuit (21) and a subtractor for the third circuit
(48).

17. Device according to Claim 15 or 16, character-
jzed in that the second and fourth circuits (22) (42)
respectively contain a aultiplier-accumsulator circuit
(31)(51); » Brogrammable Read Only Memory (33) (53), a sequencer
(34) (54) sequencing the memory read operations.

18. A phase amplitude demodulation device

substantially as hereinbefore described with reference

to and as illustrated in the accompanying drawings.
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CLAIMS

1. Process for phase detection of a received radar signal by
digital processing after transposition of that signal into
intermediate frequency fi, and sampling of that signal at a sampling
frequency fe such that fe =oB, where B is the width of the
reception pass-band and ¢ is a number greater than or equal to 2,
characterised in that the sampling frequency fe and the
intermediate frequency fi are in a ratio such that fi = (k -—-) fe, k
being an integer, in that a frequen:ys' jin orggr to bring the useful
signal into baseband is realised simultaneously with phase detection
by carrying out the following operation on each input sample
—)21m fae aTt

X : x' e
n n=x
n

a filtering in order to eliminate the conjugate image spectrum and a

sub-sampling at a frequency {' e such that f' e is approximately equal

, and in that said process further comprises

to B.

2. Process according to claim 1, characterised in that the
signal sampled at frequency f, is first shifted in frequency
and phase detected, then filtered in order to elimi-
nate the conjugate image spectrum, and then sub-

sampled at a frequency f'e such that f'e is
approximately equal to B.

3. Process according to claim I, characterised in that the
signal sampled at frequency f e is first filtered, then frequency
shifted and phase-detected, then sub-sampled at a
frequency f'e approximately equal to B.

4. Process according to claim 1, characterised in that the
signal sampled at frequency fe is first filtered, then sub-sampled at
a frequency f'e approximately equal to B and then frequency
shifted and phase detected.
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5. Process according to claim 4, characterisedin that a is
equal to 4, which enables the frequency shifting and phase
detection operation to be suppressed,

6. Process according to any of claims 1 to 5, characterised in

that a frequency conversion is carried out before sampling.

7. Phase detection device for implementing said process
according to any of claims 1 to 6, characterised in that it includes an f i
amplifier , an analog-digital converter  and a digital processing

circuit .

8. Device according to claim 7, characterised in that the digital

processing circuit includes a filter., and a sub-sampler.

9. Device according to claim 7 or 8, characterisedin that the
digital processing circuit also includes a frequency shifter
and phase detector.

10. Device according to claim 9, characterisedin that, when

the frequency shifting and phase detection is carried
out before the filtering, the filter is a low-pass

filter, and when it takes place after the filtering,
the filter is a band-pass filter.

11. Device according to any of-claims 7 to 10, characterized in
that the frequency shifter and phase detector is
placed after the sub-sampler.

12. Device according to claim 8, wherein the sampling
frequency fe is equal to 4B and fi = (k 1“1) fe’ characterised in that
the digital processing circuit is formed from a first digital
circuit which receives the samples x,» and carries out the
addition of terms having the same filtering coefficient, a second
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digital circuit which carries out the digital filtering of these
samples and delivers a digital signal I, at the sub-sampling rate 1/f e’
corresponding with the amplitude of the received signal, a third
digital circuit which receives the samples x carries out the
subtraction of terms having the same filtering coefficient, a fourth
digital circuit which carries out the digital filtering of these
samples and delivers a digital signal Q in quadrature with the first

signal and at the same rate l/fe,.

13. Device according to claim 11, characterised in that the

first and third circuits include respectively a first
Random Access Memory containing the "future" samples, a
second Random Access Memory containing the "past"
samples, a FIFO stack for introducing the samples from the

first memory into the second memory, sequencing circuits
sequencing the read-write operations of the memories ;
output registers -for the memories ; an adder for

the first circuit and a subtractor for the third circuit .

14. Device according to claim 12 or 13, characterized in that

the second and fourth circuits respectively contain a
multiplier-accumulator circuit ; @ Programmable Read Only
Memory and a sequencer sequencing the memory read
operations.

15. A phase amplitude demodulation device substantially as
hereinbefore described with reference to and as illustrated in the

accompanying drawings.
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