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15
In the case of short and very short range tactical
missiles (between 5 and 12 km range) which alone can be
guided remotely, the longest ranges requiring auto-
guidance modes, the precision required for the guidance

20 can be summarized along the following lines.

Depending on the type of warhead the guidance precision
must allow this warhead to fulfill its role; this
precision can vary between 0.1 meters and 5 meters. The

25 greatest precision applies to small missiles using the
kinetic effect of a penetrator against targets of very
small dimension (drones or tactical missiles), the
lowest precision 1is applicable to missiles using a
warhead with a charge of several kilograms, associated

30 with a proximity fuse against lightly armored or
unarmored objectives.

In remote guidance, the system relies on one or more
remotely sited sensors, generally sited on the launch
35 platform, which undertake the location of the target
and of the missile or missiles (or projectiles)

launched against this target.



G ven the precision demands cited above, it follows that the angul ar
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In general, such a specification regarding precision is
not compatible with the precision of mechanical aiming
of a sensor installed on a military platform, and at

20 the very least the system will require stabilization of
the line of sight.

Moreover, when the sensor serving to track the target
is not the same as the sensor serving to locate the

25 missile or missiles, a serious problem arises of
collimating these sensors which is almost unachievable
for the severest demands of precision.

An elegant way of solving this problem is to use a

30 single sensor for target and missile location and to
take the difference of the measurements according to
the principle of “double weighing” which is well known
to physicists. This principle has been dubbed
“differential deviometry”, and has the merit of getting

35 rid of most instrument errors such as shifting of the
zero and all errors of aiming within the specification
regarding precision of location of the missile with
respect to the target.
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- 4 The locating of "a mssile an ri intelligent nunitions of
nore nodest size, requires that the radar signature of this mssile or of

these munityRes BRe wishes to operate relatively independently of
15 the conditions of illumination and wvisibility, one is
then led to choose a sensor of radar type.

The known solution of this type is broadly applied to
tactical missile systems, in particular anti-aircraft
20 systems.

In these systems, a tracking radar is furnished with
several elevation and bearing measurement pathways
which, in shared time, undertake the position
25 measurements for the target and one and sometimes two
missiles which are constrained to remain within the
field of vision of the sensor generally of the order of
magnitude of one degree of angle. For this reason, the
missile or missiles remain substantially aligned with
30 the moving 1line joining the radar sensor and the
target, hence the name alignment guidance for this mode

of operation.

To the extent that the position of the missile is
35 remote with respect to the guidance platform, a
transmission link (remote contrel) is necessary in
order to convey the position thereof or more generally

trajectory correction commands to the missile.



strengt hened by neans of a radar "responder” which is 5 appended to the
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associated with a director beamn.

Hence the name beam navigation for this type of
guidance, also known as "“Beam Rider”. To do this, a
spatially modulated beam projector is locked
mechanically onto the detection axis of a tracking

Sensor.

A special receiver on board the missile decodes the
modulation of the beam and determines its position with
respect to the theoretical guidance axis and deduces

any corrective maneuvers therefrom.

The space coding method employed is in general a two-
dimensional scan of a pencil of light or of a double
scan in elevation and bearing of two pencils having a
narrow shape in one plane and fanning out in the other.
Both methods as well as their numerous variants have
the common denominator of being limited in terms of
precision by the size of the defraction spot and by the
precision of the collimation of the beam projector and
of the tracking sensor as well as of the precision of

the mechanical tracking.

This precision can be slightly improved at the cost of

greater complexity:
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t he neasurenent precision can be lowered slightly below 5 the defraction
spot without being able to expect much better than a quarter or aﬁhﬁmfﬂwj

the latter. In respect of the collimation errors, they may in principle

be nmeasured and conpensated at the cosi of a conplex autocollimation
system 10 The tracking errors, except when the tracking loop is closed up
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precis 35 To operate beam gui dance in the dormain of radar,
consi der at i Oire has abdemqyi ¥enot s, t kecaeger ofthehe thpe i hchpkenignalmopy itshe nane

mechani oal SEan naPplRRg Aty Ak ByhR8pR, KRE-Aon 206 AobhEENgh 20ove
radi ati on patten@apng apfantaannawtowdian axeskiow plewi¢ay aldngilists axis
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15 correction in the coding of the beam so that the
measurement made by the missile has as origin the
position of the target in the observation field and not

a fixed mechanical reference.

20 However, owing to their cost and complexity, these
refinements are rarely encountered in practice, thereby
limiting the known use of beam navigation to very short
range systems (at most 5 to 6 km}) and using optical
wavelengths, in general that of a laser operating in

25 the visible or the near infrared (wavelength of around
1l micron). Furthermore, performance is dependent on the
conditions of illumination and visibility, in a manner

inherent to any optical system.

30 The beating beam systems described above are not able
to be extended to radar wavelengths, since for
practical antenna dimensions in the missiles involved,

they do not permit the required precision.

35 To operate beam guidance in the domain of radar,
consideration has been given to the use of the
principle known by the name of conical scanning, this
in fact being a variant of the principles above,

mechanical scanning being obtained by rotating the
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If the transmission pathway is modulated, the
modulation is easily detected by a countermeasures
receiver, and a Jjamming transmission modulated at the
same frequency will inevitably cause tracking to be
lost, this making such a device very sensitive to
jamming by a Jjammer even if the latter is carried by
the target. Modulation on reception alone is a little
less fragile but cannot be used for beam guidance,
since, the transmission no longer being modulated, the

missile cannot self-locate.

The technique of conical scanning has been abandoned
for radars because of its sensitivity to jamming, and
also to the other causes of amplitude fluctuation of
the signal received, such as the unsteady nature of the
propagation conditions in relation to the necessarily

fairly slow mechanical scanning rates.

An aim of the invention is to alleviate the aforesaid
drawbacks, by permitting in particular the guidance of
craft with respect to a radar beam without risks of
jamming. Accordingly, the subject of the invention is a
process for the electromagnetic guidance of at least
one craft, characterized in that the guidance 1is

of
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The subject of the invention is also a device for
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suc ical means or seekers to obtain
multimode guidance, deing so without overly adding to
the complexity of the system, that it allows very good
precision of the craft position measurements, that it
allows information to be sent simultaneously to the

various craft and that it is economical.

Other characteristics and advantages of the invention
will become apparent with the aid of the description
which follows in conjunction with the appended drawings
which represent:

Figure 1, a representation of the sum and difference
patterns of a monopulse antenna;

Figure 2, a representation in a Fresnel diagram of a
signal obtained at the level of the receiver
of a guided craft, by combining a signal
produced by the sum pathway and a signal
produced by the difference pathway of a
monopulse antenna;

Figure 3, an example of a possible implementation of
the process according to the invention
through an example of modulating the signal
produced by a difference pathway of a
monopulse antenna;

Figure 4, the global modulation of the signal obtained
at the level of the receiver of a guided
craft;

I mpl enenting the above
The mai n advantages of the invention are that it allows gliNuie0
of craft with respect to the antenna bean1 whi | e undert aki ng target
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of this antenna.

15 The process according to the invention uses one and the
same monopulse antenna to carry out spatial coding
capable of being employed in a beam navigation system.
The monopulse antenna is for example disposed on a
launch platform from which the craft are launched and

20 then guided.

In a so-called *“monopulse” measurement system, the
reception pathway of the antenna 1is split in each
elevation and bearing plane into a sum pathway and a

25 difference pathway. The signal received on the
difference pathway is proportional in amplitude to the
aim offset of the target and in phase or in phase
opposition with the sum signal received from the same
target. It follows that coherent phase processing of

30 these two signals makes it possible to retrieve the aim
offset angle & together with its sign, according to the
following relation (1);

- >
_ A >
g = = (1)

35



t and E respectively being the signals received on the difference and sum
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retrieve t CBfFsef ﬁ‘&llé E2NSyet LLatgn BRe nangEd by

t he previ oused sguerefit) . J.BEtAedordlfngjhmmﬁhg [ dnzent hancea nh&opglmmntenna

is therefore Q ggnerate a. bean1 oded ce, view t
gui di ng one&%ﬁyﬁgg%{:& af't f%?m%xa % i s%filglézggr &e\(l)‘% ec]feq1 n{: Whlfgh may
be of undetmmmeblsenunbedar"ﬁhl SbQ’OdI ragptm:f-ptmawamxal I oyvamaea:lsaft A 4 Nov

2003 -,40 monopulse measurement also makes it possible to obtain

high precision.

Figure 1 illustrates the known patterns of the sum Z
and difference A pathways of a monopulse antenna in a

20 system of axes, where the ordinate axis represents the
antenna gain G as a function of the space angle 6,
represented by the abscissa axis, with respect to the
axis of the antenna 1. The sum pattern is a maximum on
this axis, and is symmetric with respect to the latter.

25 In a monopulse antenna radar, the signal received on
the difference pathway is proportional in amplitude to
the aim offset of the target, charted along the angle
axis O, and in phase or in phase opposition with the
signal received from the same target on the sum

30 pathway. It follows that coherent phase processing of
these two signals makes it possible to retrieve the aim
offset angle & together with its sign as indicated by
the previous figure (1).

35 According to the invention, a monopulse antenna 1is
therefore used to generate a beam coded in space, with
a view to guiding one or more craft, for example
missiles or projectiles, which may be of undetermined
number. This coding of the beam allows a craft,



equi pped with appropriate neans of reception to position itself with
respect to the axis of the beam This coding is carried out for empymjgm@y
er

appropriate nodulation of the signals radiated by the sumand 5 dif ence

patterns. A receiver then disposed imnld <raft nmakes it possible to
determ ne the position of the latter with respect to the antenna's
radi ati on pgai@pesl awdthencarpreppbstei omeasinsh refpeatedaptihen axis of

t he ant enna ; er a1 [ f | St 0.Ls.perd o d decodi ng
o demodul aEna Tha: o GRarE “aiat EPBOCT RS e TS TS priReRTE he
intrinsic qlals ycodingndsul serripdcevsi Mpr t REappdcesty aspprdpmg ate t he

| nventi on Migubadildd | 2 3 ctam shghall AN R UddLr B e HlNunPasih on
anplitude and phase. It is therefore necessary that, “on the basis of a
strai ghtd or fdfdfereg@aepatdé aringsi | & Jeeiveahr themmpidd sposad e ito a

determine t kg a%itdnah Res WHitChpEQEELT LOR4 h%e’%‘é@nﬁ@{é‘“@%egg{géi\f’f@nv"‘gﬂ:h cone

20 fromthe difference pathway, that is to say It can ermne the
anpl i t ude ofth§hadaré&swer ¥Athdi reepeRte tendtB&m angaaRS!’ S| nrpddetiioan has to

successful | pafivernsl0 ShENHEhcONeL8MEIRE L APoh! e raupLRat Mgy gpd the
ot her enana?in% fromthe difféience pathmay,omhiph arg Zgbon the sane
C

carrier fre@défcPhithendrhennd: bBecdsdsraingtinn Rf sephrapegision
receptilan. Te dsethbsSme@NaSPY deSodiad abed Il SUIME ML dis.figﬁraqrge A
patterns, and_.the ener%gfs t hus, radiated on the sumpattern and on the
di fference PAPESFFLRPY HIKIP I Hlins of a 30 separate nodul ation

different fromone pattern to the other, so as to be able to separate them
Todul at | ons 3 e REPFEPRE | 1Br oPBRAEt 15  HASE DY 1 PlquelteyoRUdEmt i ons.
for which theoasphkiingde t185 pfotées caccpedingved sthwtimeént tvadmubie
v i PSS int Sl 1A o ket 0FenE lrn LS O e
spectrum amplitude and phase. It is therefore necessary that, on
the basis of a straightforward receiver, a missile
should for example be able to determine the signals
which come from the sum pathway and those which come
20 from the difference pathway, that is to say it can
determine the amplitude of phase-coherent difference
and sum signals. In fact, it has to successfully mix
two signals, one emanating from the sum pathway and the
other emanating from the difference pathway, which are
25 on the same carrier frequency but which must be capable
of being separated on reception. To do this, energy is
radiated on the sum I and difference A patterns, and
the energies thus radiated on the sum pattern and on
the difference pattern are marked by means of a
30 separate modulation, different from one pattern to the
other, so as to be able to separate them on reception.
The quantities to be determined being amplitudes,
amplitude modulations are performed in preference to
phase or frequency modulations for which the amplitude
35 of the carrier wave is not retrieved.

The invention advantageously uses the fact that the
actual structure of the spectrum of an amplitude

modulated signal is the sum of the modulation spectrum



- 4 Nov 2003 - 11 transposed about the frequency of the carrier wave and
of a spectral line on the frequency of this carrier. Letting A(Zj?mmvzm3

denote the Fourier transformof the nodul ation, the Fourier transform of
the nodul ated 5 wave, denoted M2jrtf)llis given by the following relation:
M2jrtf) = Ao[S(f - FO + 6(f + FO)] + B.A[2jn(f - Fo) ] (2) 10 For a
frequency ftoénbpbween alomitantdheodrefuerfay séf t ehey AadB f -Fév¢ and (f

-FO ] reprgﬁeggs éggtr dul ation_of_.t he_carrier. and t& second_term

B. Al 2 n(f-Fo)] re% esents t %P%D&HI&?F%nfgquﬁgch ?Fe cycgfaéﬁéhds. FO

represents bébtingqubh2yndi tdenotarriter Wawe imm AQ-arss fomcaledd  whiech
characteri z . [ e this. c | I S.Aano r I
ﬁédﬁﬂgflggP %@% %%u%%é%.égfdﬁaf E%Byo o Lhe ﬁéﬁpﬁgtggbth of

positive or negative, wh characteri zes a calle

nmodul at iPon. Wa¥ie, sydsslotSsd eplédanfs 20 st hegDremc byncttitom. FAQLPBLncs a
condition such.thgt,. there is in particular no overnodul ation of the
carrier wth respect to the sidebands. If the first termis deleted, then

the spectrumof a 25 so-called suppressed--carrier signal is obtained. If

a sinusoi dal (s gRfl =WA|, €8 S- sypchrPious gy ]aqplg_tp_;l?@%@pfi -1 phasg) with
the carrier is added to a suppressed- carrier anplitude nodul at'ed signal,
then an anplitude nodulated signal is retrieved, the depth of whose 30

nDduIaMmN1r§rdgpg@eqﬁ@d%?1ﬁungygguéghanﬁlhhﬁdedﬁ the initial signal
and the carrier thus added. According to the invention, this added carrier

Is transmtted on the sumpattern and a suppressed-carrier anplitude
nmodul ati on Ditet héidishf eranae pag tEri-Fedtat Sl BFQthermésesséhese ithe

superposition_ for _exanpl e.of cont i nyous pur ve, the so-called CW and
of a suppr%%%'ég%é?ﬁ erogrrpltﬁ%decﬁﬁaﬁﬁgt edaﬂgve €t h&e RN er EHED
pattern, thBsAb2ingfsbeak t aremkeseéntsposshel e hodudaadstr uciofan ama i t ude

modul ag gd Sfﬂ@&ﬁency sidebands. Fy represents the frequency of the
carrier wave and By is a scalar which characterizes the
amplitude of this carrier. B is another scalar,
positive or negative, which characterizes what may be
called the depth of modulation. The symbol & represents
20 the Dirac function. |A0|2|B| is a condition such that
there is in particular no overmodulation of the carrier
with respect to the sidebands.

If the first term is deleted, then the spectrum of a
25 so-called suppressed-carrier signal is obtained. If a
sinusoidal signal which is synchronous in amplitude and
in phase with the carrier is added to a suppressed-
carrier amplitude modulated signal, then an amplitude
modulated signal 1is retrieved, the depth of whose
30 modulation is dependent on the compared amplitude of
the initial signal and the <carrier thus added.
According to the invention, this added carrier is
transmitted on the sum pattern and a suppressed-carrier
amplitude modulation on the difference pattern. Stated
35 otherwise, there is superposition for example of a
continuous pure wave, the so-called CW, and of a
suppressed-carrier amplitude modulated wave on the
difference pattern, this being so as to make it
possible to reconstruct an amplitude modulated signal



- 4 NOV 2003 - 12 at the level of the receiver of each guided craft. The

degree of nodulation of this signal and its phase are characterig?’g@ 3@3
the aimoffset of the craft, nore precisely of its position with H Q

to the axis of 5 the nonopul se antenna,yosich is in fact the craft

gui dance axis. The degree of nodul ation, which in fact corresponds to the

af oresai d depitth e nDditkat b@n,tH@ Vﬁcei\@ﬁ: V@icfluea?fh Ldl&id?édn @?éiﬁt, wher eas
the sign of the hase indj cates on i ch _side of. the axis of the 10
hntenna the GRS | 8. MECRIAS 11 1o RAPed 1 aR L RRderd PRGPEm i s
m xture of sicatsctdihiesisignalf Stheceaedolfyf stehte ofecehaercraffta, guicdes

craft, is the sum of, the_.sum 15 signal E angl orf t he di Berﬁ}nce si.gnal A
anpl i tude m?cﬁﬁcajt%%l.yTﬂg i sl?%sh LON WGy e%(seﬁﬁﬁ% contS nddd %:ave Cw
and the dbfferrencewcsigmalséd anarmayodulhdicdd ismccdrdi fgdto tthe seqaenik t erm

[ h di | at i .2 ian, .th l.i fude.d dul ati
ther o ore. s QRS hsauthe: Sritha t | ngamaat Lhrbn pdetin o daeh, ™' o
anpl i t ude whicclr rarsparids att ethst a€coksahd aiaptdf fcsf_'etmo@lﬁlabéonec@i\z&fs WI th
respect to thg mpopylse, be 23 m)cfff&%tﬁ,c' %ﬁ'e\i-e‘éﬂst htﬁgs%gl%tnt&.t Q%deax' S

e p anpli tude

of the nono- pul se anfenna. 10 rétrieve ase ratro an
rati o of theph@aaandrdlifdarencersi girdlah wsiicle @gifvedhehe axiim ofdfsetthe

accordi ngyt o i@l PN Kd) e rd f+ MYSLs . e possible to reconstruct A0 and B. 30
One way accordi ng to the inventron of retrieving the signals emanating

fromthe sumand difference patterns is for exanple to determ ne on
reception thejdeptd of ppdubathensin FeSPect Wedd@l anpihbvda,and Hos

deternine 35 the sign of the nodul af ed si gnal by conparing’t he phase ~ of
t he denpdul afe& e ot STl t MRPatSHINAlc| §ckreceived by the

receiver of a guided craft, is the sum of the sum

15 signal X and of the difference signal A amplitude
modulated. The sum signal ¥ is for example a continuous
wave CW and the difference signal A a wave modulated
according to the second term in the preceding relation
(2).

20
On reception, the amplitude demcodulation therefore
supplies the modulation signal together with a sign and
an amplitude which are characteristic of the aim offset
of the receiver with respect to the monopulse beam,

25 more precisely with respect to the axis of the mono-
pulse antenna. To retrieve the phase ratio and
amplitude ratio of the sum and difference signals which
gives the aim offset according to relation (1}, it must
be possible to reconstruct By and B.

30
One way according to the invention of retrieving the
signals emanating from the sum and difference patterns
is for example to determine on reception the depth of
modulation in respect of the amplitude and to determine

35 the sign of the modulated signal by comparing the phase
of the demodulated periodic signal with that of a clock
reset by a synchronization signal transmitted on the

sum channel. It remains to find wave forms for the



reset by a synchronization signal transmtted on the sumchannel. It
remains to find wave forns for the - 4 NOV 2003 - 13 nodul ati on, w@i Q
easy to inplenment and which allow the depth of nodulation to be re rﬁ]v@@F
easily. Figure 3 illustrates a form of dul ation according to 5 the

I nvention whi ch advant ageously nakes it possible easily to retrieve the

depth of ”Ddlfﬂcﬁidl%lc;—rlﬂ' Swhﬂ@ﬁ“h%' gasgz a“gaﬁﬁre%ne@@usﬁa' aﬂl@‘h Rhass, O,

In this case, the anplitude of the no

It
I'S square, Zer o nean

val ue, and f o1 GHOHaIFE prodwlat dorhsonbst r@@rﬂﬁé'e@h@@@:ghes fromO to it,

then fromit to O, and so on and so forth. Figure 3 depicts this

modul ation 31 in a systemof axes, where the abscissae t represent tine
and the ordi R 7 epleYshE ak68ulat FoRN Uﬁdé@ﬁ&%ﬁ?lQmeaﬁéﬁrééémxﬂ¢on of

the nodulsti ehe3lin@PReabs (HRidR PAGSENOL é&l@s@.?r respesding pRA iaf

0

or it, ~correspaonding to the half-period T172. The phase going fron1 to It

amount s t o skl tHRe nbebraeVen BPetthH%ﬂf %ﬁwl@6d¢ atiRence s

resul ting Shﬁt@@lﬂsatlrcﬁpr%eﬁit§§u§¥th@@ruQa%1oﬂ"“c§f prasat pongi It Hg 20

other than the resul]t o Su nodul ati on, by vi

system of axeerl mean heald®,shape ﬁi‘ohhfbrm)duehﬁfelﬂeSh_gﬂa|tc9btﬁbnefé>§ﬁ the

The nodul ati gn,of fi

Pt By B5E nd Mo dR e 3t fosd & | HERe Al RitS o ¢ nabs 58 iihi

| nparted. to_t si gnal

fromthe sunﬁpdtmnnﬁdrtMMoﬁeguaepDtdmbn¢BsA®hlshmdﬁqjuﬂlom Bactinvag yi ng

bet ween +A0 de f i | S, Qi by the .

devi ati on beg&e gfihe anp-q%es‘[ udg}lgr8 % tr?é:%%rrﬁ%r% B?Tpﬁleﬁé]ﬂ%%e%gl e
nmodul ati on. Fhids thei aijdinatevey remsmmbmaﬂnlatddm pPopentrieat
the gain Go efe tP@pP@éSﬂEQt?Bn”lﬁd'tfﬁ erﬁ@ﬁglggm\“@yslth'asp&eaéPs%che

defining the antenna pattern as ustrat ed
5 phase o the corresponding modulatlon, 0 or T,

corresponding to the half-period T/2. The phase going
from 0 to = amounts to shifting the modulation by the
half-period T/2, hence the resulting shape as
represented by Figure 3. This modulation is nothing
20 other than the result of a suppressed-carrier square
modulation, by virtue of the zero mean value of the

modulation.

Figure 4 depicts, in the same system of axes M, t, the
25 shape of the modulated signal obtained at the level of
a receiver. The modulation of figure 3, imparted to the
signal transmitted by the difference pathway A is then
summed with the signal from the sum pathway X, whose
amplitude is A,;, the signal in fact varying between +3A;
30 and -Ay. The depth of modulation B is given by the
deviation between the amplitude A, and the maximum
amplitude of the modulation. This deviation is very
easy to obtain. It is proportional to the gain G, of
the antenna on the difference pathway, this gain
35 defining the antenna pattern as illustrated by Figure
1. Likewise, the amplitude 3Ap is proportiocnal, in the
same ratio of proportion, to the antenna gain Gz on the
sum pathway. The ratio Ga/Gr gives the wvalue of the aim

offset with respect to the axis 1 of the antenna, in

to
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e arrier are
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1. Likewi se, the anplitude Ac) is proportional, in the sane ratio of

proportion, to the antenna gain GE on the sum pathway. The ratio GA GE
gives the value of the aim offset with respect to the axis 1 of treNOV 2003

antenna, in - 4 NOV 2003 - 14 accordamce with relation (1), where the
signals L\ and t are respectively proportional to the gains GA and CE

remains to dektiorelaercarhi£hh sirde aefionhi 51 )axi shébe the eseiMglsi SA Sidrat ed.
To, utilize this sign,
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T ooy & a8 D SHRE s B proRe bitenie 1o 0 1% FRi s Bhognflateo

the reference [sic] the reference phase of the denodul ated difference
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anplitude nodul ated signal no ated accdording to a pre

y avordi'ng 1n particular

pseudor andoRPESd®1ecofifr dszd SyPREAABISRIY coYREh&CHE zaftiame sdasepk i on

end. The sagBahkaN$HeIHi Prﬁkpléﬂﬁé\ﬂéiywﬂ:iéﬁbﬂ@kss pioltsiﬁqscﬁi bh&a sti® ehiRAHE .

el evation and bearjng synchroni zation words 30 al so makes it possible to

send, to t h&%8ndorS nBFEPCFEF ddd it aFiInphe ITREFLFAS pdOtt | BRaBPLENE

target, whigBcks ditthsubieste ok ibhagt latdd s B! &IEmPle /WAt it or
beari ng .as gﬁasured q¥ %he ra%ar, Qy means of the el evation and bearing
e phdse

rom t to the phase m, this edge

fie SYERE

being taken into account by a receiver. This

patter of

preliminary synchronization signal c¢an furthermore
serve to mark the measurement as being a measurement in
elevation or in bearing, thereby avoiding in particular

20 simultaneous transmission on the elevation difference A
pathway and bearing difference A pathway.

The synchronization signal can also be an amplitude
modulated signal modulated according to a predefined
25 pseudorandom code, compressed by means of a correlator

at the reception end.

The same transmission channel which makes it possible
to send elevation and bearing synchronization words
30 also makes it possible to send, to the one or more
guided craft, the error in position of the target,
which 1s the subject of the tracking, in terms of
elevation or bearing as measured by the radar, by means
of the elevation and bearing patterns of the same
35 monopulse antenna, that is to say with the same causes
of error, making it possible by differencing to
determine a differential deviometry value for the
deviation between the various guided craft and the
target which eliminates the main part of the



35 nonopul se antenna, that is to say with the sane causes of error, nmaking
It possible by differencing to determne a differential devi orretrym b,hne
for the deviation between the various guided craft and the targétN 0
elimnates the main part of the - 4-NQ¥ 2003 - 15 neasurenent errors due
to the inperfections of the nonopulse pattern and to the tracking errors.
It is possiddLsl Pkt OtELFoEON NBuES fOdUiIR | Oimpéafecbidhat ofl ushieated in
relation to in Figure 3, provided thaHF%he re for exanpl e periodic and of
zero mean WAIRRuUIse PatigEy passitn & Rfébc RYUcTEERTdn of pul ses of

alternate signs, whose suppressed-carrier nodulation is a succession of O,
n phase nodul ated 10 pul ses. Anot her_,sol ution can.consi st f.or exanple in
using a p %d&ﬁarﬁﬁﬁ'ﬁ&iﬂ% 5o 258 M Va Bﬁmﬁncpr]ﬁ)fm?ﬁHﬁ'Pglqnenélf“ﬂRfor t he
modul at gon.tiyt connelsatdangd hen 1redenddyl ated isi ghibduoa Becqmtowoidedt h this
code, a signal i s obtained.whose sign and_anpl.itu repte ts
devi ati on wi %tr(g ot €6 tHF &P Pﬁglg’gér% g?ﬁe c;r)rfrea%%\%gl u%é%xf? t he
si gnal recerakake bei tike taluse pofsstitdesumosi gseal . aCosuetassbanof ofhe

g Ing g
signal 20 qriginating fr th e tio f.th V. o) si gnal

PO 8 e PEREMERE T RIHEY solsd n S ERARERE Peartigy

recei ved, Wt e trarfsm’ssi on, i es a pul se
whose anpl inediglatedat ive to theaesaioml o o0t ha appeseudecdilahed signal
recei v?g ang, ybose sign are equivalent to the 25 ratio Go/GE of a
convention nonopul se receiver. A difficulty may in particular stemfrom

the fact that when the offset in aimis small, the denodul ated signal nmay

be swamped A, 10k 5€.5 AN Qe dQ8S BBhskihen keew akamyiiéchid nekamlg ta sanple

this noise as representing the 30 neasurenent, unless one has access to a
synchr oni za@R$YHACORINARNC EPEe | LHoFFIR e MEFThs V&tUE nahFe Phst ShRLHAI ch

corresponds) égthe casrel ainon side1otione digferepdserelating the
15 demodulated signal on reception with this code, a
signal is obtained whose sign and amplitude represents

the deviation with respect to the center of the beam,

the mean value of the signal received being the value

of the sum signal. Correlation of the signal

20 originating from the demodulation of the envelope of
the signal received, with the  code used on
transmission, in fact supplies a pulse whose amplitude
relative to the mean value of the amplitude of the
signal received and whose sign are equivalent to the

25 ratio Ga/Gy of a conventional monopulse receiver. A
difficulty may in particular stem from the fact that
when the offset in aim is small, the demodulated signal

may be swamped in noise, and one does not then know at
which instant to sample this noise as representing the

30 measurement, unless one has access to a synchronization
by which it is possible to ascertain the instant which
corresponds to the correlation spike of the difference

pathwayway A.

35 To obtain this synchronization, it is possible to
perform a preliminary transmission on the sum
pathwayway advanced by an uncompressed pulse width,
itself amplitude modulated in all or nothing mode by

another pseudorandom code, called a sigma code. On



pat hwayway A. 35 To obtain this synchronization, it is possible to perform
a prelimnary transm ssion on the sum pathwayway advanced by an -4 MOV 2003
unconpressed pulse width, itself anplitude nodulated in all or not hlur¥g
node by another pseudorandom code, cgld ed a signa code. On - 4 NOV 2003 -
16 reception, this sigma code is for "'exanple used by a correlator to

determmne t Becexaslod oLAst of; iper celati o0 and: L. spall onGzs e nstant

of sanpling the di fference at hways transmtt entially one 5
period T an@otwelgddrods tP af tdataefreing nchlomi zagkaAt codastAntari &ft of

the process.gec@ndAtnGd Oidierol RYGUHUhIERY {RE XTI H COPSisHnd1lng
transmtting on both difference gathways at the same time wth two
nmut ual | y or Phoddwaldichirecna® patbrnayed thgnesidit et potugnthadlat onee start

of - gui Gancgekligke 1S AFOrgal Ik fIdd Ny Rhaser dwd NaynkieR it gy tially
guided craft situated a certain _angular distance from the gui dance beam
nust hone i RPES-on & he’akark . ghi sThei t PACCEHSS arRECPEARBE | FOgerdranl

conpati bl e WhiBnttherapahyurfsof ekRgpaer E¥nBakEoM n JUW e ey | bn
proximty to a nonopul se” antenna, is then preferable to provide an

It
anci |l ary systBm fafiegenseni RRhGWANS pdti tHoh ofaffe HBFt Whth tédect to

20 the qgui dﬁu@aanqq;rndilﬂﬂdtg;ﬂdm Sca@datively short phase, where the craft
is ar Icg\tively short distance away. This can for exanple be-carried out

with amoptical hom ng devioneter, it being possible for the neasurenents
to be sent e tbRoaiaft mviract/ee r bear ndSetdr andeitt t @t  Ithgeratt, tde

prORIMLY, ObyS BB Lygdll ot L sobLOK SKEN bonly Sifllod o S, e
transm ssi onhapér t the niyibeakhpl oyetkdédr caafits piidssatédnexi mentsd€gurity
i's desired Eﬂﬁuﬁ@fsdistance from the guidance beam, must home in
15 on the latter. This initial distance is not in general
compatible with the aperture of the overly narrow
guidance beam in proximity to a monopulse antenna. It
is then preferable to provide an ancillary system for
determining the position of the craft with respect to
20 the guidance beam during this relatively short phase,
where the craft is a relatively short distance away.
This can for example be .carried out with an optical
homing deviometer, it being possible for the
measurements to be sent to the craft wvia the radar
25 transmitter. In general, the proximity of the craft
allows this link even if the craft is outside the main
pattern of the radar antenna. Nevertheless, an antenna
with a larger transmission aperture may be employed for
this phase if maximum security is desired for this
30 link. If such a homing antenna is envisaged, it can
itself be monopulse, and the initial homing guidance
may then be carried out on the same beam navigation
(“beam riding”) process as that developed earlier, but
with the possible risk of these measurements being
35 greatly disturbed on account of the proximity of the
ground and the known multipath effect which results

therefromn.



30 link. If such a hom ng antenna is envisaged, it can itself be

nmonopul se, and the initial hom ng guidance may then be carried outjoyytB
sanme beam navigation ("beamriding") process as that devel oped earlier,

but with the possible risk of these-nkasurenents being 35 greatly

di sturbed on account of the proximty of the ground and the known
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It is further possible, in order to locate the target,
to use the measurement made on the ground from the
energy reflected back by the target and received on the
sum pattern after the propagation delay.

20

It should be noted that the tracking radar thus
embodied possesses just a single reception pathway,
unlike the three pathways of a conventional monopulse
radar. The target deviometry measurements may of course
25 be used in a tracking loop, but they may equally be
sent via the transmitter to the one or more craft to be
guided, with appropriate modulation, so that the craft
performs in particular the determination of its
position differentially with respect to the objective
30 and eliminates the majority of the tracking errors.
This same transmission pathway to the craft may also be
used to supply the craft with any information it needs
to optimize its guidance, such as for ‘example the
kinematic data corresponding to the angular velocities
35 of the guidance beam, to the distance and to the radial
velocity of the target. Thus, the ground transmitter
can use the antenna pattern to send information to the
various craft, in particular to inform them of the
position of a tracked target with respect to the
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mode of guidance according to the invention on very
crude or very small craft, for example missiles or
projectiles.

Figure 5 illustrates an example of a possible
embodiment for implementing the process according to
the invention. More particularly, this figure depicts a
possible embodiment of the radar part which transmits
in particular the guidance beam, this part being for
example situated on a platform. Figure 6 illustrates a
possible embodiment of a receiver stowed on board a
craft.

Limiting ourselves for example to an order of magnitude
of a meter for the antenna diameter, the transmission
frequency bands may be selected in particular among the
Ku, Ka and W bands. A selection criterion is related to
the functional operating demands, for example in fogqgy
or rainy weather. The effects of these atmospheric
phenomena are in particular exponential absorption with
respect to propagation distance expressed in decibels
per kilometer. A second effect, in the case of rain, is
a back reflection on the raindrops generating rain
echoes behaving like moving echoes with a mean radial
velocity and spectral width dependent on the wavelength

BES YL COPRULIEL 0L Lhe dRtatapalt MSTLy 1 e
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di fference pathway VLS and of a bearing difference pathway VAS.

El ectromagnetic isolation, greater than 20 45 dB for exanple, is achieved
bet ween t heFs@urpabhwlprefmra iepl ¢ter anpesgabiwaysmb@bimentnsfi $&ieon,

each distfergase Paaeay inkdddied 1R apmRdulalar S dWighsquce  the
navigation beam. This part comprises a monopulse
antenna 51 consisting of a sum pathway Vg, of a 1list
difference pathway Vas and of a bearing difference
pathway Vas. Electromagnetic isolation, greater than

20 45 dB for example, is achieved between the sum pathway
and the difference pathways. For transmission, each
difference pathway is linked to a modulator 52 which
modulates the wave to be transmitted according to a 0,

n phase modulation, as defined previously, and the sum

25 pathway is for example linked to a modulator 53 which
modulates the amplitude of the wave to be transmitted.
This modulator is for example used when a pseudorandom
code of zero value is generated on the sum pathway. The
inputs of the modulators of the difference pathway are

30 linked to a microwave switch 54 which switches the
signals supplied by a first amplifier 55 to one or
other of these two pathways. The input of the modulator

of the sum pathway is linked to the output of a second
amplifier 56. The microwave signals supplied to the

35 amplifiers 55, 56 emanate from the same microwave
source 37 via a 3 dB coupler 58. An amplitude modulator

59 is for example disposed between the microwave source

and the coupler. This modulator carries out a zero mean

value modulation of the amplitude of the signal which
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pathways.

The radar system as described previously makes it
possible to produce a navigation beam transmitted by a
monopulse antenna, whereby craft to be guided can home
in on this beam, in accordance with the process
according to the invention. As indicated previously, it
may additionally be necessary to wuse the radar
functions on reception, in particular to allow
measurements of position of a target to be tracked, and
thus make it possible to control the position of the
antenna, and hence the direction of its beam, as a
function of the position of the target. For this
purpose, a single reception pathway can be used, the
sum pathway in particular. A duplexer, or microwave
circulator 62, is therefore disposed on the sum pathway
between the antenna and the modulator 53 of this
pathway. The reception output of this duplexer is for
example linked to an input of a mixer 63 whose other
input receives as local oscillator signal, for example
a signal emanating from the frequency source. The
reception signal thus frequency transposed is sent to
conventional reception and signal processing means 64.

These means are for example synchronized with the



20 nonopul se antenna, whereby craft to be guided can home in on this beam
I n accordance with the process according to the invention. As indiCﬁﬂ‘faﬂ]g
previously, it nay additionally be necessary to use the radar fﬁﬁc (o] ]
on reception, in particular to allow 23 mreasurenents of position of a
target to be tracked, and thus nake it possible to control the position of
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for exanple at in by.a direct detection device 72.

put a filter,_71 .followed .
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amplifier 73uwptb dut dipikerd gao nawodhia DbgYiagd tadutqunvastetr nke¢d Thean
anal og/digital_converter ,74.,The , signal thus digitized is processed by two
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the signal %, tR&.suln patrredptend 5 cosr elsatigmed te tissignedetsihie
S|gnallgf tgg ghgfgﬁ%%%ﬁ Qﬁ?qﬁﬁ¥'stepathway and a correlater 76 is

assigned to the signal of the difference pathway. The

two correlaters nevertheless receive the same signal,

namely the digitized reception signal at the output of

the converter 74, These correlaters operate on the

20 basis of shift registers with a higher sampling
frequency than that of the «clock generating the

pseudorandom code, in the case where the modulation is
carried out by such a code. In particular this allows
asynchronous operation of the correlaters, in
25 particular of the one intended to —extract the
modulation signal of the difference pathway. A
correlation spike detector 77 is placed at the output
of the correlater assigned to the processing of the sum
pathway. A delay device 78 is connected at the output
300 of the detector 77. By detecting a correlation spike,
this device successively creates a first delay of T and
a second delay of 2T. A signal is generated at each
delay. A first signal, generated according to the first
delay T, controls a first gate 79 whose input is linked
35 to the output of the correlater 76 of the processing of
the difference pathway. Likewise, a second signal,
generated according to the second delay 2T, controls a
second gate 80, whose input is linked to the output of



two correlaters neverthel ess receive the sane signal, nanely the digitized
reception signal at the output of the converter 74. These corr el atheN3Y 2003
operate on the 20 basis of shift registers with a higher sanpling
frequency than that of the clock generZQt i-ng the pseudorandom code, in the
case where the nodulation is carried out by such a code. In particular
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decodi ng, ideKiaAGiEn amnd tbéevde\uoaltl gnviimge| &Wdts orteginvi iy thurs tdrem B f or
the 15 elevation decoding, is K.AS/Z, K is a scale factor and
Z is the amplitude of the signal corresponding to that
transmitted by the sum pathway. This amplitude ¥ is for
example the content [lacunal] the output of the
correlater of the sum pathway or else the mean value of
20 the signal from x- to T for the bearing difference
pathway 79 and between x + T and x + 2T for the
elevation difference pathway, x being the instant of
the correlation spike on the sum processing pathway.

25 A demodulation device 81, connected at the output of
the analog/digital converter 74 makes it possible for
example to decode messages dispatched by the sum
pathway.



15 el evation decoding, is K ASE, Kis a scale factor and E is the
anplitude of the signal corresponding to that transmtted by the sum

pat hway. This anplitude E is for exanple the content [l acuna] the‘bdﬂdem
of the correlater of the sum pathway-op3else the nean value of 20 the
signal fromx to T for the bearing difference pathway 79 and between x + T
and x + 2T fGkAIME& elevation difference pathway, x being the instant of
the correlation spi ke on the sum processi ng pat hway. 25 A denodul ati on
device 81, connected at the output of the analog/digital converter 74
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2. Process according to claim 1, characterized in
that the coding 1is carried out by appropriate
modulation of the signals radiated by the sum
pattern (Z) and difference pattern (A), reception
20 means disposed in the craft making it possible to
determine the position of the latter with respect
to the antenna radiation patterns, and hence its
position with respect to the axis of the antenna,
the determination of this position being performed
25 by demodulating the signals captured by the
reception means.

3. Process according to any one of the preceding
claims, characterized in that the suppressed-
30 carrier amplitude modulated signal is a pulse

train with zero mean value, 0,n phase medulated.

4. Process according to claim 3, characterized in
that the amplitude is a 0,n phase modulated square
35 amplitude.



the determ nation of this position being performed 25 by denodul ating the
signals captured by the reception neans. 3. Process according to-&arigydiis
of the preceding clains, characterized in that the suppressed 30 carrier
anpl i tude nodul ated signal is a pulse 24rain with zero nean value, 0, 7c
phase nodul ated. 4. Process according to claim3, characterized in that
the anplitude-is BroCEESphasecndingated sapuar e@neds cdfipltheuderecediigy 2003
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in that the nodulation is a pseudorandom co zero mean val u
Process accor di ngPE8UdAy2BAEMECHA Ofr @eE@i Agancvailws,. characterized in
that the reference phase of the nodul ated difference signal (31) is

defined _by preEininary s%gchronization signal transmtted on the sum
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craft. 7. Processcahstesdi aatractleaii®etl tharpgterinzed-d ferdhat %;Iagse
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preceding clains ized j,n that the same signal 20 transmtted and
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any one of the preceding 25 clains, characterized in that information is
sent to the various craft by the beam 10. Process according to claim9,
characteri zetr i n PXP@eS$ haGGoting i di codveys Hhe pbeirticterafzetche 130

target with respeghato tie B9ABhEON3SakQ0Al | O¥GHRE is an amplitude
modulated signal modulated according to a
15 predefined pseudorandom code, compressed by means

of a correlator at the reception end.

8. Process according to any one of the preceding
claims, characterized in that the same signal
20 transmitted and reflected by a target is used to
track said target, the reflected signal being

captured on the sum pattern of the antenna.

9. Process according to any one of the preceding
25 claims, characterized in that information is sent

to the various craft by the beam.

10. Process according to claim 9, characterized in
that the information conveys the position of the

30 target with respect to the beam so as to allow the
determination of the relative position of the

various craft to the target.

11. Process according to any one of the preceding
35 claims, characterized in that the microwave trans-

mission is made in the Ku band.
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13.

0 e sig whi‘ch

avep £o Bg ransmitted;

a microwave switch (54) which switches the
signals to one or other of the two difference
pathways

- an amplifier (25} for the signals of the
difference pathways and an amplifier for the
signals of the sum pathway:

- a microwave source (57) which supplies the
microwave signals to the amplifiers (55, 56)
via a 3dB coupler (58);

- an amplitude modulator (59) disposed between
the microwave source and the coupler, this
modulator carrying out a modulation with =zero
mean value of the amplitude of the signal which
it receives,

the coding of the beam being carried out by the

superposition of a pure wave onto the sum pattern

and of a suppressed-carrier amplitude modulated
wave (31) onto the difference pattern, so as to
reconstruct an amplitude modulated signal ({(S), the
degree of modulation and the phase thereof being

characteristic of the aim offset of the antenna.

Device according to claim 12, characterized in
that an amplitude modulator (53) is connected at
the output of the amplifier (56) of the sum
pathway, the modulator being controlled by a code

various craft to the target.

11. Process according to any one of the preceding 35 clains, cha.rl\@mgqggged
in that the mcrowave trans- mssion is made in the Ku band. - 4 003 -

25 12. Device for inplenmenting the-prpgcess according to any one of the
preceding clains, characterized in that it conprises at |east one radar

part produding @ebeara coded inpIspaaes indi sheardro&e SPMRELSKRAI g o
nonopul se antenn%n(y'Sl congl gthl ng of a sum 1Pat hway (Vs), of a I'ist
di ff erence pat hway (\7&3 Chnd"Sr DY IEH Y 9 7B enCBPACHREL 203 for

o (52)



degree of nodul ation and the phase thereof being characteristic of the aim
of fset of the antenna. 13. Device according to claim12, characterquﬁWzm3
35 that an anplitude nodul ator (53) is connected at the output of the
anplifier (56) of the sum pathway, -t H&$ rmodul ator being controlled by a
code - 4 NOV 2003 - 2 6 generator (61) so as to nodul ate the wave
transmitted accor@mgréoorhi 6ddde.sd4. abevite amodudihg t ctlany @a&eof

claim 12 o 13, + P bRl BCLer kel hinb b, Brdulerer (62) 1 disposed on

t he sum pat hway, the reception output this €xer being linked to an
i nput of a mxer (63) whose other input receives as |ocal oscillator

signal [lacuml, ddwicecepthoninbona Lhys k. fpeauancindragsngsedsis sent
to recep%ion and signal p[oceésPn neang é64 .6§5. V|%p§gcé%$d?%g to any
one of cPains 12 TRAEACLCERERACLBr PEF idh dWBLEKAS r(6@0i vis dbaprssds at 15

| east two correl acho_rﬁhé%,um?@a&w&ﬁﬂtm a:e&épgé£&&e€!u‘cf>‘ﬁ%p;<§i.f’”5ﬁ&8”a" a

correlator (75) el assjgned to e processing of the sig the sum
pat hway and a ccw#ﬁﬁig%ﬁr(%%}n%e#ﬁﬁke§s§Fgﬁ€H iBPEReofi gnaniyert KE3)

dihffer ence p?t hvvawh 020 iabu‘mhrrr eliapbftnd&abléaﬁ‘é%t egkor 16441 b§geﬁlpgeg§d at

t he out put of the.. atqr, assi,gne o the rocessing. of the sum

pat hway, a delaysséﬁ%%g (%.acq&ﬁlﬁg c&hﬁectéSCEPtﬁﬁ@:oungP?&f t hBU8et ect or
(77), ohhard of tireqisrecti dirafsposadr elat i 9en@5 i keecépt sobeviag
successi vel y Creaéiid}gaﬁéféééss% q){e%{)]séTélégg a second delay of 2T so as to

sanple the signals at these instants ghals at the output of the
correlator (76) of the difference pathway, the degree of nodulation in 30

terns of beasi.ng rand & exakbeaikgi b dgpended 98 NG AR89 (X AFE K

LS/E) of the SIQQQS%JJ%g}ized in that the receiver compri
prises at
15 least two correlators (75, 76) ©processing a
digitized reception signal, a correlator (75)
being assigned to the processing of the signal of
the sum pathway and a correlator (76) being
assigned to the signal of the difference pathway,
20 a correlation spike detector (77) being placed at
the output of the correlator assigned to the
processing of the sum pathway, a delay device (78)
being connected at the output of the detector
(77}, onward of the detection of a correlation
25 spike, this device successively creating a first
delay of T and a second delay of 2T so as to
sample the signals at these instants the signals
at the output of the correlator (76) of the
difference pathway, the degree of modulation in
30 terms of bearing and elevation being dependent on
the ratios (K.AG/Z, K. AS/Z) of the signals thus

sampled over the signal of the sum pathway.

l6. Device according to claim 15, characterized in
35 that the correlators (75, 76) operate on the basis
of shift registers with a higher sampling



sanpl ed over the signal of the sum pathway. 16. Device according to claim
15, characterized in 35 that the correlators (75, 76) operate on thg NId<063
of shift registers with a higher sanpling - 4 NOvV 2003 - 27 frequency than
that of the clock generating the pseudbrandom nodul ati on code. 17. Device
according to any one of clains 15 or 16, 5 characterized in that the

recei ver conpriseSTREULABHt tEhdn | tart(7af 4he actdckctgedtetmotiron deei ce

(72) which is conpest@drahdbiemaulRgk igh Lage filter (17), the signal thus
filtered and det gggt ed being s{i}ppl e lto a falenear video anplifier (73) 10

with automatic gain control whose output is linked to an analog/digital

converter (74). thevst@natcotdifgdidl khyednBebRg-REAGRSIE] JY 1id1e two

correl atgrs (75, 763. , , .

characterized in that the receiver comprises at
input a filter (71) and a direct detection device

(72) which is connected at the output of the

filter (17), the signal thus filtered and detected

being supplied to a linear video amplifier (73)

10 with automatic gain control whose output is linked
to an analog/digital converter (74), the signal
thus digitized being processed by the two
correlators (75, 76).



