1 METHOD FOR ESTI MATI NG THE ELEVATI ON ANGLE OF A BALLI STI C PRQJECTI LE The
present invention relates to the general field of protecting areas against
the firing of ballistic projectiles. It relates in particular to the
determ nation of the trajectory of a nortar shell heading towards a
protected area. Mrre particularly stiql, it relates to the inplenentation
of a nethod 5 enabling precise determ nation of the elevation of such a
projectile that is detected and tracked by a conventional Doppler
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firing of artillery anmmunition apROJEQWLE cul ar agai nst the firing of
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particular, the origin and the point of inpact. In general, the trajectory
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higher frequency bands, L band or S band for example, has the advantage of
15 increasing the radar cross section or RCS of objects illuminated by the

emitted radar wave and therefore the probability of detecting these objects.

In addition, in order to effectively protect the area considered, and in

particular individuals and assets that are in the area, it is important that, as

20 soon as a projectile entering the area is detected, it is possible to know the

trajectory and, in particular, the origin and the point of impact. In general, the

trajectory of the projectile is reconstructed using position measurements

carried out successively over time by the radar (radial distance and angular

position in terms of azimuth and elevation angle). In order to effectively

25 reconstruct this trajectory, it is obviously necessary to have available

measurements of sufficient precision. The points of departure and of impact

of the projectile are then determined to a precision described by uncertainty

ellipses, the size of which is a direct function of the precision of
measurements carried out.

30 In the case of a low-altitude surveillance radar, a category to which the

radars used to carry out such surveillance generally belong, a particular

problem arises, a problem linked with the reflections of the radar wave from



radars used to carry out such surveillance generally belong, a particular
probl em arises, a problemlinked with the reflections of the radar wave from
2 the ground or from obstacles |located on the ground, in particular
bui |l di ngs. These spurious reflections create interference with the radar
wave, interference which is known to have the effect of inpairing the
precision of neasurements carried out, 2n particular the precision of

el evation (or 5 elevation angle) nmeasurenents carried out by the radar. The

i mpairments are all the greater when the neasured position is situated at a
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such as L band, that are less sensitive to the phenomenon. In so doing, the

benefit of a larger RCS is lost and the probability of detection for a

comparable emission power is reduced.

20 One aim of the invention is to solve this measurement precision
problem and to propose a solution making it possible to use a conventional
Doppler surveillance radar operating in the UHF band to carry out
measurements of the position of a ballistic projectile moving at low altitude
with a precision making it possible to reconstruct the trajectory of this

25 projectile from the measurements carried out.

To this end, the subject of the invention is a method for determining
the angle of elevation of a projectile following a ballistic trajectory,
characterized in that it comprises the following steps :

30 - a first step of estimating, at the time considered, the values of the
quantities d and d respectively representing the derivative and the second
derivative with respect to time of the Doppler velocity d of the target ;



guantities d and d respectively representing the derivative and the second
derivative with respect to tine of the Doppler velocity d of the target ; 3
- a second step of estimating the radial conponent of the acceleration fP of
the projectile, this radial conponent heing defined by the follow ng
approximation relation : dz-2 df dt - athird step of estimating the

val ue of the velocity V of the projectile at the tinme considered, the
estimated velocity being defined by the following relation : V=(d2-dR-fp-R)
.12 - a fourth sagecondsiep phestimating thearagialgforpenentaf the aseeleraiont he 1o
el evati on bBf aftthepprgjectiie, thistradiak component dieirg atefinedi by dheViativwingbei ng
estimated by integration as a function of tine fromthe follow ng rel ation
dE_ 1 (\Vv223Rproxpmatienrelatiant ding to a variant inplenentation, the nmethod
according to the inventigndl 15 furthermore conprises, between the third and
fourth steps, an intélr“freai'zge‘e step of estimating the value of the attitude
angl e presented by the projectile at the tine considered, the attitude

angl e béi ng defi adhird\stepef estitnatingdhe valust dfothe: velocitpV afdbe rojectile
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estimated by integration as a function of time from the following relation :
dE 1 (\../z_dz)VZ

dt R

According to a variant implementation, the method according to the invention

15 furthermore comprises, between the third and fourth steps, an intermediate

step of estimating the value of the attitude angle presented by the projectile

at the time considered, the attitude angle being defined by the following
relation :

d=V-cosy

20 the estimation of the attitude angle y presented by the projectile making it

possible to plot the value of the radar cross section presented by the
projectile.

According to another variant implementation, the method according to the

25 invention furthermore comprises a complementary step of calculating the
precision ¢g? of the estimation of the velocity of the projectile and the

precision g? of the estimation of the angle of elevation, ¢? and ¢? being

respectively defined by the following relations :
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30 a2z 1.[4.d2.0 +KRZ ad +aR (d2+fP2)I, 4.x/2 Ate J 42 . 2 QE 212
2. R2 (V2-d2 CVZRd2l 2+V2 aV+d2 QdI in which the follow ng quantities

respectively represent : - d, the Doppler velocity of the projectile, - ad
, the precision of d, 5 - R the radial distance neasured, - QR , the
precision of R - At, neasurenent refresh tine. The features and advant ages
of the invention will be better 10 apprdciated through the foll ow ng
description, which description draws on the appended figures, which figures
present : - figure 1, the coverage diagramof a UHF surveillance radar ; -

the proj ectlles to \/\/mchc,t2 t)i cyP @ 'N&hp&*% 15 -
figure 3, a flow chart of théﬁi’eth’c?d—d?c o the invention 9

principle ; - figures 4 and 5, curves de nstratlng the conformty of

esti mat es ofin wlhlehahgIftlilownglquaatlﬂleﬁnrewaetl\tgfyreweselnihod according to the

i nvention with the I 20 Figure 1 is considered
first, which presen bl'ﬂb E)(ZéP' félﬁb?f%ﬂéh})é\ﬁm hite 'di agramfor a UHF (Utra

Hi gh Fr equency) radgld’ PiFE! %8 %’ften used for carrying out surveillance

of the aigspace surRou{gipd@ﬁumtgﬁg@n{égsgpe#r otected and for detecting and
tracking the trajectory. of his diagram 25 marked by the
beni b o R

curve 11, shows how"R radar consi dered vari es
- At, measurement refresh time.

figure 2, a schematlc illustratiqgn,of th jZ;lll! tic trajectory fo] | oned by
r di

The features and advantages of the invention will be better

10 appreciated through the following description, which description draws on the
appended figures, which figures present :

- figure 1, the coverage diagram of a UHF surveillance radar ;

- figure 2, a schematic illustration of the ballistic trajectory followed by
the projectiles to which the invention more particularly applies ;

15 - figure 3, a flow chart of the method according to the invention in
principle ;

- figures 4 and 5, curves demonstrating the conformity of estimates of
the angle of elevation made by the method according to the invention with
the ballistic trajectory model.

20

Figure 1 is considered first, which presents an example of a coverage
diagram for a UHF (Ultra High Frequency) radar of the type often used for
carrying out surveillance of the airspace surrounding an area to be protected
and for detecting and tracking the trajectory of mortar shells. This diagram,

25 marked by the curve 11, shows how the range of the radar considered varies
as a function of the elevation angle. As can be observed in the figure, and as
previously said, the elevation (elevation angle) coverage diagram shows
large variations in the range of the radar as a function of the elevation,
notably in relation to low elevation angles, typically between 0 and 20°.

30 Thus in the example of the figure, it is observed that the radar has a
maximum range for very low elevation angles, with a maximum for elevation
angles, elevations, extending from 1.5° to 4° or alternatively for elevations
with a value situated around 8°, and a shorter range for the elevation angles
between 4° and 8° and for elevation angles between 10° and 20°.



as a function of the elevation angle. As can be observed in the figure, and
as previously said, the elevation (el evation angle) coverage di agram shows

| arge variations in the range of the radar as a function of the elevation,
notably in relation to | ow el evation aggl es, typically between 0 and 20. 30
Thus in the exanple of the figure, it Ys observed that the radar has a

maxi mum range for very |l ow elevation angles, with a maxi num for el evation
angl es, elevations, extending from1l.5 to 4 or alternatively for elevations
with a value sithiatreagerdispersion asdafusaiion of thanglevatien.t waichl affeetson angl es
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Is fired i lrection o a to be reached, situated for exanple
in the ar etgedﬂffé?ﬂ@}r't/@qr?%ﬁmﬁt%?e 'Q'F‘Fg'efiadar with a large firing angle a,

typi cahby around 50 to 75. It then 20 follows a ballistic trajectory
determ ned el TNl 4 (ReRmRlYs Sakcal HAARRR' Baetidan bich " R
example, a mortar shell may follow. This shell is fired in the direction of the
target to be reached, situated for example in the area under surveillance by
the radar, with a large firing angle a, typically around 50° to 75°. It then
20 follows a ballistic trajectory determined mainly by its own physical
characteristics, its initial acceleration, and by the firing angle.

As the type of trajectory followed by the projectile is known, it is
possible to reconstruct the trajectory of the projectile and even to determine
with a given precision its point of departure 24 and the probable point of

25 impact 25, provided that it is possible to know its position 22 at various times.

In practice, the trajectory of a projectile entering an area protected by
a surveillance radar can generally be reconstructed from information about
the position of the projectile relative to the radar, which information is
periodically updated by the radar. In general, the information used is the

30 radial distance R; separating the projectile from the radar at a measurement
time i, the azimuth A; (not shown in the figure) and the angle of elevation E; at
which the projectile is detected. Consequently, as the radar is situated at a
known point 23, it is possible to determine whether the trajectory of the
projectile presents any danger for the projected area. Conventionally, the

35 azimuth and the angle of elevation are measured by known methods of



As the type of trajectory followed by the projectile is known, it is
possible to reconstruct the trajectory of the projectile and even to
determine wth a given precision its point of departure 24 and the probable
poi nt of 25 inpact 25, provided that it is possible to knowits position 22
at various tines. |In practice, the trajectory of a projectile entering an
area protected by a surveillance radar 6an generally be reconstructed from
i nformati on about the position of the projectile relative to the radar,
which information is periodically updated by the radar. In general, the
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Figure 3 provides an overview of the various steps implemented by the
method according to the invention in order to determine the angle of
20 elevation of the projectile at a given time.

As figure 3 illustrates, the method according to the invention is applied

to the information about the velocity d obtained from signal samples s(j)

corresponding to periodic measurements of the signal s(t) carried out by the

25 radar in the direction considered. Thus, if T represents the measurement

refresh time, it is possible to write S; = S(j) = S(t;+jT) where to represents an

arbitrary time origin. The velocity information d is here obtained

conventionally, for example by spectral analysis of the signal by FFT over N

points and interpolation of Doppler filters that have provided a significant

30 response. As previously described, the method according to the invention

comprises several steps which make it possible, starting with these input

data, to obtain a precise estimate of the angle of elevation. These various
steps are described in the remainder of the description.



Figure 3 provides an overview of the various steps inplenented by the

nmet hod according to the invention in order to determne the angle of 20

el evation of the projectile at a given tine. As figure 3 illustrates, the
met hod according to the invention is a.gplied to the informati on about the
velocity d obtained from signal sanples so) corresponding to periodic
nmeasurenments of the signal s(t) carried out by the 25 radar in the direction
considered. Thus, if T represents the neasurenent refresh tinme, it is

possi bl e to wrikhe st stey 55 censistoin estimatinng. fiog tieg valuestef dabtainash ¢ r ary
time origithe viifesvsffaattions AfaidTtdefined bBys: here obtai ned conventionally,

for exanple by spectr, )anal ysis of the signal by FFT over N points and

i nterpol ati on of Obpg , filters that have provided a significant 30
response. As previ ousF’§/ descri bed, the nethod according to the invention
conprises several steps which make it possible, starting with these input
data, to obtain a ,preoekd;)e estimate of the angle of elevation. These various
steps a%e descri bedi=i e remai nder of the description. 7 The first step
31 consists in estim@tnhg, fromthe values of d obtained, the val ues of
functions d and d defined by : d=ddd) 5 d = d2(d) dt2 According to the

i nvention,,d and .be estinmated..by a known thod from successi ve
oaour enerCCoging 1S FTENERnI 3 i Des St eiaidty 9o kaeh MAIBES baced on
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t he veao orestimatatsuadth dy strdiptute) béised fom feolihear mpmibdhatiororof Legerdlredj =M
diz [1l, &ol%orﬁfa?s’. These methods, not set out here, thus make it possible, for

example, to express the vector of values (d,, dj, a,.) by the following relation:

- dj -
dj

. dj—1

=M. 1,
dj dj2 (1]

15  with ;
1 0 0 0

M=|{196 3 -3/2 3 2]
1 -5/2 2 -12

The second step then consists in estimating the value I (j) of the

radial component of the acceleration of the projectile.
20 Studies by the applicant have shown, as figure 4 illustrates, that over limited
time intervals the acceleration I (j) of the projectile is related to the quantity

d by the following relation :

; dr
d=-2.22 [3]

25 Consequently, ', can advantageously be estimated from the following

relation :
1 .
r(t)~-2- fd-dt+ry [4]



15 wth : 1000T([2] M 11/6 3 -3/2 1/3 1 -5/2 2 -1/2 The second step then
consists in estimating the value rP(j) of the radial conponent of the
acceleration of the projectile. 20 Studies by the applicant have shown, as
figure 4 illustrates, that over limted tine intervals the acceleration
rP(j) of the projectile is related to the quantity d by the follow ng
relation : 2. d~tP [3] 25 Consequently, 8FP can advant ageously be estinated

fromthe following relation : rp(t) ~- 2 . Jd. dt + rao [4] 8 This
advant ageous result is nade use of in the course of step 32 in order to
make an estimate of the value r (j) of acceleration for a sanple j, this

estinmation then b defi ned the follo recurrence relatio At
o ) () - 1] B A e depus eyt qegiz Bt lrbther Caiee ol e 3 BEBHPEL ho
sanpl i ng per M@#eaanl estlmatﬁeof thet valuevdl,(i¢ of atbaleratiotii for aosamplenj, is t he

accel eration of the Etejectlle In the case of a nortar shell, this radial
conponent i sestipatinrethenkeiagidefined bydhe ff@ilqwmg recuireyIce felation angl e of t he
sight), on the initial speed, on the mas onthe bal listic coefficient

of the projectile. The srgg%yflﬁ%wljh ' £9Q42, whi ch
e

respectively represent a he derivative the radi al conponent of
the acceleration of the projectile 15 against tinme and the correspondi ng
curve obtained from successive estimtions of this function obtai ned by

means of ghe nethod acgggding to (5]
rp(l)=rp0

in which At represents the sampling period and T, the initial value of the

radial component of the acceleration of the projectile.

In the case of a mortar shell, this radial component is dependent notably on
10 the firing angle (i.e. angle of the sight), on the initial speed, on the mass, and

on the ballistic coefficient of the projectile.

The similarity of the curves 41 and 42, which respectively represent a model
of the derivative of the radial component of the acceleration of the projectile

15 against time and the corresponding curve obtained from successive
estimations of this function obtained by means of the method according to
the invention, illustrates that this approximation is well founded in the case of
a mortar shell.

20 The third step 33 then consists in estimating the actual speed of the
projectile, or more precisely the magnitude of the velocity vector. According
to the invention, the estimate V(j) of the speed of the projectile at a given

measurement time is made from corresponding values of d(j), d(j) and f“p(j).
The speed of the projectile is then estimated using the following relation :
25

V(j)= (dz(j)—d(j)-R(J')—-|=F,(J')-R(J'))1/2 [6]



the invention, illustrates that this approximation is well founded in the
case of a nortar shell. 20 The third step 33 then consists in estimating
the actual speed of the projectile, or nore precisely the nagnitude of the
vel ocity vector. According to the invention, the estimate V(j) of the speed
of the projectile at a given neasurengnt time is made from correspondi ng
val ues of do), dO) and i'p(j). The speed of the projectile is then
estimated using the following relation 25 V(j)_ (d2(j)-d(j)R(j)-fP(j)R(j)Y2
[6] 9 The fourfﬂbmﬁép%%ﬁéi&sfﬂrﬁﬂkliﬁ{ esfim&th rf&é'v%ﬂ:ér?{eth\éaé gOf the
angle of elevation at a gfven neasurenent time  {t= to+ .as a frunction of
the estimftelevation et aspven measutementetipedcaitogTitasma fonstiom@rl dhef

el evati on gftimateev@y @Jf%ﬁéedi enade iR retediBg 8teg. THE anglefdfldievdtioa ofel ation 5
dt = R' 2~ [7]., Such that, according to the invention, the angle of

el evat i on tbe projeciieds shen estimateddeamtae éellovdnegeletient ol | owi ng rel ation 10
EGQ =EG4)+R(j)( 20)-d2(j)r At for j>2 and (8] E(1) = Eo in which At
represents the sanpl iéng qeri od and EO the initial value of the elevation of
the projectile, fixeﬂ_s__o_a v10dt ke account of, notably, the fipmng 15
angle of the projectdte BRnd the relief conditions of the area covered. In
the case of a nortar shell, EO can be fixed at a value of the order of a few
degrees, 2 degrees for exanple. At the end of these four steps, an estinate
of the andbuctothat) ascarding B thednventiamadhe pngls: af aleyation of dlat Prejactile ement

carried oyt eimiisy Déiﬂ?rthefﬁlévﬂﬁ%rélﬁﬁdﬁg 51 and 52 of figure 5 illustrate,
I de

whi ch respectively replresent a of the variation over tine of the
angle &% elevation of a nortar shell and the

"._"._ LAZ‘_Z'/Z_ .
B(j) =BG 1)+R(J.)(v B-a0)” At forj22

and [8]
E()=E,

in which At represents the sampling period and E0 the initial value of the

elevation of the projectile, fixed so as to take account of, notably, the firing

15 angle of the projectile and the relief conditions of the area covered. In the
case of a mortar shell, E0 can be fixed at a value of the order of a few

degrees, 2 degrees for example.

At the end of these four steps, an estimate of the angle of elevation E

20 is finally obtained for each measurement carried out by the radar. As the
curves 51 and 52 of figure 5 illustrate, which respectively represent a model

of the variation over time of the angle of elevation of a mortar shell and the
corresponding curve obtained from successive positions of the projectile
estimated by means of the method according to the invention, the estimate

25 made closely coincides over a defined interval, the divergence of the curves
appearing only later when the probable trajectory of the projectile is known.
Thus, the estimate made using the method according to the invention can
therefore be seen to be a valid estimate of the angle of elevation, and the
method according to the invention therefore advantageously offers a valid



correspondi ng curve obtained from successive positions of the projectile
estimated by neans of the nethod according to the invention, the estimte 25
made cl osely coincides over a defined interval, the divergence of the curves
appearing only later when the probable trajectory of the projectile is
known. Thus, the estimate nade using the nethod according to the invention
can therefore be seen to be a valid estfiOmte of the angle of elevation, and
the method according to the invention therefore advantageously offers a
valid 10 alternative to a conventional neasurenent of the angle of

el evati on byziitaatve R & ConVBAKIHR MsdsurémenPoNtESangle &t dévatRASHY aRBRLS S
avai |l abl e, periodi caIrI ﬁ srgpar ated 5 in tinme, of the radial distance R of

t he azi mut h ArY{gegsy ngle of elevation E, it is possible to
reconstruct the probable trajectory of a projectile that has no neans of

id ' f it is th e wth . t hel ] s,
ikew se, 1171 o phe s0tn 854 b8 0tralleniar s SRR Rifea¥l sl pist of
depar t ur e5 ofint tmeprodj thet radialadistaice BRysoft the azimutie Apaindt obfthe ngragle . ofThi s 1o

L by q _ h lh . ' ; .
D e ot o AR RIE RSB HBh el A8 b abEAebRF o BB
descri bed hehst hay owemeans off guidande: onplaps!ision eHétsiwwr, asid ther oase with
estinati on %oﬁﬁ?sﬁ@@.%il@wﬁé?if ) Fﬁ&sibl"é t%tdé‘tgrﬁfhekml‘i‘% @%H Scidin fhe
enpl oying sinple calculations iIs erefore o reat advant age. Accor di ng

to an advantRejelofdepariuse of theppeiestieandihe ppeitippahdRe patd 6F inpact: dhishe
i nvent i oRg Mayteaisk Ccswﬁtsdss)E depéis ¥n thar pré@biohOwWithe VAHIER tHd, vaMyeh makes

it possible to determ ne the precision of the est tion o t he angl e of
ol ebat on oHAARETS: At ESURMeS At aphs Teasdramant, A @etat Sahr aed gt i n

the course odestribad3hereimabive, nindofdareds! it nexakes it f pessilsle3to Ciiproeé Sthien
clevat  on TGN, A LS e 86 Srvaleh FRPUHE ot g hanRReBedYg st eps.
successi vel yemployingt simpletaloulatigns é3 titerefose ohgrat ddivantagehe preci si on of
t he speeq5est I mate and the precision of estimation of the angle
According to an advantageous variant implementation, the method

according to the invention may also comprise a step 35, parallel to the step

34, which makes it possible to determine the precision of the estimation of

the angle of elevation obtained at the end of step 34.

20 The processing carried out in the course of step 35, shown in dotted lines in
figure 3, consists in calculating the standard deviation of the estimate of the
angle of elevation from the values measured or estimated during the
preceding steps, successively using the following relations which define the
precision of the speed estimate and the precision of estimation of the angle

25 of elevation :

1 R2'0'2
2 14.42.42 ) d 2,42 2
o, *—= {4 d"-o +K A +0R(d +I'p )} [9]

4.V t2

where g, represents the precision of the estimate of the speed of the

30 projectile,

2 _ At (\72—d2)2 2.,v2.g% +4%.52 10]
0E~2.R2.—G‘/2_d2)‘ OtV 0, +0 -0, [




25 of elevation : R2 .a2 a2 1 4d2a2+K d+a2(62+f2) [9] V 4-V 2 d At2 R p
where av represents the precision of the estinate of the speed of the 30
projectile, 2 a2 4t2 (V2 -d2) ad +V2 a2 +d2 a2 [10] R) dvdE2 R W
~d z 11 where aE represents the preci s1i on of the estimate of the angle of
el evation of the projectile, in whi cHlrelations the fol | ow ng vari abl es
respectively represent : 5 - ad , the precision of the determ nation of the
Doppl er velocity d, - aR, the precision of the nmeasurenment of the neasured
radial distance, - K a coefficient that reflects the sensitivity of the
preci si on whene garrepeesenthtte precigiem ob he estimate ohthesargld offelevatioprabj ecti | e
at the acceleratron 10 given to this projectile. The coefficient K depends
i n parti cuharprejectiiee imwhi¢bdelationg tlﬂ@f°|‘?m\kf|‘91yaltléi#é'e&%thQWd’ﬁpEES@ﬁH3 a.
According to a second variant inplenentation, which can furthernore be

combi neg v th Lhe WeSEEsih yANEUermiiRgIdFLIAY BEEREr|lchpat he 15

i nventi on may also C rrse a conplénentary s uring ich the val ue

Li (j) of the aspect thagpecislormssiothat meagitemdrite opr thiee pi¢asureéd esfidimat ed.
Know ng the val ue€® of this angle Wmakes it in particular possible
advant ageadistapcep pl ot the value of the radar cross section presented by the

"o 111 ugt ral BoBehaFtsipis e SetRinkhy o TRE SREALER 4 G BEC 1 ne”

aspect ancachigved whesk estimatipgtthe speedwf ther piojadtitn atdthe) accelgrationcos q) (j)
([at“% h‘é‘ﬁ?sr Egiver EPIRS préjecliBeTRR TokkridHt K BEpdFILH partikeat oh AE mérogr o ectile

used for making the estimates of d and d.

According to a second variant implementation, which can furthermore

be combined with the preceding variant, the method according to the

15 invention may also comprise a complementary step 36 during which the
value y(j) of the aspect angle gy associated with the projectile is estimated.

Knowing the value of this angle y makes it in particular possible

advantageously to plot the value of the radar cross section presented by the
projectile at the time considered.

20 Step 36, represented by dotted lines in the illustration of figure 3, consists in
estimating the value of the aspect angle y(j) defined by the following relation :

d(j) = V(j)- cosy(j) [11]
where V represents the modulus of the velocity vector of the projectile at the
time considered and d the measured Doppler velocity.

25



time considered and d the neasured Doppler velocity. 25 12 CLAIMS 1. A
nmet hod for determning the angle of elevation of a projectile following a
ballistic trajectory, characterized in that it conprises the follow ng
steps 5 - a first step of estimating, at the tine considered, the val ues of
the quantities d and d respectively representing the first derivative and
the second derivative with respect to tit® of the Doppler velocity d of the
projectile ; 10 - a second step of estimating the radial conmponent of the
acceleration FP of the projectile, thIS radi al conponent being defined by
the fol |l owing approxi mation relation CLAIMS$~-2 P dt - a third step of
estimating the value of the velocity V of the 15 projectile at the tine
consi dered, the estipated velocit beLn defined by the followi ng relation
. Vv=(d2-drR rPR) 112 A methad for Qﬁéﬁm&ﬂ dhenangle ofi ﬂ@vaﬁ%é)foa RrRiectile
estimation E of 1bh6w1r? aVv philistic Afajédtonkr iatlcrigedtint tHattit B neoYEsdfied,

this el evation ém %’ 0 estimated by integration as a function of tinme from
the fol | owi ng QVNShSt8RSi * ¢’ 2d2)Vv2 dt R 2. The method as claimed in
claim1, €haracterized in that it 25 furthernore conprises, between the

third and fourth stepsgaited B SATRYRY, 2 W& Bnfd criddtRl! e (IGe¥ et e OF the

attitude angle presente
quantities d and d respectively representing the first derivative

and the second derivative with respect to time of the Doppler

velocity d of the projectile ;
10 - a second step of estimating the radial component of the
acceleration I of the projectile, this radial component being defined

by the following approximation relation :

dr,
dr-2.—£
dt
- a third step of estimating the value of the velocity V of the
15 projectile at the time considered, the estimated velocity being defined
by the following relation :
V=(42-a-R-f, .R)"
- a fourth step of estimating the value of the estimation E of the
elevation of the projectile at the time considered, this elevation being

20 estimated by integration as a function of time from the following
relation :
dE 1 (.2 y2
—=_.lv —(g4?2
dt R ( d )

2. The method as claimed in claim 1, characterized in that it
25 furthermore comprises, between the third and fourth steps, an
intermediate step of estimating the value of the attitude angle presented
by the projectile at the time considered, the attitude angle being defined
by the following relation :
d=V-cosy

30



by the projectile at the tine considered, the attitude angle being defined
by the following relation : d=Vcostp 30 13 the estimation of the attitude
angle yi presented by the projectile nmking it possible to plot the val ue
of the radar cross section presented by the projectile. 5 3. The nmethod as
claimed in claim1l, characterized in fyRat it furthernore conprises a

conpl enentary step of calculating the precision 02 of the estimation of the
velocity of the projectile and the precision of of the estimation of the

eati ons + 10 G gsfimaBfl 8 the Stfat SiIE " GeteREd By olplelg’ 5o 1O

RzZ~Vz_dz | vzRdzaking/dt goesile tedplai then vatuectoft the fradaniress qestiont i es

respectively repfaspfdd B9 the Broiddifie Doppl er vel ocity of the projectile, - 0Od
, the precisionBof d, - g etﬁrejragelal di stance nmeasured, - oR, the
precision of R - At, neasurenent refresh tinme. 20

5 3. The method as claimed in claim 1, characterized in that it

furthermore comprises a complementary step of calculating the
precision g’ of the estimation of the velocity of the projectile and the

precision ¢’ of the estimation of the angle of elevation, ¢2 and ¢?

being respectively defined by the following relations :
10
1
4.V2

2~
g, =

2.42 . -
.[4.dz '°d2+K'RAtSd +0R2-(d2 +|'pz)},

-~ 2
At2 V2 —d2 - .
2 . e 2 2 .2 2 .42
%72 R (V2 —dz) K R J o +VE-o,+d C‘J
in which the following quantities respectively represent :
15 - d, the Doppler velocity of the projectile,

- 04, the precision of d,

- R, the radial distance measured,
- Og, the precision of R,

- At, measurement refresh time.
20





