| Method for estimating the position and speed errors of an inertial
platformw th the aid of an SAR imagi ng radar The field of the invention
relates to: the precise guidance of a mssile onto a fixed target on the
basis of an SAR "Synthetic Aperture Rddar" seeker. the resetting of the
inertial platformof an aircraft carrying an s SAR "Synthetic Aperture
Radar" radar. The present patent application describes the invention within
the franmework of guidance of a mssile onto a fixed target. Generally,

synt het i na radars (SAR nthetic Aperture Radar) are_ radars which
utilize &P%E?gg Qregtimating, Eblli” Séﬁé‘ﬁgrﬁpes fl aryprs of an; 'BP"ttaé Plafiarvwithne to

resol ution |inked to the ving3id of apRAR jaging rBdafn The spatial resol ution,
whi ch characterizes the fi neness of the SAR i nage acquired, is therefore

obtained: - in tThe faid efcthe tivenfion fetatesiicenna axi's t hrough the di stance

resolution of the radar; ; Icul t he,,ant enna
axis through the SAR 15 thedirgcéé]ﬁufa%ﬁﬁe%* gﬂ%ﬂ?og&go%g{%{%gett%{h %t he

carrier nust have a nDtlot?ﬁﬁ'ﬁ"lOftaﬁbs Bi $E@h¢mﬁwl{§@||?@|dém$@ﬁkefo the antenna
axis, thereby preventing thaResethe agthbemérﬁm plwdrAT osh acrbf@afryingtanof the

trajegtory, that is to s n e f..th speed vector. 20
Processing of the SAR tyS%AéQsSH%E ép%-h'g%ﬁaaar rg "t he work by J. Darricau:
Physi que et Thedihee RieseRédratelPrapypilicaticandieStrtuasy thé Radatign -witton . the,  3r d
edition ﬁa,q;a@gﬁke@fgmdan@@g,«pamgs,re dﬂ.t@blf§g@gbr§)é¢ Sodi pe, Paris 1994. Thus, the

possi bl & Lo rec TRENY SRR aaRR A0S GARCSEBAL APERe Ao et i ¢ or

25 even madarewhioh lilize By, poicessing, | the alisplacenient hif she raagierdo itripeoveaties of t he

i nf or f§At taBution linked to the width of the antenna beam. The spatial resolution, which
characterizes the fineness of the SAR image acquired, is therefore obtained:

- in the direction of the antenna axis through the distance resolution of

the radar,

- in the direction perpendicular to the antenna axis through the SAR

15 processing.

This remark demonstrates that the carrier must have a motion in the
direction perpendicular to the antenna axis, thereby preventing SAR imaging being
performed at the front of the trajectory, that is to say in the direction of the speed
vector.

20 Processing of the SAR type is notably described in the work by
J. Darricau: Physique et Théorie du Radar [Physics and Theory of Radar] — Vol. 3, 3
edition — Chapter 21, page 483 — Published by Sodipe, Paris 1994.

Thus, the acquisition of an SAR image on a target and its environment

makes it possible to reconstitute the scene with a fine resolution (of the metric or

25 even submetric class). The utilization of this image on the basis of the information
formulated during the preparation of a mission makes it possible to precisely locate
the target in the image, notably when the mission consists, for a missile, in locating a
target with precision and in steering towards it with precision.

The geographical positioning of the SAR image is obtained on the basis of

30 the information delivered by the inertial platform of the missile. Now, this information
may be very noisy, thus giving rise to considerable lack of precision with regard to
the geographical positioning of the SAR image. It is therefore apparent that because
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fornmul ated during the preparation of a m ssion nmakes it possible to
precisely locate the target in the inage, notably when the m ssion
consists, for a mssile, inlocating a target with precision and in
steering towards it with precision. TRe geographical positioning of the SAR
i mage is obtained on the basis of 30 the information delivered by the
inertial platformof the mssile. Now, this information nay be very noi sy,
thus giving rise to considerable |lack of precision with regard to the
geogr aphéfdhis presnotrieonn radtholigh the {aAdetiismporeiselyt locatethinrtpé AR anage, dnis t hat

because 'ﬁg&é‘?‘*"?iﬁa idgggw?%%ﬁﬁwggﬁaﬁa{@‘g];ef}&n.pr ecisely located in

the SAR i not p uce a preci se geographical |ocation

therefrom it i¥ ipdesdlledythahdhe astivatiop; ofalhecpABi mpde ImRRSeHAR ANgWes an
angul ar squintibetwdest the aspetdigectpeant theahigsilestachdt itecichsanethemstgeta gir-ect i on
and tgercﬂe%fﬁaj@ct% a Ehll.ﬁitrﬁf‘e?jtinﬁ@rfqtory’ as illustrated in Figure 1. A
first "'step corres BEAs 108t & EC ory portion with repeated nmappi ngs on
the target. As &St %iﬁ@@?”ﬁ%PQiﬁJﬁrt@édf?é%ﬁtOWlf@%WIt%feMﬁdwmaﬂél@g%QQes unti |

it begonms tar’g@’@A%Wﬁ? karhét ib%pp?ﬁpﬁéd,hﬁ@ah@dlﬁrWuﬁwt%&e{éﬁd@uﬁﬂﬂﬂbﬁ%@ﬁi&di ng to a
seconda s : | nc nwar eeKer ops

oper at i %@H&aﬁ{}ﬁ?erﬁ@ﬁﬁ@'eﬁ@m@%ﬁ ﬁ%@ﬁ ‘t%ﬁ@sﬁ"@’f“@@ to| %gf) IﬁeR'Mi al node
on the A egrtaimdistarfceronwards the seekesystopscoparatingzand the iiggile hiomeloni ng,

the apr ohson thel tARyet e UralP fHePlial P8deT8h Atk Bisié o€ the Rridrivitltion RE&dt T thegener at e
adrift in,the mssile trajectory, and this may lead to a significant shift

in the i?ﬁ%‘gf point wwth respect to the target, as illustrated in Figure 2.
15 To avoi d t hi Pupheg thisnhaming, theeeirors émtheospeedoeotos £stimatedhycthé dnertialst | nat i ng
the err lﬁtfcgh Biferht2®h tdrift| in Rhénfiggi@ 1Pl 46§, BAG ithib ‘?ﬁ%ﬁfé@dste%egighiﬁ(‘fﬁjlt whi ch
for small_durations may be regarded as a’constant bias. re precisely, the
subj ect YHift{N ei"ﬁ%‘i’r’tﬂoﬂﬁ “f'tg' rﬁsigﬁ-ﬂ‘ Fﬂ)@eﬁgﬂeﬁéﬁéﬁm‘aﬁd”%fgé‘révgosi tion error and
the speed bias db tkeidottisaphenomegrional thel atvieation ofroposey ra emethodséorng 20 a
]E gf‘ll g\‘f\: g%s}f@égi\;@ftﬂé eftofsP51ARb indrfid oithoRhl A Wk pBsifidlthnd SpSQIRUESKich Bt
small durations may be regarded as a constant bias.
More precisely, the subject of the invention is a method for determining the
position error and the speed bias of the onboard inertial platform of a carrier pursuing
a trajectory towards a target, characterized in that it comprises the following steps:
- acquiring aboard the carrier a series of SAR-type images of the target;
- utilizing the said images to perform on the basis of each of the images
a measurement of the distance and a measurement of the Doppler of
the target;
25 - estimating the precise position of the carrier with respect to the target
and the speed bias, on the basis of the measurements of distance and
of the Doppler of the target with an estimator filter.
Advantageously, the filter is a discrete Extended Kalman filter.
Advantageously, the method of the invention comprises a prior step of
30 trajectory optimization to optimize the performance of the estimator filter.
Advantageously, the method comprises the use of a tool comprising a
constrained cost function.
Advantageously, the constrained cost function is the Cramer Rao bound
associated with the estimation of the position of the carrier with respect to the target

35 and of the speed bias.
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- acquiring aboard the carrier a series of SAR-type inmages of the target; -
utilizing the said imges to performon the basis of each of the inmages a
measur enent of the distance and a neasurenent of the Doppler of the target;
25 - estimating the precise position 8 the carrier with respect to the
target and the speed bias, on the basis of the neasurenents of distance and
of the Doppler of the target with an estimator filter. Advantageously, the
filter is a discrete Extended Kalman filter. Advantageously, the nethod of
the invention cdrivantageous!yrthemeticeironiprisd® the fajlewingrsyepapt i m zation to

optim ze the perfaqg ngfthé!? e&ﬁ@): i%tl@biefclajs,;ter' ~Advant ageously, the method
conpri ses the use | caorprising a constrained cost function.

a todl c .
Advant ageousl y, “t ffget‘é@ﬁg’f‘ﬂéhﬁ e@eponante of e trangveesecacaaisratiemobihend

associ ated wi th t heardsrtalomy thertrajdctoyeyopsintiziog thef CidnterRdd beundwok ther espect
to thg target 35 Ig&qm%eta@ ui?éﬁ%d bias. 3 Advantageously, the nethod
conprises the fol|low ng~Steps:” '- segnenting the trajectory into N pieces; -
det er ni ni ng t he Adlitiepalio tbe tconstraiptsctakem indg ecseuniclhe the gestolundiont e  carri er

al ong t hgudh aj agé Qﬁ;ﬁ;ihwnonk?ddﬁa?drt]drgoﬁ tr%t &rﬁ@frantaﬁug rh%l’ﬁttjmf Qﬁgdlé’re?ngnﬂ ff,t t
i mage ac 0 e_constrai nts.taken ipnto accoun e cos
et onPRiWEER 1nd R5edd PRRr ate i SafRETA DS diskubF S5t MermNROBTiapatt i mi
angul ar 8ugle in thepyerticgabplante speed vector and the carrier-target direction

and/ ofg the m ni MaEs idEBSEing RNBEMéthod e theeinlbftitn, Pheé Mormfion idBmateor ding to
the net hpd, of the .

vention, e . infor I on_esti mat by the carrier is
the posi BY BiF smenis MSpenicterhe riberdihe 3Pesd stspradidne mertal BRtBI 1 or m
Thi s i nf dhisenfoonatian is\avaluatesionthe basibaf ite distanbe add of dime Bopplér of thehe
Doppl er frgdthestimated on completion of the processing of each SAR image.

The filter provides an estimation of the real position of the carrier and an
15 estimation of the speed bias on the basis of the distance and Doppler measurements
arising from the utilization of the SAR images.

These measurements are referenced in a reference frame whose origin is
the target, thus allowing precise determination of the position of the carrier with
respect to the target.

20 The invention will be better understood and other advantages will become
apparent on reading the description which follows and by virtue of the appended
figures among which:

- Figure 1 illustrates the non-direct trajectory followed by a missile
performing SAR images on the target, with an angular squint between

25 the speed vector and the carrier-target direction;

- Figure 2 illustrates the error in the speed engendered by the inertial
platform at the level of the real impact point with respect to a target
during a mission without error correction,

- Figure 3 illustrates the shift between the SAR image location estimated

30 on the basis of the inertial information and the exact location of the SAR

image;

- Figure 4 illustrates the position of the target at the point of intersection
of the iso distance and iso Doppler circles associated with the whole set
of measurements obtained along a non-optimized trajectory

35 - Figure 5 illustrates the optimization of the trajectory in relation to the



target, estimated on conpletion of the processing of each SAR i nage. The
filter provides an estinmation of the real position of the carrier and an 15
estimation of the speed bias on the basis of the distance and Doppl er
measurenents arising fromthe utilizdtion of the SAR i nages. These
measurenents are referenced in a reference frane whose originis the
target, thus allow ng precise determ nation of the position of the carrier
with respect to the target. 20 The invention will be better understood and
ot her advant ages Wichtiohetthe#argappar ent on readi ng the description which

follows and by ‘T'h%tu‘rl&n%nmﬁbé‘aé’sec'ﬁggﬁiwtﬁﬁn%éﬁ'én%%’ﬁ%f'@hﬁ%lon fo|': lhe. 1

illustrates the n rect a mssi per orm ng SAR
i mages of SEBKEr Mgl triegiq locate %W@'ﬁﬁ & e%%ﬂh( rﬁheUEY%@ﬁ coplsl eqally weddevect or
and the gpplieden-dryr gedraftlicagginganradar itieh effécts Irepesdte ISR &gy 6®rani n t he

speed en?lﬁ@&ednetﬂe?ﬁ‘ LHae inertial platformat the Ievel of the real inpact
¥ target during a mission without error correction; -

Fl gure 3 illust ﬁﬁrega"mw dgfining the follewigtnasametars:mage | ocation estimated 30
on the basis -ofe: theentpiitibalof tHef misems i on and the exact |ocation of the SAR

i mage; - Figur I t he .no of the target at the point of

i ntersection )gdf%l{ﬁ% pgghaﬁbgﬁg%lgs@ @if gPDo ppler circles associated with

t he whol e set- Xrofdigplagamentwfthe wisste sioce &iaﬁﬁ@n@ted)hy tstinedtiabplatforej ect ory 35
- Fiogyre 5 illiusirfedt 6met he optirrization of the trajectory in relation to the
4 |ocation of_the.ta he  inventi be described within the
framework of 2 A %HP SRAEE Rrors (gerllg}qnb%bé%s'e'se tries to locate a target
preci sel y. THhbe follewing exolwionlequatiprahdlgs:wel | be applied to any aircraft
carrying a radar which effects repeatad SAR+iXTRgES on an

The positions are expressed in a reference frame whose origin is the
15 target. The current position of the target therefore characterizes the missile-target
relative position which is the information utilized by the guidance of the missile.
And it may be considered as a first approximation that:

X, =0
b=0
20 The symbol ) signifies differentiation with respect to time.

Additionally, the measurement equations are the following:

e The displacement of the missile estimated by the inertial platform X, which is
25 falsified by a constant bias in the speed

e The Missile-Target distance
=|x, 16+ X,|+ao,
The symbol |4| corresponds to the norm of the vector a
¢ The Doppler frequency
30
2 (X, —t-b+X;V, -b)
A X, -tp+ X,

f=

+(0f



5 object on the ground. Cenerally by defining the foll ow ng paranmeters: -
Xe: current position of the mssile - Xd: initial position of the mssile
(at t = 0) - Xm displacenent of the missile since t=0 estimated by the
inertial platform 10 - t: current tiffe - b: inertial platformspeed errors
nodel | ed by biases the follow ng evolution equation holds: Xe=Xmtb+Xd The
positions are expressed in a reference frame whose originis the 15 target.
The current position of the target therefore characterizes the

m ssile-target rel atwitteVpospeed @stimatedibyi the irfeetial platformat | on utilized by the

gui dance of e 1.ssi}e. i e considered.as a first roxi mation
that: JXd :-h% %;jﬁpsﬁzéleb}h@q%?ﬁ%%%it %F‘?ﬂ?%rspraﬁ‘ﬂ‘ﬁé’.f g}ﬁ‘feﬁ%ﬁ E\M%Ftﬁ respect to
time. Additionally, the measurenent equations are the following: . The

di spl acenent of the mssile estimated by the inertial platform X which is

25 fal sifhe® .b%’aﬁd GO Nafeaé ntadrenerlt RBiss PR@TvariaHeg M*sérid &;7Tar get di stance
d=l1Xm -t b+xdi | +Cdd The synbol Ilafl corresponds to the horm of the vector

a . T_.hg Doppl errhar;ﬁaageﬁyn% aqsnl?ém?fhﬁ%@m inPageith tdsect folhgMhiksife 5 Wi th
M spee deep;setnldrsr%netﬂe p¥ec§ish|ce>n Iinn retslpéelzed %f ?f:fe i%remal platform, as illustrated in Figure
3 which shows diagrammatically the shift between the exact location of the SAR
image and the estimated location of the SAR image, as a function of the shift

between the true speed and the estimated speed.

10 To circumvent the errors of the inertial platform in the speed, the expedient
adopted is as follows:

The processing of each SAR image provides the Distance and the Doppler
of the target, and the target is situated on a circle corresponding to the intersection of
an iso Distance sphere and of an Iso Doppler cone, as illustrated in Figure 4. The

15 axes correspond to the geographical reference frame centred on the target, the unit
being proportional to metres. Utilizing the repetition of the images provides an
estimate of the position of the target and the speed bias.

The paragraph hereinafter details the equations of the filter which provides
a position estimation Xd and a value of the speed bias b on the basis of the distance
20 and Doppler measurements arising from the utilization of the SAR images.
The filter can advantageously be a discrete Extended Kalman filter.

In accordance with the previous paragraph the state vector X comprises
six components which are the coordinates of the point Xd and the speed biases b
along three orthogonal axes.

25 The following notation is used in this paragraph:

- X(k|k-1) corresponds to the prediction of the state at the instant k estimated
at the instant k-1

- X(k|k) is the estimation of the state at the instant k performed at the instant
k

30 - Y(k) is the measurement (distance, Doppler} performed at the instant k.

This index notation also applies to the covariance matrix of the state Rx.



The synbol (a b) corresponds to the scalar product of the vectors a and b
where cod and wf are the neasurenent noise, with variance o 2 and of 2 5
The precision in the position of the SARimge with respect to the mssile
depends on the precision in the speedéof the inertial platform as
illustrated in Figure 3 which shows diagrammatically the shift between the
exact location of the SAR inmage and the estimted |ocation of the SAR
imge, as a function of the shift between the true speed and the estimated
speed. 10 To ci Thetermpérat discretization stdp $irecomesponds topihetrésswaliratetdfie speed,
the expeglbeyXR i ted is as follows: The processing of each SAR i nage
provi des the%] stance and the Doppler of the target, and the target is
situated on a circle corresponding to the intersection of an iso D stance
sphere and of an |so Doppler cone, as illustrated in Figure 4. The 15 axes
cor r esponitial sond#tiafsogr aphi cal reference franme centred on the target, the
unit _being propertiaqn Q fres. Utilizin repetitiqn of the inmages
provi des an es'? Bﬁeﬁt%e%(os ﬁBg‘SB%FPY%}?“ i Tﬁﬁ’gtéﬁl@éto?fﬁ% 'Q'#‘é'zggé’é‘dﬂﬁi as. The
par agr appasiteoitha dhpwleddetdiithes theheetiegluzajedory arfd theexpetted pevibimsdngeradvi des a
posi ti onnesidd@igigfbrmd and a val ue of the speed bias b on the basis of the
di stance 20 and Doppl er neasurenents arising fromthe utilization of the
SAR i mages. The filter can advantageously be a discrete Extended Kal man
filter. In accordance with the previous paragraph the state vector X

conpr i seBredi¢tion-onponent's which are the coordinates of the point Xd and the

speed bi ases r onal . 425 The follow ng notation is
useddlion t hi s'%é?gét?%g%fttnég%ﬁgl%&cﬂ)q('@o_r%(gé(ﬁf)lﬁa to the prediction of the
state at the_.imgdigfitn & tRE tbvEHaRle oftheldidte! RKIRI1) e Rxtk-PKEK) 1S the
estimation of the state at the instant k perforned at the instant k 30 -
Y(k) is the ndusdictioreoitthé diesisareomsnt:Digdbol k1) =péXfkdrkatll at t he i nstant k.

This index notation also plies to the covariance matri x of the state Rx.
The function c Is detailed hereinafter.

15 Innovation
- Calculation of the innovation: e(k) = Y(k) - Yp(k | k-1)
- Covariance of the innovation: Re{k) = H(k} Rx(k | k-1) H(k)" + Rm(k)

The matrix H(k) corresponds to the Jacobian of the measurements, and this
matrix is detailed hereinafter. The matrix Rm(k) is the covariance of the
20 measurement noise.

Kalman gain
- Calculation of the Kalman gain: K(k) = Rx(k | k-1) H(k)" Re(k)"

25 Final estimations
- Correction of the prediction: X(k | k) = X(k | k-1} + K(k} e(k)
- Correction of the covariance: Rx(k | k) = [I| — K(k) H(k)] Rx(k | k-1)

The function ¢ corresponds to the expression for the measurement expected
as a function of the estimated state:



6 The tenporal discretization step size corresponds to the renewal rate of
the SAR images. Initial conditions 5 The state X(O and the covari ance
matrix Rx(O 1 0) are initialized on the basis of the know edge of the
theoretical trajectory and the expect®d performance of the inertial
platform Prediction 10 - Prediction of the state: X(k I k-1) = X(k-1 1
k-1) - Prediction of the covariance of the state: Rx(k | k-1) = Rx(k-1 1
k-1) - Prediction of the neasurenent: Yp(k 1k-1) = c(X(k I k-1)) The
function c is detail ed|hereinaf “fr blSXI OVSTLi on - Callcul ation of the

I nnovati on: e((k)m; Y(k) - Yp(k ) r ‘lance of the innovation: Re(k)
= H(k) Rx(k lc\K¢ Rrg([( he (&) r onds to the Jacobi an
of the measurenments, a g. s t%#xcp; el; “?L%(af gf’%{md&%gr:‘ nafter. The matrix
Rm(k) is the covari ance Aof the||X,29trh£Hkur1)e+nﬁmtk|m@1)"se Kal man gain -

Cal cul ation of the Kal man gain: K(k) = Rx(k I k-1) H(k) Re(k)-1 25 Final
estimations - Correction of the pred| ction: X(k I k) X(k I k-1) + K(k)

k) - Co t f th K( k k I k-1
%e)funct r(r)ﬁccl F(r)eé@f)%ﬁeﬂ?g'o Ogrﬂ!t‘% %?%étf%“%@?m{eﬁ?% %’? é&@{s ?ééect ed )
as a fungmipbfy thé notatiorsinithiatexpressian eXd and i txmespdneXdépedtivaly 1d Xd(Kq(kl k- 1)) - 2
(Xm - t5- biydrer btk H3:K- 1) W - b(kl k- 1))

X, -1b+X, Y Kt BEX, '
-1+, X, —t-6+X)
Hk =| T T
2| Vb (Xt b X MK, 10X b 2 Vamb (X —t:b4X,) (X, -5+ X, Y, -b)] X —t-b4 X,
A& p—t-+X,) b, -6+ X, ||X —t-b+ X W -t-b+ X[ J X, -+beX)

According to the invention, the method proposes to use an estimator filter.
10 To enhance the effectiveness of such a filter, provision may advantageously be made
upstream to optimize the trajectory of the carrier towards the target.

Indeed, the shape of the trajectory has a direct impact on the performance
of this estimator filter. This coupling can be comprehended by considering the
relative positions of the set of circles associated with the distance and Doppler of the

15 target that are obtained by processing each SAR image. It is apparent for example
that a trajectory performed in a plane at constant incidence leads to circles which are
all tangential to a straight line passing through the target. Figure 4 illustrates this
phenomenon. The estimated position of the target therefore has a tendency to slide
along this straight line thereby resulting in significant errors. On the other hand in the

20 case of a trajectory having some movement along the three axes, the Doppler
distance circles are all in different planes, thereby making it possible to more
precisely locate the intersection point which is the target, as illustrated in Figure 5.

So as to optimize the performance of the estimator filter, it is proposed to
use a tool making it possible to search for an optimal trajectory in relation to the

25 particulars of the relative position of the target and of the speed errors estimated at
the end of the activation of the seeker, that is to say upon engagement of the inertial
homing onto the target. This tool must make it possible to determine the trajectory by
solving a problem of the optimization of a constrained cost function type.

The cost function considered is the Cramer Rao bound evaluated for the



RIIXm-t b(klk-1)+Xd(klk-1)I1 The expression for the Jacobian of the
nmeasurenents is as follows. To sinplify the notation, in this expression Xd
and b correspond respectively to Xd(k I k- 5 1) and to b(k I k-1): r
X,-th+Xd T X,-tb+Xd t ~I mtb+Xdl|l § IX -tb+Xdll) T 2( 'b
(X-tb+Xa). (Xmtb+Xd; mb) m1l{ 2 -b (Xmtb+Xd)' (Xm bb+Xd; mb) Xmtb+Xd mc-
t I Xmtb+Xdl I Xmtb+Xdl} /r A (I Xtb+Xl I Xmtb+Xdl3 ) IX -tb+Xdl ~ According
to the invention, the nmethod proposes to use an estinmator filter. 10 To
enhance lasteSAR ireade aayuired. This booid eorfespbads tothe \best precision aothinatilaggousl y be
made  URH ifRdCedtitdiet fifer e Ldraitkef int BECGRH: peRbiniB AL daekepe tar get.
t S e t s ad

| ndeed, e ape o ne tr% ector a; I rect | npact on the pertormance
of this E@ngenEiRmuUmM $quint anglg compativle With e AR masien ptoanda the MissHei deri ng

the rel(atadfactpgetd.).ons of the set of circles associated with the distance

and ppl er of get bi.al. ned=hy ' AR | mage.
T o appar ent {0F TR shillile Hi6 RObBLEL kO pRETEASALNE Y

const antPariRnsd &t bansvesse aecelerationis agsiumedaganstant| Theytppb fetesmines thest r ai ght

Iitn_e p?szs*Nnaombqswfdfhﬁeta@te@tatioﬁégauts@ the trhjestorat which mffetr iﬁlb?!’ﬂﬁaﬁnoln- The
estimate i O r r. r as._a slide alon
this st rpgf)ﬁﬁ%' fnen%aﬁﬁeoﬁgﬁ?{rslsg@h ‘%W?S‘"ﬁi%?ﬂ%%?@&hfp%gﬁ%ﬁe @%ﬁc@ﬁ'e's ot her °
hand i n fixed Rotheayseroands thatdhe dargel ishat fegorgineofrthe grtenencel tiaget Abet hr ee

i T 1 o BB e e B S ey e Whi oh i s
the tar td,rf’g%z‘%%?é?’ﬂ“&{ anibﬁuﬂ‘?&ﬁ'?réé/@sp@@gﬁsacﬂﬂir% timze the performance of
the estimator firhediramer Rao houndasdie inversgsef thetfostiermaatiing i, twhidsbirbl e t o
sear ch b nifiePRUSTB is SLbIREY BirbudinERbIRIMIAT rdclrdiiPequilioRar Li cul ars of the

relative position of the target and of the Speed errors estimted at

15 J,=J +ﬁ:+1 'Rk+l-l 'gm
where
H,,, is the Jacobian of the measurement function, evaluated at the true value of the

state with the Jacobian of f which is the matrix of partial derivatives [%f‘—J
i

J
+ R, is the covariance matrix of the measurement noise

20 + J, is the inverse of the covariance of the initial state.

For the model the expression for the Jacobian of the measurements is

X, b Xy 1 . X, —t-b+ X, ]
N X, —-6+X) Pru—t-b+xf]
H. = r .
’ 2 Vb (Xm_t'b+Xd}'(XmM['b+k;';Vm—b) 2 . V,—b (X,,,-r‘b+Xd)-(X,,,—tob+Xd;Vm-bn X, —t-b+X,
A\ X—r-b+x] |, -e-b+ 2 Al | P x)] b, b+ X J [, -t o+x)

25 where the various functions are evaluated at the time r=r, corresponding to the
instant of the k-th measurement.
The recursive calculation of J, for a trajectory will make it possible to evaluate the

quality of the latter by calculating the trace of the Cramer-Rao bound for the last
image acquired, thereby characterizing the global precision of the impact point in the



the end of the activation of the seeker, that is to say upon engagenent of
the inertial homng onto the target. This tool nust nake it possible to
determ ne the trajectory by solving a problemof the optim zation of a
constrai ned cost function type. The cost function considered is the Craner
Rao bound evaluated for the 8 last SAR i nage acquired. This bound
corresponds to the best precision obtainable by an unbiased esti nator
filter. The constraints taken into account pertain to the seeker (range,

m ni mum squi nt angl e conpatible with the SAR node, etc.) and to the mssile
(1 oad f axAserof agtecfert missild d Hersnalet thig/trace, dhpd moreuthel infoomatign proeisled Bpr each of
these trg gggé@%"o‘gg?h‘;&g& ,ﬂﬁmetdrﬁ@m\éqg@%t acceleration is assunmed constant.
The tool determ nes e 2g conmponent s 't he accel erations along the

traj ectory, which after integration provi des the shape of the trajectory

knowi t t ] t of th f by th d
Chat ¢ hetyopbitizalion of e FpgFioRt i RerEled o bordering The Tpubuing " "

det er m nanstraintsl t he 2*N conponents of the accel eratl on is obtained in such
away as to_.o Ogeﬁ% I@ﬁﬁ' red. The
Cranmer Rao bouﬁg&% Emﬁ%@fdgg&o @%ggsiﬂ grr@teﬁé(@?q?b |(§a§€%% t he
nmodel adopted i rB‘ltB‘? metial RPENNEh t he fol | owi ng recursive equation: 15 Jk+1
- Jk + HT k+l- lthe rdirdum digular squintebetivedn itise speed aector andathetmsiteasur enent
function, eval ut?]; {aftbctidpe true value of the state with the Jacobian of f
which is the X of paftial derivatives of J aXxJ "j Rk+l is the
covariPance mat rihg "@ﬂ'ﬂ%‘%@ﬂ@'ﬁéﬁfh%‘tﬁr&fé PBBe. Jo is the inverse of the
covariance of the initial state. For the nodel the expression for the
Jacobi an of the measurements is (X -t-b+X T X, -t b+Xd T VN -t b+Xtl) (t

I X, -t.b+X J



2 mb (X -bb+Xd). (X -t,b+Xd;m6) 2 mb (X -t.b+Xd).(X -t.b+X; mb) - X-tb+Xd
HK (~~ mtb+XA 1l mt.b+Xdl' t bt (~X-tb+Xl V -t 6+X A" . ' b+Xdl)r 25
where the various functions are evaluated at the tinme t=tk corresponding to
the instant of the k-th nmeasurenent.10The recursive cal cul ation of Jk for a
trajectory will make it possible to evaluate the quality of the latter by
calculating the trace of the Craner-Rao bound for the last inmage acquired,
t her eby characterizing the gl obal Q{@'Mg]on of the inpact point in the 9
case of a perfect mssile. The snal is trace, the nore the information
provi ded by the seeker allows precise guidance onto the target. The

optim zation df Metieod forjdeterminyng thepeositonnecbr iapddbe speled biag of lae ifetidlowi ng 5

constrai %&ﬁo m abéd @Bc?ﬁrr‘@frﬁdrﬁfﬁb@ %‘Eforﬁov{é?&s gii §é6 Eﬁ"ggtu EhdlcteRfedihR mapPPI Ng
phase an rin Inerti a ngular “squi nt’ between
the spee 39 9@9@ GaRRPTISES <h8 lIO\t"Q §EPsdi rect i on 10 - the mi ni num i npact

angle in the vert | acguiripgabeardltBe catridr MSefies NESARctyﬁ)@rm@seﬁmhmiamtt he

positfon error and i Weedainagesth Aad RESh U badl BF LOLIRAROREDe car i e

pursuing a trajector owar eri ze FThat it
furthernore conpr |%€§3§W@"TQ§1‘ IOBW%@S@F%@d-a megsiemegt abtherBormier @arrier a
series of SAR-typehe elg; of the target; - utilizing the said inages to

measupe on t he ba e st ance
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posi t i onans trlerﬁ@eeaforaSepnm sl%gﬁiaetmeaﬁummen s phdistange @nd leéthegenplasi as, on
the basi gf b thiget Whh i SdtRbter Mier & HeaBrendstfKaimdrAitdPApR, 8aid method

furthermore comprising a prior step of trajectory optimization to optimize the
performance of the estimator filter.
15
2. Method for determining the position error and the speed bias of an inertial
platform aboard a carrier pursuing a trajectory towards a target according to Claim 1,
characterized in that it comprises the use of a tool comprising a constrained cost
function.
20
3. Method for determining the position error and the speed bias of an inertial
platform aboard a carrier pursuing a trajectory towards a target according to Claim 2,
characterized in that the constrained cost function is the Cramer Rao bound.

25 4. Method for determining the position error and the speed bias of an inertial
platform aboard a carrier pursuing a trajectory towards a target according to Claim 3,
characterized in that it comprises the following steps:

- segmenting the trajectory into N pieces;
- determining the 2N components of the transverse acceleration of the

30 carrier along the trajectory by optimizing the Cramer Rao bound for the

last image acquired.

5. Method for determining the position error and the speed bias of an inertial

platform of a carrier pursuing a trajectory towards a target according to one of Claims

35 1 to 4, characterized in that the constraints taken into account during the optimization
of the trajectory are such as maximum load factor of the carrier and/or minimum



of the target with an estimator filter of the extended Kalman filter type,
said nethod furthernore conprising a prior step of trajectory optim zation
to optim ze the performance of the estimator filter. 15 2. Method for
determ ning the position error and the speed bias of an inertial platform
aboard a carrier pursuing a trajectorM towards a target according to Claim
1, characterized in that it conprises the use of a tool conprising a
constrai ned cost function. 20 3. Method for determ ning the position error
and the speed bias of an inertial platformaboard a carrier pursuing a

t r aj ect canguavegquild etweerydite sl vioty aral Dleadamier;targeh skractiaer anddor the t hat t he
constr ai RfmERSpaB&idIO M the vbﬁﬁaglaﬁ@r Rao bound. 25 4. Method for

determ ning the position error and the speed bias of an inertial platform
aboard a carrier pursuing a trajectory towards a target according to Claim
3, characterized in that it conprises the follow ng steps: - segnenting the
trajectory into N pieces; - determning the 2N conponents of the transverse
acceleration of the 30 carrier along the trajectory by optim zing the
Craner Rao bound for the last imge acquired. 5. Method for determ ning the
position error and the speed bias of an inertial platformof a carrier
pursuing a trajectory towards a target according to one of dains 35 1 to
4, characterized in that the constraints taken into account during the
optim zation of the trajectory are such as maxi num | oad factor of the
carrier and/or mnimm 11 angul ar squint between the speed vector and the
carrier-target direction and/or the mninmminpact angle in the vertical

pl ane.



