WD 01/94871 PCT/1L01/ 00526 FIRE CONTROL METHOD AND SYSTEM FI ELD AND
BACKGROUND OF THE I NVENTION 5 The present invention relates to a nethod and
syst em of wig qi®m4gantrol and, nore particularly, to a fire pganiypdosset hod
and systemfor a tank gun, or the like, that is nounted on a platform such
as a tank turret. Tank fire control includes a series of operations, the
purpose of which is to aimthe tank's gun so as to hit the target. |If the
first shot does not hi tpRiecHRITRE, MEEGIEBI ASDEVEBENUSt ' be made in the
gun's aimin the quickest and nost accurate way. Wiile nmany efforts have
been made in the art to facilitate hitting the target wwith the first shot,
no efficie rocess and/ or_appar.a is.at_present avail able for
permtting ' PR !-'*“—'31 ONhen the first shot has failed
to hit. Fire adjustnments are difficult to effect by a single tank for. many
reasons, i ncl udhegresén istreotifs rafates toc whthod Bnd isystery of finecaitfof pad)itgreof
observing the inpact of the projectiles if they do not produce an

expl osi onpaticuledg ol 4 fith@dhtP nPtIRASR] SftedX BdiOS LAk, glde oaulse1ild, thieispr esence
of dust, the period of tinme that nust pass between the observation of the

projectile | LX) he next projectile wth an adjusted
aim and glgh#]%rag)h.aﬂ%foé}nps&%ﬁ%&%%(?%Hétbont r ol gus!t be entrusted to Ja
station separate fromthe tank or at.|least requires the 20.coll aboration of
at least one oflfis SFaRsatiol iPudss h s &1 peamtion BroPUmpst PHEBIE SgPonpt an
adj ustnment of the aimas would be desirable. This is very di sadvant ageous
from the ginewWpsoiank’safunt $veasivehiatthe tragetadf divo fiyst shot ddestiing Hif iertgrast.f i ci ency
of the tanks. WO 01/94871 PCT/ 1L01/ 00526

10  adjustments must be made in the gun’s aim in the quickest and most accurate way.

While many efforts have been made in the art to facilitate hitting the target with the
first shot, no efficient process and/or apparatus is at present available for permitting a
single tank to adjust its fire when the first shot has failed to hit. Fire adjustments are
difficult to effect by a single tank for many reasons, including the shocks due to the
15 firing, the difficulty of observing the impact of the projectiles if they do not produce
an explosion or, even if they do produce an explosion, because of the presence of dust,
the period of time that must pass between the observation of the projectile impact and
the firing of the next projectile with an adjusted aim, and so forth. As a result, fire
control must be entrusted to a station separate from the tank or at least requires the
20  collaboration of at least one other tank, and even these means do not provide as
prompt an adjustment of the aim as would be desirable. This is very disadvantageous
from the viewpoint of the operational autonomy and of the firing efficiency of the

tanks.



2 There is thus a widely recogni zed need for, and it would be highly
advant ageous to have, a nethod and systemof tank fire control that woul d
enabl e tiveOooup48m of a tank to correct the aim of the tankPET/gLmM/00526

aut ononously. SUMVARY OF THE INVENTION 5 It is a purpose of this invention
to provide a fire control systemfor g tank's gun that is entirely

aut ononous and does not require the cOllaboration of a separate fire

control statiofaL Qf 48004 h\@fdefya@&ogﬁitzeél SnRAOFREranBUPARAIPThet AHyVENt i on
to provide such a systemthat permts rapid and accurate adjustnment of the

gun's aimon the ri of the tank's cre Oclt i further rpose of
the i nverﬁqvawa%??ug?%b?‘@ea W@?Pdgangf%’ FER ‘#ﬁ%@k %reerc0 frgﬁthghgrg{ﬁlléﬁn%lﬁg Ust ment
of the gun's aimon the part of the gun's firing system It is a still
further prepesea tak ipkeredifharingy thotapk s\guaau9geRows¥yst em t hat does not
require visual observation of the projectile's inpact. Indeed, the present
i nvent i orSUSBMARY OF 8t BDOVERGIONNn of the aim of the gun even before
projectile inmpact. 15 1llIt is a still further purpose of the invention to

provi de such anmtéﬁgafots@%% Hi$ ifRhtioR €Y BlovRleYa Afd Gl sﬁéferhﬁ@r hitading shocks

and by the presenc dust. Therefore, according to the present invention

there is proyi ded thod of aimng a -t i e | at f orm
and t hat ﬁ’é’s%ﬁgpee&%équ FBE{’E%?P?Sea% d% tné)} gg‘?‘{“‘"qﬁ %goﬁ?gr?;?#%%oﬁ atoﬂsg agaﬁéﬁ causi ng
the platformto vibrate, including the steps of: (a) 20 tracking the

proj ect i |faregaatrelationgef anqibsrigpka tracki ng device, at least a portion
whereof is operationally connected to the platform and (b) inferring an
aimerror veckas afisthen purpoderafctkeé fgvention to provide such a system that permits

rapid and accurate adjustment of the gun’s aim on the part of the tank’s crew.
10 It is a further purpose of the invention to provide such a system that permits
automatic adjustment of the gun’s aim on the part of the gun’s firing system.

It is a still further propose of the invention to provide such a system that does
not require visual observation of the projectile’s impact. Indeed, the present invention
can initiate correcﬁon of the aim of the gun even before projectile impact.

15 't is a still further purpose of the invention to provide such a system that is not
adversely affected by the firing shocks and by the presence of dust.

Therefore, according to the present invention there is provided a method of
aiming a gun that is mounted on a platform and that has fired a projectile at a target,
the firing of the gun .causing the platform to vibrate, including the steps of: (a)

20  tracking the projectile and the target, using a tracking device, at least a portion
whereof is operationally connected to the platform; and (b) inferring an aim error
vector from the tracking.

Furthermore, according to the present invention there is provided A fire

control system for a gun that is mounted on a platform and that fires a projectile at a



Furthernore, according to the present invention there is provided Afire
control systemfor a gun that is nounted on a platformand that fires a
proj ecti veOat/9®7W0O 01/ 94871 PCT/ 1L01/ 00526 3 target, i ncbPaUDimg/o0f2a) an
antenna that is operationally connected to the platform (b) a transmtter
for transmtting projectile-tracking RF pulses and target-tracking RF

pul ses via the antenna; (c) a receiver for receiving echoes of the RF

pul ses Vi@rdeh8ncladih@N@Ran aleniathafisSdpeRRibnAlOERSSaE] tOthe B&®id; ITH) 1 gnal s,
representative of the echoes, 5 fromthe receiver and transformng the

st gnal's iﬂ?&n%pé"t}?&?fb&e{}?&&é%ﬁgg{oiec{ifér-tréc@rg ?{g"{pﬁﬁéé lafid ei-g}g%}&%%: The

term"trajectory" Is use oTre € posIti l"'ocity of

an object, specifically, of the prgjectile or of th t, as function
of time. PEfFSCAR e anteig: (P @&Fw&%afreﬁ%@% RSt e ' Hlen iR afls o
trajectory, and the trajectory of the target is 10 whatever notion, if any,
t he t ar gedntewerutde@) alsignehprosgeai fat recaivingofigrals repressntatiye vé thgeachoest he

target trajectory is sinply the fixed position of the target. The scope of

the presefibmi fhéeRbdios AliC bR RRESignaR By heBurefhenBta@n@DUShé i re
control for any platformnounted gun. Nevertheless, the focus of the

descri ption. (e autononous fire control for a tank, in which the
pl atformrgrﬁje?ﬁfe\?\amhpé}%&t&%tgun is nounted is the turret of the tank.

fovi co. Tor exbilEh TREclaRt anscoherstyaasie to Beongordgdrehety 8 fbunt cd on
the platform After the gun is fired at the target, and preferabl after
t he vi br athjem, spstificil)y, of thd projegtilkeas of thestergst, iaalal fyngtiompydne. t ﬁ@lt‘«&léfeki ng
device is wused to track both the projectile, in flight, and the target.
Thi s tr acikk idjeRtdrPwSthe Beojectile is a ballistic trajectory, and the trajectory of the target is
10  whatever moti'on, if any, the target executes. In the special case of a stationary target,
the térget trajectofy is simply the fixed position of the target.

- The scope 'of the present invention includes methods and systems of
autonomous fire control for any platform-mounted gun. Nevertheless, the focus of the
description herein ‘is on autonomous fire control for a tank, in which the platform on

15 which the gun is mounted is the turret of the tank. According to the present invention,
at least a portion of a tracking device, for example, the antenna of a radar tracking
system, is mounted on the platform. After the gun is fired at the target, and preferably
after the vibration (shock) of firing has substantially stopped, the tracking device is
used to track both the 'projectile, in flight, and the target. This tracking allows the

20  determination, i'n real time, of the trajectory of the projectile and the deviation of that
trajectory from the trajectory of the target. An aim error vector, that includes an

azimuth error and an elevation error, is inferred from this deviation, and the gun is

moved to correct its aim accordingly.



20 determnation, in real time, of the trajectory of the projectile and the
deviation of that trajectory fromthe trajectory of the target. An aim
error veswwony9shat i ncludes an azimuth error and an el evRCT/w1@0326r, i S
inferred fromthis deviation, and the gun is noved to correct its aim
accordingly. WO 01/94871 PCT/ 1L01/ 00526 4 Preferably, the.portion of the
tracking device, that is nounted on the platform is nounted rigidly

t hereon. Pref acki ' ' @dﬁ{ t enna
whereof is ri SL{@%%I%%% %%ﬁ(ﬁjﬁ!f?%etga%}égﬁfﬂ ()elr\’%ep%%@g ng(?hgi era thfpﬁht%%ogﬁém enna
is atwo-way nonopulse 5 antenna. A transmitter transmits, via the

ant enna, lélr‘%loé‘mf‘gtrg%l@l?'ﬂ%ﬁﬁ}er RF pul ses for tracking the projectile and

| i near frequency nodul ated (chirp) pulses for tracking the target. A

recei ver receiRefrandestradkingdevingis basedios rades, thepetares whereghisvigds si gnal s
representative of the echoes, typically E signals, 4, signals and AEI

signal s, houediognht plafaaesMest pltteradlygnhd apteane$s artwoswesy mdobpiseret hod t o
di scrimnate echoes fromthe 10 projectile and "the target fromclutter

echoes;, aaﬁﬁie hans L ahdBiubDfasingnal s 6o @;ﬁjmﬂbﬁgtem log@grer&tb&@es%hoes and

target echoes to neasurenment vectors o ne projectl I NSt ant aneous

position and. vel oci t. nd of. the. target's.ins t.aneous positj.on .and

vel oci ty. TR ﬁé’é@g‘f‘tﬁﬁﬁﬂﬂq}%&{ﬁq e%ryemf’(ﬁﬂ%t[i& 2%“’5’%’8@?5- g?réﬁaégglgrt,ﬁei n whi ch
a Kalman filter uses the neasurenent vectors to update corresponding state
vectors. tEerhd mseeiver ieeaivesrechpest dfchp pujsecvialthe autpinfeand prevideosigedls | e s
trajectory. The state vector of the target defines the target's

traj ect or gpreféifaipRII RS @HOES Gfpi UL SIS, 1}, SEBUINEndNE sighblstotagnal
projectile’'s trajectory msses the target's trajectory and infers therefrom
t he

processor. The signal processor uses a CFAR method to discriminate echoes from the
10  projectile and 'the target from clutter echoes, and transforms the signals corresponding
to. projectile echoes and target echoes to measurement vectors of the projectile’s
instantaneous position and velocity and of the target’s instantaneous position and
velocity. These measurement vectors are input to a post-processor, in which a
Kalman filter uses the measurement vectors to update corresponding state vectors.
15 The state vector of the projectile defines the projectile’s trajectory. The state vector of
the target defines the target’s trajectory. The post-processor computes the amount by
which the projectile’s traj ectory misses the target’s trajectory and infers therefrom the

aim error vector.
Preferably, a synchronizer coordinates the transmission of the RF pulses and
20  the reception of the echoes thereof, and also coordinates the alternation between

projectile-tracking pulses and target-tracking pulses.



aimerror vector. Preferably, a synchronizer coordinates the transm ssion
of the RF pulses and 20 the reception of the echoes thereof, and al so
coor di natve@ oi/pu87ml t er nati on between projectile-tracki ng poi/sieg/oaszd
target-tracking pul ses. WD 01/94871 PCT/1L01/ 00526 5 BRI EF DESCRI PTI ON OF
THE DRAW NGS The invention is herein gescri bed, by way of exanple only,
with reference to the acconpanying drawi ngs, wherein: The sole FIGURE is a

schenat i cyRig BESORIRFION BYSHEI DR A WIEGRr esent 5 invention. DESCRI PTI ON OF
THE PREFERRED EVBODI MENTS The present invention is of a fire control nethod

and system whigh .can be . used to cprrect the.ai mof pl at f or m nount ed gun,
that has fired ¥ PV Ilfllgreéﬂ Ei?cnge(%%yt\gqyg%ft ex ?ﬁ %nq?’h‘é{%érr FECET f% is in
flight. Specifically, the present invention can be used to adjust the aim
of a tankhgeaerompaayibgdsyipgs, Wherepri nci pl es and operation of fire control
according to the present invention nay be better understood with reference
to the draw ndbiucanelet RESTERE oizpanehagaticd elspictipd iodna sy Stelebérthe ngeseatv t o t he
drawi ngs, the sole Figure is a schematic illustration of a systemof the
present ipvembohon. as applied to fire control for the firing of a gun 14
mounted on a turret 12 of a tank 10.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is of a fire control method and system which can be
used to correct the aim of a platform-mounted gun, that has fired a projectile at a

10  target, while the projectile is in flight. Specifically, the present invention can be used
tojadjust the aim of a tank gun autonomously.

The principlés and operation of fire control according to the present invention
may be better understood with reference to the drawings and the accompanying
description.

15 'Referring now to the drawings, the sole Figure is a schematic illustration of a
system of the present invention, as applied to fire control for the firing of a gun 14
mounted on a turret 12 of a tank 10.

Also mounted on turret 12 is a two-way monopulse antenna 20. Preferably,
antenna 20:is mounted rigidly on turret 12. As used herein, the term “mounted

20  rigidly” means that antenna 20 may be rigidly attached to turret 12, so that antenna 20
points in a direction determined exclusively by the orientation in space of turret 12;
but also means that antenna 20 may alternatively be mechanically steerable by virtue
of being mounted on a mount, such as an altazimuth mount 18, that in turn is rigidly

attached to turret 12. Preferably, if antenna 20 is rigidly attached to turret 12, then the



Al so nmounted on turret 12 is a two-way nonopul se antenna 20. Preferably,
antenna 20, is nounted rigidly on turret 12. As used herein, the term
"nmount ed w@01/948gi dl y* means that antenna 20 may be ri gi dl pCRLEA®b®d t O
turret 12, so that antenna 20 points in a direction determ ned exclusively
by the orientation in space of turret 12; but also neans that antenna 20
may alternatively be nechanically stedrabl e by virtue of being nounted on

a nount, | put. ; | i i 6 .attached
o turr et 149 OReP b A 0 JFRURL 13 Gnnd Wbl AR o Sodkd 94 Gheks i1} 20
then the WO 01/94871 PCT/ 1L01/00526 6 field of view of antenna 20 is at

| east 15 #FWRHOPN azinuth and at least 32 nrad in elevation. A transnitter
22 generates radi o frequency (RF) pul ses that are | aunched by antenna 20
towar ds t he pr4jtesisititter 22dgenersesdediohizequangye(RF)Spdssisfthajadre aunchehbyri t t er 22
5 alternates between generating Doppler pulses, that are used to track the

proj ecti| gyterdAcol toR@ATs the gﬂﬁ'&ﬂﬁWaﬂw@Waﬁsaﬂe {REetr BpefifitABS trahdidittef2? Used toO
track the target. Preferably, the RF pulses are in the Ka band. Echoes of

the RF pu e| - Vi r i a1.Theqrecei ved
echoes’ ar %‘aﬁe o%gs(r:lgert?\&geﬁj[ %eé@%ﬁn%’ Ir[%a ﬁ%%@@g%h H-%P?rﬁ Q%é%cg“to tgacacgéd{% P mﬁ:{g lel’ gﬁ%i ved
chirp echges, .al so dechi rped.. The echoges thus received are passed. 10 by
recei ver Baca fegueney H%i’ldu{??@(,(é%%@rpu s, 4B AFRTSSE 1 frasky :‘argf)te@)ir‘?f?r@g}yl’y, ., AA,
and AEl signals. Signal processor 28 digitizes the anal og signals and

pr ocessesthelRF pulgistdrg énthesKgbaids Tehoss ahthaRE pelsésonts redeivegavigiapigion? , t he
signals preferably are processed using Fast Fourier Transforns (FFTs) of

appropri at@ tyanetdier 2BherieRdcdiRatichodstie BEWERRSERA intiheuBrd]£a] il the echo
signal s depends on the Doppler pul se repetition frequency and on
case of the received chirp echoes, also dechirped. The echoes thus received are passed
10 by receiver 24 to a signal processor 28 as analog signals, specifically, X, Aa, and Ag
signals. Signal processor 28 digitizes the analog signals and processes the digitized
signals by standard methods. In’particular, the signals preferably are prbcessed using
Fast Fourier Transforms (FFTSs) of appropriate lengths. The FFT length for processing
the projectile-echo signals depends on the Doppler pulse repetition frequency and on
15  the required Doppler resolution, which is on the order of one meter per second.
Typically, this length is in the hundreds (256 or 512). The FFT length for processing
the target echo signals also typically is in the hundreds. A constant false alarm rate
(CFAR) method is used to discriminate projectile echoes and target echoes from
clutter echoes.
20 The output of the processing in signal processor 28 is, for each projectile echo,
a measurement vector Mp whose components are projectile range, projectile azimuth,
projectile elevation, and three components (range, azimuth, elevation) of the projectile
velocity vector; and, for each target echo, a measurement vector My whose

components are target range, target azimuth, target elevation, and, optionally, three



15 the required Doppler resolution, which is on the order of one neter per
second. Typically, this length is in the hundreds (256 or 512). The FFT

| engt h f ovOpr/esessing the target echo signals al so typi ceCTALOI®0526 t he
hundreds. A constant false alarmrate (CFAR) nethod is used to

di scrimnate projectile echoes and target echoes from clutter echoes. 20
The output of the processing in signal processor 28 is, for each projectile

echo, a e RET P g¥ e L4 RAGtHMh MBS RioR P BP ARCA st R CRY Yhebioh. IPRojE@NEE,
projectile azinmuth, “projectile elevation, and three conponents (range,

Car gt echBe® & SrimRentn (6 BB in SR b hesRElsplie P18 Bk iange

target azinuth, target elevation, and, optionally, three WD 01/94871

PCT/ | LOL/ ©0mpth andc shgystemt are( rdgkrgainedz iFamk h apaPddtey RECSHN T ok HBCt ar get
velocity vector. Projectile range is determined fromthe round-trip travel
tinme of thergepaidagd E) 8y ,emd0g RenjlecThe enngazompodtensoflthel pogtiile vehiciy

determ ned from appropriate processing of the corresponding E, AAZ and AE]

si gnal s. g&forf@atgﬁgﬁ%ggg@?hgﬂlﬁ?@& sﬂﬁ?hﬁﬂfeicgrgjegﬁlle%h&y The WSh@h ahd

det erm ne rom of the projectile echo. The azinmuth and

el evation conponents of th rojectile velocity vectqr ar.e ermned from
the numef'FEaHON; FOFRPYSRIS, & iﬂgee Pegtie g cf‘}ﬁt%ecg%darg I g@ﬁ??%ﬁg%%gﬁﬁg nts of
successive projectile echoes. Target range is determ ned fromthe

round-t r i pumerinabliime derivative d the seieuth cad oelevrbiog erompangRts PIaNEcesFEG at i on
are determ ned from appropriate processing 10 of the corresponding E, A and
ZEi si gnap®jeciit éobodd. | Yargbhenphisedtaatipantomnsthe frotretript wangb timeedfoibie t y

vector are determned fromthe nunerical tine derivative of the range,

target echo. Target azimuth and elevation are determined from appropriate processing

10 of the corresponding T, Aa, and Ag signals. Optionally, the three components of the

target velocity vector are determined from the numerical time derivative of the range,
azimuth and elevation componerts of successive target echoes.

A synchronizer 26 coordinates the activities of transmitter 22 and receiver 24.

Specifically, for each projectile-tracking pulse or target-tracking pulse launched by

15  transmitter 22, synchronizer 26 activates receiver 24 only in a corresponding time gate

during which a corresponding echo from the projectile or from the target is expected

to arrive at antenna 20. In addition, synchronizer 26 causes transmitter 22 to alternate

between transmitting projectile-tracking pulses (Doppler) and target-tracking pulses

(chirp). Preferably, the projectile and the target are tracked almost concurrently, with

20 the time interval between the transmission of a projectile-tracking pulse and a

target-tracking pulse being on the order of a few milliseconds. Preferably, successive

sightings of the projectile and of the target are effected at a rate of about 100 Hz (100

times per second). The total number of sightings depends on the type of projectile and

on the type of target, but preferably is at least about 100.



azimuth and el evati on conponents of successive target echoes. A

synchroni zer 26 coordinates the activities of transmtter 22 and receiver
24. Speowdobvedsiy, for each projectile-tracking pul se or pargeatsovizacki ng
pul se launched by 15 transmitter 22, synchronizer 26 activates receiver 24
only in a corresponding tine gate dur'%ng whi ch a correspondi ng echo from
the projectile or fromthe target is expected to arrive at antenna 20. In

addi tion, Synoi‘}ﬁélﬂh%Sfth%%r@@é{ﬁ@%& 8RS a%ncazmtlgteahhﬁrtﬁetsﬁockt&ttwen
transmttlng projectile-tracking pul ses Dopp er) and target- trackl ng

pul ses h| r fera o e tar a cked

al nost c ‘?f)e%t‘ﬂ’;?'eh 5%18 ahﬁg% q ?tll BTG %Blé %ﬁél bte ansm %sion of
a prolectlle t racki ng pulse and a target trackin ulse belng on the order
of a few fHng of g@edﬂc@dﬂrmﬁ@t@mottra@%&%gwéte@ﬂ@ﬁf 3 9R581%f the projectile
and of the target are effected at a rate of about 100 Hz (100 tines per
second). The tSig@dl prockssor X6 paghd ithg nevmensat orctoe My pmdoMprojectil e
and on the type of target, but preferably is at |east about 100. WO

01/94871 K %1%%&%6?9@2@)051}81%%&%%9 ﬂ%uggs th&'@ RERLRGnt &b Afin %ﬂetot@r get is

not initicated until the shock o flrlng of gun 14 has su stantlally

di ssi pated. ..Typi cal t hi nt er en the irin un 14 and
the init |p§?#18%g8?m?q1é)c?!g?t&ﬁps{°§ 89%611135 S%/gehY% 13}, TLESSR eStlgtager? A ocessor
26 passes the neasurenent vectors M and M to a b5 post-processor_ 30.

Post - pr odegs ppsiBensuged veknsifies nefather pipisetiley apd ifsthgstargeput The paeferred

predi ctor-corrector algorithmfor updating state vectors that represent

est i mat espredictoheorrédtorealpasthin 9RK dimdn fddencThé esmpdnentseofphesatet vedewrsand of
the target. The preferred predictor-corrector algorithmis a Kal man

filter. TRereGUMROMREREScoipohBis DF3he mea&h&hent vectors: the components of the

10  projectile staté vector are the projectile range, the projectile azimuth, the projectile
elévation, and time derivatives thereof (i.e., the projectile velocity vector); and the
components of the target state vector are the target range, the target azimuth, the target
elevation, and, optionally, time derivatives thereof (i.e., the target velocity vector).
The state vectors .are initialized when gun 14 is fired. The initial position of the

15 projectile is at gun 14. The initial velocity of the projectile is the muzzle velocity of
the projectile. The illustrated analog components (antenna 20, transmitter 22, receiver
24) also serve as components of a target acquisition radar system (not shown) that is
used to acquire the target and aim gun 14 at the target before gun 14 is fired; and the
initial state vector of thta target is obtained from this target acquisition system.

20 As noted above, the state vectors of the projectile and of the target define the
trajectories of the projec;tile and of the target. Based on these trajectories,
post-processor 30 computes an azimuth etror and an elevation error for gun 14. The
azimuth error is simply the difference between the azimuth of the projectile trajectory,

projected out to the range of the target, and the azimuth of the target. The elevation



correspond to the conmponents of the neasurenent vectors: the conponents of
the 10 projectile state vector are the projectile range, the projectile

azi mut h, wone/pssoj ectile elevation, and time derivatives popIgof0f2. e., the
projectile velocity vector); and the conponents of the target state vector
are the target range, the target azinuth, the target elevation, and,
optionally, tinme derivatives thereof (9.e., the target velocity vector).
The st at ec¥&CL QRS dfifdercBielvillch2Rd a&ﬁﬁ%l%ﬁoﬂ%f'ﬂffe binf 8l thENGevalbh ik
position of the 15 prolectl e is at gun 14. The initial velomty of the
projectile t he muz C t he e. The | strated

Dol o cofipbRote SafEf bR aTbE bi¥aflen bhBeR3! Rihik St RS P EERLSY ¢ o
conmponents of a target acquisition radar system (not shown) that is used
to acqui r EhisrRleaiogettTainy @IAURINDI PositProPrSSArad Y asingevell-kngim bellistis £ r ed;
and the initial state vector of the target is obtained fromthis target
acqui si ti equatigsd. effhe 20inAsh eabedndbiewdevatihe esbate thecbarpsnafits bhen pimj ectil e
and of the target define the trajectories of the projectile and of the

targets; BasgdyQiof3p$8n il ﬁﬁfeothhte%ven Ba%;e ﬁ%%@ﬁéﬁl@ i2aGONPHRRIAR azi nuth
error and an elevation error for gun . azinmuth error is sinply the

dlfferencebtweent e azi th of.. the p ectlletra ect.o ected out
to the raﬁ%}@ 8PS tlﬂ@'trba? gt 8nBrefl¥f£: @%I ‘E?B{aﬁm{}% ??4801[913' é)g {}%Tﬁredpecl?%vatl on WO
01/94871 PCT/ 1L01/00526 9 error is the difference between the act uaI

el evat i onMsenyhide, damiuirg bebavien (sntainreisctiln npagibef the eest aeay teguedigiedt he t wo

trajectories to intersect if there were no azinmuth error. This elevation
error i s onmpubesit bfytheasdiserped belesior c3Qhei tirgey. VBlekefburrote dal ¢rratvector
equations. The azimuth error and the elevation error are the conponents of

an al m 5 G 8 KGEHRAH Wiffe thProfebrileNOLEI hitRght even before the projectile
i npacts, the ballistic

10 Post-processor 30 passes the aim error vector along to the crew of tank 10.
The crew of tank 10 corrects the aim of gun 14 in accordance with the aim error
vector. Alternatively, if tank 10*is equipped with an automatic system for aiming gun
14, post-processor 30 sends the aim error vector to the automatic aiming system,
which automaticaliy corrects the aim of gun 14.

15 'While the invention has been described with respect to a limited number of
embodiments, it will be appreciated that many variations, modifications and other

applications of the invention may be made.



equations may be used to predict the remaining trajectory of the
projectile. Meanwhile, the future behavior (until projectile inpact) of

t he targavoneysbe predicted on the basis of the observedroEbanmioos26of the
target. Therefore, the aimerror vector nay be conputed while the
projectile is still in flight. 10 Post-processor 30 passes the aimerror
vector along to the crew of tank 10. ioThe crew of tank 10 corrects the aim
of gun 14 in accordance with the aimerror vector. Alternatively, if tank
10-i s equVppe B IWCLAIMERIR:omati ¢ system for aiming gun 14, post-processor
30 sends the aimerror vector to the automatic aimng system which
automatically corrects the aimof gun 14. 15 1 Wile the invention has been
described with respect to a limted nunber of enbodinents, it will be

appreci ated that ma faFi: i | j d i i ons of
the invention %ay ngﬁégé#agéﬁgﬁgSg@gf&%gﬁ%%ﬁg%fgggagﬁﬂggna&ﬁﬁ#&ﬁgsCLAINED
IS 1. A hod of .aimng a gun fhat i.s nounted.on a pl]-atform and that has
fired a p’fﬁr%?eacm%’ﬂgq ata 3%5%?*}6 firiae o s §Ub feapiiae &anllegfégv i VEPrtep| at f or m
to vibrate, conprising the steps of. (a) tracking the projectile and the

target, uwsmyistgtbesikphef devi ce, at | east a portion whereof is

operationally connected to the platform and (b) inferring an aimerror
vector from safayl t rigkindothe frojddiige At Mhethrpét, Gdiag Mitrhckink Aewics) o6 Bask HOrti on
of said tracking device is rigidly mounted on the platform

portion whereof is operationally connected to the platform; and

(b)  inferring an aim error vector from said tracking.

2. The method of claim 1, wherein said portion of said tracking device is

rigidly mounted on the platform.

3. The method of claim 1, wherein said tracking is begun after the

vibration of the platform has substanﬁélly stopped.

4, The method of claim 1, wherein said aim error vector includes an

azimuth error and an elevation error.

5. The method of claim 1, further comprising the step of:

(c) moving the gun to compensate for said aim error vector.

6. The method of claim 1, wherein said tracking device includes radar.



3. The method of claim1l1l, wherein said tracking is begun after the

vi bration of the platformhas substantially stopped. 4. The nethod of claim
1, wherewOsH)37RIi m error vector includes an azinuth errPeT/amnd/0a526

el evation error. 5..The nethod of claim1, further conprising the step of:
(c) nmoving the 'gun to conpensate for said aimerror vector. 6. The nethod
of claim1, wherein said tracking device includes radar.” WO 01/ 94871

PCT/ 1L01/ 00526 11 7. The nethod of claim®6, wherein said portion of said
tracki ng devi cé th#he netlopeofatlaions) whersimpaid tpodianof srd piagkihg rdevicacl udes
an antenna. 8. The nethod of claim®6, wherein said tracking is effected by
steps i nghtidioperatiohallyt doansdidd toithdplatfpiny irdhidey a®bntpiing). ect i | e-t racki ng RF
pul ses towards the projectile; (i1) for each said. projectile-tracking RF
pul se, receiving an echo of said projectile-tracking RF pulse fromthe
projectile; (iii) transmtting a plurality of target-tracking RF pul ses
towards the tagget; . and

recei ving an etho th%é‘iledl.g‘i’(i/)ﬁf&%Em?&;g’k%%it’fdﬁ%gé?ﬂ% :tg;‘rasg%‘%%éi %r% !gge 9. The
met hod of claim8, wherein said projectile-tracking RF pul ses are Doppl er
pul ses. including:
® transmitting a plurality of projectile-tracking RF pulses towards the
projec;cile;
(11) for each said.projecﬁle-tracking RF pulse, receiving an echo of said
projectile-tracking RF pulse from the projectile;
(iii)  transmitting a plurality of target-tracking RF pulses towards the target;
and

(iv)  for each said target-tracking RF pulse, receiving an echo of said

target-tracking RF pulse from the target.

9. The method of claim 8, wherein said projectile-tracking RF pulses are

Doppler pulses.

10. The method of claim 8, wherein said target-tracking RF pulses are

linear frequency modulated pulses.

11.  The method of claim 8, wherein said transmitting of said
projectile-tracking RF pulses alternates in-time with said transmitting of said

target-tracking RF pulses.



10. The method of claim@8, wherein said target-tracking RF pul ses are

| i near frequency nodul ated pul ses. 11. The nethod of claim8, wherein said
transm t wegl/ofs7sai d projectile-tracki ng RF pul ses alt erp@t/giionszei me with
said transmtting of said. target-tracking RF pul ses. WD 01/94871

PCT/ 1L01/ 00526 * 12 12. The nethod of claim8, wherein said receiving of
said echoes of said projectile-tracking RF pul ses fromthe projectile

i ncludes the step of discrimnating between: (A) said echoes of said

proj ectil e-tratki ngTiRFmpthodedt claimng, twiergnopiictectivingarfdaidB)cho¢uef #id echoes
of said projectile-tracking RF pulses. 13. The nethod of claim 12, wherein

sai d di scyhE-aRltdEingSREPuRES BdntBleNttojcdtilerinEiua®! thettepldf ditttemmtin®d of

cl ai m 8, wherein salg recei ving of said echoes of sai target-tracking RF
pul ses frtg)emwyhe target includes the step of discrimnating between: (A)
sai d echo&&"sf  sai d target-tracking RF pulses fromthe target and (B)

clutter echoes qf said target-tracking RF pulses. 15. The thaod of claim
14, wherein sai’d di ¢ eehasa ol mgid grogc%gectlr %ﬁfﬁgﬁ"ﬁ%?séﬂﬁtﬂgf%%‘?tﬂ‘i& The

met hod of claim 8, wherein said tracking further includes the step of:
and

(B) clutter echoes of said projectile-tracking RF pulses.

13.  The method of claim 12, wherein said discriminating is effected using

a CFAR method.

14.  The method of claim 8, wherein said receiving of said echoes of said
target-tracking RF pulses from ﬂ;e target includes the step of discriminating between:
(A)  said echoes of said target-tracking RF pulses from the target and

(B) clutter echoes of said target-tracking RF pulses.

15.  The method of claim 14, wherein said discriminating is effected using

a CFAR method.

16.  The method of claim 8, wherein said tracking further includes the step

of:
(v)  processing said received echoes of said projectile-tracking RF pulses
from the projectile to provide, for each said received echo of said
projectile-tracking RF pulse from the projectile, a projectile

measurement vector.



(v) processing said received echoes of said projectile-tracking RF pul ses
fromthe projectile to provide, for each said received echo of said

proj ecti vooreski ng RF pul se fromthe projectile, a projeeCTld/oneasur enent
vector. WD 01/94871 PCT/1L01/00526 13 17. The nmethod of claim 16, wherein
said projectile nmeasurenent vector includes: (A) a neasured range to the
projectile; (B) a neasured projectilegzazimuth; (C a nmeasured projectile
el evation; and (D) a nmeasured projectile velocity vector. 18. The net hod
of claim 16, wher ei Theaahdd af&aing 16pwhbem said pugesgile heastrepentofectorvi )
updating an estimate of a projectile state vector, based on said

projectil gciRRgUr enent vector. 19. The nethod of claim 18, wherein said
projectile state vector includes: (A a range to the projectile; (B) a

projectile azi h; jectil tion; and (D) a projectile
vel ocity vect ow 20?"%&‘?}%@%%%%%0 e%@%:cﬁnﬂ 9, wherein said updating is
effected using a Kalman filter., .

(B)  ameasured projectile azimuth;

(C)  ameasured projectile elevation; and

(D)  ameasured projectile velocity vector.

18.  The method of claim 16, wherein said tracking further includes the step
of:
(vi)  updating an estimate of a projectile state vector, based on said

projectile measurement vector.

19. Thg method of claim 18, wherein said projectile state vector includes:
(A) arange to the projectile;

(B)  aprojectile azimuth;

(C)  aprojectile elevation; and

(D)  aprojectile velocity vector.

20. The method of claim 19, wherein said updating is effected using a

Kalman filter.

21.  The method of claim 8, wherein said tracking further includes the step

of:



21. The nmethod of claim8, wherein said tracking further includes the step
of : WD 01/94871 PCT/1L01/ 00526 14 (v) processing said received echoes of
sai d tar geoot/smeki ng RF pul ses from the target to provi decT/Algn/oexeh said
recei ved echo of said target-tracking RF pulse fromthe target, a target
measur enent vector. 22. The nmethod of claim?21, wherein said target
nmeasurenment vector includes: (A a neasured range to the target; (B) a
measured target azinmuth; and (C) a nmeasured target elevation. 23. The
net hod of cl ai (W 22, Prakrssiae saigdaterives epboesnelzsis terastrirackdag &F pulipsfnen
includes: (D) a neasured target velocity vector. 24. The method of claim
21, wherein said trthekdirpg tb prdvidy; forreativsted rdchived el oftdaid (avdej-tragddagi ng an
estimate of a target state vector, based on said target rmeasurenent

vector. 25. The netllgpguggﬁ% WA 8et X\@é((;‘%eﬁ%ma%ggeﬁwegﬁ)}. state vector

includes: (A) a range to the target; a target azinuth; and (C a
target el evation.

22, The method of claim 21, wherein said target measurement vector
includes:

(A)  ameasured range to the target;

(B)  ameasured target azimuth; and

(C)  ameasured target elevation.

23. The method of claim 22, wherein said target measurement vector
further includes:

(D)  ameasured target velocity vector.

24.  The method of claim 21, wherein said tracking further includes the step
of:
(vi)  updating an estimate of a target state vector, based on said target

measurement vector.

25.  The method of claim 24, wherein said target state vector includes:
(A)  arange to the target;
(B)  atarget azimuth; and

(C)  atarget elevation.



WO 01/94871 PCT/1L01/00526 15 26. The nethod of claim 25, wherein said
target state vector further includes: (D) a target velocity vector. 27.
The met hodo of/948fmi m 24, wherein said updating is effectedrOwitng/oas2eKal man
filter. 28. Afire control systemfor a gun that is nounted on a platform
and that fires a projectile at a target, conprising: (a) an antenna that
is operationally connected to the platsform (b) a transmtter for
transmitting projectile-tracking RF pulses and target-tracking RF pul ses
via said anterifa; (e methodepl efaihio?d,r whetoi naidetiigaisstale vesitat gﬁﬂpuLses vi a
said antenna; and (d) a signal processor for receiving signals,

r epr esentigdluck®: of said echoes, fromsaid receiver and transformng said
signals into nmeasurenent vectors for the projectile and the target. 29.

The fire contr, Sy, ikAld28, wherein said antenna is rigidly
nmount ed on théE%Iafﬁgﬁﬁ%gggﬁgg%e(%ire control system of claim28, wherein
said antenna is a two-way nonopul se antenna. WO 01/94871 PCT/ 1L01/ 00526
16 31. The fire control system of claim 28, wherein said

projectile-trackingr o ’
27 he method of claim 24, wherein said updating is effected using a

Kalman filter.

28. A fire control system'for a gun that is mounted on a platform and that
fires a projectile at a target, comprising:
(2) | an antenna that is operationally connected to the platform;
(b) a transmitter for transmitting projectile-tracking RF pulses and
targef-tracking RF pulses via said antenna;
© a repeiver for receiving echoes of said RF pulses via said antenna; and
(d) a signal processor for receiving signals, representative of said echoes,

from said receiver and transforming said signals into measurement

vectors for the projectile and the target.

29, The fire control system of claim 28, wherein said antenna is rigidly

mounted on 'the platform.

30.  The fire control system of claim 28, wherein said antenna is a two-way

monopulse antenna.



RF pul ses are Doppl er pulses. 32. The fire control system of claim 28,
wherein said target-tracking RF pulses are linear frequency nodul ated

pul ses. 3Boop87fire control system of claim 28, wherein Bal/@L®iogsal s
include E signals, AA, signals and AEl signals. 34. The fire control
system of claim28, further conprising: (e) a synchronizer for

synchroni zing said transmtting of sail®l RF pul ses and said receiving of
sai d echoes of said RF pulses. 35. The fire control system of claim 28,
further conpri3l-ng: The fire comsal-systomeaiselnint @8, whaeein ayd srajcetilodiEeehing of t he
projectile and the target, based on said neasurenent vectors. 36. The fire
control sRBpeleoire@apipher palsessherein said updating is effected wusing a

Kal man filter. 37. The fire control system of claim 35, wherein said
post-processor is further operative to transformsaid state vectors into
an aimerror vector.

32.  The fire control system of claim 28, wherein said target-tracking RF

pulses are linear frequency modulated pulses.

33.  The fire control system of claim 28, wherein said signals include =

signals, Aa, signals and Ag; signals.

34.  The fire control system of claim 28, further comprising:
(e) a synchronizer for synchronizing said transmitting of said RF pulses

and said receiving of said echoes of said RF pulses.

35.  The fire control system of claim 28, further comprising:
(e) a post-processor for updating state vectors of the projectile and the

target, based on said measurement vectors.

36.  The fire control system of claim 35, wherein said updating is effected

using a Kalman filter.

37.  The fire control system of claim 35, wherein said post-processor is

further operative to transform said state vectors into an aim error vector.



