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15 Artillery rockets impose a difficult challenge for any air defense system,
being relatively low signature, fast moving targets. Typically, this weapon is
launched in salvos, requiring the defending side to engage multiple targets
simultaneously. At present there is no operational system dedicated for this kind
of threat. There are several systems developed particularly to defend against

20 medium and long range ballistic missiles, such as the Arrow, Thaad, and PAC-3
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20 range, and makes it useful particularly for point defense purposes.

25

The need to protect high valued assets against multiple threats led to the
introduction of air-defense guns with maneuvering shells that can correct errors
in flight to increase accuracy, even against maneuvering targets. An example is
the DART projectile that is guided by a high precision radar and is capable
intercepting sea skimmers. Guns of this type are controlled by radar and have
typical high fire rate. While the conventional air defense artillery was a statistical
weapon, in the sense that many shell filled the air in order to increase the
probability of hitting the target, the new trend is to increase precision by adding

maneuvering capability to the projectile.
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frigates including the French and Italian Horizon
class, Norway's Nansen cl ass ang _the new Saudi Arabi an
Arriyad class. Its high rate of fire reflects its role
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dﬁiﬂghﬁph”%”é ﬁ%&ﬁ%dyamot The front of the 3.4kg DART consists of a

programmable microwave proximity fuze (for greater discrimination against

'clutter’ and false returns) and a canard-wing control unit. At the rear of the round
are six fins and an RF (radio frequency) guidance receiver unit.

The round is fired in the same way as conventional ammunition and, once
the DART has discarded its sabot, it is gathered into an RF illuminator beam
directed at the target. The fuze has a radial sensitivity of >10m, enabling the
warhead to be detonated at the optimum distance and location to ensure that the
maximum number of fragments strike the target, even at altitudes as low as 2m
and at ranges of >2.5nm (5km). The round flies at 1,200m/s (Mach 3.5) and can

maneuver at up to 50g.
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Naval Sea Systens Command, the German Navy and the
Federal Office of Defense Techngf ogy and Procurenent
(BWB). Prine contractors and co operating partners are
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devi ce, capable of termnal target acquisition only.
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capability to the dual -npde system enabling the
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e MIS 48 Giged S tod Pick 880 e 2150 Rk 43 Guided Missite
Launching System (GMLS). The missile itself is designated RIM-116A (Block
0) and RIM-116B, (Block 1).

In its initial configuration (Block 0), RAM was designed to engage RF-
radiating ASCMs, which represented the majority of the threat. The RF emission
provided by the target's radar seeker is used by the dual-mode seeker of RAM for
lock-on after launch and provides midcourse guidance; the IR radiation of the
target is used for terminal guidance. Immediately after launch, the RF seeker
guides the missile towards the target and points the IR seeker to the target
direction, initiating RF midcourse guidance.

However, the IR seeker is a narrow-field device, capable of terminal target

acquisition only. This requires the target to radiate in order to achieve passive RF

acquisition for initial guidance.
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capability. The Block 1 devel opnent programme was
successfully conpl eted in Augustt 1999, with an
Qper ati onal Eval uati on (OPEVAL) conducted aboard the
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A software upgrade to be introduced this year will enable Block 1 missiles

to also engage fixed- and rotary-wing aircraft and surface targets. The Helicopter,
Aircraft and Surface (HAS) capability will exploit the Block 1 missile's IR seeker
design and performance characteristics, adding new software functionality to
enable slow-flying air targets and surface vessels, such as fast attack craft
(FACs), to be engaged. No hardware changes are required to accommodate the
HAS modification.

The first export order for RAM was received in December 1999 when the
Republic of Korea placed a US$24.9 million contract for three Mk 49 GMLSs
(followed in October 2000 by a contract for 64 RAM Block 1 missiles) for its
new KDX-2 air-defense destroyers. This was followed in April 2000 when
Greece's Elefsis Shipyards signed a direct commercial sale with RAM-System
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of firing 120rds/min, it has denonstrated a standard
devi ation of less than 0.3nrad _g_1,000m per 10-round
burst at maximumfiring rate. Wiile a pI anned
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The round itself will have canard control surfaces mounted forward.
Speed will be in excess of Mach 3, facilitating a very short time to intercept.
Maximum range will be in the order of Skm and, according to Oto Melara, there
is no limitation on the number of projectiles in flight. The company adds that
reaction time should be less than a missile system, and also claims that cost-per-
kill and through-life costs will be somewhat less than an inner-layer missile

system.

SUMMARY OF THE INVENTION

The system in accordance with the invention provides regional and point
defense against short range ballistic missile attack. The targets may consist of

short range tactical ballistic missiles (e.g., Fadjr-5 333 mm rocket [1]) or a
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range triangulation with the range neasurenents of the
synchroni zed radars, accurate pesitions of the targets
and the interceptors are obtained, enabling
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frack rewiahd enbaged targdts and hneasuerthaiimtertepeors as guatl. and
a surface-to-air mssile. By this enbodi nent, the
proj ebfilgestaaee dgaagulationoivwith diient@ge prpeasyrements of the
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pAeEged o peiy e gotie” oh Snd TR ARE 1 infhrocptors are
%éﬁiéd?gnm}‘r% hﬁé‘&%ﬁﬁ&fl 86dd Y8 refideé %@ﬂ%ihg.”Th Ngs t@%‘? reduces
are used to otect [ arger areas agai nst salvo o
gRocostr ahdlee Batckdepitdrs thas Yeteise Byirogeidanto domanindst fivwm the

system perfornms the following tasks: - Search and o
gesuadt apdt eead alo bal-boardi seeker gea srepeft oligt- targgh obhe position
artillery rockets and sfiort range tactical ballistic
Rieawrpmsfits' are1ySe Pril GHlati AOrToPEe TRRRRSTS Fepiegdp overcome
. i ! C s :

LRSS BEPYAR A RBLUOL SO AR el P s r
eaRaRItREN e e istésdcpiorshasing ebliak ebhRefumtitisief @Agfel. The

capabilities such as: - Detect, track and intercept
téreeptaey adl equipped svifhaikilt nadchaniselsi despgmadsto destroy the targets

warheads in order to minimize damage on the ground.

By one embodiment, two types of interceptors are integrated in the air
defense system: a maneuvering projectile that is fired from an air defense gun,
and a surface-to-air missile.

By this embodiment, the projectiles are used for point defense, providing
low-cost protection of high value assets against a barrage of artillery rockets.
The surface-to-air missiles have longer effective interception range and are used
to protect larger areas against a salvo of short range ballistic missiles.

By one embodiment, the system performs the following tasks:

- Search and detect potential ballistic targets (ground-to-ground
artillery rockets and short range tactical ballistic missiles);
- Tracking of multiple targets;

- Target interception in saturated attack;
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with a special enphasis on |ow interceptor cost.
Accordingly, the system provideg for a synchronized

network of at |east three search and track radars and
associ at rocessi ans _and conmmuni cati on channel ;

t he raaaﬁdsarg‘?tew?:ri‘ﬁf‘&gﬁgg‘bcqo&det ect and track at | east
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Fadar o | HGtACh SRk A TIGReTIoPRY Rongh Uy RRBeradl helicopters,
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synchroniqggshgg%@éﬁtgﬁts are conbi ned by range

triangul ghétefinine 1BGAHIAE sa6 docalons (&l BRlerab$rovide data to other
i nterceptor position neasurenents irrespective of the

angul ar rfersstedestropomictieyndiershch radar; the
processing neans are configyred to utilize the )
heas LSRS0S GHEHIL BF OV Filker é@ﬁ?@i 1epiy low interceptor
resgui red to overcone errors and bring the interceptor

@W%se to a target; the maneuver commands are

transgbdrathdlp, fHeesyshind r6Rmdes f&ﬁh%gnélﬁ%n%@‘ﬁ?’éﬂw%ﬂ% 0Pt least

channel ; the 1 nterceptor is equipped wth kil

tiechaptazch desdgneatkt oradlast r ayd a absuojeed warbesdinghemeans  and
said interceptor approaches the target. The invention
eamppmaicagios\ihaarels die rdags arp wgnﬁﬁm%ct@pﬁe&ct wafgpck at least one

{GF¥Lm SRR oo tRRRIRF ol [N, AAF eAteRl Phigashiob® interceptor is
%ﬂﬁgﬁ&fjfo%garHQ shieCat Iét‘?tﬁt'@ﬁhe PEEL e COTHRRAS Fgﬁﬁgﬂé%dttg measure

ommandtransm tter; e intefcéptor 1s configu

stk traak thaat tkaent aapeovhdehe at ¢4t enednfedteptor; the target and
resol uti on of the maneuveri ng commands. By one

imtdroeitor mangeasharesaaraatelyi medsured vior kaidf at] lastcthgee radars in the
sealch . track radars that detec nd track targets

BNPCERTHEEC Pk G110 8 L PV BEPTHER GRGFUEA THRe Bgs gments;
%gisé%?ﬂrg@h%@ém%ﬁﬁr@fﬂeﬁ%ral%pc%l'llgiﬂéd %%ahgé‘ttriﬁff@ﬂhﬁ&l to provide
accurate target and interceptor position measurements irrespective of the angular
measurement accuracy of each radar; the processing means are configured to
utilize the measurements to calculate interceptor maneuvers required to
overcome errors and bring the interceptor close to a target; the maneuver
commands are transmitted to the interceptor using the communication channel;
the interceptor is equipped with kill mechanism designed to destroy a target
warhead when said interceptor approaches the target.

The invention further provides for a rolling interceptor being devoid of

inertial roll sensor and equipped with circumferential communication antennae

that are configured to receive maneuvering commands from a command
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w@pbsioemwré ons that requiring accurate tracki ngpGFf/1L2004/000590

10

15

20

25

objects in a known | ocation or process. By one
enbodi ment, the rolling intercepfor being devoid of
inertial roll sensor and equi pped with circunferenti al

P58 5 SRR Ry © Shoviae o
Féi@&ﬁb%msilﬁfioﬁ@k@égﬁfﬁu%}g% SmpapResed in order
to 1ncrease kill probability creating final endgane

geonmeByyoridainbodiraent, abé eyhctirohlxedpastiviogkl | Y 10k Icbst search and
mechanismin the interceptor, can be used in other

iraele radaps that dstest and travk: targsity by nangeh niangutatnms deseribed herein

A ER (156 28 AoV iee0 Gl Ao (hhgoBaCH s BaY fiatiergood fracking
. ; . .

EAFALE Sy " SEARENAL Bl o Myl oo eround

taes@rpineee Afd bliter appHoaestivithet yaiMgsccurate Whickitig & 8bjects in
1 illustrates schematically a basic system
a knpivgupeatiaangr pnocesscor dance with an enbodi nent of the

invengion; Fig. 2 illustrates schematically radars,. .

guns, h?ﬁ RS F’@gogﬂﬁergh/%‘en é?aﬁlna d?tqr?fﬂpé%lbg?’@%n‘éﬁ‘é’ 1o igertial roll
i.o|n OV Lon:. Big. ' . at flow .

SO B S S SRy b bBUOR, ey’ Beriea

RefeafEHAbeAsI HEded b Vth&Yadk Metltbds! | ustrates a

bl ock di agram of a gui dance | oop, in accordance with

an enBouilangntbyodne embodireerit] the; trdfegorbshaping pr@dossd in order to

schematically a radar network, in accordance with an,
Bieirage dahdrebabiiy brveestingntinalendgama geamelredhat is suitable for

(s cbeRibg KOREEh et AR SERREPIY! by BEEET A ber ineBlocption
%M@{M}&g:@nﬁﬁggg Shsofgh accordance with an

enbodi nment Invention; and Fig. 7B illustrates
roll measurenent algorithm in accordance with an

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out
in practice, a preferred embodiment will now be described, by way of non-
limiting example only, with reference to the accompanying drawings, in which:

Fig. 1 illustrates schematically a basic system configuration, in
accordance with an embodiment of the invention;

Fig. 2 illustrates schematically radars, guns, missiles and BMC netting, in
accordance with an embodiment of the invention;

Fig. 3 illustrates a flow chart of an engagement cycle in accordance with
an embodiment of the invention;

Fig. 4 illustrates a block diagram of a guidance loop, in accordance with
an embodiment of the invention;

Fig. 5 illustrates schematically a radar network, in accordance with an

embodiment of the invention;
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networ k of synchroni zed | ow cost radars (at | east
three radars). The positions of {yhe targets and the
interceptors are determ ned via range triangul ation

usi ng.an approach siml.ar.tq GPS. .The radars asure, ..
the TERpS | s b Broiprils egpgein grodies with in etibodiment
bPterineify. - The neasurenents are synchronized to a
conmon tinme’base using precise atonm ¢ clocks. Using

thi s Figigdasstansd 4 projeditietohasatitaiontedtivg, iRdedctdance with
the position of the object can be determ ned precisely

an embodinenimféhebmsntionpand. The accuracy of the

cal culated position depends on the radar . )
char ol 1BURSTAR 1 FaS UG TIeOMm AHE.In pHROTAaRRE: Hith an

%ﬂghﬁﬁ‘e&%ﬂﬁéi hﬁ{)hye positions). In the proposed
Sys

emin accordance w th an enbodi nent of the
i nvention, the angul ar neasurenents of the radars are

BRECARCER DB bt HON S5 b p TR TEaEMPORBARE R 20
i Panghe SHRARORETG] LR ArEaR 1) o Saeis of s oheets are
B RGTTE OF, EnspTAk e AR Toff, b DB (e 33t three radars)

et peyitivnse of me_caﬁg@t@t b ahe fi@l@@b?’c@ﬁ; @b} efdiertnined via range

position is obtained by range and direction

trismgulasioentsng Theppfaach, simbler po&iRS. diheaaders moasvat theorange to

the |ine-of-sight to an object depends at | east )

AR QB fths ({2HeE OF %@.’fermtg& {The B preents ags srchrepized to a
i i r or.S .t o ens. i

PR fths B 6980 Hdeilh Bl BRRNE ERBICHTS (g bhbend the

kab@R! tochfloR CIOTHEARERIW i BHsifBR 08k lﬂ?é’”obﬁ)éctt&ﬁl be (tietermined

i nvention, the position error is no | onger dependen

precisehg&oanthe ranzeanedsarementsalHe peadacy of ths teltnlated position
georret ry. Thus, data wi.ith sufficient precision can be
epaids al the rafdaocharaeteristigs anshom Hik sy sbem gaasrarys dhe radars and

f thett rgets. .,;I?hi , in turn, allows a significant
RS SHatiye PRYUPRg erceptor cost. The target and

ibnt er eRher pApole®BRldhe dinf ragea)ﬁdaﬁcé 3WRAS ah SeMbBERIER Y0l the
y gul dance al'gorithns that determ ne nmaneuveri ng
aoedoasthe anphkir ndasuegndms of the radars are used as an aid in the target
association process, and are not involved in the accurate measurement process.
Therefore, the angular measurements precision requirements can be significantly
low, compared to the case where a single radar performs the same task, allowing
significant savings in the system cost.

Furthermore, in conventional radars an object’s position is obtained by
range and direction measurements. Therefore, the position error normal to the
line-of-sight to an object depends at least linearly on the range. This is one of the
reasons for employing interceptors with on-board seekers; position errors

diminish as the interceptor approaches its target. In accordance with an

embodiment of the invention, the position error is no longer dependent on range,
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The interceptor kill mechani sm is designed to achieve
target warhead destruction. ypes of interceptors,
the maneuvering projectile and } e surface toair

it Geterti aBILPERS B0 HBIEFASEOrED  riin (Bt sufficient
PESHE S PEVHERELP Iy IRERB er i g e of the

484616 THIS, IBQOTFR) %ﬂl@ﬁislm%ﬁﬂié@hﬁ/@du@ﬂlél@ iréthedinfe@dptor cost.
sensor, thus obV|at|ng he need for other on-board

sensofke tangot hed intestepbavilatg obdained fraesdhe sadarers processed by

SI mlar geonetric nd| tions during the end-gane wh
@féorﬂ&ﬂsaﬁh@t qlermige JBRRSUVEHE CONMPANGS i, theymicreeptors.

?’ﬁé’éeg QOI% E{;Illa él%t ﬁ' ﬁ%ld bia %ﬂ glﬁ:flﬁﬁfp ICﬁ é n ({1 %'g)t()l’l gxecution

maneuveri ng proj EC e case, YpI ca nt erc

85108 L th¥ ﬂrﬁerﬁ%ﬁ@r thje&&h%/ bAd I Bréng '1W1ﬁﬁ‘neef gl Y&lius from the
range. A sinple proximty fuse and a standard type of

targgt. el Deerceptor dgttemcahamsmwisr desaghqat dw iadhidviegtarget warhead
probability of kill. For the |onger range

deftrugbient o- aj r m SSI l e a special trajectory shapl ng | S

used io force

t direction to be Eﬁ' ‘i%h faceto-
the. t BRgeEPeR ot e ReptorS e RS Blinbrprofeeh fid fhe Sitface-to
?19 RAR&H) a?@YleQ%n@d W8 pAierReTa? BmpHRk] &Eg);)g cB?t tlﬁ'ahdﬂﬂ)n to the

where the int ceptor I'S p03|t|one

fw gledt e bh-Hoard sedpeds requiral iptle pitexepioty further ssthhction in
gh exgl osi ve fragnment at| on warhead can be desi gned

th@ epshpBHegurogdotide t axénfmddét uging the eemprnieatign reggiger also as
h to t t t
SerRRbr0 80T B8 T g%ﬁ#r i ot SR Be e The
t ra”SK]n %}Fe? gc?stta%a}?ﬂ‘f% Qﬁs“%‘ IBOE@TQS W§E§m§{r ¢ Bfditions

|ntercep ors 1 n Interce

deshphbe éddgame ﬁ/‘hﬁﬁ’ﬁﬁ*ﬁé‘rce dgf maﬂlﬁi&dtar?éft@r Yhis simplifies the
i nterceptor nust be identifie . ored") suc

démagn oh elnajm’nencéptmﬂmkb meaxhdrisits Ihrthmmmﬁomhg @meaﬁh]d case, the

I ntercepto Several caql Qring net hods, are ipl e,
PHREFA) AR HECRSIOBy g?@n@fﬁ% 15 head {onits flEniie Hcfive range. A

BIPUEP St Bl S BURELORR e R BB b g war-

Hé&?ﬁ%ld@ﬁl@hlpr@@i&m of kill.

For the longer range surface-to-air missile a special trajectory shaping is
used to force the arrival direction to be parallel to the target. As will be described
below, the final approach may be either head-on, tail-chase or tail-on (where the
interceptor is positioned ahead of the target with lower speed). A simple
proximity fuse and high explosive fragmentation warhead can be designed to
guarantee effective target destruction in all the above approaches.

Communication to the interceptors is done, when possible, through a
single transmitter. The transmitted data contains guidance commands to all the
interceptors in the air. Each interceptor must decipher its own commands. To this

end, every interceptor must be identified (i.e. "colored") such that the
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| ocating the | aunchingsites of the ground-to-ground
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rocket |aunchers. Bearing this in mnd, a basic system
configuration in accordance wth,an enbodi ment of the
invention is schematically presented in Figure 1. It

cont.ains three synchroni zed. r s, ai.r defense )
wleptifipaion GaAs, SrkagyR doj thcﬁg\ﬁé, and dptetsepiar. Savsralngploring

r ' is ' r : t. .
SRS o R A Bl s P SR TR G, ity
Wfé it€ RN dSeol8AHg AeREMBI grallheitiChRes. TRk¥Rehods will
the BMC and external C3 systens. A netting of basic

by diseusseilsn grextemdeeil balof.g. 2. Such a configuration
i MU KEMOTE R G ML
T ot el e Sd Ayl ARV F of ot tpeds against

R BrEaIsEHercycl e i n accordance with an enbodi nent
of the invention. The various stages are discussed

bel owBedtimg thig imtminids atbasic $yatgye tconfigarationainchccordance with an
detection step, each radar in the network is_designed )
embpdignerd o e druentions saychsmatigalie peesentad igf Fighredt & contains

st B SRR O Fatist. e endEilsRy g s Mobaragarojectie
OfioHE_ASakERRARE Rk TRANGARRES IH5fe SLRRLEORLARIddhter (BMO),

eer ant ennae oW ng Si mul t aneous searc

engageietionadharbitlsibetwedrathg irg . unibaomgoritaits, taad thésmmunication
Targets and Interceptors Tracki,ng, each target is

changiebbetmyeentthe BAJE arith egemaliay’ systeasasnatiing @f bagigsystems is

radar provides rough azi muth and .el evation .
ResseHeR R i ZoPuche Hf%ﬂwnabwe@ fop Regianal defenss-

reas “N%g@@tat tﬁé“ﬁlv‘eg{igl)?/ i?ﬁ&%d;g%ngl oy RSy SEd %ﬁg&{ixga&ioﬁfof Fig. 1

t he target neasure ara ‘trirad-are use _
sﬁbym@ﬁ&tih%%fta%agﬁtsy@%ﬁﬁ bfpip.wi.a range triangul ation.

To enabl e the triangul ati on process the radars are
synchilomiizg dotwtodfignB ctheteoskshoFachlpwderart of arhengageant cycle
perfornms the range triangul atjon uysing, the range

He 85eTdARGR Vil aphembarmaait of gy b Ve YAHOR, stages are

iﬁom’m[c}i &?%ti on channels. Follow ng this approach each
’éa‘ésrsfi W triad generates its own track files. The

Turning at first to targets search and detection step, each radar in the
network is designed to provide automatic search and detection of threats within
predefined azimuth and elevation sectors. The combined sectors of the radars
provide total coverage of the desired area. The radars use electronically steered
antennae allowing simultaneous search and engagement of multiple targets.

Moving now to the Targets and Interceptors Tracking, each target is
tracked by at least three radars (radars triad). Each radar provides rough azimuth
and elevation measurements of the threat, and a very accurate range
measurement. The three accurate range measurements of the target measured by
a radars triad are used to calculate the target position via range triangulation. To

enable the triangulation process the radars are synchronized by atomic clocks.
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rough angul ar neasurenent of each radar in the network
assists to associate its range neasurenent to the

WO 200800367dThe radar system al so tracks i nter cepPCI/BE2001A100590
are on their way to intercept targets, using the sane
method to determ ne their positikhon. Mowving now to the
Air Picture Generation step, thé track files of all

A0 Lol e el She Lo Tsed K L e e
nﬁ%ﬁlg?eegn%gg ¢ the %‘algacfeh{ ﬁa;qa}so BEIRRII Wal ﬁ’leaé@ﬂtnﬁmc%tion cthgnnels.

a fromexter systens are use 0 genera

Pfdmwah% 161k GlppF Shch Tdah @hdarihGhe/tiead BehetdRs itshewn track files. The
predicied trajectories of targets that are identified

rasgh hngulhs meéhkerement pifctagh eadarsin thecneivesk mpmsts to associate its

trajectories of the interceptors supplied by the
raRgeRrsATUIrgICRhincRed#igshit ers. Moving now to the Threat

Faes a0 R GRS B B LA bt
t?ﬂlé?gsi, ?Figgﬁcﬁﬁﬁﬂhé nh&hbi fo BeeHRire MABH poRititel er m ne the

ch) time. This function calculates the
pot eMMbaingdeomge ths ShiciRittade Wenbrasmnhstepy thattrankdfiles of all the
determnes the interceptors which are candi dates for a
regassiini ther aetyerki areciransmittsd . vigHhe: eergangiGgoanehagpels to the

%%%;%%ﬁe E%{l [ %g%% E'ra@gﬂﬁfeggfo.gether \.Nith available
EPBEPTRT oyl WROGROSSE) e Tl meslopiars Th s

pletrd endhlidesRBs guedieted trgjeetorion of tagetstthat aesideniiBed as threats.
al l ocation process is perforned in_ the BMC and )

Thec hindusture abdet imchideatthe traggctemes phihe idgnceptors pepplied by the
rl(eff:{rvoj ectile or mssile) required for a specific

FIRVaRCBHAPRGE COPPEEEY i on of sel ected type
| Pyl A5, A Bpk b saghutlitep e ol of
BRenRRkohOk fonbRVERPHRY de@nieydireditbcilldchfe tHer Bitéroaptors to the
one uplink transmtter is used).Selection of master
tgrietamuktiocdetpumime the fiee (laneatartine a triad i s equi pped
weh Tahig lﬁlg&?gne cglglqg%ésetrheapnoqterﬁﬂllyda?r?a?gei gssggigtee tv%lcjch%sacﬁ threat
and determines the interceptors which are candidates for a specific target
interception. The targets potential damage is used for prioritization. Threats
prioritization data together with candidate interceptors' data and engaged threats
trajectories are used to caléulate the fire (launch) time.

Moving now to the Resource Allocation step, the resource allocation
process is performed in the BMC and includes:

- Determination of the interceptor type (projectile or missile) required

for a specific interception.

- Allocation of selected type interceptors.

- Allocation of radars to track the threats and the interceptors.

- Allocation of command channel for interceptor communication (if

more than one uplink transmitter is used).
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source for the guidance commands in a specific
interception). Allocation of coloring data to the

WO ndosewps ors. - Al location ofthe Fire Contr ol PCT/IL2004/000590

Comput ers (FCCs) associated with the sel ected
interceptors. Fire (Launch) Ti_r{gr Calculation The fire
(launch) time calculation is based on the foll ow ng

data: Candjdate interceptars' data. - Epngaged threats . . .
traj et oPFlseHon Rl mAstcs: BURIGS SpTpHIcT VS AR Tt Poiad is

5 52T S P R L T R s o

Col oring 0 er t cul at

fire (I aypghed fbi iR dui@arBMSohiraiedy fnsa specifiCintérd ).
command to the all ocated FCC. The command i ncl udes the

speci-f i ¢ Allacatioh aficolvying data fothedntoeceptorsd
i nterceptqr. The col orj ng. of e mssile jntercentor, .
i s perf o HQFaHPR &f ﬂ@eoFxrsg}mﬁmj/ E:&’HEJIP‘EﬁTSa@ Id(,cﬂs) assodiated with the

conmuni catd on «channel . For the projectile interceptor,
i n order Sélgcﬁégdﬂ%éceg%%%s' and conplexity, the coloring

may Qe p%ﬁﬁeqm'aﬁﬁcﬂ)grw,c:aichldtwdi ately after the

projectile is fired, using a dedicated | ow power

t r anshhd fieer (lawnwh) dchenemdculbtien ipubased ont the folddwirigndpta:
process the projectile receives its identification
code ~vi a Gandidaggrintenceptorvdatthannel . This code enabl es

the projectile,t.0 receive and identify its own
gui dénce%g’(gﬁﬁ%%ﬂ'g.ea Wé?c(%%%?sori ng methods are
possi bl e-TIﬁ@M%_?ggELFizéﬁoﬁ.he Engaged Targets and

I nterceptors ng step, the tracking of the

engadHiis calcgbitionds gerfotiaed aptirBMG. performed, as
expl ai ned before, via range triangulation. The revisit

rat e Mpvingenewdartbe ilringandifTelosing step,itadhe dsiéer hardagylation
t d- .h tinated iLi f 1h d
Alaiigelie SRUEAN B Bo PR neBREn B Ce Sl BFT BB Y (0 the

| L . : .
A0, £, 106 VRSB T RAC ROy hRE o«
I eSRIntSrcOF®er | ption of the guidance loop is

presented i'n Fig. 4. The

The coloring of the missile interceptor is performed prior to launch via
pre-launch communication channel. For the projectile interceptor, in order to
reduce cost and complexity, the coloring may be performed in the air
immediately after the projectile is fired, using a dedicated low power transmitter
located near the gun. In the coloring process the projectile receives its
identification code via its communication channel. This code enables the
projectile to receive and identify its own guidance commands. Other coloring
methods are possible.

Moving on to the Engaged Targets and Interceptors Tracking step, the
tracking of the engaged targets and interceptors is performed, as explained
before, via range triangulation. The revisit rate of the radars is variable and is

increased during the end-game. The estimated position of the engaged targets and

interceptors in the interception zone has a very small standard deviation error.
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radars' mneasurenents associated with the engaged
target and its interceptor are used by the Target
wEL@s®o03636 | nat or (TSE) and the I nterceptor StaP@I/1L2004/000590
Estimator (ISE) to estimate the target state and the
interceptor state, respectively;sThe guidance | aw uses
the estimated states to cal cul a%e t he gui dance
Si nce. e

.to the int tor. d it
can DoR 2 oo IR CORRaNA A pfoi gpdr gmsmission

t j :
HpranciHpait (B, 6F (0 BAERCE 3005 BRI 1P H 4. The
fiallhe $n Sdsttdrh &its ausdciated Reitld thel anesred prE dpidaikLinterceptor are
transmtted to the interceptors via the uplink

wsednbyitba tTasgetchtaten distinthiters €I'Slohand dbe dntercémgor Spate KEssimator

interceptor flight control_ system which generates
ORE) UP eSS Cbarrat NG ed 1tha B leramioL SBUS) Hgpectively. The

I I v Lo g ot
ST S e384 HE R A e lIE A0S FHRE Soufhcs o e
imeespter Hnck e efydadar tudifdan beeasIBaaHHIEHRMAL mbAS EhdnSone triad
relatively |ow during the m dcourse and is increased

@ee iFig. 2héheeguidgaoe codputarginoeachoradhe n¥egr gatslate commands for
Interception step,..the guidance during the end ganme is
dislereptantoreepiots iy ditfer iréﬁc@e% tapgusly Hhesgwidpngg eemmands

R AREE R AR By s, e i i Blumi Ao Hn. These
EthRRAEP LA %Hed%gh’c {d 8R WhgcéRbe ﬁﬁ%ﬁte‘c’i‘ﬁﬂtﬂb@ sﬁ%ﬁl i@fgf’ch generates

activates the rhead. The I1'nterceptor warhead

the stgniag donmahdexed activatgethe wesehimadykiehl. Fisstesultgl position of
that the target type is known. To increase the
fheobtaseentey and theicuwert position of dbpfargat aepeantimignslyrimeasured

ot e 1 oS HERETS U 1 PRty By alodt dpripg the thideourse
SHsthOR s & ﬁl%s&ldt_éhqné.ar get kill and to decide to
the t

re-engage get 1fnecessary. The kill assessnent

I s bawrsignohhe thedakgets TRRedshEbR M, Ahe igeddnee @kinglle end-
the interceptor after interception to detect the hard

garhe isidesignedhéo buing theanterceptarcwibinug skidll missedistance from the
debrig. Naq th the inyention is not bo by the.

Brepigbif mﬁlﬁgﬁcpﬁt g e &%'lﬁ@ﬁﬁ@%%%@g?ﬂ@%@mwrﬁme of
B oSl RRGBACE e R 18t taR AR HENE B hhead. The

RIReEhtor RWarRéad isTBédIgned to achieve a target warhead kill assuming that

the target type is known. To increase the probability of successful interception,
more than one interceptor can be launched against a target.

Moving on to the Kill Assessment step, the role of this function is to
assess the target kill and to decide to re-engage the target if necessary. The kill
assessment is based on the radars’ measurements of the target and the interceptor
after interception to detect the hard kill using the fact that a successful kill creates
debris.

Note that the invention is not bound by the engagement cycle discussed
with reference to Fig. 3 or by the guidance loop described with reference to
Fig. 4.
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detection and alert of incomng threats to a w de
def ended area and accurate tracking of those threats
and own interceptors at high update rate for

R ORI g L SR BSR sy of o i
%cﬁ %%Eé}lsslg nsﬁ/ﬁ{e&r? UGALLY. ﬁl% RGH sg%gﬁlg ttﬁ¥ %ﬁf@uwﬂhggﬁ'ﬂjeaﬂe and

aneousl'y nany ar g he requir

m@qﬁfe@cgp%lemwsneput the limtations of the scan tine
of a rofating radar (see Skolnik and Barton Radar

booksT8ining Ayfisst rigl dher zadar syistein, pit opoteded deteetion rapd alert of
Cartesian position_ acc over range. Therefor
BcaBrng shisatsvioge vade éefqngﬁg Ahep AR grrwateacking é)ef thOse threats

BB NGB RTE P TSA IMORA TGS |

may bg Ajd&‘sﬂo%j od¢h tWhé! fulltiMhrleat | 9RkiSY efs éirell@[r&? is to

def ended area he suggested solution in accordance
implenteint saershmztl rededtrinicdllydescahmned r addar |sygtens tt&ttv\ma]k track
(see Fig ): 1. The first radar's_|ayer provides_t

@umamgusiﬁmw T@rgeamt @péﬁqulr%gﬁéatwm vighautithe hmltatlons of

fHreen o, b £ g Ealef (e RS oS R o eia)
i nco stu:%l@ ?I : Stvﬁll fyﬁg)sllc?eeﬁe ga}sﬁﬁéj @fart%sﬁ@f)%ﬁltidnez?ccuracy over

behl ea’ created between t

tangel aherefotes ilekddreth provide detdotionemid eequirade acéﬂir@te trackmg
conbi ned operation of the two | ayers, as described

pecrevide ge nd@degr@admgealﬁ@raﬂa@ﬁhrﬁ@ar i repeiredt Yeahepadapreven if
zone. Each rad e, first LS, .desi ned

FRBlsmsalet rmaK e cligpited i I somith i @eiphS 5% B 8clafe dgfended

Lmut h and el evati on sector. After detection the
radars track each threat. Each radar performs the

t rackTnRg sug oddia] SelnMeMtih @bedrduade (atethBaemBOdinherf-includes two
azi mut h, evati on and range neasurenents and

fadat hzyer@namemk(m Ripr®at approaches the interception
zone tlhe Sleﬁeo 1rst ?g[dearr's olfayer provides the required detection and alert
ranges with relative small ERP (effective radiated power) radars.
This layer provides medium tracking accuracy of multiple incoming
threats.
2.  The second radar's layer lies “behind” the first layer. The area
created between the two layers is defined as the interception zone.
The combined operation of the two layers, as described herein,
provides accurate tracking in the interception zone.
Each radar in the first layer is designed to provide automatic detection of
threats in a predefined azimuth and elevation sector. After detection the radars
track each threat. Each radar performs the tracking in the conventional way (see

Barton) i.e. azimuth, elevation and range measurements and filtering.
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radars starts functioning. The second radar |ayer is
depl oyed in such a way that each relevant threat w ||

wheoodeoises ed and tracked during the end-gane prPOLER9041000590

at least three radars. The interceptors |aunched
agai nst the incomng threats arg tracked in a simlar
way. The specified radar's |ayer's are provi ded by way

of ex le only, and are by no, neans.limting. Thus

'n achdeadhecisatAnnigiches roBisTRERon ZRES dBf sepph laver of
feof ionality of the first |layer can be

@@g‘isg*k%@ @8gﬁ.§émgécond | ayer (or in accordance with

anot hpge eBAAIrABA Iay & 18 RBRVeAliA stvs befdy tHAY eaéh bdlevant threat

anot her non-limting exanpl é the depl oyment of two

wHl/be deteatedzmdnpatiked eliiring theehdygamagprocastdrys aleast three radars.

different sizes in_each |ayer which ogperate in ) ..

Hhe frtewsptors igmehsd fgainst thy dxcoming HhFeRimarG Fagksd Bhagimilar

t o provi de nedi um accuracy of azinmuth and el evation
'surenment of the threat during tracking, but a very

accu r?ﬁeﬁ%ﬂéﬁﬁéﬁ rddafty q%}l"@ﬁﬁfg gx"bﬁlemed I agTWah®lé 8ABL and are

neasurenents of the threat a asured by the three

Bel ey angansatiatiingn Thusy iinadacsoedammed with anotireat eéhpodiment, the
calculate the threat position_by range triangulation
deteetiamaand elerhBinstiepalily pletheolirsedaysy capder assegnedrte, the second
with the difference_.that.the %i nown

is k dth .
Bsprgeeriit dreaufingt By 50mAn FLodRaRidel S g Syatem). By st

- N . i ' .
ke T IgRRE Ssplieihe SRR Moy AT tained
erfiplesed.of @adas i differgassizéPin @ath May@ whidthepé&ife in different
receiver where the GPS enmitter's position is known. By

tainigss ambaltiitmdast , t he range triangul ation process is

taken_one stage further since.there .are no receiyvers
on  hEAGh JRd Bo(EHERSh il PYYi9R BT B ACCUEFG. Ol cggnuth and

PRI CEPSHtoRtal BT E PR, oplfg 1P Ind Skt 30 e hccurate threat

) e ex

2R3 ifedsiRm@NIThé htanatd @h’ﬁ@ ndHsBEREts bReh@itbNtsSmbasured

syStens are included at each radar: a very accurate

by e thres uelevantdadasen (s tridd a® wtedrtiocaxicordylyaradcwate the threat
ﬁgﬁgg”g@j é;?terhgge St¥i§1¥1§1r1rl]a%ign ggstimglgf tgat gee plrgée%g rrgérlfoorrr]neoc{ by GPS
receivers, with the difference that the time is known and the range is measured by
a radar).

Triangulation is a well-known process used in ESM and Comint systems
for accurate position finding of emitters. In the GPS it is used for accurate
position estimate of the GPS receiver where the GPS emitter’s position is known.
By this embodiment, the range triangulation process is taken one stage further
since there are no receivers on the flying objects and the measurements are to be
accomplished on the ground, the radar is used for transmission, reception and
range extraction.

To enable the range triangulation process, two aiding sub systems are

included at each radar: a very accurate time measuring device (such as atomic
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radars in a triad. Since the range triangul ation

process provides accurate threat position by range
wore@swoBnent s only, the radars are inexpensi vePGIHL2004/000590

aperture radars with non accurate angl e neasurenent.

The accurate range neasurenment_furing tracking is

achi eved by w deband transmt pul se encoding (such as

l.inear FM and pul se conpression techni.,ques durin .
clodld: 4nd 2 pREmuRGTe ST B Fosda el the adjacent
&agﬁtin%d&éﬁa_t age over accurate radars in price (as

nmen

i'oned earlier) and in accuracy over range. The

| at erginge @uerdn@ettfianfdlatioh PRbcdsBProvides ab@nraR hesH pdsition by
N a Si ngI e radar neasurenment deteriorates as a

fange measurdmends galygritle Sadpralare meNpessvRatiadl §iBRre radars with
whil e range triangul ati on accuracy is not directly
RAhEeuBREp ARAENCICTNSNG nf | uenced by the rel ati ve

or ot T a0 e et RNRleRy RLSpERRHRESS EnRYRERY! wideband
%:%Hs%ﬁ? gﬁﬁee&{éoﬁihg [hicRals fndek 1anﬁi1ﬁhsélfﬁggl&ge§sfcﬁlcf’echniques

engaged threats and high update rate o
duripendceives and missiles. To sinultaneously support
these functions each radar is electronically scanned
r adar The sanggsiripngalationmragess auavidess; gsatpdwpsageagyer accurate

r dir.ecti ol of the h@darl. bganaa. bé el ectroni c ne ure,[s s d
faRatsHE RIS Gh S APRRE CRT RGO BV ATt 6P§g%?ﬁ}e|4&er 15 due
AN Y S (TR PENLIACH |yl BTk demen

Saetiofatef asup fiiretibaloftieaeeand SipealnioriWeise Watfoa(SMR pivhile range
each radar is designed according to its location in

trisagnkatinordccaragyt isenatedjtdctlydrange eleagedentiangais| aflugaced by the
nlIerber of faces %ﬁil each radar in the first layer is
relafive-geoumetpy and ‘number of faces for each radar in

the sepondhayst id@sig{']%d tth‘ggmp}?t %Pﬁﬁft%o\ggl %?r@{ngr\éésrgzg of the

360 degrees coverage ayer a

fBRvAREr AfRtibAs:t fRcae GRAsttiony ahreal NRaclaNE! &@eh update track of
over | appi ng between the radars will be set according

¢ngaphé thuedierarst fhagle supdate rmetpuiof edwoopsyjegdes Notde missiles. To
é;&l@%g&}lf gapll)osrt ?I?etse %?,Illjcntgon%yeatc: Fi:a aprelg Ieﬁéc%r%n&c%?l?frscanned radar
such as Phased array radar, which allows fast redirection of the radar beams by
electronic measures in the assigned azimuth and elevation sectors of the radar.

By one embodiment, each radar in the network is built of independent
radar faces. Each face covers a sector of up to 120 degrees. The number of faces
of each radar is designed according to its location in the network and the required
coverage. Normally the number of faces for each radar in the first layer is 3-4
faces while the number of faces for each radar in the second layer is only two.
This setup will provide 360 degrees coverage to the first layer and al least 180
degrees to the second layer. The coverage overlapping between the radars will be
set according to the number of faces and required coverage.

Note that the invention is not bound by the specified radar system and

accordingly other variants are applicable, all as required and appropriate.
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known bistatic effect is also possible. In this case,
each tinme d radar transmts all jphe radars inits
vicinity receive its returns. This allows significant

et oB58 AlDE, "o b YoBlnSohesl ST ek e e
BPAmLACORR AR e AR 0 BOBIDITRAPIRSe ach e o

e afrhridmitd AVl fite dekes 1iBets avitiatter résBteeMsi feturns. This allows
accordance with an enbodi nrent of the invention, there

figilbeant inateaserafghe prolsbilityMdrdateationndpePtodthe dnéreasedmumber of

ccor.dance, wi th the jnventio Thus, the short range
3%?&?18%%1%9 %ﬁegngre&gﬁdd%@t%ycg}égt ile that is launched at

o 360 S A Bl AR B v sl

effidiystsisthii6 oRBiagiog. that can aimits nmuzzle in both
azimuth and el evation direction. Based on the data

r ecei Wedirfg described Bathddresyviema geacoord et weith ahlkentipddment of the
nuzzle is ainmed in the appropriate direction and fires
inysnbipacthere fellovgs 8 gleserptian of adMarcuyeringRrojectile in accordance

[ g_g g tion at the desired range. After firing, the
b&g {h g@‘é?ng]rﬂntracks the projectile along its ballistic
traje : ]

| €qhas Ythe %ﬁ%ﬁQaﬁge _tnﬁ%rdﬁepfdreigta_ %%lg@di y?@ét?ﬂﬂree(gﬁﬁastslgléﬁched at

correction to the projectife trajector s cal

e sargerr freat iaostandardesdbdirtrafioadiilery gudr iMgitdl®, such a gun is
projectile to within the effective warhead distance
eaeippeh evithr ¢jeetrisoor Hydrawdicgsrotorsr Heddcatie sim uits inowzzdarin both

SRt B us AL ORRCHE R i B B
SHIRL i {AICPUROREE i DR: S Sy RESH e o an

Fiaese predtilvat dspédific@tiest ©f fRMidvetiatetedtidRoitthe HBdted @Bnge.
cal cul ated by the FCC. As the interceptor approaches

i ts tAftpst firingadhe endant systom tnaoks tthe pnojexitileqrlomgidts ballistic

are used_to cal gulate the interceptor guidance L
BBfacioB pseat o By GirreriFade O GHSBHARS TR S g4 i on to the projectile

g{agﬁ%iéog'&:i? garﬁé!:ag{%@ e@ﬁ? ﬁéﬂ%&ﬁ%ﬁ%@ééﬁe@%ﬁﬁ&%m {roh Sring the projectile
to within the effective warhead distance from the target so that target warhead
destruction can be obtained. The calculations are carried out in a dedicated
computer in every radar unit (the Guidance Computer) that prepares the guidance
maneuvering commands.

The projectile is spin stabilized. It is launched towards the predicted
intercept point that is calculated by the FCC. As the interceptor approaches its
target, measurement data from the tracking radar are used to calculate the
interceptor guidance commands that correct miss distance caused by prediction
errors and system disturbances. The projectile receives the commands via an

uplink communication channel. The receiver is also used as a roll sensor,

providing the projectile with the necessary reference for the resolution of the



upl i nk communi cati on channel. The receiver is also
used as a roll sensor, providing the projectile with
wo b@snesescsary reference for the resol uti on of PCT/IL2004/000590
t hemaneuveri ng commands. The commands are executed by
a propul sive steering nechanisqbothe projectile is
al so equi pped with a fragnentation warhead and a

SRR APt Bt ot RS b bR o Piiv stcering
RC A, 98T OReAI R, UL il R Blon nigpa and o
slekayity dosheWadapthe dorofectitd ir€achel isibrtpdioRabé Ifdi tBE target, the

target warhead kill. e projectile electrical unit
fvsesietonates the pusweheasloausing dhd destuntion eof theatarget. Assuming

man s t functionin f the different el enents of . .
5 987 b Bt et driongHen daleyeseirks adaprethio achieve high
i i pLi . i.ble.oroj i l. .
DS oRERD, PUHRAISK B0 SR BLERIGL ¥ o o
BVt b@ireePYindSA Rendusabat atﬁﬂnégbssﬂjﬁbfdﬂc%i%nlrf% of the different
projectile with aerodynam c fins. This approac
&Jemphisfafdbe phajeddsiafongits flightst eeri ng system Note

that the invention is not bound by the specific |ayout )
il us‘%?aqxéalliﬁﬁ ofj 3y schematisy desesiption @loa mosgibla pragectile layout is

. ' e ' a strin onsi.sts _of a.series
10 Pl Bk 8 AMRUeR oo AN RLISOES BRI de By e st and to
Raliko tH Ldtile 4vifh Rir6&¥rdrficl fnd, b i ' i
AISIELO Mt roftctile il Rirbindriio find, TR hOrBAPYndIHTHHE design
ofntiteabtecting systent.i fiNott than thedaventidrhés poojbeahd |18y tHdh&pecific
description _below refers to non-limting exanples of
layutdllpstrged g Fig-. cati on code in the projectile. One

ti is tot it f. de to,the oj,ectil.e by a
oD O by A RS RS SuBHES e g of
.t GORDUBLERHFSSRUNSEH I E0RIRLIRE ARVRE b i A
pidjeutile éc tdentifigdtbiea oalqel identBeiorn beded DiFfRedrt!Bethods can be

communi cation algorithmswitches to a data reception
nisdeto antali sheydderndificativadoasle i Her pugedilenFheedssagpson below
tsthe oGRS TATEEs pf GoTlRE HeSosalg cag inGicmeicctile.
oun, 8 PO b AL ERED B, R PTG R to
20 power transmitter located close to the gun. The projectile receives the code after
power is built up immediately after exiting the gun muzzle. After receiving the
coloring code, the projectile communication algorithm switches to a data
reception mode, and is not affected by other coloring messages that may be
transmitted to an adjacent projectile.
25 Other options, such as pre-launch coloring during the gun loading, can be
also implemented.

Having described various examples of projectile coloring, there follows a
description of Roll Angle Measurement, in accordance with an embodiment of
the invention. Thus, the communication channel is equipped with several

30 antennae that are immersed in the projectile skin, positioned around its perimeter.
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antennae that are imersed in the projectile skin,
positioned around its peri rrete[:zf\r] exanple of a three
antennae solution is given in Fig. 7a. The antennae

ave identical reception patterns. The gnj tude of
PR SrRERIch S aionaar SRR IF @IYE My F 1ol e smtennge have

. I | . .
e BICH, il Pichde bl thoeBlifed bighpl Hdelated to the
direegdr of thé @glihla Qraisfigdion 9€1a60€ t8ahé pRbjedfileeMiR@xhiple of a
described in Fig. 7b. The relative maghitude of the
ginfitle rad gomthine thed edetermuinas tleis ndisedtionefram thedsighais gpfaone pair of
full rotation _8f t.he_projectile. Equal magnitude .
PRGREaR ds desstibeddnt Fighs b+t tlde tRlatiyeimagnieidei oh therdigference

er i i antennae... Thi s .sSituatiqgn
BEhen 0 St R 0 BBy O AR B
ﬁfag%ﬁﬁkl;@ ihdichtds thatoMearandidiftet ﬁ%ﬁirﬁd GREIINTINR Equat adgles to
180 anbiguity in the direction between the case ere
theereteivirsgrinstsnoae. dihiesitiationi resultviardmitinen negnitadelef e signal
the two antennae and the case where it is on the far

ditfrenamias shawingti thy fisire.eWath s plgosilhimithetiegs @hk80° ambiguity
PR S s ek B B0k el rosiomsmgres e
g?ali RePSOHRE bV ean*?&%ﬁrég il e cREPRARRI fif:t%:éhgﬂﬁ%afa'r Yide. This

ree antennae, ti € neasurements o

pmbjgdty 1seresolvied Byoteanainén® theamagditode b theorseev@idadiz@dl which
cycl e. These measurenents can be processed together to

inpgoifisantie weaker ki tha lastertdase duerpumasking(ty thagirejectile body.

relative to the transmtter direction. In addition, by

rre_asuh:? PHPEP Oﬂm}?nt_ thrgh cutennag e thyge sueasgrements of
i O, spi.n . e als .

tg{eyt rrﬁ_’e{c]@gé IK?Elt e&i{éﬁe Blen fedihod ﬁﬁﬁng ofik ch%td%% B){/cle. These

at the 1nventron ts not
hitaseRatintd %aﬁxaap?ﬁ}%esdddumg@ﬁad td Ninmh1@%e theddedision of the
Moving on to Propul sive steering, the projectile
ramputedr irolj asglachéletied toy the tmansmittepr dipedtinveln addition, by
steeri,ng system One possible way to realjze the . .
meagining the Smm bshyges tep GeBsqsufiye Pagsest ¢ ts direction, the spin

. aj I Ni;at ur [ t | t
PR TS B %" EEHAREDY" At U BB Rgh S5 by e
ghRifib ¥xarmhPRS S1IARERESirDLRE! §bRdtynr ust normal to the
projectile axis of symmetry, pushing the projectile in

t he | Meviag odi tocdRropulsive steering, the projectile maneuvering is achieved

—_—

by an active propulsive steering system. One possible way to realize the steering
mechanism is to use pulses of thrust, obtained by miniature solid rocket motors
located on the projectile perimeter next to its center of gravity. These motors
generate thrust normal to the projectile axis of symmetry, pushing the projectile
in the lateral direction.

An alternative realization of the propulsive steering unit is by a gas
generator, with a side nozzle that releases the jet in the lateral direction. The gas
flow through the nozzle is controlled by a valve. The gas generator may use cold

gas stored in a high pressure tank. Alternatively, a hot gas can be produced by a



An alternative realization of the propul sive steering
unit is by a gas generator, with a side nozzle that
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flow through the nozzle is controlled by a valve. The
gas generator may use cold gas ored in a high
pressure tank. Alternatively, a“hot gas can be
producid by asolid rocket propellant burning.in

f9liskeas Ketopiapell B Detant 8F & CHed PO IARIRESS The geeulating

es] to W th t [ re..
B BIAER Rghed 5 AN ey S SIBEERN hjpgnment. Bxcss
SRNRHIE b defleu #8gn L5 BRidvex §eediiged b6 RORP BHEEeding the
Imts. Note that the 1 nvention is not bound by the

presquire dinoits. s Neteithg thy dheentiondisstuidsmddaiyothe, propolsion steering
I nstance aerodynam ¢ steering is applicable, e.g. by

ssteras; asaussed dhoveninr ingfanee dgofyrargie desring israpphigable, e.g. by
$ro'g§cti.l 3} based on the relative target and

OB ™ Sposi ti on and vel ocity, guidance conmmands

are : it - r ]
o curSho b To e diaic G TR el ot relative trgo
arel &itbiceptop poition aed etlovitghguidante chbmmamisaretdatrulated in the

the projectile is calculated and transmtted to the
guidpees icomputre ¢n dhegroned.c dhpudisectivn: pl dhe sreghised maneuver

Righie Qubg el Sat o fig e Susrgonbe mavest s bplsdfed and
? ﬁﬂl@teﬁitgit}?éoﬁfose&ﬁé.“t ers, the conputer calcul ates
[

e actirvati mes of avail able thrusters such that

a serTRs pedjeplileSs€Smpirlel aRfiOstes ehé Peopilsive BEcHIIGH B generate
If the steering nmechanismis based on a gas generat or

thirest panlssisriglthe mequites] diréatical. gbthiet Hteerimgrmerchanisineis based on the
openi ng and closing tines of the nqQzzle. valve. In b{)th )
BuRIgEIe (tHEISiGIP . e CoBWURIeSalERatssoie apfdvation figles of available

ri ement. n eer C
el B AR A QE B8 BT oERES Yok R PRGGRATDRT. 1t the
§tB6rigs! H8E1HRI IR CaaBhsE ofll §CHES gen@hRewiy a08Rigle nozzle, the
enbodi ment, the projectile iS equi pped with a
slgovidnt i congiutes thsy opeting anfirdgsing ttahesoof Wee hezale vadiendn both
an exanple of the Kill Mechanism_ Wen it bursts in .
easesathe icaloulation yses theirejband tha mallgeerindhpepsusements to determine

i gh |ocity f t j ected i
i Corrbandt i Bipghr o Some of themwi il strike

Note that the invention is not bound by the guidance mechanism,

discussed above.

By one embodiment, the projectile is equipped with a conventional axi-
symmetric fragmentation warhead, being an example of the Kill Mechanism.
When it bursts in the vicinity of the target, a large number of small high velocity
fragments are ejected in a spherical-like spray pattern. Some of them will strike
the target and inflict damage. In order to hit and destroy the target warhead, a
proximity fuse is used to identify the optimal warhead detonation instant. The
fuse identifies the target front edge and generates the detonation signal at a delay
that depends on the particular scenario. This delay can be calculated during the

interception in the guidance computer and is transmitted to the projectile together
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destroy the target warhead, a proximty fuse is used
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The fuse identifies the target front edge and

generates the detonation signal $t a del ay that

depends on the particul ar scena % Thi s delay can be
rcept i

cal cyl ated, during the_i nin the guidance
hpﬁweguai@aw SCamEARHS- ?Neaa Elaatﬁ*& ingien; isenot bound by the
e e nmands. Note that the
é‘?ggﬁ%@%}%%‘%ﬁt d%oun ‘?‘%e gui dance nechani sm
di scupgetheahefase b¥Mat (?é? a&i@ise s@r@btibA @8Ee AnGadtitude must be
i nterception range and al titude nust be sl gnificantly
hggifmantlyahlgﬁlbnsthambﬁmsmecdatmedhby pthej podjettde. Accordingly, by

Accor di ng by anot her enbodi ment of the jinventi or}1 .
#pthen an @%\ tof $hy m%ﬁ@v.a@e@tqrﬁ@t%auwlédmwdest e required

PR o ol ik, TS Esoily GPl<dinsl gk o A0& network
SV battle ﬁaﬁhgé‘tﬁleﬂt kfstdie Sﬁ’l‘hﬂhﬁ tiol fhe fc))fnt'ﬁra §StHeenH§ﬂe has no

no seeker and recel es t he qui ance C nds fromt he

geligndnd| feceisey eht i gaddncel eummeiaads ffram thecgrouad et isamettically
approaches the target in a trajectory dictated by the
Yuhdagt:Goul @@amlsmh andnanmga@@g éh@farg@mg & tapigetory lictated by the

i nterce

t h d.t
PdGar< BlacRUnR 98, e Kot 00 gl BE OB g, rajectory

Pl REellgiRRLOS) d4ASNE GRIR, SRRRELEY shOpRINgES used
@(Blﬁr(ﬁnﬂh@déﬂlpgdme tdeniBissid enhahce gl pFR@tivehdss of the missile kill
sufficiently |large soli d rocket notors that provide

eeobgtismner gy to brlng the missile to the reqwred
i ntergeption

that By epesgmbedinegt, ﬁlqllalfﬁ% %gé %atﬁi%e ‘@ ISE th;éﬁarge solid
%%;‘(Fg 'lﬁggoégg)gg %?é{%}[ie gﬁtqi{e{gg;u;;‘ 'rg%glgsﬁ{ f hﬁés%'ét SBRefquired

ﬁﬁé}fceﬁt%h FAje Ot N ytoﬁlédclhaé aes&yczﬁﬁ%gﬁidt 6s alag u@éui adaMuncher.
considerations. The m ssile receives the gui dance

Themmisiélef cam bddai@hdbed wericddy tod exfeutgairtihg sufficient speed
conmmands the m ssile nust neasure its attitude
peiferns, qulynh@w émr@ﬁt; Sriggs rltj {h aPeaPProRals trahﬁ@t% dictated by

acco [ish fﬁl? he sane oposeﬂ for th d
BREReR | FUF nilearan, SRRGITRIS. BhO BRRRHR afochds  hg; svidence
réﬁﬁgef%mutpstdMH‘ e[n”b&l?f ks eﬁ@&ﬁé‘\tﬁé %oﬁﬁﬁéﬂds' the missile must

reaches a sma st'ance fromthe target. this
gicageret i pitdxidel tylafiuseto didet iréfeesndeh ecoordmates This can be

accomplished by the same method proposed for the projectile interceptor or by a
conventional inertial measurement unit. The missile maneuvers until it reaches a
small distance from the target. At this stage the proximity fuse identifies the
target and detonates the missile fragmentation warhead.

Turning now to the steering system, the missile steering is aerodynamic
(using aerodynamic fins to control the angle of attack). A possible low cost
implementation is a rolling airframe configuration. This configuration is similar

to the RAM [4] where control is achieved by a single pair of aerodynamic fins.
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fins to control the angle of attack). A possible |ow
cost inplenentation is a rollipg airfrane
configuration. This configurati %1 is simlar to the

M [.4].. where caontrol is hj eved by a single_ pair of )
f@@ SsTlenstecnng SnyREe eoaolad by aematnys thatdtiay be cither electrical

ont r d by actuators that may be either electrical
(gl}prg%g'{ﬁgri’i c. Using trajectory shaping, the
| Nt er geRioOlajBbdey kRapifig ItHedptbrtptbN hAsGRPs| Aldéd tdintercepti
par al | el fI?Jght%ﬁ;)atatlpelr%, ie. e. ’r ibuch t hat thégﬁ Hereeption
inna giacad i ditighnpattdre, i.a); gath tkitothetipteregitor anditiee target velocity
parallel. According to the initial geonetry, this
yegonsr agepralieln Assording ito dhe dnitisb gepipetyy g reduizpment can be
opposite . directi;on to the targe ead- on
RARZFL TP oS fin) PR o OPhOSHve CERHOR! 0. dhp oforast, (head-on

o r ; . 1 . i d .

T TP RO Bn0 Bire ol T TN RE epgding on
the fitstcepohendbiahiot bpebds, tthe daterédpot nbsikewill be guided to fly

I nt erceﬁti on) or ahead of it (tail-on interception). )
qiteert diehingn thpptasgeth (fail-phased intisreeptionhnpiyuahedis oif o dfe tail-on

i n US Pat .., 6,209, 820 | d, April, 3 .2001.. .
interggRiotar thet Gil-PhAPHAGINE Dsel GR & tgrimifse dipedosed’in US
DAEAEND. 590,99 BuMRNAFANSUIRIT, RhchB AL RSP I:®in the case
I nterception’can be made sinplér whén the closing

yEh @eédivtabte rREE, SuE ALk nobbingne@drerig Wlhbtey dsdile, interception
guiding the interceptor to fly along the target

carmjpecmady simpler whein fus sldsing velosityiisninade shaller. This can be
TGS S0R S T  ab O o M A v
BOSHOECoFTAPEIER uh5eAEE g ot U, bl RS Ay et

§pirg i (HEBRRARSPE6TRAGS CRRN SR ELarhfle. otiRdreGhBédiment, the
shapi'ng considerations and Vise versa. For instance,

dedign of the &ill asechheisacandhe thpdtorgtshapmesimay ieycdmgbined such
usi ng 1L(J,ar allel trajectories, however, to thjs en

d ...
b thspkilbmechanigmeapcompensaiel for fschaierom SBapipg (copaiderations
P BisEasTar i ehBHEnGY yetolibiRan oR acERRPLIR Do TRt Narity by
AR CHES G0 M oy o o) i
nechadisoi is atitisednces, the

Turning now to a proximity fuse, the constraint on the interceptor flight

direction when it approaches the target is introduced in order to increase the
probability of the target warhead destruction. Under normal circumstances, the
type of target is known in advance. If more than one type of threat is present in
the arena, target identification can be achieved by evaluation of the returning
radar signals and the kinematic data. It can be therefore assumed that the location
of the target warhead relative to the target airframe is known. However, precise
identification by the remote radars of this location cannot be guaranteed. In the

suggested end-game geometry, the target front or rear end can be easily identified
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returning radar signals and the kinematic data. It can

be therefore assuned that the 1g$§1ti on of the target

war head relative to the target rframe i s known.
identification.b radar s

\qu\‘/ﬂ%&év @%:%%t%ﬂpm PHEIBY; igﬁge'tgi% ﬂx?p"% consist of forward
&%Eﬁg%ﬁg b%@ﬁwlgﬁ{/'?chg%% s Grik %reg&%t {h(r%ﬁ gillo&etécetat'he target

end e eas a conve

&dRchratheptirectisiexi mty fuse. This fuse will consist
of forward | ooki ng and backward | ooki ng axi-synmetric

beansThhakillithéchdmismet ist ke doavgetiorsd gexi-syminetér fragmentation
di rection. The Ki

| pechanismis a cgonventi onal .
yarheadomanesi a;caﬂle/agi?é@agi éHC%Fh?éa§9fofJ§3b@Ei fiugaiery of energetic

AR Pk i G o TBRCuR ST warhead. e
Slidspetiaakyd deadibAtel tponatbaethe tﬁaeie%lﬁﬁidnesi%ﬁeglﬁ?@g {he fuse.

i s detonated upon receiving the detonation si
The tinus delahisettvicor thie targeb etlge dotection thar et fisdgmd the warhead
detection by the fuse and the warhead detonation is

f

defpaafion éy caleulated An dbe Inaissdensonuuten hased on taagefeand relative
nd rel ative Ki tics provi ded by the BMC. The

%‘[5’1‘e F%ﬂ%ﬁ%&éf’@%ﬁg’%t@s ‘one or several

comuph&athRAk t 5@%?151 :n.tcﬁg%rig@eof‘ UgRET oPf s&ifal  communication

transmtters is y geonetri cal

canshiderat Thosnuhbed ST 8@uitfa@mitbat ishdeieph@iede Byolzeometrical

wi || have unobstructed line of sight to the

eonsidartions; Ihisoraguined that theeintergprior ovijl. havier umelrstricted line of
t.he ojectile interceptor, the

sipce .n the case of [
Sl e raysmiter, alone it elrg A RRIOBH & YBIeFmars. cingeof, the case

[ r ' . t. b j
APl Q6O ek 0SSR s 550 Ayl e ron
SReaTion, ¢iad [svatibAi dfsthk tedSitterd ARIsOYE da8iE ehatat avillobEfkved by
i nterceptor as cal cul ated by the gui dance conputer.
thegrdictile someahe lsident er ceptor is preceded by its
' identificatiaon. Note that the invention is

col oring 3 !

not btﬂ‘?] gomUmReatignaunifsdransut thegwdanseriaia 1@ sagbinesreeptor as
fdisc ove. . Thete | l.ows a descripti.on

GHER) AR HRA RSPy ITTHE B R BREREHBE P recete

by ABQoRA i TdeHBTiBATH. SNBtEMat HRENFY A Mtbound by the missile

paraneters are given first, and

interceptor and/or components thereof, discussed above.

There follows a description of a typical, yet not exclusive, example of the
proposed air defense system. The system main parameters are given first, and
then the operation sequence in a typical scenario is described. Note that the
invention is not bound by the given system parameters or by the operation
sequence in a typical scenario.

The radar unit is a Phased Array mono-pulse radar with range resolution
of 10cm and angular resolution of 6°. The triad units are positioned on hill tops

creating almost equi-lateral triangle. The distance between two radars is about

20 Km.
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in a typical scenario. The radar unit is a Phased

Array nono-pul se radar with rangg resolution of 10cm

and angul ar resolution of 6. Theé triad units are
oned on hill tops creat al nost, equi - | at er,al,

£ ?is'athgh% IteREPHPB 1Z0RE 1%&%@%8«5@@&%% Singsothis spthe arca
{ﬂ{bang 8 BRI B0F b G B0 th@ Plefoeption zone, the

fr{an gﬁﬁﬂoﬂte‘rﬁﬂ i§0 P’ Kﬁojnﬂierfﬁh rs'H%%hﬂecah% dlrected elect(omcally

I ntercepti on zone, triangu ation error Is

B a steor’ 8€akn° b@ﬁHErGQﬁébttt@ ther g6iesl ® e ﬁﬁfé‘nﬁé'ﬁlﬁné An both
a sector of 60 with respect to the normal to the

azitrentin ang ledewvation. hhe radars mntdnnae doethevertd-game Theasurements are,
radars antennae for the end-gane neasurenents are
theeaferes pesitionetl iheinsdhe sentary of Hre iangls; andl inelined 30° above the

oA s MR K by G Bresiriine At b veotie iangiee Alitional
ﬁ‘éﬂ% ) Qadlr Lid te%"ﬁ? fitd 1 T o ﬁ&ﬁ%}f Hettegt‘?orL'Flﬁ{ ermore, each

ayer ar e IOﬂ eachn ra

taallai~ lﬁlﬁncéfﬁaﬁé&s@r@ b,bﬁs«‘atss oftsidd dee thigndle] agiabeits Y directional
its own directional neasurenents, prOV|d|ng det ecti on

mpahemenss pfovidimer dqje@mnswaqnabﬂﬁatof lewsupfactiiemthat os sufficient

arm ng an preparing the systemfor treating the
§5 HYEERAS 39 ﬂvﬁmﬂngt sysannforitecaiagithn approachipg dhgeat.

r ange B 6YH Sesipel BURFAGMACSIirdet 1D elgaggrockes
e LAY BASHEY dInAMrblit Adarangd Qﬁ'tld A" ThEN@nge is
short range interceptor is a maneuvering 76

preagwered iftoen tleuradaedfrontolayen OTO- Mel ara naval gun rmdel
62, adapted for the ground based air defense m ssiQ
The glihe shertrgngaiieroepioras radBjREHY S 86@%@%@&1@ launched

Bot B oD REEMAonayl &€ nibdef 0, PdaBled i i BRUSR Based air
doeRskE Aisa8e uThé%lﬂ ﬂﬁﬁng G nfg I ¢4 1§fa§1ﬁc$dnvﬁlerefore be used

I nt ercept range oar steerin
againan m‘rag@ aﬂa&k@fedum qocltmt 10 mL devi atl on

during the |l ast second the flight before hittin

t he t'ghg@mectlle weighs 6. 5 Kg, is fired with muzzle speed of about 1000
m/sec and reaches effective intercept range of 5 Km. The on-board steering
mechanism is designed to correct 10 m' deviation during the last second of the
flight before hitting the target.

The interceptor missile is, e.g. an extended range version of the Rafael's
Barak air defense missile. It is adapted to the mission of high altitude
interception by introducing an improved larger rocket motor, improved
aerodynamics and replacement of the original RF proximity fuse by an electro-
optic proximity fuse, as expléined above. The missile is capable of intercepting
ballistic targets at ranges up to 30 Km from the launch site.

The present invention has been described with a certain degree of

particularity, but those versed in the art will readily appreciate that various



The interceptor mssile is, e.g. an extended range
version of the Rafael's Barak air defense mssile. It
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i nterception by introducing an inproved | arger rocket
not or, inproved aerodynam cs aq97replacenent of the
orlglnal RF proximty fuse by dn electrooptlc

r oxj, mt use s,.expl ain d abov The ssile i
tesalions é‘i‘l iTHY ’&éB?lilg éﬂf%l i €€ t%{%tgléftl‘g%\‘i dﬁa%lé‘g frgm the
ch site. The present invention

%?ggg%g@gfe@ﬁﬁg%&hwh a certain degree of
particularity, but those versed in the art wll
readi |y appreciate that variousalterations and
nodi fications may be carried out wthout departing
fromthe scope of the following Cains: CLAIMS. 1. A
system conprising: a synchroni zed network of at |east
three search and track radars and associ at ed
processi ng neans and communi cati on channel; the radars
are configured to detect and track at |east one
target; in response to detected at | east one target,
at | east one interceptor is |launched towards said at
| east one target; the radars are configured to neasure
and track the at |east one target and the at |east one
interceptor; the target and interceptor ranges are
accurately measured by said at least three radars in
t he synchroni zed network, giving rise to synchronized
accurate range neasurenents; the synchroni zed
nmeasurenents are conbi ned by range triangulation to
provi de accurate target and interceptor position
measurenents irrespective of the angul ar nmeasurenent
accuracy of each radar; the processing neans are
configured to utilize the measurenents to cal cul ate
i nterceptor maneuvers required to overcome errors and
bring the interceptor close to a target; the maneuver
commands are transmtted to the interceptor using the
comuni cation channel; the interceptor is equipped
with kill mechani sm designed to destroy a target
war head when said interceptor approaches the target.
2. The system according to Claim1, wherein said range
triangul ati on provi des accurate target and interceptor
position neasurenents which do not deteriorate
linearly with range and said interceptor does not
enpl oy on-board
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inertial roll sensor and equi pped with circunferenti al
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maneuvering conmands froma conmmand transmtter; the
interceptor is configured to usg said antennae to
provide a reference for resolution of the maneuvering
conmands. ‘

CLAIMS:

1. A system comprising;:

a synchronized network of at least three search and track radars and
associated processing means and communication channel; the radars are
configured to detect and track at least one target; in response to detected at least
one target, at least one interceptor is launched towards said at least one target; the
radars are configured to measure and track the at least one target and the at least
one interceptor; the target and interceptor ranges are accurately measured by said
at least three radars in the synchronized network, giving rise to synchronized
accurate range measurements; the synchronized measurements are combined by
range friangulation to provide accurate target and interceptor position
measurements irrespective of the angular measurement accuracy of each radar;
the processing means are configured to utilize the measurements to calculate
interceptor maneuvers required to overcome errors and bring the interceptor
close to a target; the maneuver commands are transmitted to the interceptor using
the communication channel; the interceptor is equipped with kill mechanism
designed to destroy a target warhead when said interceptor approaches the target.
2. The system according to Claim 1, wherein said range triangulation
provides accurate target and interceptor position measurements which do not
deteriorate linearly with range and said interceptor does not employ on-board
seeker.

3. A rolling interceptor being devoid of inertial roll sensor and equipped
with circumferential communication antennae that are configured to receive
maneuvering commands from a command transmitter; the interceptor is
configured to use said antennae to provide a reference for resolution of the

maneuvering commands.



