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DISTRIBUTED JAMMER SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS

[001] This application claims the benefit of Israeli Patent Application No. 174888,
filed on April 10, 2006 and the benefit of an additional Israeli Patent Application No.
(to be provided later), whose Attorney Docket No. is 1728245, filed on April 1, 2007.

FIELD OF THE INVENTION

[002] The present invention is in the field of laser directed infrared countermeasures

system.

BACKGROUND OF THE INVENTION

[003] The US military has recognized the increasing threat to its tactical aircraft from
anti-aircraft infrared (IR) guided missiles. By one estimate more than 500,000 shoulder-
fired surface-to-air missiles exist and are available on the worldwide market. The
lethality and proliferation of IR surface-to-air missiles (SAMS) was demonstrated
during the Desert Storm conflict. Approximately 80% of U.S. fixed-wing aircraft losses
in Desert Storm were from ground based Iraqi defensive systems using IR SAMS. Both
IR SAMS and IR air-to-air missiles have seekers with improved Counter-
Countermeasures (CCM) capabilities that seriously degrade the effectiveness of current

expendable decoys.

[0041 Usually, when a target platform has been detected, targeted, locked-on, and a
missile fired, the in-flight missile needs to be jammed in order to avoid impact. Many
IR seeking missiles require lock-on prior to launch and do not have autonomous
reacquisition capability. Given an adequate hemispheric missile warning system (such
as that in development), it is quite conceivable that the missile can be defeated in flight.
Once the missile is detected some form of jamming technique needs to be implemented
in order to cutoff the missile's chase after the target platform. One approach is to use an
RF weapon (directed from the aircraft under attack, or counter-launched) to defeat the

guidance electronics. For optical or IR seekers that are not "in-band" with the RF
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Count er MOOBYr BhelMWS i¢ 6ypRallel@f Coptiba dyReh! i@Whe UV or infrared wavelength

raﬁge. Typically consists of a set of 4-6 imaging detectors (MWS sensor modules), each

covering a sector around the platform. The imaging device is typically connected to a
signal processing unit that analyzes the images received from the imagers, and decides
whether the image includes the signature of a missile. It may also track the missile and

provide time-dependent information about its location, may even suggest the type of the



[008] The MA6 is typically an optical systemin the W/ or infrared
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extrene cases ,,Sfor exanpl e, fighter jets that required protection fromall
di recti on§™ l’ ‘of ai rcrafts where obscurations are too high, or large

RGN e R T e
practi cal highpowet solidtstatet drdibeniasenfwiitteerhied pulbedUliet beam at wavelength of :
typically 1um, which is then wavelength shifted to the Band IV wavelength region
using an Optical Parametric Oscillator (OPO). Such lasers are typically large,
expensive and power inefficient. Thus, typically the LDIRCM is based on a single
Centralized Unit, where laser radiation is emitted from a single location on the aifcréﬁ.
In some extreme cases (for example, fighter jets that required protection from all
diréctions, or of aircrafts Where obscurations are too high, or large aircraft where the.
engines are so much apart that they require a separate LDIRCM for each wing), two
systems are installed, but their structure is practically. similar to the one of the Central
Unit.



-4- SUWARY OF THE I NVENTION [12] There is provided according to sone
venbodi nents of the invention a | aser directed infrared countermneasures
system (hereinafter: "LD RCM systeni) nountable on a platform A LDI RCM
system and in particular the LDIRCM system of the present invention, is
intended to provide protection against Infrared (I) directed weapons. A
LDI RCM system and in particular the-LDI RCM system of the present

i nvention, nmay be part of a protection suite that is intended to provide
protection against a variety of threats including IR directed weapons.
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-5- [ 0151 8YIAAN5E SRR i asm%w el iR the)\AsHt§ ‘°“a plurality

of sect or méBiles Tk lasek RhideheSysdudmmBER be taaap’fwm stbdrent QéhsPla Msat bakim such that
each one of the sector unjts |(§ configurable to provide a jamm ng

capabi | i tgeqewtqdég'ﬁgeclps%pmétqw &P¥cated within a different sector

relative form each_sector being supstantially |ess than 180

hori zont aiq fﬁ g toAnAspst PY ’é‘ée“FBn’eFa@bP‘Pee‘gttF BluraliFeoftsestat Al & capabi ity
coveri 'ng §M9%htiﬂl‘é't@bllo¥1dte h@hdnthdunie@ oh WRpRtforth, 4 RAMAALDMIRDY in respect '

of a threat located within a sector that is substantially less than 1_80° horizontally. For
example, each one of the plurality of sector units is configurable to provide, when
mounted on the piatfbrm, a jamming capability in respect of a threat located within a
sector that is substantially le;:s than 180° horizontally over tens of degrees vertically.
The plurality of sector units are mountable on the platform such that each one of the
sector units is configurable to provide a jamming capability in respect of a threat
located within a different sector relative to the platform. Thus, the threat jamming
capability of the LDIRCM system is defined by the aggregate of the differént sectors

covered by each one of the plurality of sector units.



[ 16] According to another aspect of the invention, the guidance nodule of a

;secteor unit may include one or nore beam steering el enents rotatabl e about
a first and a second axes. The rotation of the beam steering el ement(s)
around the first and the second axis may enable the steering of at |east a
| aser beam generated by the laser unit that is also part of the sector unit
towards a threat. The beam steering-®l ement(s) may be configured so that a
rotation of the beam steering elenent(s) about a first axi s does not cause
t he orienhg&%on of the second axis to ch cor.ding to sone

embodi nen f tW&orﬁWEﬁYlflb?Pmeaelgm%‘?m% ed‘l“'eLH@ 120t SYsPER may be
mount abl e ygigs ¢ APl BRICM (Bj?rs%ﬁ? fhay B8 imodntaBk oRR ptfoll Subtedil SLIeskd stdnhe! enent (s)
of a laser guidance nodul e of "the sector unit about the first axis does not
cause t he Sefqraptatis gppfigurabifetospeBide aalepaning candbilibe #hrespest (of fgthisabment (s) to
change i n1d8R@R&thin® diff&lentRbabl Rlafve tﬁ%@ﬁl@t‘f&ﬂx Ea&lﬁsb&ft&rhﬁfng%ﬂ@é?ﬂiu ts of the
invention, the plurality of sector units of fh RCM system ar'e al so
confi gur albgse thaw ¢ $0°thesizoniglyntharsb gising sise torﬁecOAipcatVﬁéhrﬂthmmg@mbwy t he

plurali tyc9¢enﬁ§%b?&nﬁ&l‘y&ha%ﬁébﬂﬁ&e@oﬂtﬁe’opﬂtf&mcapab' lity in respect -of a
threat located wthin & different sect relative to the platform
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threat t r%%&aﬂ% HPGBbS o pﬁf;écgﬁw%?stro%hatnr ck a detected threat wi thout
a
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j ammi ng ca%féi?ﬁdP’ﬂttg S‘?‘MW%% odjjpents ?fjﬁf‘%ﬁ’t"e‘?’:’(?&a? toRURK iof BQW| c sector
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the platformsuch that gidy fixed to platform and such that
whi | e bei W.S&FHIP%/GLF?’?& t° at %er;ﬂ“}éf‘?‘i?rrﬁf? “i%a% f}}’i"u%“tohél’cmso%‘i"ﬁ‘&esaﬁl e to nove

in respec éar@lfnmtgprabimy fnoesPect dfhQhieRNORted Withild SdtofRialve tb hethtfigied to track
a detected threat within a specific sector relative to the platform where
the trackithayissybsiandely %W@%ﬁg@ berigopiellpyver | aps, at least in part, with the

cover age \slgfé or of  the sg{‘ct or unit. d‘%] According to further enmbodi nents
of the i nl8Hl decording HipeBirther smbpdiments fi SerinyerionmsuhIREM SFSteM p| at f or m
such that hhinggdi dd 9@1&1@@%4}%&&1&4 tivad Mﬁféatt@ackiﬁg Iﬁécmef Oima ekl threat
tracking nodule is rigidly attached to a sector unit is also nmounted
on the pl aftaplénsnnodq*ﬁ@aﬁvrbﬁémunﬁbmthgphﬁerm Bichghat pedile gmamouatp@ 88hed to a
sect or - uni ]:%?g% h the
cover age stféec glftﬁf)ﬁlgéa?%rgceat t ?%éﬁ#%ghﬁn%ﬁﬁi tgthalijﬁgﬁ&glftgnq 91?%?”&%‘& att ached"
as used here and t hroughout the specification and the clainms relates to an
attachnment which substantially elimnates m salignnent errors which may
result fromtw sting and bending of the body of the platformon which a
LDI RCM accordi ng to sone enbodi nents of the invention may be nounted. In

t he context of a LDIRCM system mi salignnent errors nmay be consi dered as
bei ng acceptahle (or substantially elimnated) if the difference between a
| ocation of a threat as seen by the threat tracki ng nodul e and as
represented by tracking data




-7- produced by a threat tracking nodule, and a | aser beamdirected by a
sector unit based upon the tracking data, is smaller than.the full w dth
hal f max of the |aser beamfar field divergence. A nore detailed discussion
of the msalignnment errors in the context of a LDIRCM systemis provided
bel ow. According to sone enbodi nents of the invention, a threat tracking
nodul e while being rigidly fixed to-&he platform may provide a sector unit
with tracking data in respect of a detected threat, in a nanner to enable

the sector unit .to direct a | aser bheamonto, the det ected threat, and
speci f i calPyingHit respeghiteihn elatiermaviileshe thret i otithin @ specilie sagtor fe]F"ZYLf] Accor di ng
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perimeter of "t form According to still further e ments of the
i nvent i onof é@cﬁa@r@ uringhepertion.a| Theythedat tiagkdng mordalelanaiy bmdilnt@stmy al so be

rigidly a at | east
| part, - BiPRE ek b G taollil 4P RRpP KPR ARBE 0N SAEL BB T
Accor di ngrequiréd fomivae ireetpodi ofthetpdatfpkmt he i nvention, a LDI RCM system °
nmountable on a platformmay further include a mssile warning system

(her ei naf [Qél|9] Aggogling tor Ruthkagmbediments lofidke dnvghtionalab tpprt off 3MDIBENS or

nodul es. that it is
rigidly f| Xed to tﬁgﬁn %Bdaﬁlr%%t]r{p%lﬁg sucﬁghﬁgbgmﬁﬂ{ﬁm&gﬁ% rigi d‘lﬁl;;/‘3 fixed to
the pl at f sactor umhenawts meyniable mdulréatfcsmasdelpﬂ'eulttlscmé'tgewd ta psividead  whi ch

| ncl ude af}é%a?@a?nt&ﬁég tc%Ieab@pﬁaiEl][rgsﬁéﬁt of\’“ A tloc%t %1% #ecyt\‘c r%ctérll BlaRpeci fic

sector rela ccor Yents of the
i nvent i onto the lfosrndbe thremimda&imgymbelecmyfheguownb,blesomhletmafom/rsu&e bei ng

nounted o pl at for dd on t ur ed. a threat,

t he MAS sgﬁgg 18 ﬁ‘gﬁﬁl g}( tg‘f gfgyf%n e?&gﬁf@d{ﬁ%ow&?a eﬂno nﬁlg[ye@fe %ﬁ“r eat while
the thr eaplatfsrnV\/I(iddl trhua mpeemglablesacmow lixelr@pecvefttlcb plagfomt)atifeothfaat Thus,
according tq.sone t e_inyen enso ul e may
functi on 58 gplg?qu 2 m%r}g%i g‘ %PQS‘F%Q%EF{]W% ‘%‘\%E%ifc@p Efé’t"&go[ i on system
(MAB) ,  butheaplsiorms “aeﬂehhe&hckﬁﬂgaml\sdmgs ROHIAR. se&Of OVeliapg at Qeastt inlgart, - 8-

further enb i ments of nvent i an, a MAS sensor nodul e may be nount abl e

on a pl at f”b es‘i??f?fa%ehsﬁfmli P  t o bei ng rigidly fixed to the platform

the MAS s i dtf d.t sec it (at. | east one)
whose. cov ERcARRETES o PrberStRiolinons Fi FEuR B eiet Fona edsiS
conf i gur eehaly bethé@fdbledod apidifobrRa}h dat ke additigaatot tbeadg Mgidefitedps tié t h t he
coverage S f the nmodul e S t he sen .modul e may be
confi gur eBi%ftIBH’%Jr & gt F%%@f% Eff"g"a{sapﬁl YPH%C%E & %Fecﬁﬂﬁl“fmt \Rﬁ'l ”T‘DJS‘? t is
rigidy awdoagie@dnithe plaif®ii)e The AhRRABARInk ModBCnaY bl migtd Mhécﬁféta a laser -
beam onto a gui dance systemof the threat being tracked by the MNS sensor
modul e.  Sector unit whose coverage sector overlaps, at least in part, with the coverage sector of

the threat tracking module. The term “rigidly attached” as used here and throughout the

specification and the claims relates to an attachment which substantially eliminates

misalignment errors which may result from twisting and bending of the body of the

platform on which a LDIRCM according to some embodiments of the invention may be °

mounted. In the context of a LDIRCM system misalignment errors may be considered

as being acceptable (or substantially eliminated) if the difference between a location of

a threat as seen by the threat tracking module and as represented by tracking data



[23] It would be appreciated, that in a LDERCM system the use of a MAS
.senspr nodul e, and specifically of aplurality of MAS sensor nodul es for
tracking a detected threat and for providing tracking data, requires that
the tracking data provided by the MA6 sensor nodul e(s) is accurate enough
to enable the directing of a |aser beam (being a LDl RCM system onto a
gui dance systemof a threat (based on the tracking data). Mre
specifically, it would be appreci-ated.that the use of a MA5 sensor

nodul e(s) for tracking a threat, requires that the m salignment between a
MAB sensoprogurdd by adbreat teoking modifle,tand atlasgrbdamyditkated by arselcter witdtased unit as

the sourc fi 1 heam t hat i l to ds a,threa ased upon
the trac k‘?pr?g ﬂéfatghgj}dngzﬁéhlﬁfrpmeeﬁollﬁlé'ﬁhe%fr?% ehggr@%%ﬁfafertb(?arﬁgmg]ﬁﬁe to direct
a | aser bdisergort.o Aamgei ddteiied disgussiemvithe nhislighmedterrorbyip iheadohtgxt ofra or der f or

the secto iir tQ be abl.e to.direct .a laser beam. onto ui dance system of
a threat %@&\A L%%antl %%rOYlg%é:l?ﬁl% AFSPmede 3?13%gn€?dgﬂ?rﬁ%@kﬁ@vi’glﬂ§’or nodul e,
t he dif f ed theaetrbekingraodude Wintetieingrigidly fiked fohheplhiforas mag erovidy atsb@oMAS sensor
nodul e and .as.represented by the tracki ata provided 't he MA5 sensor
nodul e, a%g‘fvﬁlégg?l?%% it IS%E%{ q?ﬁéféémﬁéﬁﬂ?% ‘F‘é‘crgaé‘&erbﬂ‘? eﬁabg% SF%hi t based
upon the uniarkdifgt dddsar beammorth theMbected thest, Bl sieCificalyy Gi@klgidabdean the ful |
wi dt h hal f %BX fgf]; (ihe Iﬁbs}_er beam far field divergence. [24] According to
anot her a¥FERoiste 49%td et i on, a MAS sensor nodul e may al so be mountabl e
on the platftormsuch that such that ile.a threat_.li tected within a
sect or re@?ﬂfv’g&?@%ﬁé ﬁ‘f‘&‘fff %‘i’%dwsv%?s&gé@’c?ﬂfl% é’duaﬁ‘tcﬂﬁéy?é%t%ary unit from
Sﬁi d pl urﬁhbiuﬂg’a@grslﬁﬁjé@ﬁhr%itfﬁking h@dﬁﬂ\%ﬁaﬁﬁle@ﬁronmlﬂhﬁ%l}lﬁli@m hegk t o p][ ovihde
the sector unit in respect, of a |qgcation_and/or direction of the
dot ect od THRHTTIS WA Rsine P Rh ot Srthopladey may ﬁﬁfoqip@uwﬁﬁ%e?d% | aser
beam t owas d§te&e<’éﬂir§h’ﬁrl?ﬂﬂre] Shyesthesa @fwiu{mg aﬁﬁ%‘ﬁéﬁt%@c’c&ﬂﬁfe&ﬁi’e tcAdhe plaéﬁ:fm.an anﬁul ar
error assqciated with t ata proyide t he .sensor nodule to the
sector unffeorYng ﬁ‘bé?‘é‘ﬁt‘i“giogwegﬁa?fl \éfi FPYES‘FX‘%’h@e fpg/‘:‘/r\glFtVeqr%oFgTeé% bpckifgam

di ver genciodulésXahy Asileeiv@iygotite £ 12l adinRNépabifitylibstdni@nirbey, the -

angul ar errﬁéut hat i s assocj gt ed with the data provided_by the MAS sensor

. ! .oy
modul e t othe HEll REEmster o jthe O derPiEg toystilh ey srbedimiEe At sheirect i on
of the deiqedtRf, tfthadk FSHOPRAVAIELHr Bied hRNUE nfRINRS mAOMY 6 Apdi,2 beam
centerline of a |aser beam generated by a laser unit O0f the sector unit
based on tfehegatoas PEPR WnileWRRAS cOBFIaL sattod verlaps] stolpashir prGi Wik the f ur t her

enbodi nengog,e&%eggagoriopglg%gd@%cﬁj{gﬁnmuwal ity of MAB sensor nodul es are
nount abl e on The platform such that each one of the plurality of MAS sensor

modul es i p2opnicadiiiabl © hethe ebotBmbA &t e ehealiorN s aNEIHANIefktehy acki Ng
capabilities within a different sector relative to the platform and the
pl ural i t ymgpntsdde cara plaifers mey fnheninghide agnissikewpningfsysiem Jberpinefiesit  each one
of the seqiqrsintiiSmives A iH-HUE 2B ' ' ' jsbd LY i'n
respect of a tﬁr eat Iocat?ggk%%ﬁ?rﬁﬁg?f eﬁe%sscggl:@%'rqgrg??\%%séﬂo t he

pl at f or m magde may kg moyntakle ph a platfemesuch thebitiinuigidly feed totthe plafarm; frsh, a MAS
sensor no ' I [ V, .3 t |east

W th & porty e ARE oGk ARl OBeN 1 B pMAER B BAASARLOLAAIER BITE (o

provi de t tedetest egrignahiwhichiindluddas sighature @f pethteaty fwhale|the thir¢av s withihar di recti on
of- the detec . p lfed, b . npdul e is
associ at e%f%\gm‘ht%ﬂsegtﬁ{ gﬁ%ta'l%gg delgi’ggﬁ{lﬁatlg&sﬂ Su got éunr{h?gfs%g%sl%gﬁ? g? ﬂ%ﬁnan t he

| aser beaimvértionf 3 MWS sins@rmgeinteenay He2@hfighwsh subhtigpt whileabotd@puasipect of t he

[ [ . I I f h th
ani 1o ot hPRSHAE 8 SRR LR TR £l M MIRS BrlfBIS T hal i«

associ at eshaylst baadeptet oo trackiatdefectodrtlsent evhjié theahredtys withis @spavificaéttis, t he

i nst ant aneous fil.ed of. vie hereipafter: "1 FOV. f ch pixel of the MAG
sensor no Eaf%é’e i ﬂéenﬁlla{f(érfn't ‘ﬁg‘%" fi?ﬁg“ﬁlﬁﬁ fo Wt ﬁmlﬁ%ﬂ“%’“ﬁ%?{a?ﬁe‘fﬂﬁnﬂgq’taer: " FVWHM')
far fiel dMWSeegenandaldghsy fafictianla3separbebingsailenabter fiycad waasigd oini t of the
sect or unilt. In a LD system according tqQ further enbodi nents of the

i nvent i on9etEqHEn | SEERM ab H’“b?;?‘élasd‘fthéeaf\/&gcg%éf@@“]ﬁndﬁ?cérq\%\gywbgﬂg mal | er
than the a fraction (for exanple, half) FWHM far field divergence angl e of
a | aser beam generated by a laser unit of the sector unit.

oA

el




[ 28] According to sone enbodi nents of the invention, the | FOV of each pixel
,of a, -10- MAB sensor nodule is defined by the ratio between the hori zont al
pltch of substantially each pixel of the MAS sensor nodul e divided by the
focal length of the inmaging |lens of the MAS sensor nodule. [29] According
to further enbodi nents of the invention, the plurality of MAS sensor

.nmodul es are nountable on the platforgn such that each one of the plurality
of MA5 sensor nodules is configurable to provide threat detection and
threat tracking capabilities within a different sector relative to the

pl at f or m fuather ¢nitdiphamtsadfi thy invEntmecs MWL nerser mo@llwmamtbalulosmabietoha pl atform

such that_each one.of . th sect uni t ovide a jamm ng
Camabi 1t plat S8F 0% it PR Dk Meldy e Rt AR T Pl ST o

rel ati ve modileégs fifidlyf sitathedAoCosediongnit Gatdedst bnd) urlidse coverdge Geqwmnile of t he

i nvention sensor nodul e, whosg def.ectign/.tracki cover sect or
over | aps sl MBI he gt i St E SRt St S BT Sort Oy
be adapt edvdrl@psomuiﬂdaecdvbﬁge e&ta? lof Wil MWH bdhselaiadile) 4he SIREMIWD kengod Ocat i on
and/ or diregtlon cted t hr eat whergh% while the threat is within

t he de
the over| &3piHg Se %ﬂnlgﬂrssﬁ REEPVISS terking Jaip 18 S eRCtpE it i &vhich it 1s

detecti OnhgxﬂﬁjciﬁtaﬂlﬁdeﬁVeﬁfrﬁﬂ&r&@@he&b[e Bt stdier MStoseiReoh 18 béath ame o he sector
covered by the sector_unit) E of each pixel provided by the MAS

sensor modtifance systgmef thy thf%ﬁ‘i’F“i&féac tP%MW:? éqnaorcﬁl fgence angle of a
| aser bea ra a la unit sect uni According to
ST T oo " ne ferdecited et 4 LARGATRER: Mhset A MVESHre. ahose’

det ect i on{dolide kdnd Gp&AAlRSLa §1@€dh@romwsJ fsor alodhRaEdr bR @d@&ft&d on of a
sector covered b%g)éa sector unit be adapted tq provide, t sector unit

wi th dat athrept pad Fs Proviging, trpeking: ﬁlaéﬁn TeqHPYy ahﬁhP daeking, daip P{ow@e‘agwa ed t hreat

so as to Wb'@n&h%oﬁﬁﬁ( Efis Héb'uiiatet éhodgli &F bnabld BREdircBGRMA #WREISeamh Ui dance
system of the detected reat . 31] According to still a further aspect of

the i nvenfiedg a kD IRSFMGW 8% P@mar@gﬁapmyefe@ of avhsats @ﬁ%“éronntb%i gpingnd/ or a
tracker 0gAEADIMRL Qbed RlIETRKAD b8 dbheaiclUAE B0 oBROANFS RS Of

operation. According to sone enbodi nents of the invention, during the first
nmode of op@dweshRr tnaﬁ@nM\glr%ﬁgwreﬁﬁﬁmhenamgmerﬁ betwgerke MWS senser modul e may

be adapt eg&ghaeﬁ&@&&é@dﬁe@}mﬁngag@t@é5e&€ormﬁftssﬁ@90a%é& @mnm frame for

a signal i ch 1 ncludes ture hreat directed towar t he

pl at f or m thBkisi mctpﬁéw@e@omﬂlrmh@e@ﬂpqnﬁée tpeliing daim is sthall enpsgiafod tl@ensor
modul e / OEec?ort.L{nﬁ%q;e SO GirdR IUaKr beam onto a guidance system of the threat.

Typically, in order for the sector unit to be able to direct a laser beam onto a guidance
system of a threat based upon the tracking data received from the MWS sensor module,
the difference between a location of the threat, as seen by the MWS sensor module and
as represented by the tracking data provided by the MWS sensor module, and the
direction of a laser beam directed by a sector unit based upon the tracking data from the
MWS sensor module, is smaller than the full width half max of the laser beam far field

divergence.

[024] According to another aspect of the invention, a MWS sensor module may also
be mountable on the platform such that such that while a threat is detected within a
sector relative to the platform that is associated with a sector unit from said plurality of
sector units, the MWS sensor modul_e is adapted to provide the sector unit with data in
respect of a location and/or direction of the detected threat in a manner to enable the

sector unit to direct a laser beam towards a guidance system of the detected threat, and



may be adapted to defining a subfrane within the first frame around the
,detected signature of the threat and nay be configured to sanple the
subframe at a second franme rate which is substantially higher than the
first frame rate. The location of the subframe within the frane may be
updated so that it keeps including the signal fromthe threat despite the
maneuvers of the threat and the platform [32] According to an aspect of
the invention, there is provided a |laser directed infrared counternmeasures
(hereinafter: "LDH RCM') system nountable on a platform conprising: a
pluralityapbngffteddr Rbddigtedaith tikeddtDprovided b CRIVIVG sisorahoduasttheone | aser

unit for jamm ng.a gui dance st em, of reaf; and a | aser guidance

modul e, tﬁ"ept‘lrélggfs Sﬁ%tﬂ‘é‘ %Slﬁﬁh’ﬁﬁ’énwéifﬂgiegg%’f N GVSEEEF- at | east the |aser
beam gene d. b aid laser unit towards.,a threat, sajd plurality of

cect o uni QT AR o TES SROPHEISS B VSt DL P BE KBRS Lo

pl ural ity agbciaee wath theiataSprbEd&IsY the MWD késérandiuidodie RcioA BT My sapabi ity

in respect, of threat | ocateq wi.thipn a.different sector. .relative to the
pl atform dé’i‘?ﬂ% e BT BEVRTY & f‘%fh?ﬂﬁ‘? ?%}eqtf‘é‘sé'ef‘tr?érl?mf dﬁéﬁ#%m%l ly,
wher eby a séfis&Sinb&uld & Béhnt SapbRlidel 3N 164y BEdni Gerfetidat B4 ladbd vhittdTand ul |
perineter of the platf rmi%rth swﬁggal-nable [ 33] According to certain
enmbodi nenls%"t?ff““’ctll?gsegﬂ’@ 15t tomsthe éer’é?r“%%ﬂ“&"pl urality of sector units
when nount on th | at f orm i onfigurable tqQ provide a jammn

capabi | i ti&%]t ﬁPWr‘gﬂgé‘Q/é\“ﬁ&é e@&ﬁ‘&emtstfgﬁ t%F s‘n“aeBB?lbx‘ﬁ?ré{f‘gPliﬁygg I}‘Wﬁgzont all'y
and tens @éns6eRbAAS € idousi@ble)on the flatfOGr QUcHithd chash 68F sthe pRiDBFbLENt S Of
the invention, each gne of sai daﬁ:%gquslug% of sectaor units when nounted on

the pl at f WS sensopAodglgs spsaatigy thigatndatestion gad threat yragkingi n a

covte_r agleI E5ebMied Wikin a3 BRR: QddTBER!Ve 1Bhd Ak ARN LA thY pRific) 69 degr ees
vertically

units are mountable on the platform such that each one of the sector units is
configurable to provide a jamming capability in respect of a threat located within a
different sector relative to the platform. According to still further embodiments of the
invention, a MWS sensor module whose detection/tracking coverage sector overlaps at
least with a portion of a sector covered by a sector unit may be adapted to provide the
sector unit with data in respect of a location and/or direction of the detected threat and
the data provided by the MWS sensor module is.associated with an angular error that is

substantially smaller than the laser beam far field divergence.

[027] According to another aspect of the invention, a MWS sensor module may be
mountable on the platform such that while a threat is detected within a sector relative to
- the platform that is associated with a sector unit from said plurality of sector units, the
instantaneous filed of view (hereinafter: "IFOV") of each pixel of the MWS sensor
module is smaller than the full width half max (hereinafter: "FWHM") far field
‘divergence angle of a laser beam generated by a laser unit of the sector unit. In a
LDIRCM system according to further embodiments of the invention, the IFOV of each
pixel of a MWS sensor module may be smaller than the a fraction (for example, half)
FWHM far field divergence angle of a laser beam generated by a laser unit of the sector

unit.

[028] According to some embodiments of the invention, the IFOV of each pixel of a



[ 35] According to certain enbodinents of the invention, there is further
,provided a plurality of threat tracking nodules; -12- nodule is rigidly
fixed to the platformand is rigidly attached to-a sector, and such that
while being rigidly fixed to the platformthe threat tracking nmodule is
adapted to track a threat wwthin a sector which at |east partially overlap
Wi th a coverage sector of the sectagounit to which it is rigidly attached,
and is further adapted to provide tracking data to the sector unit to which
it is rigidly attached, and wherein the tracking data received fromthe

t hreat tr¥OK$ nggnsesdupdule Haitdefined ibyi theyratioxbaiwean thee hptizontad roiich sof

sufficien rahe. . tr@’ﬁ: S ' ' a | aser
beam ont Ogdg)é tg‘ﬂﬁt? aglgnegéeh psl?/és?togﬁ%eo t %Q%(ﬁrr%%t%%e (ﬁflg%{ bﬁ@%g?‘g‘?%eg% (;%?t(t:heertai n
enbodi nmeninsagfg ledsef theWiSisemsor mhdirle is further provided a missile warning
system (hereinafter: "MAS") conprising a plurality of MAS sensor nodul es,
each one [29alctopling & firihen EmditBmers b rtheroaighés, bed plprdidapt ddWSo det ect a
si'gnal whj | e ' ur.e t | hecte 0 e

pl at f orm geglg%} Ig(gAC llleqoa%ee%g\%tgé;?én Sf eu@ gtlﬂlﬂfnyg% \ ll‘“rshe(gr%ls‘? oog ti;rlf% ufaggy %Qi ng
further aNBPs eehsbombddekisaonfgueatec prlovidatthreataletbeiidruaml ihtept ohckiddS sensor
nodul es are pwuntahl.e h at f.or C SEensor le is
aidly abeainde PEE » Qe s FIghT § YR bk Rh, AT RERBI IR 0o Thr ca
within a ssict afe melmilly ent thet platfqrinakdohr thatMeachh omd off ehs tseqaar uhigd lisy over| aps

wi th a coverage,sector .of the sector.yni.t to L.ch, th sensor nodul e is
iy S SR S b ilkes SRR GR b i fsfel 5t Ronbrvistiig BRRER s
sensor nodiffeeent Rtor irdlativie go the plaafotac Aedortimg td etilb fretharemboidimens ofulief | ci ent |y

accurate so as to bl h rouni ir I r m on
gui dance Z‘Vg‘ﬂtg’i‘h 6W ﬁéengwﬁrgcgﬂu_?ee\%c%_e dgtectgon}tr%clgng g(():\;[eraage se%%oer ov!.:,3 y a%s ato to a

least with a portion of a sector covered by a sector unit may be adapted to provide the
sector unit with data in respect of a location and/or direction of the detected threat,
whereby while the threat is within the overlapping sector. (defined by the overlap
between the detection/tracking coverage sector of the MWS sensor module and the
sector covered by the sector unit), the IFOV of each pixel provided by the MWS sensor
module is smaller than the FWHM far field divergence angle of a laser beam generated

by a laser unit of the sector unit.

[030] According to still further embodiments of the invention, the MWS sensor
module whose detection/tracking coverage sector overlaps at least with a portion of a
sector covered by a sector unit may be adapted to provide the sector unit with data in
respect of a location and/or direction of the detected threat so-as to enable the sector

unit to direct a laser beam towards a guidance system of the detected threat.

[031] According to still a further aspect of the invention, a LDIRCM system may '
include a MWS sensor module and/or a tracker operable for implementing a first mode
and a second mode of operation. According to some embodiments of the invention,
during the first mode of operation, the MWS sensor module and/or a tracker sensor
fnodule may be adapted for searching at a first frame rate and within a first frame for a
signal which includes a signature of a threat directed towards the platform. During the

second mode of the operation, the MWS and sensor module /or a tracker sensor module



[37] According to certain enbodinents of the invention, there is further
.provided a | aser gui dance nodul e of a each sector unit includes one or nore
beam steering el ements rotatable about a first and a second axes, thereby
enabl ing said one or nore beam steering elenents to steer at |east the

| aser beam generated by said |laser unit towards a threat, and wherein said
plurality of sector units are nount-able on the platformsuch that a notion
of said one or nore beam steering elenents of a |aser gui dance nodul e of
each one of said plurality of sector units about the first axis does not
cause t hemay berpdapted i definingea subfeamee Withis be figal Harem eroond ther detestedm st eeri ng

el ements a‘ﬁﬂ@ggﬁe it}ﬁ‘earrtTglgnﬁrIﬁ%}Eb@Joﬁﬁ?ﬁ?qﬁ{oaédﬁlgfe%@%ﬁXﬁl & RERA: framel 3 [ 38]

According To certarn en ments o e invention, there 1s further
provi ded wmteNMBeh isenpstantialhchigheothapthgfistiframegtte MBS Ibeativo of thoquibfesme each one

of said p Ity :My\lﬁ | -]?,,d@ t si gnal

whi ch inc#ﬁ%@sthéaﬁ%@éna ur esgftg({fo{@fgﬁgg ée&’??{ééggléd’ g\tslxgg %}sf%tnggltegﬁ}ae??orm and
each one ddspitathed mahenvaisiof the dfreat andithypBtfemmsor nodul es bei ng further adapted
to track a detected threat, said plurality of sector units and said

pl ur al i t y[032] Me®osting tir amaspettesf theiimvgntionurihad| & pravidedea desar fliseatgd such t hat
each one [ ' . t i | ' a ovi de a

j anmi ng cglfga [ IQEE'P @Eﬁe@%%%%%\g{emgg&a%%@é\? %I ggggﬁg‘ﬂé%%tﬁh %A gp liﬁ(?f%oﬁg,r ent sector
‘rel ative tamprbingpl at f or m based upon tracking data a MAB sensor nodul e, and
wherein a MAS sensor nodule is configurable so that while a threat is

det ect eda plutatityrofgecteraniss eachk beetar wait compriséingpl at form that is associated with a
sector unit fromsaid plurality of sector units, the angular error between
a | ocat i @neast ong lashir unitt forjemmangraegédanessysigmiaf agleeatpandat a provi ded by the MAS
sensor nodule to the sector unit and a beamcenterline of a | aser beam

di r ect eda iagen gvidases modulgrfhe lasengmidasce medylp being agepieddtoustasn at lestitheacki ng

dat &, |51, STBkk eI ol 1R i 10 et beam di ver gence. [30]

According to ceftain e iments o e Invention, there is further

provi ded M@ﬁ SMAB g | M 3ah h BSQY of1Relyl es, each
one of s%a?% p lﬂlﬁapﬁy o#ﬁ%ésenso?léﬁ.%dtufgi_salt%%fil%c gggp%gadgtoo%%t ect a

si gnal wplutatityi efciecideunits is copfiguuable tofprevidens grammidg cepsbidity inowsnedisoftehe

pl at f or NG f.ur Jig- track. ct af.. said

pl urali trq ;u%Pq%%%fl ngti&gi % gﬁgerr\%g%g‘}tgrdﬁ%%?}gl I tgle%lgﬁ@’ seg%lstgér&o?mdetﬂ ng bei ng
nmount abl substantialie lgsk dtahd8O haizotialiyh atherehy h missile gdmmsiag dapebilitaddvesmof sect or

threat T oeRPat BT e MR AR TP PRE 10" he pi at for m baced
- upon trac fd:%? gg‘éo?‘dirafg M/éértglg Q&l%dﬂ%glgg loF the invention, each one of said plurality of
sector units when mounted on the platform is configurable to provide a jamming
capability within a coverage sector that is approximately 90° horizontally and tens of

degrees vertically.

[034] According to certain embodiments of the invention, each one of said plurality of
sector units when mounted on the platform is configurable to provide a jamming
capability within a coverage sector that is approximately 60° horizontally and tens of

degrees vertically.

[035] According to certain embodiments of the invention, there is further provided a

plurality of threat tracking modules;

and said plurality of threat tracking modules are mountable such that a threat tracking



and wherein a MA5 sensor nodule is configurable so that while a threat is .
.detected within a sector relative to the platformthat is associated with a
sector unit fromsaid plurality of sector units, an Instantaneous Field of
Vi ew each pixel of the MAS sensor nodule is smaller than the full width
half max far field divergence angle of a |laser -14- beam generated and
directed towards the threat by the 42ctor unit. [40] According to certain
enbodi ments of the invention, there is further provided a MA5, the MAS
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said plurality of MWS sensor modules are mountable on the platform such that a MWS

sensor module is rigidly attached to a sector unit and is adapted to track a detected
threat within a sector relative to the platform which at least partially overlaps with a

coverage sector of the sector unit to which the MWS sensor module is rigidly attached,

and wherein the tracking data received from the MWS sensor module that is rigidly
attached to the sector unit is sufficiently accurate so as to enable the sector unit to direct

a laser beam onto a guidance system of the threat.

[037] According to certain embodiments of the invention, there is further provided a
laser guidance module of a each sector unit includes one or more beam steering
elements rotatable about a first and a second axes, thereby enabling said one or more
beam steering elements to steer at least the laser beam generated by said laser unit
towards a threat, and wherein said plurality of sector units are mountable on the
platform such that a motion of said one or more beam steering elements of a laser
guidance module of each one of said plurality of sector units about the first axis does
not cause the orientation of the second axis of said one or more beam steering elements

to change in respect of the platform and vice versa.



[44] According to certain enbodi nents of the invention, wherein each one of
.said,plurality of MA5 sensor nodules is operatively associated with a

t hernmo-el ectric cooler or is not being actively cooled at all. [45]
According to certain enbodi nents of the invention, wherein each one of said
plurality of MAS sensor nodul es includes a SWR detector having a cutoff
wavel ength -15- that.is between 1.-5-3um [46] According to certain

enbodi ments of the invention, there is further provided a MA5, the MAS
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modules being further adapted to track a detected threat,

said plurality of sector units and said, plurality of MWS sensor modules being
mountable on the platform, such that each one of said plurality of sector units is
configurable to provide a jamming capability in respect of a threat located within a
different sector relative to the platform based upon tracking data a MWS sensor

module,

and wherein 8 MWS sensor module is configurable so that while a threat is detected
within a sector relative to the platform that is associated with a sector unit from said
plurality of sector units, the angular error between a location of a threat as represented
by tracking data provided by the MWS sensor module to the sector unit and a beam
centerline of a laser beam directed by the sector unit towards the threat based upon the |

tracking data, is smaller than an the far field laser beam divergence.

[039] According to certain embodiments of the invention, theré is further provided a
MWS, the MWS comprising a plurality of MWS sensor modules, each one of said
plurality of MWS sensor modules being adapted to detect a signal which includes a
signature of a threat directed towards the platform, and being further adapted to track a
detected threat,

said plurality of sector units and said plurality of MWS sensor modules being
mountable on the platform, such that each one of said plurality of sector units is
configurable to provide a jamming capability in respect of a threat located within a
different sector relative to the platform based upon tracking data a MWS sensor

module,

and wherein a MWS sensor module is configurable so that while a threat is detected
within a sector relative to the platform that is associated with a sector unit from said
plurality of sector units, an Instantaneous Field of View each pixel of the MWS sensor

module is smaller than the full width half max far field divergence angle of a laser



[49] According to certain enbodi nents of the invention, wherein the | aser
.unit.includes a sem conductor |aser that is configurable to provide a |aser
beam at a wavel engt h between 3- 5um [50] According to certain. enbodi nents
of the invention, wherein the laser unit includes a |aser selected froma
group consisting of: a quantum cascade | aser; a interband cascade | aser; an
external |y punped sem conductor |as#- that is configurable to provide a

| aser beam at a wavel ength between 3 - 5um [51] According to an aspect of
the invention, there is provided a LDI RCM system nountable on a platform
conpri si nkpamcgengraigd pndgtivected ipwiards the thregh by thadacios Uit gui dance system of a
threat; a plurality of sector units each _sector unit conprisin a | aser
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within a driferent sector tive tform
implement a second mode operation for trackmg a threat detected during said first

mode of operation, the second mode of operation including defining a subframe within
the first frame around the detected signature of the threat and sampling the subframe at

a second frame rate which is substantially higher than the first frame rate.

[041] According to certain embodiments of the invention, wherein each one of said
plurality of threat tracking modules is operatively associated with a thermo-electric

cooler or is not being actively cooled at all.

[042] According to certain embodiments of the invenﬁon, wherein each one of said
plurality of threat tracking module includes a SWIR detector having a cutoff
wavelength that is between 1.5-3um.

[043] According to certain embodiments of the invention, wherein each one of said
plurality of threat tracking modules is adapted to implement a first mode of operation
for searching at a first frame rate and within a first frame for a signal which includes a
signature of a threat directed towards the platform, said threat tracking module being
further adapted to implement a second mode operation for tracking a threat detected ’
during said first mode of operation, the second mode of operation including defining a
subframe within the first frame around the detected signature of the threat and sampling
the subframe at a second frame rate which is substantially higher than the first frame

rate.

[044] According to certain embodiments of the invention, wherein each one of said
plurality of MWS sensor modules is operatively associated with a thermo-electric

cooler or is not being actively cooled at all.

[045] According to certain embodiments of the invention, wherein each one of said

plurality of MWS sensor modules includes a SWIR detector having a cutoff wavelength



-16- while being rigidly fixed to the platformthe threat tracking nodul e
.1s adapted to track a threat within a sector, which at |east partially
overlap with a coverage sector of the sector unit to which it is rigidly
attached, and is further adapted to provide tracking data to the sector
unit to which it is rigidly attached, and wherein the tracking data
received fromthe threat tracking mpslule that is rigidly fixed to the
platformis sufficiently accurate so as to enable the sector unit to direct
a |l aser beamonto a guidance systemof the threat. [52] According to
certain éhﬁdﬂbﬁ%ﬁﬁslgﬁmﬂhe i nvention, wherein each one of said plurality of

threat tracking nodules is operati veI associated with a thernp-electric
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enbodi ”E“M%VS)? d%vd Y, lg&hggﬂﬁasy@ﬁgggtﬂre;mt&ﬁ@g@ i ncludes a SWR detector

havi ng a cuto wavel engt I's between urn. [54] According to
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' wavelength between 3 — Sum.

[050] According to certain embodiments of the invention, wherein the laser unit
includes a laser selected from a group consisting of: a quantum cascade laser; a
interband cascade laser; an externally pumped semiconductor laser that is configurable

to provide a laser beam at a wavelength between 3 — Sum.

[051] According to an aspect of the invention, there is provided a LDIRCM system

mountable on a platform, cbmprising:
at least one laser unit for jamming a guidance system of a threat;

a plurality of sector units each sector unit comprising a laser guidance module, the
Jaser guidance module being adapted to steer at least the laser beam generated by said

laser unit towards a threat,
a plurality of threat tracking modules;

said plurality of sector units are mountable on the platform such that each one of said
plurality of sector units is configurable to provide a jamming capability in respect of a

threat located within a different sector relative to the platform,

and said plurality of threat tracking modules are mountable such that a threat tracking

module is rigidly fixed to the platform and is rigidly attached to a sector, and such that



a plurality of sector units, each of said sector units conprising: at |east
,one |aser unit for jamm ng a mssile' s guidance system and a | aser

gui dance nodul e, the | aser gui dance nodul e bei ng adapted to steer at | east
the | aser beam generated by said |aser unit towards a threat; 17- a

m ssile warning system (hereinafter: "MAS") conprising a plurality of MAS
sensor nodul es, each one of said pl-lfrality of MAS sensor nodul es being
adapted to detect a signal which includes a signature of a threat directed
towards the platform _and each one of said ﬁpurallt of sor nodul es

bei ng fur‘N‘H@rbea’éé’&déﬂﬂ{“@ tp thegpatipr dhedhieatdracking srodule 43 ﬂlaHF%?OaIF ?? of sector
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sector units is conflgura eto provide a Janmn aalllty i n respect of

a threat Seelonendictowyhiahi thisaigifily pteackad; a@é&f"éﬁhefraéﬁﬁ? (Pepr?‘ﬁdﬁt‘lﬁ@%géﬁtﬁor m said

plurali tytoqﬁe%&Q&mgw}ndﬁquﬁl@@l}a{tﬁd{g@unt able on the platformsuch that a
MAS sensor Is rigidly attached to a sector unit and is adapted to

track a dgleglash %H%rt%hnydadalreceﬁeﬁ $ohthe "tkﬁflaa‘%ttﬂaEl@n% eholifle ik & g whi ch at

| east partially overlaps wth a coverage sector he sector unit to which
t he MAS sk¥pddp thmd@ff@m, ig spﬁﬁgqeaql)yac&gqagcqq@g to enable the sectm unit to direct a

laser beam onto a guldance system of the threat.

[052] According to certain embodiments of the invention, wherein each one of said
plurality of threat tracking modules is operatively associated with a thermo-electric

cooler or is not being actively cooled at all.-

[053] According to certain embodiments of the invention, wherein the tracker includes

a SWIR detector having a cutoff wavelength that is between 1.5-3um.

[054] According to certain embodiments of the invention, wherein each one of said
plurality of .threat tracking modules is adapted to implement a first mode of operation
for searching at a first frame rate and within a first frame for a signal which includes a
signature of a threat directed towards the platform, said threat tracking module being
further adapted to implement a second mode operation for tracking a threat detected
during said first mode of operation, the second mode of operation including defining a
subframe within the first frame around the detected signature of the threat and sampling
the subframe at a second frame rate which is substantially higher than the first frame

rate.

[055] According to certain embodiments of the invention, there is further provided a
MWS, the MWS including at least a radar threat detection unit.

[056] According to an aspect of the invention, there is provided a LDIRCM system

mountable on a platform, comprising:
a plurality of sector units, each of said sector units comprising:
at least one laser unit for jamming a missile's guidance system; and’

a laser guidance module, the laser guidance module being adapted to steer at least the

laser beam generated by said laser unit towards a threat;



and wherein the tracking data received fromthe MAS sensor nodule that is
.rigidly attached to the sector unit is sufficiently accurate so as to
enabl e the sector unit to direct a |aser beamonto a gui dance system of the
threat. [57] According to certain enbodi nents of the invention, wherein
each one of said plurality of MAS sensor nodul es is operatively associ at ed
with a therno-electric cooler or islhot being actively cooled at all. [58]
According to certain enbodi nents of the invention, wherein each one of said

plurality of | sensor dul es s a SWR detector._ having a cutoff -
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said plurality of sector units are mountable on the platform such that each one of said
plurality of sector units is conﬁgurablé to provide a janiming capability in respect of a

threat located within a different sector relative to the platform,

said plurality of MWS sensor modules are mountable on the platform such that a MWS
sensor module is rigidly attached to a sector unit and is adapted to track a detected
threat within a sector relative to the platform which at least partially overlaps with a

coverage sector of the sector unit to which the MWS sensor module is rigidly attached,

and wherein the tracking data received from the MWS sensor module that is rigidly
attached to the sector unit is sufficiently accurate so as to enable the sector unit to direct

a laser beam onto a guidance system of the threat.

[057] According to certain embodiments of the invention, wherein each one of said
plurality of MWS sensor modules is operatively associated with a thermo-electric

cooler or is not being actively cooled at all.

[058] According to certain embodiments of the invention, wherein each one of said
plurality of MWS sensor modules includes a SWIR detector having a cutoff wavelength
that is between 1.5-3um. '

[059] According to an aspect of the invention, there is provided a EDIRCM system

mountable on a platform, comprising:
a plurality of sector units, each one of said.sector units comprising:
at least one laser unit for jamming a missile's guidance system; and

a laser guidance module, the laser guidance module being adapted to steer at least the

laser beam generated by said laser unit towards a threat;

the laser guidance module including one or more beam steering elements rotatable



-18- about a first and a second axes, thereby enabling said one or nore
.beam steering elenents to steer at |east the | aser beam generated by said

| aser unit towards a threat, said plurality of sector units are nountable
on the platformsuch that a notion of said one or nore beam steering

el ements of a | aser gui dance nodul e of each one of said plurality of sector
units about the first axis does not-igause the orientation of the second
axis of said one or nore beam steering elenents to change in respect of the
platformand vice versa. 60] - According to certain enbodi nents of the
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and vice versa.

[060] According to certain embodiments of the invention, wherein the beam steering
elements include two mirror for reflecting a laser beam incident on the surface thereof,

and each mirror being coupled to a rotation motor.

[061] According to an aspect of the invention, there is provided a LDIRCM system

mountable on a platform, comprising:

a plurality of sector units mountable on a platform, each one of said sector units

comprising:
at least one laser unit for jamming a missile's guidance system; and

a laser guidance module, the laser guidance module being adapted to steer at least the

laser beam generated by said laser unit towards a threat;

a MWSs comprising a of plurality of MWS sensor modules, each one of said plurality
of MWS sensor modules being adapted to detect a signal which includes a signature of
a threat directed towards the platform, and each one of said plurality of said MWS
sensor modules being further adapted to track a detected threat,

said plurality of sector units and said plurality of MWS sensor modules being
mountable on the platform, such that each one of said plurality of sector units is
configurable to provide a jamming capability in respect of a threat located within a
different sector relative to the platform based upon tracking data a MWS sensor -

module,

and wherein a MWS sensor module is configurable so that while a threat is detected
within a sector relative to the platform that is associated with a sector unit from said

plurality of sector units, the angular error between a location of a threat as represented



a MABs conprising a of plurality of MA5 sensor nodul es, each one of said
.plurality of MAS sensor nodul es being adapted to detect a signal which

i ncludes a signature of a threat directed towards the platform and each
one of said plurality of said MAS sensor nodul es being further adapted to
track a detected threat, said plurality of sector units and said plurality
of MA5 sensor nodul es being nountabl® on the platform such that each one
of said plurality of sector units is configurable to provide a janmm ng
capability in respect of a threat |ocated within a different sector
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- cooler or is not being actively cooled at all. _

[063] According to certain embodiments of the invention, wherein each one of said
plurality of MWS sensor modules includes a SWIR detector having a cutoff wavelength
that is between 1.5-3um.

[064] According to an aspect of the invention, there is provided a laser LDIRCM

system mountable on a platform, comprising:

a plurality of sector units mountable on a platform, each one of said sector units

comprising:
at least one laser unit for jamming a missile's guidance system; and

a laser guidance module, the laser guidance module being adapted to steer at least the

laser beam generated by said laser unit towards a threat,;

a MWS comprising a plurality of MWS sensor modules, each one of said plurality of
MWS sensor modules being adapted to detect a signal which includes a signature of a
threat directed towards the platform, and being further adapted to track a detected
threat,

said plurality of sector units and said plurality of MWS sensor modules being
mountable on the platform, such that each one of said plurality of sector units is
configurable to provide a jamming capability in respect of a threat located within a
. different sector relative to the platform based upon tracking data a MWS sensor

module,

and wherein a MWS sensor module is configurable so that while a threat is detected
within a sector relative to the platform that is associated with a sector unit from said
plurality of sector units, an Instantaneous Field of View each pixel of the MWS sensor

module is smaller than the full width half max far field divergence angle of a laser



[62] According to certain enbodi nents of the invention, wherein each one of
,said, plurality of MAB sensor nodules is operatively associated with a

~ therno-electric cooler or is not being actively cooled at all. [63]
According to certain enbodi nents of the invention, wherein each one of said
plurality of MAS sensor nodul es includes a SWR detector having a cutoff
wavel ength that is between 1.5-3um-20{64] According to an aspect of the
invention, there is provided a | aser LD RCM system nountable on a platform

conprising: a plurality of sector units untable on a platform each one
of said sg“@["cﬂenifﬁ‘ie %“‘i:%‘FFﬁFefié‘?‘?‘?g‘%tB?thfe@é@it BRI ¥BEr unit for jaming a
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modul e be[0%§1 ASEPIIRE 'loocegtﬁléeﬁm%aﬂm}e@és"f ﬂ?%’é‘v?“é’gé’r whgehegeheeRicdidoy sai d

llaser uni plufaGyabstMWSt RAKAtmodIYMS opaaTvelyS aftgciated| Wiki2 ki thotmafeldMfe sensor
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upon tracking data .a MAS sensor nodul e, . i
{067T According to an aspect of the invention, there is provided a LDIRCM system

mountable on a platform, comprising:
one or more sector units, each of said one or more sector units comprising:
at least one laser unit for jamming a guidance system of a threat; and

a laser guidance module, the laser guidance module being adapted to steer at least a

laser beam generated by said laser unit towards a threat;

a MWS operable for implementing a first mode of operation for searching at a first
frame rate and within a first frame for a signal which includes a signature of a threat
directed towards the platform, said MWS being further adapted to implement a second
mode operation for tracking a threat detected during said first mode of operation, the
second mode of operation including defining a subframe within the first frame around
the detected signature of the threat and sampling the subframe at a second frame rate

which is substantially higher than the first frame rate.



and wherein a MA5 sensor nodule is configurable so that while a threat is
.detected within a sector relative to the platformthat is associated with a
sector unit fromsaid plurality of sector units, an Instantaneous Field of
Vi ew each pixel of the MA5 sensor nodule is smaller than the full w dth
half max far field divergence angle of a |laser -20- beam generated and
directed towards the threat by the -3kctor unit. [ 65] According to certain
enbodi mrents of the invention, wherein each one of said plurality of MAS

sensor nodul.es.i ' ' d with a therno-electric cooler or

I S not b'&’1 4 B‘&??@W‘@%MW&%@ According to certain enbodi nents
of the in 1,0 wher ej each one of sai l.i f MAS sensor nodul es
i ncl udes @%gb\fﬁo&%ﬁ{é %%@LE et ? tf/’v(i\é/)ee %‘%g %‘X}f ﬁgtcamed 8%t Reen
1.5-3um pdick, d\q:@ﬁbmhdl’lgmbﬁﬂlﬁantawbbﬁdiw dfe ddseribiedy bptwon of mbetimiting provi ded a

LDl R CM t | at ' t
i s, o ROl R fH RS o Einran %?r?@mg%h%%@gcf”e "at Teast one | aser
uni t for io%ginﬂ% a1 qé" Iaglapsggleé%S;[/ng] otf a L]Bﬁ{(ﬁ\%t Sys?em according to some

embodiments of the invention, mounted on a platform

[070] FIG. 2A is a block diagram illustration of a sector unit in a distributed
LDIRCM system according to some embodiments of the invention and of a MWS
sensor module that is associated with the sector unit in accordance with further

embodiments of the invention;

[071] FIG. 2B is a block diagram illustration of a sector unit an associated MWS
sensor module which are rigidly attached to one another and to a common chassis,

according to some embodiments of the invention;

[072] FIG. 3 is a simplified block diagram illustration of a laser unit being directly
modulated in accordance with some embodiments of the invention versus a laser unit

that is being externally modulated;

[073] FIG. 4 is a block diagram illustration of an assembly of two mirrors which
may be used as part of a sector unit in a distributed LDIRCM system according to some

embodiments of the invention;

[074] FIG. 5, which is a block diagram illustration of an assembly including a mirror
mounted on two poles, at least one of which being configurable for change its effective
length and thus rotate the mirror, the assembly being a part of a sector unit in a

distributed LDIRCM system according to some embodiments of the invention;

[075] FIG. 6A isa graphical illustration of an instantaneous filed of view of one pixel
in an array of sensors which may be part of a MWS sensor module or as part of an array
of sensor which is part of a designated threat tracking sensor, according to some

embodiments of the invention;

[076] FIG. 6B is a block diagram illustration of a divergence of a laser beam which

may be generated by a sector unit that is part of a LDIRCM system according to some



a | aser guidance nodul e, the | aser guidance nodul e bei ng adapted to steer
.at |l east a | aser beam generated by said laser unit towards a threat; a MAS
operable for inplenmenting a first node of operation for searching at a
first frame.rate and within a first frane for a signal which includes a
signature of a threat directed towards the platform said MAS being further
adapted to inplement a second node-dperation for tracking a threat detected
during said first node of operation, the second node of operation including
defini ng abSHbfr§ Wi. t hiﬁ the first frame around the detected signature of
t he t hr edt  2fith%e :%fl}eﬁﬁve @8t rame at a second frame rate which is

subst anti igher than.the first frame rate. ..-21- BRI EE DESCRI PTI ON OF
The: DrawlRed AT oF e sPREPER R 4% 4 RS RBEF 50 toRn P e le how | ¢
may be caFIG.é8.out in practice, a preferred enbodi nent will now be
described, by way of non-limting exanple only, with reference to the
acconpanyDAg] dr swld bgapprediated itteab for §imPlicifyl 48d daritg ofrillussratiat, reletenisew of a

LDl RCM syst em.acgor.di ng,t o sonme enbodi ment,s of the inyvention, unted on a
ol at for mEtOPRgf 169 GRvBRhr ARTROER SEPnieT I shsy | B OFoResBeor unit fn
a di st ri hdiineakidndloRedvhs yithe Blemente hdily 1bg ekazgsated relativedb et slembntt i@ | nvention

o o A B B S SRR S ol 5o S8 et | 11

- among the figures to indicate corresponding or analogous elements.



[71] FIG 2B is a block diagramillustration of a sector unit an associ at ed
., MA5 sensor nodule which are rigidly attached to one another and to a comon
chassi s, according to sonme enbodi nents of the invention; [72] FIG 3 is a
sinmplified block diagramillustration of a laser unit being directly

nodul ated in accordance with some enbodi nents of the invention versus a

| aser unit that is being externally2¥odul ated; [73] FIG 4 is a block
diagramillustration of an assenbly of two mirrors which my be used as
part of a sector unit in a distributed LD RCM system according to sone

enbodi f ' ' S which is a bl ock diagram

I 11 ust %Wﬁﬁsﬁﬁﬁ@ F&l{[&éﬁ%ﬂﬁ:‘l\ﬁ]{ ror mounted on two pol es, at
least oneopd] WieholGhiRg sl &wr@lab@ tufferdu 3RQd defails hfeSGt foy@ thength and
thus rotate the mrror, the assenbly being a part of a sector unit in a

di st ri butosdr (o) IREVie pstherenglc srleaiagngoots beemembioni rHaweyefit Witk benvent i on:
[ 75] FI Gun@frsﬂoéd 3 %@s@@kﬁ&? ih|thd gkt readt! tﬂ@ﬁﬁ’ sex‘i’cr‘igl/é}x%ﬁ%a%nﬁé)ﬂ%ﬁ@ehed of view

of one pixel 1n ah array of sensors e part sensor
modul e orwithoupthese spécimdeailsaln ethersavianses, \mlldmows msthots, pfocedugessingnat ed

thr eat ”cgﬁl 1%tss‘lﬁpéﬁﬁ’be&1ccfe9&glaﬁlgl &e&ll?gg?n&quggcﬁq%%e%r%fent ientiGy €Nt 1 on;

-22- enbo nts o e I nvention,
[080] Unless specifically stated otherwise, as apparent from the following discussions,
it is appreciated that throughout the specification discussions utilizing terms such as

"n n non

"processing", "computing”, "calculating”, "determining", "generating", "assigning" or
the like, refer to the action and/or processes of a computer or computing system, or
similar electronic computing device, that manipulate and/or transform data represented
as physical, such as electronic, quantities within the computing system's registers and/or
memories into other data similarly represented as physical quantities within the
computing system's memories, registers or other such information storage, transmission

or display devices.

[081] Embodiments of the present invention may include apparatuses for performing
the operations herein. This apparatus may be specially constructed for the desired
purposes, or it may comprise a general purpose cofnputer selectively activated or
reconfigured by a computer program stored in the computer. Such a computer program -
may be stored in a computer readable storage medium, such as, but not limited to, any
type of disk including floppy disks, optical disks, CD-ROMs, magnetic-optical disks,
read-only memories (ROMs), random access memories (RAMs) electrically
programmable read-only memories (EPROMSs), electrically erasable and programmable
read only memories (EEPROMSs), magnetic or optical cards, or any other type of media
suitable for storing electronic instructions, and capable of being coupled to a computer

system bus.

[082] The processes and displays presented herein are not inherently related to any
particular computer or other apparatus. Various general purpose systems may be used
with programs in accordance with the teachings herein, or it may prove convenient to

construct a more specialized apparatus to perform the desired method. The desired



[77] FIG 6C a graph illustrating the divergence angle of the | aser beam
.Sshown in FIG 6B. [78] It wll be appreciated that for sinplicity and
clarity of illustration, elenments shown in the figures have not necessarily
‘been drawn to scale. For exanple, the dinensions of sone of the elenments
may be exaggerated relative to other elenents for clarity. Further, where
consi dered appropriate, reference mfireral s may be repeated anmpong the
figures to indicate correspondi ng or anal ogous el enents. -23- DETAILED .

DESCRI PTI OF JHE | NVENT. 79] In,the follow detai] ed description,
_numer ous S?Eﬁ\}l&t&fef {-(r’{: S %tj tg?\ég S&%?J‘? 3’:’1{ RPRR" %Pﬁ‘eﬁwe {agscﬁ‘%?ﬂ E%O‘ﬁ- ﬁﬁor ough
under st angiditign,cdmbodBndntveEiid esentiavaaten areinot WdsthibedavitiidRfeatoRAnPy t hose
skilled in the art that ﬁhe refenh i nvent.i o magl be practiced, w thout
these speREFHIIEr FLOSLAIIRING fqREAsFe ft Wi é’?é?ﬂf%%ﬁ‘te‘%é‘ﬁ’i L YRS PERERSFRIYRINE pr ocedur es

and conpoagikgeshaxe be Glsed &L inpslandk ithe tatiingiesfadhk iB@nlsns"&t dds@ritescure the
present invention. [80] Unless specifically stated otherw se, as apparent

from t he 15iR-owi ng discussions, it is appreciated that throughout the

speci ficat, di_scussions utilizin erns such as "processing”, _
" Comput i 3831 REGTEF S iHgmede 0 EGy bivivaigs 20 SGBHEF SEPRGISEHER%GAi ng or ¢ he
l'i ke, refEDIROMtsySeMCidcOingNG/ RmePEredfisess 6f t mOERh QfioudtedCeHTRUL | NY
system or, simlar_electronic conputing device, that manipul ate and/or

tr ansf or nBlaArR- r BoFKech ardjacserding, to;seme embgdiments of| the inveRion, teisaist i t i es

Wi thin t ho®AEPUDIRTM SySéR 106 Whediifdiedes a3rakly JTRERG @Stsi1nbR-190per data
simlarly represented as physical quantities wWithin the conputing system s

menor i es, PRSP p Plasiora e rAccording tarsomgermbedinentsy ofghe invertivantashi on or

di spl ay deuif st may hbluaFaest RNbs: it 1022-PIP Al a Y BMEARD nftRYe! NCI ude
apparatuses for performng the operations herein. Thi S apparatus may be

speci al | yl1®énkMDy clihe daspiomit i eachssatorapritmayhssdaptedio gerersing lasurhsrise a
general pyrpas @ne@%ﬂﬂ%f§rint@rﬁieﬁ%rgéﬁﬁllnﬁlgaacédi%&rcﬁgys‘?erm bEs fRat SRSl 2@
conputer programstored in the ¢onputer? Such "a conputer program nmay be
st ored i numit manprcaapled énthatdser Sidaneeyaodwnieli Tin lassn ghidanse modulegbeachi it ed t o,

any tYPe QhioflLifk nld) Helihafidd 1J QRP%: %&@m&%@% Ha3l By SRR .
magneti c-opti ca sks, Tead-only menories }1 rantom access menories

( RANG) el tewerds edhiest. pFheqrospomeisef aeactonowril/shatd fbe diseuss¢dEinramiasyr detllect ri cal | y
erasabl e and, qﬁpﬂgg{f%}%{hem%%ﬁgedﬁg%&ﬂemn es (EEPROM5), mmgnetic or optical

cards, or any o ype o a surtable for storing electronic

Instructi@ag; ARGriGRPRYUnCasPict BE G RAURIA Snb 3f e ARGt BUSH §ifisous-

110A-110D is configurable to provide, when mounted on a platform 10, a jamming
capability in respect of a threat located within a sector 112A-112D, respectively, that is
substantially less than 180° horizontally. The coverage sector of each one of the sector
units 110A-110D may be in the order of tens of degrees vertically, for example. In
accordance with one example, in FIG. 1, four sector units 110A-110D are included in a
LDIRCM system 100 that is mounted on the platform 10. Each one of the sector units
mounted on the platform 10 is configured to provide a laser jamming capability in
respect of threat located within a sector of 100°X90° relative to the platform 10. It
would be appreciated that the LDIRCM illustrated by FIG. 1, is 6nly one example of an
implementation of a LDIRCM system according to some embodiments of'the invention.
Furthermore, many variations to the LDIRCM system shown in FIG. 1 may be within
the scope of the invention including, but not limited to, the number of sector unit which

are mounted on a platform as part of a LDIRCM system, and the size of the coverage



[ 82] The processes and displays presented herein are not inherently rel ated
.to any particular conputer or other apparatus. Various general purpose
systens may be used with programnms in accordance with the teachi ngs herein,
or it may prove convenient to construct a nore specialized apparatus to
performthe desired nmethod. The desired -24- structure for a variety of

t hese systenms wi Il appear fromthe_gescription below In addition,

enbodi nents of the present invention are not described with reference to
any particular progranm ng | anguage. It will be appreciated that a variety
of “pr ogr asentongf dacingnead és phaglith of sestodurtits vhighl aggvpart oftaHeDIREM kyiskegs  of t he

i nventions as described herein. [83] Reference is now nade to FIG 1,

whi ch i s [985] Jontbtrraceording fhsomei dml:méimeatSiotBﬁledﬁvmtiuﬂmm@yrwmémcancor ding to
sonme enbodi. the inventi.on .o e 1 and
accordi nguqltmig{g)‘greﬁ@) be m(fun&:gfo ntﬂﬁee*%1 %%gln |Scl)1(|‘f::,1"[1 H{ Egao one O% 8\7‘\%’ % LDl RCM
syst em 10Ghitats eoinfigured mq:;sw@ pjaumaihg tapalafitysie edspect nHia t}seal ]ldaaﬁedmmi)nrmu nted on

a platform,10. Accordi t0,.S0 ven each sector
ot oy T HCRIrESSOr Fulfle S e eER 1Tt 3 i bt at B¢ Sl e O
nodul e 10#21134bverddiey & different sdctor @hit.e #ckowddbé apprediated t]limye\/EE ifxdapt ed to

t I b I t hat d f
ul dance SRR FPBEOG Y o6 B FALTAECEPOT P SRS B IE D e | aser

gui dance &Efdt&h@sech’rlQrﬂa@&ﬁrcogﬂdﬁedlﬁﬁbémgiulf&r@i seddes. Ie6Gh0ld Bénfufthdray be
adapted to steer

| east. a | aser eam gener a{ﬁ%d_b%/ t he | aser ryt t owar ds
a t hreat . 2PRFRSTASS n‘%ﬁtn%r?f’ga”&f e&fﬂ%@&"eﬁ BnPFEVERfCIFAL GPEERse SEHOS Plgr eat er
detai | belipbteni secton bhitsCAyobe Wsiribié.cFer &amplel Bavitdsond degteB4df ofGG@r di ng to an
aspect of invention, each one of the plurality of sector units 110A-110D is

conf i gur abgtwesnghe,coysrage secigre mayBg Hieédo SRMBENSAE, far dpsigliption maceyrpfienq

capabi | i tFurltHénﬁ&éi p&@&rdﬂé te cEnlﬂdi@@ﬁlbdycﬁ{ﬁéﬁt@@f et il ehtion, et @ mdkd 2éstok12D,
respectively, that is substantially |less than 180 hori zont ally. The

coverage Wb bsmauaier op Hhe Rtorm o ermple, tsh that sach AF eGP Y% in t he

order of tRR$ s g@@r&@fbaé{&btdo@@fbéeﬂo 5i0keas®e2PIMi6n of RhAEHRfGARER th one
example, in FIG four sector units 110A-110D are included in a LD RCM

syst em 108sseaizied pish dhaethercseetior pRiES)leds i pase 16 failaR)angioe ibpcepingect or unit s

mount ed oR;ith RRotherakhAPIE) he sbRorC@t By RAistd sﬂfu%ﬁééﬁsl? WHeS &f thia ¥ Ng :
capability in respect of threat |ocated wthin a sector of 100X90 rel ative
to the pl withiorthe Jayerlap: sagénn| mah proxjsiortecpravidel indieased peotacBPIRENthiN thest rat ed by
FIG 1, ig, ﬁg&rycog&g%igg%@&grsof an inplenentation of a LDI RCM system

according to sone e iments of the invention. Furthernore, many

variation 8%? AQ@[&W %ﬁfﬁ%&&ﬁhﬁ% é:én%od é’{ﬁ’yﬁﬁe ﬂiv%;rﬂioﬂ nﬁ%e scope of

t he |nven ionh inclu t not e nu sect uni t
~whi ch ar ecablerie awpusirenz platiarmoiOra pluralityrof Sﬁor&nﬁﬂmwwﬁwnthaiﬁ@ht he size of

the covergaeqr mdector units provides a different coverage sector 112A-112D around the

platform 10, giving rise to a threat jamming capability that is defined by the aggregate
of the different coverage sectors. Thus, in accordance with some embodiments of the .
invéntion, a plurality of sector units 110A-110D of a LDIRCM system 100 may be
mountable on a platform 10 such that each one of the sector units is configurable to
provide a jamming capability in respect of a threat located within a different sector
relative to the plafform 10, each sector being substantially less than 180° horizontally,
giving rise to a collective threat jamming capability covering substantially the full
perimeter 114 of the platform 10 (typically, 360°).

[087] According to still further embodiments of the invention, the plurality of sector



sector of each one of the plurality of sector units which are part of a

. LDI RCM system [85] Further according to sone enbodi nents of the
invention, the plurality of sector units 110A-110D nay be nounted on the
pl atform 10 such that each one of the sector units is configured to provide
a jammng capability in respect of a threat |ocated within a different
sector relative to the platform 10,24.n FIG 1 each one of the sectors
112A-112D is covered by a different sector unit. It would be appreciated
that even if sone overlap between two or nore coverage sectors of different
sect or unirits 186A-216D) mbhbe moumalde en geqlatfosm 18 pudbsha dresplateliydf aestdyei ng
different_sectors.. Lt. woul.d b urther } . i,h degree of
overl ap b8V RES nd’l%ill?‘?eél PN ndglbevpgarltéﬁlél “sed gl?eg{bg& %I&ﬁ gueliléégﬁﬁo‘g'elg@gﬁﬁgni ts may be
desi r abl ebe dEstribwtedarping, thdpletforen Hosueh tayeash oo obHthe pluagithef ssetenuttitse cover age

sectors may .he usged to conpensate.for,.install.ati | nacqguracj.es.
Fur t her nof Ylgﬁ&cﬁﬁﬁfﬁéo‘f%a 5?%%5 ﬁzéﬁgghiaﬁ%wghe&lﬁf%glﬁhv RDEE o or nor e
sect or unibose RFEdh etofGnayt Bl sastantisiiyplead ftleanm 80P droriextaai}yl end sheckotdlhat each of

the two (or ‘nore) secgtor units provides backup coverage to.at |east a
portion of°Vfiee &%%‘1% gY s phvaliiy & c?eﬁEo’édmaft % ﬁ%ovbcfehﬁ’feagé%ﬁ?%}”guni t(s)
(e.g. in epawiligfarduad the fel) perintbte@n 14 of the platfor@nce wi t h anot her exanple, the
sector units may be used sinultaneously when at threat is within the

over| ap si8BprHavaig qesaibedién bieflune\asptet ofhihe émeatbrpamdt seaiei ambodintehisn t he
common coverage sub-sectors. [ 8 AL system 10 ccording to sone
rbod: rmon BB AT RS RFbiPHE) B8 AR MR D ReA 6 AEFEIHITo o
pluralityoPf feet akpednbf thelfOsdnil ifdEhtichlicA LDIRCMall0 @xerdify foh@ngect or units
provi des a different caoverage sector 112A-112D around the platform 10,
gi vi ng ri $Bbadimepty Hé gt nyeq lr‘iﬁaycé"ﬂﬁffi V‘F@f’eta ’t“a[‘g’ ?I?CIT?‘E@ ‘BQ&LFWe aggr egat e
of the di {dy-emp. CBAtRIOAEOf SR AhRAStrackink Snodules ATTONIZW ey Wethouh QbR
enbodi ments of the invention, a plurality_ of sep%t%gnuni s 110A: 110D of a

oft s matiogm bk

LDl RCM sy gk s plasiorpdy) speh thatuwhilppelngomounted ®hitckifgch one of.

the sect omoltik tis conSighed ftd Gatia Rl RidcRd RARM WRhdkt InARTHZNEItIC 243kt Iké tye 1 n respect
of a threat located within a different sector relative to the platform 10,

each sect Pltioral A8y whilsstha theal s ywithin & spacific sete 1GAr 2Rk slatiye ®)ithsi ng rise to

a collectj i ] IR art [ e full
per Lot or PRl e B B o Sl e e o

still furtoibe platpwuiandeach oge of e thisgtdreckipg mogdples iy bapdapiedspchsiat or - 26-
units 1104.: I : 0 e plurality
of sector G)B%%?{_&é;%dlg:ﬁg fgar) %&?@3&%@8%3% ttﬁlleeg% ag{ﬂ?%ﬁdﬁl#%c&gpgér_g% ?)t y of
sect or uniresk adetpoted tioedt mijle Bie thidesitis visthinadpegibuseator B4l 24} wiativa® such t hat
each one I Ly i h &l Iof over age
sect or 119&-@#@5&;%%%%&@%@%% gécnlﬁﬂ%lo&l édgé S%?ﬁqlqgﬁgdﬁ gbl{)e\%{éﬁ@g% sector may
be subst aptovidelaysettesenit wilh tregdie A i eapest pfa deteded theeat, orithlouichsing age

rovi ded | J its ma rovide threat janmn
P géﬁgﬁgh%g\loﬁglﬂf%ﬂ\éft%‘;gu%e%‘i&tfbérpﬂ? y P J 9

capabilit roun erime 14 of the platform [88] Having
descri bedddy: bk ef i . [ Fi.Qn: an 0 j ts which
are rel at degé J OA{;(%[edH%] ?Os?ﬁglglgé%ﬁg%%%ﬁéjwﬁggeﬂﬁ? ?t(l)ogl,’ g?%e?% ﬁgﬁﬁg@ﬁg{rﬁovi ded a
descri pti ¢ackifg mofulest R3A-E2Pemhy de mbumtablecgm tite platfermt 1®bsuchAhatDE RCM 100

according_to.s enbadi gen of. the.inventi 10 de a

nodul es , ey ¢l ihd “alolve i respdee o omn ), Ghes ngMhi | e bei ng
mount ed on t.he 'E{’;}?tf r'mthg thr e?t tth?agki'tg?x rmdulﬁe iest co%ftimg%r qﬁl to track a
det ect ed TIOABIEHS RRAPEEP TFASS i3 dFiehisch st YRR 3 SPEH SSPRE FEFRTE 18, MSwmni 1 e t he

t hreat i s plkfolih 0.cThs peckifg hoBle’s @bvetdebAedtddiiiay evealtip,vat 1dast ih ipertphidt f or m 10.
Each one qgf the threat tracking nodul es 12t2t - 122D ) be rigidly fixed to
the pl at f SFnfOVEReEe éeéig’ﬁ Ogr?Be(?f L R rﬁ?%ﬁiﬂe%g%wgn fnﬁge adapt ed
such that pwffoln® TR Mhgeat tr@idlatgymbdie thal Be tabigpidd @igrovide the tratlligg tats @At tracki ng
nodul e is configured to track a detecte hr eat ile the threat is within
a speci f i QESEEPIGHItFNRIE LIFPBT EPiQf i“\?léld?sotg‘f I‘?@attﬂ“é’f\f@grﬂ?ﬁeatEach one of the
threat tracking nodul es 122A-12211) may be adapted to provide a sector unit

with tracking data in respect of a detected threat, w thout being required
to nmove in respect of the platform 10.




[ 89] According to further enbodi ments of the invention, each one of the
.threat tracking nodul es 122A-1220 may be nountable on the platform 10 such
that it is rigidly fixed to the platform 10, and such that while being
rigidly fixed to the platform 10 (and thus, not being able to nove in
respect of the platfornm), the threat tracking nodule is adapted to track a
detected threat within a specific sgector relative to the platform 10. The
tracki ng nodul e' s coverage sector nay overlap, at least in part, with the
coverage sector of one or nore a sectors unit that is (are) also nounted on
t he pl at 090 InTiveoddatoe atitht ona ekbodjmesichf]tke imsgntion, aaclamiead atphurplitgwif de t he

tracking data to the sectqr it whose covera S or J.ncludes. the

| ocat i onﬂEfFatttf"i‘ék'flﬁF}é’gﬁl.es iﬁﬁ%fy E%WB‘&%&&Q&?F ﬁﬁ%% olr(?esu%}hﬁ%ﬁ’itnent of the
i nvent i ons akpeh tOMRecoh thicapivithia laistgtorofhithsubsthntiallp okdrlags willat@srag22A- 122D may
be nountable on the platform 10 su af, .1 .S adapted to detect a threat

within a Sedek ‘bt?o ?élﬁll‘g?}’ﬁ%f’g%‘?ﬁoéﬂlﬂ%hb@gf #@Ps(m‘%hﬁnﬁg@d{}%‘irgﬁieons@ﬁt or of one

of a pl urgMtick 10f toSdtied: Mithuhé tieal HAékidg bjiulesii 201700y, Hoe ex@nplé,ad on the

pl atfor-mqelo t oget ﬁer Wi tlh t he ?h.r eatlﬂ%kac‘lii rmdzt?gs 12§A- 1220). For

exanpl e, HIf- @ egch pne ghthy thigat tpeldpg anqdy é&?z‘g'aa%@it% AfgeHEd AR 1221D t hat

are mountggroda 10hfs Rlcavdraefed: 7R3 R4E) YRPadReIT SRhiok alkdd cokdAdtely
respectively, which alnost conpletely overlaps (and thus, at |east

parti al | yveuas| (s ihugy 4t fessteariailyedvatapsy sdighe saverage sogtor A vel y, of

sector unkdpicthdA Aot 4Mr uhRS REIA-I VO, YrespeatiRlyO NeEaOh ohd16f Bk Whahlith Yofof t hreat
tracki ng nodul es 122A- 122D may be con |Ig_ured to provide each correspondi ng
1

sect or urthteatitpepking zodulgs 172A-1%2dk may be serigueed toupravidscachecnsiepnoBEINEN f ur t her

detail belgyt unidﬁék-ﬁé:@%ﬁ;i&amdhgd&tﬂ,ra% et b& iReteaBN st detl@elovent i on, each
one of the threat tracking nodules 122A-122D may be nountable on a platform

such t hat[OQ’g] bl Ntol Arthe! dhbotiintkint ¥f {HeX@berkion,! &48h RindldfAndrdeat the threat
tracking nodule is rﬁifﬁdﬁ; attached to a sector unit (which is also nounted

on the pltzackioe modulph mey be Riongiablp @b plaviaym sechrihagiigpdditantached to a
sect or urﬁeﬁncgtvﬂ(;%‘?&g F‘&Qy fo'tROSatfftnl1e! thg‘ﬂﬁéelt%Q&dn@ho%ltﬁ@%}ri&%dﬁ&lﬂ%%ed it N the

coverage se . ‘the threat tracking nodule. [ ,_ as nentioned
above, t heseter wit Gvhiphbsalsomountgdyonstig plagqrmn &he Hreatieasking modgleyayd§e sect or of

each one afyiuchl £ selbARK b REINESscka2 huckPD:ABEL lAncaNpRage Sector

of each the correspondi ng sect uni ts 110A- I10D." Accordingly, in
FIG 1, awetage sectoooitbeithecatirackhing omslulenbo BlGekh asmeftion¢reabions; éerd i@, each one

of the th i HBQ ]F]E‘ng@- | CH dto a
respecti vsrélﬁ%%neutag?%{iwew% ur §+’ ‘ife 3} o) slje%% %)e?}ogg?' %agﬁiﬁéo(%{qél%@%%g%%one of ‘the
t hr eat t rmodilesgl2286i22Bsand ARAcov2ABE semtor wé eadhging|of thet come$podding sectarespect i ve
one of the.pl |0 f_sector. s 110A-110in a . r tantially
el i m nat eu_nrlrclts) 31 gﬁ‘?’&#’%n °eF r%%lg’ %ﬁ ﬁ'ez’n he a%céfdggﬁe Ylﬁ%%%neé& b(rétd)l u gs and the
respect i vef the divetitiomnedch ohibef therthmeat' ttacling| modulds d2Rad22Bmky' e sgiliygnnent

" [ in furth tail. ab , di t
Gbods mertiEcTst ( RESPRYLSDIeqh e PR RE S S0 08 Tl At S-S 01 2t or m

10 may f uthtdaetradkingl hicialea 12284221 nwgroeirizidlg usdched tb20refpectivei anafof dre: " MAB") .
The MAS 120 i.ncl ude a pl i of MAS sensor dul es. A sensor
nodul e Wﬂéulﬂ% nfeﬁgﬂf ek &%&a‘ﬁ%r H 1% TR ttﬂafur{’ll)s?nﬁ]ag@ efimifie

misalignment errors between the threat tracking module and the respective sector unit.

The terms “rigidly attached” and “misalignment errors” were discussed in further detail

above. -

[082] According to some embodiments of the invention, a LDIRCM system 100
mountable on a platform 10 may further include a missile warning system 120
(hereinafter: "MWS"). The MWS 120 may include a plurality of MWS sensor

modules. A MWS sensor module may be mountable on a platform 10 such that it is



-28- rigidly fixed to the platform 10, and such that while being rigidly
fixed to the platform 10, the MA5 sensor nodule is adapted to detect a
signal which include a signature of a threat, while the threat is within a
specific sector relative to the platform 10. According to further

enbodi nents of the invention, a MAS sensor nodul e may be configured, such
that while being nounted on a platfggm in addition to being configured to
detect a threat, the MA5 sensor nodule may al so be adapted to track a
detected threat while the threat is within a specific sector relative to

t he pl at frigidly fi¥edito, thapletoryi HYy andsush thet wirble being rigidlyofixed e theplegfotnon, a MAB
sensor ul.e functi S t M. 8514 €. r@at warni ng
or det cotiibi e e seitBtMiaitls BafhBRlole SifMaP ik ithuaph dhacisR, ' " 105,
For exanytheat, whildthethrdat isawithin A sgecifiorsedoraelative th tisoptafeemtdddiAventimgof t he

inventio ch one.of the. threat. {ragcki ul 122A-122B is.actually a
MAS senS(I}P @%&fble 8%%%‘{’6“6i°?éh%‘V%5E‘9‘t’lfr%§Q’§§8%%§$m°§‘§etf%ayé’&n%’“e%g%i ment s of
t he i nvendutipthat whitdbefripan@intedion aplatioath, ih yddifiolMdbemgrefiguraddoigsct ey be

adapted to trac det ect ed .t hr eat ile the thre I S..Wthi specific
sector r e'g'ﬁf“i’ %&@Stsﬁ‘émb}nﬁ&f%w ?\S%@QEA&‘PF? 6‘?1“?‘% abgfeﬁtﬁﬁ gﬁ?a&é W;hge ﬁ'& ected the

t fr:tr)egt) . theeat ?Qmﬁﬁmiaespeeﬁ@ueqms:eﬁﬁvd to ﬂlb@l%itfbl'rh'OVﬂ“m% fbesxﬂhiggbisomegf dsorre
enmbodi nent t he | nvention, eat trackin e i s descri bed as
boirg | g ol dreng. £ MRS Sahat ok dre RiteR 45t BEREERe T o
provi de tsmRsile AOothkaitArebtwirBnp & deteétion sYeEROMEWSY M2E DUt bisd and diickdton t o bei ng

adapted to detect. the threat), simlarly a plurality of threat tracking
nodul es a‘i‘aé?g’(ﬁ‘gérlf’rdf‘lﬁed as being inplenented as part of a correspondi ng

plurality, sensor, mpdul es. .I.t woul d be .appreciated howeyver, that
Purt ner - JBBLIREREnDe BB 1 ARG PR TGt TR CL e { [ o

i mpl enent @aténdion,agdh tohadtorahd MHred tratltife Kiodgiesraduh 427 Ys heudllypd arwst ed in

.ot her ways, including via a_djstinct conponent ich operate gs a stand

al one uni ¥OYRMIodple SR\ Migravera)-o Csnapeording to some wmbqdgpentsfitihe ivangan. Accor di ng

to still éa!éﬁbﬁ@BfﬁB’?ﬁﬂ&lﬁ?ai‘Mm sé36k hBUBERhSbe MaPMBISLAK ddidedl e may be
nmount abl e on a platformsuch that in addition to being rigidly fixed to the

pl at form thf%wm%hg e s Yidkin pspseific segonejative fatiaaltipen dn sdditgt touni t (at

| east onegeihase ©OYSERIL tRetar). (TFBL cSRfchRhiceVbhipbdis M aft fMSwigct or unit
is configured to direct a |aser bean) at |east partially over|aps with the
cover age deserriion ot soree pBodigssrofniguinuentignd 2t Weealingcldem gerduleohul e may be
confi gur e@es&&ﬁﬁragfﬁbiﬂg iﬁr}gl@ﬁgdt&ga faOMIE senscr FoRROVAEL HiabatiProhi ch it i's
rigidly attached in anner to enable the sector unit to direct a |aser
beam ont opravigeitidelfieg: dafg dn easpast of i detepted Hiredd dinnaglditiondik deingydaried 1S sensor
nodul e. [ I £ ol | 0 1 nmbodi nment s
of the. i e 1S e Ity U e o e e
122A- 122 Dimpiemdntedree paift of & eorpespanding piurality MAH VSR srnsor masidleh.e B woRRlbe1 22D may be
mount ed o I o jtocl j 0 a signal
wni oh 1 nolam ! Ehsb I b i lens gfie SIS HERIERYS T

pl at f or m §@cifiExuplemamatiin antl éhaph threak tragkingf modnl: menboimphotnied sn (BSA- 122D may
be nmounted on.the.platform 10, such t he. MAS sensqr dule.is
confi gur ed™% “}Sg“t%%@t“%at 15}13%“\9\]3?%%“'%’%&%? lgaéet % a}ssstva\%dtsﬁ?rhen%ﬂc{er 1%lfi n sector
rel ati ve pwvidheagkisgy dater tnakectortiathh one of the plurality of MAS sensor
nodul es may be configured to operate within a different coverage sector
(sectors [B4A-AbEding t@lstill durtier sobeliments dixhe hetmipena BIW3S smentmeiadt or s

24A- 12 1St i | It h - a. i th
Lo a wis BBl ol R b b i I S FRTE el B e e below

platform, the MWS sensor module is rigidly attached to a sector unit (at least one)

whose coverage sector (the sector within which the sector unit is configured to direct a
laser beam) at least partially overlaps with the coverage sector of the MWS sensor

module, and the MWS sensor module may be configured to provide tracking data to the



[96] As nentioned above, according to sone enbodi nents of the invention,
.each, one of the plurality of MAYS sensor nodul es 122A-122D may have a dual
functionality and may be used as a common MAS sensor nodul e, for detecting
a signal which includes a signature of a threat, but also as a threat
tracking nodule that is capable of tracking a detected threat and providing
the tracking data to a sector unit .22 a manner to enable the sector unit to
direct a |l aser beamonto a gui dance system of the threat. Each one of the
plurality of MAS sensor nodules may be rigidly fixed to the platform 10 and
may provisieobatitto whiehdeis egidizoaitatheddn & oaneen tb erndble thesssktoneniftaduedtens whil e
being ri |d| fiX . (o] ect of the
pl at f or mgl Sueh F’lag 8%2%% |1g£r}1.%e%g&% °r§g}‘%?’9%hté’&g?&‘9a ed”i&’{h?% %giogor nodul es
122A-1220mbdvdd. are rigidly fixed to the platformmy be adapted to provide
~threat detection and threat tracking capabilities within a specific sector
rel ati ve [085} Fer pkeamflerim A. 1 tandviw lackokdanegy piith ciomeeemadinentsypf thal | y t he

det ecti on, covier a &n I ntially

i dent i cal "¢ P%e9W§%$ﬁgg%g%%?iéaMg§§§c %@{o E%&ngﬁgg%fy??lﬁ However,
t he pres emchlonuefﬂle plrdlisy ofaVW3 sensezanddnles i22A-1Z8p ey banustedren thef ferent may
exi st bet i.on and a cove ect r by a MAS
sensor - r%@ufuéﬁtﬂ 3857§°° S re&%l%eﬁeecggg o%j/é”; h%'g'cc‘(?)iu& 13 lgﬁ H“% 0%(2

enbodi rfenﬂlﬁaaﬂfhaﬁ iseimemda tdwaads tha phtiormal10t y Baéh secobdihe qﬂurhlﬁy msﬁ)MWSso be

or ovi do. | 508 TR e ANRAR T teduS PR Rt a0 HFO R PSS W' thi 0 a

di f f er ent sea&e hdule 63 @inifigerel @ ddiet pllaéd omile {2.thoéatdowithing deniaih wedidrer

enbodi msnt of t ven froms rality of
MAS sensof® aﬁ‘ﬁ%ﬂ?l ggplg ildzz%cﬁé’glﬁw\gt Bﬂ&ﬁﬂngw ﬁé nﬁ?ra‘f"?‘g'lrl%’%d%fuch it is
rigidly aédnﬁgmeaid ltotdpeﬁ&ewmn mﬁtgelr@ﬁ chveags Sert@(sedtvrd RAAFIRADGEMPIgh i n FIG 1,
MAS sensor nodul e 122A | I to sector ynit, 110A,. MAS sensor
modul e 12%mesoveflan é‘ftve%& 3 éfrelf?ghmv?f%éﬁfg qg&m pay eyt esd(?WilBI’“%dul e 122C
is rigidl st RCHMWEand 66kI0 Fespdtt to 3 MW safElsdMPERN &S theRPipenehd2D i s
rigidly attached to sector unit 110D. [98] As nentioned above, each one of

the pl ur afetegt el Repsoeidedbilowodul es 122A- 122D, while being rigidly fixed to
the platf may adapted fo provide t detecti on and .t hreat :
t racki ng @%?"Lb‘\% meRtiage @a‘we acgording: °f5I°8ws"é’&ht°g+m°l‘§‘4‘bfe 'izmenﬁ%ﬁg&. vel y,
relative pg JfWﬁﬁtEQTMWQ serS6LAbAIIRA 22 R-122DIthay Haté A eial @easHamgNt s of the

i nventi on, sensor nodul e be rigidly fixed to the aﬁ)l atform such
that it i adEHAY |b5dlﬁ?§‘oﬁseat°8mﬁ}°6\})48é t‘?‘i‘?‘galf‘o‘i‘%l%\cf@i Agecimg fpignd ivdichyi t hin a

sector refRfuddes §ighabld€ oPh BirbAr vl Whb ﬁ@a%sdt%@l&n%ﬁ%ﬂﬁl@ltﬂﬂm%ﬁml@&s with a
janm ng sector covered by a sector unit to he MAS sensor nodule is

rigidly aﬁ@fé@}gécﬂetec{eéﬁ]reaﬂae%?r@vg@gﬁbe frackie datade & sqear yinit He MAWEF f9t i on of
the compopgRieshOfecRr bl Bq}ﬂeée/aslta@e%@aq&&&sia%gmme%?@aﬂ 'omﬁ@ttlﬁ'ea@f Ehdie

invention, there I's now provided a description of sonme of the advant ages

whi ch rmy oseofithe plugndity bl MV isenser madiesi mehbesrigitly fixeddp sher plasiaradtOp1RCM

system an t whi ch make
s bl o FREMED pRVUEIH B Qibclin ARFerind BE (oBERY Hroks SRR M T TG

syst em whigidlyi fixsduideke ala]iﬁbm,andtt@usmot mmgrmunsp@@ Qfltbﬂpmﬂfmm é@rm i ncl udi ng
one o oL LASTEN 68 ARASROTR) of SFREGHNE i EERIBLILSS AT N0 3

gui dance s rovi de es over typical
LD1RCM sysgﬂtysﬁxddl ohthe rpdatﬁode rrmd lye eduptedrtommvldieaﬂmat uiniectmn(@dl thgat unit in

the, cont exldle ApkiRlaabDIRMAYSLEMARLESSIARCA B SR gL 10 2

di stri but 88° Emiadd nvention
advant agespppéadatedibat tqucﬁylﬂﬂ d?ﬁlbh&y&tvenzge sector of a MWS sensor module would

be substantially identical to the tracking coverage sector of the MWS sensor module.
However, the present invention is not limited in this respect and some different may

exist between the detection and tracking coverage sector offered by a MWS sensor



-31- which includes a plurality of sector units may include, but are not
dimted to follow ng: [0101] A First advantage of a LDl RCM system whi'ch
includes a plurality of sector units is associated with the small sector
si ze which needs to be covered by each sector unit (while maintaining full
perimeter coverage) and the possibility of using a tracker that is not
required to nove together with the-itaser unit (or that the FOV of the
tracker noves together with the | aser beam generated by the |aser unit).
[0102] Usually, in a typical LDLIRCM systemthe coverage sector of a |aser
unit i's meqdslei vely |arge, for exanple about 1800 or nore in case two | aser
units (which may use a single central |aser and a sg’e%ch. bet ween the two
a

| aser unil®93] érs)e/m%i@aedo £bayso geconhing b sAme eybagiments  &le fhe JYEntion, fised.

Typi.cal | Yopu it bRSdsioR SnifGRSOllsd Be RERYALEEsh dlhEiimDaRKGK Qolte uaibtayt o track a
detected ‘threat throughout” the entire coverage sector, of thgqpl aser unit

with whi dis Gonfigusable sberoxidedlaser daramingrcapabiliies i despetRfia HEeat oFegtedge wit hin

the entir&s60)Q[rRNG: SRGE Ml tb B JiaReh 18NAboordifieiol fiAkds ichBodiBRAE! | S
typically nounted or cougl ed-to a guidance nodule of the laser_ unit, such
é

that whi i thérimventiankd NOVS eensor mpdie fromesaiet plymality ofi MiNSeepnpqr|RAve vi ew
conpar ed t AU I Lo Bdl Reomsiger ed
towards t eAa%gpggﬁe?gB?%gcg%?ghﬁo%?&c{?ﬁeiofﬁr%%g'lt& ngfr% %r%tf/ " ne-.lt.une" t he

t racki ng méretofithedettaomngs Foraxampleso FiGal, MWS serpoemodyle 4224 isaigidlyt o direct a

| b i e demf | f th
aser beam,ankq, ?ecgci ;/L%?ngﬁﬁimg 6 fB&uit Ii?%ﬁst rﬁ%&‘l% ftGdhed 10 8ectg! € of the

tracki ng sensor is conpensat e sal i gnnent between the
sensor whiniti 168} M&¢Sestnsdn enodhled32C (arigidiyatiadhad seeter unif k1061 and MWSi n r espect

f the | i thr it
o iR, oG ARE A RAP AE hasgoun | TO105] T vould b

€ nou racki ng sensor on the ginbals places

an additi 0 t [ i 'S’afﬁ% ' i_.ght of the
| aser uni @ggil'hAes %%é@ﬁ?do%grgleg%gé)%aﬁqgef#l{eh%'? t he \gtesrb?%sr%haﬁ%g@@%p%le gi nbal s
H\ or tex ?rrth?,, while tb)eiag eigidiys finerse the pb’,tforinnéﬁ),e!?@eber wtapiefl itmgrogggélggtonl 0 tnﬁ

reat to nex i pcreas ; ing: 0 .l S | ec e
reliabil igi}ecglfm t’Wg %?%atf%cgmgi %%Ebl\gﬁ%&q%a % trsge?f(l ngmiggnéor . &sua’l Iy
requi res mspeotiely)gelativetry thetplatfori 40t Webcading yo stdgfuithereentbodipenisofiitted on t he

gi nbal s together w t he tracking,sensor . 1 n_th i | s may be
even hi ghBYeHioE %W%F?“é%& E‘(’%‘feff]‘?g bledjﬁlj‘ﬂ%{? ?\J]&otbg??atm tg%‘%letrgéﬁpﬁse aperture
of a bandcc]lcn‘ﬁg?]xﬁae ke rprovEye g&eétyq@iokﬁugl oapatiilitivs fwittdmtal yectoarrglative kathet he
aperture of .the |ase and 1t he FOV of .t he. tacker y _be ically w der
than the Pa€ym B&ﬁaia{ﬂeesérpﬂgﬁﬁ% .°V%§‘8§ S\ fo anE LeclB%obefed ¥Ph S8

unit to which the MWS sensor module is rigidly attached.

[099] Before going into a more detailed description of the components of a LDIRCM
system according to embodiments of the invention, there is now provided a description
of some of the advantages which may be provided- by various embodiments of the
distributed LDIRCM system and also a description of some of the innovative concepts

which make possible the benefit of these and/or other advantage.

[0100] A LDIRCM 100 system which includes a plurality of sector units 110A-11D,
each including one or more laser units 102A-102D, respectively,'capable of jamming a
guidance system of a threat, may provide some advantages over typical LDIRCM
systems which include only one or two laser units (a laser unit in the context of a
‘typical LDIRCM system corresponds to a sector unit in a distributed LDIRCM system
according to the present invention). The advantages provided by a LDIRCM system



attributes of the band IV tracker may give to a requirenment that a mrror
.gi nbal or other beam steering nechanismthat is responsible for steering
t he beam of the tracker be significantly |arger and nore conplex than a
beam steering nechanismfor only the | aser beam It would be appreciated
that the reference to ginbals is made by way or exanple, and that other
types of beam steering el enents nay3@l so be negatively affected by the
nount ed of a tracking sensor and associ ated conponents thereon. [0104] The
smal | er coverage sector which needs to be provided by a sector unit in a
LDl RCM s ydtieminclodssragilurglity of ssotvpurdisisenyi ingndesbu retnotlimnedntfolowingnabl e a
desi gn which does not require the sensor to be nmounted or operatively
coupl ed t[0191 &\ Bestradvsantageioig PBREVitsysterrawinely ingludesr @l phigplityo ok eastorenbodi nent s
of the i [ - athre i ng: r [ ' is rigidy
fixed to ﬁgﬁqu%gi{c%a%dﬁ EhAtg% Slrrn%l?%ég&o?glzg g%%enﬁg%ﬁ?ﬁgﬁ%pe\gfb%%gmﬁv&hé ntion, a
t hreat t reitkiwhie semoning fnilepepimetan ceyerageh andethp gossgpility @il dbipg Ritreekkrt o t he
pl at f orm e_ab to pr.ovi Br r i - il et r oughout
t he cover%%gyrs‘éég?%lruj egFo Igo‘ss)eetggégggt%@ttﬁﬂflﬁéer u? 1ﬁ:&era ttrac w?%h“s?gﬁag%ér? (one or
nore), whnéwes aether witlgthel lagerfears denepatedley the sdranit)h. may be adapted to provide
a sector unit with tracking data that is accurate enough to enable the
sect or uriP102]dJsdaltyedn acypice dDIBEMNsyater theheovgragel apeter of\estasen wiit ishe t hr eat
being tracked. ln a.specifi f%di nt. .of _the jnventiQn,: . .e ector unit
in a distr #éﬁﬂﬁl%%rgfﬁoﬁ%?ﬁ% é’?n 'S ggglglcel lgtc Y t‘\?\ﬂagaglﬁ%é Gﬂirl%la g}{]?%cki ng
sensor wh sifiglp cenmatiiaser tandie lewitch okdtveeni the tves jasee tinitd) atehised nt abost 3@ier age
"~ sector of _the respective. sect unit W t.h enough aceuracy .so as to enabl e
Uhe sect oV e ik uiedh dypieelys g Modiveseson hieaed Y (e
t hreat. Tieeabdctouraaky dectédibréahthemighdut deldantip earsge sesthiadf thbmsetimgussed i n
" greater details bl.ow.cg 5] Additionall the possihbility of .using a
threat tr¥ ki"vlk}&hslgrlfs?ffo agéaon%‘r%r FhSrPrgde ¥YP°‘W&%°§’S%F?/)W1®% %’ﬁ Mers an
entire CoyReragesesREbbihe (seramteiht @ackiy densopiid tepivillynastingg dr@owpdadetot he t hr eat
tracki ng sensor enghles eyen further inngvative.inplenentations of a LD RCM
system ac*b%‘}lgﬁ“ﬁﬁ Hlogu & str@e X"r"?ﬁ‘dﬁ‘i‘tnﬂ’r‘fﬁ dhay, W?‘ﬁﬁ @‘e i“ﬁ@fé?ﬁn?eé}?ﬂr ?ﬁ%reﬂ%rvflﬁe r
i Enovati vmnilﬁd_rmﬂnemmie& ic@rﬂﬁarﬂﬂd@h@%%ﬂa@é @cﬁohbpﬂiﬂl’hséxhﬁit,li_‘é&qn(}fe s@e?;‘e'aOL f g ntﬁal "
threat tracking sensor (or a, tracking sensor that igs rigid. ixed to the
pl at f or m PP e apREK %Wﬁﬁﬂﬁ’?é‘&? %‘%a’b B3y E‘Fﬁ‘f"@omﬂ%&g‘f% ogth_ﬁeam
steeri ng @k@rRNhieat, 36 %ha APlabdd hlEE aBR MO HirBGES ¥ vehin TR0 Burldadel abl e from
t hese innovative inplenentation are discuyssed below, _-33- [01061

Addi t i onafysiganefibeteest. ol fact) the pRAR/PE (he apK I FEPPT i hEYPITAILS tOLOPBIPERSEIS t v of

sect or Unjot $hehRalfndfRal BdtRebnwhé Berkblewnieh Getbéi@intltReQahd pORidB@uRf the | aser
units (which are part of the sector units in a distributed LDI RCM system

accor di nginitis! &3t inaepesios theflocetien fitesiarpet); 0d detlasshynibn t he platform I nstead
of having to choose one or. t\/\%al ocations on the pl atformtx\lhe_re | aser unit
is (are) 30BL! ovAbEapPrecigtFtbn: bemorping ity trgkioe 43A8PT Abe 8t gh the use
of a pl urghid¥n AfidiB&E] Rad Bﬁ'tﬁes%imbils Wt ndreBRs BRRAIARGh@WRht bahe lREF e IS a
greater possibili tc)l{_of bei ng able to avoi d obscuration or to mnimze it
with a diwtii Bbe eddigonsl depdvian afertne peformenps of thei gipbdls (BeckamPlani ts which
col  ect i Vel Rr Q¥ A% Y HhaSe %&?&hg&im@hbﬁﬁ_ﬁeweg ib AR Aty iRRbidTet er of
the platform instead of having to find a single location, or two

| ocat i onstheoreatihg op kst gimbais ebchaffech theprebabiilifs of the gipbplsnetirge c@Pisrlage ar ound

the pl atf hat .|  or ad. X dh roun
e pla ﬁ{‘e‘{ﬁ}&go%%]%drrsuﬁﬂb diLfds grc%ghﬁ% Pﬁags%}ggg% ?};ﬁcau{é%%ﬁgl]edﬁgrbegxarrp e, in

mlitary s, a’laser systemwof I Di systemis usually
pl aced bemomged trethe ginrals tbgethen wsthabeswackingsensor, RENbalan thergigdels mat  cover t he

ront eckon iAol SABLGF e YUSDe) SoQDSSUESL L LRt BT, anol e

=

at the back o e e obscured tarl. The bottom
part of tHeétheler amptbetymenly algadichutyklampenther themperture hits lessarraditoe and t he
hel i copt e e vulnerable tq threats fixed.at stee S |ative to
t he heli cg&@%ﬁ e TP eety%lgﬁ%yo‘?'ﬂﬁﬂ%%n %gﬁlagf&%?a?sdg‘gf% P gég?gJFh é%a’gond a

LDIR CM systemwith two | aser systens is nmounted on the helicopter,
substantial sectors around the helicopter will remain unprotected due to

- obstruction. [0108] The nore flexible positioning of the sector units that
i s made possi bl e through inplenenting sone enbodi nents of the distributed
LDl RM system of the present invention can help to overcone, at least to
sone degree, the problemof "blind spots” due to obstructions.



[0109] The nore flexible positioning of the sector units that is nade

. possi bl e through inplenenting sone enbodi nents of the present invention may
provi de further advantages, as will be explained below. [0110] As nentioned
above, a typical LDI RCM systemincludes a MAE system which is intended for
detecting a signal which includes a signature of a detected threat. The MAS
systemtypically includes a pluralisy of MA5 sensor nodul es which are -34-
di stributed around a platform Typically, each MAS sensor nodule is
configure to "stare" at a specific sector relative to the platformand to
identify a@ubtppszoﬁ)ﬂls bangnld/ wackpriway givy to Arequitsmentritiatr mirratgimbdlaser syst em
V\Athlnltl n reat. The
data is recel gg%gtgérﬂlf rﬁ?c%glﬁl;m ﬂfa% St}gsgt)%%'g £ te%n%&r eczf%t' %gthggreaé "t r acki ng
sensor t d)ets@ﬁaqaqui)olnrgmarei thore &bmplex tian wbeam lsteaang mddbenisih f@ainlyt thacki ng

" sensor a es t r.eat W|t e-tune t he almngo
P ho° P hs ot b 1 Sb e Honibialth Rk b foRenc R0 il TSRy vl 1 0
responsi kdxempley atd dek iotiger ttiyes et eamestedring %émeumst inay i dlsoi Be degagivetyned t hat
the t based .on data fromthe
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_ the proc detectin a(pdtrac athreat DI RCM syst em
whi ch vadoBeleeS S 0Bl bRl SR s b8 Ryl Befof bgte 0 Ty R
system i smemblsysmﬁ adﬁirmﬁg nmgome énhbcﬁﬁhexﬁ.ﬂdf fh‘e mv@vlbﬂlengbldat@:sigﬂ respect of
l,locati o data, f ensor le.,is not accurate

t he threat
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or any ot I sensor |1 C | st 1t tion of a detecte

t hreat ) cHFRgKiag PESeR e be DIOYIdS Psh APt TR ?ﬁﬁﬁ?orlar SEBHME But abl e, at

| east in Paktembbiniche omﬁtm\reh@dn, NHréa‘BtrﬁdkﬁlgW\&OS@ﬂ%@f mﬁﬂﬂu&lﬁ‘l‘é bemtgd to be
ovi d erilneter

di stributedq_ar d the tformin order to pr

det ect i orflsé@}vefr?%a fo Ehﬁepriiﬁ r Ty sheeAbly do rﬂsemﬁ dhrggt faac ﬁtﬁaa?bﬂlﬂéféatl on on
the pl at f@foihdRi He\Govefa @Eéc%%f'anseﬁﬁﬁ Gnit. W‘Thle Qﬁ%ﬁt t%éﬁxfng gBnsef GordSRd (Whi ch
may use a single central |laser and a swtch between the two | aser units).

As is wel ‘F‘orﬁ)aéi‘()%le beipg Heidlydief {aihe platiorg). nay bs edapisdie BIPViSR BEFGIUNEE some | evel

of bendi rkgxtlﬁﬂéhdn‘ycﬁ{a'tﬁ‘aﬁ 1%@'@5& %ﬁ%%ﬁ WnhBlk teQe@6Bur®i6 tir&d 2 N6 RAA- Since in
a LDMCM systemrel atively focused | aser energy needs to be directed onto a

gui dance ¥Yyaihsguisienes sysfomn of therfhisaitbeing teckad: fIp @gpecifhgmbedimend ef fehment
bet ween e MP HEPYLMNhil 1€, dRldull LIﬁRW%QJm tlﬂ@sswéte@wm%et he | aser

uni t whi c needs to direct a | aser beamonto reat can easily cause
m sal i gnntareat hwéfﬂlxrﬁé%%mm@l providescieagkiagidata, in|raspgett gfshe gntirg DPROMEsSyst em  an

addi tionalgedy %&ﬁ%tol' ﬁm’c‘\%ﬂﬁkﬁ%éﬂi ﬁ%acgﬁ gs“to%go% th%%%c%r Jnfte

m sal.i gnment bet sensor tects a threat and a | aser
system \Amocihreqat@elds:r beanbenta blguidersedisien of theltarsgr The acnumey of thieghrgati dance

system of tratcﬁﬁlgqg{sgrcghgﬂ bl Hirsrﬁl@;ed in greater details below.

- [0105] Additionally, the possibility of using a threat tracking sensor (or more than one

if necessary) which covers an entire coverage sector of a sector unit, without baving to
move the threat tracking sensor enables even further innovative implementations of a
LDIRCM system according to some embodiments of the invention. The further
innovative implementations made possible through the use of an "off gimbal" threat
tracking sensor (or a tracking sensor that is rigidiy fixed to the platform, rather than
beam mounted or operatively coupled to a beam steering element), and some further
advlantages which may be available from these innovative implementation are discussed

below.



-35- [01121 In accordance wth an aspect of the invention, a LD RCM system
.may be provided which includes a plurality of sector units. A sector unit
fromthe plurality of sector unit in a distributed LDIR CM system may be
nount abl e on the platform such that a MAS sensor nodule that is al so
mounted on the platform and whose coverage sector at |east partially
overlaps with a coverage sector of .thie sector unit, is configured to detect
a signal which includes a signature of a threat and is further configured
to track the detected threat and provide tracking data to the sector unit
that is dOd0slatdditionaliaghantagesofdllBIRIOM systent whicly ctudesa plimabiytofaedtaser beam
onto the J ) e r , P . WhLl e the
det ect ed 1rLilgrS g%'?d gs:%gﬁgvl bﬂfﬂnﬂ% Hlteopeof\llegﬁleg%%ﬁﬁaﬁlg8321%6{6%1: %%%@b{cw%@%pypi cally
accur acy ofthe kectos unigxyjini a ditriboted &DARCMgystemeacdirdiagtto embodimantt afthe beam on

the a gui dance system hr eat S.expl ain and di scyssed above. [0113]
Accor di ngplf %ntsngéagﬁboélg{] alﬁ{f%rmoﬁns[t?\%@ Of ﬁ%‘gl}ﬁatf)gﬁgosg RIS t§’8ﬁ%°& H58ul e may be
used as atht Iplafatm twiseek e rigses @nB ds (4re) for by imdentad, e edider selettionwistihader acki ng

data that i uf.ficientl curat.e to enabl. sector unit, irect a

| aser beaﬁaﬁ?ﬁeolhf%ligﬂ‘?ﬁ%n%ga g@@ﬁ‘@'ﬁ?fgﬁmﬁr H@Ee?f @’d’“[ beapprect stﬂ%tl i mi nating
t he need thee imngrateil pdssibidity efieiprableas atdid ebdcutatioe b tognipinifois @4th aHowever ,
further epbadi nents of the [nventio y not be limted in this respect.
For exarrpﬁq%)tf‘g'éfgae Paem %hlc%lmk@m@vﬁwﬁss%ww r‘?’é“‘thd:"ﬁ%ﬁnf’aélpmé{ﬁjﬁodi ments of
t he i nvengdverage albbtamisgly adouMdBhe aiMiSspiim¥Re bF thematidam, aaRadbehsfingt tbacki ng a

detected Lhreat ,sp as to provide a sectqQr .unif with tracking,data that is
sufficien ”i“{/a sipele, ?%F’iéo“t 8" BYmiorations, oa theh atfﬂﬁ?’tthi‘t(‘}a'él proyide f‘éﬁ P%&’é"rterbeam onto

the gui dagferagy&beia bé placrelal MatieabtiderRadd bydsbseliiohd onal threat tracking
sensor may be provided, for exanple, for each sector unit. The additional
threat tr@db7ITR: SRAGHE, MRhilReryUSSidoptdts,CHONEREMN &fstedd ofat Hpichie LG ensor

nodul e to track a det %C%Cid threat, or it may be_used exclusively to track a
det ect ed PRI ISHHLY iPRCEE BEHRGIE 0% (h tHusashee EREREMHew does pote

i nvent i oncovethb froftSsebtbr b the hélicapter, Whatg ks Mc&@@ﬁﬂfhe&ﬂﬂr.t%ﬁlew\ﬁe§ﬁnsor nmodul e
may be independently used to track a detected threat. As nentioned above,

i n accor dégdackwh the hslieoniskiseay Hetnbes obspured by ithe, tailt The botase pethoE e t r acki ng

sensor meyeEptér Hafll Msd kR IprbRetdieiPkiad fseiniandamiy REcGRE hagyred to track
a detected threat W thout noving in respect of the platform 1t would be

appr eci at Bdnergiiigfo shreaisificed atviteens anglesr retpbidte thes heliogpter.i divan yif thexed to t he
pl atform 19 0g; B %rplr%,gt f ' j 8 MAB
nmodul e N eg’e %nc?g t&g{igtfg {S?e%gﬁégg@%e@% t rggltw |EW% éﬁ} %)t%ﬂ%g bei ng abl e
to -36- mewwed onHbe thekeeptsr, sulistanialt septatsi agund thephelidopter egPersmainf t he

pl at f or m L e S8 8t GGt accuracy so as to enable a sector unit to
direct a P@Ee?- eam onto tﬁ%’ gui dance system of the detect threat which is

bei ng t r ageg) THe Qddké e B LW RitBHink B fikdsEAGT urBYRF iR MSHofivik Rodghvention, a
MAE sensor nodul e whose det ection/tracking coverage sector overlaps with at
| east a porpl¢nemting seme embodimentscefetie sistributedc LBIRM rdystemmgf thie swesont ri gi dl y
attached [ oy e RY & ma y herein
et udes. e P cBPEIP R, Pakfomcl HFhR i hortd dfyo @ pRATIFRE 18RI BEE 12

att ached deetaob#weionssuch that it does not nove (during operation) in
respect of the sector unit, for exanple, such that it does not nove in
respect of0189hhesnerg fiskible polsitioning ob thetshrsorsunits dhrat dmvinade Polssible thobughr di nary

sldll in %ra;é e . LO whi ch M/\B nsor nodul e
may be ri E“ﬂ’g‘?’@‘{ng‘? acﬁgdelgg@cg&grgéto\g?{hhn# ? S.e\qﬁ)é%vc?%?nndﬁ e18'01)%)ur eh%‘?ﬁ%rnbodi ment s
of the i nabnabthgm, astwib be expasindscbefimovi ded a di stri buted LD RCM syst em whi ch

includes a plurality of sector units. ‘Each one of the plurality of sector
uni ts may[Mé0humeniivhed shove,retypiba LDIREGM system intladesa NUWS sygersovhicindul e t hat

is also mpunt e e.platform..and whose.coverage .sectpr ar l.east

partiall ylsol{}tsli’c'jegggr %Qﬁcﬁg%aélc%g&}ﬁ% léuél-,l(l:l ot of" aﬁﬁ%o %8?8‘%3 erta% JP? configured
to detect MWSisysteth typicelly iimthdes e pluraityy wdtMWS aénsar tnivdekt velrich iage f urt her
configured to track the detected threat and to provide tracking data to the
sector unit that is accurate enough to enable the sector unit to direct a

| aser beam onto the gui dance system of the detected threat, at |east while
the detected threat is within the overl appi ng coverage sector. According to
yet further enbodinments of the invention, a coverage sector of a sector
unit and a respective MAS sensor nodul e may be substantially overl appi ng,
and the MA5 sensor nodul e may provide threat detection and threat tracking
coverage substantially throughout the coverage sector of the respective
sector unit. '




[0115] It should be appreciated, that the possibility of using a MAS sensor
. modul e to provide both detection data and tracking data which is accurate
enough to enable a sector unit to a | aser beamonto a gui dance nodul e of a
threat, is contributable, at least in part to the use of a plurality of
sector units in a LDIRCM system and the sector unit installation
flexibility. For exanple, reference34-s made back to the LDl RCM system 100
illustrated by FIG 1., in which each one of the sector units nay be
mounted on the platform 10 such that a MAS sensor nodule is rigidly

att ached digribiied o plot. (ypicalls Pachs MWD sensmt moduleds canfignsite, MIS
sensor no G} g4l d . i y the use
of a com‘rg%l‘ei‘ ragﬁe%ﬁb Qﬁcﬁsse,gl%lr E él%)vgl% ﬂgete]g lgtg%%e%nfdgf) 2%%“ a?dgp fﬁ}eouél\;71\1%26%1%?ng and
bendi ng oflerifptrdaispendgirovidea laomthpysiém with iptialtdaterimrespect of theiosatem afhe sect or
uni't and ¢ baq MR REASOTnI!EbhMd b5, Tdli il AShed oh gy bhiegect or unit
is made negligible, and so 1s e m a‘hgnment et ween the sensor
nmodul e arichcking sersot ®rthe approxifiatesloentiab o shet theeaty sSEheothrdar aadldingsedatra from t he

MAE for pointi ar. ccural e .manner, on the threat. [01161
1t shout (opats B dher R8s REPOY. e huP St oS e oot BERern 1 o
accor dancie thent detivadere  Elndothehiatreratldngofentdrds resp@nibicofor twablting thendetacttds a MAS

sensor nogul e .th S nf | abl.e 1o provi t.r ackin ata to a sector
ani't (S BBl AR AR R bt R B RReh Rl bRt 0%5e 0o
enabl e t heh duecfan the threat tracldhg @agora | aser beam onto a gui dance system of a
threat, the need for a separate tracking sensor may be elim nated.

Furt her nd0a11]As whd aiready iimgliedhén fieedeséription dfuthe hhescets af Metaggingesndor and
using i.nstead a M WS sensor .nng that j.s rigidl y attached to a sector

ni 12 ¢ nersiog 3 et AL IR Nk ot et bRia sheeBaRsor (or the
field of Mimvm eﬁf}orﬁxﬁtﬁlu&&ﬂ&ﬁyﬁicl:dl OPIROPT sydteinlis tdpableas Géted:tmigta tﬁﬁﬁtfdnﬁgﬁt her with
conponent s, whi.ch direct the |laser energy). [011T Lt wou e further

appr eci at‘éfoPrPYlg‘f‘gi ta;13 rﬁ%’&@s@éﬁ? tl}rgat%%%%@, %‘Pfe&%lﬂ@mm%ﬁrﬁ»%r S&¢%e and/ or

t he costn @Bdlﬂ@fsfhloﬁ 3@&@& ébi@hgh %ofbn@ﬁlé ]?Hie laser RAIO Y0 _ﬂli@eca?](clﬂsSﬁ méa&%xfﬁttk DﬁRCM
system whi ¢h i ncl udes pl.ural j of sector unit or e e, three
sector unftenee systomaf thel deecii: it%ﬁral&y ThA CRESSERFES PSR PG, si ze

and/ or cogbdud (of BEy GNG EBERRBRpRNideOth? iritt ldeation d ARREMea Yigt£and! N thi s
respect, |{ woul] d be appreciated that by ellmnatlng% the need for a
S

d 2 .
dedi cat ed® BFAURI Y2 SBHEbFPINaMicysted. 1p £Outiiputzble, (3t {epstip gatdedbedyctt he nul ti

Sect or Uninkt VARRHRAIWS @RShr Mtluled nbddGo B1GBtrBLER hichhE e PRARIS {8R8dNI _
mechani sm the wei ght and/or the size and/or the cost of each sector unit
may be re@uEeHde fllcreamyter detption covriege Bustlasey st empwied #id senalof t he

di st ri but RehiePloRAM 'ﬁ_}gﬁéﬁﬁ‘o} @b 18catieHs AR R8RAwBYaseP &A@QQME@H%\%W the
invention. [011E3] Vi r;g described sone advantages of a LDl system

whi ch ar emay %c3 singlel contiah lagsermanden witshibistweep #i tiodasengnis?). tAseis wegller units,
there is [ | Pityd : DI RCM whi ch
are assocliﬂgw_gg Eﬁﬁt%%ﬁ?ggfglg{do?%fﬁgl gilelc%ﬂg%ﬁé?vﬁ% gﬁg%%ggfgm%gnggagger ed by a
sect or univtistivguinded sdstantiyl| Bordesr exeited dreteon. t Sinse oini dLDIRCM system

relatively focused laser energy needs to be directed onto a guidance system of a moving

threat, a significant physical detachment between the MWS providing the data in
respect of the threat and the laser unit which needs to direct a laser beam onto the threat
can easily cause misalignment and unacceptable inaccuracies. Ina typical LDIRCM
system, an additional tracking sensor is usually required in order cover the
misalignment between a MWS sensor module which detects a threat and a laser system
which needs to be able to direct a laser beam onto the guidance system of the detected
threat.



-38- protection around the full perineter of the platform in accordance
W th sone enbodi nents of the invention. As nentioned above, in a LD RCM
system according to some enbodi ments of the invention, which includes a
plurality of sector units, in order to achieve protection around the full
perimeter of the platform each sector unit, when nounted on a platform
needs to cover a sector that is sulgstantially less that 1800 horizontally
relative to the platform A full perinmeter protection is obtained by

conbi ni n? t he coverage sector of each of the plurality of sector units,

gi vi ng ril@E A & geconsiensenwith @o\aspesy of Joe inyentigh; @nLIIREA “systegat ke ful |
perineter &fldetdh)@mﬁ] ﬂt:ltl&rs@ph'fﬁﬁt %@é&ﬂr%ﬂlt?‘ Agbm\ﬂnﬁygrﬁmemaﬁt?%k“de four
sector units. Each sector ‘unit en nmounted on the platform nay

conf i gur abdter undt ipraodistefeuted EBIRGM grsters awayr bet euntable amthe plaivrmBish aI ly) X90
(verti Caltﬂuﬂ% Mwsaéeh%o? o(aufehfr‘at@é atd AoMted Bt tfo?rﬁ‘c&rﬁrwtwgé ESvefdpy be mounted
on the platformsuc each one covers a substantially différent sector
rel ati ve seeort dideast partiadly m'Qrfﬂm wish arppvesageviiesthr efithgsestpe phisps pendigaied dif f er ent
sectors) ta ctqrs

subst ant |t§1l%l £ ;%Qg? l%ler?l%%% é‘%‘f%ﬁé’@gﬁ%‘?&&r“%m%@f&ﬂgg#ﬁbi or ot her
beam st eeraphn@emlmhste&i ﬂmatcetndrmedée tlackmgv@ta o theseder whitithai i asepseant i al |y

less than_180 hori.zo taI e bility
conpar ed T3E 18Pl Srsec(t)%t% er(ﬁ %?aesgrﬁ?e%& O%Otﬁ%gﬁv\%ﬁg %neenféhgiﬁ%o cover 180
or even alefealed t&Gﬁt awlsasu:avhllbehapepcm tateatl js Wthlendbfspgmlappleg(pmetagby can be
translated to f st snal t t e | iable

gi nmbal or® g%e‘fheo@g t%cépﬁaﬁ’gwéicg ﬁelaui?’e{gof;o g%f(@'img e du%%r%&r lgéeqot her beam
st eeri ng kh@manie AhiidincewerEs dfa tl&aab.laee@mmdemagecmabnvd hat is 180 or
above, needs to include two (or nore) beam steering elenents, for exanple,
gi mbal s, [@htB]atccbdagtto eome mhbddhmerh)saaﬁﬂxsurezenthnga MWheenser medws may r ot at e

b I d i bl h
shout o L34 190151 DEAT, SLGEL il S R ol QU8 ol the

appr eci atsficidoigitactiate tal eableta gsvedlugitith eliredtaclbsen beah ontvethb gaidesteeer i ng

el emrent about not her heam steering el.ement_ rel ativel eS| gns are
requi r ed. SYFRRL atdﬁté"tgﬁgﬂ E‘F‘b’f'ﬁ Pg‘gl\ﬁfﬂt@ﬁ% éonf‘%geﬂsepng%%%d by each
sector Unidcking pardoEElsR(HW&y&I ﬁﬁhmﬁfodirrregtsto@ tigedifeené ob oy meredinsitedt he

invention, lends itself to rmrefl desi gn. gi nbal or
ot her beaih $iSctsRetly &PR FRARP %saspgﬁnt ﬁﬁ‘i@@&/aﬁ% qecrfing 1g; éﬁ‘?‘but ed
LDI RCM syshi®aimdnts 06| ifveRBord RIE&Ghad MWS hesok Iﬁedulanﬁu;abe \Spablkpdfenent at i on
of a ginbal or other beam steering el enent thatm@ %%gs ed herel n for

€

bei ng~ us e¥pckingph Aptedisd Hireeh &0 G 10 ERVIdst 2 Seqps ppt W5 {5%em (and

whi ch is deggédihefabat kndbRNi sddutids tb Qﬂﬁétqﬁla@er'lieﬁiﬁtcﬂfo MO GuRkandeeSSs
expensive, and/or faster responding, and/or nore accurate sector unit. As

ment i onedsyalsayef a seierird thigal e aggiii ﬂ@ﬁat E&W%@é?% mayrhe; Pravifeh ot he cost of

each sect gy iy & r' e%cﬁ‘ ?&sﬁﬁ SAkY TR Qb#Hehal ke t¢kidlg s@nsbm s¥&d Am whi ch
i ncludes a plura sector units (for exanple hree sector units),

each of V\mmhmaunem |tthWS $eBERs mashs 1 &6k & Gl Yecihir of BB bgusedance

modul e, %;Icmwglysty 'aﬁé@aat&kédxmle5»1651913%&&wdlww&wmem&afm@%fwt of the
system conpared"to a typi cal system [0121] Further advantages of a
LDl RCM sy#wentionagach ook mfghe thrend nreclerrgasmmmml ﬁledYIV»f sensaseaduleanay kehi ch

i ncl ude a a{e @(1[ %Yxséﬁf toBEk QetdQbd Sirdad ﬁsslﬁ&?fo\?,\lﬁc{aﬁo‘% tDa@ofiasivittd i ty of

usi ng the | pltu y sector units (or sone sinul t aneously to
tackl e rrukquod:nebctdbn@m@ thpisverdioh, the ttaequ@d@nﬁ @dsqﬂw@rrﬁﬁldlﬁfmﬂ RCM syst em
whi ch |nc t t.or he
plurality ofp?ifgg?grrldj sélocr:lg%uer%g&’ tradﬁ s treé %{ﬁgﬂﬁuﬁgﬁgwg ﬁ}?regée(%{r relative
to the pl af therphatfory, bk vmahhlbﬂ @pcefclatsdsmahdltypg:aiMWSIIsenSpﬂ modie ésatlso

si mul t aneau, For ex n case | ural i t thre proachi ng a
pr ot ect edrlﬁ’%yq"fﬂlﬁ? h%’ F?-fE " EoC P’@ct?is%fﬂe mb b‘P‘EﬂIS tﬁy 1t10Q’cat or units
whi ch coveIws hsdarRchayr be ﬁdapml\tdntrﬁdskﬁhétectt@d'éﬁas(mraédmaptmbmlhg ghje bmy be
utilized sinultaneously to provide a sinultaneous nulti-threat janm ng
solution. It would be appreciated that a typical LDIRCMis not able to
respond in such manner to a nmultiple threat scenario, and can only respond
to one threat at any given tine or up to two threats at any given tine, in
case two | aser systens are included. [0122] Furthernore, as mentioned
above, a LDI'RCM system according to sonme enbodi nents of the invention, may
include a plurality of MAS sensor nodul es, and at | east one of the MAS
sensor nodul es may be configurable to detect a threat and also to track a
detected threat in a manner to enable a sector unit to direct a | aser beam
onto the gw dance system of the thr eat. Sl nce in a LDI RCIVI system accor d| ng

. o e Y b1 - o AROS . o, .




-40- "stares" both for detection and tracking applications, when a
+plurality of threats are detected within a sector covered by the MA5S sensor
nodul e, the MABE sensor nodul e can sinultaneously track the plurality of
detected threats within its coverage sector and not only ohe threat at a
time. The above discussion is also applicable to designated threat tracking
modul es in case such designated thféat tracki ng nodul es are used in
addition or as an alternative to the threat tracking function of the MAS
sensor nodules. [0123] In a typical LD RCMsystem on the other hand, a

t racki ng Sféﬁéhﬁ‘thﬁéﬂa‘rﬂﬂ}f)“hh@l% tp oy inrespget qf meu%%}qunew voith NS a few

degrees ggpg, r1_|'<1c swﬁyﬁ enElﬂe b GRE ufiit f!)etﬁl%ﬁttaelgse} BEB@bato ttﬁ%eguicfaﬂé‘eks'yﬁﬂn ensor is

noved t oget progress of the threat. Thus, in a"typical LD RCM
syst em tthmh@reatwhlehwlhemt’@ﬂ@hr eat i s Vi rtual I'y not possible. [0124]

Furthernore, it would be appreciated that pre-acquisition of a thr eat can
cont ri butle1t4 Asceusing foafyitherr eahpdineatst of the detestener MR aensonmadylpus,

al t hough %ﬁ@?&é%mﬁ/ﬁ%&&ﬂ%%m}é %Bséc'ﬂn %vl:t@p@%hs xtswma%&wndémsml sone

enbodi nents o e invention be "able to swrutaneousen%jamtwo or
nor e thr savesed bha WS yeih sy de ugiflyratiephed; tartae sector oK nErentstu| e)

cover i NG 0y saGkALr 43306 AEEH ils bPRRGOhalitichs BRYHRE £RNUSOUr abl e to

track the nore t reats at t rretlrre when the sector unit
i s ready sewsot mothllemal be stachedane setortsiah thatut dres ngt lmvet(ﬁmatoseram are within

(1S COVeraga Seeh e sobBP W Al Slahlo ahdiWied f a6k B BESh Alghcl BEaSOCt O Uni

can t ake necessary action In order vvart the next t at w t hout
del ay. Fuwusieg o ehassinoftbe sacthanct 'WIOtShO‘é@Iﬁinlaryfﬂlnli inghe arhiveyibereviars of t he

| nvent ] ofe BUSRUGLASE SRS PArRS B MBARSAL UIIEHE oY DR, fougred al | cast

e Ssec ty o reat are
det ect ed unitt hAccotding &oﬁmﬂlanganlxdunemts oﬂtlmh&veml& stbers amaynidpriowided he handl i ng

of the th ﬁf‘(ﬂglw ded e c [ g/%gnc r the
cover age ‘ég@f%?rga%ﬁ? SKARE! Wg%ggl{r%glfcrlodu ura%g %foeﬁgéunﬁt%e hroré.{(‘;it8 g%\%l thin a

sect or t hadrality dmm&mew:inbynayrm bifitabien@nthe mbdfokm, smaly thxe atMWE sdsor
si mul t aneou npr.e sect units 0sSe covera sec over | aps
W Eh ot TBOEA SR 3t P Ao b B AR, 2B RS RO SEReer Hbdul 6
[0125] | tpaYﬁlﬂl'yd)vbﬂapanﬂﬂﬁs cadetage isbuadr dffthe a&wnﬁﬁg&&oﬁﬂgﬁed at édectviat h sone
aspects and i ments  of he LDI em o re i nvention
whi ch \/\/erség”&f?(]?tfgs‘g% g Ry FEN3REP & 6rt8WH§R@\A!fyX‘\ﬁh ?iﬁ‘?gaa%ﬁ'& that the
LDl RCM sydeteRfd threat and to provide tracking data to the sector unit that is accurate enough to

enable the sector unit to direct a laser beam onto the guidance system of the detected

threat, at least while the detected threat is within the overlapping coverage sector.

According to yet further embodiments of the invention, a coverage sector of a sector

unit and a respective MWS sensor module may be substantially overlapping, and the

MWS sensor module may proVide threat detection and threat tracking coverage

substantially throughout the coverage sector of the respective sector unit. -

[0115] 1t should be appreciated, that the possibility of usiﬁg a MWS sensor module to
provide both detection data and tracking data which is accurate enough to enable a
sector unit to a laser beam onto a guidance module of a threat, is contributable, at least
in part to the use of a plurality of sector units in a LDIRCM system and the sector unit
installation flexibility. For example, reference is made back to the LDIRCM system
100 illustrated by FIG. 1., in which each one of the sector units may be mounted on the

platform 10 such that a MWS sensor module is rigidly attached to one (or more) of the



-41- according to the present invention may provide additional advantages.
.I't should al so be appreciated that sone aspects and sonme enbodi nents of the
LDl RCM system of the present invention may not be constrained by one or
nore of the advantages descri bed above, and specifically, sonme aspects and
sone enbodi nents of the LD RCM system of the present invention may provide
only sonme or none of the advantages3’descri bed above. [0126] As was

di scussed above with respect to the advantages of a LD RCM system which

i ncl udes Iura tyo units i a.pluralit f sector units in
a LDlRCI\/Isgﬁ;g‘t 66?1'8?}?3@%&%50893@&3%%%6@?? %@n%@&g@\}%ﬁetc Yes over a
typi cal hﬁltmsb;sﬂﬁmse loff a0¢di@fiort frafé)] dyiud, e woealdebd higprafate litsthe i but ed
system the tot

cqQst and wei ght qf .the di i byt ed. LDI tem

(i ncl udi FYStiRg lZﬁ“g’lnlg a@P“@B%?HPQDBHY pﬁqaegiaiérqa b%ﬁ%ﬁg’% ?ff/% exceed the
coslt gf amityafau&ﬁél MA@SB%SY@H&lmthdt fs ﬁg?@r atta@hqdr mvma%?]cﬁorhlﬂhtﬁa‘pihﬁyﬂ em \)mu ch
includes a pluralit sec ts three sector units

each of iselsd F’r?é‘Fllﬁ ‘Sn%e qyis 15%@?“‘ ﬁ@e?"a@%}\ﬁggng SOWWHW"@EBW%H ally

i ncreasi Ngitt M8is bibRds tHehse F a8l CaSE freth thdTIVRY Sr@Rintias R dMsertbeb ia t ypi cal

LDI RCM system the inventors of the present application nmake an ‘i nnovative
use of scARSFeEHrate BERKEPBHIedasnd of several innovative inplenentations of a
LDl RCM sys some, of whj ch are d|r ctly or |nd|rect ssomated with the
i ncl usiodﬂiféﬁt plhaidy bp tijrthir appescisiedythet §Y i povding @é@@@’? &feisdhe of the

i nnovat i Vicd@4be Wi o MYbdintiRlsITRRY Alveidion, WeicBihdeet @ MW eichsoper e
di scussed above with reference to the advanta es of a distributed LD RCM

system ThRekle(R et ds previgpmbleip PEyidedragking dpfa t‘éiéssé?ti)lb‘éﬂt (imadsditionttar  det ai |

bel ow. [ OfegeflingT 'tlﬁeé%ﬁ%tﬁ%ﬁﬁmehﬂﬂ‘él\{ﬁ&}l ¥Pad RCHIRL A6H se%td@%m koppstt By the
inventors of the present invention have substantially contributed towards a
li ghter dlawr beranpiip agmidense fisiem of prbusat, themsedfanesepuatn varides ¥85%ave enabl ed
the i nver&&ﬁ;b@éh ﬁlﬁae@rm@ﬁndlgvn%wnmuhg (EBIEEd #R G fqahénﬁaaan%;enmser

sour ces OI‘ various technical reasons were not suit e for bei ng
used i n aandPFiRCiNstopd 8 MV lsensor medulerthet is rigidyattached tee pretor uit. dkerelii ch enabl e

the LD R%o%f@ﬁ%@datg&ﬁée‘a'tg%owt *ﬁ%cl déeﬂéb? (@RERLIF of‘{?i@w%'?hfé%ﬁ ts of the

i nvention inc e, but are not imte , an optical system a cool ed

| i ght soutogasher Aithltl lesed esit tor prigetber with eopengts which Higert 8 laski epeigihovat i ve
technology is presented bel ow. The innovative optical systemfor a cooled

| i ght soulPd&7ltihapuld e furtiger apm*cteat(rcbthattlblsmweary ite redluercibp pesight endipreat er
detail ingls I tevon Novenber
29, 2005 S(‘%eé@?dﬁat ¢ bl it 5‘6’*’@“ iy Bhr8 gl %gggﬂ;@g&e olreheon, X

| L2006/ 00syStE® Yhich anahedes @rplut*ahtyZQﬁ)@ﬁ@Ollem(f))r ekathrlel tbweN@vemb@tS) 29, 2006,

whi'ch ar e, el £y, & AP A EHe e "SLEVRIEE 4k LRBLY SRUd BbYsystem

compared to a typical LDIRCM system. In this respect, it would be appreciated that by

eliminé.ting the need for a dedicated tracking sensor thanks to the flexibility provided
by the multi sector unit approach, and due to the much simplified beam steering
mechanism, the weight and/or the size and/or the cost of each sector unit may be
reduced, thereby further contributing to the feasibility of the distributed LDIRCM

system that is propos'ed by some embodiments of the invention.

[0118] Having described some advantages of a LDIRCM system which are associated
with a more flexible positioning of the laser units, there is now provided a description
of further advantages of a LDIRCM which are associated with the size of the sector

which needs to be covered by a sector unit mounted on a platform in order to provide



[0128] In accordance with sonme enbodi nents of the invention, a laser unit,
.which is used as part of a sector unit in a LDIRCMthat conprises a
plurality of sector units, nay be used with the optical systemfor a cool ed
i ght source that is described in I1L177240 and |1L2006/001378. It should be
appreci ated that the optical systemfor a cooled |ight source that is
described in 11,177240 and |L2006/ 68%t378 i s provi ded .here as one exanpl e of
an innovative technol ogy mhich contributes to the possibility of a LDl RCM
system whi ch Jj ncl udes_a uralit F %g% uni.ts. 8%8129]
cont ri butArgretigR AW, (i peyae e d 15° “§%u‘¥15he S? t he
possi bi | idnho@imers|of e 1ﬂ%nt161|ﬂ0%§t11ﬁéﬁﬁonba&b@sfe th SEDIRONysEMAractadieg in a

i accor,ding to sone

LDI RCM syst em whi ch i ncl s. a plur f sec or,unts

enbodi rreri? SOIgf e ‘WW%H? dti?rt““"’i*l"ién’l‘i?i}\ll‘ {rﬁr d?ﬁatp}’r'é é"rﬁml"‘ﬂi}%r’l‘i‘l on has
devel opethrder Wedchtfve Wedttfios GFiuR@ AAUGH PErith@&edt th@pilaﬂ@lnggxch sewer spgci fically
QCL technol ogy which enable the use of a plurality of s onduct or | aser

uni ts andvieparqupied gn pplagiormmeedy{pcaves @ Sﬁ‘é?rtth*ﬁfls %i‘bﬁtﬁitﬁéii/l ‘§§/ 8% hat i s
mount abl enogRordall! ARLHQE T BOGIERAET T ACATI Yerifetdaprbtetfion? isl Bhtiiedd sy st em t hat
is nountable on an aircraft. [0130] Usually, the current | aser technol ogy
used in t9eEbEEha foverags srdergtiieastnpifle ehlrahssuﬁi A0 Hnifss BlINgJisE 49 Ped Band | V)
are OPO V\ﬁﬁ‘ﬁ)hﬁﬁ' AbrapbistdiGdymion bﬁ%:@ bR el bé}ﬁﬁe)terl AR SlatfotRe)FRr € heavy,

expensi ve and power consuni ng he 1 nventors” of the present_ invention

suggest |¥ampkea ABBEMBtem WYtlilféu‘ienﬁ?éﬁﬁei"@ﬁ upigs. y Eachs ga5ios g dEBr | asers to
provi de tiﬂsuniéaso%rm L g éﬁﬁg&@iiek@ﬁmlaga%o%g@%w@r B3 foppof a

t hreat. ere are t asi c sem conductor lasers: (1) Quantum

Cascade L@g@zogtailygdi§0°((29rtwaﬂwb r%ﬁwa tct:@bg cladlorm | The fopr (seatpr)units mey ©8) -
external | 'ﬂc{ﬁp&ijt&?%?&&déh%q at! ASELRe C&ER WELA ,sui!rk%aﬁﬁh(i)}b’di?ﬁ?eﬁ@ sddfbr
n od ft

Ant i noni acc ance wth further i ment e 1 nvention, fiber
| asers t halatlm® tbopliferor dor exemple with 9o r5§>¢vtriapé7@t\’i’e§m idifferdné s@toml sPV may al so
be used r

Ferpor at oD G o BB ERRE Ao CATRE ST ool e S pedY 240 ang
1L2006/ O0th8pRtfodmer e i s descri bed a cooling system for a sem conductor |aser
whi ch conprises of an optical elenent within the cool er which collinates

t he | aser [0l h8]o Aagimbblsir aiter bédny stewingimuiuldviidaneed T @venﬁ)iieictngtl@yist emis

i ¢ | o PRATAHEY uf P Rricobtti] B e bl Bl bbuly® 07 ° 1O

t enper at usoagparetiho agmmiahtarwe:r beanhsteaniag mddmldmimhtrsectsfto térer L87eneveon, QCL are

i npl enent e Ln ctor uni anad it Iaser
ener gy soﬁﬁ%ﬂéo& ng %%ﬂ lemaitedlt_mfﬁ{.%@ﬁﬁp g’&h’??ye‘tsmgbg\juer%glgmdg%ée%@%f’s in order
t o ef f ect snvaley lightet, aowaroeata,ndanm’re)méhablg ghebil oe olifer bharmbismlrgeaiéimntrs

| t h t in the
Future (F8 bt g WRRel 96 sHFL dhh s B enl EBLFEUTHS o R, e " 1
mul ti wat t cqvefaf® setron aleat & 180°grabote fpwls ad ifchsle twbi(mmybeaadstec&mtghe need for

such a coqlin stem
elemernts, ?(}/r example gimbals, and at least one of the beam steering elements needs to

rotate about at least another beam steering element in order to provide enable the 180°
coverage sector (or a greater coverage sector). - It would be appreciated, that in order to
enable the rotation of one beam steering element about another beam steering element
relatively complex designs are required. Thus, the smaller sector size which needs to
be covered by each sector unit in a LDIRCM system according to some embodiments

of the invention, lends itself to a more flexible gimbal design.

[0120] As will be described in greater detail below, some aspects and some

embodiments of the present invention relate to an innovative implementation of a



[ 0133] Having provided sonme of the key technol ogi es underlying sone aspects
.and sone -enbodi ments of the invention, there is now provided a nore
-detailed description with respect to sonme exanpl es of sonme aspects and sone
enbodi ments of the present invention. [0134] Reference is now nmade to FIG
2A, which is a block diagramillustration of a sector unit in a distributed
LDl RCM system accordi ng to sone eni®i mnents of the invention, and of a MAS
sensor nodul e that is associated with the sector unit in accordance with
further embodi nents of the invention. Additional reference | de to FIG
2B whi ch &imbal opptBendeam steprng slement oy Rart O setonindtefe distihtad LIRGS oci at ed MAB

sensor mMgdR WhiKoldebeagprdiatdihat hatiRdative iRPRNRAGEAESHS 3fhbad op CcOMDN
chassi s, according to sonme enbodi nents: of, the invention. Some enbodi nments

of the i rpthenbpasm steesingrelemegt Gat iprgaesied Bereimihbeins ysad puprELoke $F0Fal ity of

sector unhhs isBitRted " EHIRICM Q SEWHAL ¥osERRd bERR) S@GtBatesNi t 210 and
the MAB s%g%s%ffygtl) lljblg%aeushO\Aan&%lMéﬁaZA, and descri bed h(grei n vm'eth ref erence

to some demserds aiighter anfl/or fees pxpeRsiNe; end/ori fasteiespRrdipg, endier MOBAEFHHE uni t  whi ch
may be USEHoamiPaAL nithiidhelBiVel Rl o Fi S SharRetlor Lt aRl/GORD!

i nvention. sector unit 21 ] sensor _nodul e shown in FIG 2B
cor r esporsgstt of ¢agle senteysunéthisigogssary inGorden to peavide h LB @McwstEmavBichri ty, sone

_pd- Of GG ERTPARISofecbl SnfeEbObaiibId, (FE0 s ddio), MR sensrn modul e

shown in were omtte e respect sector unit 210 and the MAS
sensor noukhdng koleastiane f4sg upBand pJ4R6 puidense rapdwly, vothgwnmbgaiBly ment s of
the inventi.on:. a LN j introd: | aser

gui dance%n%g%fngatggg&%g aing;%%tnﬁqﬁg%g&?rlgyéogég{g%gggt?égﬁy@%{l%ﬁ ed to the
| aser guisggtamme nodul e 220, as will be described in further detail bel ow
According to sone enbodi nents of the invention, the |laser unit 220 may

i ncl ude d0n2a{durtberradvantdges o2 RDIRGEMedysteny avrarfiing locommemppdigenisradt or 224, a

col l'i mat 226 .and B ' : ts of the
aser anitpe BE Boyflel RS £ AGRBReRr REls axebiBl pAY ATRARRR 2 O, 271
The | aserusiongnthe pluradity 22fr nmigs e santa pf ehich) stwrtaneiusly do itaskls mwlpplet s of t he
operation,of the |aser unif 220. Accordi ) i f the

i nventi ornlt,hre e PEEEIE. 3PP ﬁ)eﬂeérplﬁé}fn ma% ggr%%g %%Hfg% E&O\E;HIE g{g‘?s[ %e

el ect r omaglmalityCofessetbgynige waerainosacl2 bde wf the tphealily iof eegérgurdts soversjai red f or-
its operatjon,.as |1 . as, contralling.ts working conditions. such as
stabiliza :g}ﬁdt@ﬂy fii%geretn&ﬁeﬁg’f é%lﬁﬂ"&“’ [ﬂeﬁ%,l#ou?:hxgaych? ?"‘Fpﬁ@ 8? E‘%ﬁ%din tgbe adapt ed
t? rece: Ym?lﬁbectmwwlgm&ﬂﬂaﬁeg&ﬂ% g¥Fof rﬁamphﬁliha&ei a2 puralivgl Ma@rzgxtguce abbeam
of parallel rays (a |laser a Fot ..exanpl t he .col.l i nat qr 6 may be
adapt ed t%?PEPﬁE‘%?g ér?r%?ffqdc%l?t?ani“BﬁIdélfﬁrgﬁ%gﬁ&?“f’ rf’eplgliala‘é't ?r}??ﬁ%tﬁwérf‘fsc ener gy
that is ewhichedvdtytht %th@smm ot teats _Elejsaﬂpt‘(}acﬁiﬁg nﬁyebé lucmngn:ati c y
energy exi stjng the collimtor consists. main Q ra r . It wou

be appr ec?“é‘f‘k‘“cl‘%f"ﬁ totR‘i‘éV“%ee? REulaneops E‘i“ﬁ“ 2 l%goz?tf?nnégﬁ@%ﬁ’& the rays
are par al ipleciafedith a$@HEE LDIRCML iR abt abll to8@6dpbiini sEcttingirier tod ditiplet hi n a
relatively smal|l divergence angle, However, it should be understood that
the rays @eshetensio, pad cgn ealygogPophinpreibrea gt anya et LpgPri® WUl anti al | y

paral | el #@atheafdiftin®f indas theasmeriyvRid aRGoludtde el ectromagnetic energy
generator 224 an he | aser cooling unit 228 will be described in greater

detai |l bejoqpp] Furthermore, as mentioned above, a LDIRCM system according to some

embodiments of the invention, may include a plurality of MWS sensor modules, and at
least one of the MWS sensor modules may be configurable to detect a threat and also to
track a detected threat in 2 manner to enable a sector unit to direct a laser beam onto the
guidance system of the threat. _Since in a LDIRCM system according to some
embodiments of the invention, a MWS seﬁsor module has a relatively large field of

view, for example 70° or 100° horizontally, at which the MWS sensor module statically



[0136] The | aser 224 may be configured to receive energy, typically
.electricity, and translate the input energy to el ectronmagnetic energy at a
focused wavel ength. For exanple, the |aser 224 may be adapted to provide

el ectromagnetic at a specific wavelength and this el ectromagnetic energy
after being collimted if necessary provide -45- the |aser energy or |aser
beamthat is the output of the sect¥ unit. [0139] There is now provided a
nore detail ed description of specific enbodi nents of the invention which

relate tq | ase 4 whi.ch e used as part of a | system accordi ng
to some efBGui %@hr?fér AFoHRR aﬁé@‘ﬁ?’}go?p ﬂf’aﬁm%g coilsh lgrabgn%%%ﬁrﬁe nts of the
i nvent i onletebted invgthBp@ent eveted by st MWeesensw mabdalepthe MWSser@sr béulé aser 224.

Y
According to still further embadi nents the jnvention, it is suggested to
oo h s Srtieteaeey ek the FREROHPeeh Bt WK e coskirae fedsgnli T cal 1y,
this )semrﬁogﬂly%e&mbmaera thiy Diee sbol@distussiofds alssl eppliesits td baighteaf t er : '
"QCL"), such as the o devel oped by Northwestern universit Vani j eh
Razeghi direg tfa"k’@dﬂ?‘{'}‘f#d‘é§@§(féd} destgnalsd Sppeasiacking Wﬁé&}'@' ?‘lsegr%ceedi ngs of
SPIE, Volddam@oR brlek,an2(6ative o the thtead Gadkird filnof @5 the ASWS Serdbr thbds®! cat al og
nunber RT-P-FP-250-2140). [0140] It would be appreciated by those of
or di nary [g¥2d}/n & BypidAPLBIRGM s ¥sdm, SR thE @R IREG t{'aalsiﬂF Senisét UstdlyBand- N ar e
based on manuf aqturénq t echnol ogi es which _are sim al{) to those used for
manuf act UFltiely Heepdiiglg of eewof ayes Segpesiand & erdpdp tep %fietﬁ%‘fﬂﬁ?ﬁa‘éati ons. One
uni que asReEhckity sendLFIriRedtiEkBEr WiBS@E pords16f tBatiieat. VIS, aSapsitated with a
specific thin-layer design, which engineers their electron energy levels to

a wavel erRIRGM s¥stem, taekingeaplutelity\Rh thasad iSgtimually sgposeipley in recent years, the
sem condy r thin layer growth nmachi nes (MBE - Myl .ecul ar ,Beam Epitaxy or
oD - NBE] FeytbRtmes chafirtdape @aarawategﬁhéﬁ PRGKIUHURR: Ohéc Be dBurate
enough t Goh®MhieZs alhsre lrai@FesSdnkdi &t 4 iGeA@EARAL, faBd tHk OMHEughR HRbigk| V ener gy
from sem conductor |asers. 141] Sem conductor | asers and specifically QCL
provi de brier Prisinial IRCHM systemsarapriingity gomq gpbadiraents efdhe igyentioR @Yni | | i net er s
l'ong), | oyt peLlBlo siln@MAERRHS 86 kWb bPhofeQhifeats tha Mw§ Eérﬁéﬁﬂé‘dﬁleaﬁﬁ_)ﬁth@ gh
reliability. Thus, several of these |asers can _be used in _a LD RCM system
wi t hout sthigat frpckdng mpdyleiceonerienge tREos gspenrd e BRJEEFSIRL maY her nor e,

sem Cond%ﬁgurhﬁé@aﬁadk_nh@%dorh%r@ MirbatdRife RONSEMEOTRIsShdiCheBickor at | ow
tenperature. “Thus, sem conductor |aser may be cooled using a TEC, or using
a cryogeniudt istratieto tatkl thene pnesofghapluglty dshreateitetare withiagacayemrgesone of the
key advani, P_Sm@%cdgﬁg;hqt S RUIEARAUE LAY tHeAREtbr e Berk L EXRY oedssiy accor di ng

to sone enbodi nent e I nvention are provi | .
action in order thwart the next threat without delay. Furthermore, in accordance with

still further embodiments of the invention, a coverage sector of a MWS sensor module
may be covered at least in part by two or more sector units, and when a plurality of
threat are detected within the coverage sector of the MWS sensor module, the handling
of the threat may be divided amongst the sector units which cover the coverage sector
of the MWS sensor module, and thus the threats within a sector that is covered by one
MWS sensor module may be tackled simultaneously by two or more sector units whose
coverage sector overlaps with at least a part of the coverage sector of the MWS sensor

module.

[0125] It would be appreciated that the advantages associated with some aspects and
some embodiments of the LDIRCM system of the present invention which were

discussed above, were provided by way of example, and that the LDIRCM system



-46- the use of a sem conductor |aser which directly emts Band |V | aser

el ininates the need for an OPO wavel ength conversion, or any other optical
wavel engt h conversion nechanism By elimnating the OPO wavel ength
converter that is typically a part of .a | aser systemof a LDI RCM system for
a sector unit of a LDIRCM system according to sone enbodi nents of the

i nvention, the weight of each sectdtl-unit in the LI XRCM system may be
reduced. [0143] I'n addition, the sem conductor |asers, and specifically

QCL, th sone e the t are
suggest e&c?oé‘ﬁlm%g’%ﬁ%pﬁ%egglwr{“ﬁp frag p EOV&% agdlgﬁllla@ gd‘?amag%& % S|h ‘glgfl fgg Dl ROV
system rmylebietedilthaesmheyamdm lmd suine evhisidéasits yipthe ADTRCH $yawarofithet in a
conventi onal LDER CM s% e@ UI re ext er nal n?ﬁﬁ tion. [0144] Reference
i s now addivsPRtIAERHON may 8k i90f OF Tore @F s YA REesHIes Oy agr am

i 11 ustratabeve, edd @ehﬁsary, buthd aspedtghdome Ginlby difdeelts! cﬁ‘tt‘ﬁﬁjL]DIRC&EGjmtdﬁnce with
sone enbodi hents of the inventi 8@? versus a Iaserlr'tgunlt t hat

ext er nal |8f thopfgseat E’élem‘loﬁ Ry@rovde pplY SPEHE i0p AR Ok B Fg‘éa@%%godeﬁvlbﬁg sequence of

the digitgovel’ and '0' representing a series of "on" and "off" states,
respectively. In a directly nodul ated | aser unit 310, the anplitude

rmdgl at i qo124] Atshﬁe}skﬁ&&ise@ agval withegsetted the kdvatapesng o NBIRGM sysarki ng

gui dance systemof a thr s obtai ned by m) ulating the input current 312
that is iWyth Wnlild’?%é plyadty %tlléFCtOFd’lmt%x Wal%d)gesF%{'P‘i Y Bt he | aser

cont r ol | erDIRZR syBldRCMaf PRvIdeSEhe umgn a%&@eﬁ‘blﬂ@ﬂfd sdvelitiRe bveradiiadli on, the
| aser unit _is abletotrgnslatethe gg FHt current Into m)dulated
% @m&

| aser encrighRCM gystesh, i ?}ttHQPJO}‘lQWdJe“? yrsigudhetol costser unit
320 is i npMtweldht B fhe CRARUMALIBREDA stedd (lﬁaﬁdlﬁgw C\/\%&&alﬁ{t‘@f picREUsR const ant

un- nodul at ed |I%ﬁt 324, for exanple, either aser radiation or a pul se

train. MG Betisehstantallyerresddee 995t ofpitynical HHW?"@MQ ordgduPRVEE 326, such

as an_exterHmcn e Ruhmfh%clﬁ‘d&@g?h@ahty"ﬂf &eBrot Snif (EFRkarRIS qnﬂae BGtdei ght or
allowing it to pass to the outpu according to a second el ectri cal si gnal

that is ik each of pdighoaelnding pt 1sqssonerh&ewmtpwhqs¢ sybgiantighlyl incaeasing 326 i s
anpl i tude g@‘?&&i' WigH dnbl 0Lt d&fthé 93%%. . €8t EdMated t’é2a‘3ty EcQﬂﬂﬁlcl}di\ges vaeuameages of

di rect ulation conpar e to I'n nodul atfon I n e ener ay savi ngs
(because inwengwef the sregesbapplinationmenke an upvasivgmed ofisgverd deshnadegics andi ght , si ze

and cost syl 098 idbifivB SEPIdhRhtafddsesM2 LR AQEm! Sort! biWhiheght- Direct

- directly or indirectly associated with the inclusion of a plurality of sector units in a
LDIRCM system. Some of the innovative technologies and implementations referred
to herein were discussed ‘above with reference to the advantages of a distributed
LDIRCM system. These and other technologies will be described in greater detail

below.

[0127] This and more, innovative technologies developed by the inventors of the
present invention have substantially contributed towards a lighter and cheaper sector
unit. These innovative technologies have enabled the inventor of the present invention
to make use of types of laser sources, which for various technical reasons were not
suitable for being used in a LDIRCM system thus far. The innovative technologies
which enable the LDIRCM system according to the various aspects and embodiments
of the invention include, but are not limited to, an optical system for a cooled light
source. A short description of some principles of this innovative technology is

presented below. The innovative optical system for a cooled light source that is



-47- nodul ation, is obtained through nodul ating the input current that is
.input to the laser, contributes even further towards a snmaller |ighter,

| ess expensive, nore efficient and nore reliable laser unit for janm ng the
heat - seeki ng gui dance systemof a threat. In contrast, solid state |asers
and fiber laser are typically indirectly nodul ated. |Indirect nodul ation
typiccal ly uses an external shutter -4 ch creates the anplitude nodul ati on
while the | aser needs to continuously operate. [0146] As nentioned above,

anot her .adyvan of .a,sem ¢conduct or |l.aser [.Splhe size d inght of each
hoer uniFe o, iR ERS Ph SR g D Trah PrAalR phicREARRMTAAT OL, o2
Wth its ©opi2400filap paiNabesbd DRC2@05 Gergimgeri HL1771240Mpyndoia®OTePdtartger, for
exanpl e, 10,0 | i t wo .KiJ ogy. , se..of a.coolling apparatus
is pref er‘g ‘cf)t&‘gﬁ%'eﬁ‘%h@/ %(ﬂgg%t(heﬁ r‘oflﬁg@ﬁ{o;ggﬁébc?’é?d P%é‘g’?’ &hitted in

t he Band 19y2008y@hieh aicthercbginoorpsiagidiblyirefarehdeyin thehreaties,. at | ow t enper at ures..

An OPO wavel ength shifted |aser for IRCMcan typically weigh 5 kil ograns
and up t o0t 28idn aécoldaha@gwilirBoms embatimeany ef the ihvehti@t, 2. 1asSt nhig twiieiniser at ur e

regul ation is required for.the -linear crystal. [0147] Still
further | RD SART O SAndn SR R Sere® B PFRYS obaERE Tt i cat pover
Fli Vi de]g biviay B wbedewtic thid 6tlcapSsrm fcmfaI eooﬂeA]E)iigmlso@E’@ﬂm?\muaa@ieh ihifted

aser for iC | i s typi a fractions o er-cepts at nost.
The | asernﬁg %B@n&}ﬂ@b%ﬁ O i%fﬁ?‘ﬁ‘gﬁ’? %pm%féat%{jc%‘ﬁ'i @‘e PBWaB@fSEeE’eﬁ’f§ wal | plug
ef fi ci encyoolednNiht $8reXiae is\dscribed il BI170mOvAd TH200%/00Y PigCialptovidepmbieed to the

output of the laser ynit typically reduces efficiency by a.factor of -5
(the powe?s 1€ exgaple i°Fu1 ap fpnoheg| tehgplpey H’Etf’ﬁé?a’%?‘hbteﬁ 3 P?Slahbli‘tﬁé’ & ficiency

by al most 1 BIRCM @RkenPhidR githideslepluftyt dT8ecdri@lis.nand, the wall-plug
efficiency of a typical QCL may be as high as tens of per-cents. This gap

can be einmbp@dc_,ey ontriB@Sdn b tRAbHtical ¥ystehf fENLIBYles Aiphtigogbd 1 Bt i on of
wavel ength shj ,ftlfng, .and the enab |?g of, direct nodul &gﬁ %,0148] Despite
the advanbegilis ofymaking 28 WRAMRR YIRS Of 8 FoTILCIPRIRH 5 635? Y SpeRifically of

QCL t echn@hRRMnclides RasiuAlly BESsodSeEts,SRchaingi 1 doRleRENbItAdETSE &e | €aSt in
part due to difficulties in achi.eving sufficient qutput energy, which

cur rent | yinvemsignr esther P of Bisaresentnigvesiop diatdsydeped e dldisig abl e to

achi eve sallishaedadeCRtnbRY] £Q sfRshANE QL teB6T08F whith knabR tBOhse Si ze and
cost so as to offer an attractive alternative to current LDI RCM system As

ment i onedohdBlealityapftemicrductor| pser poitsoand fgecificelly of Sdownibcs P8 isscl ose a

suggest edy BN QBtefOthh i iR CH aDREtdrR! -and/DpEQH&Ily APPAH 6RRL" S
| L177240 and 1L2006/ 001378 allow for the incorporation of several |aser

uni ts w t RPRG@Msysem thatig oupigblgenen aisasaf.r i buti on towards a further possible

increase in the output power of a sector_unit.
: [0130] Usually, the current laser technology used in the relevant wavelength range (3-

Sum which is also called Band IV) are OPO wavelength shifted solid state (or fiber)
lasers. They are heavy, expensive and power consuming. The inventors of the present
invention suggest in some embodiments of the invention to use semiconductor lasers to
provide the laser energy required for jamming a guidance system of a threat. There are
three basic types of semiconductor lasers: (1) Quantum Cascade Lasers (QCL) (2)
Tnterband Cascade Lasers (CL), and (3) externally pumped semiconductor lasers
(EPSL), usually based on Antimonides. In accordance with further embodiments of the
invention, fiber lasers that are configured to ‘emit energy directly in the Band IV may

also be used when such lasers betome commercially available.

[0131]1t would be appreciated that semiconductor lasers work better at low



[ 0149] Havi ng described the el ectromagnetic energy generator 224 which may
. be used as part of a LDIRCM system according to sone enbodi nents of the
invention, there is now provided a brief description of a |aser cooling
unit 228, in accordance with further enbodi nents of the invention. As
menti oned above, according to sonme enbodi ments of the invention, the
cooling unit described in IL 1772464%and 1L2006/ 001378, nay be used as part
of the laser unit 220 in order to enable the cooling of the conponents of

the |l aser unit 220. However, it wou]d be appreci.ated, he | aser

cool i ng UFfPPergfieer i Bermicpndupten 7ipssro aLiﬂd“iﬁ?Z(?B@‘f@ﬁi%?&“i ﬁﬂgf%‘(ﬂ 8 as an
exanpl e af 2008000 RSihbleds @eRtib&iba bbling\¥ykte foRY slicosd@tot QaseOGhichhe | aser
unit 220 while neeting the weight, and/or s%_e and/ or cost requirenents that

are associOBPEEEsAitan eplicah siemant yathisyihgrfoelst which redunatespibe dases 1 8¢ sect or

units. FunLbOsiany Qollidee@idhig T1As fbsiidiesysRRPRIeRRHE Sooh L hecimant i on, a
sector unit of a LDI RCM system accordi n? to sone enbodi nents of the

i nvent i orEivdy Guisptdteter 9ot st QGsepreushle do watitclestiranot Welk fhiP@8 any

cool i ng QEm?é}Lt‘dre\,/%V obdrM Wed a@rb@yc;g@m_eteﬁabam}es.com! hBrdafeeOWRR N orleO Oper at e
and to provide sufficient ener or janm ng a guidance systemof a threat.
For exanpimebofimantseof dea/iayengiam RGL pi¢ implemented Vit ageptop et |atd Pra¥idsnol ogi es
may brin j i.ch 1t tde: : r at room
Femper at e B B e e R e e e "need
for cryogW¥afte ic ouslef iy effegtivelal jeowe reethe epoding devies avhirbddse pedaisng

t echnol ogj - cool er. Accordingly, in accordance with further
enbodi nmen @ﬁ@f&@%ﬁﬁ%@%ﬁon, any other suitable cooling unit which neets

the perf GoHBHGE w3 tehllia@BALAY inthe fnd8IhOI0G0Rq ERGUCRATRRM ! hat ar e
~associated W a LDl I'syst’em whi ch 1 nc) udes a plurality of sector units
may be usBahdtly lassest mashashicas multiyratitperfponaso atAighes terpamturesp pbicharadr di ng to
vari ous ellm&gleﬂgge&tegfoggu*ggogﬁe%%%t&?n was descri bed above in detail. There

IS now provi a detail ption of a laser guidance nodul e according

to sone qu,ﬂ{rgs . i Q0. el : e';g;%ggi nts of the
i nventi oﬁf,@qgg‘ ase %8%8%&;;&(5&%1‘3&%&&2éadﬁﬁnglgé?%gﬁiﬁggmggﬂﬁgas %nagﬁ 49- beam
st eer i ng simenertodinientstoff gheanratiomehxre isl lowsprovitiests myreFe@ile@ desctiption i s shown a
| aser gui u ' i NC ' ' m st eeri ng
el enent s ‘ggggeéﬁ%g)%@%%e?%g%gggt ?g%)fr%. Sﬁ%coarngi Séllg?g t% %bgggﬁg@tgﬁ’gg%{bqn%sg s of the

i nvent i oninvérttienone or nore beam steering el enments may be rotatable about a
first and a second axis. In the enbodinent illustrated by FIG 2A and FIG
2B, the f[ors#] Bferencstierrw ngdeieRERt 24 3thithsis rdtlerkalidgear Bingtratzonfafiest axis A
and the s ' 34 1S I cond axis
B. An ex agem%ﬁ)g%3}?qgwsﬁgﬁgq%%édtqlg%ﬁ%@gﬁt?ﬁgﬁg}%rl%é%% @&?% e%%@&g@glgﬁggﬁ% th sone
enbodi meninserifon frel ofhwy &WViISosensdr addules thad isassaddiated ithttha séatersiniaind a second
axes shal | b I QVJ bel . 15 nti P | RCM syst em
accordi ngactc8r g Cﬁew‘%%ﬁ%h { ﬁ%lﬁvém%qs f %Aéle iﬁlﬁ'\?rgg al 6&%{3&‘6%3@%9%%30%1? Hféﬁéégpl urality
of sect or FIGI 2B vwiivhnis noblodkediagmamail ipstetibo ofhasdectod dniben essotinigd™MMSe t o cover
a sector that is,substantially |l ess than 180 horizontally. Therefore, a

rel ati vel P8¢ 18P W@t"&éf%%@ﬁ'ﬁ?@f@e&ﬁonﬂleeﬁng%’h ¥ ?rﬁ?/m%lgn iCE?fflé’ms nt ed

W thin a seeidilg tdBbrhe afbsliténtgofithe Boamioanisome embbddimerdts bhithe iimxestidn on. The
beam st eering el s) 232-234 that is rotatable about a first.and a
second inﬁgﬁgw&ﬁr&@éégmwbléﬁﬁfﬁ?‘ﬁeﬁw al%gfttffftglb‘fn‘tﬁafl 8l 8y poi nt
within a SRS QEnsbhalodilss. | T sdehbainit 810 ame thd PIWHSesbr sleduleskowd idependent
axes us used herein neans that, the rotation of y rotatabl e axi s does not
cause t he¥Hri%head fl?ﬁ"ﬁ“‘?ﬁﬁ%’ﬁ?‘ Withesfergnge 42 %%‘Peé“ﬁ’ﬁ?&ré]mf‘@ of FEHBEiPR 5 r espect to

. the platf g Baniple HFAWEHorRitFRIARAPEAd Bdfart IFY RisGHuted LDIRCM Slefent 0 achi eve
a coverage secfor of 180 or nore, the rotatable axes of the beam steering

el enent ( sy Bedreseminyoiay The gcipaynit R ardibe MV tserser sroddle shewz o one

rotat abl eyl fi3 CaHSSonk ACtE bh&hE A HFRE. 24N Ao @énveRibleall Glafityl, Sorkd Change
with respect to the platform It would be appreciated that typically in
order to achieve a coverage sector of 180 or nore, a rotation of a beam
steering element(s) around a first rotation axis nmay cause the orientation
of another rotatable axis to change relative to the platform (when the beam
steering el ement is nmounted on the platform [0152] According to one
exanpl e of a | aser gui dance nodul e 230 according to sone enbodi ments of the
i nvention, the |aser guidance nodule may include two mrrors. For exanple,
each of the two beam steering elenents 232 and 234 shown in FIG 2 may
include a mirror. The first mrror (232) may be rotatable about a first
axis A, and the second mirror (234) nay be rotatable anpbunt a second axis
B. Each of the two mrrors




-50- 232 and 234 may be operatively connected to a different notor 236 and
. 238,. respectively. Each one of the two notors 236 and 238 may be adapted to
rotate the mrror 232 and 234, respectively, attached thereto. The first
notor 236 may be adapted to rotate the first mrror 232 about a first axis
A. The second notor 238 may be adapted to rotate the second mrror 234
about a second axis B. The notors 286 and 238 may be configured to rotate
or manipulate the mrrors 232 and 234 so that a |laser heamthat in incident

on the mrrors can be directed . n oi within a . sector, t is
subst ant iogﬁefof”é’gge“?%gdﬁhel%@r BW&?“?@%S‘%W@@F‘EBEWOQ‘PEMH cl{:tg:lt’ ding to
sone enbodi werelomitdd fedie thet¥oitisedtor WniE210\WRd iRt VS 236or aidlu3BowRy be

rigidly fixed one with respect to the other, so that the rotation of one
nmot or doé% Bffect the position of the other notor. It would be

2
appreci a at | aser gui dance nodul e which i s based upon two notors
whi ch ar tﬁﬁ?%?‘GF?}&‘PE%HD‘B%%‘“?O%“P%S?)&@G SFYERYAR, 8RR léfrfn?%'ﬁ“f‘nlfuh‘bﬁt eto a
Ibi ghter ]gweﬂ@ﬂlﬁ;emr&g ld'lﬁsgxd@.ﬁ{ﬂﬁﬁe ﬁbd\g@%t{] ETHEASR a;?dzz'omtaa;t liqao;@faﬁwlsadnot or can
e significantly reduced, giving rise a greater erjing speed, size
reduct i orﬁ""é&FﬁB‘i Pé&ﬁ@é%r g4 TR F%qu?fo&é‘f‘fg’ﬁgé} g’*&ﬁ%‘ E&;’.e %ich beam
st eeri ng ARYldaRSo e &Rt BV htidE Ry 1040 Ghie220 thilCincloW Ddisam  USA) ,

Canbri dge Technol ogies (Tullanarine, Australia) and others for different
appl i cat iGpEoller 3334 olgshramagnetc PRergogeRRwEnE 224 Frpadimator 390 ¥4 3 18seg p| ock
di agram idobitunittadogn of an assenbly of two mirrors which may be used as
part of a sector unit in a distributed LDI RCM system according to sone

enbodi menbs3a)frk B&n{a&h\éﬁ’c%f 08 lasérunkt!280 sHowi REFIE. 2A sBNPWW Be @REAbeAN Of a
| aser gui dance nodul e of a sector unit in a distributed LDI RCM system

accor di ngvithofustherdetaily e dasp coniipller 32 may b deied taCeRFY VATOUS 3SRE6iTe

enmbodi mendesin@fopbiGol RY M 1R8 e 2b6S eA @S RS QofP dibedinlalsUstethean assembly
400 of two mrrors 402 and 404. The two mirror assenb 0 may be used as

v . > Y,
part of adnesgipnrthedaser copdtolles23amaydie eflapied i thurevdde herRsptopegaiicaccor di ng
to some enBogi Bk Ofia Wit [RVENS! GihalsTREURMPfOT i Hefaiibf2aaBdu 4R4 may be
configure g%ﬁa? a Ilas‘girﬁl.beam f ro%aas'{bglgler qnilt %ot s’hgwn) is reflected
from t he eonidllisgitpvorking canditiensssudlpas wabilizaten of Afs demneraiget o furt her
enbodi nents of the invention, the two mrrors 402 and 404 nmay be rigidly
fi xed ondOil37lrlde seltimator 226 map bp adapiedde secgiva glegtromagacticingtay diPmties of each
of the t ' 4 d 1reh @l Ysef XSS | ForSREG61c0RR. W th
respect Yﬂése?‘ﬁ%&%?ﬁé? ?%gﬁr% %\ﬁ%ﬁn Eﬁgarﬁnﬁ? rro}(gss(qﬁ%?zgt aﬁﬁ‘%404 l.are Eghnt ed on a
pl at f or mcollimateli 286t men b adepted - ®1-applyt am i emicalx iranifulagige howp thse nirrors
may be rigj 1 xed aty to . | at.f ] C ing.to sone
enbodi rren?ésc(ygk{m%ﬂheg}gi ?11{‘/3 tiﬂgg?lst elh%he\{\obgmﬁ{rer :i)lfrsésP Z%glggdaﬁ%4%ﬁgl;t/ %‘g rot at abl e
about a félestomagnbtia epergp redtisting the eadiipeton consisys, mpinlyaofiparakiel rays. eHabl e

directin kheihdent  t P ' ik Ny sector that
i s subst g‘ﬁ@flgl%?;% P@‘gg‘g{i Iftlﬂa%?lh%i 00 oghg{#lﬁr e%gu S%)‘?h e%r@g%ngﬁa#tw@s ,e there are
shown onl pardlieb ioftheresayse pibats ilisiredibetion ¢ ebistiitgeda mgthims awietakively ssmedélct or t hat
is substaptially |less 18 S i degrees of
freedom mﬁ?’érr%%mgsaggl?rbll?/&g%ﬁl’ 6?5@%5%%@%%%%@?% ﬁ%era%ur:a?@?@?é ngn a beamis
shone t owdbeis) phmligipvbutniathen mag IeesubktyntAl pataliel toethmeltenis of the Yeamst mirror
402 of the beam steer] assenbly 400, the amis,reflected.fraomthe first
mrror 40‘%"%1'%?“89’“[ hﬁe 517%&%“%1“’ L8y SROTAGT #‘f?ng]rthﬁgﬂ?r c?ﬂlgngl WWotBheam i s
ref | ect edwilrerietdided Bgpeuter dbthil belowO4 towards a target that is within a

coverage sector that is associated wth the sector unit within which the
m rror asfdB8] Bheilaser 2p4 engpricadnfigured to receive energy, typically electricity, and

translate the input energy to electromagnetic energy at a focused wavelength. For
| example, the laser 224 may be adapted to provide electromagnetic at a specific

wavelength and this electromagnetic energy after being collimated if necessary provide



[0156] The incidence angel of the |aser beamon the first mrror 402 may be
.determ ned by a controller, for exanple based upon tracking data received
froman associ ated MA5 sensor nodule. The first mrror 402 may be
configured to rotate the |aser beamover a first axis. The size of the
first mrror 402 may be larger than the cross section of the beamin order
to avoid clipping in shallow incidet® angles, and to allow for integration
toIerances The | aser beam may be reflected off the first mrror 402 onto

t he surf of the second m T t he incident angel of the |aser
beam on t asféﬁ’l’f’ﬁ%’%??s% S “ssth%lg‘ﬁg?trﬁ?ﬁ’gﬁe Clfunftaast in part, by the angle
_ rotati irst rro ond mrror not or used
Por ot at T e Sush ot 6rors dgsist oS RERR o0 bl et of om o
control | afie &S edtioni wisicldeslite esl 1aaaglza4oﬁhwlomy iberused e pare 06 ad.DIRCMNT 404 may
be confi gured to rotate the | r beagtg? gr a.second am%m According to

sone embo¥iIHRACEOr g 9esqmR, &R ‘? enty 9 VeBEOY he 18 SCUHIENRE SPBP 404 may be

| ar ge encqupbdiient ©f ivmaekation, fioik sadgested totuze arsahiftbhcn@tof mﬂfas(ﬂie lake first
mrror, in addition to@ghe constrains o rror 402. The |i ght

irst
energy t At Ascordingde s f‘i“ThSWI?lPPél"P‘?“FSs?HtH? lerS'i‘t‘oé‘nftdS 4egeL P 48R3 0f t he
second mgemRbndustol NlsSer! ShiidhC leRilts Dyhetdye i ehonBaid-Iv.0r Spedifi@fly} hkissect or
unit, for exanple, towards a UI dance ;a;stem of a det ect ed th{eat
Accor di ng?ellﬂwoggﬁ@ I SFBOBRREA S heascadpeseiothercmaliery 'QEED: Shdf t he | aser

beam exi shd Bfe HBR1HeA ! rNaﬁﬁ@éﬂehymﬁO& alirh M atale Gdnth part, by
the rotation of d\?g b(t%loth t he f| rst g%ys@geé%n @gjﬂ e Z102Qannd 404, and

di f f er entcascefelasesPregass andt qublaek nifoceesings qeré’HE,a‘g@lﬂmsééH,t?&%eml rected to -
at diff erz?'ﬂtzcaﬁij QA1 QTS:s n%£ QAféﬂseﬁaaﬁrg%qlbemm #p-9§0-fidopiser gui dance rodul e

230 according to sohe enbodi nents of the invention is based on a S|ngle

mrror, qbwd]sn RENEbe §w1&aaé@b>0d%ge<zﬁlorm aaimth@raﬂ%ar@atoonmmt ed on two
or nore poles that can change their effective |ength and thus rotate the

mrror. Aeeridithey Bead-E%mee baspdban msnuiactyring frshiokesiss: Wigeh aterdmpy|tes nay be

- ext ended Qfse8ld RF hfuthfudnd TBRRSH: ED ﬁmala 1488 51 ﬁHePEorhﬂuﬁiba&f%% a | aser
beam i nci dent thereupon to substanti al [§0| nt wthin a sector that is
T

subst ant i Qi yriquegspertefin sewEopdustor fasergn éﬁe B:P@é dgassgiatest withg spesificur t her
enbodi ment .- lg}f'er ubg W dr@fheer® %}lroécl%hgﬁ’ e EVQ@YO PG ? ié‘r%ﬂle{wﬂhllnengt h and

the extension retraétion of one o e pole be su nt to provide
t he substthnBand-[Y wavslength asnge 80y dr recenisyesfs, d@gm&@némrth@elamm or.

[ 0158] Acg f nay
connot bttt St EORASGIRN bR midly LEVOEVEN- ik BRER 2
degr ee ofCliengend Nlapratﬂ@ohnmﬁﬂmvechecmnaacaumamnaughso ct’agzeethslamér sfrnegretom
attachrrent eg/edra}‘graﬁ)roclh &@%‘lfiac e%grnnlergmasgrln%oﬁgucf E—zasgn rror base using a common

rigid bas® hre cfe ree of freedom
attachne r f t pol es may
i ncl ude, rtEMﬂaSF}éII%S %&ﬁg%ﬁ&i’fcﬁg P %%r@glg% en0| ?)flsyz)dg el ectric

act uat or ss1zeo(ofdtehedertoéalﬁesmmﬂgme'$rs lpnﬁglﬂg'}v vﬁegm,rlewmnu&ctnnng cmtjdigho FI G 5,
which is block rmLIIut 01253 mrror
nmount ed of ?lency angésgﬂ ab h Nt?hohéeebg 1%?‘% ersﬁgbl!é%‘ﬁ @quérjggﬂ&@or change
its effecdystem Methglthsxgmﬂcatntmsmmeasatgetlteheystmr rsrze arklheosassﬁrrﬁieyndml ng a part
of a sector .unit in a distrjhute or 0. sone
erbod: norEiRos T Bri Y TR R b piots SR ESELEIRY S e of
| aser gui ’Ulﬁl@psemmddthcﬁordiseﬁnsyebd@bledmsmgalTEﬁi GhustnlglalwﬁogelntﬁhloﬂKﬂVKByst em

according. to so rrents of t i nve Ac 0 .sone

enbodi rreg]faée“(’jfs’&ﬁe@gﬁ f5 gl eeq @éﬁ"ﬁ‘ﬁﬂféﬁ%é@%&a nga fﬂl‘ﬁ‘@% an assenbly
500 whi chgeifi¢onsigort M&rﬂmﬁﬁDﬁ(@Ma@@teﬁDﬁccoﬂﬁnQ tbaé‘dmeoétﬁb@lﬁmwm ohtkei ng
configuraple to chan ffectlve | ength, and a mrror 506. The mrror
506 may b@v‘aﬁ'@Pa&aP&%‘?g& ected to the poles 502 and 504. The mirror 506

may be co ur ed that a l.aser beamfrom a l.aser uni.t ot .shown) is
y {6 g] It woul ¢ appreciated that ac:c:ordii ng to some emboﬁlments of the( 1rr]1venti%n )




-53- reflected fromthe surface of the mrror 506. Exanples of possible

. connections which are suitable for connecting the mrror 506 to the two
pol es 502 and 504 are described above. [0160] According to sone enbodi nents
of the invention, by extending or retracting at |east one of the poles 502
and 504, the mrror 506 can be rotated with two degrees of freedom
According to sone enbodi nents of t he##6f nvention, the pol es 502 and 504 may
be configured to enable to rotate the mrror 506 about a first and a second

axis, r es%}eecl}scleg e’m1 ondﬁ?tgelgs%F hlcgdft& V\/Pt 1t953 E&f\& ger e{u:;]lgatsaes hbeen%rgl nci dent

t her eupon 10 Su oin n a sec substantial ly
| ess t han fd8&0 ORQ&Metve]lesgtbfcodmjmeesor fry1 6thpr Shrgcal Weavplehgls dofZErdod 504 may

be conflgure to r te the a f| i s,,and econd axi s.
The ext en§TEHAHG rlg%?]il%’r?a%‘fg tﬁ‘ﬁ@@&?"éﬁ@?%ﬁ&“@% %ﬁ'P cally ?18‘“??1%? dence

angel of tder dyas@rofladaDIROM byseenitior b e¢ctdrQfit iy LIDHRGM g@mnmeebxmyigm

controller, for | e .based upon trackin dtarecelye

~associ at ed"’W\SmQ‘é‘ﬁg‘g&S PH R iventine, e yel Ogﬁ%’ﬁ ?%P““SH’GJE %g]gﬁ]ar ger than
t he cross sgsegh imapbefedudrd. beamin order to avoid clipping in shallow

i ncident angles, and to allow for integration tolerances. The |ight or

| aser bear01433in iadditios, dentsernijeomtiutios 1adefs; oand5@§ecmullﬁchEEf lveidhedn by t he
mrror 506 in a desj red di rkﬂ)gtl on, tjtg exan%_H t owar ds %LII dance system
of a det eCFOHH 8L SORE DN W@en{soo SBFAERE I e Sitegesitd foﬁé’ P8Rt i on, the

di r ect i on vathird B&e&t&sﬁﬂilt beandistibwéd DYPIREN @sﬁ:ﬁnmhay BD@irdcHy dpédutatddned, at

| east in pzi'e gy e extension/retraction Ofgﬁ«f-f pol e(s)., and I?vel s of
ext ract i orfiheEes Spigaly ané?“ witsin 3 FRpvpatiospl LR Mosybtémcﬁeﬂ‘éf?tsé’&tef

di fferent nghdur€Gén.ons. [0162] Referring back to FIG 2, having descrl bed in
detail sone enbodi nents of the invention which relate to vari ous sector

unit 210 i[opd4ReRteatd Wﬁowmamﬁo@dnsz &y Brend. CB%dvhidhritsf'aeEm@ﬁﬁ@d bRck n respect
of vari ous_enbodj nents of the invention which relate to vari ous MAB sensor

modul e 24cHagHan Mpeetiop A @rlpsehpnit heing Q‘F‘?C&Méno A@@érla.aﬁ@réaacw% SeRbodi nent s

of the i nweBbdiRRnts df WA RRHSVerH9 o Ws& l%ﬁqhmybeﬂg:éw@a@ mMddB1atedBGh Ng sensor
242, an optical elenment 244, a signal processing nodul & 246 and a data

comuni catfiln3rmednlaionjgrepresented hyrp seReensANP DS ﬂl%wlﬁzandmm Tgpresestingh t t ed by

the threatsri g "br"antl @§C&htby/ RosPicA¥dIP InVa GitRAY Eﬂ?ﬂhlﬁt%d (ds6aghitHb, he r cui t,
anal og to digital converter, inage correction nodule etc. %ﬁ The | magi ng

sensor naymphmdpemedidaiiondof thet lesgrsvignab reqvisedifar jammging that keatseeking oni c
signal's. gyidance system of a threat is obtained by modulating the input current 312 that is input

to the laser 310, for example, in cooperation with the laser controller 222. Since the
laser unit 310 supports direct modulation, the laser unit is able to translate the
modulated input current into modulated laser energy 314. On the other hand, the
externally modulated laser unit 320 is input with a constant electrical current 322 and
produces constant un-modulated light 324, for example, either a CW laser radiation or
a pulse train. Modulation is achieved by utilizing an external modulator 326, such as an
external shutter, for example, which is either absorbing light or allowing it to pass to
the output, according to a second electrical signal that is input to the modulator 326.
The output of the modulator 326 is amplitude modulated light or laser energy 328.

[0145] The advantages of direct modulation compared to indirect modulation include
energy savings (because no power is used when no output signal is required), weight,

size and cost savings (the need for external modulator is eliminated). Direct



[0164] The optical elenent 244 nmay be adapted to Inmage the radiation from
.the field of view of the MAE (typically, 100 degrees by 90 degrees) on the
i magi ng- sensor. [0165] The signal processing nodul e 246 may be operatively
connected to the MAS i magi ng sensor 242. The signal processing nodul e 246
may be .configured to receive a digital or an anal ogue signal fromthe MAS
i magi ng sensor 242, which corresposds to the visual data collected by the
sensor 242. The signal processing nodule 246 include a target acquisition
modul e 252 and a tracking nodul e 254. According to some enbodi ments of the
i nvent i omodulation, 4y eferinedctlirrugh modwlatingdthe Epatourregl thaiels upatbtodhe tasetpr ocess t he
Stonal. 1 eEGIUAL LR ulult? (M IBANRG 1RRBS Uss Hfent Qe ARLET MG Whiet her { he
signal includes a signature of a threat, and possibly determne if. the

det ect ed nidne eediable dasdi wdtcfoe fhnmaing thesheatveeling evidanve syersef 2 fueate M i oned
above, th i Siti : : 0 fve a signal
froma M@t%a?’f{ag?l%dgagtgg%%}rs dgﬁgi bgiﬁlgééltrgr p %g?é“‘tg ﬁgﬁgﬁg%% t%db I&%’%&F m ne

whet her  infodulatibnutpically ugps ah externelf shatterhwldelt credtes the smglifude medulatipmar ds t he

pl atform_.RProcessin si gnal iyed froman i magi ng sensor to determ ne
whet her t éle??rl’eg%%fn%ﬁ%foucgg@%gusgfg(ﬁeg%%re of a threat and for obtaining other
data abo . t at | Eeﬂ% Bent: i,habl e or yet
to be deﬁ%@&%?%&ﬁ F@%F G %‘%égnﬁ%k%h%@a%t? procgg@é?%h%ﬂ%&r%%g?%gh?rom an

i magi ng setighd of éavh laaeietite rAvsandcontiedtdrdaset Isayrscaliyal 0.5 xdl. a3 & giggnat ure of a

t hr eat ..be used a r 0 oiggsn; . | ntion. This may
be donewlﬂégﬁfg/oﬁlﬁé aﬁ?alrgr%u%g%fgnéé: Ogglﬁ%’ gpa iae?w&é Ilaﬁ ?’sﬂogﬁ}&[ %f’ ?%‘age t hat
extract gbahd Kttdrand two ksilogranfsi Tientse bf a gédling epparatodis eotferedibedausesthpect to t he

background, The target acquisition mgdule al track the ect ed
threat i r?ug’ruﬁlé’f’wf’roogé?rf“ﬂ/“q%ﬁtgf h@?rsietm‘ “y {ﬁﬁe\r/gﬁ?é?gn‘ﬁavﬁgfi gtg ¥ gﬁ%om noi se,
or a hot digifgantly ivgirowds alowadmpeseed e QRGajvesdangth shified lasérfecfRCM and whet her
it is ainmed at, the platfarm According to t her enbodi nents, of the

i nventi orﬁa“ttﬂ?écaﬁ]ﬁr‘ﬁggh ééa{?ﬁ’@wﬁaaﬁ %taﬁF%? ?é%i%?nsbélzfrﬁrsteﬁ%g Bt ed to
provi de istricieapagitueicdlamioh Bet@ited for @RIORM RoWlindaDEgstalfl t he fol | owi ng: the

-557 relative direction of a detected threat (which nmay be determ ned by
t he | ocat[oga7]atilltiaehep) thewalpiag effictency, iteanihg drveeenttmd opicshpowdrhe i magi ng

sensor), an.estinated tj to | ct,.a ddi ti.onal .i.nformation which may
assi st i 1Y‘8%drs1[’?’ f‘%“ﬁﬁleﬁmgét %Oc‘,’\feé(r]g)f? %ﬁ@é‘iﬂp%ﬁg’lg’ﬂd%%ﬁ?dgﬁﬁe& flé’llbgve, t he

si gnal prgsiedSiDIBCW Ul sicalt BictiblicofPédEcaens aiostyoThe laseR #lfwigh thkso i ncl ude
a tracki ng_nodu] e 254. Accorgi ng to so eﬁrbod' nts of ﬁ’?ne invention, the
t racki ng #oduieicaby hasy BRI o 3’p8@tfe’t‘t6 ‘g%htp 48 St eo Wieém’get ection
process, @pdlaibhRenide tHRédlesppieddetiachiti of ierThser ahit tipicaBpredutdar eat
generati g%ﬂa trajectory of the t

hreat, possi bly usi data fromthe
navi gat i oftfigigRey e 2 {stoR gt aRthe PrYth ¢ ﬁ“f@t o F&é’fi}ﬂ@wr)sggﬁ“’é‘ﬁﬁng thee ¥ islate the
l'ocation ﬁa% rilcfefBy b aISRPERbrdet 8 hAEMUABI/SH tharddhtn thakk ithe walkplugi Ng an
estimation technique such as the Kalman Filter to generate estimation to
the cur r esficigreyf oft 1ifwidab Q&L BAY ¢ a5 Rightasrteny of pEweRat i1y PSRy data to
Sect or  ung b il 10 in paK byl 1 CheRBSRNIRL clihmati] wdvBich e siafink@idl on of the
| ocati on %) _a\t{\?g’thr e_a]ltnFp [0168] 'Ie'he tra%l?iungadata frvoren%lh; trgcki ng nodul e
254 may beéegeabling of dirpgbnedulatiobct or unit 210 to direct a | aser beamonto a
gui dance system of a detected threat that is determ ned to be headed
t owar ds al0jrBPespits dhe widivaiess PDERDE &y SYRIFPIEOR Ja%F dEFgolosY s

enbodi ment 3@ttt ddY RBnoRRy, iBhd MU B8l use6 Girdh NDIHCMSdtdrhs dtidabiner

enbodi ment’s of t'he 1 nvention, a MA5 sensor nodul e 240 may be adapted to
send the trpadiduntp dificaltieninachigeng sufcientouput epepdyuwhich eyrreptly segBkey units
whi ch are : O o ' d EQF& : Babkksndahat sector
unit to df&gée%wagqegaggé %@aeﬁﬁu%%f Sh?ie asﬁaéhrgttgg%l%e;ﬁggﬁggfg)trgm of, a det ect ed

t hreat thaid owrdilesediod unibwaigtls size phdiedso sorrbip ofifir@h attrastiverAR@eHEY/ ot em i s

mount ed. current LDIRCM system. As mentioned above, applicant's _IL17724O and




[0169] According to some enbodi nents of the invention, the MAS system may
iinclude a central controller (not shown) which nay be adapted to nanage
some aspects of the operation of the plurality of MAS sensor nodul es. For
exanple, the central controller of the MAS system may be adapted to
coordinate the operation of the plurality of MAS sensor nodul es. Thus, in
case a threat is detected in a posi-48on relative to a platformwhich is
covered by two different MA5 sensor nodul es, the MA5 central controller may
determine which one of the MAS sensor nmodules is to be assigned with the

mi ssi on ofL20PGRUBAY disslose 1t wimeestaddsobition 16i iy Trknitel derieng Maeavero a - 56-
sector unp bt e IBRHKY o r%cpﬂ_% ?] 3&@@11&@%&& iRbkpotaBofof §Gkrafids@Ser beam
onto a gui'dance systemo r eat he MAS central controller may al so
be connecumits thhua@dngle erraing Wlﬁtcemfﬁbmﬁ?%d%ﬁﬂhef nessble dicreaserde thedi ng f or

exanple n glncﬁ-l S gs and nmay augnent the data froma MAS sensor
nodul e wi ta%tb&ra\%bv at 3 S 'fala‘lﬁlned fromthe additional systens. For exanple, the

MAS cent r Mﬁﬁ( &egé Cfbérefc@rgmg%fea@&e&@ geﬂe@to& Qﬁ@tvhlcﬁ rlal ?%Etukéﬂl
navi gat i o ositioning system ( may augnent
the trac kamlgﬁrfda"taeLI@Bﬁé/ﬁ sxs@qm wo@mMSm@nbodmms of the mﬁefl’é@n:rtb@mﬁndl ng data
recei ved ] V. ener al
descri pti 3?1‘9%&[&%(1&%%39%%%@%& %{éfa?%ol[n%ﬁégrnm e an% wﬂ?f‘%aes?c

functi onabmbgdnnénteaf:ﬂhemmmmms merioned ats)vncnmqrdmg itelswinegendiodimegs on of t he
various | | S art of a
MAS senso;(;rPlgl eggé}lh?% {o‘éﬁ@%ﬁ*@g& Izbne}qg}é glgquﬁﬁ% Qfdomggéﬁgﬁﬁz@?in%ébe?s of the

i nvent i onusedtas pmubﬁihd:)kasapplt 220 mtoedtr tcheniabls direecooling dfahe\daBiperentsnt throdul e

i npl enent at i on SCUS I i or

nodul e’ s ga fr g 2% %H)w\%g g'i?t%' oﬁfﬁ&% P r%‘?gtteﬁ tﬂé{tﬁgeufagwwﬁlgiccorsﬁﬁﬁ%st 0 sone
enbodi rrenﬁnsILﬂf7724hend H\2806/0013,78 ﬁskmoxhdmlgas lag em;ﬂmo&onzapﬁssmlmhwumbr bei ng

used as part.of a MASE s e r rowd S&V. eflts with a
cost of W&?@d@@db%ﬁeg °881e g, & [{/\ﬁ% g’gxe etglgntgla % c%/%er et ai |

bel ow, t hend/mdoetae@dxen&ae thee \ae ssc&ra&damde@ﬁ.mel\/bsysmmevhmmcladcseqot abl e
accordi ng odi irent f the invention ke nefit sone of
the pr opo?h‘ﬁal 2 My g “gﬁ?rfﬂ?f FEFTSEE IR f“gtﬁ\%{sg%l&q%i{‘@&s 8 3&6

el i m nat i Rgehtiva, ae@&orf@ﬁt SITYDUERTM s§éth iab@rdihd) &t @, enmamedtsrtg th® sone

enbodi nent s of the jny ntion, there is p osed a. MA5 se nodul e 240
whi ch may “?‘Véﬁ%‘i‘\/‘éayl"r’i‘@?‘ﬁrﬁ“ﬁﬁeﬁ fape ue&w@ﬁﬁ (1$I§€5 reafisid ¥ SRR ng Yro%hot her | ow

cost and @9l limhigedS#lduédnOthtioNICRbRRANE: brderd tor bfftedte @ﬁﬁ)ﬁﬂﬂﬂwm& Sufficichble
invention, there ,is provided a MA6 sensor nodul e whic operate w t hout

bei ng coolcadey fopiamminga guidancs §ysiem ehabreahiingicnumnle figyre ¢ ﬁvé}/qpﬁ\?’étﬁt“} on there

may be preyd flgd oﬁgw&naqeﬁ%chmegihemaﬁ@nﬁgasoult %s&&ﬁﬁtﬁl wWhith 8¢ @8lé Y&l Y
recently devel ope i rragl nag sensor technol ogi es M d- | nf rar ed sensors.
g

The r ecentPreyidecspeneipBRIver #h dPoTR terenesadire (@ ARt E’gﬁf’@@ eBPerRER):| theeBY ed sensors

are satisfligehwhd heThded c@Pk ryage&mocqmg,n%d ERShE eh&ﬁseogeﬂbe £0&dst Ng.
Exanpl es of I1maging sensor technologies for Md-Infrared that are satisfi ed

with TEC eedingrigchaplasies swrdt asra§EE reeoler rgandinglys dbpeoeeiansic iy durthstit are not
-57-

embodiments of the invention, any other suitable cooling unit which meets the
performance and weight and/or size and/or cost requirements that are associated with a
LDIRCM system which includes a plurality of sector units may be used to cool the

laser unit.

[0150] A laser unit 220 according to various embodiments of the invention was
described above in detail. There is now provided a detailed description of a laser
guidance module according to some embodiments of the invention. According to some

embodiments of the invention, a laser guidance module 230 may include at least one



limted to: PbSe detectors, Auger reconbination suppressed MCT (Mercury
.Cadmi um Tel luride), such as the detector technol ogy devel oped by Vigo
Systens S. A (Warsaw, Pol and), InAsSb detectors, devel oped at the Center of
Quant um Technol ogy at the Northwestern University (Evanston, Illinois,
USA). [0172] In accordance w-th certain enbodi nents of the invention, the
hi gher noi se | evel of the detectors4genti oned above, conpared to
cryogeni cal ly cool ed detectors, such as InSb or MCT detectors, for exanple,
may not underm ne the functlonallty of the detector as an MAS/tracker

sol uti on beamstediing eleente dn thoembMimpritibysiraied by HFla g2, thereissbewme sy of t he

present |nv n I e

For T ow nor i Roduf 257 vABH RBEER e 3FEa Bond RS slilUdnails 227,
det ect or ansl anmeslmdtweiy IAEeemthng o pranet embgdimérgs détheonwntlen, cheudrteeor r at her
than by its inter i The K I 0| | evel of
the i maglrrq&re b@ﬁggpeﬂ%gl lgfntﬁ q égzﬁ?l dyle gﬁ%‘%?a ?Iafecroéggué{é gleperfor mance
of the Mi\misdiisat ilsateédby mmm] anBF FLGI2R, vy frst lvdamn;t@xmg/\ﬂememam istodul e is

used as a eam steered wth as is

bei ng pr o’}?&)aég’ge %ﬁ“ﬁ%é@%&gﬁc‘g f &4 538?%1%% odT MERL" semefl ?%glslrﬁ%%% ion, the

f ast reacitoona tsdcmad afis BheAd exaeipier ofad diphs béanestedriigielemeny ibeccdakret ed at a
shorter ranpge, e less tine e .al | ocat to . .steer the |aser
beam t owabiE SURE SPAGERS o e BUinHoh bt [FErTs SRPLe A S unen o
reliabl e aeshatiteprsided beser and gi nbal systens are used in conjunction
with the MAB sensor nodul e, such as is suggested in accordance with sone
enbodi men(od 50f A4 fentioave aiavein ad DTIRCM sy¢ehyachordingrasemoémbadimentadfar ns may be
accept abl A mpre reliabl re.responsive | aser nd gi,mhal systems
can recycﬁ‘@ pvesiion. fa‘gh ﬁfetf‘ ¥y &f ﬁ‘?ﬂ‘g i if"f EWBWS 8P 3 %E‘?

det ect ed §HouRlAe., coﬁﬁgdr&wé totcbedrra seorlth4y esubdtaltrll A esethbO VYE0° (ﬂsrlidi’lﬁmbﬂ ng errors,

and specifjcally taowards tr rrors which re uIt roma rel tlvely

hi gh noi s ?T%JG@P“ g‘hftfat‘;i‘éf}f;“’[ et g rlemegy s‘B%{"’rrB’éﬂler(‘%’tt t her beam
steering Gzhtﬁlﬂeantséctdrsurﬁd 80MBfdingl QF sofeadibRiméts bheheOmdghionf mvedaﬂﬂ tens of a
second to almtoaglven di rection, r\@é’thereforeafalse armma

i ncrease FREUEEIRMepEs)BA2a¢ that is rotaiatle Abput a fipsband Asscqnd dndgpepdant axes, be ai m ng

at a fal sgy ?b@ﬁdfﬁ@]ﬁnttt@@u&tb?arser% él%pﬁduﬁ’@vnhm Seclof fdis 1e3s Baf MBPtRer Wi th the
|l ong tine of stand to operation ' of OPO shifted solid state |asers, which

may al so Eﬁéﬂlﬁé’éé@@é@ﬁ i depandens faxesebontd  herging meany that te amx?rat)%gnwmy

practi cal Lafatatﬁa 5&1; Q?és%t Lﬁ%@ﬁmefoﬂe&aﬁa&fw Ok fb%’d%éb‘fé Yis l%rﬂﬂm?éte%tﬂ i cantly
reduce its already limted -58- reliability. The sem condu | asers,

whi ch ar erespasptssiéa piesfopar ft weuld brermpdived %htt@"@ﬂlyst ReordeneaelieNs. 2 may begi n
oper at i on cWefd ?b Qec?or\é?rlkof’s&‘?ﬁ&re tl'flé%taftdqu)é§ éf‘ﬂ@ﬁean@&@erﬂ@‘é?enkﬁ@s)&% ential to
be significantly nore reliab romthelir solid-state alternatives. [0174]
Addi ti onamryfgu@dcmd«iaﬁghaﬁ@esoﬁa’@o@ﬁﬁééﬁamﬁsot@tﬂblp nélslcmeﬁteuqmnﬂah@ MAS system
may be us F&%{ r eat
tracking gg%rﬂto{ehepl%EHtémﬁMé%gmrngdar m s%‘%‘gﬁf“ or gg{)ﬁ‘% l%at&rd be

appr eci at d@t tybimellyt inerdes to ashieve beavkrage seltoeaf l&ﬂ)épemmeomrowmn of a bdapeat

tracki ng [ t her f I sone
cases, o PARE UFRAR] B s 3R ekl BB cable' HETkPRRR ol 2008
based upomtaabie @sis to ehage melativai tb Hhal pliatiorfr Gehenhtbe beerk steeringstlement Accor di ngl vy,
when t he M/\Btli ntﬁ'}gdl'Pn@Om unction with a backup system a hi gher

fal se-al afmPst & 3?%8 | owed. [0175] Yet further, it would be further

appr eci at f I a
tracking pp ; |(§§1§ B oy %ﬁ@glgeogsqgﬁﬁgggg%ﬁ%édu ezlﬁk%%drrg%g ® ls‘ﬁlgess
sensitive embmimemts ef meuﬁzbntujh mbasdeguaiaﬁweomduhenaquw@x@mmrs, Fohe tracking
application her ent L ess sensitiv v data fromthe
- imaging sgﬁ ’f38$h %%Fé‘é{%teatnﬁéte?r&gl %a?gniﬁ ﬁ?l‘g“f g™ f a threat
is initi aﬁmdldaradmhfel f Dherfickt Afirrad (mm@rbenanagableta}bam’t d ffixet aiesIApmiddhe of the
threat; track re.samnp les of the threat therefore can
accom‘mdatsﬁ"’V\ik ’E”ﬁ" cﬁ&%‘fvnﬁyd’ﬁé? e RBPWL 4 ceigay aXis §- %;glhﬁﬂﬁergwﬁnﬁﬂr%r ( SCR)
than detection; wi ndow ng nmay be used, further increasing the nunber of
sanpl es the tracki ng is using as its base.l i ne.

S
—t




[0176] In the above discussion, reference was made M d-Infrared sensors as
.an exanple of recently devel oped i magi ng sensor technol ogi es which may be

i npl enented in a MAB sensor according to some enbodi ments of the invention.
There is now provided a description of an innovative inplenentation of.
short wave infra-red (SWR) sensor technology to provide an imgi ng sensor
in a MA5 sensor nodul e accordi ng tesGone enbodi nents of the invention. In
accordance with sone enbodi nents of the invention enbodi ments, a MAS sensor
modul e may include an array of short wave infra-red (hereinafter: "SWR")
sensors. 2PReam\RR4 Jears be sopewivile cearecied Litap| dffergnto petost 236 and #88.S\WAR r ange
(1-3pM . resBiveNRYELRCSHE OF il 156631236 00k 1288 nldy 0y Ragbdtd R §3 uni t.
Thus, according to sone enbodi nents of the invention, a MA5 sensor nodul e
may i ncl udiron 23ad:23d) tespeciively, attashecdierion d'ha dirst metar g6 sun b pdapiedt he MAB

sensor e, BAH £ 13 EE,OPLES sV dekSSLalsnill 9% fmY the used as

part of |'e according to sone iments o he i nvention
may i ncl ualiepted tet rotakesthe estcond miirtoe @34 about gCagNs! BYER Trermsaers 23omdi3P SW R

sensors. [01./8 woul e i : { Al J1ch | LNg Sensors
which eq’hﬂ Be %"ﬁ‘k‘%“‘\ﬂ,\‘@ff’ il or AR %?%’E%‘% 3258 knd A Pihe s 01;3 a MAB
sensor notial i inbidedt donthe uvliesrsceay dgedifected dolany poitd Withithe esectemthabis smal | er

MAS sensor . nodul.e.may b chi i.ghter and/or smaller MA5 sensor
nmodul e mai}lbt? 1 .akll”%eﬁf ém[l g%@roagre[gn%gﬁfg%%ég'ut ed LDI RCM system according to sone
enmbodi nen t he.inyention. . whi ch Lnt.al ot al , Size and
wer ght whiCaRoh e Eiing K tle s T R iof, 4 B maS 2808, © 20 D
d es;: ri ]E)edmuﬁbé nigidlyi fived iot;gwiﬂe_mmt tbgmrmhdrp@itéw theirotiomefionb grotardbesment ed as
part of a nsor. nodul.e i.n a stem rding o

Ebod ment PR AL 55 % RePE TP bR PELRHE] Ul RehnlBls:
further ampédt svhivh it besed npa@ntwoometowshiidth aeeigidly dizeddmdinwedpbettdfighet r acki ng
capabilities that m)dulg.thlétotis used in

cign t%e ?.b,t ai ned from g HWS sens%fl d

conj unct | BHELFaR fFoRirilwe i, p lighter eyidange odyle Sriet EPRERPS A TN t 0 some
enbodi nenhs Mbtot b bévignificantly pdited)]giBsg Was toreniréataretetibp vied.adzzor di ng t o
sonme enbodinents of the invention, .a LD system npuntabl e, on a platform
may i ncl ufrducH 8&%‘#@% POWRG GPEURRtGD ?I@ %I,:\;%I‘?ri %ﬁ‘}rﬁ‘iﬂ' re@llcg SHB G hr eat

det ecti ondeviekst &6 eald thyaakitigd CrRpRtIddids] 68c. W{Whidhars, $15809) fCambsiggd or
relative to the ,platforrr}, Ag nas al so_ne tifg ed abqve, according to sone
enbodi ment &hgplogigs (hullgmpgineppustcgli)gp "§3g‘rt RYTRERPBHEYSon a pl at f or m may

i nclude a_s or.unit, that is c igurable t rqvi de threat |amm ng
capabi | | t[%‘%ﬁi efFrég‘ﬁ?e’étn"me%flsettﬂ%iét ) ‘Blé‘g‘f iscp Bloblh, AigeamgliEtBRon Bf3h | ve to the
pl at f or m hfighblySofWh Shitdts Whitl mag %8 usétpss JB000Y eéctdrang iffa deaghaeas.
According_to an aspect of the invention, a |\ﬁ/\5 sensor r%g;lrjl e.nmay be

mount abl e LEAREMesysiem acenifing iyomersbodigents of the pysatien.j A8 i thin a
sect or 1 ekidfvinV£péiflod BEa Rsét huRfalel Méduld SF ASRS uak &fla WistibuRd $BIRGM Uni t from

said plurality of sector units, the instantaneous filed of view
(her ei naf system "apqn(gﬁng 8 SR ﬁm'bodxments of the invention. According to some

embodiments of the invention the laser guidance module includes an assembly 409 of

two mirrors 402 and 404. The two mirror assembly 400 may be used as part of a sector
unit that is part of distributed LDIRCM system according to some embodiments of the
invention. Tlie two mirrors 402 and 404 may be configured so that a laser beam from a
laser unit (not shown) is reflected from the surface of the mirrors 402 and 404.
According to further embodiments of the invention, the two mirrors 402 and 404 may
be rigidly.ﬁxed one in respect of the other. Accordingly, the rotation axis of each of the
two mirrors 402 and 404 may be rigidly fixed in space one with respect to the other,

and when the mirrors 402 and 404 are mounted on a platform, the direction of the



-60- pixel of an inmaging sensor of the MAS sensor nodule is smaller than
.the full width half max (hereinafter: "FWHM') far field divergence angle of
a | aser beam generated by a laser unit of the sector unit. [0181] Reference
is now made to FIG 6A, which . is a graphical illustration of

I nstant aneous filed of view of a pixel of an inmaging sensor of a MAS sensor
nodul e that is part of a LDIRCM sysfkpm according to sone enbodi nents of the
invention. In FIG 6A, there is shown an array of sensors 602 which are
part of an imaging sensor of a MAS sensor_ nodul e and an imagi ng opti cal

el ement o6O®tion axis efeaappithamirtavaginbe Hgdly fixgdrdlative trehie platferre opti cal path of
the sensors array 602. The optical e|lenment 604 may be adapted to col | ect
anmbi ent | [035%] Agserding tp seme embrdimenis efifhe invegriongthe swe ﬁéff%fﬁf'&/a@f‘mé‘ensors 602.
The inver P&?‘% el t r LVided by the
effecti veﬁ%’ogg engtaﬁéué%r}?ﬁt\éﬂn?r?gsgigé\ng %%?%g?&gﬁg%nﬁ%%%??géﬁ%%f me a total
field of diteoting hetasérnbfane incidegy/therapon He MPSPeishsdthinmedsdcter thg182] FIG 6A
provi des ' ' n ixel A of sensors
whi ch my&@%th‘%%‘?ﬁ%? méig %@I%eng%{% tfleg %rﬁ%%pglr@%@(ﬁ algﬁ'ﬂé)?l%@%of sensor
whi ch i s @famanyopossibitesagreikedos ahglesawithin sciectoy thak s awbstantiatly iess tigant 0 sone
enbodi ment&po t i We]2 B ' ned by the
hori zont afS%p%%rﬁg%foﬂta %%Qetﬁi“%g‘ih a}?ﬁed% %étogiﬁcefg&g%pﬁ V\%(gjnasi%\g\guc%ﬁg ngJédéof adj acent
sensor s) , bydsmming dhebomirtos. , Winvkre a betiny ischdnebipwitis theotwal miren géstmigf 40Be | magi ng

opti cal e#.hg %Q&’hi&%ﬂg tﬁ?sq Hti‘)lkémf Zmi g%e:betar%ns_téeglﬁg :asfemfbly_ IIOG(, '%l%ugéaimoﬁ 1)
reflected from the first mirror 402 onto the surface of the second mirror 404. The laser
beam is Ireﬂected from the second mirror 404 towards a target that is within a coverage
sector that is associated with the sector unit within which the mirror assembly is

implemented.

[0156] The incidence angel of the laser beam on the first mirror 402 may be determined
by a controller, for example based upon tracking data received from an associated
MWS sensor module. The first mirror 402 may be configured to rotate the laser beam
over a first axis. The size of the first mirror 402 may be larger than the cross section of
the beam in order to avoid clipping in shallow incident angles, and to allow for
integration tolerances. The laser beam may be reflected off the first mirror 402 onto the
surface of the second mirror 404, Thus, the incident angel of the laser beam on the
second mirror 404 is determined, at least in part, by the angle of rotation of the first
mirror 402. The second mirror 404 (or a motor used for rotating the second mirror)
may also receive instructions from a controller as to its desired angle of rotation. The
second mirror 404 may be configured to rotate the laser beam over a second axis.
According to some embodiments of thé invention; the size of the second mirror 404
~ may be large enough to accommodate for all of the rotating range of the first mitror, in
‘addition to the constrains of the first mirror 402. The light energy that is reflected from
the first mirror onto the surface of the second mirror is thus reflected by the second
mirror out of the sector unit, for example, towards a guidance system of a detected
threat. According to some embodiments of the invention, the direction of the laser

beam existing the mirror assembly 400 is determined, at least in part, by the rotation of



[0183] The inverse tangence of the width of the sensors array 602 denoted
by "W divided by the effective focal |ength of the inmaging optical elenent
604 may define a total field of view (hereinafter "FOV') of the MA5 sensor
nodul e: FOV = tan) (Tirr(Equation 2) f -61- . LD'RCM system according to
sone enbodi nents of the invention. An el ectronmagnetic energy generator 612
gener at es el ectromagnetic energy. Fh& el ectronagnetic energy is received by
a collimating | ens 614 which collinmates the el ectronagneti c energy, thereby

giving rise to a |laser beam The |aser beam.travels through the atnosphere
and at sobfth Bisifist and goead mirres; 492 raf“.? 45‘?@53\?@@ Etetion comBinptans Mayeam f r om

the beam GERBE lab®esth td"&ldglre@f@d(tofa@ﬂiffe'ke% dirdcHogienoted in FIG 6B by the
Geek letter TY. [0185] Reference is now made to FIG 6C, which is a graph

i 'l ustr at jong71tA esecinae bRl 0N l1gePfguidaice afRiilebEIIMas ith dohfe 6B. As
can be seen in FIG 6C, the full wdth half max far field di ve_rg]1¢nce angl e

of the | a%ebodyaeits AfibmvPHionicpasghon & SHEFRIFOb YT BNEOHDISFIRR it ne at the
md hei ghfafiionOdlehi® thdighdd on HloV&T E6:RGR1IANE: Rardl cdnké Bl RcieaPN.

length and thus rotate the mirror. According to some embodiments of the invention, the
poles may be extended or retracted in a manner to enable the mirror to direct a laser
beam incident thereupon to substantially any point within a sector that is substantially
less than 180° over tens of degrees. According to further embodiments of the
invention, one of the poles may be fixed in length and the extension retraction of one of
the poles may be sufficient to provide the substantially less than 180° over tens of

degrees coverage sector.

[0158] According to some embodiments of the invention, the poles may connectable to
a common rigid base via a rigid attachment; or via a two degree of freedom attachment;
or via a two axis degrees of freedom attachment. The poles may be connectable to the
mirror base using a common rigid base via a rigid attachment; or via a two degree of
freedom attachment; or via a two axis degrees of freedom attachment. The poles may
include, but are not limited to, linear motors, solenoids, piezo-electric actuators, or

other technologies.

[0159] Reference is now made to FIG. 5, which is a block diagram illustration of an
assembly including a mirror mounted on two poles, at least one of which being
configurable for change its effective length and thus rotate the mirror, the assembly
being a part of a sector unit in a distributed LDIRCM system according to some
embodiments of the invention. In FIG. 5, there is shown a portion of a laser guidance
module of a sector unit in a distributed LDIRCM system according to some
embodiments of the invention. According to some embodiments of the invention the
laser guidance module includes an assembly 500 which include two poles 502 and 504,
at least one of which being configurable 'td change its effective length, and a mirror
506. The mirror 506 may be operatively connected to the poles 502 and 504. The

mirror 506 may be configured so that a laser beam from a laser unit (not shown) is



[0186] As nentioned above, a plurality of MAS sensor nodule and a plurality
,of sector units of a LDl RCM system according to sone enbodi nents of the-
invention may be nountable on a platform According to further enbodi nents
of the invention, a MAB sensor nodul e whose detection/tracki ng coverage
sector overlaps at least with a portion of a sector covered by a sector
unit may be adapted to provide the-8ector unit with data in respect of a

| ocation and/or direction of the detected threat, whereby while the threat

is within the overl ap sect or i hed t e qverl ap bet the

det ectiorfFﬁ 115‘0‘5‘ %?gqafﬂ%ee'@tr&g%ﬁ% Eﬁ@mﬁ%{ﬁé’ ﬁ%‘a}FC?ﬂﬂlaf}PéSﬁ’ﬁ %% he sector
covered bye Euhﬁbﬁef@i éHmmbU’t‘inF Xhe hidRr 56O BE t@@?hle@'sm&ndps{n\/dr@@&cﬂibédt he MAS
sensor nodul e nay be smaller than the FWHM far field divergence angle of a

| aser beaﬁbP‘d“enerat ed by a laser unit of the sector unit. According to still
further enbodi nents of the invention, the MAS Eensor nodul e whose

det ect i orlPfPGlAGCA NGO spme embediments of ibe [nygRtio, by exdeqding QrHetACHRS # on of a

sector cougf 68k bYthe pSRE 567 andiod, 8 Yniker S66PRhaR rbidtel WK tdR defi@esSECt OF uni t
with data in resp ectp a location and/or direction of the detected threat

so as to erdpme &cﬁ@d%é‘% gome gbodiments;of therinvention, ghe n9les §P% #ifa0d4m8y gui dance.
system ofy,d B&t&ﬁk@%e&aﬁll@ rts%tate[ 84 8ikrofS05 BBk O Skt 3RA@VE secBnd- BRIRCM syst em

whi ch i ncl udes plurality of MAS sensor npdul es and a plurali t{?l of sector
units rrayrem@cwlmtlaba ena@nerampwabkﬁlmcﬁng:ﬁ leppatbeamning det nibereunaBdi®l e (or

threat ”&‘BE&]&& 115 &y g&‘n}n w&h&'agde&he/thfae eé%qbsmualnﬁlegy @hd PEONRBCehsSof - 62- al so

rigidly attac sector unit. MAE sensor nodul e nay be adapted to
detect a ddgasal which include a si gnature of athreat that is directed
towards the platformand may be further adapted to provide the sector unit
t o whi ch [0A6ilkThei tyiodioles\i02 and Frapy §e gentigured torefale theombrpa3P@ ovdie sect or

unit to tﬁé%u;&?dggéc%ﬁ& Qﬂst@ﬁ@@ﬁtens%ﬂﬁe&é@§m§@mgbofé@§]Hﬁcﬁccgﬁéfﬁgﬁl}adapt ed to

provi de the sector unit wth tracking data so as to enabl e sector unit
to directths incidence mopsh drthe laserebegun e teee miryast Wi wey bhdleigenised &Y a hr eat .

Accor dl NGodkofi Mo SRR TCuRh itk MENeL N ot S00RRAK 19! e ey be

adaptedto provf e a sector umt to Is rigidly attached with
tracki ng skaser mofulee sPecizeof the mistoe §0& thay e dager Cizpat ePrﬁSSrSégtﬁé\cﬁfﬂéﬁ a

| ocati on saa{;{aﬁror&ie'rrtoe g\tlou? & ﬁn tlg gha?l%ﬁ!qﬁélﬁ’&t Bﬁl%a&%dh%%}lﬁ i Ete n t e

tracki ng ey be A cur: eno or al aser mon the
t hreat, ttvdae1dui€éN dihe dighh opilased b@noﬂladﬁjlmwenh@qmmemoﬁ%ml keis smaller

than the F dier ge a e £d by a

| aser uni f\ﬁgf’ e‘i ﬁ@ t&eg{lr&?l {?ﬁ * ? s“e ﬁ%’f%b %ﬁﬁ%‘%ﬁcﬁdt egi\{&h% Q"\A%e% a MAS
sensor noelystedn bfa rdegited yl-uaitt aAhenldmg) t@ e brobodiments of the investibd, ghwrent
PZBYEZS ;H]&ecﬁ% gf ﬁﬁeiasg%beawee‘{ﬁ anglgfaps%]m gﬂ%rls Ha%rtrm&e%n%tqgaf fﬁq%gt?%' all'y

e:c i tm'hna_t e¢the eb;féi;ﬁ&}/reﬁ’@etroﬁ dfmerpDW(Q,ramgllde{thof?ﬁm?om/tqzmtmn nady (ﬁm?tﬂtmr ats E\etCt

o] e |n a e tracking capabilities a

can be ob aﬁ ¢ 86‘“1“?@?@5?%3@ %Z’#g ﬁﬁﬁfyﬂ% ‘that is used in conjunction with a
sector un di st.ri but st.em. a odi nents of
t he inven é@ﬁ?Rg@mr?grhaf]%tr?e@%aéDbaemga ‘frtPreg]l 5{} bsoélflnggogfs &qgul e and a
plurali tyu@%nt&ﬁcmrchwalatestd)ﬁraf&uh&b&ﬁi\ﬂuﬁiymenit@antﬁtlmg; theres awen@nbodi nent s
of the invent be. nount a I a form. Accor rther
enbodi nenPEDVBJFSE‘Fg‘a }/ﬂ‘%‘]ﬁﬁl E?ﬁpecgo mo‘éseﬁ?g’(? {flﬂf&’e\ﬁmg 0 g’i”&ﬁfefl%%/ tracki ng
coverage $&edrius g’I’WS 5&@& xﬁbddlé?man\dﬂMWSﬁsyaellhtﬂnp]’enﬁﬁtaﬁorse@Ic@d(sjrdmg\t@r ed by a
of & | 06 aEBh CHRBRIAPT B iTEHSH Y SRt PR LS REFY R | ¢t he
threat is M&éﬁ%(&nﬁ&%ﬂvaﬁr&pa@aw@ﬁle&%m% si ’\/E\ifsoﬂ&glngmddh@ 2q¥ aid @apathet ween t he
detection/tra coverage sector of the sensor nodul e and the sector

cover ed byom%n%t&ndﬁo i 4P, the data provided by the MAS sensor nodule is
associated wth an angular error that is subgt antjally smaller than the far

field di vEQ1R3hEhe imaging seisor M2 maydasludsanArgy REPhOIdirdss SEnFEVEIOEPHEY uni t .




-63- sensor nodules and a plurality of sector units may be nountable on a
.platformsuch that a MA6 sensor nodule is rigidly fixed to the platform and
is also rigidly attached to a sector unit. The MA5 sensor nodul e may be
adapted to detect a signal which includes a signature of a threat that is
directed towards the platformand nay be further adapted to provide the
sector unit to which it is rigidly-wth tracking data in order to enable
the sector unit to track t he detected t hreat . According to some enbodi nents
of the inventiagn sensor. |l e may be a d%gp ted to, provide a sector

unit to \m.%MWTR er SWdY"KF%t‘% %R‘}Wéél bWtP‘T'lﬂF?aé it TaspectivePrP®HEct of a

det ect ed dipBAkEs (rgﬁtcﬁlt bchutteaﬁﬁﬁ)%tto atguar doRGeet Qﬂagmrrersudal h&kld &6).0f the
detected threat), and the trac ata ma accurate enough so that the

e
angul ar éFheoimagNgoENr dBEYWR42h b H@apﬁqda@ktfﬁ@}/aéfatn&@%t lghy interelecHapict he f ar
field diy, gnce angle of a | aser beam generated by a laser unit of the
sector uni It would be appreciated that when a MAB sensor nodule is

rigidly g Hteﬂe Se%@ca@el&ﬁ&ﬁ@% B} be adabfed i Bidgk SV BALHRGIHERR Hel#ofMAB sensor

nmodul e an tor unit can e substantially reduced and possibly the

m sal i gnmdew ofithy MW S (typicellyh 190 degress hh?‘b@?gfeef)fpﬂgbﬁ mraﬂmaﬁetswer enbodl nment of
this invention, there is proposed _the use wi ndowing to enh hr eat

t r acki ng 19p8Rld s mignalrresesiige mpdilk 248 May be ApFIRfys)y C%gle?t%tq ?1 el | ow,

s advantﬁﬁg&g%&s& 2He Tfhéétgntr RS Ih&pammtﬂay BRChRASRed B9edelvB&KI NG
accuracy I n-order to reduce the beam di vergencé. I n conjunction with a fast
gi nbal ,  tdigital opakegelogue signal opyrthey VIS imnging sensas 2Adsviaeh sosesnondhiodat a about
the thr eake vtgﬁﬁ'dﬁtalccﬂ'ec eﬁlﬂg tHe's@ir 24 el“h%%lgbélrﬁdc‘églr@Xnddﬂﬁ RAYiRuideghannel  of
the read-out circuit detector of the tracker. A w ndow ng option is
of f er ed i targat eoquilitiqy momﬂe stHdearsiyh oickingt modile 1254. | Apeandingrfo sasre t he

det ect or %mp fr s smal |l er
than the fu dﬂp%\ééngﬁg‘?zlg%gﬂm tlﬂenar% ﬁE&r ?t"é‘z’ﬁgﬁt@ng&o %Q agégﬁg‘ {Sr ovi ded for
that wi ndpacess tiei ggret receiied forn e MOV S imagingsensur 242 do d@thlemm whetheri n t he
chosen w dOWI I || s in the
full fra §1g?%1 o atrl'égél)? r%%f a‘%ﬁ“’;’tz%&éfg%blga&%?é‘ﬂ%gt@% églfl‘?ew g"1100I—|z frame
rate, thetsrﬂluxﬁbdrdartaﬂistmtpdatfosn256x256X100 6. 55Moi xel / second. |If a w ndow ng
option is provided for a 50X50 pixels wi ndow at 1000Hz, the pixel data rate
i's 50X50X[D066F2s hivpiioned /abexortitk. tafdee ab@usitioromodile (252 maynbowdaptedutedat ed

external l .In so cas re th ) [ j

si mul tane% ?V?/a SI’?EE fft"t“ agifw n}agmﬁ Sgnsoﬁ%ﬁ s‘gr\g%e%%ﬁﬁgigggggnb#&%?eal

" det ect i onwhéthérh inciadd laemgmatdm rof td’l&uéanlthatf rsadme,ctednmtwaﬂderthd@latfmng a W ndow
which is ent ered at f e | ocati.on of ect The

i l
tracker cal¥°YHER 2pP&o ¥ 8""?’%‘% flr?etg 7o r"é‘f‘%m%lf')%ﬁ?r ® deegelrr Aot Strlt]elo?“% Al issile
whi ch is Bictpdes a sigidtiry of i gifiredt ahdh dsr dbiening bthesdats aliont efdetetted fudak if r ane. The

| ocation of e w ndow nay, be ated with the cha of t ation of
the mi ssi Wéll\t}ﬁ"PWnr <SP eRreptly ?@Q@%ﬁ’f QF% Q? Aevise ﬁdﬂ’gge ttlﬁénepﬁ %{er [ 0191]
x\hl | e cer prbkébs fsgéa]glu r&sived ﬁmeadbma@mtgi sefsoh v & da@mirel Wh%ﬁdf alﬁeedgmu‘m?ll desclr: bed

erein, i cati substituti es, a e ents w
occur to W%’é‘% ag METAREE r? thﬁeé‘ may b eltlsegsast??étrgﬁg‘?“e £ &5 ‘Bjém%ﬁ ? %od t hat
the appengfentidndiThE Maebd B6RNBE dppifing e depehdesit! ekt gpadalf filead bRNAke and

changes as fall within the true scope of the inventiaq
image that extract statistically significant bright point objects w1th respect to the

background. The target acquisition module may also track the detected threat in order
to verify whether it is a threat (and not a random noise, or a hot target that does not
have the trajectory of a threat), and whether it is aimed at the platform. According to
further embodiments of the invention, the target acquisition module 252 may be further

. adapted to provide in respect of a detected threat one or more of the following: the



-65- CLAIMS 1. A laser directed infrared counterneasures (hereinafter:
"LDIRCM') system nountable on a platform conprising: a plurality of sector
units each sector unit conprising: at |east one laser unit for jamring a
gui dance systemof a threat; and a |aser guidance nodule, the |aser
gui dance nodul e bei ng adapted to steer at

_ -55-

relative direction of a detected threat (which may be determined by the location of the
pixel where the threat was detected within the imaging sensor), an estimated time to

impact, and additional information which may assist in identifying a detected threat.

[0167] As mentioned above, the signal processing module 246 of the MWS sensor
module 240 may also include a tracking module 254. According to some embodiments
of the invention, the tracking module 254 may be adapted to continuously perform the
detection process, analyzing the series of detection events of the same threat, generating
a trajectory of the threat, possibiy using data from the navigation syst'em,.using data
from the navigation system to translate the location data from the sensor platform
and/or ground axis, applying an estimation technique such as the Kalman Filter to
generate estimation to the current or future location of the threat, generating tracking
data to sector unit which may take into account its delay in the estimation of the

location of the threat.

[0168] The tracking data from the tracking module 254 may be used to enable a sector
unit 210 to direct a laser beam onto a guidance system of a detected threat that is
determined to be headed towards a platform on which a LDIRCM system 200
according to some embodiments of the invention is mounted. According to still further
embodiments of the invention, a MWS sensor module 240 may be adapted to send the
tracking data to a specific one of a plurality of sector units which are paft of a
distributed LDIRCM system, so as to enable ﬂlat sector unit to direct a laser beam onto
the laser guidance system of a detected threat that is headed towards a platform on
which the LDIRCM system is mounted.

[0169] According to some embodiments of the invention, the MWS system may.
include a central controller (not shown) which may be adapted to manage some aspects
of the operation of the plurality of MWS sensor modules. For example, the central
controller of the MWS system may be adapted to coordinate the operation of the
plurality of MWS sensor modules. Thus, in case a threat is detected in a position
relative to a platform which is covered by two different MWS sensor modules, the
MWS central controller may determine which one of the MWS sensor modules is to be

assigned with the mission of tracking the threat and providing the tracking data to a



| east the | aser beam generated by said | aser unit towards a.threat, said
.plurality of sector units are nountable on the platformsuch that each one
of said plurality of sector units is configurable to provide a janmm ng
capability in respect of a threat located within a different sector
relative to the platform each sector being substantially |ess than 1800
hori zontal |y, whereby a missile jarfdng capability covering substantially
the full perinmeter of the platformis thus obtainable. 2. The LD RCM
system according, to claim1, wherein each one aof said plurality of sector
units wheffciopumit B BAICHE eﬁﬁl’al\é\%rst‘??tf”s““dbtﬁﬁuﬁﬁragﬁsleég?ag' B‘th.’)\?ig&‘élaécej ammi ng
capabi | i t Ysihd dithe Rreal VE{eAAWSS@BtEN cobiidiier bfay ARP b XbrifRted Yo &Rithvasl zont al |y
and tens of degrees vertically. 3. The LD RCM system according to claim1,

wher ei n edsiems ieovpted onjthe Riatfs inglydipg fog gxarle payigationg) ayStsmy A PYon t he

pl atform ja cantiedtid Hom GOMWEehtRr anddRRTWIE t68RRAI bbthitedVifol] tea cOverage
sector that” 1s approximately 60 horizontally and tens of degrees

verti cal | gdditiopal sypiems. DF RISt BMMWE seafral gorteller BpYPa comgfehranconpr i si ng:
a plurali EiYCé&E's ﬁl@&i@l%%ﬁtﬁﬁl‘%gﬁgmmlaﬁé gloBd] PosiMbrnd iyl (GPY) &fd hdy eat

tracking nodul es are nountable such that athreat tracking nodul'e is
rigidly faugoentde tracking datef gsnerpigd iy o MWSgerspymadulqwith gorespepdingcdati . and such

t hat whi | %c?@éc{‘ﬂorﬁhk@irﬁéﬁné bi‘§§\}rsrteﬁnst. he platformthe threat tracking nodul e
o track a thi

i s adapt et hr eat n a sector which at |east partially
overlap V"[d1'70f‘1—[§\91¥gefn%gﬁed a general description of the components of a MWS sensor

module and the basic functionality of each component, there is now provided a

discussion of the various imaging sensor technologies which may be implemented as
part of a MWS sensor module in a LDIRCM system according to some embodiments of
the invention. It would bé appreciated that some of the MWS sensor module
implementations discussed below may contribute towards a MWS sensor module’s
price, size, weight and/or power consumption. According to some embodiments of the
invention, the imaging sensors 242 proposed for being used as part of a MWS sensor
module 240 may provide several benefits with a cost of increased noise levels. As will
be explained in further detail below, the increased nose levels are acceptable or are
made acceptable according to some embodiments of the invention. A key benefit of
some of the proposed MWS sensor module implementation is associated with
eliminating the need for cryogenic cooling. Instead, according to some embodiments of
the invention, there is proposed a MWS sensor module 240 which may receive Thermo-
Electric Cooler (TEC) (not shown), or another low cost and cooling solution.
According to further embodiments of the invention, there is provided a MWS sensor

module which may operate without being cooled.

[0171] According to some embodiments of the invention there may be provided a
MWS sensor module 240 that is based on relatively recently developed imaging sensor
technologies for Mid-Infrared sensors. The recently developed imaging sensor
technologies for Mid-Infrared sensors are satisfied with TEC cooling and do not require
cryogenic cooling. Examples of imaging sensor technologies for Mid-Infrared that are

satisfied with TEC cooling and do not require cryogenic cooling include, but are not



-66- sector of the sector unit to which it is rigidly attached, and is
further adapted to provide tracking data to the sector unit to which it is
rigidly attached, and wherein the tracking data received fromthe threat
tracking nodule that is rigidly fixed to the platformis sufficiently
accurate so as to enable the sector unit to direct a | aser beamonto a

gui dance systemof the threat. 5. -The LDI RCM system according to claim1,
further conprising: a mssile warning system (hereinafter: "MAS")

conprising a plurali of sensqr. nodul es of said plurality of
MAS sensoRmHES B@Sedg%@fsam%a@@’%%é‘ﬂPPéésée?‘aﬁQif%F"éw ?’ﬁ Udes a

S: gnalt ur eTél]Euri@e L g ab tt@ide&gﬁofefkchm@yb dﬁ}/él&&ﬁﬂiya\iig@ SmterﬂsnSI.Ae&Whrsmedof sai g
plurality_o sensor nodyl e in rther. adapted to track .a detecte
threat; sBelandy Aspb tdﬁte?}f’rsl\/g@ei“@ﬁ‘g(% %D%ﬂtteésda@&mﬁﬁhﬂ?ﬁw&%ﬁwﬁe pl atform
such t hat NghfBipRORMErsIPE¥h@tdnS IIa@4, Wsn)at t ached to a sector unit and is-

adapted to track a detected threat within a sector relative to the platform

whi ch at !cﬂaam%%&m&é WitR & taira@tbotirhdht o ARy @K &gienSBE higherabist eelsect or  uni t
to which the sensor, rm%gl e is rigjdl att.gqilped l§ d wherei.n the
tracki ng 8hths dptectess wegtiond P e cams &R SoOEFREAIY SOPIRG AP0 YRS at t ached

to the se@isdroUMAT b&tectsth,f fofieRRhpl, AGF UotufddRinRStht dueitiakdlgy ohehesect or uni t
to direct a | aser beam onto a _gul dance, Séstem of %e threat. . 6, The LD RCM
syst em acdeedemes oMWY {fraske:r selpfianemrp distributed LRIIRGY swtom gefording 1, each

. Sect or * UnNighyphdinbMe 65 theHRestiit iFRINGoRE Bl Thi B8 eXidaifbE RERhS ih Qh@bahhe about a
first and a second-axes, thereby enabling said one or npre beam steering

el enent s flostingeA MWS sensor pegule dhatis pesathogemwegriedlypspoledi detacioE dy  uni ¢

towards aphhegalt 1ea&P%h ‘#&%,fﬁyi BheS adtkidtls Uigttel tr¥th@f tha6 WyOfts Wdrhal mige. mount abl e
on the platformsuch that a notion of said one or nore beam steering

el enent s Jherglore garingedseldnthe priguleeel of tesabmreiigesepior éﬁaryqn%lr\ﬁFWal“ﬂX/ of sector
units abogﬁt%#agﬁalfyg%cﬁl%e ﬁfé'p rf&%ﬁcém{theclﬁ sehdde nRialgnt ation of the second

axi s of sard one nore"beam steering el enents to change in respect of the
platform T@F‘B‘I’Fﬁ@xeﬁ'ﬁ&@,awhen a MWS sensor module is used as a tracker which is not

beam-steered with the laser, such as is being proposed in accordance with- some

—

embodiments of the invention, the fast reaction time of the tracker allows the missile to
be detected at a shorter range, because less time needs to be allocated to steer the laser
beam towards the missile. It would be further appreciated that, when a reliable and
responsive laser and gimbal systems are used in conjunction with the MWS sensor
- module, such as is suggested in accordance with some embodiments of the invention, a
relatively high rate of false-alarms may be acceptable. A more reliable and more
responsive laser -and gimbal systems can recycle rapidly enough to enable multiple
attempts at jamming a detected threat, so that there is higher tolerance towards tracking
errors, and specifically towards tracking errors which result from a relatively high noise
level. Conventional LDIRCM systems, whose gimbal (or other beam steering element)
is slower, for example, of the order of lseveral tens of a second to aim to a given
direction, and therefore a false alarm may increase the time to aim at a true target,
because the gimbal may be aiming at a false alarm at the other direction. This issue is
augmented with the long time of standby to operation of OPO shifted solid state lasers,
which may also be measured in tens of seconds. High false alarm rates may practically

require the laser to operate continuously, and significantly reduce its already limited



7. The LDI RCM system according to claim 1, further conprising: -67- a MABs
.conprising a of plurality of MAS sensor nodul es, each one of said plurality
of MA5 sensor nodul es being adapted to detect a signal which includes a
signature of a threat directed towards the platform and each one of said
plurality of said MA5S sensor nodul es being further adapted to track a
detected threat, said plurality of 8&ctor units and said plurality of MAS
sensor nodul es being nount abl e on the platform such that each one of said

plurality of sector unit |s conf| rable to prowd apablllty
in res pecfe?‘i')}?‘ﬁé{ T semicopdRetar dapets Y’ﬁ‘ Fhatg PqRoped s gﬁ"f“bére’?rggdﬁ‘?ﬁ‘\fe to the
pl at f or m bpge thveRin, fbPBgim Gpeiaion vﬁthMMSv KBt tm&@&uhlestarﬂﬁﬁ abasei n a M6
sensor module i s confi gurabl e so tg@ e, athreat, is detected within a

sect or rthétPP\%t‘a@%Pl{ewgnﬂﬁC&WWﬁ’ietrﬁ elﬁé’nb@g’éé‘i’l e itarrptiyeSsect or unit from
said plural,i se |ts t he ul ar ror between | ocation of a

t hr eat asFor"(Zﬂf‘%@{é‘i‘ﬂ“é@Y BSFOF %%?& sﬁﬁleﬂ‘o’ﬂgﬁ W%Pﬁéﬁ‘“ﬂ?’t{%\,\ﬁ?\m%’ﬁ@& modul e to
the sect opayié ﬁseéﬁﬂcoﬁ#ﬂ@@dﬂ wRNbRkh) hRaPdetdtibR&RYor BadsALKREREMBY t he
sector unit towards the threat based gon t he tracking data, |s smal | er

than an t Bishfaga radas MW sysiemifan sramplee r §avould beBaPP‘Ter‘?@teIElﬁpﬁCﬂW <3 accor di ng
to clai m bacihyi bR [deOWBN hki/diGhred: MRingt §8teMIBaf BFRIdeSindther layer of

filtering so that in some cases, a false alarm received from a MWS sensor module may
be rejected based upon a cross reference with data from the backup system.
Accordingly, when the MWS is used in conjunction with a backup system a higher

false-alarm rate may be allowed.

[0175] Yet further, it would be further appreciated, that according to some
embodiments of the invention, a tracking application of a MWS sensor module may be
inherently less sensitive the noise level of the data from the imaging sensor. The
tracking application inherently less sensitive the noise level of the data from the
imaging sensor for at least the following reasons: the tracking of a threat is initiated and
performed at a shorter range than the detection of the threat; tracking use more samples
of the threat, and therefore can accommodate with lower Signal To Noise (SNR) and
Signal To Clutter (SCR) than detection; windowing may be used, further increasing the

number of samples the tracking is using as its baseline.

[0176]In the above discussion, reference was made Mid-Infrared sensors as an
example of recently developed imaging sensor technologies which may be implemented
in a MWS sensor according to some embodiments of the invention. There is now
provided a description of an innovative implementation of short wave infra-red (SWIR)
sensor technology to provide an imaging sensor in a MWS sensor module according to
some embodiments of the invention. In accordance with some embodiments of the
invention embodiments, a MWS sensor module may include an array of short wave
infra-red (hereinafter: “SWIR™) sensors. The SWIR sensors may be configurable to
operate in the SWIR range (1-3pm).

[017'7] According to some embodiments of the invention, an array of SWIR sensors



a plurality of MAS sensor nodul es, each one of said plurality of. MAS sensor
.nmodul es bei ng adapted to detect a signal which includes a signhature of a
threat directed towards the platform and being further adapted to track a
detected threat, said plurality of sector units and said plurality of MAS
sensor nodul es being nmountable on the platform such that each one of said-
plurality of sector units is configdPable to provide a janming capability
in respect of a threat located within a different sector relative to the

pl at f orm based upon_iracki dat a ensaor. ul e, and erein a M\
sensor mod@ ée‘ie‘é'gcsB foegﬁFgﬂﬁig @Bﬂ tahgir’ge \X/ﬂ(ﬁfné ity H?g%ft a?cgrcgléﬁ CtBF within a
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di ver genc s WaR@kctefs whidhafigy bdisadasgrarer a MWS aadotinodulé sdoldingas stind he t hr eat
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further c&RpedimemHs) of she\iRrentioRemRsARCHEENBEt e 1eh HEtEd to; h‘g:laé g a first
node of opgkatiRMEPEWIRAEEBIsNg at a first frame rate and within a first
frame for a signal which includes a signature of a threat directed towards

the pl at f gug178] B aiodidbSagpedciged Mat ticinciadiag iBshiigdsdntdrt MMdhtrequigem®Nd mode
operation_for tracki n% a threat detected during said first node of

oper at i on FECH®Wg Sreerbstiminting hernged &5 & M LIFSQ rerdishRigh pcdidss r ane

Wt hi n t herybhdnid cdolifgl®: 1adh@d REd/bPSndlRt ROV S BersbINadlé thafbe tabifedelr @at . and
sanpling the subframe at a second frame raté which is substantially higher

“than the fightst agd/ernemaligr MWS) gensommogiy pay sqrtuilas Aevsturngsttibted ai m 4,
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operatively assoCiated with a therno-electric cooler or is _not being

actively &89l systemtcogt, size and weight which are close to those of a typical LDIRCM

system.

[0179] Having described various imaging sensor technologies which may be
implemented as part of a MWS sensor module in a LDIRCM system according to some
embodiments of the invention, there is now provided a description of further aspects of
the invention, which are associated with the tracking capabilities that can be obtained
from a MWS sensor module that is used in conjunction with a sector umit in a

distributed LDIRCM according to some embodiments of the invention.

[0180] As was mentioned above, according to some embodiments of the invention, a
LDIRCM system mountable on a platform may include a MWS sensor module that is '
configurable to provide threat detection and threat tracking capabilities within a specific
sector relative to the platform. As was also mentioned above, according to some
embodiments of the invention, a LDIRCM system mountable on a platform may
include a sector unit that is conﬁguraBle to provide threat jamming capabilities in
respect of a threat located within a sector relative to the platform that is substantially
less than 180° over tens of degrees. According to an aspect of the invention, a MWS
sensor module may be mountable on the platform such that while a threat is detected
within a sector relative to the platform that is associated with a sector unit from said

plurality of sector units, the instantaneous filed of view (hereinafter: "IFOV") of each



11. The LDI RCM system according to any of clainms 4 or 10, wherein each one
.of said plurality of threat tracking nodule includes a SWR detector having
a cutoff wavelength that is between 1.5-3um 12. A LDI RCM system accordi ng
to claim4, 10 or 11, wherein each one of said plurality of threat tracking
nodul es is adapted to inplenent a first node of operation for searching at
a first frame rate and within a fir8@ frane for a signal which includes a
signature of a threat directed towards the platform said threat tracking

nodul e being further, adapte o. l.opl enent second, mde ,.0 at.ion for -
tracki ng BXEI &R MARRR SEUSEF ‘gﬁ}ﬁ‘? P/b‘ggé?rﬁorf ?’P‘Z’fle %ﬁ%ﬁlﬁpﬁ%&eﬁﬁld’ﬁ?&t he second
nmode of ORSr Akt QerditdGkt d FNIIMS  thifidhd) divepeideranpe ofiat laden béanegdneratdd fr ame

around the detected signature of the threat and sanpling the subframe at a
second fr@helapesipit GRe pectar ulithst anti al |y hi gher than the first frame rate.

13. The LD stem according t ny,of . clainms 5 7 otr. 8 wherein each
one of saBagﬁw@%Fr?"Fylso?(’Wdﬁetﬂs 'n%'sd’ul"vgg’hi’g ?)F%‘J?pgfcfiﬁélwmég’go iated with
<1':1_ht hEB IfTDREjf\}hlsﬁﬁtﬁxj[iéoﬁs 6RAlE it of;T[ aSpiﬁéltoftA](ci ii1ﬂﬁ¢i@§ Eéng@ c)7f aCIgwsﬂﬁbngdr ﬁ}dlule - 69- h14.

e system according to any_of clainms 5,. 7, r 13, .wherein eac
one of safgt P afPWI%?Q‘MWC’?@H%%‘?m%rf?oﬁ?m?sm?bi‘?éﬁ%@sof%‘egweﬁnﬂ‘ét_ ct or havi ng
a cutof f yry.edaLmhdisishdin abarklofe@Bord 662 Whidh arelpart of B inkdpldREMssy st €M

according to any of clainms 4, 10 11 or 12, further conprising: a MA5 the
MAS i ncl udMYSsensop eduly and @g imeging apticalslanent G4, fer example an imaging

lens, positioned in the optical path of the sensors array 602. The optical element 604

may be adapted to collect ambient light and to focus the ambient light onto the array of

sensors 602. The inverse tangence of the width of the sensors array 602 divided by the

effective focal length of the imaging optical element 604 may define a total field of
- view (hereinafter "FOV") of the MWS sensor module:

[0182] FIG. 6A provides an illustration of an IFOV of one pixel 606 in an array of
sensors which may be part of a MWS sensor module or as part of an arréy of sensor
which is part of a designated threat tracking sensor, according to some embodiments of
the invention. The IFOV of the pixel 606 is defined by the horizontal pitch of the pixel
(the distaﬁce between two centers of adjacent sensors), denoted by 'P', when divided by
the focal length of the imaging optical element, denoted by 'f"

PY_P
IFOV =tan™ [—— =— (Equation 1)
/ ) f

[0183] The inverse tangence of the width of the sensors array 602 denoted by 'W'
divided by the effective focal length of the imaging optical element 604 may define a
total field of view (hereinafter "FOV") of the MWS sensor module:

FOV =tan™ (f’;j (Equation 2)

[0184] Reference is now made to FIG. 6B which is a block diagram illustration of a

- divergence of a laser beam which may be generated by a sector unit that is part of a



16. The LD1RCM system according to claim®6, wherein the beam steering
.elenents include two mrror for reflecting a | aser beamincident on the
surface thereof, and each mrror being coupled to a rotation notor. 17.
The LDIRCM system according to claim1, wherein the | aser gui dance nodul e

I ncludes at least two |inear notor and a mrror for enabling the steering
of a laser beamtowards a threat. #8- The LDI RCM system according to claim
1, wherein the laser unit includes a sem conductor Iaser t hat is
configurable to prow de | aser beam at a \ﬁ]vel en be ween - 5um 19.

The LDlRGWQMeﬂ’F ?‘H&ﬂ% tq gpmg RROgAIments;o ei‘“ﬁ?P V@Pﬁgﬂf’“‘e | aser

uni t incl gdgsy genbﬁ&ﬁ 613 g&&%@scélefcﬁ&ﬁa@ew ewpgycmeleee&aﬁag%uc @e%yamt um
cascade | aser; a interb cascade |l aser; an externally

sem condudtsived dyes cpHmatms lensn14y high| eollirgatet He alect@n}aaé%&c YL at a
wavel engt M&g\@%& dseto %lf&&br beald: The h@é%%&m&gm{%& Réte @nd! at form

conpri si ng: | east one laser unit for jammng a %F dance system of a
threat; aaplsemalppiny begins ée tdivertuniThe divawsipnselctherlasenibeare orgse ithd Bepma | aser

gui dance it o4 IR R L 8060 BRSPS AMaRkpd. O Steer al | east

t he | aser beam generate l'aser unit towar a threat,
[0185] Reference is now made to FIG. 6C, which is a graph illustrating the divergence
angle of the laser beam shown in FIG. 6B. As can be seen in FIG. 6C, the full width
half max far field divergence angle of the laser beam shown in FIG. 6B is marked by
the horizontal line at the mid height point of the field - divergence angle distribution

graph.

[0186] As mentioned above, a plurality of MWS sensor module and a plurality of
sector units of a LDIRCM system according to some embodiments of the invention
may be mountable on a platform. According to further embodiments of the invention, a
MWS sensor module whose detection/tracking coverage sector overlaps at least with a
portion of a sector covered by a sector unit may be adapted to provide the sector unit
with data in respect of a location and/or direction of the detected threat, whereby while
the threat is within the overlapping sector (defined by the overlap between the
detection/tracking coverage sector of the MWS sensor module and the sector covered
by the sector unit), the IFOV of each pixel provided by the MWS sensor module may
be smaller than the FWHM far field divergence angle of a laser beam generated by a
laser unit of the sector unit. According to still further embodiments of the invention,
the MWS sensor module whose detection/tracking coverage sector overlaps at least
with a portion of a sector covered by a sector unit may be adapted to provide the sector
unit with data in respect. of a location and/or direction of the detected threat so as to

enable the sector unit to direct a laser beam towards a guidance system of the detected
threat.

[0187] As mentioned above, a LDIRCM system which includes a plurality of MWS
sensor modules and a plurality of sector units may be mountable on a platform such that

a MWS sensor module (or threat tracking sensor) is rigidly fixed to the platform and is



-70- a plurality of threat tracking nodules; said plurality of sector units
.are ;jountabl e on the platformsuch that each one of said plurality of
sector units is configurable to provide a jaming capability in respect of
a threat located within a different sector relative to the platform and
said plurality of threat tracking nodul es are nountable such that a threat
tracking nodule is rigidly fixed to-®he platformand is rigidly attached to
a sector, and such that while being rigidly fixed to the platformthe

threat trackin e, is adapted t thret within a sector which
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unit to direct a|laser beamonto a guidance systemof the threat. 21. A
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the sector unit can be substantially reduced and possibly the mechanical misalignment

may be virtually eliminated.

[0188] There is now provided, a description of another aspect of the invention which is
. associated with the tracking capabilities that can be obtained from a MWS sensor
module that is used in conjunction with a sector unit in a distributed LDIRCM system
according to some embodiments of the invention. As mentioned above, a plurality of -
MWS sensor module and a plurality of sector units of a LDIRCM system according to
some embodiments of the invention may be mountable on a platform. According to
further embodiments of the invention, a MWS sensor module whose detection/tracking
coverage sector overlaps at least with a portion of a sector covered by a sector unit may
be adapted to provide the sector unit with data in respect of a location and/or direction
of the detected threat, whereby while the threat is within the overlapping sector (defined
by the overlap between the detection/tracking coverage sector of the MWS sensor
module and the sector covered by the sector unit), the data provided by the MWS
sensor module is associated with an angular error that is substantially smaller than the

far field divergence angel of the laser beam generated by the sector unit.

[0189] As mentioned above, a LDIRCM system which includes a plurality of MWS



-71- 24. The LD RCM system according to any of clainms 20, 21, 22 or 23,

further conprisi
detection unit.

ng: a MA5, the MAS including at | east a radar threat
25. A LDERCM system nount able on a platform conprising:

plurality of sector units, each of said sector units conprising: at |east
one laser unit for jammng a mssile's guidance system and a | aser

gui dance nodul e,

t he | aser gui dance-63pdul e bei ng adapted to steer at

sensor modules and a plurality of sector units' may be mountable on a platform such that
a MWS sensor module is rigidly fixed to the platform and is also rigidly attached to a
sector unit. The MWS sensor module may be adapted to detect a signal which includes
a signature of a threat that is directed towards the platform and may be further adapted
to provide the sector unit to which it is rigidly with tracking data in order to enable the
sector unit to track the detected threat. According to some embodiments of the
invention, a MWS sensor module may be adapted to provide a sector unit to which it is
rigidly attached with tracking data in respebt of a detected threat (data in respect of a
location and/or direction of the detected threat), and the tracking data may be accurate
enough so that the angular error associated with the tracking data is smaller than the far
field divergence angle of a laser beam generated by a laser unit of the sector unit. It
~ would be appreciated that when a MWS sensor module is rigidly attached to a sector
unit, the misalignment between the MWS sensor module and thelsector unit can be

substantially reduced and possibly the misalignment may be virtually eliminated.

[0190] In another embodiment of this invention-, there is proposed the use windowing
to enhance threat tracking speed and possibly tracking reliability. As mentioned bellow,
it is advantageous to use fast tracking loops, to increase the tracking accuracy in order
to reduce the beam divergence. In conjunction with a fast gimbal, the tracker needs to
provide quickly refreshed location data about the threat. Typically, the frame rate is
limited by the output channel of the read-out circuit of the detector of the tracker. A
windowing option isl offered in according with some embodiments of the invention,
where the detector can provide higher frame rate for a window whose size is smaller
than the full frame size, so that the refresh time of the data provided for that window is
higher, while the total data-rate for the pixels in the chosen window is equal or smaller
that the data-rate of the pixels in the full frame size. For example: in a 256X256 pixels
detector ~ with  100Hz  frame rate, the pixel data rate is
256X256X100=6.55Mpixel/second. If a windowing option is provided for a 50X50
pixels window at 1000Hz, the pixel data rate is 50X50X1000=2.5Mpixel/second. The
location of the window is updated externally. In some cases, more than one window can
be defined simultaneously. The tracking loop in this case includes an initial detection of

the missile within the full frame, and then defining a window which is centered at the

a



| east the | aser beam generated by said |aser unit towards a threat; a
.mssile warning system (hereinafter: "MA5S") conprising a plurality of MAS
sensor nodul es, each one of said plurality of MAB sensor nodul es being
adapted to detect a signal which includes a signature of a threat directed
towards the platform and each one of said plurality of MA5S sensor nodul es
being further adapted to track a debécted threat; said plurality of .sector
units are nmountable on the platformsuch that each one of said plurality of

sector units is configurable to provjde atLannin, capability in respect of
a threat losatinneef the dpiesiedymigsie. shherfracke qap theneprayidg gefresh £4ie aRUithor m  sai d

pl urality; Qi MV SERAXe TREW 8 SiRAMRan®L Hghl BarP el Bfesh!rakefd?rm sych that a

MAS sensor nodule is I‘Ifgl dly attached to a sector unit and is adapted to
‘track a d&ewmetBr losatiomef the Mindewanayeks endated withj thechanges 9E the|legation af whi ch at

| east par e alikc QURILADS bt Borflr COUBTRAR FRRLAER! the sector unit to which

the MAE sensor nodule’i's rlgl%@3 attached, d\ erein the tracking data
received Eg‘@ﬁl%ﬂe MBS GBRQAEs TP fvbish have et Ghuseedbd 360 EsckiBed he sect or
unit is sufficCiently accurate so as to enable the sector unit to direct a
| aser beahersin many godifiasiions, systivwions, changes, Andeauivaiegts will oppuREMhO§Et em

accor di ng gtife £1,ah&MhR At is RSk o BAGHeARR dThat SR £pbiddll hinar®@intdnabdV sensor
nodul es is operatively associated wmth a therno-electric cooler or is not
bei ng act itosebyer cablobusti rmaedifidations agp changes as fall within the true scope of the

invention.



27. A LD RCM system according to any of clains 25 or 26, wherein each one
.of said plurality of MA5S sensor nodul es includes a SWR detector having a
cutof f wavel ength that is between 1.5-3um 28. A LDI RCM syst em nount abl e
on a platform conprising: a plurality of sector units, each one of said
sector units conprising: at |least one laser unit for jammng a mssile's
gui dance system and a | aser qui darfPe nodul e, the | aser guidance nodul e

bei ng adapted to steer at |east the | aser beam generated by said | aser unit

t owar ds at; the |l aser guidance nodul e including one or nore beam
steerin nts rotatable about a first and a second axes, thereby
enabling said one or nore beam steering elenents to steer at |east the

| aser beam gener at ed said laser unit towards_a thr said plurality of
sect or Sni tsg‘af erngﬁ%ct?%ibf@aﬁ%i PRe PratyeE? {Fgﬁﬁfhaﬁ“éﬁmﬁoﬁ%ﬂ(‘fg‘ sai d one
or nor e nRAEbisbeapide, emptitisg:of a | aser gui dance nodul e of each one of
sai d plural ilé%ﬁof sector, units about the.first axis does not cause the

ori ent at i GBI PE seelar SR S4gh SeolsF YULFYRRE"Sr nore beam steering el enent's

to chgnge in rleasreestbn@faﬁluﬁit &ir?dnfhrﬁihga&giliﬂaﬂéeﬁb@sﬂdﬁroﬁjathré’&.ana'he |LD::|RCM system
according to claim?28, erein eam, steering e| enents, i ncl ude two
mrror for ref|2%R¥F a&d@CFg%Pl%&i‘aﬁ%SFﬁqwe%ﬁf meuieIPeIng FHFRRATOLHREF 8bf , and

each mrror bei ngleg@uRl|f6r Be@maeh@htdd b9 BailPls&unit towards a threat,
said plurality of sector units are mountable on the platform such that each one of said
plurality of sector units is configurable to provide a jamming capability in respect
of a threat located within a different sector relative to the platform, each sector
being substantially less than 180" horizontally, whereby a missile jamming
capability covering substantially the full perimeter of the platform is thus

obtainable.

2. The LDIRCM system according to claim 1, wherein each one of said plurality of
sector units when mounted on the platform is configurable to provide a jamming
capability within a coverage sector that is approximately 90° horizontally and tens of

degrees vertically.

3. The LDIRCM system according to claim 1, wherein each one of said plurality of
sector units when mounted on the platform is configurable to provide a jamming
capability within a coverage sector that is approximately 60° horizontally and tens of

degrees vertically.

4, The LDIRCM system according to claim 1, further comprising:
a plurality of threat tracking modules;
and said plurality of threat tracking modules are mountable such that a threat tracking
module is rigidly fixed to the platform and is rigidly attached to a sector, and such
that while being rigidly fixed to the platform the threat tracking module is adapted

to track a threat within a sector which at least partially overlap with a coverage



30. A LDIRCM system nountable on a platform conprising: a plurality of
.sect.or units nountable on a platform each one of said sector units
conprising: at least one laser unit for jamm ng a mssile' s gui dance
system and a | aser gui dance nodul e, the | aser .gui dance nodul e bei ng
adapted to steer at |east the | aser beam generated by said |aser unit
towards a threat; -73- a MABs con‘[gp‘l sing a of plurality of MNS sensor
nodul es, each one of said plurality of MAB sensor nodul es being adapted to

detect a sigpal ot'ﬂﬁk%gctmgh%eéma R iORRIHY Gulhed hliE Al IREkEY, t ovards the
platform and each one of said pfurallt of saird MA5 sensor” nodul es bei ng
further adappdde tkingalete tathgstaertuai to whishtit is giaidly gilached] ity of sector units
and said Lt Vi O €1 pl atf orm
Such that PRl B SEIBRNCIREMN, 58 gy o BRRH Bl sl ELlTe o
provi de a | fxeditotheqdgpfolm fis suffidientlyespeate sobs @ endhletie skoaam@do diredhi n a

di fferent sitlaf:agé%rbe{rg%n'E)|avg%id%gcetspse£Io%fe%rregtpased upon tracking data a MAS
sensor nodul €]

5. The LDIRCM system according to claim 1, further comprising:

a missile warning system (hereinafter: "MWS") comprising a plurality of MWS
sensor modules, each one of said plurality of MWS sensor modules being adapted
{o detect a signal which includes a signature of a threat directed towards the
platform, and each one of said plurality of MWS sensor modules being further
adapted to track a detected threat;

said plurality of MWS sensor modules are mountable on the platform such that a
MWS sensor module is rigidly attached to a sector unit and is adapted to track a
detected threat within a sector relative to the platform which at least partially
overlaps with a coverage sector of the sector unit to which the MWS sensor module
is rigidly attaéhed,

and wherein the tracking data received from the MWS sensor module that is rigidly
attached to the sector unit is sufficiently accurate so as to enable the sector unit to

direct a laser beam onto a guidance system of the threat.

6. The LDIRCM system according to claim 1, wherein a laser guidance module of a
each sector unit includes one or more beam steering elements rotatable about a first and a
second axes, thereby enabling said one or more beam steering elements to steer at least
the laser beam generated by said laser unit towards a threat, and wherein said plurality of
sector units are mountable on the platform such that a motion of said one or more beam
steering elements of a laser guidance module of each one of said piurality of sector units
about the first axis does not cause the orientation of the second axis of said one or more

beam steering elements to change in respect of the platform and vice versa.

7. The LDIRCM system according to claim 1, further comprising:



and wherein a MA5 sensor nodule is configurable so that while a threat is
.detected within a sector relative to the platform'that is associated with
a sector unit fromsaid plurality of sector units, the angular error
between a location of a threat as represented by tracking data provided by
the MAS sensor nodule to the sector unit and a beamcenterline of a |aser
beam directed by the sector unit t oar ds the threat based upon the tracking
data, is smaller than an the far field | aser beam divergence. 31. A LD RCM

Stnsor moduSttohghay B A AT RPN ek PhE o Pl el O o1 o
i's not bei ngf a¢WiSvadnyorcmoddes aeinglddapted@2o détebiDh Rifrat weitiemireiwtles di ng to any
modul o 1 noPiasEest alie GurueiEReRE Rt o Be s R H R o bet ween
1.5-3um 33saiAMWS eenstulhédnldsyisig it ivep advipred k@ traulk sadepdetitioeay conprising: a
ol L oh SRES cVILLS TRTLADLE, O g AL ecae 1 ORE i 0,501 0L
system and mouh@sleronghié gatfeen, mochitiat edchent as edid glirslRnoe sevadings bei ng
? g\?\gf’ Sg ;Ot %%%Eﬁru}ta%}e tl) %{fglosvtldetar}(gimlrnallgge(':‘apal?t(ai;f:iltr}rl1 ilg reegggc E)fe aq th?é‘{:xt Fo%latgd lw% i%ra uni t
| different sector relative to the platform based upon tracking data a MWS sensor
module,
and wherein a MWS sensor module is configurable so that while a threat is detected
within a sector relative to the platform that is associated with a sector unit from
said plurality of sector units, the angular error between a location of a threat as
represented by tracking data provided by the MWS sensor module to the sector unit

and a beam centerline of a laser beam directed by the sector unit towards the threat

based upon the tracking data, is smaller than an the far field laser beam divergence.

8. The LDIRCM system according to claim 1, further comprising:
a MWS, the MWS comprising:

a plurality of MWS sensor modules, each one of said plurality of MWS sensor
modules being adapted to detect a signal which includes a signature of a threat
directed towards the platform, and being further adapted to track a detected threat,

said plurality of sector units and said plurality of MWS sensor modules being
mountable on the platform, such that each one of said plurality of sector units is
configurable to provide a jamming capability in respect of a threat located within a
different sector relative to the platform based upon tracking data a MWS sensor
module, .

and wherein a MWS sensor module is configurable so that while a threat is detected
within a sector relative to the platform that is associated with a sector unit from
said plurality of sector unmits, an Instantaneous Field of View each pixel of the
MWS sensor module is smaller than the full width half max far field divergence

angle of a laser beam generated and directed towards the threat by the sector unit.



-74- a MA5 conprising a plurality of MA5 sensor nodul es, each one of said
plurality of MNS sensor nodul es being adapted to detect a signal which
includes a signature of a threat directed towards the platform and being
further adapted to track a detected threat, said plurality of sector units
and said plurality of MAS sensor n%gul es being nmountable on the platform
such that each one of said pluraliT™ of sector units is configurable to
provide a jamring capability in respect of a threat |ocated within a
different sector relative to the platform based upon tracking data a MAS
sensor nodul e, and wherein a MAS sensor nodule is configurable so that

whi | e w.mwmcmmmwcwdmtdnmml $wtiteocommisatgi ve to the platformthat is

associ at ed unl t , an
I nst ant anélW“IQ— t%f ﬁ Ewre: %1?? o] @lgm&t%ﬁaa Mms?ge z’g% é%athonlnfléﬁl s smaller
t han t he f udearchingtaha Iﬁasltframaxaté ard xfnltlehdf‘nlst\fmngémcaes@rugh@chﬁncw&aser beam

gener ated and rected t rds.the t at unit 34. A LD RCM
syst em accot @?q%ﬂe % %q}éf V\%ff tseg\HgYV%ﬁd %@hal%%)ﬁg 8@33\?@ Bries AR of mas
sensor gD_dUhcﬁ,‘Pteﬂ_% ﬁf}ﬂﬁﬂéﬂtTi@é&:ﬁnnﬁﬁsmlﬁf&ﬂn\fm&facﬁng iﬂﬂﬂrémd&émitduhﬁ% cool er or
is not being.active ool ed at em.accordin to an
of Crai e SHGRS Aol CarRIEAE SRR PHOBH T JOIOF S anogr

Togul?)es i ngééuw%ﬁlﬁgviglcm fhed Bise Gh@e ahamglrtﬁe ﬂet@@té@%ifgn?t&‘éedfetﬁ@tﬂiedthﬁﬂ i s between
. 5-3um . A M syst em moynt abl e on tform .conprising: one or
nore sect orsaﬁﬁ*ﬂhflg,thee%m?ﬁa’ﬁ? at?asF‘EPnﬂlfl‘@er‘atﬁﬂ‘fhéc%gﬁ’t% ’iamﬂi’r\ll’ythég Bt 81 ng:

first frame rate.

10. The LDIRCM system according to claim 4, wherein each one of said plurality of
threat tracking modules is operatively associated with a thermo-electric cooler or is not

being actively cooled at all.

11.  The LDIRCM system according to any of claims 4 or 10, wherein each one of
said plurality of threat tracking module includes a SWIR detector having a cutoff

wavelength that is between 1.5-3um.

12. A LDIRCM system according to claim 4, 10 or 11, wherein each one of said
plurality of threat tracking modules is adapted to implement a first mode of operation for
searching at a first frame rate and within a first frame for a signal which includes a
signature of a threat directed towards the platform, said threat tracking module being
further adapted to implement a second mode operation for tracking a threat detected
during said first mode of operation, the second mode of operation including defining a
subframe within the first frame around the detected signature of the threat and sampling

the subframe at a second frame rate which is substantially higher than the first frame rate.

13. The LDIRCM system according to any of claims 5, 7 or 8, wherein each one of
said plurality of MWS sensor modules is operatively associated with a thermo-electric

cooler or is not being actively cooled at all.



at | east one laser unit for jamm ng a guidance systemof a threat; and a

.l aser gui dance nodul e, the | aser guidance nodul e being adapted to steer at
| east a | aser beam generated by said |aser unit towards a threat; a MAS
operable for inplementing a first node of operation for searching at a
first frame rate and within a first frane for a signal which includes a
signature of a threat directed towdfds the platform said MAS being further
adapted to inplenent -75- a second node operation for tracking a threat
detected during said first node of operation, the second node of operation
i ncluding defining a subframe within the first frame around the detected

si gnat uné of THeEDIRUM aystandecoatify foragy tofi elasnss, f7; 8w 1BtwikrdLeRAdnér ame rate
whi ch i of gaH %uer‘a Et{f %lfl ! 9err]1§orr égcﬁlrl.'estiggluglésras gﬁaﬁec{o%th%\'/mg a cutoff

wavelength that is between 1.5-3um.

15, The LDIRCM system according to any of claims 4, 10 11 or 12, further
comprising:

a MWS, the MWS including at least a radar threat detection unit.

16.  The LDIRCM system according to claim 6, wherein the beam steering elements

include two mirror for reflecting a laser beam incident on the surface thereof, and each

mirror being coupled to a rotation motor.

17. The LDIRCM system according to claim 1, wherein the laser guidance module

includes at least two linear motor and & mirror for enabling the steering of a laser beam

towards a threat.

18. The LDIRCM system according to claim 1, wherein the laser unit includes a

semiconductor laser that is configurable to provide a laser beam at a wavelength between

3 — Sum.

19. The LDIRCM system according to any of claims 1 or 18, wherein the laser unit
includes a laser selected from a group consisting of: a quantum cascade laser; a interband
cascade laser; an externally pumped semiconductor laser that is configurable to provide a

laser beam at a wavelength between 3 — Sum.

20. A LDIRCM system mountable on a platform, comprising:
at least one laser unit for jamming a guidance system of a threat;
a plurality of sector units each sector unit comprising a laser guidance module, the
laser guidance module being adapted to steer at least the laser beam generated by

said laser unit towards a threat,
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a plurality of threat tracking modules;

said plurality of sector units are mountable on the platform such that each one of said
plurality of sector units is configurable to provide a jamming capability in respect
of a threat located within a different sector relative to the platform, -

and said plurality of threat tracking modules are mountable such that a threat tracking
module is rigidly fixed to the platform and is rigidly attached to a sector, and such
that while being rigidly fixed to the platform the threat tracking module is adapted
to track a threat within a sector which at least partially overlap with a coverage
‘sector of the sector unit to which it is rigidly attached, and is further adapted to
provide tracking data to the sector unit to which it is rigidly attached,

and wherein the tracking data received from the threat tracking module that is rigidly
fixed to the platform is sufficiently accurate so as to enable the sector unit to direct

a laser beam onto a guidance system of the threat.

21. A LDIRCM system according to claim 20, wherein each one of said plurality of
threat tracking modules is operatively associated with a thermo-electric cooler or is not

being actively cooled at all.

22. A LDIRCM system according to any of claims 20 or 21, wherein the tracker
includes a SWIR detector having a cutoff wavelength that is between 1.5-3um.

23. A LDIRCM system according to claim 20, wherein each one of said plurality of
threat tracking modules is adapted to implement a first mode of operation for searching at
a first frame rate and within a first frame for a signal which includes a signature of a
threat directed towards the platform, said threat tracking module being further adapted to
implement a second mode operation for tracking a threat detected during said first mode
of operation, the second mode of operation including defining a subframe within the first
frame around the detected signature of the threat and sampling the subframe at a second

frame rate which is substantially higher than the first frame rate,
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The LDIRCM system according to any of claims 20, 21, 22 or 23, further

comprising:

a MWS, the MWS including at least a radar threat detection unit.

25.

26.

A LDIRCM system mduntable. on a platform, comprising:
a plurality of sector units, each of said sector units comprising:
at least one laser unit for jamming a missile's guidance system:; and
a laser guidance module, the laser guidance module being adapted to steer at
least the laser beam generated by said laser unit towards a threat;

a missile warning system (hereinafter: "MWS") comprising a plurality of MWS
sensor modules, each one of said plurality of MWS sensor modules being adapted
to detect a signal which includes a signature of a threat directed towards the
platform, and each one of said plurality of MWS sensor modules being further
adapted to track a detected threat;

said plurality of sector units are mountable on the platform such that each one of said
plurality of sector units is configurable to provide a jamming capability in respect
of a threat located within a different sector relative to the platform,

said plurality of MWS sensor modules are mountable on the platform such that a
MWS sensor module is rigidly attached to a sector unit and is adapted to track a
detected threat within a sector relative to the platform which at least partially
‘overlaps with a coverage sector of the sector unit to which the MWS sensor module
is rigidly attached,

and wherein the tracking data received from the MWS sensor module that is rigidly
attached to the sector unit is sufficiently accurate so as to enable the sector unit to

direct a laser beam onto a guidance system of the threat.

A LDIRCM system according to claim 25, wherein each one of said plurality of

MWS sensor modules is operatively associated with a thermo-electric cooler or is not

being actively cooled at all.
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27. A LDIRCM system according to any of claims 25 or 26, wherein each one of said

plurality of MWS sensor modules includes a SWIR detector having a cutoff wavelength
that is between 1.5-3um.

28. A LDIRCM system mountable on a platform, comprising:
a plurality of sector units, each one of said sector units comprising:

at least one laser unit for jamming a missile's guidance system; and

a laser guidance module, the laser guidance module being adapted to steer at least
the laser beam generated by said laser unit towards a threat;

the laser guidance module including one or more beam steering elements rotatable
about a first and a second axes, thereby enabling said one or more beam
steering elements to steer at least the laser beam generated by said laser unit
towards a threat,

said plurality of sector units are mountable on the platform such that a motion of
said one or more beam steering elements of a laser guidance module of each
one of said plurality of sector units about the first axis does not cause the
orientation of the second axis of said one or more beam steering elements to

change in respect of the platform and vice versa.

29.  The LDIRCM system according to claim 28, wherein the beam steering elements
include two mirror for reflecting a laser beam incident on the surface thereof, and each

mirror being coupled to a rotation motor.

30. ALDIRCM system mountable on a platform, comprising:
a plurality of sector units mountable on a platform, each one of said sector units
comprising:
at least one laser unit for jamming a missile's guidance system; and
a laser guidance module, the laser guidance module being adapted to steer at -

least the laser beam generated by said laser unit towards a threat;
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a MWSs comprising a of plurality of MWS sensor modules, each one of said plurality
of MWS sensor modules being adapted to detect a signal which includes a
signature of a threat directed towards the platform, and each one of said plurality of
said MWS sensor modules being further adapted to track a detected threat,

said plurality of sector units and said plurality of MWS sensor modules being
mountable on the platform, such that each one of said plurality of sector units is
configurable to provide a jamming capability in respect of a threat located within a
different sector relative to the platform based upon tracking data a MWS sensor
module,

and wherein a MWS sensor module is configurable so that while a threat is detected
within a sector relative to the platform ‘that is associated with a sector unit from
said plurality of sector units, the angular error between a location of a threat as
represented by tracking data provided by the MWS sensor module to the sector unit
and a beam centerline of a laser beam directed by the sector unit towards the threat

based upon the tracking data, is smaller than an the far field laser beam divergence.

31. A LDIRCM system according to claim 30, wherein each one of said plurality of
MWS sensor modules is operatively associated with a thermo-electric cooler or is not

being actively cooled at all.

32. A LDIRCM system according to any of claims 30 or 31, wherein each one of said

plurality of MWS sensor modules includes a SWIR detector having a cutoff wavelength
that is between 1.5-3um.

33.  Alaser LDIRCM system mountable on a platform, comprising:
a plurality of sector units mountable on a platform, each one of said sector units
comprising:
at least one laser unit for jamming a missile's guidance system; and
a laser guidance module, the laser guidance module being adapted to steer at

least the laser beam generated by said laser unit towards a threat;
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a MWS comprising a plurality of MWS sensor modules, each one of said plurality of
MWS sensor modules being adapted to detect a signal which includes a signature
of a threat directed towards the platform, and being further adapted to track a
detected threat, '

said plurality of sector units and said plurality of MWS sensor modules being
mountable on the platform, such that each one of said plurality of sector units is
configurable to provide a jamming capability in respect of a threat located within a
different sector relative to the platform based upon tracking data a MWS sensor
module,

and wherein a MWS sensor module is configurable so that while a threat is detected
within a sector relative to the platform that is associated with a sector unit from
said plurality of sector units, an Instantaneous Field of View each pixel of the
MWS sensor module is smaller than the full width half max far field divergence

angle of a laser beam generated and directed towards the threat by the sector unit.

34. A LDIRCM system according to claim 33, wherein each one of said plurality of

MWS sensor modules is operatively associated with a thermo-electric cooler or is not

being actively cooled at all.

35. A LDIRCM system according to any of claims 33 or 34, wherein each one of said
plurality of MWS sensor modules includes a SWIR detector having a cutoff wavelength
that is between 1.5-3um.

36. A LDIRCM system mountable on a platform, comprising:
one or more sector units, each of said one or more sector units comprising:
at least one laser unit for jamming a guidance system of a threat; and
a laser gnidance module, the laser guidance module being adapted to steer at least
a laser beam generated by said laser unit towards a threat;
a MWS operable for implementing a first mode of operation for searching at a first
frame rate and within a first frame for a signal which includes a signature of a

threat directed towards the platform, said MWS being further adapted to implement
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a second mode operation for tracking a threat detected during said first mode of
operation, the second mode of operation including defining a subframe within the
first frame around the detected signature of the threat and sampling the subframe at

a second frame rate which is substantially higher than the first frame rate.



