WO 2010/001402PCT/1L2009/000663 - 1 - SENSING/EMITTING APPARATUS, SYSTEM AND
METHOD FIELD OF THE INVENTION This invention relates to sensing apparatuses and energy

emittir)g apgggﬁ%ﬁ%mm,particular with respect to a remote location, and fe-sysiems.and methods
associated with such apparatuses. 5 BACKGROUND OF THE INVENTION Sensor devices and

energy emitting devices are well known tools, used for example in aircraft or missiles for detecting,
tracking and/or homing onto a target. Such devices often include electro-optical sensors, radar and the

like. There are many kno icati iffer S G, ?h% ith airborne
platforms, and the senso%%&gggmr{?ﬁﬁﬁg%%?d@gé gf‘%%lﬁglégﬁgfoperaet?gﬁ hrouwgh a common

aperture. In some such systems having a plurality of electro-optical sensors, some including laser

radar or other eipfied) eJgraeNiNa/I§tRINQf mirrors or other optical components may be used for
enabling each of the sensors to look through the common aperture at the same time, or at alternating

periods via a 15 movabieimiersionnirigerneansios BRRATHIISC ST RSB STRRE RS SHIHBWIT halving
separate dedicaied SENSASNEILAING RIRIALEYSIRM AN AR RIs EantsRlsensideusxample, in

Whic_h a different part of the available aperture is assigned to each of the sensors. In yet other
appll_cations, eidh 3BPABIUAGRY be configured and mounted to an aircraft, for example, as a separate
and independent sensor system. 20By way of general background, the following patents provide

examples og S%Emﬁrﬁﬁﬁgpg(ﬁ?(?éﬁ%ﬁ%ﬁﬂrecmd to a method and apparatus for guiding a

weapon to a target using an er having dual semi-active laser (SAL) and laser radar
(LADAR) modes of opesgdtodeibe sedkendigthanintlydizvadsighespebdsightingalsirnae@Sdor switching

between mOdegxg)ngféigr? arigcg'e\x%e(? nqgstl?eghﬁ)rt%r&:ectﬁng, tracking and/or homing onto a target. Such -
devices often include electro-optical sensors, radar and the like. _
There are many known applications where different types of sensors are used
10 with airborne platforms, and the sensors are commonly configured for simultaneous
operation through a common aperture. In some such systems having a plurality of
electro-optical sensors, some including laser radar or other optical elements, a system of
mirrors or other optical components may be used for enabling each of the sensors to
look through the common aperture at the same time, or at alternating periods via a
15 movable mirror arrangement, for example. Applications are also known having separate
dedicated sensors, including a radar system and an electro-optical sensor for example, in
which a different part of the available aperture is assigned to each of the sensors. In yet
other applications, each sensor may be configured and mounted to an aircraft, for
example, as a separate and independent sensor system.

20 By way of general background, the following patents provide examples of

sensor systems.

US 6,262,800 is directed to a method and apparatus for guiding a weapon to a
target using an optical seeker having dual semi-active laser (SAL) and laser radar
(LADAR) modes of operation. The seeker further includes a high speed sighting mirror

25 for switching between modes to guide the weapon to the target.

US 6,193,188 discloses a missile including a fuselage with a roll axis and a nod
axis perpendicular to the roll axis, and a conformal window mounted to a forward-
facing end of the fuselage. There is a sensor system with a field of regard through the

window and a line of sight, and a sensor system pointing mechanism affixed to the



US 6,193,188 discloses a missile including a fuselage with a roll axis and a nod axis perpendicular to
the roll axis, and a conformal window mounted to a forward-facing end of the fuselage. There is a

sensor systeghwitlasuligls of regard through the window and a line of sighiec-pich@&66ees system
pointing mechanism affixed to the - 2 - airframe and upon which the sensor system is supported. A

linear translational mechanism is operable to translgl'ze_the sensor system away from the window with
increasing angular deviation of the line of sight of the sensor system from the roll axis. US 5,134,409

relates to a sUNglaNe SENSELPIONAP N DLALIPASLANE B SUSHARCeLeALANEANARE at least

one co-locate co-rotating electro-optical survelllance sensor mechanically connected to said
radar antenna mEdwiBmde ppgerkniic Bradeisheorapifsdsh§ieBnImiANE fotrRalisKlaM Ny Bbth sensors

using a comman. kack LAk D dodidfoh 26 HISRIRSESARRIIAENSIR APaBIsIARE e YSIE RS OMPrising:
gimbals to having at least two degrees of freedom; at least one array of light sensors positioned on the

gimbals, for being dire&es], In4 4 salaesvithin aiteasiziwe degiee poiideddant) mapestorage means for

storing at least one.Digital Elevation Map .of an area of interest,.divided into.portions: Inertial
Navigation éyéfle%e oargrceeaf?tcll%remﬁtr%n\ﬂ%izﬁ%dtgta{%galsr%tg%?scgor?t%ﬁegn| %da{:\%grg%?ct)ﬁgaﬁg%ér?eﬁ‘%égn data of
the aircraft withurespeokto sepyedefivnbdniGigfolsahasasdsystesaidpartian ealerstionAnfioisbisefecting, one

ata time, anote ALeACPRILIAR oy hiates, lRiARRL ARGAGRGMMEANSIAl diRsRNasthg gimbals.

The system uses data from the inertial navigation system and from the digital elevation map for
real-time calcut@EHaodifEasioite selected area portions, and for maintaining the direction during

integration of light from_the terrain, and for producing corresponding 20 images of area portions.
US 0r434,619 Glscloass b EAATRS: T AR Sy SR ER B B ERER S Holudes a
post pivoting ahouh@ déeringraxdegetativeiiedoeny ehielst. diveapegtoddigieseniyodpdsitianedptical block

and a thermal camera which are mounted.to pivot about an _elevation axis per. i r 1Q the bearing
axis. The systtglrr? i) E|1nsc3I§D e%lf% a}rr‘?f'ffE égbghﬁﬁﬁmea%ﬁénaa?{ag a% h?n%?ﬁ‘f&%% ﬁr?ﬁ%ﬁ%llﬁté%%n the
body, a radar deteggomeans foostigdzont tikesbody EligittElneabenregpasfsaanareonténimibn means

situated in the Rogly. §or, GORGANFAIRE AN NANMESO Sy e AR ARIGRION 4IllinENS QRtiGalRlock, the

thermal camera, and the radar channel are secured so as to alwa%/s have the same orientation in

elevation and ifPREakiwe! aadgatienArderipaBissetotiohtirralsmil Juthaesprss o psssinsds 057,915
disclose a pyojgiiils: thackingseystortion acriiing aind ibresiRelni askingtapigiecCtiR iRefigihin order to
reveal the source from . o i

portion from the area of interest; and servo means for directing the gimbals. The system

uses data from the inertial navigation system and from the digital elevation map for

real-time calculating direction to selected area portions, and for maintaining the

direction during integration of light from the terrain, and for producing corresponding

20 images of area portions.

US 6,484,619 discloses an observation or atming system for a self-propelled
vehicle, and includes a post pivoting about a bearing axis relative to the vehicle. The
post carries a body for an optical block and a thermal camera which are mounted to
pivot about an elevation axis perpendicular to the bearing axis. The system also includes

25 a radar channel having a radar transmitter unit mounted on the body, a radar detection
unit mounted on the body close to the bearing axis and concentration means situated in
the body for concentrating radar waves on the radar detection unit. The optical block,
the fhermai camerza, and the radar channel are secured so as to always have the same

orientation in elevation and in bearing, and thus the same observation direction

30 US 5,796,474 and US 6,057,915 disclose a projectile tracking system for
acquiring and precisely tracking a projectile in flight in order to reveal the source from

which the projectile was fired. A telescope focuses infrared light from a relatively large



which the projectile was fired. A telescope focuses infrared light from a relatively large - 3 - field of
view on to an infrared focal plan,- array. In a projectile detection mode, the system searches for the
infrared signature of the fast moving projectile. The telescopes field of view is steered in the azimuth
by a step and stare mirror, and when a projectile is detected the system switches to a tracking mode
and the mirror is steered to tit ¢ the 5 projectile. A stort pulse high repetition rate laser in a laser radar
system provides a pulsed laser beam which is optically coaligted with the telescope axis. Mirror
angular positioficiafgrmaiioon lesen radarql Bedraleldimearid themwissile spotciositionriantdetector
array are used by a computer. to calculate, bullet trajgﬁgry,information and &gﬁ%}%r{?ge the source or

origin of the projSEMSHERGKRD ﬁ}é?f%:ﬁ’l%]%%fgry MstHBaT 1O S BRMA ETRVENTION
According to afleast stswasaspaetsioftithedivetition, atpppdsidusisprgvidé dionat teaistdae of

sensing and g cpeioy AloNaohisas eSSl ThaRPRIAYS el HOILLOBh ggspect
5 projectile. A short pulse high repetition rate laser in a laser radar system provides a
pulsed laser beam which is optically coaligned with the telescope axis. Mirror angular
position information, laser radar pulse travel time and the missile spot position on
detector array are used by a computer to caleulate bullet trajectory information and fo

determine fhe source or origin of the projectile using known ballistic frajectory methods.

10 SUMMARY OF THE INVENTION

According to at least some aspects of the invention, an apparatus is providéd for
at least one of sensing and emitiing energy along at least one desired apparatus line of
sight (1.OS) with respect to said apparatus.

~ According to a first aspect of the invention, there is provided an apparatus for

15 at least one of sensing and emitting energy along a desired apparatus line of sight
(LOS) with respect to the apparatus, comprising: an assembly rotatably mounted on a
base with respect to a switching axis, the assembly comprising at least two

| sensing/emitting units, each sensing/emitting unit configured for at least one of sensing
and emitting energy along a respective sensing/emitting unit line of sight (ULOS),

20 each sensing/emitting unit having an operative state, wherein the respective ULOS 1s
pointed along the apparatus LOS for at least one of sensing and emitting energy along

the LOS, and a corresponding inoperative state, where the respective ULOS is pointed
along a direction different from the apparatus LOS; a switching mechanism for
rotatably switching between the sensing/emitting units with respect to the switching

25 axis to selectively bring a desired sensing/emitting unit exclusively into its respective
operative state while concurrently bringing a remainder of the sensing/emitting units
each to a respective non-operative state, the assembly being configured for being
accommodated within a predefined envelope having a maximum width dimension
located generally coaxial with said switching axis, wherein the at least two
sensing/emitting units are configured for being enclosed within the envelope in a

compact arrangement wherem the respective ULOS are arranged to each point in



According to a first aspect of the invention, there is provided an apparatus for 15 at least one of
sensing and emitting energy along a desired apparatus line of sight (LOS) with respect to the
apparatus, comprising: an assembly rotatably mounted on a base with respect to a switching axis, the
assembly comprising at least two sensing/emitting units, each sensing/emitting unit configured for at
least one of sensing and emitting energy along a respective sensing/emitting unit line of sight (ULOS),
20 each sensing/emitting unit having an operative state, wherein the respective ULOS is pointed along
the apparatus LOS for at least one of sensing and-egitting energy along the LOS, and a
corresponding inoperative state, where the respective ULOS is pointed along a direction different from
the apparatus LOS; a switching mechanism for rotatably switching between the sensing/emitting units

with respect toltHersttitiFiRiCes asssiesaietssn ol sdsiielsast meindhe Bl adusively into
its respective gpRIRkvE-StAte \MdplecRNEIEIBRbLRIRg NG @ femMANERNQf thesensing/amiting units
each to a respective non-operative state, the assembly being configured for being _.

direction parallel to said switching axis, said apcrture width being configured to

provide optimal operation with respect to the maximum width dimension when the

respective sensing/emitting unit 1s in ifs operative state while substantially avoiding

interference with operation of each one of a remainder of the sensing/emitting units

when the latter is in its respective operative state.

According to a second aspect of the present invention, there is provided a
system for at least one of sensing and emitting energy along a desired line of sight
(LOS) comprising the apparatus as defined in the first aspect, and further comprising a
controller for controlling operation of the apparatus. |

Acording to a third aspect of the present invention, there is provided an
apparatus for at least one of sensing and emitting energy along a desired discrete
apparatus line of sight (LOS) with respect to the apparatus, comprising at least two
sensing/emitting units, each sensing/emitting unit adapted for at least one of sensing
and emitting energy along a respective unit line of sight (ULOS), the sensing/emitting
units being mechanically coupled; each sensing/emitting unit having an operative state,
wherein the respective ULOS is pointed continuously along the LOS for at least one of
sensing and emitting energy, and a corresponding inoperative state, where the
respective unit operating axis is pointed along a direction different from the LOS; a
switching mechanism for switching between the units to selectively bring a desired
unit exclusively into its respective operative state while concurrently bringing a
remainder of the units each to a respective non-operative state.

According to a fourth aspect of the present invention, there is provided an
apparatus for at least one of sensing and emitting energy along a desired apparatus line
of sight (LOS) with respect to the apparatus, comprising: at least two sensing/emitting
units, each configured for at least one of sensing and emitting energy along a
respective sensing/emitting unit line of sight (ULOS); each sensing/emitting unit

having an operative state, wherein the respective ULOS is pointed along the LOS for at



accommodated within a predefined envelope having a maximum width dimension located generally
coaxial with said switching axis, wherein the at least two sensing/emitting units are configured for
being enclosed within the envelope in a compact arrangement wherein the respective ULOS are
arranged to each point in - 3a - different directions one from another, and wherein at least one the
sensing/emitting unit comprises a respective sensing/emitting unit aperture having an aperture width in
a direction parallel to said switching axis, said aperture width being configured to provide optimal
operation with respect to the maximum width dime_r;;'sgc_)n when the respective sensing/emitting unit is in
its operative state while substantially avoiding interference with operation of each one of a remainder
of the sensing/emitting units when the latter is in its respective operative state. According to a
second aspecigtthadpsesentmnventian;ttherens prosmdedcasysiendifar ableasi anaof, seinsing and
emitting energy along a.desi ine of sight (LOS) comprising.the aratu defined in the first
aspect, and fur 5?93%%%ﬁ$%5r%8a§ é(s)ﬁt%’ﬁer fiég?n&%t% ?r%g)%;%&g %ﬁ oig) ﬁ%e&l §p?b(3a$at%§?vﬁghl,&%ording toa
third aspect ofrtieehpnése nbinveitibmgthere éstptbvidetiap/ apparatusicr @t felstivakly dfsgnsing and
emitting energy.gjand.g dgelied disersie ALPAIRIS IN! AURLLQRWILIGSRECtIR g Apparalus.
comprising at least two sen%mg}em ting units, each sensing/emitting unit adapted for at least one of
sensing and ehsittieenergypiaisnghthespesthecomitiipevisigieh (WLOSIpEhievsarsirg@aiiting units
being mechanically £oURIRHRAER %8{5‘&1‘&94%@89@%1?@& haYing.an.RREIRNE St WBRsgIpthe

respective ULOS is pointed continuously along the LOS for at least one of Sensing and emitting

energy, and a b6ri<3pohiting pispeiatve’ shrapnmates thethergsaeth & Uit S15E it detrsss9Bointed

along a difeC“Q@e@Eﬁﬁ%ﬁéﬁ@ﬂ%ﬁ% LEFhishMiing meshaeisndRLEWiGhiBgLatweghthe units to
selectively bring a desired unit exclusively into its respective operative state while concurrently

bringing a remainderF@i@0RitS eadHts BPsehatiive REFOheratftiSatdiere 5 eEa¥iFY 8 a fourth
aspect ofI the Mj?%%ﬁlgwrdﬂ%sm?@oiﬁsf@ﬁ@lﬁg?ﬂd%hﬂﬁ) @r?r@fw@iomﬁ%ae&s@m ghmensingnnd emitting
energy along a desired apparatus line of sight (L OS) with respect to the apparatus, comprising: at
least two sensﬂfg?@#ﬁtﬁhg%ni‘fggbéﬁ?ﬁ‘gnﬁ’g bl ‘?BP%Wﬁ‘é%sf‘HﬁErﬁf%%nﬁn@sﬁmgi%fﬁfﬁa%éﬁergy along

a respective sensingteontiingsunitiiinggfesightd Lok each, sanbmgéatbiitingrpnitina\wngan operative

state, wherein the respective ULOS.is pointed. along.the L S(f,ora -3b fi st one of sensing and
emitting energ'g}ff%ﬁ%fl %?Félst%%%&%ésir%%heFgfégeggé%%v%gr%tﬁréﬁrgga & |\(;‘T§l rLﬂ?(%:gs ?sojﬁgi%iled along a

direction differsntsingmtiech@fna switehingpmaechasmsen for snwitchingibetwesrt thecsehsighiemitting
units to selectiyelying.g.desited sensingismitling init exclusively nig. s eRpeqfive.gpefgtive state
while bringing a rem inder of the sensi g emltti%g units each to a respective non-operative state; and
wherein the appsirestiscismbhfigufet forsietbetivelypal angietes difettion aflthsl bOSdsereperation of
the apparalus L EGRRRELIDAY SRRy RNl aR L srdgmhindeRrndeni-tunighgoagr the Lnits
is exclusively in its operative state. ~ According to a fifth aspect of the present invention, there is
provided an app@estitiscioniatibast smeBiskHsmprahtrainnuhgcasid iyraimg werdired-Sparatus line
of sight (LOS) Wit rgsPectiasaid RPPSAINE, CRMBIRNG-AB-ASaRMBhFRIBRbLIRMAIRdRN a base

with respect to a switching axis, said assembly comprising at least two_sensing/emitting units, each
said sensing/efRiRiRG OSB8I 4A SECREVEHRHEME SrsirehitithoeasiBrMIBRY Wikspective
sensing/emitting uniting iafsiahtdPba R paakhisaidse nsing/emitiingnunibhaving ar-eppiative state,
wherein the respective unit ULOS is pqinted along said apparatus LOS for at least one of sensing and
emitting energ§'afA G eSSl Mg BoRER SO AdRTBHD S AtRP SEHEe GRS éeﬁgfﬁgﬁ\t/e unit
ULOS is pointed«alanp @idirectondiferant Joomrsaid appatatiie lseSing/switchingriieghamism for
rotatably switcpiag%between said sg&s'&ngée&nittigg units Yvitfgores%ect to ﬁsaid switchingy%é}%i}lo

. . an g era% Wl t1{.@{: n . aralF sla %wy. C m% ax1% and
selectively bring a desired said’sensing/emitting unit exclusively Into itS reSpéctive operative state

while concurreathyteringihga remaitidersefls stdsseyismigiemithinig annitsvech tepraspedihves
non-operative glate, dv%geareign%td%%% ane saégliﬁ%n }%@é%ﬂ!ﬂk”g unit comprises a respective
sensing/emitting unit aperture having an aperturepwi th in a'direction parallel to said switching axis,
and wherein another at least one other said sensing/emitting unit comprises a respective ULOS

defined on a plane that intersects said aperture width.



3c - Disclosed herein is an apparatus for at least one of sensing and emitting energy along a
desired apparatus line of sight (LOS) with respect to said apparatus, comprising: an assembly
rotatably mounted on a base with respect to a switching axis, said assembly comprising at least two
sensing/emitting units, each said sensing/emitting unit adapted for at least one of sensing and emitting
energy along a respective sensing/emitting unit line of sight (ULOS), each said sensing/emitting unit
having an operative state, wherein the respective unit ULOS is pointed along said apparatus LOS for
at least one of sensing and emitting energy along said LOS, and a corresponding inoperative state,
where the respective unit ULOS is pointed along a direction different from said apparatus LOS; a
switching mechanism for rotatably switching between said sensipg/emitting, units.with respect to said
switching axis to seletilRsEABIFHY L GRiFRE? a&ﬁ%‘%}n@ii?ﬁegalsetr%ﬂ% Ag %ﬁﬁ“&éﬁsﬁ%ﬂ?}?’ tgrﬁ%%ﬁkpespective
operative state,while.capgrsgenpyabiinginga oenaihd€l of3aidibensipglertittiag! umieedeh to a
respective non-operative state, said assembly being configured for being accommodated within a
predefined enVEBPE HEVing a maximum dimensional constraint associated with the switching axis,
wherein said sensing/emitting units are configured for being enclosed within - 4 - said envelope in a
compact arrangenaerssemblei rosaitlespastiveon 20 s it rgaepst to LaRHPoNs AN Hiffent directions

one from anothec, AR WHGKSIR A 16381005 Sak seRsibalea g unk ePRlgiEiaaevide optimal

operation with respect to s&aid maximum width dimension in jts operative state while supstantially
avoiding 5 intewféradepisditfor e iaasnase clchraBLO remiEinger 5T $Rid SRR GG MR units when

the latter is in ik%ﬁ&ﬁg%ﬁ&mgnﬂ@% Ylgpht (UG, leashsameemhormpme e ki® are
angularly displaced from one another, and the switchin% mﬁchanis,m i confi%l%{gd for selectively

rotating the asSErABRAS gl GBI A BT (e BISRTESHARAGYS fR8%HE lar 10
displacement bgtysees asensing@Mittinenyinit that isccuigndydrpitsOnerashié 0% and a
il L A R s QU S S MRy
direction different from said apparatus LOS;
a switching mechanism for rotatably switching between said sensing/emitiing
units with respect to said switching axis to selectively bring a desired said
.sensing/emiﬁing unit exclusively into its respective ope:ratilve state while
concurrently bringing a remainder of said sensing/emitting units each to a respective
non-operative state,
said assembly being configured for being accommodated within a predefined

envelope having 2 maximum dimensional constraint associated with the switching

axis, wherein said sensing/emitting units are configured for being enclosed within



configured for providing one or more of surveillance, viewing, locating, sighting, detection, recognition,
identification, tracking, targeting, marking, homing, tracking and 15 imaging of a target, and provides
corresponding data. For example, data may be provided pertaining to surveillance, for example
detection data may be provided (for example range and azimuth/elevation of a detected target),
recognition data (for example imaging data that ena_bAe_s a target to be recognized - for example a
geometric profile, or a heat signature, and so on, that'is particular to a type of target), identification 20
data (for example data tha}’t%%nable a targtet to be ide?tifj}eeg f}lorale am Ié—;'d-\_\;és, I Egesucak}l%%
identification mark?ﬁ'ése,nsvﬁ oIt ARTES orf"i)'?r fpggﬁ?ﬁﬁ d4 a? or axam ?e, position andafgajégctory of a
moving target), tangedinly shata iffali xam pledoionsene frercemithdye radnplerdhetdpatationsofiat least 25
one sensing/emitting ik au0e QRYMIBEASHED B3 0. ROYAR e BastisENGARdeLaipsion
performance for the giv n dimensional consgtralnt associated with the envelope in which the
sensing/emitting umisisreneadhtho dmertom inodatendrrtive otifelopeltordheiatiglhariyeidbgperations,
with little or o adygrse.fluenge c%’el‘ﬁ%ﬁﬁ%?@&% iRAsEing he.apesation %@:&ﬁ;@ﬁ%ﬁg@ﬁi@/emitting

units. In other words, at least one 30 sensing/emitting unit may be configured for providing optimal
performance, as nTdFbEDBESTIRCI R TP P FEGTaH ¥ifféHsional constraints defined by the envelope,
in a substantially simifgr fnangesspyvbabiesass weuldiheovite agenespanging.apparatss that only
comprises the respective sensing/emitting unjt. - 5-_ The_apparatus may optionally.further comprise
one or more of AAEHGHOMh J1eatTELRg JRGGERITEY @oﬁﬂﬂﬁgﬁ% ??—\r) fragéﬁ%tym%ﬁn mensional
constraint compsises§ niasiphim Widthcbe dimensiodinlibeeavelopespwhitheista gronasgrital
envelope), Ioca&ed gﬁeneratll}/ ggaxial with said . witchir]( %>t<is§,cj.e.egﬁrailrlleiltgo th% t?\%its?ai”%%is’ and at
or close to tRe S\lﬁrti’t1 ?r%e s AGationanyFor a {Emative : ST AXImuN dmiensional constraint
comprises a meetismgizoiteg-seitiznal Eréessioédie Bmglope tpeaterkstri.plane generally aligned with
said switching axis, a éf;lis Qllaglg m%%/b%e generally to orthogonal to the LOS, for example when the
LOS is pointing in a par icUiar direction ~ such a dimensional constraint may be of particular relevance
when the apparaniizisad s provifiag torg stanead eizeuprillepehe VikeiehdleralipensiglsBgsired to
maintain a partigiila frontal aies foueiniRiaing ShagnfnayemieleniRidd 8caIfC BYsIoReMAY

comprise a generally spherical volume, having a i _
15 imaging of a target, and provides corresponding data. For example, data may be

provided pertaining to surveillance, for example detection data may be provided (for

example range and azimuth/elevation of a detected target), recognition data (for

example imaging data that enables a target to be recognized — for example a geometric

profile, or a heat signature, and so on, that is particuiar to a type of target), identification

20 data (for example data that enable a target to be identified (for example visual data such

~ as identification markings, symbols and so on), tracking data (for example, position and

trajectory of a moving target), targeting data (for example for use in fire
control)example. '

The operatibn of at least

25 one sensing/emitting unit may be optimized such as to provide the best sensing and/or

emission performance for the given dimensional constraint associated with the envelope

in which the sensing/emitting units are each to be accommodated in the envelope for

their full range of operations, with little or no adverse influence or interference

regarding the operation of the other sensing/emitting units. In other words, at least one

30 sensing/emitting unit may be configured for providing optima! performance, as may be

possible given the particular dimensional constraints defined by the envelope, in a

substantially similar manner to what the case would be with a corresponding apparatus

that only comprises the respective sensing/emitting unit.



15diameter thereof substantially coaxial with said switching axis, and having another diameter thereof
substantially coaxial with said apparatus LOS. (C) The aforesaid dimensional constraint may be a
physical limitation relating to the size and/or shape of the apparatus, and may include one or more of a
one dimensional (linear), two dimensional (area) or three dimensional (volume) 20 constraint related
to the apparatus. Given a particular base configuration for mounting the assembly thereonto, the
aforesaid physical limitations translate to a corresparitting space constraint for the assembly itself. For
example, the size of the apparatus may need to be kept within a particular geometric envelope to allow

compatibility and/or rgtrefisghilitywithvesnasi10 apabiculansiso dakd podsizef 2 &itheingith respect

to a particular off.the-shelf-RQIBLNE. Mechanisid, for example, or for other airborne applications in which
it is desired to minimize drag and thus maintain the cross-sectional normal to the airflow and external

exposed area to a minimum. The dimensional constraint may comprise, for example a linear
dimension of said apprakates dakeximenplanasssbatantiatyaaithoganphitessaidhixbnda sudh as for
example a diametg of the hogﬁ'lgg thaﬁ may, aﬁcgmmodate the s?nsineq/e itt'kn tunaitsé such as to fit
within a radéme, f ﬁf?&%?tﬂ e-for é’%n%’ e Hilé §ﬁ81vr&?ﬁﬁc e“BEES) ly %&u%ln% t5'he’ pointed in
any direction withitcthéatadtnseidsfainimggiadhe.assoelkiad fleldwitcbyard(F.GR) atofieldseftregard is -
6 - taken herein to refer to a spatial eny e around tus_in which it is passi direct the
LOS of the sightintgf;%psb“g?%%n ?’Eﬁ%u?%%@&?%%no roér%gt??é% g%?éra%t%% itigé% gaﬁl%?% s%?n%%c%égels from
structures onto whichsttiénhppauaisss hayEbent et Datresad Seneivglepnittegedritsaare

mechanically courgApch AN gheP PSR, AU SROseighRUsTIeLoing gl

envelope. For example,the said dimensional constraint mgi/} comprise an internal volume of said

housing, thEdimeRgiergenabriat@mtiiindos tiraenlintdkEidnal tORstaPR B oRatyPAREHBUSIng may
be generally spherigalyh at lgaptPanvides A0 enaiiivisRReteadf Pinteia Mpvmed Widichethe

sensing/emitting units are accommodated. (E) The said apparatus defings an ad?par tus aperture
substantially normapBgraifgis to be mounted to a standard size pod or the like, and/or when 1t'is

desired 1o maintain a particular frontal area for minimizing drag, for example.
(B) The said envelope may comprise a generally spherical volume, having a
i3 diameter thereof substantially coaxial with said switching axis, and having another
diameter thereof substantially coaxial with said apparatus LOS.

(C)  The aforesaid dimensional constraint may be a physical limitation relating to the
size and/or shape of the apparatus, and may include one or more of a one
dimensional (linear), two dimensional (area) or three dimensional (volume)

20 constraint related to the apparatus. Given a particular base configuration for
méunting the assembly thereonto, the aforesaid physical limitations translate to a 1
corresponding space constraint for the assembly itself. For example, the size of the
apparatus may need to be kept within a particular geometric envelope to allow
compatibility and/or retrofitability with respect to a particular standard pod size,

25 and/or with respect to a particular off the shelf pointing mechanism, for example, or
for other airborne applications in which it is desired to minimize drag and thus
maintain the cross-sectional normal to the airflow and external exposed area fo a
minimum. The dimensional constraint may comprise, for example a linear
dimension of said apparatus taken in a plane substantially orthogonal to said LOS,

30 such as for example a diameter of the housing that may accommodate the
sensing/emitting units, such as to fit within a radome, fairing, or the like, for
exarnple, while allowing the assembly housing to be pointed in any direction within

the radome or fairing, in the associated field of regard (FOR). A field of regard is



LOS, said aperture having a width dimension and a length dimension, wherein at least one of said

width dimension and said length dimension is not greater than said maximum width dimension. In at

least some evrvn(g)o‘gi ents, each one of said width 15dimension and said length dimension is not
fei;mf

100G fihg Uit Comprises a

greater than said maximum width dimension. (F) At least one said sensing
respective sensing/emitting unit aperture for one of sensing and transmitting energy therethrough,
wherein operation of the or each said sensing/emitt'rh@'unit Is a function of said respective 20 aperture
of the sensing/emitting unit, and wherein said respective aperture has a value optimized with respect

to said apparatus HBseRiiEcih BiHefR P fRatitlsprralorcapotttetht FRPTS G Sriihdt Uit may be

dimensionally matghgshie @ daprreach@s siuBb asHReskiparthe apgaaebapamiere foer example, the
ratio (or proportion) of the Ii,neﬁrsdimension %ggg diameter or width ofgggeaﬁjerture of theb25 unit to
ude,

the corresponding PREAFBifEHSPEAbIE & RIS SPEATRS TRy TR0 des FPRFTEES FBmS
embodiments of thacimedtion, any one of the following ranges. 0 5 to 0.6; 0.6 to 0.7; 0.7 t0 0.8; 0.8 to

0.85; 0.8 10 0.9;0.85 10 0.9; 0.85 10.0.95:.0.9 10 0.95; 0.9 to 0.98; 0.95 t0 0.98; 0,95 tg 1.0;,0.9 to 1.0.
Additionally%r erna |veeI3?,a {%esrea |bn%%%5%bn§rti8ﬁggft garrneegh mﬁ?ﬁogogﬁﬁde §‘§§rt§’r of the unit to
the 30 correspondirgraneaiaideritionadictmngp paitbbausippdeireirg ayithohvdlopn Betexstmsdine

embodiments of thg.inyanion.. apy.ane ok e fallowing 10063 ithada Q&ulkd £ Qb fhasta0-8; 0.8 to
0.85; 0.8t00.9; 0.85t0 0.9; 0.851t0 0.95; 0.9 to 0:95; 0.91t0 0.98; 0.9510 0.98; 0.95t0 1.0; 0.9t0 1.0. -

7 - (G) Each said §&h$imgasianh gensiaismbrizgstathesspdbncrsioankispemitinPatrralirnttie for one of

sensing and transpytiing engyoy-hareiRIBuemaMasTel? in SRilOpRIALYE slalethairespratvge unit

aperture exclusively is comprised withci,?b%ai apparatys, aperture. In embodiments where the assembly

is accomm&Yated e8! KoEIRdR Ei?@?ﬁ’ﬁ&%ﬁﬁ%ig@@ta@ﬂ%?@%@ﬁ%g aligned with each

said sensing/eqmjting ThaitsAptippathnfittésindthaa wipdenimadenfronubsmadalial doamapasesiido

electromagnetic radigtion.at least within the range of operation.of the respective sensing/emitting unit
R R R e i

it
having its ULOSalgnéﬁat‘her Wih® THEE L Bt ihe Wi Sc')l\?vnif‘?%aatcﬁn o,lglF%Sié’PégfeF an, the

aperture of the redpettive &0sedsiidileduitingiemitd said length dimension is not greater than said
maximum width dimension. In at least some embodiments, each one of said width
15 dimension and said length dimension is not greater than said maximum width

dimension.

(F) At least one said sensing/emitting unit comprises a respective sensing/emitting
unit aperture for one of sensing and transmitting energy therethrough, wherein
operation of the or each said sensing/emitting unit is a function of said respective

20 aperture of the sensing/emitting unit, and wherein said respective aperture has a
value optimized with respect to said apparatus aperture. In other words the
respective aperture of the sensing/emitting unit may be dimensionally matched to, or
approach as much as possible, the apparatus aperture. For example, the ratio (or
proportion) of the linear dimension (i.e., a diameter or width) of the aperture of the

25 unit to the corresponding linear dimension of the apparatus aperture, may include, in
at least some embodiments of the invention, any one of the following ranges: 0.5 to
0.6; 0.6 10 0.7, 0.7 t0 0.8; (.8 to 0.85; 0.8 t0 0.9; 0.85 to0 0.9; 0.85 t0 0.95; 0.9 o0
0.95; 0.9 to 0.98; 0.95 to 0.98; 0.95 to 1.0; 0.9 10 1.0. Additionally or alternatively,
the ratio or proportion of the area dimension of the aperture of the unit to the

30 corresponding area dimension of the apparatus aperture may include, in at least
some embodiments of the invention, any one of the following ranges: 0.5 to 0.6; 0.6
10 0.7; 0.7 t0 0.8; 0.8 t0 0.85; 0.8 t0 0.9; 0.85 to 0.9; 0.85 to 0.95; 0.9 t0 0.95; 0.9 to
0.98;0.95100.98,0.951t0 1.0, 0.9t0 1.0.



(H) In at least some embodiments, the said sensed or emitted energy is electromagnetic (EM) energy,
in any desired wavelength range. For example, for at least some of the sensing/emitting units, the EM
energy may be in optical wavelengths (optionally including IR and/or UV wavelengths), while for others
the 15EM er%?gv}ﬂ%()}llggin radar wavelengths (e.g., X-band), while yet ngng@P%é(H} Pr?@/emitting units
the EM energy may be in the microwave range. (I) The plurality of sensing/emitting units are
mechanically coupled so that they may rotate togeth@r’about the switching axis, or switched in any
other suitable manner with respect to the apparatus LOS, as a single unit. The various 20

sensing/lemittif§UnitEAHySHE GTRURY BN Bl AR A FEBRENEATRPSHSSEFER, Wot- for

example, the sensipgtamitingmnimaiae separaiahiaagniaeio tmermmashhonsiag Gplianally, one
or more said sensing/emittin urtgltg, ma}t)y t%.e configured for IOCE:” vgry,in% the dir Cti?ﬁ}'Of itstLOS, for
example by mean@STFOYATHS BHVEPTEIFoUlE BIFEEF it é{YF SOFFERUS o tHe ¥each 25

respective sensingmiitingapsitute Juckndasiscthe wiavenientewewdlopés oddirenmdidtidaln a
sensing/emitting unit may he restricted by the apparatus aperture, for ex vided by a
IEI Li'lOllﬁgln h%e .EOHSl{l‘% }l’[rlla t (é%‘lgﬁge a‘? Peas?bglafl: rn&gﬁltgél’l% afé%ig!ie \gﬁhp fé%'(];h galdb

window of the like'In ousing. some em t least one of the said sensed or
emitted energy fosensiogsnotingaitise pptgainittiigdunitts oM enargde afidreomnprisesabther

30forms of energy, Lexamsiacaysneneranansar [edioariive dadaion,(9FAG seide

sensing/emitting unit may be configured for operating along said LOS continuously when said
e Ao

n
respective ULOS ISSRFGRESE TIGieg YaibbpEne 1A/BL30Y elomed shperih. Jbooiop 068

window is matched to, or is greater than, the aperture of the respective
10 sensing/emitting unit.

(H) In at least some embodiments, the said sensed or emitted energy is
electromagnetic (EM) energy, in any desired wavelength range. For example, for at
least some of the sensing/emiiting units, the EM cnergy may be in optical
wavelengths (optionally including IR and/or UV wavelengths), while for others the

15 EM energy may be in radar wavelengths (e.g., X-band), while yet for other
sensing/emitting units the EM energy may be in the microwave range.

(I) The plurality of sensing/emitting units are mechanically coupled so that they
may rotate together about the switching axis, or switched in any other suitable
manner with respect to the apparatus LOS, as a single unit. The various

20 sensing/emitting units may be directly coupled to one another mechanically, or
indirectly so ~ for example, the sensing/emitting unit may be separately coupled to a
common housing. Optionally, one or more said sensing/emifting units may be
configured for locally varying the direction of its ULQOS, for example by means of .
rotational drives, to provide one or two degrees of freedom for the or each

25 respective sensing/emitting unit. In such cases, the movement envelope of the
individual sensing/emitting unit may be restricted by the apparatus aperture, for
example as provided by a window of the like in the housing.

(J) In at least some embodiments, at least one of the said sensed or emitted energy
for at least one said sensing/emitting unit is not EM energy, and comprises other

30 forms of energy, for example acoustic energy and/or radioactive radiation.

(K)  Each said sensing/emitting unit may be configured for operating along said LOS

continuously when said respective ULOS is aligned to point along said LOS.



- 8 - (L) The apparatus may be configured for fixedly maintaining the alignment between a
sensing/emitting unit ULOS and the LOS during operation of the respective sensing/emitting unit. (M)
In at least some embodiments, the said at least two sensing/emitting units 5 comprise a first said
sensing/emi?ﬁf?&ﬁﬁff’%?fa second said sensing/emitting unit. The said fi%@g&fé’ﬁg@{éﬁ?ﬁﬁing unit may
be operable for at least one of detecting and recognizing a target at a distance between said target
and said apparatus greater than a first distance, ant&vherein said second sensing/emitting unit is
operable for at least one of identifying and recognizing said target at a distance between said target

and 10 said apphratd@areRaess mah tarenievmd fn dxcdivanioiiredhy AiereensisgEmitting unit is
configured for at |gaghon@ /ehsengiNGRNUIRIBIAY SREIYSViinE BraxmnTosasendgheiance
therefrom, and wherejn said second sensing/emitting unit is configured for at least one of sensing and
emitting energy Wit HE-EM aid first distance therefrom, said first distance being 15
significantly gregeter tharsadssecand ditiadiarnts, Shmeatdnbiotinsents thesalesachng distance may

each be one or more of: about 100lcm: about 80lcm or about 601cm, and said f'rst.%ys ance may be
for examplesloss (AR ABB SOTCA SR Pk 4o e f et P SRR KA IR EY
Mcm. (N) The ULOS: fericfic seinttiessandtfingtumitchwndomepsebingtarnieisionaied drieciragiynd0 have

diferent directions i 5 3pectI.00e,AnOINEL IV SR GEMOAIARNIS SRR BxeR A ntersect

In at least some embodiments, each said ULOS may lie on a plane substantially orthogonal to the
switching axis. (OyOfifst disianee. 8ndehszrin sedsipryRhRuHg Y PRIFEY %tééﬁﬂa{#é@ fee & kaflsing  unit,

for passively sensing eNgIGY; {9k £XAMRILS ElMi @59%21?@ WaVIcMnesisenfes agxampleagptical or
SIGINT modules for respectively sensing optical EM ra iationég{p;qtionall including IR,ang?]/or uv-

radiation) df radarsHcyaRRFERATHE Mt radiafsh. 83 ot ol Fibré? 8‘55%%%‘1’5@’/@?&%% hit may be

configured as an getiRgmitting unit is configured for at least one of sensing and emitting energy
within a maximum second distance therefrom, and wherein said second
sensing/emitting unit is configured for at least one of sensing and emitiing energy
within a maximum said first distance therefrom, _said first distance being
15 significantly greater than said second distance. In some embodiments, the said
second distance may each be one or more of: about 100km; about 80km or about
60km, and said first distance may be for example less than about 20km; less than
about 15km; less than about 10km; less than about Skm.

{N)  The ULOS for each of the said first and second sensing/emitting units generally

20 have different directions with respect to one another, and in some embodiments
these axes may intersect. In at least some embodiments, each said ULOS may lie on
a plane substantially orthogonal to the switching axis.

{O)  One or more of the said sensing/emitting unit may be configured as a sensing

unit, for passively sensing energy, for example EM energy; and may comprise, for
25 example, optical or SIGINT modules for respectively sensing optical EM radiation
(optionally including IR and/or UV radiation) or radar wavelength EM radiation.

(P)  One or more of the said sensing/emitting unit may be configured as an emitting
unit, for actively emitting energy, for example EM energy, and may comprise, for
example, countermeasures such as a radar jammer, a radio jammer, a light emitter,

30 and so on. .

(Q)  One or more of the said sensing/emitting unit may be configured for sensing and

emitting energy, for example EM and/or acoustic energy, and may comprise for

example radar systems, sonar systems, Ladars and so on.



unit, for actively emitting energy, for example EM energy, and may comprise, for example,
countermeasures such as a radar jammer, a radio jammer, a light emitter, 30and so on. (Q) One or
more of the said sensing/emitting unit may be configured for sensing and emitting energy, for example
EM and/or a%’&%‘ﬂg’%eﬁé%y, and may comprise for example radar systemg;cggﬁg?’g%?g s, Ladars and
soon. -9 - (R)In some embodiments, said first sensing/emitting unit comprises at least one radar
system configured for enabling detecting a target al‘o%g its respective ULOS. In some variations of
these embodiments, said first sensing/emitting unit comprises, a first conformal radar antenna

substantially céRormi SHEFE LR HBIEHH SN HeRSIRGISFUt R B AN SE B ARSI for

example a sphericalisusiace: Wt ihefonyelbhngeedelotieg a geparallysphetigakvolutneOthe radar
antenna may be iré?t]he sh‘a} eqfa h%rt%ig,g%he% K r.clo%e tglec{%g gorsexamglﬁ. 5 Intsomerti:'mbodiments,
the said second @& SATIRHRT LRI BT ETSes BT ast One Slettro-optical davice. “The said second

sensing/emitting unifiist configtradrddaratritnie asbenetalle rabkforggrexitingfirsagmsion af lemst one of
the visble, infra ragh ARt avigle L £lRcHeTaAgNsle Spe i B gl WS- ehebling.providied pulsed
laser designator for tagrg%rtylng, enabling any suitable form of thermal imaging.
the envelope encloses a generally spherical volume, the radar antenna may be in the
shape of a hemisphere or close thereto, for example.
(S)  In some embodiments, the said second sensing/emitting unit comprises at least
one electro-optical device. The said second sensing/emitting unit is configured for at
10 least one of: enabling providing images in at least one of the visible, infra red and
ultraviolet electromagnetic spectrum; night vision; enabling providing pulsed laser
designator for targeting; enabling any suitable form of thermal imaging.
(T)  In some embodiments, the said first sensing/emitting unit comprises a first said
radar system having a first ULOS and said second sensing/emitting unit comprising
15 said electro-optical system having a second ULOS, wherein said first and second
ULOS are angularly displaced one from the other with respect to said switching
axis. At least some of these embodiments may further comprise a plurality of
sensing/emitting units, inchuding a third sensing/emitting unit in the form of a
second said radar system, for example having a third ULOS in a direction
20 substantially opposed to that of said first ULOS, for example. Optionally, each one
of the said first and second radar systems comprises a conformal radar antenna
substantially conformal with a portion of a surface defining said envelope, for
example a spherical surface.
(U)  Thus, the third ULOS may be substantially co-axial with but opposite in
25 direction to said first ULOS, but in alternative embodiments may be co-axial with
but opposite in direction to the second ULOS, or indeed at any suitable angular
relationship with respect to the first and/or second ULOS's. Alternatively, the third
sensing/emitting unit may comprise a regular radar antenna housed within an
apparatus housing, together with the other said sensing/emitting units. Alternatively,
30 the third sensing/emitting unit may comprise one or more electro-optic devices,
including for example any suitable image acquisition device or the like.
Additionally, the apparatus may further comprise a fourth or more additional said

sensing/emitting units, each having its respective ULOS, which may be disposed at



(T) In some embodiments, the said first sensing/emitting unit comprises a first said radar system
having a first ULOS and said second sensing/emitting unit comprising 15 said electro-optical system
having a second ULOS, wherein said first and second ULOS are angularly displaced one from the
other with re¥Fett "€ switching axis. At least some of these embodirr%ﬁf SR T comprise a
plurality of sensing/emitting units, including a third sensing/emitting unit in the form of a second said
radar system, for example having a third ULOS in a Hlrection 20 substantially opposed to that of said
first ULOS, for example. Optionally, each one of the said first and second radar systems comprises a

conformal radar atitesHEabimharartaIpleberein ailinesaasb i dheofists serand dedithig SHiRRvelope, for
example a spherigal stfageddihdiiuseieihisd Jbiraiman Heasysiantialvi6e-axiahwitbaliyt opposite

in 25direction to said first ULOS, but in alternative embodiments may be co-axial with but gpposite in

direction to the setSRFIDETBY AuasEHE N FActicHRE gHE S B IS HFWRRI L RS the first

and/or second ULOISss AdiesNativelectie thireh seosingemitiing Unitnay cemptise affegalay radar

antenna housed within an a aratl/us housig%to eth TWi h the other s giisensir}g/emittingnunits.

Alternativelf/, 30 fifirel g‘g‘r?'rilﬁa ermi ﬁ]a Uit %56;%0%&{55}6%%? or r%%reyenllgc?ro-%ﬁﬁréir&evices,

including for exanpiecanfprseitatigémaltpradelisitionldevicerne thanting/ohdditignatlys teyapparatus may
further comprise g fourth ar mo Iti ' sing/emjtti nits each haying itsrespective
ULOS, which maf %%péllg%(aogrei&{ gff%%% 8%%‘3?2&%3@% {ingg{jg]r%%gt%ns%?; W]i'[ﬁ respect to the first,
second and third DloBsisg|roncaabodimentdorpdindganpiarsdity disaighsiohanes upitsingechanically

coupled to form ag.azsemaly. Lach SENIRGHSTIRING Uit is.amanaedide hava.is MOwiadially

projecting from a common center, such as the center of gravity 5 and/or geometrical center of the
assembly, for exa?ﬁﬁ‘l@?‘ﬁnd lying on a common plane, for example; alternatively, at least some

sensing/emitting unitgnaaik e LoRRISRE.OmME farenhwaralie iangsrandicasd ias itsdaspective

ULOS radially projecting from a common switching axis, transverse to the, sighting axes, passing
through the centef ¥t BRs 5%%6%%%?0%83&8?%%@7 HOUBRHRMESE ?L%é%t)ﬁrﬁﬂl O.r(%ﬁn at least

some applicationsafpifie,iauentian, dhapaippar &atnissysed fifst exgatdeta SAR radar. Once the
target has been detected, this is followed by optionally recognizing the target, and

15 identifying the target, using a sensing/emitting unit in the form of an electro-optical
sensing unit. Then, optionally, the type of target may be determined, for example via

ESM, COMINT or ELINT, wherein for example it may be possible to distinguish a

fire control vehicle (which transmits a relative high volume of radio signals) from

other vehicles which may nevertheless appear visually or otherwise similar, and this

20 may be performed by a sensing/emitting unit having ESM, COMINT or ELINT
detection capabilities, and conﬁgureci for detecting and interpreting ESM, COMINT

or ELINT signals emitted by the target. (It is to be noted that such a ESM, COMINT

or ELINT-capable sensing/emitting unit may be used initially for detecting whether

or not such an active target exists, and when detected, the system switches to the

25 radar system to actually detect the same, followed by recognition, and identification
of the tarpet, etc.) Subsequently, a sensing/emitting unit configured for targeting a

target, for example comprising a laser designator is switched to point its ULOS

along the system LOS for eventually acquiring the target. Optionally, a
sensing/emitting unit comprising a radar jammer or the like may be used for

30 jamming or otherwise electronically incapacitating a target. The aforesaid functions
may each be performed by a separate sensing/emitting unit, all of which are
mechanically coupled with respect to the switching axis, or alternatively, at least

some of the functions may be carried out by a single sensing/emitting unit which



and possibly recognize a target. One said sensing/emitting unit is configured for this purpose, and may
comprise a Radar system, for example a SAR radar. Once the target has been detected, this is
followed by optionally recognizing the target, and 15 identifying the target, using a sensing/emitting
unit in the foh? 3P4 €¥étro-optical sensing unit. Then, optionally, the tyge-SfHa &P be
determined, for example via ESM, COMINT or ELINT, wherein for example it may be possible to
distinguish a fire control vehicle (which transmits a rélative high volume of radio signals) from other
vehicles which may nevertheless appear visually or otherwise similar, and this 20 may be performed
by a sensing/emittpERIHRhERIGIRSMICORINT ShE APl Brapbpiftateh i RIBR§ured for

detecting and intefpfeting, S COMINalcEhi N 2iafels casiterb ibp $aiaat. 1 indape noted that
such a ESM, COMINT or ELINT-capable sensing/emitting unit may be used initially for detecting

whether or not suSRTHRCEAR AAEFgRULUnE R insch Hideaties fird & Sery & B0 25 radar

system to actuallyggtactéhnssaenanialawrdbyiiecogniios: and iderificatiartefishetaigetnetc.)
Subsequently, a sensing/emitting unit configured for targeting a target, for example comprising a laser
designator is switr?ﬁéfﬁsfﬁe%g]?/nﬂﬁs()?ﬁfﬁg'along the system LOS for eventually acquiring the target.
Optionally, a s€Wgingienitiiragt uniheomuding sty abarppavaner Gr dhefigueeh dyr beengedatoraB® jamming
or othenwise electgnicall incapagiiating,atrast. Thealoresaiddindlions, ayach bgpggormed by
a separate sensing}%mlttmg unit, al ofowﬁic are mechanically coupled with r gpect to the switching
axis, or alternativelynfiguesstosomadstahe fupd fioadhemhb anchereitsonti by AsiHyRUBEBRGPE Mitting unit

which comprises mﬁwaﬁhﬁgsaﬁﬁwa%aﬂaymﬁ@migaﬂﬁ%ﬁ%?@mw 1R BLgyideqpfical

surveillance of a particular area, and the assembly may switch, for example, between an
electro-optidal unieTROHBEWicRIRNINS fRAEIEHGRe At T PERNPHERT CHTs EnaRR}Fe Mlting unit
having a narrowersfigshafvigduiytRaltes reselutionthatfesisedibiiifoRRmMOE (W3R abieast some

embodiments the apparatus s configured for being statically mounted to a vehicle or a structure. In
some embodimenf&2Ricappittds AT g@%ﬁﬁﬁﬂ?@@%tﬂ%vm’étoéﬁie ¥l ﬁ’r‘?éséﬁ i€ 2ahE each

sensing/emitting uakgendyrbehiad)yididlhangrmenasatetychtigned toipnihbadeh gherienoftight as
desired. Such 10 embodiments may find particulay use in static applications, for example on a
stationary ground %Sﬁel eors ea?f?%%ﬁcﬁ?e%?%et@é%agf %fir%‘gfﬁeg%%%a?spfrgy le%g?naﬁlengﬁﬁ%p a radar
based sensing/emiitiriglsmiccsteists fopbssiliyevargomithg tarepsicforfithedf), QR dfHkeapsrmciitus switches
to a visual-based sensinaiamitiing sy siem ot dentifing the tarogt Qptigpally; dhey ¢ may g provided
an internal 15 gimgrgls r%ner?‘:%}an sm for Iocélly varyir% the direction of the L‘JLOI of thesrm%\;pective
sensing/emitting uAtParressiASisto Sera pretitaies Anaas s Ghgadr ARPGIMSY appairatis 109S, to thus
enable the apparajus LP&1iRg selectively pointed in any desired direction. (X) In at least some

embodiments, the ap?aratus may be configured for providing a .
(X3 n at least some embodiments, the apparatus may be configured for providing a

20 line of sight having one degree of freedom, in which the line of sight may be pointed
in any direction on a plane, within the limits of a FOR, the plane being normal to the
switching axis. Thus, the switching mechanism may be adapted for pointing one or
another of the sensing/emitting units at a particular LOS, the direction of the [.LOS
being selectively changeable within such a FOR by pivoting about the switching

25 axis. Additionally or alternatively, there may be provided an internal gimbals
mechanism for locally varying the direction of the ULOS of the respective
sensing/emitting unit that is in its operative state and is thus aligned along the
apparatus LOS, to thus enable the apparatus LOS to be selectively pointed in any
desired direction.

30 (Y) In at least some embodiments, the apparatus further comprises a suitable
pointing mechanism, configured for enabling selectively defining said LOS in a
desired direction at least within a field of regard (FOR), enabling a said

sensing/emitting unit aligned with said LOS to be selectively pointed in said desired



20line of sight having one degree of freedom, in which the line of sight may be pointed in any direction
on a plane, within the limits of a FOR, the plane being normal to the switching axis. Thus, the switching
mechanism may be adapted for pointing one or another of the sensing/emitting units at a particular
LOS, the direction of the LOS being selectively changeable within such a FOR by pivoting about the
switching 25 axis. Additionally or alternatively, there may be provided an internal gimbals mechanism
for locally varying the direction of the ULOS of the Felszp”ective sensing/emitting unit that is in its
operative state and is thus aligned along the apparatu Lé)m , t0 thus enable the e}%ﬁp&aratus.é_os to be
S

selectively pointed FSHN? ettt SEHor St ERRCBA B SRt HBR P Rtus further
comprises a suitablgrpenting haeshasisnptenfigusadafar altahiicatiectivebndefthengssizable OS in a

esired direction at, least within a figld of regar , enabling a said sensing/emitting.unit aligne
desired directi Ie% ithin a figld of d (FO. bling a said goﬁ%/y ﬁé’ﬁf%‘ it aligned

with said LOS to B REEcHE paiitdd ?ﬁysg?aedseétl?g ST ireCion therew, I may be in

three-dimensionalfspéiectier thxgrapledstit pehtmigmmerc anisi. chidpisedn gaatemdtiitihechanism,
or any other_suitable gimbals sy ' in gyjtable servo means m iopally.be
provided forsdirecﬁir]\eégthnelggaﬁea %ﬂ@ﬁ%éﬂ%}r}é}%ﬁmbéls. A?cjd[tional‘ly or qltg?ng%?/g%?;there may
be provided an intéimetiefimbtie Heehaiidin RsprotaiyserppRgrEng ree shabistHells PErPBYthe

respective sensing(emitting yait takisimis:one Biestateandisihusaigned Alona:ibe epparatus

LOS, to thus enable the apparatus LOS to be selectively pointed in any desired direction. (Z)Each said
sensing/emitting URIPAH&IF B eRRitiedinGRp dsitA g BeRE s sociated 10with at least one of

surveillance, vigwing Hegating ssiahismReigclianmcoosioRuide Tt sasintidargatingomasking,
homing, tracking and imaging of a target, . . e . o
10 with at Ieast one of sutvelllance, viewing, locating, sighting, detection, recognition,

identification, targeting, marking, homing, tracking and imaging of a target.

Disclosed herein is a system for at lease one of sensing and emitting energy

along a desired line of sight (LOS) comprising said apparatus as defined above, and

15 optionally comprising any combination of features (A) to (Z), and further comprising
a controller for controlling operation of said apparatus.

The appararus may optionaliy further comprise one or more of the following
features, in any desired combination:

20 {(a) The said system may be further configured for selective switching from aligning
a ULOS of one said sensing/emitting unit with said LOS to aligning a ULOS of
another said sensing/emitting unit with said LOS according to predetermined
criteria. For example, said switching may be manual switching. Additionally or
alternatively, for example, the system may be configured for aligning a first said

25 sensing/emitting unit to point its respective ULOS along said LOS when a distance
between a desired target and said system along said LOS is greater than a first
distance, and wherein said system is further configured for automatically switching
to aligning the respective ULOS of a second said sensing/emitting unit with said
LOS when said distance is not greater than said first distance. Additionally or

30 alternatively, for example, switching may occur after the first sensing/emitting unit
has detected the presence of a target, and the second sensing/emitting unit is in its
operative state thereafter until, at least, the target comes into the range of the second

sensing/emitting unit.



Disclosed herein is a system for at lease one of sensing and emitting energy along a desired line of
sight (LOS) comprising said apparatus as defined above, and 15 optionally comprising any
combination of features (A) to (Z), and further comprising a controller for controlling operation of said
apparatus. WEHESHPAArus may optionally further comprise one or morBF th#?§8%fidg features, in
any desired combination: 20 (a)The said system may be further configured for selective switching from
aligning a ULOS of one said sensing/emitting unit with said LOS to aligning a ULOS of another said
sensing/emitting unit with said LOS according to predetermined criteria. For example, said switching
may be manualB3witching, fdditianaly Sreaftetnmtivaly HorcexBanpid, ecsgbling aniyast @obfigured for

aligning a frst saichg. a2 1P GURALIDALL 8RR HsdeaRogiYE LS o0l AR Cifien 2

distance between a desired target and said system along said LOS is greater than a first distance, and
wherein said systeRSHeiF RIS FRHT PRI ARHBRIR i AP 1 ablg A s tras g titfve ULOS

of a second said sgReing(eRR/HEHNeHBILMISAItd:Q MM saidt distRReReIe MOk areaierianesaid first
distance. Additionally or 30, alternatively, for example, switching may qccur Eer the first
sensing/emiting (FHERR e % A Prdle st 3?%15%%3\/@?}%% s e%‘ﬁﬂ% nSG/Bhittitg unit is in

its operative state ¢gh@kiatientintil adrleashaihaltarpetreapasditidchexeange ohtiesagpaBAR
sensing/emitting unit. - 13.- (b) Thus, for example, the system may be configured for enabling a target
to be detected at éaéeﬁratla\}leqyﬁ“é}rsglet &%égea?ssr%fﬁeuss?gtéjrﬁ r%fn% %nas%%wg%%iPnnﬁfeforgg%)onsive and
effective manner, foteeximaptbabiypsiviagstitalle fadxaspmEtewhathth firsttsenging/peséditgaunit. In

other words, whether gf Q%&h%%égc%éamea %ﬁg&ﬁgﬁ%@?&@@&%@y@m@%@f 1A fiRte the

sensing/emitting un_lt’. Optiona dinsome e ts, the target may also be recognized, for
example when usitigienSAR heldareshdstiedfeadihecpriubissiesipsisn iiingirabis dpken grephiting unit to
also determine what-typg ftaygetilissitexamrienavhgthenil isayapkRAsARPGRed iaeveRr, or a bus

as opposed to a lorry, for example. On the other hand, and once the 10 distance to the target is

reduced, the secolf§XBEgRE ity Srtiteme dhsvartna Jorismalhednsding sthicerier anism,
and may optionallyyiiteinpepVide 18COORHIEN eidhestaiget sisinghineeopticatiophionallpinahiding IR
and/or UV) system or the like, whi an confjrm or enhance.the recognition previously determined by
tho SAR 01 the HESSFHES T U5 he <o ARG R BN Tec R e St S gremiting
unit is only isonfiguriaehf dredBtstcibmainglsrttieingoueit tiseoscomdigensi gt etnittitigru kit hertives, be used
for identifying the .Eﬁé%%%o%'ge%s%a er%‘?t%%%be tx‘]?%a% &80 oly he don 1?%?@@1‘%%?,%&89“0&'
properties, in particular colors, markings, Bmblems etc that are on the target, in w case a radar
type sensing/emittiay adieis besbaisefelc@notle behdetsahy camuptigatisagptcal properties, in

particular colors, markings, emblems etc that are on the target, in which case a radar
type sensing/emitting unit is less useful. On the other hand, an optical-based

20 sensing/emitting unit can distinguish such optical properties, particularly at the
closer range. Once the target is identified and located, further action may be taken,
for example homing, tracking, fire control options, and so on.

() Optionally, the system may be configured for tracking the target during
operation of one or another or all of said sensing/emitting units. For example, any

25 suitable gyrostabilized mechanism may be employed for maintaining the direction
of the LOS stabilized regardless of movement of the system itself.

(d} The said switching may be effected during a time interval, and system may be
further configured for receiving data regarding a position, orientation and trajectory
of the system, at least during said time interval, and for using said data for enabling

30 pointing said LOS along a same direction after switching as just before said
switching. For example the finite time interval may be a fraction of a second. In any
case, during that interval, the system may have moved in relation to the target. For

example, the system may comprise GPS and velocity and acceleration sensors,



20 sensing/emitting unit can distinguish such optical properties, particularly at the closer range. Once
the target is identified and located, further action may be taken, for example homing, tracking, fire
control options, and so on. (c) Optionally, the system may be configured for tracking the target during
operation of BeZBEAber or all of said sensing/emitting units. For examifd/Rage28&stable
gyrostabilized mechanism may be employed for maintaining the direction of the LOS stabilized
regardless of movement of the system itself. (d) Theigaid switching may be effected during a time
interval, and system may be further configured for receiving data regarding a position, orientation and
trajectory of the systemtioat]basiaeind ivaiduimelintenmaiicandtoh dsingrssed Gatatios defalkling 30

pointing said LOS fiane spmenacian tenauliing, s LstRsiors i ighing, forexample

the finite time interva e a fraction of a second. In any case, during that interval, the system may
have moved in rel&X@HHS thelehrstscat ekaaqsibnakes. sybesethseEoRostive OPheaptoBIdeity and

acceleration sensqeg, md4imeRREaANALY CRANGC IR GiA SHtirRIe GeMeRIRLNhicBdetarmmiges from
this data and from the direction of the LOS acqordin%Bto a common ?srgstem of coordinates, for example

a global system oPeSHithiAEdeIASH PR &lish Bt desgahPriotfef RS it EREERMI, and

what the new diregtigrsiorthed/s neadartad hadbomthisb pesiinatin grdentestildereainting at the
same target as before. This new direction can he effectively translated inﬁ%the local coordinate system

of the pointing meBITARIBRM 53028 18 HHet R P O FHAHSRI A PERD SIS SIS LIRSS ¥t when
the second sensindyeButting seritiigzéhgind witht the $@8edptidhnally 20D T Kpidbgithy terr@itivhap) may
be preloaded in thg, computer. ta further clarify t 0, position of the target vis:a-vis th sition of the
system. Thus, the a4 l%gmt%%%ne%%ie%ﬁgt%%égggé% f‘?rl\égglf é%ﬁ? ‘f?(t)ég ggrﬁ%%ﬁlgf tgj%le% %R%aintained
during the tansitieebetwedritenrsehsingromithagrasiieamefathstsestesmn sibyse iiRtinigiemitcathis may be

of particular use viigig e gehissiise nauRdsiopld N ane stalldispiacamegLigiative to
the aforesaid time interval. 15 (e)The said system may be further configured for determining a
trajectory of a transition between one sensing/emitting unit and another sensing/emitting unit. This

may be of particular use where the target is static or moving slowly, i.e. has a small
displacement relative to the aforesaid time interval.

15 {e) The said system may be further configured for determining a trajectory of a
target being tracked by said first sensing/emitting unit, and for projecting 2 probable
location of the target with respect to said system during said time interval based on
said trajectory and on said data, and for compensating the direction of said LOS
based on said probable location. Thus, the system may be further configured also for

20 compensating for the movement of the target itself during the transition.

& The said system may further comprise a pod (which includes any type of
detachable container), or any other suitable payload structure configured for being
attachable to an air vehicle, sea-faring vehicle, space vehicle, road vehicle or any
other movable platform, wherein at least said apparatus is configured for being

25 housed in the pod or the like. For example, the pod may be of general elongate
cylindrical construction comprising the apparatus at one longitudinal end thereof,
and further comprise suitable lugs for attachment to a carrier aircraft, for example,
by means of standard attachment points. The pod or other said payload structure
may be mounted externally to the fuselage or wings of an air vehicle, typically

30 though not limited to, below the same. In some embodiments, the pod is a standard
size pod, for example nominal diameter 40cm, and this diameter determines the

dimensional constraint of the geometric envelope.



target being tracked by said first sensing/emitting unit, and for projecting a probable location of the
target with respect to said system during said time interval based on said trajectory and on said data,
and for compensating the direction of said LOS based on said probable location. Thus, the system
may be further configured also for 20compensating for the movement of the target itself during the
transition. The said system may further comprise a pod (which includes any type of detachable
container), or any other suitable payload structure edfifigured for being attachable to an air vehicle,
sea-faring vehicle, spacevehicle, road vehicle or any other movable platform, wherein at least said
apparatus is cegfiguréd:-farapeirg (25 enkintthadepadidhestike figbiee sammpfeotties hibd. Aay be of

general elongate cxlindrlical capnstru tiog coq&ﬁgiﬁgﬁg apparatysat.on 19agitndinal endithereof, and
SIS FBF atachimen Boie. by

further comprise s ee1ugs or-attachment to a carrier aircraft, for example, by means of standard
attachment pointsesénepjpddoY Gilvergsaddapalyloabsteticture may be mounted externally to the fuselage
or wings of an air vehigle (tyRigally:.30 though not limited to, below the same. In some embodiments,
the pod is a standard size pod, for example nominal diameter 40cm, and this diameter determines the

dimensionaf comsteshst of thecgiaisipbRaenoeBYEme. TS SREWpRS, TReSYEldM Ria§fe adapted
for use in fighter aircraft L thg dike Hfor £xuHHeuRAd ANk AlsehE S Yltale, s AharRirborne

platfonus, such as for example UAV' s, cargo aircraft and so on. The sensor/emitter units are 5
enclosed in a reSiatieg Sadadbridetmal (Lt dl PR S sh BRVEREpEER 458 Gedmhdtfical
envelope, and ara $RASIGMENk A MAXIMIZ84ISE 1t theivalum édnyranglarlyioffisetindtngdnibtividual unit
LOS (ULOS) from one another with respect to the switching axis, and making use of the switching
feature that mdEHaFREHHFL? %%%II%MFEY ot”éi%ﬁ’ ﬁﬁﬁﬁ é?(%%%%{}”gf‘;aﬁf%ﬁ%% \?Vﬁhéﬁie%lessired
apparatus b6 Snfbiss khcenehlas tianpenture of didemstandohtivamivitd teible nvdveizaginvdile not
overlapping or interf(\%i??lwith thtgeage%%rg qftgéeo thﬁI—H{‘Sit%hQQd b1 Ehcgﬁiﬁﬁgggégr g{%@% of the unit
while not interf@FiH&e ft §p‘é?%]tion oithe ofher unﬁlsﬁ. hi embodiments in which the apparatus
comprises a pamiamdiit metherfisng wiSphesieatyebihetibel entislope is a useful feature associated

with the feature of beipg s BRIV RE aeamblulo el Aol ApRds M aimaLRdgsitching

axis (i.e., rotation about the pod axis, when the apparatus is mounted to a pod for example), to give it
one of its degrepkenitflegroratviesl eryelipsale PrAlEU RSREGIRCIN Bkideprovidé Se8 second

degree of figedgi.ALIbe sRMedme hisenvsians pfiedessonat eliastivgluehanasthaitiontal area
of the apparatus to exceed that of the pod, which is L.
about the pod axis, when the apparatus is mounted to 2 pod for example}, to give it one

of its degrees of freedom while 2 "gimbal" rotation about the switching axis provides

the ‘second degree of freedom. At the-same time this envelope profile does not

effectively change the frontal area of the apparatus to exceed that of the pod, which is
20 also an aerodynamic feature.

Disclosed herein is an apparatus for at least one of sensing and emitting energy
along a desired discrete apparatus line of sight (LOS) with respect to said apparatus,
comprising

at least two sensing/emitting units, each said sensing/emitting unit adapted for at
25 least one of sensing and emitting energy along a respective unit line of sight (ULOS) via
a respective sensing/emitting unit aperture, said sensing/emitting units being
mechanically coupled;
each sensing/emitting unit having an operative state, wherein the respective
ULOS is pointed continuously along said LOS for at least one of sensing and emitting
30 energy, and a corresponding inoperative state, where the respective unit operating axis
is pointed along a direction different from said LOS;
a switching mechanism for switching between said sensing/emitting units fo

selectively bring a desired sensing/emitting unit exclusively into its respective operative



20 also an aerodynamic feature.  Disclosed herein is an apparatus for at least one of sensing and
emitting energy along a desired discrete apparatus line of sight (LOS) with respect to said apparatus,
comprising at least two sensing/emitting units, each said sensing/emitting unit adapted for at 25 least
one of sensing and emitting energy along a respective unit line of sight (ULOS) via a respective
sensing/emitting unit aperture, said sensing/emittindg-&inits being mechanically coupled; each
sensing/emitting unit having an operative state, wherein the respective ULOS is pointed continuously
along said LOS@@r atile sspenacatisdiisnssand ensitiityy 30 wifbrgysiaa@aitoeaspbnril) ihéperative
state, where the respRCHYE. ML RR.T@RY axis is pointed along a direction different from said LOS;

a switching mechanism for switching between said sensing/emitting units to selectively bring a desir-d
sensing/emitting nnit&ERiBREY o RRYEspBII0E Hherdtivk this PExidel e eBnatt ey bringing a
remainder of saishs8NSING/QRALINGHAILS eRGHILQ ankespettiNg NABsaperalpLiate0s, Ageanding to the
above disclosure, which thus provides a stop and stare capability for sensing and/or emitting energy
along a desirefPS B TS RESEILHE ALTRAYSURT SErREFERHHING RIRT RS UEGBeCB5Hidred for
providing optimahopeiaiionavith daspedbialadinesisiondl tensispiniwaf thedappaiatusidandaong said
LOS independegtlé/ of the other said sen ing/emil)tin tunitsésl?, G d the sensing/emittin unltts may be
comprised in ah°& glé‘?%%’,? ER R T BB DR S B L AT S A R TB LR A5V, mutatis
mutandis.  mwihesmoneyriel apparatseny optiohal yHanthe sedwiprisesonesobsmotelof the features
(A) to (2) diSCI&SS%:% Sae?cf)%% Vtor r}@ff)ﬂ?a;iigs% 3391?%[ of the invention, mutatis mutandis, in any suitable
combination. isclosed fierein is 4 system for at least one of sensing and emitting energy along a
desired line of sight{uO8icomplisinpgpssithapparatuszalsdiinbdr aoovejsmotatier motaredishand further

comprises a C?%mésrg& conallipg.pReration of said anparatus.andrmay Qrtinnally furthar comprise

one or more of the features (a) to (g) disclosed above, mutatis mutandis, in any suitable combination,
as applied to abwvediteinppasaiteblermoatisaigmndis.

Disclosed herein is a system for at least one of sensing and emitting energy
along a desired line of sight (LOS) comprising said apparatus as defined above, muiatis
mutandis, and further comprises a controller for controlling operation of said
apparatus, and may optionally further comprise one or more of the features (a) to (g)
disclosed above, mutatis muiandis, in any suitable combination, as applied to above the
apparatus, mutatis mutandis.

Disclosed herein is a method for at least one of sensing and emitting energy
along an apparatus line of sight (LLOS) with respect to a target, comprising selectively
aligning a sensing/emitting unit line of sight (ULOS) of a first sensing/emitting unit
with said LOS and one of sensing and emitting energy continuously along said LOS
with said first sensing/emitting unit, and further comprising selectively switching to
aligning a ULOS of a second sensing/emitting unit along said LOS and one of sensing
and emitting energy continuously along-said LOS with said second sensing/emitting
unit, wherein said first sensing/emitting unit and said second sensing/emitting unit are
mechanically coupled.

The method may be carried out using the apparatus and/or system as disclosed

herein, and may comprise additional corresponding method steps.



Disclosed herein is a method for at least one of sensing and emitting energy along an apparatus line of
sight (LOS) with respect to a target, comprising selectively aligning a sensing/emitting unit line of sight
(ULOS) of a first sensing/emitting unit with said LOS and one of sensing and emitting energy
continuously along said LOS with said first sensing/emitting unit, and further comprising selectively
switching to aligning a ULOS of a second sensing/emitting unit along said LOS and one of sensing and
emitting energy continuously along said LOS with said second sensing/emitting unit, wherein said first
sensing/emitting unit and said second sensing/emitting unit are mechanically coupled. = The method
may be carried out using the apparatus and/or system as disclosed herein, and may comprise
additional corresponidifid-flethothatapsraiupmay by peines ivfehe dysparatirstiey bed geivited in one
desired directigpandkepidhergcans Lapalcuiansansingienuiingniialignedwilidhe LOS, as
desired, enabling the apparatus to operate as a staring or tracking apparatus, for example. In
embodiments EBRPRTRG 8PPaTi&h IMPRTRIEARASTAT I IR R el aTI-oiv8 forestletifally different
from the switchingomachanisminthisapsh oeramediments while Rvaniianhpanand:tit feature

allows the LOS to be pointed in other directions, enabling the apparatus to operate as a surveillance
apparatus, for SRUSHRIEY dSisridLey Msafr g ApSaratse 16 Sttt oher sPRaimesnd emitting
energy along aflesiréshappariatysiineof sigit(uS)Iwitk regpecidotsaid appakaius, 6emmprising:  at
least two sensi{]%/%mitting ugirt]s, each said unit adapted for at least Onli of sensin and{(eimitting energy
along a respective Sensingfeni m%‘%rﬁ?ﬁ)lar{gt%? YHRTTOS: 2 TR ERSing Rt it having an
operative statexahgkein the respective ULOS is pointed along said LOS for at least one of sensing
and emitting energy,.and a ¢arresponding inoperatiye st here the respective ULOS is pointed
along a direction di eirsecg(%S r%?nlﬂégl% Lsoaél; P p%?aét\i/lvsltgl fn%érﬁr?egéﬁgﬁ%r%?fg?ns?@%%cﬁ?ﬁ?g %Héltg[\?\l/%%n said
sensing/emittitgengits! tw s eldesivedyabrimgtas desirelts said(EE1Yingemitting tnitzekefpsiagly, into its
respective opeg&ﬂmg{@e while bringing a remainder of said sensing/emitting units each to a
respective non-operative state; and  wherein said apparatus is configured for selectively changing a

direction of said LOS, Wafiriyy o penstiercof i appiar saeb, swithwaspdap e dbfezidensioodegiees of
freedom Whe”s@ﬁ&ﬂgo!ﬁ?dC@‘r&ﬁ%&é‘-_@%ﬁ@y%%@%’?@éﬂ@c%@Q&@H&?‘eﬁﬁ%ﬁﬁl&ﬁiﬂﬁ@%’k‘?@ﬁ“y of which

one of said units is exclusively in its operative state. ~ The direction of the LOS may be selectively
changed with K&I&%};to at least two degrees of freedom when each one of said units is exclusively in

its operative state apgkis @REMINGIIRSERSE ANAIY AMibenerey AlRNGsaidik @S s operation of
one or the other respective unit that is in its gperative state can proceed while at the same time

selectively chantity theebietalre FEL S SN S o Yo drrutiigHucrggand At least one
said sensing/emiingputimaynaisahe anfiguredtoriy ovigingaptimalopepatiasdwibaespect to a
dimensional cginstraint élhe agparatug %along said LOS independently of the other said
sensing/emitti ér?fﬁll?&ﬁg HGthe GBsét §§ itting units may be comprised in an assembly, rotatable
about a switching axispstthstantatlyaasdiolosetchbevestmedatiaith stasidigcmitrihe imasapthe above
apparatus may, qgctfpn II% rfiurther comprise one.or more of the feaq,lres fA} r}t% (%s) disclosed above,

mutatis mutandis, mvgﬁ,y sﬁll%a%lgecs:lor?n ination. & nEg UNIL exClsIvely Fespective
operative states while bringing a remainder of said sensing/emitting units each to a
respective non-operaiive state; and

wherein said apparatus is configured for selectively changing a direction of
said LOS, during operation of the apparatus, with respect to at least two degrees of
freedom when each one of said units is exclusively in its operative state, i.e.,
independently of which one of said units is exclusively in its operative state.

The direction of the LOS may be selectively changed with respect to at least
two degrees of freedom when each one of said units is exclusively in its operative
state and is operating to sense and/or emit energy along said LOS. Thus, operation
of one or the other respective unit that is in its operative state can proceed while at

the same time selectively changing the direction of the LOS in two or more degrees

of freedom.



A system is also provided for at least one of sensing and emitting energy along a desired line of sight
(LOS) comprising said apparatus as defined above, mutatis mutandis, and further comprises a
controller for controlling operation of said apparatus, and may optionally further comprise one or more
of the features (a) to (g) disclosed above, mutatis mutandis, in any suitable combination, as applied to
the above apparatus, mutatis mutandis.  Disclosed herein is an apparatus for at least one of sensing
and emitting energy along an apparatus line of sight §L.OS) with respect to said apparatus, comprising
() at least two sensing/emitting units, each said unit adapted for at least one of sensing and emitting
energy along a respeeiivaunitlingoiSiSat (SRR unit (hheaskSensnaiemiding:unibHiarpg an
operative state, wherein the respective ULOS is pointed along said LOS for at least one of sensing
and emitting ePRVGY SREFAHEBrFEULBHARTY 1 B FRTRRC SRk EORDIRY ﬂfeﬂlﬁLE’@%a’igﬁbsoﬁﬁ‘fgal%ng a
direction differend fromssaigtikgafdent]y(lbfa dwitekiag mechasismefompitghmgoiwaah shéd units to
selectively bring a.desired. unit exclusiv%l:y into its %esrpective %%?rativtetsg te while congl}llrrently
bringing a remamas? SFEERE IS 8%eh 15 FTE srbseectilveaﬁoans%pergti\};oe e\ Outle/)“\]/‘fvlhcerlg% a first said
sensing/emittingiynituissearfibured thsdbdedsitone, of:sensing:and/emifingenengy vhesbancoperational
parameter associated with operation of. said device.is greater than a erational threshold and
wherein a secgﬁgflé%fé L) B té%%%r%ﬁ/é#m telflgc Uh tnlgecorﬁ?ié)tﬁrfené) If%rogt%e%aéfg %{huée So#ézr?gigg and
emitting energyiwhepdsdicheparationalpardimetenissaitarliesstharisaid operational threshold. The
following features may i pravided, Fol@xamRi. e Y bebing MeRhARisMAD NS caafigyred for
automatically and/or reversibly switching between said units to bring said first unit or said second unit
into its operativessrstelire spfestihé |y Lattoraimprioinghstitk raBabe fati R phidete glgiéater than or
not greater thap, saigh0PerAtionahLrest Hs&%eéamm%ﬁhﬁp%ﬁﬁ;&n%gpa&m&r ticlydes a
distance to said target, and wherein said operational threshold is a first distance. In another example,
the operationatiREraitetEdHBRISR QAL IR RIs o BSIATLErSS ShdhwAerERsSsEil B i&tational
threshold is vigiRlibscosmRiated Wity adverse weathenaapditions:fefexamnpiglitaaperaisral threshold
may be zero visibility conditions.  Thus, in at least one variation, feature (IV) comprises: wherein one
said sensing/etARERAY LA EORIKAIE for at least one of sensing and emitting energy when a
distance to said targsfsgikeaterdhan i@ fissipdistanseoand ladietia anathensaid sansing/emsiting unit is
configured forrﬂt least one of .s%nsin%a d %gegler%g \évthen.aaid distance is at or less than said
first distance. H§ShaPRAPAS R tﬁ% f/t & p‘fac()eS Witk araW)Wﬁlé’Fé?ﬁl Bne said
sensing/emitting uniflisactazigured:éasiatleagtiopenntsensing@nthemitingdefvergyissithimaahaximum
first distance therefrogl, daer}gﬁ\{\llhe%%i& anﬁg}leras%ig g¢ 1nvsin {{emnigi&ﬁsy%? | 88 igured for at least one of
sensing and ersnefilﬁlr]‘llﬁ elﬁergy Within a maxinium second distance therefr m, said first distance being
significantly greater fiprashiskssiogubdistgnoet haviigleastperai saitiasanshegtentitingspeitivgay also be
configured for éd ima i iHa.r t ' ional constrai paratus
oG Salc L B B S Jemiting
units may be cenipisedine arcassiimb et tatbtd o LS swieihing des sdlbseivradiffaseisclosed
above, mutatisﬁt&ﬂtgﬂgligo'gpe sensing/emitting units are also mechanically coupled, and each said unit
is adapted for at least one of sensing and emitting energy along a respective unit line of sight (ULOS)

via a respective Sengﬂﬁb%ﬂtﬂfﬁh’@%mﬁgﬁﬁﬁﬁﬁ@f switching between said units to selectively bring
a desired unit exclusively into its respective operative state while concurrently bringing

a remainder of said units each to a respective non-operative state;
(IV) wherein a first said sensing/emitting unit is configured for at least one of
sensing and emitting energy when an operational parameter associated with operation

of said device is greater than an operational threshold and wherein a second said



-20-  Furthermore, the above apparatus may optionally further comprise one or more of the
features (A) to (Z) disclosed above, mutatis mutandis, in any suitable combination. A system for at
~ least one of sensing and emitting energy along a desired line of sight (LOS) comprising said apparatus
as defined above, mutatis mutandis, and further comprises a controller for controlling operation of said
apparatus, and may optionally further comprise one or more of the features (a) to (g) disclosed above,
mutatis mutandis, in any suitable combination, as agglied to the above apparatus, mutatis mutandis.
Disclosed herein is method for at least one of sensing and emitting energy along an apparatus line of
sight (LOS) _wlglarfﬁﬁgf%ﬁhm targel CoRisiagrseIgCively Alping AmitlineAfisight 4lQS) of a first
sensing/emitting unit with saild LOS when a distance to said target greater than a first distance (also
referred to as &%ﬁ%‘@%&%ﬁ@fﬁﬂ@é}?@ﬁ&*@ﬁ@ 8t Selstifearaid pparateakiyyRiAg said LOS with said
first sensing/emittingruit e iubREEO MRS GroWishing tealigningne WQ:f Acseanth
sensing/emitting unit along said L. OS, when said distance is_at or less than said first distance, and one
of sensing andEMREIFGEHIGS ESrMEBALRM S QAP G Wit A5 SeRaE Lerdthigiinitting unit,
wherein said fissingenasing/emitting il andaRithBeaNict IgRMgLMIttiNg polateymeebangally
coupled. The meth&d may further comprise featutres .Earallel to L}%hose disc{!osed aboge for tae above
apparatus mutStisHREhdi¥C OPFRERIE BE RIS Detcartefodriiing fie ap5aAne%nd%st system as
disclosed herespeainidmiiayyeshopiiséoadditiopial chrrespatiding paethothstegades Disatogreddere in is an
apparatus for at least one of,sensing and,emitting ene oncurren lang each.of at least two
different appar%tlgg ﬁlf‘rgéeé’ oq‘néilgﬁ??[e&)g%ﬁtho%g%ge)&%o@;éis %E;J&pésra u%%sgo%%]%??scl%g:ln alg)r%%ggsembly
comprising at leastitlwo thengingiemiitingramiter cachidaid senbilig/emiginglomit sddpted.fandt least one
of sensing and gifina serdh, aianea grsaesive seaninaeiing e ool WGS) via a

respective sensing/emitting unit aperture, wherein said sensing/emitting units are mechanically

coupled; - 21-condigaadeeenpnypitivgeagticnitybrdddanes ktarss, Vindhildingoaditans.a first
operative state whergipsat;least fue; Ul {2S, argReinted:one @osh.alapgsasresnrrtive aidsL@S for at

least one of sensing and emitting energy with respect thereto, and at least a second operative state

wherein at leaSEBWeESaRiNEoR s pSPREGERsh R HdSdiftefeAf HEMHtReRO STHIMSIGRSWas pointing

during said firsf,pReralMeState sai® @WERIRaBReRRRRIFR TR SWleNing Ratuern saidLRits to
selectively bring said assembly into a desired said operative state. At least one said

sensing/emittifGRiHe FRITRE PBE BoRRBUREEFToFPBravidATy SRtinaP IRt IfHTESp R ® a
dimensional canstrainitiefithe@pparatusanthalang Rachigaidapparatus LOS independently of the

other said sensing/emittin uni%s . and.the sensing/emitting units may be comprised in an assembly,
rotatable about a s ﬁc&}%*g‘%ﬁ ,}‘% Wbt W%ﬁ;@&?&gl %éﬁ%ﬁ?ﬂﬁ@? utatis mutandis. Furthermore, the
apparatus may optigiallyiiartihe baersprseasiestemirtire afitha featufiesré4) far (£) Bisclosedabove,

mutatis mutandis, as %B[ irec%gnate, in an as%%%ble comblna%org %[tlem is also(i)%)h/égeelg for at least

.- AS
one of sensingS%ll}lgtljn i ng Ié%%%gey Al SASt WO é%wecf |rllsét%n(%?/&geﬁ?ffﬁlﬁsé)mcomprismg said

apparatus as ctabﬂe’.d abbwsmg/taﬂmmgt@ni@lis,Canﬂg‘umﬁéomﬁqasilswa)ﬁmhdMﬁmﬁuglling
operation of S"%;'H'e%‘ﬁ%!?ﬂh‘fé’ angl.may.aptianally fﬁﬁﬁﬁéec%k%ﬁﬁn‘ﬂ”?a% ke glihgleglyes (@) to ()

disclosed above, mutatis mutandis, as appropriate in any suitable combination, as applied to the
above apparattigniicaatiy gnesigntisn said second distance.

At least one said sensing/emitting unit may also be configured for providing
optimal operation with respect to a dimensional constraint of the apparatus and along
said LOS independently of the other said sensing/emitting wunit{s), and the
sensing/emitting units may be comprised in an assembly, rotatable about a switching
axis, substantially as disclosed above, mutatis mutandis. The sensing/emitting units are
also mechanically coupled, and each said unit is adapted for at least one of sensing and
emitting energy along a respective umit line of sight (ULOS) via a respective

sensing/emitting unit aperture.



According to the above or other aspects of the invention, a number of apparatuses are provided, for
sensing and/or emitting energy along one or more desired apparatus line of sights (LOS) with respect
to the respective apparatus. In at least one embodiment, the apparatus includes an assembly that is
rotatably mounted on a base with respect to a switching axis. The assembly has two or more
sensing/emitting units, each having a respective sensing/emitting unit line of sight (ULOS). Each
sensing/emitting unit has an operative state, wherein the respective unit ULOS is pointed along a LOS
of the apparatus for sensing and/or emitting energy %ﬁéng the LOS, and a corresponding inoperative
state, where the respective unité\;LOS is pointed along - 22 - a dj e%tion different from this LOS. A
switching mechanisﬁ%]ﬁ%g%es ﬁ(ﬂ]ﬁ%‘éekfé’méaéﬁstﬂiéggﬂgﬁ}n@%n%ﬁnﬁrucrﬂ?%pt%sgﬁrel%t%erﬁ/oﬁing a
desired sensing/etinsttiiagiuai exolusively idisciisedspective mperativerstatéswhile moncurtantly bringing
a remainder of thebsegsing/emitting units each to a respective non-operative state. Corresponding 5
systems and methods are also provided. Features of the invention disclosed above for one or
more said aspects ok thstimdntianl eastyoatsof epingrathtismingnuisz yorbme ordesonest dtivepiaspects of

the invention. 10 BRIEE BESCRIETION,OF THE DRAWINGS.. I1a19s1, 1 indsiziansije mventon

and to see how Tt may be ca tin practice, embodiments will now be described, by way of
non-limiting examprésentysenitivliefdremeatioline APCTPRRY il BRARGLS, i/ aiel - optiongdly. 1 is an
isometric see-hyglgh.yiew;of 3 st emBrdispent of e APPAralHSSf discibgeinusauen inykich one

sensing/emitting unit is aligned with a desired system line of sight. Fig. 2 is an isometric see-through
view of the emBedAEntiBf 95y suitablyriermbinatiosr seriRbrENRLRg dhRvS anBel vithutdesired
system line of gight,Jmig. 3 is a side view of the embodiment of Fig. 1, in an application wherein the 20
apparatus is comprised mounted to a pod. Fig. 4 is a side view of the embodiment of Fig. 1, in an

application wherein HieFsphistsdis é’é?fﬁﬂ‘i’s@éi &ﬁ?é’&edﬂ%%ﬁf’;?i&g AVbFiRiing energy along

an apparatus line of sight {LOS) with respect to a target, comprising selectively
aligning a unit line of sight (ULGS) of a first sensing/emitting unit with said LOS
when a distance to said target greater than a first distance (also referred to as a
threshold distance), and one of sensing and emitting energy along said LOS with said
first sensing/emitting unit, and further comprising switching to aligning a ULOS of a
second sensing/emitting unit along said LOS, when said distance is at or less than said
first distance, and one of sensing and emitting energy continuously along said LOS
with said second sensing/emitting unit, wherein said first sensing/emitting unit and said
second sensing/emitting unit are mechanically coupled. The method may further
comprise features parallel to those disclosed above for the above apparatus mutatis
mutandis.

The method may be carried out using the apparatus and/or system as disclosed
herein, and may comprise additional corresponding method steps.

Disclosed here in is an apparatus for at least one of sensing and emitting energy
concurrently along each of at least two different apparatus lines of sight (LOS) with
respect to said apparatus, comprising:

an assembly comprising at least two sensing/emitting units, each said
sensing/emitting unit adapted for at least one of sensing and emitting energy along a
respective sensing/emitting unit line of sight {ULOS) via a respective sensing/emitting

unit aperture, wherein said sensing/emitting units are mechanically coupled;



Fig. 5 is a front cross-sectional view of the embodiment of Fig. 1 taken along Q- Q. 25Fig. 6 is an
isometric view of a variation of the embodiment of Fig. 1, in which one sensing/emitting unit is aligned
with a desired system line of sight. Fig. 7 is an isometric view of the embodiment of Fig. 6, in which
another sensing/emitting unit is aligned with a desired system line of sight. Fig. 8 is an isometric
view of the embodiment of Fig. 6, in which a set of three 30 sensing/emitting units are aligned with
three respective desired system lines of sight. - 23-21. Fig. 9 is an isometric view of the embodiment
of Fig. 8, in which a different set of three sensing/emitting units are aligned with the three respective
desired system Iinessajﬁﬁ@amBIﬁMg&@M@%PE@M@F@%BOﬂWTS leasReféirsing to Figs.

1land 2, an apgar%ius ag%ordhrége ﬂ{%&? nt of thc,?e ({'IVGHIIOI%IS] &g}ng@% eS|gSnaHed with
reference numaral 100 an comprlses A’sensi ng emlttln Assembly 110, and swi |ng “mechanism

120. The senslHgfefittiniyas semblpctBigendorisetng hoetwg&fﬂmgmdt dhdedst tndatQcast a
sensing/emitting Ypifs ;.5 SERSINUSMINNGHEL S0, 2143 ???8&%&%&%%%@@@%%% 160.

According to one aspect of the invention, the assembly 110, or alternatively the apparatus 100, is
configured to ﬁ@ﬁb&@rﬁﬁﬂgd&w@%thmRﬂ@@@ﬂﬁé@%ﬁiétﬁtﬁ%@m@ﬁwt@ferred to herein as an

envelope. The first sensing/gaiting, HRlh 140:45:6aRA0IR Q2L 6A80ANS B SRR PRGhe said
assembly into a desired said operative state.

At least one said sensing/emirting unit may also be configured for providing
optimal operation with respect to a dixﬁénsional constraint of the apparatus and along
cach said apparatus LOS independently of the other said sensing/emitting unit(s), and
the sensing/emitting units may be comprised in an assembly, rotatable about a
switching axis, substantially as disclosed above, mutatis mutandis. Furthermore, the
apparatus may optionally further comprise one or more of the features (A) to (Z)
disclosed above, mutatis muiandis, as appropriate, in any suitable combination.

A system 1is also provided for at least one of sensing and emitting energy along
at least two desired lines of sight (LOS) comprising said apparatus as defined above,
mutatis mutandis, and further comprises a controller for controlling operation of said
apparatus, and may optionally further comprise one or more of the features (a) to {g)
disclosed above, mutafis mutandis, as appropriate in any suitable combination, as
applied to the above apparatus, mufatis mutandis.

According to the above or other aspects of the invention, a number of apparatuses
are provided, for sensing and/or emitting energy along one or more desired apparatus
line of sights (LOS) with respect to the respective apparatus. In at least one
embodiment, the apparatus includes an assembly that is rotatably mounted on a base
with respect to a switching axis. The assembly has two or more sensing/emitting units,
each having a respeciive sensing/emitting unit line of sight (ULOS). Each
sensing/emitting unit has an operative state, wherein the respective unit ULOS is
pointed along a LOS of the apparatus for sensing and/or emitting energy along the LOS,

and a corresponding inoperative state, where the respective unit ULOS 1s pointed along



15 emitting energy in a direction along a sensing/emitting unit line of sight (ULOS), also referred to
herein as axis B, for respectively sensing/emitting energy, generally with respect to a target. The
second sensing/emitting unit 160 is capable at least one of sensing and emitting energy in a direction
along a sensiyBHBR NIt line of sight (ULOS), also referred to herein BSTai20/066@spectively
sensing/emitting energy, 20 generally with respect to the target. As will become clearer herein, while in
this specific embodiment the first sensing/emitting ud 140 comprises a radar system for at least
sensing electromagnetic energy in radar wavelengths, and the second sensing/emitting unit 160

comprises an eldogoioptitfEeenidroroiing last densiisinfonwobanigietiablee iyy ivhimgthearardvelengths,
many different yariations.of this 3 anee MeNLIRAYRE 2 Baie mAtalY-RroMAGHR A rrEsPERAIng

variations of this embodiment. ~ The sensing/emitting units 140 and 160 are mechanically coupled to
one another, afFREvEECENHD FRERSEL I PG SHYCbYC WhikheravE st st HB g oSSt &f generally

spherical, havigg ageapeirirahsemas fé&hlm&@m@s}gwim@a@ﬁﬁﬁaﬁmb@ﬂwmeagondmg
sensing/emitting units 140 and 160 m?y be effectively coupled to one 30 another indirectly, and/or may
be mounted’in %’ﬁ?@ﬁi?ﬁﬂl@?ﬂ?ﬁ[ﬁéfetﬁ % B5mificth frame, and/or to housing 180, and in at least some
variations of the illustratgstensiabiierintibe deoleseof Grandtyooidie @ssershlyid kopaeay diatat or near
the GC. - 24 -, At\xes Baangsg i{\t rse’(?:?tugtf.gr ,,%',?E}? 210, %Cdnanglrare at %ﬂlan%!c,ee% fo¢ ﬁleanother
when the axes'B ahd' C BF8 VieWwed From & third axie orﬁﬁogona? t6 bOth axis B ahd axis , such as for
example rotatiaavexi®iD (see below). In this embodiment, the axes B, C are in mutual orthogonal
relationship with respect to one another, i.e., angle 0 is 5 nominally 90, though in variations of this
embodiment, the angle O between axes B and C may be different from 90, mutatis mutandis, by way of
non-limiting example angle 0 may be any one of plus or minus 15, 30, 450, 600, 75, 90, 105, 120, 135,
150, 165, 180, BRIEIOIDSTREFAIEMNON THE I P RAWING ST rotation to a base on the form of support
10 bracket 200, which comprises two laterally spaced arms 230 that project forwardly from a base

member 220, via beafh§&ehst SgGFats E TSBERNIRRE IP risa Y HeBasnbe 2std ¥aBed arms

230, for enabligg:splectinpsaiaban efilhaossenablyritkd Wihwasnsthéa-ihaibrackeidd anout axis D

that intersects the GC and passes through Ihgzcgearin%s‘ 235. In alternative variations of this

embodiment, -Wé%ﬁ TS Ry SRR BN éﬁngﬂfgjsed journals that are mounted to the

respective bearings, thig.dssembymhaifgsesatinteghtoi¢hecliadfssigribetbniimg of e tappacptas off the first

embocimely o sk SR el WL AR SRR BP0 SRR ARSI Rk, having 2
sight.

Fig. 2 is an isometric see-through view of the embodiment of Fig. 1, in which
another sensing/emitting unit is aligned with a desired system line of sight.
Fig. 3 is a side view of the embodiment of Fig. 1, in an application wherein the
20 apparatus is comprised mounted to a pod.
Fig. 4 is a side view of the embodiment of Fig. 1, in an application wherein the
apparatus is comprised mounted directly to a vehicle.
Fig. 5 is a front cross-sectional view of the embodiment of Fig. 1 taken along Q-
Q. |
25 Fig. 6 is an isometric view of a variation of the embodiment of Fig. 1, in which
one sensing/emitting unit is aligned with a desired system line of sight.
Fig. 7 is an isometric view of the embodiment of Fig. 6, in which another
sensing/emitting unit is aligned with a desired system line of sight.
v Fig. 8 is an isometric view of the embodiment of Fig. 6, in which a set of three

30 sensing/emitting units are aligned with three respective desired system lines of sight.



associated with its ULOS (axis B). In at least one variation of this embodiment, the 20 radar system is
configured for operating, for example, at electromagnetic wavelengths at least in the X band or
greater. The first sensing/emitting unit 140 is thus configured as a sensing and emitting unit for
emitting and ¥8¢HYEEromagnetic energy at radar wavelengths, and, foreN2MB62 radar system
may comprise a radar transmitter/receiver unit configured for emitting and receiving radar signals,
such as for 25 example a Synthetic Aperture Radar @AR) or other suitable radar means capable of
detecting a target at a Ion%range distance, for example more than 50lcm, for example up to 801an or

up to 1001cm, by senBisig% el Spypaicsieddheommbndimegetf Tie $amarhish asiffrcesed
disc-shaped, planaf.ariayspiienid v iohRIBRE MAVIRG Breiangirtwhickianhe-aptifized to be

close to the internal diameter of housing 180, which 30 defines an apparatus aperture at least with
respect to the fﬂfsf‘g%sing/emitting unit 140. As may be seen in Fig. 5 the maximum value for the
diameter d of the internally accommodated antenna 142 depends on how close to the GC the antenna
142 may be

5 DETAILED DESCRIPTION OF EMBODIMENTS

Referring to Figs. 1 and 2, an apparatus according to a first embodiment of the
invention is generally designated with reference numeral 100 and comprises a
sensing/emitting assembly 110, and switching mechanism 128.

The sensing/emitting assembly 110 comprises a housing 180, and at least two

10 sensing/emitting units - a first sensing/emitting unit 140, and a second sensing/emitting
unit 160. According o one aspect of the invention, the assembly 110, or alternatively
the apparatus 100, is configured to be accommodated within a predefined restricted
space, also referred to herein as an envelope.

‘The first sensing/emitting unit 140 is capable of at least one of sensing and

15 emitting energy in a direction along a sensing/emitting unit line of sight (ULOS), also
referred to herein as axis B, for respectively sensing/emitting energy, generally with
respect to a target. The second sensing/emitting unit 160 is capable at least one of
sensing and emitting energy in a direction along a sensing/emitting unit line of sight
(ULOS), also referred to herein as axis C, for respectively sensing/emitting energy,

20 generally with respect to the target. As will become clearer herein, while in this specific
embodiment the first sensing/emitting unit 140 comprises a radar system for at least
sensing electromagnetic energy in radar wavelengths, and the second sensing/emitting
unit 160 comprises an electro-optic sensor, for at least sensing electromagnetic energy
in optical wavelengths, many different variations of this arrangement may be

25 alternatively provided in corresponding variations of this embodiment.

The sensing/emitting units 140 and 160 are mechanically coupled to one
another, and are accommodated in housing 186, which in the illustrated embodiment is
generally spherical, having a geometrical center GC. In some variations of this
embodiment, the sensing/emitting units 140 and 160 may be effectively coupled to one

30 another indirectly, and/or may be mounted in any suitable manner to a common frame,
and/or to housing 188, and in at least some variations of the illustrated embodiment, the

center of gravity of the assembly 110 may be at or near the GC.



located in assembly 110, which in turn depends on the physical dimensions of the - 25 - second
sensing/emitting unit 160, in particular its width along axis B. The narrower the second
sensing/emitting unit 160 along the direction of the first sensing/emitting axis B, the closer the antenna
142 may be Wittt té4#Re GC, and the larger the diameter thereof can bBCGATRIWEHERE%D the
envelope. Accordingly, it is possible for the antenna 142 to 5 have a diameter, and thus an effective
aperture, which can be close to the diameter of the-1¥using. By enabling the sensing/emitting unit 140
to have is ULOS exclusively aligned along the system LOS A when thus selected, the effective
aperture of the sensingiesritting Griittdr$estwhioh diesendS Onad aéfetivemiibntctie vnd twothetenna 142

(or projected digMStaL. o &SR INAPIANGUIALIR JNGIE SRRCUNELRNL B e mpdized, and
thus enables maXimizing operational range of the radar system, for example, given the size constraints
of the assembl{howubing ft8exempiehetzpesaiud 166 belowhdmpustembotithenscthsiaggemiting unit 140

may have a lingar dimension, (e, S Aiansishaliyidh oflieans e ehiheun, thajls @ proportion

of the corresponding linear dimension of the apparatus aperture. This proportion may include, in at
least 15 some eonibodim&itstbéubl imvarntomsatyhanendfotierfolchérag et betvmenayesdhismhation of

the following ranges; 0.5.t0 0.6: 0.6 t9.Q.7; 9 ;}9” c% 8 ‘9 : § 29,19-8' g{% lggn %’5 to 0.95;
0.9 to 0.95; O.gqgn G ge%}%get%fﬁ%%ggggé ?oall.o; %{gﬁtoslpg Aé(l?]dsﬁfglnglly olr ggernat%/ely,%%e aperture of
the sensing/emittingaimity ot nfgylusavenainuarés dadkrsitiro(ice 798t &06f thaldpésaitel 80 the unit),
that is a propor{iggg OlfS@Q tar;ﬁ S‘c’:cc))gesponding area dimension of the apparatus aperture. This proportion
may include, in at least some embodiments of the invention, any one of the following ranges, or any

combination of the folkhwiagseabiyed10. & torGubted. oo 1017171000 1856 .8ntah®. 8rmd .8fteur®r0.85 to 0.9;

085 10 0.95, 08100, 95,0048095> 19503841 95401 91 4l Aol AsiaRy G atons of

this embodiment irst sensing/emitting unit 1407s in the form of an emitting unit, and may comprise

a radar jammer dasngemenit 2 sicabspringntheh oyl are dorpiehthifede Siofiregissc energy
in the form of az@%d@f’élﬁ%%‘i£}9a§W'fdﬁeﬁ%lﬁ’i@%él‘é@t&@@ﬁﬁféﬁ@%@ﬁ&%ﬂiﬂ?ﬁ@iﬂt%tﬂE%Epect

O e bracket 200 abost 20D that micrsacts the- G and pavies thralgh the bearings

235. In alternative variations of this embodiment, housing 180 may comprise

15 diametrically opposed journals that are mounted to the respective bearings, the
assemnbly being mounted to the housing.

Referring also to Fig. 5, in the first embodiment, the first sensing/emitting unit

140 comprises a suitable radar system or the like, having a suitable field of view (FOV)

associated with its ULOS (axis B). In at least one variation of this embodiment, the

20 radar system is configured for operating, for example, at electromagnetic wavelengths at

Jeast in the X band or greater. The first sensing/emitting unit 140 is thus configured as a

sensing and emitting unit for emitting and sensing electromagnetic energy at radar

wavelengths, and, for example, the radar system may comprise a radar

transmitter/receiver unit configured for emitting and receiving radar signals, such as for

25 example a Synthetic Aperture Radar (SAR) or other suitable radar means capable of

detecting a target at a long range distance, for example more than 50km, for example up

to 86km or up to 100km, by sensing radar signals returned from the target. The radar

unit comprises a disc-shaped, planar array antenna 142, for example, having a diameter

which can be optimized to be close to the internal diameter of housing 180, which

30 defines an apparatus aperture at least with respect to the first sensing/emitting unit 140,

As may be seen in Fig. 5 the maximum value for the diameter d of the internally

accommodated antenna 142 depends on how close to the GC the antenna 142 may be

located in assembly 118, which in turn depends on the physical dimensions of the



30 SIGINT module for intercepting signals, optionally including at least one of an ELINT module and a
COMINT module, for example for detecting the existence and location of a target radar. In yet other
variations of this embodiment, the first sensing/emitting unit 140 comprises any passive radar means
which is configuted/fdt4Bceiving radar signals - 26 - from a target, whichHoF@eMiledenay be
illuminated by a different source. In such variations, the first sensing/emitting unit 140 comprises a
suitable antenna such as for example said antenna 242. In these cases, maximizing the antenna
aperture results in izing the operational range of the radar jammer, SIGINT module, or radar 5 system,
and soon.  decaitbsaadive/ smitbtignsiofl Gisie pivddirmeits, whdiHirdome asin & cRhittirer o 140
comprises a raay, sy stiheARfioe L 3peig ARURLAIIIPGCARY Slanal.ARd AR RABaNtenna
arrangement optimized tor the dimé&nsional constraints of the envelope provided by the housing.

Furthermore, i gliser 45; intparadddmmiebarsisnins tadhe S5C1ond Medareqsribe Siamrietiapismitting
and/or sensing.meang;HUCR A% R XAMRAIR fSaLendaYIANERNGLSYER 3sraiualidaRteRna and/or IFF

(identify friend or foe) elements such as for example dipoles and so on, and/or radip transmitting

elements as mbgpé disseetesr b P GHRSHEARETIY ot Sahas tlese verthadimptfation that
may be homedientRwia ihe oeaibsystens. enptianatitiiie ane treohive antehos mayubedp optimized

to take into ac%%lgjggééhﬁos gact:}(;:‘ertsejgsl%lgrgdﬂ‘e)rssxc%gg %ﬁﬁs’, selected, the effective aperture of the
sensing/emitting unit 140, which depends on the effective diameter of the antenna 142
(or projected diameter or area in a plane normal to the respective ULOS) may be

10 maximized, and thus enables maximizing operational range of the radar system, for

example, given the size constraints of the assembly housing 180 or of the apparatus 100.

The aperture of the sensing/emitting unit 140 may have a linear dimension (i.c.,
a diameter or width of the aperture of the unit), that is a proportion of the corresponding
linear dimension of the apparatus aperture. This proportion may include, in at least

15 some embodiments of the invention, any one of the following ranges, or any
combination of the following ranges: 0.5 to 0.6; 0.6 t0 0.7, 0.7 t0 0.8; 0.8 to 0.85; 0.8 to
0.9; 0.85 to 0.9; 0.85 to 0.95; 0.9 to 0.95; 0.9 to 0.98; 0.95 to 0.98; 0.95 t0 1.0; 0.9 to
1.0. Additionally or alternatively, the aperture of the sensing/emitting unit 140 may
have an area dimension (i.e., the area of the aperture of the unit), that is a proportion of

20 the corresponding area dimension of the apparatus aperture. This proportion may
include, in at least some embodiments of the invention, any one of the following ranges,
or any combination of the following ranges: 0.5 to 0.6; 0.6 t0 0.7; 0.7 to 0.8; 0.8 to 0.85;
0.81t00.9; 0.85t0 0.9; 0.85 10 0.95; 0.9 t0 0.95; 0.9 10 0.98; 0.95 t0 0.98; 0.95 10 1.0; 0.9
to 1.0.

25 In alternative variations of this embodiment, the first sensing/emitting unit 149
is in the form of an emitting unit, and may comprise a radar jammer arrangement, for
example and thus is configured for emitting electromagnetic energy in the form of a
radar jamming signal. In yet other variations of this embodiment, the first
sensing/emitting unit 140 comprises a passive radar detector, for example any suitable

30 SIGINT module for intercepting signals, optionally including at least one of an ELINT
module and a COMINT module, for example for detecting the existence and location of
a target radar. In yet other variations of this embodiment, the first sensing/emitting unit

140 comprises any passive radar means which is configured for receiving radar signals



Alternatively, and as illustrated in Figs. 6 and 7, in a variation of the first embodiment, the
sensing/emitting unit 140 may comprise a radar detector having a conformal antenna 143. The
conformal antenna 143 can have the same cross-section and aperture (width and area) as the planar
array antenn¥ O E8e cases a greater 20 aperture, and frees the inférRAFEP&8 ¥ ined in the
concavity formed within the antenna, which can be efficiently used for housing one or more other
sensing/emitting units. The conformal antenna 143-¢c¥mprises an external surface that is conformal

with a first portion of the aforementioned envelope, and comprises a portion of an imaginary spherical
surface, while firenagsergbly Woiokifier Esampihinyabatiaroheiedfipst 2alidtersatitpereidesHfdrmal with a

second portion,afiie InaaIgy SHIRAGHRIECA: 1119 CORIBHII ANIRIE ddin.canipradn the axis

B in a similar manner to antenna 142 in the embodiment of Figs. 1 and 2, mutatis mutandis, and

maximizes utiliBanpife et Bne s J idaieny CarrsMaREIARSIhthRRIRG SETRGLeiYSsIBe of the
antenna 143, rglativeiip dhebiseiagchds rease ber miaximiaed doriale SIGTNTatiydufelll 30Hheamisphere of
the imaginary surface of the envelope, save for the window 182, and in further variations of this
embodiment, & 583 can in effect also act as half of the housing in which the remainder of
assembly 110 can beiactemixodatethtioR7of this knibidiemaftodimfr, thesedontteensitiglébnitting unit
160 Is configureg 85,2500 Wl AndL SRINRLSES. A Slee Ut SEANNER AN AORMENEAcluding
any suitable ty5e of ight-sensitive Sensor, an may Ravesone or more ectro-oﬁtlcaf evices that may
be optically coapledttorscarraogmenteoplnuredtdon e dintongiohnd aeis@inlndoéabh 8yaldpgy an optical

i and a suighls kgt e (GO asoRrited winihe MR arauin.Cudaionalbiaplyally o

electro-optical devices nay be provided as a subassembly, each'device having its own optical axis or
ULOS parallel toasixROTPIATSiCIP iy Fapraidingt fadiSatras drestorsishtié Jhit 597 MRethousing

180 comprises @ swiiahianindouwa2 aligned withihe.axis: Grio @llowig asirreagsstigaasiasion at
least 10 in the operating wavelengths of the second sensing/emitting unit 160 to %?'.SS thergthrough.

In this embodirfiéi #hELFERE HRABTARCIB0IE RO NP, SanRHHITTRE SATPES thes gt 5t the
envelope, as defineddp\hensingatatmsinaampesationsaitie wnit-tmay betsptitaizediwidy much

smaller aperture than the maximym wi(%t)_h of the envelope. 15 On the other.hand, the aperture of the
it 160, 6., 118 AREARF A Up L TG T Lo B BT TNeS) LR NRe, T

et may be defined, IS gngularly
displaced frem dhénifethe tikt imit doéOunittheappeactapitted SwiscHhngearis D, and thus the two apertures

do not overlap In an oRRehiatag MANNEL ALIGHETR Mk opepnothar Nexsilgiese ol afier
variations of this embodiment, by enabling the second sénsing enjlftlng unit to be exclusively aligned
20 along the systéwdin®st Athehesndingsweliozetnith4paey recbiitie sesuid detesiag/eakingng unit may

be maximized, and i3 aliouio] maxipumiesaliian.die e sizeconstrains efdhesbausing 180 or

of the apparatus 100. In the first embodiment, the second sensing/emitting unit 160 is generally

configured for prSceRmgSHRddMmaGesn eldba e igitay M b raRftHprome cases a greater

20 aperture, and frees the internal space defined in the concavity formed within the
antenna, which can be efficiently used for housing one or more other sensing/emitting
units. The conformal antenna 143 comprises an external surface that is conformal with a
first portion of the aforementioned envelope, and comprises a portion of an imaginary
spherical surface, while the assembly housing 184 in this variation of the first

25 embodiment is conformal with a second portion of the imaginary spherical surface, The
conformal antenna 143 is centered on the axis B in a similar manner to antenna 142 in
the embodiment of Figs. 1 and 2, mutatis mutandis, and maximizes utility of the
envelope by effectively constituting part of the housing. Thus, the size of the antenna
143, relative to the housing 184, can be maximized to take up virtually a full

30 hemisphere of the imaginary surface of the envelope, save for the window 182, and in
further variations of this embodiment, the antenna 182 can in effect also act as half of

the housing in which the remainder of assembly 110 can be accommodated.



25 processing, storage and/or transmittal via suitable equipment. These images may be still images
(frames) and/or video images, and the sensing/emitting unit 160 may be configured for providing such
images in the visible electromagnetic spectrum, and/or in the non-visible spectrum, for example infra
red and/or ulfY&\261880a#d/or multi/hyper- spectral. Additionally or alternatRERigésmMhgie@mitting unit
160 may alternatively or 30 additionally be configured for night vision and/or thermal imaging. In
alternative variations of this embodiment, sensing/er#tithng unit 160 may be configured for emitting
energy and comprises a pulsed laser designator for finding a range and marking a target, for example,
and/or comprises meanshorgubvithingparilactvmiluseisatgamittpet atitel60 48 caifuratives variations of

(s embodimeny, (1% SERng miling, %ﬂié%&%mgxcb&a%ﬁ{éﬁ%Hf&%&weﬁﬁaﬁaﬁg&gmﬁ{g jgnd
g energy. n some variations of this embodiment, seco sensing/emitting unit 60 may
additionally or Sttereatli@iyscaptine rsomagé sy pavtogashietin slepichotisbde ieatidiad for
processing at %gwmeéﬁm‘su L ExApleslerasRVer uIRihe BORRIAL YR LOf ©r v suitably
ejecting the film, for examplée enclosed in a capsule, by means of a suitable arrangement, as is known
inthe art. 5 having an optical axis and a suitable field oty view (FOV) associated with the ULOS or
axis C. Optionally, a plurality of electro-optical devices may be provided as a sub-
assembly, each device having its own optical axis or ULOS parallel to axis C, which
" may represent the mean LOS direction for the unit 160. The housing 180 comprises a
suitable window 182 aligned with the axis C to allow electromagnetic radiation at least
10 in the operating wavelengths of the second sensing/emitting unit 160 to pass
therethrough.
In this embodiment, the aperture of the unit 160 is not maximized with respect to
the width of the envelope, as defined by housing 18@, since operation of the unit 160
may be optimized with much smaller aperture than the maximum width of the envelope.
15 On the other hand, the aperture of the unit 160, i.e., the plane with respect to which the
aperture of the unit may be defined, is angularly displaced from that of the first unit 140
with respect to the switching axis D, and thus the two apertures do not overlap in an
obscurating manner, or interfere with one another. Nevertheless, in other variations of
this embodiment, by enabling the second sensing/emitting unit to be exclusively aligned
20 along the system LOS A when thus selected, the aperture of the second sensing/emitting
unit may be maximized, and thus allow for maximum resolution given the size
constraints of the housing 180 or of the apparatus 100.
In the first embodiment, the second sensing/emitting unit 160 is generally
configured for procuring optical images in electronic/digital form, for further
25 processing, storage and/or transmittal via suitable equipment. These images may be still
images (frames) and/or video images, and the sensing/emitting umnit 160 may be
configured for providing such images in the visible electromagnetic spectrum, and/or in
the non-visible spectrum, for example infra red and/or ultraviolet, and/or multi/hyper-
spectral. Additionally or alternatively, sensing/emitting unit 160 may alternatively or
30 additionally be configured for night vision and/or thermal imaging. In alternative
variations of this embodiment, sensing/emitting unit 160 may be configured for emitting

energy and comprises a pulsed laser designator for finding a range and marking a target,

for example, and/or comprises means for providing an active illuminaiion. In yet other



The aforesaid first unit 140 and second unit 160 each need only comprise the specific equipment or
any means that is required to be actually aligned with the system 10 LOS in order to enable the
respective unit to operate along the system LOS. For example, regarding the first unit 140, only the
antenna 143X &ridiamyistfuipment that needs to be mechanically coupled B€ohapvAgesptdysically
connected thereto) needs to provided within the aforesaid envelope, and any additional equipment
needed for the operation of the first unit 140, but tha8ees not need to be aligned with the LOS, or is
physically mechanically mounted to the antenna, may optionally be accommodated elsewhere, for
example in a paitkaradike vatiatbinge o ahiga rasbofl inenap dar atassib@ranthguitailyl 6p enativ dly
connected therceotrcl)ﬁ Sirg(q%llybwgflhs gesslpl%%t fo the eerﬁ%%%/e@}itltjr#g unit 160 mutatis mutandis. The
apparatus 100 is co%ufrlgured or selectrively Ehdaltema e%y aﬁ.& ing one or 20 another of the first
sensing/emitting unit Indcardvihegesont] himteredinpolnscamntisens agiptingoast A6 olgensing
 and emiting engi g onrialeRietanh 1Y aysten ekt GRphhianddprinaintaining

the LOS A pointed in a desired direction during operation of the selected sensing/emitting unit when
aligned ther@wiriTfd sipstenietasrTigaaimby orv eRifRe RS oo Srampi Bte drentan Mivibich itis 25

desired to sensgeRaiaY1800/R iy ansitenerauvith apshef ampRSHMBISHEING Wajisuls, tyn, for
example along an imaginary line from the geometric center GC of the assembly 110 to the center of a
target or target™37&% 0l HERE SPAISE e RSB BP Sidhtetitby the apparatus 100. Herein, "target”
and "target area" mayrigchfgeany siationanddrambveognabjeitt 166 indhestah o abapsephe of a
scene, within an external environment 30 wit res ect to & egg&aﬁ%&ys §%00' d .;i.lh gwig&%ng
mechanism 128 ?seglﬁ%ﬁi%{gnatngo%eﬁﬁ%esaalsﬁ?&%ﬁ% Ve motor 1305067 rota Ing the
sensing/emittingQissenobder] &0 ¢habisgthatisasttan amgla® O maanétitgnshef shstdhudtiatedor

embodiment, b2 ERPSE AN ERIACIME MR Ble“ofibane A ™%ARU URING RIS, 2ls0

referred to herein a itching axis. Thus, and reterring to Fig. 1, s artgé% wit s C in alignment

with, i.e., pointimts&icadenaectysizelihsamlechm thaensnprsicadycepnsetadithaetoragedhédassembly
110 by angle +gQ{invedationmefie Uusated sinbasimenlididdespeisive. Anead dispiacement of

at 5 least +0) about turning axis D to enabling selective alignment of axis B with LOS A (Fig. 2). A
similar situatio?RE5EHES Hftibn Stahimg Wit Siisterafgrerranacdidr i Bttty Bk aned,
mutatis muiangikydi€atigoméerasiyalihensiiteling mechanisn) 128 Gprisaastivelydaiatadbasassembly

110 angle -90 (ip variations of the jllustrated emhodiment, by a respectjve angular displacement of at
cast 0. in tho SNBERE 15 SRR MoQ TG M AR o BV TRt hatof the
original axis C vuifahl(® Spbratieclpemtirgtedothgrthe [SS]aaly reithiresbertdesthedsensing/emitting
unit 160 muratis mutandis.
The apparatus 100 is configured for selectively and alternately aligning one or
20 another of the first sensing/emitting unit 140 and the second unit 160 to point, and thus
enable at least one of sensing and emitting energy during operation thereof, along a
system line of sight (LOS) A, and for maintaining the LOS A pointed in a desired
direction during operation of the selected sensing/emitting unit when aligned therewith.
The system LOS, A, may be defined as a desired discrete direction in which it is
25 desired to sense energy and/or transmit energy with each of the sensing/emitting units in
turn, for example along an imaginary line from the geometric center GC of the assembly
116 to the center of a farget or target area that it is desired to be scanned or sighted by
the apparatus 100. Herein, "target” and "target area" may include any stationary or
moving object, or indeed any location or part of a scene, within an external environment
30 with respect to the apparatus 100.
The switching mechanism 120 in this embodiment comprises a suitable drive
motor 130 for rotating the sensing/emitting assembly 110 through at least an angle +94°

(in variations of the illustrated embodiment, by a respective angular displacement of at



In at least some variations of this embodiment, realignment may be achieved by turning rotating the
assembly by (360 - 0) in the original turning direction, rather than by the corresponding angle -0 in the
opposed direction. 15Thus, when one or another of the respective ULOS, i.e. axes B, C, is aligned
with the sysféf 10@@iahe full aperture of the respective sensing/emittin§WUHH-AHY/5e%Fe respective
sensing/emitting unit 160 is available to be pointed along the system LOS A, while the other
sensing/emitting unit is not aligned along the syster2BOS A and the aperture associated therewith is
not available to be pointed along the system LOS A and 20 is not overlapping with the aperture of and
does not interfézaswvifh) aperationind thés dligried sénsidglehrittincpsitht: $mwidthervesisis]he, alidned
sensing/emitting unit is in.an qperative state, while the. other, non-aligned.sensing/emitti nitisin a
non-operative é%gj grwqoﬁ%‘rgtie{gé?agewils rgﬁxésgrll”lt%a e Fggé)é%}i\}ég 1 "OF ¢ genérgﬁéirrﬂ%/%mitting
unit is aligned alothg tvetshistemebiaSishy é2dhbingeibetiredpeativetbe nsiaghemithgyumieto 2Mdperate
with respect to the system LOS. The housing 180 defines said envelope within yhi sembly
110is accomml%g?g Fl eogrtﬁlee%lﬁsetr ?gcs? gn%og%%%nr% %(ﬁﬁescﬁ]g |%‘é%aa§%lr%r g‘éﬂ%‘é‘%ﬁ%ﬁ’% el to axis
D, and this makiasurrbviditvisuodageakcoBxialbratiing relaftresaligranes | axas Baxitsdi dpplications
of this embodiment,this maximum width is.pbredefin e 30, i I ration of the
apparatus withr&z%'pzését toSIé% iggrd%‘g}lag% %?g?rl%cstt%%eegg %ﬁ%@%ﬁ#g d%mlﬂeség'%er%? Eﬁ?ﬁrcgg}rg?r%%%ne aspect
of the inventiorhatitgpstsbrlimetaniite theaagisrtige oTORBYY s evseriinggrashamguiie

independently gl.PUARRONP "t ARARIBAMTAHID RIS PR RNGRA' BiedeARUaRing unit

embodiment, by a respective angular displacement of at least -8), in the opposite

16 direction about turning axis D to enabling selective re-alignment of the original axis C
with LOS A, i.e., pointing along the LOS, as required or desired.

In at least some variations of this embodiment, realignment may be achieved by
turning rotating the assembly by (360° - 0) in the original turning direction, rather than
by the corresponding angle -6 in the opposed direction.

15 Thus, when one or another of the respective ULOS, i.e. axes B, C, is aligned
with the system LOS A, the full aperture of the respective sensing/emitting unit 140, of
the respective sensing/emitting unit 160 is available to be pointed along the system LOS
A, while the other sensing/emitting unit is not aligned along the system LOS A and the
aperture associated therewith is not available to be pointed along the system LOS A and

20 is not overlapping with the aperture of and does not interfere with operation of the
aligned sensing/emitting unit. In other words, the aligned sensing/emitting unit is in an
operative state, while the other, non-aligned sensing/emitting unit is in a non-operative
state. By "operative state" is meant that the respective ULOS of the sensing/emitting
unit is aligned along the system L.OS A, enabling the respective sensing/emitting unit to

25 operate with respect to the system LOS.

The housing 180 defines said envelope within which the assembly 110 is
accommodated. The envelope has a maximum width, defined along a direction parallel
to axis D, and this maximum width is located coaxially with the aforesaid axis D. In at
least some applications of this embodiment, this maximum width is predefined to enable

30 installation and operation of the apparatus with respect to a pod or other structure of
pre-existing dimensions. According to one aspect of the invention, it is possible fo
maximize the aperture of one or more sensing/emitting unit independently of one

another, thus enabling maximizing the performance of the sensing/emitting unit that is



- 30 - exclusively aligned with the system LOS A, given the dimensional constraints provided by the
apparatus, in particular the maximum width of the aforesaid envelope. The performance of the
sensing/emitting unit may include, depending on the nature of the sensing/emitting unit, one or more of
the quality oMgeHaratddlinages, signal strength, 5 output power of an enF&iRg ateHiEtsTange,
resolution, etc. associated with the sensing/emitting unit. The maximum aperture of each
sensing/emitting unit in this embodiment is constraki#d-mainly by the maximum width required for the
housing 180, and in particular the maximum cross sectional area thereof in a direction orthogonal to
the 10 LOS, arct¢hsiirigraana with bt thstemielihé, givem thedimons ofitisrstrivgdipreritdethe housing

180 may be orgiitef, and.hg,said g%&% ay.be Animaginarepvelane hatds drfined-hy a variety

of dimensional Constraimts Impose e environment or structure in which the apparatus is to be

installed and opetfatetinge af pheassasnelsnifiing tendnaaspudeds wheppdingion, tisaargsehily is
configured for bging Aecamipadateshinghg SevEioRe plsR thakthesrpsipaRItRG LA ge enclosed

therein in a compact manner, and wherein at least operation of one sensing/emitting unit Is optimized
with respecf to A EHArBeTSF Z*fg BntEHYIBE SHReTn fdi8Pe MO IoE st EonEomBEdiEhdss the
invention, this ghasastarzing dimension is the aforesaid maximum width of the envelope, which is 20

defined to be generally coaxial with the switching axis of the assembly. .  In vari ti&ms of this
embodiment, one or Mot BiHEEhSRYTRHi n&%@if&’%ﬁ&%’ =X i(j’%&dnfo %(:Bgf@ovgpﬁ%tgi%he
direction of eachrasfisativediiilD By fdiee xaxiplerhywikhnegiiredafion ddivesing pBByidedone or two
degrees of froedomRt (e Arsanleapeclye;sensinal el il dn-Biich GARS.Jhe @ gwement
envelope of th&ihdividua eZg'senslngfemlttmg unit may be restricted by the apparatus aperture, for
example as(ord\itfedrdytize wikrdeh oluwng kénettvelhprising. In the illustrated embodiment, the

apparatus 100 further comprises aRAINKRGMERRRNIN 30001 e abling:he: Axateml RS Ado be

pointed in any desired direction with respect to a structure onto which the apparatus 100 may be

mounted, withiftaehers 3TpihedaringEbry. PoIReRg heckatiéinrddyia corsgurdAiieptisvfing at least

two constraints imposed by the environment or structure in which the apparatus is to be
installed and operated. In any case, according to one aspect of the invention, the
15 assembly is configured for being accommodated in the envelope such that the
sensing/emitting units are enclosed therein in a compact manner, and wherein at least -
operation of one sensing/emitting umit is optimized with respect to a characterizing
dimension of the envelope. In at least some embodiments of the invention, this
characterizing dimension is the aforesaid maximum width of the envelope, which is
20 defined to be generally coaxial with the switching axis of the assembly.

In variations of this embodiment, one or more said sensing/emitting units may
be configured for locally varying the direction of each respective ULOS, for example by
means of rotational drives, to provide one or two degrees of freedom for the or each
respective sensing/emitting unit. In such cases, the movement envelope of the individual

25 sensing/emitting unit may be restricted by the apparatus aperture, for example as
provided by a window of the like in the housing.

In the illustrated embodiment, the apparatas 100 further comprises a pointing
mechanism 3680 for enabling the system LOS A to be pointed in any desired direction
with respect to a structure onto which the apparatus 100 may be mounted, within a field

30 of regard (FOR). Pointing mechanism 360 is configured for providing at least two
degrees of freedom in rotation for the apparatus 140, which effectively results in being

able to point the system LOS A along any desired direction with three degrees of



degrees of freedom in rotation for the apparatus 100, which effectively results in being able to point the
system LOS A along any desired direction with three degrees of - 31 - freedom in rotation, as will be
further explained below, within the available field of regard (FOR). Pointing mechanism 300
comprises awitt arrangement 320 and a pan arrangement 340. 5Pan arrargement@dsis incorporated
in the support bracket 200, wherein base member 220 is mounted for rotation to a stationary mounting
bracket 250, via a bearing or the like (not shown), fog gxample, for providing one degree of freedom in
rotation for the apparatus 100 about pan axis E. The mounting bracket 250 is configured for mounting

the apparatus $Q8itaraifesikemdstciuie kerdesrlioRplidi-axpeniie andmabileARke aali@lgglatform
such as for exampl ir vehicle, or alternatively to a static structure. Thus, the apparatus 100,
including suppb‘?%aﬁga(%gﬁ‘gzoo together with the assembly 110, can be rotated about pan axis E. A
suitable controllable @ousippotatcthahishovas)iscprmpided for Khntolaplneatathtd thedasepmember 220
with respect to the rrg%%gyg%bracket 250 about axis E through any desired pan angle (D. 15In this
embodiment, tﬁreraﬁlgn arrangement 320 is incorporated with the switching mechanism 120, and
enables thessystem 28 #Arafgssenn B0 1S Gnepiperedtdtad thersuppoariyatésirdtbivhmgie dasbout axis D

With respect (0,16, SHOPANORGIAL AR B AR5 ME IR Ay iRiEpPasieesh Dblimpurpose.

Alternatively, a different drive motor may be used for providing the desired tilt angle a about axis D. In

practice, one 20 eridksdratshivgiriRnsropisdorpmyding angdearstit! frredgpainmotatigndosuch that

the first sensinglemigipgmunii g Qs RopRHNEKIE S LIRS inheidesikaskeirestion AoVrbeRdt desired to
point the system LOS A along a different tilt direction, the tilt angle a may be c%?nged by r@tating the

assembly 110 ESHRH G ABR HhsrEBY (e flssiredh HMCEERIRY tPetoRd COLRAMBRIhARPE S tem LOS
A. On the qtheshaagklifiladfis desiiedstdsvatamitesensingieittiinpnilidaaiatinissystemid OS A, the

assembly 110 is rotate the appropriate angle 0 gbout axis D.so that.now the ULOS or.axis C of the
second sensin&?@ﬁ%‘iﬁ?ﬁ%ﬁﬁt %‘3‘;0 %pr%gvmgliigﬁwﬂédnaf%%ﬁl%h%ug% enb{ff_%é m&%&%ﬁ% tﬁghagéeembly 110
has been rotategainsutlafiscbn b artgled®bitis meemsEtdstilltbelatthedmble dihanglsadistfore the

switching operation.-sinc ' Vel ‘E!E_%QQ agglg, ing/emitting is still
being carried o%ltO a nIgQ H?Pévgggﬁg%?%mﬁ%ﬁdr%@%%%ﬁ%ﬁg gegjc%#gi sensmeé%gmittmg%fngi%,gﬁéng]téSwitching
operation aboutewising teaties Aidabentiors Ofthrughifforetasirodrpaamgig@bout axis D, even when the

same drive, echanisg g USig IR dEVIRG PRS- AMIED Y8 ANGIBSRAM WSt the switching
mechanism 126, and enables the system LOS A of assembly 110 to be rotated through

any desired tilt angle « about axis D with respect to tﬂe support bracket 200, and the
drive motor 130 may also be used for this purpose. Alternatively, a different drive
motor may be used for providing the desired tilt angle o about axis D. In practice, one

20 sensing/emitting unit ULOS, say axis B, is aligned with the system LOS A, such that
the first sensing/emitting unit 140 is pointing it's ULOS in the desired direction A.
When it is desired to point the system LOS A along a different tilt direction, the tilt
angle o may be changed by rotating the assembly 110 correspondingly, thereby
-concurrently keeping the axis C aligned with the system LOS A. On the other hand, if it

25 is desired to switch to sensing/emitting unit 160 at this system LOS A, the assembly 110
is rotated by the appropriate angle 8 about axis D so tha; ﬁow the ULOS or axis C of the
second sensing/emitting unit 160 is now aligned along the system 1LOS A. Although the
assembly 110 has been rotated about axis D by angle 0, it is deemed to still be at the
same tilt angle as before the switching operation, since the system LOS A is effectively

30 unchanged, and sensing/emitting is still being carried out along direction A, though now
with the second sensing/emitting unit, 160. Switching operation about axis D is thus
independent of and different from panning about axis D, even when the same drive

mechanism is using for driving both the switching and the panning.



-32- Operation of the pan arrangement and the tilt arrangement is controlled by a suitable
controller, which may comprise a preloaded program of operations, and/or a communications module
(not shown) for controlling the pointing mechanism 300 from a remote location, for example. 5Rotation
of the assemiblyztidoedaorit axis E (sometimes together with rotation aboubexia.Bjeendasovide an
azimuth direction for system LOS A, while rotation of assembly 110 about axis E can provide an
elevation for system LOS A, and any suitable comhigations of the two rotations enable the system
LOS A to be pointed wherever required within a predetermined envelope or field of regard (FOR) in

three dimension 10 spagarion dfh@diahakexieshehthad GR iBtoensialiiseterodinesliby Byeaactual
position and orientation of the vergcl onto which the apparatys 100 is mI?unted, in aﬁﬁélizcations where
¥

the apparatus HRBE SRITHY: SHASEhEPRRRSC I HRHRSEPREET of REEERSVIRY8S5Bect to the
apparatus 100 saaynbe datinechbydeking ihiosagdoroéphyltinatioeansipintshaictn d8(fdraaxample
obscuration or blind %é)’OtS crea}ed b&elgtive position of the vehicle or other mounting structure with
respect to the 4488M I)? PHER- T B8 eHm’g also to Fig. 3, the apparatus 100 according to the first
embodiment is adapt8dtttiobeaifighintegentels iht6 abpot 20svEa (sraugtimes bracker 28(0h Téfetiond 10 is

configured for %gfgﬁxg fRRUied Rl e sipRrpithankiRgLolts, ok an asall SRusuchas e for
example under

elly attachment points or underwing attachment points 22 of a combat aircraft Such a

pod 10 may beagfereralliByhattiens dhere pioyite aaals vadgndorpRsasyiiabte znbamisrderlbment, for

example RF tragsgeivab s municationestinmant and Seran adAnpaitichmtdnclidneone or
more of a controller and computer for controlling the operation of the\@p aratus 100 and for receiving

and 25 optionaiflERAIVFIiD f ARIRERPSh aEIRG ifG b rreeEhE PR A theetidmeig Y cond

sensing/emitinga#aits 140, 160. The auxiliary equipment may optionally further comprise inertial
sensors and GPS system for determining t elocity a cceleratipn vectors, and position, :
respectively, of the p?)[t(gelé[oé??aeﬁ%ﬂg 8?[%%%%%&?&%6%% ﬁtgrgflfﬁé{) g?ré?l’gﬁba g 0\?\? fEhitlie pod 10 is
mounted. The axis:fatisrgeféhalyehlidmediwitvhible 8@ lamgitatdinAPBxis 26wiithe iaiamalitadnosthus the
pan axis E is eﬁ%‘é}@’gﬁfe %é%’{'% X% @iy dhed ttﬁé‘%ﬁﬁ&‘?ﬁa’ﬁh{ palfcays phengigned in the

general direction par e wings of the aircraft, or in t orizontal direction when the aircraft is in
the horizontal pasitiorspecistal$ee ciepreiag BPQoling beedappedabystalonsmboat apeovsl phygical

15 constraints, such as for example obscuration or blind spots created by relative position
of the vehicle or other mounting structure with respect to the assembly 116.

Referring also to Fig. 3, the apparatus 100 according to the first embodiment is
adapted for being integrated into a pod 10 via mounting bracket 250. The pod 10 is
configured for being mounted onto the standard hooking points of an aircraft 20, such as

20 for example underbelly attachment points or underwing attachment points 22 of a
combat aircraft. Such a pod 10 may be generally cylindrical and clongate, and may
comprise suitable auxiliary equipment, for example RF transceiver, communication
equipment and son on, and in particular including one or more of a controller and
computer for controlling the operation of the apparatus 106 and for receiving and

25 optionally analyzing, transmitting and/or recording data received from the first and
second sensing/emitting units 140, 160. The auxiliary equipment may optionally further
comprise inertial sensors and GPS system for determining the velocity and acceleration
vectors, and position, respectively, of the pod 10, and thus of the apparatus 100 and of
the aircraft 26 on which the pod 10 is mounted. The axis E is generally aligned with the

30 longitudinal axis 25 of the aircraft, and thus the pan axis E is effectively a roll axis.
Similarly, the tilt axis D is effectively a pitch axis when aligned in the general direction
parallel to the wings of the aircraft, or in the horizontal direction when the aircraft is in

the horizontal position. It is also clear that by rolling the apparatus 100 about the roll



axis E by 90 so that the axis D is now oriented generally perpendicular to the wings, or in the vertical
direction when the aircraft is in the horizontal position, any tilt rotation a about axis D is effectively a
yaw rotation. Optionally, an aerodynamic fairing 290 may be provided for covering the 5 downstream
gap betweenstbehousing 180 and the base member 220, and configureddotrpromidsgatize widest
possible FOR. Thus, for example, a lower portion 292 of the fairing 290 may have a profiled
determined by the angle subtended from the GC to_the base member 220, for example. In an
alternative application of apparatus 100 according to a variation of the first 10 embodiment, and

referring to Figads thepppasainamalke mauseddiaelyiadhnHpdgesidie pian asaatbs: for

example a reconnaissance aircraft, balloon, helicopter, UAV, and so on, via the mounting bracket 250,
such that the parfisisttical drerianyaigribe PerplritiadheRonrendsestion. iy IBRgRiFHMa axis 35 of

the aircraft, andghus.therpangxisifels ggg;;t,ig@lyog_yaw axis. In other words, the pan axis E is in the
vertical 15 direction when the aircraft is in the horizontalé)osition. On the other hand, the tilt axis]) is

effectively a pitch axiS@RERER HigAR PRIAEHBIfe fAT Tt B nTRAT e REPHLHiiYs ML RIfdRaft, or in
the horizontal disecticreanhen thevaisaraft ininitiel Bodzomaljaesiemblria Hisend eatfipatedygrawing the

apparatus 100 about the axis.E by 90 so t xis D is now oriented generall
ongitucinal axE OB S ORI 5100 AP e BT o el G R Tt g I thi
embodiment, afaiitigyr Hooipnient mayodled hetqrnoviddsy; fhe exglmplbtendfat flvenghrbGimeaht of Figs. 1

to 3, mutatis é%nl%l m}@’h‘i'ﬁinfgl?% g&ﬁ?lﬂ'gry equipment may be accommodated within the body of the
aircraft and or;grative‘%y connected 10 t apparatus 100 via suitable cables, optic fiber and so on. In

the illustrated embodknenglitmatpsasntication ¢ ameretd Y adetriigoioradans BuoitBadiith is
configured {o PLIGGiHE APRR LSOO {H0RLhg %%sgﬁw%p%%&ﬁwm&@%r%@n thereof,

including any movement of the component parts thereof, and is made from materials that are
transparent, arSIREChARIRIFEF 28 JUiSTEIRBI, WitRTtRRsAReS AT NN BAERRhat is being

ggnéed anollllor @mﬂ%@x&f&%emsinglfmﬁﬁﬂ@ YRt ATIHE I@@@fﬁﬁi&;@égﬁﬂi@?&a@rﬁd@?@a@lﬁairing 3L
ptionally, the apparatus_1 ay further comprise a plyrality o itional sensin itting units,
ana roferring G UAL DR TS B R DR S G SHAH O o ) T e SR A

sensing/emittingeasee axid\F 13 6fthr kit yeajaod e ninsethatngdedn) iiepamixi S8 heain thbliéxFdlong axis

B', substantially.co-axial with.axis B z 34.- qof the first sensing/emittj it 140 t pointing,in a
Ciormnioally oL B R fon 30 BERE SRR ONRIolRl it SHLBREUABT R o
along axis C', selffamivally coiakiakwitvhaxislignod incseporabditsinighe prtilel emihe 60ngueiointing in

a diametrically gppased dieclign Wil taanesdarreiohlRtNAINEN idhe A¥eR AR poSiimay be

pointing in any suitable direction, radiating from the GC or axis D, and are coplanar with axes B and/or
C, or are on plahesisadfal terthy priagBitanpratesddBahaurdhardsd, BrcHnEa deharism 120

operates in a sigylar mannakde hakdRscbsadR e filskandaeconrt SeRsing/emifingUAlls. mutatis

mutandis, and allows each of the sensing/emitting units 140, 150, 150, 170 to be selectively and
exclusively2Aligheytgiobpsistiertiveld dspddeipitamn B enbpdnieabrondirgFIvtemeap! #évassembly
110 about axisjsadhadHiRdeanesuverensibeirinidingiminisahgned with herdd Slheimdditional

sensing/emitting units 150, 170, may be similar tp sensing/emitting ynits 140, 160, for example, and
are similarly conRgarR & P BroaiNg BRRTATYe 5»[?8?10\1;9%%9{% 10 tﬂ%t%?)ﬁﬁ?‘é%)s, while

not overlappingsibessiespestive apest e shevalfparatus 100 via suitable cables, optic fiber and so on.
In the illustrated embodiment, the apparatus 100 is enclosed in a fairing or radome 31,
25 which is configured to protect the apparatus 100 from the elements, while not
interfering with operation thereof, including any movement of the component parts
thereof, and is made from materiais that are transparent, and provide minimal or zero
distortion, with reference to the particular energy that is being sensed and/or emitted by
the sensing/emitting units of the apparatus 100 via the radome or fairing 31.
30 Optionally, the apparatus 100 may further comprise a plurality of additional
sensing/emitting units, and referring to Figs I and 2, two additional sensing/emitting
units, 150, 170 are provided in sensing/emitting assembly 110. In this embodiment

sensing/emitting unit 150 has a ULOS along axis B', substantially co-axial with axis B



15 the apertures of the apertures of the other sensing/emitting units along the respective
sensing/emitting axes or the system LOS A. In the illustrated embodiment of Figs. 1 and 2,
sensing/emitting unit 150 comprises a radar system having antenna 152, similar to the first
sensing/emitogemibdidt: mutatis mutandis, and sensing/emitting unit 17@®compuisesiessxlectro-optic
scanner arrangement, similar to the second sensing/emitting 20 unit 160 mu/ads mutandis, the
housing 180 also comprising window 182" aligned witla axis C'. The additional sensing/emitting units
150, 170, may be provided for any number of purposes. For example, an additional radar system and

an additional elgrtrednticsseansenating gainess,payHiouidei ieddndrndyily cage elifdikeraef one or

both of the sensing/emitting units 140, .160. Alternatively, sensi ittin it,150 may.25.comprise a
SAR radar systg}?ﬁ Wﬁﬁ’leec%ﬁﬁﬁﬁ’g/ lrﬁllﬂ?ﬁ%”lﬁ?sﬁg R R aqgﬁig‘ﬁfr%g,ka%%%?;:ﬁple
sensing/emittingubsitnli6lymayndehwitisexan O pficht seamdercasivgigaitiont wpékdd dunh pthimtiigible
spectrum, while sensing/emitting unit 170 is.equi r_n!g'q IS o providi Jaser
Radar fimetion." lerr?%g%/l} ri%%%oﬁeg% %F?S%rgs%%%%gi&%%m, L %&ét&%&%]%%ggsﬁé{%a%%%ﬁaﬁ 30
additional sénsffigrasitimginiigliscuaiseisabipfisedias sadoringl raoabarénanaasDsapdarto antenna

143, mutatis mytandis. i Thsss theiwichabl Uh QRrigaiuraiprayided hxdne Appaatigs 190 enables

the effective aperture, and performance, of one or more sensing/emitting units to be - 35 - maximized

for a given enveldfE ErsEmaNishing BeeraisBahraenies dh a8 S ERRaRs doctRridessEths or
volume. In the itiystatae: aRabechmefineilniositian dnks WhgteitheaRa aths AQhis«atixettte a pod 10
or the like, which in turn may be mounted o an airgraft, it is often desirgble to minimize th
cross-sectionalsﬁ?@gé‘?‘fﬂg’*’f}%&qﬁsﬂé% &[}Ieig?’dﬁ{%ﬁ%keoﬁ%é%%f ﬁ’?ggffﬁ %ﬁ"t‘,’%&r ﬁﬂﬁ‘ﬁezt?ng drag
and other agrogynanichiodesiscihelyitad DOA ppdiappasatiisghs sty the etbenidpplidations, pods
come in specific sizes including a standard cross-section, and it.may be desired,to fitthe
apparatus 100 %fsin?sjstﬁﬁah{c%]r}gesﬂ% & Standard | %3 .lf%ngthaé{rl%ﬁspl%ﬁgnsﬁs%i% v%%)ht, ogistic or
economic considérttion semaytivtdteanndsthFlrh70; partiouémipaclSrisingienzparanits, Mdbich in turn
defines a maxi I rossSecuonal & ' G emyelRGI ¥k iiergsembly is to
be accommodartityg’r.1 f‘lgf?#smtﬁﬁé% f%ﬁeﬁrg%%diment%dﬁ%lsgﬁfag?d%rﬁ aégr%ﬁe to be provided for the first
sensing/emittinf¢SRIBUEIRAE theotrmatese el bR PEHanniaa dBeHIJ65Re harsssrywith
sensing/emjtting,4nji-hahsaF mparicHial RAckRizZe i amBtep) wheRe ctileniise; oriieiferent pods

would need to be employed, each with a different sensin&%ebrlngtin nit, to provide_the same. aperture

for each of the SEEIRGRIMREAF IS DI BvEn LD ED SRS FrdRFefBhs may
also apply to thg, esabiaghmeing| usttatidsniptsd, dnadatis, mataadiag lamanap B ticsiailapplidation of the

first embodime tr, the e[iggggeatgj loougriltayl% 2}19”52 Iun"g’?qat}g)d%n %ﬁéiaé o%égnq%%an%g lﬁ? hgving
an external diafetePBFAIS60T Yém " aid Conflguredw for“t:)elng'mountegil O standar mounan points of
an aircraft. comprises an electro-optic scanner arrangement, similar to the second sensing/emitting
20 unit 168 mutatis mutandis, the housing 18¢ also comprising window 182' aligned with
axis C'. The additional sensing/emitting units 150, 170, may be provided for any
number of purposes. For example, an additional radar system and an additional electro-
optic scanner arrangement may provide redundancy in case of failure of one or both of
the sensing/emitting units 140, 160. Alternatively, sensing/emitting unit 150 may
25 comprise a SAR radar system, while sensing/emitting unit 140 comprises a radar
jammer, and for example sensing/emitting unit 160 may coﬁprise an optical scanner
arrangement operating in the visible spectrum, while sensing/emitting unit 170 is
equipped for night vision and/or for providing a laser Radar function.
In the variation of the first embodiment, illustrated in Figs. 6 and 7, the
30 additional sensing/emitting unit 150 also comprises a conformal radar antenna 143,
similar to antenna 143, mutatis mutandis.

Thus, the switchable ULOS feature provided by the apparatus 100 enables the

effective aperture, and performance, of one or more sensing/emitting units to be



According to one aspect of the invention, the LOS A of the apparatus (mounted onto a moving aircraft,
for example) may be selectively chosen directed in a general direction of a suspected or known target,
for example, and the apparatus 100 may be 25 used for surveillance of the target, including for
example onexary maresofodetecting, imaging, recognizing, identifying, homimgras saekingsthe target. The
direction of the LOS A may be initially calculated or otherwise estimated or guessed, given the general
coordinates of the target according to a global systemxaf coordinates, and the position and velocity and
acceleration vectors of the apparatus 100 (i.e., of the carrier aircraft) 30 with respect to the same

global coordingigsyste. fhhe apRa alkebpl Mmayibeapeiatively cannesiegiaa suiable nertial
Navigation System for providing, in real time, navigation and orjentation data of the apparatus with
roopect 0 the GBS SR O VLT SPGBk DA B0 Bhnprising a
- 36 - directionah¢agipsiratisie0d, isdifstedsed foxisdnsinbddikitiinlithetangetday Heteotingdhe same, and
axis B is aligned alopa 4 S . By maximizing e, 5250 the. anieagad 42 hg foysing 160, the
range of the rad&F anit can Be Thaximized for a given apparatus size, prowaing accurate position and
range data for gradaigbtdcie ddsirvdl Dfdhgeirmadll Weeatheindongitises addphenrghedimassample. In
some applicatign, s, 4108 MARSIRTSAMRLe REUNBR 3O ARGADALL By say abou
|

80lcm nominal, while In other applications, the range may be for example between about 101an and

about 601cm, sagcifivsizenisriudbiaihseriardcenestyorten thed Hanpypadlesied fogaireB the like, the
radar scans mayprauide am ptigatilesisplasel thedaiastizene 19 aipagheikiassd), pagh such

displays are often difficult to interpret by a pilot, in particular,to enable visual identification of the target,
or discriminatioNBEtERESHS MBS POBITSt SRt R CRAN SIS 4B I8P ABRRSF PATHSI i 4he target
zone, though seinetisnampiaraet taaok nifiamisdefssiblembhinu@Sydluwith dhesensinglemittiog unit 140

aligned therewith, may be kept homed in o articular target, for example b 15 aut ted
closed loop pro‘&d(%%'\/\;ﬁ r%ﬁjﬁeTﬂ%ep%irﬂr}ﬂ‘éqrﬁé%ﬁsasﬁ%@#ﬁg?stb Controlle ja/ter:réi('eaalﬁ%gsb c%%?%gler such
as to compensatebfatitikapesitits anrdiditectperoiomotibn pfotidedirtrath¢ahostvessthe'appiznatus 100),
as well as for chiapagadn gROHARANY HectanatdnsRioslinel wheremRpragrate.aay thus
continuously maintain the sensing/emittihg unit 140 continuously pointing in the desired LOS A. 20In at

least one modeefsujzéraitingwindnl e i feendamprdisize tiiaregtss)1 oders witsimEpaFcular range

limit associpfediith- e SRCRRAIFRSINGY/ SEIRG WL 188, hesswviehingiapRaraiusitadaligns the axis
C of the second sensinéj%/emitting unit 160 along the LOS A, so that the target may now be sighted with

the electro-optikalRIREeSbE FARG ARFTREA TR nc2tRt Nl SEREBE THIERS LOHSIRG/ SRR units, the

controller overlapping apertures. Similar considerations may also apply to the embodiment
illustrated in Fig. 4, mutatis mutandis.

In one particular application of the first embodiment, the apparatus 100 may be

20 mounted to an aerial pod 10 of standard size, having an external diameter of about
40cm, and configured for being mounted to standard mounting points of an aircraft.

According to one aspect of the invention, the LOS A of the apparatus (mounted

onto a moving aircraft, for example} may be selectively chosen directed in a general

direction of a suspected or known target, for example, and the apparatus 100 may be

25 used for surveillance of the target, including for example one or more of detecting,

imaging, recognizing, identifying, homing or tracking the target. The direction of the

LOS A may be initially calculated or otherwise estimated or guessed, given the general

coordinates of the target according to a global system of coordinates, and the positien

and velocity and acceleration vectors of the apparatus 100 (i.e., of the carrier é’u‘craﬁ)

30 with respect to the - same globai- coordinate system. The apparatus 19¢ may be

operatively connected to a suitable Inertial Navigation System for providing, in real

time, navigation and orientation data of the apparatus with respect to the global

coordinate system, for example. The first sensing/emitting unit 140, comprising a



25 may optionally estimate the change in the direction of the desired LOS A, taking into account the
position and velocity and acceleration vectors of the aircraft (and thus apparatus 100), as well as of the
target itself, based on the target's trajectory in a previous time span of say, less than 1 second for
example, sowmt@s/theigecond sensing/emitting unit 160 is aligned alongribe&yseAsdhe LOS A (an
thus the axis C) is 30 homed onto the estimated location of the target. In other applications, for
example where the aircraft is not fast moving and/or tge target is stationary and/or the transition time
for the switching operation is relatively small, it may not be necessary or desired to estimate the

position of the §RSBAULNGLrARKHO s N6t insée adthenseenneiitnd/ theensnglenditiegnmihd 60 is
simply aligned with the current position, of the A. The secand sensing/emitting unit 160 provides
fferont inforREn FB04RA b IhENBTLE ST e S (5 GBI o LM B 3l steps
may optionally bitiakdr, fonexanpls thrgeting, dfatkingdandiso om BAltensatively, kireaappanatus 100
may be used tq first searching for.and detecting a.target, and a seargh and,detection. protaocol may be
programmed f6F ae"rr%skllﬁgs Igeb ricu glrgtg?ée acifr as\f\ﬂfﬁl %ﬁ%dflrfals[}ggeglgst?ng%%ﬁt}ﬁrggﬁn%ﬁﬁo{%%ﬁasnsing a
radar systerh, aowgmdingiovesahstitabibtionsarcaant eebaclivrepromicolin some application, this

range may be for example between about 60km and about 100km, say about 80km
nominal, while in other applications, the range may be for example beiween about 10km
and about 60km, say about 30km nominal. Particularly when the radar system is an
SAR or the like, the radar scans may provide an optical-like display of the target zone
10 along the LOS A, though such displays are often difficult to interpret by a pilot, in
particular to enable visual identification of the target, or discrimination between various
potential targets (including possible "friendly" targets) in the target zone, though
sometimes target recognition is possible. The LOS A, with the sensing/emitting unit 140
aligned therewith, may be kept homed in on a particular target, for example by an
15 automated closed loop procedure wherein the pointing mechanism 300 is controlled by
means of controller such as to compensate for the position and direction of motion of
the aircraft (and thus the apparatus 100}, as well as for changes in the position and
direction of the target itself where appropriate, and thus continuously maintain the
sensing/emitting unit 140 continuously pointing in the desired LOS A.
20 In at least one mode of operation, when the aircraft (and thus the apparatus 100)
is within a particular range limit associated with the second sensing/emitting unit 160,
the switching apparatus 120 aligns the axis C of the second sensing/emitting unit 160
along the LOS A, so that the target may now be sighted with the electro-optical devices.
During the transition switching between the two sensing/emitting units, the controller
25 may optionally estimate the change in the direction of the desired LOS A, taking into
account the position and velocity and acceleration vectors of the aircraft (and thus
apparatus 160), as well as of the target itself, based on the target's trajectory in a
previous time span of say, less than 1 second for example, so that as the second
sensing/emitting unit 160 is aligned along the LOS A, the LOS A (an thus the axis C) is
30 homed onto the estimated location of the target. In other applications, for example
where the aircraft is not fast moving and/or the target is stationary and/or the transition
time for the switching operation is relatively small, it may not be necessary or desired to

estimate the position of the LOS A during transition, and instead the second



In some variations of the first embodiment, the apparatus 100 does not comprise 10 pointing
mechanism 300, which may thus be omitted, and the apparatus may be statically mounted to a vehicle
or static structure via base member 200, with the system LOS A pointing in a fixed desired direction
with respectw®thigo/ghigie or structure, and in operation one or another oP{IBX8s/BH€S3Is selectively
aligned with the LOS A so as to point the ULOS of the respective sensing/emitting unit along the LOS
A 15 continuously, until it is desired to switch sensingfemitting units, whereupon the other
sensing/emitting unit is aligned to have its respective ULOS point along the LOS A. For example, the
system may bedhatstegiitng shatibeotiviciutysalighébatihaisystermt SSivisoiaietingSnthEhdirection

where an airborne t rg%tf f%;é(ﬁ?tﬁtﬁeéj égiggg&e.égg}?gea;@%%%ﬁd%nﬁ%o%n% é/%g%%o&% tpa?%gtof in which

the first 20 sensifi fis or sensing electromagnetic’energy in
radar wavelengthsyiapdhihexset ontlesdnsifigs mitthag addittibéel corpprisg sptoetdistiwdplicrsérrsor, for

sensing electromagnetic energy. i | hwag lengths, the criteria for switching between aligning one
and the other ggr%?élgf:/%aﬁ%%tfﬁg ﬁ%%ﬁ%%]es 1385 Alis often the range to a particular target of interest,
so that the dpparatus’sisimetibslo the apsasevs A8Gbmasihe aserdtin§ahiearsdugghien ahé HikiRte to a

target is within 2 gagticulas thresheld that ie:compaitie with.enabling-sotargatdoBe eradpized and

identified visually thereby. In other variations of this embodiment, the switching criteria may be

different. For eREHHMET {BRSEATRR Kb Sratirs Compeianitine doifsiAg ammipe fitedaat s ®oth 30

electro-optical geRsine:Yn kay Rufwihdiffer and Reaiiepsotscields of view, the apparatus may switch
between one unit proyiding a wide angl

view of a scene under surveillance, to angther unit providing

a narrower field of view B HE%E %ﬁﬁb%‘iﬁg?fﬁﬁlg\?ﬁﬂ&%&kﬁ%é nggeomprise

10 pointing mechanism 300, which may thus be omitted, and the apparatus may be

statically mounted to a vehicle or static structure via base member 200, with the system

LOS A pointing in a fixed desired direction with respect to the vehicle or structure, and

in operation one or another of the axes B, C is selectively aligned with the LOS A so as

to point the ULOS of the respective sensing/emitting unit along the LOS A

15 continuously, until it is desired to switch sensing/emitting units, whereupon the other

sensing/emitting unit is aligned to have its respective ULOS point along the LOS A, For

example, the system may be mounted to a static structure such that the system LOS A is

pointing in the direction where an airborne threat is expected to come.

In the first embodiment, and wvariations thereof in which the first

20 sensing/emitting unit 140 comprises a radar system for sensing electromagnetic energy

in radar wavelengths, and the second sensing/emitting unit 160 comprises an electro-

optic sensor, for sensing electromagnetic energy in optical wavelengths, the criteria for

switching between aligning one and the other sensing/emitting unit with the LOS A is

often the range to a particular target of interest, so that the apparatus switches to the

25 second sensing/emitting unit 160 when the distance to a target is within a particular

threshold that is compatible with enabling a target to be recognized and identified
visually thereby. '

In other variations of this embodiment, the switching criteria may be different.

For example, where the apparatus comprises two sensing/emitiing units that are both

30 electro-optical sensing units, but with different resolutions or fields of view, the

apparatus may switch between one unit providing a wide angle view of a scene under

surveillance, to another unit providing a narrower field of view but with greater



resolution or magnification when it is desired to investigate a particular area of the scene. In at
least some variations of this embodiment, one or more said sensing/emitting units may be configured
for locally varying the direction of the 5 respective ULOS, for example by means of internal gimbals
including rotsiti® aetodrivee, to provide one or two degrees of freedom for tr€ Dicaehtesective
sensing/emitting unit, at least when the respective /emitting unit is in its operative state. In such cases,
the movement envelope of the individual sensing/eagging unit may be restricted by the apparatus
aperture, for example as provided by a window of the like in the housing. 10 Thus, each
sensing/emittingdanitisaypradais aniexpdnsen locisfiel of veywiiydnile: ipattdcoperatidedstate.
According to a another aspect of the invention, the apparatus 100 may be operated for simultaneously
sensing/emittinsé:%’I%ng two or more different lines of sight, each of which is defined along a
sensing/emitting axis lof aatoleespooding dbistmsingkenitingubidFomexampleorefening $odrigs. 8 and
9, the embodiment of Fi .he or | imult |Qn Ay, N r and/or
combination ofs'gﬁ%lgé%%%% %r%g Il%lﬁ tgb %468%1%8%3%1%&%%%;%? cz)%fH gyg?gen%%ewgight.

For examplé, ineRhge@vesBhidigfentnamplettsmerms pbintewmeh siomprshedpdinadatatipnalshbisieite along
diametrcally oppgsgdings.of siay A2 <teseegivaly Alaninadp.Rgleissnestivg bLAGET axes B,

B to point along A3, A2, respectively, providing detection and optionally recognition data along the two
directions A3, Aditydt {ResSEReE tha&cPeHETRJraHt iR ghiE ¥50S eBFBNG A AN B RERG8PHEH scanning

arrangement, Gapverdeallepstif entificationdaieniardrrgriBoalonading B sightoldd whigkeis different
from the LOS's A2 and A3, by ali ning?gggif?c to ojnttf on%< LO% Al. Zg Sm%chlnggfrggfhanism 120 can
be operated to SEERIRFRP ot e e 1y PR SBO I i By 85 Bratth Tt mbination
of sensing/emiffing,waith sdosigdleeniesy edil @ AroditleAB, expanlelekicetifidgidud, devillwgtilated in Fig. 9,
sensing/emittinigsunits t:|.60 70 are now aligned with their axes C, C' along LOS A2, A3, respectively,

1
while sensing/emﬂ?fﬁréjt hvr%téTﬁeO_is now aligned with its axis B pointing in direction of 30 LOS Al, while

sensing/emitting unitsAt&arésngotaligractiznrsparty dndofitvensipste the @Hasdiun21p Agay beln
variations of this,6mbeGimant, e AlsMLEsFHR SERRINHUSDIRIRLY H&ﬁ%ﬁﬁf&é&hﬂn@%}‘@éﬁ?

configured for locally varying the direction of each respective ULOS, - 39 - for example by means of
internal gimbal&3#t| Wingtistatisn Adingds Aensr odide BHREGNTIE e Grats Uf fRes8BRITBRIINE or each

respective sengingiemitingnenihilFev eRease SilRRimoMemensenelonr ehbsiipdiidoalg. ¢
sensing/emitting unit may. be restricted by the apparatus aperture, for exam{gle as provided Py a
window of the m@/ihetwéeﬁgagﬁ{&bhng simiultaneous operation of any number and/or combination o '

the sensing/emitting units 144, 150, 160 along a plurality of system lines of sight.
For example, in Fig. 8, sensing/emitting units 140, 150, each comprising a radar
unit, operate along diametrically opposed lines of sight A3, A2, respectively, aligning

20 their respective ULOS or axes B, B' to point along A3, A2, respectively, providing
detection and optionally recognition data along the two directions A3, A2. At the séme
time, sensing/emitting unit 160, comprising an electro-optical scanning arrangement,
can provide at least identification data for targets, along line of sight Al, which is
different from the LOS's A2 and A3, by aligning axis C to point along LOS Al.

25 Switching mechanism 120 can be operated to selectively rotate the assembly 116
about axis D, so as to align a different combination of sensing/emitting units along the
desired LOS A, AZ, A3, when desired. Thus, as illustrated in Fig. 9, sensing/emitting
units 169, 170 are now aligned with their axes C, C' along LOS A2, A3, respectively,
while sensing/emitting unit 140 is now aligned with its axis B pointing in direction of

30 LOS Al, while sensing/emitting units 150 is not aligned along any one of the system
LOS A}, A2 or A3,

In variations of this embodiment, one or more said sensing/emitting units 140,

150, 160 may be configured for locally varying the direction of each respective ULOS,



5 Thus, each sensing/emitting unit 140, 150, 160 may provide an expanded local field of view.

Thus, according to this aspect of the invention, it is also possible to operate the apparatus 100 to
selectively switch between sensing/emitting units, for each of a plurality of LOS, though in a
mechanicallyWéb2#nner. 10Whilst some particular embodiments haR€Tgéastessribed and
illustrated with reference to some particular drawings, the artisan will appreciate that many variations
are possible which do not depart from the general scipe of the invention, mutatis mutandis. 40-
CLAIMS: 1. Apparatus for at least one of sensing and emitting energy along a desired apparatus line
of sight (LOS) \ithexespéebyonthanappanstns] gonbplisinduding amtssandbesotataiolyidnemated on a
base with TeSp?%%thgr%"o Mg&rb%Qﬁ%%%%'¥e88£?€0§%%s%¥%fed%%%¥¥§ SEPSINg/emiing units,
each sensing/emitting unit configured for at least one of sensing and emitting energy along a
respective senghegnensmen enticlins of gighndividom seasion/sevising lenimay henesvasih anisperative
state, wherein the respective HL@S ixReinted alengitie,grPaatiz L @SNt Ispslons.ghsensing and

emitting energy along the LOS, and a corresponding inoperative state, where the respective ULOS is
pointed alongy al B &ash Wéﬁ%g%ﬁélbg%rﬁgs]ﬁ@g’:@ progds e gk insaldisiforrotatably
switching betweggRsthe sensing/emitting units with respect to the switching axis to selectively bring a
desired sensing/emittjng unit ex Iusivelréiinto its respective gperative state wl'éi{g concurre tlg/ bringing
a remainder of the sehSHigASAEMS (il e&BET°h TEBEERUR M SO RIS RIAIR OPeratg 8% ssembly
being configuregjarhring®acomivaiaiedswitbin bepredefinadmefeltpe having farmaximofmawidth
dimension Iocat%g_ a%ng{;ilblsc c>)<1ilal]v%/it£_1 sg&% g,n\/%/cig 'g aig%,]m egvherein the at least two
sensing/emittin% Units are"con iguréd fof g‘elng enclosedrwithin the envelope in a compact
arrangemein® whereinWelst spoetiveatisu@Seareod mammiretaes dwch geintibedidfel éhhesdirewstiorithone from
another, and .. Whereinsgtleastans:Me-saRsndeiting WAl SomRIse A RRREIM B tions

sensing/emitting unit aperture having an aperture width in a direction paralle| to said switching axis,
said aperture WAgtPEBIRl CShlGuAsdn st ioptinhgl sprsrati SRR FbscbrvEntse. fasititm width
dimension whep thgdgspective sensing/emitting unit is in its operative state while substantially
avoiding interference with operation of each one of a remainder of the sensing/emitting units when the
latter is in its respective operative state. 2. The apparatus according to claim 1, wherein the
sensing/emitting units are mechanically coupled and accommodated within a housing, the housing
defining the envelope.



3. The apparatus according to claim 1, wherein the apparatus defines an apparatus aperture
substantially normal to the LOS, the apparatus aperture having a width dimension and a length
dimension, wherein at least one of the width dimension and the length dimension is not greater than
the maximum width dimension. 41 4. The apparatus according to claim 3, wherein at least one the
sensing/emitting unit comprises the respective sepging/emitting unit aperture for one of sensing and
transmitting energy therethrough, wherein operation of the or each the sensing/emitting unit is a
functioncpAfae: respective aperture of the sensing/emitting unit, and wherein the respective aperture
has a value optimized with respect to_a value of the a%)aratus Rertlﬁlre,. . The ap aratys tccording
to claima, whéRAFTHE CEALIRRERREG THHIE AP A0 o aaAan G 8 S BRISTEN tRERWAN that is a
proportipoihie rereespahdipgdinesrcsalpesagsociated with the apparatus aperture, wherein the
proportion is a_range wijthin_or,is a comhination_of ran lect isting of 0.5 to
0.6; 0.6 to 0.7;68.67%80mg}§;r c(’)?gatboﬁ .3?6?99%9]%.0?5%\.'\[%1% %%g%é%ﬁ%%ﬁé%&%%gggfw wherein each
sensingtermitiiig ahiasbimpreeis/ respbetind s epdinefensitemiting v ebertiiey st fohrt BPEensiA and
transmitting eneroatherethorahs whewininthe Apgrativeisiate the respecliveynitaperture is

exclusively comprised within the apparatus aperture. 7. The apparatus according to claim 1, wherein
the enef§yFI8sErattHBRTYHRIC &R 8 VT R apHEIA & & CERMG i ChiRCL G erBR each
sensingepaititng Lanitdsac aatigires for onesatingialongntheylaOf: eontivs ausly catendhdnespective

ULOS is allgne.d to poin alogquthe LO_Se. &.O'I;r?e %P‘Ea‘r{ﬁfus accoggmagd'gg clai 1rh¥merelnﬁ;[pe at least

inoperative state, where respect S e ng a dgit, erent 1r, .appe . .
two sensi gfem-l?tlng units comprise a‘flrst sens‘fng e ?I unit and a secondosensm%ﬁeml flng unit,

whereintfte first sensing/emitting unit is operable for at least detecting a target at a distance between

the target and {he, ARRATALRAIERIE ata/ Uk diFianae.andwheteln (e sReaNd SRRSIRALeMItting

unit is operable for at least identifying the target at a distance 'between the target and the apparatus at
or less tedRaREiataRstEivce ealvRengA fRered et &/ RYTHRBERIHEN TG EYRDADIR STicsR st Y8ast one

electro-gptical devicay il I e ARRaIHHS AGCANdINgIte SlaimdhswhrreiitRaditstsansing/emitting unit
comprises at least one radar sg/stem configured for at least enabling detecting a target along its
respectifeRSES AP T M6 Kpparatus according to claim 10, wherein the envelope comprises a
generally sphetieakuolbimesithhedirts sensingésmitting moicamptides e ditsieorfordmkriadagantenna
substanfigliy.saringmal i, Hiskpedien g, andmeginay PRINR! syface defining the envelope. 12
The apparatus according to claim 11,"wherein the second sensing/emifting unit comprises at least one
configuration seheetidtiecriae yrosgreegissinsonanabInegfisrosddmdanagedorsdritistbne of the

visible, infaisediradoniavigieheleEiomagshritseactnunightvisianz anakiing piavidingerissed laser
designator for targeting; and enabling any suitable form of thermal imaging, and
directions one from another, and
wherein at least one the sensing/emitting unit comprises a respective sensing/emitting unit
"aperture having an aperture width in a direction parallei to said switching axis, said aperture width being
configured to provide optimal operation with respect to the maximum width dimension when the
respective sensing/emitting unit is in its operative state while substantially avoiding interference with

operation of each one of a remainder of the sensing/emitting units when the latter is in its respective

operative state.

2. The apparatus according to claim 1, wherein the sensing/emitting units are mechanically

coupled and accommodated within a housing, the housing defining the envelope.

3. The apparatus accerding to claim 1, wherein the apparatus defines an apparatus aperture
substantially normal to the LOS, the apparatus aperture having a width dimension and a length
dimension, wherein at least one of the width dimension and the length dimension is not greater than

the maximum width dimension.



wherein the first sensing/emitting unit comprises a first the radar system having a first ULOS and the
second sensing/emitting unit comprising the electro-optical system having a second ULOS, and
wherein the first and second ULOS are angularly displaced one from the other with respect to the
switching axis. 13. The apparatus according to claim 12, further comprising a second the radar
system having a third ULOS in a direction substagtally opposed to the first ULOS. 14. The apparatus
according to claim 1, further comprising a suitable pointing mechanism, configured for enabling
selectively defining the LOS in a desired direction at least within a field of regard (FOR), enabling a
sensingfemittirfi@aativdiatineritsdios pedaive 3NV GBSy iedt withiss oS pidisklatibealypsinted in the
desired glirection therewithe 18 e ARRAING AR OSBRI, Gl Mahén Mg ISR D enRRIMINgHMechanism

comprises a pan and tilt mechanism. 16. The apparatus according to claim 1, wherein each
sensingIFBThEPETHES EoRAGUFREN fOF BROYMSIRTUAME LusEAABEH A HitiExerTe estivétilance,
viewingfecatinge sishiindricirglionrdaeagritontidentificadion draaking:itatgeing,sapekings homing,
tracking and irpaging of a target. 17. The apparatus according to claim 1, wherein the apparatus is
configur@ fo? PSP ARIEEHR PR et by means of one sensing/emitting unit, and further configured for
at least one of recognizing and identifying the target by means of another sensing/emitting unit. 43
16. The appargiys, aecording io, (AT i WIRIEIN Qe SORRIRMITIA DL ERTRISSS dradar system
configured for al 165t etecting the target, and the other sensing/emitting unit comprises an
electro-sptieabseinstdgharivftr thribastroprriifretdgriiegrandina mm ity erieseattiet vl ¥Wherein the
apparatys s further cqufignurs o deissmining theynef trigstaataciash ok fardetecting the presence

of a target, and comprises a sensing/emitting unit configured for detecting and interpreting ESM,
COMIN TP BeRueigiisisianmiteath-fd tdrfet CLotohd ppamktud Hecbhding to claim 1, wherein the
apparatus is configured for surveillance and one sensing/emitting unit comprises an electro-optical unit
having a wide %p‘%le field of viewy, apd another sensin (temitti%? unti% comtrises an elegro-?\gtical
sensingfemitting tt ﬁrgalfﬁaccéoﬁénﬁo?/v%?' el "ofview wi eﬁ?@ 3P1r'eg‘5lﬁ?iorc1?"§’5.‘c’€§yasrteﬁ$ orat least
one of sensingfandiemitiingenesdy alony sedesed inesofisight (E©Sheosthpriging theeappteatus as
defined DGR §ANAINELGOMRTRIALA SOBtigleL QL ARpUAI e ARRIAON AL Ig.apparatus. 21
The systgm according to claim 20, configured for aligning a first sensing/emitting unit to point its
respective ULOS along the LOS when a distance between a desired target and the system along the
LOS is greater-than, g.fusk distanee cangdwiersinethensysiany isdurthsar saefigureg,for automatically
switching to aligning the respective ULOS of a second sensing/emitting unit with the LOS when the
distance is not greater than the first distance. 22. The system according to claim 20, further
comprisig a pokkeppiigtirestiotbeinglaitachaileioathaimyabieteinmberein abdéasttferapparatus is

Conflgurggeﬁg{irpgeéggght%gfgg c!tl;]nmq?xﬁgf\j/'when the respective ULOS is aligned o peint along the LOS.

a, The apparatus according to claim 1, wherein the at least two sensing/emitting units comprise a
first sensing/emitting unit and a second sensing/emitting unit, wherein the first sensing/emitting unit is
operable for at least detecting & target at a distance between the target and the apparatus greater than
a first distance, and wherein the second sensingfemitting unit is operable for at least identifying the

target at 2 distance between the target and the apparatus at or less than the first distance and whesein

the second sensing/emitting unit comprises at ieast one electre-optical device.

10. The apparatus according to claim 9, wherein the first sensing/emitting unit comprises at least

one radar system configured for at least enabling detecting a target along its respective ULCS. -



23. Apparatus for at least one of sensing and emitting energy along a desired discrete apparatus line
of sight (LOS) with respect to the apparatus, comprising at least two sensing/emitting units, each
sensing/emitting unit adapted for at least one of sensing and emitting energy along a respective unit
line of sight (ULOS), the sensing/emitting units being mechanically coupled; each
sensing/emitting unit having an operative state, WQ rein the respective ULOS is pointed continuously
along the LOS for at least one of sensing and emlttlng energy, and a corresponding 44 inoperative
state, where the respective unit operating axis is pointed along a direction different from the LOS;

a switching metiraayisarefor mdtdh’m‘g} betwaewtieeimits toeddectivelyibringzandedirechemitlexclusively
Into its respeclive aperative. stal ‘%W ne;t%%ﬁl %Gthé Upging 4 Fecmaéﬂt%% gﬁ‘s%an%‘i? each to a
respective non-operative State. ppara Yor at least one of sensing an emlttlng energy along a
desired epierraniyiine BFsighicfl ©S) wnﬁmpemrteatﬁefaﬁﬂaéer@we teo ARSI at least two
sensing/emitting units, each configured for at least one of sensing and emitting energy along a
respective senS|ng/em|tt|ng unit line of sight (ULOS); each sensing/emitting unit having an
operativéZstate! WREPEIATHEFAEHRE IR BT SNBSS F HIOR SRR IR IS At e S Fsensing and
emitting |enRekgy, caﬂﬁigarﬁwmeéeemdlﬁgﬁﬁﬁ@gr@lw@ﬁatagwmfmhed@spﬂgmé&h@& i&a@@dﬂﬂEGd along a
direction 9 Here fro th% LO | YVItChI agamechanlsm for swﬂchmg between th

sensmgPe THing lfmf‘s LA 3‘?'?)?31 °5GEGrRR gé%%ﬁﬁﬁ?em'ﬁ{‘ H‘ﬁsd)nrt QHW&%W%%WS respective
operatlvematesw‘mierljorrtgrg@ragrenwnMnmrtlnw%bésﬁmgienﬁrthmg«alnﬂemhr@ a respective
non-operative Siatesand & oo %’E}@n H‘ﬁ.?ﬁ’.ﬂ%%&%s Ofnrfé%!‘re%JQJ s§§Je g%@?%%ﬁ_ 53 flirection

of the LOS during operation of the apparatus with respect to at least two egrees

|ndepenﬁtﬁfﬁy‘ﬂdﬂm@hg&@%ﬁsh@fﬁfﬂmﬁﬁse&émﬁw@p@l@ﬂv@mé SepGNNH9arands for at least
one of sensing,and.&Miing:eReY.AlonGa fesiremtapaapais ine s ightdhQwihespect to said
apparatus, comprising: an assembly rotatably mounted on a base with respect to a switching axis,
said ass%ﬁﬂf%%?ﬁﬁﬁ@mg at least two sensing/emitting units, each said sensing/emitting unit adapted
for at least one of sensing and emitting energy along a respective sensing/emitting unit line of sight
(ULOS), (?ach srﬁld seglrgltﬂ /ecrm{i 'lﬁgé" |ath eratlls\t/;e gtsaetce0 &erealnay;esgee% ective unit ULOS
IS pointe along salﬁpappara us for at eas one of ng and emi tlng energy a oﬁg said LOS,
and a cagspobdimg dnepmtulsm@@ym@mdhetms"pwh@unit ULOS is pointed along a direction

different from said apparatus LOS;

14. The apparatus according to claim 1, further comprising a.suitable pointing mechanism,
configured for enabling selectively defining the LOS in a desired direction at least within a field of regard
{FOR), enabling a sensing/emitting unit having its respective ULOS aligned with the LOS to be selectively

pointed in the desired direction therewith.

15, The apparatus according to claim 14, wherein the pointing mechanism comprises a pan and tilt
mechanism.
16. The apparatus according to claim 1, wherein each sensing/emitting unit is configured for

providing data associated with at least one of surveillance, viewing, locating, sighting, detection,

recognition, identification, tracking, targeting, marking, homing, tracking and imaging of a target.

17. The apparatus according to claim 1, wherein the apparatus is conﬁngred for first detecting a
target by means of one sensing/emitting unit, and further configured for at least one of recognizing and

identifying the target by means of another sensing/emitting unit.



a switching mechanism for rotatably switching between said sensing/emitting units with respect to said
switching axis to selectively bring a desired said sensing/emitting unit exclusively into its 45 respective
operative state while concurrently bringing a remainder of said sensing/emitting units each to a
respective non-operative state, wherein at least one said sensing/emitting unit comprises a
respective sensing/emitting unit aperture having afyaperture width in a direction parallel to said
switching axis, and wherein another at least one other said sensing/emitting unit comprises a

respectlve ULOS defined on a plane that intersects said aperture width.
18. The apparatus according to claim 17, wherein one sensing/emitting unit compnses a radar

system configured for at least detecting the target, and the other sensing/emitting unit comprises an
electro-optical sensing unit for at ieast one of recognizing and identifying the target, and wherein the
apparatus is further configured for determining the type of target detected or for detecting the

presence of a target, _and comprises a sensing/emitting unit configured for detecting and interpreting

ESM, COMINT or ELINT signals emitted by the target.

19, The apparatus according to claim 1, wherein the apparatus is configured for surveillance and
one sensing/emitting unit comprises an electro-optical unit having a wide angie field of view, and
another sensing/emitting unit comprises an electro-optical sensing/emitting unit having a narrower field

of view with greater resolution.

20. System for at ieast one of sensing and emitting energy along a desired line of sight (LOS)
comprising the apparatus as defined in claim 1, and further comprising a controlier for controlling

operation of the apparatus.

21. The system according to claim 20, configured for aligning a first sensing/emitting unit to point its
respective ULOS along the LOS when a distance between a desired target and the system along the LOS
is greater than a first distance, and wherein the system is further configured for automatically switching
to aligning the respective ULOS of a second sensing/emitting unit with the LOS when the distance is not

greater than the first distance.

22. The system according to claim 20, further comprising a pod configured for being attachable o

an air vehicte, wherein at least the apparatus is configured for being housed in the pod.

23, Apparatus for at least one of sensing and emitting energy along a desired discrete apparatus line
of sight {LOS) with respect to the apparatus, comprising

at ieast two sensing/emitting units, each sensing/emitting.unit adapted for at ieast one of
sensing and emitting energy along a respective unit line of sight (ULOS), the sensing/emitting units being
mechanically coupled;

each sensing/emitting unit having an operative state, wherein the respective ULOS is pointed

continuously aiong the LOS for at least one of sensing and emitting energy, and & corresponding



44

inoperative state, where the respective unit operating axis is pointed along z direction different from
the LOS;

a switching mechanism for switching between the units to selectively bring 2 desired unit
exclusively into its respective operative state while concurrently bringing a remainder of %he units each

1o & respective non-operative state.

24, Apparatus for at least one of sensing and emitting energy along a desired apparatus line of sight
{LOS) with respect to the apparatus, comprising:

at ieast two sensing/emitting units, each configured for at ieast one of sensing and emitting
energy along a respective sensing/emitting unit line of sight (ULOS);

each sensing/emitting unit having an operative state, wherein the respective UHLOS is pointed
along the LOS for at least one of sensing and emitting energy, and a corresponding inoperative state,
where the respective ULOS is pointed along a direction different from the LOS;

a switching mechanism for switching between the sensing/emitting units to selectively bring a
desired sensing/emitting unit exclusively into its respective operative state while bringing a remainder
of the sensingfemitting units each to a respective non-operative state; and

wherein the apparatus is configured for selectively changing a direction of the LOS during
operation of the apparatus with respect to at feast two degrees of freedom independently of which one

of the units is exclusively in its operative state.

25. Apparatus for at ieast one of sensing and emitiing energy along & desired apparatus line of sight
{LOS) with respect to said apparatus, comprisihg: |

an assembly rotatably mounted on a base with respect to a switching axis, said assembly
comprising at ieast two sensing/emitting units, each said sensing/emitting unit adapted for at least one
of sensing and emitting energy along a respective sensing/emitting unit iine of sight {ULOS), each said
sensing/emitting unit having an operative state, wharein the respective unit ULOS is pointed along said
apparatus LOS for at least one of sensing and emitting energy along said LOS, and a corresponding
inoperative state, where the respective unit ULGS is pointed along a direction different from said
apparatus LOS; '

a switching mechanism for rotatably switching between said sensing/emitting units with respect

to said switching axis to selectively bring a desired said sensing/emitting unit exclusively into its



45

respective operative state while concurrently bringing a remainder of said sensing/emitting units each
to a respective non-operative state,

wherein at least one said sensing/emitting unit comprises a respective sensing/emitting unit
aperture having an aperture widthin a direction parallel to said switching axis, and wherein another at
ieast one other said sensing/emitting unit comprises a respective ULOS defined on a plane tha{

intersects said aperture width.



