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st abi | i zavoam®wsé7ens and particularly to systens for proviiingompse cal
coupling between optical nodules and |ight source and/or |ight detection
nmodul es. 5 BACKGROUND OF THE | NVENTI ON Li ne of sight stabilization
systens are often used to conjugate andléptically coupl e optical systens
such as telescopes with Ilight source nodul es and/or with |ight detection
nodul es such as |lasers and imagers commonly referred to herein as |ight 10
nodul es. Line of sight stabilization systens allow variable orientations of
the line of sight of the light nodules with respect to the direction of the

princi pal optical axis pINEIOF SICHT SPABIEIZ AROKSWSTENT angenent for such
line of sight stabilization is commonly known as the Coude tel escope

arrangenment illustrated for exanple in Figs. 1A and 1B. The 15 Coude

t el escope arrangenent includes a tel escope nounted on a stabilization
assenbly to which a Iight nodule receiving or transmtting light to the
tel escope is attached. The tel escope includes a fixed internal mrror
intersecting its optical axis inclined with respect thereto. The internal
mrror operates to reflect |ight propagation along the optical axis of the
tel escope towards a light port of the tel escope |ocated alongside its 20
optical axis (e.g. an eye piece can be installed in such a light port when
the tel escope is

FIELD OF THE INVENTION

This invention relates to line of sight stabilization systems and particularly to
systems for providing optical coupling between optical modules and light source and/or

light detection modules.

BACKGROUND OF THE INVENTION

Line of sight stabilization systems are often used to conjugate and optically
couple optical systems such as telescopes with light source modules and/or with light
detection modules such as lasers and imagers commonly referred to herein as light

10 modules. Line of sight stabilization systems allow variable orientations of the line of
sight of the light modules with respect to the direction of the principal optical axis of the
light module.

One known arrangement for such line of sight stabilization is commonly known
as the Coudé telescope arrangement illustrated for example in Figs. 1A and 1B. The

15 Coudé telescope arrangement includes a telescope mounted on a stabilization assembly
to which a light module receiving or transmitting light to the telescope is attached. The
telescope includes a fixed internal mirror intersecting its optical axis inclined with
respect thereto. The internal mirror operates to reflect light propagation along the
optical axis of the telescope towards a light port of the telescope located alongside its

20 optical axis (e.g. an eye piece can be installed in such a light port when the telescope is
not mounted on the stabilization assembly). The stabilization assembly according to the

Coudé arrangement includes a set of two gimbals connected to the body of the



not nounted on the stabilization assenbly). The stabilization assenbly
according to the Coude arrangenent includes a set of two ginbals connected
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20 compensation while maintaining image orientation. By deflecting only the photons, the

inventive system avoids the need to stabilize the entire imaging sensor and optics
system. The only mass to move is that of the two imaging system mirrors. By
monitoring attitude changes via an inertial measurement system, platform positions can
be estimated for subsequent image acquisitions, and efficient mirror positioning can
25 provide optimal image orientation and stabilization. This approach requires small
motors with low torque, providing a less costly, lightweight, and small image

orientation and stabilization system.

30 GENERAL DESCRIPTION
There is a need in the art for a novel line of sight stabilization system and
method allowing small dimensions of the line of sight stabilization. Also, there is a need

in the art for a compact line of sight stabilization system that is adapted for stabilizing
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angul ar posi ti OBtabilization systems are widely used today in various applications to enable
20 orienting the LOS of light modules (such as a light source or light detector) while not
requiring reorientation of the Iight module itself with respect to the environment. In
many cases light modules are cumbersome or are mounted on a platform/ fixture while
it is desirable to allow adjustable/variable orientation of the LOS of the light module
that can be varied with respect to the platform/fixture on which the light module can be
25 fixed.

In some cases the LOS of the light module needs to be stabilized against
movements/vibrations of the platform to which the light module is mounted and in order
to compensate for such movements and to retain stable line of sight of the light module.
For example stabilizing the LOS of the light module may be used to maintain a stable

30 image on an imager of the light module; or to stabilize the orientation of a light beam
originating from a light source of the light module and emanating from the optical

module. Stabilization of the LOS can be achieved by varying the angular position



WO 2012/ 001677PCT/ 1L2011/ 000480 - 4 - between the |ight nodul e and the
optical nodule such as to conpensate for novenents of the |ight nodul e

and/ or ofwoOheizgload¢77ormto which it is nounted. Al PETAR01Yaioysor
additionally, in sone cases the LOS of the |ight nodul e needs to be varied
i ndependently of the orientation of the light nodule, e.g. the |ight nodul e
5 may be fixed to a platformwhich may'ﬁé nmoving or not wth respect to the
environnent while the LOS of the |ight nodul e/ optical system can be

di rect ed t betdieéif thedight moduletanditemeptics! m&éulaﬁécldas Perompensatgyfos meovigmentse

envi ronnent e t ti nni n ng light to/fromthe
di fferent Pfét& tgﬁgtrg?élfq]ﬁggd/g ﬁ%ﬁﬂ@% O‘évolr(f I%%'O%% The relative angul ar
position betweemitdieatiaply dralddioauilg lﬁrsdmte Resds It@ehLoscbﬂmd Uple: raodulwintaut
necessitati ng reorientation of the light npdule itself. Accordingl y it

al | ows expisbnyariadandgpepdentlyrafdhe enﬁlaatsprb%talé&gh\/mewﬂan@geﬂwlxghbmo ule

redlrect n Q
stabili zat glok%g?gf %ﬁ%a ﬁﬂ&? ﬁ%’?’& hﬁcﬂ%?ﬁh@%gﬁggi Vg?g‘%t"éi tgg}eg%vgg%?%?t
cunmber sonewailel thabEO8NbT ahe djphe ehudllefopticad sys@ui roadl berdifebedr to different

accomodati gn. For exanple, |ine of sight stab | ization s st ms i n which
the 15 ent PREMYIMISCAP SoRibism differnt ; Frefargi f (he PRYMRMEBHUITNS nBEfBHSand

the optica ng)s@,/lm j}@fg%gp ?t%%rﬁ@hé)@lfﬂkéﬁ?%g%ﬁsy&' tﬁ@leh%rérﬂﬁéﬂ%ql)‘?

sufficient e gl I's for carrying the entire optical system
Mbr eover smxitrolllnr@ theef rcﬂatght argguddyi posttaini betwsys ttbermpaical mbdae| ande thef liglitg ht

stabili zatl 0 e whi ch.on e du unt n.the
ol a5 ooy Sl ettt et Eu Lo e el oo sty e
orientati 05111&% éxﬁb@mh%'ﬂfé d}ftlcﬁ' H6dul@RPbrobd& vieie Bngl AGEALEH rBdikettihp . Vol une
requi red for accommodati on of such line of S|ght stabilization systens

shoul d be | ar geOsaelige dedicknrigoof snawn dne of sighestehilizationsystemalis thatsush (or
?L t 2: i Ioﬁazt stt ng 20 S}'fp?l;allltyggr%g Iarei\d/lorn o hl?ergo %5 d %l%?tg)l a? tggl{:te/v%i nllee %S %%ul}/\e%

S uSe Or SsucC I'za n Sys

control li nQthtHﬁr h@inﬁﬁod&ﬁbhﬁl’édr X@iple Sindofl &Tgﬁdst@ﬂiihﬁzifﬁim sy@ﬂeﬁisflﬂrvmickﬁﬂiéh as
25 hel met/ head-set and small aerial platforns. Mreagver, anot her deficiency

of manylof cHiHE RPssh $YsE ofe-gsi Bsludinteatthe i Dehti srodyledmeger jaadt ther a@iFali zi ng
h bi h
such stabi {ﬂoﬁ?l V\h&@%c%?é fgrﬁio&ﬁfc} éﬂ* Cg\é%lg@egﬁtﬁ%ﬁ{fhﬁ%ﬁ&'sﬁ c‘?efntl?rgﬁrég it fa the

i ght nodu ptica e stabili1zat
of t en eff ecdpable fortatying tHehentios otivahsystem.d¥losolérgiuth heaiot Wghhstalmhp:&mh to

its direction of 30 pro tlon $|t asses t hrough esi gnat ed tical
path-at ¢ he SR 95 POy cHHO ILaR AT Tghy n TCE Op D ORGSR T g
modul e i nchjadp@dash 'tﬁ@%ﬁﬁbdl?%’éh@rall%’ aflgt 11 Rdis t%iﬁb&igﬁalﬁﬁﬁﬁg‘ 6@ty dnde

inager my al so cause rotation of he |nage about an axi s
20 orientation of the line of sight about two axes. Accordingly the volume required for

accommodation of such line of sight stabilization systems should be large enough to

allow rotation of the entire optical system (or of at least the optical module in the latter

case) about at least two rotation axes. This restricts use of such stabilization systems for

controlling the LOS of optical devices mounted on small platforms such as
25 helmet/head-set and small aerial platforms. ‘

Moreover, another deficiency of many of the known line of sight stabilization
systems is that utilizing such stabilization systems for varying the orientation of the
LOS of the light module (which is optically coupled to the stabilization system), often
effects a twist in the orientation of a light beam with respect to its direction of

30 propagation as it passes through a designated optical path at the stabilization system.
Accordingly, in certain cases the light module includes an imager module; variation of
the LOS captured by the imager may also cause rotation of the image about an axis

perpendicular to the imaging screen/sensor of the imager (on/by which the image is
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therefore poation about an axis perpendicular thereto (e.g. mounted on an internal
gimbal/rotation-axis located within the optical module); and the single external axis
gimbal interconnects the optical system and the light module and allows relative
rotation between them about an axis perpendicular to both the optical axis of the optical
20 system and also perpendicular to the rotation axis of the internal mirror.

The configuration of the line of sight stabilization system according to the
invention allows a small form factor of the system to be achieved which is
advantageous in many applications, such as head mounted imagers and missile
technology. The small form factor is, inter alia, achieved according to the invention by

25 utilizing only one gimbal that is located externally to the optical system and that permits
orientation of the optical module about only one axis. Small form factor is therefore
obtained because the single external gimbal (external to the optical system) by itself
occupies less space than the conventional configuration in which two external gimbals
are used for mounting the optical system. Also since the single external gimbal

30 according to the invention permits reorienting the optical system with respect to only
one rotation axis (e.g. the pitch or yaw axes), the effective volume that is required to
accommodate the optical system in its various possible orientations is reduced.

Reorienting the line of sight about a first axis is provided utilizing the internal mirror
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20 magnetic (EM) radiations in various wavelength regimes and may include for example

electro- magnetic radiation in the visible regime (visible light), the infra-red (IR) regime

(e.g. near-, mid- and far- IR regimes) and ultra violet regime as well as EM radiation in

the radio frequency (RF) and microwave regimes. Accordingly the terms optics, optical

elements and the like should be interpreted as any elements/modules which are capable

25 of manipulating/affecting the propagation of light in its various regimes. Optics and

optical elements may for example include diffractive/refractive/reflective elements such

as conventional mirrors and/or lenses. Alternatively or additionally the terms optics,

optical elements may also include other types of elements (e.g. electronic or electro-

optic elements) which are capable of manipulating the direction of EM radiation in the

30 desired wavelengths for example by induction of suitable electromagnetic fields along
the optical path of radiation propagation.

Hence, according to a broad aspect of the present invention, there is provided an

optical system including a light module, an optical module defining an optical axis and



25 of manipul ating/affecting the propagation of light in its various
regimes. Optics and optical elenments may for exanple include

di ffractiwe/2oeiacri ve/ refl ective el ements such as conveoiIbmal/oowuso or s
and/ or lenses. Alternatively or additionally the ternms optics, optical

el ements may al so i nclude other types of elenents (e.g. electronic or

el ectrooptic el enents) which are capabl &€ of manipulating the direction of

EMradiation_in the 30 desired wavel engths for exanple by induction of

sui t abl e efPrticelyrewmied wethithelight modiy) apde stibilizenpssgably BEludmg; g intstyal
propagati of .- ce, : i .

i nvention, qu[d agP e dlefsléég&o igdggﬁgﬁq%%g f ?:Oca&ﬁt%g%ﬁ gﬁoﬁ%?ggﬁs%g t%$ﬁt§hf§1§§%lﬁ l e, an
opti cal noihdreomiehl pdtingf dphtopbpapating diesetimodgh.ViBe internal mirror is mounted for

2012/ 001677PCT/ 1L.2011/000480, - 7. - opticall]y goupl,e(ii vvi(%lh the |ight nodul e,
and a st abfq9tio8rabauta dsstyrofaten gdisnglessonperteRias opueal Madye sk thedsrngle. g.
mrror) 4 hat i ! i i Rsiie 1n an
opti cal 5:)at H%I?anlhﬁgﬁl?%glr)%%la%g iogtg%(ﬁ@ teof?tﬁ!r3 gﬂg%l Eizriﬁé)??{r?t(@?%%l m lrle?or is
mount ed for rotdbé onerablomirrax if igestraliypimbied nn@riadlyitntthe optmakatddaly drdeis

optical nodule and the internal 5 mrror and being substaptially orthogonal
L6 tho. opt TRIEuE, A iperablS i provile iaa] esupting Bebiesd A REF harouh Fofei
general Iy bgcal gshi o1t @E kit heddl@an@Rhi ical"PAK o2 (BO UghSmeant] UHE egstand
operabl e to provide optical coupling between at |east a section of the

optical patdtatoh axisds speinakio thoepticel madulaand ptqondicunsddor poviding b wehativeodul e.
The fir rot.ati.on axis i s _internal th ptical dul e. and J s. conf,i gured
for pr ot ol R R e e 508 prd fheioBRed O, STRP SR b ipfePlil Y e

optical noghitr€: vaBds tithahékdclion of thelptitdltparnet theoptical moduleashivh itouprd
section of the optical ﬁath of the oPti cal npdule which is coupled with the
optical pawihdlre entical paghf Hisdight modylerand therpbw afects & variation; o ithe direstiopne

di rection | i f cSi E FHQH N ing a
change to ?ﬁtehtegﬁlleednfg %h?gﬁ%%%gé%?ﬁ?%ﬂf#gﬁlg%h ar %gsamaége Bfe)khv?g{%;le%t lgHI i ght -
and t he opandiadte thoaighkas posifion betshenuthd light-and diesiptioal - ivdtiles.he confi gurati on

of the stabilized, optical  ,syst of the_inventi al l ows stabilizing the
line of 15 ght o Sb%@5|bﬁglﬁéerﬁ@a et he emGetrarioR of ik SAH4%d oPHPAlSYHEPA on

axis. Thi syeafydigioRalb®Y @Qbﬁbéh{goth@tlih&’ 3f Q{gt}1¥ BPtHethg%’E Bildul® ih RS dREQIh &r{ he

first rotation axis 1n a direction opposite to the direction in which the

ori ent at i othe(firstt matation sixisoThishvan d abhievedebly opatiaadf thy sttemmni mircdraabgetthei t h

respect to.an axi.s parallel,to0.20 the fiyst rotation axis, i.e.. :
Compensat | B8R BRI GIECHRR oBRRTiEalo trstbsHaBo wERE 7 rsienpgion i on
axis in thgofatibsd) oftieetibiREICGHlcRHSySRAPRREAIREH vilth fopHt &) ar HBPParali&to
rotation of the internal mrror. This allows stabilizing at | east one of an
i mage 020 atheifigsitrotatiamatisrirfe goppensatéon toghotatod of the aptine systewi alpput the first
stabilizatjon.in Lrection s achieve r.di.n 2
embod nent Fafiopiath TR TR G Al e e S Er, PEBR BB Y,

i nclude a gicnibtinahssie@bl Yhik rtibudistbilatinge ¥t Bastadnegdfiiaimadeadr h dight beam

i nt erconnect ed between the optical nodule and the |ight nodul e. The

ext ernal gfommad by ghedight mpdpled t o provide rotation of the optical nodul e,

wi th respect topfReys lsig%lf' StaBROMiGH in?P ond dREGRIN:s ragﬁi@{/éd? @c&?ﬁiiﬁg b REme

25 embodiment of the invention, by configuring the stabilizer assembly to include a gimbal
assembly including an external gimbal that is interconnected between the optical
module and the light module. The external gimbal is configured to provide rotation of
the optical module, with respect to the light module, about a second rotation axis (the
second rotation axis being typically orthogonal to both the optical axis of the optical

30 module and to the first rotation axis and is at least non parallel thereto). Compensation
for rotation of the stabilized optical system in a direction parallel to the second rotation
axis is therefore possible by applying counter (opposite) rotation to the optical module,

about the second rotation axis) with respect to the light module. This allows stabilizing



second rotation axis being typically orthogonal to both the optical axis of
the optical 30 nodule and to the first rotation axis and is at |east non
paral | el wbenetmw)e77Conpensation for rotation of the stalpcriizmdi/opisocal
systemin a direction parallel to the second rotation axis is therefore
possi bl e by applying counter (opposite) rotation to the optical nodul e,
about the second rotation axis) with re§pect to the light nodule. This
allows stabilizing WO 2012/001677PCT/ 1L2011/000480 - 8 - the line of sight
of the |igHe lmgmflszghr af theilightimedeleiin Hhig Ageation and te Mhpreby skabilizeat laast agst one
of an inmag ah o nmodul e. It should be
understoodg{%galt rﬁl]lggl ve yﬁ%gggggﬁil%%tﬁogn%ccordl ng to sone enbodi nents

of the inventioh, sHole bdﬂﬁﬁdﬂ@ﬂoom thitoslteeaatively of iadditiedallyl hévordispactsoie two 5
rotation axes. [For exanple, the internal mrror can,be mounted on a

rotation n@@haﬁnsemsgfdhe irvegtian Hhe intamabmiFeranae Qrianies Witk respreifodoon of
be varied yg by %%F%tr e&ﬁn%l\é’othg)ﬁﬂém lmﬁ'rort?ﬁ#) B ﬁﬁclh%té‘d' Jnszf rotdt n%ﬁé‘c‘ﬂ%sﬁxes)
that are not para to the optical axis o e optica

Accor di ngl yuchl a3 at dpharécab hixoohigraintveng itd mrmftloalogﬁ bt vatiebwith zestpearto \t\wb hxgsespect
to 10 thes es.can be obtained by only reorienting.the i.nternal

i rror abolie: PSR st Saee SR gate BoseraEhls GRgpioH e ek ot
Accor di ngl Yodhiene of sight conpensation is perfornmed, internally to the

optical nobdule, in two directions. This allows maintaining a fixed angul ar
posi tion bet weeActdrdinglyt il dhesprtbodimendstling of gght m!dhwo@twuls rcﬂwi:tattOi ng a

need for_ the external SQ ,such. c nfi n furt uces 15
Che t or i £ BesSRnT PR cafl pEridiosdChd Ry iR Bt Pl HEFHFET, e
wel | as it axodeindRithoubufiliMisy 480kt éall di %]nﬁﬁlollkcﬂor@hﬁgw hige @ﬂé@hﬁécﬁmntsd@h in

t hese enbodi nents, conpensation for anges of the orientation of the
st abi | i zedisopef fermeds ywicsnally (o the s pitéqal tigodidlen in hever dirgetionsd Thie albwsnd

(oLt on eyl o LTEALAD AaFORIELThe boch A A BOSRIIEN D,

rotation aghss olaaatdgsa:neeld&“dr mb@xenm@uﬁbap Al wwrcobﬁgmmwn furtheegdnckst o
enbodi nents in which the mtgrnal mrror is rotegdable only with respect to
1

the firdt #hsformolactoyi(the size/dimepgiony)oef] thepyabibeedgonticat smf/elmsw&lﬂ R§ 18n
ext ernal w&fm it e % aildafn I%Héﬁl | 95 (ﬁehﬁnaé?éta&d ﬂato %ets@tén%b L en the

opti cal and t |gh nodul e may be change |n an angle o

| east 160 mmpense&pefor chang’ehef the oopatatiart off the stabitized op‘mbsﬁtmgw;'thnespéﬁ
al | ows changj or| ntatlo of .the li.ne of sight of the |i

e sans. alfora diait o Shemotipe Spct ppavi IR eBier Dbt D Eas.
Changi ng t rﬁﬁﬁrﬁem@Whﬁﬂh 1%ht to@‘@lghlt Bﬁnﬁénsﬁﬁcﬁhfs fekORhe @ ithN8speb Ot theTRul e by
rotating the internal mrror about the first rotation axis (and possibly

al so abdut rathigorsaiwad dessribed abovgdand)alsel fugher hedewy ivigh repard|to nelbofimmngmm (LOS)

orientatiog Whith tﬁ!c tht&ha i o? 1solfota?§> I3 (t)nngVl respec{ to tﬁ\é hrst goeiatpoencgmst o the

nodul e by

It should be noted that by utilizing an external gimbal, the angular position (the
relative orientation between the optical module and the light module may be changed
within an angle of at least 160° with respect to the second rotation axis. Accordingly it

25 allows changing the orientation of the line of sight of the light module by the same
angle (160°) or above with respect to the second rotation axis. Changing the orientation
of the line of sight (LOS) of the light module by rotating the internal mirror about the
first rotation axis (and possibly also about the second rotation axis) allows varying the
line of sight (LOS) orientation within an angle of about 90° and more with respect to the

30 first axis (and respectively also with respect to the second axis in embodiments in which
the internal mirror is rotatable about this axis).

It should be noted that according to some embodiments of the invention the first

rotation axis corresponds (e.g. is parallel) to the pitch rotation axis of the optical



30 first axis (and respectively also with respect to the second axis in
enbodi nents in which the internal mrror is rotatable about this axis).

|t shoul dwbeoraiesi7t hat according to sone enbodi ments ofpctrhezoinv@agad on t he
first rotation axis corresponds (e.g. is parallel) to the pitch rotation
axis of the optical WD 2012/001677PCT/ }L2011/000480 - 9 - nodul e. The
second rotation axis corresponds to a yaw axis of the optical nodule. It
shoul d al so be noted that the terns rotation axis (e. first and second
rotation amd)llege%@bm}d d?é@trog*lnarlecmqspms teé ﬁa%axnsegahq opticahgtodule. It

necessari | src n rrech oci ated there (whi.ch may
e ot erertl aPO R FdtL Tl B R EORR0L B TR Rl S S R o

axi s/ shaf t géiegally. designate AdRE4ldaXlg dfOr@aitn, eitoficesatily e phesicalvesttioan, in
the stabili zed optical system the opti cal nodul e i ncl udes a tel escopr C

mirror arr Begkanisi a$5ﬁélla¥f§|th%}e‘éﬁth (whish mygy l?ﬁa‘rﬂgp enented by Nareys qﬁmw&r guch
arranged Sg?cgcﬁ}{%%altb@gﬁ g @ﬁ%&f‘éﬁpﬁ?&gﬁ axes substantially coincide

with the o axis o e optica The internal mrror is 10
| ocat ed/ mount edAteordingt & sent ienghodirsarts |ocﬁrthefmtzémoﬁpﬁﬂ tkd srahﬂized)fo;mhel
optical nodul e that i.s defjned by the secondary mrror. The intern mrror

is, in thi &ystemehe oprical gas %ma % &|17leSCOBISNKTqr HAfangERent dpeliqing ﬁé?eéﬁtti cal
path with mBHmQRI ipal s&aﬁ&&fm&@&sl ar%ge&r%% Cthaf\GHAF %grewve tighll QReOf the

i nt er nal rror wmth respect to the telescopic mrror arrangenent varies a
| ocati on ofutstanégllyocoincide mathsbe optikat yxisiof ther opiticalt mbdulepliedaternal birrooispl ed

with the optic f.the ht nodul g,ther.e aryjng the section of
the opt & afoepaimEBish BuinipSsrphe sprtel s APHCR P the SRtk auanLs et

Al'l owing t ibedéﬂrfeﬁody EH& §e@b§da?¥ %ﬁlﬁ‘éﬁ TH@nfté}hﬁt IRPoraXEn (18s Gaseuhhhhgéd%
spherrcal bearing) "allows utilizing the novenment of the internal mrror to

st abi | i ze oplecally seupie that gmtlohmfﬁhﬁﬁmmﬁ]emlil (v)fhtb an/jptiealrpath ofethg lighymedulat i ng

the mrror for at| n. onliytabol{ Si.n Xi_ s Q heoftlrgt 20 rotation

axis) all o&rSc%rfiéﬁ}i 1 IOMg T B U - Kdersii & Sy { S Rl oo s ABIPIGE i ng

the mrror afrsigehbieht Zhmés ahecalnbﬂa)foé regldhfonl me aledridary dmrraCthaoris opficdly
obt ai ned by an external ginbal, as described above). It shoul d, be

under st 6ddceupied withtthe opleal uath efihsalightrmedyde tbfrrebx MY HE BA Seefion P He
modul e may , h@&h h&% & 1e8fw1f£i’fﬁﬁh<%ﬂtﬁ Al 3P ‘ﬁ{esh It xﬂddu?éll%lﬂfwﬂglﬂ?e B rl%l aht

sensors 25 nhavil |pIe 1L ive he one~or nore
sensors nayotata ddbrode t\lvo gbtatise razes ge.g.enslizingy ep]hemchl bbdring) alloovs outilizrge the

g TTerent Speclial FaMscs () 8, LLAN ashoots SeDely L Lo dLonk. e and
modul e may AliREaH08y OB rMunBRE ShdVBHELE RET B tadiBh &l Yot Rl LihkRN &kis (the first
20 rotation axis) allows stabilizing the line of sight in one direction by utilizing the mirror
(stabilizing the line of sight in another direction can be obtained by an external gimbal,
as described above).
It should be understood that in the various embodiments of the invention the
light module may include one or more light sensors (e.g. one or more imaging sensors
25 having multiple light sensitive pixels). The one or more light sensors may include light
sensors sensitive to light in two or more different spectral ranges (e.g. light sensors
sensitive to light the IR and the visible spectral ranges respectively). In such an
embodiment, the light module may include one or more wavelength selective splitters
(dichotic mirrors) configured for spatially separating light, arriving from the optical
30 module, into at least two light components and directing the two components to the
different light sensors. In cases where the light module includes light sensor(s), the

internal mirror is configured and operable to collect light portion(s) propagating thereto



(dichotic mrrors) configured for spatially separating light, arriving from
the optical 30 nodule, into at least two |ight conmponents and directing the
two conpowenve/dos7rhe di fferent |ight sensors. |n casespoitarmii/bmaso ght
nodul e includes |ight sensor(s), the internal mrror is configured and
operable to collect light portion(s) prgpagating thereto WO

2012/ 001677PCT/ 1L2011/ 000480 - 10 - froma certain section of the optical
path of the optical nodule and to direct the collected |ight portion to the
| i ght nodufrem a certainp$ectiom £t the| gptigel pathi afi Gaaentical modsledind ta dirgeinthe
enbodi nents .of . t.he . jnvention, ;the |ight nodul e i ncl udes one or nore sources
of EMradi ?ﬁl eSF?fi?]IgP{ﬂﬁ ‘F"“n“n@e%‘é?‘i% ﬁlhg% nodul e is then optically coupl ed
with the EM radhdbinefivepor aédiiond] ackdigg té Bgmebmbddineats ¢fxhainvehtion,

radi ation beamemtted therefrom The stabilizer is._then ponfhﬁured to
enabl e di r Bt lighy meduleEindludes areod wernsauscesaefi BYS ragigtioat (lighs. Vibe ippfigalpect
to the lig I L i ati e 1N f Elocel | aser
source (gl n&\%ﬁ%ﬁgégesne%%ﬂgp@%fagp ‘?r%lg&l?eeé%(r: u 1edsrl %r#%?sl)afﬁggrgr%ntl %ngpti cal
el enent s adia@itiag ah @M dadiatidn bmlémized aherefiemgn dthectabilidieais then configavel tengt h
range of the | aser sourc and/or it may include a source of radio..
frequency fRble Siestae o EM SRR Reg@etoy Yz ogp TG ontott ESRe t?ﬁla tigkd an

ar r angenent, gficeERMBRlRicAoREES) faY iflERC ok RAaRbB Gl IQREREE (16 WREh BhdeON 1N
the RF regime such as an arrangenent of one or nore antennas. It should be
not ed t hat thgeopical mpdulhendligest amardarigemienicdflidgscab alementsrasiaptell i fgh tlird@ingui di ng
el ements that are configured and operable fine an optical pat f the
opt 1 cal roBaHETEReTt g B CBYE FRan Tels S gt eaen Sl gpal B o
l'ight sour geogfcet fferddid %qﬁ@?ﬂ?‘l(ﬁl@ﬂddﬁaﬂ@n i tveKiBiRlcagd EHeObptical Ghbduldd Rt
guiding el enents may include tor exanple |ight deflector(s) (mrrors),

| enses, wainshudedasaremdemeniofoi¢naents pdapted fos|deeeting eleqtramagngtie rafligtivinng

el enents ape ranged and _are confi e e for providing 20

opti cal coﬂ'ﬁlﬁlbeggg?\sf\lfec r?sfaﬂ3H?nrﬁe§{reﬁlgw%l%roggrgorgﬁﬁ{egﬁsl east one of a |ight
sensor and |i ghtt sheuldcise adted higat | degbrailyrabitilightabdele tiheludest @tened moter ight

and/or the optical nodule are in various angular pqgsitions wth respect to
the |ight awémgedemé@értaattn@ret@nﬁswaedewéoaw%ﬂ% do gfefipg anperticah pathnQfe e on

the stabi ! baech BRuLRAnd 1Y BIEMARSa ReblifiBededt Fibhi #Ald A 1ERNJNe dodul €.

The stabillétatlon control " nodu tes at irst actuation
uni t connediedibht enddute dridr the intetral nomorreSubh highthguiding elements may include for

-

example light deflector(s) (mirrors), lenses, waveguides and also other optical elements.

The light guiding elements are arranged and are configured and operable for providing

20 optical coupling between the internal mirror and at least one of a light sensor and light

source of the light module while the internal mirror and/or the optical module are in
various angular positions with respect to the light module.

According to some embodiments of the present invention the stabilized optical

system also includes a stabilization control module. The stabilization control module

25 includes at least a first actuation unit connected to the first rotation mechanism

associated with the internal mirror (e.g. to the first rotation axis) and configured to

actuate a first relative rotation between the optical module and the infernal mirror. The

first relative rotation may be restricted to rotation about the first rotation axis (in cases

where the internal mirror's rotation is restricted to one direction) or it may be a rotation

30 with respect to any one or both of the first and second rotation axes (e.g. in cases where

the internal mirror is mounted on a spherical bearing). Optionally, in cases where the

external gimbal is used for providing rotation of the optical module about the second

rotation axis, the stabilization control module includes also a second actuation unit that



associated wwth the internal mrror (e.g. to the first rotation axis) and
configured to actuate a first relative rotation between the optical nodule
and t he iwoeomaloievirrror. The first relative rotati on napclaLzesbeust ed to
rotation about the first rotation axis (in cases where the internal
mrror's rotation is restricted to one direction) or it may be a rotation
30 with respect to any one or both of the first and second rotation axes
(e.g. in cases where the internal mrror is nounted on a spheri cal

beari ng). ©enessiad tp the extermglegimbak fhe speond acwiation ugt ironfipeed se detpee a
providing [ 0 e t IS,

t he stabil |e§&?ﬁi 5%&(1:\86&0&&?% B‘%}uﬁgl ncgﬁ dés a%ldlie Lﬁ](ggieofrit%[l ac é(:i}g |a|g§&uﬁ€ét that

WO 2012/ 003 drdPeatatidn’ did/ A8dIASAallys tl@ﬂﬁlﬁﬁta&ﬂbnt@ntrbhnﬁ&tllerlﬁdhd@ aeahtrol The
second actuation unit is configured taq actﬁﬁgte a .second reI ative rotation
bet ween t hwubghatcis copngeied tanthet Hrst |and niecaprd) geation wints rmadsadapirg F‘btbﬁtl on
axis. Addi Y, t: I I

ani ¢ that [SPERReRe, RIS PR R o B AR fER Aok

to be 5 respoas |at/teastt@ns iofj theel farst dndcictmatiory snits torpetfatm ehleasives oﬁfhetﬂrsi and

stabilized opticeﬁ ystem to oglgte at Ieastp opne of .the fjrst. an?
actuation tHPEST %WﬁéP'IaBP’Pﬁ tp heLebyrpmRspsats foreppges ihthe oziepiHoD 8f tei ve
rotations angit&y Mifeﬁﬁx%dﬁ@gﬂ?b?ﬂ%?atﬁ)ﬁEatEJ)%HG?&tHefbb&@?abﬂfz'eQﬁ@ Bbd onsight t he

stabilized optical nodul e or the rotation rates) and to thereby stabilize
the line obftbsgtabllmédopta:absﬁtﬂml zed optical system 10According to a

el uael s ot abTEHCPE § AollreraeaRpEt ah b lioRs M Senled FHE”

control unfstean@lsdoSineRidéd 8 Uoion NetcORssabderit QfysteRAAL i BorirREtablRt Rt tHen
rates of the stabilized opt| cal systemw th respect to at | east one of the

second andcari! funitsandr st eanfighredxend opgiablgdpe maapying e wiajieal rafasdeiclei ve of
the rotati t system
my oper at SALAAEFRich Pl Rt GecaBorteloF b e drifie SR A B A8 ERL T
function fates] mgltgen&raﬁngﬂtelstgml ﬁldrcanvagithgnaﬁt%mateas ali ght transcei ver
e.g. for operath% as.a rada In the forner, case, the optical podul e may

)

i ncl udel’ for exkitpewd be SPE R ottt red oGRSy P TR PRETATH 2% RUENEONEE case
it may alt I 1. e t are
el ectroni cgrﬁ)@lt h%lg (%beg{soégag?ﬁg éf}ggé;% Jriéab}\%d;fg {ﬁge%l(ﬁ?lﬁﬁel gg%p g%%@?% %qﬁﬁéﬁg | i ght
propagat i oand/dneersei lighmtansbleorer kigg fdr apeméipg iao a radeerlnkbe foﬁmeocathen@xlewpncaie

| i ght nodul e i ncl u one of an eI trorra net i adiation source(s)
ORI R e SR S U S e
addi ti onal hyy ofteah 6y 8PSddHioMY SndlhddHn a?Fa@%ftahtéﬁné%l tRATRIN SleSENRANE BdCh as
a light i ntenS| ty/ chrom nance detector, quadrant detector and i magi ng

20 spatially arranged to define an optical path of light propagation therefrom and/or light

apt ed

reception thereby. Accordingly, the light module may include any one of an
electromagnetic radiation source(s) (e.g. a laser source/ RF source) and may also,
alternatively or additionally, include one or more light sensitive elements/sensors such
as a light intensity/chrominance detector, quadrant detector and imaging

25 sensor(s)/detector(s).

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out in
practice, embodiments will now be described, by way of non-limiting example only,

30 with reference to the accompanying drawings, in which:
Figs. 1A and 1B illustrate schematically top and perspective views of a Coudé

telescope arrangement;



25 sensor(s)/detector(s). BRI EF DESCRI PTI ON OF THE DRAW NGS I n order
to understand the invention and to see how it nmay be carried out in
practi ce,wertbrdionegnt s wi | | now be described, by way of momALzori/bioagy exanpl e

only, 30 with reference to the acconpanyi ng draw ngs, in which: Fi gs.
1A and 1B illustrate schematically top d perspective views of a Coude

t el escope arrangenent; WO 2012/00167 /1L2011/ 000480 - 12 - Fi gs.
2A and 2B illustrate schematically side and perspective views of a

stabilized opti dags AAtand 2Boillicede dichemetirallyieside, aadtnespeetiveowiong of e of
sight optigal.. i L.on; . ' 3 ] Lagr how ng
tabi 1| ped HPEPbUE R 00 Meordine 15 b Thtaich hloRaB R Sy HRA

i nvent i on. stRiEkAdtldnDaddESCRI PTI ON OF EMBODI MENTS Figs. 1A and 1B

illustrate schenmatically top.and perspective views of an exanple of a known
arrangenent of Kig i3nis %glogk ghagram shovingattaihizedy antical exstamAP) asertdingwif as

t he Cou e_ar 100. The Coude tel escope arrangenent 100

i ncl udeg?aaﬁtfr?er?%ga?gllgggg%%g@ n a light source unit 130 (or an inagi ng
unit) and ginbals set 120 with two ginbals 122 and 124 on which the mrror
tel escope 110 is nounted. The two ginbals 122 and 124 allow rotation of the
mrror telescope 110 with respect to the light source unit 130 about pitch
and rol | r DERAERDESCRIPTION OF BMBODIMENES confi guration. The pitch and
roll rotation axes are respectively an axis perpendicular to the principal
optical axis OXFigs. flAe anilr IBrillustats solpanatitallnriop amdapdrspeative lvidves gérasr al |y
parallel to the nam pal direction of. the optical 1s..OX of the mrror

Pel escope. TP oLt Kporiafraggesiens 31,4 is BB 8 Sabiicainh s pBor e BRe T and

ori ent ajj ORndWm Bs he TRES tdlEschbpearkdr@BineSOLIC Thd 8Buad ttldsSopgeitfangethexdt 1i00r
collecting light fromthe |light source 130 and 20 directing that |ight
towar ds a iicludes a migonelesenpedil Pr plightsparse opié 138 (orwhilmiaging upiiandegimbals

i ntersecti e .aptjc j yAgols i | xed
posi 1 on and 180l hbd Bl A Bublad OF yRGHLBE difigh \ERGRIEY ¥l

Ref erence The t¢l gintkalsi X2sandA 28l oRBrotdtiod Sif Klad mirfhraclosipe il baMith respdet tand
perspective views of a stabilized optical system 200 according to the
present i nthenlighinsowes yaié 1305 8boyt zigrhopRd éaﬁ{ 19{ALiPB n3XEH 0N, wﬂage%vea moflght

nodul e 0 I.C ) iL,cal ' i: dul e
230 and . Sy B Pohy he FRCHI 94 JoraBR uE@ rEBURIER M b bR O oo

i ncl udes atheiprineipabdpticabintis @X bt amird? fldseogy. 110mndranaixiswhich is) genbeallyi s
nmounted within the optical .nodul e 210, therewithin, intersectin tical
axi s OX of PrRkeldptheapming ﬁur%mﬁmf%h%ptf% @flﬁé??? of fheomlréozéelﬁgcoag \}ig'a‘glpy

set of mirrors 132 is arranged with fixed positions and orientation with respect to the

light source 130 and is configured for collecting light from the light source 130 and

20 directing that light towards a mirror 112 of the mirror telescope 110 which is located
intersecting the optical axis OX of the mirror telescope 110 with fixed position and
orientation with respect to the mirror telescope 110. |

Reference is made to Figs 2A and 2B illustrating schematically side and
perspective views of a stabilized optical system 200 according to the present invention.

25 The stabilized optical system 200 includes a light module 230, an optical module 210,
optically coupled with the light module 230 and a stabilizer assembly 220.

The stabilizer assembly 220 also includes an internal light deflector 222 (e.g.
internal mirror) that is mounted within the optical module 210, therewithin, intersecting
an optical axis OX of the optical module 210. The internal mirror 222 is pivotally

30 mounted to the optical module 210 via a first rotation mechanism FRM (e.g. a shaft, a
bearing or other mechanism) allowing rotation of the internal mirror 222 about a first

rotation axis FRX which is perpendicular to the second rotation axis SRX and to the



30 nounted to the optical nodule 210 via a first rotation nechani sm FRM
(e.g. a shaft, a bearing or other nechanism allow ng rotation of the

i nternal woromreo222 about a first rotation axi s FRX whi ebTiis2opeogasudi cul ar
to the second rotation axis SRX and to the WD 2012/001677PCT/ 1L2011/000480
- 13 - optical axis OX of the optical dul e 210. The stabilizer assenbly
220 interconnects the optical nodule Z10 and the Ilght nodul e 230 via a
second rotation nmechani sm SRM (generally ginbal, e.g. inplenented as a

shaft, a bepligahaxisiO%tohdhe apiiaehmodile 249 dieisgabdlizsr ef»jen@ky 2HYinderepmISEs t 0
Change theté{” ﬁ%gg ?e%ﬂ()a:{ndgﬂf iléﬁt%ociﬁ% Qatarggfdddgrg{atlgn %@ én%ﬁ%%gtfl\ﬁnd the

opt|cal respec rotafl on axis re erre

herein as @geﬁﬁﬁﬂﬁ@lm@ﬂ&tgqmpﬂbﬂl@tmﬁ a :I;Haftsbtbedndugoer dtbéredecﬂubﬁl&mgeﬂﬁcr}aisl y the
second rotation axis,Z SRX | s associ ated w th a gi nbal .a rotatlon
mechani sm) camigiredsard operahle toochange Jpe .relarlvmavler @9@ lorr tygensthe, ightt i on

axi s FR)% Pﬁ’l%%%g%ﬁ JﬁcQﬁnB&hl& B%o Wltﬁi Hect BV 9 e'fﬁsnf%ﬂ?%l A ot he

opti cal oW ng acconmodation 10 o optl cal
system 200hewemhasna saairﬂderoteﬁmaczeés( SR(X dmshen;ld be noted T]Inae gepttatplthersekeond 210

IS assomated Wt h rtain field.of vie desi.gnat i th xt ent
(regi on/ ar EBHoGk a’f‘ﬁ&‘%ﬁs‘éra\%‘?ﬂw&e T%d gegs%éﬂtail ’&d‘ﬁ?“g‘g’é‘(ﬁm?ﬁsatt Ke

opti cal nveaéﬁa%%e Bbﬁcamdcﬁ@é 28 The _@fst' Ieta%ne&issmxamcateagac&&aﬁfg% the
optical nodule towards the center of its FOV and esug@wtes t he gener al

direction tk présghttint&tionopagatly enthetoptiog medvloptd bas allewing @reasimodrsionpt i cal
nodul e ssoci.ated wi,.th an optical path OPL

whi ch |§01 B@%ﬁé‘ia})w%ga)ﬁ%ﬁ‘c@gsweflh?%d ﬁ sﬁr&uﬁ %ﬁ?f%se@tc}ogﬁre%f the optical path
OP of the optic@he pebilemddleV2 ) ﬁdﬂessoaiawdnaﬂuhl h gttalefiblac bP i ZFOA)! | ne
of 5|ght (LOS) of the Ilght nodul e 230 is generally associated with the FOV

"seen” byI desicnopng thele Gﬁeloz/@ma&ﬁﬁthﬁﬁl@ﬁewﬁée perkdthad g |Seﬁu"£ésleptiu€ﬁﬁ1”éw Ej he
20
The bt  calBns bl BpoPhe GftcalTB X 35 Hn Wl e PGl e SBHEUCE, °

be under st ﬁ@dulbhﬁbvaidaethhlcghﬁer wodisl BOY34hd deshamasi the @dnaval Hirectionnef h@htsi ght

(LOS) designating the principal, directi (the dir ctlon t hi FOV of
t he opt ﬂ%aproﬁﬁ%ﬂﬁlloé tbff@ghm&m% spaﬂéégn fq@a%tw%eo ztlﬂe)fdf‘ Qt gﬂllee 230.

For 25 exa };ggp 2 esi t i,on
fromthe stgﬂL opt Siélgf sys em 200 t{%ﬁf'hgglrcg ?o%&géaﬁ?h 31%}1{}11: ?ﬁ%ﬁgnt
capt ur ed apan/pmloe/fsemonocff the optiead epaftoOPealf thn ca:nncalrmgélls @8 ora gfe inkeendli ght
nodul e 230 Ite tivel n e dire on in the envjronment
Towar ds-unligh dsBeeist AR A of der FEOSTSLER efmRble T R hehafi SssSh ot

di rected by;hhge POV 'Galn"TBYHE @p géa@moﬁ@@“ﬁﬂ'—éﬁ With tHgatt@atoRetbE 2B can

be controll ed accordi ng to the i nventi on bg utilizing two nechani sns, SRM
and FRMpO relstpebpathé)lgzo thlemmlceg masluish2 ¥t Whish as epticaly caledyiouthe ppidcal path

per pendi cu t houl d be al so noted that the first and second
on' ok th OFEen | ated wi

rotation VI may include or may be associated with
To this end it should be understood that the light module 230 is associated with a

line of sight (LOS) designating the principal direction (the direction within the FOV of
the optical module 210) which is "seen"/"captured" by the light module 230. For

25. example the LOS of the light module 230 designates the direction from the stabilized
optical system 200 to the region of the environment captured at the center of an image
formed on an image sensor of the light module 230, or alternatively it designates the
direction in the environment towards which a chief beam that emanates from the light
module 230 is directed by the optical module 210.

30 The LOS of the light module 230 can be controlled according to the invention
by utilizing two mechanisms, SRM and FRM, respectively allowing to shift/rotate the
LOS about two perpendicular directions. It should be also noted that the first and

second rotation mechanisms FRM and SRM may include or may be associated with



WO 2012/ 001677PCT/ 1L2011/ 000480 - 14 - respectively first and second
actuators such as notors (not specifically shown) that are arranged on the
stabili zewoaspanid7y. The first and second rotation act uaCwems20a1/600480
respectively associated with / connected to the first and second rotation
axes FRX and SRX and are configured an Lper abl e for inducing rotations
bet ween the optical nodule 5 210 and t'h internal mrror 222 and between

| i ght nodul e 230 and the optical nodule 210. Such rotations are induced,

for exanpl espictivelsSisinnd seeondorrtwatdrs spefhad motors motispecilagaly shewn) et aist at i on
actuators. For o]

per pendi cuf‘rér ggflr%%ttﬁéoﬁ%{bg Ze'ialr1a(gvﬁ\'|,Ml 612 ror aﬁﬁgn&ﬁs&%pgéﬁjgkaégg é{i!ﬁat&é”are

rotation negpafsivelyms{dcRiddanith SRbnated thGh¢ Gfeanededond hemadm axasIRXtindel y as
the elevation direction (associated with the elevation angle of the LGOS
with respeSRX andige contieyted - and apershledfr mdpeing refaionsiefween ths aﬁti‘@hmé?ﬂ}l@) and
the headi n i th
rospect | ot EiERE BRmIRIRG! B2 thd byt BhSACATD 2308 I bRy B! T ¢,
rotation n2bhaSudmbialivhs i arpl extecdds/ for| exsnplet an i wspwise t toe cbnttr@lr rs@nam rror
222 about the f.i %‘f/%epr otation axis FRX 15 within a predeterm ned angul ar

range wi t hUrARsEHH: do thedoBHER AMaREdul e 210. Accordingly, the first
mechani sm FRM pﬁmmysahawlihlagt Fo?@ote%e%léﬁllt}pﬂ]eatw If‘er&fndiclﬁf‘ar H@&tmnsfabsutl i ght

nmodul e 230 with respect to the the "optical nmobdul e 210 w t hout
nmovement / r whichi mtativh isherowjsied dyl theotivd eotation |m¢0hm1$n&h(FBM|a@d SRNB srecond
nmechani S i enents rotation,.of .t to er Wi th
The oo 0 e RURBE sty fomd iAok Rlrkin ARisdfeaiit ORGSR i o
SRX and th 18bf ©v3, O hithiraghetthe tREMEi Heatidh RGIFRX, Of. pitk r&teNoixit) d
optlcal dule 210 in that direction (the LOS of t he Ilght nmodul e 230

i nher ent | ythedleadlég dirﬂcttqma(@ssepna@étwﬂhtmdzgédlné angle of thenbOBoxifh respect tovlhee
speci fi cal Lé’bn& t&t}}% Bg or Op%I o yatfolﬂe gjlt ?ﬁ@pl‘ﬁt rbtg{'(gn 91%3111 %Ystnﬁ)'i‘ 2 ' S

arranged an COﬂ ure cou IOﬂ (0]

opti cal paid‘ilplaﬁeIZtE/aDéwi Feeatipt ofctat inverchal ﬁlr?dlﬂzm dbloutthe djrsti malnopakfs m of
the light npdule 230 (or, alternatively with an opti cal pas% i s defined
by the &t aBithin & Prdlstermingd oanguigs; eanet SWHBt respret i to; &g optical| Ei’@ Pét éWin the

present exal rﬁl)ng ly; g}ﬁrﬁ@{ REOahisH FRM Rﬁg’%ﬁﬁfl s‘ﬁﬂlﬁ%ﬁ{éﬁéﬂ%ehoﬁ BRelk '3? ﬁ{esﬁﬁgxo n of

the first an otation axes F ot| al axis
the opti cabf thedight 2ddhld 2B withwrespdet ttdndheoB(W: af tkpaoptlc@DHm)ﬂutehZi(bmthclal

nodul e 30 210 is defi.ne The. | ner rrar .222. an theotlc .nodul e
210 are r oMQVEBFYTPBHER ﬁﬁrh caiise! wag! é&@‘ﬁ'a tyy desting- ile? §ecg Ap; ¢ ng

thereby t hgraX ifpleach@oRtioh € thd mlcgf m%aﬂetsz(t&g%e} wahtthméfhﬁ Whrkdd
respect to the second rotation axis SRX (the first rotation axis FRX is

mai nt ai medn)krrmn@déhﬁrmn)ta(boume amdsmxtlamax@)%%lan@ thuse@llow®shifting the

angul ar pobEh g ich of ROV bR iRat B Sabal s ARELOSR1,

optical nogieliph?kddaesd 1ﬁ1ﬁ&:n$l?@@ﬂﬁfés f9that diedttiax tepeBXwithlteBOWhangi ng t he
orientation of the LOS of the [ight nodule within an angl e of about 160 or

nore with respeMor¢ spedificallyc i the present orramples the opermgl Haht: deflestor 222atsi on of
he | f
the line OLHeﬁigg{?&nl o C%urécf'ﬁ)& gﬁt%mﬁph& gﬁgas\f\‘atﬂ%n‘icﬁsmﬁg Pf? anggth OPSt

rotation axis I eve e orientation o i'nternal
m rror 222ofideubptidaé ndodute ERX wmtlt IanrcgmpelcpathoOPheof)mel light moduit 231 (br

Rotating the internal mrror 222 bout atlon FRX to
di fferent alﬁfgmtaﬁ{ypwghﬁpaagcal passfatds et ft?gthyct ?F’;? Efparsﬁ‘ﬂ’@b Y@ﬁﬂt‘*ﬂ%dblat. cal

path OPL ofotecikitARtiniReeLindBO preédint example). The internal mirror 222 is located at
the intersection of the first and second rotation axes FRX and SRX and the optical axis

OX of the optical module 210 (about which the optical path OP of the optical module

30 210 is defined). The internal mirror 222 and the optical module 210 are rotatable

together about the second rotation axis SRX for shifting thereby the orientation of the

line of sight of the light module with respect to the second rotation axis SRX (the first

rotation axis FRX is maintained perpendicular to the axes SRX and OX while the



10 different directions /regions of the optical path OP of the optical
nodul e 210. Consequently, while the internal mrror 222 is in different

posi ti onswehwoisootdve first rotation axis, |ight propagatipog/irmspemusovel y

t hrough different cross-sections of the optical path OP of the optical

nodul e 210 is coupled to the opti cal palt§1 OPL of the light nodule 230
and/or vice versa, |ight portions whi ch-propagated through the optical 15
path OPL of the |ight nodule 230 are coupled to the optical path OP and are
di rect ed t opticabpedule 230 ys i@ vatieneangulir pesitipenwithiresped te the lighe medale 230bw FOV

of the optical. modul e 21Q. C t.he directi.on of th f e |ight
modul'e 230R6RHPRRE the Sefitel iR 210 4P B g0 efon 08 St Menslpd ™
changed whgg drizata€ibh @ftiad LOS 6ff the Mighi Mmbetlealithith fah GihgR2d adooul60°hg rhorest
rotation axis FRX is varied. Such rotation of the internal 20 mrror 222

al | ows chaWihrespesido gici seprnskoBHOBAXIBhe LOS of the stabilized optical system

200 withy . i 1k ty Aé . i OF i
Zog. N 2 el oGS Sr e SRR OS IR FA ol g RRn
st abi | i zer reapsendlthe ARD rotation axisHERNI isGichieeed &g phatding tiengri¢raatignost theon

bet ween the opt.i cal dule 210 an he, |i ght nodul e 230 by reorientjng the
opt i cal mﬂm@alﬂ’ﬁr%ﬁzﬂg%ali"é%. Xlsth&h‘élﬂ%é%B?ﬁﬁt(? eroptict i%#%f@@@étmgpti cal
coupl i ng b?ﬁ"i%%élag i{-rbﬁzﬁoa G kPRt axi PRXPH &aﬁtereﬁp%&gu@ar%giﬁ%ﬁg the

optical pa he Tight nodule 230 is maintained. Thi's 1S because the
i nt ernal niesulty ii? 2Bticadlyataplinggtet ther opticah patheOBbt bE dhe dight mod@le02¥b it t he
second rotatjon axis .SRX and becayse the.interngl mjyror .222 inter ts

Dot h ¢ hid ofieEe iR GRopR e To it CRP Ao OB 108 At NPHETomodhE 2bati on
axis SRX. AerGHEME! YvhiROths | iReehab YkifroP 222 Cid! inCAlEBlenh PodifionR bR tR€ dirst
changi ng the angul ar position allows changing the orientation of the line
of sight L®atin exis lighfhpropaghting =e@ectivel theanighcdifferent (seosssedivas raft tei on
axi s SRX wi_t hout i the orientati of e |l . e 0 jhself
(e, by chadl Rt B8 bifed WA AAPR Bl hEBhaTR TIEOFTER B0
230 and WsRGAAMO I8 AT vike? Ockdd, QighedStionslwhich tphepagpred elabughntheloptiedlO) .

Al ternativel g or additionally, changing the angular positiaon while

mai nt ai # nBeth QP pt thedight magule 230 aresioupled dovher eptigali nsthPR aad areadirestaditae of
si ght LCS whj ' : ' ri ' i.ght
rodul e 230 o R ESRASRA WFoAL UARARSELR, AnAck KOT S pufcel Bl
conpensat i 2. fHencemhe deedtonaf tie LOS dfithdtighronedude 23F) whiclaisdionaddd within

per pendi cul ar t second rotation _axis S by aff.ecting uni er changes
Po Phe angleaOfa {he dptical modul 40, is thangeq aRRIbG PRFGRIGDe! fhe BREFHlgur ed
and oper abl£.§,05208bhf ahd lﬁtrﬁ%&ltibﬂgaxl%f FRXO[ vRRAaL 5088 bR 8f BRY indirfal

cross-sectional region of e optical path OP wth the optical path OPL of

the |ight miged 2228wsFkaengirg i erientdioni aftthe h&IS of the stabilzed optitad systerhO

light fro 0 ating, there-towards, from rQss-sectiona gi on of the
opt1 cal | patth VRAE T BRIl o0 PHE oML Bt RS BRETTORaroe PR E R F oht modul o
230 and vice vepsa féfifiof theRboveSdREMRAGRnEduiafioh BE tHRPRANIiZR atiehRE} 220).
Rotation of the internal mrror 222 about the first rotation axis FRX

vari es t hewbieshangis the mespestgi apgulef pesitoropativeen ths apHcdmadvle 19 andtbei cal |y

coupl ed wi{.h .t ty f | j .

varies t he}l |trlg§g@gn23§fa% % E%H%Eg%%l%t ﬁétbﬁ%ll g ‘?Q?Fogﬁ‘fjgg 1%%%?%&‘3 itfslgg;écroégti on
while nod shaigi igs ISRX dopteal icotplitle bdieeapiof ahd optics fath WP tofighepiptical
nodul e 210. Hence, rotation of the intgr naﬂi mrror 222 about .the first

rotation amoduleRdl0andshe optiral path, ORL ebths lighy npduiee2ithis maigtadprd. dius e Fov
of the optj . i : | h OPL
and thus t Pl e pa (i PRE e Tog B MR oph e e SRR
t he ori ent sdcbndragditidnhexid SBXaihd theeause et inteochl nerr@32R Anintensecspdcthetopticdle
first rotati.on gxi s, SRX.neit her nging the qrientation the |.ight

modal e 2305 QPR S oPHH AbT e S0 CHE 1 sroar THBHAR SXBI9RK, ATEOHEY.ght
stabil i zat ;iage L& optigh Ebl?ﬂéiﬂg ﬁnmag_ﬁﬂﬁedzrc@nginghihebatt?%marcaasi@&l idMBlgment ed

according to the invention by providing conpensation
changing the orientation of the line of sight LOS of the light module 230 with respect to

the second rotation axis SRX without changing the orientation of the light module 230

itself (i.e. by changing the respective angular position between the light module 230 and



25 vibrations/rotations of the optical system 200 about axes parallel to
the second and first rotation axes SRX and FRX. Conpensating for such

rot at i onswoftdmeiept i cal system 200 is perforned by i ndecirngznesmesit i ve
counter rotation of the optical nodule 210 and the internal mrror 222
about the second and first rotation axes SRX and FRX. Rotating the internal
mrror 222 about the first rotation axXxis FRX all ows conpensating for 30
rotations/vibrations of the stabilized optical system 200 about an axis
paral | el tetepsiceli medule A14). |©hera&m\§lym<aédiaoeailym0bangmﬁ thej ggubg Holﬁ?éloépt i cal

modul e 210 gqg 'Tllgalrtital%]mggta ﬁl%ngp[t glt ? 18g %ﬁ[o alﬁ{&g {t))r %éinl%gag)g (?C%%ng Qﬁagtdtoﬁgﬁt

I’OtatIOI']/VI ratlon 0] SYyS an ax

paral | el tpOShehiieeomgerisafimd f@rbhaxges 15% orintati@napthedightodule 230 with
2012/ 001677PCT/ 1L2011/ 000480 - ovision of stabi|ized i nage on | mager
uni t (s) | MESBE 1o (e wpo%matmmws §B§ﬁ (andioslseneprapesating fohanayersnts; of; ng a

light b | |

(not shgéam h%gfgﬂfhigaﬁ {ngogdagiﬁ&%ggg,%h%gh%ﬂﬂggq glgzs:?g?ne g\k/leagﬁgSﬁng ant age
of the conﬁﬁfgmimgtcbmnelodhahgmtst}mtanlgh]aepoﬁtimserrbl y 220 accor ding to the

i nvention is th enabl es . acc dat { entire.stabilized o |caI
syst em 200 i ¢ hipoathedREre] Vmisporcain < malﬂféiang@er et AL PP IR Oour e
This is beﬁg&{%ﬁl&% ﬁBﬁabé |k g &é@%@&dﬁaﬁ&laﬁ%@&ﬂé Q?tléél’ fafif OV RN May
i ncl ude gi |I's assenbly 225 having only a single external axis (being the

second r ot eptic@hpath |(§’I$R§<)hevlkghtmoelulle@3§ F@1 ea:amp& thet iatermonh nbeox/\&%cqlhets

opti cal e. 210 and 10 the | e ect

o gl e Mkr B GTh pr ear hefe PRlse FB g Reshoba s B of oical Babut an
axis perpeP g ditectPthehdllestbdUigBt R¥asds(the ighfRddllet 780 4ddr wite WofsatiRA axi s
FRX) I's obtained by rotation of the internal mnor. Accordingl | ess space

i s requir eligltds propagated snthscenposite directing. Betation o} the lamaéamrr@yé?%#bwo
si nce si ng h%nﬁl’i%‘u%t%éq) ?J(@ %ﬁe&aﬁeg )fh{rgﬁiéé E&:tlgﬁ% repROACE {h%ropttﬁgll f)athc(r)]P

accommodat I 0 axes use utrlirzin
gi mbal asseidvhys bpﬁéaﬂllyai)aplbhawan@u Iopﬁcapqﬁtht OPL cffthé hghmbdlﬂammddl ktens210 to
rotate ?Sbogéne(gntlhg d?rggtlcgung the E@S of the light module 230 in this direction while not
changing the direction of the optical axis OX of the optical module 210. Hence, rotation
of the internal mirror 222 about the first rotation axis FRX allows selecﬁvely coupling
different regions of the FOV of the optical module 210 to the light module 230 (to the
optical path OPL) and thus the LOS of the light module is changed. This allows
20 changing the orientation of the LOS of the light module 230 with respect to the first
rotation axis SRX neither changing the orientation of the light module 230, nor the
orientation of the optical module 210.
Line of sight stabilization (for stabilizing an image or a light beam) can be
implemented according to the invention by providing compensation to
25 vibrations/rotations of the optical system 200 about axes parallel to the second and first
rotation axes SRX and FRX. Compensating for such rotations of the optical system 200
is performed by inducing respective counter rotation of the optical module 210 and the
internal mirror 222 about the second and first rotation axes SRX and FRX. Rotating the
internal mirror 222 about the first rotation axis FRX allows compensating for
30 rotations/vibrations of the stabilized optical system 200 about an axis parallel to the first
rotation axis FRX and counter rotation of the optical module 210 about the second

rotation axis SRX provides compensation for rotation/vibration of the stabilized optical

system 200 about an axis parallel to the second rotation axis SRX. This’enables



Anot her advantage of the stabilizer assenbly 220 of the invention stens
fromthe fact that the relative orientations of light with respect to its
propagat iwo 2diymed7ron i s mai ntai ned constant in all posecihiezangeksr
positions between the |ight nodule 230 and 20 the optical nodule 210, i.e.
changi ng the angul ar position between th]e |'i ght nodul e 230 and the optical
nmodul e 210 does not effect a rotation '(ltvﬁ st) of the light about its
propagation direction. Accordingly, when the Iight nodul e includes an

i mger t haprovigpruafstbiized pmgee of impger untis) IMIand M2 epsaid dightiwadule 23Phe

e our rahebhisd MekTROSANS B 1P BESh hifrhilfe OSP YL Welng 00, e
angul ar pofomilipht Sl €hottshewh) ¢fithe Hghtuhedw?823tand t he optical nodul e 210.

This is different and advant ageous over other_ stabilization_techniques such
as the Coude teChnya§idso potghaBoVe: REC Rdyantagseolohe epntigyraiiom et theetialileer

opti cal @?égérg?lg%ot A&otdid o [H%dﬁﬁlvgntﬁ?glofétthgt # %bbbl% h&oﬁﬁﬁ&%ﬂﬂé GiMl BhtikO the

| i ght nodu ects a rotation of t I mage about an axi s perpendi cul ar
t heret 0. 3€btsibiel aptioa]l agstemd200g withirt herelatieslgndmalhvehumeore, g. t Wighiat albbimkallzer

assenbl 220.is cqonfigyred and oper.able taq .c e the orientati on of the
oo aa mdiitastr Ay oett M SRBTS Redri iRl M e ba kB En B Rgsona
to the nomypgride Léixﬂ%al@fasm 25 ﬁa@ﬁlgo%liycﬁlsingl?:?%%ﬂ@ma]pﬂiﬁ’ﬁﬂélhg \l}%@rseéoﬁdt he

roll axis RRX of  the system To this end, th rotation
2012/ 0016 7imaibh axX0SR X0 edudDallowisgrelatiyg irgtatién betaveen Hisi opticaldmodele 24P agdst em

200 is an axi.s,designgtjing the nomnal .diregtion Lo i ch e.optJ cal

iodul o 16 G vefBR0ATR0 SRvihfh BB el $5AL RS O QIR ORENERM SR,
two axes pef henithe wodnlel ol n &RispefpendiclEX ta fitht simgRaShs (ltdhabout kiPifieal | y
when the stabilized optical systemis installed on a platform_ such as 5 an
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(with respect to the axis perpendicular to the image surface) is maintained constant

25 during variation of the respective angular position between the light module 230 and the
optical module 210. This is different and advantageous over other stabilization
techniques such as the Coudé technique in which the relative orientation between the
optical module and the light module about a roll axis perpendicular to the light module
effects a rotation of the image about an axis perpendicular thereto.

30 Preferably according to the present invention, the stabilizer assembly 220 is
configured and operable to change the orientation of the optical module with respect to

the light module about two axes orthogonal to the nominal line of sight of the optical

module, perpendicular to the roll axis RRX of the system. To this end, the roll rotation



20 nodul e (e.g. telescope) about the second (yaw) rotation axis (SRX).

For clarity, in the followi ng description the second and first rotation
axes (SR¥vendiFBxg77are sonetinmes referred to as the yawpamdLpit/olv4gxes. |t
shoul d be however understood that those axes (SRX and FRX) do not
necessarily lie in the respective directjons of the yaw and pitch rotation
axes of the platformand can be selected to point 25 to another direction
(e.g. orthogonal to the roll axis). In some enbodi nents of the present
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system (e.g. perpendicular to the platform's direction of motion). Such vibrations are
compensated directly e.g. compensating for vibration in the platform elevation by
rotating the internal mirror 222 about the first (pitch) rotation axis (FRX) and
compensating for vibration in the heading of the platform by rotation of the optical
20 module (e.g. telescope) about the second (yaw) rotation axis (SRX).

For clarity, in the following description the second and first rotation axes (SRX
and FRX) are sometimes referred to as the yaw and pitch axes. It should be however
understood that those axes (SRX and FRX) do not necessarily lie in the respective
directions of the yaw and pitch rotation axes of the platform and can be selected to point

25 to another direction (e.g. orthogonal to the roll axis).

In some embodiments of the present invention, as is also illustrated in Figs. 2A
and 2B of the present example, the optical module 210 of the stabilized optical system
200 includes a mirror telescope (telescopic mirror arrangement). The telescopic mirror
arrangement includes primary and secondary mirrors (PM and SM) that are arranged

30 with their optical axes substantially coinciding with the optical axis OP of the optical
module 210. The primary mirror PM collects/reflects light from/to the environment
(light to be imaged by the light module is collected and light emanating from the light

module is reflected by the primary mirror PM. The primary PM and secondary SM
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25 optical elements and/or electronic elements which manipulate the direction of light by
induction of a suitable electromagnetic field (e.g. causing lensing or other
electromagnetic effects).

In the present example the light module includes two imagers IM1 and IM2.
One of the imagers IM1 is sensitive to light in the visible regime and includes charge

30 coupled detector (CCD) that includes multiple light sensitive pixels. A second imager
IM2 is sensitive to light in the IR regime e.g. it includes a focal plane array (FPA)
detector. The light module also includes light guiding elements defining the optical path
OPL of the light module 230 and is configured and operable for guiding light



Ref erence is nade to Fig. 3 showing a bl ock diagramof the stabilized
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having simlar functionality. Her the stabilized optical system 200
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which is configured and operable to enable to vary the direction of the line of sight of

the light module 230 by rotating the line of sight about two rotation axes (FRX and
SRX in Fig. 2A) that are orthogonal to the optical axis of the optical module 210.

30 Accordingly and similarly to the stabilizer assembly 220 illustrated in Figs. 2A
and 2B, also here the stabilizer assembly 220 interconnects the optical module and the
light module via second rotation mechanism SRM allowing to change their respective

angular position about a second rotation axis. The stabilizer assembly 220 includes an



In this respect the optical nodule 210. and the optical elenments included
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25 It should be noted that in embodiments of the invention in which the stabilized
optical system 200 is designed in certain wavelength regime(s), both the light module
230 and the optical module 210 are configured and operable to operate in these regimes.
In this respect the optical module 210. and the optical elements included therein are
generally configured and operable for transmitting/propagating/directing therethrough

30 light in the desired wavelength regime(s) in accordance with those sensed or emitted by
the light module. To this end, optical elements of the optical module 210 may include
elements such as mirror, lenses and optically diffractive elements and also electro-

optical or electronic elements such as antennas or antenna arrays which are referred to
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orientation of the optical
20 Generally, the stabilization controller 242 may receive relative orientation data
RO indicative of the desired relative orientation of the line of sight of the light module
230 from various types of sources. For example, active direction of the line of sight of
the light module 230 can be provided by allowing a user/machine to control the relative
orientation between the line of sight and the stabilized optical system 200. In this case
25 for example, relative orientation data RO may be generated by a user (person/computer)
of the stabilized optical system 200 by utilizing active direction module 250 which may
be optionally associated with the stabilized optical system 200. Active direction module
250 may be for example a user interface module (UI) or an application interface module
(API) that provide an interface through which a user or a machine can provide
30 instructions regarding the desired direction of the line of sight of the light module 230.
Alternatively or additionally, in some cases it is desired to utilize the stabilized

optical system 200 of the invention for stabilizing an image or a light beam against

changes in the orientation/position of the stabilized optical system 200. Hence



system based on i mage data can be performed by conparing two or nore inmages
from30 that inage data | MD and by utilizing various types of imge
processi ngotedmigues whi ch are known in the art. After pclrangesooonsc he
orientation of the stabilized optical system 200 are determ ned,
conpensating for such changes by induciphg rotation WO

2012/ 001677PCT/ 1L2011/ 000480 - 24 - actwuation on the first and second
rotation mechani sms (by the first and second rotation actuators, FRA and
SRA) is peeptimaBy iwhem iraggeerorsilighl dreamo stabalizagienciy beyghibosre. orientation,
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di recting sthkilizedheptwhl sisght 2@ t he |ight nodule to the desired direction.
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rotation rate sensor module 270, including one or more rotation rate sensors (e.g. rate
gyros) and attached/mounted to the stabilized optical system 200. Rotation rate sensor
module 270 measures the rotation rates of the stabilized optical system 200 at least with
respect to the first and second rotation axes (FRX and SRX in Fig. 2A) and provides
15 data RRD (rotation rate data) indicative thereof to the orientation determination modﬁle
260. In turn, orientation determination module 260 applies integration to the received
rotation rates from the rotation rate sensor module 270 and determines a change in the
orientation of the stabilized optical system 200 and further determines relative rotation
data RO indicative of the rotation that should be actuated by the first and second
20 rotation mechanisms, FRM and SRM in order to compensate for the change in
orientation of the stabilized optical system 200 and to maintain a stable line of sight of

the light module 230.
It should be understood that, according to the present invention, the orientation
determination module 260 is not necessarily associated with rotation rate sensors
25 (module 270). For example, in cases where the light module 230 includes an imaging
system IM, changes in the orientation of the stabilized optical system may be
determined/calculated based on image data IMD that is indicative of images captured
by the imaging system IM. Determining the changes in the orientation of the optical
system based on image data can be performed by comparing two or more images from
30 that image data IMD and by utilizing various types of image processing techniques
which are known in the art. After changes in the orientation of the stabilized optical

system 200 are determined, compensating for such changes by inducing rotation



an optical nodule defining an optical axis and an optical path of light 5
propagati on therethrough; and a stabilizer configured and operabl e
for proviwongimpiézeal coupling between said optical nodecerendi/emisgh | i ght
nodul e, said stabilizer conprising: a ginbal assenbly defining a first
rotation axis orthogonal to said optic axis, and an internal deflector
| ocated in the optical path of |ight pr<dpagating through said optical
nodul e, said internal 10 defl ector being nmounted for rotation about said

first rotatdtegtioaxinsthe didstcodfseeundadtagind nagsbazibne (hyothgfusti and seperiderptativpupl i ng

bet ween at _| east ect.i of the opt.ical path of i t hcal modul e and
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system of cl ai njtlshonhteaBonbs aiotkdgitbahe aysembby tﬁ@giiésieﬁtem@nﬁbﬂﬂhﬂéy be

i nt erconnect ed between said optical nodule and said _|ight nodule and 15
conf i gur edcardigaradandraperbledier eoncygeatlbperfarmingbethastiypdirctian 96 thsrlineradt at i on
axi s ortho Saj [Prev={; i I -' t.all i 3.
The stan | FORPTbEIER ol 230 (B baaN b BERRChE Tiryh) Al Blodtfirty
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coupl ed wi $tAbitiRed epticak aystesa2f0.oln sush cpiegithe spenfatien determinatigpemgdple
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internal deflector a&bout  sai irst rotation axis in a direction opposite
t o a di r ectatationahtersohsatr nedulzf20Her algrnapielysiysge ia@adMP foom axisagsatMl dfel to

said first rotation, axi rovi des co nsatjon for said rotatjon of.the
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one of an Hésnrge dizectmwn30 |ight beam forned by said light nodule. 6. The
optical system of any one of the preceding clains, wherein said optical
nodul e conprises a telescopic mrror arrangenent conprising at |east
primary and WO 2012/001677PCT/1L2011/000480 - 26 - secondary mrrors
arranged such that their respective optical axes substantially coincide
with said optical axis of the optical nodule, said internal deflector
intersecting a section of the optical path of the optical nodul e defined by
said secondary mrror and being arranged to optically couple said section
of the optical path with an optical path of the 5 |ight nodul e.



7. The optical systemof claim®6, wherein rotation of said internal
deflector with respect to the telescopic mrror arrangenent varies a

| ocat i on wh 2170®gé70n on the secondary mirror that is optcealLiyiemes ed with
the optical path of the |light nodule thereby varying said section of the
optical path coupled with the optical pgth of the light 10 nodule. 8. The
optical system of any one of the preceding clains, wherein said |ight

nodul e conprises at | east one light sensor; said internal deflector is
configured and operable to collect a light portion propagating thereto from
a section @L%}Im:opti cal path of the optical nodule and to direct the
collected It ght portion to said |light nodule. 15 9. The optical system of

claim 8, whperei AnoptichldystbBiaspdiigg! | ght sensor conprises an imagi ng sensor
having nultiple |light sensitive pixels. 10. The optical systemof claim38

or 9, wherein safighimedile;npdul e conprises at |east two |ight sensors

sensitive to light i.n .at_ |l.east di ffer.ent e | east
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from said gRpagitionaheretttuigh; andt 0 at | east two |ight conponents and
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Sour ce. of B o GRBEH paret et Spasing PR S e ogde et ansle
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conprises 2. | asghe wpUtalesyditeh \Wiedldin 15 itdredptsaida biniBall seemBND comprises a
2012/ 001677PCT/ 1L2011/ 000480 - 27 - includes an arrangenent of optical
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orthogonal to said optical axis and to said first rotation axis.
3. The stabilized optical system according to claim 1 or 2, wherein said internal
deflector is rotatable about said first rotation axis thereby varying the section of the
optical path of said optical module which is coupled with the optical path of the light
20 module.
4. The optical system of any one of the preceding claims, wherein rotation of said
internal deflector about said first rotation axis ih a direction opposite to a direction of
rotation of the optical system about an axis parallel to said first rotation axis provides
compensation for said rotation of the optical system, thus allowing to stabilize at least
25 one of an image or a light beam formed by said light module.
5. The stabilized optical system of any one of claims 2 to 4, wherein rotation of
said optical module about said second rotation axis with respect to said light module
provides compensation for rotation of the optical system in a direction opposite to the
rotation of said optical module, thus allowing to stabilize at least one of an image or a
30 light beam formed by said light module.

6. The optical system of any one of the preceding claims, wherein said optical

module comprises a telescopic mirror arrangement comprising at least primary and



el ectromagnetic radi ation conprises a source of radio frequency radiation,
said optical 5 nodule conprising an arrangenent of el enments adapted for

di recti ngwelecoosvaigneti ¢ radi ation in the radio frequemrcy/ILmgi/om4so 16. The
optical systemof claim 15, wherein said arrangenent of elenents includes
one or nore antennas. 17. The optical system of any one of the preceding
clainms, wherein said light 10 nodul e conpri ses one or nore |ight guiding

el enents that are configured and operable to define an optical path of said
opti cal nostgbrdagndhitrorsprmangesesuch that dheircngsgsictivgyoptisalexes sabdtingiatly semsisle or

|'i ght source, of. .t he light dule and.the internal, deflector. . 18. The

opt car syStgrigrengraes T Be RoahE il iR e l& o ahl i RaediBrent
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17 or 18, wherein said |ight guiding elenments provide optical coupling

bet ween t hetrangeé t aptically |ceuple saidrigetzan ofeths optead peth with jag loptisd mady ofthg | i ght
source q; ﬁ@ﬁrﬁ&éﬁ@: nodul e, while said optical nobdule and said internal

defl ector are’in various angular positions with respect to said |ight

nmodul e. 7. 20. THeptial isgadm Hf sl 6f widtyinaoeatioh of IsaidniiteZndl deflSstorcwidhr i Si ng
a stabilization 20 control . nodul e conpri sing:, a first actuation unit
connect ed ¥espeshite the rtelesqopicafppr aupRECHFAL SBHES Gulostiqny Of @ teeien &nfthest
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about said first”rotation ax second actuation un connected to
sai d gi nbathesebyl varyiig spid ssttibn ofithic watieal pathconpledvdtlr the aplicad pathtcdfitheohghiet ween
sai d optical dul e and said |ight nodul e about said second rotation axis;

and Oé@‘f%trol unit connected to said first and second actuation units

and adaptegl 10 Pge BEEANFsME b aﬁ%lgcﬁf%l §f theNPieeddihy ®1ns WhdlelPRaiiafigs Of

said optical system to Oﬁgrate at | east one of said first and second

act uat i on umoilels comppises atr leasit oreclaght sonsorpsaid hefefvial deflestat iSGosBgemd and| at i ve
rotati on rates
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conpri si ngofthé 8padal aldduRtRd 1& aiéut GiEdM1esSi¢s lighl portion to said light module.
15 9. The optical system of claim 8, wherein said at least one light sensor comprises
an imaging sensor having multiple light sensitive pixels.
10.  The optical system of claim 8 or 9, wherein said light module comprises at least
two light sensors sensitive to light in at least two different spectral ranges, and at least
one wavelength selective splitter configured for spatially separating light from said
20 optical module into at least two light components and directing them to said at least two
light sensors.
11.  The optical system of claim 10, wherein said at least two light sensors are
sensitive to light in at least the IR and the visible spectral ranges, respectively.
12.  The optical system of claim 10 or 11, wherein said wavelength selective splitter
25 comprises a dichotic mirror.
13.  The optical system of any one of the preceding claims, wherein said light
module includes at least one source of electromagnetic radiation and wherein said
optical module is optically coupled with said at least one source for collecting and
directing an electromagnetic radiation beam emitted therefrom; said stabilizer is
30 configured for directing said radiation beam to various directions with respect to said
light module.
14. The optical system of claim 13, wherein said at least one source of

electromagnetic radiation comprises a laser source and wherein said optical module



connectable to said control unit and configured and operable for measuring
the rotation WD 2012/001677PCT/ 1L2011/000480 - 28 - rates of said optical
system wiwb 2oespecy to at | east one of the first and t hecsacmndogoagoat i on
axes, and generating said signal indicative of said rotation rates. 22.
The optical system of any one of clai nﬁgz to 21, wherein said stabilizer
and said ginbal are configured and operdble to enable a change in
orientation of a line of sight of 5 said |I%ht modul e within an angle of at
| east 1600inabides a8 airthngementdof optedl crlerasits adapted fon ditsping gleckgmegnetiet any
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L
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to a pitch I@(dlsm&teaﬁéhgasoptlcal modul e. 27.The optical system of any one of
t he precedlng clainms, wherein said first rotation axis is internal to said
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a Mrror. todefine an optical path of said optical module and to provide optical coupling between
a light sensor or light source of the light module and the internal deflector.
18.  The optical system of claim 17 wherein said one or more light guiding elements
comprises at least one light deflector.
15 19.  The optical .system of claim 17 or 18, wherein said light guiding elements
provide optical coupling between the internal deflector and at least one of a light sensor
and light source of the light module, while said optical module and said internal
deflector are in various angular positions with respect to said light module.
20.  The optical system of any one of claims 2 to 19, comprising a stabilization
20 control module comprising;:

a first actuation unit connected to said first rotation axis and configured to
actuate a first relative rotation between said optical module and said internal deflector
about said first rotation axis;

a second actuation unit connected to said gimbal and configured to actuate a

25 second relative rotation between said optical module and said light module about said
second rotation axis; and

a control unit connected to said first and second actuation units and adapted to
be responsive to signals, indicative of rotation rates of said optical system, to operate at
least one of said first and second actuation units to perform at least one of the first and

30 second relative rotations, to thereby compensate for said rotation rates and stabilize a
line of sight of said optical system.
21.  The optical system of claim 20, comprising a rotation rate measurement system

connectable to said control unit and configured and operable for measuring the rotation



10

15

20

WO 2012/001677 PCT/IL2011/000480

-28 -

rates of said optical system with respect to at least one of the first and the second
rotation axes, and generating said signal indicative of said rotation rates.

22.  The optical system of any one of claims 2 to 21, wherein said stabilizer and said
gimbal are configured and operable to enable a change in orientation of a line of sight of
said light module within an angle of at least 160° about said second rotation axis.

23.  The optical system of any one of the preceding claims, wherein said stabilizer,
said first rotation axis and said optical module are configured and operable to enable a
change in orientation of a line of sight (LOS) of said light module within an angle of at
least 90° about said first rotation axis.

24.  The optical system of any one of claims 2 to 23, wherein said second rotation
axis corresponds to a yaw axis of said optical module.

25.  The optical system of any one of the claims 2 to 24, wherein said gimbal is
external to said optical module and is configured for providing relative rotation between
said optical module and said light module.

26.  The optical system of any one of the preceding claimé, wherein said first
rotation axis corresponds to a pitch axis of said optical module.

27.  The optical system of any one of the preceding claims, wherein said first
rotation axis is internal to said optical module and is configured for providing relative
rotation between the internal deflector and the optical module.

28.  The optical system of any one of the preceding claims, wherein said internal

deflector comprises a mirror.



