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WD 2004/ 072678 PCT/ 1 L2004/ 000112 LASER GATED CAMERA
| MAG NG SYSTEM AND METHOD Field of the Invention 5 The

w@e@gmene7s nventi on relates in general to the fPel/tiL2064/000112

opti cal observation systens, and nore particularly,
to a long range, day and night TV channel observation

Systeﬂﬁ%ﬁhaﬁg?ﬁg@ﬁMwmA@ﬁ*@%Wé #D'WETHOD

principle to met s inmplemented I n such
systens. 1o Background of the Invention Known within

= Ll ance and observation systens is the
FFrééltag%{j 0 ﬁ‘t“gé%fé(tghdet ection and identification using TV

systens that include a canera and a |ong focal |ens.
15 The light collecting capability of |ong focal )
Thengresent inventianirelates in general to the fald ahepbieat observation

SYAloBIS 38 FHOTB GRICSG 1 2 1) [lias. G ane Bt iV Branne

. Cor visi bi Li St L al _ . o
opReERLRR, et bt npEfednee TS UREBREdRgig principle, and
1@ atRobIIDIMEhtEE aFYaER syisgsis. to noise ratio for
exploiting the total resolution capability of the
canera and . to discern the fine details of the target
in order to obtain its identification in the inmge.
Bzckgrogpinghof thednyendight ens require adding an
auxiliary light source illumnating the target in
order to inprove the received picture quality. Such

bkl i Okl & i I hC i
KA NUAE Yorid Saha8 SRR SR (FERaRIn T aITigms de the
nidthodi B¢ tirget oletectioneiamal tidentif@ticrf udiagWDV systems that
2004/ 072678 PCT/ 1 L2004/ 000112 canera and that '
indludeiancarasra lsad a éong docalilens herei nafter FOV) of the
canera or a part thereof.

The light collecting capability of long focal lenses is limited due to volume,

weight and cost constraints.

Even when a camera includes in its setup an SLS (Star Light System),
under conditions of inferior visibility, the natural background light intensity
is not sufficient to enable the production of an image with adequate signal
to noise ratio for exploiting the total resolution capability of the camera and
to discern the fine details of the target in order to obtain its identification in

the image.

At night such TV systems require adding an auxiliary light source
iluminating the target in order to improve the received picture quality.
Such an auxiliary light source can be a laser device capable of producing

a light beam that is parallel to the line of sight (hereinafter LOS) of the
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A known probl eminherent in surveillance and
observation systens is the 5 need to overcone

wo pakememg condi tions such as: humidity, haze, PEDD,2004/000112

mst, snoke, or rain that m ght be present in the

SyB6Ea i 3o i ddbé e, FeiE 3 Vel BeYanaftBe, FOV) of the

éﬁ,ﬁ@@m%xggﬁﬂ?éfg ofobservation syst ens operatl ng in

er me exanpl e, the influence of scattering
in water in underwater 10 observations being
erformed either fromthe air or in the water itself.
X KW prolelan dmlcerest dn shieeilancerany obestvation systems is the

AR sl iRl a8 ol o i
T S R A, 0 3 b

émeemahcel and I&)saeau@ﬁ sg%‘té?h%paﬁﬂ'tﬁe”@%ét befHy ehdefved. A
backscatter of part of | aser beam

dianilias qroblym céxistsefdraslkese tvadionr sgstenss opesaliig bh i othiengnedia,

of the canera and thus reduces the contrast of the

forr gxempleat the il uer@eaa@kgﬁ@aﬁérmgnder wateghtini nenderwater
t re [ts in nific

GV AiSHS pelfl b Bdtmet it okt i 4Eordaiad et et

ldentIflcatlon in corrparlson to the attainable
efficiency of target detection and identification in

IdaYVi sarvailiivice candlidhsurgation oystemd thaiedws eintdigrated with a
negatlve i nfluences present in the space between 25

laser |daydee caalingdagvitsarileminaticg aadrashsas \mandmned above,
em and t the TV canera s
ST PBAP JB AN MBHHS DRI HOR RS SaSLans 188 targst, for example

. f I I I t t [
5 OSSR SERAdE, HeSBicl IR 8 e Base o
ARREPhERRhdid/ dar? Q@&é@%k%cbﬂe? f paRPBf AR Mhset beam. The
| aser generates short |ight pulses at a given
Wacksoatiey ofvihehlasee Beararesultsairt setidsdinditg ofsthei camera and
requency. The TV canmera however is actjvated wt

Pﬁée HP§§ the gonitstafibpdareet E@Iavéontbetb@ckgrounda Under
nighttime conditions, contrast reduction results in significant lowering of
the efficiency of target detection and identification in comparison to the
attainable efficiency of target detection and identification in daytime light

conditions.

In order to reduce the negative influences present in the space between
the laser coupled TV surveillance and observation system and the target,
the TV camera sensor is synchronized in time with the time in which the
reflected energy from the laser illuminated target is due to be received in

the optical assembly.
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frequency of the |aser pulses. 5 Thus, when the |aser
beamlight is sent to the target, the canera reception
wo eweh7em i s set to the OFF state. The | aser |PQL2004/000112

traveling at the speed of 1|ight towards the target,
I mpinges on the target and illumnates it and its
Indiis BPPERRGHH A iRsRYsdencaias ISLBHr ng}aifplﬂlﬁﬁslaiﬁ givgryfrequency

B L S b QP A g T8 famer
héﬁéve??%‘@?:ﬁ@afélf wHHTBSIMR BeldyNfHat! orfé§Ponds 3Bldtvely to the

oseé e canera (relative™ to the distance between

frédigeneyref thelabdripulsesget ), reaches the camera 15 when
it is still set to the OFF state. The light is thus
not received by the canera and does not influence nor

educe t ontrast of the i e, ln_contra .

Thitse WhenitoR, oreDRpRR IO R SETLE0 thadaf@l: I rameragpgeption

fr t: tiarget i j I[ihGhS. '
flelih, et B’ OFTEplatd Sty At YIGLaele, ¥eed of
Iiéﬁ’tetdv@éff%l@,t’dh@”teﬁ’b@t,eiampih@e@r@ntthQStai'glé’d gndallbatinaids itrend its

canmera switches fromthe OFF to ON state in a tine
negrmhsonicuedingsannér smalh paine of i e 1asaralight imdgeflaciesl back

to travel to the target and back. 25 After reception
toyrardsdheRajBeE- the target, its adjacent vicinity, and

its subsequent storage, the canera reverts to the OFF
state and the system awaits the transm ssion of the

Lé}‘_ﬁéﬁ li'gﬁ?efeél%‘é'té&- b§c|¥Wa?cPaOAd501i§W8re?€%elsLmﬂﬁ/ﬂ@%adia, for

I's procedure 1s cyclically repeated in a rate _

exainp itlsd edmiospheter thetds signifibanthe clasegto the camgrg, (relative
the speed of light, and the linmtations set by thﬁ‘,‘

ta theedistance befneamthe gagrera and iRedatget) nipadhes the camera

o e ST Ve, I FEHSr L08Ry Ta U8 N iekBib by the

cHHetd AU 88el Flct YA Mok Peduce the contrast of the image.

In contra distinction, the light reflexes that reach the camera from the
target and its adjacent surroundings arrive when the camera is already in

the ON state, i.e. the reception state, and are thus fully collected.

The camera switches from the OFF to ON state in a time synchronized

manner with the time it takes the pulse to travel to the target and back.

After reception of the image of the target, its adjacent vicinity, and its
subsequent storage, the camera reverts to the OFF state and the system

awaits the transmission of the next laser pulse.
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m nimze backscatter by gating images of any

i ntervening media between to the target and the
wopiiozerassenbly. US Patent No. 5,408,541 to Bemml2004/000112

entitled "Method and system for recognizing targets

at long range ranges"

Tih LT ST i e B n s
with Toc BByl T ORb e, srevd DL IR PAORS frlfiBRs sy the
Ia%é‘r g@@iggtgméﬁ?ggﬁ{erg@s det ect ed. Subsequently, the

ange alsi into a gated television sensor that
serves as the inmaging device. Thereafter, the
estimated area of the target is illumnated by a

I%éﬁ%tfg@sﬂ{is ﬁr’&ceﬂﬁFé’&gﬂt@g&Tmé Ebgbﬂécﬂ@ﬁscbﬂédjyrmmi% image

ve l'ocation energy returned
infre@Mifee target is processed and converted to display
as a TVimage. It is noted that Sewell requires a
prelimnary range neasurenent by a designated |aser

Thartetion Presepl kbue FakBENhas TengedalstbirBision TV to
o404 AR A B8R Vb el g Spvveen
thb%g@%@?’?ﬁjsﬁgp Ii'ca[ g5gémpl).y expensive, and not

nece : icable to ™ all types of surveillance
and observation systens. 4 WD 2004/ 072678

PCT/ 1 L2004/ 000112 Thus there js a._nege n
Ubodistot 1. 340887 brtouapvial anigRe. Mshedaengnsystem for
ased .on the gated , mgi ri.nci pl-e, ' cap
REERG HAgEE, L JoTE g8 URLS el ARARS
in@ﬁﬁfe%sﬂéf’écﬁio%s{?f fid fﬁr@@f,ycdn'HLitS?tin\g;t 8 prefliffhary measurement of
nmeasur enent . Summary of the I'nvention According to a
ther eirRje &l tagetdand tal@ilatihg the potition relajizedo theneoerdinates
_imaging systemis provided which includes a |aser . .
indehiakethieotargehwas: deigcted. Subsequently, the range data is fed into
a gated television sensor that serves as the imaging device. Thereafter,
the estimated area of the target is illuminated by a pulsed laser, in
accordance with the measured range and relative location data. The
energy returned from the target is processed and converted to display as

a TV image.

It is noted that Sewell requires a preliminary range measurement by a
designated laser range finder (ranger). The measuring line to the target of
the laser ranger has to be parallel, in a very accurate manner, to the LOS
of the observation system. An instrument of this kind can be bulky (both
large and heavy), relatively expensive, and not necessarily applicable to

all types of surveillance and observation systems.
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10 beam of |aser energy in the formof |ong duration
| aser pul ses toward a target. The system further

w0 p@kTe3s a canera assenbly that receives the PEnBER2g84/000112
of light reflexes of the puI ses reflected fromthe

Thee 3@&22%?\%@ Patan ateryalian: sySIsht fate dRy Ek dight
R PSR e R o
Iorgqj réﬁge'dbééi‘q fibRE WhidH Bloek! MGt hbcésdiRRtet APreRdfiiary range

fo corrp ete traversing a zone proximate to the
towmmm@a@i,u’@ménto the canera assenbly. The canera

assenbly gating is synchronized to be set ON for an
ON tinme duration thereafter until the |aser pulse

reflects ck fromthe target and is received by the
S%%PB“& EQWBF Ofrhe | aser pulse width

substantially corresponds to at |least the ON tine
duration of the canera assenbly. The system further

Add?ﬁ!jih‘é)eﬁo &) prefereéd drnbedirhent tofaihef énventprt lae gatsercamera
beam “fromthe | aser device to an optical fiber exit

imaind sy siem aalprd)wuleld wlanch/\mdudﬁs adaser genies { for generating a

conprising a ro f ack, f bi |
b%@fdayaeamqgréu Brfentar job dong duraon: s ises Toward a

i ST TP IR i o
Pgo{ﬁ '|| 9|t a\‘é‘ﬂe%gvbf"tﬂé pais réﬂé’cl@@lt #ldrandle target. The

he canmera assenbly and the optica

ca‘m@&’r aesetnl:ﬂf/ gdtmg)ms isyachforiizedito bepsek@fdd fap at least the
nmodul e. The system al so includes at |east one filter
duratios pafctimal ltatadxessth&jaamﬂwgém produyge golesssadise in its

t| al fi lt n I
SRR AP P g Sl B, &P R o 4! bGP the
C
iRl 855 198 L g BURRLRRS okl copun paasiat to
théxéfst@fn iRl BRACR fo tﬁésﬁr’ﬂbva dd%‘émblavpl dheacaendray assembly
including transmt/receive optics e 5 optical axis
gating hieesyashrordzedd@ barset ©N ifer aub QM Himel dyrqamm@ﬁaﬂer
{
untﬁ theelasg pulse reﬁectsogacfg?rgr%n%%atéarsgsé? ancy is received by the
camera assembly. The laser pulse width substantially corresponds to at

least the ON time duration of the camera assembly.

The system further includes an optical fiber for transferring the laser beam
from the laser device to an optical fiber exit of the optical fiber, as. well as
a gimbal, comprising a gyro feedback, for stabilizing the camera assembly
and the optical fiber exit of the optical fiber in a packaged module. The
system also includes an image-process stabilizer and a support unit for
supporting and providing height and rotational adjustments to the camera
assembly and the optical fiber exit of the optical fiber in a packaged

module. The system also includes at least one filter for spectral and
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The coupl er assenbly includes a collimtor for
collimating the | aser beam a mrror neans for

waledoheraernig and converging the |aser beam andP@NIL2004/000112
optical coupler including a mrror splitter for

coupling the optical axis, of the |aser be t
spaial ddtering @s d’f/eH %6 Bkt wae\sfaaﬁmhﬁr el‘% en Qggﬂg QH%W&GG of

B A T8 R BRALA Y Wl 2 L <5RBg Y forggupiing
théacggﬁ%@f akidCol! 'tﬁ{e qggeP c%}ﬁcéﬁﬁi‘?ﬁ rtH@ optl&& 8RIFLHR the camera
can 1 nc arge Coupl ed Devi ce (CCD),

aé@%nﬁblg/edhbnw@pllefl &sbarhblyo indlogiect tramsmt/rereewel @pﬁ})a The
a Gated Intensified CCD (G CCD), a Gated |

mag
optmaérmus.cﬁr theolasercdevigel parralspi e smtbsta@tlalhr mra"el to the

( APSé Accordin o anot her aspect of the
Oﬁ’t!ﬁf’i %i% AN @ﬁ%@,ﬂgb ¥maging 20 nmethod is
provi ded. The nethod includes the procedure of
generating, preferably by a D ode Laser Array (DLA),

Tﬁ‘e 'c%ﬁﬁlerb@@éﬁmblyl iRldds I dollirpator fdvcallirnatinglthedaser beam,
toward a target.” The nmethod further includes the

a Pﬂuaﬂdlmemm f?:eccmﬂedo’n@fgt hadenonyerging| thghilasest bersy, and an
e pulses r t

opinmicRuPTEnGld00 carmiiar SBliBgrian ainiet e’ Sefiga axis of the

1256 Ay b 10 Gidlads Phaflp faffrhi abfeEbly." The laser

dé\HPétlﬁEﬁJ'd%'s %'ﬁlbﬂ%t VaséM Ak (9L A viieh Hari Bé im@iektented in

on to the ti it takes the | aser

thl@uhéﬁr 1R repge! 6f the bive ergricen e ef wlnemmbteallgbt spectrum
| aser device and back to the gated canera. The g (%‘@D)
a

Themsamera assendhlyf ean dnclode enbhaugat CoHplarbRakicer
gxnfmé: gntqhtgﬂ‘d & eéhgm > feec&llo%t%ybacg@@?@f Be ddtbdChntensified
O e A o i

PR Edriddr (@"mpfs)pescrl ption of the Drawings 5

According to another aspect of the invention, a gated camera imaging
method is provided. The method includes the procedure of generating,
preferably by a Diode Laser Array (DLA), a laser beam in the form of long
duration pulses, toward a target. The method further includes the
procedure of receiving the energy of light reflexes of the pulses reflected
from the target by a gated camera. The gated camera is synchronized to
be set OFF for at least the duration of time it takes the laser device to
produce a laser pulse in its substantial entirety, including an end of the
laser pulse, in addition to the time it takes the laser pulse to complete
traversing a zone proximate to the laser device and back to the gated
camera. The gated camera is set ON for an ON time duration thefeafter

until the laser pulse reflects back from the target and is received by the
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The present invention will be better understood and

nore fully appreciated by studying the follow ng
wa@ledoaorwas descri ption, taken in conjunction w PET/112004/000112

drawi ngs and attachnments, in which: 10 Figure 1 is a

schematic s of a conc tual o tion scena
O RIERL 6 SOk 8, CONG5 UabORSEAY| - SSSHRId b 8l toast
e cordance with the invention. Figure 2
th%gﬁ@?ﬁ#ﬁﬁ%Eﬂﬁ g¥aph depicting the | aser beam
di spersion by its 15 irradi ance on a target and

backscatter radiant intensity through a mainly

BhiefideseriptiondoftheaDrawingst i on of the range. Figure 3
is a block diagram denonstrating an application of a
nmet hod operative in accordance wi th anot her

T ﬁ@ﬂﬁ@?%ﬁﬂ&%@%ﬂew@% Bl Bty BECTTE Rty Hppreciated

ﬁgjﬂc}ﬁpé thé 1IG\E fafleld! ddé’s?frgﬁfdrp'ial%én ) Eéhpﬁﬁftlon with the

nt constructe at’'ve i n accordance

MWIWﬁh%d aﬂaéhmts,ahahhicmed by a gimbal ed neans,
ich the optical axis of the illumnating |aser

beamin coupled 25 with the optical axis of the
observi,.ng section, [

FRasT iac aehematia Skerdh of %eﬁséﬁﬂ?@ga opératign, spepgti of a

o, BERHE 15D SESBRTERtehed o DURRAIFE i gordoncs

whRdhEnBvERiGHa assenbly are 30 essentially in
parallel. 7 WO 2004/ 072678 PCT/|L2004/ 000112 Detail ed

Description of the Preferred Enbodi nents Reference is

now made to Figure 1 which is a schematic sketch of a
FW@e@)tQﬁ]Stﬁ%@saﬂl giapic deRiGtng Hemdaser e@&.@ﬁﬁ%@ﬁon by its

'r%a%%?%? %%ﬁg@@"ﬁg@tg@ﬁ%r”%ﬁ%@f ﬁﬂhﬁgﬁﬁ%ﬁcﬁ}é}ga mainly
h%@ﬁeﬁe‘{dﬁ Brfigned Qfaﬁc |§H%¥f$@%%ﬁngap! udes | aser

or pro ucung aser O in the
Figure 3 is a block diagram demonstrating an application of a method
operative in accordance with another embodiment of the invention,

accompanied by an illustration of a conceptual operation scenario.

Figure 4 is a schematic illustration of a further embodiment constructed
and operative in accordance with the invention, stabilized by a gimbaled
means, in which the optical axis of the illuminating laser beam in coupled

with the optical axis of the observing section.

Figure 5 is a schemaitic illustration of yet a further embodiment,
constructed and operative in accordance with the invention, in which the
optical axes of the illuminating laser beam and the camera assembly are

essentially in parallel.
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formof a continuum of pul ses (continuous sequence),

and the illumnation to of distant target 50 by | aser
whe@2s78 Laser device 30 produces | aser beanspdDII2D04/000112

Llong durati]?n (in the mcronmeter range). The |ong

uration of the pulses can elimnate the necessity of
Detaileick Degcription ofithe Brefesred Bmbpgimentsowi ng | ozv

energy pulses to be used with sufficient reflected

intensity fromtarget 50. 15 System 20 further

ARV B 0, S et v of o

cortiptYass déiéraﬂbﬂatsédnhm, | gsrerdigadetign@i@dCarter af a gated
assenbly 60 includes a canera sensor (not shown

for .
cgmerximagingsaysicomcenstrugted andxegeradiver iarﬁicpcggg,)ance with the

_illumnated target 50 a the refl exes are received by
ingaRtenR, gereiANY Qﬁ!glf‘ﬁefﬁggpl aying tel evised inmage 80

of the target. A switching assenbly (not shown)
synchroni zes the canera sensor operation. 25 Haze,

S)?%%m MU%@IQ%P%V%‘J@D idichRItRIbinG Aasék beam 40 in the

_ zone 90, exist in the space relatively
forth ecgMontianuuhe of pide (cartirmmtseseqoence) and the illumination
approximately range Lm and constitute nmjor
ofi distamictarggt ik byr lesar theama4@r baseh gev ﬁpspmﬂqe@ laser

illum pate t t..50.,. ILmd :
beamgHe 5dond, dUiatieR (A ar nirtaiHlRs ARy TheTofigiitation
4 : 3:0:
o PR AR AVAHE GEThbLS00) O00HnG i ey puises
tHé?sbgrwlldwingt s | @issrgybpalses fo die itsednayiitt suffieet réftected
through zoné 90. The Tength from system 20 to target
inféngity Hlem targetB0as Lt. 5 Canmera assenbly 60 is set to

the OFF state for the duration of tinme it takes |aser
device 30 to produce | aser beam40 in its substanti al

S?/Qtteirﬁe%’further includes camera assembly 60, which receives the
energy of reflected light reflexes 70 from target 50 that was illuminated by

laser beam 40.

Camera assembly 60 includes a camera sensor (not shown) for
processing and converting reflexes 70 from laser illuminated target 50 as
the reflexes are received by camera assembly 60 for displaying televised
image 80 of the target. A switching assembly (not shown) synchronizes

the camera sensor operation.

Haze, dust, smoke, rain, and other inclement conditions, represented by
zone 90, exist in the space relatively adjacent to the location of system 20,
up to approximately range Lm, and constitute major interfering factors with
laser beam 40 on its way to illuminate target 50. Range Lm demarcates

the range of zone 90 for which camera assembly 60 is set to the OFF
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including the end of the beam in addition to the tine
it takes the end of a pulse of |aser beam 40 to
WO e@EneTReEs t he at nosphere relatively near syst ePr@T/B2004/000112
until the end of the pulse of |aser beam 40 travels
range Lmon its way 10 to the target and back ¢t
statenence dasenbeans @0, Thdtsosrbsiast ?M@eiyhénclﬂd!%t% end of

ser beam 40 has, been ful,l
th@ﬂ%ﬂ’a agny (7 OBgits WaL? t?gget'qe@& tﬁﬁ%el?@ @P&eggbr-trhgnlength
2Lm At thi
rgrh Y1 20 R Rt Sisieightet aB e 2 & tlace.
for an ON tine duration until the reflected refl exes
fromtarget 70, in their 15 substantial entirety, are
Cameea assambhaberis astéotthe GFF statenios thendurationefrtime it

g e 3h o b2 5e8L o At DL vy,

inplﬂgillﬁ?i gﬁé%&;@%%@%% %’&cﬁﬂ})ﬁq?rtg\éetﬂhétlfi‘éﬂ%ﬂs #Hdend of a
ptﬂéétq?rlg§epbe5¥n %W@eHﬁVéfsé ﬂ{élatmégPﬁéﬁb kélativelyl near system

conpleting 1ts reflection 0 canera assenbly
o®Antiptrad eEnd @xtiet plilsk. ofllnses bdasi Adtiravelsaange Lm on its way
reflections fromthe target of the full_ la
tO}/\tha targelt aneckbaoledo bgaraareeaasammq; 5@6 OFR ﬁiatﬁu@mce the
aser S dth f whi b 40 1| j .
puiBsokniasn e oy May 1eer AP, SipridialiE o “Bpbgantially
L, e
oGt to e, e BphIsEpPRIEL eyl ighighPEdigtide’ @taling

"E]%eM’Hﬁlsﬁﬂstéﬁty@éamerbeéésmﬁbnnsoflscmat tobhecON state, for an
slightly beyond Lminclude only a small portion of th

- Obhdimé dbeatlcpullsrmlothe aeflectachmedlexeghfom r@'g@t:tﬂbng‘ their

sé%é’,t?uiégi gglt@?e@f AR degaiias By samers issaamey o i sense,
oot g Riblpo JERyS SPEE abtTsP 1giBEn, Wherr eamera

as$dm Wbﬁééég%%%éahbf@w%&mg apasfftae Ms@fbfdaﬁer beam 40

asse can be set to the ON state. Accordin

ist faﬁstahced @elsiey ifparocanterah assenkdyeBb0put swillwitigvie aadfurther
the ON tine duration for which canera assen‘P

distanee afhlet-2niret wnll target 50 and ?.t until comp et}ﬁg its' feflection

back to camera assembly 60 totaling 2x(Lt-Lm).

It is desirable that reflections from the target of the full laser pulse width be
received by camera assembly 60. If the full laser pulse width from which
beam 40 is produced is substantially similar in its duration to the ON time
duration, in the time domain, then reflections from the whole range Lt-Lm
will be received by camera assembly 60. However, reflections from
objects slightly beyond Lm include only a small portion of the end of the
pulse of laser beam 40, while reflections from objects close to target 50
(close to range Lt) include most of the pulse of laser beam 40. The time

interval it takes the laser pulse to travel to and from target 50 (2¢Lt) is also

9
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constant. are generally given by 2 x (Lt - Lm) where
c is the speed of light C 5 For exanple, if a target

WO soodiosteamiced at a range of Lt being equal to PSI/KE004/000112
and Lmequal to 3 km then the |ength of the |aser

i g areasko ki amets ageerly b B Bl he on
siglengpReo R0 35 b ek U R L e G fo and

thec’ag%lgléun*?@ REbH 850N féfpééﬁﬂisrhﬁqésén%lg'ré@fs &6t td 1 ON state,

: t ongdfreszL aracteristic of the
invention (s defixwe t—E[Sn Pul se, Gat

are Gyl gvarD Y engrip-or 1-adger a3 spget BigH constant
substantially equal to twice the length of the region
to be imaged by canera assenbly 60, nanely the

di fference between twice Lt and twice Lm Prefera
Fox dxangple, liba dargﬁiamdlstamed ats@aang@cﬁdédoemgmualdge% km

excessi ve ener d.the, ti f
anét Giresavel @ B Kie Sr'?%e@gewap{*ﬁwg el il pstantially
cycl e ends and thereby 20 Ph oL, LBR:, ycle. It wll

ladtuiol etimprdurationt dfel 46.71 jes &g migssead| y
has to be set to an OFF state at ¢ he begi nning of the
cycle until the full pulse width is emtted. Aside of

such deficiencies, a longer duration pulse width is

It Hift lde apgké&a%l(gthét iifiH BRLictldrs oY MR lehamn, Reasxample

VOr a because it Is desirable to have the

WIﬂ’ﬁN' @%Ieﬁ@ﬁé@@fl-ﬁ)ﬂ)%t wiB stifiebd a:ohlsﬂmred%mbstmtlallyr similar to
region Lt, nanmely where target 50.is. This, wi

thembom merdmn@@h@&ult f Shig abargotenstis PBFh%fn\fQﬂtl%blSeéef'“ed
r oport to the reflection range.
aSTh@nQ %"ﬁdo@‘]"%&f"gi Q—%bt anced W thin range Lt,
t he greate_r is the received portion of the pul se
width, until 10 WD 2004/072678 PCT/1L2004/ 000112

The length of laser beam 40 is substantially equal to twice the length of
the region to be imaged by camera assembly 60, namely the difference
between twice Lt and twice Lm. Preferably, a longer laser beam is not
used, because it will use excessive energy, beyond the time span of the
ON state. It will require more waiting time until the cycle ends and thereby
prolong the cycle. It will further prolong the cycle because the camera
assembly has to be set to an OFF state at the beginning of the cycle until
the full pulse width is emitted. Aside of such deficiencies, a longer
duration pulse width is still applicable. A substantially shorter laser beam
is not favorable because it is desirable to have the maximal reflection at
the farthest point within region Lt, namely where target 50 is. This will
optimally compensate for the attenuation of reflected light which is
proportional to the reflection range. The further an object is distanced

within range Lt, the greater is the received portion of the pulse width, until

10



10

15

20

25

30

all of it is received for the target 50 at Lt. The
I ength of the |aser pulse wused is in the m crometer
wOo a00g@7288 ch is significantly |onger than the PCEIZONM/000112

of laser pulse used in traditional |aser inmaging
an%éhis@acﬁfﬁf&gﬁ@ﬁr&%ﬁf%eq?éﬁﬂ%é Hhigdenhlf o7 shansef puise
L et R0, DR E DA PG BpEdpan the
Ieégfﬂ Sﬂa%%rm%é‘ﬂ%?daisrﬁﬁgﬂﬁﬂ)ﬁa? 188et frfiadity Bpstenis) where the

nera ass ght reflexes 70. "At” this

lehg#t entw lakhbe f@nsb abedds esatly ihdaensdonseterirahgei t hi n
distance Lm 1lo whereas the begi nning of generated
beam 40 that was reflected by target 50 is still

OBEHIEES: BoSAARC %k 3 ohin FraloR phe 1 My epereted,

e GARFE p3En ks Bk, 40 o' AreA0y B eunplbptarge

5@At isBh 18 Wi badketd' Eaveva fésts@kﬁbl? 6@ hsdigtdeleresiZn. At
y

region Lmto reach 15 canera assenb 60, meanin
thisinstanes s tmblends 0f igermratad betaan &FFF is sstiflt withir C&tﬂﬂﬁ@ Lm,

duration of twce Lm After this tine, .the end of
wherrasithaibegbwing ofigenasetad ejaur@,ﬂoon@%ﬁ/&a% W@%Ctteﬂ'eby target

5 5, e oAb BE AT . 088, BB Camere
T

sétl toare OFFhstateWiiethdbehdesfryaticrated beammddnis locatedbin Lm,
be received by canmera assenbly 60. Wen the end

f
ingeciditiandd thedime dowpald takecadgilpatasbbeam eradien T to reach
di stance of L any light alread refle d.in.regi
campraPsereal, b dieathd pameTR sl Rl fhisdy B!’ OFF
i E
S5 65 S5 A0 L5 ) s R Bret o feneratea
béénﬁﬂ@‘ﬂ: feshid dgaise HeyopbiEtvice TREI distarichbnh, drid the beginning
nethod Is described with reference to Figure 1. The
oiggéhedaﬁedcbedﬂs 40nthatr wasdieflected dunéarget P as lagaled just in
eam
front of camera assembly 60. At this moment, camera assembly 60 is set
to the ON state which only allows light reflexes between distances Lm and
Lt to be received by camera assembly 60. When the end of generated
beam 40 has already passed twice the distance of Lm, any light already
reflected in region Lm has already been sent back to camera assembly 60

while camera assembly 60 was still in its OFF state.

According to another aspect of the invention, there is provided a gated
camera imaging method. This method is described with reference to
Figure 1. The method includes the procedure of generating a laser beam
(30, 40) of long duration and low energy in the form of pulses, toward a
target (50). The procedure for generating the laser beam (30, 40)
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(30, 40) of long duration and |low energy in the form

of pulses, toward a 30 target (50). The procedure for
w@enaozerng the | aser beam (30, 40) 11 WO 200P¢0N26¥300112

PCT/ 1 L2004/ 000112 preferably includes generating the

pé%%%bﬁié&%%éﬁ%wb%&m%?@é%s” (7 bch Diogad-aser
A (L8, HRShibSABAEI Ml FERISHRIL FIGaRS i Al 25 The

n‘fétﬁHHtf‘u‘?tHéfr ﬁﬁﬂuééQ)thgyP?od@dlﬁ@ op r688Rrfg (tﬁ@) enél’ﬂ] of light

I'ng 1S synchroni ze be set OFF for at | east
reﬂm@sv@lf thd padses 705 eréflectedefratmedhéntarget (50) by a gated
substantial entirety, including the end of the |aser
cpuiesa (60h addition to the interval a |aser pul se
conpletes traversing a zone 10 (Lm proximate to the
| aser device (30) and back to the gated canera (60),

d : L ool r
Tﬁ%&éﬁ% s&ﬂﬁﬁf@rﬁ&é{i tlé%‘% gﬁlflgaiﬁgcaétﬁ%éﬁ?tﬂeewt%ﬁél a laser
ﬁ}%s'fsag%h@ﬂatéﬂtm r@tyubsktaﬁhaﬂeﬁﬂrét einefutling thehend af ¢he laser
puI se, by the gated canera (60). he | aser pul se wi dth
palﬁzasmradohcmdny t@ the dsieovalsa tasén pulseopayplates ttaweefsmgomzone
imate.tg, th

%f@&?ﬁaﬁeﬂgﬁb@gwgrz @WéQ@mhéﬁé al?@qh t@ éb? gated camera

é(ﬁa ggtl‘({)i\lz thfeaff e ﬁ\@i faddlpfR feffEHIE BadiPlom the

éﬂgﬁ g} afRdist pces/ddninRed §U§§Fa?1tia$ ermvefyaqwcma.@ s end of

constitutes a graph depicting a | aser

tthedaker dbgleel sbynthey gdtedi caatéran¢éOpn a hearlgeer goadse width
its backscatter radiant intensity through a nmainly
shbstagdiadlyscorsesponds o utﬁ psonﬂgatmmg\e 6@“15%@@ éhe range of

2BR B0y BroRSEl e ettt Atk A% A8 nd frget (50)
(TR RSB o R B R TODT e L0 i
siYr<LupREehéidifiblehcdbetivger ifupist ahe tafdetir.ve

intensity of a beam of

Reference is now made to Figure 2 which constitutes a graph depicting a
laser beam's dispersion by its irradiance on a target and its backscatter
radiant intensity through a mainly homogenous medium, in units of lumens
per square meter, as a function of the range of the target, in units of
kilometers. The graph is based on a simulation of a typical airborne

system in the conditions specified at the bottom of Figure 2.

More specifically, Figure 2 shows the effective intensity of a beam of
radiation in its passage through an atmosphere with an aerosol density
profile typical of an elevation above sea level. In addition, Figure 2 shows
the residual light intensity dispersed as light reflexes from the target as

perceived by camera assembly 60 (see Figure 1) when the system is
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radiation in its passage through an atnosphere with an
aerosol density profile typical of an el evati on above
waeea4lomesed . | n addition, Figure 2 shows the reci/tizad /000112
light intensity dispersed as light reflexes fromthe
target as 30 perceived by canera assenbly 6oy§lsee.
opErafing i pnkBfltmedey sThén m@asq@m@lﬁ)gﬁ%@ht gnsity depend

PCT/ 1 L2004/ 000112 qpgrating, jn.an e

onag-liFGRsA © Staraeihine fArant pPyabesh 167 Yiptdfon.
di stance to a target, the target being at sea | evel
el evati on. For conparison purposes, the |ight

ForopASAli& & pRipesses mhedightdswnsitiesiof aaimilar I&ser illuminator,
operati ng en the camera is not in an LPE@ node,

are
operating eyhen ¢he icameiayig vok i amel Pednmgslee @recalso cdgpicted in
under the same environnmental . conditions. By studyi
Figuigur 4iha t nan-gated) (aeshabndss ey sails apryirgfhental
méfe the 10 light intensity scattered backwards as
conAifNSes is negligible relative to the effective
intensity of the reflection of |ight that inpinged on
the target's surface. This is the case when the
Byt §ftﬁi§ﬁr&%§igﬁlﬁd@mtﬁ$’lﬂoﬁed thasukder anddPGl operationalepde, the
hand, en the systemis not operating in a

LP .
ligh dretensity tevatieredisackwandssas relexes s gmghg&fl? Jelatiye to the
K fl i S. hi t . ,
oA 4G KRB Pt 8o JARC o, 4 e dproers
t ] . t H 1 ”
suife, . ThES o3 en e al dertp il the @ 20aTange:
2 that inplenenting the LPA@ nethod 20 inproves the

contrast of the illum nated target against the
Ohablesothiarehant, wheht tHensyatsin yis diotapgeratinge irb @k Bl amode,

thaf inteiesiti 9&%@%@%@9? ohtariectequat v ERont defigRes € figher
Fi 1, .the | PG : | :

o5y e B PR VR g on e

tagic—fxti(’:%?&ﬁa%' {138 @€ alrbabl§ fidthfd FARES of aPpr@bﬁmétéN 2 km.

ate the required length of the |aser pul se, or
to approve the adaptability of a known | ength of

It lcgieélsgug: %Iéduced from Figure 2 that implementing the LPGI method
improves the contrast of the illuminated target against the backscattered
light intensity at any range between 3 and 25 km. The method thus does
not require knowledge of the exact range to target. With reference to
Figure 1, the LPGI method does not require knowledge of the exact range
Lt to target 50. Rather, a rough estimate of range Lt is sufficient in order
to calculate the required length of the laser pulse, or to approve the

adaptability of a known length of laser pulse.

With the implementation of the LPGI method, the light intensity that the
system projects on targets, found for example in the range of 4 to 20 km,

changes by less than a factor of ten. However, without the
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Wth the inplementation of the LPG@ nethod, the Iight
intensity that the systemprojects on targets, found
wo ooo4examnpl e in the range of 4 to 20 km 30 cPEmyes04np0112
| ess than a factor of ten. However, wi thout the 13 WO
2004/ 072678 PCT/1L2004/ 000112 i enment ation,of
impignonéataniof e LFIGmetiedrise NoTp ojans Woroieaighen targets

by NSRBI VEes ok a@(ér Bty R InB et e seRoiit £ 2 kom.

addi ti onal advantage of surveillance and 5 observatl on
systens, constructed and operative according to the

Friehe I88tabdvey eisCAption; aanb@ddiﬂbnaeadv?dheagaei‘eérﬂmgelllaﬂce and
the system s efficient observance ability across

obssrvatioh esystems, @bnstructedaandu eperativiec aceicing thhet present
ranges of view confi ithin grtalnllmts

iNBeREPR.atGasN ks sdQuive t h e rgd ?Qﬁeésl acsé'git%lg'ﬁc pficient
o%pgbgg aﬁ:g@&e%c%ro'[sg gérls%?lléf‘"d R'A e o?v?é\Nh{AﬁPTbh refers to

reI ativel'y near and

thbdaf g%\éy o\?éﬁﬁé&@fméd Withih e cPBFP ik, OThe \ohisevatidiisystems

prop versatile depth of field responsiveness Is
that ainé Yasiyesdrin accorddmece avitteitie @reseﬂl\Arweatloﬂe\NtllhraltOduce a

has an inherent relatively lowintra- 15 scene d
nighryualtyimegenot argeiln b eliveinnods and dREpvaY gistances

her in also refers ., to all aspects of known video

PRISTVaRNSYSISNS ty  prevents the sel f-blinding

and over exposure phenonena of near objects in the
pi cture, which occurs when using auxiliary

Thi's' prapeaty oh wrsdilatdégta obfibled réspruisigeness is aighly relevant
Sel T-Dblinding and overexposure are prevented 20

inbHma comtext obfd o gicturgthat hasheer trdruerept trelatively low intra-
sqran%r;]e;z %@%B?r&qq(gléims tﬁ%?é@\g}g@t%ﬁtﬁgeﬁeé /e hgr )teIeVIs\s/}@)hcnerem

ot STy RBEEE ROGH,  REe h ovony
pfé)v%tn%g Whe Selibliridifg %&Gvér%@ﬁis uiré fpﬁt@rfmﬁ@na of riéectﬂt!;ects in
the picture, which occurs when using auxiliary illumination without the
gated imaging feature. Self-blinding and overexposure are prevented
because no reflected light is observed up to the minimal range (Lm equal
to 3 km in Figure 2) in which reflected light is observed and because the
difference in observed intensities between nearby and faraway objects is
relatively small (a substantially flat curve for the gated target irradiance in

Figure 2).

The apparent brightness (intensity) differences between targets and
backscatter, for. ranges extending from the nearby (3 km) all the way to
the faraway (25 km) targets are substantially lower in the gated system, by
order of magnitudes, from the differences between targets and

backscatter in the non-gated system in the same ranges. This is shown
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The apparent brightness (intensity) differences
between targets and backscatter, for. ranges

wexaoentionyy fromthe nearby (3 kn) all the way POI/IIL20&t/000112
fara\évay (25 kn)b targets are substantlally | ower in the
gated system by order of magnitudes,

bydeompesingethen gapdeatweaty the 9@%@ s*@@ﬁdﬂ&'?éﬁ%@%@ Cupve pid the

gar}%q j%gyigs@a%%gg]@ﬂq |Epﬁgt§sty%5§/% EIQC%E‘P% rio tlﬁ{‘g‘gﬁ bé‘t@veen

thggbéﬁ%gag% e dlrfa"cggﬁ&e' EURA HHP thEr Yl%naQQterTQ)ackscatter

er radiant 1ntensity curve 1IN Fi gure 2

rabiRarit Sttt %/kw-rwe&n thé banme figuae ed Heangatgatedatarg&tda"ad’lance
curve and the non-gated backscatter rad| ant |ntenS|ty

o s O o 0 B sontion

square law ( 2) of light attenuation, governed b
gdverngddmetie wometrrwg auropagaﬂoa afi @mghfbémm R s Source

toa: daic Saiget Swt"i‘véi‘tb%?fagﬁ Hiomnp! ppOREar AGR °{la€<ﬂrﬁ g%ﬁ"”@ng from
mospher t
oS ARRIOTE e SHBAE hip ae o

in long-range observation systenms for daytine and
nighttinme applications in accordance with the present

As raliesidyonotath abdvep@edordingco anather ammir@wm invention, in
the target is required, except perha

|OBSﬂ‘itam@Beo|%$eerahl@nr syRjemst fqrhréaygttmgm pé av@féffﬂn%ham“?ﬁtéons In
t

aqaAgagge: Motk fh%ﬁﬁﬂ%s%frgéf‘ri i, 1o, EATRBEEE o ract range
mgggg g?llngm g? BSE 1 &Pé‘tﬂ“ St ﬁféghhgsteh Poﬁ%'i‘@éﬁmate of

caner sens sSw tc

thePRirjd 8nfthe BRUGHRAGrRIAI me hRelihgtantthht thxeendr ofnrlhe laser
the ttarget. The timng of the canera sensor is _suc

bédnat passds thraughttie atmoegpherne (a&t@cwtgm,eorlyelatm@ly@ear the
obanegEnea Bod o TR A EPBS R 75 BR0Ar Sor s

\?/iit%tﬂéeé Gcg ﬁh Iﬁ%@@%qrgtlélgﬁl dlltrﬁogaﬁ énara\ﬁéltg 3RKfgH: [rBflexes from
the target. The timing of the camera sensor is such that within minimal
range Lm (see Figure 1), where there are possible inclement atmospheric
conditions through which the end of the laser beam traverses, either on its
way to the target or as backscatter from such atmospheric conditions

within minimal range Lm, the camera sensor is switched to the OFF state.

To achieve the elimination of backscattered light without loss of contrast
while maintaining a high quality image of target and background, it is
sufficient to toggle the camera sensor to the OFF state while the end of
the beam traverses the atmosphere for approximately 3 km, while on its
way to the target and as backscatter from interfering objects in the

atmosphere up to 3 km from the camera sensor.
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within mnimal range Lm the canera sensor is swtched

to the OFF state. To achieve the elimnation of
whawkersrg ered |ight without |oss of contrast PSI/M2004000112

mai ntaining a high quality image of target and

background, it is sufficient to toggle the canera

sensor to the OFF state while the end of the beam

PR ol BRI SO Sk
oo R HEREI G 'S St aiaate eslubesin

anBei&" espddimesiv refdethieo irventien3, gemerally s desigrated 300,
di agram denonstrating an application of a nethod

ac?ﬁmpamled by ilusivatiancef wonsepiialt AEEralifb HGARGIHAB01.  In
eln t
sated xamblen 90T cofttapk o HieToperer | gu2s iippElagy an

ork By SRS 3, S PECREORIS i, n an

anBLEPRBparaYiBRtdchdrio aiiighted in an anti-tank
oper at | on scenario at night. 1o In the first stage

310 t he Eel i copt er3 crew detects, using its FLIR

evi ce, ot t 311

Inihafgfarstazbe;]gwfz@otth@ Roorfoh2est, 45028 lloh s P Mevice,
m fr.o th

g 108 25608 rablBo dEnE RRRRREDShge, 3pg, when the

héhﬁ%éﬂir IQ'Hlét%\n%% 'é{lai £95 kmréfmjﬂ{é Ret 5pet, Ctﬁéfsﬁﬁvéﬂlag%g and

|"aser beans emt in direction 15

obRRPvAIRIN © ?‘stéinflhqmddwahae geith lthecpreeent investtion IEhactivated.
gated systemis operated for only a few seconds
Onﬂw diring tbefcfoursermf this stage g lagek h@anssjﬁnaﬁeérﬂaufé'ﬁecﬂon

3imane Greged o Paentaagt mdleciolptd, ThiHed &em is
ol SR T P TR ARG o o
oSO g 17 Yicecpatne o g 32! lsurmrat
ancesiiredel The abdiatingelaser beann deay wixplose hellcopter 302 and the
limiting of its exposure to a few seconds helps to protect helicopter 302
from being detected. In the third stage 330, the helicopter crew reverts 1o
a passive operation mode, i.e. a relatively safer operation mode, while
advancing towards the identified target. When the helicopter arrives at a
distance of 12-14 km from the target, the identification stage of the picture
is completed by reviewing its recorded details, such as by comparison 333
with potential target images stored in data bank. In the example shown in
Figure 3, the hot spot is identified as a legitimate target, namely, enemy
tank 331. In the final stage 340, the helicopter crew activates a weapons
system, for example a homing missile on the hot spot’s thermal radiation,
and destroys the target from a relatively distant range, for example at a

range of 8-9 km.
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advancing towards the identified target. \Wen the

hel i copter arrives at a distance of 12-14 kmfromthe
W 2009012678 he i dentification stage of the pict uP€I/1L2804/000112

conpleted by reviewing its recorded details, such as

by conparison 333 25 with potential target inages

stored in data bank. In the exanple shown in Figure

Thindn e BRuTE of i B8 tqn 88, s hinsPly sFB B §f to 340,
BEKSPRN 9 (BIRGIE DY 0 aTEREIo rogRe o e, o

rain@@l ald Ofargefnindastrenisnt, hea t angmsurbruenta thaltatwoeldy have
di'stant range, for exanple at a 30 range of 8-9 km _
nddesshazed Hprating @oadiatirap lasmoforcamtrigendedhreded afetime,

thereby eSO Be: Ne0d8b SHRSHE ik delenied dffttacking

dva o target measurenent, a
h%@fﬁgéiﬁg%Wﬁ%Pp@gﬁgﬁt lave 5 necessitated operating a

radi ating | aser for an extended period of tine,

thereby increasing the |ikelihood of exposure and |
Refireptieds méwahhdekionBigunel4,oshickris3@schgnatic illustration of a
opponents. Reference is now nade to. Figure 4, ich i.ﬁ_l
fustherhemadiment ueensirieiedopng  opgratiya Her agrawANaewith the

. constructed d ,operati inN e W :

invaGBAD: gancpaherar it o sBked MfqihiAlot}Rgans 420, in

BG4 SR 201 8 WRIRATAD 23881 biealn a8 coupfot i the

optital Hlis P1utseriation module 425, SBibilizingzsysiery 41 6nis 4equired
I's required when the systemis positioned on a ) )

whent thessystgmnisv pogitingd, opr at cortinsoysiit Meving i wikrating
ai rborne, terrestrial, or nagti cal

plioguiothetiGoea. torfesth farSRusicatyiof SXARnSietah pplane,
i.ke. i i . i 440 | | ed
heliEerPidddant iy tehich, at e BRYL o0 #4000° B0 ee

assenbly 460 includes transmt/receive 20 optics for

receiving reflexes 470 returning fromthe target and
Opiticat taxig 430 of laser device 440 is coupled to optical axis 450 of

optical assembly 460. Optical assembly 460 includes transmit/receive
optics for receiving reflexes 470 returning from the target and directing
them to camera assembly 490, and for transmitting laser beam 432 to the

target.

Laser device 440 that is implemented in this embodiment of the invention
is a laser device of the Diode Laser Array (DLA) type, a device that
advantageously imparts packaging capabilities and further benefits to the

system.

Using DLA type laser devices allows the laser beam to propagate through

optical fibers. Fiber optics enables a manufacturer to package the laser
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themto canera assenbly 490, and for transmtting
| aser beam 432 to the target. Laser device 440 that

Wo soosppdeesrent ed in this enbodi ment of the i nvePCT/m200421H0112
is a |laser device of the Diode Laser Array (DLA) type,

a device that advantageously inparts packagi . .
satupabitselt,i wﬁldhdsfIOhﬁﬁ%mUSb&ﬁyﬁwwngowﬁlfﬁpéhesgéagﬁﬂmg section

oD BS e BTG ST 50 0) sl T RS, i
33 55, BB BSEipaRgRag MSohredehin aficHges

i nherently heavy, outside the packaging section
stabilized by the stabilizing ginbal, such as i '
Obbssepmatiani onoduleu 454 d5clutiess optieak assemhlys4b@pthatafeceives

rebaes il UG Bombe s e, 1At il Jugipated by

t hat i :
B e
a%ﬁ%ﬁ%%‘ 1‘6?0'ﬂr@cé@sﬁn@th@ercdrﬂ/érﬁlﬁgstw@ﬂmf@xes from the
assenmbly 490 fo

procesSi ng and converting the
illuefihatees tdrgen A eredeivedriatopdicehrasserablyr 466 indo By image

tical bl [ ' i
diSplayobiser ot AoRUrodQbsarzaon TGS 1428 JBy gt nclides and
o BeFoHE iy BeSgpRiRc TR (2 Tuf. Y e assemblys

Oéé ﬁﬁﬁrs the beamit generates via optical fiber 442

aser device 440 and el ectronic switching assenbly

495 are both packaged outside of observation nodul e

425, which is stabilized by ginbal 420. Laser device
L4dér deticel ddOr transfargi thehbegnadt @eeyaless vigo optieal fiber 442.

Léé%rﬁié&q?é.eﬁh%{ el aisetioniss, TWARaNGn SRRy A TR, both
ap o 3 i o e
itk QBN csh StReriatdn ol T ErRan wpiber e d8bijzgd by

gimbal 420. Laser device 440 and electronic switching assembly 495 do

not require specialized stabilization and can be packaged separately.
Gimbal 420 stabilizes the camera assembly 490, an optical fiber exit of
optical fiber 442, optical components for receiving returned reflexes 470
from the target and directing them to camera assembly 490 (such as
optical assembly 460 and coupling lens assembly 462), and optical
components for transmitting laser beam 432 generated by laser device
440 from the optical fiber exit of optical fiber 442 to the target, such as

coupler assembly 445.

Laser beam 432 transferred through optical fiber 442 is further transferred
through coupler assembly means 445 used for coupling the optical axis of
converged laser beam 430 with optical axis 450 of observation module

425. Coupler assembly means 445 includes collimating lens means 446
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transmtting | aser beam 432 generated by | aser device

440 fromthe optical fiber exit of optical fiber 442
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axi s of converged | aser beam 430 with optical axis 450
5 of observation nodule 425. Optical axis 450 is
Opticaromssenssiye 460nipchafess afrapbsoér objediivendenses 4461  that

including TV canera assenbly 490, and . optical assenbl
collznatemptasesl bears 480 9nasanPre Oidils it 9%@@@?3@9?0’%41 0,

I 461 that , 1 L1 .
oS e eSS B R R PR funata by
| 7 .
laf i HEARS 468 |, Dot Soaghily, 160 BURR, riliahelitslexes 470 via
coupiihgdehstdyseenblyeié2yato ddmeraassernplyi 4@0. ens

assefmbly 462 unto canera assenbly 490. 15 TV canera
assenbly 490 that processes and converts the refl exes

Tksmers cssomHly dh hahibcestes! SydiacE e, B, Efigges from
B @ ERoeF R A5 RUPAToBR Rt 4800 o mace
ARG HERT, Shgy et OTBerate coupled dovic) bpe
sensor. The CCD sensor is coupled by relay lenses to a gated image
intensifier, as known in the art. Alternatively, camera assembly 490 might
also include a Gated Intensified Charge Injection Device (GICID), a Gated
Intensified CCD (GICCD), a Gated Image Intensifier, a Gated Intensified

Active Pixel Sensor (GIAPS), or any similar device.

It is noted that implementing any of the above mentioned sensor types
enables advanced processing and enlarging of the received TV image,
which could be used, for example, to compare the received TV image to

images in a data bank of known identified targets (step 330 in Figure 3).
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20 also include a Gated Intensified Charge Injection

Device (G CID), a Gated Intensified CCD (G CCD), a
wa@ied7deonage I ntensifier, a Gated Intensified PEWIN20@/000112

Pi xel Sensor (A APS), or any simlar device. It is

noted that inplenenting any of fhe above nmention

Swﬁ«lmlsi@g asymr?b Y498 reantEyls gﬁegﬂaw 9? g@g@gﬁn@s%@%?y 490 and
en [ . th i ' . '
R T FEF 58 b g M SOty Bopgmbly
AP TobfcB BRI 1 fhiggeniay og o oets

PCT/ 1 L2004/ 000112 Swi tching assenbly 495 controls the

timng of camera assenbly 490 and  receives tg TV
Ini aoyerdanocenwith the psesentdnvention ngwitoBindRs$R 39495 controls
assenbl

S TEIRG ot CoiuSTE eri 90 SRR SFABURE: W SR aser
pdEkh ) %15 VT B aERRIAREU S 10,1F QR L) d6ARF G time
p%ﬁ?& hRkt the Wrld oPeha 9aséi bahad tiarsés d bﬁa@Faajaeeat to the

Ing the time period that the end of the |aser beam .
systeneesemtespatie tget and backhe caywramssemnby 4900Lm in

Fifg'&Eean ga)%nlfd Seivaod (56t 4 The ON; agnLIradiates) atbr that point
A t i i .

T P o e e B 47 TP B camera
aSSSRBR/ ﬁeﬁ?%g&é&é&%& tsvﬂ’fcl*ﬁr;l‘q:; tipbi fAmchs SavBIato the OFF

sensor’ to th state upon ring the | aser beam

stake d;ﬁ?r?mrirf%thé |aseabeadh [ e esespiisn qfr anwandedi neflexes is

canmera assenbly 490 and sel f-blinding of enhodi {
preM@ntas inscametalessemidy r4e ansuselidliading embodiment 410
Jillumnated target m ght be subjected to additional
ispA\IE8di ng. Such processing coul d include, for

exanpl e, accunulating frames of pictures using, for

exanpl e, a frane grabber (not 20 shown), integration

ThE PEE8eH BBES IRty efoc ol bgr subeoted 1o
adsiitorbbeptundssing.gi ith 4amoessing could eaitae? far example,
accumulating frames of pictures using, for example, a frame grabber (not
shown), integration in order to increase the quantity of light, improving the
contrast, additional stabilization relying on gyro feedback to gimbal 420, or
electronic stabilization provided by image processing based on a spatial
correlation between consecutive TV images, and the like. Reference is
now made to Figure 5 which is a schematic illustration of yet a further
embodiment, constructed and operative in accordance with the invention,
generally designated 510, in which optical axis 520 of the laser beam of
laser device 530 and optical axis 540 of camera assembly 550, are

essentially in paraliel.
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el ectronic stabilization provided by inmage processing
based on a spatial correlation between consecutive TV

w0 pagene7and the |ike. Reference is now nade POT/Hi2gew®0112
5 which is a schematic illustration of yet a further

25 enbodi nment t ted d [ [
et E, Cane et 6200, DS l ASRSY 83556 also

of Boi SR G¥bS 2 perBa ot B ISt adHel il g8 Yevice 530
al . _
g BoBaAES92 1 Nl lihelor 52,46 RA04 ASEA20 on top
ofdepeepiibrPnbdaky 555 ahidi30si suppsrtedobyt sappoa unit 560.
type. The beam of Wﬂ ses i s propagated from | aser

Optisalcasszsably B50uFN camieralsenisesd M3 andthappigal fiber exit of

collipator 522, ich is installed on.to f

ol flpar 3 %@lﬁvigoﬁ%aﬁkaﬂ‘ﬁcﬁw PRsEl) tﬂﬂ@bocﬁi)es%%oﬁ“pp"”

it ~D00. . I S SARER i
urﬁ{;é%O?ﬁlgovtlcﬁ%sog%li ﬁgiaquﬁ(gﬁbga}@%éfaw%pti cal fi Egr rt5§|£1 it 560
H@@%@g@u' roleeRr56t e didigsthiints Sangdernt integral
Cﬁma%%%apr Vi dgsppgr I%gslh?-t Z\%ﬁlrot a?lﬁ}nal srandant integra
stabjlizationnsgsteBur{pot tshawit), S60luding, forcexampler vigaaus shock

supE_ort | egs 561 for fine adjustnents, and an integral
ales F$.zati on system (not shown), including, for

exanpl e, viscous shock 1o absorbers. In enbodi nent
510, filter 571 (or an array of filters), as well as

InOBH&?dimég{'éi(ﬁ’,' fiksr 374 M?ﬁhag@ _6PHREHE dEMEll as optical

conpone are 1 nstall ies in front of
led SEPYWhiéH tnmalpr cemptisei trmrgntompaorientspnarreainstalled in
sensor 15 570, the reflex passes though filter 571 and
senies oafrontiof cpmera saIsain® ¢0. iRyioriodis eptryrnte gameata sensor

505t taflex Papes houdh HHEr o7 1 S84 iSical myfitigfler 572'hich is
[ alil ,ah : ' :

o483 ATl bGB (R PoctBOOn et oo, e

571 'Vfr“? Bt RAGHED A pahigialts ysdeibyyVEMD) adaptive 8patiallo Light

sim lar devices.

Modulator (hereinafter SLM) made of a transmissive Liquid Crystal

Display (LCD), a Micro Electro Mechanical System (MEMS), or other

similar devices.

The reflexes from a target on which a laser beam is projected onto, as
received by optical assembly 550, undergo spectral and spatial filtering by
filker 571, whereby the latter is subject to control by, and feedback from,
image processing assembly 580. This is in addition to the temporary
filtering that other light sources in the field of view undergo due to the
application of the LPGI method and the optic enlargement performed
before the reflexes are converted into a displayable TV image, as is
known in the art. Such a technique is meant to facilitate separating

between the background and the illuminated target, and also to prevent
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The refl exes froma target on which a | aser beamis
projected onto, as received by optical assenbly 550,

waopaenges7spect ral and spatial filtering by fiPCBIL26041000112

whereby the latter is subject to control by, and

feedback from 25 inmage processing assenbly 580.

bllednnu asiai teisoit @fothenprasenser o iptense light aauEaes: Wﬂhﬁbﬁ‘e field
t urce |nthetf|eld of view undergo due to the

Y H% diMeMpG et hod and the optic

enl argerrent performed before the reflexes are

converted into a displayable TV image, as is known in

Fifkg &74. nfidgh Bet adhridapives SLEMntatspéamll Ifrmnmncy filter, a
separati ng 30 between the background and th

poldrizationt Blter, argany otiner aiaste selegtivediiter. 2E1It¢o571 must have

2004/ 072678 PCT/ 1 L2004/ 000112 bl i
okAg! Ghasasienstes isHna dnei Reraoal s telenps SRbing digm the

Tl 0, “TREL 3o RgBAb L g procossin
a@%lefrgﬂrly? aﬁB?t é!; 'lét bssiBle aBY ppbGeim THEer B €dhi e manner that

nmust have @exact characteristics
efiihates the t:ﬁmkggcyumﬂ reldiaticrf tleaieveids theiilgminated target and
illumnated target. Wth the aid of feedback fr
thatbigengdrwitlindheg ar@@s@fnmeysmrumto [ |§3§6§'§V!ﬂee5§@1
programfilter 571 in a nmanner that elimnates the
background radi ation that veils the illum nated target

Fge%qg APs 4l étlbﬁ I@@&ﬁ"‘gﬁe SlrﬁagFece{lﬁi&eb foth@?h?ﬁ?%bhk&ﬁs in the

ser eVI ce sat urat

FOWIforcaxs@pldurindiar iluhsihttisayuor esvélricld'® headightsyrmight be
exanple artificial illum natlon or a vehicle's

rodadbd diy 8, faciohof bip to appeaxinately 14603" ghraygh an adaptive
approxi mately 1/1000th through an adaptive 15 SLM
EﬂdWJUnéﬂonFllter 571 by itself, or optical nultiplier

572 by itself, or a conbi nation of the two could be
install ed dlrectly on the side of optical assenbly 550

MAdItpHEl &S biriesalf, her has@mbination of
Ijlﬁ‘?tm-]ﬁaq%gg&?g Ibztémaner gﬁgo sensgr 570. Opti cal

thBHWODd:G)l&Hd Eéihstanedldsmdmlq omshelsidel ofioptical gssemblyhB0 that
outputs the received reflexes from the laser illuminated target to camera
sensor 570. Optical multiplier 572 can also be installed directly in front of

camera sensor 570.

Besides the components packaged within observation module 525, which
is supported by support unit 560, most or all of the remainder of the
components of embodiment 510 may be packaged in electronics box 585
including laser device 530, laser cooler 534, technician’s service panel
536, and switching and control cards 538. As can be gleaned from Figure
5, embodiment 510 is packaged in a modular fashion which allows for its

speedy packing and deployment, a requirement in field conditions.
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canmera sensor 570. Besides the conponents packaged
W t hi n observation nodul e 525, which is supported by

wWaapporie7aini t 560, nost or all of the renai ndePCDIL206%000112

25 components of enbodinent 510 may be packaged in

1o Pbltsh*eRftnal dnaif el EBRpLich: exRpIea baR8ly, or a

érﬁ@r”geéag SRR dps° ‘”l‘fo?@é%swf‘%uﬁ Blé’go‘ﬁ'n%%%d 587. The

ure 5, enbo age

mpdwatagj@sbr\ms Y porpdde it @llial b$ ruﬁtﬁhﬁ@dﬁséﬁébvn}@ 530.
and depl oynent, a requirenent in field conditions. 30

22 WO 2004/072678 PCT/IL2004/000112 I n operation,
S S0 YRS ! o E SERAS 301 i Boer 52
b Bt it S0 BHSA ol

r r e e e 5 | ¢al
B I PSS ] AR TIES00], P N oing

colinatdreéaRdilluninaiés dhe efistant tergeb dirickits Safmedliats vicinity (not
uppqrted by support unit 560. Laser beam 531 exiting
ﬂ%mator 522 illuminates the distant target and its
i mredi ate vicinity (not shown). 10 Optical assenbly
550 depicted in Figure 5 includes an array of narrow

Cptha Snbi g asgGTh RIS RS 51,0 narow

field lbjectieclassdy (ot bhoWﬂ?;Eﬁadegéﬁ oAt ﬁfb o‘f%ﬁﬁﬁiorﬁ%ﬂ 560.

routes it to CCD type canera sensor 570.
Quiicad assemldy raft eecaivea tie dight eeii@demrom éhe:dE;Sesr-lllummated

ensor ., 57 transferred via_cable 573 to
1B Bh LSS it 8 Gol Bioe SRdiera seads 70,
EI ectronics card 574 is al so packaged i n observation
nodul e

The reflexes are processed and converted by the CCD’s camera sensor
570 and transferred via cable 573 to electronics card 574 of camera
sensor 570. Electronics card 574 is also packaged in observation module
525 which is supported by support unit 560. The image’s data is then
transferred to electronics box 585 via cable 575 or any other wired or

wireless communication link.

In accordance with the invention, switching and control cards 538
synchronize the timing of camera sensor 570 so it will be deactivated (in
the OFF state) when the end of the laser beam 531 traverses to the target
in a range that is relatively near the system and back to camera sensor
570 (Lm in Figure 1).

The user interfaces with electronics box 585 through PC card 582

embedded with image processing capabilities. Image processing card
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525 which is supported by support unit 560. The
image's data is then 20 transferred to el ectronics box
WG 3W40Tm7€abl e 575 or any other wired or W r ePE@BBE.2004/000112
communi cation |ink. In accordance with the invention,
cards 538 nchroni ze

52 ERAbib BRANEANG e PTeSes S0, e TTAOR TeheiiaY fiarapamera
s(g’yf‘O{ ?5376 hl%r%:{arﬁﬁ)ﬁé %}/ Mﬁ@aﬂ?\% iy lﬁ’ifag:ehfq I a?ﬁ!m;“éeﬂ{“a data

ravers arget I n¥a range

beaglkedt iRnitifiegatargsie, bysloeal prscduing lod pa&fﬁbﬁtf@pﬁﬁure or by
570 (Lmin Flbgure 1) The user interfaces with

cmeéatmgrart:SL jursgomn. hrough PC card 582 30 enbedded
wi th inmage processing capabilities. |Inmge processing
card 23 WD 2004/ 072678 PCT/1L2004/ 000112 582 enabl es

THEKDIAL of s Fh868% AMab2be &7 BledBRBl gt FBwnipioht be
di@plé}léd%#"le\/'d]s Blag2590, baddrdld byeVOH i5e, t(W ﬁﬁh§ferpe¥d in a

I ocal' processing o parts of the icture, or

suifabld way tonaiSbilicr locatiom. fob eXaenpledp) ayreddss transrr&gslon toa
as anal yzed by a conmputer (not shown) m ght be
ramgiedgeatiomy TV di splay 590, recorded by VCR 592, or
transferred in a suitable way to another |ocation,

for exanple by wireless transmssion to a renote

A SEPINGE 546 5PV S hp1a, SR3181R8, 010 gnd 510

(Frerures™ andrB)aid the irhplenontationkinegf bdihAriakeeof IEN type laser
devi ces 440 and 530, correspondingly. 15 As nenti oned

datvicas Mﬂfan(isE)B@ccotreSFngmlyL DLA type | aser devices
provi de an advantage in that optical fibers can be
used to route the |aser beam produced, thus enabling

AP eRASHEY 5o Vit %gbegle\(é) Cl-elghpé‘t4,i PLA type laser devices

provide an advantage in that optical fibers can be used to route the laser
beam produced, thus enabling easy packaging of a laser device that is
inherently heavy. The laser device can be separate and away from the
stabilized portion (observation module 525 with support unit 560) of
embodiment 510. A DLA type laser device produces a beam of laser
energy having relatively high power for extended periods. Since the beam
is of a high frequency and relatively low intensity, it can be routed via
optical fibers which have limited durability for high intensity power,

particularly at the pulse's peak.
Using DLA type laser devices in observation systems constructed in

accordance with the present invention imparts additional advantages as

will now be elaborated.
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i nherently heavy. The | aser device can be separate and
away fromthe stabilized portion (observation nodule

WG 2®40726M8 support unit 560) of 20 enbodi nent SHOI/TIR0@A0A0112
type | aser device produces a beam of | aser energy

ALEHA%eRE Bbdts PR B Lncal PSS A ngern i
TSNS Pateld gFar AEHUA i, BT o fcer

iPoBB/ closeatot thelVigiblg spedthempuhfres intenkifie?S, Waidtoakd-feadily

type | aser devices in observation systens constructed
availablec tordinstallaliom inhebgeation sysiems dn acgordasce with the
addi ti.onal .advantages as . Wil ow be el abor?t ed. 24

Wil _
PlesedBrEnBEREARRYE Y se0sitivBde theAvayalenglia ol the dasardevice,

o CHEERTel BriBengRbq BYA%e KorRMS, HAEEIOTA, dsers which
pY6dGEE atktRIn ih&hbafgar ihfared yaﬁgeS@né@ret PRglY ligld))ee quality
spectrum Image intensifiers, which are readily

ewenidtdohg rngesnstal | ati on in observation systems in

accordance with the 5 present invention, are very
sensitive to the wavel ength of the |aser device, and

A DL B R B2 00 bAPIR, RS b LI wffd s = very
OO RS B BRI g oSGt % BEREFBnan tha
rédsivedarhdaeoheyeniylasensbardad agk asedn and the quality

of the received image is better than that received
when coherent | aser sources are used. A DLA | aser

SN Too AL okl B 85 55 e psamation
f ask f I ) : i -
i OB RY S HE So BHPBE TS el tha

difiiHisifee dhabause kdlgf@ueﬁ%f RReORERY VIBEING a2Yi%EeMThis, as was

exposure and ris
mentioned above, reduces the observation system’s exposure and risk of

being detected.

DLA lasers also offer an improvement from the point of view of an
observation system’s susceptibility to vibrations. For observation systems
in accordance with the present invention that are set on stabilizing
gimbals, like embodiment 410 illustrated in Figure 4, using a DLA type
laser device enables swiiching the TV camera sensor to operate at very
short time spans of the long damped vibrations of the gimbal. This allows
the received image to avoid being blurred which could have resulted from

the vibrations of the system’s LOS.

A DLA type laser is considered to be an efficient laser in terms of its

efficiency in converting power to light. A DLA type laser delivers more
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bei ng detected. 20 DLA | asers also offer an
i nprovenent fromthe point of view of an observation

W@ y®Heme3s susceptibility to vibrations. For obBEr/HU20040000112
systens in accordance with the present invention that

5 R AP0 0D s TR B Moothim s
. | i _ _

SALI5E T R4 SR LRI ORI B BEch i, the

lasdx beaanss afarigrmitigidtrbughhictaiiNelpweidd bﬁtib@czﬂid' ed relatively

i mage to avoid being blurred which could have resulted
lewdniendiles sbrthat the safety kanggds @iily alfesy meters\froppéhe laser.

S BLA R AR At 3y B Epocf T conve
i itBE 4 Mt oo fRilRisectnte ARHRS 5 Her dogigpators,
tRé éa@é@r@-nggﬂmigﬁﬁ@doh t2ReGiKIBnStarel safe for the

human éye, "but Tn accordance wth the present

invention, the |aser beamis transmtted through

relatively wide optics and at relatively low | ]
A Rlhdypedaseb is g0 apnsidaredy suilalle far” ehsgrvatipawsystems in
neters fromthe,|laser. 5 The DLA type. |l aser can .
A5eRdance Wik el Biekelt ghtveryion AT pddndiberate in sea
el L0 n st NLak M I a -ade
SRSt (BT (GRS, LRERIESNRIENSIESRa for
urelgweltekidbymyation Applidatiors | #xr applishions of underwater
consj dered suitable for observation systens in 1o
sttveitlaaee anvd thsenationss enfadarvkeamoin thablueulgreen range of

operate i ea suyrveillance fromthe air, for, ex le ..
the wisible UgBY SRectaim s sesha@wil PETiosais: JRtiei Tor nautical
az)%%ﬁ%gons. For applications of underwater

arverrlance and observations, a |laser beamin the

blue - green range of the visible [ight spectrumis

used, as it perforns better for nautical 15
lawill be atppresiated hyi people skifeddn dhedarbyhaieie presant limdention
.in thle art that the present inventjon .
is not limited by what has been particularly shown or described above.

(@)

Rather the scope of the present invention is only defined by the claims

that follow hereafter.
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is not limted by what has been particularly shown or
descri bed above. Rather the scope of the present

WO pwentieoh is only defined by the clains 20 tP@EI/IL2004/000112

foll ow hereafter. 26 WD 2004/ 072678 PCT/1L2004/ 000112
%@L 1. Alaser gated canera imagi ng system
i'sing: a |laser device for generating a beam of
| aser energy in the formof 5 long duration |aser
pul ses toward a target; a gated canera assenbly that
Tr.edelases datedemngna Phadinghsystem, exfipAsingsai d pul ses
reflected fromsaid target; wherein said canera
ass énlasgr gdavieg fos gepetalingia beany dfdaset edigfgy finrthetform of
rat.i on, of s said | aser device

;gastlot erﬁal:'é?té{m @@Ftddﬂg%i%tt%‘}"ggﬁdar%fér p;JI ses in
pui SeRBPERrra SRS ahef fockly 88 1R <HR3aV pf iRk reflexes of

pul se obakPpdiseel refiectctl ABAPsBIEidrpdyer sing a zone
proxi mate to said system and back to said canera

assahgrgin aaitl camedhl dasemiply@atingris dyneltiorized to be set OFF
thereaf}er uriti | 15 said |aser pulse reflects back _
from sald ehrgest e duatiepepldimenit tekeg saidelaser device to
assenbl y; and wherein said |aset pulse width. . .
subst anisf%ﬁﬂf%? caoj‘?ﬁg'b@’r@@et saiq g%@r RUISES dy fts pgubstantial
dur at i 0Bntidy 2 Y ' 0:cl.ajm: .
wher ef nonarevy inclitfngyan SREEF SaR Blise? i RidHidn gg the time it

pul ses takezospidelasdrm pulseson@ail 1RNSePtOXEdMpRILE Arsfe@ing a
system and back to said canera assenbly is given by

2- L c. Zgne TReoimatemtacsaidii system canrd mback wiersaid camera

S0 LR 24O S 5 S Sl B Hikahoh oeser i

pul se sgifiaser pulse reflects back from said target and is received in
said camera assembly; and

wherein said laser pulse width substantially corresponds to at least

said ON time duration.

2. The system according to claim 1, wherein said time it takes said laser

pulse of said pulses to complete traversing a zone proximate to said

system and back to said camera assembly is given by 2eLm/c.

3. The system according to claim 1, wherein said ON time duration is

given by 2¢(Lt-Lm)/c.

4. The system according to claim 1, wherein said laser pulse width

substantially corresponds to a time duration given by 2¢(Lt-Lm)/c.
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substantially corresponds to a tinme duration given by
2(Lt-Lm/c. 27 WD 2004/072678 PCT/1L2004/000112 5. The

waymtemezrcording to claiml, wherein said | aseeT/U20040080112

conprises a Diode Laser Array (DLA). 6. The system

cc [ n | aj . Whereipn.said DL r.ovi de .
§osar SuuBnT: Aobhizindnds “cBiat: b WhsHinsHRafeser device
lig naResd i reen range of the

Vi sih:g)l e |i géﬁtar%lgg%tqﬁgn? %Hl‘#ﬁg]‘s Stem according to

claim1, wherein said canmera assenbly conprises at

| east one selected fromthe list consisting of: a
Gcharlde systeoy asceineviocdlainads) wharahatssid IDEAnriovides a laser

Cha lnjection Device CID), a Gated Intensified
CCOP PR e 18RaPetP IBRistE ot oy AP igiespeetiuiad and the
I nt {fi j el . 8. The system
accgpﬁél ng?g%ﬁg gg?n tﬁéd}%ﬁ'gﬁé%@‘ﬁgﬁ?{ﬂ an opti cal

fiber 15 for transferring said | aser beamfrom said

| aser device through said optical fiber. 9. The

7sysilém aystendi accarding donclajmf df titesretorgaitscadera assembly
ginmbal for stabilizing, in a packaged nodul e, said

canEPAIRISESBY (Pastonspbelasted immitP@rlisémna'ﬁtirgbﬂ_ad Charge
rot FERpled PvipRcrBL. & TRRAR Rugpsfisd FRrds Tdiscion Device
canpGECHpS e @atecﬁm%t%wsif@esegmgofeeﬁ‘égé g[) & Gated Image

transmtting said laser pu m'sal _
f i bintersifierf and ai Gated detonsfedlActifé PiRMISSERLGCERIAPSY
to claim9, wherein said ginbal conprises a gyro
f eedback. 11. The system according to claim11, further
i.Si ' - tabjli . 30,28
SFOH?F)'eSS')P effl acco ing Hoclaim T , ﬁjrlthelrzc%mprising an optical fiber
for transferring said laser beam from said laser device through said

optical fiber.

9. The system according to claim 8, further comprising a gimbal for
stabilizing, in a packaged module, said camera assembly, an optical
fiber exit of said optical fiber, optical components for receiving said
reflexes of said pulses and directing them to said camera assembly,
and optical components for transmitting said laser pulses from said

optical fiber exit to said target.

10. The system according to claim 9, wherein said gimbal comprises a
gyro feedback.

11. The system according to claim 1, further comprising an image-

process stabilizer.
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WD 2004/ 072678 PCT/1L2004/ 000112 12. The systemin
according to claim@8, further conprising a support

W@ eiot/07%608 supporting and provi di ng hei ght andPCT/1L2004/000112

rotational adjustnments to said canera assenbly and an
fiber. exit of sai in.a

ti-gal d, opt Lcal ..fiber .
185 kg avsigaUneaceorting §6, St fHrtierceomnpysiny g sypport unit
1, i 6i . | i ok .
sl P RTRL R faght 808 i adPeunents to sia
acceamicrd dsserhBlymahd dniidptieal dibepraxil of said epticadliiber, in a
to nultiplier for enlarging the image of said target.

15. patkagsdmodulecording to claim 1, further

conprising a coupler assenbly for coupling the
optical axis of said |aser device with the optical

1?’“ $haf §3?&an Cfd&%&@lr@?ﬁ@émrf?;ﬁ@gﬁ&l r(‘:%mprisdngeg’f least one

ransm recelve I'ving Sal exe

of ﬁlt’ér‘}'f@luéﬁé’étr@lr& %étﬁé]_tﬂlt@_@inbhemto sai d canera
assenbly, and for transmtting said | aser pulses to

said target. 16. The system according to claim15,
wherein said coupler assenbly 20 conprises: a, i
140!l Thaasysterar ageprdingt inglaian 1) dyaheseapnpsising ran optical

means fqr deflectin nd. conver.gi ng,.sai d | aser beam
P amulisliasiBe efsoitdy B e6A0 Al Bl or Sopi 't er
for coupling said optical axis of said |aser beam
with said optical' axis of said camera 25 assenbly.

187. ThBe sy¥inemaacorting ntb telaiwhait m flrthdrecempridieg a coupler
optical axis of said |aser device is substantially
par as$amnbiy femeoupling dheagplicalfaxiai of saitklaseradedasl with the
30 29.. . . . . .
optical axis of said camera assembly, comprising transmit/receive
optics for receiving said reflexes of said pulses and directing them to
said camera assembly, and for transmitting said laser pulses to said

target .

16. The system according to claim 15, wherein said coupler assembly
comprises:
a collimator for collimating said laser beam;
a mirror means for deflecting and converging said laser beam; and
an optical coupler comprising a mirror splitter for coupling said optical
axis of said laser beam with said optical axis of said camera

assembly.
17. The system according to claim 1, wherein the optical axis of said

laser device is substantially parallel to the optical axis of said camera

assembly.
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WD 2004/ 072678 PCT/1L2004/ 000112 18. A gated canera
i magi ng met hod, conprising the procedures of:

w@emwenzerhg, by a | aser device, a | aser beam i PCT/2004/000112

formof long duration pulses, toward a target; and 5
receiving the energy of light reflexes of said pulses
TiGef Pegaied @@@ﬁrasmaglm@n@@?\ody camprising daawracedniaseoh

P21 9L ok, ARS8 Re3 8T BorCh ong
t : | .sai d I in it
Lo, SR PR eyl d pulses 1 T

| aser pghge, in addition to the tinme it takes said

| aser pulse to conplete traversing a zone proxinate

to seceivingséhe aermargyeohilight aeflexes wxfi daighpuatsasanefiacted from
and set fi duration thereafter until

for an ON
sai d Ia§g|3 ng’bgyégéﬁ CRAAf rom said target and

. . p ) Ced . : . i d
2 SRSl oS 15 RGP MLSBEOR PRttt
least  gad dufdlidn OF tithe 3 iakies ddid 1458r ﬂ@(/l@fédtoaﬁwtﬁéqa laser
to claim18, wherein said tine It takes said aser

pul se t pulsenpf sbid pudses i itg sulzsiantial ertirety einabudiagdan end
| aser 20 device and back to said gated canera is )

gi ven b9f Baidnlaseppulseeimadeiiiormdeoths tigne dt éakesnsadd laser
V\/nereinsidO\ltimfdu%ationis 2ivenb(¥. te. id |

2- (Lt - LW%@. 19 5coPleife UAYERYA9aBC 6PRF NG PEMAR; T 81d laser
oh : . . Cial

ther €1 DRt AT Bato Sl ddlonsulitpa! 4Alldet ON for an ON

22. Thetin®s Hoeatbns tshigadtdr st aldil 18sempals® refkitsl back from
procedure of generating conprises generating said
| aser beaid tayget andde reesived iBGald gajed Dameraz@and

wherein said laser pulse width substantially corresponds to at least

said ON time duration.

19. The method according to claim 18, wherein said time it takes said
laser pulse to complete traversing a zone proximate to said laser

device and back to said gated camera is given by 2eLm/c.

20. The method according to claim 18, wherein said ON time duration is
given by 2¢(Lt-Lm)/c.

21. The method according to claim 18, wherein said laser pulse width

substantially corresponds to a time duration given by 2¢(Lt-Lm)/c.

22. The method according to claim 18, wherein said procedure of
generating comprises generating said laser beam by a Diode Laser
Array (DLA).
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