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WD 2004/ 072678 PCT/ |1 L2004/ 000112 LASER GATED CAMERA

WO id%@% SYSTEM AND METHOD Field of the | nven?#gﬁg@%{@gnz

present invention relates in general to the

opti cal observation systens, and nore particularly,

to a |ong range. day and night TV channel _observation

syst chiBRE CATEPLAVERA MACING SYSTEM ARG METHOD

principle, and to methods inplenmented in such

.systens. to Background of the Invention Known within
F'éér@‘-%b’@’%’lﬁ'?@i |l ance and observation systens is the

nmet hod of target detection and identification using TV

systens that include a canera and a |ong focal |ens.

nt iEnifdH Faatedoh riprvhl td thedtielP 88 optieal observation

Th%ielr?eég is'g\fbél mﬁ?{ed‘ due to~volunme, weight ar?:glmcost
systenss, rand hsoreEyaniculanly, docaheng range) dayg anichnighd T8échannel

an SLS (Star Liﬁht Systen), . 20 under cqnditions, of
obgarvatiosr systermithat pperatesnusingine dmaging giinciple, and

I ntensit is not sufficient to enable the production
to H?etgﬁaﬁﬁ%@éewepge%é%&&fﬁﬁegyﬁtt%%' to noise ratio for
exploiting the total resolution capability of the

canera and  to discern the fine details of the target

Bddkdgrolftid of thetiavention i dentification in the image.
25 At night such TV systens require addi ng an

auxiliary light source illumnating the target in
order to inprove the recejved picture qual.ity. uch .
Kngwi withire dgng rgRges suPeiliange bartd PEadAon! systeiis is the

888 . Ry BHE AR B B MEB A ckD Y b
ncpheq b b el e, 111,11 apoieo

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
illuminating 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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*c00002* WD 2004/ 072678 PCTI | L2004/000112 canera and
that illumnates the field of view (hereinafter FOV)

W_szo(wbezmg_arrera or a part thereof. A known pro‘%%fﬁzommoouz

I nherent in surveillance and observation systens IS

the 5 need to overcone inclenment conditions such as:
oameda t gnd hihag , illbodnatessthe fieldkef viewr diereinaftem@W) of the
be present in the space between the surveillance and
RN L idRAYEEEPMR!. and t he target being observed. A
simlar problemexists for observation systens

operating in other nedia, for exanple, the influence

Af k5@ tRobE| RNSREST in SuNRHRINGS 8hd &&mﬁgbﬁygg@ﬁxs is the

being perfornmed either fromthe air or Int

need|td .overcomesinolemiendconditichobaeh vat humisityt Bage, fog, mist,
that are integrated with a |aser device acting as the
smokei naf i RYnsdbatemighheei piesenibdne thei wpaceerhaiween the

P G S e BT P ol g serve. 4
S i, 538 B ARSI i BHRS e

foackeeahphy, ahet hgfluapee hFanedAAng in swltbr b'iritn Egin%rwater

of the canmera and thus reduces the contrast of
obsgrmatioalsdreing perforneed @ither drond theraieor imthghwateritself.
conditions, contrast reduction results in significant

| onering of 20 the efficiency of target detection and

L e, BB ek e i
Ry gBvicedHctingPl ttheNflurhihaA] rsd&cée%'éc‘?nérli‘l‘?or}%d above,

negative i nflueffices present 1 n the space between

interfersme iothe eskdiy Isetwezin trenegstom 2ol e edrigen, for example
systemand the target, the TV canera sensor is

B3aenresiiltig ifromi merasols thevering im e cairt hie the case of
Hb8GH o AR B A b AR et HLLARLTINEHEE bbim. The
backscatter of the laser beam results in self-blinding of the camera and
thus reduces the contrast of the target relative to the background. 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 senscr 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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WO 2004/ 072678 PCT/11L2004/000112 In this approach, a

enerates short light pulses at a given
wo #Oﬁi@{i‘é cy wth the TV camera activated at aPSTi}404¢/000112
frequency. The TV canera however is activated with a

In tbi B@F‘éé&h td‘ﬁ] &0 éﬁéﬂé‘?@?%hbﬂ IzgﬁI{FhﬁuISé,e%C’ae’(:]ﬁtﬁ1 en frequency

| ‘aser ses | as

w:tHveth@ Vg bhm@ras getivated fa@ 4 digdlar frédgquenoyr aTheCE’M icamera
function is set to the OFF-state. The | aser Ii

howeveris agtmatadwm&paew delaygthatt cowegponde ne%’tg@ly to the
on the t et and illumnates it and its
freq\lg%’%gogther GEET e § A smal | part of the laser |ight
is reflected back io0 towards the camera. Laser |ight
refl ected backwards as light reflexes fromthe nedia,

Thih® whé Qﬁ@'I&Sélhﬁeéﬁﬂﬁgmhlgréiantttbélhe'téréétg hé icapiérayreception
cl’ose to the canera elative to the distance between

funttiendarsstdoahe Ofd- statget'[he lasehkght, Itﬂa\tealmg at e speed of
it is still set to the OFF state. The lig is thus
lightdowasdsi thedtasget, hlmplasﬁz@r@n dhe taseet aad nllufmnatﬁﬁe itrand its
duce the contrast of

neqiPy SHECHDAT Ghe. 7 giall Opr et dhie, idsdioloht in setigntad back
tOVJﬁ{Qﬁqt{ﬁE%wﬁ@fa@et and |ts adj acent surroundings arrive

e canera is already in 20 the ON state, i.e.
the reception state, and are thus fully collected. The
canera switches fromthe OFF to ON state in a tine
Lasgmdighbriefledtedrabmekwardsh ashdight neeflexasaleamt the pmesiia, for
to travel to the target, and hack. After rece 0
exaynpining alpes er*hethaéﬂ@@egm? ieanthy; ch%%ehto yhe .%ﬂ?@ra (iglative

to {eZistaRGE BeihoH] e amereCaid TFb ek G c fagtes B damera

whBA*%t id §§ﬁrste’tbslﬁe @F-fhbﬁat@r orgEYIght!is thYs! h&taffédélved by the

repeated in a rate established i accordance
camenganidoddes get infllencpredredude e coatrést Iméthe |mage
limtations set by the |[|aser device and the canera.
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 coliected.

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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5 Inplementing this procedure enabl es the production

of a dynamic inmage in real tine. The solution

present ed above is known as using gated tel evision/ TV

to mnimze backscatter by gating i mages of any

I ntervening nedia between 10 the target and the

optical assenbly. US Patent No. 5,408,541 to Sewel |

entitl ed "Method and system for recognizing targets
TiTh eIy AR Se i o 2788, EBIREY 1 aEbordance
willt thei mihgaty targels theesperd of lighd, alrhcéthedn‘geatloos tsat betthe and
cal cul ati the position relative to the coordi nates
a?‘?’f%‘fl"@ﬁ“ﬂﬂ@‘*?ﬁ?‘ ¥ was detected.. Subsequently, the
range data is fed into a gated television sensor that
serves as the imging device. Thereafter, the
In§idrhemingtthRr pacedurt mabRisge predudtibm rf raﬁdi;etin’ﬂgi image

pul sed l'aser,. in accordance with the neasured. range
ingf@ 4eg-at i ve | ocation data. The 20 ener gy returned
fromthe target is processed and converted to display

a TV image. US Patent No. 4,920,412 to Cerdt et al

Tmntsolunerd prmmnmwecl%ﬁwn antusingegaied delenisiandhy de

B STEARLEY SIS o S e een

tr@harget and the @tmalctfsisen’ttoiml ng the range to illum nated
targets in the scene. The system includes a
television canera with a gated i mage intensifier.

UShphient NENs08I5a3el0 Belweit sertitiedt Metsod tangidsysiem for
different range slices in a scensﬁln orde

redopuiFngatasgetheat Kk rangR RRESR %%W&Ff?eweﬁ?dgé'faéd
ll}%ﬂld@g td%[ecﬂoﬁ bf‘fnqug%‘l co%@iu@ﬁ’d&‘é prelintifdy fn%’d&lrérhérﬁl of

froma range slice of 4
tl’N\XEN@EED Man%wp@gtmg W%PQWEM'V%F%FW% grordigalest ed

in \gglcﬁ’ rtheaﬁaﬁ'ﬂééﬁvé?rﬁﬁ%éfé’é Qgrlé‘éqlfeﬂtl? NBe ragd dht@is fdadnto

aser frame1s transmtted
aaguted mllemass |seesorah@tese§wsc es tlaﬂ snagiee do¥ee d diherrpiter.

succ SS{Ve fra
the estima

ed area r(W%Iu?){arget is illuminated by a pulsed laser, in
accordance with the measured range and relative location data. The
energy returmned from the targei is processed and converted to display as

a TV image.

US Patent No. 4,920,412 to Gerdt et al entitled “Atmospheric obscurant
penetrating target observation system with range gating” describes a
system for imaging a scene, obscured by atmospheric obscurants, and
determining the range to ifluminated tafgets in the scene. The system
includes a television camara with a gated image inténsifier. Short intense

laser pulses are transmitted to different range slices in a scene in order to

" illuminate the scene. The image intensifier is gated on after a time delay

equal to the round trip transit time of the pulse from a range slice of

4
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inchusles selaciing & gu'se gfom @, Rrgels@pedt

successively increasing the tine delay. The range
slice images are stored 5 in a buffer and read out to
a television display. GB Patent No. 2,308,763 to
Bagnal | -WId entitled "Laser range finders" describes
a nethod and a systemfor reducing the reception of
spurious reflected signals, terned '"clutter,’ in
Iaser range finders. The method 1o includes sel ecting

uIs froma.tar t f oy | ses
Fibruarng pape st SpdftraS LRBt bl B Qe Efosg dad o 7%
RREBOIROIeEr plice. ADfie LRt PO, pei frdmae ig luenisramed and
recei ved pul se which exceeds, a gredeterm ned fraction

HCoEPRVETHRNGRIMAIBET e aRPTENYRR HUrBos SYcresaie Bamen Py
%uc,rcégsﬁéy‘; ﬁicY@éé{ur@thﬁ fmbhidisy. ePreatrge alidy infRles and BRfed

raction of the rraxummcﬁ%glse anplitude is
e eftes@and Terd W,ittﬁ@de‘ﬁ}/'§t9”| l3)des sel ecting a range

wi ndow and di scardi ng those pul ses which |ie outside
the wi ndow, and defining a condition or set of
GBWthehDNS) \RB087 6o b BagndleWild eanditled 'L ases rrap@é findérsa

| aser |ight pyl se over, a t.to,be ssi fd ed .as
greaips g £ Sielt R lend nBabuREy Lflnpls
rRdiedeSigRalp, Binngt Malliter, agRSOE aaiyee fildidrs by TRe method
desi gnated | aser range finder rangﬁﬁé a 'ﬁrgrge%rrgfas rslegg
rLge gulée@ foileRted %ﬁWcﬂﬁtﬁér”@B@@t& t Depdtiind n ahe

rvati on system instrument of this kind can
bEClb'uﬂitRlyCE( b&ithern5thear lgat afﬁée'HQGVﬂJlser evhbichy @xpeeds  a

t%g&gagéges .o fed f?éb%oﬁ%tf tﬂéeﬁgﬁgﬁgrtéMs@QmphﬁﬁQ||§5él8cte§| dr the

surverlllance an ervation systens
fiedt efbckivatl piise wiitlevexoedds rmge'pd@ténmhed sfyattiom of the

Gerdt, is constantly rew n S ati

é’r’ﬁi‘"f'wat pyﬁg FWBE’é‘dép arlléacgselgm | ar ﬂ%etgﬁgwsgéahc%es
tselegiinhe bqang@rmndmy ahe didcaglitd yhaser;allsﬁcs fvbichfi@soutside
rtrr?é/ Lv?ngdos’vh Iaﬁg defg nmg% coﬁ %Irl?%r s€ o'% conditions which enable the
level of overspill of a laser light pulse over a target to be classified as

either ‘high’ or ‘low.’

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. It is noted that the
televised image, of the system of Gerdt, is constantly rewritten during
.o-bservation, and that the image appears similar to slow scan television

and may be slightly erratic for fast moving ships.

4a
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WO 2004/ 072678 PCT/11L2004/000112 Thus there is a need
woh@jsdss79bservation system for day and ni ght pcr/iL2004/000112
appl i cations, based on the gated inaging principle,
whi ch can adapt to |long range observations., which ]
Thutpdherotisnec essed afioe anpobbenvatinry sysige foo day gand night
nmeasurenent. 5 Summary of the |Invention According tg a
,aaapt to

applicatiens e basesbenntie dated HINAGIDENPIIBAIPL.g

oniFEeh o 5YSh EorE, FECh kst ot hesPHEES oEpidfihaty rane
to t?ﬁ%’%ﬁﬁ%ﬂf’eh@?ﬂ. duration | aser pulses toward a

e system further includes a canmera assenbly
that receives the energy of light reflexes of the
pul ses reflected fromthe target. The canera assenbly
Supgunany ofdheyhnwerdidned to be set OFF for at |east the
duration of tine it takes the |aser device to produce
a laser pulse in its 15 substantial entirety,

i o i . | ’ L . .
ARG e el ehiSodist B 10e, L RoAgH, 4 getePcamera
im%ﬁ@ﬁ?ﬁé@& R BRIVEdSA BMiBRtRcIuGles! & tasotsdeviceridr bankrating a

ra assenbly. The canera assenbly gating is
beaynohiastrzedetgy re thetfoiN 6blorep doxationdasger puises toward a

thereafter until the |laser pulse reflects, back from
targht, ThegeyStanal gheenalvaes By CRMErACRSSATERY e drpppes the
The | I | dt bst [ t
enpiie ot RNGRERRYES colr 136 ruiges. feflectflr IBIRABREHddef The
Lol ud . .
cafitn Ferhblf BRRE, EEsnaioPPad o BE A OFF for at Ieast the

dufdtictPof @ithe fit heke&xthe labet i vigd itogbrdduser a laser yalise in its
as 25 a ginbal, conprising a, %ro f eedback, for .
substanitial sntigetyh énclading aaserainftheniesenduse. iDaadditipg, to the

i e B PRGBS S oty SRR B gt o
thg SRR, 4 nEk oSHE Ceinetd, BzeRily: JTHe Shnie @fembly
gafifyi gasyhdtheniged ttoobe tdet OM foalanf O rtime durasickatieteafter
until the laser pulse reflects back from the target and 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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30 nodul e. The system al so includes at |east one
filter for spectral and 5 WD 2004/072678

w6 S0k lokr994/ 000112 spatial filtering as well a
opt i czﬁ% mul tiplier for enlarging the i nage of §C@m2004/000112
target. The systemincludes, as well, a coupler

spitRg fiMeYingoas ogeplashan (b;blﬁcaipxtriLIthleiXﬂos @‘ﬂat@agltehmelmage of
device with the optical axis of the canera asse

thetargeiu pT_I;Ee systembingludes,as welt raaaeupler assemely foryCOUPHrlg
thaf’g'@ﬁé@ S PhihE aeRpr PP mthotie optisgl el xdhe gGamera
=P RRPSE) oseliBNG Hehaind SRicbeshar Bpuge. The

ﬁﬁcySaheroﬂﬁﬁé %éeh:nae@mé capvalsy be shstaasiallybsamllel to the

to optical coupler including a mrror splitter
optical cntiplof tige chenerptassembli.s of the |aser beam with
the optical axis of the canera assenbly. The | aser
device includes a D ode Laser Array (DLA) which can be

bnpl eﬁg# gg%é&bg} B}ecgﬁ] é‘%ﬁ{&g@gﬁqp[‘fﬁr 6&ﬁ@%&lﬁ@eﬂ1§gfa%%? beam,
S JA  CHOed B sl S 0

optiGat &slipist fitidingda ndieidr(pliEn)for aotpling ﬂhamgmcal axis of the

ntensifier, or a Gated Intensified Active Pixel
|a§ensbeammﬂ5)therpbcah agna ofathg eamerep essestblyne The laser

dpvi6R mehidema BadkobaPRE ATERL \DhepHBisEtAs Rt mplemented in
en t f

B PRSP Tee S iocrum

m%"‘@éﬁméfat é%:@é\*nb g/TB%n'TﬁidllQ@efé”Gﬁéfgfe 'U)‘dutﬂéd Dheice (CCD), a
procedure of receiving the energy &t refl exes of

Gdtedpliitensifiedl Charge Injecon HaeVI@EgéGKB )a @deated Intensified
canera. The gate

G5B (GICED]) dacatendrmagad et Ak & Daigy dBteRaNed Active
devi produce a | aser pulse inits

Fﬁﬂ%%$%ﬂ§? ﬁﬁgﬁ?g'ety, including an end of the Iaser

pu:se t|n add:t{on to the tine it takes the | aser

pul se to conplete

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 theréafter

until the laser pulse reflects back from the target and is received by the

6
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traversing a zone proximate to the | aser device and

wo bgk7de0s t he gated canmera. The gated canera pgrgeiooiMoi1z
for an ON tinme duration thereafter 30 until the | aser
pul se reflects back fromthe target and is received by

gatebecarevid J0t4laBER PLase@idih s0bslatllyTasespondsito at least
@e | aser uI se width substantially corresponds to at

they Béi'met%‘é atQM:i me duration. Brief Description of the
Drawings 5 The present invention will be better
understood and nore fully appreciated by studying the

Bri@cpl[jéy&mlgtlgﬁt@f {rﬁdmlgwthgti on, taken in conjunction
he' draw ngs and a achrrents in which: 10

F| gure 1 is a schematic sketch of a conceptual

operation scenario of a gated canmera i magi nﬂjs ystem
The pvesentirventinn \wﬁdmbevt@r undgs staaghand mare lhm@ppremated

oy BRGS0 S58BR SBH GG Wt the
drén@f@s;arﬁﬂgﬂgeﬁhﬁﬂétlﬁrwﬁw ant intensity through a

onobgenous nedium as a function of the range.
Figure 3 is a block diagramdenonstrating an
application of a nethod. operative in accordance with
Flgamethes @ rsobeimatit sketethof | aaendepiyal Qpeeaimsmnemo of a

an illustration of a concgf 8I geratl n scenari
gatacb@amm magischavslens qanstsitad and perafive; WeAccordance

| onstructed and operative in accordance
W'ﬁ‘?‘% FR%H 'AWent i on, stabilized by a ginbaled neans,

in which the optical axis of the illum nating | aser
beamin coupled 25 with the optical axis of the
Figuree? iorgstitetts angrdpty depiing theslaBerdisam dispersion by its
Illustration of yet a further enbodi nment, constructed
irradignop ot targeh aadcbaakseatten radiant Inwéﬁvﬂbﬁough a mainly

ol R B8 GG 41l . et o 1 serbean

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

accompanied by an iliustration 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 schematic 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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30 essentially in parallel. 7 Detail ed Description of
the Preferred Enbodinents 5 Reference is now nmade to
Figure 1 which is a schematic sketch of a conceptua
operation scenario, generally designated 10, of a
gated canera inmaging system constructed and operative
in accordance with the invention, generally
designated 20. io System 20 includes |aser device 30
for producing |aser beam40 in the formof a

conti nuum of pul ses (continuous sequence), and the

i DetaileddR¢snriptisin di thedtreferaed E&mistdimertaser beam 40.
Laser device 30 produces |l aser beans 40 of | ong
duration (in the mcrosecond range). The |ong duration
oRefdrenqeulss aswcmadel tb nigadee 1t WRich € 5 sthymalfic Wkiich Zding

hi gh energ ul.ses, t5 thereby allow ng | ow energy
pﬁgg%e@% %%gfag@a fEePAiQueeneialyt designalededl. joht 2rastey

f i ; inel: ' .
G Y S B Sl e OPera e RO RS Bty e
| inylentiore fORBREYY TOsiOnatedi2ix get 50 that was illuni nated
by 20 | aser beam 40. Canera assenbly 60 includes a
canera sensor (not shown) for processing and

c@ysent Podnelefeelazer devite B0 iargRbdidihg MR tRGn abdtthe
as . the reflexes are received by camera assenbly 60

5
f SR FAHHY™ € %‘U?‘-’sge@%@‘q%g“@q)éenﬁﬁ); 2Re theallgmination
S\ ifdr Gades SOy |{sBPbeBROUD) 1SMBFREOREZRS prddites éans r

canera sensor operation. Haze, dust, snoke, rain,
otgamsi4Rcaf doraEukabaei(inithe siciospeenseiangd). byl hedomg dgation
ex| j Lyt i -ad] t to the |ocation
ot e pllsto Gaf e B WEELID AERBha lgh PR e
c dmsreby atiewimgj low en¢rgy fralisasgtd bet uresl with hedfiasait lepedted
lntensiti t\,rsomv\@a?{r tto?dﬂ. [lum nate target 50. Range Lm

dEnar cat s fe ange of zone 90 for which canera
assenbly 60 is set to the OFF 8

System 20 further includes camera assembly 60, which receives the

energy of refiected 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 targef. 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

8



10

15

20

25

30

WO 2004/ 072678 PCT/11L2004/000112 state once |aser beam
wo46baohis78ts substantial entirety, including tQ%TﬁEQOOQﬁ)OOHZ
the | aser beam is on its way to target 50 through
zone 90. The length fromsystem 20 to target 50 is
staf@éh@@aibéér Medr- 46, iatesabstaetidl gnbity sinstuding theeend of
state for the duration of time it takes |aser
thedla\ssec deaimt @s mmdacway doctargeh B thronght zore28. ankheylength

entirety i ncl udi n e end of the beam in addition
fromesytsiem QQéOHﬂf@%ﬂ@g 1§ E@S'&ﬁ‘@ ted as I-'ioul se of |aser beam

40 to traverse.the atnosphere relatively near system
20 until the end of the pulse of |aser beam 40 travels
Caﬁ?é}aeaégé téo 2@3’36& Qot thel OFFIF adtaes f@Nhé’&mkatl@n of time it
camer a asse The OFF state once the pulse of
takb@ﬂaéebel@\nc@snal@ proudeuldser desemad @ dn itisssubstantial entlrety,
substantially equivalent to the time a pul SE
mciudamgltbetemd)@@ﬁha keamaktadditan taghe lime itda ?E tbe end of a

pulsg obfserbaamAG IS Tosted foprafitsd el Belv gl My gystem
20:@3&@% g‘?ﬁi of the | ﬂléé“ﬁf [ ﬁ%? tg%é’fﬁt@@th‘eﬂ)e@%h €ln o Bs way

cama asse inthis sens canera

to &S aiget eﬁ% 'b%cﬂakﬁdanﬁra%ﬁmbty SOVeTheI(DEFasmadee once the
when canera assenbly 60 is set to the ON state,

pubed aff laser poéam of0 | hasr beeam fuby g@neratteglnc@d &Lbﬁtantla"y
from canera assenbly tra

equl\/@d%mc@ dhe Lttméumnmﬁ@ |p0t"ﬁ95eftfa%' OEQh u'ﬁth ?qance totaling
2-[61@ ||§ ﬂ'bs'tt%sggrgte f{rﬁ%é %?seﬁr%ﬁatﬁf %%e’f ﬁé‘ ORS&HE Y for an

.ON efulnh‘:é‘:tdtﬁﬁﬁofwr Bl ﬁ&et Aefisitedl réﬂéxé@'ﬂrohﬁ?csfgdw'?@e in their

received by canera assenbly 60. If the full
subsegitiad Wrstirety, dare tecsivedimyh camara 48sembly difliciedthis sense,
substantially simlar in_jts durﬁtlonto he ON

capmrauassemb]y B8 ishgatedye Sinprial, thish¥ary tﬂﬂ Q¢S oW &‘ef‘r Ganera

asgggm%pe@sem\ﬁebm FEH eéﬁgo‘%@&% gﬁ? pt?%J ecfnré Ser beam 40

is Séiilgﬂmdéqq%?ﬁdfrb% ' %é?& 285 &n| Oysn@d)l ipayilli gavef 4 heirther

pul se of ser beam 40, le reflections
diétapbrobi ¢t eh andilttargel §6t ahd Lt cindib econopletingeits tieflection

i ncl ude nobst of the uI se of | aser beam 40. The tinme
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
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30 interval it takes the |aser pulse to travel to and
fromtarget 50 (2-Lt) is also 9 WO 2004/072678

w6 S )ob2994/ 000112 the maxi mum range for whi Chpg?‘ﬁﬁfoﬁaﬂooonz
_ ing to

assenbly 60 can be set to the ON state. Accor
t he above description, both the |aser pulse w dth and

thé hsahhimardy fr WRidrreamBrahassarably 89serbbe $6t iosthe ON
set to the state, constant. are generally given_ b

state( LA|<:eotd1¥19Wbelhe above tdescsiplion, doth ithatlager pulss widt¥| and
exanpl e, at t: is dist d .
the&ohgireq sliraion Jet Ririch famatecasssmBY S0RSSet K iNE N state,

l ength of the |asgr pulseyw |l substantiall | ast for
aré deraratlyighvern byo‘mswﬁ'@m A i3k spaedepf lighecanstant.
mcrosec ). C 10 It &ill be appreciated that mn nor
deviations fromthis length, for exanple wthin a
tol erance of 10% w Il still be considered
U . Ve i 0 i .
BN L RAeTad] il iesd s SRRL R Bal o 25

arleP0on Befusé 168 Reh, ltABaIthe Iehig8h )of thé laber pales wilbGubstantially
| aser beam 40 is substantially equal to tw ce the

| engt h..of .t he. regi opat Jfaskm -p3Krehn |
Iaggﬁoqr%nmeydp@md] 'g# Z?‘Qi?ggge(bet weep tw Ceﬂﬁégﬁl??\%‘}gé

Lm Preferably, a |longer |aser beamis not wused,

because it will use excessive energy, beyond the tine

f th . i i iti
it ﬁﬁiﬁ?bémﬁnrép}@?eﬁkéé%w&% dindatings diym B fenatiy (Bhexample
cle. It X . -
wﬁﬁ%gat.o\ea@\ggﬁbcp{/gﬁ]é@f{\gﬁlggﬂIEg:% {;Qﬁ%@é%@ s@?%?ééﬁ%lf)}:ﬁlémlar to
th%fngl‘t){ﬂ\'?é ?ﬁ%@fioﬁéﬁ fr«§¥ﬁﬁ.e i idharhBferfstic! oftesiaveneloh is tlefined
ed. Ide of such deficiencies, a |onger
asdubnlg PolseuGatedvtialging (SPQI). applicable. A

substantially shorter laser beam is not favorable
because it is desirable to have the maxi mal reflection

Tﬁg 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



25 the farthest point within region Lt, nanmely where

target 50 is. This will optinmally conpensate for the

attenuation of reflected |ight which is proportiona

to the reflection range. The further an object is

di stanced w thin range Lt, the greater is the

received portion of the pulse width, until 10 all of
i's recelved for the target 50 at Lt. The length of

t he used is in_the mcrosecond range
m.%‘L&S £ls,RSERRR iR 1S afigay & han Tielobaienighi Jater puice

| asededpiglif @aht SARkrddEch onali~ st ens,
where the |engt h of ?ﬁghf%sﬁl Au?%%‘%"%%%%%@é&lth@“ the
i Vb BT GRS e e e
u
beghgﬂ%l r?g%ﬁ%% Qg‘?mg g’%\r ﬁé‘éﬁlﬁahb}/rh S BRResEaond, sanse-
reflected by target 10 50 and is on its way back: to
60 as fi reflexes 70. At this

caia RSBl A0 sk
i nsY AT BSet RRATR Y. afnigiels Pa@@adum40as@nsn ifllly gartshatad,

di sthanesink he b [ Dene at ed. beam
20" T e oo pA 8! R poemAOhAC diang belf PEf i e oet

10i s¥hAR®Es armitsimay Lack e “em@eax atearpb@\&ﬁhs ﬁ@ffﬁ'ﬁﬁbxn 70. At
as fiQ i vin l.exes 1n
carsrles{gghgtgggenb‘lrh i B otk EEEG gSE'E”hg G‘Frsf'%t“&w dtanse Lm,
t hewbﬁfdasnfhegmmnmhgdﬂ lpensrafdl beam axAiad vJa@ rbf| le[nd b{; argst

add |onwfg%he time it would take a reflected bea
reg i B U"Yeedbﬂ'sr%’%rld“aé%ﬁcblyimoroafeanpnegermtacmnar

as sasrbhipi iond ?s,cctl\ﬂ {Jhaxs f qr .1l
dur ati on yS%b tw ce "%PS%SF‘&{HH?‘SEI‘ %ﬁ‘dsdpb'} 80 is
Pgendtit g O “beéiﬁtﬂ(whllg theead ed gpusrtatéley@md 40k CatdiEin Lm,

di st 2880k k.g_n[?_ Lnnl n 20 generated beam 40

t hat vvasor(g% IS edtﬁgﬁ’/gﬁg %‘ e dyrs9i Lm o reach

fr d’?ﬁm%@ asapmbly ﬁésmdalnylgG@améta éhe@nﬁi?n@mﬁs sEAfB{R OF
the ON state which only aliows

L
ot 2 P o B on RIS BB e, the "f'@obﬁ“ﬂ“fai"d
r edmavreélo lwlocatmirjastaﬁ@‘tﬂm’ﬂHWl@neV&%nEbe neré‘fi\dchtle baginning
zogen(?aqa? am 4% has, al ready passed tw ce
i sTahds %f LA PRyKES d?ﬁeday by taspeiesd tﬁdiocated just in
r egram oLMmQ'%Saéﬂehﬂﬂ $obeemis Back o& ot
assenbly 60 while camera assmrpyﬁgd F’\/\]/a“'s“ %%m“lnlmhl RO 'st§
OFHOC dhey Pl state which only aliows light reflexes bsiween distances Lm ang
Lt fo be received by camera assembly 60. When the end of gensrated
beam 40 has already passed twice the distance o Lm, any iight alrsady
25 refiecied in region Lm has already been sent back 1o camera assembly 6C

while cameara assemibly 80 was still in-its OFF state.

According to another aspect of the invention, there is provided 2 gatec

camera imaging method. This method is described with reference ic
36 rFigure 1. Tne msthod includes the procedure of gsnerating a laser beam

{3C, 40; of long duration and low energy in the form: of puises. toward &

target (50}. The procedure for generating the laser beam (3C, 40)
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According to another aspect of the invention, there is
provi ded a gateo canera imagi ng nethod. This nethod

wO moalenets bed with reference tc 30 Figure Theperioekoooi2
i ncl udes the procedure of generating a | aser beam i 30.
40, of lona duration and | ow energy in the form of

pipiceakly includes generating thestasertheany (¥ #Pebya Diode Laser
t he | b 30. .40 2004/ Q72678
AN bbb A ren0iasd dralblt AWMy TEiIRDEEsIEIGHES foanHos. The
L
medi6, BERR PGy thY Prodetlrel §F§Pa%@é'i§‘§h@éﬁéfgw of light
refRixaed of Uheh plulddis| (VQ?SréfFé%t@d O8I tRe ofargef: 6(50‘) Ny tdegated
energy of light refléxes of the pulses (70) reflected

cdmenat(66).t arget (50) by a gated 5 camera (60). The

gating is synchronized to be set OFF for at |east the
interval a |laser pulse is generated inits

TREGRITY I suBPbidiede torie [ 20K o et I 1yBH a taser
oHEBI LB 1 AR BT PSS 84, e e
pake, seaddiidrhes ﬂ@éﬁmferwallta |Ia$éﬁpul@§e¢omplétes ﬂﬁ\}eﬂstng a zone

back fromthe target (50) and is received, inits
(smbgiraninate ¢ottheelaseri devicai (39)t ard dratloto thl@egawbrcamera

(il rich sea O Fopreastetranth, e Jasan sl reustts; fadk Hon the
Fhopi e ool AT

tHeli lakapgsulsk; Zb@theargbtaac leainferldge0Rt edreanBaear (fGke width

(di stance Lt) sunms up to the difference between

substamtllaﬂlyacmrresp@md&rm iRepropagatiors tmwvfrmdetvume Rhguramge of
2 which constitutes a graph depicting a
Zpearod) mrgpsum@teotp |Sb’§t‘5?rf‘r &6 drissanige @'La?)gf& y thntarget (50)

(TR EEET R, and MR 4 GRRd fhBraBD) fyfRibe Lo: s

s[]ﬁiseﬂpt $h |H§Féd|dé1b§fwéé‘ﬁ et 8hdtthgcd BRget . i
B

oneters. The graph is based on a
S|nulat|on of a typical airborne

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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systemin the conditions specified at the bottom of

wohh@%74- 25 Mre specifically, Figure 2 shogrii§yosno0112
effective intensity of a beamof radiationinits

passage through an atnmosphere with an aerosol density
opé?éﬁﬁ?!iﬁ Ay Riral niddén TRlecndasurepiavie Glelightenednsityndepend
addition, Figure 2 shows the residual light intensity
on thessdstance do d faghet, théltargeat beiog atrsea eleyatzm.
percei ved by canmera assenbly 60 (see Figure 1) when
the systemis 12 WD 2004/072678 PCT/1L2004/ 000112
operating in an LP . S Is :
For B EReH AR s <SR OB RRTERY £ 54 ook [fihinator
opdrafifg! whBh e baRfftal i8Rt B AHALPCI mbee, BRI AWpicted in
purpgses, the light intensities of a simlar |aser
Figuté U n@ker ,“noﬁ-?&@t@dﬁt iougvedienuhder clrer saine nenvironeental
LPG node, are also depicted in Figure 2 (the
coridibtangat ed" curves) under the sanme environnent al

conditions. By studying Figure 2, it its noted that
under an LPA operational node, the to |ight

i 0t it t d 11 hiSyti
By sl heu gt Gn BB Unded 7 LERH o iional modle, the
ligﬁteih?&?éitwgcaﬁe}écﬂ BlackRRirds Y refskemid hegligibletrektive to the
surface.” This is the case when the target is within ,
effetitved intlendftykof thegeflectiont ok lighh dhahimpingatton tee target's
systemis not operating in an LPG r]gdei 52 tgg
surfacendihiy inthe saseavken theargatrs nithip thackindakmdange.
reflexes is higher than that of the intensity of the
reflection of light that inpinged on the target's

o@&;ém%‘irﬁf?r Hain®, 'Vihé gﬁgg%%gtégmg ﬁcﬂ"tﬂf‘e@fkingpﬂ g;si PRGR! Mode,

can al so ced from Fi'gure

thd WRcpRRYt bihgchtterddBghtatfiedte® Backwardssas refleres riashigher

of the illum nated target against the backscattered
than dhat ioftthesintgnaity a@fyar%ﬁggeﬁté@ne@fnllghta#&atzsnpmgeﬂw@n the

targatsSurtads B © Arerey BPG e bor AP EeY 2 Rk
net hod does not require know edge of the exact range

It can also be deduced 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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Lt to target 50. Rather, a rough estimte of range Lt
is sufficient in order 25 to calculate the required

wo bl 0k the laser pulse, or to approve the
agapt afﬁFl ty of a known length of laser pul se PAWEROVO00T2

the inplenmentation of the LPA nethod, the |ight

irriﬂléﬁ{bﬂtbﬁoh fsttthE NP G5 WSthBD tiee Bighs imensity 8e¢jectécb ondargets
or exanple in the range of 4 to 20 km 3

changes b
by s syystem avariest oy adactarof Hodvivihe saimentange né4 w@/\én.
2004/ 072678 PCT/1L2004/ 000112 i npl ementati on of the
L.PG@ nethod, the light intensity projected on targets

B DT A Ak, APy pos an
0 g%tﬁﬁa%%ﬁgmg(ﬁ?t%c&éﬂrdﬁa | ditafvanitcoraRety e phesent

Systemns, . operative according to the
invER%ion, camvest defivedan Thedadvaetagdhis o asysigen'ss efficient
the systems efficient observance ability across,
obsenairidecalidipt Aotdss aslegsatilevdepth ahfield @ferI@Mé WB'Cﬁtﬂ%erS to
ranges of view confined wthin certain-imigs,. T
tbsehgas poi sodfped v et e abSsralituesystems
wi,t h t (o [ N : - i
el s REGEF ) b HEBTLWA PORRATR By 9 procuce =
, t ' Hi
h%g\é};ﬁ%igﬁ@?égg;bzﬁ.ar &t8Th Idhalesatively inear siri farawalhdistances

_ ersatile depth of field responsiveness is
friong e obsleevatidn systermhe cont ext of a TV picture that

has an inherent relatively lowintra- 15 scene dynamc
range. It is noted that the term'TV or 'television

erein also refers,to al S, t f i deo;
This REEPEEY ofriesali 9953'1,\} ot fidld e%s@opﬁg%‘é’%sf\é_ eflighly relevant
ir‘?‘ﬁﬂgot‘,‘s %%Q%ruéervhgf&%?@%é’@‘ hA8aan dRherdrt tdlatiV8kly low intra-
picture, Wwhich occurs when using auxiliary
sckehendpadinio rangaoult is motedathed theetgrmg The aarutelevision' herein
Sel f- bl i nding and overexposure are prevented 20 __ .
alle aefersdor all | aspeets| phHNGWNoKiiaa, dachpolpgy: helhis property
m ni npl . ran Lmequal, to 3 km.i ' ' ' .
oreveaR W Pogmintia8d olsfekpiShtd phelbit of RedPobibots in
i f ce, | i Nt ensiid
tﬂgré%lg Obyv@&rgﬁ%gﬁ\@%h@h 08ing atxiRirpeRineatGy witlout 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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rel a;i vely small (a substantially flat curve for the
wo 96fsRddzgr get irradiance in Figure 2). 25 Th
brightness (intensity) differences between tg’rcggfegdog@ 1z
backscatter, for. ranges extending fromthe nearby (3
by KBInpgring fife b betwébr thergater {2gekiratisrget suaeeand the
substantial ly I'ower in the gated system by order of
gatggggmksmk erfragfianthintensitye canee in faguee 2, tarthetgaphgtween
ackscatter in the non-gated [ h
ther apgegaterhitarget dmadiances %o@ﬁ%g emﬁnfga?eaaggcmaﬁef

PCT/.1 L2004/ 00011 ' t ;
racl R et ey Bl oSBTl b e ASh-EE1 4 Brget fradiance

backscatter radiant intensity curve in, kigu 2, to .
cunveangselyyesmisfromihenisivesse s4ugse daw har)aal[ Eﬂ'&fea&%fﬂ%t'on,

and the non-gated backscatter radiant ’lntensity curve

[ b G T, [ ' e
goletnedl By A oo qitificall PRgRIRt BF o RGREbebit Adm ressource
to o tdrgbt, atittentes i additiopowstr ervbry tditergmiion riesalting from

propagation of a light beamfromits source to a
prapeggation throtighitbeaatiaesphereftodherigyget apdradken

resulting from propagation through the atnosphere to

the target and back. to As al ready noted above,

accor gli e f ' k O, 4 : .
AL DOH oo B g nson
lorly- BB sBPPALi G Isy@ftsimb Tor aRsantERRER] Wighttiffecapplicativns in
O%verg?on,s no édvgﬁed, exact “‘range rregsurerrentppto "
actbeidrivegewiths thequiresent einveptioper hapsadvanaesh exact range

estimte of the range of .the sought target. Fromt

! : h
measirementigttherdargatisgequired, £Xeebi pekla et estimate of
t hrou

h.the at ' t '
the, GangS it dNmRuaatar aat o Ko Bt aft 1 fie 4iiet the tecer
r r i ' t
o3 sk rSag e SMtphers SUASIRL oy BRI noar, e
obsBevatirgsystePhearid biaok toftheheamenesensensthe cameugsensor is

that within m ni nal range L Fi 1
switohes tar ﬁl@b&@bp@erﬁiﬂr@%éﬁp%t( %gfg@flé%lfé the )li’ghwg{leexes 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 Lr, 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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20 conditions through which the end of the | aser beam
traverses, either on its way to the target or as

W@Mﬁ, %% er from such atnospheric conditions ﬁ%}lﬁ%oﬂct/ooouz

m nimal range Lrn, the canera sensor is switc
the OFF state. To achieve the elinination of
backscattered light without |oss of contrast 25 while
mai ntaining a high quality image of target and
Rdferrgreouisd, now irmadsufibi drigote t 8, t editle lSweacebi@@ka diagram
sensor to the OFF state while the end of the beam
demenairafing ae applisatinpref aomeaihproRpatatiMey I a@ﬁpﬂm% with

ol FerAbRAL e IR I oSN 0, 00
sch BB "D NERIaUER VP IRMIEP SSioh SO

illstegedm extafiphst Gatli natarekappeiicaptern 302 aeqeipped with  an
operative in accordance with another enbodinent of

ohsbevaﬁmmmysm geﬂerdangytod’élﬁ priaseat FuEntonaisc hveedn an

by illustration of con Lj(a| operation scenario 301.
antintanky RRIANSCAIAND n attack helicopter 302

equi pped with an observation system according to the
present invention is involved in an anti-tank

In%@rﬁt‘s‘t %%g?% | thehelit@hter ckew detdstsf ubRig RE AR device,

the i copter crew detects, using its FLIR
hcﬂesp@le311hat apth Bhlraatgea 1M klnersetgn"nd |stagae3&@pmn the
stage 320, when the helicopter js distanced at A]
helmopntermStdiétamedspr h&ms from ithe did spgitgthe survel lance and

ogﬁgéﬁ%ﬁ%@ﬁwr@nﬁ& %%%zdaﬂgﬁq\'\hglﬁ{gq@%ﬁ@ﬁk activated.
Ohﬁ/ dauﬁbg%ea&? IlS%SSt }]}*ﬂﬁaé,ﬁgérﬁlfet Pé(}érrbé’érhﬁémﬂfédlﬁ\ direction

ected rom e tar Irection 317

3R Faffdctadi Bomoties abrybtiinr disecorm F1&ly Jéweogdted system is
which is sufficient for storing in the  system enoug

operaged for conlyhackew peeands M\l(ﬂ&rlgewf@ﬁ@ﬂts Oéeﬁ‘@ﬂ"&'lgedﬂ the

and store

SV 6ReUhaBDagRs Tam WG b RISHTS deaddh 33T s, gegerated
ah & MSRP "Rl RSInG Ié’éé?ttf‘é’émhﬂdycé’%@ée B@Rcopter 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 to
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 targst from a relatively distant range, for example at a

range of 8-9 km.
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20 from being detected. In the third stage 330, the

wolBhd/Fepker crew reverts to a passive operatiQi, 68000112
i.e. arelatively safer operation node, while
advancing towards the identified target. Wen the
helicopter arrives at a distance of 12-14 kmfromthe
target, the identification stage of the picture is
Theeripl theesburgeraithevoperation as desdsbeddiaseguengerBdsto 340,

b i 333 25 with potential target i
the syetaini i balleoniaik30Z iach@copaRgl © B, arh adkAgged, exact

3.t t t is jdentified i1 t :
randeolg, (Bhasy Mmenatr ey & AR BRE (3G  HRL have
neb SRR RTINS HiOhrTn B lierod of mo
therbyatriceeasingnthal dikelibyedt dieexpogete findndatedian iof edtiacking

di stant range, for exanple at a 30 range of 8-9 km
helisopier B2 by 1B6IPETINIS. 2004/ 000112 Thus in the course

of the operation as described by sequence 310 to 340,
the systemin helicopter 302 had no need to nake an

N T

fuhﬁer mhBediragat daistartedt andedperdtived inf atéomiance with the
thereby increasing the |ikelihood of exposure and

indention | generallgtdesignated #20j stahikizedby gignbaled means 420, in
opponents. Reference is now nade to Fj %ure.4, whi ch i'%h h
whichcthengptical prissof dae dhuginating éa?r%rrb BM dsisiRled with the

onstruct ed, and erati [ c | : ;
ot T pBREvaR, e A SCS TG stPnt AT i required
wﬁ{a !eegy%?‘l'?sis‘lﬁgsitibﬁed?"ﬁhcﬁ Sdwtirduginl mayirg @ind Mbrating
iITlumnatirng | aser beamis coupled wth” the optical
pladbemoiviehker urbbane Nedrdstridl or rEtudical i for eyasypiecan 4iplane,
is required when the ,s?/stem i S positioned on a
heleptau aeacyafipiandgvehig anasn%th&]gk% pl atform whet her
airborne, terrestrial, or nautical, for exanple an
ai rplane, helicopter, seacraft, |land vehicle, and the

Oplit&t A 145 ofSef Yevite | #467is IR dpfticedLakis 450 of
0 optical axis 50 o . _
optical assembly 460. Optical assembly 460 includes transmit/receive
optics for receiving reflexes 470 returning from the target and directing
them to camera assembiy 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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optical assenbly 460. Optical assenbly 460 includes
transmt/receive 20 optics for receiving reflexes 470

wf)%di/o%or'}g fromthe target and directing them 3&5@%4/&}0112

senb 490, and f.or transmtting | aser bea
t he target Laser device 440 that is inplenented in

<, SERECUTEON I8 rfBFchy bap clits jd psetadr sector

s@@ﬂﬁ@tﬁjﬁgm sYabiliBiRg! %mmksgch@s:abs@Natrunamowb 425. This
further benefits tot system Using DLA type |aser

thilsvactdsves iropertang paa&xaglrtgaandtwem paghiciionradaiagss.
optical fibers. Fiber optics enables a manufacturer to

package the laser 17 WD 2004/072678 PCT/1L2004/000112

O&%%b%%i‘%ﬁé@”%ﬂ‘%t@%” [ zegﬁgga{he S aB I |%zﬁidngcghgiaf h@celves |

reﬁléﬁ%%' 476 YSturalh PROAH YRé *téh’@e'ﬂﬁé{ ehd@f), Fhitswas ilisminated by

achi eves inportant packagi ng and wei ght restriction
lamdyabtages48G Cbdksentation rMmidduée 42851 furthese dndlpdiesalcamera

assenbly 460 that receives reflexes 470 retu
assembiheA 9 gpart QreeessiguANd t FARVERING |th@mrﬁﬁ%%6g pfjom the

3R e RGEHEN 80PN 230t o an imace
d%?”é(géﬂlénga Ey Tef| Q’J§§erfvra‘ﬂ§g“ﬁ? léllel uwpisnafRflck dheRides and

celve op t i asse nto an 1nage 10

efictdriy ablvRclihg c%erﬁb@em% Ifon iimihg ethé2 Tdmetzheassembly's
includes and electronic switching assenbly 495 for
openatign.t he canera assenbly's operation. Laser device

440 transfers the beamit generates via optical fiber

442. 15 Laser device 440 and el ectronic swtching

%gﬁ@%%ﬁﬁ@@% tigtg | zed't n°'é V'ﬁzﬁﬁ{aﬂﬁg@ 442,

Ldeel cgeditd anb ehrdt eRsdtrorsivi %Wﬂdhﬂh@sasﬁ@lfr&)Iyl%Qﬂoare both
not require specialized stabilization and can be

paekkggddostgideané! gbservation module 425, which is stabilized 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 bearn 430 with optical axis 450 of observation module

425. Coupler assembly means 445 includes collimating lens means 446
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G nbal 420 stabilizes the canmera assenbly 490, an

wo9Bs4/53¢-sf i ber exit of 20 optical fiber 442, '
conmponents for receiving returned refl exes 4%/@?@#{)00“2

the target and directing themto canera assenbly 490
that %@)ﬂhnéfes oné 168k r BRRDhYirrdBOmaathsc a4pl thzg dieests the laser

assenbly 462), and opti cal conponents for

beamindirettiong@hadsEmverges 4B®r@@mtmaéd3ct1§plea§é|8 d/@lmpbecould
440 fromthe optical fiber exit .0

be rt pRATBIGERN ISaIatNg Jensoliich. Hdedopy HRg. "nger449

col Y3 oL b B eI G e 50
of ‘Hfée‘r'\?ﬁﬁ’oﬁ Omdle! 4ps. the g?i@:ta'l Cakis2dsD 9§ c6RiMenJes some

'aser beam 430 wth optic axi s 450 of observation
compdnkbatsS®f Atsserfatiphemoaste 2y, imetuding4bVi camedasassembly
collimating | ens nmeans 446 18 WD 2004/ 072678
49(prandiopticad/azsemblyt 46Q. col i mates the | aser beam
mrror neans 447 that diverts the |laser beanis
direction and converges it onto optical coupler 448,

OpméFha&’é’rlgB ly g%{) nc%ﬁg'@' %r%}/gi bt eQB k08 l1&RSes 461 tha

'es the opti cal

colﬁ?ﬁa‘-te@fla%f‘\b@aﬁﬁd48@$ﬁfcebﬁﬂ5f‘e46ﬁ “m temtofrbrm @misadisne®n410,
of observation nodul e 425. Optical axis 450 is

and crenewasorestumzad ueﬁlmxmeﬁ?@ fesmolectarget thatnwasikuminsated by

| udi ly, 490 and | ,
lassatheami 1801 . Opbeahasonly e douErahined relpsat 2D via

| enses 461 th 80 once

coydfiid s psSefiay %%&ﬁéﬂ%%%{n%i%@%%%bﬂm
returned reflexes 470 fromthe target that was
illumnated by |aser beam 480. Optical assenbly 460

TV ogiresar assembty 4ol that précessea ard convegsl mesreﬂexes from
assenbly 462 unto canmera assenbly 490. 15 T

th%dmmqtedgerwaa ﬂﬁ@@é’@é’eEYé?fH'%rﬁﬁéet@blb’h%(BQ dniq.apsimage
i8R IEh . BATARER"h 50 TRBIEE Dl adlice) ype
seh86t.UIthE EEP (v asEulpied B¢viets) 16b$8s 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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sensor. The CCD sensor is coupled by relay Ienses to a
gated inmage intensifier, as known in the art.

wbdo§hnatd vely, canera assenbl y 490 mght 20 a
I ncl uﬂz% Gated Intensified Charge |njection Eegllnézémmoonz

(dC D), a Gited Intensified CCD (A CC D), a Gated
S ﬁ@ﬁiﬁlg' a&&m&ﬂy ap5 coritrdladhientigitsg fof eméyet agseRiblegl490 and

enso , or any simlar device. It is noted
ret:bﬂﬁes md TéVamag"eg frany itofiatsuitake waring 96 n Savitehisg assembly

types 25 enabl es advanced processi and enl argi ng of
49% eandoelugdediorexangRie, an@iﬁqtrpraeﬁwr@e used, fo? )

exanpl e, to conpare the received TV i mage to i mages
in a data bank of known identified targets (step 330

Inisﬁﬁ{drglﬁﬁ%ee\hrth i_@? %g@ﬁﬁf&%@% BAItchird84566/MIY 295 controls

I'ng asse controls the timng of canera

thes siefipgy of Sarpeda assEnbbs 49¢ |ﬁVsymdy@nﬁza:imn twiih athe laser
suitablFe wri n& 496. Switching ass

pillsebuste that it sxiiiys deaativatest (sﬁi.tgsth@a@ﬁF gtatﬁ) %unng the time

pééé&&%%ﬁﬁg%ri&%ﬂﬁp 2381 DeaTh (a GRos Az BBiRaP to the

490 in s u
< LTI 45 R ey 400 L
{ )”PancP%Et|95’téd“g§etttbeth‘én®wfstét€? ilmsediabelgnafter that point
Aver’se space adj acent to the systemen route to
uhﬂleth@nas@r @m(cbekmmﬂe«:tedamena taegmn‘b?Q m@orqcaweﬁ hy camera
gure 4{9 and activated (set,to the ON }‘
asaﬁminlm G A$@ resalt qiﬁthchm he cROGEL 8P 5ar dgthe OFF

sleletibp) 8 The EOPb Ao SRRy Bha e refloxes s

e caner

pf%\?érﬁrggteﬁ} F%@eﬁ asserib H@@”ff\ﬁﬂ réé?ﬂbﬁrﬁkﬁnbaéﬁénﬁﬁ?diment 410

unmant reflexes is prévented in
"§gv§kﬁxﬁssenbly 490 and sel f-blinding of enbodi nment
410 15 is avoided. The received inage of the
illum nated target m ght be subjected to additiona

earrpeevothdei 421 ger Aoty il difnt B supjected to
amﬁﬁ ptobE88Rg9" 28keh (d?BEessmg could |nclude,, for 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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20 shown), integration in order to increase the

wo 9bAY %ﬁtﬂf of light, inproving the contrast, Ii%@gf%onz

sta I zation relying on gyro feedback to glnba
or electronlc stabilization provided by inmage

In SrPRRHHEADSNBS fak A bBasPs31 ene¢9fdc!3b tlaser HeViveedBo is also
consecutive TV i mages, and t like. Reference is now

of tedBLidotyBieguT ke Headrnadf pulsesds Ipemaagated from tagaraev¢e 530

oSl SRR 42 A AR 5 o
d d

of BERATRRICH Jobiue e, WBHL i Suiiited By gty &k’ seo.

Orfifabass @%@bﬁi@caﬁﬁ& a2 8888 570! ﬁnurth@aéﬁidaalﬂbe%xut of

CT/ 1' L2004/ 000112 | n enbodi nent

optiesieiib&ess2 e ghnepatkagby ihasleserdationembéitile :525 sSupport
of the DLA type. The beam of pul ses is propagated from
unitG60 poevides fssme:ght anghradgtional agdjusdmesds. gé‘PﬁQﬂr @it 560

R NN U e
sy R, PG o i, rCompIgagbus shock

ab8bfhetssSo packaged in observation rmdul e 525. Support
unit 560 provides for height and rotational

adj ustments. Support unit 560 can include a tripod,

RGP 1L B b TR 8 A S ot

mGEEREL B2 BN o R PP it i
seﬂBE'lﬁ"ﬂoqt'%fl 6érﬁle'r§rse$|§%lr@7@ CPriBRYo GRBHI %t@%‘eymera sensor

onponen are 1 nstal in series in tront of

57020k 3efien ses0hokighofiltéro57 1 arghbpticahtmultipliear 572 which is
sensor 15 570, the refl ex passes though filter 571 and
usepltﬁoCenlarﬁgetthpllnmg%mtb\ﬁutargetsre% fepradhgrigdlexgs. Filter

5747 tehg pcliie, o8 pat "B GesEhlbil s aul HdEY SoddA"Light
Mﬁgfé‘lﬁ%rv ?h@f@bﬁ?&rég\% LL:}%SJI‘Q daécfro;as(ﬂ?ﬁﬁ%f@ﬂ/ér LRk 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
filter 571, whereby the latter is subject to control by, and feedback from,
image prolcessing assembly 580. This is in addition tc 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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Display (LCD), a Mcro Electro Mechani cal System
(MEMS), or other 20 simlar devices. The refl exes

W(géogglh%&sarget on which a | aser beamis proj eclt'@ﬂm(iﬂé4§100112

recelved by optical assenbly 550, undergo spect
and spatial filtering by filter 571, whereby the

b!i@ﬂaigugfaé 3 SPeSt tHpinGe! ofintedsdl ligRedbamdes within & field

processi ng assenbly 580. This iS in addition to
of brew efitiee ambodinkéretr i ng that other |ight: sources in
the field of view undergo due to the application of
the LPG@ nethod and the optic enl argenent perforned

f t he, ref [ i .
Vg il b B R S A hbefh SRR e =
{ aci | .t ' [
oREAgt T, 7 RO GoReL R Fiter 571 must have
eRaey %ﬂhrac?éri‘éﬁb@c%ﬂﬂﬁﬁé 26 &8eRENdY I2Ghé/ AGRKER atrividg rfgpom the
as a result of the présence of ‘intense |ight sources
illga7rtlxima!tledri] thmggem dV(\inih thevaidf of hieesltiacki friom . inFge eprocessing
m e .a t] SL
a‘srsletrdnl}g asgslibﬁsZpSBaH%nmf Rrogramofitany5 ¢! Her amgenner that
el.ectiv ilter. Filter. 3 .
clifiFatas fre ipacoralbi g Ron AL yRTF WpeCiifflinatad target and
tﬁé{ igvﬁ&%igtﬁi?l”fh@%medé beﬂé@?égtrhﬁ{ gelaseVdehides3ei d of
eedback frominege processing assenbly 580, it is
possible to programfilter 571 in a manner that

el i mnates the background radiation that veils the ,
Residoahsakuatiandeft emdhe imageacavsesh by Whelﬁiug?‘ﬁ ources in the

b ug BB TR B8, S BRI R, it e
RGP 4igr D 9 RO 5 000° ygugh an adpive
SEeducRetiby. a factor of up to approxi mat el y 1/1000t h

through an adaptive 15 SLMfunction. Filter 571 by
itself, or optical multiplier 572 by itself, or a

%iﬁg@é%ébgpﬂ%{,i ctgrggp 'é@bﬁﬁﬁ{}g@%g#ﬂjiyalltlsgﬁ, 8t =2ebnbiRAtion of
the two could be installed directly on the side of optical assembly 550 that
outputs the received reflexes from the laser illuminated target to camera
sensor 570. Optical multtiplier 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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woishs
f

out puts the received reflexes fromthe |aser

i Jnated target to canera 20 sensor 570. i

#ﬁ%ﬁ?er 572 can al so be installed directl;g;@l;%lE

0 camera sensor 570. Besides the conponents packaged

Inwiopieir atio,s extertriab ninpod uvelidgs, 588 dor axampleper tedidry, or a
support unit 560, nost or all of the remainder of the

geneiadel; oiesslss elgctianies bent583 viawsuitablpacapectorns87.  The

. electronics box,585 including | aser. device, 530, | aser

Bl bl8ds EoryX e BusRSse sk o cateinning inser gevice 530.
switching and control cards 538. As can be gl eaned
fromFigure 5, enbodinent 510 is packaged in a

Lasetubeant 8shiisrtramdfeledl frons dstr dévice SBEda BatikhNfiber 532
and depl oynent, a requirenent in field conditions. 30

topnanonisd aotieago a2 thavisdnstietboin hop pd rdisermation module
ternal input voltage 589, fqr exanple a battery, or .
555, SRS, sbBpOItedoby” SPpBoronis Sa% Bdsprabear S68L exiing
7. ' rv.es. t he 0se..
ctPRFt Bpa dminales 15" Hisi $R0PL ARGET nhRdHl BTy (not
sikddni.s transferred fromlaser device 530 via optical
fiber 532 to narrow field collimator 522 that is
installed, on top of observation nodule 525, thus

supported by SUé)(fort .unit 560. Laser beam 531 exiting
Opbral aasemiiy 550 (dapictedein tigue &t includes @n array iof snarrow

Y di at.e vi_cini h .1 ti cal noly .

SR o kA bl o] Bekagd SR bR ot BURRR L 5o
> . . I _ .

ObliEaCapsuitl) 850 PeRiRL I 1ECHTe REHOHE s bt ninated

targghand eblLitpeeis 16 CODt el Gififerd kEHBbP8Yed target and
routes it to CCD type canera sensor 570. 15 The

refl exes are processed and converted by the CCD s

canera sensor
THE Tefiexas "are processed and converted by the CCD’s camera sensor

04/0?0112
ron

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

23



10

15

20

25

570 and transferred via cable 573 to electronics card
574 of camera sensor 570. Electronics card 574 is
l.sO gaged i n observation nodule 525 which is
‘”@&%ﬁéﬁﬁ@ by support unit 560. The inmge's dat % [{152004/000112
then 20 transferred to electronics box 585 via cable

580 ematiey atdigring aed [Hocesbirg) €% iFRIGE! RéSSil/E8rom camera
link. In accordance with the invention, swtching and
sanaaroh 7 afarsexadiple \oy sompating Reetimage tofa qickrra in a data

sensor.570..so0,jt will be deactivated (in 25 the OFF

ba Qf '%mwet%%fsﬁtﬁ,dw lacel ipreesssingrmisaarts of hpdsture, or by
: ' . that is relatively near the

(Ssé/%ta@ﬁbgﬁ%%zu{'gﬂ%nera sensor 570 (Lmin Figure

1)

. The user interfaces with el ectronics box 585
t hrough PC card 582 30 enbedded with inmage processing

Tapaisplayiodthe limege as aredyied bya donﬂﬁJt@Déﬂ@Déh@\K/ﬁﬁﬁﬂght be
PCT/1L2004/ 000112 582 enabl es anal yzi ng and processing
digelayesyenr EYedicetny 699, dererded duahY§R5592, poitransferred in a

| e by, co ri the i eto icture in a data,

SAfaBG ik BBy Benfn oot By uteiBse dgmsmission to a
i icture, or b operating an SLM

'%m%‘t%. lg%?ﬁlgﬁ‘rﬁe di spl ay of yt hepi mage gs anal yzed by a

conputer (not shown) m ght be displayed on TV display

590, recorded by VCR 592, or transferred in a
A larapian {eaiute ofitvochebsen@dionosysteor esmbagineehig 410 and 510

AR a0 TR 6 ko R e fasr
SPeBR AR el 37 TR B, gevt ces 440 and 530,
correspondi ngly. 15 As nenti oned above with respect to

Figure 4, DLA type | aser devices
As mentioned above with respect to Figure 4, DLA 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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provi de an advantage in that optical fibers can be

wo4sadi@groute the | aser beam produced, thus mwogﬁoonz

easy packaging of a laser device that is inheren

heavy. The | aser device can be separate and away from
A tDleA lsisebiprodedegoradiatiof os they ateariniziederditfe, wierfdering it
. support unit 560) of 20 enbodi nent 510. A DLA type
Inylgle taégsc@alﬁ@ms% theHarpe timeethe efvmfeeﬁngé\/ph@e laser

oSBT o R ol TG ASEhIRR s AR vy
ST Y inb SRR, AR oy gl i e

preseht Tvention, aretverysdrsitive pe e wavdlBhgth Bkthd IRRr device,
| aser devices in observation systenms constructed in
angt daeiate provide tgoqst évege contast.onHemser tBLA lasers which
3\%?“ onal ,.advant.ages as. ,will. now be el aboyated. 24 .
Progiise oadia iR aNPEN TlemSoInErE 1 NS ensUee Igih ynagesquality
LAt ' e near infrared range, rendering it
e\{%?ﬁo&%gra{rg;%‘%e naked eye. At the sane tine, the
wavel ength of the laser is very close to the visible
spectrum Image intensifiers, which are readily
A DA llaserepfadudes nanleohienent radktiony sbithat ity earn has a very
urgéﬁordan_ce_ with the 5 present invention, are ver

H) fadiatiop and taevaualiytal the ta@lvg@éma@@/i&l@e%eaﬂmn that
heref ore prqvi de.good i mage contrast. Hence, DLA
re’ggglgiw&ﬁpcqp%%’reﬁg%%err%‘%Lin%ﬁsoq{q 'ﬁs?‘ﬁre near infrared
range ensure high imge quality even at |ong ranges.
io A DLA | aser produces non-coherent radiation so that

A iDsAbRa®rhaesablee operatioh Ghmar sshas ishptandotiBeidiugbsémation
of the received image is better than that received
tagken thiscinsiaivesssendiogra seriese ofifadt flasbLibutsisea mode that

.enab . [ i N hot " de f .
diffiishes; 1 s Aheadot of B 13580 aSBgnarivea Thiseas was
mehtibAsH 8R! RIYRIeY thd BBYENHIRYN system’s exposure and risk of
being detected.

DLA lasers also offer an improvément 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 switching 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 iaser delivers more
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di m ni shes the tinme duration of the |aser being
active. This, as was nentioned above, reduces the

w@hsakvaLkon systen s exposure and risk of beiPEQ‘M%O%/%)O]H

detected. 20 DLA lasers also offer an inprovenent

the point of view of an observation systenis

lighd s lesid hegt thary othert types. offaseots dhealsser ssgseanem is not
[ ccordance with the present. inventjon that are set.

9@39 Péﬁ{‘?ia@lfﬂan @(W@F‘ GG d&ﬂ?@dwt rihespresent invention, the

. . . 4 . "DLA Lype S .

heot BB S e i L Pty ENE i el B at relatively

R feloo s Mt O MRIb tARUS RPEIVS R IoRAS, AT laser.

Thedsl Adypedadebeiangopératedd thie nkae iRl igHtasisectasvl. t B contra

from the vibrations of the systems LOS. A DLA type.

digteetion, ivosistemeaontainiagalaser frapgerfinderserr laser @Eamgnators,
f its, 30 effi.ciency ip conyertin ower to light. A
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PCT/ 1L2004/ 000112 |ight and | ess heat than other types

of lasers. The laser's spectrumis not safe for the

AUDBA SR ldudr isnakecesiisiesed dulitddie faF %‘iﬁ%‘i'vation systems in

invention, the |aser beamis transmtted through
acgdartdaneby withie tlopt pessentd inventonat ithal ywollldv operate in sea
intensities so that the safety range is only a few

%ﬁ’@ﬂ NCeonireRe Mdsedil, sforheXample pairbaeg ~ sygtems, and for

LN ro IR i pectrum I n contra

R Meel oab PRl dnpicaibasht nEol Seepfaiflls R ederwater
QirveAfficelaRl IR ations N8 BEERIDEAIANAHE! Btk | §3¢&h range of
tens of kiloneters. A DLA type laser 1s also
thensiigibleedighiti spbbrufrprisobsedyads oib sedorns bettetOfor nautical
accordance with the present invention that woul d
apRlicationsn sea surveillance fromthe air, for exanple
ai rborne systens, and for underwater observation
appl i cations. For applications of underwater
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T DS aBRRciaRis BD RO sKAfd iy 4R Bl e Tho brbaent invention
igsedt ligfitad byewheit imad éidetr pheticuladyi siidwn or described above.

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

that follow hereafter.
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15 applications. It will be appreciated by people
skilled in the art that the present invention is not
limted by what has been particularly shown or LLOYD WISE
descri bed above. Rather the scope of the present
invention is only defined by the clains 20 that
foll ow hereafter. 26 LLOYD WSE CLAIMS 1 A | aser
i magi ng systemwith a gated canmera, conprising: a
| aser device, for generating a beam of |aser energy in
CtAdF orm of pulses toward a target; and a gated
canera assenbly for receiving the energy of |ight
refl exes of said pulses reflected fromsaid target;
1.saAdassy fhaging syslbar\aim agakeidcameraf dathpriding: gat i ng of

sai d canera .as chro ibzed to set said
caneP SERE g ot getprebed® BpaeiER endibdReam i e
it tak@spggégjtdv@s@ra ﬁ@@t@]dto produce a | aser pul se of
said pulses, in addition to the extra tinme it takes

the asgaed AAMRAR BRTITRYYyIObIeCRVAT| HisePnpigysef dight
conpl etr@netxéé%?&éthaﬂnse% BTt O roﬁw%%ta@%é@; from said

| aser device, and | ecting back d canera
asseld‘rsb'stemaﬂ@the@tﬂ%rmed icthabra assenbly to an ON state

gagsﬂ%n%\igb'cg%ta?dﬁé y 5 ag;é%ﬁ? as%’rnC Hﬁﬁiéd 110 a'd back

from a camerarasserabigeo @htQFHF state maa'dlebalsthe deV| ce and
is received in saj

bei ng et dak ‘i?eFWéieﬁS%nﬁév%ﬁa?;enbcj%ﬁrﬁza%trﬁ%ﬁ%letef
sai d ”%’éld“iiulsreéngﬁ éha&mn agd tHeai kR ULRRS itC (RS R a
| ong pulse wdth in the mcrosecond
substantlal entirety of said laser pulse to complete traversing
a minimal range (Lm) from said laser device, and reflecting
back to said camera assembly, and set said camera
assembly to an ON state for an ON time duration thereafter
until the substantial entirety of said laser pulse reflects back
from a maximal range (Lt) from said laser device, and is
received in said camera assembly; '
said target being located between said minimal range (Lm) and
said maximal range (Lt); and
said pulses comprise a long pulse width in the microsecond
range or longer, substantially corresponding to at least said

ON time duration.

2. The system according to claim 1, wherein said extra time is given

by 2.Lm/c, where c is the speed of light constant.

3. The system according to claim 1, wherein said minimal range (Lm)
corresponds to a range adjacent to said system in which inclement

conditions may be present.
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range, or longer, substantially corresponding to at

| east said ONtinme duration. 2. The system accordi ng

to claiml1, wherein said extra tine is given by

2-Lmc, where c is the speed of Iight constant. LLQ’YDW'SE
system according to claim1l1, wherein said mni rral

range (Lm corresponds to a range adjacent to said
systemin which inclenent conditions nmay be present.

27 AMENDED SHEET LLOYD WSE 4. The system accordi ng

to claim1, wherein said ONtinme duration is given by

4.2-Thd smmccmﬁm&toccuénﬁu { %&e&eya.@fom hieHe d G afgi ANt -

5. The system accordi ng to claim1, wherein said pul se
wi givep bxédé%hwo/pawhve@dﬁ ﬁ'&?ﬁﬁﬁﬂkoﬁllﬁlhhcwwtdur ation
given by 2(Lt-Lm/c, where c is the speed of [|ight
constant. 6. The system according to claim1l, wherein

5.salle | systam desdogding ct@rrplaiire e$, avidireite shisk epfuls@ mazyth

t em,acc cJ a
( Dé’@kﬁlabﬁg" sc'ng gitg 4 E nqqug?t g'é(Fh e‘?é ‘f he
r angeressis dlod epedd offighheonseat. | R [ i ght spectrum and

the blue - green range of the visible |light spectrum
8. The systemaccording to claim1, wherein said

6.Cangs asygfe‘sﬁn@&dord.ﬁ@nfer bﬁﬁﬁ fit th%?éF\ Qé\@ %%%efc}e%effom |

the |ist consisting of Char ge Coupl'e vice
( CEmpprisgs@bisde|Lasendiray @H—A%ar ge Injection Device
(ddD, a CGated Intensified CCD (A CCD), a Gated
I mage Intensifier, and a Gated Intensified Active
7. P| wm syéﬁemsmco(rdﬂug\mS):lalr@G MeresysbeirBLé\qnomdwgafdo
further co i cal, fiber

¢ LB b1 st Doy BoBR 30 598 2B i ynd et B aser

destiec@um, and the biue - green range of the visible light spectrum.

8. The system according to claim 1, wherein said camera assembly
comprises at least one selected from the list consisting of: a
Charge Coupled Device (CCD), a Gated Intensified Charge
Injection Device (GICID), a. Gated Intensified CCD (GICCD), a
Gated Image lntehsifier, and a Gated Intensified Active Pixel
Sensor (GIAPS).

9. The system according to claim 1, further comprising an optical fiber
for transferring said beam of laser energy from said laser device

through said optical fiber.

10. The system according to claim 9, further compﬁsing a gimbal for
stabilizing, in a packaged module, said camera assembly, an
optical fiber exit of said optical fiber, optical components for

receiving said light reflexes and directing them to said camera
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t hrough said optical fiber. 10. The system accordi ng
to claim9, further conprising a ginbal for
stabilizing, in a packaged nodul e, said canera LLOYD WISE
assenbly,. an optical fiber exit of said optical
fiber, optical conponents for receiving said |ight
refl exes and directing themto said canera 28 AVMENDED
SHEET LLOYD W SE asserrbly, and optical conponents for
transmttln sai.d beam of er ener P/fromsald
opErEaTbY| BER TP COUBTSaTY Y arguno 10 RRET Pt em
aC A 'eﬂgrgthrdiﬁ §é|mo§ﬁcal\m8f BLiftowird s8iyTR@kt cONpr i ses

a gyro fee esystemaccordlngto clalml
further conprisi ng an i mage- process stabilizer.

h [ ngid SI n
11" TRV aRodtefig e il i paid e ‘*ﬂﬂ?ﬁ% ’
and gwbdﬁzectmak. adjustnents to said canera asserrbl y
and an optical fiber exit of said optical fiber, in a
packaged nodul e. 14. The system according to claim1,

1burtHeesytompaccdrdigg ab digiast!, ditherf ¢drb@ising an ismagRtr al
or spatl al filtering. 15. The system according to

cl ArAsess $tahia%Er conpri si ng an optical multiplier for
enlarging the image of said target. 16. The system
according to claim1, further conprising a coupler

135 sEhepbystemrin asapidngyta plaing & iferther pomprisingsaisyippag er

devj & n@@g&%%&ﬁ.—gﬁq aIQ@BF&ﬁdlngﬁb'[ﬁ)ﬂPBn& %tgh&%n?[i@rstr?ents

asse receive
r ectei sdichgaseral assasfrhlaix emdaaml oghtica ditbien gxit rcé raaid optcal

canfté)r@a assego % | Oad for transmtting said |aser

pul REE P A RA%KAGE] FOPUPget . 17. The system according to
clai m 16, wherein said coupler assenbly

14. The system according to claim 1, further comprising at least one

filter, for spectral or spatial filtering.

15. The system according to claim 1, further comprising an optical

multiplier for enlarging the image of said target.

16. The system according to claim 1, further comprising a coupler
assembly for coupling the optical axis of said laser device with the
optical axi]s of said camera assembly, comprising transmit/receive
optics for receiving said reflexes and directing them to said camera

assembly, and for transmitting said laser pulses toward said target.

17. The system according to claim 16, wherein said coupler assembly
comprises:
a collimator for collimating said beam of laser energy;
a mirror means for deflecting and converging said beam of laser

energy; and
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conprises: a collimtor for collimting said beam of

| aser energy; a mrror neans for deflecting and
convergi ng said beam of |aser energy; and 29 ANERGSEDVISE
SHEET LLOYD WSE an optical coupler conprising a

mrror splitter for coupling said optical axis of said
beam of | aser energy with said optical axis of said
canera assenbly. 18. The system according to claim 1,
wherein the optical axis of said |aser device is

suba axptic‘nedloloyplparcammﬂsingoa trhierop splittea| foaxiogpliofy saidd

;Z?ggaggﬁ%a??% C%fnﬁ?'d b%arl[ﬁt hqgs OJneL s»)ithl Byl ”ﬂcéﬂ" th a

I'sin procedures
generabkﬁgﬁsamoankaseﬁsdache a laser beamin the
formof pulses toward a target; and receiving the
energy of |ight reflexes of said pul ses reflected

18." TRE SPétent Acarding Yo %Iéirﬂtﬁdwlﬁ?@fmftﬁe opiital 4584 bedaigei ng
characterized in that: said procedure of receiving

cokgser sﬂéglcgd‘élwsﬁlt@"@ﬂa@!l%éﬁéhﬁ opiigak axisi faly S§'§|

gatcglq‘e ﬁ1b¥y° an OFF state for at least the initial
takes 'sai d | aser device to produce a | aser

puI se of said pulses, in addition to the additional

1%L:X§g1ie r}S)tdailéﬁgqsteF?rn{agngs\kiﬂPEigﬁtec?%ﬁ]E% co%aprﬁsﬂ{gd l aser
frm@@u@slo&ser device and reflecting back to sal d
OB T W Sk e e S R o
toward a target; and

receiving the energy of light reflexes of said pulses reflected

from said target by a gated camera;
said method being characterized in that:

said procedure of receiving comprises gating said gated camera
by setting said gated camera to an OFF state for at least the
initial time it takes said laser device to produce a laser pulse
of said pulses, in addition to the additional time it takes the
substantial entirety of said laser pulse to complete traversing
a minimal range (Lm) from said laser device and reflecting

- back to said gated camera, and setting said gated camera to

an QN state for an ON time duration thereafter until the
substantial entirety of said laser pulse reflects back from a
maximal range (Lt) from said laser device and is received in
said gated camera;

said target being located between said minimal range (Lm) and
said maximal range (Lt); and

said pulses comprise a long pulse width in the microsecond
range or longer, substantially corresponding to at least said

ON time duration.
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substantial entirety of said |aser pulse reflects back
froma nmaximl range (Lt) fromsaid | aser device and
is received in said gated canera; said target being
| ocated between said mninal range (Lm) and said || gypwISE
maxi mal range (Lt); and said pul ses conprise a | ong
pulse wwdth in the mcrosecond range or |onger,
substantially corresponding to at |least said ON tine
duration. 30 AMENDED SHEET LLOYD WSE 20. The net hod
acggrdln @io claim19, wherein said additional tine is
AFECTAIRP £l2mi 3% mbteveinseid gdsfiorlal gint.is 21.
Th@w@ﬁ 38| RFE Qo id @leq)eﬂﬂﬁy]oq'h W’]er ein said mnimal
range Lm) corresponds to a ang ‘adj acent to said
| aser device and gated canera in which inclenment

t 32, The nethod ding t
By DGR R e Ing A5 1 ranlin; T T o by

%(Sl(ltrfmrhnj)lresr%wm;tsr ®a nasgé fmijareﬁr@dooé,laglaugmiér Gt Q,I;%
e _net hod acca to claim erein sa
puioe e T WA PRER St ymaube maesent me

ZQUW@bIrﬁélhgd\é%ﬁoan?to(élémL’f@ / ﬁhnre‘M‘%l@ @ tﬁné Bﬁraﬁﬁﬁ
of ght constant. 24. The net hod accor ing to

19, s %H%'? By g* (é—a‘i'—ﬁ“)fﬁr whewwr s tae spged of bahtregnstentr i ses
generating said | aser beam by a D ode Laser Array

(DLA). 31 ANMENDED SHEET

23. The method according to claim 19, wherein said puise width

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

where ¢ is the speed of light constant.

24. The method according to claim 19, wherein said procedure of

generating comprises generating said laser beam by a Diode Laser
Array (DLA).
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