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WD 2005/ 076037 PCT/ | L2005/ 000085 GATED | MAG NG FI ELD
OF THE DI SCLOSED TECHNI QUE The di scl osed techni que

W0 edoate®3t o opti cal observation systens 5 in penarads/0008s
and to a nethod and system for imaging using the

principle of gated i i ' ive illumnation,

in particular. BACKGR@REE%ZM‘AE@F’%CLOSED TECHNI QUE

Target detection and identification using an imgi ng

systemthat 10 includes a canmera is known in the art.

Such a caneRERD ©F THE/DISCLOSEDITECHNIQUE

sensitivity to light for use in poor visibility |

condi t i bme dig¢lesed dechoisyer ielates g opticat olsentation systems
. enpl oyed to achiev igh,optjcal, magnification. In .
incaioad 8 o btsthoftd BYBlT fior TBAding oo fie,Ainciple of
: Nl hi: i Qlat. r roma target,
gé%?e'h\%ngﬁ 'gm%g{rlr%? gfulﬁsﬂggitﬁitor? ’ gﬁ}bggﬁﬁn%'gi ng system

results in low quality inmage resolution. In a case of

low quality image resolution, such a canmera cannot

pr oduce BACKGRO©UNDhO&ETHEIBISELOSEDEECHNIQUE:

ratio to exploit the total resolution capability of

t he cankdrget deteetionippdddgntifigationuging apfimagingwystem that

R g e B DS, LB o TEBures
NSRRI B S B S0 FEpg SN, o

longal focal olendieisagbuiradnlyragemployée doxiddtieyel ilggh optical
source may be a | aser device capable of producing a
maggiicatieamln ianditionm ohiposir vigibtlity fior rexasnplei athnight.dbe low

infinsy"of FaRCratishied i gardsl; fiaiied Bt a el e 'n an

ol S BB LIGCRFASS kSRS s of o

qugliglimagesessolutibry efifitah. cdiada 8ahhot pastiude dhtimage with an
collecting capability due to their high f nunber. A
adequate signbkto-noisricatio tibeexploibihe tgtabfresoluting capability of

G Sheearth RLrEn TR st < Tabdo Bt or
OB BT STPRSHPROC e AL B i poor
visibility: conditions, such cameras require an auxiliary light source to
illuminate a target and thereby improve the quality of the captured image.
The auxiliary light source may be a laser device capable of producing a
light beam that is parallel to the line-of-sight (LOS) of the camera, and that

illuminates the field-of-view (FOV) of the camera or a part thereof. It is

. hoted that television systems, in general, use a similar illumination method

for adequate imaging. Also, long focal lenses, in general, have a limited
light collecting capability due to their high f number. A high f number
reduces the capability of a lens to collect enough photons to generate an

adequate image, as compared to lenses with small f numbers.
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i ncl ement weat her conditions, such as humdity, haze,
fog, mst, snoke and rain, have on the inage

w@emdoomer Particles or substances in the at neephenes/ 000085
may be associated with certain weather conditions. For

5 exanp, r Lo

These SAARBRENETBIG, by GRGF ETRrpalich SVFihS is the effect
|n@Imént:Wédtnear®mdmﬂsee§um a@bﬁahuany ORaz&y % me’iéld ginoke

target to be observed. 'A sinilar case nay result when

andt raiisbavet onntlwxnageopmdum i Hartislés art bebstames in the
ai r. For exanp und her observations,

alResRNETEN gNBY L‘tﬁt é‘nssﬁ‘é'latt‘? I\é’g eﬁr@m aWPa?Lhﬁfp&Pmttloébs For

ofRKR ol Ba vEhu TRt Ao 1R, 3hECal . LEEe Bmogpheric

p&HiRRIS/ ¥ | UbSAREES M3 ?/egbé‘fr@é't the tdted batféel e GbdetVation
target illTumnation, the interference of particles or

sysient andea targethto bedmba;eﬂvedm@elslmllawsaem raay r@esulirgben an

can cause backscatter of the light beam This is )
oksgrvatian| §ystene epfrates ”aumeld'%r(% her dhan1glrsocmrc@xample in

iR SN AROReD, . SEerhindl ' wellBl iRl gt of ai

p%r?i%l@ébé@étthérwﬁfert heay oB3truBEMe a5 Hetwelch Bhl dB%‘eWatlon

a canera used 1 n an ‘observation system espeC|a

systemt Andcat@nget tesbe dbsgived.viel anfolssmrsationisygterni |heegrated
an Inten5|f|edCCD(ICCDl) The blinding of the canera
with cudasen deviesntor derger illuminatigad thevinterferenee|aft pardicles or

SUtgtentes ot Medium Hetiadth o ovSler #ad; 4 Tpiget gan cause
%&%‘éﬁe‘%ﬁﬁ@ I@H?Bb‘é?ﬁ ﬂﬂs%@f%@ﬁ@blaﬁ Ghie w trﬁﬁ?ﬁ%d%u%ﬂy light

conditions trast ctron S|gnf|can

sduree isuyeeliplilRininage aotargongi n@mnﬁatthﬂﬂmﬂy ifahe illuminating
obj ect, detection and identification, with respect to

SQUféealSt lnostedenear dhei cameral Thenbatkseattern of zaer bglate beam
n da Ilg t COEdItIOﬂS I n.,arder to reduce

resHite i bl B9 BhAGaImeEa ysed ipanabserv 'Qﬂ/@éﬁ%e% especially if
thaf’%aerfm)éf% hag & gﬁﬁ%\gﬂg%f?s%%e iy, In%d Alnfirdfed CQ%D (ICCD).

catlon ranges

Th@&ﬂlmﬂnge@fsme ofardeff RiduceBY the emitiast bef an |maged target
synchronized w th resg_ect to the tine that the

retativieetn dae |bagtkgraondr dinis ibdsndirm]pfuthewamaraads trefereed to as
salfahifiogr basause &5 atyi BRusa Ry il obsean System itself.
DIFRG" Higt SEMditiond, contrast reduction significantly lowers the
achievable range of imaging and target, or object, detection and
identification, with respect to the attainable detection and identification
range in daylight conditions.

In order to reduce the influence of particles or substances
between an observation system and a target, and at night, in order to
achieve longer identification ranges, the imaging sensor of a camera may
need to be synchronized with respect to the time that the reflected light
from the light illuminated target is due to be received by photodetectors

located on the observation system. In particular, a laser generates short
2.
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WD 2005/ 076037 PCT/1L2005/ 000085 |ight pulses at a
certain frequency. The imagi ng sensor of the canera is
wa@edoswaied at the sane frequency, but with a tPaEIIdedsan00ss

that is related to the frequency. The |ight beam

RIGIBR A A ToSh . Rl sBRSSE b aera i
adthVatdd %tth@%% ng fﬂeaolféﬁcgt Bdt ithed Bmid aela) aﬁatt is tr@l%ted to the

recel vi ng asse e |nag|ng sensor

frequency.i Bheldight Ibwmegen@ratmi by ghetlasér tmpmgeﬁmmtbe target,
reflected fromthe target back towards the cane

anghilbrninates the daegetand the SHQMU@@!QQJI aregnyVher dhe adight beam

s iRl Rarcklr Tand}, BegBoRiig afSenPuaRib ihfEifg sensor

g)@%e%% i$ Qie*a'&ﬁv%lfé?ﬂeacﬁdaﬁt]ﬁﬁﬂ%f%b\/\ﬁ?@ﬂ ShBISBIEY from the

tar get e receiving assenbly

tat%@l baok tewainds$ ¢hé reameearewhichsissaclivatddaas ithist mﬂected light

is light will therefore not be received by the

reeghesdham@mera. not affect the contrast of the image.
However

near by Légﬁf{ﬁ’lue t ﬁ%&e %W P{e ﬂlcﬁéléotgh&s;ariq?gdsaifqlépvglxeclose
to%g'%{;éﬁée?ﬁe?f‘ég é"dhefb e #h é’rpgl férﬁ’éé befWEeAhe camera

tovvar the ca om the target

and lthe hardat! Will Crehbﬁ(thédeblél\ﬁﬂi@ asaerilsly ofthe camera while the
swtches froman "off" state to an "on" state in a

caipechis still eleaciivated.wW his lighd wnllntérer@fqme mat berecewed by the

cdmgia aret Ly af?%*\ﬁﬁeéé‘é gk e e sl el ected
iR 30168 tal e, SARES eRBY Sk urithng®! il Foa th¥amera

stema ransm-ss ovv| ng |1

affet! e cé'ﬂ?h'eﬁ?a%é@ Eeéﬁ swarerRided ah “an” Bﬂit@ aftiady Ilghlerbflected

in accordance with the range fromthe canera to the
tommrgetthetdaenenaeirdnnfha tagget will badulbpeellecteddoy theicamera.

and t he_i nher ent tat ons of e | aser devjce
t he caﬁgﬁ% Carpekn ts@ﬁw Péu oMy al@no‘%ﬁ glatesls ghr an Hife in

BB RrTE i Do PR LT g el to e

tar Fg@tw gatlraY SARBT fiPle  ligRE O@fiettey fT@mthé ?érgb@nlﬁlas been
nges", is directed to a nethod and system fo

recedagh aidr@orexd gthtes camerarrgesrisdar alm r“oﬁ’q Saate canchﬂ"gaa system
at_whi ch they ar |n|t|aIIy ete Adeﬁect
awails GransuigRIomoh heatﬂikovgpgt riACla s reRRATed at a

az a?sﬁgpﬁéﬁﬁ lhsg?%é(?fa%%te Wit a&ﬁé’ erah%eafr%ﬁl?st% camera to the

target, the speed of light in the observation medium, and the inherent
limitations of the laser device and the camera. This technique is known as
gated imaging with active illumination to minimize backscatter.

US Patent 5,408,541 to Sewell entitled "Method and System for
Recognizing Targets at Long Ranges", is directed to a method and system
for recognizing targets at ranges near or equal to ranges at which they are
initially detected. A detect sensor, such as a radar system or a thermal
imaging sensor, detects a target relative to a sensor platform. The detect

sensor determines a set of range parameters, such as target coordinates
-3-
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sensor determ nes a set of range paraneters, such as
target coordinates -3 WO 2005/076037

w5 tad®05/ 000085 from t he sensor pl atform t op¢TIE.2005/000085
target. The detect sensor transfers the set of range

trff PR ETsorlaftaiRAG bR AR et THE pRRAENSOP kISR the set
of 'ran git ﬁQFAarlefé@yt%t §Naber-hitfed anagkaredogrition %e@lfsoP HEAIRS).

tar aser source Illumnates the area
Thees $§AdRS mdesithé gdteofr ey parametansstorotientithe isygtem to the
| aser pulse to &%%nerate refl ected energ)( fromt

ar@f?retlQCNi%t el f éﬁf@ﬁ:onAsé%%?fr SQUHEE| \)Iégnnaéeg “the area
assPgiated “Hisfnfie e PrrapEleth Wi, #h, ifledila, JASEr pise to
geriBaR IreflbbRR fe.%?gg;%% Ry aiderr Ns{;ﬁ%@gewmﬁt sénsor

target recognition system displaying 0 i mage

reteivespthieat i@flects gemérgyn from the hlluminatedndargets red  highly
Sewel | requires a prelimnary rangﬁh measur enment . )
magnifies antkimages theuedeciad ahrergitche Haagerigdhentngsognized

o, 3 er B D P USRS PAREL bERbano e
imgfé%ﬂ@f%@%%@?ﬁ‘egggg@%g%} bollfe range sets a 15 gating

or the télevision sensor. The gated
tel evi #ti ofs seted ithatgaBewello taguiresn anl prefiminary range
energy is reflected fromthe target, It is also noted
measurenhentreRefore nifie laser souree dlliginates theetargedr the laser
rangey. st be arallel, in a ry accurate er
SOUECE iy aciss oW REWsSBFasHIeIRenl Tasar Piise toward dhE daroet to
e |
mEgRErire, FIR REANPER e et al 8 Rrdet The Fihge sets a

gdtingusignal forhé Relted agevidioh sepgol I Fhe gated italieniwion sensor is
range measurenent. It is a further object of the

gaded dootsien areonly auden energy iislaeflectadafrgm the target. It is also
nategbat 16 measusng o 10rBe farsba dbsoRSes ey kst be
oS SR bl BEFRI00, B dudfgion ystom.
| megi Ngt &Y HreGblseti BE thet dRBRIBERS tEChHIQUECR prBfide a novel
system and method for gated imaging using active illumination that does
not require a preliminary range measurement. It is a further object of the
disclosed technique to provide for target identification in the FOV of a

camera from a minimal range.
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transm ssi on source providing at | east one energy

pul se. The system 5 includes a sensor for receiving
we@oloserqoet | ecti ons of the at | east one energy PEIIIRE05/000085

reflected fromobjects within a depth of a field to be

i(rl'\r’l'il/lg(lil)d’ The senso? @E tﬁgblﬁ é(;eFo gate Qt{@gﬁj Eggf

t he DU|Iﬁeab66}cth‘Ide0r\ﬁrthV\"tﬁé‘ disefised [tBLARIqYY, Cthére is thus
controlled such that the sensor starts to receive the

provided r ahl cimtaging aéysﬁerra taving la ttramsmission source, the
substantially given_ by the tine it takes the at ] east
trweﬁ&w%ﬁﬁ@epm\@dm@a@h least Ang rﬁﬂer%n@@'S&ndThe system

GRS SpESL BTG o Ko 1 B4 anpeneroy

pulgé ereﬂeeiéwfro% tgemsf Nith@d eL‘éfep‘fF\ S & blg t%eBﬁaﬁhé{%éd’ the

as a function of range for t system such
deptbwitfietd haere aedinimeal gangé (RRR) PUhesensbl ésthabked fdbgate
refI ected from Obj ects | ocated beyond the m ni mal
detaglien ofrlher py a/éqef}ectlcmar aaith 2 \gate timing avieh ds geaptrolled
be i maged. to.on

sugho bR, Sendhr, Sfarts, 16 rBtely & b pyiseS licitihe, S8R cetay
(AR YRS e B BY AOSS fRES tﬁaetgcgfglxean@@hgﬁ%{ouuse

the timng gate detection

tomwchnﬂ‘fegynmuhae ranget &rd gadrapletei reflectitigbisack to the sensor
controlled for creating a sensitivity as a function of

frararthe minimahsanget the atdeast enatenengypulse aot thecmtedd’nlng
argppedreliod Jar realPana sRESHVAY vas 2 dHgeton of Fahge for the
sygfé?ﬁr §Ei§h"tﬂ? a:nnﬁ of P@éé\/é(i‘r ?ﬁg%fa(hgmgaereﬂectlons

I maged
reﬂ@@t@dvﬂ@nemb’gatsofoddtéd Hb'é)‘f(ﬂ'\d Qﬁeeﬁﬁmlﬁﬂﬂ mgbe ,NBFcRES8sively

progreSS|veIg until an optiml range
increlaseai mith dbeecange ealdm@ dhesdepth aoﬂ ya Cf(B1dt tmthe naged.

Aq‘%'a%?éiféf’% Yo sanegaint dRishis Pxayidedo roHghosyacenization
beffigfTaRg Fiy B the et a8 BhFndERTTIsg ard he Smipe.af the

ga@@tjlemlcm subst anti al puI se width (TLASER) comenci ng
at a start tine (To), and the delay timng is
subst ahheaht yiegst/ceme -€nengy 2p0Be0EBd3the gate timing may be
PCT/ 1 L2005/ 000085 by the tinme el apsing fromthe start
copireled ey crpating t&/\ﬁ@@sttwgyrﬁﬁwianﬂlncﬁlgﬁg@f range for the system,

such that an amount of received energy of the pulse reflections, reflected
from objects located beyond the minimal range, progressively increases
with the range along the depth of a field to be imaged. The amount of
received energy of the pulse reflections may increase progressively until
an optimal range (R), be maintained detectable, be substantially constant,
or decrease gradually untii a maximal range (Rwax), or is directly
proportional to the ranges of the objects to be imaged.

According to another aspect of the disclosed technique, the at
least one energy pulse defines a substantial pulse width (T ageR)

commencing at a start time (To), and the delay timing is substantially given
-5- :
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(RMN) divided by the speed at which the at | east one
energy pulse travels (v), in addition to the pul se

wowvash7dpILASER) according to the forrmula: 2 Xpd@®WvIgo065/000085
TI ASER V 5 Accordi ng to anot her enbodi nent, the at

bylv\ﬁ\%ff]m?frﬁ R@%ﬁ;énfro?ﬁ Jﬁg stgﬁf rﬁ?ﬁ(ﬁé%ﬂ*ﬂfi\ﬁf&g@eeﬁﬁﬁﬁﬁ%’ range

anw Scﬁw@l@@lrlgy thé fa?ewapwmcﬁw et %hétmrﬂéibﬁedgy pulseotravels
the pul se lections, with a gating tinme span the

(v eims @dditomcta \theepu(swwldtfa (Tdased | accoding e the formula:
sensor is deactivated (TOFF), and a synchroni zation io
>ERMlmrJ,gTof the gating with respect to the at | east one
eper gy Pl se, and at |east one of the delay tining,
the pulse width, the pul se shape, the pulse pattern,

t he pulA@eoedleggy: amd)thegmb@dlmafm H’p@atieastmenergy pulse

activated (TON) 8 rati on of ti sensor, i s
defiggstd @albémtmn:)lseaw th SEWm@wPHE%zB@ 8M. @ RHIsg shape,

N L M e R

reflOEbHd, ONAtht 28 Pt fimé SspaR dtHe .sehstherRd ddtivaftbt (@), a

I's noving at |f th systemis nounted on a noving

duphtioh asfmimanthe penisbr ds deraaivated {Toes, @ndliaf $ymehronization
obj ects expected,  to be found in the depth of field.
tining @luthse gafinghwith Hespaehta e et AR OPRENGBYRMISEs and at

'e%ﬁtaﬁ%@?&ﬁ?odﬁe?f Bl ahs Tyke i athe AlIsE Tidke fhe pulse
patt%"i’ﬁ,pltjll‘? g{%{ewéstﬁe aﬁ’r’i@"t IrA8YspdPTthd %ﬁ@éﬁ @Wa@flvated

ope I Ng o the sensor is del ayed

(TEQ), the @Uratlonnobftimbethhlr%nsm ¥ deauntivated Sd@pse), atsd the
deactivated, and the pulse reflections are receiv
synehrenization i timing, ishdlegenmingd: RaeOk}iAG mq@tsleagbrones of the

dedih ofd fnth e Thag60: PBRERE S EnthPfel BoRbiticBRberstem
is ﬁ%g ih! 9 edd'thé Bg@@rﬁ he n?d\ﬁhgrﬁt' thé@%@n?ﬁ nhéuhte® on a

nounted on a novin orm “and

moviAg |5Iaﬁormh A spetititi charattatisticerandiffebgmicolsiects expected
expected to be found in the depth of field, is

to reefaumubiry the alpmlmoé figdd.eThe rlm|$© rvwdﬁucthea@ur\aélpyn qa.fgtlme the
segggg}lg%{vn | gggo cas) Sg n?l%réegpgﬁ/et"f\e sensor ?s activated
may define a cycle time, wherein the at least one energy pulse is provided
for a duration of the pulse width, the opening of the sensor is delayed for a
duration of the duration of time the sensor is deactivated, and the pulse
reflections are received for a duration of the gating time span the sensor is
activated. The determination according to at least one of the depth of a
field, the specifié environmental conditions, the speed the system is
moving at if the system is mounted on a moving platform, and the specific
characteristics of different objects expected to be found in the depth of
field, is preferably a dynamic determination, such as varying in an

increasing or decreasing manner over time.
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Optionally, the pulse width and the gating tinme span
are limted to reduce the sensitivity of the system

wo gooantxognt | i ght sources. For exanple, the pedBH.2005/000085
width is shortened progressively, the delay timng is

| ength g i Y t > ' t o
| onotneSbB2RES HyNES Wigh] RACLAE GHROF SRR are mitec

toSRIURN e PEEHEIETRY V6! Xhet SstER % hiMbigat iljght sources. For
| engt hened progressSively, with the cycle time not

exaingpig| nige pulsedwidthds, shartengadipregréstivelyn dhe rdelapttiming is
time span are shortened progressively

lengieRgCl Bradsage ek Vi da GY6Ie B nbt chaaingy Altematively,
thé BRHA0L i P s  SHHEhP, bEadtBSkRBly.o PR eigh iming is

Ie@@?nbb%b@r@%sﬁ/ﬁb{{ Nith AReOtydlanipel R6t ERBnGIY. € Pétldition,

ging a~ para er such as changi ng the Shape o

thé lpulse Widtks andrtbeegatirgy time span areastypniened prograssively, the
of the at |east one energy pul se, changing the ener

deday timingds lengthenad riaeressiyely swithdharyicy imgyaet ﬁ@g%ging-
e R N i e R
toCrea 4% s‘?ﬁ\yiﬁiéﬁ&a{jfdhdti n%g Idmeaéyégﬁgﬂgx%n%ng a

enérgy pul se, angi ng the de I m ng, angi

patafmeieh60ohzas k:hangirrqjﬂge eapecof thdat deastngnarehdrgy pulse,
timng of providing the at |east one energg pul se. The

changing the patterpef dreatleartyonsenergy pelseacbangingtheenergy
oS 5 S B et il BBk Sbd e sgnor s
ocHRBER 15, AT, AP HLRRI A, I B et
(Tgif:,!)f ;ehangirgja,epu%eemnt €4 AL bt fheuad ledst ohe gt pulse,
of tield. tionally, a controller for controlling the
chayging the detaytiming, andchasgingasyachboyizatien dimingtbetween
oo BocFachi S B g YGbe oA 03 BroRcBh. The

r |t : i r .
o Bt 3 o B B0 B PLARSTABR] 10 eadr 3B o the
dePpthast fidll) ¥peeffic’ ehlirdemaitalvesdifiont thecspsteni & used in, a

nunber is also provided. Mitual blinding between the
spegst the aystemsistinavingyat énthesystary isneneundetdeoni 3 moving

optionally elimnated by statistical, solutions suych as .
Pl TBmaRAre ATREIaIs8 .ok ORI OtiorienauAFEea to b6 found in

re-geficned, change in the timng of the cycle tine
th%lﬁ%pgrgotfﬁ'gg%ourse of the individual video frane,

Optionally, a controller for controlling the synchronization is
provided, preferably wherein at least one repetition of the cycle time forms
part of an individual video frame, and a number of the repetitions forms an
exposure number per video frame. Furthermore, preferably, a control
mechanism for dynamically controlling and varying the exposure number is
also provided. Mutual blinding between the system and a similar system
passing one another is optionally eliminated by statistical solutions such as
lowering the exposure number, a random or pre-defined change in the

timing of the cycle time during the course of the individual video frame,
-7-
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frequency of the exposure nunber. Mitual blinding

whelopemo3t he system and a simlar system passiPQI/IRe0s/000085
another may also be elimnated by synchronic

| ut s ab n s
arEf R A BB b Ak e ST, Byt pincing
n h I
DA A e IR S gasaiy oo e iy oo
beat dlieinaterhe bynesgpchrdrie isolutiongnisuakd fasr astabllshlng a
listeni ng period. After the listening period,

camusieation shannel betweent "@yﬁ)’&ﬁme%‘ﬁ’eéh%nﬁma/ﬁg system,

Iefti hch & She G EREAR SRE Sifa s St 4 dnte!FiBning mpdes
frd¥RtirRE tb Pné th gffﬁéﬁ@h@%@' EES o‘-HéTbhéf g palseTsWaitterHidd for a

an end of a cyclic sequence before resum ng emtting

listérsingt pedad: After ¢hnerlgteninigs peribdp e ofwiiree system and the
coll ected during the |istening period. Furthernore,
siméar systeme rgwmemdﬁaggaeaatﬁaagboaeeﬁrtergvarr»ﬁw dsnepulses

R 6 0 A s v
rQhPQtHeO s?mll%?’ ‘aég/sﬂ%magiéiute[lhtli 'a%hbndABf 'd"4Rilic sequence

ensitier may I'n which case
baém&uwm'wgrt@muttm ﬂr@ wirieast onet eacegytpulse if pulses were
mechani sm according to a | evel of current consumed by
cqlleetedmigmngu thedistening. petiedcofuribiermayaaiavingrdhe systems

BESIEAT e Sy
procesginge g@&ﬂ?ré Hﬁnfﬂé?cr?\%g o4 vﬁrléarﬂgmg c%%ﬂ%? m&hanism

exposures. mage processi ng nea

adé:Urdjmﬁel@ & QevéElket éﬁ]ﬂl@ﬂsﬁ% t\/\mn/irdégeﬁmmﬁler rhag beé applied,

exposur e number e other with a | ow exposure

in nwrlrmh casethe tm@oatmesuumbarrrtmag be wvadedt byede control
A deo frames are mned bhthe contro

MRS RCOHBTEL 1P s 10Y6lo 00| GsoHh RIS Uped oBy the image
nfe 8R4 6P B i LA B ERcBRho means

foﬁﬂ@céﬁﬁg”éﬁe%l% an effe e80T MTRF Sthteh ofashRaBSROBHE image
According to a further feature of the

_prooessmgomneamsmdrs@rqmessmg eTmMﬂ)s némes eft expasuresnSuch

ener ulse i s substanti al
image gr%c%ssmg means may be ut|| Xeg to tgke at Peast two video frames,

one with a high exposure number, the other with a low exposure number,
where the exposure numbers of the at least two video frames are
determined by the control mechanism. The at least two video frames are
combined to form a single video frame by combining dark areas from
frames with a high exposure number and saturated areas from frames with
a low exposure number.

According to a further feature of the invention, a pulse width

(Tuaser) of the at least one energy pulse is substantially defined in
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accordance with the follow ng equation: V where v is

wo bs/ospeed at which the at | east one energy peEBH2005/000085
travels. The at | east one energy pul se nmay incl ude

several pulses wherein the sensor peceives several

pul ses of the at |east one energnyE—mﬁtﬂ&jr efl ected
acfcb?d?éﬁée'@ﬁﬁ_tth%”?omi‘h? Giting: t he\ gat ng Jt i WhepPaw is the

the sensor is activateéd. The sensor may be enabled to
speaideatiwhiett thenatdbashenpWnerdy pulse travetss, with a

gating_tine span the sensor is activated &TO\I), ano‘ a

dur at | dheofatt |east AREsBASHIY i RUIaRaMAW dPelydeTeerpral pulses

wiSel diRcasteen, Perifesi SRy U (e ot J5adfin eneray
= e>q NN gt 1EEABBREVoBfart ATHIMSER igatineeting
pu\-,f\/%trﬁflggt t g at thelgst gﬁg gnergyugul se, Ia?ﬁaé Y itls t%gan the

setgeeds attivdtedn the at | east one energy pulse travels.
Optionally, the sensor is enabled to gate detection of
the pullde sesspefmayt benenablesk toraaipceetaationaof dhg pulsed

| sed Gated | ' LPG im i, OUe.
St SRR R Bl S, s Boah FE Mg T, and
CUPSIER o SHEER RRPovh 16 R-GAA0R (107 AL Bpe APpantaly
is deactivated (TOFF), which are substanti al l"?{f‘)mﬁ”i
and

x | RVMAX - MN 1 defined in accordance Vbt fi%
defimedoni aecasgance avith the following equationspx 20 and TOFF
ere v is the speed at which the at | east one
T,.8ne Mi, uyssemt ravel s. The at | east one energy pul se
fray be in the f evheref T akgabribeapulis widtheobyherat least one
mechani cal energy. )

energy pulse, and v is the speed at which the at least one energy pulse
travels.

Optionally, the sensor is enabled to gate detection of the pulse
reflections in accordance with a Long Pulsed Gated Imaging (LPGl) timing
technique. The sensor may also be enabled to gate detection of the pulse
reflections with a gating time span the sensor is activated (Ton), and a

duration of time the sensor is deactivated (Torr), Which are substantially

T,y =2X (RMAX ~ Ry )

defined in accordance with the following equations: v

T. = 2X Ryux
and " v, where v is the speed at which the at least one energy

pulse travels.

The at least one energy pulse may be in the form of
electromagnetic energy or mechanical energy.

The sensor may be a Complementary Metal Oxide
Semiconductor (CMOS), a Charge Coupled Device (CCD), a Gated
Intensifier Charge Injection Device (GICID), a Gated Intensified CCD

-9-
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The sensor may be a Conplenentary Metal Oxide 25

Sem conductor (CMOS), a Charge Coupl ed Device (CCD), a
wa@Ei0sd7608nt ensi fi er Charge Injection Device (QGQ/D2005200085

Gated Intensified CCD -9 WO 2005/076037

(R AR P E Bt SETSApS,A50 Bat

"n£§@|ﬁggﬁgfepay further include an external shutter, at
ast one photodetector, and may al so be enabl ed to

aut ogaThe gensati mpya‘garthppamdude armexmrgqall ahuter, atlgast one
const ruct ed from the [|ight receiv the sensor nm
phategetsetars apd may asks |Qﬂatzale§|é Fﬁ-spl ay (HUD) d

appar atuaispl 5§Bﬁﬂ%ﬂ§§ @%@%ﬁ%MﬁP?QFg S RREd from the

lighPPEESEA- inf\Hd SBASSY way A b erseag fbﬂ@ggmple a Head Up
construct ed fromthe pulse 1o reflections received in

Digplays ¢HED) rmppavatys, osnde@D adispldy apparatus,ans plasarooptic
device for transmtting |ma%es constructed fromthe
apparaias, aaﬂ@laplqgfaph@cléam ahopHe appauS. The system

St abi | o StaRe it iR o) RGBS ko dRurRhE Bord € puise
refiSdtiths? reteivld™Al St S%éﬁbbf Zﬁfﬂyorbé‘s briidégdhackwén ogs a

a gyroscope to a gi nbal S, stabi i zation using i mage

trapisatissivinndelvpehforg msn’nﬁs&gﬂ imagass pahstrlictedo froeh aheopulse
bet ween consecutively generated inages of the object
reflections reasiear) imie 8€@%EN.i zati on based on sensed

ol uddBeaYStErt AL B ey 24, b5fvitgobEHorm, and
sté'_ﬁiﬁ%{k? blli"‘za'?i‘('J'nsernggt Bréferabl9’ inahast 'sPJblﬁ’fathd S&Sing a

rom a simlar systentapproaching na

girdbals, dgrébulmtidmg%mg deeglback from ta ngyrdseopddtml a agimbals,
narrow band pass filter may be functionally connected

stamnzatmrseusmg imagea mpa%%lngnmnmﬂuessmﬂ&@‘ opragaspatial
coTRTMRD d e 5SSl e e A e o o ito be
TR, PRI BTt R g e
Optitifdllynth& 8BS Widiabes at least one ambient light sensor.

Furthermore, a pulse detector for detection of pulses emitting
from a similar system approaching may be provided, an image-processing
unit may be added, a narrow band pass filter may be functionally
connected to the sensor, and a spatial modulator shutter, or a spatial light
modulator, may be provided. Optionally, an optical fiber for transmitting
the at least one energy pulse towards the objects to be imaged may be
added. Furthermore, a polarizer, for filtering out incoming energy which
does not conform to the polarization of the pulse reflection, emitted from
the transmission source providing the at least one polarized energy pulse,
may be provided.

Preferably, the sensitivity of the system relates to a gain and

responsweness of the sensor in proportion to an amount of energy
-10-
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reflection, emtted from the transm ssion source
w@emsothiosry t he at | east one pol ari zed energy pedBH,2005/000085

may be provided. 30 Preferably, the sensitivity of the

reééﬁ/teﬁnbyel'h%t gén&{?r,awﬂ%iré‘inaﬂ% n&a?ﬁﬁ%?%i\)é?ﬁ trféfl c:)s’é\ik%or as a

nsor " n proporti’on t0 an anount energ
fuRSRSH 07 eade POE doRAPbYARE§bII6wamnvelltivn fdrendansor,
wherein the gain received by the sensor as a function
of range R is defined mbhe+mpiugﬁy§_z¥g tion
formul a: 11 ASER+TOEE+THN, Lt - = Cit ( d?r ("K) =
, ASER +TOFF V K T ' ' a Bool ean
function representing an on/ of {48 status of the

transm ssi rGe:. irLr ' 3
sensor "l B ddtines o BRBE) YinSiod (3pRefling 4 onvoft
st%'(ﬂlsaﬁ\d t¢é tharsriissiort BBurdd anfekpetive TiUs Gales obftihe sensor,
t) defines a Bool ean function representing an
whadrid iLi(t) ef 1t life tsenwanstnissienesoardendenongapd! kf) = 0 if the
reflections according to a state of the sensor, where
trapgmission soumeelsS@fﬁs‘g(t) detings  Baolean flerctianrepresgntgg an

anjityLof 1 speser 16 Tnple Mesinile PaEk: Ml toRb G olitE o 2
sté{()aadﬂh% sﬁ*\é’cﬂJ WhefrﬁrCﬁPQi ﬁﬁtthé iy i"BY Reivated state and
obt ai ned by nultiplyihg the convolution fornmula by a

C@per®ifrtheadengordpdgai deactvadtedustateyraridivds ithe speee at which
transm ssion device may be a | aser generator, an array
thefat leastipogeanergy mlsayr@velaEbs\(aluﬁgoa radigngitensiiimay be

orT3E: oA RO 1 E B REE i, B, awergmetnca
pr?gffigéﬁbﬂ%tfe'ﬂlfatti'oﬂﬁuﬁhgbﬁ?‘ﬁ one energy pulse to a

area, receivi at | east one reflection of the

at | eagtheofransnssivn geviee magl lse tee thderogermdator, san array of
within a depth of a field to be imaged, the 20 depth

diodes, an ariayofigE Bspandraavisitiadight RLKGE. t he recei vi ng
i ncl udes gat.ing, detection of the | east .one .
refl ec%‘@%@'@@ht? h%tfe Fapspecls Of gﬁ?@ Ihgniipn, there is also

provided an imaging method, including emitting at least one energy pulse

to a target area, receiving at least one reflection of the at least one energy
pulse reflected from objects within a depth of a field to be imaged, the
depth of field having a minimal range (Rw), the receiving includes gating
detection of the at least one reflection such that the at least one energy
pulse is detected after a delay timing substantially given by the time it
takes the at least one energy pulse to reach the minimal range and
complete reflecting back, and progressively increasing the received energy
of the at least one reflection reflected from objects located beyond the
minimal range along the depth of a field to be imaged, by controlling the at
least one energy pulse and the timing of the gating.

Preferably, the procedure of increasing includes increasing the

received energy of the at least one reflection reflected from objects located

-11-
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pul se is detected after a delay timng substantially

given by the tine it takes the at |east one energy
w@pose7dos7 reach the mnimal range and conpl et BCT/IL2005/000085

reflecting back, and progressively increasing the

o LB el B4R T84 b o o o
odtﬁﬁ@leraﬂg@mé)heFﬁﬁﬂhbhrr@fre,atHé pckived endrapasfathebat least one

controlI'tng the at |east one energy pul se and the i
reflectiony reflected dgimoimabjeetst dcaied, beyendr e daptimal range is

e hBAREH SIS S S il o 4 oSSR 8 o
R T

enefggesf the APledst i tetRictibAn@fetiZ froht bbjritetcatetiseyond
recel ved energy of the at | east one reflection

the ebpmae dahgemabdngdhe Heptt ed aefjeldd to Hee dptaged up to the
range is nmaintai ned detectabl e Ion% t he i:iep h of a
maxigial trange, i selel@ntiplly o canstardxi Bl Iraghéally asing the

e, R RSB PO R gt one

regglf‘)lt‘ﬁzﬁ gr? et gf%BSMWto e rQmy STk tﬁé'&ﬁe&'s%ﬂllﬂfﬁﬂwe depth

a fi to be 1maged Up to the “nmaxi ma

of fiigd éo beubeiged.i al | y constant, by gradual |y decreasing
the received energy, or by increasing the received i
ener gy Qutianadlyatthe cals teast one energy Aulse defings acsubstantial

o SR B0kt e PRSI Ty e el By gming
s BTN, B A 10 G0 SHBS o e S S AT um
twitsd #hye trnimim@l rapgeudivided byl the speed aly whieh ttheeat least one
el apsing fromthe start tinme (To) until 15 twi ce the
energy mpulsexntravels/i gdd by additiopeda dhewnuiset madthr (Tiaser):

| eas ne energy pulse travels (v), in addition to
T.t hey wdth (TLASER): 2 x RMN TraskEe + , v

U t hewnor e Furtreeredorecathie aneleagergye pohegydplilsesdefines a
substantial pulse width (TLASER), a pul se pattern, a

substandial hpywee widtha(Tipeide 2 eles pattesnpreo pedrg shepe, and a
ptﬁsaéie?rgerig?/f:lﬂ?ee Spr%c%%hirg goft bgﬁnap%rc]:h.?des a gating time span a
sensor utilized for the receiving is activated (Toy), a duration of time the
sensor is deactivated (Torr), and a synchronization timing of the gating
with respect to the at least one energy pulse. At least one of the delay
timing, the pulse width, the pulse shape, the pulse pattern, the pulse
energy, the gating time span the sensor is activated (Ton), the duration of
time the sensor is deactivated (Torr), and the synchronization timing is
determined according to at least one of the depth of a field, specific
environmental conditions the method is used in, a moving speed of a
moving platform if the sensor is mounted on the moving platform, and
specific characteristics of different objects expected to be found in the

depth of field.
-12-
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20 sensor utilized for the receiving is activated
(TON), a duration of tinme the sensor is deactivated
w@ 30066)603and a synchroni zation timng of the getT/mgo0s/00008s
with respect to the at | east one energy pul se. A
g

| east gﬁg}ifgﬁaq)ﬂ:tgg: zﬁeﬁﬁd{“ fithdrNSnBtRs Whe! hprofcatﬁng of

{
pul se ern, the pulse energy
a@abhfigt i me span the sensor is activated (TON), the
duration of 25 time the sensor is deactivated (TOFF),
and t hPrefersiiynthentprocedure of ¢cantralingrinclustes progressively
accqrdi

ARG ] Toash one RACNANOLeNK AP eI AupRterm of fhecat least
h . ; X 2
o eV bs” RiEholla b STRLETS! Tt IR e eriéigy buise,
et Sk . . ; . . _
TR N g o 1k spapt ol vy gange| gt osing
tirR€™pdre a0sd e gbizept foothé Irgceivirg iseabibeatedr (g, changing a

i ncl udes the procedure of autogating. Preferably, the
dtﬁﬁ&@@qef etlrael {S€H8Pr g dﬂ@%&ggdp%gsﬁﬁ@ewgy an energy
pSE NI T Laseal B 1RE SuPBREMBHE' e, Blisbe ENRihd e, detay

tirfting]) 3hfd ?Etaﬁgﬁ\g‘élég@?ﬁ?orﬂﬁﬁti@ﬁ%ﬁhﬁg%ﬁﬁaer?h?é‘@iaﬂﬁgté}ﬂ:l the

energy o t one energy pul se, changing a
emgittingg THe procaddureaot eositrolling mayedlsointloder ehanginggthe at

is activated (TON), changing a duratigon of tinme the
legshone parajpgtarn aa@@rdilmg%p@t, leasd rene Pl dhesdeply of field, the

B oAby o RS B SHE Bl epece
o@%&fﬁ%hﬁ%h%rrﬁ' if"gﬂ?e&gﬁb‘?% ﬁwBlﬁpt?é’d gt $héliRg platform,

e proce controlling may al so

andehuescteristics bf different objedts expeeteehtoabe tfeundde thelidepth of
to at | east one of the depth of field, the specific

fieddy Therpracesiure e dlontlling meayréunter includethe subrprecedures
oo BaGaRe 1 et g SPELEY SRS ke Sireblf ol B Plis wicth
gy 17 SPEERL BEIS EXRESE T 4 QUIRGRUA G TyhOTERRor i

dédutivaged t(iTe Su nelr aRidhgenargynpuisedirefletterl &on ebjécts for

one ener gy pufse for a duration of the pulse wdth
a deratjomef the gatiagi tigecspamthe sasser fsoactivateddlionh bhe pulse
wit tﬁ, %ﬁenedl}rgﬁoﬁegfs ﬁ{e iti“?ne the sensor is deactivated (Torr) and the
gating time span the sensor is activated (Ton) may define a cycle time.
Optionally, at least one. repetition of the cycle time may form part of an
individual video frame, and a number of repetitions may form an exposure
number for the video frame.

The method may further include the procedure of eliminating
mutual blinding between a system using the method and a similar system
using.the method, passing one another, by statistical solutions such as
lowering the exposure number, a random or pre-defined change in the
timing of the cycle time during the course of an individual video frame, and

a change in the frequency of the exposure number. Alternatively, the
' -13-
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deactivated (TOFF), and receiving energy pul ses
reflected fromobjects for 20 a duration of the gating

WO 2008/0%403N t he sensor is activated (TON). The pui/EE005/000085
wi dth, the duration of the time the sensor is

i x h ' i [E.: -
mEBREL AL b Py aE ok Prog Rl rof BIRIGHRY mial biinding
bétdepn@ lsysteéth LS tReemetiepet andoa simildresgstene wsing the

may formpart of an individual video frane, and a = |
methdzk passingepre iamioter, inyysyrohroaic sxlptions suchsasaatadlishing
for the video frane. The nethod rrai?furt e{ i ncl

d
a eEnmusicalinn: chrngel hatweehy thendyiemyaNHathey Sipilbsystem,

oty B 03B e e R VR g it Rt oces
fr&@l tithEQBXIrAE GR vtfich tRE&H Iddsttdite @h@e%w palgeUishest, eritted for a
random or pre-defined change in the 30 timng of the

listeming penedduAftery thé disteninge pefriogly amyli ofi thealsysteraoand the

frame, and a change in the frequency of the expgsure
similap systemtresHae eanisting e at lepSiond eengeeuise I no pulses

PCT/ ; ' . .
W SElR b g, PR eetdf habingheparich pgriod the
R S T b
befoed resuasihgbémitiinggthea at deashiors iemergpapulse bgiulees were

the systemand the sim|ar_ syste 5 letting, each of
qulegt%éy/sf:lﬁiﬁgiﬁbet listesing mn@\fs{:@%gémqwo having:thagsystems
node ' to tine in whi .he. I
CliFti Riire a7 Tpeniepndinpap e iRl i fafres
After tig ?@b‘%ﬂ?é‘%&ﬁﬁép%af@é B&ngt’rﬁf@y%ﬁéanlg#d"%ontrol

simlar sy mresume emtting th st one er gy

meBhagisnh, Bachuasdsy adfustingpthe ahqrbsiwei mgmblee according to a
i stening period, and after which period the 1o system

leweld of rembienit | lights st adjughing ther EXpaauehdusnber bycthe: control

seguence bef oy ' itti t.h t | t .
meRBRARPRY LRSEOTING (Xt ek Of G Tte GORRHMEST e &0 image

int%nili gé\j qﬂili&?ﬂi ‘?8{ |5¥6r§§3§/§1@r the h@é(tieﬁﬂohh%fsﬁgé €SP least one

change a pul se sta ssion tine in t
refleetish duadptibrily, f themesethbae afs daglurigauirhagenpyodessing by

dynam cally varied by a control 15 nmechanism such as
lobatimgj ardsdnt the esgizair i nandlate aot waturagiaro ky thevepntrol
mgggggbéﬁr?.%hgi i%he{ge ?)Foc?éjéslilr% inqu heeas)r() ed for anyanrJ?aerl)rle brYumber
of exposures by the control mechanism. The image processing can
include taking at least two video frames, one with a high exposure number,
the other with a low exposure number, by image processing of a variable
number of exposures, determining exposure numbers for the at least two
video frames, and combining frames to form a single video frame by
combining dark areas from frames with a high exposure number and
saturated areas from frames with a low exposure number. Preferably, the
pulse width and the gating time span the sensor is activated (Ton) are
limited to eliminate or reduce the sensitivity of the sensor to ambient light

sources.
-14-
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mechani sm according to a | evel of current consuned by

an image intensifier utilized for intensifying the
walsiosotdosn of the at | east one reflection. OpedDI2bisy000085

t he nmethod al so i ncludes i mage processing by 20

| ocat i HeRiaRR, tﬁgt [Eﬁ)ﬁ%%ﬂﬁ(gml |Hc?e§§|ﬁ%%°é rthic, @dcﬂ”as by

by the roc SSIn

vafl‘f?iﬁp 0@ dMsifivinabf BH8 8eRSOPRT a MANREPVAKING d%rltlhﬁe such as
con mechani'sm The i nage processing can include

int aki ng:raasingasa teoredsirg, fa geartiallpriacr@asing angha partially
exposure nunber, the other with a | ow exposure

deqiadsing ’B?nﬂﬁﬁ@é’eblt'm,%s& ng of a variable 25 nunber of

Conet ap PlECEATET GhSoRHEARY Sl FRAUGe) Holfind; the pulse
w@;dz %Gbl%s‘é'ni@? dricEhRrenfirthe idataf #kingr SRYréssively, while

s"wi th a high exposure nunber and Saturated

retainig &roycid tievee sf the Iyatingouwnehargad, eshartérdng the gating time
Preferably, the ul se wi dth and‘he gating tine sg'an .
spanspeegrestively and (nalh epinanjhen e 230 IR RPAressively, while

T By, PR IO St B G B i
wigth Ahb4he>d ?l%@%?né:’ %@‘éﬁ ﬁ?@esélﬁyplﬁgﬁéhﬁ]gﬁfhe delay timing

I'ncreasi ng ynam as by i ng t

pr@gréestwedzt whilé reteinsgna @yclentimensiniher gating unghanged
time suc in an increasing, a decreasing

parti aIHrszferﬁbheathr@emﬁﬂ NG ges; ihe prog@@u@agf ﬁglculatmg the

manner over

roc re ntrollj
ereay qudSE it mgSEtH <SpipBETaly Hefingtbt alepldiheE i the
| engt hening the d an t| ng progressively, while
retaining a cycﬂ Ml Lt he gating unchanged,
folOWI ntgﬁ@quatlbhe i nd ti e wisgrenviisabeespesd theaatlleast one
| engthening the delay timng progressively, while

energyipuisg traveledb time of the gating unchanged or

or oor ca e BroFediingaisaey e At e TabHYhd s8Tedl Blises

NPT ) R S g e

sﬁ%frpﬁeé;bﬂs@ertthéUCﬂdraherr@cbhm@ﬁ@agﬂv@wdS(ETdm)dﬂhe gating may
(TLASER), substantially defined in accordance with the
aIQO((IROIudRI\/m\duratlon of time the sensor is deactivated (Tore), and the

controlling may include controlling the gating time span the sensor is
activated Toy and a duration of time the sensor is deactivated Torr,
substantially defined in accordance with the following equations:

R, - RMIN

T0N=2><( 0 _ 2Ry

T, = T
v ) and o 14 MSER, where Ry is an optimal range.

Optionally, the gating may include gating in accordance with a
Long Pulsed Gated Imaging (LPGI) timing technique, such as when a
gating time span a sensor utilized for the receiving is activated (Ton), and
a duration of time the sensor is deactivated (Torr), are substantially

T,y =2 (RMAX ~ Ry j
defined in accordance with the following equations: v
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following equation: ' ) ,where v is the speed the at

| east one 15 energy pulse travels at. The procedure
wotooseo®BVi ng may i ncl ude receiving several puPGEBR.20@4000085

the at | east one energy pulse reflected from objects

during g gating time span a sensor utilized for the

redgi v Ag—¥¢ activated (TON). The gating may also
arichcl'ude a Ydur atwhereol isi the sheedeifienat ileasikaoei eaergy pulse
(\f‘légl:it, and the 20 controlling may include controlling
trg ghting tine span the sensor is activated TON and

q : 3 . . CTOEE,
subst ar A PTgCed e, ol o hARRgC s REiGHE; BpifinEiAr deast, one

erl%,figggdl’@ in tHENGH dfelectrdtigheliodnergy & M¥dNanhical energy,
TL RV Jl and V, where Rois an optimal range.

anghyenerlting thehat lgaist ogenayergypulde byaain egnitter such as a laser
accordance with a 25 Long Pul ?i Gat ed Ir%ieQMLPG%
generaiey, aB@FYy ok dioflash aRsarkAk @ i oA Viste! spurce.
sensor -t | j f h. ei vi I §,,QG} 1 ( ,
and aTE\‘fr a¢%‘§?9 oﬁ{q)% HE'C[ si%@g? Eg ea%%ﬁ%cg't eg%ﬂ as a
h . } . .
G R PRl et ehaugtor, (OB ) arge golpled
D@0 CD B Gaed IntedehicdoChabge Tafdctior2 De( GIHD), a
IS the speed the at |east one ener

and V , where v 1€ aQy ..
Galecs dntensified £GD. (BHClocaitira GrtadhlptenrifiedyActive Pixel

i ncl u \Wting at. least o ener el
Sériian (AT, i aatinolEth LGP SETa A Eibet 2y external
shotpd generating the at |east one energy pulse by an
emtter such as a | aser generator, an array of diodes,

an arr @refdrabls ther methiosl biuethier glmicladescahe Precedure of
_gating may include gating by a sensor, such as a |
intensifyngetheadetaation obihelat eastcong wetleetiomvpg)intensifying the

at %gélggngﬁﬁglggﬁ%%%gé% @géae’ nétq%gifltggtcgrg\?v%tw & 'sensor with
Sh')@'{e?\'?é"ﬂ%‘,bﬁ@ﬁe@ (A CCD), and a Gated Intensified

Optionally, the method also includes displaying at least one
image constructed from the received at least one reflection. The displaying
may be on a display apparatus, for example, a Head Up Display (HUD), an
LCD display, a planar optic display, and a holographic based flat optic
display.

Furthermore, the method also includes storing or transmitting at
least one image constructed from the received at least one reflection.

The method may also include determining the level of ambient
light in the target area, determining if other energy pulses are present in
the target area, filtering received energy pulse reflections using a narrow
band pass filter, and overcoming glare from other energy pulses by locally
darkening the entrance of an image intensifier utilized for the intensifying
by using apparatuses such as a spatial modulator shutter, a spatial light

modulator, or a liquid crystal display.
' -16-



Sensor (A APS), and gating with a CCD sensor that
i ncl udes an external shutter. Preferably, the nethod

wao eooshadn3T ncl udes the procedure of i ntensifyiPQI/IL2e05/000085
detection of the at |east one reflection, by

| Dt ensiGgdithify! She ‘praedFe bt ARHINE! efideD ethitthd at least

gated image 1 Rtensitier or Mﬁt nsor wth
oriéaﬂfthahtéd eélecﬂ@tma’@ﬁéthd ptilse, reidhothealprocedateldsss recelvmg
di spl aying at | east one image constructed fromthe
inclades \filterimg lrmwedaaeergy hecoiding tcrtaepala@glaasmr@nfaﬁpmg to

be on a di ratus, faor exa a Head Up
a’tﬁ%’b‘?‘%{ﬁd@%& Z’é‘wﬁ)é’gtm@@t igasiiong r ?'Qﬂar optic
di spl ay, and a hol ographi ¢ based flat optic display.
Furthernore, the nethod al so includes storing or
transmtting at |east one imge constructed fromthe
received at |east one reflection. The nethod may al so
include determning the Ievel of ambient 25 light in
the target area, determning if other energy pul ses
are present in the target area, filtering received
energy pul se reflections using a narrow band pass
filter, and overcom ng glare from other energy pul ses
by locally darkening the entrance of an inmage
intensifier utilized for the intensifying by using
appar atuses such as a spatial nodul ator shutter, a
spatial light 30 nodulator, or a liquid crystal
di splay. -16 WD 2005/076037 PCT/1L2005/ 000085
Optionally, the procedure of emtting includes
emtting at |east one polarized el ectronagnetic
pul se, and the procedure of receiving includes
filtering received energy according to a polarization
conformng to an expected polarization of the at
| east one reflection. -17 WD 2005/ 076037
PCT/ 1 L2005/ 000085 BRI EF DESCRI PTI ON OF THE DRAW NGS
The di scl osed technique will be understood and
appreciated nore fully fromthe foll owi ng detail ed
description taken in conjunction with
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the drawings in which: 5 Figure 1 is a schematic
illustration of the operation of a system

w@oensprast ed and operative in accordance w th BET/IL2005/000085
enbodi nent of the disclosed technique; Figure 2Ais a

schematic | ' I atin
through spBVER PESCRICTIGN, QFIFHE DRAWINEIA ! N9

|11 ust Tl %&6?&1 | l%%ﬁhicg}é sgillPbepagdetsteodt anar Qﬁﬁreciated
and reflecting from an object; Figure 3 is a grap

mokepfullyi fngmotitee tbliowig g rdptaile d deiscaptiandakan dn aongamction with
as a function of tine; Figure 4 is a typical
the gliawvings inywhickph, normalized to 1, depicting 15

SoreL 0 e B AT R o 56 gl sy,

coggﬁggt%f%rﬁd L)(?kg%rﬁtl%”% aghd6THARBE Swithl &l ‘RInbEdinként of the

aser beam as a function of tine;
diddlosee téchrsigaegr aph depi cting the observation
capability of a 20 systemwth the timng technique
depi ct Eigure 2Adscesehématig ilusicatiamoba lapangelseprapagating
h7 igz}a raph depicting a specific instant in tine in
throYadl} $RFCE5t 0 the scenario depicted in Figure 6, as a

functi If@l% %BW?% sc'fﬁé’r‘r‘n%ﬁcqllﬁsirélﬁg{ 65? 1988t F}Hs‘gﬂ?lﬁb&agaﬁng

speci f Instant 1Tntine after t spec

towasdsirind esflabtied) fronT iapuslsjeét; as a function of range;
Figure 9 is a sensitivity graph as_a function of

range, Figuresd isadjrapb depicting gated imagingatbethatlgserand a
i n accordance with the timng

Se?‘égﬁ_tﬁg%]&e’@ﬁﬂrn;:? Wen Fi gure 5; Figure 10 is a
e Pt 416 e A gBln iR to 1, dcpiting
AL R b e e
and gtargetl is a g,raph depicting the radiant intensity
captur %?gt?%a g is a graph depicting timing adjustments relating to the
pulse width of a laser beam, as a function of time;

Figure 6 is a graph depicting the observation capability of a
system with the timing technique depicted in Figure 5, as a function of
range;

Figure 7 is a graph depicting a specific instant in time in relation
to the scenario depicted in Figure 6, as a function of range;

Figure 8 is a graph depicting a specific instant in time after the
specific time instant depicted in Figure 7, as a function of range;

Figure 9 is a sensitivity graph as a function of range, normalized
to 1, depicting the sensitivity of a gated sensor, in accordance with the
timing technique depicted in Figure 5;

Figure 10 is a sensitivity graph as a function of range,
normalized to 1, depicting the sensitivity of a gated sensor, in accordance

with a long pulse gated imaging timing technique;
' -18-
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sensor fromreflections froma target and from

backscatter, as a function of the range between the
weensorednd the target, for both a gated and apP@DIT:2005/000085

gated sensor, during a sinulation; 5 Figure 12 is an

| ntensidig, wgs %Sgﬁaé{rr&g@.cpﬂg%e%@?antﬂﬁﬁf@ Yy"ptuted by a

1, deplc I'ng adj us Intensity

serok ¢Fdim akflacliens froby b&ergetFarwrrenlbalckse@ttemta@@rfmrycnon of
graph as a function of range, nornalized to 1,

thdapngei betwean ﬂwaanscreanddhettaégehtf@hbotfy asgrigddiand a non-
patterned | aser pi cted in Figure 12; 10 Figure

gaigdisengoLcHdiing §'V“§@B‘B"l as a function of range,

nor mal 'Fﬁ@gr ig]le Oai?@it&ﬁélﬂ?ﬁ?{% %I%né I o4 fhéﬁl o?ftlrﬁe 93¢ Ralized

sensor aser 's
'[ot1e Cfupiciey depistirRhtion tihe atensity shﬁb@%ﬁpéﬁeﬂrﬁofﬁa tgarpulse;
eplctlng the sequence of pulse cycles and
col | ectFigureof 1phdg oas aviensidy gnapli asala ffuﬂodtonasofa range,
functlon of tinme; 15 Figure 16|sa8 tin

namalizgd: & rhi daRICHAS! H"Qi adyaecemaits @t'ﬁ *?I CB’héﬂﬁQSd or

pgdRe PR B P AR 1%t * ey Fgure 17 1
a gfapvlgﬁm C{ing agt is@h@_ﬂivit? ?ﬁaﬂﬁe ashey efunctionr afi Gnge,
that a sensor unit 1s activated is changed dynam cally

narrealizeleto 20depicting thie sénsitivityof angatedi seniser, in racerdance
as a function of time;, Figure 18 is a graph depicting

with thedasershaning dechmigne dapistesl in Rigere Jgh se wi dth and

ninoci Al 8t ATERso B ERAUAN SRt oo an
thb%u\ébﬂaﬁ'of 'BHitBns deft an fiHBRAG@A fRilgt a&% fu%'éuBh%ﬂtﬁné‘:)

I's"a graph depicting timng adjustnents during the

pr oces¥iglireohbasra yyaph depicting aalimingl¢ectiniqud, whwes a laser
a total of 6666 exposures are performed, as a
pulsmcvvidih is qhangedqc@magn@gllysogegrtbghcggpse;tcpfn@btamlng an

ustnen ur| he process of obtaining an
Wg}l{ﬁqa[ﬂhevﬁﬁé’b aill 'P&O ?e a total of 100 3o
20051 03a84F Ak L Jo BB Tdclifg e’ BMIRY tecfRiud Aukete a

duration that a sensor unit is activated is changed dynamically over the

course of obtaining an individual frame, as a function of time;

Figure 18 is a graph depicting a timing technique where both a
laser pulse width and a duration that a sensor unit is activated are
changed dynamically over the course of obtaining an individual frame, as a
function of time;

Figure 19 is a graph depicting timing adjustments during the
process of obtaining an individual video field, where a total of 6666
exposures are performed, as a function of time;

Figure 20 is a graph depicting timing adjustments during the
process of obtaining an individual video field, where a total of 100

exposures are performed, as a function of time;
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Figure 21 is a pair of graphs depicting timng
adj ustnents during the process of obtaining an

wo pse7asal  vi deo field, both as a function ofPCTL/inme)s/000085
where the nunber of exposures in a field is controlled

e < Eiah 2L TR RLEHRNG ARG Hing Aot during

thécﬂﬁdicé@,g o obt&iRIRy %11\ lrﬂj’iﬁdhbﬁ vfdléﬁ"ffé#dl BE)trPfast Aefunetion of
frames; Figure 23, is a pair of graphs depicting

tlme,symehe dhezaurnber otfeaxpmsqmes frva ekt soadnigolhed taised on an
. bllnmqﬁ% pboth as.a function of tinme; Figure 24 is a
IMAGSRIOgeE§NEiesNNIAYRt hod for t ar get det ection 1o and

i denti f acc i e i I ti.on. of
concept 191ea2; i EoREREMafE: MlsPaybh. P 1hé; W iag frames
AEigune A, ﬁﬂ@tth@rccﬁﬁﬁﬁ@tl?ﬁﬁ%f Pl Mt?fraﬁhéé?' osed
technlque Figure 25 is a schematic illustration of a
syst enFigunes28pethich id paipefgrapbsi depicting dasgecivionization
anot her, enbodi ment of the disclosed 15 technlque and
techigiauie for overcorsine:rutual blindiag bethoas g functipaiaitime;

Cone i, A, B8 BESLROBB e gtgtin
B EAN E BRRAEOTAO ESR 0,  rator

scepahiodsoperhatijestianmdeordanes gadthorarmithert edddoetiient, of the
identification and inaging, using optical observation

dl$@@ﬁﬂd(§@@@'ﬂ§§ed on the gat ed imaging principle with
active ose t echni que

|II

ool | cElwe 253 st IS RNER 414 Shlerinrridugted and

odé?? fivdi o éE?:frHah@Bg‘%ﬁtrP”aﬁ P’ ERfb&dintritd ro?‘j%hé’f disclosed
ers, an SO extrenely short ranges, such

teclamges; andt he order of centineters, n1II|neters and

even shaller units of nmeasur enent , for i ndustrial and

| abor angull’@I 2&pﬁaausﬁaemtm illnstrationrafl 3 systesn,t eanstructed and

"tar or 10,"object! refer, to an bj ect in .
ongEalielin AeGORRMERONITING: diheh Sbodibanl s the disclosed
te&ﬁ%&ﬁbped herein is with reference to "detection and
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identification", it is equally applicable to any kind

of inmage acquisition for any purpose, such as
w@e@sordosy, film ng, acquiring visual infornmatPONIL22658000085

the |like. The disclosed techni que described herein is

Sui ¢ abi RETAIEER BRSCRIBTION GRLTHE EffBOPMIRITTSSTY
radi at irpp (d?&ﬂbgﬁagtgbtﬁ‘ﬁkxu NSMVidEY ehetiidy dmy sy2tems for

used, i ncluding t 1n'the visible and non-visi'ble

tasgectoruobjédt, detectioanddeatifitation adad, imagirgyawsingFoptical
gamma_or ot her photon radiation, and the IiKke.

Obaermti%mﬂg@mlﬂgugs&@seﬂ %hm@gam lﬁ@gué@d%ﬂnoﬂié'eﬁlwﬁﬁgacﬁve
.. 20, i . . . | ] . .

R A B RGPSy i
intsir‘rr}g?{aﬁgé KA1 d53ulitly gﬁBHpif'HriBésofin e Uhfer of hundreds of

Ity and i nage~galn of a gated sensor, as a

métenst aad albotdxtrernaBoshodannigesf stichlas ramygedhangthegorder of
the width of the transmtted | aser pulses, by
cettimneters; midireetere andt pyepesswliarnunitaaphamepsusgmMagt, for

ina@ﬁt%igfagu?i | .S%S@?@ta}%rptligggéﬁ%g?Cg%irigﬂ{/g@% Et‘élrrrtlsh e‘target” or
“o@ijé?:‘t"hﬁ%‘i‘érz%' A2lotidet SANSRNeIA, t 8fdPHltRBUEh Y. dRBfbsed
ot her — factors. Transm teg of emtted pulses,

tehhigee ecdeseibeduliradirbedn avith tdferen&e rtef efdetectdn and
| east one ﬁul se, or to a beam of pulses emtted in

idemtification” THeis dtquallys spptieallsi manglkim@ffimagg/ggﬁuisition for
anyCBBRS SUSToAS RRBUIGArINgn goapindvistas iuoiiatign. and
ST RS Bl PSR e o8 i eleore o

lagerm In’ft;_h@r Yp@lses! afHowdVisr swshyemsuhtablenr pulsied femiddien  of
detecfion and identification of potential mlitary

electrgmiagneticoendrgy rasiiatien (pinstonsdocany kgown waselength) may
aspect . of the discl ngd f echni rized ligh

besusedr Hirlddivg kohtaim the yisible A fakwbgi%l'tﬁﬁe?%ru " UV near

vi din for. fi : 0 . Cont. L
arff P4 ety PieleeénB% MAmRIE SEREr AR L heliich, and
théCped. di R&'oyotﬁeﬂe%:ls@&ﬁ@bh%é@ ofoerérRyeMdys be used, including
pol ari zed pul se ich reflects fromthe target objects
meshanigal enempdsych se acefdticovaves, ultrpsbandzanddhe like.
filter or polarizer allows into a reflecti onsf sensor

only i Asserdigobnethgy diselesed teehmgueoPiayidesfee manipulation
ofrt?\fél seé:r%éi |\r/]ﬁy HR %Sae gain of a gated sensor, as a function of the
imaged depth of field, by changing the width of the transmitted laser
pulses, by changing the state of the sensor in a manner relating to the
distance to the target, by adjusting the number of exposures in a gating
cycle, by synchronization of the sensor to the pulse timing, and by other
factors. Transmitted or emitted pulses, pulsed energy, pulsed beam and
the like refer to at least one pulse, or to a beam of pulses emitted in series.
The disclosed technique allows for dynamic imaging and information
gathering in real-time. According to one embodiment, the optical

observation system is mounted on a moving platform, for example, a
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to polarization. Mdst objects would reflect the
original polarization of the emtted pul se but sone

W0 edos@edoBve obj ects may al ter such pol ari zat i OPCT/IL2005/000085
Ref erence is now nade to Figure 1, which is a

SNET e 5 SRR AR oo e
S4BT ST et B Ry Bt bt

siiationsor Agooididg4to hasterdespeet 162 thenalistlosed testmique,
beam 106 in the formof a single pulse or a series of
palarized light op slleetsomagoeticdadialion soeeloyed,dbereby rpviding

o P h a8, SR Al PG, o
: | Lecti : -
RO 00, PR BR 108, RSB PRSP o

pdlafFed pISE wWHSS reflestgdfirormnitie ftdet objetteasad potadied pulse
one phot odetector (not shown) for processing and

relleatien t i/Agolaizatiandfilter be podarizérgriiows intona selactionsgensor

12 of the target., Sensor, unit 104 nay, al sg, i ncl ude an
only riRpoRTNgseRRtDL BabaaBTRIM s dhe Ltlise Eaflemiprise exgected

o i D I e Sy I o o
erfftRicEpSIRBINt S8E réfléci\resbtts {i’ﬁ@ﬁbﬁér 50618 PoldrizatiH.

In particular, the shutter” (no own) of sensor unit
104 i s Rgferenmte iisgnbiae made ta dtiguemdl, svhisbdisd@ iseliematic

. the "off" state. The term "activated" is ysed herein
illygiratigner ot dheo anaratieRs6f Beisygtam. 1gRneTally 5@%{@066@' 100,

wher e t term ' deacti - d i
cofufiy’ afid’ SEMabe0T O Gans. W arl FribBeffisnt of the
diéél%sga)[eéﬁniqu%? WD 2005/ 076037 PCT/ | L2005/ 000085
presented on a di splay, such as a video or television
di spl aBystém 1106 phelydesey ldseraddided-102, Rirsbaasger(ddomnit 104.
a Liquid Crystal Display (LCD), a_display inplenented
Lagerideyies 402 generatespiasat bgarrwﬂ@uagﬁaﬁﬂrre of & sthgle pulse
flat optic displa and the |ike .l 2 l,sQ
on2 Bl enifucts pes Faser (o di, gty Rise? tidhm 106
tolaPHtdrgRd 106. 2 ddet 1588 S1 8 iIHﬂhﬁwa(té‘@ttalgqu‘m&t Bensor unit
anot her Focation tfor processing. A contrdller (not
1Ghmay) be entdmiesa aordany yittedr semstarsort light aodiestingrapparatus.

senser Suenrisforluondiff 1(|)£1 reiageir\}gts?'gfltegtaetd Iségg? %ga?r? I1t10 reflected from
target 108. Sensor unit 104 includes at least one photodetector (not
shown) for processing and converting received reflected light 110 into an
image 112 of the target. Sensor unit 104 may also include an array of
photodetectors. Sensor unit 104 may be in one of two states. During an
“on” state, sensor unit 104 receives incoming light, whereas during an “off”
state sensor unit 104 does not receive incoming light. In particular, the
shutter (not shown) of sensor unit 104 is open during the “on” state and
closed during the “off” state. The term “activated” is used herein to refer to
the sensor being in the “on” state, whereas the term “deactivated” is used

herein to refer to the sensor being in the “off” state. Image 112 may be
2o
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104 can al so be enabled to autogate. The term

autogating refers to the automatic opening and
webmsiong3of the sensor shutter according to theCTIL2005/000085

intensity of light received. Autogating is prevalently

pBRLI ghPE UPERS SR SR o A4 AEHRIEHER, e Bpay

mtagnBSCéi H@aHOUPfUiéJg??L@@[AD?,S@ eiquill Owysas . Dispeiy (IaCD), a

m ng, or the mospheric conditions "an
displayt imnplesnerstedhwith &ptadat pptinaapparatds f agholegsaphic based
rain, airborne particles, and th

snoke, | ) ke,
flateqpticsdisptay, gnd thenbke.1lmags1de maw%'@oglﬁ siaredionya storage

off RPN R s BRED 8L et s I b i) 10
arfd'rtﬂe'kf |'b§aﬂ6?] fd?gbmé@!aﬁy%bﬁ%ﬂgp (hRRNSHAGHE €¥nt®ls and

oma further rea. For exanple, an

syntheohizesrthepspenationa ofederisorainit dDdselt i noyed dhatigensor unit
will 20 reflect back a | arger portion of beam 106 than
1G4 sani also barenahled|tocautogate.c the Jerm autogatingagigrs to the

o 5 TS TSRO e BB P T LB v v
L

such Be bleeringdexpdsine oftrge sBiNsdr unitetebrcessive lightpaad has
of 25 the influences of atnospheric conditions or

nadirect coneettionrtg aativet uansmissiontafi pulsasgtheir Bmingeor their
C@Féjured image i s desirable. Such atnospheric
g3lBigHi ti ons and substances can al so be present beyond

RM N, o ddfHdric 68ﬁ'&ﬁﬁhsia%¢§ﬁlﬂstﬁhegls?gﬁéﬁ gllsmnﬂfi%glaze,

| esser ‘signi'ticance. ese atnospheric conditions

fogutrﬁtsat,n@fﬁokézt Rliherirborhd pagieled)eant 10 Gikej reprenerited by
O illum nating target 108, and with | aser beam 110
zaref dd; existriortheasyyeoundiag arsenebsystisim 1084 Backscatter from

o BRI S e b 5 ord St

. t '

RGP Sy BAFRR el IcSRRRE, T & S 8Rbeg area.

F&li exanssleRMiNinfSRRImMRYaRite Fdlativalyncioss tengsstésr 100 will
whi ch sensor unit 104 is deacti vated. The di st'ance

reflecivbacksg dasger portiord of dregen 1QB than de Simpilar gartielegocated

reliely dvehSeavafior Matesn TumoAoruidinaly, theiea proximate

to system 100 from which the avoidance of backscattered light is desirable
can be defined with an approximate range designated as Run. The target
is not expected to be located within range Ry, therefore the removal of
the influences of atmospheric conditions or other interfering substances in
this range from the captured image is desirable. Such atmospheric
conditions and substances can also be present beyond Rwn, but their
removal is both problematic and of lesser significance. These atmospheric
conditions and substances interfere with laser beam 106 on its way to
iluminating target 108, and with laser beam 110 reflected from target 108.

Sensor unit 104 is deactivated for the duration of time that laser beam 106
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and can be | ocated anywhere between range RM N and

range RMAX Range RMAX represents the maxi mal range in
wovkiosh7dnar get 108 is expected to be found, asp¢TiE.2005/000085

exact |ocation of target 108 is not known when system

oo RISt E bRt STl AT Tos e 1hp o8 RbiEU the
refAi pHtRtb08eRdort IMitsq03i froM tdisaindel FRAE BRINGOR\AY is the
gated sensor, it is useful to illustrate how a |aser

mimirsien paogagidrewhidir segisos pimit 104 is sleaativatadsefhe distance
bGtWPPBCOSIORT 300 ah ﬁqﬁﬂﬁ@%&@?@@i B398 Fhiira dors Boted
thgia%jrpgb ﬁ@?e&g{a% Bhddzrf%% ?{; %’Irégtdg%t%% aéctgé tc{'—%trahfg Ee&s% S R,

artl Bin e MocaRdy éHy%\fﬂ'ge%rlémb_eWééﬁnP@ﬁgéQRﬁiNd%fn@i irgﬁgfs QMAX-

are applied in the owi ng description. Laser p

Rdrige ehypratpsedentsthesnaxideali raegelih, whihdtargely €08 is expected
the direction of arrow 121. Arrow 121 points to

rds
todie fmuinch @setig: exact legdion efdargelul Q2 13 net kagwkewhen system
nsi dered rain of small packets of energy 117,
1(3)0'[8””@@&% up%é{(et “connected" to the next, nuch Iike
box  cay o‘i’&elaf(d %Péarbf akplai ﬁoWFH@‘%ﬁﬂoéé’d @@&@ﬁgb%vides

The first packet of" energy of laser, pulse 116 is
for Hiematpulation bkt pensitivity BAd ifhagé ayin afacgatedsensor, it
) ener'g'%/ of laser pulse 116 is referred to as tajl .
is pragkel to iistradahos pdasen pulse propagaiesdhrovab spasg. It is
coI?ured oses

alsd UseBtoyunirste Botce SR IIEE huoBagalie YIRS, gnyrefiects

SHIB ets of energy 117, and each packet of
fr ené?gﬁb?%?ka particular instant, 1is located at a

parti cHefergrientis i mowpatsie tbeRiduaeefApulkiehlis aachkeatic
_described as having a specified |ength, spanning from
illusteationt of i taserepuelsgoprapagatigk Birough spacec ared theg seke of

L L e

fog@girn-gféewééﬁ’&ﬁ/ 07, 795@ | #ﬁg&ﬁ%@gg&@gfdnﬁg&?ﬁdee% 115,

ore referred fo as aser
ariitragelsid the Ndirddtidh pardrrel 126erAgows42116ointdeowards an

tail packet 119 is located, can therefore be referred
increase inhearge.i | Lasger polse 436r cpnl ke considerednartsaint ab small
packets of energy 117, with each packet "connected" to the next, much
like box cars of a real train are connected to one another. The first packet
of energy of laser pulse 116 is referred to as head packet 118. The last
packet of energy of laser pulse 116 is referred to as tail packet 119. Head
packet 118 is coloured black and tail packet 119 is coloured gray for
purposes of clarity only. Since laser pulse 116 is made up of small
packets of energy 117, and each packet of energy, at a particular instant,
is located at a particular point in space, then laser pulse 116 can be
described as having a specified length, spanning from the location where
tail packet 119 is located up to the location where head packet 118 is

located. The front part of laser pulse 116, where head packet 118 is
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m ddl e part of |aser pulse 116, nanely, the packets

| ocated between the 5 head and the tail of the |aser
w@nlose7608an be referred to as the "body" of thecT/iI28€@v000085

pul se. These definitions of the head and tail of a

I j | ' fiepn
o351 2t HBraloht 4 ool 1 BS1EC 2P Bl Be, anc
thé SHREK ParY of i18sé e Pils@ 1 1R WABEN tail padkas er1 914y ileeatet can
is activated, in order to generate enough packets of

therefors bearefetred ter ashheldaitaok he laserepielsgy buthegaoee, the

ST S b, o o Bess e vo
i i i i f n (1]

et 3of S8 AN o b JeeErRdpe PG 1fBREl '3 the pbody” of the

ladéy ﬁh%@t eTRBse | RstRitiohs D $haHeRIahd adil fof @Mdsasgiulse will be
device 122, and 15 are received by sensor unit 124,

heregurefe?i2d Itd ued saicks T healengthl af lasest pulse 1h6t¢ane also be
when various | aser pulses, emtted fromlaser aevj ce .
desgribed temppealbntin taeas af Hoy tmeeh Wmspﬁafeﬁfi gvice 115 is

ac AR Bl oL ol 518 8Bt LS el It he

p@%ts b?fe!n%?bg Wo@?@ﬁe fiotigth dp8ce 1@ EOVer thal RIEY ¥xtended

and Its e For "t he 20 purposes of clarity

byolalsgr pulee hééd of a Iéser pul se has been col oured
bl ack, and the tail of a |aser pul se has been col oured
gray. MReferrRngainsi nowamadgsitanfigurer 2Be Whichsis & aghematic

i, i VS B B8 180l “EhABRED . an

oo i Sy 28, A gses bl o oo anc

argeReedle by lssriiornunit 4 242 3Rigure @B dikusirates d iparticular instant
direction of arrow 127A towards object 125. Laser

inptimee wherspr/aripus flaser pisesnenaitted frasarlager sdevigni 482 at
of arr,ow 123

difiefdiliigs, afa slBehoppacting aylira3 haigth328. Tifuing from

ogy: r q
o€ 125! PRSI iect 185, e NgeS plofadatiigwards, and
refietling$ramal bbjdct 1125 Hoflyw wajdcteryr 126! lasel it dFectibas For the
al ready i npinged on object 125, and has begun to
purpbkestofbatskity - @8lywtheobead 76 a7 laseT/ pulgeogaso!o@@s coloured
towar ds sensor_ unit 124 ingggegicro‘fcti on_of arrow

blagk,andrthe tail of a Jaseipylse ha oured gray.
At the particular instant in time illustrated in Figure 2B, laser

pulse 123A is still being generated, as only the head, and part of the body,
of laser pulse 123A, has been generated. The tail, and the rest of the
body, of laser pulse 123A has not yet been generated. Laser pulse 123A
propagates in the direction of arrow 127A towards object 125. Laser pulse
123B is a full, or complete, laser pulse, which propagates in the direction
of arrow 127B towards object 125. It is noted that laser pulse 123B has a
head, tail and body. Laser pulse 123C has already patrtially impinged on
object 125, as the head, as well as part of the body, of laser pulse 123C,

has already impinged on object 125, and has begun to reflect back
-25.
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as part of the body, of laser pulse 123C, has not yet

i npi nged on object 125, and is therefore. still
w@e@sayaBi ng away from | aser device 122. |t i sSpCTi2eas/000085

that, regarding |laser pulse 123C, the head portion of

t he | I i ' i ' ti .
toygfis 58850F Uhler 24BN IRFRLOL 81 S 475 1 e Faf as well
assbgﬁldfa{h%OHéhy; of 'lh'(;,ér%dnseomsep hak ridteyétais@pingeldsén iobject

pr opagat i ng n a direction of Increased range, away
126r and & ¢heddorec still rophgating mway frara3ddses devieg 122or It is

conpl ete, laser pulse, which has conaletel inBinged
noted thalh degarding daser puiseot? et theohea M'Oélﬂfé ejasey pulse

s BEcRaRtng it 3 Aircatiobpt fi6flea8Boaniel BAKIRA AT Ror unit
o . b : _ _

BRSSPI DS BIEG 0 BMese? g opagatng

in aedirgdtieh ohincreased 2ehgd hawapdbm laser dédceekd?2. oLas@epulse

body, of |aser pulse 123E, has al r_eadé been recejved |,
128D e full,von completel Jasak pulsaul whicipbasi gomptately, ingpinged

or G B b o BRI, SEeR e SEREE b g n e
. A - f ,

ol ALY St 150 St o s

alr@adyebbespardially vecehedbyyserfor! anier1 21yl se only ke tails and

not "yet passed object 125. It is noted that |aser
papub thel badyyaf laserepulsectR3ft is depiciad inimgure 2. Fheskead,

123C was emtted. It s further noted that not .
3”5421 q MRSt %‘an@!e ngj%e@f L’fﬁqr t%‘&l*r%éa@%? le@ﬂ ebﬁﬁﬁ received

' . fromthe sane object or |ocation, for
by\é%é#pqrrgjd'giéﬂ' pul se 123C as conpared to |aser pulse

123F. | gsgepalsd 12858 Al o @ohdPerd,|hsénplilseatich did not

| aser pulses, in order to illumnnate an area, as it is
refiect koowobjectad25na@nd propagatesbinethe divedtion phtarraw 127F.

Theohards a8 BeHsas RAF Of BRI elaper S TSTk Uas falready
| f t ' {

pelBeEBY s IR 181 AP SR 0B bASR gF s ouie

124F Has ﬁolayéirgﬁ%&séecgéﬁ}%fc@h by, |€eshetet gifét%%f)ehr gelgggtzsrg was

gated i nmagl n .a function of tine, _
enhittedr atatitk sasentioe ldserguigd 1230 wad agsttegullbés furthermore

noje 4651 Bt elhihe IAS5E RAIaEH COREHITORLBRChRIGE 122l reflect
from the same object or location, for example laser pulse 123C as
compared to laser pulse 123F. In general, laser device 122 will emit many
laser pulses, in order to illuminate an area, as it is not known in advance
which objects in the path of the laser pulses will reflect the laser pulses
back towards a sensor unit, and how many reflections will be received
from the various ranges the laser pulses propagate through.

Reference is now made to Figure 3, which is a graph, generally
designated 120, depicting gated imaging as a function of time, of both a
laser and a sensor. In graph 120, a laser pulse is transmitted at time to.

The duration of the laser pulse, or the pulse width of the laser beam (in
-26-
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WO 2005/ 076037 PCT/1L2005/ 000085 ot her words, the tine
the laser is on), is designated TLASER, and extends
W(batommos'tl me to and tinme t1. Between tine t1 BOMIIR20088000085
there is no transm ssion of a |aser pulse,

o, Y S SR BBOAOT, B vt

bé”tﬁ/fe@hstlhfé 3, SfidRtitnd tpupBstween tile $13|'émd>ft|n$e rtp| tisdreyis no
and clarity. It is further noted that the description

trarsmeissidrs obquakky palss, idepicted in Eigyrad by guowe ctﬂmp&atlng

a fises (3 Ve liiRrTolgd Wal dbpoescidihebin, WefuIQ 8, Sauare

oSBT $45% RSB ST, 5 R b ot e

de@éhgﬁohs hefeiht g, ecﬁl%we%@pn@abuér&ot Q @é‘ihetrambdlée_ shape or

The sensor unit is further maintained in th
pdtte‘rh in S\Ihid:he thm values definedhei effective begmmmg,gduratlon
time span M N. The sensor uynit remains in the "off"
angt gnd czfothaspwée fendering Jts analysisianMegerst ﬂbeeﬁﬁn% unit is

B 8 S5 B S5 B3BLEPBe HEpt Betwoon

tingel ? & tlﬁ'$e fje@' Lﬁ%&g Tﬁe @e@fe&b‘? uhit i§FhRthet Aaidfaihedmn the “off”

sen or unit state, extends fromtinme to

state betweé timé tambtutnfé tgt, for densgrtimeigspars Mgk Vdieedensor
and begins rece|V|ng reflections. The reflections

urﬂtr mmamSemt the Gfft slate seeds awcdity receive reflagtiorm of thepamtire

ooy LS S e LRI i, 583 Moaton
38 SPUE G R, 58 cPOr A8 b BRATELSE20 o

tnmméls@rﬁoy GHit & il angeff" Bvafs, edtehdsdrdm tirhbe, 36nHoe to. At
unit first receives reflections fromthe entire wdth

tinoé t3,hthepaessar umltesraatg/ated antk beging receiving @flastionse The
e is first received,

t dt h
refiacione Empableptadochied | 'Wm%ﬁ&@.trelwe@ﬁé@r{angﬁ@w f%ﬂm the

oy AL IR g b o R e 3t i

which Had¥e insingetFor fitese BbfICty nThe'fﬁont'prrﬁbn cs'-frtheStFéﬁsﬁmtted
extends fromtime t2 to tine t5. At tine t4, the

pulsss s naii detested for éme/@dojectte lbchted eamnmdlatﬂiy aiftarhkange
iR, ARIMECk] S SErBor dBbars! RSFINeS (RISChal B hecentire
B U 84 SR e o o
thE8' AL is TiFsERABoeifsd ! Redesighated M f g B tikfe span between
time t, and time t3 is equal to T aser. The sensor unit remains in the “on
state until time ts. As depicted in Figure 3, Top, the time the sensor unit is
in an "on" state, extends from time t, to time t;. At time t4, the sensor unit
still receives the full reflection of the pulses from objects located up to a
range designated Ry. Reflections from objects beyond this range reflect
progressively less portions of the laser pulse. The tail portion of the
reflected pulse is cut off to a greater extent, as the sensor shifts from its

"on" state to its "off" state, the further away such objects are located
' -27-



10

15

20

25

30

"on" state to its "off" state, the further away such
objects are located -27 WO 2005/076037

w5 ted®05/ 000085 beyond Ro up to a nmaxi mal reCIyE.2005/000085
designated RMAX. RVAX is the range beyond which no

oelShef By 36 R EAL Bl BlandlB fiat B inthe rance
be{ybﬁ% Jvﬁichcﬁézb%ﬁ@eﬁﬁhé‘%réorebéﬁl%!dvéf‘ﬁll, ﬂﬁé|t8QhP%§aétf\/éﬁbn of
bj ects at , the sensor unit receives reflections

thensensorf tonitghteffnstate. t hAt viemge fty, ooorrespontiingulteeseceiving
whose tails are just about to pass range Rl. Thus, the
retlections o & at Raaxathehgensae ung fecedvpmrefiections only

P T AR B ESRBEE R B Pt about o
oSN PTG IS0 Rk Blahe by o cquel o

T%%iTiMé tspanlatgapbrrespords! toythde singnatt tikek38, laser pulse,
epicting the sensitivity of the sensor wunit,

oncefithasdeaen fullyRransnaittied, 46 reacinobjecta loc¢ateldeatr Bnge
bet ween the sensor unit, and_a target, a

r . . Th e
verti chlefasance @p?%‘é’e’ﬁ'tagettﬁe':'lgé'lr%t“i’\)@'§éﬁ§ ia txn?cfay segysitivity

orbiF, SERBRAHebioRE 330" SRS by el e sensor
unPeRirredtd ir?Fii%t?r_et fir 864 fuhBfloh Vfthé Tangesetiwedr the sensor
referred to inthis context, relates tothe gain or

uniteapd s target sseaf Thieevericabaxisnrapreseptsotie relative seartsitivity

nunber of reflected photons actyally rea inghthe .
of stees senedi Unik eand thas been permangeddo e ﬂ?ﬁ/ orizontal axis

it Shl A0 BT SRl TP S e et
SERUTAPS, B4y G05nl R oo ofbtey 28y the gan or

regponsiveness ofintle agensophaiit in prapotidertetthensumber of reflected
ignored. The attenuation of |ight due to geonetrical
ph@%@lns acthalpheaachiog Abe gensor simit whendh s agtiveyr ang nodto any

BEGFCES B RS 58T SHRELY, bl od A, i e

pd RIS the egg&sﬂ hQ%yr%‘?eléti?hr’tb”Eﬁb fa@f&%ﬁfrﬁM Nhichh light is

progressi vely I NCreases wW the range a ong the
reflested, of thee fatemlidtionbef ilightjedue Rengeomidtficalsand eatreogpheric

up to which the full reflections froma target at .
consideratians, isi ighoreghi ddw afienuatier ef light duede geemetrical and
at%@ﬁbﬂgﬁhgg{)ﬁsigé@ﬁ&%ig ﬁaﬁééevcﬁb%%p%t %re’thc\aN éari(e of simplicity.
Accordingly, the amount of received energy of the pulse reflections,
reflected from objects located beyond a minimal range Ry, progressively
increases with the range along the depth of a field to be imaged.

Range R is the range up to which the full reflections from a
target at this range will impinge upon sensor unit 104, referred to in Figure
1, in a deactivated state. With reference to Figure 3, range Run
corresponds to the time duration between time t, and time t,. Range R, is
the range from which full reflections first arrive at sensor unit 104 while it is

activated. The reflections are the consequence of the whole span of the
‘ -28-
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corresponds to the tine duration between tine to and
time t2. Range Ro is 30 the range from which full

wo edos@odoBons first arrive at sensor unit 104 whd1/E.2065/000085
is activated. The reflections are the consequence of

1 he ...
pich VR RSt b 5L Falrely a2 2] Wadtora nge f from
sENSIr @nit A twWithcrifefbritle {2 FIguB03| tirendistanserbetivden range
104. Wth reference to Figure 3, the di stance between
Ruanaed rRhbs Bpcormsponds toothe sipundeiraiion hetween time t, and

_duratjion between time t2 and  ti t 3. nge R 15.th
t'mﬁﬁgeﬂaﬁgﬁdavwﬁ the range Heftpewhw&hn@"frﬁé'ﬁPRﬁBﬁ%éE%ﬂéﬁ?ie@t% can
ol

AR . hAed j . eNGCE At [ ,
stff 6o ottt WV reiierbe£6 BiGHRSR, ey dkitafiod bdiifben range
Ré{%d !réﬁgﬂbﬂfitdo‘?fé et thamirhé dinétiohi BBtwden Raneet; and
MAX i s e range for which reflections, or any
timer t4. dRangkeRggaf iscthe sangé foe whichi mefllectiorss, oheany portion
maxi num ran,ge for which sensor sensitivity (s hi ?qh
thererlgrcan stilidee @btamedyiiey ther aaywin d'apigguhf whigh, sensor

oA BRUBLIRSIAFAEh ARREBudT W RLIEES do Fioupo. vo
cibldfd bethioch’ g L g | GHGRe RIS EreBpoPle™ts sthe time

duwnition1béiweén tmehtt angetimearte. i ghinotedf thett reflections from
I ncom ng radi ati on_from objects |ocated at any . .
objestsalasated hayamichBuvei sbayiiso hs, prpivggby sgnsor unit 104, if

exanple, stars,., may 15.also be receiyved by sensor unjt
sihfopts 3t igharaene* Tachming rrdiBfioR hiBaRdkgtihiceated
b g S aph i
A7 GiBhee POARIRG oo My P01 Braghplg s, may
alggrbé_trémbtwedota?:tmg&nam_t 104, t if gsushu abjects remitaseliation at a
a maxi mum | evel of sensitivity. This region includes
wavelengile detegipblenay sensor unitaklfbspheri ¢ 20 sources

sansor Tiaph F44r6r B gAGURL B TR0l AL up to range

Rgﬁﬂaﬁl@ﬂ/g}/ :03 tﬁé‘isénrsﬁghﬂﬁ iqqréagﬁg{/‘ ﬁ{&ba§ég ef(lr) g?rﬁ%é(?@gm level

encounters ons O

ofl saMditiBigAMTHRiE fdefon VssIMdES atleetsd hfht hrihlyafrem htradspheric
| aser pul se, then the photons in the mddle of the

squces #mt tcanakl jntederemee oard aselfidinding iBnthefsemsor unit,
pul se. In.25 the region rapging,fromrange, RMN up to
thepigee i NigR eSSt i aisklesirale dothin2egion. | ReIPREFA!. the

sddr Wit MitidifFeRELSARrS The FHoINE 018 Alleted lighFbeam at the
very front end of the transmitted laser pulse, then the photons in the
middle of the pulse and finally the photons at the very end of the pulse. In
the region ranging from range Ryn up to range Ry, the sensor doesn't
detect most of the front portion of the pulses reflected from objects just
beyond Ry, because of the timing of the "on" state of the sensor. In the
region ranging from range Ry up to range Ry, the sensor incrementally
detects more and more of the pulse as it reflects from objects found in
further ranges. This incremental detection continues until all of the pulse

is received for objects located at Ry. Thus, the duration of the incline in
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beyond RM N, because of the timng of the "on" state

of the sensor. In the region ranging fromrange RMN
waposo7dange RO, the sensor incrementally detBCL/BE206000085

and nore of the pulse as it reflects from objects

: . L= { _

orkg 0L, SR et 5B "WREn o102 188 PR T 8L T Shsor

unflepfdins| AGABRINEM SEnsilivitg betheeduaagedR, ahdtraage R,. This
incline in -29 WO 2005/076037 PCT/1L2005/ 000085 graph

is 1A6 regienuimharentargets lerewimndt bkelyhto Ikesdecaigidseso a high
TLASER.. The _segsor unit renains [
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SengiullY | i OpsieblRechne aneRSIREAR] M GEnbr S roggessively

ort§alibeatati 4 PEBRbbIgIc T HRyonkt Bntd By M particular, for

obE&?§ilbéé{iéd/irﬁﬁ1efdﬂﬁeﬁﬁ6ﬂ@? raﬁ'rt;_b R} Ohec86hY6H Mnf begins to not
radual Iy decreases to a negligible | evel beyond ran?e

deRict the photonsatr the mery aine aifstheo dasardpulaes dhenefor further

after range R1, the sensor unit begins to not, detect
ranges phemiidons inHbevaiddieef the PHIES ageeﬁ?ﬁﬂmebﬂe??f‘zﬁd, and

ingl ShPBbSSs WA S D 58 Wb AR TPl Brif oL IR puise
ar% tfedte NS hBfsHL Ase dbcbiedf 41080, BRE diiratiba of the

ulse to are not rgg?ect ed, until no photons are
dectineiiveptaph 180 is dqeivaierntttodheofidthef tHedaserepulsegfiaghr. It
130 is equivalent to the width _of the |aser pul se

is TopsEthat the sensitivdy depicterkinsEigyre; %iw%%geﬂgar uRit 104,
Fi 4 enabl it 104, _and i :

antl, B b ShRinSHO0 ot 0 FdU, T yBSPflh el o

ey sARI RN, BRIV 00N RIS GBIy Hioptrignal Lo e

ran%égbcm@'e@_ensitivity as a function pf range may be
obt ai ned by system 100, referred to in Figure 1

. by
the app padicutar sensitivity as a usstiongfgange Mayrbe obtained by
i ndi vidual |y _or | i i nations, T
systitnn it Bostalefechdn 36 Rldigodoaby o hereblaion <ofggveral
Fi Whi ' . .
ofight, CHSE by, o, Ho0RroBEr et bivatons  These

tedinigbes mill spwbetdisefissédie | aser beam The technique
relates to the tine sensor unit 104, referred to in

Fi gur eRefeiencecisi nawemaget 1o Figipedh, wbiahhis a@raphwoengrally
106, .referr

depignated: 140 AniEhG §mg Adiustienfaiftiag to the Plise width of
the laser beam. The technique relates to the time sensor unit 104, referred
to in Figure 1, is activated with respect to the pulse width of laser beam
106, referred to in Figure 1. The vertical axis represents the status of a
device, such as a laser or a sensor unit, where '1' represents a status of a
device being on, and '0' represents a status of the device being off. The
horizontal axis represents time.

Time Toer is the time during which sensor unit 104 is
deactivated, immediately after transmitting laser pulse 106. Time Tofr
may be determined in accordance with the range from which reflections

are not desired (Rwn), thereby preventing reflections from atmospheric
-30-
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WO e@ses®Bt S a status of the device being of f. AEEIL2005/000085
hori zontal axis represents time. Time TOFF is the tine
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er transm | ase

maHie détbrﬂfﬁheb%siﬁheerthméﬁbnge divdded byabevégded belight, in the
range fromwhich reflections are not desired (RM
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serfsdr’ anielis rizddtivated bfyStHelearatﬁoﬁ o thée Fulse awidit dfaheslaser
the | ast photon of the |aser pulse to reach the

béamt beenspoe thati mo blaeksaa@ereld\naﬂmtmnséfcbredheeareadm t® Rvin
It may he abl engt he

t he sens esi
armequﬁérﬁ SENSOrt Wt 15 Jderg r@ iTorg B@ ajeuie;ted using
the pulse width of the laser beam to
théhg’usgﬁﬁéﬁnﬁggﬂackscattered reflections fromthe area
up to RM N are received ngensor unit 104

Therefore, TOFF can Hewrcatcul at €lausi ng he fol |l ow lﬂ;
equation: 10 TOFF = 2 x RM N + TLASER (1 ) V Time TON

i's the fipfe T isntheMihfd depingCwhith seh84r 'u$1|t313®4\4§teﬁﬂlvated
and recelves reflectlons froma renote target

améfreceivds treflectiéing drem la reMote tai@et )8, krefmedrtmmdagure 1.
in accordance wth the entire di stance the

Tigrotlam BTayabgudetermiaed dn arpadagceavitl the %mtreb@@mqe the

ia§f' Bl S imyiSe thalaPSraddBs: AP38 Rl girid, bachCt, e S8nsor
urﬁlf‘l 'Sig@éntf}éeéensw‘j.lﬂl?%‘hﬂal\l teq él;tlﬁ"n'éezkﬁﬁ,ﬁf/v pét‘ﬂténelds‘ér pulse

rea I st ance romthe sensor unit.

1®@$tasobeennquylémmahath‘®t st pHotohhefr thi wmcpulse |s already
- (2xRM ’lé?m until target 108, and a further distance

dlsztanqeatzx n Frona dhegsensainaiihg e lastahetenrvilhpropagate a

bl S B S b e BLIB e AR PR i Boe m
b 3 gd*u:fﬂ(% ‘sg'n%gf' L&Yw‘ﬁh‘nﬂg P to E?RF%%fFQM.N TEY A8 iPfikes to scan
this range can be calculated by dividing the range by the speed of light, in
the medium it is traveling in. Therefore, Toy can be calculated using the
equation: |

T, = 2x(Ry = Ry) 2)

1
It is noted that the aforementioned calculations serve to
substantially define the time variables. The final values for these variables
can be further refined or customized in accordance with certain factors
related to system 100, referred to in Figure 1. Such refinements or
customizations will be elaborated upon hereafter, and may include, for

example, accounting for specific environmental conditions, the speed of a
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equation: p 2x~° O-RMLN) (2) TON = VIt is noted

that the aforenentioned cal cul ati ons serve to 25
weubspaosi al |y define the tinme variables. The PcTHEI2005/000085

val ues for these variables can be further refined or

BB SHSPAACLES A o4, GBI i ucr

o1 n kFlgure

ad afvermarent thedspeéifie ichiardterietiss \uf Ithrduts &xeeted ¢ beplocated
hereafter, and may include, for exanple, accounting
atfeertaipeanges, ehangiogrtbetfarmaafriaser pulse 10@ angdbe like. a
-31 WD 2005/ 076037 PCT/ | ZOO]'i_/.OOOO 5 novi ng pl atform
(it sydielpranee is now made i Figlreg, Mch Isarapn, geaerally

cle r . o ‘
IEglaltEh " 80" Herl it R bbbEnGIRIFEAFALTAL OF o EyiiBRE Hith the
tirhiy teernighe! aspicted! ineFiffead Thee veiticeal 43d5 erepresents the
now made to Figure 6, which is a graph, generally 5
stdks ghthedaddobedrpivcheney' 1t neprasenty & status apdbellasgr beam
of a systemw th the timng technique depicted.in
beingoa 8NATRb rOBIASEEES S HtAUSCRk i hser BBam Bsing off. The
t he | r. re ... 1 represents a status of the
hqr%tggig%qsggé%égﬁgﬁstgbge. 0" represents a status of
the | agandiaghitei o @éred® irhﬁ%]&r‘énﬂ alis aylisd” up to range
represents distance. 10 Sensor unit 104, referred to

RiuR. i gpartictilar] shéis 'anel"nmmed:eivednlgaélecﬁwhsl, gemerated by laser
articular, there are_no received reflections

ptﬁ@aei @6 cdetoyredider in (fligyee Toefroperehieels lasatadrngthe region

infgeiey R Ed sySERing. dalded 10T EigWEIT LB B singe Ru

Ttﬁ%‘?gﬁgg% vagicﬁh§eﬁ§’&gﬁgit Ny 04| DIFRIPSIST detakc Bl by arrows in
rnd” |'s demarcated by arrows in 15 Figure 6 as

Figore.6 By Rkl Mhisdlinglintyds tdud te fractfadthtiiat! laser pulse 106
pul se 106 propagates throughout path RM N whil e .
propagates tiraughsiut eathoRuaf whiei systemydABrigt liindjo reflections

bt 35, G655 Hufh e Ay RELGRR ARHIIBL Inf oyt s
S PP L4 e LR LRI ILAAGAN Briod. Thus.
Rwn is the minimum range for which reflections, in their entirety, may
encounter sensor unit 104 in the “off” state.

Element 152 is an object to be detected, located somewhat
beyond range Rwn. Element 154 is an object to be detected, located
further away, slightly before range Ry. To understand how sensitivity as a
function of range is achieved, it is helpful to examine how reflections are
received from objects located at the range between Ry and Ro.

Reference is now made to Figure 7, which is a graph, generally
designated 160, depicting a specific instant in time in relation to the
scenario depicted in Figure 6. In particular, graph 160 depicts the specific
instant at which laser pulse 162 has just completed passing element 152
and continues advancing. The vertical axis represents the status of the

laser beam, where '1' represents a status of the laser beam being on, and
-32-
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20 encounter sensor unit 104 in the "off" state.

El enent 152 is an object to be detected, |ocated
weosei@as?7 beyond range RM N, El ement 154 i s apCcDij2eet000085

to be detected, |located further away, slightly before
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6 i ct i fi i j
Ui oot e Hilod B RES pSed PR Tty ThEBaRS Blenty
oquﬁeCi@%ﬂmwt?éd @ﬁﬂ@éﬁsag unithf0¥ 86 Ik Riva ¥éfedtRINL &Ritt Gan be
the status of the |aser beam where '1' represents a
intenaified from lobjectsEs4, Hmatnolyi angimited intansify@agWine is provided
2005/ 076037 PCT/1L2005/ 000085 '0' represents a status
fopreflapdiongfeomybgrsipsenglestent 19 hori zontal axis

P oSt PR bECALRR RS SPRLFE B e
adf pBHRHT B bl Rkt 4 is 4ol RO hmt 12, Fovicc

thabhkrser eam dlos) rgferfed tarin Figureol, idedaihsrors efeamentimb2. This
104 to receive reflections that can be intensified
partiem isbpeprortienal taitthersmall distanesy betweasi Ryimmgndi alement

' r.ovi ded .f fl ' f the cl | t .
182 TS AeFn i Popieer ey el AL B HTSS, SHTB it 104
.t i
s AL 78, WHen, s ST oRes, ARICHad KItRoRTSBL of ¥ part of
ladeapullds. 162f akfledts drom felgmient 1152enmmmediately eafterivards,

152. This portion is proportional to the small = )
endirgy discalsbeteitentedtontimwusiyefeom eleseentribd, peliichois being

PgSSei BY VARG aRRe U 162 Alser 1) BFOPRRIEN LR the Greater
di&g@%ﬁgﬁeta\l@@n @gyéar?@m%eﬁéptl%hgser pul se 162, reflects

enent ely afterwards, energy is
al so r gdridRnIgNthe tstas bretgp eedioadly 4edsombhith Odsas a

bei ng passed by advancing | aser pul se 162, also in
comsepoenceroft reflestions denrerelement 152 is relative to the duration of
time during which laser pulse 162 fully passes element 152, and still
manages to reflect to a sensor unit, while the sensor unit is in the “on”
state.

Reference is now made to Figure 8, which is a graph, generally
designated 170, depicting a specific instant in time after the instant
depicted in Figure 7. In particular, graph 170 depicts the specific instant at
which laser pulse 162 has just completed passing element 154 and
continues advancing. The vertical axis represents the status of the laser
beam, where '1' represents a status of the laser beam being on, and '0'
represents a status of the laser beam being off. The horizontal axis

represents distance.
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di stance between RM N and el enent 154. Consequently,

the total energy received by sensor unit 104 as a 20
waeonserwsence of reflections fromel ement 152 i BCT/IL2005/000085

relative to the duration of time during which | aser

pul se 2 ful (- RASSASCRYRTTRl BiémeRRd 53t bl haRoasesd by

a sensor unit, e senso

sersdrhenitond4, séfdriad Ref BT &Figerd Si,naw lomnde asoldsegubeafh 106
whi ch is a graph, generall {&e 25 designated 170, ]
regegins tincigeat spegleMmenti tist.aRefiestionawrarnelonger receivast from

SR B i 168 5 A o 8 any
A T B8 S22 g e oSS P10, o

erititéty. @&ﬁsecglé}my, Whe refledtiont RREASEbsarisddiramn eferhbat 154,
| aseér beam being on, and '0' 30 represents a status of

lochted asar raage Bgj maypfbie stivstantiallyogreatenthan the reflection
. represents distance. -33 WD 2005/ 076037, .
inteosity| Aigorbedodiom alement ndosnt %Sef difereaer i oppsorbed

| t. y .he ive 3 i 104, . . )
refigE R e MEoltRY P o e AisbC R RERE  Hotottl' ipgonsity s
ddtBrRirid | AEINg, WD EBariod Sdurifg! WhfdH WEhsdreuRR 104 is

onger receivedfrom elenent 152,7as |aser pulse 162
adtpated nehity thesslethante e neflddihqiberety. Thiefrheansahat laser
“from el enent 152 have al ready passed sensor unit, 104
pulset16d mawremain jncident equeipment 154 foep lepgepdime than on

bR A5E. TRIMEL AR HETT Syt 17, % AVated, and
rek B TbSctiory, WhehYsaest (i 10401 ALRIEREY, #RZhedliand tail

ence 1 n absorbed reflection intensity iIs

pdrtioass batdied etamnmeat! 158 |afca ipant iofitlassr pyldes 168, reflect from
determ ned according to the period during which sensor
elemeant 1thd.ilp sugh aveasel sensar umit 18derrapives MAEl ereigygfrom

o ABi eI BB K30 195 o, B St SRS system
10 Fed W 00 feciatpid s BRIt b boyone
rangetRhQ4 is activated, the head and tail 15 portions,

hat ched el enent 158, of a part of |aser pulse 162,

r ef | ectRéfesence is now made to Figure 9, which is a sensitivity graph,
generally designated 180, in accordance with the timing technique
depicted in Figure 5, depicting the sensitivity of a gated sensor. The
vertical axis represents relative sensitivity, and the horizontal axis
represents distance. The vertical axis has been normalized to 1.

During time Toff, referred to in Figure 5, sensor unit 104,
referred to in Figure 1, does not receive any reflections. Time Torr
corresponds to range Ryn. At range Ry, sensor unit 104 is activated.
Between ranges Ry and Ry, the sensitivity of sensor unit 104 increases
because increasingly more portions of laser pulse 106, referred to in
Figure 1, reflected from objects located between Ry and Ry, are received

by sensor unit 104. Between ranges R, and R;, sensor unit 104 receives
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el ement 154. In such a case, sensor unit 104 receives
nore energy from an object near the optimal range Ro

wo bas/ofdoem an obj ect closer to system 100, rePEr/TR20057000085
in Figure 1, for exanple, an object |located slightly

pus Vé;ffje%fo%g?n fdibenfikeliBhtBpfects I60HeRTyIder RO U R,

Is’a sensi IVI % enera desi gn ted

Bet®@en rande@oRJ areERyYa, hthtef@er'isn‘mqgof eehson umt t&pdecmiases
in Figure 5, depicting the sensitivity of a

besanser mcﬂ'ﬁasmgéy tlesal pastionsr epr lesent gulsel aoﬁvereflected from
sensitivit horizontal a

objpcis peate %tvw%% %a«ﬁm% Ffapvn 25e FRESIVRETRA SESRR Hpity104. At
ranﬁe ,%Q%ew |§H‘é%ﬁ9atte‘a 'ade: Qggfcﬁ'uénsstﬁrlégér pulse

re erred oin not recelve

108"4rd Ebeiiedos sehsBF uHFF04¢ drifrrs AeRdseferrédingeinRMghire 5,
At range RM N, sensor unit 104 is activated. Between

cormsgeﬂdeMtherdismC&bemmmrangBSt Ruof a8@ fhgx. umt 104
noy e ortlons of

b
pul <o ko8, noteAaRALaraiah BCmaY ok S 1dorle bRGELSR 1RGSR pulse

Y] S B, RIEAEY o,
Ioéé'-'iédr B@ZbMGS rangd MQ,2088/ %7@3ﬁuE@'/ﬂdB?C&QHQ@WS&ssnpates

pul'se reflections, In their entirety, from objects
Fdrthmtmﬂebgmpbrﬂ Sm)ma}dnallbe |Eea|/\benauaegbe smnsmdty remains
the sensitivity of sensor uni taﬂg'] decr ease

conémstéewreﬂse figstyoptéaanp sangetdo and thedasp lsapé'mrﬁerange

S G T W T

po%%lb?é’ﬁo??dhcéqgg's%rﬁﬁ Kol eyga‘i'errﬁ‘ﬂéonlféf@%ﬁ' oA Pibure 1, for

"aser puls are re I'n sensor unit 104

redéhing rdflectienstariginafing drom Heyonar raegjeoRd byt atheh daechmques
di stance between ranges RM N and RVAX. It is noted

Suqhatec@nuwﬁqwludg cn@ngmg ﬂuemrm peshape oiiber pyisesof laser

bepdh (108 changing i baRo,Sf B Eﬁe&eﬁﬁﬁée?bﬁég? 4R Ehagaing
thé %?\%rrggg;ﬁ }Rﬂ%% 62’ W’zl?édérytré’% 51 (E’@t gtthérﬂfﬁé%at sensor

raph ecause nsitivit

unitemanns activztednandetha@eginghthd lWldth optlawwpulmagdoao These
and the last optimumrange R1, even though further

technigueatarernanidiscusgedhi n t he range span RI-Ro. It is
Reference is now made to Figure 10, which is a sensitivity

graph, generally designated 184, in accordance with a Long Pulse Gated
Imaging (LPGI) timing technique, depicting the sensitivity of a gated
sensor. The vertical axis represents relative sensitivity, while the horizontal
axis represents distance. The vertical axis has been normalized to 1.

In the LPGI timing technique, the pulse width of the laser beam,
Toasen is set equal to the difference between the time required for the laser
beam to traverse the path from the system to the minimal target distance
and back (2-Ryn/v) and the time the last photon reflects back from a target

located at range Ry, referred to in Figure 9. This time is also equivalent to
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possible to reduce the sensitivity of system 100,

referred to in Figure 1, for 15 receiving reflections
wmeaiogiorasi ng from beyond range Ro by ot her techau/qu2ees/000085

Such techni ques include changing the formor shape of

h | se | aser ., . be als]l tt f
b BrBHbEE fine BGhnichSR SRR FREP BRvelE i oM botn
i !bm@rrr\e}&ﬁ)n;changi ng the tine that
T%%%‘s%?aqﬁﬁi?%l%zéﬁsrb activated, and changing the w dth
of laser pul se 106. ThéséRMA;(—}RA@\c)hni ques are now (3)
di scussed. Reference is now,made to Figure 10, which
is a sensitivity graph, generally designated 184, in
wlsereoy itatheespeddh of lightygn Rhé seredianed isltreageling ioL RGE noted that
timng technique, depicting the sensitivity of a ga}]ed
LRGhseay bengonsidared| apardiculas example of| the Yiming techniques

38t 4 T o T Lo
gk PR ghFie TRABELIENSHES (RS Ne B RigeMynamic

rangé e rexamepliel flem 8 ¢ol30eklidnoeterbenéadsto blesiamaded.
traverse the path fromthe systemto the m njnal

t aByewayi ot ancexaaple bk targei isy lopated) atre distapceref 25km
AW Gy eTer PBal gl 1 Gurangs s cavl o2BRgf and i
PR AT,y 7 S99 B RBRCCERUAHBRALERE o

or uni
inacili V?é@ﬂjmTO‘{heﬁhUSioFg&%Qd Tg R ?g.;ill T\C/Qﬂjmtﬁtan'@éhﬁﬁn equal:
- ere v 1S

béét he ré’gl)ation: 2 X
2x R6kmpdén) of | Lght, ' R ' i
It 18 not eaflét‘éiz 5 [::_ (q;lt' qﬁ%gﬁ g{é:lq?()thélt c'ié’e“:féertralﬁl(::?{\sIlnl 196, Feferred
particular exanple of the timng techniques depicted
toiin Figaphd , iddransoitterh the Ishsordurtis@perateshincan AR&1L mode,
The, LP tin]'n technigueis a[tic#Iar y suited far .
meariey when e Wll| g}egeeayﬁ mt dUERRN O lenesml 9 r GHMYNate

oelfaRAnElec PP DRpalf LS I AfedfTRPR> pRptAoRl o Wi quatty
imbg ety tb;@én &G A8 BAkdrbLAY! R id)suffi€ient @ sitdhsthe sensor
edqual to km and if N is equal to 3km and the

unsiptecitheofoff”ishte wheadhel reflected beanmshasdraversediapproximately

6 km (3 km each way to and from range Ry). It is noted that it may be

desirable to lengthen time Torr by the pulse width of the laser beam,
Toaser, to ensure that no backscattered reflections from the area up to
Ruin are received by the sensor unit. Therefore, the actual time Togr is
given by the following equation:

2x R
TOFF = VMIN + TIASER (4)

In the particular case of LGPI, T aser is given by the following equation:

2x(R,,., — R
T[ASER — ( MA)\() MIN) (5)

Using equations 4 and 5, Torr may be simplified to:
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in a vacuum then TON and TLASER wi Il substantially
equal: 2 x 25km - 3km _ 146.7 psec . Fromthe

w0 n@santo3t hat | aser beam 106, referred C to iPCFIIQUESH00085
1, is transmtted, the sensor unit operates in an LPQ
node, 15 nmeaning TON w | | qual in duration to
TLASER To elinminate H@gk:s?—g(r&é&ed light without | o
of contrast while nmaintaining'a high quality inage of

a targ yokt 4§ 4SUf:Lick ent

ui £ oh HSIEr B PO R BH S, Flgbed s VG 8 B sy, generally
dés?@cﬁa%eqisaea [ingt ey PAGaAL mh@nyrwm, bbed Bykandehdomunit

each way to and fromrange RMN). It is noted that it
fromgrdﬁlec?@ndefscbmahltarget arddiroen backecatterr asyat fumctionsef the

width of the | aser beamy TLASER, to ensyre that no
rapgexiaeaan dae reansart voihAng dhettREgel dar fhpthogaM And non-

o5 ol WS RR: 3o, RS0 oS fion o

a E@F’BM%EU%_A'%EH)M e Tdnditidyes Rpdified &t B/s Dotfom of

SER i s given by the foll ow ng equation:
FiguASER. THax veRIAK axisvképleABERS (adiant \htesisity legatithimically, in
4 and 5, TOFF may be sinplified to: -36 WO )
unisosy loreersy peCsALere onrten0bbe horizonjalars represgntsyyange, in

eference i s now nade to Figure 11, which is a graph,
u mlﬂﬁme{eﬂﬁsi gnat ed 185, depicting the radiant

| nt ensicye2RBE fEpRAISSHLS SIHP raldrit ilteABHY SEASRIEQNBY the
Prom acksc f

froma target and atter, as a function o
sénzer unitafigm et rextdualnightdntansityndisparskd as light geflexes from

for both gated and non- gated inaging, during a

theitatgett fana sgstesh apsBatisgbiasn LB lansdeuCainvenl &f represents
the radiant intensity captured by the sensor unit from backscatter as the
laser beam deflects off of atmospheric substances, for a system operating
in an LPG| mode. Similar curves, 188 and 189, correspondingly, are
provided in graph 185, for a system operating in a non-gated mode. It is
noted that the form of radiant intensity curve 188 from light reflected from
the target in a non-gated mode is given, in general, by the inverse square
law of light attenuation, in vacuum, as:

=S @)

,
where r is the distance between the source and the target. This law is
governed by the geometric propagation of a light beam from a source to a
target, and accounts for energy attenuation over distance. The light beams
propagate through a mainly homogenous medium, and through an
atmosphere with an aerosol density profile typical of an elevation above
sea level. It is further noted that for curves 186 and 187, both operating in
an LPGI mode, no radiant intensity is detected up until 3km, which in

Figure 11 represents Run, the minimal range, referred to in Figure 1.
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a typical airborne systemin the conditions specified
at the bottomof Figure 11. The vertical axis

wo epses®st s radi ant intensity |ogarithm cally,PEMIL2005/000085
units of |unens per square neter. The horizontal axis

represgn €yt 4 N ' | Qg eLRi :

186 regtr L?ZékﬁggtWedtrQdijag]nt[rﬁ(%]‘[serﬁé?%’yft@aptur'%ndt @Eﬁﬁ'éy from
batRaeattet Nicunid OT8¥NdsT Asgigidle | feldtive ntoenkét gffective radiant

di spersed as light reflexes from the target, for a

intepsitgrof dpereflection of ightiPginging:ondhesarfege okptagatteurve
obISTbRRBE LT b sl B o R
ottt when e PP I8 qfer il T g® Hd gied! e, the

int‘é%[tgsﬂi?@ﬁ\dbﬁak%atfére(cm/@w99)1 is eV BigHEt5thdrothe effective
system operating in a non-gated node. It is noted

intelmsity tdfethico reflexfted digjhd rfroinnthren surfaceuofv thel $arget deurve 188).
light reflected from the target jn a non- ed node

Thig i1y the gasefryanbearangs, ot Bm ang @geggﬁaﬁ %ﬁ%ezénpa\%%ween
| i ght t epuat.| ' u ; 2

taldUne b ERUTN s el 1 B inohid o fo sgeF ofcers of

mgﬁhﬁu%@%éﬁin ANGH- Gt PIddtE ARV AleRE ion of
a“litght beamfroma source to a target, and accounts
for end@hgyefarégetiluig iappreciatedithabdG| Tperhtightinipgraves the

ropagate t hrough a mai nly honbgenous nedi u

25 d
conhrra_%wﬁt A illeminaisRciasgel agaist dbe asksgater lig%irggnsﬁy for
any, i by Ean Y sk 2680 oChus s syEteTn-opdsglifi in an LPGI
e 0Ad ek eckthe B 1o dhdct rAeTE Bagor, Wit

refévbhce to Figurs mpbystenyd 00rddes netiréquirenkhogledgel of 8 exact
WO 2005/ 076037 PCT/1L2005/ 000085 It is noted that in
rapge L Rg betweent bystemi 400 andedaigst f1O8m(Figaresdat therrough

es&iﬁgqrtéfn of ;%Ré‘%ﬁlf @l %%igi@z\tﬁﬁh?tgigff%hggﬁuqﬁeg \ eFetqiu\fFed pulse
WP SR (b YO WS 18] SPBE et dE caPibeng,n he

exabhiile hFighee 9 10teawebarB! to @Bekmt hisly ¢ particularly broad and
operating in a non-gated node, the

requires a very rough estimation in comparison to the precise range

determination required for modes other than the LPGI operation mode.

It is further noted that in an LPGI mode, the radiant intensity of
the reflection of light from a target changes by less than a factor of ten
over the 4km to 20km range. In contrast, in a non-gated mode, the radiant
intensity of the reflection of light from the target varies by a factor of one
hundred over the same range. The relative "flatness" of curve 186 is the
result of the gradual increase of sensitivity gain of a gated sensor unit, in
proportion to the increase of range, represented in the graph of Figure 10
between Ry and Ro. This gradual or progressive increase of sensitivity is
"multiplied” by the attenuation of reflected light in the inverse relation (1/r°),

in vacuum, proportional to the increase in the range, represented by curve
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intensity from backscatter (curve 189) is even higher
than the effective intensity of the reflected |ight
wo easotdog7 surface of the target (curve 188). AdI/H.2065/000085
the case fromthe range of 2 km and over. The
i ff e 1G3C ke | leal
188 L FloPEoLE T hihg P L o BVeh R "L 163, PHErghbe of
4kilap POk Hineehed BBASer avet apduavidrget isaypisal for many
Therefore, it is appreciated that LPG@ operation
applipatiors, padicutzsiy miitaryofargedngl | unmi nat ed t ar get

agai nst the bagckscatter .light intensity for .any.ran
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G .not e W . Of: .
modisquolBRS BREGHYS Qitv4it JFer igERRIGicT Bri BBtection) of
tagets Vet WvErRSile dleptis ©fifletd KDuptbdsefiald” rbferetacthe ranges
range Ro between system 100 and target 108 (Figure 1).
of Aiewuggnfinest torgeirtam dmitsaidhReferencef ta Eigure ?nsyﬁtem 100
to calculate the required pul se. wdth i&?l aser

b
will gsodieg A diah . qusiliy Tayades foRethotarasts dosaied relativaly near

oy GERRPLGl el bl RS 8 42040, Y ey rom

L e arison to the precise range
sysf%rh"ﬁ‘fd glki)éé‘t&ﬂégﬁ

etermn on required for nodes other than the LPd

oper at iThe property bf verdatilé depth afdicldhaisponsienedslis highly

node, the radiant intensity of the reflection of .
relevght inf thercantext gé@ televigien eyvidesdmagemhavingca selatively low
. ten .aver the 4kmto .20km range. C LN P~
infTRng A ER-Srstne DRamiGelige” 26T o RaT Dy PEFVqg sé-blinding
anrdeBbéFéipﬁibtg‘E éf 94?—:1ar5¥ Oobiebes G thet irﬁéﬁé?%mﬁh%é@\.ﬁgowmn

of one undred over the 'sane range. The relative
usifid aurgiasy iformation WitkhoustHengatadernayingf fedteregr3elf+blinding

i ncrease of sensitivity gain of a gated sensor, unit,
andnoveriexpostre are @remtedgvmaanomﬂg@ted kightds ahsedgved up

togRaatumial iy dicki SEarmile, SRS SROfGi 1) Frag=akm).
Seifinafl 4% Yo alb Ak e biRyeh R Bekatst P i ronce

in tabddieed Natarastes bdtheehangarby andezeanay bhjects ve relatively
-38 WD 2005/ 076037 PCT/1L2005/000085 188 in Figure 11,

smalk (at substantially fladl eunveefor the gated utarget sadiankdntensity in
rag gs?f 4km to 20km between a sensor unit and a
grag 3 is typical for many applications, particularly

m 11 tamphd @iideitddfiance Ir(R) received by a sensor unit as a function

of range R is given by the following convolution formula:

£1ASER+T0FF+TUN L(t _ %) -C(t)dt

1aser +Torr y

(8)

I.(R)=

TLASER
where L(t) is a Boolean function representing the existing reflection of a
laser pulse, irrespective of the on/off state of the sensor. L(t) = 1 if the
laser is “on” (i.e. the laser pulse exists over that range) and L(t) = O if the
laser is “off” (i.e. the laser pulse does not exist over that range). C(t) is a

Boolean function representing the ability of the sensor to receive incoming
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It is therefore appreciated that a systemoperating in
an LPA@ 5 node provides effective observation (i.e.
wo ewsbidosTat i on and detection) of targets ovePCHIL2005/000085
versatile depth of field. "Depth of field" refers to
ighP€ ' 30953 f view fin ce AN |t W t
I'gﬁwgferéelﬁce t"?Jé)Fi g{uore Eit!%gsyst%g]r/rﬁt)fioo é%/f/lﬁ?l prb(f)nduitgea hi@geﬁ\sor.

c@palt # thé eaof ehitlstim theront or hotivated stataitandCyft)rearif the
system 100 (beyond RM N) and taéi%ets | ocat ed

se{ﬁlrainit/iﬂ in the “offagr deastivatedsstateml Lagr( doasind doRORIe as
e ty ,of i | h of field .

the K b HoBREd Savan NGHETE Tosk &% die ISihSeBSAT it s peen
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A EHIH PR R cRG ATE TR RNk of a laser

pulsE) eptrepheddmt8! thedspaedaad wihieh ehieotatier plilseetralils, in the
obj’ects In the image, which occurs when 15 using

madiinh irmmhicmitds eenvietingvint hout t he gat ed i magi ng
feature, Self-blinding. a erexposure are prevent

s [ d d
becausd h§o INtegralcisediVidemtby sTaseetQ PMMANZS ep]eresuﬁ. The

B A PSR LB BB, B oo
byP Wﬁgfyt%?ge hpealpeve NeosidIlesS fePmulad WiRea Vifigh geometrical

i nten s between nearby and faraway objects is

profudglis8 N hundih BleChised,pb: igfié ) Mepioned

total irradiance Ir(R) received by a sensor unit as a
alovestoron midrer aogerafe | sttgnwatiorbfunbiori dhabwakes into account
convolution formula: flASER +TOEE +TON L~t -2R -

atﬁ@s?%gfc %@sﬁgbﬁ%ﬂ@ Ecaffdrin i ﬁf}nzc%s"m%& L4$) —%e‘z",

ol ean f'uncti on representing t exi $ting
reflection of a |aser pulse, irrespective of the
wheveofsf is the atatosphericeaitenuatiqn poastants Thae' »'1indbe pawer of
“on" (i.e. the |aser pulse exists gver that range) and .
the( npturab expenent feisis myltiphed: by '2. begaupaste p%fl%@atlon

Pl PR 3t B R, G 4k A e BogB g8 by the
|a§g,06b|\ég oG e a—é%é{{l_) 2005/ 076037 PCT/ 1 L2005/ 000085
Reference is now made to Figures 12-14. These graphs depict a
technique according to which laser pulse 106 (Figure 1) is generated with
a specific shape (of each pulse) or pattern (of pulses in a beam). Also the
pulse energy of the pulses may be varied for similar purposes. These
techniques illustrate the ability to change (preferably - progressively or
gradually) the gradient shape of laser pulse 106 in order to achieve
maximum sensitivity of system 100 (Figure 1) at optimal range Ry. In
accordance with gréphs 150, 160 and 170, if a shaped or patterned laser
pulse is generated, a substantially small number of photons of laser pulse
106 reflected from element 152 (located near system 100) and a
substantially large number of photons of laser pulse 106 reflected from

element 154 (located remote from system 100) may be received by sensor
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i ght according to the on/off state of the sensor.
C(t) =1 if the sensor unit is in the "on" or

wa@edoswadoed state, and C(t) = 0 if the senor uPCT/IL2005/G00085
the "off" or deactivated state. TLASER, TON and TOFF

) {ned. E i
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puise MO 1o sklete@BUd tem ffe intansiy ssilighef at thaserd of the
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account di stance covered the laser pulse to

bearafldotethfeornavljetts Refated rategreatandistanees,owill barreseived in
12-14. These graphs depict a technique according t

senspE hinitak4 |@gh@omtgns'§mwhﬂ@ sirgilaerbape & Pa norQ@y be

refbif\Ehe 1hf RS GeliRGuGRr P ErbRsySheiitiy Salisbdyohly fleray

to YR Peieidinf a§'tﬂb'r§fl Bling Sbfscts Hies nhbf@l@i%ﬁé‘@é, thus partially,
iITlustrate the a |F|ty to” change ?pre erably -

fully,00F es@nvekyessivelyr adngdnsatingefar b emiergyagtterndation that
~ l'aser pulse 106 in order to achieve maxinmm
inzeasesiwith thefellgatiamdistangesi gure 1) at optimal range

59 oSt B8Pl HRor R o Mhpiding an
oFIa AP sRABE) of ket fir BIpIEh lasarpubid 182 Tho
veHISHl axid Pepresbatathealdlativariotensityvef oflapdoputse,oand the

| aser pulse 106 reflected from elenent 154 (| ocated
haorizontal axisrmepyssents1ioe. e verticad éixie hasybeemdwrmalized to
1. Time Tcon is the duration of time during which system 100 transmits
laser pulse 192 at maximum intensity. Time Twave is the duration of time
during which the intensity of transmitted laser pulse 192 decays in a
shaped or patterned manner (or by its controlled energy). Tiaser is the
total duration of time that laser pulse 192 is transmitted and equals
TecontTwave. Time Torr Laser iS the duration of time during which laser
device 102 (Figure 1) is in an “off’ state, i.e. laser device 102 does not
transmit anything. Time Toer is the duration of time during which sensor
unit 104 does not receive anything due to its deactivation. Time Toy is the

duration of time during which sensor unit 104 is in the “on” state and
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1). For exanple, if the form (i.e. shape or pattern)
wotoosam®87 pul se 106 is sel ected such that therPCT/IL2005/000085

intensity is higher at the end of the pulse than at

repifeSaEiRClofs T A IniR: Goblet iy PR o fictproPlionate.
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o T e e e e uni ¢ 104 | s
synchr Figured 18oiss tagraplecgenerallyr designaited 2Qhedepicting the
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unit 104, may be sel ected, such that pulses, to be

axiefhzac beénf nomabizedtts 1 0Grapth 200gdepicts adispeaificeiystant in
wll be received in sensor unit 104 with _higher
timey dRspagtiqulan 1thesmamant dhapdaser Jailser A9gaimpinges on an

elESiedu it Bt P R BCHERT: Yo 168 HIERRER Wi pnge
RARIVFRregRire At adaftiorttll HnidGRCof fitheSinPafddrab! rtachPsensor unit

WUIIy, or even excessively conpensating for the energy
104 {(Figuaki o Seakor i urit d@=lewilhibdyinhhto celleet phatons, after an
di stance. Figure 12 is a graph, generally designated

adiionaepnoun gf #ime.anjappordance withthessbhaee g prftererof laser

P, 2 HHOtoRE i apBOR ANPGRS 2tk onc) GuesSfpLl Toz and
d . . Lo oS

R ebRE IS R ERGR Y, WhEn LA E 1D, adipieq, photons

intrbﬁgéuﬂa,?\b@@bméémﬁisiahbé@_FII)JWhnb_ Byserited @ thedveginhing of
l aser pulse 192 at maxi mumintensity. Time TWAVE is
thehatensityt deeling of ilaser pulsen$92nPhietems in irangasRegn dpetween

. ' d | I 192 [ h d. .
difaiicerrBa At poltedyiasst debie JOReUIoHER o) Witk madnum
4 S b t ' ' I 192
'"Iei‘SI'I’ZarIﬁﬁ?ttI%ﬁ"Qny ‘2‘3&%&“%‘1@&@@%3%9? LASER

i s the|diy apbesciated ithgt earidge Ry dépérgeion dme T2 0%hich

(Figure 1) is in an "off" state, i.e. laser device 102

catrespangts to rthesdurationyofitime frome terrstancenthelend icfraser

f tinme during_which sensor unit, 104.does  nQt receiyve
puls§ I92nkpashes Buinte thedpstange wnwh*ﬁ%@erwiﬁ lgger pulse 192

reflects from Ryn and reaches sensor unit 104. This is the instance at
which sensor unit 104 is activated (Torr=2xRmin/v). Photons exiting at the
end of laser pulse 192, which may reach sensor unit 104 after a period of
time shorter than Torr, may not arrive when sensor unit 104 is activated.
Therefore, photons reflected off of objects located within range Ry from
system 100 (Figure 1) will not be received by sensor unit 104 and thus,

such objects will not detected by system 100. It is further noted that

relations such as iz define a laser pulse shape that drops in intensity

p
dramatically. This drop in intensity may be advantageous in terms of
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30 duration of tinme during which sensor unit 104 is in
the "on" state and -41 WO 2005/076037

w@EPbshted@05/ 000085 recei ves refl ections. The tPEEHE.2005/000085
depicted in Fi gure 12 are not proportionate, for

RS ST i oy P28 b et g e

atfgqmg;bnn@t lbBer gﬁ;\éaﬂgg)"rent of the shaped or patterned
| aser pul se dep| cted in Figure 12. 5 The verti cal

axi s r &fgereerdsig lze seabiivity egiapthengéengrally desighated 210, in
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T 158 sa v G ARG SNl ThgFGar el dtbsents

refeii¢el SBHIINAS) Gf‘%éih a?idefﬁ%znﬁohi\térﬁl'aﬂakl%erépﬁéﬁ@nt@d@tance The

Reflections fromthe el ement within range 10 RM

verticali axs drasabldenimoratalienuta 101t isi melpful tor@tanane geaplrn 210
sensor unit 104 (Figure 1%“ Sensor un| 104w

withe graph d 80f Etgursh%twhgre ¢ drohmaugdel ksGhaNaping, wes not

aof tinme, in accordance with the shape or pattern of
qpé?é’r pul se 192. Photons in range RM N exited at the

Egd of ARDrdingH, Sharid® RNF idahe ?thetﬁohﬁa\ﬁﬁlchafﬂéﬁectlons

when sensor unit™ 10471s activate Phot ons 15 in

germrgtedRBEVIRe( bhapedmndpatterrm pfserate Rt wadieed &y sensor
t he be |nn|ng the_intensity decllne of | aser pulse
unib204 d@ldf@s )nRaaggeRmmq b waege fapr whictst h@r@ﬂh%ctlons

ol 578 et AP i Bealh 4 FE"I48Red ana

3 1 4 APEIP 15 g Pt v

debaiyadf Iaeeﬁbuwemegé Pigurbel 2)nThangradidet amIIQOFRCA),amuIts from
pul'se 192 reaches RMN to the instance in which th

the nﬂcr@fasnm@ em@untsf themaxismurscintensibhpeation gfnl@seéaellf@ﬂ 92,

coprasponsing fo e Eidie Tk HbseARRDS seftsns SRCTRg Rk 1).

ppser [ c 0
i drafieyRofioflo ERERT o 36s0B Aty B MefeiRRag g times
befeehota dasér puibgnapdnetsments ihO4si patis! iasatdesderibed with
Therefore, photons reflected off of objects |ocated

refdrehce toafigursl 5-7.r Rangey Boeta R0ig thguieage) fram (whish the
GRSty 1ot BUIE By '8 rady 108NGF Py 45 FiwnisrthRgege from
whilA! the intensity of laser pulse 192 decreases at a constant rate.
Beyond Ruax is the range from which reflections are no longer detected on
sensor unit 104. It is therefore possible to further reduce the sensitivity of
system 100 (Figure 1) at close ranges, and prevent reflections from
atmospheric substances in the area substantially near system 100, by
generating shaped or patterned laser pulses, in conjunction with a pulse
width based timing for switching sensor unit 104 to the “on” state (as
discussed with reference to Figures 7-9). It is appreciated that system
sensitivity as a function of range is further improved with the

implementation of a shaped or patterned laser pulse (or analogously
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| aser Puissassigned et reeyjstandfragne daredvsysteguie utized. The
det ect ed it 104 Th
ariio . RRRAISaOrS o kPt ih SO (kY ehe Skt video

LT S 504, P PR Bt 1, itwos

(CBﬁlplénﬁhtaﬁ/ Mstal Dgidef Semivbhdtctonp typ@tcﬁn%risorof'r he CCD
| aser pulse 192 is steady. Range R1L to RMAX is the

typenggngaromayninchudehean n@)éﬁsnaly Sbﬂttleas &ugbulsanspye typically
stant rat.e.

oPeiRge a1 o ORI TeRIBheY GicAnpONB Aozl 606 T g Bpans
thgE8Ih #eotnsdé%él rta)/ 81‘ gb%;cgaélbe dig %hfﬁ ggifgétlffﬁges To
de‘?ﬁ&ﬁrét@nﬁ@teo@ﬁﬁq@é el“t’%‘hséﬁfde@thalrtﬁefa@ay of photodetectors
at nospheri c substances in the area substantially near
opeyatesmal 080HBRy Thyerduratiopngob f&(pelddtwdtpﬁit frammeds| thasr 20ms.
AS%%ILT?I?IE thlenra?*nogn oP Ctt‘e?&st\%}' réygltelom 100 is 300m, the width of laser
pulse 106 in addition to the duration of time that sensor unit 104 is set to
the “on” state must add up to 3 ps. It is noted that the effect of Toge is not
considered for the purposes of this simplified example. This frequency of
operation requires a cycle time of 3 ps with no time gaps (i.e. waiting
times) between the end of laser pulse 106 and the opening of sensor unit
104. It is then possible to transmit up to 6666 pulses and to collect up to
6666 reflected pulses, in the course of an individual field, i.e. a video

frame.
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wi dth based timng for switching sensor unit 104 to

the "on" state (as discussed with reference to
wo@ana®37-9). It is appreciated that system 3BCT/IL2005/000085

sensitivity as a function of range is further inproved
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gl nﬂageptm greétesrehh@oabmty of Hdysteyn e redsiceriiier dffects of
eo sensor, such as a (Char ge Cou PI ed Devi ce)
S

ambueat digig §QU(QQﬁTmetaarW9N§[ amurolaeaeo éiMCLQﬁde@EQ?r

SySIHTE SRRl ?é?osgﬁ%%%@%?ﬁé'q?ﬁ%%@ﬁ?% operate at a
const aﬁ%ﬁrree‘%‘ée”s?yag &vailg! M}é?@ﬂ@@é‘g 23bi e epicting a

nmeans at each se fh arra ot odef ect or

tinfiAp! ckidlie Hhéreaasiasel pulsewidt istchanedt dghamipedly over
it is assuned that the array of photodetectors 20

thegmwsesofaobt—mnmg aneindividvalotragte. aﬁhe ngricauaxist represents
i s then st, for

the S4am oo dBkicsoHETent: thipRene 2 ataubS G ifid deyfite pging on.
an‘i‘p% tlJ ?Jrr‘egé’nt%hg Qfé\'i@é | gy db\/[?% dg@m&; ?ﬁf‘spﬁe %ﬁzd‘rﬁﬂl axis

state nust

re?ﬂi%té himhe ! WheetbizﬂQMdtlﬁ of@dcH sydlet remamsn @lmﬁdnf dethough
he purposes of this sinplified exanple. This

thé rwnqimmfylaeer PBilspdiog: (b b@cmmeesw@rr@wer @s time progresses,
w:th the Sgptber{sve%nn? gndel'p growmg accordlngly By the final cycle, the
width of laser pulse 106 is very short in comparison to its width in the first
cycle, while the waiting time for the array of photodetectors to open (Tor)
is very long in comparison to Togr in the first cycle. The rate at which the
waiting time, before sensor unit 104 is activated, is increased, is equal to
the rate at which the width of laser pulse 106 is narrowed. Thus, the range
Ruin, from which no reflections are received from system 100, may be
increased. In this manner, system 100 receives more reflections from the
remote range than from the near range, and a desired sensitivity as a

function of range is achieved.
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times) between the end of | aser pulse 106 and the
openi ng of sensor unit 104. It is then possible to

WO e@semioB7 up to 6666 pul ses and to col |l ect up POT/IIB6EH00085
reflected pulses, in the course of an individua
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shaefih dotgrapbh286nef, Figuree16ethe vetdl width yofl @aclts cycle remains
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TSN RSBy m M apIetQ dlrdlorot ey shor
infdarhparisombe itsaduragiohdn thedirsbheyde awhilgdhenwaiting time for the
potential exposure to anmbient, |ight sources. Fi_gure é_6 )
array 8f ghainretgetrusdpigpalttl aprhise¥eyIongdefirppagsen ta g orr In
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actitdd dilind %_%d,TiEm@éF t¢ahedidte AERIER e duPStion that
status of a device, re "1 represents a status of

sérisprdmit ¢04higiswg “‘on” is aratrowed.r Thussthe sarge Ry ysfrom which
t he device being off. The horizontal axis represents .
na ireflections g aleomiidh figm esisiery d0, maayi be ineieasesk In this
al t hough , 20 width of |ase ul se. 106, ( TO opes
mABPEOERED {0 athPaednors Felleir AL s mRaEEFige than
d i a [ ifJ nal t i
I SpeP aBer CRL &, fRsifed RerlcHyit) B8 aURkhon range is
adlievé@. wdth in the first cycle, while the waiting

time for the array of photodetectors to open éTC]:F) o
i s ver Figarey i isoapardptbngeneratiy-designatedi 280, dapieting a

s Vit Sl b 5 1% brelin S50 968 G728 that 2
sensor unit is activated is changed dynamically over the course of
obtaining an individual frame. The vertical axis represents the status of a
device, where '1' represents a status of the device being on, and '0'
represents a status of the device being off. The horizontal axis represents
time.

It is noted that in graph 230 of Figure 16, since time Tp remains
constant, system 100 will remain sensitive to the effects of ambient light
sources for a longer period than the system of graph 240 of Figure 17.
Since Tp remains constant, reflected energy not emitted by laser source

102 (Figure 1) may be received by sensor unit 104. It is further noted that
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the rate at which the width of |aser pulse 106 is
narrowed. Thus, the range RM N, from which no

w0 edos@odoBons are received from system 100, mayPdBEIL2005/000085
increased. In this manner, system 100 recei ves nore
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the degigfab&bheofecHH u'eQ'chﬁDﬁeiﬁe?Fa“prﬁZSOabhﬂ gfaph 240
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dursitibre of i &rd tthe dwaationft Teraré eachheeryashaat irntomparison to
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whi th it L bef ' ' .
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kg bolOR pdfeaRIaR 10N qdRkieg @ fordassa igoqual o

the &fureofithesate< at evich & amdMpsanss each Ofarrowgd bEor example,
_increased. In this manner, system 100 receives nore .
if Tendcts are narmwedat thensame salge therd ort inaraased at twice

RSB S SeTE B WS B LPREhI Bl iytos
w8y SsPoRIPUIR) ) B4a of AT ISR o4 Soronod,

thasnegploitlig the apkryatssents apldangesivedndiy aistgmovi@0, to a
the course of obtalining an individual frame. The
maximuralln dkissmasamess system HHs reaaivesmere rilactiens from the

re\éh}ggé?@nlg'e &N ef?grrr]\t the' nss’ataart Pasng%f, érpg éj Ga/eisffr% giepmgiti(\jlﬂy as a
function of range is achieved. This is provided at the "expense" of
narrowing the depth of field, which means having Rwn approach Ro.
Having Ryn approach Ry is desirable when a target range is known more
accurately. Narrowing the depth of field can also be compensated by
enhancing the pulse intensity.

Timing adjustments during the process of obtaining an individual
video frame may be employed in order to achieve a desired sensitivity as a
function of range. This may involve dynamically changing the width of a
laser pulse, the duration of time a sensor unit is set to the “on” state, or

both. It is appreciated that the aforementioned techniques of timing
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25 represents a status of the device being off. The

hori zontal axis represents tine. It is noted that in
w@eaph7¢d30 of Figure 16, since time Tp remai NSPCT/IL2005/000085
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range is_ achieved. This js provid at the "expepse"
regfes?ents the status of a devfce, IOwhere ¢1o| represents 2 Slatis of the

device being on, and '0' represents a status of the device being off. The
horizontal axis represents time. Figure 20 is a graph, generally designated
260, depicting timing adjustments during the process of obtaining an
individual video field, where a total of 100 exposures are performed. The
vertical axis represents the status of a device, where '1' represents a
status of the device being on, and '0' represents a status of the device
being off. The horizontal axis represents time.

Reducing the number of exposures in a field might cause less
photons to be collected at sensor unit 104 (Figure 1), and thereby cause

darkening in the generated image so that low reflection areas may not be
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narrow ng the depth of field, which nmeans having RM N

approach Ro. Having RM N approach RO is desirable
wob®R0Z08Ar get range i s known nore 25 accur at ebgI/IL2005/000085

Narrowi ng the depth of field can al so be conpensat ed
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dyhaatiiealfpychiftrifed.oed inurabderoft @xpoBuee® in dedield¢dmay be
sensitivity as a function of range. This may involve

comynodledldaldogordance with severadifacters. &~ @uexample, mnestactor may
o B 481 o BT GRFSRIARLINR, by 3 1500 o

af o : ar a7 . _

AL o AT REL L Ay o pmoient ight)

Andthegrasted raay beo e negelvoft Butrbat abasamed bynsshsor unit 104
techni que of changi ng the shape, pattern or energy of

(indofraation phiske mais beddbstainexkyiav plmwaa‘f%lmiy)e to Figures
e AT Sl o A o ol e b B30 250
oo e o RSP0 B PICSTARIR, i

vidéd fiRld Owheld thBahemible? ool BpoSiireseld abfitkrdig@ontrolled by a
arising fromhigh intensity anbient |ight sources.

teﬁldgi?Ubobai;éd,omﬁmgeepnMéssélhg“ Thepvenioal saxis represents the
ifferent image processing techni gues be utilijzed
stalys ehasdevepovderenlepygsents @aplatug é)r}?%'@egevlcrsa*é@ng on,

arfh ] TeerERsMang St diloBl” dflce BRI St ThE ditidital axis
repﬁéiﬁﬂéé‘%ﬂwg? ngﬁ%bggufm%ﬁsedéori Gnit A4 '&Q{Lﬁﬂh@é two

exanpl e di sc ler wmth reference 0

frarmesr esodé fidine id large pessbért ef éxposuesnare olptairediadsl in the
ul ses and to collect 15 up to 6666 reflected. .
othewot tame,i i t s@adourwsber ah EXEPSUESal alg epltaingd.s In  this

e B R 35010 SRS 1o at s
oﬂggéﬁéfﬂdetéét'g:r,soﬁbﬁ QyPay ot Bh%tdcﬁet@@fcfrg,r m{ty rates faster than

SUres. gur e s a' graph, gener esi gnat ed

stZiedardd TPt bngICMO8i Bgnadisisit nienassdmredidhatheepsorasst 104
of obtaining an individual video 20 field, where a
opesatds ot asbequUenpyslr $80drz. Fber eprreapomding, dutatien of each

fraarﬁ(lesis then 10ms. Graphs 280 and 290 depict sensor unit 104 acquiring
two frames. In the first frame, graph 280, system 100 (Figure 1) performs
1000 exposures, and in the second frame, graph 290, system 100
performs 50 exposures. As mentioned earlier, the number of exposures in
a field may be controlled in accordance with several factors, such as the
level of ambient light, the saturation state of the photodetectors, image
processing constraints, and the like. After sensor unit 104 acquires two
frames with a particular number of exposures in each, the two frames may
be combined into a single frame. Dark areas may be combined from the
frame having the larger number of exposures, and saturated areas may be

combined from the frame having the smaller number of exposures.
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represents the status of a device, where '1'
represents a status of the device being on, and 'O

WO e@ses®Bt S a status of the device being of f. AEEIL2005/000085
hori zontal axis represents tine. Figure 20 is a graph,

gener agj rgegégﬁaée?%h&ﬁgm lﬂﬂéﬁ%hé‘ﬂ o fﬂé‘gwo _image frames

adj ust arin obt ai ni

acqftedi wafhg\aréiem f izgidd, thé’ﬂ@bmtﬂnamm ofofthéoﬂv@xﬁmﬁwsesn is
are perforimed. The vertical axis represents th

asstmtad thet thedsizecef antimage framejg dspixels, for §trapugty3fln the

frdt G, 268, HiEH Sadin T S ore.s Ter Putiter Shakbdshtes, the
uphef s e qtle sty il GEABRITHAS, Biala feasonable

levdli 6f dRy. (I ﬂ\\é %eébndaﬂﬁntéﬂQ@qbwmahsmgudaté@mwm a smaller
the géenerated i mage so that |ow reflection areas may
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€ nunper exposures In fiel

consbinedtfrathbe@BAy a techni que based on image
processing. The vertical axis represents the status
of a ddhectechimigue depigted:wsdmigures &laamsd @2 wietwo frame

expeshis BlloNpEPy a FAe omkifei Rriube afpbuirale Yange of
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It is recalled that the blinding effect includes blinding caused by
the operation of a similar system in the vicinity of system 100, herein
known as mutual blinding. System 100 may overcome mutual blinding by
applying statistical techniques or synchronization techniques. Statistical
techniques may include reducing the number of exposures in the course of
acquiring an individual video field and possibly compensating by using a
greater laser intensity or a higher intensification level from sensor unit 104
(Figure 1). The techniques may also include a random or predefined
change in the timing of cycles throughout a single frame, changing the

exposure frequency, or any combination of these techniques.
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standard CCD or CMOS sensors. It is assuned that

sensor unit 104 20 operates at a frequency of 100 Hz.
wdbmsoosespondi ng duration of each frane is PEEIL2005/000085

10ms. Graphs 280 and 290 depict sensor unit 104

Msz%ignt "ﬂé’cﬁﬁ@ﬁ?? g{ee{rllf gﬁ&ngaé %ggﬂélgggl g H 3 %Sﬁﬂcatlon

cﬁdimeietﬁt%ehrm@tw@rw@mr&%i‘oﬁax&mlé,om th@Rﬂ—'oramgéOSuch a
exposures. As nentioned earlier, the nunber of

channed wewldi enableattie éva sysiems tgbﬁorrunueu:aﬁe. with each other.
W&ordance th se eral .act such fa he |evel of
AGGiREn Passille. HRENEaRERLION ofedhaiRliSorBF novercomifty Futual

ssing constraints, and the
blm?ﬁ)ﬁeé) %ﬁ@rrﬂég%g Beﬂﬁoqlfétg@?acqw res two frames with
a part iRafepsndulid elow m#&dd &6 Rigerd 23eadtich idia pa\i@ of graphs,
frames may be conbined into a si ngle frame. Dark

genefaﬁy rdgsrlT%maatedPBmw\d 8326, depiding aasw\qlruomz@tnpnetechmque
fok SHBTGRIBITG BIMIVROIIAIRG: §R6i REAC S PP ESaaTas SIS of a
BB iele, 1RO & SRS T 2087KE0RERR Fsuaga

e??é’é’érﬁt@da bfhtﬁb%ﬂtﬁe@ewé‘@cbetu‘t‘iﬁ ot MK AbiigoNn R atxhsf—‘ réph@sents

rames. It is assuned that e size of an imge frane
time. i phe esiysnchfmnzatmpltechnmuel depicted fin FHgufer 2oe omzsystem
whi ch or| g| nat es frogma | arge nunber of eégosures

enders ger e eyan(sk: ditenynMhen fe| sygtem "R the

; %@E@Zp&?@ﬁé@%ﬁﬂ%ﬁﬁﬁgtx?ings' R Pndfhiting b pses anc

cgeco ng reHeBtions. Ufnefhe ebenttftra hé&bn@'s’%terﬁ%é“ﬁbt transmit

saturated, whereas the |ower pixels are dark
ary patsed wmlbetlmﬁtstr&,&tenagaeln itbdist@ning| pelﬁm«brrsécmm 312 of
frame 292 are conbined with the pixels from second

graphee30Q aﬂgl431&h®ec6f%.8ry§temrmgu repdme agkvihaat thaend of its

istEEREROB, I8 o &t ey HREShebd yBhhnsPis puises
wﬂ.'née thé"fﬁétals{/sot'feﬁ?ﬁg .ﬁqfasl l.ét)éni@ E)B%%b)éebﬂéhe\?ﬁ@%f gflphs 300

nbi nat I on sat ur at pper ' l'eft pixel 1n
arfd B30, theafiesi2&ystend wdits ootil- thet endtafdheppmlic dexjuence of the

pi xel in second frame 294 generates a non-saturated

saqopel sysiem befase resumisg itheln grante309ssystam #1 performs
atc?/(c::fi1cr:1 is lﬁ%e%% ig{ %‘6 iegpgé 'es°B 12 1reaen qe‘%%gog Ils\f‘é)ni];\baggriod. In
graph 310, system #2 performs a cyclic sequence only when system #1 is
in a listening period. In this manner, synchronization between system #1
and system #2 ensures that no pulses transmitted by one system are
received by the other system, resulting in interference and mutual blinding.
It is noted that in the synchronization technique, 50% of the possible
exposure time in a frame is allotted to each system.

The synchronization technique depicted in Figure 23 may be
applied, for example, in a night vision imaging system mounted on a
moving platform (such as a vehicle), according to one embodiment of the

disclosed technique. For the sake of illustrative purposes, reference will be
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exposures foll owed by a frane conbi nati on enl arges the
dynam c range of system 100 and provides a high

w@ab0tep31 mage even in a saturated envir onmeneCT/I20052000085
appreci ated that such i nage processi ng may be 20
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usi ng an even f ast
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the blinding effect includes blinding caused by the

imagingtsystemt mousitet| en asyehicle imay Hiachidei antiptasface with the
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44 55 V5, LGRS, TG DL AR Y RSB oo

puls8lpitebforas RRStANEE ihthePoosEctorPbf tes Yehidlegand the other
i ndi vidual video field and possibly conpensating

b
pulsé ndetecteyr minrstalleddn thet eeat sgctionaohithgesehicle. 1yhe pulse
intensification | evel from sepsor uni % 10

4 Fi . .
detpoiorRcieiechil QI RySIoMS SR d1SySarin fahaye-oberating in

S AATPERNETeh RIS o BFEL0% FEHFLGE froptr from the
rebf EBISEE Ya \%hié!@yaﬁgl’it&d}ﬁﬁ' ool thaesart BCRBE ikesy to cause
-50 WO 2005/ 076037 PCT/ | L2005/ 000085 Synchr oni zat’i on

intextérengeewithsysterl 10E; satchisbhizatiog mayonotubé daplemented in
channel between the two systens, for exanple, in the
sugh aga§e: Such a channel woul d enable the two systens

L P B St R OB B e
.- .. 1 .’ . . f - .
AoV o B! oDt i etanpg pero of &

frameamalyl lye dieglicatetiad dettecting pides trapisatitted ey other systems.
synchroni zation technique for overcom ng mnutual

If wia poiseyis Tetesied: from anether spsiesansysten GLMmay sandomly
devi wh "1 . f\at f th '
dasitingubah e Gevies” 82, Badne 171k Pedit YalhBfng Jaser
) s . : . | _
PRS0 SI0E, AR B, S SRS A System i
deteetary plowevernsgstem 100 fittaiezgtraasimssioavef laser pulses at a

often. When the systemis in the |istening period, .
ranglons ytime nonlyf atiehdhe rapproaghing pulse) hass endegl Alteraatively,
ea l %g%ebgggéﬁg%gééi nah@}laettngireﬁlqué st trhstRIERISh timing in
each frame. It is appreciated that these synchronization techniques for
overcoming mutual blinding allow a system to synchronize with other
systems that operate at different rates. Another possible synchronization
technique for overcoming mutual blinding involves a synchronizing pulse
transmitted by one system at a given time, while the other system adapts
itself in accordance with the received synchronizing pulse.

Reference is now made to Figure 24, which is a block diagram
of a method for target detection and identification, accompanied by an
illustration of a conceptual operation scenario, generally designated 350,

operative in accordance with another embodiment of the disclosed
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15 any pul ses while the first systemis inits
listening period, section 312 of graphs 300 and 310,

wa b@shigst system may resunme activity at the erdr/mf200500085
listening period. In the event that the second system
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sequence of the 20 second system before resum ng

ofdbnei disclosel technique,30mch agssystem 100y isoinvelved Uyam&mtl -tank
Oseguence Qf 50 exposures before entering a |istening

tien.atimghlyr aph 310, system #2 perforns a cyclic
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peri od. sync Zat1 on between

at’d 15 Reh PARGEWsiRg @WFHIRS(thWhr@Qd@Mﬁgfmﬁémmrﬂlé\h@éi In the
(0]
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noted that in the synchronization technique,
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dtﬁfr&ﬂpié’ %éﬁﬁgae/gﬂﬁ‘ug §S%F§ ggé Qéo‘%ro%]éa@&f@%% éjrﬁﬁ{e“ciﬁ\ddl'ré‘chon
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(such as a vehicle), according to one enbodi nent of

opdratell o onlgch fewisacgues. FI-'cbms ishsuliglentdor stdrirgy imathievsystem
pur poses, reference will be -51 WD 2005/ 076037
emmgh Lmegeﬁdw@swhiﬁiuant Im@ge/éﬁ&ptatars@t AP eiagpnerated and

ST OB AT AR A 42,
eid@]r? %oSH %W‘é ‘i*hel‘i’ﬁﬁ B’té‘ét%é‘lﬁﬁbgtélﬁ Begefrdi counter-

I'nterface wth t conputer ystem

ddtagtionDlri Viee BhE . st %9 380, sthede¢indptes ceew ravenisnioed passive
the vehicle in which system 100 (Fi gure 1) is
operatian| ewdeoniee. purelatively ssafer apera Qnamoge i Whileyeadvancing

s B AL 5D s 18 BB o
quﬁ'-fi Ekrpoﬁ'SnPt’(éﬁel Ogsée%grﬁie‘f'ﬁh@ﬁf:ohfsﬁgﬁeb ﬁMﬁg%“%G is

Sys ate operating in h|c

catiplered iy gevibwing hisclez ovtiedydédtails L 8Gch rambyhsorhpanson 364
or fromthe 1o rear. Since a vehicle approachi from

with eothesrimagestof| prtantial dargetse 368nstaredr hee da%a Hoank (not
srgcﬁli Englggeexse?mgfer giqc')vzvﬁtlholgg e 2% the%ot@po?r{g?ctigntufled as a
legitimate target, namely, an enemy tank. In the final stage 390, the
helicopter crew activates a weapons system, for example a missile homing
on the thermal radiation emitted by hot spot 354. The activated weapon
destroys the target from a relatively distant range, for example from a
range of 8-9 km.

It is noted that in the course of the operation, described by
sequence 360 to 390, the system in helicopter 352 had no need to
measure the exact range to target 362. Such a measurement would have

necessitated operating the laser for an extended period of time, thereby

-53-



10

15

20

25

30

An al ternative synchronization technique for

overcom ng nutual blinding involves "sharing"”. For
wexaspte37 part of the |listening period of a 1BCT/II2085/000085

may be dedicated to detecting pulses transnmitted by

nglRing U BRBINA 1 RHbSrd ApecteEsh o ABIEREI o2 by an
erfigmyce 102 (Figure 1) may begin transmtting |aser
pulses within the same frame span. If a pulse from
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different rates. Another possible synchronization 25
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synchr %’ﬁéémw éﬁ(ﬁHgé% ¢ %Sé&t&r‘?@ 06t N4 %trﬁ‘&ﬁ#)bgervatlon

gi ven er - system a pts tsel
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Reference is now nmade to Figure 24, whi is a block

elelcimgmnancom‘rolaberrrét)ﬂoc()lbservaaogesecmredo%mdudes at least one
i dentification, acconpanied

30 illustrat|
photedatasterapr @it seeﬁwy&ﬁecf@éﬁe ' O ygra(re@?lwﬁt%uplmg

migane (£F25i€ boliBubd 1865 4Rty bl A o prlebes Sibhhs 16

Lés‘ae?hﬂi\ﬂlﬁé 466 |§°Bﬁﬁ(%lﬂﬁb099%roaww o?‘ﬁ%ﬁﬁbb@npﬁﬁ@ means 412.

attac el i copter 352° equl pped an observation
Elegtbaio ¢conteclberr 468 iscoupledawith nabmy otphotadfetetiors 410. Array

di scl ose techni such as system 10Q, is |nvolved in
ofavh@tﬁdetecams 4éaéﬁefuﬁbﬁf éaouml@dwvlﬂsophcalh@ow ing maange412.

"'m DS 3GERRYT e £ ¥ LRbR St BBlieARChuAy fibafts 412
o|| o optigal %Semg %]56 @ﬂlC%TQ)OWIﬁng@aﬁLeW@Om&udes a

nced only 1 km'from ot 354, the

ccﬂlirhaﬁngl lens e426\da dfirse muiator o428 \estck ami mtegtatingt khs @edaqmbly
during the course of this stage are | aser energy bea
43hi Integratingdlensc eissamidy 3530 dneludes| aseqerd Ghlfrtqlie432 First

mlrrorgeA{Zé n|sd|o|rp ﬁ:%'ll?/n c%%%led-rh\?wt al eﬂlmgtslltlge n]ens 426 and with

integrating lens assembly 430. Optical assembly 416 includes an array of
objective lenses 442. Gimbals 420 stabilizes observation section 404.
Stabilization is required when system 400 is positioned on a continuously
moving or vibrating platform, whether airborne, terrestrial or nautical, such
as an airplane, helicopter, sea craft, land vehicle, and the like. Observation
section 404 may also be stabilized by using feedback from a gyroscope to
gimbals 420, by stabilization using image processing techniques, based
on the spatial correlation between consecutively generated images, by
stabilization based on sensed vibration, or in any combination of the

above. External section 402 does not require specialized stabilization and
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operated for only a few seconds. This is sufficient

for storing in the system enough i nmages from which an
w0 nmge76886 of target 362 is generated and st OPETIL2005300085

radi ati ng | aser beam may expose helicopter 352.
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stored in a data bank (not shown). In the exanple
shown LasEr glevice2 406t tranbotitsspqpulsedilasart bisiasal toward a
nanel vy, t he
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fibAPSRAB dsed §s tgyaYemt 460 BT §8hsimitoRser darhi 42 >becr.%uslet they

i stant range, ‘for exanple froma range of 8-9 k

enablothe thddrdbeam sput size te beofedureddpethet fequired field-of-view
descri bed b sequence 360 to 390, the systemin )
(FRR) ptical flmrshalgondiowdar easynpackagingh & usthesmargn getical

g i 358y, B AR SRR g B fpgoced when
R SR 105 HLSEE R proccs spoi

pattepns witerlgsaldigitfalls of armifams)t tasdbdeviceadO6dseseparate
Ref erence is now nade to Figure 25, which is a

frasohehsarvetion| sedianadDdn Since lager gevicgeABPamay be inherently
Nez8or Biin A RS aRCKEP Mo riGRIEY 1 ndebfessess dueiant in
Ob{ﬁ%gvh%yéwsgi:@ﬁh@m 400 is stabilized by a ginbals, and

al"axis of an illumnating |aser beamis
coupl edrahémittere a8 Isedmaa?2 propagatesdtiroughgoptical fiber 424

tofyggé ;:%T%gyﬁrsléggngggZé.r] %oulltijr%?:ltigg I%ﬁtsezggl cglﬁ%taitgg t?z%zsmitted
laser beam 422. The collimated laser beam is conveyed toward first mirror
428. First mirror 428 diverts the direction of the collimated laser beam and
converges the beam onto integrated lens assembly 430. Converged beam
434 reaches second mirror 432. Second mirror 432 is typically very small.
Second mirror 432 couples the optical axis 436 of converged beam 434
with the optical axis 438 of observation section 404. Optical axis 438 is
common to array of photodetectors 410 and to optical assembly 416.
Second mirror conveys converged beam 434 toward coupling lens
assembly 414. Coupling lens assembly conveys the beam toward array of

objective lenses 442.
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io section 404. External section 402 includes a | aser

devi ce 406 and an electronic controller 408.
wob®snwaBi on section 404 includes at | east 0OnePCT/IL2005/000085

phot odetector, or an array of photodetectors, 410, an
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A a8 AN G e e

seh%of.%“t‘h'ise?a%e theSTST Sef8Br isscﬁeéletd W?éla?ﬂeﬁses to a gated

cont I nuous novi ng or Vvi brati ng latform whet

lmagebtmansmtaeraestg kabwor imahei adl | 'Ehu@rCCﬁb type sensor may
airplane, helicopter, sea craft, | and vehi cl e,

in¢lude. exteralvshutters. SAtamativalys a arra@y alfw@@d@t%@?s ﬂéQ may

besYanPatdd: T odlan Chages s IBREERR et IalEIs) ba, Hated
|nfé?ns§f!é§ ;bgﬁﬁ) n@ld@b eéacga% %%@%emtéﬁgmeﬁu i¥8ted Intensified

gene stabi | rzat1 on based on sensed

Activer Nx@rﬁeﬂson (IGMIE’SC;OEihdnEtte tikeoflt ihaotedhdhat such sensor
Ext ernal section 402 does not require specialized

tym&tﬂnatﬂata@\mmﬁﬂ preaeslmgogts/tbe(s@@playable television image,
soas USRS eVl g AR R B8 esince
SV T AR gy e o

imial elr&Sal@aﬂabaﬁkpwfhﬁownsldﬁhtﬁf%%rg‘aa(see rst€pgB88O with
25 may i nclude observation section 404, 5

referencadodtigure £4)4 The genetatedcdisplayeablentaleyisian | Image may
bes RUBIPERH 19 opAONROR G Sbirth, SUO ER0RBESTRAN HBelude
ac@u%lﬁﬁlqg if3ge PEHEsAR4 4 f¥Ri¢!gPabber (not shown), integration to
increase the quantity of light and to improve contrast, electronic
stabilization provided by image processing techniques based on the
spatial correlation between consecutively generated images, and the like.
Controller 408 controls the timing of array of photodetectors 410,
and receives the displayable television image via suitable wiring 444.
Controller 408 may include an electronics card. Controller 408 controls the
timing of array of photodetectors 410 in synchronization with the laser
pulses provided by laser device 406. The timing is such that array of

photodetectors 410 will be closed during the time period that the laser
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target. Laser device 406 may be a Di ode Laser Array
(DLA). The transmtted | aser beam 422 propagates

wo oosogiosopti cal fiber 424. Optical 1o fibers etEII28@H00085
in system 400 to transmt |aser beam 422 because they

o e A o RERATREbEDG S T SRS L targen
(dfSthRYG (PRl SARN rBRGKARE 8. FibF 19! SRitehingihecaénsdrl (it fo the

transmit laser |'ight such That no speckle pattern is

“offf ostate dinviediattlye dftesetrahsalittingatihe lasen searhaeasures that
(l aser devices, in general, produce speckle 1

5
urgraammgeﬂﬁ@ﬁpm%sérpmi@twommric ottkstaneescand padisies and
i ce 406 | te, f i i
oieERe S ot SRR OB ORER Gt e
AGiihdihat i Its in d d wei gh
e e R A T L Psrt tad | aser beam 42
pr opagReferécelighnowt neade fobFigura4 2620whizhalisl a schematic

_collimating lens 426. Collimating | ens 426 collimates
illustaatéon t obda Isystempegenarally Tateresced nR08d capstrugieshand

oI Shob el i B, RBoeaL o 1681 cffTosca
BG4 DA MO 8 AR ki so0 s
ed¥dntiallyp3allsl withiteelopYicebayissofbtd arrd§ cbphriddeiectors.

432 couples the optical axis 436 of converged beam 434
with tHeystem &0 inclydessanteleptronics: box 582t iash opservation

maRbleR04 5 BaeE SUPRLE Sy hagow SHRaMAR B0 ‘< tisplay
l4i :

5T odryifeb FREOIAEE a2 A A SIBOH, G814 CleBfHRnics box 502

inERIMRSMa MsaydéVice I 1 REerwdIienses, 44dntrdifer 820, a service

2005/ 076037 PCI/ I L2005/ 000085 Array of objective
pareels bor Adchnioldnismi2®s aheirpagen pnegesaing unibd524 and a PC

AR aR CoSuS T 5| Bl o on ARk 250 Sigludes an
oy APPSR R S ol FPAREL OBt B9 4 3y o
PIABEERHoR, YIS Eant MKl o o chiihcs card
536:sAnpatisilrmodulator shutter (not shown) may be located in front of
array of photodetectors 534. A narrow field collimator 508 is installed on
observation module 504. A power supply 506 is coupled with electronics
box 502 via a connector 538. Electronics box 502 is coupled with
observation module 504 via a cable 540. Electronics box 502 is optically
coupled with narrow field collimator 508 via an optical fiber 542. Video
recorder 512 is coupled with electronics box 502 and with display 510.
Laser device 516 transmits a pulsed laser beam 544 toward a
target (not shown). Laser device 516 may be a DLA. Laser cooler 518
provides cooling for laser device 516. The transmitted laser beam 544
propagates through optical fiber 542 toward narrow field collimator 508.

Collimator 508 collimates laser beam 544 so that the optical axis 546 of
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Array of photodetectors 410 processes reflected beam

450 and converts reflected beam 450 into an i nage
waole®phaabl e on a tel evision. Array of phot odetEBOR0052000085

410 may be a CCD (Charge Coupl ed Device) type 1o

2§ B3, k8448 SN P AREWARPE! Qbodi By S4eYr array of
pHE164Etecfors"5348 andTE n%aic?éegrllél%@ﬁiﬁséﬁbfeaﬁﬂsw%ward the

external shutters. t array of
tafgedt odetectors 410 nay be a Gated Intensified Charge
I njection Devic a Gated Intensified CCD

(G ccDylhea n@ike@geci V_r?bga%) nbeAsifrarer tha dargel reaches optical
a5, 528 R A3l hBE e o AL Brea il hbifow fita

oﬁ‘g&%%ﬁf%ﬁéﬁ Lsﬂ?mﬁg pAG Yt laBrel ?Hﬁégbﬂvbﬁiit%m. Optical

rmage, such‘as enlarging the | mge, tifying

askeniblyes28andnveygs| réftectédvbeaen H50cssiiltey 680. Filter 530
i nclude, for exanple, conparing the inmage with a se

t
pesformanagestrah anddspatiah iitering rwrefleeied beam &by rilter 530
i I et S, A e it ke 504 1o
Lo ot N S
RO Hfs® RUANI SHOREES000 il st umi s

prévideetorthelt asd desdbackte diltar 530. Filter 580anag Behan adaptive
quantltghof light and to inprove contrast, electronic

Spatigdi LightModulatoy (IkM) by spagabirecuesicy dfiliesc rnipglasszation
..based .OFI thﬁ 25 spatial correl ati on bet ween h d
filtepn e light ROlRrIgeheAaPBH I paRs fHer) jofeany other mode

Ok: 8 | i 10 . -
selINREHIEE  APCSEBD i ob b e, b of Bafmiasive Linud
Cr}@ieﬂVDﬁrﬂéyi (), Va alVistiot BltlctrosMidomanidel. SySthr MERIS), or

08 may i ntlude an el ectronics card. Controller 408
othentsimilar tdevices.nFilterob3armay afsophet adplwality of itersn The

' ser 30 pulses Provjde

h [ ith the | d.b
ChAadeTighos ool J0er SaR Sikithg PoetaIFhatacielsliss g reflected

ool 5P s ok Tl B4R B 52 er 520 may

bePprd Ham&ﬁp@ﬁﬁ]iﬁm%wq@m@iaﬁéh asmﬁomﬂduﬁgﬁtﬂnﬁ target

to system 410 en route to The target (distance .
whichhisr efatr eitbin ttheFispectrall rangei ot Hasgr tdevisenSd6. téesidual

to the "off" state immediately after transpitting.the .
saturadionn ERAENBYr 3 theaeventnahimager as| %dﬁﬁHWs?f amhient light

so%trggg plrr]le{fjlec ﬁselfgslbfa%ee\ﬁ, "?89 &?arrﬁbl%l %?‘tiﬁ‘agl illumination, vehicle
headlights, and the like, may be reduced by a factor of approximately
1/1000" through adaptive SLM filtering. It is noted that other light sources
in the field of view undergo additional filtering by the LPGI technique and
by optic enlargement performed before reflected beam 550 is converted to
a displayable image. This additional filtering is meant to facilitate
separation between background light and the illuminated target, and to
prevent blinding due to the presence of intense light sources in the

immediate vicinity of system 500.
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5 backscatter, are not captured by array of

phot odet ectors 410, and that the self-blinding
w@besom®son i s avoi ded. Reference is now nade ROI/Hi2007080085

26, which is a schematic illustration of a system

pener et S48 ARG b W g it s

i n accor er eénbodi ment e di scl

OF;ﬂcéIGﬁ’fuﬂip‘ﬂtﬁ- 53D eemBidad refiedtedobeam 650U @hiotgd that filter
aser beamin systemb500 is essentially parallel wth

530eonmptical raultipliet 532 ar hoghomahdedrstaliedrdirectly on the
obub i gl P iraudssontbly 528 chical iy isoRiayilse e fpstalled
bt L c it .

did Sl i tieTThBGs A, B SATEY ¥ AR RISERS 3R ey of

phatetetRtors |55E redekicse réflécted base 550 @ndbProcésses and
controller 520, a service panel for technicians 522,

canvertspeflgnted dszamgbo0ito iFRgadta Acay( okpbotadetectors 534

Conput er ard 526.__(Qbseryvati on nodul e 504 incl udes a
maytbe A §eﬁwﬂ§or52@?e £eh sensgrsm%mégéec%tema shutters.

AP ol MBSO, P car

5?&2 widBcalbles BAY. af |8 Q’farﬁh513?5‘9'traG*n%@éérsSh‘i’é‘\'ni)na\‘@’é"A dfta to

cated 1n front of array of photodetectors 534.

eleatroniesf et 802oVihi caltle 5L alslei 540 ahdye theoany type of wired or
observati on nodul e 504. A power s:g&pl y 506 js cchupl ed,
wikelessecempunicationpbink.seoniiolles 220 agicdironizgs the timing of

El ectronjc X 502 i ,coupl it b [
g, b Bt e s P45 borelElr , SR0 SR, array of
' ol gt ey |
pIFROHERC SR chos et e UME ertddh tft s, fERTatedp when
transpitst laisieh belags Bddniragseses H02nge ih the mdiexhateyvibitity of a
Laser device 516 transmts_a pul sed | aser beam 544

targel(i.e. sange fhan.(Tederringptnligurasrfon betht thes iarwagg and geturn
o B 35k SR Shebh AP S RusARba A FodREs box s02
PP ERRPSEE IS SRR AR prid AR ARIGRY PO car
526 aiowkt tise ihitde trbeeived fram aray Dibpledtodebectddd 534 to be
2005/ 076037 PCT/ 1 L2005/ 000085 | aser beam 544 is i
analyzed | andypregessed. kwr rexamplept sueh psdcessi® gnay include
c&rgrggflinggg%e%?%&w@egﬁéénﬁﬂgd (igpd/e%sstgroel g bank,
local processing of specific regions of the image, operation of the SLM
function, and the like. The generated image may be presented on display
510 or recorded by video recorder 512. The image may be transferred to a
remote location by an external communication link (not shown) such as a
wireless transmission channel.

Power supply 506 supplies power to the components of
electronics box 502 via connector 538. Power supply 506 may be a
battery, a generator, or any other suitable power source. For example, an
input voltage from power supply 506 allows laser device 516 to operate.

Support unit 514 supports observation module 504, as well as narrow field
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target. The reflected beam 550 fromthe target reaches

optical 5 assenbly 528. Optical assenbly 528 incl udes
wamooanray? of narrow field objective | enses (nNe¢CT/H2OVEN00085

packaged above support unit 514. Optical assenbly 528

COHEE%OT fTSBdggpAe% & A;ﬁg)@s ?IeFa\{étl In: fngdl"ﬁé%orflr e 50&381“: 514

pré\ﬁééﬁﬁﬁ hEIdHteén53EbtaﬂBMal @tﬁuétm@ﬂsk@uppbﬁnmm&m may
array of photodetectors 534 to 1o overcone glare

maiuderarirrm)d fncﬁyshoewn)sBUpleidggs;ﬁﬁfcﬁyélnﬁjadeﬁnmws and an
provi des .control and fee ck to. filter 530. Filte

int8gEAls %thaéaﬁnaa ey dno ﬁi\ﬂvm) E\C&Hi'"% &%am'&i%scous

Shﬁcg%t%%#?% requency filter, a polarization filter, a

rfzer, a narrow band pass filter, or any

ot her mogeotedl m‘t'DLGAﬂh‘séISHevm St élldvﬁ@bpl‘i@dl ﬁBers to be
made up of a transmissive Liquid 15 Crystal

usetao) comvey tramshhittetr lask dieam G4. Sl}hlse‘ﬁﬂ(llt@%) pa@fagmg of
ot her sim.lar devices. Fil her 530 al.so

lagareNice 16 which &5 fypiealy heawy Jeasst devics 536 #ialpg ocated

sopaBL it cBRBRMIGT TPBHE 504 Ladling' [ beg yRRHE on
ob%bweﬂrorﬁ%amé 504, nfqgrfemm hétedl tHAINBILA haskgdevied 516

radi ation surroundi ng the target 20 which is not
gewetdies ahbeapedir @ser aayergy hawiwy sdbstm”dleﬁlmmgh power for

Resi dual  saturation renainj n on the ev?{t u?
G et

extended @@ﬂpdsdslmﬂl@]@anegﬂte beambasi %Mfand a

8 0 RN, 00,5l V0 BN i ave
IinﬁfqoaBBfa‘Bﬂ’ltV‘?B?h h Mté@&% BoWer Oy SRicRIERR) At thebdhk

tering. "It | not e at other |ight sources 25 in
the fi #tlid fafther ewteddeapa BUAI lasendevice generedebyadiation in
LPG@ technique and by optic enlargement performed
th@emeﬁrelnfeaneécsgecuébﬁegw, i whighhigeinwgible togthe human eye.
di sp addi t i,onal

HaSYele TRk pldTe 59&}%?%&%%@% tpdbi Y Kieh STl impage
mt%a@@fe'ré WA 5 ﬁ’\‘/’é ftoftH% veRd ﬁrﬁnd"dr&%@gg&é@ image

€ presen I ntense lig I‘CGS in the

cohtraedi ’&has\arcumagyé mftelss/lﬁeemséﬂoln eé@uﬂ@tlaﬁ%m@?&m laser
PCT/ 1 L2005/ 000085 Filter 530 conveys refl ected beam
desi® can ppovidel highlimage qualgyzeven for targets at long ranges.

It is further noted that a DLA laser device generates
non-coherent radiation. Therefore, the generated beam has very uniform
radiation and results in an image of higher quality than if a coherent laser
beam is used. It is further noted that a DLA laser device can operate in a
“snapshot” observation mode. Snapshot observation involves transmitting
a series of quick flash bursts, which diminishes the duration of time that
the laser device is active. This reduces the exposure of a system and the
risk of being detected by a foreign element.

It is further noted that in an embodiment of the disclosed
technique where the system is stabilized on a gimbals, such as system

400 (Figure 25), a DLA laser device enables switching of the array of
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Optical multiplier 532 enlarges reflected beam 550. It

is noted that filter 530, or optical nmultiplier 532,
wo@eoobotde37 may be installed directly on the oup@IIL2065000085

of optical assenbly 528. Optical multiplier may al so

. : I :

PrEfabERERst oy Dvilah i, Al pr BrichRereR itsClo Hpite on very

shiof€ @inMES spahs eGitad ré§sertS kY. thendomg odarfrsl anldrations of the
converts reflected beam 550 to i mage data. Array of

gimbalsdBuek tvibrmti®ds mayycaseablTingdansthe. gameratsd image. It is

oSS S A 5 i &' e pover
. 26 i e _

o3t BSPASP 1584 o0 et LS 13C o R B ot

typée of Idséredeviced OAcEaRlifg i+ hdPasdreinahie disbosed Mchafjue is
or wreless comunication link. Controller 520

tramemitbeahttresghhelativelygvidé opticsagndf alprelatidaly donoingensities,
534. Controller 520 ensures that arra Ef .
sophat daesadetyr anguis enly | a i metess fraib tBedaser.Jmigonteast, in

oy b TERob AR B S RSndpRd 8 gty range

I - N, referring to Figure 1) for
m%gtrﬁ&%rr\]gé?@of kilogterd i ng igure 1)

orward and return paths. PC card 526
enabl et ds uigthdro noteer freate awiDLbA elaserr device bexssitable for
PC card 526 is enbedded with inmage processing, . )
applisatipns where lnset Hapsmisgion theergh Rewata{gaepig;ig saquired,

oG B, BRTAFARG5L L eBe o B 0t
SETH S BREL 0y b 39S A catons

Fareglich appﬁcaﬁmé,r@@a’serd@@&mt inotheoblughgresirvrarge of itbhe, visible
and the [ike. The generated i mage may be presented on
spéictpimprosdesqaptiraalperéarmgnee.deo recorder 512. The

ext or il 15 BRiRh Bat PHISY AR MERonpr Jiroratess) aRd the
se‘Msro?lﬁs%erle‘ﬁ@?éiﬁ' ﬁﬂo%‘%ﬁeloca@d‘ﬁﬁ t?l‘épgébhé?@ac% which is
suppli1es power to the conponents of electronics box

edzfer 10rahe FimetthneobsTortief thegillse 20d theysdresa gating, and
battery, a generator, or any other suitable power

theisutinoing For thetasynehranization.nphis legatiae of rtbe puleer emitting
6 all ows er device 516 rate.

mEARb AN Ui Segsp PR AeAsS BB e, PRJa eI WesR, they sensor
antFitle B35S’ S0YLE! &e 6BScured. However, the disclosed technique

is not limited to such a configuration. The pulse emitter and the sensor
may well be situated in two different locations, as long as their control,
timing or synchronization are appropriately maintained for creating a
sensitivity as a function of the range such that an amount of received
energy of pulse reflections, reflected from objects located beyond a
minimal range, progressively increases with the range along said depth of
a field to be imaged. The relevant ranges (including minimal, optimal and
maximal ranges, and the depth of a field) will then be described with

respect to the sensor, rather than the emitter. This may be achieved by
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WD 2005/ 076037 PCT/ L2005/ 000085 col |i mat or 508

i nstal |l ed above observation nodul e 504. Support unit
whshsiomosvi des for hei ght and rotational adj useamEmi2e05/000085

Support unit 514 may include a tripod (not shown),

oJ t S..hh4. fin | USi S .
e PRk BIE B8, 1A g LGty AFL ek Athe emiter and
thé MerRRMNith & icohPoller,Dusiec knabATRBE Signal bbériﬁ?tﬁming or
that DLA laser device 516 allows optical fibers to be
otheeidféronatiory pickedamgs iyt thedsarsosy atoraia @ocks, Taicommon clock,
facilitates packagi ng of |aser dqvife 516, which is
andythe: like.y TheaRpylsewslld then geerelys "reflegts gt sqrme andle rather

BT Had AL S8 SRR RS By R chra the
se@%l'«.hrgqu{ghg%ééﬂéh $@GehsdBYLReIrPiis copf®itdersirdshould

eam ser energy having substantially high power

bef wad &% tatsul esfeping tdsefl&tiores ahany arglatfrmitbambjestsao the
hi gh frequency and a relatively low intensity, it nﬁy

sepsor.oGalaulgtions plustrating dhe s'tordnd, frnvpath tayeeds the target
durabj lity for high intensit : r.j rl t

anchbagkcle. the Yansol mePefienchivBy4if.ofg iR dndcan be

[ It ~lati i ed

oo P ARIBCRLEY SRcIep et e EBIAAmess
Howevetft, wilhilse vappieeintel by pemsoneerskillddsa the tare that the
visible spectrum Image intensifiers are ver

disnlosed techniquelis notdineitechtp whathasr beea@agﬁ@ul\éirlwasjwwn and

coSebRAhersihapo RS BT 48 LR S, esdilosset spepnioue is
hah d ' ts at | It

oetBBHTRED SEARIRRACILER G0l o008 ates

non- coherent radi ation. Therefore, the generated beam
has very uniform radiation and results in an i mge of
hi gher quality than if a coherent |aser beamis used.
It is further noted that a DLA | aser device can
operate in a 25 "snapshot" observation node. Snapshot
observation involves transmtting a series of quick
flash bursts, which dimnishes the duration of tine
that the |aser device is active. This reduces the
exposure of a systemand the risk of being detected
by a foreign elenent. It is further noted that in an
enbodi nent of the disclosed 30 technique where the
systemis stabilized on a ginbals, such as system
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400 (Figure 25), a DLA | aser device enables sw tching
of the array of -60 WD 2005/076037 PCT/|L2005/ 000085

w@bosotesect ors, allow ng the array of phot oder@DII2DES/000085

to operate on very short tine spans with respect to

t ong danped vi brations of the ginbals. Such
CLAfy

tions may cause blurring in the generated inmage.

1_; Aﬁimégihbwst@mggnpg@nga DLA | aser device is highly

Iclent I°nconverti power 5 to light. A DLA |aser
devi ce adélaingemissionr solirgt saidd tiamssniseimn tsoancet previding at
types of |aser devices. Accordingly, the laser in the
di deasgisue eBergy BUBEi s transnmitted through rel atively

wi de optics and at relatively | ' Si ki es
that ¢ Be sB0pEI yof g ibO Fubes FieetkiE of ' #4igaf Hgast one
| a . t ' V&b bi I i
| ¥ffera) BIRALIENSGod Horh/GUBET, Wik 2Sspihoges, fold 1 be
r eaglageensaidf depthooktieldshavihgissminimaeanget iy ) saichsensor
DLA | aser device is suitable for applications where
| aspabledite gate idetectinon ofivaid wlse reffeﬁtma, yvithe g gatediming
for exagglge when perfornm ng sea Sl{rvei Ll ance from

y

ai 1ISRHHQX efiafskr SRR & 3Haeg%trgpeive 8aid pulse
ggzﬁﬂé@ﬁ r%na[tgF 22h&ay tﬂﬁgﬁd %gg%ﬁfﬁbzlg?i%ﬁ%y the ik it takes

appl'icatrons, "a’l as _ ue-'green
raraed oit IdistvoRe bérergip prilde! moprenghi eaidpiimelal range and
performance. It is noted that pulse emtting neans (or

t r @osnpleterafjeciing toheaidssanser fowp @didaainiwakrangsove
located.in ¢ | ace, which | ier far .
the i Mitarainoal abiassions Snpepiise e SHid Gathdiping are
c %50 o OEN _
SncaREpIRA AR B, FeASudhy (9 o (GABKN . i for said
serg8ferhy Rudrehaesas ahRunt hef peckivert warmstgyhef seaidopulse

and’t he object observed are obscured. However, the
di seflestéaahg, aeflactadefroims ohjeicts iodated hayangtsaid minimal range,

configuration. The pulse emtter and the senso .
welprogeessivelyineraasesyithi theeradige ﬁf&&a Sic aeaﬁh |Ogar%f'e'd to
as  thej ntrol, 25 timng or synchronization are
apﬁ)leo'g'bé%‘tg(g‘l y maintained for creating a sensitivity

as a function of the range such that an anount of
received energy of pulse reflections, reflected from

2.0bjTéw systemtastdrdingntb laim i, mherain gsid m@tolgast sineeenergy

i ncreases with the range al ong{ s?iéj decpth .of e
pulse and said gate timing are controlled for Creating a sensitivity as a

function of range for said system, such that an amount of received
energy of said pulse reflections, reflected from objects located
beyond said minimal range, progressively increases with the range

along said depth of a field to be imaged until an optimal range (Ro).

The system according to claim 2, wherein said at least one energy
pulse and said gate timing are controlled for creating a sensitivity as a
function of range for said system, such that an amount of received

energy of said pulse reflections, reflected from objects located
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a field to be imged. The rel evant ranges (including
m nimal, optiml and 30 nmaxi mal ranges, and the depth

wbooa/ofdost d) will then be described with respBCL/IIt2005/000085

the sensor, rather than the emtter. This may be

achyj Ly 1 Q7 i
vaPEGHE0, e QPmrLLR B e ek bk P g pdmal
theagge (RN the sensor, with a controller, using

an emtter signal bearing timng or other information

pi cked up by the sensor, atom c clocks, a common

cl k, and the like. The .pulse would th
4. 3 faith

o ovSim amasinglo: Oraifthar WIS SaidAt Jersh hne: energy

at r [, Q1. S i 2 r .
cebe SRHER A TR R PR rBahyd Selslfvty as a
comligetiorn ©f ¢hRgs Teklsdid Bgsteprdsash ahaosaief &fourd dfaeceived
reflections at~any angle fromthe objects to the

semmergy Caf csdidt iputse i teflestioas] ngfleisted t loemdobbjests located
path towards the target and back to the, sensor nerel .
deReendasaidopRtiga fRAYSNIS wf@mﬂg@tlgﬁm by gpfaﬁtanhnﬂ'

anal_ogousl. I d to calculations for other paths.
It S m%{—{%ﬁgﬁé@é?‘at ed by persons skilled in the art
that the disclosed technique is not limted to what
has been particularly shown and descri bed

5.hefMhenshstern Ratdrding te clainp, afheértedn diad |aisledst one energy

technique is_ defined only by the clainms, which |

f olpulse andzsaigatesiningca® ¢ntrollexbtps/cieating a sengiligty as a
1. [An i magi,ng systemc rjsing: NS SSI .
sofHaelicTt 3 d8nGE Tof Beld systetty such thof Bl AficUht of seceived
on%n%‘i‘g?%fp iﬂeglﬁsé‘ Fﬁlé%‘ﬁbn%?rréf@é?éd’ | R8P Ublsiects located
reflections of said at | east one energy pulse

r efdegoheldsidooptihjad atahge, tdraduallgededreasesa dntil shidomzximal
i mged, said depth of field having a mniml range
(Rvanyye. sai d sensor enabled to gate detection of said

pul se reflections, wwth a gate timng .controlled such
that said sensor starts to receive said pulse 10

6./ ef‘ﬂlﬁggygﬁn %écfdgg@sgd% Daibd A OhSMR g ! letstiofenergy

by t
pulse and said gate timing are controlled for creating a sensitivity as a

function of range for said system, such that an amount of received
energy of said pulse reflections is directly proportional to the ranges

of said objects to be imaged.

The system according to claim 1, wherein

said at least one energy pulse defines a substantial pulse width
(TLaser) commencing at a start time (To);

said delay timing is substantially given by the time elapsing from
said start time (T,) until twice said minimal range (Rwin) divided by the
speed at which said at least one energy pulse travels (v), in addition

to said pulse width (T ager): 2x f""” + T, isen -
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said at | east one energy pulse to reach said m ninal
range and conplete reflecting to said sensor from

we a00d/0miosT mal range, wherein said at | east onePENHE2GY5/000085

pul se and said gate timng are controlled for
creating a sensitivity as a function of range for said
15 system such that an anount of received energy of

.Sarrrheogyﬁ@nﬁ efdcerdingnto claifl ¢¢iebreirmaidjatdeast onet edergy

beyond Said m ni mal range, progressively increases
WI pulsenandaaid galte)mmusglaiedmm rolled forforeating @ sensitivity as a

sal @ﬁ%ﬁonzgi§@n§ré§f<§y SHEUSTERs dhafer s9pd ﬁ%z?ﬁ@ﬁ[@t‘r’]"%“

RS FG bF sl 558 nBEAPELIR e tmig of s

Tgr%@e‘(@(qmrﬁnergy of said pul se reflections,
l ected fromobjects |ocated beyond said m ninmal

range progresswely increases with the range 25 al ong

sald depth of a fjeld to . be, i ed until an opti mal
-1 ar pm QCCWQ%P%{%EC‘&?%YWB to claim 2,

t“’.”?nr ﬁgggfﬂﬁ of st FRE PRy BREP Be s 3 sEBF R g width
[ UTFLLER) o phRBYatieh, é%lﬂsé)@m@ aviicd pulsd eABrgyToUNt

of ‘rec ed 30 energy of said pul se reflections,

r ef | ectsaill ensomisj emdlsletidoagatd detégtioDot sakl pll&@?mﬂectlons
PCT/ 1 L2005/ 000085 beyond said optinmal rang
mavithhiangating teee Sped sald FeRsols ﬁfﬁt'VatﬁQnééDr\( gpggratlon of

| egg?ee sald tﬁ%@?@f&%%ﬁﬁlﬁ?ﬁ@i@%mo@c %n%g%/rﬁ%oﬁga loﬂttlmlng of

CO?ﬁégi g\kﬁ’ﬁ r6§5841 B Ad TR NSAdt oé )énégg)a ufsé?@noon

or sal system such that sai anount of

recei Vwereneag]/eaﬁt ore of Faiic elelay llmmgpeald pal‘sleewtcﬁb said
from objects | ocated be¥1@gd saj d olo$lei range,

naipslse n:bapgu iseichpuilse s saigk Py enew osafm)ga%mg time
ran

e By, AR, B BT Breor
ar s RIAkiOhleS (T9Lr) CaRGIdAIE Yrehishizatibhtiig? is determined
according to at least one of said depth of a field to be imaged,
specific environmental conditions said system is used in, a speed
said system is moving at if said system is mounted on a moving
platform, and specific characteristics of different objects expected to

be found in said depth of field.

10. The system according to claim 9, wherein said pulse width, said

duration of time said sensor is deactivated, and said gating time span
said sensor is activated define a cycle time, wherein

said at least one energy pulse is provided for a duration of said
pulse width, the opening of said sensor is delayed for a duration of

said duration of time said sensor is deactivated, and said pulse
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function of range for said system such that said
anount of received energy of said pulse reflections,

wo edoseodosd from obj ects | ocated 15 beyond sai dpOpiL20®s/000085
range, gradually decreases until said maxi mal range.

" edSeRTTE AP JEES A or, B BN of S5 Bulln Al ¥pan said
corddrrlor §§l abfiva@eat i ng a sensitivity as a 20
function of range for said system such that an anmount

of received energy of said pulse reflections is

directly proportional to the.ranges ,L of .said. objects. ..
110 e | fyelel  accakingy {9 eflaibe &h.d MRSl o Saidn gstermination

wherein .. [ e e.ener u fhnes: .
suscearong 16, it dbapGane MTs@RRARbIRE0E 1Eid, S5id" specific
st drlvildnfehtE? conditichsd elaiy sbb@d%iﬁ%y%t’émtié%baﬂnp/at if said
given by the time elapsing from said’'start time (To)
untgylstémi de saodntechi oml ar amgeindMpldtfatingi dadl bgaidhespecific
speed at which said at | east one energy pulse travel
(v)charactgdistics af difgrans %taeatsp@m%ct@ﬂgprﬁ? qusim saig depth
R'"" ATLASER \V _-64 .076037 PCT/ | L2005/ 000085
8.<¥ﬁ6l§¢§€bﬂ¥aégu?8%%%%%82@8§1n11, wherein said at
| east one energy pulse and said gate timng are
controlled for creating a sensitivity as a function
12f Thageybtemsaaccondiigmtohralagh syhchwhereiat i said dynamic
between 5 the tining of said at |east one energy pul se
andletpemninationy veriesaini anydnerafsing tPloflecseasing Bydingn over
acgording to claim1, wherein said at | east one energy
pul'¥B€defines a substantial pulse width 10 (TLASER),
a pul se pattern, a pul se shape, and a pul se energy;
said sensor is enabled to gate detection of said pul se
13.efTies 6ot acdofrdiing gatlairg 11,/ ®herein said putsmsddthi snd said
activated (TON), a duration of tinme said sensor is
degatingatiee sparaye limitedhiatedioethe aensitivity @f sgichsystem to

Lnﬁ%rgslt%%gmggu;gg&ect to ‘sai d at | east one energy

14. The system according to claim 13, wherein said pulse width is
shortened progressively, said delay timing is lengthened

progressively, and said cycle time does not change.

15. The system according to claim 13, wherein said gating time span is
shortened progressively, said delay timing is lengthened

progressively, and said cycle time does not change.
16. The system according to claim 13, wherein said pulse width and said

gating time span are shortened progressively, said delay timing is

lengthened progressively, and said cycle time does not change.
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15 wherein at |east one of said delay timng, said

pul se width, said pulse shape, said pul se pattern,
weaidopwbse energy, said gating tine span, sapCI/HEDNE00085

is activated (TON), said duration of tine said sensor

R N e G R

Sa'lﬂlli%ett% Qlfeeﬁefé %'e?'\sitﬂntgeas '&Hﬂﬁ@itloﬁooﬁlféﬁgé f6r said system

envi ronmental conditions systemis used in,
spdnd chemigingyat parametaviseteciedi frosai tthes gsoam censastlng of
mounted on a noving platform and specific

chghanging 4heoshane &f rsedd &hleas) ane r@(ﬂ&o@%et ghapging the

acdu e ks Shpen rﬁv g ineltiog 4 Begpy of said
dur3tib98t Ghe gy Hulses eél"?éﬁglhg afjgéﬁﬁ%‘ﬂﬁ‘i@@paﬂ%léaﬁﬁsor is

gating tine span ?al d senso ctivated define a

cy dativatent, (TWoe), eichasging aa | dwrationneofertimgy gaitdsesensor is
provided for a duration of said pulse wdth,

opisangietot 4l urserebwnding dopules: wigh 4 el obibaid at least
30 d d

it eeobt oWfisgs chalainE) o 88 Min b Pt saaging a
re‘;rséﬁ\%'r&ﬁ‘iiaﬂgﬁ rtﬁﬁlﬁg"%tfnférena sdéiﬂatda?i'ilgo_l%e thélaflhf‘rgg of

Span sal sensdr 1s activated ystem

ac qodidigg said heleasd onshen@igy pualsd. det ermination 5
according to at |east one of said depth of a field,

said specific enV|ronnentaI conditions, said speed

ia'rﬂv?y“sﬁéna{ sty & eap B0, ¢ MoeraR, said sehartding ot
rBB‘F‘c{tSf‘is ‘2@%2& gff?) 501 st e &l?%é{&th of field,

erm nati on

Th%yﬁb’?ﬁ@férﬂﬁ@ﬂrﬁeﬁm tdbrfdlﬁ*d)me khid Wisten is aiséddymagi speed
determ nation varies in an increasi ng or decr easi ng

margadd sysdem s maovmg as. |f Baid gyst@m m:cmumegi o8 a moving

C1 matpEn. Snd eharecliatBS daileranens etvedadgbbe found
saiif SYFUBPH Of field.

19. The system as in any of claims 8 to 18, further comprising a controller

for controlling said synchronization.

20. The system according to claim 19, wherein at least one repetition of
said cycle time forms part of an individual video frame, and a number

of said repetitions forms an exposure number per said video frame.
21. The system according to claim 20, further comprising a control

mechanism for dynamically controlling and varying said exposure

number.
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anbient |ight sources. 14. The system according to

claim 13, wherein said pulse width is 20 shortened
w@emgnamsi vel y, said delay timng is | engthenerlCT/1L2005/000085

progressively, and said cycle tinme does not change.

5+.Ih r.di n [ Loy Q: Sal
222k Sy ST ERRiBE et £ Wb lin HRFLR Biddhd between
delsayd Sy8icH drfd e sighiRa S AteRPpASSINGESAE e other sl etififated
cycle tinme does not change. 16. The system accordi ng
t 0 byl statistical sehatieisseleicted trose the groupieonsisticg efat i ng
time span are shortened progressively, said delay
ti m nglowering $githexpasyiecodv@Eriel y, " and said cycle

POt | | A GomaEp i defified EhalBs A NG of saigdicycle time
Whefi fing thidCcalsbnd Lfid fidididtRNeRied frami;idrdged to

create™a sensitivity as a function of range for said

syst ema ¢hangenpfrequenppoésaicexpeseet mambesm t he
group consisting of changing the shape of said at
| east one energy pul se, changing the 5 pattern of said

ST W R T T RA R

saigdp %9§f¥r8ia?1d aCEinYifiresl std, as§iﬂ@?§?ﬂe]6:%rﬂ>tﬁﬁf 4 iefifinated

of time’sald sensor is eact| vat ed changi ng a
pulbyesyriotironic T4 AGESNs sklevted fdim lthe group onsistirgy of:

pul se, changing said delay timng, and changing a 10
synchr estatlishing i comgunicakien chananehhetwgeas@id gystem and
ti m%ﬂ of . rO\{i ding said at | east one energy pul se.

18 Saiheimilan ¥atelbor ding to claim 17, wherein said

changi Tk‘;hiﬂéf @acﬁ?‘é@%‘é}(ﬂsyﬁeﬁ gdgi’z%‘éﬁcésig’gfgrpgyétgnﬁtgo into

| east one Tosai IC

enYisteHing thates drstint fiprstcs fite Ky Wisiohi shidsatdieast ome energy
speed sald systemis noving at if said systemis

nopuisel ivmod emittadyforpa distening pedodhaftet vdhicht perdodfany of

di fferent objects expected to, be found in said dept
of SPIbRUStSID 490 SR SIURL YR feaihes dnEing SHid it least

18,6l BhiBFgy SRR 'if 'Y pRIS WL Ebllected during said listening
period, and after which period said system and said similar system
wait until an end of a cyclic sequence before resuming emitting said
at least one energy pulse if pulses were collected during said
listening period; and

having said systems change a pulse start transmission time in

said individual video frames.

24. The system according to claim 21, wherein said exposure number is
varied by said control mechanism according to a level of ambient
light.

25. The system according to claim 24, further comprising an image

intensifier.
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for controlling said synchronization. 20. The system
according to claim 19, wherein at |east one repetition
wo@bkooseaios7 cycl e tinme fornms part of an indivi duedT/mi20€m00085
frame, and a nunber 25 of said repetitions forns an
exposure nunber per said video frane. 21. The system
according to claim 20, further conprising a control

2@%52@4@%@»%@% EMiAE MRhbdle sHid esposund ridhber is
exposure nunber. 30 -67 WO 2005/ 076037
PClAaKie200y/ 88id08bned! rkeehapsnenacearding dg aolevkhiah current
19, wherein nutual blinding between said systemand a
si gongimsa by said yvpgg iBlRNSHiRSt her is elininated by
statistical solutions selected fromthe group
consisting of: |lowering said exposure nunber; 5 a

27, aNHRIMS05tePh AR BRIAP 21N WiRBir sl @oRtrop dhéchanism
cycle tine uring tthe course of said individual video
f r goenprsel imabenyecessihgemeansyforflosating axeas in eaid sensor
nunber. 23. The system according to claim19, wherein
nmutn&l stete plipaturelieReen 10 said systemand a sinilar
syst em passi ng one another is elimnated by
synchroni c solutions selected fromthe group

ORSLSLi by PO c " . _

2 TS VS AccRTURRL TRl 217 MBI ShlcP Gofitpl Mchanism
eaghnyrised Iays protessingandans fol procassirgragariaiiie number
15 listening nodes fromtine to tinme in which said at
| esftexposuee®rgy pulse is not emtted for a |istening
period, after which period any of said system and
said simlar systemresunes enmtting said at | east

n u [ ;
2T Ry Bl ot Bo R oW i Sl find fiboessing
sysheanans (rmzedsiondi@r ab Yedstniwdd vididd frambés, éne anith ef high
a cyclic sequence before resuming emtting said at
| e@xposuee anambgr, the stherf withlaskow expesuis hugwEd; duri ng
said Ilis enin%u eriod: and

said exposure numbers of said at least two video frames are
determined by said control mechanism; and

said at least two video frames are combined to form a single
video frame by combining dark areas from frames with a high
exposure number and saturated areas from frames with a low

exposure number.

30. The system according to claim 2, wherein a pulse width (T aser) of

said at least one energy pulse is substantially defined in accordance

with the following equation: ZX(MJ, where v is the speed at
v

which said at least one energy pulse travels.

31. The system according to claim 1, wherein said at least one energy

pulse comprises several pulses and wherein said sensor receives
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havi ng said systens change a pul se start transm ssion

time in said individual video frames. 25 24. The
weymsemoarcording to claim 21, wherein said expoOBLI2005/000085

nunber is varied by said control nechani sm according

I ' ' :
sceBy ol Puar ol o orECEro R4 e rom
A ot Ry RS AN Bl SRS divared
exposure nunber is varied by said control nechanism

according to a level of current consuned by said
32 e Systesh sagqasdings to zlaimh 2, yherain said sensgr s enahlad to

21 i n. sai fraol hapj ' ' .
or etk Befiertiia sAEl biiBeg RARIb S iR E grRAG g8 EPan said
a §éﬁ§§r G4 Vﬁawé{téa' 4 )10rf$- a Theratioh! oN @He0sdidSendor is
clarm 21, erein said”tontrol mechani sm conpri ses

| ndgactivatedsJigrg), veisioh drersybstartisiiyndefinedin acterdance with
nunber of exposures. 29. The system according to

oL e RbRIOR Sy ag Porcase) g 16, TERNBA S 1

hi gh exposure nunber, the other with a | ow exposure

nuptheire Tiaksh xibespulsenwidtiero$ said atiehsttorieeenergypulse, and
video franes are determ ned by said control

nevhathe speeddatsahigchasaideddeastene eneroy pulasstravels.
conbined to forma single 20 video franme by conbi ni ng
dark areas fromframes with a high exposure nunber
an a firo e ;

330 0 b SYIBhT RREbRTRg ol el RnEI SR faltien g ¥liabled to

DUPé% WelbbtidT LoASERD plilse? pefidtitibnat in exsordamece witlyya Long
pul'se is substantially defined in accordance
Pulsed Gated Imaging (LPGl) timing technique.

34. The system according to claim 33, wherein said sensor is enabled to
gate detection of said pulse reflections with a gating time span said
sensor is activated (Ton), and a duration of time said sensor is
deactivated (Torr), Which are substantially defined in accordance with

the following equations: T, = QX(RMAx —RM,N) and 1T, = 2R
v v

where v is the speed at which said at least one energy pulse travels.

35. The system according to claim 1, wherein said at least one energy
pulse is selected from the group consisting of electromagnetic energy

and mechanical energy.

36. The system according to claim 1, wherein said sensor is selected
from the group consisting of: a Complementary Metal Oxide
Semiconductor (CMOS), a Charge Coupled Device (CCD), a Gated
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with the follow ng equation: 2 x CRO - RtIIN where v

is the speed at v J which said at | east one energy
w@pose7doBavel s. 31. The system accordi ng to cledmirk2e0s/000085

wherein said at | east one energy 30 pul se conprises

se s eyl : [ i I,k IV s

w0 5B B G A EEhEEERE oA Gs A6TEI Bra, . BRengifida cCD
Sa'(GI@CD)‘?aé_tGQﬂﬁi eRRINBificd |Ativee Pixasit 8dns6PGHAPS), and a
| east one object during said gating tine span said
sefGatedi lsnage imMensiier. 32. The system according to

claim2, wherein said sensor is enabled to 5 gate
detection of said pulsed reflections, with a gating

STourdd BB Aopeaecros eRU 1 WAERn i gerfY @emprises an
V\hieg(ge,ﬁraqesﬁuﬁgp_anti ally defined in accordance with
the follow ng equations: TON =2 x Ro - RMN/ and

TOFF = 2 x RM N +TL4SER v v where TLASER is the pul se

width of said at | east one energy pulse,,and 10 v is
38 hd hepepstemn agaosdingalaiclaim dq eshin Saich §9NpeN semprises at

travel,s. 3 temaccording to claim3, wherein
Sa?%a%t&&%%hf)g&i‘?@éf%d to gate detection of said
pul se reflections in accordance with a Long Pul sed
Gated Imaging (LPA) timng technique. 15 34. The
3%y Ttemsgsieon diogrdimgeteaciaird3], wihereinnsaigi sessorsisr enabled to
enabled to gate detection of said pulse reflections
wi @tegatering tine span said sensor is activated
(TON), and a duration of time said sensor is
deactivated (TOFF), which are substantially defined in

C j t ol | ' nofisinceXa  di
s SRR Rl 6l T, AL} Smpfeiep dispay
s pepparatushfarhdisplaying ilnages corestrusted)roml saidt lighteleseived
35. The system according to claim1l, wherein said at
| etz saigheems@r.gy pulse is selected fromthe group
consi sting of electromagnetic energy 25 and
nmechani cal energy.

41. The system according to claim 40, wherein said display apparatus

comprises a Head Up Display (HUD) apparatus.

42. The system according to claim 40, wherein said display apparatus

comprises an LCD display apparatus.

43. The system according to claim 40, wherein said display apparatus

comprises a planar optic apparatus.

44. The system according to claim 40, wherein said display apparatus

comprises a holographic based flat optic apparatus.
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36. The system according to claim11, wherein said

sensor is selected fromthe group consisting of: a
wEzwphmoent ary Met al O(i de Serri conduct or ( CMOR)T/II2005/000085

Char ge Coupl ed Devi ce , a Gated -70 WO

A G TS RN R i
ngggg n‘?w?%fs @&befrge if *fr%‘i'nAééIUVPu@'ex?éﬂ&‘ifb?ﬁ received in

mage Intensifier
sysgﬁj‘rs@nw ding to claim1l1l, wherein said sensor
conprises an external shutter. 38. The system
accor di ng to claim1, V\,her ei n sai d sensor corrpri ses at

46, & Thie. Ssteh HeGoRRoL gl dofurth e§§ﬁf%rb5' 2 tfdrfhission
auH%QFUeefor‘*ParasTrﬁﬁPﬁ%!?h%@‘e@%ﬁéi‘fd&ﬂeg i)uﬁé"?éﬂ@étions
I Spl a or

conprising a appar at us ying

i mpeesiveain saild sedsdr.om said | i ght recei ved in said
sensor. 41. The system according to claim40, wherein

sai d di splay apparatus conprises a Head Up Di spl ay
H appar at us. The s tem accor di to claim
4740 TRaeraeh adearding 46 sjah Janaren sarhsvalaat & Moligted on
di . 43. Th t d t I
465‘%}’&0@%@%9?(“ e systemaccording to claim

spl ay apparatus 25 conprises a
pl anar optic apparatus. 44. The system according to
claim40, wherein said display apparatus conprises a
48oTogr system aasexling 4o ctaim t, whpeeiatsaid systenags stabilized.
2005/ 076037 PCT/1L2005/ 000085 45. The system accordi ng
to claim1, further conprising a storage unit for

4z t a'e{)%a}sfaﬁe%c%gp&hbu% €QalrhoXgS AhflePithsS Salf T dt86HZ08N is
selected from the group consisting of: stabilization using a gimbals,
stabilization using feedback from a gyroscope to a gimbals,
stabilization using image processing techniques, based on a spatial
correlation between consecutively generated images of said object to
be imaged, and stabilization based on sensed vibrations of said

sensor.

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

ambient light sensor.

51. The system according to claim 1, further comprising a pulse detector

for detection of pulses emitting from a similar system approaching.

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

processing unit.
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said sensor. 5 46. The system according to claim1,
further conprising a transm ssion device for

WO e@s®miost i ng i mages constructed from sai d pul BEI/IL2005/000085
reflections received in said sensor. 47. The system

R e T
cl a8k Filtepgh Sidh iR/ &myéétémtb%arid @bhbozed 49. The
systemaccording to claim48, wherein said

stabilization is 15 sel ected fromthe group
consi sting of: stalllzatl usi n

nbal s, . . .
545t e i YSeMn aARSORGINGedAb & "T rb %H”BgF oSRIAREiSing o spatial
S i zation using i mage processing

eﬁ(ﬁ(!i'aagosr,ér@g@éd on a spatial correlation between

consecutively generated i nages of said object to be
i mged, and stabilization based on sensed vibrations
550f Téwi gystain steodingb@o Claien sly sfuethesccampriising a spaiian light
1, further conprising at Ie\g’? one anbient |ight
semeAlulatey. 51, The system according to claim 1,
further conprising a pul se detector for detection of
pul ses emtting froma simlar system approaching. 52.

Th i |
56! ng&%vé%r g@g@gggﬂ.ﬁgl roocra.m' ﬂ;”zﬂuvr%féz’rg% 768ﬂ§;bh5bﬁﬁcélnfrber

PCIdH tr206itiAg ashd =3 Ieéfd;rleorseysnemgyipudxreitomarcds saidiogbjécts to
further conprising a narrow band pass filter

f ubetiniged.y connected to said sensor. 54. The system
according to claiml, further conprising a spatial 5
m)dul ator shutter. 55. The system according to claim

7 TSV Spot e et %ﬁﬁ‘té (b8P copBigh8' &' potatlzer for
Co'ﬁﬁéhﬁ NGLAN irrh %r {WpicH r 8BS ot NBoRfdrfh afo the

| east ohe energy pul’se t ds said objects to
polarization of said pulse reflection.

58. The system according to claim 57, wherein said transmission source

provides at least one polarized energy pulse.

59. The system according to claim 10,
wherein said sensitivity of said system relates to a gain and
responsiveness of said sensor in proportion to an amount of energy
received by said sensor,
wherein said gain received by said sensor as a function of range
R is defined by the follow convolution formula:

[MSER *+Torw +Tow L( 2R ) C(t)dt
1aser +Torr v
1(R)=

T,

LASER
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be i maged. 57. The system according to claim1,
further conprising a polarizer for 15 filtering out

WO nmenvdog7 ener gy, which does not conformto theCcT/IL2005/000085

pol ari zation of said pulse reflection. 58. The system

accor dino 19, ¢ 8! Rfifes Y BOVISAT FuAclicoRTeBSsidtihg an on/off
é a S ergy IOlH Se.

source provi 'éast “one polarized e

20 SpRtusThE saig ttpinstAReIcH Rouiree C| rienpEtiveher el statei of said
sensitivity of said systemrelates to a gain and
resgemssoryeness of said sensor in proportion to an

amount of energ

received b id ,. 25 wh [ .
2 avheraed s £ SRl iR SR Bosie £ = o1
ra is..def| . foll ow convol uti on fornmnul a:
1l %&@P&ﬁ?ﬁ%&ﬁ%&u%ﬁqt ydt 1 \R - IASIiR+TO
V' TEASERerer? C(Q d&HHes0d Bddle S TUneRSI0 réSreeBREnyheT ability of
L(t) defines a Bool ean function representing an on/off
st @aid sehsental receive ineaining poilse eefledtionssperarding td astate

state of said sensor, wherein L(t) =1 if said
t r ASHL SPBROLource is on and L(t) =0 if s said

transm ssj rce | el n . '

ool cantiaiai Kol 7 dof 2ellopnibls meyvefed #fgand ot -
senpPisalPseRESH isSin| NaBaLfivated statd ef | ections accordi ng

to a state of said sensor, wherein C(t) =1 if said
sensor andiwhere acis Yl espesichtad whithCsald at 1@asb one energy
said sensor is in a deactivated state, and where v is

t hPUWpRHAVEIS-whi ch said at | east one energy pul se

travel s.

60. The system according to claim 59, wherein a value for radiant

intensity is obtained by multiplying said convolution formula by a

geometrical propagation attenuation function.

61. The system according to claim 1, wherein said transmission device is

selected from the group consisting of a laser generator, an array of

diodes, an array of LEDs, and a visible light source.

62. Animaging method, the method comprising the procedures of:

emitting at least one energy pulse to a target area;

receiving at least one reflection of said at least one energy pulse
reflected from objects within a depth of a field to be imaged, said
depth of field having a minimal range (Ruin), said receiving comprises
gating detection of said at least one reflection such that said at least
one energy pulse is detected after a delay timing substantially given
by the time it takes said at least one energy pulse to reach said

minimal range and complete reflecting; and
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60. The system according to claimb59, wherein a val ue
for radiant 15 intensity is obtained by nultiplying

we aood/ommsvol uti on fornmula by a geonetrical preQRg20050000085
attenuation function. 61. The system according to

o1 BuoaBS el TR b BRI BERS L st one

ar ya@fectfon 2@flé’¢t@deﬁonﬁ6bi§dt§340@étel95 tyoﬂl‘jOlsdidvlrnﬁ?rhlhiaﬂ range
light source. 62. An inmagi ng nethod he net hod

coapong isagd deptiprodce fieid:to de |maged1 bicantroliiag tsaithat least
energy pulse to a et area; re e| Vi ng at | east one

e e e egY IS Anching Waihd Ghsa W9pul se 25
reflected fromobjects within a depth of afield to be

i maged, said depth of field having a mniml range

63 RYIHY . matidt r&s@irdirnty teorapinees?2, gﬁherand@aﬁptpr@eeaﬁre of
said at |east one reflection such that said at |east

onénereasig pohgrises m\ermmeg thet rceivettlemgrgy wf reid at least
substantjal |y glven tinme it take sai

| eR8€ seltedticn gofloctesk ¥nomrel@eﬁt%59@ate@lo ﬁvﬁnaasalﬂaﬂaalmal

e T L L

?F ved energy of said at |east one refI ection

&ted from obj ects | ocated beyond said m ni nal
range along said depth of a field to be imaged, by
controlling said at |east . one energy pul se and the

64t i ihegmgthediaragadinggto sladm 6$h@m%¢m@@m@mmth@ precedure

EL%%SﬁgaWﬁé Ailer it AnB: i el enerdl BF 3687 t Jpast one
"f‘éﬂ%ctﬂﬂ? refibéieg TrBPn ’ é&%t %@aﬁé@@ﬁﬁin@%é id %gﬁhﬁﬂ range

beyond said m ninma raneaong sai epth of field
t Oallm'\dg ngzge ddeptht of a figdd | torber imgged10p(RO)a nbeximElerange
nmet hod according to claim®63, further conprising the
pr ¢Beelxk e  of i ntai ni ng detectabl e the received
energy of said at least one reflection reflected from
obj ects | ocated beyond said optimal range 15 al ong

SS?ZH;iléaderﬂfefhﬁ Acddrgil 1R REain@88d WRetdin@ sHRK pBkedure of
maintaining comprises maintaining substantially constant said
received energy of said at least one reflection reflected from objects
located beyond said optimal range along said depth of a field to be

imaged up to said maximal range.

66. The method according to claim 64, wherein said procedure of
maintaining comprises gradually decreasing said received energy of
said at least one reflection reflected from objects located beyond said
optimal range along said depth of a field to be imaged up to said

maximal range.

67. The method according to claim 62, wherein said procedure of

increasing comprises increasing the received energy of said at least
-75-
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(RMAX) 65. The method according to claim64, wherein
sai d procedure of naintaining conprises naintaining

weupspast al |y constant said 20 recei ved enerpgr/if2005/000085

said at |east one reflection reflected from objects

|l o e d s I A1 withi
ﬁ?\tel lgefté@(@ﬂ in (?‘Tlgéj%t g@?{éoré g&? o ﬁgfssé\" h He&%gg& within

Th%ai@ﬂbﬁﬁh @ﬁﬁércmd]lgetima edi m 64, wherein sai d

procedure of 25 nalntalnlng conpri ses gradually

decreasing said received energy of said at |east one
r ef ectlo refle ed fr ec ts | ocat ed beyond said

6&pt h?amert @@CQP ipode; a'ﬂ% Whersh i el d to be i maged

up to §%}icg§’t BB e Gy %@s@@eﬁﬁ@@ é"%hﬁgfﬁrﬁfé‘fgﬁﬁéé‘%dth

to clai erein sal roce re of ncreas

co bMPhERSIhAGttd Starefigiever,) easg gy of said at

I egﬂASE-sE% WO 20059076037 PCT/ | flq)g)OS/ 000085 one

refl ecsauhdetawtinrmg ispsubstantlaﬂytgavemé)yrtb)egtﬂne(ﬁlapair@ from
objects within pth of field to be imged., 68
Théaikisiad Hmﬁ)r(i% EW%F? fadd mipigal; Fﬁ@%éf wdsg by the

le f s
%ﬁﬁfﬂ?ﬁt@é@%ﬁiﬁéﬁ&% 4P §rdrdy Bl laPkig V)5 acition

sald del ay ti mng s substantiabdg given by the t| rre

el é@§|aﬂbpﬂ|€@'rwlcﬁ (d Lstead)'t Tt —CTOT - unt i | twice said

m ni mal range divided by the spded at which said at

| east one energy pulse travels (v), in addition 10 to

said pulse wdth (TLASER): TLASLR + 2 x RUN V 69. The

69retThedmmsthod Gicaordiagctoaglaind B2, witeereim sai d at Ieast

one energ ?ul se defines a substanti al puI se W
( TEASERp|d at jrasiconaenaray pulsridedinesapsu §t¢mt@l ;ﬂM'%% width

T e 25 dlshd ST, A Fudy TS Sril ABUSE Brg g '
act Va§§§h gﬁg&;é&_lge Svggﬁhg%% ﬁéé?ai%ﬁtﬂwng ﬁﬁf@ebah% sensor

deact i sync roni z timng o
saiudilized for said receiving is activated (Ton), @ duration of tlme said

sensor is deactivated (Tors), and a synchronization timing of said
gating with respect to said at least one energy pulse; and

wherein at least one of said delay timing, said pulse width, said
pulse shape, said pulse pattern, said pulse energy, said gating time
span said sensor is activated (Ton), said duration of time said sensor
is deactivated (Tore), and said synchronization timing is determined
according to at least one of said depth of a field, specific
environmental conditions said method is used in, a moving speed of a
moving platform if said sensor is mounted on said moving platform,
and specific characteristics of different objects expected to be found

in said depth of field.

70. The method according to claim 62, further comprising the procedure

of autogating.
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gating with respect to said at | east one energy pul se;
and wherein at | east one of said delay timng, said

wewiose7énsdt h, said 20 pul se shape, said pul sePEELI2e05000085

said pul se energy, said gating time span said sensor
Is activated (TON), said duration of tine said sensor
is deactivated (TOFF), and said synchroni zation tim ng

71.S T4Rd enetiied asco@inh N telaimh 62aswhereinobakhi prodedue of

of a field, specific environnental conditions said
netceodralling setprisesapragresgivehe ebanging at leasti ere parameter

) S s ORI e T g s
o084 BERIEN sl o, i B S Ay odt donery

CoOmlss| ethah r e BHetgy 36f Ofaiduta®Ridshdone 7€n ulse,
203%9076037 g@¥?|L2005/08X085 71. The net hod accgfgiga

t o chlanging 2 gaftiegetimes apdnpa cesiiareutiiized: for said iregeiving is
o L5, ShShld ALYy senor i
o AR ol RingiRart bndra Bl PRI TLAR) of said at

pulisgst Grﬁ‘é‘r&ié}@ytﬂﬂsén_@hﬁﬁgm‘g saidddalay fashg 0aRdIRIMYIng a
pul se, changing a gating time span a sensor utilize

f orsymehrbnization timjngetaeeinveaid gating\and saich gimiting.
duration of time said sensor is deactivated (TOFF),
changi ng an energy pulse width (TLASER) of said at 10

72 i RGN cHCGHIRS i JRRAn 7 Tbflgfihr ald, etiRgaure of

gatcio%rd'ﬁlﬁg Eé' .rl%@stéﬁemginé?saia b |sBStherk pafaindiéWaécording
clarm 71, erein sald procCedure of controlling
conpr ats ésasthengi ot said ddepthl ehdieldnsajzhrspeeifir environmental
according 15 to at |least one of said depth of field, .
saic@naiians saidemathoed e msad iBosaid mmng singeskehsaid moving
[ i d .novi d of id i t |.f
LSl 57 SRRt P e T S gHg ano
¢ n3haracerislics z)églﬁgi%ritec%lﬁgfttg?&ﬁéétéd RAEE t&hd % B8id depth
of field.

73. The method according to claim 71, wherein said procedure of

controlling comprises the sub-procedures of providing said at least
one energy pulse for a duration of said pulse width, delaying the
opening of said sensor for a duration of said time said sensor is
deactivated (Tore), and receiving energy pulses reflected from objects
for a duration of said gating time span said sensor is activated (Ton),
and wherein said pulse width, said duration of said time said sensor
is deactivated (Torr) and said gating time span said sensor is

activated (Ton) define a cycle time.
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20 73. The method according to claim 71, wherein said
procedure of controlling conprises the sub-procedures

w@boopomwsi ng said at | east one energy pul se POI/I2005/000085

duration of said pul se width, delaying the opening of

74 a"r‘g\ga fagfcp?@ép) & bl%'(i]nofS SEherdih™ I%%'sf’ oﬁ%”r%?etiitién of

rece|V|ng energ

r efsbﬁfby@lefﬂrﬁ@f@hhg%@rt of ah indilidaal \ndeoffr@med agdta ngmber
time span said sensor is activated and wher ei n

sabofi spid eapatitions, fosmiscaniexposwie od rdor paid wdea frame.
sensor is deactivated (TOFF) and said gating tine
span said sensor is activated (TON) define a cycle

5 | e fibthdd Ga‘égg?{i%{ &;9%%3%\1 WE&%?QE& tib pF&&edure

er el )

rel@‘?télirmﬁﬁtlﬁé mﬁﬂ;&l shitfdifg thefveedr BBspRsteim Qfsm’?@ sald method
i ndi vi dual vid frame, and a nunber "~ of said

r epad ai smla‘rosysiean L@Uﬂ@ﬁﬂlé meded, passig onei daother, by

frame, 5 75. The nmethod accordi to claim74, further
cofptistical W'%%@@&ﬁtﬁg fpmuithel graumn onsisiing of ‘lowering

oi AL PRGSO oBel LA dEn™e eI and®l R Faig timing

bYOf%aC"I'@' lé%ﬂmé‘ﬁdﬂd five RIREE o5k §é|@l”1rid"\ﬁdGéPWer frame
consi stin | owerin sai d exposure nunber, a random

or apidea dbéngedn thehigzuencyaofdsaid rexpgsLde oiunsiér cycl e
time during the course of said individual video frane,
and a change in the frequency of said exposure nunber.

76 The eﬂﬁo{rj??q&%? @:g)gﬁ)? glatirglf %ftmrzeﬁ'i ?é@bﬁ;ﬂ%ﬁ{%pe procedure
b' b@@lmngﬁﬁg‘eﬁﬁt@alsb’lﬁcﬁg@;%t% nJs bR dising saRsl ndethod

sim lar syst&m using sai d method passing one anot her,

by angly ac binitarc spstient | wsing ssdielc regthbdopassiegg onepanother by
consi sting of: establishing a communicati on channel
besyBehrane solttionsrselaatedsEpm thengralip 69BsisHNgIG ti ng

cach, SbshEnTHE b AR TRAbT RehAE BETiECh L34 Bidtgm and

| e38id Sl G/sWm;
letting each of said system and said similar system go into
listening modes from time to time in which said at least one energy
pulse is not emitted for a listening period, after which period any of
said system and said similar system resume emitting said at least
one energy pulse if no pulses were collected during said listening
period, and after which period said system and said similar system
wait until an end of a cyclic sequence before resuming emitting said
at least one energy pUIse if pulses were collected during said

listening period; and
having said systems change a pulse start transmission time in

said individual video frames.
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pulse is not emtted for a listening period, after
whi ch period any of said systemand said simlar

WG YBEeMBESUMEe enitting said at | east one enePQIIRUOSHDBO0SS

if no pulses were collected during said |istening

TR ST SRl P, SO oo

Sewere%ah%am? RPN Os&idl t éxpeswel dnumibdreas) anecontrol
energy pulse it pulseS were collected during said

| i snechargsmeri od; and having sai d systens change a

pul se start transmssion tine in said individua

video franmes. 30 -78 WO 2005/ 076037 PCT/ L2005/ 000085

7ol TR SRR RSB 8 LT el L B prossrie of

eXRERRcANTORANG 2cePPrises  ATGS@IY S8aidd esposliié number

nmet hod according to claim 77, wherein said procedure
of acdprdingdald levehof anmbientiightdas saidj contrelgnsahanism.
exposure nunber according to a |level of anbient |ight
by said control nechanism 79. The method according to

7o 4 g Ao R R MR AR proceaure

r efok %&ér%’%@@ dsaiwhgetidliordio! Saiec adueasPiorty Tafleéibh Y and

varying co ses adjusting sald exposure nunber by
saiwhereit said pProbedinemohabarainicglly ovaryirigecemprises adjusting
current consuned by an inmage intensifier utilized for
saisaid iexpossire ynwgber o maldrheontseh sechanis ageewling to a

laim77, furth i, S th f oo .
or TR 9 Ul Grortshied Pl en Theliec e e | uplzBR iy said
of ; éggﬂ\ziﬁgi.o_n by said control nechanism 20 81. The
rret'?w atcdrding to claim 77, further conprising the

procedure of inage processing for a variabl e nunber
of exposures by said control nechanism

80. The method according to claim 77, further comprising the procedure of

81.

image processing by locating areas in said sensor in a state of

saturation by said control mechanism.

The method according to claim 77, further comprising the procedure
of image processing for a variable number of exposures by said

control mechanism.

82. The method according to claim 81, wherein said procedure of image

processing comprises:

taking at least two video frames, one with a high exposure
number, the other with a low exposure number, by image processing
of a variablé number of exposures;

determining exposure numbers for said at least two video

frames; and
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82. The nethod according to claim81, wherein said
procedure of image 25 processing conprises: taking at

wo e@sp7dso vi deo franmes, one with a hi gh exposPCBEIL2005/000085
nunber, the other with a | ow exposure nunber, by inmage

br ocesgombinih falifd 38! BritaPEndI idBOSHaRR: by combining

det er mi ni Ng exposure nunbers for “sa at | east

Vi dafk afdad fromSramed with ARIGYEXpOsaRS humber and saturated
PCT/ 1 L2005/ 000085 combi ning franes to forma single

vi degad framefraynes withra oy expokure sasbeérom franmes with
a hi gh exposure nunber and saturated areas from
frames with a | ow exposure nunber. 5 83. The net hod

di Tl . . dur.
oof S TRESLPANER, SFORIRD WIEGHE 70 SABRAECR, Progedure of
cl HoreddingW8/iygidmigal d pul se width and said gating
time span~said sensor is activated (TON) are limted

to elimnate 10 or reduce the sensitivity of said
sensor to ambient  |ight sources. 85, Th

84acdbednaiNad a@pa.rq#g O GliE zﬂn%relr}aﬁa&g@fsgo\ghth and said
sofiedpd e SBY SR SARY g Abdrer B et Effiminate

t hgr e mgéﬁéﬁmy% saft $ensBEfEaIDIENt [Ryht sources.
decreasing, and a partially increasing and a partially

decreasi ng, manner over time. 86. The nethod according

to_claim85, wherein said procedure of controllin
85¢cotpei $eetheghracaardmas 4od GRims B3 d'vmermgﬁ@sisiwepgdure of

and 20 | engt heni.ng sai d. del LALNRG:.0r Qgr [ :

8RB, PSS ST 1B Befed! 8750, yehor in o

UHH%HEEI‘H 0 T

wherei n S\é?%ﬁg ?&:‘%&%Bo?eléggﬁ ?'t)dl?.lﬁithg gtogjﬁ}cgglglstmg of an

shirdreasing, saidbaehsing, tame = pantipiho ineesisirg and2a padially

| engt hening said delay timng progressively, while

r etlecr@aning, mayyies aveidime. sai d gati ng unchanged. 88.

The nethod according to claim85, wherein said
procedure of

86. The method according to claim 85, wherein said procedure of
controlling comprises shortening said pulse width progressively and
lengthening said delay timing progressively, while retaining a cycle

time of the said gating unchanged.

87. The method according to claim 85, wherein said procedure of
controlling comprises shortening said gating time span progressively
and lengthening said delay timing progressively, while retaining a

cycle time of said gating unchanged.

88. The method according to claim 85, wherein said procedure of
controlling comprises shortening said pulse width and said gating
time span progressively, lengthening said delay timing progressively,

while retaining a cycle time of said gating unchanged.
-80-



controlling conprises shortening said pulse width and
said gating 30 tinme span progressively, |engthening
wealodot®Bay ti m ng progressively, while retai PCTIDL2805/000085
cycle tinme of said gating unchanged. -80 WO
2005/ 076037 PCT/1L2005/ 000085 89. The net hod accordi ng
to claim 63, conprising calculating said energy pul se
89N diHe (MbfIR) acSordfrigniod @laivn deB) %nsm@wmaﬂng said
with the follow ng equation: 2x - N where v is .
t henspge pulse avidth (T aseh)essibstardialiyedefingdiin @ccosdance with
at. 90. The nethod according to.claim62, wherein said
pr %8%r|§wﬂfaq RN, E@L—Mé? WisSR Vi i%gtrfee‘é?ééb said at
pul'ses of s t l'east onevy engrgy pul se refl ected
fromobjects during a gating tine span a 10 sensor
ut ieéasteshd enesgy pulsecteawvelagti s activated (TON). 91.
The nethod according to claim®68, wherein said
procedure of receiving conprises receiving several

ukses of ,said t, ong_. engsay,

o, g oel T cafoigF oot it iR Ml S8l FRigEpaure o
ut 'réb%i@ﬁgj RoriFised §eebNiny deversl :p‘(ﬁé@éj dfTeRld a$akdst one
procedur€ of gating conprises a duration of tine said
sereen@rr?y spalsectéfleited {ro@FMbjeetsd dsiging pr gadingr éined span a
controlli n_g conprises controlling sai dagati ng tine
spaensar utiized éor saidgeceiving is acivaied ool at i on of
time said 20 sensor is deactivated TOFF,
substantially defined in accordance with the follow ng

oSS o o Wb logluhara-cdiy ke o

et BesivE ompisé® recalving Sevdal giulsesiof paidcedusast one
of gating 25 conprises gating in accordance with a

Lommeray spdlsearefteatedgiram qhieds) durinigng gadingi ime span a
o3 cehas e RS A SRedleREba e Bh ey (ke e 9261 19
activaggdy (Fotbdufd bt githgt BhHses a duration of time said
sensor is deactivated (Torf); and
said procedure of controlling comprises controlling said gating
time span said sensor is activated Toy and a duration of time said
sensor is deactivated Torr, substantially defined in accordance with

Ry — Ry 2x Ry

1%

j and T, =

the following equations: 7,, =2><( + T aser s

where R, is an optimal range.

92. The method according to claim 62, wherein said procedure of gating
comprises gating in accordance with a Long Pulsed Gated Imaging

(LPGI) timing technique.

93. The method according to claim 92, wherein a gating time span a
sensor utilized for said receiving is activated (Toy), and a duration of

-81-



-81 WO 2005/ 076037 PCT/1L2005/ 000085 tine said sensor
is deactivated (TOFF), are substantially defined in
waementasre with the foll ow ng equations: TON ECRID2005/000085
MAX - RMN1 and VI TOFF = 2 X RMAX , where v is

R

th ' t:l : eper : ;
at T SRl oo oio. BRaE AT e B SbsiatfdlifBtined in
according to claim®62, wherein said procedure of_p
enmBEEPIIANEEMWHths dke dellowing egquationg: &weﬁéngré’%x—‘gufﬂ%% and
sel ected from the group consisting of:
el ectro B etic energy and nechanical energy. 10 95.

Tha, pet Mgt c ovhiBregvtis theaspesd saith@tdeastang energy pulse
procedureVvof emtting conprises generating said at

l e n ul se LpLer selected from
¢ nIayeBLS SURER g REs et FAbRE ator - an array
of di odes, an array of LEDs, and a visible |ight
source. 15 96. The nmethod according to claim62,
94whd@hel methiat! praooerding tof olgini G2, owherdisesaightprogedyre of
a sensor selected frogmthe group consisting, of:

CoRPIBIG SaMPriaasaemiingoabIBASt Bk GNeray @utes selected from

Charge  Coupl ed.Device. ( d si.f.ier .
o 16 coroiPh o SieTae, (e SFC RG] dirg)® ok mechanical
I nbﬁ@?ﬂ])&i ed CCD (A CCD), and a Gated Intensified
Act1ve™Pi xel Sensor (G APS). 97. The net hod according
to claim96, wherein said procedure of gating
conprises gating with a CCD sensor that i ncl udes an
95 x tTlenanethzsl sagnarding do. claig ne2noMhexainr aaisy Rrecedure of
0

" neBkineg, PR GERBEAT Said BLTRRS Sk dndignpuise by an
retlfifibl Ylectdd from the group consisting of a laser generator, an

array of diodes, an array of LEDs, and a visible light source.

96. The method according to claim 62, wherein said procedure of gating
comprises gating by a sensor selected from the group consisting of: a
Complementary Metal Oxide Semiconductor (CMOS), a Charge
Coupled Device (CCD), a Gated Intensifier Charge Injection Device
(GICID), a Gated Intensified CCD (GICCD), and a Gated Intensified
Active Pixel Sensor (GIAPS).

97. The method according to claim 96, wherein said procedure of gating
comprises gating with a CCD sensor that includes an external

shutter.

98. The method according to claim 62, further comprising the procedure

of intensifying said detection of said at least one reflection.
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WO 2005/ 076037 PCT/ 1 L2005/ 000085 99. The net hod
according to claim98, wherein said procedure of

WO miosn®io8yi ng conprises intensifying with a derdTHE2005/000085
selected fromthe group consisting of: a gated image.

nt R n ne ut pakid it/

99 o Terneliod o erdii o, iy, 89 WBErRr Bl 'ProtBdute of
colnftensifyiagt bemprizesd Mt@nsigyingl @ithagi deviee sélasteddiom the
i mage constructed fromsaid received at |east one )
r efgredpi consisting oaf: Fheatest imagec deosifigrt and| ai sensw, with
wher ei.n said ﬁrpcedure of displaying conprises
di§bP§€Tﬁ6p89 We§i spl ay apparatus selected from the
group consisting of a Head Up Display (HUD), an LCD
di splay, a planar optic display, and a hol ographic

10082 Meathod Fﬁddbréir@t@blaiﬁﬁﬁépﬁmﬁé\ecﬁﬁﬁm@m@@rp(ilbﬁgdure
0

to claim62, further conprising the procedure

st of i digplayingad tleast oneagvagenceonstouaieads irom saidi received at
recei ved at ‘east one reflection on a storage unit

f oleastomentellafli9ds. 106. The nethod according to clai m
62, further conprising the procedure 20 of

transmtting at | east one i mage constructed fromsaid

101€9%ie’ 9fefHod 'eﬁ;%ﬁrdgi%e tbetlamet 11oD, Whéreilheai®thededure of

according to claim further conprising the
pr displayieg edmpeses displagingen|adisplay apphratus delgtted from
in said target _area. 25 1

08. Th t hod di )
c| dhengsoup raansiding ehprieaddJp r@sgelaycaduﬁg? 3{3fL'58 élgplay, a

AT bsofl) S BN BAE B A M SR P ©
further conprising the procedure 30 of filtering
recei ved energy pul se reflections using a narrow band

1022SEhd iméthod a@rdig 09 sldinb 627 flRtied caopbistiy 88S ptaGedure
The nmet hod according to claim98, further conprising
t hof ptorirg atdeast osedmags agngirdeled irem saikrecaivedat least
pul ses ‘igﬁ%lnl Y Sqar kenin

ﬁ the . .

oneé reflec orage unit for storing images.

106. The method according to claim 62, further comprising the procedure
of transmitting at least one image constructed from said received at

least one reflection.

107. The method according to claim 62, further comprising the procedure

of determining the level of ambient light in said target area.

108. The method according to claim 62, further comprising the procedure

of determining if other energy pulses are present in said target area.

109. The method according to claim 62, further comprising the procedure
of filtering received energy pulse reflections using a narrow band

pass filter.
-83-



entrance of an image intensifier utilized for said

intensifying by using 5 an apparatus selected fromthe
w@emep7@ensi sting of a spatial nodul at or shutPEr/1L2805/000085

spatial light nodulator, and a liquid crystal

di splay. 111. The nethod according to claim 62,

wherein said procedure of 10 emtting conprises

119NTTHe ﬁﬁetﬁbdlmdwlrgetwelaam g8 dfiatiesrt compeighig the procedure
pul se, and said procedure of receiving conprises

fi lof evercpmingeglace frameather anetg)dpubﬁesd))alqmllardazrkenmg the

" O Roirance o han dmadsintasifigh utinzed Jor SAicintSASHiRG by using

5 an apparatus selected from the group consisting of a spatial
modulator shutter, a spatial light modulator, and a liquid crystal

display.

111. The method according to claim 62, wherein said procedure of

10 emitting comprises emitting at least one polarized electromagnetic
pulse, and said procedure of receiving comprises filtering received

energy according to a polarization conforming to an expected

polarization of said at least one reflection.
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