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GATED IMAGING FIEL. OF THE DISCLOSPED TECHNIQUE The
disclosed technique relates to optical observation systems s in general,
and to a method and system for imaging using the principle of gated
imaging with active illumination, in particular. BACKGROUND OF THE
DISCLOSED TECHNIQUE Giéxd&tiddidedidn i@ identification using an
imaging systems that 10 includes a camera is known in the art. Cameras,
as known in the art, may be mounted on a plurality of objects, for
example, closeqireuipstatiqearyisameras ,%@éﬂﬁ; :
geostationary satellites, portable cameras, that may also be mounted on

a tripod' T &§d RIPRES| eI e uitayt s Hiolep iBtahabsamerdcrfterystems

. requires a _high level of sensitivity to light 16 for.use in poor visibility = .
i A R TR A e g GRalbResinacieveringivte of
gatpticataghggificatieniilvectingiinnsiohpear pasiility for example at night,

the low intensity of light reflected from a target, received by a camera

used in an imaging system, results in low quality image resolution. In a

case of | Ay i K uce an
image wﬁ%%%?mﬁgﬁﬂ%i?é%?oﬁ%ﬁoﬁ%%gﬁg lution
capability afgbe dateetmraaddoidsnéiicigo detaia @fan imageiaggem that
.__for jdentification purposes. Therefore, when imaging during night or in
NG PSR A OO SO ilRchls reGRITE 4% Rl Minisdureats may

beiluminatERdArash R YIBRIEVE deReaHa|iLy Bfégs&%i?}&gﬁpstaﬁonary

image. The auxiliary light source may be a laser device capable

capisgueingauRfchéim wallss paafétianainesatsigies (L@S)asithecameras,

, that i ' ield-of-vi FOV) of th .
e 400 5 S e oM EONL e SIS Bt

veliioteinatitoie tharh foead enfimite ietagings Adsbidimifosab3 G lans@siip 1o light
; Igeneral have a ”m‘%‘?ﬁ}{l—ingg]t c%ecting% pability due to their high -f

O ARTENEBPSY- AP HBmBRP AU A f e riB O dapabifyFeramonly
enghsyedotiechchieve high optical magnification. In conditions of poor

- visibility, for exampie at night, the low intensity of fight reflected from a

target, received by a camera used in an imaging system, results in low
quality image resolution. in a case of low quality image resolution, such a
camera cannot produce an image with an adequate signal-to-noise ratio to
exploit the fotal resolution capability of the camera, and to discern fine
details of an imaged target for identification purposes. Therefore, when
imaging during night or in poor visibility conditions, such cameras require
an auxiliary light source to illuminaie a target and thereby improve the
quality of the captured image. The auxiliary light source may be a taser
device capable of producing a light beam that is paraliel to the fine-of-sight
LOS) of the camera, and that iliuminates the field-of-view (FOV) of the
camera or a part thereof. It is noted that ielevision systems, in general use
a similar illumination method for adequate imaging. Also, long focal

lenses, in general, have a limited light coliecting capability due to their high
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enough photons to generate an adequate image, as compared to lenses

with small if numbers. An inherent problem in optical observation systems

is the effect 5 inclement weather conditions, such as humidity, haze, fog,
. Mmist smok%h nd raip, have on thg image produced. Particles or

" R ced/in R & HOUPRErRe Ry BaadiseisRBaRiiterhin weathdp collect

etengdiighsefoRls Q@%@rﬁ@%@%@d%@%ﬁ@%%@%@% Ts%regsﬁ? 1q lenses

atmospheric particles or substances may obstruct'the area betw
W%sﬁﬁ@fiéﬁ@@?@f@m and a target to be observed. A similar case may

result wh n_system operates in media other than air. For
_ example,giﬂ %(?56\?/@@ o?i)igz}révé iof sﬁlﬁ/ﬂz Qgiﬁt%ﬂ/' IBhwRsiRsdfedhsr effect
inofeaimeparticiesadrove thitivater.gnay @@WQWQ@?%QE&/}’%?%ESL smoke
ser.vatigga/iystem and a target, to be observed. In an observation

0
NG SHER intetiatéd is Wit R Fsse i QHss s tarptiimsinatiosyisdances in the
atiniesigrense pfnartices0s SYRRRANCRSN the meiu (gaeﬁxveen asystem

and a target caérjlS cause backscatter of the igiﬂlﬁgarﬁ} ISl gg)&e@éﬂvg‘ mol
SfRIBRIRerarF Aukmiaritigflogburse esaded o ilkimainate a Targetatatighispheric

Is Jogated near the camera. The

jedlagly i the dlyuminaging, SQUIGe | i
pé@ﬁ%%:‘ﬁiﬁé%%%&%ﬁ%”bzﬁ%’Zgég%?u Ps%in indiif oS iR a MReaiR Ry ation
sysbservatidnzssysiere; espeeiallysbhetamesmdias-acigh 18v8) ofesult when an

sensitivity, like an intensified CCD (ICCD}. The blinding of the camera

OB RN 3 FH&t OPERiTRgEd TARFE rabnos thaie Backdroaneaxamisle, in
uridisding®f the saparmisefaieeddeAs s -b'éﬂdi%*?frfacﬂaﬁi&iéga% of air
n

caused by the observation system itself. 25 During night conditions,

PaifRtRRERAVEIBIPSHATRCamig ORI NG Huhievabldeivgessf imragibgervation
, Qriabject, cti identification, with respect to the,
syRRSHALR, 9 t%[?%f g% 5 %\%@F\%&g (N5 !oggé\"@ﬁ[{l G¥siam,integrated

Aattainable detect entification” range in
Withder lgssddeyite foffuangeflpaticlasion sthstanees e hetvEEm ahicles o

S o e L GEroR oF 4 b8 oy ABMERDEBD. cause
baSK&ETter of the light beam. This is especially true when an auxiliary light
source is used 1o illuminate a target at night, particularly if the illuminating
source is located near the camera. The backscatter of the light beam
results in biinding of a camera used in an observation system, especially if
the camera has a high level of sensitivity, like an intensified CCD (ICCD).
The biinding of the camera reduces the contrast of an imaged target
relative to the background. This blinding of the camera is referred to as
self-blinding because it is partly caused by the observation system itself.
During night conditions, 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 particies or substances
between an observafion system and a target, and at night, in order to

achieve longer identification ranges, the imaging sensor of a camera may
-0-
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need to be synchronized with respect to the time that the reflected fight
from the light illuminated target. is due to be received by pnotodetectw's
located on the observation system. In particular; a laser" generates short.
light pulses at a certain frequency. The ima%ing sensor of the camera is S

neesttivati aytisd KaRefe NUENGE TR Witk atbim ddery bt 18 reratiaamdight

freguency. . The light be rate e s;g,jgg[?i[%%? -
fron&nﬁxl u“ |ﬂ%@§ﬁ§%§?§é?§%§% SSI ng‘%&%%,é% a?r“e'a.“ W e”nstt)&géi%%g%&e%aﬁr%mm
locigemitiediiewstsd dhedtitgets theaaceivingaasiserily of thedmagingsgasoshort
of the camera is dea(_:tiv{ated. A small_part.of the light is reflectfd from the

P oPMaRf ack foaRdis TR WARTERL, WHEHTRARGAEF RS M ilceamera s
actighioieaches Mg ramarubioh whishviglects Al ofNalieasos related to the

substances relatively close to the camera, in comparison to the longer “
fregisanye boavbghitieeameaenareitise pardee VA psashiedeeewingie targst,

andSTEMPpLRLMe camera wile the 13 samanain Sl deacyaied 0B ANy eam

ceived by the camera and will 1
is Senrestiohihrimageatpwetes retetiedg lgbsnbihefatgetianabitsg sensor
nearby surroundings will reach the camera Eaéte{fgllf camera has been
of HireRGERdR resivaietd sogﬁ‘aﬂa@nr;éﬂ@c dEWIRES the BlRERIHEAM the

tariig target Wil hedulneoliepiestBY thsisameracaQdieicamerasydithasd light

rom an "off' state to an "on" state in a synchronized manner with the time
reaelherdbdaranespalse to travel to the target and return. After the light

reflecte?@{éﬁ@%h% rgeeﬁg%f%bcgi&sf;g%%@(ég%q §8§&atﬂgec§%?é%veiy close

reverts State; and th m awaits transmission 0
to followinadight iputsenihisicysietis thpelatedeat di2tanate estdblisbediie camera
accordance with the range from the camera to the tar%%% %hg speed of

S

anggiitn @ig bWl dRArR I FOSRYIRG RARERERP AR falifile the
caffviseandifhgcanriatlisieehnisneaIknara rRi OASH Bagipgive by the
active illumination to minimize backscatter. US Patent 5.408,541 to Sewel
cagiRitedMetibdeidaSireéniRrceptRebghitig Tages dioweyer, reflected
iofeAER (R VERed BRIIE AL AN YRl RO I RIS camere
ranges near or egual to ranges at which they are
after the camera has been switched to an “on” state, and so light refiected
towards the camera from the target will be fully collected by the camera.
The camera swiiches from an “off” state to an “on” state in a
synchronized manner with the time required for the pulse to travel to the
target and return. After the light reflected from the target has been
received and stored, the camera reverts 1o an “off” state, and the sysiem
awaits transmission of the following iight pulse. This cycle is repeated at a
rate established in accordance with the range from the camera fo ihe
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 1o Sewell entitled "Method and System for
Fecognizing Targets at Long Ranges”, is directed 1o a method and system

for recognizing targets at ranges near or equal to ranges at which they are

~

-3
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AMENDED SHEET 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 determiner a set of range parameters, such
_ as target coordinates from the sensor platform to the target. i he detect
indediyoFigtanirgs thediesbbrIRR pardaietes  adadseraydediimeges thermal
. nition sensor (LAIRS), The LAIRS uses the set of range parameters _
lﬂ%ﬁ)&%h‘%@ﬁé’%&lsé%%t%tfhé t&ﬁ%ﬁefaﬁégildn 8 the BHGRL. REHeEsonkie detect
sdltgminatesithinatea assasiatedywith e rAoESRARMESIHS Wil 8P coordinates
imaging laser pulse to generate reflected energy from the targét. A gated

frogielisiciPeansdy et psteile i hdregetetitnalgiembmanedunsnatets the set
t ' ifi 1 the refl .The image
O oo e i hadE PR himoT (LAIRS).

Thystéiiitispreyinid thesimalyesfog o perammretagnitomrisdiotheltdgsieted o the
tha¥ Sewell req;ljire§ a,preliminary ra gef 1s measurement. Before the
it téé) e |

Fsoncal The thrget, the 1587 sGtEretidnisNgonite area

arfgger source |ﬁum|na

agpecisurMANtiasee pHsR® iR iageRtMeas U BHaN& er pulse to
between the system and the target. The range sets a gating Signal for the

IRE I ERTSSESe N8R TENe (2iEd tBRVikisARENnDr BRigdedatewinicon sensor
re@@Wé@%@”%ﬂé@ﬁé@ﬂe&%‘?#gﬁr?rg?'ﬁ ta{W(ﬁi”&W@ég} n{%ﬁ@iaﬁ%aggéyhighﬁy

measuring line to the target of the laser ranger must be” para
maghiiiee andhiteageththeositsatriobsemgyiol Bgstamagit is ahabirstobinized

}'he. isclosed technique, to provide a npvel system and method for gated
bEimea{g'ilr% lﬁ?ﬁrégacaff\}e%ﬁl %ﬁ%ﬁ%n‘ﬁﬁrgte(foégcgé&r}gﬁ?ﬁreséﬁ@mﬂiﬁ%t??*l%)ﬁ'é@ the
inmgasiareomaibisradurht abjest bthe 25 disclosed technique to

provide for target identification in the FOV of a camera from a minimal

range. -41 AMENDRIBSHEEF Woselh/07668iRe 1/ A, 2008iT0008y  range
mERMMABH OB B DIl 28EP I&rEN i inates the target, the laser

source directs a low power measurement laser pulse toward the farget 1o
measure the range between the system and the target. The range sets a
gating signal for the gated television sensor. The gated television sensor is
gated to turn on only when energy is reflected from the target. It is also
noted that the measuring line to the target of the laser ranger must be
paraliel, in a very accurate manner, to the LOS of the observation system.
It is an object of the disclosed technique to provide 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
disciosed technigue to provide for target identification in the FOV of a

camera from a minimal range.
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In accordance with the disclosed technique, there is thus provided an
W@ﬁgg)&(s%s/tem having a transmission source, the transmission source )
providing at least one energy pulse. The system s includes a SE¥REBEI5/000085

receiving puligzjreflections of the at least one energy pulse reflected from

objects withir X SHBARY 2381 d l5 PISEJQ SRD A& IRIdEaving a
minimal rgngg (RN e sqk.is enabl gate_,detection of the |
pulse reflggtigns, with}]zg- §at\§§§ni§8€vh%%%§) %éﬁqro e%q@ﬁ%f?thafﬁfﬁ%e s thus
PERYisIcstants tomeaging theymilsereftentions aftertred@MidBidMINgource,  the

ially given by the time it takes the at least one energy pulse to
trr%ﬁ:%ﬁ%or%nir%grqgné)é%ﬂg'e&nﬁfe%?@'ﬁeeﬁﬁg BAEKIY the!sshsdrherorystem

intledesisndaasgefdhabionsh ness iming are
b @E{;{%ggg for creating a sensiti%i y as aﬁ%%ﬁﬁ%s?%ﬂ%i&fg? :,%eé gs}ys e%e,energy

gHeshisam éTbﬁ?éﬁ/e‘diﬂﬁérgﬁ}r/] depid pﬂ]ilse rféaélmbtionbsSimeiged, the
; ject : the mini range, progressijvely
e e A el e G Bsrg nabied to gate
dmmm@fotbﬁ_epeﬁﬂmdéﬁenﬁdﬂis,thﬁvweghu@rqugmgyw;r&Qi@ti@@mm“ed
snpc%wt er,g ﬁ}’e timing of the at least one energy pulse and the timing of the
gate %gte | ns.%'bg?ﬁesﬁrlgsagpo%cgh\é‘?gw&%@l%d ghieghensnafigmaydelay
tihingeniitadtangrgaing sysansitv lon.of range for the
sysgam, such t_hag agn amount of rgﬁéisvﬁge‘gl%grgy%nﬁ%!a pu Sgi‘(rl)gﬂgg%gg,pulse

tor dfEGRatroMmbiiBals TebgR cas) crenipdatenisib ciinge Herolgressiielysensor
i - Wi | he depth of a field t i d. Th

e B e e el R sy taegiate timing

anprogpesslielyl Uotil areaiitionah rarges Ry basmaimiaRabAeISCBlRPSor the

Svi bstantially constant, or decrease gradually until a maximal range
VERTRRT s

. %aﬂ, %T&ﬂﬁ?ﬁd?far%ﬁhﬁ@r@é@ﬁf/tl@é ﬂn@e_agi&ebmﬂections,
e e A oo
nng@ﬁmcwafat&@tamng@ (@Wngndhise depintiming isf@lEstentialy imaged.
ARG to one embodiment, this is provided through synchronization
between the timing of the at least one energy pulse and the timing of the
gate detection.

The at least one energy pulse and the gate timing may be
controlled for creating a sensitivity as a function of 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 (Ro), 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 (T;), and the delay timing is substantially given
-5- .
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WO 2005/076037 PCT/1L2005/000085 by the time elapsing from the start
until twice the minimal range (RMIN) divided by the speed at

time (TO
W%ﬁ?gé/ %%f"gt least one energy pulse travels (v), in addition to tAeTH}ZS/000085
width (TIASER) according to the formula: 2XRMIN +I LASER V's

byaertifg wlapsingrfepibodiemetaytHing 16hst simdieheioy fuseniétasange
Y SR e AT T B B D PR R v

gy; the sehsor Is’ena 10 ga

(veflectiadditwith dogatiey paespaidire $ENsQrHS antivateihd Qb)tBe formula:
duration of time the sensor is deactivated (TOFF), and a synchronization

i mgL%Lghe gating with respect to the at least one energy pulse, and
atv 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 CFOIY N dUARREICOAIRRPAE & Hs SR abiRashaq ROLIY pulse
detikEde gwmwﬂi@t@mg@?mﬁ getermined aegordingHa At '§n LR Hape,

the is depth of a field to be imaged, specific environmental conditions the
angstepligeusEeigya dpeabnrosyisienabladviog gaiettletseteon isf the pulse

; o] maqving platform, and specific characteristics of differ
e o A e RS TR B dnbTon): 2
dukadinnosf time thes sanseoisidegstivhieteandThegatingtinesspaRibARization
. sensor Is activated 20 may define a ccﬁzle time, wherein the at least one

trgiioYiptieeaatinevitiil tePRestiriaon@rahdaRmonRIANGIGBHRARR cind at
let§ %ﬁf@%‘%@'&é@ﬁ@n@@ﬁ@%%é@%%ﬂ!Oﬂ?x% ﬁg%ﬁ‘??%ﬁh? pulse

deactivated, and th lections are received
pajiery thine spdaahersergor theagatingd fifhe detarmthatieensocordingdtivated

tl f the depth,of a 25 field, th ifi i I
(oMb GHEA b P Ty chP e SBitRARG B RGN 1 hesahedfsh the
synorrdRgatesiermmang, the sheweifieiabarastedvina9f diffare abieste of the

expected to be found in the depth of field, is preferably a dynamic
%&migafﬁ@uq t.be d9wvggmhgspasific environmental conditions the system

is used in, a speed the system is moving at if the system is mounted on a
moving platform, and specific characteristics of different objects expected
to be found in the depth of field. The pulse width, the duration of time the
sensor is deactivated, and the gating time span the sensor is 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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increasing or decreasing manner over time. -6 WO 2005/076037 PC
wh A4 PRe4P00055 Optionally, the pulse width and the gafung t_|p1e span_

are limited to reduce the sensitivity of the system to ambient Iight/1L2005/000085

sources. For. example, the pulse width is shortened progressively, the

delay tim Bflgﬂéﬂgtﬁéﬁ‘eatﬁ%wgﬁbeﬁj?%ﬁmh@a:fmftiirm@ span are limited
toehraesibe. fHieradiiatvin Mo ORBILPRRFHARS SAASIENEGAIOIESSEAY: For

the delay timing is lengthened progréessively, with the cycle fime no
exhEiimgthe qudrenvidib jalshuitthaddttegyetsy/tive tpardalay timing is

t ively, the. delay timing is lengthened progressively, .
e B SR s P GO/ TS Rb & 5B e Gatvely
thef tgetsegstms ulizad 1o teierRinaEaREHibsaraifunetien gEIap9edRhg is

the system by changing a parameter such as changing the shape of the
lepaihaneR PERErESURY, ¥itthdhr) srckatineoneiecdaaginone lenadgition,
arer] nft I ope.e Ise, changin
e L A Pl e G g . the

delay tineisgrisde rotibeaotch e ¢ FeERDRT), Wiﬁrl]ﬂgﬁ@ @Dr%ésgn?édﬁbt changing.
(TLASER) of the at least one ener ulse, changing the delay timing,
and chardiftg Egg)lfgcﬁ?r i aﬁ%ﬁ ﬁ%%ﬁe%&?tfﬁg Fliithe Fenserighinglized

toot rrawding dheialiepsiBergRedhPYISRIGE fSPQﬂ@i@Qf&P%ﬁz%ﬁbing a

may be utilized according to at least one of:the depth of field, specific

PRRIRSHRARcHHENcasdribARAIOs e shisne e ithe 2b lgssidane sysegyipulse,

| ' on.a.moving platform, and .
o o B eSO AR RElRR g tngyemeray
offitriel. 0 ptiantityie enehyyignisecaiteaiiioghe gunely AMraipaIs the sensor is
rovided, preferably wherein at least one repetition of the cycle time forms
a‘%@’ Egﬁ?fﬁ)@ﬁ%d ged rdirationd of nlimsetios tse Rssstip rdganiivated

e et e e droon SHET pulse.
changlipgoiwidetpylimindlianmhehengen thewysteonizatiasitiang between
theYg&ihg and the timing of providing the at least one energy pulse. The
changing of a parameter may be utilized according to at least one of: the
depth of field, specific environmental conditions the system is used in, a
speed the system is moving at if the system is mounted on a moving
platform, and characteristics of different objects expected to be found in
the depth of field.

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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passing one another is optionally eliminated by statistical solutions such
WS ml%v(\)%ring the exposure number, a random or pre-defined change in )
he timing of the cycle time during the course of the individual GitfHg?05/000085
frame, -7 WO 2005/076037 PCT/1[,2005/000085 and a change in
antbqueplegnrgendrexiseauenaympbrinfutt XPeftm ghbeihesan Mutoatdainding
b8 P MIAL SXBLem RAsSIN pre Anaiies MRS Ps AlminiEd Proay also
synchronic solutions such as establishing'a commufHication chanriel
bebetoltmimhiedysteyn angrbegimitar systdions lettingreachsof thetaptisiing  a
and the similar system go into listening modes from time to time in which
CORUTHINGAI BHe SHRRGFh REISRR oHifte P [ GBAInt e Aoy Sterm.

lefiifd BEBNDPEHE LA AT KISPYRE HiAna s stEman SHHRMIEREHRES modes

emitting the at least'one energy pulse if no pulses were collected during
frone tisenindipeeitd vemc aftbe whiltast toe the @ yyRwse and tiesititied for a

. i il f a.cycli bef ' itti
e AL ARt R M8, bl oS fbthg he
sipglaeGysteire rauede\dngithesyste aslcisngecgndsgpigilise if no pulses

transmission time in the individual video frames. The exposure humber
Wekgy GRliesiRd HHHRE MRl IRRMRRsREThedindftera Wighyiperiod the
b R AL i fior : . i h
S exposn??éi 8n u{rq%e%m%/f{)gng%ﬁﬁby the %@ﬁﬁ% Wn?eégﬁa\ﬁ?s%] a?gz%ﬁéingge %uge nee
beagues ofesureinga@ritiing Mhehainiagst inrasiieerghemdasolf pulses were

echanism may.inclyde image processing means for locating areas in
oS U PR SR B B BE sy gy pystems
chringesaipuiR & iablerawnRRs SIbePRRIIAShUGIIVRRER DIOEeFHves.
means may be utilized to take at least two video frames, one with a high

exposurd AEnfBROEHE BRETIREN MG Sgpyaiiechbinee, Gemérelimrechanism
S e i R A A R AoBie

infowhialsinugs eidiefranp dsucembininbatarnase abdrovarfeamés withea control
higgl exgosure nuerer and sat ratﬁd a¥eas from frames with ,

mechanism according 10 a level of current consumed by the image

intensifier. The control mechanism may include image processing means

for locating areas in the sensor in a state of saturation, and image

_processing means for processing a variable number of exposures. Such

image processing means may be utilized to take at least 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) oOf the at least one energy pulse is substantially defined in
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a low exposure number. According to a further feature of the invention, a
wBUlGe Wislih (TLASER) of the at least one energy pulse is substantially

defined in -8 WO 2005/076037 PC;'111L2005/000085 7 x L: Rnfrht3005/000085

accordance with the following equation: where v is the speed at which the

at least one energy pulse travels. The at least.op nefgy, pulse may

PRSI AN

adeelusiensevaialiPUises fNsIs tfts‘ugfrﬁwec‘éi es sgvera p‘gﬁfﬁé’{;@% the

at least one energy s pulse reflected from at least one object
SRREMGtIMBISPainthet densbpisaetivatey. piliesensamimay be enabled to

gate detﬁeﬁi n {the pulsed reflections, Wi[ﬁh arggating,time span the

sensor is activa eol? NP Ehd D HFL AT inTBaNe iB&iddp isseveral pulses

wheastivares CEDED), vduevae subsipaligyides 2K (k04 MUY Mhe energy

efined, in accordance with the following equations: TO and TOFF 2 x
PRANSISARER @M A dRast AoERObIbE plEngidireop dtingt teast epan the

SEANENEYsPAYSR,ARM V is the speed at which the at least one energy pulse
travels. Optionally, the sensor is enabled to gate detection of the pulse 15

reflectionshf eggoafzincrayitihva lovaReatsed Cgded gt R HENipglised

nlgue. The sensor may. also be enapled to gate detection of the pulse
reﬁ%@%@%s Wﬁﬁ aaggﬁﬁg%rx@?péﬁ) e zgﬁsﬁﬁlgsé)&i{ﬁat%@f'(\"ﬁfﬁ@, Grolk and a
duariidioroofiiime the sesaabisigdegst hi staptialy +:
TON =2 1 R41,r - R.Mrn defilneeé?iénﬁ \g%‘c@ogktdga(fcg\%vﬁ%ﬁ’t@ g Ioév?r%g%@[%ha”y

equations: ' Z x RM,ix TOFF, T 2><[R0 »RM,N)
defined in accordance with the following equations: ” v and
2x Ry
° + T asex . .
) , Where T ager is the pulse width of the at least one
energy pulse, and v is the speed at which the at least one energy pulse

travels.

TOFF =

Optionally, the sensor is enabled to gate detection of the pulse
reflections in accordance with a Long Pulsed Gated Imaging (LPGI) 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, zgx(w}

ON

defined in accordance with the following equations: v
2X Ry
Topr = .
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
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20 and , where v is the speed at which the at least one energy pulse
Wér%(e_l%. The at least one energy pulse may be in the form of i )
1BEOtAghetic energy or mechanical energy. The sensor majBd2005/000085

Complementary Metal Oxide 25 Semiconductor (CMOS), a Charge
(Gielpibd pdvriettynaidedciitentline! Sharse{EdfnPeacs a Gated

l”i%?%gb%ﬁ%d Intensified CCD -9 WO 2005/076037

/1L /000085 (GICCD), a Gated intensified Active Pixel Sensor
(GIAPS) Tare seGatednimafiatintensifitidéhersensermaayifuther inthedet one
an external shutter, at least one photodetector, and may also be enabled

PHYIRHBIRRE s ANGidpRY alsebs P REg A #9RKes constructed from

the light seed ' E@Sa?% r ; S )
Up Dispﬁa\ye(%lyggxlrabpparatgz,g afg}ﬁg!%l%%gﬁag ﬁp%%ﬁ@ggﬁggﬁﬁ%m the

lighp peragiseanin athelsgraphicrbayeafiax bstic appartnusamplageuhtetm Up

storing | constructed from ulse 10 reflections,received |n the .
DESIEY (FEAET ARGHAS. B LoD eathl Hatalor Hanlianprtc
appagassonntustiedigraphicrivisse deflecbpir rapeiyestiz the sensor. The

system may be mounted on a moving platform, and stabilized.

StabiIizat‘?or?’?ﬁé?ﬁﬁe%?ﬁbf?ﬁn%t@d@gta%ﬂéﬁ%nQ@i}fér Qci%ims?‘he pulse
reffediigatonsglgedbagidra A oRane i pIIIRIBSELZGlaN a5 -

using image processing techniques, based on a spatial correlation
travetweeaiconssniteefpydranataitiinggenafde objesirtets imagedhangulse
rez{?aéjﬁization based, on sensed vibrations of the sensor. Optionally, the

ﬂpﬁ'néﬁj%%'g%? KL E A Wient light sensor. 20 Furthermore, a

pulse detprigr &yitgtectinn P! BalsesemiBag diemaa ABlHEYERMorm, and
approaching may be provided, an image-processing unit may be added, a
stagﬂ@ﬁd)andﬁgg fm@manuﬁEﬁ@féﬁEAy include 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 the object to be
imaged, and stabilization based on sensed vibrations of the sensor.
Optionally, the system inciudes 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 puise,
may be provided.

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

responsiveness of the sensor in proportion to an amount of energy
' -10-
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connected to the sensor, and a spatial modulator shutter, or a spatial light
w'ﬁ(}%% finay be provided. Optionally, an optical fiber for transmitting 25
t e

ol . .
e at a’sg one energy pulse towards the objects to be imagedG¥AlLp5/000085

added. Furthermore, a polarizer, for filtering out incoming energy which
refoely A8t RYntBfmS@AE povHRiessih bahgainlsersfivetbmyerthiteddramr as a

b iSS| : icli larized energy pulse,
e e P e e A R, o
gain and responsiveness of thesgensor-ig, proportjpn to an amount of
energy -10 WO 2005/05?(257 ~1/3,200 boogsﬁ*éé@w@d by the
-RECET

sensor, wherein the gai ion of range R
is defined by the follow convolution formula‘®&t--- C(tjde | LI.SRI?

wherein Lfslefinet (@ BasiRass i EioB| ERToBANRSHARYOLL i 5latYs,0
the transmission sodr)ce,, irrespective of a state of the Eﬂgév\ﬁv%ﬁge%t)énmﬁ
stal} fb thenSAReBIssknceBeandggPediyenof taramissitntheusemsor,

j definessa ool ion representing an _ability of the sensor
wt?)ér}(faécg-\@ incor:ihisgg ﬁu se ref %@%’r%gécc%)g;gﬁge to%a g&tg'aétﬁe@eﬁ’s&, It the
tranerei sy doiithe sendtr G/t defrmsyatBogriamid st ds®ifing an
aggr%sorfi in a deactivated state, and v is the speed at which the at least
ohge}feﬁesrtévpﬁ?&sﬁg\?glsr.e,@gmﬁe’mﬁﬁﬁﬁsf@fmﬁy% @istefndinpyto a

staldtiphiing e senvalben formuwa by & genesic iﬂé%ﬁaé’@ﬁk?&ed gtate and

attenuation function. The transmission device may be a laser generafor,
Chh ardyf dhessgiaaes iarmadgestptedustedeisibie igst $miessed at which

b o T BB e s W e e BERL P Bl EaY be
obiemedceiyingraligaistinge tekectonvbilitod RN N9V PYeBmetrical
b {88835 : Jﬁo‘% gR eag%iso wlmqucattiggpth of a field to be imaged, the

The transmission device may be a laser generator, an array of
diodes, an array of LEDs, and a visible light source.

According to a further aspect of the invention, 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 (Rmin), the receiving includes gating
detection of the at least one refiection 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 refiected from objects located beyond the
minimal range along the depth of a field to be imaged, by controliing 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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20 depth of field having a minimal range (RMIN), the receiving includes

atln detection of the at least one reflection such that the at least one
r’rg‘?g)} "%dise is detected after a delay timing substantially givBRHL285/000085
time it takes the at least one energy pulse to reach the minimal range and

beypioldhersiisbtig baokeaatbpmifiessiiel intreditg theoedwiagad up to an
o AR i SRR Gt o et (98 Mdgeapbleast one
re¢l@@ﬂf olfingshecatdedssanesijersy Nulseaadites/tminaiel thgmingd range s

Preferably, the procedure of increasing includes increasing the received

MRt té’(‘l@%'t%r?e%ﬂegﬁ@n%ﬁgbté’d fokicdgjderdecimagad woto a
manA’, RI/LD §up gfbgeé(&% ;rE]JgV Wgaﬁ?%?rﬁ%treecelved

depth of a Id to'vbe |mage an optima ermore,
emleegp,cekaéte aidegaifehe aeMmmeef&ﬂHmbrﬁrmﬂeomddtsrlmobtec,tSbeyond

s LT TS o8 Rt Ll oL AR ARIBRG gy i the
m@s&vﬁaedramg@ammamtﬁwegety@ﬁis@mrgwf t@eadds t QussreBReign the

reflected from objects located beyond the optimal range along the depth
reselV RSl EREFSYINRG &Y uaw&un@atm]aee@gedsanemmfytben@td@e@yone

|y iye r r t el
e e B oA Y e e O 1S SRS VIR e
ottieldbjedis withipettie depth of field to be imaged. Optionally, the at least

one ene ulse defines a substantial pulse width (TLASEA)
commeng)f/? YAt (%Staﬁa%g'd%@y tIRHRE idelinemmigypstantial

p&%!@WtF’ﬂm%% SlansinenEpiRitgeatiarsiae (Hs YntlisictBRelay timing

minimal range divided by the speed at which the at ast one energy
iSpaldes xvgweau(ﬁwom firogpadepsiog (Toasthe): skssitimey (To) unil

ol AT B R TSRO SRR A PGS eyt one
em@g?dlﬂaleégamdemlum aigatudifion span ahe pulse width (T aser):

2x R

MIN

Tonsen + ;
v . Furthermore, the at least one energy pulse defines a

substantial pulse width (Tiasen), @ pulse pattern, a pulse shape, and a
pulse energy. The procedure of gating includes a gating time span a
sensor utilized for the receiving is activated (Toy), a duration of time the
sensor is deactivated (Tore), 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 patiern, the pulse
energy, the gating time span the sensor is activated (Tgy), 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 time
Wg]%m%gg@]{ris deactivated (TOFF), and a synchronization timing of the

gating with respect to the at least one energy pulse. At least &ttel G-5/000085
delay timing ,éfsp%lf)ulse width, the pulse shape, the pulse pattern, the
oulse enktgijomalyatitbaini@aenndwihss: iskmatdtroN) deedure  of

adiBgHanRQr 25 time the sensor is deactivated (TOFF), and the
synchronization timing is determined according to at least one of the
depth of &'fiefespbcifibeemrivomnersaldonditiondiitng inethodis psedrivesively
' eed of a_moving platform if the sensor is mounted on the

I RRT 90 CRAMC ash B R T PbjEERs ek @beast

oteberfenng iphs apiianiihef fielshal2VP A095M7RART BieP
/IL20057§(?0(')335 Option%%, the meth%%d}??‘urther includes the procggl?r'g%fpmse’
Pr

C%ﬁf&jaﬁnﬁ?@myﬁ) atdaard SFEoRrAgYy inulsgespruypisgivelgating
B G B R A Rl S Gboing =

5 onée energy p changing a shapé o tTeast one
dureitgingthémeedeobtesat léastiose vnaigy Plisexchehaingingaiingenargy

ti[ne ﬁ@ghaé?ensor uti -Zﬁ.l.d forghe receiving is activated (TON), changing
PYSEy tinsEthE IR A R RNT B A U Rn g wHNngh dhgy delay
tilieg WikthdTLAGRB)LERAHFASHABR NRIEY Mﬁ%@?@ﬁ%@éﬂﬁ@%@& the

10 tlming.,{and changing a synchronization timing between the dating

efnitiaehitihy THegrotsaurd epssriinggney also intlddeciunayigiripethe at

easl.o @mﬁte ing.to at least one of the, depth of field, th
ie?&écﬁﬁ:éerg\%ronmven aémg‘rgﬁéegr%e%ﬂ S(}O i e%qiﬁ?%gﬁ%&]n ?sé%e@d the
spéditcreowing pratotal Eoneigiorsotiemostiied ¢ tae dipV N A 5peed
d characteristics, of different objects expected to be found in the dep
O e RION R RIGIRTE ¢ R RANRP isy FIRHBHSLBd g mOVing platiorm,

it B L
figlsle the geinepaire of controlling may further include the sub-procedures
of providing the at least one energy puise for a duration of the pulse width,
delaying the opening of the sensor for a duration of the time the sensor is
deactivated (Torr), and receiving energy pulses reflected from objects for
a duration of the gating time span the sensor is activated (Toy). The pulse
width, the duration of the time the sensor is deactivated (Torr) and the
gating time span the sensor is activated (Toy) 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 pulses reflected from objects
for 20 a duration of the gating time span the sensor is activated (TON).
WGRREBUIEE Width, the duration of the time the sensor is deactiEF&dL2005/000085
(TOFF) and the gating time span the sensor is activated (TON) may
maéfiad agiiduither Mslodaliihat prasemtie acptivhioathrgcyoldumdlinding

SRS IG5 eS8 ke iR v

orm an-‘exposure umber f0 evide e

mbtitoef pedsitectenpraeritbier obglispinatingnivwohlingdisgdieteeatablishing

system usjng the method and a similar system using. the method,
a pé%’ﬂﬁb%\@%h%ﬁ%QaﬁﬁW@&um%s%ﬁ@s api ety gimitar system,

IR BUR N WNRSS eya@ﬁraﬁaHr?édgfmarcegggﬁggm%ti@{%mf MRodes

cycle time during the course of an individual vi e, and a change in
frome frawpiémdiyred ihevdxipbstive atilsiast ahereadrgy, phdse-E3ndCemitted for a
51105/06037 PC /%LZO 5/0@0?85 method rr\;&y further, include the
Ut

R R PShminaShg BHRSIE Bied'Y 5T (BHGAR: and the

simggogyansm seplansysiaminginadhat reibpdRassergPeaniemBbulses
synchronic solutions such as establishing a communication channel

wekRwEeHaReS, vingh dhfe kHiRING skaHOsefing after onthiskygieripd the
smemeaﬂ@i@{§vaﬁﬂh9°§g¢?éﬁewg& rﬁ%@gsaﬁogh@% t%“@ggi@\“é@a*&eme

the at least one energy pulse is not emitted for a listening peri fter
beferkstersngnpegoditiing the spétéeeshdothe singlglysystm rigspuiees were

B P o PG R 500 WP EOTES o B! BB toms
chAEEaailseEan ershehfsyilic P SAADRIQIAdRS ML TR

the at least one energy pulse if pulses were collected during the listening
period. FlRBeBXBRS WAVIRYAHeesy Stasbendigamisally veued by a control

miEERRRISTONdIE ad Bl A dahd B0l aes IR RRRRU JBREhg to a

may be dynamically variéd by a coritro echanism, suc
lemdjustingriitsexpdigive munddjuatiogydihg texpdenekofamiient bghther control

m%cgﬁgtxj{i] n%hea%)t(:%oralajrgg ny@m%er;g%g?eg ngt?rlrent consumed by an image
intensifier utilized for intensifying the detection of the at least one
reflection.  Optionally, the method also includes image processing by
locating areas in the sensor in a state of saturation by the control
mechanism. The image processing may be applied for a variable number
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 (Toy) are
limited to eliminate or reduce the sensitivity of the sensor to ambient light

sources.
-14-
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mechanism according to a level of current consumed by an image
winsgnsifigptilized for intensifying the detection of the at least gne 3 N
reflection. Optionally, the method also includes image processpiﬁg/ ng%’/ 000085
saturation by the control

| ti in th i tat
R i AT I g T e e S e e ey
vm@ﬁi@@ﬁé@éﬁwmﬁty%tfﬁbwsﬂ‘-aTﬁ%W@e\/QWQ%%F%?ne such as

._include taking at least two video frames, one with a high exposure
INN@MbEICTBRSTMGer HitALCKRSIKShsEre PRIFBLY, Ipdreagingoeessing ekatially

dé/@{é%tg!ﬁ]élw SEExpasyres, determining exposure numbers for the

at least two video frames, and combining frames to form a single video

frame by Toempbivigdiaek afeasritostiifignreayvithalighshpaswingumbasuise
Wﬁ{g saturated aﬁgeas frg frames with a low exposure number. Preferably,

PR wict bl oARE GREALGR eptiiPielandbpisadirgsasTiony, while
T A R i hgp gating time
SHRvREFAISIiE Ssevely cetdréesiaivesininghe dyakavidinsint asdyressiviaty, while

B . : p s
o T T A R SR ooy e g puise
wﬁﬁna?dmd?amg ﬁh&_mplaeﬂ%r?gfeﬁtvelvqﬁdn ﬁw@ﬁlﬁ@etﬁe%@@mimmg
e pulse | rogressiyely and lengthenin e ea Imin
PTERRFES ol WUHE FGRRITS & SYEIE WA of Hesgeh @D RRged.
shorteni%&@%iygtﬁ@ern%@ﬁa@m&wsaﬁged%@ 0@8@%@‘89&9@8@%(9 the

timing progressively, while retaining a cycle tim the gating unchanged,
enmrehoReitagwidtbu(de A2 nyideubathamiadstidgfimes spangrogiessieelyith the

lengthening the delay timing progressively, while retaining a cycle time of

the gating unchangeugk 3 the method includes the procedure of

follaleinatingtitiencrgy pulse'width (WAGERY), isulistariydefisediifeast one
ersioy pulse travels at. <

The procedure of receiving may include receiving several pulses
of the at least one energy pulse reflected from objects during a gating time
span a sensor utilized for the receiving is activated (Toy). The gating may
also include a duration of ’time‘the sensor is deactivated (Torr), and the
controliing may include controliing the gating time span the sensor is
activated Toy and a duration of time the sensor is deactivated Togr,
substantially defined in accordance with the following equations:

Ro - RMIN

+T

T o= 2X Ry
v OFF ™~ LASER . .
and v , where R is an optimal range.

Ton = QX{

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 (Tgy), and
a duration of time the sensor is deactivated (Tore), are substantially

T,y =2x ( RMAX - RM/N)
defined in accordance with the following equations: Y
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following equation: where v is the speed the at least one 15 energy pulse
tr The procedure of receiving may include receiving severa
we ﬁ]\é’e@?o fhe at least one energy pulse reflected from object§) 8%]‘1@03{;/ 000085
gatlng tlme span a sensor utilized for the receiving is activated (TON).
¢ My also include a duration of time the sensor is deactivated

and O%) andthe 20\gpeiellingsininghedel condrelling the ertinehdryy pulse
span the sensor is activated TON and a duration of time the sensor is

trayedelated TOFF, substantially defined in accordance with the following

equationsi,d BoBRIE0 ANar ROy THAER 0inthefe B2 one

an optlma ptionally, the gat y include gating in“accordance
enmt@yapﬂ&éangtmIkedmat@lemagmggnem)emmenhmeué\mucmamergy,

hen a sensor utilized f FE recelvm s activated
g SRR HIR IR A o P A A OO S HGE B Ch &S @ laser
gevirairsitially aFmy dxdiddRs: RaarrdeineEnaceeransewiliyiesource.
foIIowm%_ quations: L' -15 WO 2005/076037 PC'T/11,2005/000085 ' X

RM.AX OFE ag@ing/hanay idnaligsecdalioct Rustonsaifopy sWek as a

t
O L g e B e 8 Tl gyl
Dewmd geiating t%mdbdatenelbee@haum hyjaotmnlt@esmm §&lelD), a

GRS g iy I e ob Aty & G, Ll atigd. Abtive Pixel

SrRBPlEDIAMYY MERIdaXiHS W'%@S%é%&gﬁia% frbfige<anPisdernal
Device (CCD), a Gated Intensifier Charge Injection Device (GICID), a
shutter.

Preferably, the method further includes the procedure of
intensifying the detection of the at least one reflection, by intensifying the
at least one reflection with a gated image intensifier or with a sensor with
shutter capabilities.

Optionally, the method also includes displaying at least one
image constructed from the received at least one refiection. 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-



10 Gated Intensified CCD (GICCD), and a Gated Intensified Active Pixel
W§%§957(&%PS), and gating with a CCD sensor that includes an external
shutter. Preferably, the method further includes the procedure’§fT/H2005/000085

intensifyi?%?%he detectjon of the at least one reflection, by intensifying the
is at leas @F@?&éﬂ%@mfﬂﬁ%@gﬁgiﬁ%@éﬂﬁf@?&iﬁ@?’é&%ﬁh%@%@raﬁ least

okdthpeites ¢apptitiem sptianaliy, fag meHedRiso Roldgs Aisplaying i ing
_ atleast one image constricted from the received at least one reflection.
inthedeis filigiiao regeaheash endisgyagcmpaiamsofor patatipkeienHeatdiming to
I , LCD display, a planar optic display, and a
aﬁggé%éﬁgﬁé@%%&%pﬁﬁﬁéaﬁ& r%?n‘%&ﬁ%%ethod 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 25 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 30 modulator, or a liquid crystal
display. -16 WO 2005/076037 PCIY11,2005/000085 Optionally, the
procedure of emitting includes emitting at least one Polarized
electromagnetic pulse, and the procedure of receiving includes filtering
received energy according to a polarization conforming to an expected
polarization of the at least one reflection. -17 WO 2005/076037
11CTR1,2005/000085 BRIEF DESCRIPTION OF THE DRAWINGS The
disclosed technique will be understood and appreciated
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more fully from the following detailed description taken in conjunction with

Wdl}g()q[@%ggs in which: 5 Figure 1 is a schematic illustration OI@F/IL 005/000085
operation of a system, constructed and operative in accordance Wltyh an i

ﬁlrsﬁ?;jtiirgr? r;'; gg&%ﬁ@%%ﬁ%ﬁ%ﬁ%&ﬁimﬁ iﬁﬁv i&%%ﬁtéczs isa
Schemam@ﬁ@&i%@& a_t@a%ﬁa% € RiRPBgatiNLAPYAKlS: and rﬁ@%@&ﬂmw

from, an object; Figure 3 is a graph depicting gated imaging of bo

midaseiutiyd roreetien fakcavinng tietedEnnde Sagirbonidakgpitabseeitiotipn with
th%ﬁph’ .normali@ﬁ tp 1, depicting 15 sensitivity of a gated sensor as a
EHEPHL 8 ‘between the sensor and a target; Figure 5 is a graph

depictingrignirg Al srHeREHalsingotE At opuisSe i bpelratlasebbeasystem,
as a function of time; Figure 6 is a graph depictin'!%the observation

copgbasiRg oPRROBRIBHY it tRCGRIAG RSNl dupiqerPRdigeRd 5Ot the

. ' range; Figure 7 is a graph depicting a specific instant in
d'ﬁ%%lﬁ:g%%ﬂoﬁ l(J)%the scenario depicted in Figure 6, as a function of

range; Fidgle® Blaigrapsctepicing il sgeaifionnsfant astmeudse ihep@§ating
s§)ecific time instant depicted in Figure 7, as a function of range; Figure 9
thf %ﬁemﬁy graph as a function of range, normalized to 1, depicting the

sensitivity; §f,p-0ate d-SaNshomateARea I dhey [HBBIgJe- SHhagating
depicted in Figure 5; Flt%ure 10 is a sensitivity graph as a function of

toveaigls, 30theritRnliag iaMdan@Rigaie sensitivity of a gated sensor, in
288055%?%%@9%@?,%&%%%%@%‘5 HBa@«lﬂgc&' %ﬁﬁ@gf%h BAGr and a
sensor as a function of time;

Figure 4 is a typical sensitivity graph, normalized to 1, depicting
sensitivity of a gated sensor as a function of the range between the sensor
and a target;

Figure 5 is a graph depicting timing adjustments relating 1o 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 fong pulse gated imaging timing technique;
' -18-
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Figure 11 is a graph depicting the radiant intensity captured by a sensor
wiomseiggtions from a target and from backscatter, as a function of the )
range between the sensor and the target, for both a gated and'& HgH2005/000085

gated sensar, during a simulation; 5. Fijgure 12 is an intensity graph as a
function o WIS rrafABERRB HeRBNd IR RARERC Blene mGAmgired by a
sshepe mnaﬁt@n@@ﬁ@@%@%%rﬁlyyé?]é36§rﬁrﬂ§£¢@§t@@%}a§ fanction of
of the

function of range, normalized to 1, depicting the advancement of t
thatsAs—e hapEas thaueanse laesrptsetarpiticid nriture gatdad gl non-
Ais W’ti ity.graph ction of range, normalized to 1, depicting
gt e segnsmwt)’/% 21 g@%e(?@%%gbéf accordance with the laser shaping

techniquerigpiete@imsFiguitéAsRigeemph isa gramedepiangiie normalized
i szquence ofé)ulae C?cles and the collection of photons over an individual
Yi cHBh's

GRG0 Bt e5tRR IS Shaph aeprtisgmaiargser pulse;
techniqueyigee ajlases wﬁeimg%iﬁ)phg gdﬁgargficq[%gﬁgwhg ; Irginge,

course of obtaining an individual frame, a$ a function of time; Figure
nargralirefedieting A4ty e dhsiqad wansreracatralioththantesensostaiped or

j ' ' ically-over the, 20 course of obtaining an
pm&%ﬁ%ﬁ@ %%%ae%%:%?)%aoﬂiﬁg%%ﬂ% 18 is a graph depicting a

timing tedhigigree vilkierésbosh asdnstivitysegragih and aduraHeRdat 87 range,

sensor unjt is activated are changed dynamically over the. course of
“88&%%%3 PindidERAT iRgb e, senailkiyPbRiGRte: Segse 1digacordance

witFreedRiisting HRing adHsisaa s ERgdNg E@g@g@@ﬁ gf obtaining an

individual video field, where a total of 6666 ex res are performed, as
a functiorFiguirael Figuse raihadgmistiidgdictnsstirnmgoadiyfspukiscycles and
L e e

Figure 16 is a graph depicting a timing technique where a laser
pulse width is changed dynamically over the course of obtaining an
individual frame, as a function of fime;

Figure 17 is a graph depicting a timing technigue where 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 fiming 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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WO 1 2005/076037 PCT/1L2005/000085 Figure 21 is a pair of graphs
W@Ig&j%@g@ iming adjustments during the process of obtaining an, individual
videa fieldfi, both as a function of time, where the number of e%gé‘&%é’%%“"“"”
a field isepgontrolléi based on an image processing technique; s Figure 22
t

is a schen9HESIstiadfb R8I 1R ARNRRGERGHRS HEtHAr Hig@ate furing
th@”ﬁr@@e@"{&‘r@BPeﬂME?WQ&ERW@%F'QW@@?@W}CB(&&? RAIL0 nction of
graphs depicting a synchronization technique for overcoming mutual

tirpgndvitg Botheaxdimipetiod emel@igure 24iaia Isockrfiagladhised on an
. f rget detection vo and identification, accompanied by an
mﬁggr%?m?éé%é% t%cﬁn

i . . . .
1on o nceptu%ngeratlon scenario, operative in accordance

with anoffiguesniZlitsent ettwmditcldtedtietiimaee; guiR@Sisaye frames
schematic élustration of a system, constructed and operative in

aCUUERELINCE B am bt @ ANSOaRHEPINEHIAR BiskissBiOfsamesique; and
Figure 26 le-flustration: of , : o
operativgr =I§ngz?:%m%%tga%ﬁ%gr@%%%eﬁ%ﬁ%ﬁ%%ﬁﬁg& ronization

teakurinigador 2overcopolRI0TEN3Y BOTdING 005100085 DEF b EDtime
DESCRIRTION QF THE EMBODJMENTS The discl hni ,
provides r%%'*flﬁ%a%%ﬁ% ?y?le%gfgﬁ%f@& 8 c%)jé%%ﬁi‘?gc&%%,%é%ﬁé?ﬁ%ﬁﬁon

arinitionadiog oRINAcinRlaARSE YALAN IRARRANSS SracsritE a8 eration

imaging principle with active 5 illumination. The disclosed technique is

SCEFRIanICRPEAMENd DT RfERAdRICanyihgabeikReinauabedément of the

dié@'ﬂ%éd){éﬂﬁﬁﬂﬁﬂgf of hundreds of meters, and also extremely short
ranges, such as'rariges on the order of centimeters, millimeters and even

smaller drigsicd 2feas @resobetniabicidtustridicandiabesstsial applictonsd and

Acc .rdinql , the terms "target’ or 10 "gbject” refer tg any object in general,
Opaﬁ@%é‘ftﬁo hzaqg%ri@qagggd with another embodiment of the disclosed

technique; and
Figure 26 is a schematic illustration of a system, constructed and

operative in accordance with a further embodiment of the disclosed

technique.
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technique described herein is with reference to "detection and

W@%H%%{BE‘ it is equally applicable to any kind of image acquisition for
any purpose, such as picturing, filming, acquiring visual informB€G®AL.20d/000085
the like. The disclosed technique described herein is with reference to 1s

laser lightPPEIEALER BERSTRIEFIANN OF SEHENEMBODIMENTS

electrom tig.energy radiation (photons in, any known wavelength) may

be used, Inc ud?r'lggc%%gn g?ecb@'iéﬁéeam%\ﬁﬂgﬁsiW%@@ﬁuﬁﬂ@\ﬁ)ﬁé@ms for
teagefaoiR, objtar Mieevtve, Rmegﬁmmﬁi@hotawwhm? iation, and .

éh?e like,. Also other pulsed sources of energy may be use f?, dlugigﬁla 200ptlcal

© e%(éﬂf&%l \Psich %%%@ﬁid%@ﬁﬂtrﬁ@a@m apirtbiplikevith active
illAaeeEtelY. m%d@gaa%%ae?@&wglw %‘?s‘gff?cgé}% 8'5’@*{'{‘3‘}3{3{}@%@@9@

sensitivity and image gain of a gated sensor; as a func

Indapi @ﬁ@ﬁ,ﬂﬂﬁ%ﬁ%ﬁh@dﬁ@mﬁﬁhﬁfrmman?mtta@ |@$H§érp%¥5?ﬁprﬁ%eda of
i tat the senspr in a manner relating to the 25 distance to
m%@?frg%%%%@%%ﬁa%%%ﬁ%@r FYEDSHHELIRE gangcpaethsyorder of
cayticietmizationivhbe renspdiodpepulsadinming,and bafO%%ad%@,ﬁ?Em, for
e like

. Transré}itted or emitted pulses, pulsed energy, pulsed beam an

Indysing! Anch i breatare) spriisatins . oriutsrdingiyedtie series. “Eget” or
"oRsesebisEhpipug Rllows; far dynamic i ing and information 30
ge%%gring in real-yir%@Aggé%%g¥r?o gﬁ%gﬁgo(ﬁﬁ%n@'{ ggbcaqhe disclosed
teghsiauationisgeribers moeread oisa maingrksferdorexanpladic’l and
. lcle..such as. a militant aircraft. The system then provides for the
'dég’%}e%%hoé‘nu‘ Sy BPB%F@% HilRaYy HRefimesmaacquisition for
arsjtyRliguse) weloklis BRYAIREIAARE OhadoN Whereas
the_latter_may eyidentlyginclugg? a n00n-§éhi§lﬁg?¥ n%ﬂg%%t o?%%‘ eg\?é?l Sand
e Be& cagrFirsip serchdrabriaea gessoibe d heatistioredieshaitsre e to
la 88t iinysgg to bodj f a moving piatform, as the optical |
observlg?i'on kyts}t%%n@ma(j{%é’l%srly t%n%ou“r{)@@%@a sf?ﬂ?&ﬁ y giEsaen  of
ele@cordngnetianetiengspediaiidhe disslonediie ehiy dkiso RAIWZEH AR may
b elgctrgmagpeéic ra ia}tlion is eme!os&ed, thereby providing for filtering oOut
€ Used, intiuding hgnt in the Visible and non-visible spectrum. UV, near
and far IR, radar, microwave, RF, gamma or other photon radiation, and
the like. Also other pulsed sources of energy may be used, including
mechanical energy such as acoustic waves, ultrasound, and the like.
Accordingly, the disclosed technique provides for manipulation
of the sensitivity and image 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 puises, 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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10 excessive ambient fight of undesired reflections from background
objects. Accordingly, the transmitting source emits a polarized pulse
which reflects from the target objects as a polarized pulse reflection. A
polarization filter or polarlzer allows intg _a reflections sensor only

vehilemivlgcbnagyahatitaniomistathe plike réﬂ@@ﬂﬁhsﬂéﬁﬁea@y ides for the
a ation,;M wauld o ol of the

de tg%lt{)(aﬁd p%ﬁ]ge b?ﬁé}éﬁﬁh%gﬁé?ec%e (Egg I%%é{f%zy Em‘?i h%ég%%;t é% “combat
sm%ef@mﬂce&lwemvimasimtmflgmﬁe &xahighids af sehevmatig ifistiation efhereas

t eratlon of tem, erally referenced 100, constructed and
TR AR R 3 di BOATVERTGH e BOYREIRB o as well
%eCQ'HQH?Qr%YﬁEﬂ 0,90 BetHees aasepdexisr)102andia-$sasar ihni ique is

04. Laser device 102 generates a laser beam 106 in the form of a single
nopuiseited alserias oPoUntAiBEN puResaLdsEndedicelatipemiteaséne  optical

oo SR 9 HaBsi e, Laras beaAGRIUMINEISs el 1B atiorm.

ensor uni be a cam ra orany o

Accoltdtting@ppartiias. aSpesorainih£0dieteives refoteduUaserdiasmslGight or
reflected from taraet 108..Sensor unit 04 |nclu es at least one

eleRBRMAEF (FRTHBRP 6 BrIOREihy LRI RBHVEFAN ngofosqfittering out
ax&@‘@\t@iéﬂﬁméﬂxt%mt%ﬁﬁﬂﬁ@@?é&%@ﬂmn&ﬁg%éﬁmwb&%r@ﬁs}ﬁeatg.

also include an array of so photodetectors. Sensor unit 104 may be in one
Accmﬁmgdatet@@ﬁﬁﬂ@@mwm Sﬁhf@%%%uﬁlmaffé@élmmcwﬁlﬁ@ reflects

ol 2/R57525 Syng a0 o 2 BUEND RSHEET Sl SERsaLiDil S ine

0es not celve JReoming fi t n’particular, thé shu
or qﬁﬂmmﬁnt Aldvis opro durirgiduditons steeemaod dodedrboimgndhestaifgy that

ORI S BISE (2 (B CBSaVBaoS BB feriito raleeto biects
wdsl]&iESEF_%’fﬁé’étb@H@ ipbe:al pisteribaaes 12 nay %Q%MENQED@M some
reflective objects may alier such polarization.

Reference is now made io Figure 1, which is a schematic
ilustration of the operation of a system, generally referenced 100,
constructed and operafive in accordance with an embodiment of the
disclosed technique.

Systemn 100 includes a laser device 102, and a sensor unit 104.
Laser device 102 generates a laser beam 106 in the form of a single pulse
or a series of continuous pulses. Laser device 102 emils laser beam 106
toward a target 108. Laser beam 106 illuminates target 108. Sensor unit
104 may be a camera, or any other sensor or light collecting apparatus.

Sensor unit 104 receives reflected laser beam 110 reflected from
target 108. Sensor unit 104 inciudes 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

£ 3

on” state, sensor unit 104 receives incoming light, whereas during an “off”
2o,
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WO 2005/076037 PCT/1L2005/0000E5 presented on a display, such as a

video or television display. The display may be a Head-Up Display

(HUD), a Liquid Crystal Display (LCD), a display implemented with a

planar optic apparatus, a holographic based flat optic display, and the
slafResShrayd 12 Hagersd vt SeriER AR dighinitn(nattshown)ther shutter
nof ARSI REALANMISBIONR UL SHAYR L0« gRother logation for ,
( p‘(oc”essi)ﬁg. A controller (not shgvyn) contro?ls ar%?j gsﬁ;nééﬁ?rtgn??eés cﬁ%%sed during
thepgditaficiiof SeaderunRaADAIRdS ots@thiesehsdourie1®tbansalsedrebeing
in @RARIG Lo AUGAIR I [eIE)AL'ag3MAG ARLerS 10 (18 ALomAlE 0DeNing i,

and closing of the sensor shutter according to the in intensity of |gfr1

sengpEiveIN MY istpreviEly ApBlistRiobsurposes such as blocking
exposure of the sensor unit to excessive light, and has no direct
connection to active transmission of pulses, their timing, or their gating.
Atmospheric conditions and substances, such as humidity, haze, is fog,
mist, smoke, rain, airborne particles, and the like, represented by zone
114, exist in the surrounding area of system 100. Backscatter from the
area in the immediate proximity to system 100 has a more significant
influence on system 100 than backscatter from a further distanced area.
For example, an interfering particle relatively close to system 100 will 20
reflect back a larger portion of beam 106 than a similar particle located
relatively further away from system 100. Accordingly, the area proximate
to system 100 from which the avoidance of backscattered light is desirable
can be defined with an approximate range designated as RMIN. The
target is not expected to be located within range RMIN, therefore the
removal of 25 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
RMIN, but their removal is both problematic and of lesser significance.
These atmospheric conditions and substances interfere with laser beam
106 on its way to 30 illuminating target 108, and with laser beam 110
reflected from target 108.

23
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Sensor unit 104 is deactivated for the duration of time that laser beam 106

we 2403W0200-5/1170037 PCT/1L2005/000085 has completel)i)gt‘lqﬁazq@gﬁ)g(mgs
a distance RMIN toward target 108 including the return path to sensor

' [ RMIN, R RM,N is the mini 1range for .
P & L A R e St eogisplay
manyd beget Hiid-Ursighiefsieyanae R)IAX. Iideinpterhastant EgRhiOf CD), a

does not need to be located at a distance of range RMAX, and can be
ORI T TERI R AR R AP U CRPIERIAR. MR R Rased

. o L athich far .
T e e 2 T s SR8 8 4 sorage
uRtirjnelysheanlo on drdestoitiedrpexpldimhemitsicisarsed tethsfaen) to

ides _for,th ipulation of the sensitivity and image gain of a gated
o o T B e S PSS R BSE anc
syanelseoiiiesatbe suhtblustrathbewmhiaseIPUlRe P IOBRIERIONES! unit

and reflects from, an object. 1s Reference is now made to Figure 2A,

1QhiEATs AR inafiehlediiaian Gaksser hiastoprpagapritheoteiers to the
agRReticobbentAle ﬁé&@%@g%ﬁﬁﬁ?g&%gﬂegﬁi@@ Qnsie @(&?}'%‘8 the

are applied in the ™ following aser pulse 116 emanates
intessigevicdgilisreantvedvelAindatitg dioprefvaleaviy 2ppiieavidR burposes
pgints t garils an 20 increase,in rané]e. Laser pulse 116 can be

SEcRTe R AN PaRYle LAt kBE SPBRBRYYL 1O\fiFreaEH Baligbl. and has
ndcdieetiodhifetibnad. doive WnbenesiorobR SALURINAL CAIGEISY their

to one another. The first packet of energy of laser pulse 116 is refgr ed to
g@ldNtbad packet 118. The last packet of energy of laser pulse 116 is

referred t j > . 118 is coloured black and
tail packe%tﬁﬁéﬁgﬁ%%%@gg $§rda§§jr§§§%eks§%?%%‘cﬁt$ %%ﬁ/.aéiﬁéﬂé@ , haze,
fopulgeisl6 ssmokee qinf sitbibrpackeistiolenewmyd theandeacbhageited by

energy, at a particylar instant, is located at a particular point in space,
ZC{Hgn?gger?{féelql %aﬁpg@unc?mg area of system 100. Backscatter from

the area in the immediate proximity to system 100 has a more significant
influence on system 100 than backscatter from a further distanced area.
For example, an interfering particle relatively close to system 100 will
reflect back a larger portion of beam 106 than a similar particle located
relatively further away from system 100. Accordingly, the area proximate
to system 100 from which the avoidance of backscatiered light is desirable
can be defined with an approximate range designated as Ryy. 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 Ry, but their
removal is both problematic and of lesser significance. These atmospheric
conditions and substances interfere with laser beam 106 on its way to
illuminating target 108, and with faser beam 110 reflected from target 108.

Sensor unit 104 is deactivated for the duration of time that laser beam 106
- 24 -
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described as having a specified length, spanning from the location where
i et 119 is located up to the location where head packet 118 is 3
W o%ogjbe)z%?@cﬁe front part of laser pulse 116, where head packetplciglfsmﬂ%mw"s”
WO 2005/076037 11CT/IL2005/000085 located, can therefore be referred
hag emRICHNProRRgaedrdh aistanne e gsHisrastclQissiugg the

reW RS PRSKEL A4S nRatega CaR PRI Re F@L‘?{,‘fe‘é%@g%%{,&a‘lé the

of the'laser pulse. Furthermore, the middle part of laser pu 6,
mimely, tlangackets \deiatedsestswrenitiic Bdeds alehttitvebdf thhdaskstance

Ise, ferred he "bagdy". of the. | Ise. Th .
e AL PlHe R R R AUkl SRS ORTER TR Coferrel  noted
thas Buejet TTedadeds aidaseesd!ss bibieeatalgoea dgseaRed EMBARIYR Ax,

in terms of how much time laser device 115 is activated, in order to

anfénerdehdogR st karyueie gheine &8 Idianee OPacka9 8f ExRGGY Ruax.

te t , ‘
RS, PRSP U Brpecec
toilhestatiod, o 5 thseepatdd prapiagatih geiayedrtid Saisdrrefléctivgrfraimearsy stem

1(§$)éect. .én E{?ure B, laser pulses are emitted from laser device 122, and is
GARER 5!5993 nsor unit 124. Figure 2B illustrates a particular instant

in time wipeBréRiiows dReariPWsetarmited fFRINJRI8688YIt8Hdtle provides

different times, are either, propagating towards object 125, reflecting from

fopietmanimHptionf dbpaenmstivilganpliises gropaliamgtariedssandor, it
. reflegting f j , foll | | ' ion. h .
S e G Rt e SR G

albldsefobtthdltstcite Inser pulsedigsuise protagedagragpwilirthe and reflects
b articular instant in time illustrated in Figure 2B, laser pulse 123A is still

ng'4eRiFSted, as only the head, and part of the body, of laser pulse
123A, hasg dreppricneiiedw hakaib apfl tgurst gﬂh%ﬁ&f)dg, 9" BSfEmatic

pulse 123A has not yet been generated. LaSer pulse 123A propagates in
llusdraliestion ef lasew pRIvetgwopdgabRret tirougisepagse For the sake of
simplicity, only classical mechanics considerations are applied in the
following description. Laser pulse 116 emanates from laser device 115,
and travels in the direction of arrow 121. Arrow 121 points towards an
increase in range. Laser pulse 116 can be considered a train of 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 puise 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 puise 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
- 25 -
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123B is a full, or complete, laser pulse, which propagates in the direction
wohaiEaws827B towards object 125. It is noted that laser pulse ].%%% has

e
head, tail and body. Laser pulse 123C has already partially implnge]"“(%oc())ﬁ/000083

je he head, as well as part of the body, of laser pulse
IO?%&%@’ hget?:i“B iﬁrjeeagyfﬂf?nepﬁ%élgﬁgﬁrgéjg@t ?L%ébgn%ﬁ’gg ngJH%??%CPH&% and
the2battOp00540 168387 BAEE 112005(INBASTAIWSAARSENSES YBitd24ide can
hg]ﬁ%dlrectlon of arrow 127C. The tail, as well as part of the body, of laser

Q'f?i@ iefemeeyia iﬁ‘%iﬂﬁatéﬂB@fe@i?l@@,%n@”@&er%@sﬁtfwore, the
mRIBRAGRAI bR A jasey ¢ V'ﬁ% ','ttﬁergé%g(g%@tkgg ?é%'%léﬁgén the

z'
pulse 1230, the head portion o thelaser pulse 5'is propagating'i
hepd @ bfaltailcaktkrénser batketpeandsseataneditolad, ivbilbody" of the

imultaneously, the tail.poyrtion of laser pulse js propagating in a .
e R e T Woe el e 08 laarrntse will be
hei28 isfefrddotsamplaienlasaralipsn dthick hassemalstely yupingediso be
upon and reflected from object 125. Laser pulse 123D propagates in the

degphbegidropsrally 1 27D iemEdefsdier tHictpdinasiagrisdavRe Hass is

b ' ' i nly the tail, and
R Sl S YRR
pagitbtheniesner the uhagatastimpulgh E2Ricchds atmastheemirseivsdended

b by sensor!unitﬁ 1%4 15 Laser pulse 123F is a full, or complete, laser pulse
YWARH didSt réflect from object 125, and propagates in the direction of

arrow 12ReicFbadead, apwelhrratpths padseof lﬁﬁ%wqggﬁly%%%emaﬁo

.. has already passed object 125. The tail, as'well as part of the
illysieatinnsef 12drspasnis9cpRRapa bR 01280k imstekfrettiage from, an

3E. mi ame time,laser pulse 1230 was
e o B are TR, S I i Bhfese e iar bap: and
arasecawck 1P Zeribteflactt fidm thEisame 2BjetustriaeatianpftiexaPniestant
._laser pulse 1230 as compared to laser pulse 123F. In general, laser
'n(%(}?@e \W/illvéﬂﬂlr‘ﬁa%sﬁrseﬁ"ﬂ§%%s,%m HAMmiAes adewiss, a2 at

ditfeROhKHAMEINARVaRFRr, propagating towards object 125, reflecting from
object 125, or passing object 125. Laser pulses propagating towards, and

- reflecting from, object 125, follow trajectory 126 and its direction. For the

purposes of clarity only, the head of a laser pulse has been coloured
black, and the tail of a laser pulse has been coloured 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 1278 towards object 125. It is noted that laser puise 1238 has a
head, tail and body. Laser pulse 123C has already partially 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 refiect back
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25 which objects in the path of the laser pulses will reflect the laser pulses

wbagkiow@rds a sensor unit, and how many reflections will be $26e{YSghs/000085
from the various ranges the laser pulses propagate through. Reference is

w,made to Figure,3, which is a,graph, generally desigpated 120, .
ol Rl E a8 AR D ST 27LS oLt s wel
asgearonf ey anidy2Gfalirser pulse is 230SMiedttiee ImpiRgddratioBbject

of the laser pulse, or the pulse width of the laser beam (in (r) 27 WO

1250600 7683er95er% /BUE0DEHOEEEE SRV Mo M ik deviegel 22 It is
nof: fﬁ&??ﬁ%lﬁgﬁ dﬁﬁ‘ﬂ%‘%d’t}ﬁg ¥igRdspRefeR! '&ﬁéﬂ %’Pqﬁ@ﬁagc—ar pulse

Between {i ere is nO transmission of a laser pulse,
is pepiagdiingigue dieciioowd decraaatdg anigsebeff tinmyitridgsetatsor unit

that the description herein refers to a square s, pulse for the sake of ,
128 YRy SHEIAOH SO R e T DRA dh e e GBI Rersr Propagating
in acdirdyRppliTapleréaadenar) SUSR SN aRMPIaBatRIByiIBVIEh thresBelduise

values define the effective beginning, duration and end of the pulse,

1238 A dsriagiiil anaigaspieiegdaseriiigmsyhiah ivaginorpiatelyommpinged

t I =¥ ' , t] t [
o R O S84 TSt et A SR e
direeticre otisne ¢ty at@ADnéotdavdd wmgstimeinfian 2¢MrhiaJdve ;salasor 2BE has
tate so as #ﬂg)}t to receive reflections of the entire laser

remains in the "off"F ]
alrsaty BeR AR SEINER AMnSSRSEs Wil LitecaSidiated it ;and
parrgai B diprothesysisnsAs depiedipiinies. Figurs 818 19 HOhead,

the sensor unit is in an "off" state, extends from time to to time t2. At time
ang the wsisof trng kadyivelelrant pulias 18d&vihgsctibenshs bEen received
byrgg %tbc%rﬁ'{ﬁopégpjects located immediately after range RMIN from the

system are recéived from photons at the rear end of the transmitted

pulses Whishrimviedmidigeison thikserobignisictbe tioat patienwhible did not

{ransngitted 0 pulses is not detected for these objects located
re

IartetiRRIPRIRS rdrge RVINDIRPRgRTES (i thnsdirariionsOlasiaw 127F.
THEMeHRNS KON entiEG i tha! Horipulsesadhe (198 HIBE ORES Siready

for which the entire width of
passed object 125. The tail, as well as part of the body, of laser pulse
123F, has not yet passed object 125. It is noted that laser pulse 123F was
emitted at the same time laser pulse 123C was emitted. It is furthermore
noted that not all the laser pulses emitted from laser device 122 will reflect
from the same object or location, for example laser pulse 123C as
compared o 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 puise is transmitted at time 1.
The duration of the laser pulse, or the pulse width of the laser beam (in
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the pulse is first received, is designated RO. Thus the time span between
Wm%%mg%ime t3 is equal to TLASER. The sensor unit remains in the
"on" 25 state until time t5. As depicted in Figure 3, TON, the tifi€#iB2005/000083
is. in an "on" state, extends from time t2 to time t5. At time t4,

ensor unit | m time
OME's gsumesﬁm@cmﬁe?ﬁ%’ il RMbcioriestaeaiars e fram, objettextends
biaGRIer Ui & ignat lgetions from phjects pbeyond .
this rgﬁg_e refligt%ggﬁﬁv%lyeég%%%ﬁfl@(%f%ﬁé I%Qgcr’%mge%hﬁ"[%f? IS no
rpORIBISBINes G refipeten fuisedsytutet o dgreated exeaty@fdh@emarcating

r shifts from its "on" state to, its "off" state, the further away such
a g%?egc?tsoﬁéﬁ Oated '?rfﬁm%%dé%ﬂ%?r%?ﬂ?@ﬁ@ﬂI@b@@s BegoRguare
piRocuido thenauiikel BngRsHEnARIRMAKNRMAXISHNEIBAYRY: e
which no reflections are received at all, due to the deactivation of the
descrBlanithesRIstdte. oqumiy SiRiirspiendingao gecmiviig prdfiectisinspe or
' it teceives reflections only s from ,
p%&%‘:&ﬁ?@?@ryr}roﬁt@ gcriisc? %ﬁ%éuirés% @ﬁ%g{éﬁ?aﬁﬂ gﬁipﬁ?sp LPBSpslgation
angngedraf ﬂmaﬂeeimers@arim@meemdumyeitﬁ @ndiﬁg@% fﬂ@élll@ﬁ%m; unit is
L. ASEH Time span AtMAX corresponds to the time it takes a laser pulse,
e T D eal g FalinteanS FadHOLRER loklsedmereR, botween
tirRefgrencetise Fit MR 5ty vty d “off
sl desaneton T30, demenen ho i i YOG B o e <ot
StEdf PEIWS AN iR 1t 2Rh fighetibn oF ke rinmdibevepemthe, sanSoeUBEnsor
t:areq, Thewvertical axis represents the. relative sensitivity of ,
GRS e g e SELR SoraRingh (6 Losbmarsrupar ! e ontir

lasepresgsts (imetadiebtiweendhsdersoromihand@daiorbhnsiiM focated
Wi"gensmwty", referred to in this context, relates to the gain or

U hdiF0HEs S v B RhIBR UBISIEFRopbRisieRiGes nionTbiguse réletieg, the
tirRBOSSBFEBHN FARGEING HHe aRsar Mt ‘QQ?&%LS{}?SH%’%H‘%‘%%@% B, At

_ variation in the performance of the sensor, per se."Variat
irperforrifdceome yoiisisr aativatedatind agmmngedidrpvaifBdebhis The

reﬁgéﬁg%%tef}b%thgk%tet% 4 a‘g%ré%‘(!igip{tirg%%igtgﬁlorgﬁggc%ggg a&%?s pfrr]gg? the
system are received from photons at the rear end of the transmitted pulses
which have impinged on these objects. The front portion of the transmitted
pulses is not detected for these objects located immediately after range
Rumin. At time 15, the sensor unit first receives reflections from the entire
width of the pulses. The range of the objects, for which the entire width of
the pulse is first received, is designated R,. Thus the time span between
time 1, and time t; is equal to TLaser. The sensor unit remains in the “on”
state until time {;. As depicted in Figure 3, Ton, the time the sensor unit is
in an "on" state, extends from time t, to time ts. At time t4, the sensor unit
still receives the full reflection of the pulses from objects focated up to a
range designated Ry. Reflections from objects beyond this range reflect
progressively less portions of the laser pulse. The fail 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
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considerations, is ignored. The attenuation of light due to geometrical and

wmRrPRgsc considerations is ignored herein for the sake of Sﬁ@?ﬂﬁ%ﬂs 1000085
Accordingly, the amount of received energy of the pulse reflections, )

reflected from objects located beyond a minimal range RMIN,
beyrfeSiveR t9smireadaalvinies ré%&ég% aﬁ%Wépth%Wﬁb‘id’ft@b@ﬂge

belRRREdHRANIHRMIN 5 rapgsadrddish dne Atllreflegiionmliemation of

arget at this range will impinge upon sensor unit 104, referred to in Figure
tha, reaseadivaied Stite. staterefefdndene Figure@reapga@ngNto receiving

o RBR RE W A e o el R G GREABA oy
frorhifshibienactivates . vEg feflactisme aeghiseenaemernesiiel fhe yhlebout to

span of the_29 WO 2005/076037 PCIY1L2005/000085 pulse width
PagssEMph its-ehbitdsytBoiR eafRANBSINESIYAINGR RoPfENinsenkoisupfual to

TL%%‘@@ 'fn]@f&é@t@j@gg%&?%sg@sm&%%cwwsnﬁ@%ﬁﬁﬁ%@ﬁ%utse,

t, corr e time duration between ti time t3.
orkanpbd, scibe faligérapsonittect) follrediclotalrje dtenochjedsatdRys still

be obtained. With reference to Figure 3,.the distance between range RO .. .
o A P o TN SRS et IS ok G Erie Y B GRS vty
gryprﬁagsﬁﬁmwd@&@f@w fosvhisbRiRRliaRe QeARRAYIRT therensor

can still be obtained, I.e. the maximum range for which sensor sensitivity

uni higfesieshié forideteion. arith hensiéaaid gy tae ge thetweindhee sensor

between ran I e X,corres S he time ration
R e TR R R P RS Pl Fomsitivity
of lahateskprymdiiilyl A chdyaslSodenrassivesiiby sertsor umihdORoifiiral axis

targets are highly reflective. Incoming radiation from objects located _at

reRAyREEN RS IHANER PELIRRRS HEy SR AN AR toRBLafh R Ahrs, Hhg term
‘s AGIRAYE rersiUeRLAY SRsq Uniil04 o stish Objegis emigadiglan g  or
wavelength detectable by sensor unit 104. In graph 130, in the region

respasiveoessod diFEVEBRNgotouaiige Rotestzamdititig ofunebsenebrefitcted
p&%%jrlxjg ll"}/cit@% 3? S’r%%}:%%g] %émg@n!sea/re Iuni‘t when it is active, and not to any
variation in the performance of the sensor, per se. Variation in the
performance of the sensor has no relation o the range from which light is
reflected, if the attenuation of light, due to geometrical and atmospheric
considerations, is ignored. The attenuation of light due to geometrical and
atmospheric considerations is ignored herein for the sake 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 Run 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 Ry 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
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of sensitivity. This region includes reflected light mainly from atmospheric
wobeRireRsthat cause interference and self-blinding in the sensor unit,
therefore a high sensitivity is undesirable in this region, In gen&fal/{fg!5/000085
encoynters the photons of a reflected light beam at the

:high s
oL L BRSPS U R ELePhTlog, (LR @ hrange R from

seniddle ohihe p4isp/andrinaliyibe RBORBEA e RYFIAREDNE MMRe Y ange
25 the region ranr%%?g from range RMIN Up to range RO, the sensor

S détage nhesCor tRe MoREp driohef inecpdiseatiefidosddéemtime t, and
sahiectsr e | of the timing of,the,'on" state of the
o THEE T anghot o (Al G 95 Bsdt0 R @ects car

stidriserahtaimeehtiifitdetdere muetanbigure of thengismasd RiGReN range
rom gbjects found in 30 further ranges. This incremental detection
Aetiepetsit SHE TR tRcHifedifor oBiE et ietvaeratimius, and

tithe dyratigmebtim, ingline e 3 05/Q; , .
C/l%OOS/OgOOSSMSrQaEh 13% is%%%a@nﬂg z e :\g/}vj?cﬁécgﬁng ’IF.:%%raan}/IngmOﬁ

tharaekrearnaiibhpobifinasaine at heaxiasimsensitvitychdoweghicangensor

[ This. i where t ts are most likely to be
e R . B biani s the
distagressivetyegraduaalheddtieases madgeaigihle leyalewmekrarosRl ime

articylar, for objects located immediateI{/after range R,, the sensor

In
dHE%‘B’ébi SRR JURRt theAprbiMeatsndivdsy Batest thakgsfipatimns from
t i i | Iso. :
Ry B e B B SR BSR4, i
Sefl Brgetp ase Diohly reflestbeed neuinioghatiingienefreneivbibatalbeated
T ation of the decline i h 130 is equivalent to the width of th
A R, 8 RS BB o Rr b M ctars, may
aknablesreesbrsdirily184nend imaened, isysien %ﬁﬁeﬁ?@ﬁqtt?]éﬁiﬁmeat a

1, to obtajn a level of received light ener&q, in system 100, which is
W&Y@&ﬂ?% Sigshabls M SENERiJeaibi Rgets. A particular sensitivity as

a functionphrange 1agy i AABEHLY ranging from range Ry up to range
Ro the sensitivity of the sensor unit gradually increases to a maximum level
of sensitivity. This region includes reflected light mainly from atmospheric
sources that cause interference and self-blinding in the sensor unit,
therefore a high sensitivity is undesirable in this region. In general, the
sensor unit initially encounters the photons of a reflected light beam at the
very front end of the transmitted laser pulse, then the photons in the
middie of the pulse and finally the photons at the very end of the pulse. in
the region ranging from range Ry up to range Ry, the sensor doesn't
detect most of the front portion of the pulses reflected from objects just
beyond Run, 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 R, Thus, the duration of the inciine in
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system 100, referred to in Figure 1, by the application of several

wdsshigKes, either individually or in various combinations. Th(i;ier L2005/000085
techniques will now be discussed. 20 Reference is now made to Elguré .

ich. h, lly designat 40, depicting timi dj t
O O DGR SRR CeP bt SR (ko et e frnsor
unfiMErABRES N AR (RFeEBH stV iSRS RayatEr Wil FBFRRCFY. This

_ the pulse width of laser beam 106, referred to in Figure 1. The vertical
is dkie regpiyenwhpesstinigeisa 25 devE, diehada IRseleraiednss umithigh

s e o S e T el B e sivety
gradfiEfysber taecduitng whighgtelesuaibdbirsd daagivBedn particular, for
immediately after transmitting laser pulse 106. Time TOFF 3Q may be

DRI A DRRIE W G AGS Fom WRGETERHHSRRg g to not

defiesiren( %dge@bww@i%@fmﬁ@sifé%@raau&%nhﬁ%-f%% further
WO 2005/076037 PCT/1L2005/1100085 conditions and substances, and
rafigesdind plnig esdbt. thepanddirnorberpmag iy dalsmneddaianiest, and
- this Ivide t d of Jight, i ium Jt is graveling,in.(
i R BRG, Bae M B i TE A D R ot

arthadardetstpeitimthenmngeiMENardreeftsobsl kaickiio Theesgnggiiolt of the
may be desirable to lengthen the duration of time the sensor unit is

deghneih @By the QiR oH ¥AIRRt S BS I aidNesaSBERMS® Tiaser. It
is FlRHECHRSL W@%ﬂgﬁfeéﬁfa@@m fBeAEERWR0 S ARt 104,

received in sensor unit 104. Therefore, T OFF can be calculated using
antdrofienerabossitam10 002 eimme dLioTiF FigurdsiFp\ohitmie ZABMs! of

ol S el Sl 0 S R ARSI LR W e
ranges of targets.

A pariicular sensitivity as a function of range may be obtained by
system 100, referred to in Figure 1, by the application of several
techniques, either individually or in various combinations. These
technigues will now be discussed.

Heference is now made to Figure 5, which is a graph, generally
designated 140, depicting timing adjustments relating to the pulse width of
the laser beam. The technigue 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 Tore is the time during which sensor unit 104 is
deactivated, immediately after transmitting laser pulse 106. Time Togr
may be determined in accordance with the range from which reflections

are not desired (Run), thereby preventing reflections from atmaospheric
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Time TON may be determined in accordance with the entire distance the
wiashpheian-of a pulse that propagates up to Ro and back to the sensor is )
unit. Since the sensor unit is activated at time 2xRMIN/v, afterﬁggé%ﬁ(fg@”""g’

emitted, the | hotop of the. laser pulse is already
N R G S Con O HO AT BroRUTee Brdsgaar. Torr
nharyhee distamosing Rag 2RI Niimﬁlﬁg@g@ﬂi\lia&oaﬁg hBERBEAIIANEHRM the
back to the sensor, summing up to 2x(Ro-RMIN). The time it takes to"scan
%&ﬂ%@r&daé‘@ﬁf%@%%{}r&t@@ BOigivithg dheeapgarbi inkepdbe dsightoton
j e iWNtds g R T, : e calculated usin
A N A BTy DRt hE A P SR8 roflect
bafeldméhadirisedicliimiandeaiesialis substagtinly tefineithedimnes time the

riables..The final values fqr these variables can be further refined or
o B S e A e e e
beefened terisuriguraii nusholeftenesais REASKHORIZAIANHEILPE, up to Ry

elaborated upon hereafter, and may include, for example, accounting for
AR JEREVRArhRBRENcHitbRE; thBerRisdat Rora2an D ColiDTSERY using
G M Qgggﬁgnmoving platform (if system 100 is mounted on the
moving platform, such as a vehicle), the specific characteristics of targets
expected to be located at certain randgs, changing the form of laser pulse
106 and the like. Reference i1§fiow made t6 Rigere 6, which is a graph,
generally_5 des_irgnat_ed 150, depicting the observation capability of a
system witH e il teenfimecditingewhiahigeasomusivetfcaisvastivated
I "1 xrepresents a status_of
afRPrRRR R fERHS Y REHRSP R e n‘@’éﬁé@'ﬁég 5 eerqggiie}oo%%lgure 1)

the laser beam being on, and ‘0’ represe status’o

- Tirsiaglofl. May herizeiedniisdeprescoty distaaceitt) Hensativdidi®dnce the

o B R R e pAb Bl PAR D 10 Ry ARG baGK 1o the Sensor
unit. Since the sensor unit is activated at time 2xRunv, after laser puise
106 has been fully emitted, the last photon of the laser pulse is already
distanced 2xRyy from the sensor unit. The last photon will propagate a
further distance of Rg-(2xRyn) until target 108, and a further distance R,
back to the sensor, summing up to 2x{Ro-Rwmin). The time it takes 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:

QX(RO_RMIN)

1%

T()N =

(2)

It is noted that the aforementioned calculations serve 1o
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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pulse 106, referred to in Figure 1, from objects located in the region

Wd@meﬂ' gy beyon_d sys.tem 100, refe_rred tq in Fﬁgurg 1, uptorange N
RMIf\l.Jfgﬁhe range in which sensor unit 104 is "blind" is dema(}é(éa%[g%‘%)w:’/mmgh

arrows in 15 Figyre 6 as ROFFE. This blindjng is due to the fact that Jaser
M IS TR A RSIRBL OIS TR ENAR QRIS SaMABOARHRIE oS UCh

ad&fleelinpR generafssoiic! 2 piBLiEg e Colidig NENmLBRIBCEo be located

throughoutthis range, sensor unit 104 having been deactivated during

atthirjsaridarmass, cRaMINing tHeenfirimuh | Earjepfalomhl €6 raficction dikia.

their enti 26 encounter sensarunit 104 in.the "off' state. Element
152 6 o SRR SN Ao e D e b vk 2 ally
ddsrynansd S8, ateqiigitigothe ddiseiecitionatehdbithereways wlightlywith the

. before range R3. To understand how sensitivity as a_function of range is
tingingeJeanigURIFEPIBIERatninE BBl rétiedfhVardicss xdsiviapiesents the
staRiect 1fsateeat tBeaandgRehueen RMIBLaRRa JRAGLeReqHS 194, beam
made to Figure 7, which is a graph, generally designated 160, depicting a
beaipecitioiretaht (h tiefrasesittion sdaties soletiaeidalepicteebimFgirgeoth The
articul aph 160 depict th specific instant at which laser pulse 162
Sistangs

h ézsojﬂi? (r:%gl{] |"e€%8895‘§§ﬁ% t 152 30 and continues advancing. The

vertical agisrispregaiitsi i, Stetusretithe IasPidieamt wizerplihdenipsgntfange
a status of the laser beam being on, and - 33 WO 2005/076037
Rt/ 25050868508 fe e dits '8 GRS oFHE oSt h camMBERGHIY laser

pUiB8 hABBOTHEY ¥ r?gr%eﬁég@awg%mfl%ﬁag r‘?&'&ﬁ{%@ﬂeﬁ\t %ﬁéisregion

may be received the moment Sensor unit 104, referred to in Figure
inacbditte) e ey befb reysiemnt @0 srpdseaddthiof Fgerpulsaupehasige RByn.

TR AR e R e
Figliraited deppibingHisernimapviled Midefleqirnsdramiie e pulse 106
element 152. Sensor unit 104 may be activated just a short time before
pippagates throughout path Ryw while system 100 is blind to reflections
generated by laser pulse 106 colliding with any object throughout this
range, sensor unit 104 having been deactivated during this period. 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 Ryn. 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 Rq.

Reference is now made to Figure 7, which is a graph, generaliy
designated 160, depicting a specific instant in time in relation to the
scenario depicted in Figure 6. In pariicular, 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
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in last portion of pulse energy 162 is reflected from element 152, provided
in Fi ' his
3 am 106, referred to in Figure 1, remains on element 152, Tt <
th]ortzc‘?/n§ ?g(}?jr?oportional to the small distance between RMIN' arréjg@rﬁgﬁm"‘m&
152, This portion is represented by hatched element 156. Sensor unit 104
0" E&f\?a‘“téﬁ%n‘fix &fﬂéﬁg@ tﬁ?ﬁpéﬁggﬁ , hﬁ%ﬁb@%’l@%é}ﬁi 156)8f hgsigpatad axis
repsesduisaiian@ilects from element 152. Immediately afterwgrds,_
energy is also reflected continuously from element 154, which is being
passed b adoahens een palssntsd, 4168 immypbrioreteinedréatermoment
j e d element 154. Consequently, the total energy
L R o s RN eth e i e
pelsmuaititbfidasktipeltetiediiatiop e sémemmeaviih mHIyBISTE, plenty

2 full lement 152, and still manages to reflect to a sensor
O S CEHP AR ot O REASIEr e oo i tan b

infeeindt Woish sbfbetaphs 980erafiy, 29 Wse%ﬁ%&gﬁyi g 8
specific instant in time after the instant depicted in Figure 7% In partic
fogradiettionfepiem the glesmicehetmenat! Bhich laser pulse 162 has just

let ing.ele t 154 and continues adyancing. The vertical
g?(irgrr)eepfegsen § }thgénﬁaﬁg]omﬁg ngela%[ \/a‘ﬂ]{?g?/ﬁlé?\é g ?rbﬁ’és@ﬁ'@ Pefore the
lastapesrid mmqsaréee@méw%m en, ﬁlﬂ(iéﬂ'e%ﬂé@pﬁ%‘i{ﬂndéﬁmt yg f%\t?h rovided
I b bei ff. The horizontal axis represents distance. _
‘@ﬁ%@?%%%m@ﬁﬁ%bb@% RiGHISinstm AR aoRievoant 152. This

&igore ; i it 10 ferred to in Eigure
P as Iongga?@mggéplq&ﬁ%n%ﬁ&?&entt(c:)% géﬁ&#ﬁﬁ?‘lﬁeﬁﬁéicﬁ%mem

152 hBipgetieecivepfese nidshiont 82 hasi latemaised 562h®aﬁ@d{ﬁa%m 104
. ment 152 ang any § reflections from element 152 have already

o PR S B, R e BHES. CaRea R # dhdetahna part o
lassenpityszbsed fedmalicnesihl M elneated Bear [RGB fferwards,

substantially greater than the reflection o .
energy Is also reflected continuously from element 154, which is being

l%cr)}/ided

passed by advancing laser pulse 162, also in proportion to the greater
distance between Ry, and element 154.

Consequently, the total energy received by sensor unit 104 as a
consequence of reflections from element 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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intensity absorbed from element 152. This difference in absorbed

wdefigsiionintensity is because the received reflection intensity
determined according to the period during which sensor unit 1%(*}‘%42005/00008-»

activated while the element.js reflecting thereto. This_means that laser
pulse 165‘“@%&?&# L % rﬁ?ﬂt ?5’ c}a 31 é?&ﬁﬁg’?h%ﬁ?swed by
setlemenirib2 gwringfepedoddhat sensaranit 19§ vatedadBdl peam 106

receiving reflections. When sensor unit 104 is activated, the head and tail

regaaiositiedAaichB EISERRHL 158, o%@fb@eﬁ@ﬂas@rﬁpn@éomemﬂeemﬁﬁrom

oSBT R 61 S SRS IR

reﬁ%tmhsnfemlrtoeﬂeﬁmnb ﬂszohaxanmméﬁfyqﬁmeldcamttsahgmﬂw hevoirdtheir
g% N. 20 Ref ce is pow made to FI%L/JI’e 9, which is a sensitivit

SRSEY TR e AR 1R BOSRRS e ARE TRE S P SR 154,
ioéga&}eﬁéafwges Fig PiFilE B sensdixilyi of? griedsensan ThE refiection

vertical axis represents relative sensitivity, and glwe horizontal axis

intepriienghgiethask. Trevealeananis hhsheehhorndliifesancel. 25 mingaybed
reifggtﬂc_)g': {Sﬁe&ﬁ dtin eﬁ{a%‘%ﬁs% S‘%ﬂ%‘”T ”E'tg}\?%qr;egg itfg'[‘a@%ﬁrs‘?ty is

, dOes no I’eCGIV anyr Ions. Timé

détbhiNindidanged?iiiy, sendbeumpbtiztisdetivatedhBetwesis@naast 104 is
RMIN nd Rfﬁthe sensitivity of sensor unit 104 increases because

n&w o8P IHRINSBE IR diENasENG e etgied 1Bk Seeagardhat laser
u?é@of%@fl‘ﬂ QRIREHArRISRRE VI EMAR 31514%:"35%?@%\’9(%@’%%{1 on

sensor unit 104. Between ranges RO and R1, sensor unit 104’ receives
eimezwosmfsmmgmmmmﬁomassqamerreﬂmno‘r&zzmsahacmmy and

bj d betw d W
e CERLTR Lol L 208 B Rt g e and tal
pmmﬂ@s Ablaseicpeiearidle; e ciet Aqmarplibtisiacyigddergeendicandrom

RMAX, are received by sensor unit 104. At s range RMAX, sensor unit

e'@@ﬂﬁ@”déﬁéﬂ\}é}téﬂ'%@ (RRPErtiBRBYPIdBIt pliide receives more energy from
an object near the optimal range Rg than from an object closer to system

100, referred to in Figure 1, for example, an object located slightly beyond
range Run.

Reference 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 Toge, 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 Ryn 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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106 are received in sensor unit 104. Time TON, referred to in Figure 5,

woamespengs to the distance between ranges RMIN and RMAX, Itis note )
that graph 180 may not be ideal, because laser pulse 106 may also &}Dﬂmm&’

ilsan X j ig flective e ts, is,locate
P e e e IR IO JBRER S, anc
Beiwernnmangesdph 480 Mayndhbesidaaltbdbausestessensitivinprea@insases

constant.between the fi‘rst optimiijm rangf Ro and the last optimum range
' S

befer Sven though fisthelteMtioR Exils RRfih RelsengE8parefactas] ifrom
otifegtestibiertairbauRe the Renmityio) ALOYNE Pt By L YPddAIB IR ba. A

for is receiving reflections originating from beyond range’Ro by other

raRRR Mtres. SEUBRTAENAIY 04 oRmetirdaging tisk iormstishapef ¢ises pulse
I 106, chanpging.the-pattern-of the pulses of laser..

e e S B DTS St bo. i Fioure 5,
cahaspimpithictithe thistarosdretinitdi04dn getivBigd, and ehapging the

width of |aser pulse 106, These 20 techniques are now discussed.

Referenli’iss ﬁé\{ﬁﬁéﬁ%’[tgrﬁéﬂrf%mﬁycmé heddsalifegayse laser puise
1@enrEhaiesignaieihafs dibacsatdansg,wit !

Imag%} (LPGI) timing technique, deprﬁﬁg thtbeﬂgﬁnsgtﬁﬁ#y%gﬁ%ﬁgfgddemems’
logatad beyenericnasis Pepresastsiasativosssiti@g, griduhty dissipates.

i 2 s r istance,, The vertical axis has been. :
e e e T A LS b anrorevdsgpains
Caredant DedbERidiset fgptabpditherdifaranseetwrRP i adin o HEANISH range
Rfor the I?ﬁgr e%ﬁf_‘o traverse the path from the system to the minimal _

tafyet HISaHE FLAORYANON) Mt ithie the sapgrapandiedtn. It is

s o e e R ouy A PGBkt 1 for
regrivingatRiiectione wigimiding Semsobeninisl actihgeeR, B9 biffbutsdiatiques.
SJ&A@%B&E’S%QHC%%@%%%R i%hgetﬁelsag)or% 20}('8 Ra'\gé%f- %AéMpl\llj)lég)s ijilezser
beam 106, changing the pattern of the puises of laser beam 106, changing
the energy of the pulses of laser beam 1086, changing the time that sensor
unit 104 is activated, and changing the width of laser pulse 106. These
techniques are now discussed.

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 puise width of the laser beam,
TLaser 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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where v is the speed of light, in the medium it is traveling in. It is noted

Wél} 5 H)’Ql may be c_on5|dered a particular example of the tl_rp n B }
tegﬁr@qﬁes depicted in graphs 140, 150, 160, 170 and 180, |]r"1&\:/v]ﬁ%ﬁ00°/ 000085
RO,=R,. The LPGI timing technique is particularly suited for cases where

the, llsgaligpharhiimaniss, WhiskamsRRSH 416 48 RiivRter, herdd Bye both
T, imaggf 4By wayaf 0% A igeget is located at a distance of 25km
Lﬁﬁ%’%vay fror%Nsysteﬁ 100%%%&1 , meaning R, is equal to 25km, and if
RMIN is equal to 3km, and theflspféggofﬁgmgis equal to c, the speed of< )
light in a vacuum, then TON and TLASER will substantially equal: 2 x
(25km -3km) _ 146.7,usec . From the instant that laser beam 106, referred

whetg ¥ Bdhr WeetpihahbdnitesmrBimiivisiarsing i Ba peiged that
LPk3IMR2 i%T%QWé?%S??‘O%M?&P%%ﬁW%@T@. ?”mplx?t?ech ‘tcS}/ues

backscattered light withou s of contrast while maintaining a high quali
deipicigsl ohagrapbsadithé HackGuhdOivisdufBdeim whinktdR thd sehier LPGI
ii ulnit t%%ﬁé'}bﬁ" state wpﬁn ut e refle%eg geam has traversed | :
UG IR % KPR R RIYSS R0 FERSRnYEHRIR) AT gendigepmic
ratitpy iforaxeenlaiasiraldetodenatbarstisie Tiada o dhsenvegywidth of

the laser beam, TLASER, to ensure that no backscattered reflections

froRheaYeRiugioerimPlsrelt et dvegebysnosatrer ani. distasior ah@5km

ime. T iS; QHVER: e4followi jon. T = .
RIS SR B A0 B0 OB B an
R ol evirguied datBikm 2XnERMOSpRAG AT WGt 14 ABIERI $oYcy thisispeed of fight
._equations 4 and 5, TOFF may be si plitied to: (r) 37 WO 2005/076037 _
N B S vY36U/00008E x RANAXBRE ol Apge) Wil substantially equal

2 x(25km —3km)
p

=146.7 usec . From the instant that laser beam 106, referred

to in Figure 1, is transmitted, the sensor unit operates in an LPG! mode,
meaning Ton Wwill be equal in duration to Tiager. To eliminate
backscattered light without loss of contrast while maintaining a high quality
image of a target and the background, it is sufficient to switch the sensor
unit to the “off” state when the reflected beam has traversed approximately
6 km (3 km each way to and from range Ryn). It is noted that it may be
desirable to lengthen time Torr by the pulse width of the laser beam,
Tiasen, 10 ensure that no backscattered reflections from the area up to
Run are received by the sensor unit. Therefore, the actual time Toge is
given by the following equation:

2x R
TOFF = VMIN + TLASER (4)

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

2xiR,,,, — R
TMSER — ( MAX MIN) (5)

1%

Using equations 4 and 5, Torr may be simplified to:
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Reference is now made to Figure 11, which is a graph, generally
wéesignaiad-185, depicting the radiant intensity captured by a sensor unit i

from reflections from a target and from backscatter, as a function'GfH4390008s

range between the sensor unit and the target, for both gated a_nd non-

gated imaging, during a simulatign. & M85 is based on a simulation @‘)

a typical airborne system in the conditions specified at the bottom of

[ 1 I i [antintensity, logarithmically, in

o AT R SR I ey

dasignatesf Riimetersctingvinss ardipnes mtsnbﬁyacihmir@%@ml@:ﬁ@ww unit
it f h idual light intensity dispersed as light

e B R o Qi P8 S GHRr AR ARAT P roBATie the

ral@erensaeests the é‘éﬂ%@tri'llﬁﬂsf&h%ﬂ%r%@ém&e'&%%us%%{é%nand non-

backscatter as the 15 laser beam deflects off of atmospheric stances,

0fted WadinbpdiEngaisiasnulaEmmssasin®l uhesedssaadsiagjation of

i r ided in.ar for a system pperating |n
e O AR RN o o
Figome light refiectedtfoamattie tepetdeatsomdaiat imedis Jugarithmically, in
neral, by the inverse square 20 lgw of light attenuation, in vacuum, as: =
uftE PRIHETENS e HOUALR Balider! 1Ho BBURSNMALANS EogeesARSAANGe, in
uigieyemigiibiydhageometric propagation of a light beam from a source to a
target, and accounts for energy attenuation over distance. The light

beams 25 Brepad&te tﬁﬁﬂ!@ﬁ@ﬁ%iﬁﬁ}ﬁhdﬁﬁilgmoh‘ﬁ?miﬂymimt?tbﬂbubp the

i . nsity profile.typical of an glevatio
SRR M A L AL L0 B o
thepieragistg for andyB@nmogeratingdianiintePSinbhipdetecigr/Brentikakmsents

which.in Figure 11 represents RMIN, the minimal range, referred to in

the;jariant KHeNR) 6aRIagR P BRI SERS00tILSom backscatter as the

laser beam deflects off of atmospheric substances, for a system operating
in an LPGI 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 iight attenuation, in vacuum, as:

= 7)

.
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 atienuation 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 Ry, the minimal range, referred to in Figure 1.
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It is noted that in an LPGI mode, the radiant intensity from backscatter

wFHR ):lfﬁ)% is negllgl_ble. relative to the effective radiant mtens%yér;)f the )
re#lei%oﬁ o)% light impinging on the surface of a target (curve 'T86)Y Q0085
the case for the entire range between 3km and 25km. On the s other

hand, wHEAShBQlRse iRt operatind A& nBiRgsedifodadingt inrdermity from

u 89) i i he effactive ntensity of ..
o118 R TS R o
inteiseityorh the reflgetidi &fiight ioveinJing dificieacaibiztoeen dargebatdurve

O T 8o e P STE S MRS RSlgTor &N the
othés apareriagstihatid Gyapsrtion wpreMasthm cankias-ghiee mode, the

._illuminated target against the backscatter light intensity for any range
InfRARE e aﬁe@@ﬁerh(%;ré{%yét%% dperxeiy Haer pBarmiue afestive
; i 0 rget, Wi eference to
R S, ES T S S S el veo)
Thistigetiresyatentrton dnel tangge WS Figuen ) oAaoufheediffeationobetween

o o P R O B Sk G B SkiR O ptera orders of
meRiaahblgWeal Aobeguesn Aised krardtehva eailicairjlsbroad and

20 requires a very rough estimation in comparison to the precCise range

determindfiGheigirddl 16r AdRRCEIRY thaat thd PCpppeatiton impdovis the

' ernat o (0] radiapt intensity of .the . .
e e S ol B T bR gty for
artlyerdkigetd@tkeeratien mndnakminhoe)-gatgdtmedepbesiadiant 28 LPGI
mié]t n?g of the reflection of light from the target varies by a factor of one

d

B EeHe riRgivieRigtealisBergirRek ranam e 18d@s @es. With
refesehi&d Rerarm it !W@%ﬁqéﬁmmgﬁli@&ﬁﬁé’%ﬂﬁﬁ%ﬁé WA oxact

proportion to the increase of range, represented in the grap igure 10
rap@ivebio FIaiNesil Ry stamns gidifuahodpreggsssiviObicidagaref sensifivinough

o B B R BB e I P e
witticaviaser beam 106 (Figure 1). Such an estimation can extend, in the
example of Figure 11, between 3 to 25 km, which is particularly broad and
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 Ry. 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
- 39 -
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- 39 WO 2005/076037 PCTU2005/0000ss 188 in Figure 11, resulting in

wihayislatiyely "flat” curve 186. The range of 4km to 20km betweena 3
sensor unit and a target is typical for many applications, particpqufwzou S/000085

ilitary: eting. It is therefore, appreciated that a,system operating in an
e e B DR e et Bm anie Yange of
4ldrtacticnioh taaeisenenasmisaiiadrpthd figldaldepthotfisldarstssmany
to the ranges of view confined to certain limits. With referencé to Figure 1,

aF%R)é‘iéHPI@@ Refistdatlerailfany dasustingage for both targets located
elatvely ey RSIIOR XML RHIN and s e AaEl o

far away from rQ syste (close t property of ver
madptipodvieldsesffentivenebsdsvagiay (elevadtintieationeshef detection) of

television or video | e haying g relatiyely low inherent intra-scene
ta SOl St SRR o ey b SIS SIERMRCRIGEY BEs sodie Bnges
of NABWYCORIREEAENEMARE | IINE N MEBHI FONIAhISHHNG RYGHHAEY system 100
Information without theéi_ated imaging feature. Self-blinding and

wifleredbssur highravalitidrasadondasictasgaighiosatadneldielio near

iniFal ing.tq Fi 10,,if RMIN=Z3km).
g Bt oo e e bl il drom
syisiemsd e ddluersitds etween nearby and faraway objects is relatively

20 small(a substantially flat curve for the gated target radiant intensity in
araph 160 STRECRRN LR TRR e 1t 6 B 6 SSAaanSRHEReES 1o Nighly

fovshom QhEaBeR s & llgMingeep | relafi
ity ASFﬁt%xlﬁtggﬁc%\ﬁ&?g)ﬁ'ﬁ Y6) Tgﬁ%%gﬁgsg\gﬁé%ﬂ%t%%y low
inkRysIBhitliaca6R Mep Aigeantg trangsistihbisefiecimTiyf préasemtsutssf-blinding

eSSBS NI I O ISR 502 wnen
using auxiliary information without the gated imaging feature. Self-blinding
and overexposure are prevented because no reflected light is observed up
to the minimal range (for example, referring to Figure 10, if Bmin=3km).
Self-biinding and overexposure are also prevented because the difference
in observed intensities between nearby and faraway objects is relatively
small (a substantially flat curve for the gated target radiant intensity in
graph 185).

The total irradiance Ir(R) received by a sensor unit as a function

of range R is given by the following convolution formula:

Lasier * Topr +Ton 2R
[ L(r ~~—}-C(z)dt
vV

aser +Tomr

I.(R)=

- (8)

LASER

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(1) = 0 if the

laser is “off” (i.e. the laser pulse does not exist over that range). Clt)is a

Boolean function representing the ability of the sensor 1o receive incoming
- 40 =
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laser is "off" (i.e. the laser pulse does not exist over that range). C(t) is a
le ction representing the ability of the sensor to receive incomin }
W(-?g‘g’:’(%§%05/076037 P'C'T/1L2005/000085 light according %Cﬁ{&éﬂ}%fﬁ""&‘
. State of the sensor. C(t) = 1 if the sensor unit is in the "on" or activated

lighthte, APO@RD if the serdBfunit Riaffe "oftBleieachlatedBfate, SENSON.
C{ﬁéﬁﬁ?tﬁ@&&%?ﬁﬁitﬁ%ﬁ%%ﬁ” gﬁﬁﬂf%ﬁ@t&eﬁé\;‘é{”ﬁ?% YPE DiF the

e time a sensor unit has been 5 deactivated immedia: wing the
saggynpléatiors dhtidresfaiion deatisatqdistdie. rdpresanibiheaspedgat are as

o G e MR oo
deadipnitiniersiyd@igidiiefsHBRm WraRibARSMGY BEeatriRadsEhY a laser

multiplying the above convolution formula with a rough geometrical

PuisshadatiG EraailstidReEuRRESS ofh BT UIRE, AR aBWRhtibReel®, in the
mabRYS: ﬁ[ @m%qqtngféq}giﬁtéewation function that takes into account
eric a C

atmosp sorption an attering interferences, such as where 'y' is
the atmog$pieeiictagsaiuétiotividestany Thedyk inctheqgrovedizef the thesult. The

tural ] e ltiplied '2'b th t i fupcti f
VSR PRI LA R R G Bl R HEIA R B R BG ok By aae kained
byOrAOMBRNG teEehIRRIer NS S| DAVHTRIPHGIE GVHeS ézréﬁ%ﬁh@%meﬂicai

graphs depict a technique according to which laser pulse 106 {Figure 1)

pis SR bR AR areRs At e qbeasnRIkse) o Patiarn of pulses o

in'a beam). Also the pulse energy of the pulses may be varied for similar
urposes. These technigues illystrate, the gbility to cfgn e (preferably -
2b0YEre 0L T &y ABEHT) e LA EHO I IPRH OB P AL kB H drdgrount
to achieve maximum sensitivity of system 100 (Figure 1) at optimal range "
atRepRRoHcG RBAMALENIBNa SNSRI eTeNReS shaeld s ¢ "

patterned laser pulse is generated, a substantially small number of
whbotons of IHseginisspheric attenuation constant. The 'y’ in the power of

the natural exponent 'e’ is multiplied by '2' because the atienuation
function of the laser pulse takes into account the distance covered by the
laser pulse to and from a target.

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 puises 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 R,. In
accordance with graphs 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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106 reflected from element 152 (located near system 100) and a
om

weuhstantigdlty large number of photons of laser pulse 106 refle tgd {rL s 000083
element 154 (located remote from system 100) may be receive %y /000085
1

0 76037 PCI/112005/000085 unit 104 (Fi ). F
O o e B R e 2! 1
pudseh 1b8! ibeserensdyl isighetiat the aRespidig BUISERRANAIINE ond of the

Qegirﬁ\%‘g, then more light from laser pulse 106, reflected from element
PUigs thaly Bk e decinRisehdbearn et lighhight lanettedisdrans, reflected

fr&R BRI &5 TBY e iHilfdhe G, SERFOr it 104 is
' synchronized{t%%tart e((]:%%v{r%g %é%%tfé%%&ﬁﬁﬁ%% ?e\’l%fe}@ﬂemed
fromisiemenkMmoN. redbiie seanisobaniru®4f dne tgading kEcewinr unit 104 is

o R B A ISR I TRt S0
plitseyiohoRizatiesaaftRen s et Lo W,t@rﬁ?l&ﬁ%pS%bﬁk}%gléEﬁ
ce

Sctions
0 bg}gfle?ted from abjects located at greater distances, will be r |ve8

WHRT TR AR Uyt 1R TTIERIGREPUEE U ifnlo SRARhOh APESOPENGTIO4. For
arlBRGBEsrelNeghsHE PUISE refég%‘ngwg%_coréﬁﬁ% ing)%%%%sre and the

greater energy to be received as't lecting objects ar
syéiefenbizitious paaiigol Siillyl 0 eveyelscessiaiieeorspensaifigdolses, to
t ner ttenuation that increases with the reflection distance. Figure
o O D oGP o SRl g BRCRB Shiner apaived in
sesfrapanitoRUeWiter Isipiay)mbadaseimviRe Rt { 'Pag%
represents the relative intensity oﬁ?leagser pulse, a%ﬁ%ﬁgogf? rlzon{rg g(?él be

ret.@tg}%g)en{gi_ﬁﬁ] @_lfl‘\_?fé %ﬂﬁ_@éﬁ%&;vviﬂméeﬁn@mﬁﬂm_mau&eTgrmT@@ﬂlergy
o SIS W SR S R s e R,
fuliie trtemein ot xemssiity lesamrisaing decalisanahaiiRPatShuation that
inQIEFton B 4T [ECUPP B S0 % ranemied and equats
ITa(;OeTJrTW@N@ Timeid Qf fg b= RisribR Ay A HARg dY89I MY ing an
adjustment of the shape or pattern (or energy) of a laser pulse 192. The
vertical axis represents the relative intensity of a laser pulse, and the
horizontal axis represents time. The vertical axis has been normalized 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}. Toaser is the
total duration of time that laser pulse 192 is transmitted and equals
TecontTwave. Time Toer aser 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 Ton is the

duration of time during which sensor unit 104 is in the “on” state and
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device 102 (Figure 1) is in an "off". state, i.e. laser device 102 does not

w N thing. Time TOFF is the duration of time during which sen
ur%?%g )gﬂgs not receive anything due to its deactivation. Time& ?@l@(’%’/ 00008“
the 30 duration of time during which sensor unit 104 is in the "on" state

reggiyesselioerionss /b RedE PEsCHENIORL ID00EIE $etRifEe RakbBiBRSiIONate,

depicted in for example TOFF
foi%%%ﬁgrﬁeay §e MUEh g&% ter tﬁ@ﬁ@%&%?@%?ﬁf%ﬁ%@ a graph,

generallyrigsigndted 200, grepibtingethe raliy atheeigpated tBdShapepicing the
atterned lase

e e e SAC ey TR
THWS’Wﬂ@é%ﬁé&@fﬁ%@@ﬁt@'%?@lﬁ%%f@?@lt?@ Hagdepuise i lm?mgmg

normalized to 1. Graph 200 depicts a specific instant in time, |n particula

URRB FABrAAPEL 25 HifsBArZORBIngss dRRICSABHHSIANRe thEhangstical
dlllt\é(x) AL NN feent ”é@'@g% B?ﬁ'l%%(&é%%‘ﬁ@am in

na amount of time in order to reach sensor
ttr@ensm mm’ﬂmm\nllﬂhaglmmarhécﬂpabtdmseafm!a& ddifitianabargesnion an

o A TS0 P 2 oS it rane
Rﬁ?,'@/m rARGE RNRED BeNsaRYRE TitddSaelivaiet P@a&%éﬁé@;r unit

ran VE (between distances RA and RB) exited at the beginning of

1@%%&1@%@ bbcﬁ%r@naséatbu‘i%lwﬂ FpRgdhstin m@@p@@m@gm@w an
I F
|nten e zﬁi ?jg%gﬂ,ﬁzgtﬂ 33 0?85&8851% Iiﬁgrgﬁlﬁ @%Wof laser

ginning [ ransm|SS|on or laser pu

pmpare@ateﬂhbammg‘erﬁhgél Bepeeddted tntheQirid vhiake2(oulse 192 and
correm onds to the duration_of time from the instance the end of laser

Wﬁ[ﬁ’s R ERREE RANBE e NGB EE R WML HOENS GalivatptisBhotons
gflegis fropaiddfufdearhas ﬁ%gé%um BdirdAisisihe BsHRRthg of

at which sensor unit 104 is activated (TOFF=2xRMIN/v). Photons exXiting

that tnée@wwod%@mq)mééam PR ARE. rédsHcandor wﬁgm&%@mr(@etween
ISELIRRSL 20 meshoeL R TREE HEVES A SRS ST SRR T
intensity at the beginning of the transmission of laser pulse 192.

It is appreciated that range Ry depends on time Tgpe, which
corresponds to the duration of time from the instance the end of laser
pulse 192 reaches Ry to the instance in which the end of laser pulse 192
reflects from Ryn and reaches sensor unit 104. This is the instance at
which sensor unit 104 is activated (Tore=2xRyn/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 —1; define a laser pulse shape that drops in intensity
r

dramatically. This drop in intensity may be advantageous in terms of
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Therefore, photons reflected off of objects located within range RMIN from

waysiem-10¢ (Figure 1) will not be received by sensor unit 104 ggq /%Flzji??i“/()ooos'
such objects will not detected by system 100. It is further noted tha Y )

-elations such.as L define a laser pylse shape,that drops in intensity r. 30
mrc'ﬁlia%rﬁg{ﬁ IIy.é}f\ﬁl%lgr%Sp HE Iy %”@&gd%n geud Aasmeyonsg the
aWW%@@éﬁ@T@;M/OOOOSS minimizing reflections from an

element at close range (ignoring the attenuation of laser pulse 192).

Figure 14 iél‘é@eﬂéitiiﬁty%r%@ﬁ%@ﬁéﬁrﬂ%ﬁ&@sim@ﬁw,dﬁs@atddné’é 0, in
ad¥BdaglasenrRaRing t%‘g@q%ﬂ%ﬁrgz&%ﬁ%ﬁg 13ep%cq$€{'fvtfmgﬁ]g¢ure 12,

sensitivity of a gated sensor. The axis represents refa
depintingitiier gansiivityheherigatted axenepreJdns vistinge akhe represents
tical axis.has been normali tq 1. It is helpful to compare graph 210
reﬁﬁhvsrssﬂ%ﬂﬁg@f %Fingg,%ﬁéﬁ%@t%@f&@maL@%ﬁé@@f%ﬁaﬁrﬁm@m- The
veaielig duifsArsordinay nanag i RYINGS 1he:rane M WISHHRAEEIgRsH 210
enerated by the shaped or patterned pulse are not received by sensorp
Wﬁﬁi@f@mﬁé@r@&f@a@@mg ioenicehnjanemivarerisbasigtivas not

ated by the shaped or patterned pulse begin to be received and
intensified. The curve along RWAVE results from the shape or pattern of

the 1s debagwtiiasgy pulsry@9R(igute 11%. Taagsadionh alwnicRCG@Mections

result f{ﬁg gwe igcgpreasi%g amount of the maximum intensity portion of
9?5&?&?;% NPT CUIRRD nfaﬁr_@%ﬁﬂf (RIg8R 215, BelcEesbiedehyrensor
unifil HA4(Figue 1). Rapgeadign2leeaRCANASa SRR EAMHRe eflections

different passing times between a laser pulse and elements in its path, as

g%ré%@ﬁ%h Wtﬁfﬁ) AflaRe[Peqd PRIPESSR7 PRIssydRQItD R, ibahesesiged and
et T SR Al ey S P Gl o i sk Betlein of the
dexcmptahtaste. pRENSRIFAYUsHE jalye iyadidneasAecHs, 22(1s from
th!s?qlggrre%est%%egn?gunt of the maximum intensity portion of laser pulse 192,
corresponding to Teon (Figure 12), detected on sensor unit 104 (Figure 1).
The gradient along Rcon also results from the different passing times
between a laser pulse and elements in its path, as described with
reference to Figures 5-7. Range R, to R, is the range from which the
intensity of laser pulse 192 is steady. Range R, to Ryax is the range from
which the intensity of laser pulse 192 decreases at a constant rate.
Beyond Ruayx is the range from which refiections 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
- Lb=
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sensor unit 104. It is therefore possible to further reduce the sensitivity of

wEeYatemm,100 (Figure 1) at close ranges, and prevent reflectip(fgs/dfi%mg 000085
atmospheric substances in the area substantially near system by

energting shaped or patterned, laser pulses, in conjunction with a pul
val{iie TR BRI R <Eh G T O DS BRE Ee DY the
gatlisgussehiwiie Trﬁéq-rg@(;e to Figures 7-9). It is appreciated that system 30
) sensitiv(i;% as a function of range is further improved with the

impleméentdBoarsia shasel Brasittden&danses plisd for Bmessgatiaghs gepict
1076Q37. PCT/1L: 0 i he pul

R et L

indhattrehceicenovraade tofFigoces/bot 18eflbetiegsafhsrdepictiarget. These

techniques for timing adjustments during the process of obtaining an 5 .
teGRNGS) NHEE Hemio BrARUENaE HeRn L FoRt kAHRTLO RS Sensor uni

10egnnighestilustiataheablityechrnggdhe Guratien ghikne é%f_‘ﬁ%wj'&_ 1) in

104 (Figure 1) is activated and/or the width of laser pulse 106 (Figure 1) in
oréedetqoastiirye MmaidfnMsepenRity by sobteysiem(Figird Higarend ) at the

op MBI RO aapresialed Uial A NG, 8UT sk of 1RR3Gthed

aserp out promising image quaity, reduces

lasengiliigs okithesystempicoenising dumgebjaaliightsgutesstibisensitivity of
assumed that a video frame based system is utilized. The array of

the SYRiesclQ X bREEE: amPlent Ha) RPN S dard video sensor, such
as a CCR (CharggrhoyPIR DS YRk Oa d8 dCRBRIGMRN RN zed. The

Metal Oxide Semiconductor) type of sensor. The CCD “type sensor may
artayludt pheiadeiaiadhisten! Ssehsensond tyldidallgn apdratecatsdasiatenvideo

frequency af approxim 0-60Hz. This.means that each second th
Se&ﬁ%{z ofsg‘/}?%}oa%ec%rsae?géﬁjre@?g@? fréﬁ?’éﬁ.ﬂ?gt d r‘ﬁ}ﬂw&fatgrthé PCMOS
ClesimisientdsasdansdivaishSariysiahciofeispersLeenemicsia CCD
50Hz. The duration of an individual frame is then 20ms. Assuming the

typengeBERiteraaYfolNG/oden 80 RXIBUIA! tSOWAtRR ofieBr sensors typically
operate at a constant frequency of approximately 50-60Hz. This means

that each second the array of photodetectors captures 25-30 frames. To
demonstrate the technique, it is assumed that the array of photodetectors
operates at 50Hz. The duration of an individual frame is then 20ms.
Assuming the range of interest for system 100 is 300m, the width of laser
puise 106 in addition to the duration of time that sensor unit 104 is set to
the “on” state must add up to 3 us. It is noted that the effect of Toer is not
considered for the purposes of this simpiified example. This frequency of
operation requires a cycle time of 3 us 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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pulse 106 in addition to the duration of time that sensor unit 104 is set to
withei907¢ate must add up to 3 his. It is noted that the effect of TOFF is i
not considered for the purposes of this simplified example. THS HEAI&rHE)Loss

f25 ti [ le ti f 3 is with no ti l.e, waiti
(o) BRLLR 18 dhorREB o A eR A SULBRUR  BOscHSBNGIN the

sekfiericls blepuessbleestransaiid B ISR PHISASIRGLY M@@é&g’ {8 over

6666 reflected pulses, in the course of an individual field, i.e. a vi

anrdiclvidusl\fieldod8me7 sesticat BBl 26052860085t Fiy wealikisad gragbyice,

rall i d icting the seguence of pulse cycles (L) and
e S R L SR e o
stakis repthsetés/ibe teing ofa Téerideorivorral Lxeprespatontiainsol Aheycle
'sd vice being on, and '0" represents a s status of the device being off. The

ARG NRARE SFhEC AR TGE ABfnIRPRS visiie Rais@nsmitted
arf@astired&arensdashbRIS P B§HERBSHIe-ARchopR SRIIeS 18R Pt cived.

or bundle of reflected photons, to be received. A cycle Is therefore
A goedsadhrrelorp. definsih@sahiamolnt of tidefinetaser deviseris of.time a
' ount of 1 nsor device is on. It ao is assumed that
R, e RS A e G iR et e, e

Is greatendt Hhilitye doaystetheo medhise thsf effetiss ofegmRRNtEgbtaining a
rces, since a réiaher numpber of cycles increases a system's potential

q“éﬁﬂ%s’ﬂ?@@?am tegiR'sbifcabiimy Gea s ¥siemalh redHsrlhe effects of
arfBRignalRfhZ 3o JRRICING R S tigi SP”P‘EE‘%M’&erSfaé%%‘F%EUIIﬁ%?gQ&S a
obtal hdividual i

is cha}nged dynamically over the course of ning an i ame.
sysiiwerhedbatislreprssurs thambiesblighdeduecehere '1' represents a

status of, vice being on, and 'O’ represents a, status of the device .

being ofg,f @S%olﬁgoﬁafga@gaé%reggﬂé fite. A3RIGBRIRHI S8 cdeRicting a
tinsyeeterrhaiiqmieonsians althesah BGidee widhh & lasedidacdRBdRally over

becomes narrower as time p_r&giresses, with the gap bétween TL and Tp

th@rS%ﬁ@%@o%@lW@%f N@g@, freme. 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. The total width of each cycle remains constant, although
the width of laser puise 106 (T,) becomes narrower as time progresses,
with the gap between T, and Tp growing accordingly. 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 (Torr)
is very long in comparison to Toee 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
Rmine 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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width of laser pulse 106 is very short in comparison to its width in the first

wE G hle the waiting time for the array of photodetectors to ; )
(TOFF) s very long in comparison to TOFF in the first cycle. ﬁ?#j& %O%{{muosa

hich the.25 waitjng time, bef it 104 i i ol .
ncronsol QA o OB wHRH Yot PRI 4D oegicting a
tirAfEPueshdius thereoenENIDaliom whighaosefisstionsipreregaivated is

from system 100, may be increased. In this manner, system 100 receives
chapaereiysnicrlm aver ibncie s et AR thamidimdge) fisne. The

v R TR BB S (2 R o T Pepresents a
statsigoatidie2 devitepiciing@ tmingnigcinigeprebereshe disttiondhabe device
sensornun'i is activated is changed dynamically over. the course of
g

1 |
bejBitflg AR AoEaMRINAXIT HERI&SRAISHEIBpraahRI e dagudespiaue
sHiRNISaGRIBRLIBDTBFeNig S FEIUH ST IBRFGYIAtPEING A AHIR remains

represents a status of the device being off. The horizontal axis répresents

capstaginitboudndhechbigirstoainsansaphingcl OFFig et e, the foml state
el BEhaR AR AR FRSHALLAUON IR M DI ISRISS T, and

0 the "on" state | eCcomes narrower

T pewssgsavdtrdeghnpbetimectinEl apdid0thie glavwitigresioTdinglyddy short
the final ¢ycle, the duration of Tp is very short in comparison to its

inGPEHRAMA A Frds SeT@lnRilD tHhe i EYRiRe WhikethgiaRing time for the
aPHY SR BISSHOERIRORES (TABEN Ko ROdR RIREACODEREE Ao S e i

first cycle. The rate at which'the waiting time, beforé sensor unit '104 is
thactitstteycie intheasels; &l adoiahdheewaitng fitieh trefcwatrstmun 104 is
ensor unit 104 is set "pn'" is narrqwed., Thus, the range. RMIN, fram which
A AR P B A D c IS S e 100 Al A TFLLdDg. AUFgon. that
séngoRaingy semid (bteenivas marrowwlectPhRgdromdhangBaty, jangehashich
from the near range, and a desired sensitivit{&i a function of range is

nedialieetions mgareensivedgfipm systeany RQigha¥dsMamaass dn 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.

Figure 18 is a graph, generally designated 250, depicting a
timing technique where both a laser pulse width and the duration that a
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 Tr 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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timing technique where both a laser pulse width and the duration that a

wEERE9HHIE-S activated is changed dynamically over the coursg ;}fIL 2005/000085
obtaining an individual frame. The vertical axis represents the SQa{US oFA )

- | re,'L-.represents.a status of the device being on, and '0' 25 i
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constant, system 100 will remain sensitive to the effects of ambient light

"efBaliesTBPa! g g éridia i e SRt ArRghATRaM (6t Fijure 1. BBNSOr
uriinged l%egﬁ'%%ﬁeaﬁﬁnwgﬂsctﬁq&%@fgh{%?f§4”%§% Vﬂ@?%( IBHGE time

102 (Figure 1) may be received by senso rther no

peroytheo Pe0siGte08 DR 2805/06008F: ihegraph 240 of Figure 17,
since tim .TLirergair}Fco}FSt nti{estenbloo wijll also remain sensitive to
the effect?' Ot thbRn iy HESOINOME SIRBL Wi M 19T 2Bk i cBRSt PR B 240
(FafthegefigciedienProBaBRORIN 4P SERFOE W mm@&%@:ﬁg Both

mode, thereby using energy for a longer time period than the system o
thgr i HH3efinasglRUse SiFfidTo et dhpiglsativnthah spaskBoiAD4 is

r 0 {Fig a ' € cycle remains .
Sego@rg?aﬁ Bo('ol%;h tge%wi tﬁ?o(%élzs}érrngEéﬁ%ﬂ%%r@%eggé%ﬁgﬁ ﬁ?atw'th the
gaenbetwaitd04 is esed td thegfowlintateaCEpifingipe By ramer gadimeycie, the

R, Lo s (06 AHTAA O s (SRR et BugA Mgy on fo
theheirsin ARFNNELHEef5H C'ﬁ?d@“i’@ﬁ'?ﬁé’"@ﬂ%@ft@epfﬁémﬁé?getyors to

of photodetectors to open, TOFF, is very long in comparison to the firs
ORSBle] THe IEWEMWARE itheompiagsmRe beloeefiishaycimitTiod iate at which

' IS Ingr i to 1 sum aof the rates at which T, and
s P e e Mo BN S e g et o
theasusragé titenat@&tinintie dbedatitWicarthisdele nhrtbiwdectmifiusample,
. Eﬂg time_in which sensor nitlﬂfgdf is activated and thereby susceptible to
if %é%%%ﬁ@ﬁ?%@éj 2 SRABRorARethen Torr is increased at twice

this rate. In this technique, the time in which sensor unit 104 is activated
and thereby susceptible to the effect of ambient light sources is shortened,
thus exploiting the energy spent and received, by system 100, to a
maximum. 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. This is provided at the "expense" of
narrowing the depth of field, which means having Ry approach R.
Having Ry approach R 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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thus exploiting the energy spent and received, by system 100, to a 20

Wg%gzwmﬁn this manner, system 100 receives more reflections fromthe
remote range than from the near range, and a desired sensitiﬁ@%ﬂmmoo"&“
function of range is achieved. This is provided at the "expense" of
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tethisiquasimeplvifhammgoally Phansoe Brecyiddkols IasenRlSe ifg the

duration of time a sensor unit is set to the "on" state, or both. It is

praseeeiafeabtrintne aorsidinduabyigenriqares of frasg tashriques serve to
- .adju 2nts may be .integrated and .
o N e M R SR i

ligidttemuocesergylditlasity paseahsrdisitussedivipigaiergatie o biguiferent
. 12-14. Reference is no%made to Figure&%é)-Zl._These graphs depict 5

IMEgiRIOS RS IRGTRIHERMb BIRY cRGestiblizgfodresttiaring these. I
pd¥RseRs Oftktaiateg an i%@ﬂﬁh@@%{ﬁﬁ@?ﬁis@?@ﬁg t@tzg“ms [¥8ti8n of

eliminate blooming, or self blinding, arising from high intensity ambient

reffigatesu plesionsdifohangy dpal@hnagety dymslienemlistichertliffereducing the

[ e processing techniques may be utilized for this purpose. In 10
n pa%%ﬁ%ﬁ%ﬁé%rg%%%aser pulse transmissions (L) and collection of

reflected iphotasa(Ridawbie changedrapnadisalissbarebvikaousing 8herence
number of exposures. It is recalled that in the example discussed earlier

towitg st ehed do FiguROS$bIea!ar iapSBIbAd r SiGGRINMIaewepE to collect
BRSPS, AR (et o RS gl e
megnssulleatcan imaximum number of 6666 cycles or exposures can be
performed over a single field. However, it is also possible to perform fewer
exposures. Figure 19 is a graph, generally designated 260, depicting
timing adjustments during the process of obtaining an individual video
field, where a total of 6666 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. 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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performed over a single field. However, it is also possible to perform fewer

wWeXRRsress-Figure 19 is a graph, generally designated 260, depictin }
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' horizantal axis represents time. Reducing the number of
Agggpé%ﬁr%sg {é?ama&%?gk adr ge@s CTRbGRRUsBad R eaRaor unit 104

(iskrsoation WPddrigiie Bl antkibrrighysau %Vg@p%q\f%ggg the generated

image so_that low reflection areas may not be - 49 05/076037
PCT/1L2DEBIR 0B BRI PharEBles tieharbly desigoatedsiatadietti2og.

i lled. f res in a field may
o e TR LB oA
vidry firldhebesbottembiemtighointomuaticewhishamRydasessivediR by a

i %rghs.in ut.to s%/ tem 100 from an additional sensor which detects ambient
SR KBRS &b INR05: RRRGEFSIBE cUt it ¥BHiCH RISy Eepzsants the
stéds (biferraticrevhisiereays becgiraings vi r )nEiguLe 21 is
a pair of graphs, generally designated 28%/ gn%g%%g g&@ﬁ%g i{rg#r%gbemg on,
ang) 4 FRARS SRR fho iy dhebeiminpabtyinitl Toaitepisoltal s
b e res in a field is controlled by.a technique .
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framese iwber fiarepradenteasitbe obihogoder LeRE Wbt AR P and in the
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ime.

RN chRiqEE RIS oPliniEXBR HdtRring &voobtained. I this

embodiment of the disclosed technique, sensor unit 104 inciudes at least
one photodetector, or an array of photodetectors, that operates faster than
standard CCD or CMOS sensors. It is assumed that sensor unit 104
operates at a frequency of 100 Hz. The corresponding duration of each
frame is 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 controlied 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 smalier number of exposures.
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;s frames. in one frame a large number of exposures are obtained, and in
Wng():96p(q{3f)'ame, a small number of exposures are obtained. In § E{ . B
embodiment of the disclosed technique, sensor unit 104 inclukg%@a AfURE}00085
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whaegease tombvesr frioialse 3frdmi& hatgrapthélatber aombirast image, the

pi)?éiegcﬁ&rﬁ %Ir%?gré?ﬁ%r?_’tﬁg %F%ago%%éé)%ﬁ@@g%efg%%%%f fragneecg%\gr}game

smaller number or exposures. -

2941 2005/00008Mm E ineadikiSrasrharodie duiJuatiopnlithetivpiredgdonly the
frames_acquired in FI;ijgure 21, and the combination of the two frames. It is

UPRES il B1XE @R dSSSaaRfcRie frathesls 4 et edourRipliahy. ixgle- The
oveifrafade ARy ORIAERBYMIACHEIREUMRIET BERISIHERO? the

upper pixels become’saturated, while the lower pixels retain a reasonable
salevated guaypdn tel rehdfriinst fame8Lospithdtes fromsaturated upper

umber of exposures, the, er left pixel does not hecome saturat, .
o AR FRONE ERlER A PRSI I B EOR R et pivel n
cophesiselion fiiet frame 292 are combined with the pixels from second
frame 10 294. The combined image frame 296 has less saturated pixels

(only thel BppéesiypicpiRefiaiatidsiBalkigiepiels @iy 8 pvévaghtame
ox el R RS IR AHAL KBRS AR TR SRMRIFR PR RGe o
system 100 and provides a high quality image even in a saturated
environment. It is appreciated that such image processing may be
implemented via other techniques. For example, by using an even faster
sensor, it is possible to combine a larger number of frames.

It is recalled that the biinding 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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saturated upper left pixel in first frame 292 and the non-saturated upper
wisHopkeldsecond frame 294 generates a non-saturated upper left pixel in
is combined frame 296. The technique depicted in Figures 21 %%/EBZ‘B*P/(’WB

sures followed by a frame combinatjon enlarges the o
S%%ﬁﬁ@%ﬁé%&f%@?é%‘?ﬁo pPaéTH § aSIAPYEIRPinTa OBV Gation
Chahmatederasanineniwib is peRiecatry B4 sol IMRIRPIELSIINGN @) ich 4

be 20 implemented via other techniques. For example, by using angven
ChalprlsWsH erabirsiBR WeoRsHRIRSIdRSOMMBBISTamss. ¢rsh other,
t lindj ineludes blinds aused by the operation
A oSy e e P B Rttt
binginagssystemaito svagoenatiemutual blinding by 25 applying
statisticaltechniques.or synchronjzation_techniques. Statistical
technique%e%ea{ﬁﬁccefu@eQé&ﬁmé%%ﬁ%ﬁ@o%éxd@%%éﬁn&ﬁ@é‘b@k@mph&
geheedyiriesRinddi B1e0 iaro ot anshiRarsdly SOMPSASTULIBN Yalihique
a greater laser intensity or a higher intensification level from sensor unit
fﬂid&f?ﬁ?aﬂwﬁ)m%@@écﬁlmam@-rﬁ&gﬁa\@ﬁttﬁaima ieptizse oispiiedaftatds of a
a inthe timi est 0 ingle frame, changing the , ,
e asuoncy B are b o in 08 SR R 64 Vit and "0

rERUSSATE03 SRINNLADE300e0R e Syaitiy astizalion teshpishies Iay GvEsents

. establishing a communication, channel befween the two systems, for
T e G LR GPRISIRH PR BOTE (X pBimsstern

exampl

emmgrruanumﬁétﬁw@tkp@ﬂ@ther%r@Hﬁ%@ﬁsi%émﬂ@%@‘ﬂ% is in the

_ technique for overcoming mutual 5 blinding is automatic synchronization.

listeménehee1iasowihiea gy steri uri2en o Higms s nitingptaseyepataly and

cAEAR AN R ARSI SRS oy o
anjevicesehavhile' thprésentsystiatuisofithesdeyienibgiNsedb NSRBI 312 of
gr?&%sgaﬁ gnséa&lﬁsﬁ,oft}:hee f?r%\t/i%?/sbteeirr}sg r%féyTPeesB%goanég'l\/%iZ{et r:Seer?chof its
listening period. In the event that the second system transmits puises
while the first system is in its listening period, section 314 of graphs 300
and 310, the first system waits until the end of the cyclic sequence of the
second system before resuming activity. in graph 300, system #1 performs
a cyclic sequence of 50 exposures before entering a iistening period. 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 biinding.
It is noted that in the synchronization technique, 50% of the possibie
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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time. In the synchronization technique depicted in Figure 23, one system

W@ﬂ;&%%d‘%tening period” every so often. When the system ispig,ltng S 00S/000085
listening period, the system retrains from transmitting laser pulses and™ )

llegting reflections. In th t that d system d tt it
MG K URe dRe S SIRERIR R stk AP BLRRIR i S6ing

plafRRRS. 300 antk3dMtbeifif sy e B derRIgBe adbiiighhe £nddHiiteision

. listening period. In the event that the second system transmits pulses
imaeiledhaymiarsy siemed ienlistermhichreioaysiiviigiarnfiglagasaosith the

R e R B 5ok U PLRE BN are

mperitsohdnatbechiebiciaeircaviioh eystsuresigefitFegemteringia listsalligd. One

eriod. In graph 310, system #2 performs g cyclic sequence only when
PSR PEE 1s AT B T AR KA Eancd the other

pUISEVERASHRIE TS i SRR S HE2 RRRURS NG, NS P URRITt8tkPY ulse

one system are 25 received by the other system, resulting in interference

detretoirudettpidihptias sysiematsinmiarsjachysiemido e amsigureBifg in

.the possi %P0OS ime.in a frame. js allpfted.to each system. The
v e B B S AR gy Wom the
reexar@itsdn & vighicisiapiagoigrrystesmmeintesonia AQIMINNEN to cause
. platform (such as a vehicleé according to one embodiment of the )
mﬁ%&%@@&@e&mqﬂéﬁtem theGaRE GBI L IHBYSES! lReeiaidemanted in
sth §)S4WO0 2005/076037 PCT/1L2005/000085 made to a vehicle, as an

example which is applicable to any moving platform. In this embodiment
of the distlosgiterrainigusyactighnizaioon iteagininsystan ovarceniog anutual

o R S A o R D R R B of
frafiseapten deeitdmuead deivstritephuing puperRtRGiOb s distllsgdms.

the front section of the vehicle, and the other pulse detector is installed in
If tRe retllssedioripied dire. aneibarssvataaaory siaatt OGHmay randomly

dSYRIEMRITERIRL 8 SYFIRRR A OP e BRGIRENS N may begin transmitting laser
pulses within the same frame span. If a pulse from another system is
detected however, system 100 initiates transmission of laser pulses at a
random time only after the approaching pulse has ended. Alternatively,
each system may randomly change their pulse start transmission timing in
each frame. It is appreciated that these synchronization techniques for
overcoming mutual blinding allow a system ito 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 scenaﬁo, generally designated 350,
operative in accordance with another embodiment of the disciosed

- 53 -



10

15

20

25

30

vehicles approaching the vehicle of system 100 from the front or from the

wdOdeasysice a vehicle approaching from t.he rear is not Iikely to cause 3
interference with system 100, synchronization may not be |mpTé‘rWéH8%f/|W“m8°

T QB R e SRR o 5 A ot A lmigopter 52

epaifgsbaf witks Aiarppseay pfesicatad th d@é@@i@@ﬁé‘&%ﬂﬁ%ﬁ”@%@ﬂmem
ther systems. If no pulse is detected from another system, sysye.m 1 ‘

Ogn‘g‘? IR EEHHONRe P I PGt D (Pluie MvelpBegimn anti-tank
aRspit pulses within the same frame span. If a pulse fr_om

Ogﬁoth'erlﬁs%gte ﬁé detected however, system 100 initiates transmission of

laser puldediagdipet Wﬁemwmﬁeméh@?md?a@@fﬁzw@q?@%tp%t 354
ded. Alt tively, .each sys ay randomly change their pulse star

o R P R R st s e

seyoabirenizgHicBB ChikBIeS iRy HMRKS 'PQW%@MW'B%J%”‘M-% km from

hs%;stem to synchronize with other systems that operate at different rates.
iR 7

SRR Podsibie sHEVRYIARSRRDE ebReisinn Gysteomisgantiuabd. Only
e P 8 e YRS AIER frecton
3%éceinddrsyiectienhifiogptiiee i&eferenceicodormags (rRigwaRd Wthm is
O B AH ey {24 REHAEn L doraGHaN JorastonIseomatns systerr
egengralimgdgsigipted mcﬂpﬁmﬁ%%%%g@%gﬁgﬁ%enerated and

embodiment of the disclosed - 53 : ! o '
sipses/bopdesiiatineidasembsaemay epprsiomstieoptisr FHL anintidely this

' ith b ti tem in accordance with
o e B T e

deotian imathanthianistaper B0, aheighsibdpibe drshsireeA8Q0he passive
helicopter crew detects a hot spot 354 at a 15 km range using a FUR _
OREBE??R}g?d ng&g{gngx-mﬂgrg Fively. satRe operation mode, while advancing

towards the identified target 362. When the helicopter arrives at a distance
of 12-14 km from target 362, the identification stage of image 366 is
completed by reviewing its recorded details, such as by comparison 364
with other images of potential targets 368 stored in a data bank (not
shown). In the example shown in Figure 24, the hot spot is identified 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
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second stage 370, when the helicopter is distanced only 14-15 km from

wd2lsRoL394. the surveillance and observation system is activ%%g[ Or(}L 000085
during the course of this stage are laser energy beams emitted’in'direction

S e ISR AR R R B ey o
erfiiaygh images from which an image 366 of target 362 is generated and

stored. The radiating laser beam may expose helicopter 352. Limiting this
exposurE RS RIE e boritR\Melpaes piotdcihif opter Whichiols cauptiarpatic

igeEgian- b e LR dfldhmDe InBIEnTEY 'UBNS IRARATINE and
operation mode, i.€. a relatively safer operation mode, while advancing
opevedivs the idetdiethtargetvdtl. \Athetintre befiboptenenives atieedisimdesed

12-14 km f t t 362, the.identjficati fi 366 i \
to o TR, o ST HA PR e 1 o s i 3k s of
aﬂﬂwmu»@mﬁgi!ﬁ@@%@fa@ﬁtm@dg{g@tm&ﬁ@r@ﬂtiaa’al daia bankn(Befserving

shown). In the example shown in Figure 24, the hot spot is identified as a
sqghfimate target, namely, an enemy tank. In the final stage 390, the

helicopt jyat n f issile .

oming Sh e A o ok By ool 40 i3 Bl hsgrvation
seytapord (@5, dEstrensathe satimt D2 ainelhitely distaseraggeider 4gammfel an

from a, range of 8-9 km. It is noted that in the course of the operation,
elgelaiie LOP IR ANP3ca RS G AR ﬁ%@é’ﬂﬂn%é&\&'&@%&eﬁ@ one

pHSBHARFIERSYE e a1P4l HIBRR IR RS UER® 'E‘ﬁa%ﬁﬁﬁbqnﬁoaf;piing

would have 30 necessitated operating the laser for an éxtended period o

meaes thdkdbby c®4pirg 2005/@rRSEETIC 12605000035t inalcasaamiy 416.
L SR SRR R R 2
E Rystemicosmeialeieisrisasbdiplegonitiustes apdphapgesivddis 410. Array
ofagﬁggg%g%gcv‘ygpsag? E)hiesf ?er?tt?'nogtj nggu})?ééhai%i_‘scgg%%%’ coupling means 412,
Coupling lens assembly 414 is coupled with optical coupling means 412
and with optical assembly 416. Optical coupling means 412 includes a
coliimating lens 426, a first mirror 428 and an integrating lens assembly
430. Integrating lens assembly 430 includes a second mirror 432. First
mirror 428 is optically coupled with collimating lens 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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technique. System 400 is stabilized by a gimbals, and the optical axis of

wandllsigeating laser beam is coupled with the optical axis of aﬂ%%ﬁ%(m%mm
section. System 400 includes an external section 402 and an observation

secti 4. Ext ection 402 inc, s.a laser device 406 and an
mé?éc;ﬁg%%}é%ltrol er%%%%%@rv%%éﬁ@i%ﬁgnﬁﬁ i?\%ﬁﬁf@ atfeged from
olprenealitectectioandday Thehetadkieatins, Aldy dreoptiealcerplirdaction of

means 41?& coupling lens assembly 414, and an optical assembly 416.

vibLions At dNRERSplicRRARSL N nthepalesuNAg maans i sapiured.
SERPCEBASHOMEARE 4P8 ﬁl%w'@@ Waﬁrrﬁyiaaehewggﬁg{%ﬁ Hlhtion 404,

Array of photodetectors 410 is further coupled with optical coupling
phatestacior(Gpdphgaptisalssonbiyng 1M éansup i), withipltigdbrauptisg mbly

e 412. with optic sembly 416.. Qptical coupling means 412
4@6%@?5 'c%ﬁ‘%%%%g‘ JP{S 4%%,%”@%%“69'52@%9&3 H‘ﬂtegrating lens
assembly 26e430e Nty 0BG ERNS AHES MM ASOINElYEeHR SRCAIEDMBRAId 2
432. First mirror 428 is optically coupled with collimating lens 426 and

tagaR- int8gRiiAYS adlnBRAB P D picdl ke mbieal 6 Afeiteddrd). The
tr%ﬁ@%i%@l?!@é‘éiﬁ’%@éﬁﬁﬁéﬁzp% %e‘éz%jéf(\)?éi%%‘ff&%?rﬁB@?”@%“@pticas

_404. Stabilization is required when system ioned on a
fibsyistiaie ushedsimeyisigor vibeatingtpatsonit, labethbeaitbetae, kestesital they

i e
(Feagbapjsiitain fbeyensaepediodinhialeARP pacriEgiligationrsitneddptical

. processing techniques, based on the spatial correlation between

f'%ﬁs&&ﬁﬁf@l@ b%?%“ré@ﬁ?irﬁ&@@stw IWsERRGdeon e @wmd when
S A 0 MR e PRS0 o
paeRit1whensieseo kgnbialiemioee hefmekadedsandoaiely 406 lpcatgshrate
e R B el e b
headf isleRPtegeflitates packaging and results in decreased weight in
observation section 404.

Transmitted laser beam 42 propagates through optical fiber 424
toward coliimating lens 426. Coliimating lens 426 collimates transmitted
laser beam 422. The coliimated 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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Such sensor means in Figure 215 may include observation section 404, s
W(pti} ! {,1,% (‘7tqr(s) 410, optical coupling means 412, cogpllng lens assembly

4 9129 nc optical assembly 416, and their rigid packaging. Last B :’/"X‘m&“

406 transmits a pulsed laser beam 422 toward a target. Laser device 406

may be 2Ol LREAIVG 1599, 1€ Galiunates thshsam apge more
arRreRasaasIIrRL B RRlcRIdIRSE 42 A QRTICRALS DR Q'S @glrzg‘gﬁ}ﬁtéﬁbwn).

400 to transmit laser beam 422 because they enable the am spot
Basire tibeilicuniteates thheréaugedd fiold-tivisafi¢rtnns Obtightirasating on

allow.for easy, packaging. Furthermore, optical fibers transmit laser light
i€ ST 2 LPEcatel D drodRlet Aen e DN troRRe s embly
41surtasedlaper gsldersdibeant Wb iedsaisaReileds HadRIastbRII4a8€0 via
light falls on a surface). Laser device 406 is separate from observation

Comiﬁﬁﬁ.@ﬁ@%éﬂaévice 406 may be inherently heavy this
famhtateggg%gg?g% %?éﬁﬁgrg‘ Lg??r?%%‘éé‘@%w ﬂe?;?ﬁ&%%t%?ﬂ 450 and

section 404. nsmitted laser beam 42 propagates through optical fiber
congerz0 tefiectecb ieatn gl eh S26 abolimegiagdesEaztbiellonatedelevision.

A RO D8 EH0 T 925 AL B RN evice) type
sepalimatethiasen e atR@TICCrBYRIGSS e bapB @ 1BIGYrRIRE4EN® a gated

. assembly 430. Converged beam 434 reaches second mirror 432. Second
imagieoinigrwfiepicamy redknawd)l. ips ecatd mitbeagiCdaubiee thenpatamay

NG0SRI B P B GR S  may
beanal téattchl hsssmiiipd 1€haagend mpectiveonleydconi@igidheam Gated
G AR 5 SR i BB S e e
ARG HiO0SBAARSS Aar of ohisstivedenres 44 calimaterhesieRMsensor

once more and transmits the collimated laser beam 440 toward a target
typest smablg. advanced processing of the displayable television image,

such as enlarging the image, identifying features, and the like. Advance
processing may include, for example, comparing the image with a set of
images in a databank of known identified target (see step 380 with
reference to Figure 24). The generated displayable television image may
be subjected to additional processing. Such processing may include
accumulating image frames via a frame grabber (not shown), integration to
increase the quantity of light and to improve contrast, electronic
stabilization provided by image processing technigues based on the
spatial correlation between consecutively generated images, and the like.
Controlier 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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Beam 440 illuminates the target, and the reflections of light impinging on

wihesuifags,of the target return to optical assembly 416. Optical assembly
s 416 routes the reflected beam 450 toward array of photodet&&tbrd-2g/00008s
via coupling lens assembly 414. Array of photodetectors 410 processes

DFEHBIERHBEARS 450 A ANEs IEHRsRb R M A5 Dimo dnitimge he target
' gl 0 be a CCD
(dERRBAEAL HIHPURRBNCARY SIRIAYSISHABIOMLEE I 1o the

. (C”harge Coupled Device) type 10 s case,
dbupsitatdyiremy thatey taticgateanismitrigteihsifiensas iHkaewndAdhies that

rt. The type senspr may_include external shutters. Alternatively,
e TRl o0 ma s Ashted HkHec c irge Rckdles and
barkdeatiGiCHIy At AgBIUIRRNE) Heftdd H59
S%r&tensifier, a Gated Inte%sifjed g&%ﬁl?ﬁ&fﬁ Sensg%g%\%g‘){qgl t?]dé that the

PlPEIRgRH AMABERPSEARY IR enable advanced processing of the
displaya levisign:i s enlarging the.image, identifyin .
_ features?fﬁg%t%gﬁlge.tgﬁxn va‘%r'wvczH %%%eéin%ﬁ%%% irf%lud\é’?‘fgbe% |gehematic
illgsirpoing tie maysteith,a serwralimgesfiorardaiabatf kaswdiructed and
Og’g%%%(i/ed tlarget see steéj 380gﬁith 20 reference to Figure 24), The
gererated displa SRR Y it Ly HBRedinesd 1 hdtiordisclosed

toptatieRRNTY IS8 b RERIESHIS DAY NEIHGR RFR) TMUIARA IRAgS %90%&1%0 is

a frame grabber (not shown), integration to inCrease the quantit ight

esaRMalraralimitkihseentnrl awsintdtoampayidanhioidaatectors.

processi [ the 2 tial.correlati etween )
consecutive y%;lgnera;e m%gg, }é%rf‘d éggﬁgﬁ'ﬁ%n%ﬁe% 8 htRitsarkation
midlirlg GiCiray pbpleteiriptobO8] @ Rarceceiurs dmifizRoY a8, a display
[ ble wiring 444. Controller 408 may include an

5 VRS A O or 4 88 Bor SHPRHE  igEoHrrBjpsronGs box 502
e devien J06. Tne noiey e PO ! IR BoW. gervice
PafifbdloteeimiginghSfiRe peridmhaetertessingy WD Z6/QF0E PC
(P%%HMOQ%W;QH%?) car;i 526. Observation module 504 includes an
optical assembly 528, a filter 530, an optical multiplier 532, an array of
photodetectors, or at least one photodetector, 534, and an electronics card
536. A spatial modulator shutter (not shown) may be located in front of
array of photodetectors 534. A narrow field collimator 508 is instalied 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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beam traverses a distance adjacent to system 410 en route to the target
(dist. MIN, with reference to Figure 1). Switching the sensor unit to
wddap d? Y W | ° 2000085
(§he ‘é}ofﬁ state immediately after transmitting the laser beam risUFERAP00sS
unwanted reflections, from atmospheric substances and particles and 5

lagickasitied rdhecsaslipdy iypaalis! drighdtsacbtion axi; aré whedray of
DA R Soboman MO b Sl o neaet B B the
taffif, constructed and operative in accordance with another embodiment

of the disclosed ig technique. The optical axis of an illuminating laser .
beam inséb&er‘f?gﬁétﬁdesggﬁﬁﬁlprgé}aﬁé‘PWitht ofHfeftaxisasiesreptical

asPRBIpIsIRCiarhtiedpledsetiFudes RirIgeEoRifs 8%yt Harrow field

observation module 504, a power supply 506, a narrow field collimator

obgestivedigragss ok sl dorckeges, ahdusuppoparhitbiids14. Optical
| ni X5 in es aJaser devi 16, a laser r a
SN 328, SAUNAYE pCn P CRRn a5, K i proke iy 530

peurfilr i speotr BICa (e roaBh Clipiter)wank izt deswation30odteer 530
504 includes an_optical assembly 528, a filter 530, an optical multiplier

may oAl P BKERot6detEREIRTIBE atba’éhe motBB@MﬁF?gﬁﬁa&ﬁ4 1o
oV OBisPL A A ARG %&%ﬁ@b@%@@@ﬂ%ﬁ%ﬁ; m BRI R 524

be located’in front of array of photodetectors 534.
provililaatcos0®isindtittedbackisehltaiondoitte s GBM paydre@pydaptive

S A e LR A SR Bt
filfslectionigatbpo iz isr ondicaiyromceitmed pabndirw, field salimsies5eRode

via an optical fiber 542. Video recorder 512 is coupled with electronics

salegtiys, lerwimdiby Bier Mmaehfemeds apardniidrantmissivad-quid
CRER TR ST (ARSI AR SRR AR, o
othserdivsalar 5ddvie propilteiteS3I0rongly aptcalfibeaSpRiraligrdohditmrs. The
o et S0 P B ERe ISP Sh B SS B Hectea
beam 550. Using feedback from image processing unit 524, filter 530 may
be programmed to eliminate background radiation surrounding the target
which is not within the spectral range of laser device 516. Residual
saturation remaining on the eventual image as a result of ambient light
sources in the field of view, for example artificial 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 énd 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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- 58 WO 2005/076037 PCT/1L2005/000085 laser beam 544 is essentially
waRtsWith the optical axis 548 of array of photodetectors 534, and 3
conveys collimated laser beam 544 toward the tar get. The re‘%%%éﬁmw 000085

b 550Q.f, t t h ti ly 528. Optical
e B GBS VS A UP AR RSAT DBl Gk eHbiplier 532.
Oavtivun)rpanisiasd %QVérﬁﬁngﬁ P4 dOptisah a3tembhs ﬁ%@té&”t@!ﬁ filter

reflected beam 550 to filter 530. Filter 530 performs spectral and spatia

SHikkritly BRtieAbdd tielien 555, Fate b8, rmgMoballyrsiatied adirntthnen the
I ing i t

O B e TS e

dBsotiFiltlen S80emaghet asrdapfiverfpatiof LighohMeduami6SIads a Array  of
ct aifrﬁﬁuen%/ﬁfilter, aPoIariz ion filter, a light polarizer, a narrow

pﬁ%ﬁ%‘% &R BranlPGRdE RISl airRdnbemtEr. 2ol s1anditerosapses and

cordgtdprefiadranspisaiyeslsiguid ﬂfﬁ%@%Q?%@Va@igpgr@éedetecaqrs 534

Micro-Electro-Mechanical System (MEMS), or other simil Ices. Filter
T80 PRay dide Beseprealit) o8 6. Teasiareristlsds firdem2al shittiers.

A?%Sgé@?@%%@%%%@}%& reflegied Deam ?r?%&%ﬁ%éﬁ?@%?%ﬁ%ﬁﬁcg card

€ processing uni ter may  be pr
586ckipoat adBign Slsouodiog thardr@i@omdnehdesneiavithimie data to

ctral range of laser device 516, Residual_saturation remaining on the
ei%'ﬁmam&igﬁi@ viagrbleanifelrabie S6QdBaMRAcMMdEISeiwised or

weeislecisiahikuninatin. Vet BOBYS, [ b8
reduced by a facto&r{’éc[)ff]tzs;gtpFrP(r)ri:'{(imégaf;dz:-;{lgy€r Cﬂ%‘g&%ﬁ?ﬁ%&@d&%%%@%hﬁmmg of
afiiesringl IRbogeeeicstheblight Sonrdes!2S iR fielsaieewtihaticegeay  of

pﬁgﬂ%@é{%ﬂgi%ay ;Igt]ec é)P%Ce; éti?gg\iqﬁe and ?é é) tic. enlargement

performed before reflecté 0'18% ' fisPRAG&ted) when
tramageittBiseadsitinnah fiberingdy reapt dorfasdisate tRENAHIORPRIWRSRity of a

background light and the illuminated target, and to prevent blinding due fo

1REH ISR GRIMunsd BRI sLIedsIgHIRe 1) for both the forward and return
paths. PC card 526 enables a user to interface with electronics box 502.

PC card 526 is embedded with image processing capabilities. PC card
526 allows the image received from array of photodetectors 534 to be
analyzed and processed. For example, such processing may include
comparing the image to pictures of identified targets stored in a data 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 aliows laser device 516 to operate.

Support unit 514 supports observation module 504, as well as narrow field
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sv immediate vicinity of system 500. - 59 WO 2006/076037
w&gy;l?%(%QS/OOOOSS Filter 530 conveys reflected beam 550 to Q%tical 3 )
multiplier 532. Optical multiplier 532 enlarges reflected beam'B5F1{45/000085
oted that filter 530, or optical multiplier 532, or both, may be installed .
el |

COGRRRIN onYRe M5 BYBpRRSEVELABIBIB Al RURpRSH MRl 514
preVsade isialiasndisaedy ordherapuLeNskah@iRy. ObRRRIOACERIP'S P34 may

Array of photodetectors 534 receives retlected beam 550, and processes

incindecanvipes reflecatbbeamsssp i inege Satalorfnect gustrdetestoand an
GRS SaRR 5 ST R T RURELE SRl viscous

sheldctadryesargl 10 536 via cable 552. Electronics card 536 transfers the
image data to electronics box 502 via cable 540. Cable 540 may be an

type of vir&t BPigsdfat Pohniasmiagisy m.%&ﬁjﬂﬂl%Qm&}@bﬁhﬁﬂiye@ be
usk$ f@%@feﬁrf@h%mﬁ‘@&qsw%%éﬁ'ﬁ%ﬂtﬁq@ %J@%Zéé@aﬁé%ng of

array of photodetectors 534 Is closed (i.e. the sensor unit Is
lasghalevseanbtindudhsier edpalbdhaaverdesseralmads thttnndmtecated

vicinity ,of a_target (i.e. range PMIN, referring to Figyre 1) for both the .
SO IR AP PO BE. AUHBUE arliedcr LiRdo hieR&ge WiRipht on
obeleaieanes huxckig. 53 cardSAnisriphesider With image lpQsesiNgce 516
capabilities. PC card 526 allows the image received from array of

CPRERIESICRIISHBU B HRIRY MRARIERH BAYIPMERstRHRbdTigie pswar for
o HEEAIRAK S SOy CRER s e g KAl ana <
re%iahia@yotamoaﬁimeofsme_SLanfynbtmrr,oaﬂédhei%&ﬂffwbéf&e&edvmmehave
Y e S S
oy eI N SO B e GBI i
thegonaag dEF)) ﬁ%@f&r%&ﬂ%\m&@@ﬁply@%hﬂé@ wigible to the human eye.
However, this wavelength is also very close to the visible spectrum. Image
intensifiers are very sensitive to this wavelength and provide good image
contrast. Thus an image intensifier used in conjunction with a DLA laser
device can provide high image quality even 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
technigue 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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battery, a generator, or any other suitable power source. For example, an
wahingltxaiage from power supply 506 allows laser device 516 to ) i
operate. Support unit 514 supports observation module 504, d&-Wal2485/000085
-- 60, WO 200 5/0 7603 7 1L.2005/000085 collimator

p@%ﬁé&%ﬁ rﬁbcﬁ%}l:?%@@rggﬁoﬁ‘ﬁ% gt%@%b%ﬁt%tmwﬁwae@n very
sforheight apg se@tiongl adiugiments, %H@pqgai%ﬂ%g% VRSHARS R qf the

tripod (not shown), support legs 554 for fine stments, and an” integr
SIS atRyF By MibRA IRASS REh Rk elinty Tin@siantbte pdseauses shogke. It is

,ﬁrﬁﬁg tig note laser device. 516 allows optical fibers to be
f u;ed’rt?)ﬁtf:%aréjvé@ét}raén?r%ﬁgé)%aéze(? g '§4Cﬂ'.951hllifs€? &%’i?ﬁggqp%%ﬁgéﬂﬁ‘%fpower
toldéghidedidel 31 BandrictiasitypicallivbeavindraspEHEVIERI 54645 SR than other

located , separately from obseryation module 504, resulting in less weight
RUSE ?oogdgél%aﬁgﬁ %%u@@@ﬁd\f‘@f)fu Aheriassditthodisriespdadebnique is

wBASraRBer AR AP AL AN BRPLABE Rl B AR RO Rl

extended periods. Since the generated beam has a high frequency and
Seelaat e safmbersing e ingnhe aderedrvietertidedfibéne dieh Haveontrast, in

R T R T

er noted t aser device

miajr aeedbfectsabfegiomeaibieh is invisible to the human eye. However,
this waveﬂsen th,is also very close to the visible spectrum. Image
e U4

intensifie SEnBiRtRA o e wavElbAythessd plevige gtoddnitasle for

asONeERRnEWS 8RITALS PIENSHRIHSRdA 095@4}'“ SRyt aDLA laser .
%% devicg can provide high imagefér a&gﬁiﬁyﬁgv ogri%(r&gg s'3f %’Hﬂéﬁé@g{u'md’
fort @rarRie noleentedmmingseedesico giiaerate s omnagolersdine system,

|afi efore, the generated beam has very uniform radiation and
W@| s%ﬁ%ﬁhggg%ﬁsﬁég%{%&u %R?’fﬁ’éﬁ?ﬂ% héraIdRrtssampplications.

Forsedcht iafiplibetiontedahataDbLaiases @ﬁéi%@@%ﬁ%ﬁqé B the. visible

shot" ohservation mode. Snapshot observation involvestransmitting

S%ggar‘i@ Bf QUidR s iFRb RefAKRaTvishes the duration of time that

It is noted that pulse emitting means (or transmitters) and the
sensor described herein above are located in the same place, which is
easier for the simultaneous control of the pulse and the sensor gating, and
their timing or their synchronization. This location of the pulse emitting
means and the sensor typifies cases when the path between the sensor
and the object observed are obscured. However, the disclosed technigue
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

- 652 =



10

the laser device is active. This reduces the exposure of a system and the
i l<o |ng detected by a foreign element. It is further noted that in an
(3 : . ) 5 5
Wé?n’bag?r@epﬁt of the disclosed sc technique where the systemlfggﬂt}ﬁl‘?é(am&‘
on a gimbals, such as system 400 (Figure 25), a DLA laser device

vagRasiclesintelnsias: hackudiner cosnrpkoioabisn feeliveen the emitter and
0 008 e allowi s ector

S a8 S S R A DL ¥ or

othilr anfonenaftidee pooibal s SbyHivébestioss ey naicsel bilsing cothenon clock,

di _Itis further noted that a PLA | ice is highl
ar Bl Tk ot erHs SoEr I TERTC BN (ASEFLuieh SeINretpeather
thdaihtmdiessaat hangihgedypes HdasanheewisesrfcqsthRas hfvard the

laser in the disclosed technique is transmitted"through relatively wide
seqisits AhtagnRysepidRime mitbsasdanaking dhtetgoaignd isegip should
f eter I in,.S | nge: finde
b TR Lo e T R R EEELETES he
seisdurth&anottatibas ailRlsArEvey deeictds anithlbte fopaabptativds wiheréarget
lgser transmission through a water medium is required, .for example when
arKb R SiESGRERRNCBHEN AIPHIBBRBLGse, SHEHBErGRngan be
eNYRANEIaRaRSGHYALIO IR NS RAEGH RARE GBS pafiiich
applications, a laser beam in the blue-green range of the visible spectrum
provideslbptihabgergiprasiatatisnotee wanpuiskibadting theaast(dhat the
fransmi d the_senspr descti rei ve are located in the
o e L e T e R R TR Do e g ane
detberitens ongasingbave: 2(Rattietining ecdrir syntihsodizaliosedhischnique is
lgcation of the B%Iese emitting  means and the sensor typifies cases when
defiperherbetelie cialiams oV iR tplWhiect observed are obscured.
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,
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25 timing or synchronization are appropriately maintained for creating a
sensitivity as a function of the range such that an amount of receivedLLQYD WISE
energy of pulse reflections, reflected from objects located beyond a

minimal range, progressively incigagegwith the range along said depth of

a field to be imaged. The relevant ranges (including minimal, optimal and

+ 30 maxi e depth of a.field% will then be described with

1 30 maxigahianges, Jd-Ing.dept 8 rg? : A
respec)?to the sensor,/rat er than tgg%%i eﬁ. This ma ’§e HTiERH b;?y stem
62 WIDNR0BHI076037 PC'P/112005/000085 various technologies, including

communication between the emitter and  the sensor, with a controller,
using anaé%ﬁﬂ{&@%?ﬁeﬁﬂHécl‘ﬁniﬁ@‘8r%¥ﬁ§ﬁﬂﬁ$§t‘ﬁﬁti§ﬁ%ﬁ@@e@%ﬁf®ﬂ§ at
the jserserm ateRs §lopkisa-common clock, and the like. The pulse would
then merely "reflect” at some angle rather s than "reflect back" at 180
degrees frciRtheoBeErveawBjBEtstuliserd e ciemser.cfhasianyuseaft one

terms SHEN as;acksin thi xt herein should be read as also,
oo PR Ay e N Ut s Bl Sapsbrried to be
Calenkagieds illustrating the "to and fro" path towards the target and back

to the seégor merely demonstrate one situation, and can be 10 easily and

analogo I AR R cdltulRBns %7 otfsipatht. Tialill besjigedatdnimal
by parisprsifileciadne andbptdhe sliselgseddechnige s ot dmied to, .

what has been particularly shown and described hereinabove. Rathier

scogdlettignsissibtiedete gt udnsnde ioedrotiybydthelclding, which sensor

foll ;63 U.QYD WISE CLAIMS AA gortabie, moveable or stationary
mo%%gg in%gi‘ﬁ%cé&;\élféms%[énﬁ%ﬁﬁ%': Eﬁ%?gﬁgrﬂ%%ioﬁ Blrce, Sfday timing

transsiisisintizsnurgb/proVisinthat feast PNRRBETBARYISE: A3RISBRD anergy
recS!B’;'é‘g %J Iggarggegg%l Srr%?reggiartalxggg g?}%‘ complete reflecting o said
sensor from said minimal range,
wherein each of said at ieast one energy pulse and said gate
fiming are controlied 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 fieid to be imaged.

2. The system according to claim 1, wherein said at ieast 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 beyond said minimal range, progressively increases with
the range along said depth of a field to be imaged until an optimal

range, Ro.
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energy pulse reflected from objects within a depth of a field to be imaged,
characterized in that said depth of field having a minimal range, RMIN,LLOYD WISE
said sensor enabled to gate detection of said pulse reflections, with a

3 gatd timisgstentrelierbstitiythatcaidsenseh staiis tafecgive s8idpidsanargy
reflections after a delay timing, substantigiﬂ% given by the time it takes said
at IE4SEBrERERYY Sl BRI PRINIMISFaigE aFrpEbYEpleRensitivity
reflegting f0reajd sesofnm saidapnalange. wharel sadl obsald gl o
least one energy pulse and said gate timihg are controiled or creaﬁlng a
sensitivity s &functiorndf sangep ftssaieBystdon sucktisatad gmountdficcts
received energy of said. pulse reflections, reflected from gbjects located

PGS

peyBHE iR BGI ANy oLt (R IRRGE HoHG i &

sai%@ggﬂrﬂpf@r{'@@’ ;b imaged. The systems according to claim 1,
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

gan \V f.said pu flections, reflected from
bl R B TS0ty IrensdPuneroy
the parigre atuhgssaitl gefsthtohimbielih ¢o derimatied dotl arattigal Enesitivity
Ad,. 64 AMENDED SHEET LLOYD WISE The system according to claim
2, vikerRitFEGH O 104 T SRR ISLIR¥ SR saitH Ghtd imtisqisfeamount of

confelieddar eisaking Beansiivisnasa MNetan AL aRgRIols g SHS s cts
such that an amounit of received energy of said pulse reflections,

reﬂé@t?@derﬁbrh@m HeudteartiEpondrsaig optimarmainjajisemasubisietiially
detetAblE gL DA TPRLIARAS HNUKS

5. The system according to claim 3, wherein said at ieast one energy
pulse and said gate timing are controlled for creating a sensitivity
as a function of range for said system, such that said amount of
received energy of said pulse reflections, refiected from objects
located beyond said optimal range, gradually decreases uniil said

maximal range.

6. The system according to claim 1, 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 is directly proportional 1o

the ranges of said objects to be imaged.

7. The system according to claim 1, wherein
said at lsast one energy pulse defines a substantial puise

width, Ty aser, commencing at a start time, Ty,
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4. The system according to claim 3, wherein said at least one energy LLOYD WISE

pulse and said gate timing are controlled for creating a sensitivity as a

function of range for said system, such that said amount of received

energy of said pulse reflections, reflected from objects located beyond

said optimshiangeids rawntginedssuibstamtiadlyl yconstanbyntihsaigme elapsing
maximal ran%e. 5. The sgﬁlteem ccordi?ig to claim 3, wherein said at least

one &HITYySPlise il diPgatetindRy ar eoRtrsiid fonEtEANgTENge, P,
sensiiNjyes 8 fuficion ol sange foysaid Syés%ﬁmawg%&%?&id AN puise

of received energy of said pulse reflections, reflected from objects

locat 0 [ ' a ly:dacreases unfibsgjg, ..
maxi&%{?(?ab%’gqg’. ??ﬁqﬂﬁé‘g’n %%?O%ﬁl%%%ﬁgfﬁ ﬁa “Wiétein said af leaser -
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

geceiveh enproy 0l sald RIS 1§T15ekaNs Is\dierty-proparionally Mg anergy

ranges of said objects to be'imaged. 7. The system according to claim 1,

wherpiiisaidat | sast onatenigny guise definésod s istantialagirise anidih sitivity

TiAs=F, c mm%ncin%ﬁtastart ime, T3, 65 AME
I

NDED SHEET L
e SSRGS R Sl BeByahe R ronization
elapsipgeen saidisian doesamildwieasaigripininaldanagsBMIR the timing
divided by the speed at which said at leas' one energy pulse 2 x F~
travefd $2id i BdB8 pulse Width, Tu~sER: enn+ :,:sue 8. The
system according to claim 1, wherein said at least one energy pulse and

said gate timing are controlled for creating a sensitivity as a function of
$angelfor syigisysteocthdinghteydiehronizatbmrain

said at lsast one energy pulse defines a substantial pulse
width, Tiaser, @ pulse patiern, a pulse shape, and a puilse energy;

said sensor is enabled to gate detection of said puise
reflections, with a gating time span said sensor is activated, Top, &
duration of fime said sensor is deactivated, Tore, and a
synchronization fiming of the 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 patiermn, said pulse energy, said gating
time span, said sensor is activated, Toy, said duration of fime said
sensor is deactivated, Toer, and said synchmhization timing, is
determined according to at least one of said depth of a field to be
imaged, specific environmental conditions said sysiem is used in, a
speed said system is moving at, and specific characteristics of

different objects expected to be found in said depth of field.



between the timing of said at least one energy pulse and the timing o[a WD WISE
said gate detection. 4. The system according to claim 1, wherein said L[L "
least one energy pulse defines a substantial pulse width, TLASER, a
mpuﬁe’pagt@mna pulseshapes and @ Pulseenewy; S3id sansor @sﬁ%ﬁb'ﬁgm
ate detection of said pulse reflections, with a gating time span said
%%%‘ﬁ@ﬁcﬂva‘té’éf‘ FON. 8°0aFAibn BEAREVEHRrsensor A agtivated;me
Toggaa@%@ sxgg@qnl%ﬁqg%;ma%%fn@e( gafing with. r(iy\}é)ecrtﬂtoi said at
least one energy pulse; and w herein at léast one of Sai éléﬁ/i‘iiming,
said puI@@leth!,ﬂsaidcmﬁseasbagE, saidpuisenpatteradsaid pulseenergyss
533 NGl time Span a|d sSensor is agtlvated TOM said duratlon of t|me
sor % deititival e8 TPORR ShP s nERfs S ationd@ifgds for @

demrmmad accontingdesaideast aneof said depth.of afigld-toRe,l m‘age%%
speclflc enwronmental conditions said system is used in, a speed said

sySHfh TS ROV ARG QFeEfciHarhEs s tbs ofialiffefamiotjedisg time
exggggegégjboeeg%@d @aﬁﬁ;gé%g@th of field. 66 AMEND-9 ,SHE i_.JOOY[

"wig E "0, The system acco}rain’iyg to claim wherein said pulse widti-i,
said duration of time said sensor deactivated, and said satins time s sari
saﬁlgfl Rite) b i C we,,gvhe ir laic a ieast one energy
isuise |s§|?Jrc$5’v\|f(T:iqedg f'o%ﬂ%(f'uraﬁg)r/] %%t'sald puls§ {f, tRe'Gpétiihg B Eaiken
sedsopigigelayredfolarsiucatio off samlduteinh qﬁ»ftl@efsa@ 28MS-Specific
degﬁtlvated ar%d said {ggllse reflections are received for a duration Cif said

gain PGS §ins5H%s SRRRiedICL SHRSTstsmBRYSIEINg
to a:ialm&dl\é}%em@@ﬁad@tﬁ@ﬁ@@é@% difierent objects expected to be

found in said depth of field, is a dynamic determination.

S
—h

12. The system according to claim 11, wherein said puise width and
said gating time span are limited to reduce the sensifivity of said

system o ambient light sources

13. The system according to claim 12, wherein said puise width is
shortened progressively, said delay timing is lengthenad

progressively, and said cycie time does not change.

4. The system according fo claim 12, wherein said gating time span is
shortened progressively, said delay timing s lengthenad

progressively, and said cycle ime does not change.

J—y

Ul

The system according to claim 12, wherein said pulse width anc

said galing time span are shortened progressively, said deiay
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according to at least one of said depth of a field, said, specific
environrnenta” conditions, said speed said system is moving at, and,_saig> w5k
specific characteristics of different objects expected to be found in said

clan L ol R A TRy it T S 8Tl o

to reghsperthe sensitivity of said system to ambient light sources. ~ 3. The
system according to claim 12, wherein said pulse width is shortened
progressively, said delay timing is lengthened progressively, and said

Bycle fime, doss ngL.e 4-,£?$w5 S iore gl id

ygwherein sdid ga‘tir%g ti%?eagﬁah%oig S 6%’5’5@%&&%@5 5&153%(%%/@ sensar
timing igtiéngthénecrprigressieetpiiavitysaisl eydanioimdoes. aoiehdagesaid
I5. The system, according to claim 2, Wher§in said pulse width and, said

gatifg Tme spah are'ehérieHe For6Gredaven)- ?d.e&équ §PH.oVs group
WlakoHxnmis Jﬁ%ﬁ%ﬁ?@%@WWQ@@%@%Q&%NW@Q%%&%%se,

change.. ff 6. The system according to claim 1, wherein the gating of Sai
sensoEiRTzEEI e EaE DLserRitvity lRPsfupsorBRIshyetdssaihanging

Tod RO SRS D oo

at Jeast on€ energ se, changin

pattéim®f saithateRbtaneseneigy-piisaiehating treengrgy of saichdbn of
least. one energy pulse, changing a gating time span said sensor. is _
2t i, SN SHERGI S HERRONOF imecsid CHREUR et widh,

Torsy changing apiseWilihsT MRSERe RS RdeastaRR RIS dY%id delay
pulse, changing said delay timing, and changing a synchronization timing

betwiBISaidntfatH BENthE tHIMg 6P piselitmg balinat leabwone eadtggating
Pulsgnd i E"FrNRAPBY YERENG 'S8 R VSR SRR B0 of @

17. The system according to claim 16, wherein said changing of a
parameter Is utilized according to at least one of: said depth of
field, specific environmental conditions said system is used in, a
speed said system is moving at, and characteristics of different

objects expected to be found in said depth of field.

18. The system as in any of claims 8 to 17, further comprising a

controller for controlling said synchronization.

19. The system according fo claim 18, 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.
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parameter is utilized according to at least one of: said depth of field, LOYD Wiar
specific environmental conditions said system is used in, a speed sai&‘" YD WISE
system is moving at, and characteristics of different objects expected to
2be fobeddnsiait deptivafiie/did &Ehe sysieriamis: anyebsiaims 8 Qo fiol
further comprising a controller for controlling said synchronization. 19.
The'ByStétaEedrfing omine 18, sondraiiag eud o vietiion efsaidure
cyclgtimgforms part of an individual video frame, and a number of said
repetitions forms an exposure number per said video frame. 68
AMENDED SHEET LLOy[ WISE 20, The system according to claim 19,
further comprising a control mechanism for dynamically controlling and
varying said exposure numhe . 21. The system according to claims 20,
wherein said exposure number is varied by said control mechanism
~@CC Qing !tot{:a level pfgzﬁnbient fg%ht. 22. The system according to claim
<21, furthar EStpASIG A A Hibnsier '8¢ S5t P RREBFGIHY B DT
claifs 22riwdhéreincsaidenpesurBHERS ISRy 819 6a0EChf ambient
mechanism according to a level of current consumed by said image
inte gﬁi*er. 24. The system according to claim 20, wherein said control
mechanism comprises image processing means for locating areas in said
sensor in a state of saturation. 25. The system according to claim 2,
2qhelem aysirRBWIRBOTIASER, ofaimid2it Idastione enmpyipuigeds image
subgtantighy defined in accordance with the following equation: 2x r'0
Rarmly where vis the speed at which said at least one energy pulse
travels. ,

23. The system according io claim 22, whersin said exposure number
is varied by said control mechanism according to a level of current

consumed by said image intensifier.

24. The system according to claim 20, wherein said control mechanism
comprises image processing means for locating areas in said

sensor in a state of saturation.

25. The system according to claim 2, wherein a pulse width, T ager, of
said at least one energy pulse is substantially defined in
RG - RMIN

1

accordance with the following equation: 2x , where vis the

speed at which said at least one energy pulse travels.

26. The system according to claim 2, wherein said sensor is enabled to
gate detection of said puised refiections, with a gating time span
said sensor is aclivated, Toy, and a duration of time said sensor is

deactivated, Tors, which are substantially defined in accordance
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26. The system, according to claim 2, wherein said sensor is enabled {0,y s
gate detection of said pulsed reflections, with a gating time span said

sensor is activated, TON, and a duration of time said sensor is

deactijvated, TOFF, wh ich are substantially defined in accordance, 69

All\Wé[ 1 DES'SHEEPTY BB "dwiE Wi eéﬁ‘eﬂ~ro||ov\?i"mg:ief:3|Ei:;ﬁro’ur‘f‘““;:o,,. ox--And
AQOIP and where Tthe pulse width of said at lea," nta> KLHP LASER is
one-energy’plilse, and v i veed at whi id at least.one: energy: (... .
puIéé}’i’fé/els.af211'+:azlr‘1ﬁsé"”s’j§t%%n&§(?ce%aﬁgn%oqgl\g%% ,t?ur hetr% cgrfngp%?s&fnéiah”d&
transmission_ devic? for transmitting images constructed from said pulse

e B RIS BU st Sesbr, BEE TIRES At WBkRRdTyth Blalfre! one

furtbey=canprisingiARulge detector for detection of pulses emitting from a
similar system. 29. The system according to claim 1, further comprising a
polarizer for tittering out incoming energy, which does not conform to the

2 B e B B S sion

where ransmission¥source provides a
pulsex\3te THe systamsasiirdngitnstpim Econwheraiosaidsensiivity obulse
said system relates to a gain and responsiveness of said sensor in

profRRRsHIRNaH 8RFAVRE R 8RKIG5588ENed by said sensor, wherein said

gain received by said sensor as a function of range R is defined by the
follow convolution formula: C(na T LASER 70
28. The system according to claim 1, further comprising a pulse

detector for detection of pulses emitting from a similar system,

28. The system according to claim 1, further comprising a polarizer for
filtering out incoming energy, which does not conform io the

polarization of said pulse reflection.

30. The system according to claim 28, wherein said transmission

source provides at least one polarized energy puise.

31. The system according to claim 10,
wherein said sensitivity of said system relates 1o a gain and
responsiveness of said sensor in proporiion to an amount of
energy received by said sensor,
wherein said gain received by said sensor as a function of

range A is defined by the foliow convoiution formula;

o

1astr o +*Toy 2K A
i L({ _.,EJ. Cl)dr

Viasen +Tosr v

I(R}=

TL‘\SER
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AMENDED SHEET 0 (D wherein L(t) defines a, Boolean function LLOYD WisE
representing an non/off status C) said. transmission source i respectwe of -
a. stale of said sensor.. wherei k 9,t,1 =i if said transmission source is on

and L(t) wiitsaid ransmission sousesds offuwhatsinettdetinesaan on/off
Boolean function re presenting an ability of said sensor to re eive N
incarisiig potsSriflebBoRSTHBB BTG LT State BFSaRPSENSOO Wherarco@) $aid
sai%gﬁg’gpr Is in an activated state and O.(t' i _ O ri said sensor is in a
aeactlvated state, and where v is the speed at which said at least one

energy pulseteavels) S2:1 TThesysteamaoctosling tooclaim 8. pwhereing) = 0O
valrl#a for radiant intensity is obtained by multiplying said convolution

torntufd iy H RBREficaP Prohdgation attenuation.. function. S3. An

imaging systea comprising<a LaRsMISSIAMSAUIRS: SaltrHansmizsian abiiity
source providing at least one energy pulse; a sensor for receiving pulse
reflétions' ciaaidalleERtIMe BREIgYsure RtIdairiaRT oBfsces WithiFn 2
a depth.of a field E%ngjr’naged, characterized in that said depth of field
having a minimal range, RMSN, said sensor enabled to gate detection of
said pulse/hefriction, withifasgateainipg dentioRedestibiathst statsansor(t)
st.ar'E_:s @Qi %(é('ei e esg%i% !E%ls‘% %ef %c%[i&p\;a%tgr&a %Iay tinging suastanti'ally
give., by the time it takes said at leas, one energy pulse to reach said.
minimal range whecompletéceleatdg & seidch said at least one energy

pulse travels.

32. The system according to claim 31, wherein a value for radiant
infensity is obtained by mulliplving said convolution formula by a

geometrical propagation attenuation function.

€2
€%

An imaging sysiem comprising:

a transmission source, said transmission source providing at
least one energy pulse;

a sensor for receiving pulse reflections of said at least one
energy pulse reflected from objects within a depth of a field to be
imaged,

characterized In that said depth of field having a minimal
range, Rwn, Sald sensor enabled 1o gate detection of said pulse
reflections, with a gate timing controlied such that said sensor
starts to receive said pulse reflections after a delay timing
substantially given by the iime it {akes said at least one ensrgy
pulse to reach said minimal range and compleate reflecting 1o said

sensor from sald minimal range,

71

AMENDED SHEET



sensor tram said minimal range. 71 1 LIYD vNiSt. wherein said at least ;v wisk
one energy pulse and said gate timing are controlled for creating a

sensitivity as a function of range for said system, such tf iat an amount of
received energy of said pulse. reflections, reflected “front objects located

beyRErsHid Skl SRy 15 SRAESSIVERHISEr cAREs A BrlPaHGE Hong
arga'tg@ﬁ%mf adieldtoihe imaged.;isaid ableastong.6BRT9Y Pylssdedines

substantia” pulse width, T i_tsEF, a pulse pattern, a pulse shape, and a
sgpilsgsnargyUshitheersorisenabled togaieedetsetionyodsail Pyisese

reflections, with ating time span said sensor igactiv ted, Ton, a .
reliGAaT of B Ga JLor 1 Aokt AT R ORE VA 2 ah RleRlon
ralifginGeb e gatiny WidrsesprciidisHidatiagst aivegnengyduise,of a

) Wl;lgrein said segsitivity of said system relates to a gain and
figlsssbRENBIFEE %S said sensor in proportion to an amount of energy

receiyed by paid sefRorenbeiein-saidoaibieseivedybsithEANSHNIRS
function of range R is defined by the follow convolution formula: a, t ---~
Wit dt LAsA W ER VRS IR TLE) el RS SPERRAN RINEHR P HpFeRBAMRY an
o e B e e O S L 6
resaiditoanssigsian gatinge tisneffspherem € @pdefings asivaitan, flinetien
d&ergtri%%ent(i)?g gpn%b”is%id sensor is deactivaied, Tors, and a
synchronization timing of the gating with respect fo said at least
one energy pulse,
wherein said sensitivity of said system relates to a gain and
responsiveness of said sensor in proporiion o an amount of
energy received by said sensor,
wherein said gain received by said sensor as a function of
range F is defined by the foliow convolution formula:

fz.«sm‘*ynw"‘"nm L({ *%@_] C () dr

Trase +Tore L v

L(R)=

TbiSER

wherein L(1) defines a Boolean funciion representing an on/off
status of said transmission source , irrespective of a state of said
sensor,

wherein L{t) = 1 if said transmission source is on and L(t) =0
if said transmission source is off,

wherein C(t) defines a Boolean function representing an ability
of said sensor to receive incoming pulse reflections according 1o a .
state of said sensor,

wherein C(t) = 1 if said sensor is in an activated state and G(1)

= 0 If said sensoris in a deactivaied state,
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of said sensor to receive incoming pulse reflections according to a state

of said sensor, wherein C(t) = 1 if said sensor is in an activated state ahtdOYD Wi
"(t) C if said sensor is in a deactivated state; 72 AMENDED SHEET

LLOYD VM$S r‘}\cLiFWhere v.isithe whig i%. t least one ener

pulse travelasmgi. e e|"km‘éléjsl’n%grt'lsgyg’ e%ggc%%r\g%qgg ﬁ)%c aglam 3,%% r%'i'neagx ergy
value farstagiantistensity is obtained by multiplying said convolution

formula. by a geometrical propagation attenuation function.. 35. A

portable, moveable or stationary imaging method, the method comprising
t@@fpr%%dﬂf%g?ﬁ§@ﬁ§{&ﬁt!ﬁ%%s@ﬁﬁge@§r&%ﬂ?ﬂs%@ REPEIREvalue for
receiving at least one reflection of said at least one energy pulse reflected

from JEjeEBitiER Syt biaitRI 7Y Feuiiaheay emcacaniveldiivthiermula

said dpth gf ek naving A miniaal rRoger MM saithisegiving comprises
gating detettion of said at [€ast one reflection such that said at least one

energy pulse is detected after a delay timing substantially given by the

time it fakes, said at least one ener ulse to.reach said minimal range

and co qgf%ﬁéﬁe@?f?ﬂﬁ?a% p%g?’gé ﬁ%mné%ggwg@t@%%ﬁeg‘gng?@md
of said;atdgﬁsﬁr@wﬁ]geﬁe@ﬂ@mmﬁeqwﬂ from objects located beyond said
minimal range along said depth of a field to be imaged, by controlling

each of safIBHHIOEEL IR GS STISENHUSS iR R dERfing. 3u.
The methodacGoidinatoiclaln shewharsiisaidnracsduse pf8C838Nthergy

comprises increasing the received energy of said at least one reflection

reﬂect@a%ﬁ@_)ﬁeﬂ@j@@@ isesteaiagbnwiRIn aritenll Ringdialerig badmaged,
depth of a figld 19 Be Hager Uk @0aid depth of field having a minimal

range, Run, Said receiving comprises gating detection of said at
least one reflection such that said at least one energy puise is
detected after a delay timing substantially given by the time it takes
said at least one energy pulse 1o reach said minimal range and
complete reflecting; and

progressively increasing the received energy of said at least
one reflection reflected from objects iocated beyond said minimal
range along said depth of a field to be imaged, by controliing each

of said at least one energy pulse and the timing of said gating.

36. The method according to claim 35, wherein said procedure of
increasing comprises increasing the received energy of said at
least one reflection reflected from objects located beyond said
minimal range along said depth of a field fo be imaged up to an

optimal range, Ro.

37. The method according to claim 36, further comprising the

procedure of maintaining detectable the received energy of said at
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optimal range, Fir,. 37. The method according to claim 36, further
comprising the procedure of maintaining detectable the received energy
of said at 73 AMENDED SHEET LL Oyp 1r~~iSE least one reflection
reflectesbfrornmbjectiiedicaterblieyoad saidnoptimalaandecalong saidond said
depth of a field to be imaged flap to a maximal range, RMA . 3&. The
metho&R difr?d‘%ec%%%‘%??@\?ﬁe@eefﬁ ‘ i@ﬁr@c%&%&e@f ABaARG UP o @
compriges«Raintaintg sybstantially 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.-39: ThR.methosaee rﬁ#%o Elé§%3§?’yh§fﬁg}éﬂd§éﬁfe§}gg&§3m of
maintaining comprises gradua

y decreasing said received energy of sali

at leastrarisirefisutionveflettadt fronaolijactsrigcated beyural hsaidooptiaral  said
range aé}o.n saagd dgg}h 9f€%figldiéo be i;‘n@a%gd up to gﬂdﬂmaxima%ira‘ e .

40. Thé Thethod a%cor%\i‘ng to CiAim %S, Wherein sgid% %é%ﬂ?‘e griiectet mom
increasibjeeompisesintreasing thed espivatenengyoidaicat igastepeh of a
reflection in direct proportion to the ranges of said objects within said

depth gﬁ@l@t@%@%&@@&%i@ FRETTBHIENR ISR to claim 35,

wherein said at least one energy pulse defines a substantial pulse width;
TLAS5 5, commencing at a start time, To,; and said delay timing is

sstantitilly BRI By IREQTAIE @IdFsiA! ffonP Saindiareimears, prapedure of
twice Smg'wmﬂgﬁ?ﬁﬁ@i%?fé%%gp%%@%%@ V%%% LeaRE N Snergy

energy pulse trav addition to said , X rnr-
of said at least one reflection refiected from objects located beyond

LLOYD wisk

said optimal range along said depth of a field to be imaged up to

said maximal range.

40. The method according to ciaim 35, wherein said procedure of
increasing comprises increasing the received snergy of said at
least one reflection in direct proportion o the ranges of said objects

within said depth of field to be imaged.

41, The method according to claim 35, wherein
said at least one energy pulse defines a substantial puise
width, T aser, commencing at a start fime, Tg,; and
said delay fiming Is substantialiy given by the time elapsing
from said start time, T, until twice said minimal range divided by
the speed at which said at least one energy pulse travels, v, in

. . . 2x R
addition to said puise width, T aser’ 7 iem Pdal. V0

Vv
42 The method according to claim 38, wherein
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~ LFISEN. ~ "L,15Eh" 42. T be method according to claim 35, wherein 74.0YD s
AMENDED SHEET said at least one energy pulse defines a substantial
pulse width, TLASER, a pulse pattern, a pulse shape, and a pulse

energy; saicspiaceduesaf aatNO-SRIRRYISBS R BatNgriAE SPaL, A-3EAFAI pulse

utilized for said receiving is activated. TON, a duration of time said senso

is deaciVéifed] TORF sapdlseshAtFGhi Zavtarn g pEsaiddatingledttenergy:
respect to saig at ener e: rein at least one of said
delay timing%gg@id %%%%%h gﬁﬁése@é‘t@gg%}a%d %u%% Wgtte HlsaitPan &
pulse eringy; saiti yadirgr tisaddspanaizit gersonistiastivated, JON, sRithtion of
duratiogrggtirg%sgid sensof, Is deactivated, _F OFF, and said =~ o
synchronization timingas !%gt%?l%tﬁ/@dea%céfb‘?ﬁg RSt oS GRERiZ&toN timing

depth affasfikidgasprrifittenvisopmentaiiensitiensssaidmsthadisyised iny
a moving speed of said sensor, and specific -characteristics of different

objects expdiEi 8 bl AR P gICeHitoiRIBYA8MIRE it puise width,
accordingdoeiRids3rpuhersin saidLocrdure of copfrall 4 i

progres_sivecf; changing&h;étt Ieast;jgone ggmetérgs%%gggg gg%ﬁ%@%r%%?)d gaiing
consisfiifeofeRang g &paseins cickidmdeabbonsanbdyrptise, of time said
changing ape | st-one gy.pulse, changing the energy .
of said%?%gzt %neaéégl}%é %%l?se,%ﬂéneéﬁ% ;é %éﬁsngS ﬁ%cﬁg%ﬁ;%t%%%ng kS
utilizeddetesaitheeceiviogy dirastiated, [Eak; aarging agidratiep®f tines field,
said sensor.is deactivated, TOFF, changing an energy pulse width, T; ‘

SFR, of P LB EHET G B o S GRSy A abmoving

changisgeesynshrenizatizmtmingbeiwepnsiaid 9atHRg-AN8 said<eBittiRfierant
44. The method accordin%?;o claim 43, wherein said procedure of

control A PRRESERAIT T, 'Shia BiTe st siepibanaidisid.

43. The method according to claim 35, wherein said procedure of
controliing comprises progressively changing at least one
parameter selected from the group consisting of changing a pattern
of said at least one energy pulse, changing a shape of said at least
one energy pulse, changing the energy of said at least one eneargy
pulse, changing a gating fime span a sensor utilized for said
receiving is activated, Ton, changing a duration of time said sensor
is deactivated, Torr, changing an energy pulse width, Tiaser, of
said at least one energy pulse, changing said delay timing, and
changing a synchronization timing between said gating and said

emitting.

44. The method according to claim 43, wherein said procedure of
controliing comprises changing said at least one parameter
according to at least one of said depth of field, said specific

environmental conditions said method is used in, said moving
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according to at least one of said death of field, said specific LLOYD wisk
environmental conditions said method is used in, said moving 75
AMENDED SI-IE E- T speed of said sensor, and characteristics of

differentpbigcts expestadsinBe found inisaid depthef field: ﬁﬁ%?@nt objects

method according to claim 43, wherein said procedure of controlling
comprisgpeatesuitn grodedurdsiosproviging saidistiteast one energy pulse
for a, duration of said pulse width, delaying the opening of said sensor for
F. duration of said time said sensor is deactivated, TOFF, and receiving

ergroyipisesgeftected rordirabjestsdieia dugatianefisaid galinggidesdure of
span said se %qr is activated, TON%%nd wherein said_pulse width, said ‘
duratioR BHEM Gre TRHRHBF IS WeRRRRIY IO B RIRY RS Ryt least

time spaRe saithaensonis-achyatedy TLaNn dsfiagiriCyelR iMBidtR: TB&ving the
method according to claim 4v, wherein at least one repetition of said _
cycle tiRREfIfEs PaRedt apERERId@Al FidhE HidpRe Cansead niimbesaifisarnsor is
repetitigp, posureg berforsaid, vl fr AT,

methoc@ %%égéﬁﬁﬁbeﬁg%’ 46%3&& corﬂ%ar‘igl?ng% f pBrcg}:%a%rg Oﬂgcted from
dynamichlyctarying saideaposurel neabegbjimgctintrel seehapisth. 48nsor is

The method according to claim 47.. wherejn said procedure of dynamicall .
varyingagg%%%s%eﬁéafuﬁm YAiE" %ossatfre %Ldr%%evrwg%%blscﬁh% ggj%alq%% ?% ”al.'d
ambieniifightdaycsaidreontrod eabaivismd4d JFhe methedirteaiding time span
claim 47, further comprising the procedure of intensifying said detection

of said SRIESHEHY FefliiEiednd wh&EiNSaR PYSEITE of dynamically

varying comprises adjusting said exposure number by said control 76

AMENDED SHEET , _ ,
48. The method according to claim 45, 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 for said

video frame.

47. The method according io claim 46, further comprising the
procedure of dynamically varying said exposure number by a

control mechanism.

48. The method according to claim 47, wherein said procedure of
dynamically varying comprises adjusting said exposure number

according o a level of ambient light by said control mechanism.

49. The method according to claim 47, further comprising the
procedure of intensifying said dstection of said at least one
reflection, and wherein said procedure of dynamically varying

compnses adjusiing said exposure number by said conirol
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LLOYfI'WISE mechanism according to a level of current consumed by an, WISE
image intensifier utilize,, for said intensifying. 50. The method according o
to claim 47, further comprising the procedure of image processing by
locatingarbasisnsaidseniopittasistesiosauratoh byrssaidreantrol an image
mechanism..The rmetho accor%ing to claim 47, further comprising the

proceéfﬁt%ngmﬁ-fa% i éggi%%l miens

of Avanaplehumber of exposures by
said control mechanism. 52. The method according to claim 51, wherein
said §rocedure of image processing comprises: taking at least two video

frlindd 1O RN ARG BRI HThber, HEGthEPIpY o Eipesaredure
numbey; Py IRAGSRISSERINB Ol HARPIS BUENET Ol @PBRYESSI a state of

determining éxposure numbers for said at feast two video frames: and
combiffig Téime $1oFeitmD BifgleVaddEftEte by combining dark areas

from frames with a high exposure number and saturated areas from

frames with a low exposure number. 53. The method according to claim

431 whinein saithprd cethrerdinmcreasiogis dyAadmidustheFhecovethading  the

according to claim 43, wherein said pulse width and said gating time span
i SO R A R R T TS S B Aosures
sensitiyifysafcsaishaasiserdorampient light sources. 77 AMENDED SHEET

55. The method according to claim 43, wherein said procedure of

controlling comprises shortening said pulse width progressively and
lengtheniagraig d8laydimiregnerogresriviel % While se&inInG & YRMedMGe of
of the said gating: unchanged.”
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 variable number of exposures;
determining exposure numbers for said at ieast two video
frames; and
combining frames to form a single video frame by combining
dark areas from frames with a high exposure number and

saturaied areas from frames with a low exposure number.

53. The method according to claim 43, wherein said procedure of

increasing is dynamic.

54. The method according o claim 43, wherein said puise width and
said gating time span said sensor is activated, Ty, are limited to
eliminate or reduce the sensitivity of said sensor to ambient light

sources.



56, The method according to claim 43, wherein said procedure of
controlling comprises shortening said gating time span progressivelyland | wisk
lengthening said delay timing progressively, while retaining a cycle time

of said_gatin changed 57. The method agcording to claim 43, wherei
sard pr %aﬂ%@?@ﬁ%ﬂiﬁ@%i‘ﬁn@@@ho tenin éé?dwéé’fa/?a‘lﬂ re of
said gatgrdine Searpiegsessivelidangthening saigedelyidiming ogressively
progressively, while retaining a cycle time of said gating unchanged. 58,

The meiHotEREEDRIHICSBISIAZE PRSIy PAHSING LaithERefglining &
pulse \elg%@ fihasERKeubsiantialy defingeingggordance with the

following equation: 2x f0O _R™™, where v is thé speed said n at least one

energy pulse travels at. 5a. The method according to claim 35, wherein
said procedure,of receiving.comprises receiying s%veral ulses of said at .
Ie%%‘t (?r%e eWee’ir%Vpu I%‘e’“r“é%%é({:‘t‘édpffor‘ﬁ'%@écté“du%ﬁgegeé%ﬁi%81 |‘m%rg|%§|9a qre o
sensoradilizeklior saidmesedng iscntinateichdlor s@ Theatimthodiime  span
according to claim 41, wrgerfin saa!ii‘d rocedure of receiving comprises

rocenviRE SESRAY BliisGiEr SEIRPLR RARDE bher5y BuI M b cRia g Vel

objectsiing maatndtinerpama ceBsen Wiizad iansaithepseiving is
activated, Tor; 78 AMENDED SHEET LI ()yo VVICA_ said procedure of
gating comprises a duration of time said sensor is deactivated., TDFF,

apg sajd, procedirg 0&&88}%9@9@%9&%@8@gptwwapeﬁ@idsa?&in@ré%%um of

spar; said sensor is activated, Tog, and a duration of tirrre said sensor is

deactivenattoDER; substiasitaly oefario tn seicbiddlsce Width thodotiewirgating
equatlo[pr%gog/lp%%d progressively, lengthening said delay fiming
progressively, while refaining a cycle time of said gating

unchanged.

58. The method according o claim 36, comprising calculating said
energy pulse width, T aser, substantially defined in accordance

Rﬂ - RMII\’

v

with the following equation: 2x , where v is the speed said

at least one energy pulse travels at.

ur
©

The method according to claim 35, wherein said procedure of
receiving comprises receiving several pulses of said at least one
energy pulse reflected from objects during a gating time span a

sensor utilized for said receiving is activated, Ton.

60. The method according fo claim 41, wherein said procedure of
receiving comprises receiving several pulses of said at least one
energy pulse reflected from objects during a gating time span a

sensor ufilized for said receiving is activated, Tow;
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" where RO is an oF'timai range. OFF L43ER r 61. The method v
according to claim, 35, further comprising the procedure of intensifying-OYE WISE
said detection of said at least one reflection, 62. The method according to

claim 3 ISiE ansmitting at Jeast one

mage oo Sa T SL ebh e et SRR G TEE AR sencor
methoi atsardingaa claim 38nfurther comprising the procedure of

determining the level of ambient fight in said target area. 64. The method
accordir‘i’é’"% Hgi"ﬁ‘m&‘;%"f furfie 2OMPHEINg TREN BBt URe OF @éiREmmg ipating

other emeEgyRiilsesiaresesen BriddIetAresn8% Thednsthed iime said
according to claim 61, further comprising the procedure of overcoming

glare FEHHhe? effgfivalsss byorrcaMpiindahally tislineanie elcaprdance
image intensifier utilized for said intensifying. 79 AMENDEDISI_—_I_I:;,ET
t..,.OYv|siings. THERESH accertinl edelaim, 35, wherelr-said- and
procedure of emitting comprises emitting at least one polarized "

electromagnétiokpulse; and said progedure of receivin cocrpprises filtering
receivoe}g‘f” energy acE%PﬁFﬁﬁg W)%é ngo?gfiiét%rﬁ QQ%MW%H%VM expected
polarization of said at least one reflection. 67, An imaging method, the

method comprising the procedures of: emitting at least one energy pulse

tef langRt arpdiReceiving.gHRast ene reliRption of spighatlea ising, 1
energy pulse reflected from pi?gcts within a de%?ﬁ o@ﬁélgls t§ %e maged, the
charadtERedurethaf siiFasHing fiskitadatestioninel said at least one

reflection.

62. The method according to claim 35, further comprising the
procedure of transmitling at least one image constructed from said

received at least one reflection.

63. The method according to claim 35, further comprising the
procedure of determining the level of ambient light in said target

area.

64. The method according to claim 35, further comprising the
procedure of dstermining if other energy pulses are present in said

target area.

192}
Ot

The method according to claim 61, further comprising the
procedure of overcoming glare from other energy pulses by locally
darkening the enirance of an image intensifier uillized for said

intensifying.
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range, RMIN, said receiving comprises gating detection of said at least

one reflection such that said at least one energy pulse is detected aftey@ i
delay timing substantially given by the time it takes said at least one

energy pulse to reach said minimal rapge and. complete reflegﬂng; and

pPSgreSivel bR R elfedEliBgy of JWlEiPIBasalshdorocedure of
fef'ect@wﬁfal@?@@rﬁ@n},@@i@ﬁtmmgtsg leayand raid sumimal EABgRGIRAGneatic

said depth of a field to be imaged, by controlling said at least one energy
pulse gntaheaimirpo? saibgating, Gaidacivare orenenBrgs pillswitefirreseived
2 subsignia) pulse. i, TIns=s, ARse BAISIBA PIRE SRS, NS B oot
pulse energy, said procedure of gating comprises a gatingtime span a
sensonutifiziechforsaidsscentingpist antizatelde T, a duration of time said
sensor is deactivated, TOFF, and a synchronization timing of said gating

with respect to said at least one energy pulse, wherein a sensitivity of a

sgsoratiilizesHipisaidieseiMing rieletesitecngatsang espaasiveness off:
said sensor in proportion to an amount of energy received by said sensor,

wherein sai@GHIHMERIEEDPEAFEERSY RY'EFURCEIAEISIRHEEP is
defined by the fgjiaw %@V%%Ef%?% ”B%?é@@?ﬁ‘%@'\é'g%pﬁ'%g%tﬁbf‘?g Rnergy

W SE, ttcrn *AOr'F Tux ( al--C(dt (R.tus+Tnr. VL
whereipui@p defiesier Buvle abfesisivitrdprasdanty ahaofit stdiesmped,

e SRR SR e AT i
rang1e, Ruin, Said receiving comprises gating detection of said at
least one reflection such that said at least one energy puise is
detected after a delay timing substantially given by the fime it takes
said at Igast one energy pulse to reach said minimal range and
complete reflecting; and

progressively increasing the received energy of said at least
one reflection reflected from objects located beyond said minimal
range along said depth of a field 1o be imaged, by controliing said
at least one energy pulse and the timing of said gating,

said at least one energy pulse defines a substantial pulse
width, T aser, 2 pulse patiern, a pulse shape, and a pulse energy,

- said procedure of gating comprises a gaiing fime span a
sensor utilized for said receiving is activated, Ton, a duration of
time said sensor is deactivated, Togr, and a synchronization fiming
of said gating with respect to said at least one energy pulse,

wherein a sensilivity of a sensor utilized for said receiving
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:
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if said transmission source is off, wherein C(t) defines a Boolean function
representing an ability of said sensor to receive incoming pulse LLOYD WISE
reflections according to a state of said sensor, wherein C(t) = 1 if said

sensor is in an activated state and C(t) = 0 if said sensor isina

deactivated state, and where v %e%pﬁe% wﬁf% Iz;t least one

energy pulse travels. 6 ]@?e imagiig- method aoco)rdlng to claim 67,

wherein a value for radla& tintensity is obtaLnSed by multiplying said

convolution formula by a geometrical propagation attenuation function. 81
AMENDEDMEpT L(1) defines a Boolean function representing an on/off

status of a transmission source utilized for said emitting,
irrespective of a state of said sensor,

wherein L(t) = 1 if said transmission source is on and L{f)} = 0
if said transmission source is off,

wherein C(t) defines a Boolean function representing an ability
of said sensor to receive incoming pulse refiections according to a
state of said sensor,

wherein C(t) = 1 if said sensor is in an activated state and C(t)
= 0 if said sensor is in a deactivated state,

and where v is the speed at which said at least éne energy

pulse travels.

68. The imaging method according to claim 67, wherein a value for
radiant intensity is obtained by multiplying said convolution formuia

by a geometrical propagation atienuation function.
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