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WO 2006/051541 PCT/1L2005/001188 DETERMINATION OF RANGE
TO A COHERENT LIGHT SOURCE USING LASER SPECKLE PATTERN

wol BteBe9E,] HE DISCLOSED TECHNIQUE The disclosed teghifiiasno11ss
relates to laser range detection in s general, and to methods and systems

for REERRMINAREINAGE BANSTRrT SO EUTERE N DI (A Ta96MdBGEe
itself, in particular. BRISKGEREHERSEETHEDPICITERN TECHNIQUE
Laser range finders (herein abbreviated LRF) are devices that 10 can

determine the range from an LRF device to a target without having to

physically meadtiteliRe@isEHEHEGEOSHEOWE MM GERces thus

provide a-guick & S r nanQs Jan i
distance tﬁﬁ\?ve%%%%% e?%‘%%?ﬂfﬂ?egj t3\}|th anell_%lgrllggg\rﬁcrre, ndnggtg%%g?ﬁ "
demmingahe thstaetretetapdregstysterfoarttienrgeing thekiangs Widisser
tanks and fighter plapes,in destroying.enemy tar providing dist
g S TREL TR ENE e e el Sl e of wempon 0.
use on a target and its angle of launch. Known in the art of laser range
detection is the method of time-of-flight measuring. This m IS
commonly %é&ﬁ@ Wu@% %&@Téﬁgé i%%ﬂ@@tiﬂgetween

a system, jequipped Wit and RFiisuiee ottt e\ iateat LHM tire-abliobt that

measuring method works as follows. A system, equipped with an LRF
cvidelemitagaber radugidoroaalddh fdeyiae dermdaiapewibrgohaving to
Impingdi t t Wi eié}?éjel?f']‘ owards the sy

%tr]r?es E%ggeiﬂ%%stf geear{nl%geé\{ #e%’jrc %SHrga 1lation ?(b iém\f)@r%e utLbﬁoﬁ t%%‘\[[lg%;:t%hus
arulidd ectipack toaands te thysteoeis ohoasneecandssiedeiewniphthdre

dis Iétr?gel%eetwgghatéogypsr%ﬁ%?aet&&pped with an LRF device, and a target.

Knowing the distance between a system and a target, quickly, can aid
tanks and fighter planes in destroying enemy targets by providing distance
to target measurements that accurately determine the type of weapon 1o
use on a target and its angle of launch.

Known in the art of laser range detection is the method of
time-of-flight measuring. This method is commonly used in LRF devices
for determining the distance between a system, equipped with an LRF
device, and a target. The time-of-fiight measuring method works as
follows. A system, equipped with an LRF device, emits laser radiation
towards a target. Some of the radiation impinging upon the target will be
reflected back towards the system. The time it takes for the emitted laser
radiation to impinge upon the target and reflect back towards the system is
measured. The speed at which the emitted laser radiation propagated
towards the target and reflected back to the system is known, since laser
radiation is a form of electromagnetic radiation, and all electromagnetic
radiation essentially travels at the speed of light. With knowledge of the

speed of propagation of the emitted laser radiation, and the amount of
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towards the target and reflected back to the system is known, since laser
radiation is a form of electromagnetic radiation, and all electromagnetic

w@%g§9%5§sentially travels at the speed of light. With knowigdgg fhths 36
0

spee propagation of the emitted laser radiation, and the amount of WO

006/051541 PCT/IL2005/0Q1188 time the emitted laser radiatjon fraveled
0 10 SRR AT (ARG S BHEIEE, sy Sty S bl e et and
batweentthe system ane tiiaraet banvberseterirgdnpsirkimmaigdhean
art. It is noted that the time-of-flight measuring method requires a 5

Gt RN A IR, 1 hiRftle a laser pulse towards a target and
to receive fieflediicrasl Ghiedas o Blea- MRt e asepin SHFISRS I tid0les a

the time-of-flight method are therefore susceptible to being detected by
@@é@r@e_t@at@i @M%lms%t@ﬁw@%aﬁaﬂ%m@mrﬁmé-ﬁm@mnd
RGN rLALREHRA A eI R A YR Pale R N B4 0s BRlizing
Issued to Wangler, and entitled "Time measurement device and method
threflime-afiightrangbednire the tiiete ¢ tscepdbiee tanthaingetddmd by

ﬁage%]r@éq@& %ﬁgjﬁﬁgﬁ%m which a target is located. The device includes a

transm ansmitting light during a time interval to be
measured| &t syaiighs raceivendtivadsetsmypthiadramamitiditphtnidmsuring

light transmitter_includes a Jlight emitting.diqde, t ic lectrical
TR PO JorlbFaeRg o st iR ot SPOr ElcPated to
WhhtrersmrteeditedioMiiansmitrirsnadsq hodossieitorsigibandsfapin a
signals. The light receiver includes charged coupled devjces (CCD), ea

¢ ch,
IRRRR G e SRBRFas i A et BnfobRY t?f@eﬁﬁgsﬁr@‘%fﬁaﬂtgﬁc@ ggmining
fremedioNd 'MARAItETtarget is located. The device includes a light

transmitter for transmitting light during a time interval to be measured, and
a light receiver for receiving the transmitied light. The light transmitier
includes a light emitting diode, to which an electrical current is provided,
for generating a consiant output light source for the light transmiiter. The
fight transmitter is also responsive to start and siop signals. The light
receiver inciudes charged coupled devices (CCD), each having a linear
response fo an amount of exposure io light received from the light
transmitter.

The range at which a target is located is determined by
transmitting light, using the light transmiiter, towards a farget. Light is
transmitied for a time period between the start and stop signals. Light
transmitted towards a target is reflecied back from the target to the
receiver. The receiver receives the reflected light from the target, and
provides an output signal, related to an amount of exposure to the
reflected light during the time period between the start and stop signals, 1o
the transmitter. The output signal thus provides a measurement of the
fime period between the start and the stop signals. The time period can

be used to determine the range at which the target is located at.
0.
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Th_e range at which a target is located is determined by transmitting light,
using the light transmitter, towards a target. Light is transmitted for a time

“Q)eﬂ]gg/ﬁ%xzeen the start and stop signals. Light 25 transmit{gd IQWaids fiss

target Is reflected back from the target to the receiver. The receiver

receives the reflected light from the target, and pravides an output sign
related to ©R anaRt dNexpBARe i thdSTHRSCHEY I%"I’F@ﬁ’iﬂﬁrth@ﬁign%ed

'*Eea@%? tﬁj@‘@@%ﬁl@r SiANk AR iR RigRAlss M alhasansaiiteiodbe Rulitgcted

signa provides a measurement of the 30time period between the

fsteat deviceefotogaigiminimhéhfmapard cahicde adeasidaderaetne The
range ich t i -2 \WO .

SR Db B AR s R g coction o @
eritittech Mteciberragefidaeionitisardgetitdasnadriptaesna-sial fiege ofsview
directed to a deyice for. determini rang ich ti t
Wlﬂg é@%%rﬂ?éﬁ}{(?%s \é\{qgé%r'%ra%sml n?élezgct?g# g%@e??ﬁ:@%in%@e%gi?ﬁea'
AbhdveSamit tasiontnbite T Thealevdee midimatohsdediziciiosladn sighpaélgustity

view which incorporates within it a magnified "TV. view" of the.t :
'{Qﬁi&ﬂ%{mdab@ tHESPy erﬁg c%t(?%r\mﬂgﬁyin%hlagé E%%éégﬁ é’l?a ityhln
{Rdicajoriawiasash rEnge glisstirycantiarsensdivijyimiicetidibatboowithinof the

the TV view is an aiming reticle which roughly jndicates the f: int of th
5 S TS 4 BT U R S e e R e o

mpRligblybrselgcted. The device emits a series of laser pulses from its
aser transmitting section. The device times the flight time of each pulse

from the deffee BVICRIrRINiAd BadetiPis PhcdRRRE SelRsS AP Reltiydaser
ftlilgﬂémitting section. The device times the flight time of each puise from

the device to a target and back to its receiving section. An average flight
time for the puise series is calculated to determine the range to the target.
The microcontroller uses a pulse stack and a comparator to detect and
identify valid pulse returns and the number of pulse returns. By aiming the
device at various targets using the reficle, a user can move the device
around the farget to find a surface proximate to the target with a reflective
quality sufficient to yield an accurate reading.

US Patent No. 5,969,676 issued to Tran st al., and entitled
"Radio frequency interferometer and laser rangefinder/designator base
targeting system” is directed to an apparatus for passively detecting and
locating sources of radio frequency (RF) signals from a moving vehicle
and for determining the range from the moving vehicle to the RF sources.
The apparatus works as follows. RF emissions from an RF source are
received by two finear radio frequency interferometer (RFl) arrays located
on a common geometric plane on a moving vehicle. Each RFi array
produces a signal, indicative of the angle of arrival of the RF signals
emitting from the source, with respect to its particular array. The signals

from the RF! arrays are used fo generate an output signal representative
B



is time for the pulse series is calculated to determine the range to the

target. The microcontroller uses a pulse stack and a comparator to detect

and identify valid pulse returns and the number of pulse returns. By

aiming the device at various targets using the reticle, a user can move the
of theviceitarounddhastafgetitodindoagudacadioximate !t oatipe targbt Vidth spurce.
wilfRge, Hlanaliy sulient in Vsl anassyipte eading:dim falenidNotne:

5,969,676 Issued to Tran et aL, and entitled "Radio frequenc
sysigtarferdiffeteant! 1868FanEiife FisaipRatdlaiese tg@g sybtefn” faser
rangiReieddaanapnaaris)eapassivalidcbtectng cintbraedtingsadeees mbvide
fur{ﬁeq‘i et{%l ”?%%’%%@()%i%?%}ll% {{?mogrggoving vehicle 25 and for determining

€ range from the moving vehicle to the RF sources. The apparatus
workdas AdliBwsteRTiasnibsismeersntiak REOset &8 év‘@Cﬁ@@e%\fé‘&%?eﬂnbat the

RElpRacaein elf&&qt&@% iﬂ&ﬁf%@mhﬁtﬁlm&:aﬁﬁﬁféaéﬁ&é@%}wﬁb dgmm@maayzed
eometric on g moving vehicle. Each RFI array produces,a signal,

by hh BRI EAE YL Bt S 51 TR R S AanS S0 aRRR i iR

rangourdeyiwith besiect toRil3 particulscdiajuiive sigrrise flonRihe®rE location

witBTAYS e MSEhIOHEREr Al A QUL BIONAl SeRFESC RBLIVEav3, Ohilby other

position, in terms of latitude, longitude and horizontal range, to the RF
SYSElF e Rt tRERAo linear RFI arrays, a line-of-sight vector can be

determined, and other systems, such as a digital terrain elevation

database (DTSﬁ]}Z}}é)ﬂf%{or QS8 "fﬁ%eﬂfk‘%@ﬂ@%ﬁ%‘?@é can be

provided with mation in order to provide further etails of the
posifishefimenRESHséeverHen ARasteRindstiesiige tor heoupining the
dissaiECe:Bycdirecting alaserhean-atthesREaouts. Reflecied bepmsfromee

Of%Eg}aRSI;rségH{gg arer rgg{ved by the LARD and analyzed by it. The result of

e analysis’is used to determine a precise range to the RF source. The

in a first aspect of the invention, there is provided an apparatus for determining a
range to a coherent light source emiiting a coherent light beam, the apparatus comprising:
an image sensor, including an imaging plane. for capturing an image of the wave front of
said coherent light beam, said image comprising at least one light speckle; and a
processor, coupled with said image sensor, wherein said processor identifies said at least
one light speckie on said captured image, wherein said processor determines the
characteristic diameter of said identified at least one light speckle, and wherein said
processor determines said range by squaring said characteristic diameter and dividing the
result of said squaring by the wavelength of said coberent light beam and by a

proportionality constant.



range calculated by the LARD can be used to further correlate the RF
source location with the line-of-sight vector determined by the two linear
RFI arrays, and by other systems, such as a DTED. SUMMARY OF THE
DISCLOSED TECHNIQUE Embodiments of the invention provide a
method andnsysisn fof deteraining theredistanceihbtwveahw lasealerangeing a
randg %Cgocro%grde.at lﬁsﬁetrs%% e %]Q}{t%r %egﬁg%ﬁ ‘%%BM@%A”}RQ%%HEJ%WBI@
§6ufce wave froft. 1n a first aspect of the Iinvention, there is provided a
theappeadures /i erstewimmmgaagaddhe wesHrane it sshreereHatidga on
piaﬁ@,rfﬁﬁﬁ.%ﬁﬂb_é@ﬂﬁ_ﬁﬁet&}ﬁi@l@%@i@iﬂl%ﬁﬁﬁﬂﬂ’@ﬁ?%aﬁ%ﬁ?%@ﬁt@ﬂ&?ﬂé; iderfltifying
.including an imagin e, for capturing an.image of the wave front of . .
i S TGk R et O b g et R
diagreten ofrese syoleasb uple ddwithiisdidiitasreddas sndviseaim Bai v ceusssrby
squslentifiesisaid atigasic angnighl spRckie am said caRIUuERdIMAGR WG the
said processor determines the characteristic diameter of said identified at
WA T SPRECRTS | SRHWHBAIN BafP BREUCSEH S Res said
range by squaring said characteristic diameter and dividing the result of
said squaring by the wavelength of said coherent light beam and by a
proportionality constant. 4 In a second aspect of the invention, there is
provided a method for determining a range to a coherent light source
emitting a coherent light beam, the method comprising the procedures of.
capturing an image of the wave front of said coherent light beam on a
plane, said captured image characterized by having at least one light
speckle; identifying said at least one light speckle on said captured
image; determining a characteristic diameter of said at least one identified
light speckle; and determining said range by squaring said characteristic
diameter and dividing a result of said squaring by the wavelength of said
coherent light beam and by a proportionality constant.



5 WO 2006/051541 PCT/IL2005/001188 BRIEF DESCRIPTION OF THE
DRAWINGS The disclosed technique will be understood and appreciated

“IE%@JH%%Eom the following detailed description taken in C%’i’ﬂ?ﬂ&&%f%s
the '

rawings in which: s Figure 1 is a schematic illustration of a speckle
pattern, constructed and operative in accordance with an embodiment of

the disclosed t&ﬁiﬁq:up; PHIONGR HEER RBAMINSTST a system,
constructeghand aprIatiye i AEFQIRANGR WD ARgEbRiimentaf i reciated

disclosed technique; 10 and Figure 3 is a block diagram describing a

meetteo L) lbpErmvinin follsuuitg el ailed desaribinmenken i erslypsdion with
chni _-S W/ 0Q06/051541 PCT/IL2005/001188 DETAILED
g@s%%%&ﬁ%’é’ E EMBODIMENTS The disclosed technique
overcomesFipeidisddviantageschithatisridiustrefigroviding asgpastkie apattern,
method for determining the distance between a laser ran
(f‘%?@?ﬁugg%ge\ﬂggoaf WHa'R 1 &EY a&ﬁge‘ﬁ@brg@esegﬁé@i&@ﬁp L;tre0 the
imsglestdnedrsafgource wave front. According to the disclosed
technique, an LRD_system can determine the distance pbetween a%s Ctem

mounted wWRISHFELRES, BaianeRadics BRI IR B RYGR Ro BPOGIEHced and

Igpeklee i wardedhrdasgitpodrre A diessiveseliestignsseatithechnique;
laser source. The disclosed technique thereby 10 provides a passive

m and method for range determination to a laser
Figure 3 is a block diagram describing a method, operative in

accordance with an embodiment of the disclosed technique.
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source that is essentially undetectable by laser detection systems. Lasers
provide light that is coherent. When coherent light falls on a plane, a

w??ﬁﬁ}éllﬁﬂﬁ ttern of light appears to a viewer. This speckled,paltermiSio1 185
unexpected because coherent light emerging from a laser 15 emerges as

essentially a perfectly straight line. Th kled ' db
interferen@ﬁ%ﬂhﬁé&ﬁ&% ﬁé‘? E!@Ni\@%?f‘#é%%%@@ﬁw n ir>1/1age
plane of ma&t%&m@@ﬁm@ Biefesnbyithpatisiasaioursi d1ethe

medium ht is traveling through. Reference is now made to Figure 1,

wvhictaid bysehemidingilristystion drdspeetbe g deemcsraiHaguegdisignce

operative in r ' ' iscl t [
S e L "

soage dgnprotassintera. dbptuing pierae00figheotanliciswitedona e front.

image when light hits its surface, much li ' t

KRG AR 817 el B Bl TRl e s S R e

?%E@ﬁ@f%ﬁhﬂ@@ﬁgﬂémnﬁghtd}mt&gmgiﬁn as kitfhcendiewiaggslamirce,
00 includes speckles 102, which are imprints of the interference

A EoHRHelR 1R AP pniEt RO e e, e Toppiyoe and

HaglingdheuehSrerkies 10%rroereb ofitifadimicizestbuhtigndehereby

characterized by their average diameter 104. 30 The avera%? tijam(fter

BTSN RGeS BPENE G 4o mAgH PRRTGOHLIFAIEE SEBE LRI oPAr>"

&%m§éﬂ{ﬁ*§m§eeeg%@whﬁqaa@ﬁm@%ﬂa\é@ 2ORBIS1 B¢dtems.
PCT/11,2005/001188 on which the diameter of the speckle was measure

and the sdureersf pievidselgightatith cabssaithe 1SRRI JigtHdalls
'@rf%‘ﬂoi%ﬁ%a dpsignaies and BF ifgh: R paYALeR apprainatehiiodRdikied
pattern is unexpected because coherent light emerging from a laser
emerges as essentially a perfectly straight line. The spedkied pattern is
caused by interference on a viewing plane, such as the retina of the eye or
an image plane of a camera, by coherent light interfering with particies
found in the medium the light is traveling through. Reference is now made
to Figure 1, which is a schematic illustration of a speckle pattern,
constructed and operative in accordance with an embodiment of the
disciosed technique. The illustration of Figure 1 includes viewing plane
100, which can be an image plane of a camera. Viewing plane 100 is
constructed to form an image when light hits its surface, much like the
retina of the eye forms an image when light hits its surface. Viewing plane

100 depicts a spackie pattern captured from laser light impinging on its

 sutface. Viewing plane 100 includes speckles 102, which are imprints of

the interference between coherent light and particles found in the medium
the light is traveling through. Speckles 102 are each of different sizes but
can be characterized by their average diameter 104,

The average diameter of a speckle captured on an image plane,

designated as Ds, is proportional to the distance between the image plane
iy
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equati_on: 5 D5, 1/7 R (1) where A is the wavelength of the laser light.
Equation (1) is known in the art. Ds can be equated exactly to R by

' portionalit tant, k, to Equation (1), and Wi
ngﬂ@‘gﬂgkp‘{f ity constan o Equation (1), an cagﬁg}f\gﬁg%lmg

: R (2) io where k1 can depend on at least one o owing:
the relative humidity RH, the temperature T, the atmospheri

onanbisdhectiamaiane! ibraeaoekiribRSIeR? ESh e e S e gidhe
e tﬁ’gﬂﬁiﬁﬁglﬁj@ﬁh%a?}é%@tw apospBeinthylepseXied thmmesliysane,

in which't tis traveling through, as well as the height, measured
desigisetetbesl, At ihickarshResmyatrcanpipg metehe R dsitRectpligwing
deute{mined experimentally. Equation (2) can equivalently be written as:
L5} ) k2 where k2 is equal to the square of ki. Equation (3) states that

R, the distance betweemthe,mage plane and the source of the laser(fight,
can be 20 determined by squaring the average diameter of the speckles
whptered isnttisevimeeje ph eohtldecierindahe. rdsavaipy (IndsWevenndmine
of the, laser light, and a.p ionalj ) i
B o SR R Al & O DR Chotan
kefereacedid2Q1 sanstiostedandri?sroperative in accordance with an

embodiment of the disclosed tjg;huique. System 120 includes a came(r%
122, a storage unit 124;DaT)rl%) dsdor 126, a filter 128, a wavelength

\gﬁgar%t% %Saona&gpg%%nrg a]t%éa%?%eéaoilﬁ?ecﬂﬂiowing: the refative humidity
RH, the femperature T, the 'atmespheric transmittance », and the

refractive index structure constant C* {a parameter used to describe the

strength of atmospheric turbulence) of the medium in which the light is
traveling through, as well as the height, measured from sea level, at which
the light is traveling at. The value of k; can be determined experimentally.
Equation (2) can equivaiently be written as:

_Ds

R=
koA

(3)

where ko is equal to the square of ky. Equation (3) states that R, the
distance between the image plane and the source of the laser light, can be
determined by squaring the average diameter of the speckles captured on
the image plane and dividing the result by 4, the wavelength of the laser
light, and a proportionality constant, ks.

Reference is now made to Figure 2, which is a schematic
illustration of a system, generally referenced 120, constructed and
operative in accordance with an embodiment of the disclosed technique.
System 120 includes a camera 122, a storage unit 124, a processor 126, a
filter 128, a wavelength detector 130 and housing 134. Camera 122 can
be an image sensor. Storage unit 124 is coupled with camera 122,
wavelength detector 130 and processor 126. Filter 128 and wavelength

-8-
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be an image sensor. Storage unit 124 is coupled with camera 122,
wavelength detector 130 and processor 126. Filter 128 and wavelength -8

Wi/ RRe9A/P51541 PCT/IL2005/001188 detector 130 are bog{ogatasdhh 1ss
front of camera 122, centered over an aperture of camera 122 (not

shown). Camera 122, storage unit 124, processor 126, filter 128 and
driseiengtiYeiErtbrind 1B Kl ing d%aﬂ}%rﬁginbéé%geﬁ Phgyean

Qﬁ&tﬂ%‘t Hrlatzssra wagelppgtihfiampndodhrtiel Bitesiaggslastivelps,
allows light of specified wavelengths to enter camera 122. In another

prapesheheGyittan 129 ane yueelaningiriacielot SRGWR)PRIASE (Hnside
frontiptcameradag, WoishaHidRs Jadmpingings omsyaioaekrfioMaidsnd

camerd 122. Light 132 arriving from coherent light source 136 enters
tyslie. Tilkeolatisalromeiicaliowsilieht 26 spesiied aviglessihsrie enter
light sou 136 can 0 I it ively: i
R (Eenid )il EUERRIEA, SH¥taal Ty MERIBeL S ittt
{eatishoonty, lighataidvay lenigtisceona o &2|agkickogidesadightitepinging

with mjlitary vehicles, to enter s 120. Light which enters system 120
ﬁ%?ﬁéﬁﬁé%@aﬂ@é d%wgﬁg\%g/elength detector 130. Wavelength

getectog 1&5@@@2;4%%@@1:%9@@@@#@% g2, sodrpeovi@ésahiers system
etected wavelength to storage unit 124, Wavelength detector 130 furth

A et PR aT UrA £52. I b MIAoRPBF IS Wb Geroe
tESHRISHD cCaMEER AP IARI RS AN FRgel obthe weieiipatiofightaB232 to
falling directly 20 incident on its image plane. Due to particles present in

m@%@d@t@ﬁh%igﬁm@ﬁ_@mmﬁwﬁéﬁﬁ@%%Rﬁmﬁﬁa@@ﬁ%@ éﬁ% only
I(ggeﬂ% o light ER2nWik SoRtRa sPRFHIBR SN dB anRtisERMRP dime Nraftary

disclosed
vehicles, to enter system 120. Light which enters system 120 via filter 128

is directed towards wavelength detector 130. Wavelength detector 130
detects the wavelength of light 132, and provides the detected wavelength
to storage unit 124. Wavelength detector 130 further directs light 132
towards camera 122. In an embodiment of the disclosed technigue,
camera 122 captures an image of the wave front of light 132 falling directly
incident on its image plane. Due io particles present in the medium in
which the light travels in, the captured image of the wave front of light 132
will contain a speckle pattern. In another embodiment of the disclosed
technique, an imaging plane (not shown} placed between system 120 and
coherent light source 136 allows a speckle pattern to be seen, and camera
122 captures an image of the speckle pattern by photographing the
imaging plane from in front of the imaging plane. In a further embodiment
of the disclosed technique, a semi-transparent imaging plane (not shown)
placed between system 120 and coherent light source 136 ailows a
speckle pattern to be seen from behind the imaging plane, and camera
122 captures an image of the speckle pattern by photographing the

-imaging plane from behind the imaging plane. Camera 122 provides the
-G~
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technique, an imaging plane (not shown) placed between system 120 and
coherent light source 136 allows a speckle pattern to be seen, and

‘N%phomto?rsﬁlzz captures an image of the speckle pattern by, 1y ~40s/001188

ing the imaging plane from in front of the imaging plane. In a
further embodiment of the disclosed techni rgue a semi- traa%{arent

GRRIGIFRS PRI S HERTBOBIHEEH Reflvee PSSR B8 ahdtINOURERHPe
?H{E%&%@a% Wyth SRRFYR RANRIAY PRRRS RIIOMdeRBind b, iagingssor

ne, and camera 30 122 captures an image of the speckle pattern by

wﬁt@@r@ﬁtﬁngﬁdeldm’f@ciﬁ@ faseemmaseiie SRR, CXrerdne
122 RIOVGS415-20. WO 200805456, RFLAL 2005003 8Beamueisos tre

age storage uni torage unit 124 provides the detected

Wanm«;@mhaﬂi the chyinreadinmabislenpifiest sewcldss PRyassRR01 386 then
JetRrinACs domisaspanies saMacrriied page,ces thRdoREENRed

enctlfl processor 126 measures the 5
shirsoriesoof thlk thepletectdnhage) e resimmhisjue b eda izticelsveEzingear by

determines a racterts diameter for the detected a d identifie

spiagliny O?Pfﬁ’gééptw n%g 43 @9@%3@ 5 atEtical %v%%agici]:gr%?ssor
bzas%ﬁs@:tlr&mﬁm%m@lqm@fmwmprpdmemmmmmm@mcm in
126 also determines a value for the poportlona y consta

Eqaiion (§) ProciassPaoe ARG GALL EREROnI9 o ddlecies BStected
W@\'@h@ﬂ@f@ﬂ thesPIpRARMGoRstRRhANG e ﬂh@r@ﬁtﬁ@@wgrwam@ﬁarmaier

obtainedfrom the captured image to determine the range between system

obtrieridsperdhe iR RIGRENEE eHSHERINSIOR FARGE fRkifRRE SYstem
nggﬁ%%%ﬁ ﬁﬂ@ﬁg@ﬁ%&%&a{@@ of a method operative in accordance
imentof the

an em
Reference is now made to Figure 3, which is a schematic

illustration of a method operative in accordance with an embodiment of the
disclosed technique. In procedure 156 incoming coherent light is received
from a coherent light source, for example, a iaser. With reference to
Figure 2, filter 128 selectively allows light 132 to enter system 120, and a
light guide (not shown) guides light 132 to camera 122.

In procedure 158, the wavelength of the incoming fight is
detected and stored. With reference to Figure 2, a light guide (not shown)
guides light 132 to wavelength detector 130. Wavelength detector 130
detects the wavelength of fight 132, and provides the detected wavelength
{o storage unit 124. Procedure 158 can be executed concurrently with
procedures 160 to 168.

In procedure 180, an image of the wave front of the incoming
light is captured on an image plane. Since the incoming light is coherent
and propagates through a medium containing particles (unless the
medium was pure vacuumy), a speckle pattern will appear on the captured
image. With reference to Figure 2, camera 122 captures an image of the

wave front of light 132 falling incident on its image plane.
-10-
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disclosed technique. In procedure 156 incoming coherent light is received
from a coherent light source, for example, a laser. With reference to

wioSbgeg; diler 128 selectively allows light 132 to enter systegp4gQqaihAss
light guide (not shown) guides light 132 to camera 122. 20 In procedure

158, the wavelength of the incoming light is detected and d, Wi
reference b PI§GRSIPT® ﬂi@éﬁ é&%ggﬁé%g%ﬁeﬁﬁigg%&fﬁ%qu{mEd on

W@V@Agbnﬂgtﬁdj ar WafYavelgngeid & 180 glelseisithe provides the

wavel of light 132, and provides the detected Wavelenggg to storage

cantureel Proggdute 1WeieaebeRiketated coMRIAREtitd <5 provides” the
{:’é@?&%ﬁ%ﬁéﬁ% %fﬁg%%ﬁ&ﬁ%e H0caadmagesf deewavadpmohtiies

the incoming ight | n an image plane. Since the incoming light
theokizznn dnd grppagatésdgdugh a medium containing particles

(unless the medium wa re,yac ' e it
the capturl BOTHOYS Wit e oA e P L ] 3P Rcpfrod
sndoieee afdhacasve ffanobligred 3RVtingfaredeattonfigurmagensRerasor

-10 WO 2006/051541 PCT/IL2005/001188 | 462, i

SR dRRE B A R P RfD O S Ao P e s
retzference I?g Wﬁ%r@%@&ﬂ@fmwm@iaﬁmmed)fnh‘a@eiMected and
storage uni . Storage unit 124 ides the .captured i

Slocties) BPCHIRR CaGIAIPH B And e L € Cper g oTRESLreC

SBRYRA MRS ReduipICRMER Kodidhediamsinraintia delantodrandstoristio
identified speckles are measured and stored. With reference to Figure 2,
.sramrcazz@maaaw&gdr@w@m&é@%@a&eﬁﬁ@m@%@fﬁ%@we= or

HedKRRting speckles which conform to predetermined criteria.  With
reference to Figure 2, processor 126 determines a characteristic diameter
for the detected and identified speckles on the captured image.

In procedure 168, the proportionality constant of Equation (3) is
determined. The proportionality constant can depend on at least one of
the following: the relative humidity RH, the temperature T, the atmospheric

transmittance », and the refractive index structure constant ct (a

parameter used to describe the strength of atmospheric turbulence) of the
medium in which the light is traveling through, as well as the height,
measured from sea level, at which the light is traveiing at. The value of
the proportionality constant can be determined experimentally. With
reference to Figure 2, processor 126 determines a value for the
proportionality constant used in Equation (3).

In procedure 170, the range from the laser source to the image
plane is calculated by squaring the determined characteristic speckle
diameter and dividing the result by the wavelength of the incoming light
and the determined proportionality constant. With reference to Figure 2,
processor 126 uses Equation (3}, the detected wavelength, the

REP



In procedure 166, a characteristic diameter of the detected and io
identified speckles is determined by the diameters of the measured
v@?ﬁﬁ}lﬁﬁ:ﬁ’sg?e result of which is stored. Determination of the ghatacteristice.
lameter can be achieved by using, for example, the statistical average, or
by selecting speckles which conform to predetermined criteria. With

PERDRINED B Vi gisrastapt b 4BR 1 tAERIRRRE IAOng gL RRLa bR e
%rlé?c{"t g 5 apdddentifed SperkleHetbsrapsiat aggnincoherent

edure 168, the proportionality constant of Equation (3) is determined.
e peoporidA8lity constant can depend on at least one of the following:

the relatve "IN BHOISIAMPHPUELoe SkMBRIRMEe art that the

transmittance y, and the'refractive index structure constant Cr (a 20
dizciosete esbdituddscribkliméiat dagiinat haahesrnatbmlahcehenhand

edium in which the light is traveling thr : Il [ : :
et no e Liaete, A E e e o e e e e
thefipseportiphlithcahsian edrnidrefditavmined experimentally. With
reference to Figure 2, processor 126 determines a value for the 25
proportionality constant used in Equation (3). In procedure 170, the range
from the laser source to the image plane is calculated by squaring the
determined characteristic speckle diameter and dividing the result by the
wavelength of the incoming light and the determined proportionality
constant. With reference to Figure 2, 30 processor 126 uses Equation (3),
the detected wavelength, the -11 WO 2006/051541 PCT/IL2005/001188
proportionality constant and the characteristic diameter obtained from the
captured image to determine the range between system 120 and coherent
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Iigh_t source 136. It will be appreciated by persons skilled in the art that the
s disclosed technique is not limited to what has been particularly shown

W@l Ogﬁg _Jped hereinabove. Rather the scope of the disclo i
is de m'e%r only by the claims, which follow. -12 WO 2OO6/0g‘%ﬁ%ﬁm‘%ﬂhjﬁ88

PCT/1L2005/001188 CLAIMS 1. Apparatus for determining a range to a
coherent light source emitting a & é@ﬁﬁlight beam, the apparatus

f.?mex@ﬂcg &!?sim?%%u%%%fgﬁng?‘%i%%Wg@fbi_@%ﬂ%@ﬁﬂﬁgmrmiwng
s'image of the wave front o said coherent light beam, said image
com@isivhipas b dighd e fight EseeRRABIHDGITUEEIOL coupled with said

image sensor, wherein said p identif] ' S gt
speckle o%ﬂsé%agaepﬁﬁﬁg?r!hJﬁéﬁﬁﬁ\gh%?‘e?ﬁ%ﬁ(ﬂ%}gfbr? ﬁgt%éﬁbrfggg an
the chasagtedstibeiareterfobrsaid ideidifisoharwdsiight hgsrspesid, image

and wherein said determines said b ' id
char KRR e A L A R ARG 56 oF said squaring by the

wavelength pfssideohexsmblighiviiaamidrichaya seoportionality 15
aveleng HBERLASR RSP SRE UL SR TPl B IBF St RBT SPecki
Wave@pgmaﬁﬂﬂg@m@,r@@@]ight beam. 20
wherein said processor determines the characteristic diameter of
said identified at least one light speckle, and
wherein said processor determines said range by squaring said
characteristic diameter and dividing the result of said squaring by the
wavelength of said coherent light beam and by a proportionality

constant.

2. The apparatus according to claim 1, further comprising a wavelength
detector, wherein said wavelength detector detects the wavelength of

said coherent light beam.

3. The apparatus according to claim 2, further comprising a storage unit,
said storage unit coupled with said image sensor and said
wavelength detector,

wherein said storage unit stores said detected wavelength and

said captured image.

4. The apparatus according to claim 1, further comprising a filter,
optically coupled between said coherent light source and said image
sensor, wherein said filter selectively allows said coherent light into

said apparatus.
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3. The apparatus according to claim 2, further comprising a storage unit,
said storage unit coupled with said image sensor and said wavelength

Wq)eﬁ%gkygperein said storage unit stores said detected wayglepgihanst 1ss

25 said captured image. 4. The apparatus according to claim 1, further

comprising a filter, optically coupled between said coherent light source .
nd J418 ARREALES6E AIAEIBROSIA Thdr JHREFIAP RSP T T cauide

light {pte 3fhsaithaRRY Yurie 1 UES2006/ Qakrab R GIGAL 200/ALERG ance

The apparatus according to claim 1, further comprising a light guide,
wherpindaiidigiaid aivleajaidesiawardsahimgiien¥R e entrance point
into said apparatus towards said image sensor. 5 6. The apparatus
according to claim 1, wherein said processor determines the
@hardtteristippisabeser adeaidingntiiec@ingast ornehrgatspeide pyocessor

statistical averaging. 7, The rat [ claim Jiuberginsaif one
procéﬁlﬁ%tr rﬂ@%%tg%n%hé%r%%lgﬁ%%ﬁ%?ﬁg%? c?(?néé%é%t. 8. h}lf\e/%hod for
deterginingadidadsy tetatizituedentdighgisgurce emitting a coherent light
beam, the method comprising the procedures of: capturing an image of

the wave front of said coherent light beam is on a plane, said captured

Wagqﬁaaraﬁwiéﬁgisbyd&dmwg lest ehgrrlight spelssteiidesdifyingrsaigssor
at least one light speckle on said captured . image;
determines said proportionality constant.

8. Method for determining a range to a coherent light source emitting a

coherent light beam, the method comprising the procedures of:

capturing an image of the wave front of said coherent light beam
on a plane, said captured image characterized by having at least one
light speckie;

identifying said at least one light speckle on said captured
image;

determining a characteristic diameter of said at least one
identified light speckle; and

determining said range by squaring said characteristic diameter
and dividing a result of said squaring by the wavelength of said

coherent light beam and by a proportionality constant.

9. The method according to claim 8, further comprising the procedure of

detecting a wavelength of said coherent light beam.

10. The method according to claim 9, further comprising the procedure of
storing said detected wavelength and said captured image in a

storage unit.
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determining a characteristic diameter of said at least one 20 identified
light speckle; and determining said range by squaring said characteristic
diameter and dividing a result of said squaring by the wavelength of said

coherent light beam and by a proportionality constant. 25 9. The method
htchhgimpe @%ﬁﬁ@,rﬂlﬂ%gﬁ? Eﬂﬂﬂ&%iﬂgﬂﬁ@m@ﬂeqﬁha&m@u&e of
¢

wayglengihsaf saisherbsraghtigbbheahakid bsipibadasendingipallows

claim 9, further comprising the procedure of storing said detected
wasdEhgRhensaighihpande 5%@%‘%?&1@3@%%’8%. -14 11. The
method according to claim 8, further comprising the procedure of filtering
said coherent light beam, wherein said filtering selectively allows said

¢8nERenMRIRPEERAhE EastarttneEiphRRIBP isNgHESRpRRAUre of

accgiflingqie H13ies S wiNRHEYBAASING the procedure of guiding said
coherent light beam. 13. The method according to claim 8, wherein said
procedure of determining said characteristic diameter is achieved by

satisiicahawfiadibsorkiind b6 dReh el Aeeoedingdi ¢aleegutdriteietermining

comprising the procedure of determining said proportionality constant. -15
said characteristic diameter is achieved by statistical averaging.

14. The method according to claim 8, further comprising the procedure of

determining said proportionality constant.
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