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DETERM NATI ON OF RANGE TO A COHERENT LI GHT SOURCE
USI NG LASER SPECKLE PATTERN FI ELD OF THE DI SCLOSED
WA BOMSRWE The di scl osed techni que rel ates to PEEHE2005/001188

range detection in_general, and_to nethods and st ens
t PESERMINAT NGB RANGE 1O A CORERENT LG T SQURCE
fromthe | asertUSINGdeASERSPECKLEAPATIEHRN.

BACKGROUND OF THE DI SCLOSED TECHNI QUE Laser range
finders (herein abbreviated LRF) are devices that can

determ ne t peE[ AOF THE'DRSCLOSEER TECHNIQUERN get

wi t hout having to physically neasure the distance

bet weerThdediselosedRfedenitoes rélatss proovaser aangecletection in
nmeans, on the order of nanoseconds, for determnin
gemneral; andhe aneiosiseand systarasfoe geteraining the sngwio a laser

devi ce, a target. Know ng the distance between a
sayseaientl iomfseBses saRe T knd TERRs "anc
fighter planes in destroying eneny targets by

provi ding distance to target neasurenents that

accur at @ \CKEROUND OFETHEBISCLBSED TECHNRQUE a
target and 1ts angle of |aunch. Known in the art of

| aser rlange detge finders gheten nebibeviated: LRE) oiref tegices that
measuring. This nethod is commonly used in LRFE devices
capdejeraing thien@ngr: frein eandB Fudevieeoaa dgiged yithout having to

pEFSHEREF rErbtie ToBCHISt oS kB HE: o tevices thus
prtAdER 8@&‘:? RS sWd tHEN obdEr Qﬁﬁhﬁgseéﬁﬁé@,dﬂoﬁﬁﬁermining the

radrati owards’'a target. Sone of the radiation
distahc ibegwoenna tsyetdrar gejuipped with raef LER ddvicaclkand a target.

towards the system The tine it takes for the emtted
Khawéng rthei distance datwisienge sysiam rand & grgehnauickly, eean aid
ta%(%kaﬁg \f\@wesr pt)lgrewegyiﬁtc?ergtliro%/ing enemy targets by providing distance
to target measurements that accurately determine the type of weapon to -
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-flight 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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nmeasured. The speed at which the emtted | aser

radi ati on propagated towards the target and refl ected
whawk/ 0554t he systemis known, since |aser radi BCT/O2003001188

a formof electromagnetic radiation, and all

(EhES P Sl TSh B SRR b 3 160 Rt ana

BRICRPRIHd t%?sfgmt fiee %@téhsg Béﬁﬁeﬁ nga 5@ eﬂﬂﬁjtﬁé‘?arget can

amount oftime the emtted |aser on travel e

Her daterimined sae s kiwowhedntthegat. and back to the system
the distance between the systemand the target can be

det er ni Hety, ngted shaidwm timetafdlight measuringianethachsaquires a

Y5 ﬂﬁgzmﬂfethﬁg?fﬁﬂfpe@ 16 tSidse 3ophetled fuardalagt and
t?‘rréé‘éﬂ réﬂé%tlb s' Ctﬁb"l%s"e?f §é I tﬁé t{apﬁeil as% é?@%ﬁﬁlllzmg

targe stens |Z|ng t

tettime- @frmghhen@maeawSh@ﬁéfbbé susechtibig td h&ifhedetetted by
| aser detector systens. LRF systens and net hods usi ng

lages deteetarfsystemist measuring nethod are common in the
art. ent 70,1 i ssued to V\angl er,
entitl eBE?-‘tﬂSrYé @f@ﬁs@'ﬂé h@&%l YRINg N emiimesf u&@ﬂtumaaﬁ%urmg

a agds, dir e andev
RSB OB g S | RSPl S0t Toved 10
WQﬁ@b@danaf@nm@d Uﬁrﬂlé‘@’hé&%reﬁ*néhtgaévkbaéﬁd"rﬁ%ﬁfoof @éeful in a
transmtting light during a tine 1nterval
lasesyange, camera’ I directeek o wedevioe aret ai mietigod Hier determining
transmttedll ht. The |i ght transmtter i ncludes a

G?g’ﬁﬂg@matft WidE @d@rg%l%p@ﬁt% elbet Aevige ¢mluéa$ a light

VBB §5rab Sy RO A S AP e Burea, anc

atrgmsfééél%r 'fér SEVIrRP RYE HA%s Flt ﬁ t.ang étl ttr smitter
argela %n

signal s. The t receiver inc
inblvdeea (i rgﬁt))amlﬁmg‘ldmde no whﬁamaar elleeamlswﬁ@ﬂais provided,

foarrrgéjr?éra%ﬁwgeg coosnus[caen’[t gu’[lplugf1 hIltghlgc es%?Jlrgee ?o: {hoemll(fqllju’? tr[ellngmltter. The
light transmitter is also responsive to start and stop signals. The light
receiver includes charged coupled devices (CCD), each having a linear
response to an amount of exposure to light received from the light
transmitter.

The range at which a target is located is determined by
transmitting light, using the light transmitter, towards a target. Light is
transmitied for a time period between the start and stop signals. Light
transmitted towards a target is reflected 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, to
the transmitter. The output signal thus provides a measurement of the
time 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.
-2.
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transmtter. The range at which a target is located is
determ ned by transmtting light, using the |ight

WO c@admistt er, towards a target. Light is transP€TAI2005/001188
for a tinme period between the start and stop signals.

Li ght t itt t [ t,i fl d b .
1o WO TR e NS HE083 B B8, BRLIGSIRY 2O et
ml r.ef Cl . t : i (- .
(e R ! VL GE U, SRl aOEIpKidee Broctoc
td &f Hegicedfdr @dtergiiningotid eahgeratpRhickdabeirgeeis Iduated. The
start and stop signals, to the transmtter. The out put

devigedhchudes plasardeansmitting sectiens adaseheeasiviag section and a

het ween t he art and t t [ s. The ti . .
nb%rm@@tr@&l@r-bﬁh@ AP iee @gg%ﬁﬂ&ﬁéglﬁgr?g%@h%r Ry SighT digld jof view

BRSSP0 Yy, b daren

Agév_aeéndn PRl XhEi PR hadwadld inciRvatomIfhidts irblugs bedrget guality

evice tor determning the range at which a target is
indicatoeda fEngetdmnige displhydes a $esstivity anede tindicgtor. Within
section, a laser receiving section and.a 5 )
the EMovie ioan @ming setiele) waich royghhe Ingtieates therfeginyint of the

o A, Bl Mt GRICHRIAN S Tl A foret can
L S TR S
sensi ti Yhey dewile | ediiicatorseridd hofn laber Tpulseswiicsnaits laser
aimng reticle which roughly indicates the footprint
trahsatidiingoseetien. pune siewes times Bie fightddémecef eaehrpiige from
A 1A Pl RS S eSS BB, S5 Bl gt
o B PSS R o0 RS L e g trger
Tasdnhie®icondrollbs Uy pules stickoand An corapagsof to ghdtect 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 device
around the target 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 et 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 linear 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 RFI arrays are used to generate an output signal representative
3.
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i 5 time for the pulse series is calculated to

determ ne the range to the target. The m crocontroller
was@s/osuspul se stack and a conparator to detectPEmnti2005/001188

identify valid pulse returns and the nunber of pul se

o R bR, RS LG oA T A v
A58 SR, 5 IS PR, By de ottt on be

deRafhingd, EndPabeidr NystdmB6%iotp hssuedligitalTrterraii elevation
al and entitled "Radio frequency interferoneter and

dgte&iaser 4BgEDhder / alekispnarangefindendesjgnaiog VAREY tan be

irected, to an apparatus . for passively defegctin n

prcﬁeé@d nyitk dig 48 dmatian énfqr@'&uetﬁcpf?%ﬁ? ﬁq | gef%'@‘mof the
DV | and for determ ning the range from

p%@bn@?‘ﬂéﬁ%%ogrgeto the RF sources. The apparatus

wor ks aphé QIARDSdefdrnfiies N Pands 0 tAE R sHRES Dyadigecting a

received by two |1 near radio frequency interferoneter
|l Beanratythd Btfasedron Reftected peamst from ekt @owice are

novi n& vehi cle. Each RFI array produces a ig l, .
rerivediw oL ARE anglanalyzed My i dhe Ffé’ilﬁiF itghanalysis is
uSGHth HtemaE & oS EprdbdNeraRtiche e ranae glgulated
bggge L ARBEESH B u@@d%t%eiaggﬂ?c%lafeeﬂﬁégﬁmbég?d@%cét% with

rtron, 1n terns of latitu ongi t ude an

’[H@rlihé%ﬂ-ﬁ?ht yegeor tetdreinBl IspuheetwdNlinkar HRFE worays, and by
linear RFI arrays, a line-of-sight vector can be

otharesysternd, suel ast addTEDst ens, such as a digital
terrain el evation database (DTED) or a | aser
rangefi nder/ desi gnator (LARD), can be provided with

L1 e hoSTUMMAGY O e HISBISED TEGHMOUE ) |

the ranggst ant BBjddt 6P & ediSoditierddHiigde | t@sprovigama novel

at the RF source. Reflected beans fromthe RF source
nmaathod and system for determining the distance between a laser range
detector and a laser source by processing a captured image of the laser
source wave front.

In accordance with the disclosed technique, there is thus
provided an apparatus for determining a range to a coherent light source
emitting a coherent light beam. The apparatus includes an image sensor
and a processor coupled with the image sensor. The image sensor
includes an imaging plane for capturing an image of the wave front of the
coherent light beam. The image of the wave front includes at least one
light speckle. The processor identifies the light speckle on the captured
image and determines the characteristic diameter of the identified light
speckle. The processor determines the range by squaring the
characteristic diameter and dividing the result of the squaring by the

wavelength of the coherent light beam and by a proportionality constant.



recei ved by the LARD and anal yzed by it. The result of
the analysis is used to deternmne a precise range to

w0 b@eRFS3DUr ce. The range cal cul ated by the LARD/mOa2003001188
used to further correlate the RF source |ocation with

the |ine-of-sight vector deternpned by, the l.i nea .
RFI  ar rASROrdiRg (o pnother aggg@fegrﬁ & ihlosech eshmia; There is

DA R ToETER DG, PEnsb 52 OREPb Bl ource
eﬁﬂtﬁhgn%f(%h&%h?rl i Barhhe THes haare dbifcRRSs ghé as@icedure of

rang etector and a | aser source by processing a
capiptingedni imgge off tie Wase framduot édheesahdreontlightnbeam on a
accordance with the disclosed techni que, there is thus
planeviwbarein thgpamibed erdads naraciazad yngaving af least one
.coherent, light source .emtti.n r ' -
iGRDSS el 105, RRHAATLOMREH O RS 0B BRlcdd MRS BeRByiving
tH%PLI'igh?ds ket BR. IHBR IS IGRRP Iimadte HERIMISRIRPY characteristic
I ncFudes an 1magi ng plane for capturing an i'mage of
didmeetorvef e nideptifibteligiohepeckld,i ahd determiding thegange by
of the wave front includes at |east one |ight speckle.

squaring doe ssharactriiatics disgnetes angwlividipaca| resyit ehthe squaring

captured | mage apqd, determ nes. the characteristic . :
b Biren@velfigiie ol ABRs STE gt GBRCkPDY piea Proportionality
C§ﬁ§8ﬁ§sor deterni nes the range by squaring the
aracteristic dianeter and dividing the result of the

squaring by the wavel ength of the coherent |ight beam
and by a proportionality constant. Accordi ng to anot her
aspect of the disclosed technique, there is thus

provi ded a nethod for determining a range to a

coherent light source emtting a coherent |ight beam

The nmethod i ncludes the procedure of capturing an

i mmge of the wave front of the coherent |ight beam on

a



pl ane, wherein the captured inmage is characterized by
having at | east one |light speckle. The nethod further

WO p@b0sisg1 t he procedures of identifying the |ipBgM/i1L2005/001188

speckl e on the captured image, determning a

Sheckie: Sb%ﬁ%ﬁﬁéﬁhﬁfh@ﬁ#@”#&%hﬂ% he
chat e TSR LB BBt s g

n;al_ﬁ% Wr@ﬁPﬂ% Fdll‘é’)ﬁ)ﬂhptd’etﬁﬂééto*éébr@ﬁbﬁﬁa%ﬁ@ﬁ' EORjGRERIN with
W NGS The di scFosed techni que wi |

thl@dbawimgsilmwﬁnc&ppr eciated nore fully fromthe
follow ng detail ed description taken in conjunctio
With th iguteni hols i aphematic; glusdratians of s%hé‘ﬁﬁt:hd@ pattern,

i on , of a eck e_pattern, construc

copsitlieldt fid acedaiiBed v EroHAnERL ST ibpfEfent of the
Lque Figure 2 is a schematic
Q?%‘ﬁu ?&? ?ﬁoﬁ&g a system constructed and operative in
accor dafgu £hs ansehdoditiceiltstpdtidrnef & sgstesmdconstructed and
technique; and Figure 3 is a block diagramdescribing
operativedn agardanee with m@nmtijmamtcvfg the dissdeserbigchnique;
of , the di scl osed techni que. DETAI LED DESCRI PTI ON OF THE

aIBQBCDI MENTS The di scl osed techni que overcones the

di sadvaﬁt@g,f%g 0¥, geéhaoeki (j”'ag?%lln §¥ iﬁﬁgd%n&e@hééfsbﬁg}atlve in

and net erm ni ng anc et ween
dc@&?daﬁ@@gﬁtmsh ephissdinf@iednthalissvsatiagchRiQueand a

| aser source by processing a captured i nage of the
| aser source wave front. According to the disclosed
techni que, an LRD system can determ ne the distance
between a system nounted with an LRD, and a | aser
source,
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wi t hout having to provide a | aser pulse towards the

| aser source and receive reflections fromthe | aser
waouwsosLs4iThe di scl osed techni que thereby provi PEBII2005/001188

passi ve system and nmethod for range determ nation to a

o e B EALE DEBCHIPHON L HE BB S
p erenfd1%\z§}$§9%8§$ {‘?%{Né‘ﬁcﬁd@rgvéreb sort‘hé‘.cﬂéé&\‘?aq%ggs of the

speckl e ( appears to a viewer.

pAeeak BY praliding 4 Sydrenrand elehrihicedeririining theakhiistance
energing froma | asér energes as essentially a

bpavdettd yasenr aaghe demetorTﬂeemdncabbmvﬂ@tedeKRD)s and a laser
caused by interference on g viqe@vmﬁg pl ane, such as t

se@ltr?enby dirocREStge 2oFaRIedH A ottier Fape SHRHTEE W?Vgeffont-
C .ent, I.ight. i [ i ' '
ARBRIRG Bl bl Bl Y tBnl Pacgbtghive the
d%@%ﬁ‘lé@@)%t\fv@eﬁ' %Lgé}%tém,viﬁbﬁﬁtécﬁ vt G D Cand a laser source,
I'TTustration o speckl e pattern, constructed and

witheuatHawéngd rtoapeovidenaelaseet hpalsee bpwodidee e disehesource and

di scl osed technique. The illustration of Figure 1
recaive teflections figmpthemiaseosouwige c H headisptossdl ﬁeﬁgwue thereby

I f . Vi ewi I Q. j .
oPiiEad paagiTitem S Me Pt Fr'Bhde R AED g asor
sbE| i RogSLopAnFHR BT B a? henid Tphichs
pat t er n_gsarsuseidis dight as&tr is cogherentpi Wiiery coherest light falls
surface. View ng plane 100 includes speckles 102
onta plare; @ speckladspatternied lighteappeaiscle asiawen I his speckled

ST bR, R ST a0 e

; o . ¢ . : ( -

offirsbBhat eSnefilaM g, PoAipfy FIRLGE! Fbr SnDepictiied pattem is

cH0864 by iFRHaER@eh arvibWRES pRIrR sudtess dratethas! Bse eye or
I's proportional to the distance between the inmage

apl inegs plane hoft hecainenat by cfhetentsightkinterNeringrasigurearticles

and t he source of tPe ) . .
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
disclosed 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 speckle pattern captured from laser light impinging on its
surface. 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 Dg, is proportional to the distance between the image plane
-7-
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| aser |ight which caused the speckle pattern on the

i mge plane, designated as R D can be equated
wappscoxistat el y to R by the foll owi ng equati on: PeiYE2603001188

is the wavel ength of the laser light. Equation ( 1) is

o0 e S o BB PSP b S of e
58P 30, T, 5oGRoBE I pkef), RS, e e pane,

dét%igirw]ﬁiéd’ aBR. 1he chanbereiusted hpprbrineatads phdt by the following

nsmttance g , and the refractive index structure
equatggrant C2 (a parameter used to describe the strength
of atnospheric turbule of the mediumin which th
light is travelind¢sandugh, as well as the height, 51)
measured fromsea |level, at which the light is .
wheev el isthewavetengthl obthe laser lighh frouadtas fi)rigdnown in the

atfy 13s 6ARGES SRLAEEARAEO (e gt o By eqpstant
<R (PRACsah BROVElER s (he 'l aser 11 ght . can

be determ ned by gqu i@g—t he average dianeter of th
speckl es capturedﬁbne){ e llemage pl ane and di vi di ng thgz)

WB?E)%H‘ B éqqeeﬂ&‘%n“%@’l?&%fﬂ%&% &ag%‘l?)"b@\ﬁﬁézs {HeORlati Hudnidity

trona Yy con ence now nmade to

RH, oWi& fempbiflrd sTa fheamiosphdricdistransimiitarde ay, and the
system generally referenced 120, constructed and

rePRRARE! YRIek stAGGOrE Buistaht IT°am pabatiorenusell tohdescribe the
di scl osed techni que. System 120 includes a canera 122,

stferfgiPr B9atdsphéfit: WAbRIGRRSSE tHe2Gnedium 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 equivalently be written as:

_Ds

R=25
kA

(3)

where ko is equal to the square of k;. 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 1, the wavelength of the laser
light, and a proportionality constant, ko.

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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filter 128, a wavel ength detector 130 and housi ng 134.
Canera 122 can be an inage sensor. Storage unit 124 is
weomplogd4ni t h canera 122, wavel engt h det ect or RGDTI20e5/001188

processor 126. Filter 128 and wavel engt hdetector 130

datecigrcs %‘?%ﬁt?%an&pg &bin (e e sameTacife: cersered Bler an
Wbl Remde g §’ﬂé ol SN S RRtragg unit 124,

pkeéesdor! 1288, it Gaang v@a\}eléﬁ%trpdéwctdﬂ 30 @r@@)&&il@@@ﬂhnmde
filter, and the like. Filter 128 selectively allows

Hoiugimg @84spEdtefr| %mnebertgﬂlght tpolasizas acwmvelength. filter, and
tf?&ﬁ@ﬁf?ﬁﬁ? Shenectya afowRdas & shectionyalalpriiihs fo enter
HHIEER1 2, SPRI, PRERRI TP CRLsEM TP HERGET & Fghysouice

(65t %&Nﬁysﬁgﬁ’lé@% Frshtf o¥ éérn'e?&'@“wlﬁ’i@hfguﬁ% .impinging

|s not e coherent light source 136 can be, Tor
@, 120 taw@rds Eahtera 1228 sel ectively allows |ight
132 to e.nterbaé/stem 120. For exarrpl e, filter, 128 can
be conskighdt t%rl‘élngJ\ﬁpféh¢9h@FQjﬁt ight spalee ehift wiers system

1@@%& étgﬁsltiage ourﬁg? eﬁééggh |% %ﬂdwﬁpf' oh%?éﬁglight source
1%&@%@@0?’\9%%&&6%%@& | ) rr%%Ie‘cﬁ‘O@gﬂéIll%vc\)/s light 132 to

wavel engf h det ector V\ave det ect

eitdresisteime 20avedeaxdmpty, filieyht28L8an bancbmstavdteelstotdlow only
detected wavel ength to storage unit 124. Wavel ength

light eft wavelmgthst eemnaen dot !ﬁSGrgﬁ@U@@?} aseacigied ayith amilitary

Shiries 0Nl SIRHTB Lo Ml Whih G, Y (o 25t via fiter 128
id dﬁ%tctéﬁo(/\%{rhbr\ﬂ?% eﬁg&ﬁ ﬁét@&tdjre’f‘é onvvé\ga ERBHE detector 130

plrane presen
dé’ﬂ@ct‘s'tﬁbtwh(/é fﬂh iof, IlpthBQthUir @@vid‘@m@ﬂetétﬁedm@velength

front of lig contai n a speckle pattern

tarsiorage mmt)dl%ntW@‘veiengtbl detante 130 further directs Ilght 132
towards camera 122. In an embodiment of the disclosed technique,
camera 122 captures an image of the wave front of light 132 falling directly
incident on its image plane. Due to 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
technigue, 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 allows 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
-0-
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techni que, an inmaging plane (not shown) placed between
system 120 and coherent |ight source 136 allows a

wapwokbs4pattern to be seen, and canera 122 capCTII2805401188
i mge of the speckle pattern by photographing the

oh RIS LGRS B T 5L SRS, LA b e
SRR PRI b Mg A% OB dhragas Proceseo

106! ¥fecls HIRF fdentisd epeckiesbensten daparditinaget héOnce the
i magi ng plane, and canera 122 captures an inmage of the

S?fgﬂbgaﬁ bteﬁg cfi?rtaeplteﬂ agdadentiiedhprocegsiaig 46 measures the
dlaretays dia Ihmdeladeg cuichr e SpackIs oigGeanpt 126 then
dpigEngs i SbeldefetisaE! SRBd, 0P B dibEfe i Rentied
SbERER AT agl e A o eR Mot b et ek gng, o by
séRitimgaspecides hwhitilamenéorsn db prédeteemnieec arideriand Processor

identified speckles. Processor 126 then determ nes. a )
12hardan dlatermines amaalve flor thee RepestieEaliiigconstant used in

: d%gmpigaz :@fl igﬁ&g%@?ggﬁg&hﬁggﬂgwgg egﬁﬁﬁgo%g@kﬁbgmae‘?ected
AR RE B RIEAES ASLE e, cFgetsa Wit

obtdiakdfrorshe dasptﬁmiimage (8)detBrmires sloe rdi2ge behabbn system
uses Equation (3), the detected wavel ength, the
1@20cmad cobetgnttight eostreafl38nd t he characteristic _

di bt ai g ' .
the T anGeTTENREals Ve HALD Bnil Guirkr BnPMTyHE. SogFBgmatc
i@%ﬁra’u’%ﬁf & Frff&h'o%l c?ﬁé’\‘fatﬁ@ n ta%c%h@%ﬁ@e Jvith'Bh Eb&difnent of the
a “Met ho n

ematic 11lustratton o operatrve |
drsdessRischnigu8. an moeedureEnsedhcbhengicotlepsediight is received

techni que. In procedure 156 incom ng coherent light is
froen e vaherent light source, for example, a laser. 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 light 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 light 132, and provides the detected wavelength
to storage unit 124. Procedure 158 can be executed concurrently with
procedures 160 to 168.

In procedure 160, 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 vacuum), 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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froma coherent |ight source, for exanple, a |aser.

Wth reference to Figure 2, filter 128 selectively
wa@bdoemsishi ght 132 to enter system 120, and a | P@ihiL2005/001188

gui de (not shown) guides light 132 to canera 122. In

e ot e B LFaR BepeRbaials WA Hina or
A B IR Sl 90 A £ S o e e
AR RGR] et Br oSl nentE| ot s o
caphreteithags darprecebgoniie. pRrcedssas 1260detectsnd identifies

procedure 160, an inmage of the wave front of the
spaeldes thepapiuseddprageed on an i mage pl ane. Since

o ed ol DEeaden 163,788 iglieifRy ol IRBFEETRd ARl Rlentified
s@é&ﬁe&i&?ﬁéymeasﬁr%c\?t%}‘f;\@ §ordY! aNRhWeldreRReR FRRfurd De prggessor

aptur I mage. reference to Figure 2, canera

1068phensaredtligaigensters o thedetéctedtand iderghiedigeckles.
falling incident on its image plane.ln procedure 162
|ight shepkoerdureel @@ aceharasteristigedienetes afriherrstected and

Bt Srariies dr urgterTiage By e dgingiats 5ARE" miéhsured
spbokiage i '{é%digéf RIHI4h q§%{é%‘?id09%i%‘rrn‘ﬁglﬁy6ﬁ9& e Charagteristic

Focessor I ocessor etects I dentifies

dinetdrasarr betduhioved byagsingatie eXxampley ted wteatistiodl avbeage, or
dianeters of the detected and identified speckles are ]
bye aslactingaspesklese svhivht contsirar dacpredetermined xriteria.  With

ocessor 126 asures the}éj'a ters of tp]e dett ect ed,.
rSlieneR 0 P pBERIRISON 126 Ootaimipes B §NasacieriStc diameter

r rhShi ] : f i
6B Bl pRgETNEH sBbekles ATUE AR e
the meagyibedcedure 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 y, 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
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 wavelengih, the

-11-



speckles, the result of which is stored. Determ nation

of the characteristic dianeter can be achi eved by
waigioa®s15ior exanpl e, the statistical average, BCT/I2005/001188

sel ecting speckl es which conformto predeterm ned

s LT b SHEE? o687 SRR o e
oA g4 ety 10 BEf b dnE RRRC e R Bl fBfand coheront

light S8kl Poe(3) is determned. The proportionality
onstant can depend on at | east one of the foll ow ng:

the rel it ile beirapbregisiel byiepersons skilled Tn the art that the

at nospheric transmttance , .and the refragtive index

disclagad techyiayedan nyte(da?%%&\ig}?éné@ew@aﬂ'@waﬂy shown and

desgGr i the s g [ r Qul : :

dEREMed aabaren renier RFERIE of by QikRiRE] gfcnnigue is
[ r om sea |l evel, at which

d?ﬁﬁé??§H$Eﬁ%*?ﬁ%%@??ﬁgﬁgﬁﬂ%ﬂﬁgﬁva|ue of the

proportionality constant can be determ ned

experinmentally. Wth reference to Figure 2, processor

126 determines a value for the 5 proportionality

constant used in Equation (3). In procedure 170, the

range fromthe [ aser source to the inmage plane is

cal cul ated by squaring the determ ned characteristic

speckl e diameter and dividing the result by the

wavel ength of the incomng Iight and the determ ned

proportionality constant. Wth reference to Figure 2,

0 processor 126 uses Equation (3), the detected

wavel engt h, theproportionality constant and the

characteristic dianeter obtained fromthe captured

image to determ ne the range between system 120 and

coherent light source 136. It will be appreciated by
persons skilled in the art that the
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di scl osed technique is not linted to what has been
particularly shown and descri bed herei nabove. Rat her

wo b@wedsspe of the di scl osed technique is defi nedr/orgs/001188

by the clainms, which foll ow CLAIMS 1. Apparatus for

determining a range to a t light source
emtting a coherent |ight &mhfgt he appar at us

CONpri.sing; | . i ' ii ' e
o1 aRepakgfs JAP AsTARGinTY Ritapgert HiitbiBh IRt Sie emiting
sai g eaRes Mgt SBEmD fRihpsaiatuTReRpASIARE | Sing at

| east one Ilggnt speckl e; and a processor, coupled wth

sai d i nmgdnmges sensoheineludisgiah pmagisg @landefor capkiring an
said at |east one Iifght speckl e on said captured Py .

i naijeagerel the, wave) ﬁ@@*c@Esﬁﬁ'ddé@@?ﬁme@hthgeam said image

characteristig, di anetet of said tified at |east
gnecq)m@ﬁ'ts'%@ﬁ ﬁae?‘? Oé‘r?d“%ﬁeglpa%ﬁ%’a processor

eterm i N | Sbgdr acteristic
di amet eérq%zcr)]édééd%/rir’ gpgglﬂgﬁﬁ% t"g]o sg?d squaring by
the wavghergihteaitl procdssohifentifids ghid aelrasiraheolight speckle
proportionality constant. 2. The apparatus accordi ng

t o ohaaid capturedneragsnpri si ng a wavel ength det ector,

ms LFLQ@%?%M@Q;S I(Pergg%g%cgre e Cfrrgﬁ@ggbi%cﬁg}gﬁﬁgsﬁc diameter of

app : CQrgi - al r r conprising a

st 03%‘1@’2'*5%9??8893.@9%‘{‘%"?%B@“‘ﬂ%ﬁ‘?"@%uéﬁgd with said

I mge seRgpsinasaidsgiotesBye betginiineest saitiorangehley eiquaring said

sai d storage unit stores said detected wavel ength and
characteristic diameter and dividing the result of said squaring by the

-l

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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BavelBgi rRpparatugcag@pEiing u

said captured image. 4. The apparatus according to
claiml1, further conprising a filter, optically

waeomplosd4bet ween sai d coherent |ight source anPCHHL2005/001188

i mge sensor, wherein said filter selectively all ows

id coherent light i i d 5. . .
5apphhai APk BEARrdIB0dpa A T NUFIRE CoRBRRr g foht guide,

ligh i de,. e aig: i . ' iy j
conBPERTy Say TeFftcmaR e R A HGroP HERE {04 An entrance
appgbif %%lotéié’f@ragi)a?rat& idRaRlsseid hade Senddre

apparatus according to claim1, wherein said processor
determ nes the characteristic dianeter of said

identified at | east one |ight eckl e by statisti cal
206l hg Wheksiai saId  Processor

o oHel AL 5 AR Rler B SPt{Ideneg atgeast one
fa”ﬁ@v{)@%écmgggfs%ngpﬁﬁémve%agr@e em tting a coherent

lig b€am tl od conpri'si'ng the procedures of:
capturing an inmage of the wave front of said coherent
light beami 5 on a plane, said captured ina

) . e .
7chafl het eapparatug agoeilingt toeglaimond, |W@ﬁtre'§ge%§t¢ie;processor

identifyi.ng said at |east .one |li,ght speckle on said
capaﬁteé%mp%ﬁééfcgeé‘?%‘?'ﬁ\oﬁﬁ”g’ go%ﬁgpirct eristic dianmeter
of said at |east one 20 identified |ight speckle; and
determ ning said range by squaring said characteristic

gdi apRitAbdafad d@itéﬂrﬁirmﬁl%@ Frsge to ef colaérbridight isogrty erhidting a
co

wavel ength of said erent |ight beam and by a
pr opoherentdight heasnsthenmethod 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.

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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5 9. The nmethod according to claim8, further
conprising the procedure of detecting a wavel ength of
wa@ avod/ossher ent | i ght beam 10. The net hod accopdi/mgoesn01188
claim9, further conprising the procedure of storing
l,engt h and d captured imge in a

am .

6-“3ﬁ&éﬁ%ﬁbﬁapﬁ\ﬁdfﬁ&t%kaﬂaﬁ?@%eapﬁmr&lﬁgé mpocedure of
condREHNEPSRId SohronC iBhP HRAHA yHarbin, i HitSitg' setectively
sel eflbineesaidaddrrerensrgist Bg@ﬁflﬁ%e b?gguJePJ%ﬁr@%e i %\lgg.

captured in said image. 12. The ne accor di ng
claim8, further conprising the procedure of guiding
ai d, coherent |ight beam 13. The nethod according to
18 ail egmathed &Geosding tor Jatra 8. dushed epaptising ghe airacedure of

cha er ] St [ t LS achieved by statistical
avepgglﬁg.ﬁggoﬁﬁg%ﬁm&%@or ding to claimS§,
further conprising the procedure of determ ning said
proportionality constant. 15. The apparatus accordi ng

1Bo ahg ahetled chacordiy 7is ublsirantd, alheram desier idtededure of
herei nabove or as illustrated in any of the draw ngs.
16. detIMIBING Faid cehatiastetigliardiamictehds chahieved- by statistical

sub ti.ally as descri bed herei nabove or as
il |§§$‘%§'§8- in any of the draw ngs.

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

determining said proportionality constant.

15. The apparatus according to any of the claims 1-7 substantially as

described hereinabove or as illustrated in any of the drawings.

16. The method according to any of the claims 8-14 substantially as

described hereinabove or as illustrated in any of the drawings.
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