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Bl STATI C LASER RADAR APPARATUS This invention rel ates
to laser radar (lidar) apparatus and nore particularly
R,? bistatic coherent |aser radar (CLR) apparatus. 5
T Q&PYE%ces are wel | known, and have been HBEEGBRWR/IR408
variety of purposes for many years. The basic
principle of lidar is to direct a |laser beamto a
renote target and to detect the returned signal.

Modul ation of the anplitude of the transmtted |aser
beam al | ows si npl BISTATUE LASFRRIEDARAHPARRETEEL er i ned.
Furthernore, the use 10 of coherent [aser radar (CLR)
permts the nmeasurenment of any Doppler shift in the
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meas Slﬁmolﬁeffag?re(%?m&%@r ption lidar (DI AL) devices
a¥e also known in which |aser light of two
wavel engths is transmtted to a target and the
di f fef¥nEIoeH enyet bravam apd hatveebdenrused &mah waistnef purposes for

wav el A, i olgle VERTal2) : re qof the
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CLR #éVP detechiy acthmed sighaleMpdulgtieh 6ihthe \aeiptittiderf the transmitted

MeasydeL FER . hard rgets... For

exanpl e Q%Iﬁsb%gtr ‘%‘% %né‘%ﬁ%gcéﬁ‘n %ubsee&c?%lef]glq?é'a@ﬁgﬁnqoﬁee the use
1) brofiephgent desar radard CLB) pmﬁtsftlgdmeaﬂumembg?if&n% Depy(@Sshif o the
engi | . ) een. used faor er
wi e 0%2355@5‘?% E@?@eﬁe hd2uged FHW’H&%E@%E&W@ speed
geasﬂf it 5o ?m;asmd.ulbifb;btlltﬁﬂgabladrpwm %ﬁs (i f devjc?sl are also

ack: : : . fransnitte ser._beam of f sma

par :Zigin gﬁgéﬁ ?'\c[;\héérﬂolg%)ef E)gﬁts%l; °a‘§a"&%§$t Karapgmiied de gppigeisand the

- Dopptiference rinl abpestidn afettes fifse BRI EsoftBWavddaRhs SHAMA th prbitde a
Ilﬁsefrﬁgasq.rgo LM %fe rian(?)ze1 of -tac{%lpl i cations inc|uding
et eorof oGy, RCrEY AT PRERTEA of & padiqulangrs spestsect i on of
aircraft wake vortices. 25 Measurenent of the Doppl er
fre .shift to a. hjigh curacy is typically
ach%?;‘g%".eﬁh%ffkeﬂﬂe‘ﬂdéfé S‘Eﬁ?f%bg%{?w@trxm@sere@wﬁioﬁ@thtsh& and
r et hnud tsiggsafor\wkidipls, CIRPIbforké@$Has been used to measure the vibration

characteristics of hard targets such as engine casings. CLR has also been used for

20 Doppler wind-speed measurements. In the case of wind speed measurements, the
returned signal arises from back-scatter of the transmitted laser beam off small
particles (acrosols) such as dust and water droplets, Dopplér wind speed
measurements have been shown to be usefil in a wide range of applications
including meteorology, aircraft true airspeed, and detection of aircraft wake vortices.

25
Measurement of the Doppler frequency shift to a high accuracy is typically achieved
in CLR devices by beating (heterodyning) the return signal with a stable local-
oscillator beam, usually derived from the same laser as the fransmit beam. An
example of an optical fibre based CLR system is described in Karlsson et al,

30 Applied Optics, Vol. 39, No.21, 20 July 2000.
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as the transmt beam An exanple of an optical fibre
based CLR systemis described in Karlsson et al, 30
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possible to broadly categorise |lidar systens as bei ng
nonostatic or bistatic. Mnostatic |lidar systens are
so cal | ed because they have c@mon transnmt and
“receive optics. Bistatic |idar systens derive their
nant if pesaltieaid hrpadly p:ateacurge ltdmamtmts @ﬁl}b}ﬂgememostanc or bistatic.

opt td resol ution
75" Mepostiic fisf BORE LA b el UE bicThec AR bibe iifon bvBhyiana
beareseive opties. t&stgtat lidémsypteast deiye ttir namebfen Kavitadseparate

t ha f [ estricts nonostatic CLR systens to
opeﬁgﬁk%ﬁ&gﬁ%ﬁ?%qﬁgﬁges of a few hundred netres.

Mor e-over, slow drop-off in sen5|t|V|ty away fromthe

foc can result.in a or. robe vol ume.
n° fa WOReMAERS Sxijermy Se%ﬁﬂgﬂp @9“9%& ?@ﬁ%ﬁﬁ?g focupipg, dae combined
S rmkmsmﬂt/r@deh&rbe@:bs ecihs tapayTr frodick e hiy RRE MRLUNE d'i@l}éctlon
esul n the ﬁ% ration of spurious reflections.

{ he gt PR L, Pesteisros R M Regen P @ Bitehundied
f O Umétrest NRte-b ek, dWR liroP FER Isbrlsivitd falvBF HoRNBe %Jcﬁ:m:ﬁr}@sult ina
tyans receive . optics significantly
egP‘é’ ‘gege?dglhﬁojb Velpmpeadhe PP&F( iof griad ¥eloaity sneagrements, clouds,
UNSiphdke Rk 8thEOsb] &P Bval FrdnPihE phddBR %lu%%égﬁégu'ltqg el Enfntion of
V|bronetry% in"which a IOM/lntensh%g turn S|gnaP

det Puree refleptions it hs caseo! monedatintGLR systamsnis hapilsn Iaften(found
CLRnaty shteiBl havSibeRRLRHNdxdR BR Sp H%#s%ﬂ/rgc%we optics

| onger _range vi bronetry and sone w nd-
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voI%ﬁ@fﬂe.g. an area in space or the surface of a
hard target). Although confinenent of the probe vol une
may |l ead to a reduction in

In contrast to monostatic systems, bistatic CLR systems have been found to be well

suited to longer range vibrometry and some wind-speed measurements. The non-

20 parallel transmit and receive beams can be arranged to intersect at a certain point
thereby accurately defining a probe volume (e.g. an area in space or the surface of a
hard target). Although confinement of the probe volume may lead to a reduction in

Jthe strength of the returned signal for distributed targets, the noise generated by
spurious reflections is greatly reduced compared with monostatic systems.

25 '

To obtain optimum performance from bistatic lidar systems, the transmitted and
received beam focl must coincide with the location of beam intersection. This is

because the transmit and receive optics must be separately focused and also adjusted

in angle (i.e. "squinted") to ensure intersection of focused receive and fransmit

30  beams at the desired range. It should be noted that herein the term receive beam is

used to denote the region from which any returned light will be directed to the



the strength of the returned signal for distributed 21 March 2007
targets, the noise generated by spurious reflections
is greatly reduced conpared with nonostatic systens.

g@#@ﬁhaln opti mum performance from bistatic |idar
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coincide wwth the | ocation of beamintersection. This
is because the transmt and receive optics nust be
separately focused and al so adpusted in angle (i.e
"squinted") to ensure intersection of focused receive
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obj ect © e present invention to mitigate at | east
some of the disadvantages of bistatic |lidar devices

ey e R R R R T

blstatlc aser ‘radar
charshaine} for fcﬁmumg a focasddacusei beang rmmatre&m&mhaﬁﬁd fo'it forming a

(o for orn1 15 focused recei
£ S AL NAONE bl Ot Pl Piaico 2 ABATE I i the fous of the
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recei ve . fal l axi s when ocused to a
di st c‘?%‘fJ taﬁ“’? w@%%o&sm'ﬁf@@fmwagw degicet he
devi ce. The present invention thus provides a bistatic

lid evi ce.in which squi
&![rhe present invention t%us prowcpes a blstatlc lidar device in which squint is

20 adjusted in a predetermined manner as the focus of the transmit and receive beams
ar¢ varied. This allows, over the required distance range at which the device

operates, the foci of the transmit and receive beams to intersect.

In other words, the location of the transmit beam focus position will trace a first axis
25 over the operable distance of the device. The receive beam focus position will trace
a second axis as its focus position is changed within the operable disiance range of
the device. The present invention ensure that the first axis and the second axis are
substantially coincident within the operable range of the device; i.e. the foci of the
transmit beam and the receive beam fall along a common axis. It should be noted
30 that the common axis may, or may not, be linear depending on the exact geometry

employed.
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the transmt and receive beans are varied. This

all ows, over the required distance range at which the
q‘%@oﬁss&gerat es, the foci of the transmt and receive
Beant 10 i ntersect. In other words, the | ocaPfHFBg3/004408
the transmt beam focus position will trace a first

axis 25 over the operable distance of the device. The
recei ve beam focus position wi ¥l trace a second axis

as its focus position is changed within the operable
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descri bed above, device performance is optim sed when
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conprise a tel'escopi ¢ T'ens sys

| as épetitae pEihe bansimdt qpésa @itiretoablehe first opti cal
@rrangenment via a transmt optical fibre cable.

Hence, the focus of the transmt beamis adjustable by
var izgtvegageondly t the fibel aditi apertywe s liheityafantlgblt iwilt respect to the
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aperture) could be mounted on a linear transiation stage and moved with respect to a
fixed first optical arrangemeént (e.g. a lens). l

20
Conveniently, the receive channel comprises a second optical arrangement
configured to form the focused receive beam and having at least one lens. The
second optical arrangement is preferably configured to couple received radiation in
to a receive optical fibre cable. '

25
Preferably, the focus of the receive beam is adjustable by variation of the relative

position of the second optical arrangement with respect to the entry aperture of the

receive optical fibre

30 Advantageously, the fibre entry aperture is linearly translatable with respect to the

second optical arrangement. For example, the fibre optic cable end (i.e. the entry
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translatable with respect to the first optical

arrangenent. For exanple, the ; fibre optic cable end

(viy'e' the exit aperture) could be nmounted on a |inear

YRR st age and noved with respect to ZCTGBERE004408

first optical arrangenent (e.g. a lens). 20

Conveniently, the receive channel conprises a second

opti cal arrangenment configureg to formthe focused

recei ve beam and having at |east one |ens. The second
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recejved radiation in to a receive optical fibre
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exi t a{erture of the transm.t optjcal fibre is .
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Advantageously, the predetermined angle is caloulated from the inverse tangent of

the ratio of the separation of the transmit channel and receive channel to the focal

length of the optical arrangement. A detailed description of how the predstermined
20  angle is calculated is described below with reference to figure 3.

Preferably, the device may further comprise at least one additional receive channel.

In certain circumstances, it is desirable to provide a lidar system having two or ﬁore
25  receive channels. For example, in the case of vibrometry measurements made from a
hard reflective or light scattering surface (e.g. a window or wall) the laser speckle
pattern may produce reflections having an intensity that varies significantly with the
angle of observation. A single receive channel could thus be located in a null region
and only receive a small return signal. Providing additional receive channels
30  mitigates this problem, as a return signal will be detected by each of the two or

more spatially separated receive channels. The two or more returned signals can be
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to inplenent the present inventi on using a pair of

linear translation stages (i.e. one stage to provide
transmt beam focus and a second stage to provide

MR #YBHMam focus with squint correction) pPEVGH2W3/HNI408
advant age over typical prior 15 art devices.

Advant ageously, the predeternm ned angle is cal cul ated
fromthe inverse tangent of the ratio of the

separation of the transmt channel and receive channel

to tdeniRe t
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angIIEOYlée@ﬁFQﬂW%ﬁleﬁn’msﬂ@escr| bed bel ow with reference

to figure 3. Preferably, the device may further
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sur f, r%%o%ﬁw%ew@ew ndow or wall) the | aser speckle
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30 rextracyal fasn thaidsvigs. obl em as a return signal will be
detected by each of the two or nore spatially
separated receive channel s. The two or nore returned
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at | east one additional receive c provi es at

| east one 5 additional receive beam and t he focus of
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wavelength (e.g. infrared, visible, UV etc).

20
The mvention will now be described, by way of example only, with reference to the
following drawings in which:
figure 1 demonstrates the focus and squint properties of a bistatic lidar,

25

figure 2 shows a technique for focusing and squinting an all fibre lidar,
figure 3 shows the geometry of a bistatic lidar, and

30  figure 4 illustrates a bistatic lidar according to the present invention.
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distributed (soft) target. For 10 exanple, the target

could be a volume of air and wi nd speed neasurenents

could be extracted fromthe device. Alternatively,
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interact wwth a hard target. The device may be used,

for exanple, in vibronetry. For exanple, vibrations

15 of machinery could be nonitjored in order to

identify the onset of failure. Preferably, the

t r aReferinglie dFutes! of M MRAsRIGGD frAldeddive®? dTAiRicAidar device are
mavelengtneln the .region of 1. 551|%% The device m

dhe pansgrfier i coBigurtip angmil filesRr ey pat is focubéd on a

wav ?fo@él Q'Eﬁm(e% Sienil iyl ﬁl’é%bem*éi' $'1@&&1ﬁgﬁi¥d@6 69 focabbd ohl\Be same
invention w |l now be describ way of exanple

l e
onl ProbgvelHme 8 Wradlhis avopds thawo- caﬂ@ci Ieewenlgeam Hhwifbarepejver is also
whi ehsddl BURSprbbE GOBRAS ST AliBRrhdie, tﬁ@fe@tﬁv&%ﬁﬂé&& Nvay from the
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1 D i d atangbeiting the atesmiBHrand recdine ake @riacitédt et the probendlhgeged
to transmt a |aser beam 6 that is focused on a probe
volume 8. Simlarly, the receiver 4 is configured to

be Fhaausedligsated ele SEOR of flfeRiAE oM@ i PBCiBF theNraQéiger AV relBiver
t he Egéiglled re ve beam 10 of the receiver is also
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Referring to figure 1c, the effect of altering only the relative angle between the
transmitter and receiver of the system of figure 1a is shown. It can be seen that the
return signal will actually be derived from the region of intersection 14, which is at a
20  shorter range than the point of focus of the transmitter and receiver. Again this

reduces the sensitivity of the system.

Figure 1 illustrates why both the focus and the squint of a bistatic system must be
carefully adjusted so as to define the required probe volume. W001/35117 desctibes
25  atechnique that has been developed to enable accurate alignment of the transmit and
receive beam at a desired probe volume. The method of W001/35117 involves
detaching a section of the receiver optics, and directing a laser beam down the
receiver so that a “real” receive beam is formed that precisely matches the spatial
light mode into which light must be scattered in order to be detected by the receiver.
30  The receiver and transmitter can then be focused and squinted so that the “real”
receive beam and fransmit beam intersect and are focused on the desired probe

volume.
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bistatic |idar. The foci of the 10 beans fromthe
transmitter and receiver are co-incident at the probe

%ﬂﬁégg 8(.}8 Figure Ib illustrates the effect of

a "54%8ni y the foci of the transnitter an8CT/EBa03a¢4408
of the lidar systemof figure la. It can be seen that

al t hough the range to the focus (R) of the

transmtter and receiver is shprtened, the return

signal can only be derived 15 fromthe regi on of
intersection 12. This reduces the sensitivity of the
system , Referring tqg figure Ic, the effect of
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shown. It can be seen that the return signal wl|
actually be derived fromthe region of intersection
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scattered in order to be detected by the receiver. 30

The Asalzairibed atane, the RGBT RpRatiRaRjubehe @RUS 8 ABR: of the
1gqumted so that the "real" receive beamand transmt
e
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PCT/ GB2003/ 004408 8 Referring to figure 2, a typica

prior art method for varying the focus and squint of a

fi brrefased Ml B i6 dbhoRlaBPRAY MeUsedss: i %}9{8?1 %ré;%gnented for

Figure 2a illustrates how a beam of | aser
enm et baserhiider pysigne perpdts 2ie st pd focus adjustments to be combined

20  in a single linear translation that ensures precise squint compensation as the focus is

adjusted.

~ Consider a bistatic system in which a transmit lens 40 is laterally separated from a
receive lens 42 by a distance S. The optical axes of the transmit and receive lénses
25 are both aligned along the z-axis. Each lens has a focal length F, and a remote target

T is located at a range R from the lenses,

A first fibre end 44 is located a distance F+Z from the transtnit lens 40, and a second
fibre end 46 is located a distance F+Z from the receive lens 42, To provide squint,
30  the second fibre end 46 is located a distance X away from the optical axis of the

receive lens 42.



focused to a point 24 by a lens 26. Figure 2b shows 21 March 2007
how axi al novenent (i.e. along the z-axis in figure
2) of the fibre toward the | ens can increase the range

t which the |aser beamis focused. Figure 2c

DofEt % es how I ateral movement of the fi bPET/ERP03/004408
Wth respect to the lens. can also provide a | ateral
novenent of the focal point. 10 Control of such
| at eral novenent permits the required amount of squint
to be introduced. The required lateral and axia
t 1 ansened, kRTScus BndionuTend s?ﬁ@in By aRABLE usiAPRY Skpréssios;
m croneter) or automated (e.g. notorised translation
stage) neans. As descri bed above, the requirenent to
separately adjust the focus gnd squiint of the 15
systemto ensure opti nal ov?gtgﬁ—o#i;he transmt bébm
and the receive beamon the” 't ré%t adds conplexity to
the system Referring to figure 3, it is denonstrated
gow he present inventjon inplenmented for a fibre

as &0y FHEFIN LPLRFSEHIL S t he squint and focus
adjustnents to be conbined 20 in a single |linear
transl ation that ensures precise ;quigt conpensati on
as the focus is adjustedRfedtstHer & bistatic systgm
in which a transmt |lens 40 RsH at ermlFy separated
froma receive lens 42 by a distance S. The optica
axes of the transmt and receive |lenses 25 are both
al i ges aphroRiEhatiBe iZcad bk SeenBAGh | ens has a focal |ength
F, and a renote target T is located at a range R from
i0he Ienses. Afirst fibre end 44 is located a distance
F+Z fromthe transmt |ens 40,zand a second fibre end
46 is located a distance F+Z~toemthe receive | ens{32.
To provide squint, 30 the second fibre end 46 is
| ocated a distance X away fromthe optical axis of the
receive lens 42. 21 March_ 2007 WO 2004/ 034084 :
PCT/AeB20 @5rbBwaeser of ferdenmy el ppgnschigel eewb 6f 18¢e the

SYS tfifiniANrRe SI88CHishAds ¥sing the expression; 1 +1-1
1)
&

The required amount of squint as a function of range is given by the expression;

G

© 20

s_X
R F
Hence, it can be seen that;
FS
X== 5
S ®)

For a range of 1.5m (i.e. the minimum range of the system as derived from equation
3 above) a required lateral movement (X) of 8mm is required.

25
Therefore, the present invention lies in the realisation that both X and Z vary with
the inverse of the range (R). In other words, it has been found to be possible o

achieve focus and squint with a single linear adjustment of the fibre end of the




F+Z R F 5 This expression can be re-witten as; Z 21 March 2007
RF-RF+F2 = F2 (2) R-F R F As an approximation, it can
be seen that; 10 2 Z ~ (3) For an axi al m)verrent of Z

= d assum ng a focal length of 15cm th
rw(%?%“@nge of thg systemis 1.5m 15 The F’SE’&BF@&"’“‘““S
anount of squint as a function of range is given by

the expression; S X (4) R F Hence, it can be seen

that; 20 X = R (5) For a rand® of 1.5m(i.e. the

m ni mum range of the system as derived from equation

3 abewv)e @ptice dilier spglel (€} e whichreieR idjdsdlend bf BT end would

requir 25 Therefore, the present invention lies in
t hg g E%fg ﬂ?ﬁ‘F?eﬁlﬁeé]t fogisapd %ﬂ% ghangs eanpesplcpiated A

i nverse of the range (R). In other words, it has been
found-to be possible to achieve focus and squint with
a single linear adjystuuPdiRth8 fibre end of the &

— i p2 2
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r5ece| ve optics. The angle (0) at which a linear
adj ustnent of the fibre end woul d
Thus, in the case of S =8cm and F = 15cm an angle (8) of approximately 28° would

be required.

It should be noted that the angle (8) calculated using equation (6) assumes that the
10 range R is significantly greater than the focal length F of the lens. Equation (6) thus
starts to break down when the range at which the beams are focused becomes

comparable with the focal length.

For light of wavelength ) and hdving a radius r at the exit aperture, the lateral
15 displacement (AL) error required to introduce a 3dB loss is given by;

RZ
s R E— ) 0
nr’

AL

Hence, the minimum range of operation of the system (i.e. the range where the loss

20  is greater than 3dB) is given by;

Ry

n (8

A beam of radius 1.8cm at the exit aperture having a wavelength of 1.55pm would

thus provide a squint error less than 3dB for all ranges greater than about ten metres.
25 )

It can thus be seen that alignment of the present invention remains close to opﬁmum

for longer range (i.e. beyond around 20m) applications such as vibrometry.

However, some deterioration in sensitivity is encountered at short range (i.e. less




result in both the deS|red focus and squi nt change qgnmanﬂ12007

be calculated as; tan0 = X _FS R~ S (6) ZRF2
Thus, in the case of S = 8cmand F = 15cm an angl e (0)

g%?gﬁggﬂ&gnately 28 would be required. It SE§/GBHWWg¥“B

At the angle (0) cal cul ated using eq

assunes that the 10 range Ris significantly greater
than the focal length F of the lens. Equation (6) thus
starts to break down when theltange at which the beans
are focused becones conparable with the focal |ength.
For ﬂhdngal'aundfl Omvpihe te tigeticro@sechichplogtancn gf highereirdes tgrmain thidcus
eX|t erture, the lateral 15 displacenment (AL) error
reqﬁl 8% introduce a 3dB loss is gi ven by; x (0OL3d3

z tR's X (7) ance t he n1n|nun1range of operatfon of

the sten1 nge, whe 0SS. \

e g ROt osTomaty SRR Rled itk etoRtibia SBhe Fanpit e
af raT’idi Wit I:ﬂe f&ﬁﬁ_ﬁf&sllébﬁeh@aulﬁtgdtonaﬂﬁfnkh lldﬁ@h h@gel Aligndl diagonally to the
wavel e t (0] m u t huys r e squi nt error

| esé’PPT?gﬁde’é thepyecelyq leps, @gﬂa&w‘éﬁt@? w&ﬁR cqughp equally
met s@gnted %ﬁoﬂpbsﬁgauécmﬁs WeaFee anidiat mahé BRPRIMs vefsidnhB each

present inventiqgn remains close to optimum for | onger
r an§é thepe wethpdsy Bsaumben o drapdation £[58eS Iéé?diuﬁ‘?ﬁ’sﬁ% éhseea@WO focus

Vi DraQiBhd shuint) O WRY @he s HRd GRS RichPégaint, QR Wlf(pfocus/squmt)
senS|t|V|ty i's encountered at short range (i.
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The benefits of the present invention are increased when more than one receiver

aperture is employed; for example in a dual-receiver or multiple receiver system.

Referring to figure 4, a fibre based lidar system according to the present invention is
15  shown. The bistatic lidar system comprises a transmit channel 60 and a receive
channel 62. The transmit channel 60 comprises a first fibre end 64 mounted on a
first linear translation stage 66. A first lens 68 is provided to focus light exiting the
first fibre end 64 to a remote target 70. The receive channel 62 comprises a second
fibre end 72 mounted on a second linear translation stage 74. The axis of the second
20  linear translation stage 74 is oriented at an angle 0 to the optic axis of a second lens

76 that is provided to collect light returned from the remote target.

Figure 4a illustrates the lidar system configured to interrogate a first target volume

78, whilst figure 4b illustrates the lidar system when confignred to interrogate a
25 second target volume 80. The angle 0 is selected using the criteria set forth with

reference fo figure 3 above such that the linear translation used to change the focus

of the transmit and receive channels inherently causes a change in the squint of the

system. This ensures that, for a given range of target distances, the transmit and

receive beams are both focused and arranged to intersect at the required remote
30  target.




than around 10m) due to the increased inportance of 21 March 2007
hi gher-order terns in the focus «calculation. The

scheme woul d normally be inplenented with zero squint

on the transmt beam 5 and with the receive fibre
FOUHPES*EH a transl ation stage aligned di agoREFGP2003/004408
the optical axis of the receive lens. Alternatively,

the T and R nodes can be equally squinted in opposing
directions by half the anounti?n the preceding

version. In each of these nethods, the nunber of

t r ads|dgsaribed shoagahe plslityed mede afsimgha sdjuserert toveach af dle receive
and S QU o Eyq one f.ocus and one . .
f ocus sqﬁ%ﬁ%@g%rtgt‘\j\o f&g:hus % AR Sl s niptems i uite
t he agiyaptageous.i Theemesewninesntion pene@ Sharanpe ol tHergstthias HeRared

recghuer rtur.e i.s. | oyed; for exanple in a

du awgic%%s%% %Ornt'ﬁlﬁffdt ‘.ﬂgﬁr‘%"?‘é’b &f s tr@i‘fg’(ﬁgg’?de r4egkve repmg The
§ ﬁ feiqginensent of pridriah rdevibased 1%113 icﬁhiﬂii'atﬁ)ﬁ?ﬁ eéaéxafdépm iﬁalﬂrsg&ion for
the_present. inventi.on.is shown. e bistatic lidar
sysﬁ%ﬁf%%ﬁﬁ??@g% gh&¥&ﬁ@ﬁ$ﬂm%ﬂgﬁﬁﬁﬁﬁﬁﬁrﬁh@d%mreceive
channel 62. The transmt channel 60 conprises a first
fibre end 64 n$ Eted on a_ first linear translation

st a]é’emé'ﬁﬁ Lf?xb?SP_ b A SERNGBIorS gifehsenda aplieed dudhd tngyrment of
exi 4 langalbhiethe bptical axhd dFike ©BSmBA: I 1‘@06&\%%&6@?(2{})%% g?glélﬁ%g(m of

The recei ve channel 62 conprises a secon

172w eay Givmathe Optisd axis eé dhe teloasnor ari eho de age! Bladjust the
Thesqakit 8f BF beREpS@RED ' { |3l e 4
IS q?i ent ed a%ﬂé_%n an dg?)éalgt t%!g&}%ﬁ% %{J@ﬁi pglt)?fng@gw?lﬁg&ogmse that
secHRdrsERdnvenon spadd plso pe eplivddo systand baset o ifghspace optics
r et gened-furomstdhen’ a | G a bllustrates
the@I i dar _syst Eé)ne%ooglggi?gﬁrr&esag tglgéalrﬁr es?#iglgg "éte!;\esﬁp?g?ns afog a
t arkfs stpivsRaEnely ® thoppticst axfs qfuregteléipopd tandt pravidsintdyeal squint
141 t onf i l.nterrogate a .25
cond [OUE! SRAEIn O e B bl BLI-BHE, ool 65 et
t hed¥ickteria set forth with reference to figure 3
above such that the linear translation used to change
the focus of the transmt and receive channels
i nherently causes a change in the squint of the
system This ensures that, for a given range of target
di stances, the transmt and receive beans are both
focused and arranged to intersect at the required
renote 30 target.
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descri bed above, the ability to make a single
adjustnment to each of the receive transnt channels
to vary both the focus and squint of the systemis
qui te advantageous. The present invention permts the
range of the systemto be vhfied whilst ensuring
continued intersection of the transmt and receive
AgaEs. The 5 requirenment of prior art devices for the
cali1bration of beamfoci and intersection for each
range at which the lidar is to be used thus becones
redundant .. L n non-fjbre based |idar systens a focus
leffegig%@ﬂc%@mééﬁpé%¥@eB9mPH§nﬁbvenent of a lens
along the optical axis of the transmtter and receiver
tel escopes. Translation of 10 a |lens away fromthe
adyansad ichappek fog ffomnting a &wsabipamsodirbeainstbe fwus o€ dhich can be varied,
a?gjust the squint of the beam produced by that

el escope. A skilled person would recognise that the
present invention could also be applied to systens

based on free space optics (i.e. non-fibre based). In
ageqssie chanepd forformine arfogusadhedcaive dramtheafoted efsilriple cAremsvaried,
along a path at a given angle to the optical axis of

he.tgl escope coul d, provi de..i nt.egral. ui. nt and ,
WGt BeSRFRRR Siner HeBithtiu ot hEhrioR P s of fstnpf e fransmit
bedmevied birof thep@sibhspsints GEFb GRS 1Rl reVBiE MeAAAAN 03 Bmmon axis

Clainms. 1 A bistatic |laser radar device conprising; a

withiigioperablgskissance senge of therdgvieef ocused transnit beam
the focus of which can be varied, and a receive
channel for formng a focused receive beamthe focus

20f whi dévienncdoadingite ethim Wodkessim thd@asbeMi 6Baringl comprises a first
ar.ra?n ed such that all of the possible points of focus .
opjical gEangerahrentigesthioatramathe fogused drapyais bpars apdihaving at least

o 1chocus of the receive beamfall on a common axis

3. A device according to claim 2 wherein laser radiation is passed to the first optical

arrangement via a transmit optical fibre cable.

4. A device according to claim 3 wherein the focus of the transmit beam is
adjustable by variation of the relative position of the first optical arrangement with

respect to the exit aperture of the transmit optical fibre cable.

5. A device according to claim 4 wherein the exit aperture is linearly translatable

with respect to the first optical arrangement.

6. A device according to any one of the preceding claims wherein the receive
channel comprises a second optical arrangement configured to form the focused receive

beam and having at least one lens.




within the operable distance range of the device. 221March 2007
device according to claiml1l wherein the transmt

channel conprises a first optical arrangenent

configured to formthe focused transmt beam and

havi ng at | east one |ens. f‘*' A device according to

claim 2 wherein laser radiatich is passed to the first

optical arrangenent via a transmt optical fibre

cabl g : | € coLdi ng | &l m erein the .
o u? odév%cﬁe&t%}r‘%%?{; C(b?éelglm%i gﬁjgraeg] 3}%% g%ﬁo\g&b(ﬁtyg} iAPPEHIent 1s
cofifigured toaloapleveceiaslirhdiatiorodn tb Aeedeivesdptiopitfitiakable,

arrangenent with respect to the exit aperture of the

transmt optical fibre cable. 5. A device according to
sl ai i {1 _ : , S

Cr anal S ap e t6 B PR ErdeRs b BE el beum is adjustable
b veratipemdithe redativa posivios ef desecaidnptical anyiganentafitli Repect to the
R éce@@g‘%og%ai ns. whe .eilg t he receive channel

ConprY & LE51YE OBt dBFe- ar r angement configured to

formthe focused receive beam and having at | east one

lens. 21 March 2007 14 o 7. A device according to
9¢cl ai fh Bevike pedonding éo sleto §dvinpein ¢hd emry egereistlinesrly translatable

> ' t opple received radiation in to a
W?ﬁelgéélp\g/gtrtgglﬁ %5 n¢$%}cgf%ggmer§_ A devi ce according to

claim7 wherein the focus of the receive beamis

adj ustable by variation of the relative position of
19he Aclesitg aspriiag|to glera Agearin whichh respect to the

entry aperture of the receive optical fibre. 9. A

devi ce according to claim8 wherein the entry aperture
thesexitiapedure pf tieatrakmitadpkieal fitirt B [rRNR Ghndl@atibalcnEeRN6htical axis

ﬁ}ﬁti cal arran%errent 10.. A device according to claim?9
obhe ArstoPlr! AHANgSengaNd aperture of the transnit

optical fibre is linearly translatable along the

optical axis of the first optical arrangenent, and
thehentenepgrtuap exf tthe eeadivet hpticab ddiry és diptartaltrahiibzblei Slong an axis

| i near t r.ans| .at abl | on n.axis
arrange a! 4 predgtermme angle fao tge gpt?cal a)és of the second optical arrangement.

11. A device according to claim 10 wherein the predetermined angle is calculated
from the inverse tangent of the ratio of the separation of the transmit channel and receive

channel to the focal length of the optical arrangement.

12. A device according to any preceding claim and further comprising at least one

additional receive channel.

13. A device according to claim 12 and comprising at least one additional receive
channel to provide at least one additional receive beam, wherein the focus of the at least
one additional receive beam is arranged to intersect the focus of the transmit beam

within the operable distance range of the device.

14. A device according to any one of the preceding claims wherein the device

configured to interact with a soft target.



arranged at a predeterm ned angle to the optical axig March 2007
of the second optical arrangenent. 11. A device

according to claim10 wherein the predeterm ned angl e

is calculated fromthe inverse tangent of the ratio

of the separation of the transmt channel and receive

channel to the focal Iengthl%fOthe optica

arrangenent. 12. A device according to any preceding

claimand further conprising at | east one additiona

recei ve channel. 13. A device according to claim 12

land codpricsiagrdatg oemgtonepéclaihali t toortivheieihy device configured to

.channel.. to.provi de at | east one additional receive
! tsrz?ﬁfwﬁhégl&%ﬁb"lt?@taf%%us of the at |east one
additional receive beamis arranged to intersect the
focus of the transmt beam wthin the operable
1§i st afvcdevicgraseoing trearievine of thel prededieyict@macelatreinntge transmit
n ne.of the preceding claing, wherei.n the device
- oy AoRRE oDt BB Vi £ raeiBuath e gewion o fin
2007 15 0 15. A device according to any one of clains
1 to 13 wherein the device configured to interact
with a distributed target. 16. A device according to
any one of the preceding clainms wherein the transmt
beamis fornmed fromradiation having a wavel ength in
the region of 1.55m




