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The gnvention relates to scanni ng apparatus which may be used in a -
.real-tine iWBPIAEEystemand, in particular, in a real-ti me PaBE&By02834
mllinmetre wave i magi ng system The scanni ng apparatus may al so be used in
other radionmetry systens. British Patept No. 700868 (February 952 -
Decenber |953) describes a twstreflector which relates to a simlar field
as the present invention. M Igém_mi ng is potentially useful as
an all-weather surveillance amg gu ut any practically useful
system nust be capable of imaging in real-tinme. This is not possible using
existing systenms, In a mllinmetre wave inmager, radiation fromthe scene to
‘be scannebbd Bvensiongelateg iscapRin g SPRATAHS BRI bei used inoy real-timp imagieg system
focused oft.0. y. of mlli i Vier s, nt., . J-arge
tvo- di merto g i el ot BESHE KR E G Bl Rine ol S el 77
i mage ar eappatanfvaiy £ Be uded s 6@ter radidnddtryssygemer nunber of receivers is
scanned across the image in order to build up the conplete picture. A
simlar technique is used in sone infrared i magers (for exanple EP

0226273) . p QUGS AR r 1J¥8qi t - apni ng
of one o PR, 20U GHALE, 1910 CeRNR 1859 MR IEE ARl T O
scanni ng ftesb arsimigaraidldys the pruzemiugeentionl d be devel oped to i npl enent
real-time mllimetre wave i magi ng, although there are several problens
associated with such a solution. Firstly, as the wavelength is necessarily
l ong, in Q¢ ' . t } L L : ;
R e e e e
i magi ng sysipea’icaliguiefiiitlystamentsy be capupldasf idhgihDéh readitmhe Ofhislis fot possibRMEihg ! .
Secondly, the cost per channel is high so that any electronically scanned
or stari ngKgnesystemsRiagnblimetre WaknHunagsr, radigtiondrom e sceng tp he sqagagl ig pollected

millimet r@*@ﬁiﬁtga%%g%ﬁegﬁ&sﬁ%}’&é%é Qn@%??éndé?cg?r?g%gﬁg&ﬂﬂllﬁxﬂ&r@@ﬂf‘}g&ﬁég

the cold encountere St ens.

2003 WO 0At présdt, 12rgP G0 GBASM I3 Bdr AR off heeivesonhicletoest the wha lqufactquiret image
mllinmetre wave i nmaging s stemi% that it nust be able to operate at

TV- conpat #5met vailahie insigad, fan gmalisy nygBen g recstyerids fHANdRETRIS R IMpge inyppder
infrared, j : f& i i axi s
cont ai ned m TR R FpSHRPERTELE. Kbl Loty PRI B

m | 1i met r exavgpleBRIOA26Z73).ar ge aperture mrrors would be required to flap
back and forth at TV-conpatible rates, requiring a | arge change in inertia
at the end of each scan.

Current millimetre wave imaging systems use mechanical scanning of one or several channels to
synthesise an image. Ultimately, electronic scanning and staring array techniques could be
developed to implement real-time millimetre wave imaging, although there are several problems
associated with such a solution. Firstly, as the wavelength is necessarily long, in order to image
under adverse weather conditions the system aperture must be large to gain adequate resolution.
In some millimetre wave imaging systems the input aperture may be of the order of 1 m in
diameter. Secondly, the cost per channel is high so that any electronically scanned or staring
array technique is expensive. Furthermore, in the case of millimetre wave staring arrays there are

fundamental problems analogous to the cold shielding problems encountered in infrared systems.
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In-infrared i magi ng systens, where input apertures are typically on%g G AL
in di‘aneter, rotary systens have been used (EP 0226273}. Furthernore, in
.the infrared, it is usual to enploy afocal tel escopes to match the field of
view in the woewesssp t hat of the rotating polygon. This is i PoTacsdomassdi n
high resolution mllinetre wave i magi ng where the i nput apertures have
considerably greater dianeters and afocal tel escopes would need to be
excessively | arge. Any scanni ng mechani’smused in a nillimetre wave i magi ng

system nusf_therefore b ituated in ejther the. object .o he i | ane.
Fur t her noranotii S i ord el ol Problt Hale g Rt g el s RO GBI o
good of f aspepat® i TPICERMPEEDle ks Fi.¢. S0GHA for e UK 16D 1R£ for EMEUSAN. 1A tiginSrhiedd

t echnol ogy. Anot her known scanning nethod used in infrared i magers is a
syst em of Scanigg systemsairaeftenplasonnrosk Seppikg ablouanexsd doghainegd witain ithpadsuriace. he
nor mal s tort.hei r face?. Radi at itﬁn i.ﬁaci ent an itjhe1 first disc.is reflldg)ct ed
at obl i quel THE MPARPEF A FPETEnhG oy ‘PEYSt“faﬁ%aB 83 ALEFFPRRYS MIOLS YREADE cond
disc to expguir@edlap ba@CaAtor bl PIcoRPatitly rit@! dlyigink Aeargt cRAgRh Rierte W the
rel ative speed of rotation of the discs, varying scan patterns can be

achi eved. @dcif each seen.axi s rotating di sc systemwoul d not be ideal for use
inmllinmetre wave i magi ng, however, as the system would be inconveniently
large. It is an object of the present invention to provide a conpact object
space scarmiifffard Ra4ghdISysiehis Chhere Yinpde apkyices akdtypiilly il 80 mrh & didRle@BBiary
real-tinme mllinetre wave inmaging, or in radar systens. It is also an

obj ect of m@msméhbmnISch(Eé’ngiaﬁgE)ath&@m@rngnélmafrmeé,slt isisusl thgmplaydfecsd

power requi nts a 1 N i.nertjia and gjves..good of f axis rf ormance.
D°5F b ISRy BRe B A0 B0 2 B0 e Rena ol B

i nventi on, ingRaaical iu%éélﬂéso‘hﬁlﬂﬂﬁhimlﬂnét@whydiﬂﬁgﬁ\g wherd the Hpat fesdadle f or
generating output radiation to forman inmage at a curved detector array

conpr i ses;comsiderahlygreaserrdigmesers @ ajoralttelescopesvadd peed dmbe ax¥ressipelpilarge.o t he
apparatus, for receiving and reflecting input radiation, the reflective

pl ate having an axis of rotation passing substantially through the centre
of the pl aAfy sssginginiechdifsraséed ik niillindétiONavieSmbglak byiksh AlusethBrefore BE Sinditd ia
[err]a to the normal to the reflective plate at the centre of rotation,
rotary meagither B abischer theyinags plase| Rurthegraors) sy scanningfrerobsaismgithatgd dn theimage

Conver gt n s BRfdef} et F B AR DN AR BB HE, L 1ot

co- oper at eteghridiogyhe curvature of the detector array to focus the inage onto
the detector array. The rotatable reflective plate may be a substantially
pl ane reflector. In a preferred enbodi nent, the apparatus may conprise a

ratatabl e Rgbieokiowh Bhdhis MOhER SN BittSeFinbABE MPARIA] of o AlcsREBAE ML

an inmage at t etector ray, eby T ncorporating the function o
f ocusi ng neas swhicit ave slightly dhcdinediosthe abineads iovkeipfasdseRadiatien inoidehtson the &f< dised

enbodi nent. a dielectrjc layer i | ocated on.the surface of _the cqncave

rot at abl e HSéPﬁ?&&dia&eL l&tlaévl&sm grpm 'iw fisst sotabieisoAmgdipassss 19 B SR idl6rtat i on,
for providj : i ] i : i [P} y
b’ ot oy oot BbordiE A Etibh. By vatite MdUrlenfarih pdd Vo1t E sfée o CompRAfor I8
of the di ediscy, varyinigayar paterhs clrebsantieved. ifch b ineo-aris attdiedise ystm woeldpioabe

ideal for use in millimetre wave imaging, however, as the system would be inconveniently large.

It is an object of the present invention to provide a compact object space scanning apparatus
which may be used, in particular, to implement real-time millimetre wave imaging, or in radar
systems. It is also an object of the invention to provide a scanning apparatus which has limited

power requirements and minimum inertia and gives good off axis performance.



are preferably both aspheric. In particular, the apparatus is such tratEB 2003
.astigmati smand coma aberrations in the image formed at the detector array
. are ninini s&P 014875 FER 2003 WO 00/ 14587 PCT/ GB99/ 02834 | n B-HGBrHERH
preferred enbodi nent the rotatable Mangin m nor may be used in conjunction
with a |l ens arrangenent | ocated between the rotatable reflective plate and
the detector array arranged to receive both input radiation fromthe scene
and i nput Acdiditig torthe mesent treentfonpappiaaisifor @tatihginpef tadiation &opl mdcene ambifor
bei ng capabl e of sel ectcl,vel y transmitting and focusing radi ati on having a
part i cul ar8SBETRIERE QURTL SAAIFIANEP (QEY ANGRA8T Met qUEYRS defsctai B RAMBRNPT i si ng a
first polarising elenent, for selectively transmtting and sel ectively
reflecting radiation having a particular direction of polarisation, the
first pol arrbmitabie reflenivatpldig\formdngarf sntrahceynipins setdpparats) for andivirgvdandg a
subst anti al flat surface, a second elenent for rotating the djrection of
pol ari sat irai{lpycaﬂg npyt eiagAnt e ﬁﬁgﬂwg kst bavinean wwo TaiRGOR DRSIMES pBRHALY, ng
el enent, f i.ve S, LLi [RY2 1 i@atlon
having a (IPPREEEhint s bRRS L ARCoRELAG) 1 BHndi SR B8 AR o
havi ng a tthé nahmabloahé rdlettive mate at tancknire\of Rgatforsubst antial |y flat surface,
the third polarisation axis nmaking an angle of substantially 45 wth the
first polarisation axis, The arrangenent of the apparatus bei ng arranged
such t hat i LAl aratus is reduced and a conpact
confi gur atrlht?fﬁlé{g&{gg i‘é‘@ghgt‘)fgnéfg&?l&%?ﬁ%%ﬂgr ef erred enbodi nent, apparatus for
scanning input radiation froma scene and for generating output radiation
to forman inmage at a_detector array conprises; a rotatable reflective

pl ate, forfRFUsENEmean foRREYUHTS AT INpage phike pISEIPRATRY for recei vi ng and
reflecting input radiation, the reflective plate having an axis of rotation
passi ng substantially through the centre of the plate, wherein the axis of
rotation ichadactetiseden thast thee coavergiag effemyd fahé fochiing heamoandehe totatdtle refiettiect | ve
plate, rotary neans faqr, rotating the reflective plate and a | ens

arr angerrerH?a%F?'ﬁﬂﬁétﬂ ot e pRR ST %tﬁ%ﬂr aprad - Roe B be g 90 Biedistectiia

i nput radigtion reflected fromthe rotatable reflective plate, and being
capabl e of selectively transmtting and focusing radiation having a
particular direction of polarisation, the | ens arrangenent conprising a

first polagisin | egent , r sel ectivel ransm tting and sel ectively
reflecti ngfhﬁata'iagi’ﬁdﬁﬂ%éﬂwﬁ&?%mbﬁ’%% F@Pgﬂfyrp TR pol ari sation, the
first polarising elenment having a first polarisation axis and having a

substantially flat surface, a second elenent for rotating the direction of
pol ar i sat ilona ppéferredPersbeiiBe®OhS apparatus may comprise a rotatable reflective plate which

exhibits a concave profile for producing an image at the detector array, thereby incorporating the

function of the focusing means into the rotatable reflective plate.

In a further preferred embodiment a dielectric layer is located on the surface of the concave
rotatable reflective plate to form a rotatable Mangin mirror configuration, for providing optical
correction. The profile of the dielectric layer may be different to the profile of the rotatable
reflective plate. The surface of the dielectric layer and the surface of the rotatable reflective plate

are preferably both aspheric.

In particular, the apparatus is such that astigmatism and coma aberrations in the image formed at

the detector array are minimised.



WO 00/ 14887 PCT/ GB99/ 02834 radi ation through substantially 45 and a 2xhFgmig
.polarising elenent, for selectively transmtting and selectively reflecting
. radiation having a particular direction of polarisation, the third

pol ari si ngwo e@v@s®? having a third pol arisation axis and a sWHCIVGBR9I0283I4Y
spherical surface having a centre of curvature, C and a radius of
curvature, R the third polarisation gxis making an angle of substantially
45 with the first polarisation axis, wherein (i) the axis of rotation of

t he pl at ﬁﬁge?] at.ur ¥ - -
separat i ?)LHQO t 8&?#%5%%%:&%?%@%%%@#%%%%5% 1 oé%:ag?\dt% S’gé%%‘“)cg utra\g/%gtttmﬁl rvén,th C
along the axis of rotation and the separation between the first polarising
el enent anlgng dmmngdnagne larhted petvimendivd wtapdble oifletiivaplateand thesdetastar atrky aeangad |

t he arrangenent  of .t he apparatus being such that. i.n use optical aberrations
-t he | TGP PABIRE R ok SR Scae Gy P CiiAR BEe'eh FORLE FLGRUE, Che
appar at USehi &gk blatel B bédsd éﬁ:%fe!o?@%}@&ﬁ_/ﬁ sﬁ@ﬁhg%a AR 8sihP rddiioh FaGRg hor med

at the detector array are mnimse apparatls may also conprise a feed
hor n ar r gpartiomigo dirsdtiog od pplatisaiont thedénsfaeredgdmoem somptifieg & éied pblarisiag Elznmenng

part of spher.ical surface havjn radi us of. curyature substapti al |
Baual *to R EIGHE B R BB o g A IR RO BRArs S RGO ReHsbon Sie
appar at usporm%a@dé the FRSIYOI AR éi&h&ﬁth%néhrfﬁyt’po?ﬁﬁﬁﬁénsmgmﬁl k&'vﬂ{égal subdtaially
detector ‘el enents. The ‘detector array nay formpart of a mllifetre

wavel engt fiatisufage ragsecamislemernfef wtaingyhe diteetibn 0§ polpnsation of ragiatior theotghmay be
a pl anar id o Ly es and the thir ol arising el enent. ma substantial ly
oher oo Stapray i o i oo Grister et ST P SR e G SELeP R

ar r angeneRiisoRL kARH Habing &' daffouldr Airdctlod dFHRNarRAGSE ieatin€ PhRALIRE Blemehhe
apparatus may further conprise a corrector plate | ocated betweeh the

r ot at abl ehatinga thindipolhesation exispot davisg agulsstameally faosurfasenthe thgd ppldsitoalaxis

aberat ! ofSah AR RHSLRNTE: Sha R IPLSEEiduRy 2 ® FEB 2003 WO

The arrangement of the apparatus being arranged such that the optical path within the apparatus

is reduced and a compact configuration is achieved.

In a further preferred embodiment, apparatus for scanning input radiation from a scene and for

generating output radiation to form an image at a detector array comprises;

a rotatable reflective plate, forming an entrance pupil to the apparatus, for receiving and
reflecting input radiation, the reflective plate having an axis of rotation passing substantially
through the centre of the plate, wherein the axis of rotation is inclined at a non-zero angle 6, to

the normal to the reflective plate,
rotary means for rotating the reflective plate and

a lens arrangement arranged to receive both input radiation from the scene and input radiation
reflected from the rotatable reflective plate, and being capable of selectively transmitting and
focusing radiation having a particular direction of polarisation, the lens arrangement comprising
a first polarising element, for selectively transmitting and selectively reflecting radiation having a
particular direction of polarisation, the first polarising element having a first polarisation axis and

having a substantially flat surface, a second element for rotating the direction of polarisation of



PCT/ GB99/ 02834 In a further preferred enbodi nent, the corrector plat@d EFR2003
weak ‘converging el enment to allow the over-dinensioning of the |ens ,
arrangenentWO@U/S8¢| i m nated In a further preferred enbodi nERIT/GR29/02834
‘corrector plate exhibits an aspheric convex profile. In a further preferred
embodi ment, the rotatable reflective plate is a weak converging el enent for
renovi ng spherical aberrations fromthe inmage forned at the detector array

and to al 1{3@1 6&‘1?@%{% E’été?ﬁﬁﬁ?e” aoc r& BlaHSAS cRhleA 95 @{:tn? ‘Pyt? smlttm%a.nd

el i m nat ['n er pre i ment t he ot at ere ctiv

pl ate is slestivabyrpilectmgeradiation ha\\em@mpartloulaf tiosotibmef mjmsengl,ni@p thodpoladéing he
l ens arra

to he In a further ref | ment the
T ot at abl SR Beting & SHrdELEEEHPL RS Suth? SRRl BHRE STHRG APV & gfe of
appar at uUscyifurd! 8, thi RGhEHE o Pouridiite, R SREHMET polhrisadiod &l Hﬁ&ngﬁﬁf&glé gd
enbodi ment, the angle of inclination 9a is %etween 1 and or the
bur pose ofubsthntialiy: twithtthofirst pdierisatiomaxipol ari si ng el ement” shall be taken
to mean any el enent which acts on a particular polarisation of radiation,
i ncl uding el ements which act on unpol ari sed radi ati on but which do not

produce p@hdtin$hthd B84 &t loifion of thepldte FaseLARMR QRS hrvature, C, and

(ii) the separation of the first polarising element and the centre of curvature, C, along the axis of
rotation and the separation between the first polarising element and the plate along the axis of

rotation are substantially equal,

the arrangement of the apparatus being such that in use optical aberrations in the image formed at

the detector array are minimised.

In particular, the apparatus is such that astigmatism and coma aberrations in the image formed at

the detector array are minimised.

The apparatus may also comprise a feed horn array comprising a plurality of feed homs , the feed
homs forming part of a spherical surface having a radius of curvature substantially equal to R/2
and being concentric with the third polarising element . The apparatus may also comprise a
detector array, comprising a plurality of detector elements. The detector array may form part of a

millimetre wavelength imaging camera. .

Preferably, the first polarising element may be a planar grid of wires and the third polarising

element may a substantially spherical grid of wires.
The apparatus may comprise two or more lens arrangements arranged in series.
In a further preferred embodiment, the apparatus may further comprise a corrector plate located

between the rotatable disc and the third polarising element for removing spherical aberrations

from an image formed at the detector array.



PCT/ GB99/ 02834 The invention will now be described, by way of exam?I er @m
wth'reference to the following figures in which; Figure 1 shows a dsi a['gf

of a conventional rotating two axis, two disc system Figures 2(a) and 2(b) .
show exanplyes ogrissshe scan patterns which may be achi eved usipggdisdcbgsat i ng
two disc systemin Figure 1, Figure 3 shows the single axis two disc system
of the present invention, Figure 4 shgws a one di sc scanni ng system
conprising a roof reflector, Figure 5%shows a roof reflector, Fi gures 6

shows a compact one. di sc_scanning systens.conprising a polarising roof

refl ect o&‘," g%\“@?ﬁré’rege%’?%%b%%éﬂﬁfg ecliT RS ao‘?'eak cga‘fflfées gi;erqeéh alipdhe nay
be used io'%eﬁ@i%c%@i%ﬁiﬂlg'}ﬁ_ﬂqu%rﬁwgeméﬂtM@elﬁnﬁﬁt@&"? a diagram of a one disc
scanni ng system including the polarisation sensitive reflector lens in

Figure 7, Figure 9 shows a one disc scanning systemenploying a plurality
of roof detlfethes prefemedembndirmenythecconBetonplate exhibitaan psphens canyen padin

pattern, Figure 11 shows an enbodi nent of the apparatus that nay be used to
provi de a conical scan pattern, Figure 12 shows the scan pattern which nmay

be achi evygd faﬁﬁdagréfbﬁe@md@hm, thE oMtable réfla@tvEplatk is a wéalbcdnvErgthgZfiflet@or -
0011458T PCT/ GB99/ 02834 8 Figure 13 shows a further diagramof a scanning

syst em prempinggrkensahdbsantions fionptie impge formed didhedptackns agey and waaliopnthe
sensitive_refl e . le i.n_ Fi qu i . shows an enbodi nent of the
appar at us Vflﬁ'ﬁclﬁeg‘%@éfqgnogﬁef lg%sr r ecé%?gﬁﬁltdg{)%airgmr%é%‘uce the ~ over-di nensi oni ng
of the main static reflector |ens,

In a further preferred embodiment the rotatable reflective plate is a strong converging element to

allow the converging power of the lens arrangement to be reduced.

In a further preferred embodiment the rotatable reflective plate exhibits an aspheric concave

profile.

The apparatus may also include a radar receiver.

In a further preferred embodiment, the angle of inclination 6, is between 1° and 10°.

For the purpose of this description, the term “polarising element” shall be taken to mean any

_ element which acts on a particular polarisation of radiation, including elements which act on

unpolarised radiation but which do not produce polarised radiation.

-



-

Figure 15 shows a diagram of a conpact configuration for the enbodi grgritfBiz0)
Fi gure 14, Figure 16 shows an enbodi nent of the apparatus incorporating a
corrected coixdssdcanni ng disc to reduce the over-di nensi orHOTYGRH/0288d nai n
static reflector lens. Figure 17 shows an enbodi nent of the apparatus
incorporating a rotatable Mangin m rrar scanning disc in place of separate
scanni ng disc and corrector lens. Figure 18 shows a diagram of a conpact
configuration for the enbodinment in Figure 14, includinhg the polarisation

sensitive reflector lens in Figure 7. ° 2 5 F E ~ 2003 WO 00/ 14587

PCT/ GB99/ GRS 8femeintillidS, Bedebtribet ChylwaytofeRi 18 loh BNWth r¥feredts® the follolwirg
system conprises two discs 1 a, | b, each supported on a separate axis

2a, 2b whi fguries icBhAkict ed to a rotor nechani sm 3a,3b. Each axis 2 a,2b is
inclined a few degrees to the normals to the faces of the discs | a, | b.
Typically the angle of inclination is S. As the discs 1 a, | b rotate about

their respgaké Vehowsesiiagriifiofl®bénveiinal totuling two axis tve diaysteins | nci dent on
the first rotating disc 1 a and is reflected at oblique incidence towards
the second rotating disc 1 b where it experiences a second reflection. From

recer vi ng. Wera Ay oA ARRRRAR Ry B BL LU o o

(or recei yshtigy twaddisc skémexBignteel, the receiver 6 nmay be the receiver
element of a mllinmetre wave i magi ng canera or the receiver elenent of a
radar system The two discs 1 a,lb may be inclined at the sane or different
angles to I : L i ¢ rotate with the
same or dll:ﬁag?g%&%&ée gélgg)g%g\ﬁ%)lﬁf%kﬁéﬁenf%e % %%&ég{%?%ﬁxrequi red at the
imager. If the two discs 1 a, | b are inclined at different angles to their
axes of rqfati and are.rotated at different speeds, a two-di nensional
scan patt i FIOW5 OREidise SeATmIngrsyR 7R cgmprigag BFSQLAGHIECIEE f on of the two
discs are the sane, two discs rotating in the sanme direction give rise to a
petal scan pattern, as shown in Figure 2a. If the angles of inclination of
t he two dFémse aslowstearostrefliedny t he discs rotate at the sane speed but in
opposite directions an alnost |linear scan pattern may be achi eved, as shown
in Figure 2b. For operation at mllinmetre wavel engths the apparatus shown
in Fi gur e plourss 4 $i0Ws 3 86mbstt B HidE SanmAglsystetisl dORIMERIE a potarlsiic186f €ASRMSX - | T
is therefore inpractical for use at thése wavel engths. Referring to Figure
3, a conpact scanning apparatus, suitable for use in a mllinetre wave

i magi ng syste conprises .t refl ecti at e for .exanple.discs. la,lb, .
suppor Lea e iR B ekt off ettt Fhion oty FURER i Eh SRR o
each di sc apgarhtls, @ rotary nechanism 3 and a fixed, plane mrror 8.

Radi ation 4 fromthe i mage scene falls onto the first rotating mrror 1 a.
Any one direction of the incident radiation 4 undergoes a conical scan on

ol oot LRt b 'St PR e b OB £ | o

col I ect i omeflyetdr éhs In Piguiel®e | mager. Fromthe col lection optics, radiation is
focused to the receiver elenment 6 of the imaging systemsituated in the
i mage plane of the focusing optics 5. 25 F ~ i3 20D3 WO 00/ 14587 10

Figure 9 shows a one disc scanning system employing a plurality of roof reflector elements,

Figure 10 shows a near linear open scan pattern,

Figure 11 shows an embodiment of the apparatus that may be used to provide a conical scan

pattern,

Figure 12 shows the scan pattern which may be achieved using the apparatus shown in Figure 11,



PCT/ GB99/ 02834 The nornals, na,nb, to the two discs 1 a, | b make grg apwh®
6a, Ab respectively to the axis of rotation 7. For the configuration shown
in Figure 3, where the discs 1 a, | b are inclined in opposite directions, .
“the directigp ffisdghe scan is perpendicular to the plane cont gipidpde Rty the
axis of rotation 7 and a normal to the plane of the mrror 8. If t%e t wo
mrrors are tilted in the sane direction, rather than in opposite
directions, the direction of the scan §s in the plane containing both the
axis of rotation 7 and a nornmal to the plane of the mirror 8. Typically,

t he angl eSigse dbshexys afurthesdiogeam of apeanpmg systemroyidigtargaisakscapPHErL t he
angl es of .i 1 i . . | Lscs la,lb in the sanme plane
and of suﬁé‘{i‘g‘&ﬁf@ g’%l@ﬁpé@ggﬁ%ﬂtgjﬁﬁ%ﬁ%térgg@lkb%g'tﬂ )%’ but in opposite
directions. In this case, the forces due to the tilt of the mrrors and

t heir w ndage cancel on the axis of rotation 7. Wth the configuration
shown in Mighie &4 showsipa embofignent ofibg ApRATatuE HICAINOEHING 3 OTSeton BIsEE to medycRHean
angl e of %Q, x(_m%goﬁ .égf{lgfnaﬂps%ﬁcx%%l J:tE'xC 'hglati on of the mrrors to the
normal to Y Re axis orerotation TeTRere ore, for exanple, an inclination
of 4 produces a total field of view of 32 in the scene. After radiation 4
has been reflected fromthe two reflecting discs 1 a,1b, it is. focused by
the col | ediigwn 1§pqvssa Gagam of & Fempet pyaguratior fof te srphasdimentdy Eigdra l4The
receiver 6 may typically be one or nore mllinmetre wave detectors in an
array. A tenporal encoded formof the imge is recorded by the detector or
det ect or s Rigurt Né shovags guibadneandf the rapparatuk iwotpredgmgod cdriveted cancapatdaaning a
two di nensj onal jnage may_be unfolded frgmthe tenporal encoded signal or

si gnal s. Fdéﬁctaaﬁdtu%@rsaweroﬁ@enmm a?tm@%%ﬁ&a%geﬂgﬁ I8ses the resul ting
scan pattern is a raster scan. For reasons associated with the way the eye
processes a noving i mge, a raster scan nay be the nost desirable form of
scan. Fur tHigured7 ehowssinenbadinenit of the @aparatuk invegporatingayrotdtaldle Mangimmsirooul d be
used, each detect.or, r cor?in one or, several lines.in the inmage. This

archi t ect §F §°1f‘ﬂi’§°ﬁﬁ HP aﬁgscﬁ?m%glsﬂﬁf’%lc‘iréecf%lﬁ?st he required i mage.

WO 00/14587 11 2 5 F F f3 2003 PCT/ GB99/ 02834 For exanple, with the two
discs (Figure 3) rotating at the sanme speed, the resulting scan is a line
scan i n orRigute 18 slsivery difgrem o€ ¢ covhpaétroons guwmtiomior tiee ¢mipagementyin Figufeoldred by a
i near arr.a gf etectors positioned at, 90.tq the line scan. In this case

t he nunberméf1 PEHEPORTREHOD SPRIgNETe thg{:i[ep%ﬁl]agﬁrpg’. be the same as ‘the nunber
of detectors. In an alternative enbodi nrent of the scanni ng apparatus, the
two rotating discs nay be replaced with just one rotating disc 1, as shown
in Figure 4 further reducing the size of the entire apparatus. In this
configuration, the apparatus also conprises a 90 (n/2) roof reflector 9.
The construction of the roof reflector 9 is described with reference to
Figure 5. The roof reflector 9 nmay conprise two flat reflective surfaces
10a, 1CGb which are inclined at substantially 90 to each other and are in
contact along an apex 11. In the figure, a hypothetical line 12 is drawn
between the two reflective surfaces 10a, | OGb, wherein the line 12 is
substantially orthogonal to the apex 11. The line 12 shall hereinafter be
referred to as the line of intersection of the two surfaces 10a, | Qb.
Referring to Figure 4, radiation 4 fromthe scene is incident on the disc 1
and is reflected to the 90 (~/2) roof reflector 9 where it reflected back
to the rotating disc 1 and then reflected to the collection optics 5 of the
i mgi ng system via a beamsplitter 13 which separates the path of incom ng
and outgoing radiation. Although it is preferable to separate the path of
input radiation 4 fromthe path of output radiation 4', in some operating
configurations it may not be essential and the beamsplitter 13 may be
omtted fromthe apparatus shown in the Figure 4. As in the previous
exanple, the rotating disc is inclined slightly to the nornmal to the axis
of rotation 6 by an angle 9. Typically, the angle of inclination, 9 , my
be 5. Using this configuration, an alnost |inear angular scan (as shown in
Figure 2(b)) is achieved in a plane parallel to the line of intersection 12
of the two reflective surfaces |GCa, | Q. 2 5 F EIls 2003 WO 00l 14587



12 PCT/.(GB99/ 02834 Although it is preferable to use a roof reflector i ki 03
arr arigenent tmn |ndependent reflective surfaces may al so be used, where .
- the two ref P48 surfaces are inclined such that they are BET/GRO%R8HMe of
substantially 90 to each other but are not necessarily in contact. This
arrangenment, however, would result in®@a |oss of sone radiation reflected
fromthe disc to the reflective surfaces. The beamsplitter 13 may be a
convent i oRaferigy ta FHigur) @, Aonvertichiabiwar disd 1desing spRanSodbrisee pws aists:, 0 bdetit
radiation 4', for transm ssmn to the imaging system frominput_radiation
4. A convéHHoBedN PEAPATAISTHY222R wbrchtlwﬁr@aﬁp t%ﬁg?rsm@chemma 3pphtBach axis
transpare I t
W rosr 1§ AR 318G HB o Th T S e T iR Tt RANE B
r adi at i on of omlnyauéﬁ id 5°nAa|thq:cbI;carlaslbdouamchbam thar respédtive axest ineident Thdiatimay 4frdre |
conducting w res of thep rising mrr r ae0|ented at an_angle of 45 to
the i nci déhfscengds Hicidst on t S%H“tr?fég Frele sa qcreﬁ@apblwr:m@ ¢F orardatheon
t herefore t ol
" Uher of or 6 *F Ry RRRENSY be‘”%ééﬁ%&géfféﬂéﬁ%ﬁi& ot efleRREElch Pl LAl e
at 45 to tibgratietien mby bapasssibwotandmagidg of rechiwinguystert typcchllyeomrrshfgcmﬁec‘liaa I
h. Radiation 4 experlences a 90 rotation of |ts direction of polarjsation

on ref | ectoPBs SAnd@TEca V5P (Priepaergiray)- ERteXaaple. DS Toraiverd mey hathe Fesiveict i ve
di sc. Upondghi @fcatth?ﬂnét?é)%\tzé‘i?n gﬁf%aéahiéﬂa SH RE rekeivef el&ﬂérﬁo & eAaaCs eHP
radiation 1s therefore -~/4 | olarised and 1s su sequent

refl ected by the polarising m rror 13 and passed to the collecti on optics

5. The pol.ari si t ore tr arent. for.inco radi ati on
ol ar' s6d T o Bt e B EHRARA i 2 ALTAPT DERS T (o8 DB Bdhfuct | ng
Wi res and rkgpedtivt RE FAck@nd RlayirMaRWiRidhe dstha bt @iffeRk @ﬁeeaﬁ%maﬁ\gloﬁlmé ear he
direction of the conducting wires. The arrangenent shown in Figure 4 would

t her ef or e patém reguiredwatthe imagen If)thleawo dists bnlb erchincled etcdiffarent angles to ez axasr

6. In this_e od| he, dISC 1 has ta be over-dine ed
conpar ed. 8RBT AP Bl tpie v fepSost sty Bl B deevepJt
axis of rqkddngRe of ﬁmhmiohw@mtt%tdms did 186 bard) twb diRerdtimpGR e s@me dirédtogct ed
beanms and secondly because there is a S|gn|f|cant di spl acenent of the beam
fromits rEveispdss petalrscaspatiean, @ shoyyn indtigiere 2aals the anigles ofincknation pfxhgdwa 4587
13 PCT! B i i s g B s el B B P GorRUL GRG0

the rotating %ﬁ% © SpmE1P08 &' A& 6. As
in the premeausma&mlrﬁsybémlmd,mglshdm ifBigetat i ng disc 1 is slightly
inclined at an angle, 8, to the axis of rotation 7. In this configuration,
t he scanni ng apparatus includes a polarising roof reflector 14 conprising
two subst gy STeINE- 1 I o]
each ot her. Hf‘ﬁéritté%ltg{éharl S&@%@@%&%ﬁ Eﬁﬂé‘a‘t%ﬁié&g 5@gg¢qsi%1%y\f\gd er >ebfc Iq g%l ve
surfaces |a08, fuffermorelisguther Somple Ipis ltteeréfoes inptaaticalfor tise\ae thesd wavickaabihon axes
oriented to transm 1 rad| ati on having substantiall ¥<I’t he, sane pol ari sation

and subst FHETEHPS P FigHE P} & ForBpach s7aBINg appATatst B tele Toruse ingg miliimere waYs on 12
of the t S

ohral el " LIPERESIRal SodnRsckthn LARK Y Olafesd b ShAM Ay | 6L BERBHEN RS BBl
al so be pcnsl Tpassinpthosghitiocdntrd ey @recserfaceafl each disc 3a,1b, arbtacemedhanism 3 and 2

pol ari sin refl ec wher thetwo ol ari s are jnclined at
C ot ant i dPies BEHeimoLF kL £uDah Fipek Sodtfalieons i SR ue o orda
the scanni g GRRAEAHADIMSARLMREAIEESH @uE@Jr%&@lé Joﬁfc%lté?.&n dfreh1BétionQha IR g,n{ohe

direction of polarisation of radiation by 4 diation i ncident on
t he Far adaye plencanipror B6Fronttheguiesr 8 radatimiio neﬂentedtte tIrhsc@mtileratu@‘ disc 1b where it

'polarlsatlon e asses ugh i . r ot tion. er SS)..

Rach at | on ‘STSEORNS BRECUiHBE Beces Shhe Brhebh o g8y caffeSiam wpnr sl
through t Ir%cwsemo th@felca%xoaerﬁéntts%ttxﬁ@mFa@wgd@xteﬁpsﬁﬁma inlthe lﬁégy drieQT theS
reflected by the rotating dis¢ 1 and its direction of pol arlsatlon i's

t her ef or e foousmgegtitsS.a further 45 as it is transmitted back through the
Faraday rotator 16. The radiation is then reflected at the roof reflector
14 and experiences a further total rotation in its direction of

pol arisation of 90 as it passes back and forth through the Faraday rotator
16, while being reflected for a second tinme at the rotating disc 1. At this
point, the direction of polarisation is such that radiation 4' is able to
pass through the roof reflector 14. Alternatively, the Faraday rotator 16
may be replaced with a mllinmetre wave birefringent surface, such as a
Meander -1ine. For incident plane polarised radiation, which my be resol ved
into two perpendicul ar conponents each oriented at n/4 (45) to the
dlrectlon of polarlsatlon of r the |nC|dent bean1 a neander Iine may be

o o o ~r~ 7 o o 1. .




WO 00/ 14587 14 PCT/ GB99/ 02834 Havi ng passed through the roof reflecf S’rFFMB[B
-pl ane pol ari sed radi ation incident on the Meanderline is therefore o
~circularly polarised. The circularly polarised radiation is reflected from .
the rotati wmods4s8t and passes back through the neander |i needmcBdem2834

pol ari sing roof reflector 14 where it is reflected on the first pass, back
t hrough the Meander-line and the reflel%tive disc, but is transmtted on the
subsequent pass. In practice, a nunber  of Meander-lines may need to be used

o Bl kol R B, PSR SRR A oIS S SRR,

the two a
wave | magy grghe ddi€ighafion WoHd Bakde SNWh&E tdfscdal §b BANAcRd %h opbosidz) - The
path of output radiation 4" reflected fromthe scanning apparatus is

separ at eddifgations, tiee dirgstion ofithe acands perpemsiicwdardo thepdiniervodtairing bt theraxsenf 17
and an additional 45 Faraday rotat 18. t radiation 4' ..s_.therefore
Separ at od RS | 196 b o e pne o e Eirort A i g etk tisd S tipgne

col I ect i ofirQiohCrather Bfan bl BpPodRO HiRGSYS iRMirekflon Hf the SR BURSAH I conkdinihs
essential that the polariser 17 reflects radiation at substantially 45to

t he di r ecbétbrthedxipof mtativat7i and amoaman thegdareoftiremirme 8pTimEicallyeths ahgles 6.5
(i.e. at 45 %o t he aggxdl(h ). When using this roof reflector 14 the

di rect i on™3Y PEREMEER a3 {4’ i neger is parallel to the line of intersection
12 of the two polarisers 14a,14b of the roof reflector 15. In this
configuration, the imging systemw || detect a single polarisation state
only. Al thauglvahtagecuspeo i thd hieglésof Srehiastbdre(6f,0¢) of delrotating discd 12; Fdinahd @amed
fromthe path of output radiation 4', in sone operating configurations it
may not belaggaudef sybstantipllyike seamosat (93 7 6a i) bhbinoppagiigyditestions on thig cassy
therefore 1 r . I [~ ell]g | gUre: 8 1S
2 modi 1 Lo pletd shé BYeHAR fARGR B Wil AolitSn shoifoltunlbl Fid
enabl e fothszedfigw@diici shovmnia FigirpRIbeticidenitsamyoftradidtivh 4 Beednved thtough@h angle
exanmpl e, Figure 7 shows a reflector |lens 19 which may be included in the
scanni ng abg4P dvhere 61 gherangleaf inglinptioncof the mismers tosthe nprmal do the axis of sotatiqny/)-
pol ari sin . t iye rr . b 8J

ot Fect or SRR I Eethetd oh HiFhIAr A odho T GRESHE 2PIsRR 2 B Pscene

pol ari sation of radiation passing through by 45. The arrows 23,24 indicate
the direction of polarisation of radiation transmtted by the el epents 20

and 22 r eAfiseradiatiop 4 hasibesn reflected frophe t paflectingpdiscsd apogit igfoorsed By theror
a e 7 o . -
ot erred oeRlion Db CaRb ik er b P B Byt e EodiBY 63 lypitBly be one

i |1 ustrat etimbore rhillimege waas ditastom ¢n anlirrsd Asembaabancotidd form of thetimegsn médoaded

For exanp| e, at |east one of the surfaces 20,21, 22 have a substantially
pl anar suIDY thedleterizg O& APGFIOrsIA RErMEELRIGNG Fnd, owledge.al 150 DAL 31801 ho

direction fil ' readi afal j J: : gh the

refl ect ordﬁeﬁgf&llgl.lh%ggl&%? ibgﬁlmgd?(?eg %I et%tgp%%l %r{?g@%rgr]%%‘?gﬁ %%%%F 20 where
one direction of polarisation is transmtted (i.e. radiation having a its
di recti on_of | ari gation vertically in the plane of the er). Radiation
Cranar ot EGF BRI 5t ROk Srloritcott phass 0% Brg gk seen ga ek Do oD
whi ch rot t j { i L A5 r d
ol ront g B A g EE Y M Dy B e o B e
at the t hidesirabledfoenbf &&ni Eunferpenrdising amstensdahe linedrariay af ddecters abwdbhiusdd, i s
transmtted,by the surf.ace 20 and js therefore reflected. On the r [n

et e 't P SHPCIRR ABRGOBE Ond PRy el e g e TS A4 eriure ares i WOE of
pol ari sat iRHa8Stol fhrrk BRSRquitd¥iniagh the second el ement 21. The direction of
pol arisation is now perpendicular to the transm ssion axis of the first

el enent 20 and so the radiation is reflected. The refl ected beam under goes
a further rotation of 45 as it passes through the second elenent 21 and its
polarisation is such it is then transmtted, and output fromthe reflector
lens 19, by the third elenment 22. Hence, the operation of the |ens
arrangenment 19 is such that one pol arisation passes through the |ens

wi t hout any focussing effect but when the sane pol arisation passes through
a second tine, on the return path, it is focussed. The non-reci procal
nature of the lens is achieved by using a Faraday rotator inside the
arrangenment. Figure 8 shows the still nobre conpact scanni ng appar at us,
including the reflector lens 19 shown in Figure 7. The reflector lens 19 is
situated directly in front of the roof reflector 14. |If the surfaces of

20, 21,22 are of appropriate shape, radiation transmtted through the
reflector lens 19 will be focused. Incomng radiation 4, having the correct
direction of polarisation, is transmtted through the reflector Iens 19 and

Y Y - - - - - - r o, b
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" w, of the open scan pattern to half of the detector pit

25 F E Q 2003 wo oon4ss~ PCT/ (B99/ 02834 16 5 V~~hen the pol arising QQPFFBZWB

refl ector i | oyed, the beam of radiation incident on taling -
disc 1 undéégé@gggyconsiderable di spl acenent al ong the |engt%9§F£¥ﬂ§&M

“rotating disc 1. Referring to Figure 9, it is possible to replace the

single roof reflector 14 with a seriestof roof reflectors 25 of smaller

di nmensi on so that upon reflection fromthe rotating disc 1 radiation is

di spl acedFdrexampledwith dheatmmudites (FigureSardtavhg atbié samecpedds theaesudtingsnarfion line

clarity), therefore reduging the size.of. the scanni a atys stil

further . SBAMOnS digchein. JoF Sreopd dUndrsionp eimmse ey B2 fEia oy alGeragey of

radi ati ongefectdts psitibnedla@ 90N tHeSrR! SUaH. IR thid Base Y MmRPoflinRge éix‘eﬁ irbur e 9

may be slightly concave. In this case, it is possible to achieve the near

| i near opéreciemwopkthegthesatmaathé nuEbeywfdeteotorsThi s open scan pattern enabl es

the nunber of television |ines obtained with the scan pattern in Figure

2(b) to be doubled. For exanple, for a detector array conprising a number

of det ect praneieARAYS ernBRBMBARH tRYscAnmhd GppAarad, Ao r&atiﬁ%&i’?r%' e Beglé‘pwue&it h,
ch, d, €nables an

i nt er | aceWithjist enqrotasingaliselt & shown imErpe #harthentedneingshasizadt the euency

per for mance e,achieved. This is analogous to the mcroscan techni que
Coed i n 1 SHPRTIS tHRGoRGETEioR tis-ehrafsaing somriss o e P TooBEABrorE ot foct s
in HgCdTe focal plane arrays in IR technol ogy and applications " (Ed. L.R

Baker and A. Mason)) Proc. SPIE vol S90 pp 53-60 (198S)]. The use of
mul ti pl e Feofonsiafdtwatod the roof reflecton® widgesreed voth EfegpmcetoFigem Si ke wdirefeqidrase

changes ich inpair. the spatjal regsoluti f. the.i r. Jt 1w refore
e pref er ABFEcPBPaNE Pl Tas B @R s RBiich B iR S sobartly S8BT ot e
i n Fi gur eeadh 3thdr it A8 8n S6Htaet Alofik B8 hsex! PN HRMRE, QhypdiBetRMAMR 10As faWir e 8.
However, the configuration shown in Figure 8 can |ead to pupil wander due

to the dikgtweancthetwo offlegtive sucfoedsrigab.mvherpip thhkinediZsis substentialishasthogafal to the
flect 1 , L.Sh.. t th f he. ef ti i f
he syst et Ty bR LR PoHE el bA AP LIb &5 It diE o st Bt PEbp P s

coni cal spmmobng system rather than a raster scan. Configurations for
achieving this are shown in Figures 11 and 13 to 18. The enhanced
configuration shown in Figure 13 provi des advant ages over the apparatus

shown i n ELIG (8 piflyl B3halsliod 3 ORI e SOMRACLoc AL SIGRSARON 2 KGideRS 1d e

pupi | wan has a nuch I npr oved ‘spa reso I on over

appar at us9@f(nR) esofeeffectot Pavitré ANCABIRADaSK @Mhe irdtatigdlisce] dndl tAbrsRflpdieModas t he
advant age that optical aberrations in the imge formed at the detectaor

array ar ecalieption epiies 5o the igygsigtsysem) yia aeemppliterd vaneh womrateadematiafons
are mnim . ~ 2003 W I fus
o ot ooyl AR YU ASEL T BB Tt
41, and a4 freiretht pathafoaypuBfidiativh AY irfsomeTbsdrativfg cdefigehiuns ¢ reapeimt be Sshentikhe
detector elenents 31 are fed by feed horns 41 in the feed _horn array 40.
The appar 34 18e heap splias A B suay by omittedfew the apparatus shawndn hsFagurefy pl ate or
disc 1. The disc 1 typically rotates about an axis passing through its
centre at an angle of inclination of a few degrees to the normal to the
axi s, sayASin ths peviarsicetipiel the rataing/disd irancladfed aliginly td érmohfalitashetaris of
structure described Wth reference to Figure 7 and conprises, a pol ari sing

ref | ect or TStERERY arangief. Towieally.dheangls of inglinaiond graxbe . Wsngiinday

rotator 2 .Sl | .2 2 : o €
o . ns uliatheRoR Ul heh gt on P i Flau LSS il o
such t hat paraltdl dethe linedif kiteroectibn AL ol tpol raflediat kwifaces 04 1dbs case hori zont al

jon 4

‘pol ari sation, passes through the |ens arrangenent w thout any focussing

effect, as described previously, whereas on passing through the lens 19 for

a second tinme, fromthe opposite direction, it is focussed. In the

arrangenent shown in Figure 13, the polarising reflector grid 20 has a
substantially flat surface and the polarising reflector grid 22 has a
substantially spherical surface. This spherical surface has a centre of
curvature at C and a radius of curvature R and therefore has a focus at a
distance RF2 fromthe spherical surface. The feed horns 41 formpart of a
spherical surface having half the radius of curvature of the spheri cal
reflector grid 22 (i.e. radius of curvature = R/'2) and being concentric
with it. The feed horns are therefore |ocated at a distance of
substantially RF2 fromthe centre of the imge of the entrance pupil forned
at the centre of curvature, C. The axis SO about which the disc 1 rotates
passes through the centre of curvature, C, of the spherical reflector grid
22.



As-illustrated in Figure 13, x is the distance between the feed horn array
40 and the plane reflector grid 20, L, represents the distance be?%@ﬁﬂjwmﬁ
plane reflector grid 20 and the imge plane, 35, and al so the distance

bet ween t hewpl@rdsaief | ector grid 20 and the disc 1. The di stREE/ERIYe283he

di stance, along the axis of rotation 50 of the disc, between the concave
reflector grid 22 and the disc. The digtance y is equal to tw ce the

di stance x. Using these dimensions, astigmatismand coma aberrations in the
i mage for mBglo fth@%réf%}mé Rlus@h SodTréfidttor lthid drrahPénddh, 308 ih@peREnOfeEd e 20
had a concave or spherical surface instead, the distances, L, in Figure 13
need not befagsaiay also-bemséd, whire2iposvoneflodive 4adaced &eRClihaBaghohg3keyRaelataan on
enters the par at us .from.the right,hand side of.the fiqure.and falls on
the of f agpaeeprimianyely s 1 cachipthen bucard nelgiersReyilY econhE B RIBRTs ¢ he
appar at us pokafiradb8 résultlif b 1636 besbnd ratifBosltehiectéd 80Mh the aNeloSthbadiectilé ough
the apparatus and is reflected by the plane reflector grid 20. Reflection
fromthe swfase reflector grid 22 focusses the radiation into the feed hom
array 40. There is an angle of 45 degrees between the orientations of the
wires in the plane reflector grid 20 and the wires in the concave reflector
grid 22 angetbbsn kalieday mg@&tﬁonaéntiohmgjomisin\g rfirfofardi prévifiey ARld¥ns' (TlsaiaPiting
rotates the plane of EOl arisation by 45 degrees. Therefore radiation

ent eri ng ontput tadiatioh gh tfortzandmissign tavhielimpging systema dlossmgut tadistiom4t Ae opti cs,
whereas radiati.on.reflected fromthe dis | be focussed, into.the feed
nor - ar r agoRNFRioT PELAERS o §ER Rl Pl rtpae PR sned i, ne
pl ane pol ggicshNgid, szﬂaﬁatc@ﬁd&gnéwiﬁeamﬁﬁwifc@ aff orfellfed @t A fhgldof 25° (Mo |
spherical polarising elenment 22. Using this arrangenent optical abérrations
in the i mimpident radissiodeordy #5} lirgar polarised radiationiis wehsmittnde Thpparafi¢lcandueting
astigmati sm and .co aberrations are mnimse si ngl e, det ect.or el enent
311 AT he YOS EL T PORE B PRGN B BIGRTAT SR e RO e
detector ehR8@p Snlpasd mr@aaﬁulmatracﬁaioa_nﬁeraﬂawﬁl@ﬁalgateb&) thepetT réfdcigrd. i s a
series of displaced circles, as shown in Figure 12. As the reflector Iens
19 can be Trarsoddedxadigtion is therefpee imcidont a thearpo3eflenter & Wish itepelersationdndliped at he

scanni ng stemi.s ¢c act.. In, conventi . arran S canni,ng_optics
nave o bab) et e SEEPerionTs SERY BRo R AHARRI I Lt e RRted s Ragnelty
systens i BOOMANNITls\idedidof pbRaridatfdaldnefledtioh hOihe fddT kefledtof 9'and i @inshiitddde
(60) may be pl aced between the rotatable disc 1 and the spheri cal

pol ari si néo BlegaBentivedisco renpve spherical aberrations fromthe i mage fornmed
at the detector array 30. In addition to correcting for spherical
aberrations, the corrector plate (60) nmay be nodified to enable the

over - di mensjoartestioh ffonethetratating died 1 &sitHis séRneé tinkYadidtionte tHepsivrRed/4 1Biearly
i ncorporating sone positive power into the corrector_plate (60), a weak
conver gi ngolanispdand isybssauently seflegicd By thppalaisingmios 42 ead passed tecthe colleption

ref | ect or 8%@%525 .('Ilh%)potlﬁsgx% hE TS therefore trﬁxsgargnt%gpﬁc%g%cfiélhg’&%o]h%ised in a

PCTI GB99/
direction perpendicular to the direction of the conducting wires and is reflective for incoming

radiation polarised parallel to the direction of the conducting wires. The arrangement shown in

Figure 4 would therefore only allow a single polarisation to be detected at the receiver 6.

In this embodiment, the rotating disc 1 has to be over-dimensioned compared to the aperture of
the collection optics 5, firstly because its axis of rotation is inclined to the direction of the
incident and reflected beams and secondly because there is a significant displacement of the

beam from its mean position as the mirror rotates about its axis.



Firgure 14 shows an expanded form of the scanner incorporating a converging
aspheric convex corrector lens and a static reflector lens (19) of q]ﬁaeﬂm
di aneter. | W@pV5¥onfi guration, the majority of the convergli’(h’lngw&?

the scanner remains in the reflector lens (19), ensuring mninmal cong,
astigmati sm and spherical aberration. Gf axis aberrations caused by the
converging corrector plate will also be small and can be partially

correct ed Byth aﬂihéﬁdfﬁgtshh? bRYVBRbING bil plainEeHe rofatifd disb @ chiE i@tk dboMbRdctor 9,
However, the convergin fect of the corrector plate should be kept to t he
m ni mum r eaq@h@wuth‘;g@p nbpin e previcys exanailefethenommal do B roléing dige L ds slightlgct or

I 19 h t t | udi

aapher i o BTN LB PR By oIBHE DLIOBOL ACT ST RaPr gt 4F R PEAPEAYE i ng
the over- qhﬂﬁﬂ@'a%ldi‘i@m@froéﬂ]@ﬂ&ttcﬁ'tluc‘coﬁlﬁﬁhﬁ§iv@Usulbﬁﬂﬁtlaﬂl%l MQ%&&SU?W 16
and includes a concave rotatable disc (1). Applying a concave ileto

t he rot at dh¢lined |aswb§tar)tlahla§0% trecaglanter The two parissisigad Se @arh@éh@pln@p afdhe &t or

| at fi 1 t
Conver gi ngeSeaiR kRt fregDo s hissE o JabrBerer RSP e et b fenenads
the stati qraneit@sdiffon/RAbH (sﬁt%lantiﬁﬂ{fhk@ixﬁ@p@l%ahw &@%&Eﬁﬁﬁal?fpa}dmﬁ&
operating at shorter vvave engths the aberrations resultin omthis

t echni que pemendishlar 19¢he lingyel 1@%&9@%@3@5 éheet&vomelaﬂh@s \Aéa,s &fty m@qrf:fomubétantwlly
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scanner, thus there is no over-di mensioning nor pupil wander. A further
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the feed hRnifn&iveRY tiedraday fota8iV @ﬁ’xhﬁﬁé RPIa NGRS mifin i e HREeBingRace for
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surface, such as a Meander-line. For incident plane polarised radiation, which may be resolved
into two perpendicular components each oriented at 7/4 (45°) to the direction of polarisation of
the incident beam, a meander line may be constructed to introduce a 90° (1/2) phase shift
between the two perpendicular components. A 90° (n/2) phase shift is therefore introduced in the
state of polarisation of radiation each time radiation passes through the Meander-line. Further
details relating to Meander-lines may be found in the following references; L. Young et al., IEEE

Transactions on Antennas and Propagation, vol AP-21, pp 376-378, May 1973, and R-S Chu et
al., IEEE Transactions on Antennas and Propagation, vol AP-35, No 6, pp 652-661, June 1987.
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the phrase "radiation froma scene" shall therefore be taken to nean
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3 2003 22 Cains 1. Apparatus for scanning input radiation froma scene and
for generating output radiation to forman image at a curved detector array
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pupil to the appara receiving and reflecCting input radiation
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plate at the centre of rotation (50), means (3) for rotati ng the refI ective
pl at e andreflects radiation at substantially 45° to the direction of polarisation transmitted by the two
polarisers 15a,15b (i.e. at 45° to the apex 11). When using this roof reflector 14 the direction of
the scan at the imager is parallel to the line of intersection 12 of the two polarisers 14a,14b of the
roof reflector 15. In this configuration, the imaging system will detect a single polarisation state

only.

Although it is preferable to separate the path of input radiation 4 from the path of output
radiation 4', in some operating configurations it may not be essential and the polariser 17 and the

Faraday rotator 18 may therefore be omitted from the apparatus shown in the Figure 6.

Figure 8 is a modification of Figure 6 and includes powered optical components to enable
focused radiation to be passed directly to the receiver 6. For example, Figure 7 shows a reflector
lens 19 which may be included in the scanning apparatus. The reflector lens 19 comprises three
elements; two polarising elements 20,22 (alternatively referred to as polarising reflectors) and a
Faraday rotator 21 which rotates the plane of polarisation of radiation passing through by 45°.
The arrows 23,24 indicate the direction of polarisation of radiation transmitted by the elements

20 and 22 respectively.
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that one polarisation passes through the lens without any focussing effect but when the same

polarisation passes through a second time, on the return path, it is focussed. The non-reciprocal

nature of the lens is achieved by using a Faraday rotator insidé the arrangement.

Figure 8 shows the still more compact scanning apparatus, including the reflector lens 19 shown
in Figure 7. The reflector lens 19 is situated directly in front of the roof reflector 14. If the
surfaces of 20,21,22 are of appropriate shape, radiation transmitted through the reflector lens 19
will be focused. Incoming radiation 4, having the correct direction of polarisation, is transmitted
through the reflector lens 19 and suffers no deviation while outgoing radiation 4’ is focused

directly to the receiver 6.
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ot Fecti nd FaliR pesk i i SRR YR 10, THIS e ihoflR PR b ot

third pol aglesisiog linkeoBtainet axthne stah Pattetin HOFiglileHB) 16 Be ditied For HAWIPIY) fér a
substantially flat surface, the third polarisation axis nmaking an angl e of
subst ant i dlefegtor gy epmpRENg 2 pumMby O deteetar elements separamidyAnigh gistanse, bf t he
appar at us | : ' Y 1k g LS. reduced
and - computhile HEARES) otiEe oBBLicaq b ih Mt ob e hE SRBRE Wi 0107
claim 12 \iherlgded patiempd @k iobRimet. Héte teahdinuhCspatiydreq(éRy ptrformance may be

achieved. This is analogous to the microscan technique used in infrared imaging [D.J. Bradley

and P.N. J. Denis, “Sampling effects in HgCdTe focal plane arrays in IR technology and
applications” (Ed. L.R. Baker and A. Mason), Proc. SPIE vol 590 pp 53-60 (1985)].

The use of multiple roof reflectors in the arrangement of Figure 9 can introduce phase changes
which impair the spatial resolution of the imager. It may therefore be preferable to sacrifice the
benefit of the reduced size of the apparatus in Figure 8 and to use only a single roof reflector, as
shown in Figure 8. However, the configuration shown in Figure 8 can lead to pupil wander due to
the displacément of an incoming beam 4 by the disc 1 and the roof reflector 15a,15b arrangement

and therefore the effective pupil area of the system is reduced.

The apparatus may also be configured to provide a conical scanning system, rather than a raster
scan. Configurations for achieving this are shown in Figures 11 and 13 to 18. The enhanced
configuration shown in Figure 13 provides advantages over the apparatus shown in Figure 8 in
that it is more compact and does not give rise to pupil wander. It also has a much improved
spatial resolution over the apparatus of Figure 9. The arrangement shown in Figure 13 also
provides the advantage that optical aberrations in the image formed at the detector array are

minimised. More specifically, astigmatism and coma aberrations are minimised.
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or claim 15 wherein the rotatable reflective plate (1) is a weak convergi ng
el ement, the arrangenent being such that the dianeter of the |ens
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wherel n tp%?m{sﬁig%ﬁ&'t& eie%én?%,ifgreexgln%}eea \ge}t}cai Wirf gﬁ&,r 2R Faraday rotator 21 and a
polarising reflector element 22, for example a 45° wire grid. As described previously, the
operation of the reflector lens 19 is such that incident radiation 4 of one polarisation, in this case
horizontal polarisation, passes through the lens arrangement without any focussing effect, as
described previously, whereas on passing through the lens 19 for a second time, from the

opposite direction, it is focussed.

In the arrangement shown in Figure 13, the polarising reflector grid 20 has a substantially flat
surface and the polarising reflector grid 22 has a substantially spherical surface. This spherical
surface has a centre of curvature at C and a radius of curvature R and therefore has a focus at a
distance R/2 from the spherical surface. The feed homs 41 form part of a spherical surface
having half the radius of curvature of the spherical reflector grid 22 (i.e. radius of curvature =
R/2) and being concentric with it. The feed homs are therefore located at a distance of
substantially R/2 from the centre of the image of the entrance pupil formed at the centre of
curvature, C. The axis 50 about which the disc 1 rotates passes through the centre of curvature,
C, of the spherical reflector grid 22. i

As illustrated in Figure 13, x is the distance between the feed horn array 40 and the plane
reflector grid 20, L , represents the distance between the plane reflector grid 20 and the image
plane, 35, and also the distance between the plane reflector grid 20 and the disc 1. The distance y
is the distance, along the axis of rotation 50 of the disc, between the concave reflector grid 22
and the disc. The distance y is equal to twice the distance x. Using these dimensions, astigmatism
and coma aberrations in the image formed at the detector are minimised. If the plane reflector
grid 20 had a concave or spherical surface instead, the distances, L, in Figure 13 need not be

equal.
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Radiation enters the apparatus from the right hand side of the figure and fails on the off-axis
spinning disc 1, the disc 1 forming the entrance pupil of the apparatus. Radiation is reflected at
the disc 1 and travels back through the apparatus and is reflected by the plane reflector grid 20.

Reflection from the concave reflector grid 22 focusses the radiation into the feed horn array 40.

There is an angle of 45 degrees between the orientations of the wires in the plane reflector grid
20 and the wires in the concave reflector grid 22 and the Faraday rotator 21, typically a ferrite
Faraday rotator, rotates the plane of polarisation by 45 degrees. Therefore radiation entering from
the right hand side will pass unfocussed through the optics, whereas radiation reflected from the

disc 1 will be focussed into the feed horn array 40.

The centre of the entrance pupil (disc 1) is imaged by the plane polarising reflector 20 to the
centre of curvature, C, of the spherical polarising element 22. Using this arrangement optical
aberrations in the image at the detector array are minimised. More specifically, astigmatism and

coma aberrations are minimised.

A single detector element 31 in the detector array 30 traces out a circular scan pattern. As the
detector elements 31 lie adjacent to one another, the image formed is a series of displaced circles,
as shown in Figure 12. As the reflector lens 19 can be placed between the detector array 30 and
the rotatable disc 1 the scanning system is compact. In conventional arrangements, scanning
optics have to be located apart from the focussing components which can make such systems
inconveniently large.

As a further improvement, a corrector plate (60) may be placed between the rotatable disc 1 and
the spherical polarising element 22 to remove spherical aberrations from the image formed at the

detector array 30.

In addition to correcting for spherical aberrations, the corrector plate (60) may be modified to
enable the over-dimensioning of the static reflector lens (19) to be reduced. By incorporating
some positive power into the corrector plate (60), a weak converging element may be created,

allowing the diameter of the static reflector lens (19) to be reduced.
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rotatable disc (1) has the same effect as using a converging corrector plate in figures 14 and 15.

Whilst a converging corrector plate or converging scanning mirror can be used to reduce the
over-dimensioning of the static reflector lens (19), for large aperture systems or those operating
at shorter wavelengths the aberrations resulting from this technique may well be large enough

compared to the wavelength to be unacceptable.

An alternative technique aimed at eliminating unacceptable optical aberrations is to reduce the
converging power of the static reflector lens (19) and to incorporate more or all of the converging
power into the rotatable disc (1). In this configuration the elements of the static reflector lens (19)

are now plane or much closer to being plane.

The rotatable disc (1) typically needs further optical correction and this may be provided by a
layer of dielectric (65) applied to the surface of the rotatable disc (1) rather than by a separate
corrector plate. The dielectric layer (65) and the underlying rotatable disc would typically exhibit
different profiles, with both the rotatable disc and dielectric surfaces being aspheric. High density

polyethylene is a suitable material for the dielectric layer (65) in such a scanner.
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The rotatable Mangin mirror offers advantages over a conventional static corrector plate. Since
the dielectric layer (65) is attached to the rotating disc (1), incident or reflected radiation is never
at more than at half the angle to normal incidence that such radiation would be with a fixed
corrector. Accordingly, correction of aberrations is more efficient than with a fixed corrector
plate for an otherwise identical design. In addition, the rotatable Mangin mirror forms the

entrance pupil to the scanner, thus there is no over-dimensioning nor pupil wander.

A further advantage of the Mangin mirror configuration is that the feed horns (41) in the feed
horn array (40) are now pointing inwards, allowing more space for RF components to be packed
behind them.

Figure 18 shows a compact scanner configuration utilising a rotatable disc (1) incorporating a
Mangin mirror and static plane reflector lens (19). The main purpose of the plane reflector lens in

this configuration is to fold the optical path to make the system more compact.

In any of the arrangements shown in Figures 8, 9, 11, 13-16 or 18, two or more reflector lenses
(19) may be included in series.

For some applications the conical scanning apparatus shown in Figures 11, or 13 to 18 may be
preferred over the Figure 8 and 9 configurations, even at the expense of the more complex
conical scan pattern. In practice, the preferred configuration of the apparatus will depend on the

particular application for which it is to be used.
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purpose of this specification the phrase “radiation from a scene” shall therefore be taken to mean

radiation emitted by, reflected from or transmitted from a scene,
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10( 10( arotatable reflective plate (1), forming an entrance pupil to the apparatus, for receiving and
reflecting input radiation, the reflective plate having an axis of rotation (50) passing substantially
through the centre of the plate, wherein the axis of rotation is inclined at a non-zero angle 6, to
both a direction parallel to the normal of the reflective plate and a direction orthogonal to the normal

of the reflective plate at the centre of rotation (50),
means (3) for rotating the reflective plate and
focussing means (55) for producing an image at the detector array (30)

characterised in that the converging effects of the focussing means and the rotatable reflective
plate co-operate with the curvature of the detector array to focus the image onto the detector array.

2. The apparatus of claim 1, wherein the rotatable reflective plate (1) is a substantially plane
reflector.

3. The apparatus of claim 1, wherein the rotatable reflective plate (1) exhibits a concave profile for
producing an image at the detector array (30), thereby incorporating the function of the focussing
means (55) into the rotatable reflective plate (1).
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polarising element (20), for selectively transmitting and selectively reflecting radiation having a
particular direction of polarisation, the first polarising element having a first polarisation axis and
having a substantially flat surface, a second element (21) for rotating the direction of polarisation
of radiation through substantially 45° and a third polarising element (22), for selectively
transmitting and selectively reflecting radiation having a particular direction of polarisation, the
third polarising element having a third polarisation axis and a substantially spherical surface
having a centre of curvature, C, and a radius of curvature, R, the third polarisation axis making

an angle of substantially 45° with the first polarisation axis, and
wherein (i) the axis of rotation (50) of the plate passes through the centre of curvature, C, and

(ii) the separation of the first polarising element and the centre of curvature along the axis of
rotation and the separation between the first polarising element and the disc along the axis of

rotation are substantially equal,

the arrangement of the apparatus being such that in use optical aberrations in the image formed at

the detector array are minimised.

-

5. The apparatus of claim 4, and further comprising an array (40) of feed horns (41), the feed
horns forming part of a spherical surface having a radius of curvature substantially equal to R/2
and being concentric with the third polarising element (22).

6. The apparatus of claim 4 or 5, and further comprising an array (30) of detector elements (31).

7. The apparatus of claim 6, wherein the detector array (30) forms part of a millimetre

wavelength imaging camera.

8. The apparatus of claim 4 wherein the first polarising element (20) is a planar grid of wires.
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10. The apparatus of claim 4 comprising two or more lens arrangements (19) arranged in series.

11. The apparatus of claim 3, and further comprising a dielectric layer (65) located on the surface
of the rotatable reflective plate (1) to form a rotatable Mangin mirror configuration, for providing

optical correction.
12. The apparatus of claim 11 and further comprising

a lens arrangement (19), capable of selectively transmitting and focusing radiation having a
particular direction of polarisation, located between the rotatable reflective plate (1) and the
detector array (30) and arranged to receive both input radiation from the scene and input
radiation reflected from the rotatable reflective plate (1), the lens arrangement comprising a first
polarising element (20), for selectively transmitting and selectively reflecting radiation having a
particular direction of polarisation, the first polarising element having a first polarisation axis and
having a substantially flat surface, a second element (21) for rotating the direction of polarisation
of radiation through substantially 45° and a third polarising element (22), for selectively
transmitting and selectively reflecting radiation having a particular direction of polarisation, the
third polarising element having a third polarisation axis and having a substantially flat surface,
the third polarisation axis making an angle of substantially 45° with the first polarisation axis,
The arrangement of the apparatus being such that the optical path within the apparatus is reduced

and a compact configuration is achieved.

13. The apparatus of claim 11 or claim 12 wherein the profile of the dielectric layer (65) is
different to the profile of the rotatable reflective plate (1).

14. The apparatus of claim 13 wherein the surface of the dielectric layer (65) and the surface of

the rotatable reflective plate (1) are aspheric.
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16. The apparatus of claim 15, wherein the corrector plate (60) is a weak converging element, the

arrangement being such that the diameter of the lens arrangement (19) can be reduced.

17. The apparatus of claim 16, wherein the corrector plate (60) exhibits an aspheric convex

profile.

18. The apparatus of claim 4 or claim 15 wherein the rotatable reflective plate (1) is a weak
converging element for removing spherical aberrations from the image formed at the detector

array (30).

19. The apparatus of claim 4 or claim 15 wherein the rotatable reflective plate (1) is a weak
converging element, the arrangement being such that the diameter of the lens arrangement (19)
can be reduced.

20. The apparatus of claim 4 or claim 15 wherein the rotatable reflective plate (1) is a strong
converging element, the arrangement being such that the converging power of the lens

arrangement (19) can be reduced.

21. The apparatus of claim 19 or claim 20 wherein the rotatable reflective plate (1) exhibits an

aspheric concave profile. .
22, The apparatus of claim 4, and also including a radar receiver.

23. The apparatus of claim 4 wherein the angle of inclination 8, is between 1° and 10°.



