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WD 2006/ 095344 PCT/ R. 2006/ 000307 SYSTEM AND- METHOD FOR
W DE ANGLE OPTI CAL SURVEI LLANCE FI ELD AND BACKGROUND
OF THE | NVENTI ON The present invention relates to a
nmet hod and system for optical surveillance of a wd
WO/ BP34panoranic field of view 5 In certafh ’Pr?ﬁ%ﬁfoﬂ@“"
applications, an extrenely wde field of view (120 or
more) optical systemis required so that a very |arge
SY R hBMij SYIEAAHOLFOF VIDE ANGLIE @HHQMSU&VEH&LANCE
nonitored either continuously or repeatedly at short
intervals. Exanples of such application include: full
FIEEBTAND@AEKGR@QE@@WM@ space platforns,
mSSI aunc vvarnl ng frroman airporne platform and
borne threat det ect i on from a ground base

| o § PrsRe mXe‘Wé’(“eﬁe a/psther andfwsigppfaptcalgurveillance
lglds of viewis the use of -a

Ofaggg%%é 69P| near %ec or array. Examples of this

aphr oaizhn dregites appltbaﬂoms; apagardmélyblvideatieldns vidly ¥120° or

3473 and EP 1416312 Al. Al though such systens offer

o %150@ SYSITR 18 FRIUUSH |SQThep Vo laeseriohginreasigaal wgioanef the
ObickOhcs W Tbe AR WITRE oISl GPHoBRal @ ibor uteals.
Examples of sewt applcation inwbudeaiill @rﬂﬁurvﬁllmﬁie fémabwediitude space

ce for very small proportion of each scanning
Pla@gfe% gnusgle ga uveming fapean grhomegplatpranind axgwome threat

deteéﬁcﬁf‘ﬁbﬁrht @Bése Tobtt n A WEteloe vd E%S h acconpanyi ng

t he aunc a m ssi bel ng msse et ween scans of

t hens eppmach Amnahitmmgasuohda@eﬁk@&:hf vigwtie this@seséfal dcadning
20 _regjon, of 'interest,

linede FRfHCE e B Spifoe LA SpPigCi otk derorberhiss e mbbrations
US smhyﬁeandpg@gm g@g%g&.]%}wu&éﬁwﬁ%ﬁs Bof]’er 9 costefficient -

_ 5534697 A n nost” cases

solution ﬁwisbamngtamgategiﬁm they siififiér fixomanomabyeeiod shxs . Most
-gﬁsed ti di stortiqn, the field of view o

notaplyy f ¢ %1811 5108 REGY QYRS Yeryingwge aefually wigws each given

pixePé I%ect,t% el fir aavérgﬁlgﬁﬂ p?%cirﬂoﬁﬂgggchzic%&nglcﬁffeeﬂs aesult,

scanning pattern I typrc y use - Tres I'ng mn

theresisnd kigniffmaob kisk®f dsnsiesicevdnes sich b ¢he briefflashodccbinpenying

det ﬁctor arrays, discussed above. Eqr truly continuous -

O 2l eingdrisseg batwaen sqage of theiseoss view at an
ackR RiIRPRivE e%?éb’iﬁh? toi‘u%/%’é%%gg 1%%%.% sed BBk Inonitor the

_sensors deplo
regicdCl 2O G6 FRANBRE of systems employing staring imaging sensors include

patent publications US 6410897 B1, US 5534697 A and US 5300780 A. Ih most

thel

" cases, in order to achieve acceptable resolution and avoid problems caused by optical

distortion, the field of view of each imaging sensor should be limited to 40-60°. In

order to cover a larger solid-anglé field of view, a scanning pattern is typically used,

' resulting in similar problems as described in the context of linear detector arrays

discussed above. For truly continuous non-scanned monitoring of a large field-of-

~ view at an acceptable resolution, a large number of imaging sensors deployed with
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over | apping fields-of-view would be required, thereby

rending the systemvery expensive. One non-limting

exanple used to illustrate the present invention is

t hat of rotection of naval platforns (waterborne

VWOL8W(08538t ships). Ships are relatively 5 vEFHE4]5080307

to attack by many kinds of mssiles, such as

sea-skimm ng mssiles and gliding bonbs, and
overtappirgs fiklds-ofeptwywenld bt required)sthersbyt endings theesystan very

their. defense is dependent upon early detection of
CXPADRYENi ng t hreats. Radar has for decades been the

st r Hpi Wty '

¢ n B8 Rt AR, Al St PR Al HpIRCRY ilenfloh RO of
prot&idar of aavlojibfomnd ¢watethurne vesssisnoe ships).eShips ese relatively

active 10 transm ssion o raigi 0] ﬁ | ses i.ch .give zﬁ/vay d
vulnerpblepiocitask dyomany &iqdsAMISERFS Fhehat ﬁ@'skulnéﬂiﬁg Ay Ssties an
R R B o o B o
defepseoisldependent epgat carhedetediipaniimabening thtews! Rpdarhas Sindecades

(i.e., no-tra;nsrrittig‘%%1 sgarc.an tracki eﬁe/tsterrsal a
beerphg strndausniesiifeafor ssavlone ragking PECtfegfs tor naval an

' S f: ' t ; :
othek By &'éf@]?%eoﬁgfﬁikg ﬁfl&lfﬁgah tx@?ﬁ%ﬂ%ﬁﬁﬁ%&veﬁ%ﬁ it %gl'ﬁ?ééaécuve

applrca or énent 1 oned shortcom ngs
tran§thiskiot: of radiapolseg whikh givenivay the ptesense dfithé vesselt cariying the

of I RST systens for eHaval applications, poses . -
traclgag systamatndo gl | Rengsef Ast 8ot o BiidRedfnsive armaments
towa the 8ley, SPE Svbid Y proflEmQuBABRCRAY b BAd8lBIdBhelop

I'r-borne threat de eCth on requires an extrenely wde
passtvee (ice. o howitemsmiiyingy abrgh cande tiackgng rsyateimmeu bhsedf upon optical

substantial ly 360 ring the shart i me- on-target
SenspEs angy WeParmf"Plﬁ"é'“)ﬂ@FDg éeeé'g%ﬁ%cfﬁ@‘g@% fé%llt) SHEBSckgr ound

opid.cAl : se: . of ¢ sal: j N j f age
oPNe aBlicRiond! paBliBhe the MioldriioRe TOHUGmiME 3 Cboth
scarhfgd @ Ssardng ofystenizealinplementationngf MIRST| eystémss afor naval
result, scanning sysiens tepd o suffer from.
appliur@enwa?asm@%mpﬁwsom the &143‘?‘8%%6“3’(3%& idisient sensjtivity
3 i i s | i .
o By SHPEAR SLBE ! Al SRR el i
fiel @ 6f viesy, aypicsllx osterirignirt atimatis ofisitstentially 3608 dpuring the short
. achieve reli abl e, dq%%'(t;ti on qf a qead-onb g} ssil.e .. 1 noi
tim-pR-gEctAOT sl diremi of Arigarnips S e backgroRp] ppYpal noise
of spiéag gtm# £of ﬂﬁ%!:ﬁévigg sﬁ‘ffaéeeﬁsﬁle v is%ﬂ‘:ﬁbﬁriﬁfiﬁfhz%lﬁh%k from

our, pIX per m e-radian 1s requlr .

- the hedbiemissiotho§ a head-oh ihdopmingintissiteo Msemtesoliadcanmagispgems tend

.arrays aof several  hundyed pj,xe dunensi ons, .as, nan
to sgider. 189%%@%@%@@@@&#@@ ¢ U Fa. 1f B AHOPE Fgstem
is ubddC ARNSHA MO Yl%\felllytimg Dr&BIBRNS sdi%ed, a different problem of resolution

vis-3-vis cost limitations arises. In order to achieve reliable detection of a head-on

 missile threat at sufficient range to be useful, an angular pixel resolution of at least

't,wo, and preferably at least four, pixels per mille-radian is required. To achieve this

resolution with conventional imaging arrays of several hundred pixels dimensions, as

mahy'as 40-80 i}ﬁaging sensors would be required, rendering the system overly

. expensive. .



10

15

20

2 WO 2006/ 095344 PCT/1L2006/ 000307 In other contexts,
it has been proposed to use a single inmagi ng sensor
with optical nultiplexing to performnore than one

i ma nﬂg function. Exanples include the aforenentioned
Ve BBEYY BL where a novable nmirror is usedPEHIANMGLH

the optical sensor between a wde field of view
optical objective and a narrow field of 5 view optical,
olth aghérV@nteAtss iitrhhmbean proppsedto B 2 shughy irhaging sansor with
narrow and wide  fields of viewis alsso diseclosed i.n
opti eing 1QRefRIB gRFCAREN OB HRRYES GIICtRT, B iclude
NI J ViR i8 uB6@RGishetch the
the a‘ﬁ%}?ﬂéﬁ‘%ﬂﬁa&% y%ﬁgg?ﬂﬂpgﬁ‘vg‘?‘%%@t‘%eﬂ el ds of view used
optid‘atp Eerﬁsbﬁllémeltﬁ? i Wildeitﬁ?m o aew fofpticalv@j ectivgd pdriaroy tﬁeld of
steerabl e optical tel escopes for, dis on _separa .
viewseptiashobjerBre Hfsippiar ceueept @ﬁeﬁvvéwg%pfa%éf’% o8 i yyide
nultinlexing te offef ; g 5 ahgseaRf aid Vs 3804976,
ﬁeldﬁiqftf g&@’ntm %%Pi @lgiaog%{eéﬁygsﬁpgge%@gp}g%i g?‘%r elation as a
Anofhieh Wkimplef @isclasal i URI45 BN eprovides @ soponiog rotating pekygon
limtation of the_ aforenenti ne% exi st'Lngv.s st ens 'rt It?wo
whichpofiea twauBelds) 65 Vg™ 56k ai0r | HECBROPISI VIETRED (F nio
. jhreguency | i G s dopB 5k spadte d@eamcNene of
mdepgfd%g@q{ %%/eﬁ‘g%%%ég%@ télalléseéob@% Egd%gel?%gﬁt aEe n (?t o gxpose .
thest h&fersnbay disolobercoptioad nvhltipexing iconffemtive nisnilarchelds (8 view

I ti I nf ti fro f it .
witha dEEuratt ol (Wee I TS SBFIAI RIAID. 3 f SHHOPR 87 4 Siene

X1 N he content of the two inages, the sensor
Suwgpﬁ)é‘gﬁeq?@{e&posed for afirst integration tine to the

f i psHuftee! initedon iofvihet doransationed eoistingasyistays veithe optical

d (a first read cycle), and then th
ultpleaipe s Tt o BB S BFRRSPRE Ry BIoal QI o e read

cycicég &gec '8¥' ?%es <BGr. 2081 né 2%30& atgkéle & réﬁp&s%aglef?rﬁlg%ﬁ)te inbdring

perati'on s referred to as "Rea

illuthagerh aind théREed e tessitinge i foamationafipin emtarsiysof gapacitors |

which it is desired to tect transient. ev s of
assagiated Pk PR BrROr EIPTERAt Begr e i L SRR ThhF 6oBfent RLthe .
senso ' B ked {rBdRbch §hRAS tBS first field-
moé@’@ﬁ?iﬁ%e;gggg%‘ﬁé&%% ToBed for PASPlAPRbich EidS GO fis ng
of-WERRE asddided] capacitbirearefread (1 dirstirsab dydds), tand them ger sensor

areay g b, oethe SRR Tefd of T A4 I PO dt el (o
" | " i MReR] THen Integrat

secoc{&ri%%g Véggfggﬁ?lg ﬁﬂé& urSJf‘ Régtxﬁ e11 %ﬁegﬁ@%;%?ng pr oc_:g%s cEree

(RTIR PO Sirvbillaaes @iplioatimer inodscinft indeséned o detPhi tgansient events of

duration similar to or less than the read-cycle of the sensor, this arrangement is

- problematic since an event may occur while the other field of view is being viewed

25

30

and may fherefore be missed by the sensor.
Finally, in the field of staring sensors with a single field of view, there exists a

technique known as “Read While Integrate” (RWI) which substantially avoids dead-

- time duriﬂg the output reading process between integration periods of a sensor. This

technique is particulatly useful when mbnitoring for transient flash events since it

helps to ensure that even a transient event is picked-up by the seénsor. “Read While

3
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technique is particularly useful when nonitoring for
transient flash events since it 30 helps to ensure
that even a transient event is picked-up by the
sensor. "Read Wiile 3 WD 2006/ 095344
EEPIo3%d8/ 000307 I nt egrate" also effecti vef’?’Hﬁ&"S("&“ﬁ”
the rate at which franes can be acquired using an
array of light-sensitive sensors that produce
Integeite tlsb cffectvedy deullhethetthte dtiwjiith filamtes chepe aaqered using an

armag TEHSepEve 1eeet Aht aodpee eiecraes et Wi e fighidhyt they
are s%&‘i’ﬁ?eotoﬁu@?&%fJnGtﬁéthThggﬁHEigle]oﬁWMﬁviﬁ%v? Y& Mnagasarwith

r eXanple an InSb detettor sensitive to
referemdertarfighrts dlnd 2coupl ed alternately to two capacitors

¢ opotiealtu Hiaieds Shoyscuisiel SEon. fBr it ad dpb dggotor
sensi{ﬁ% o Siffrhfdd ﬁgﬁ\e%@g}e& aﬁt%ﬁ?a%lggﬁ) tho BhpabitolS1Z0KRA! £F by a

o sensor 10, paci t or or 14 °receives and
switdhctnlapaciorg 12 ahé dddhdeth) ate ladiemlataly couplked ¢hargadout circuit

TR B SRR 1 g ol
12 of %gjg@gvésoaﬂdeé&ﬁﬂhlﬁésr ?Q:%ll% e@es_”f fRAQEricAlr Gakde %%dgced by

reads the charge accunulated in the capacitor r
sensdr41(hasl adionsduaenpesof the lighp sropingingléh sensevt 10.FiWhemea 2apacitor

T T AT

 accufful@¥d B the @B%REtSr 18 of 24/ BhE distRark SR8 Chpatitor 12 or 14,

capacitors 12 and 14 and respeclive readout circuits

. 1&Figere 2 vy theestqiencei eflintegtationi and jendouatsed i thenprior art

RW ety ap et ool L0a 50 2850 Al 50 e A RpLaR o Fspective
capabi@s 985 att it it SREHIVE Irb&ddut 2irdSitd $8GstiNBstrRELH HERE 1.
charges accunul ated in capacitors 14 during the

Timé inveetiset o Jefidoeiihtgn Figure 2i nParingbdd-nDumbiersyl time intervals,
ven- punbered, tine int | s, i t 14 |
copaGSRy B RB b Aot PA SR ol e el e

uring e imrediately preceding tinme intervals.
timer ingetvalyc| Puring esven-nuhibepest itioee rfemvelsn cepewiess ildeaccumulate

‘ electgitéﬁl_ @iﬁz@%éhsr h&:ﬁhlugfﬁ@d %F%aﬁé‘c‘ﬁéﬂ' hﬂtcﬁﬂiﬂgnthcci?fﬁﬂé‘diﬁtﬁfysﬁx_%eéedhlg

iR LD 05 ARERS SRR B

capaditSROy dliehd 3l iﬁﬁn&ﬁat%ﬁe%&E%QEﬁn@ﬁMh.aTE@ read cycle, i.e., -
el ectrical charge fromthe capacitors 12 or 14 to
the peridoboatween suicessivBreadbgidiemt the tsafie rapeciforj comepoadetd 2

pair tegﬁm%ﬁ%t\?ag% T%% id?fa\go%lc ag“?q}éq%laﬂgur%% sh%%n; Jth%%iming of the flow of

accumulated electrical charge from the capacitors 12 or 14 to readout circuits 18.

Note that Figure 1 illustrates the settings of switches 16 and 20 during odd-numbered

time intervals. _ _ : )
" Although RWI provides an effective solution for substantially continuous
monitoring_ of an imaging system field of view, it is of limited value where a single

imaging sensor is used to switch between two or more fields of view since each field

. of view would still remain unmonitored for at least half the read cycle.

4
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Al t hough RW provides an effective solution for
substantially continuous nonitoring of an inaging
systemfield of view, it is of limted value where a
single imaging sensor is used to swtch. between two
Wpﬁ%"@ﬁ“i‘el ds of view since each field 30 BfFTAL2R/000307
woul d still remain unnonitored for at |east half the
read cycle. 4 WD 2006/ 095344 PCT/11.2006/ 000307 There

i s Théreriefilosrefcae newdd ffor a avidé dield-bBvidwosurvéitlance system based

surveillance system hased upon staring, i jragi ng sensors,
upor ARG A OEFIS ATOL B RS FOUAGEE o provide
ti tord i . )
SRR MU Bl A0S |EUE] e
imaging eensicsetian werjdoftedwisebefraljhirdd fordubffield efwicoveovagge. It

5 ul.d al so be advant agequs to provide an infrared
would ol HE BAtle HORS fy Loy CIecim RARRSY SRSt AR Sras gy Bm Which

wou [B64ilY CarP REBLIR BhdRIENBANEIO of AF BA” JUBHEE Wilats 1o
threats to platforns, such as waterborne vessels.
platfoumbisRrh @F WEHEbOINEERSEEIBN The present invention is a
nmet hod and system for optical surveillance of a 10
wi de angl e or panoramic field of view According to

R ﬁ*‘f’@“éﬁﬁﬁl\f here is provided an imaging
Systenm conprrsing. ta) a two-di nensional inmaging

sensor array; and (b).an optical system including:

(i Theypresent invendomw it & cadthed rod gystent farsepicabswnteilfandée of a

array and defining a field of view

wid%&%%\%ﬁé%ﬁaﬁfcg a@f’ﬁ%ﬁé"?ons; and (ii) an optical 15

SWALEUNG B8R DreRhf Biveplib®tRdleels pPNidedN bR dnBBing system
optical axis of "the inmaging system between a first
compiigipgt (e Ermdmesivoadinkgiag sénpor artay; apd (lain optical system
. L t.ch{ no chanism ,and the at | east .on tical, )
ot e 1L e O ApmetSer e et o Al ifgeine sensor
array @A Qefiniiol YicUEBLYRWCSS iR ﬂ%&lfg_ﬁfar @imkﬁﬁéds;taﬁ@f(ﬁ) ) optical
| u

‘substantially non-overl appi ng elds of view o

switehipg machapisenior sligmatelyesveitibingan oplita) anisrfdleithzging syptem

betvleff i neafidh AR G gl TR gBY SPBH iR E m s
and e dt MasPOES Bftical AQHehRRAL b&iﬁg d%ﬁ{dﬁlgékuﬁy‘fhbﬁﬂﬁbqﬂlazgilng SEensor

. mechani smincl udes an apparatus t is alternately
array; ger RS itaegey of ehleepdwerstbsimatiallyugraveariapping fields of view of

cord SLESEF A fFEIAE Mt GeB M e Rl of Yo vig

diverging opticai axes in fixed spatial relation.

According to a further feature of the present invénﬁon, the olﬁtical switching
mechanism includes an apparatus that is alternately substantially transparent and
substantially reflective. | o S

- According to a further feature of the present invention, the optical sWitching
mechanism - includes a rotatable disk including at least one pair of alternating

segments, a first segment of eaéh the pair being transparent and a second segment of

each the pair being reflective.
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. to digplacs 7l least nong, Pfithe PR of PHETRCTIPe

25 nmechani smincludes a rotatable disk including at

|l east one pair of alternating segnents, a first

segnent of each the pair being transparent and a

second segnent of each the pair being reflective. 5
V(B"E?ﬁ‘?@?%gssm PCT/ 1 L2006/ 000307 Accor di ng FHT/H2006/000307
further feature of the present invention, the at |east
one pair includes at |east two pairs of segnents, .
whecairding He at fuathep frabure ofahenprissniainventjorgribpat baast one pair

L e
transPRat %ﬂbﬂ-%den%céc&agﬁé Bﬂ“h@el@Pétug h’as;mé Pah AT e RbathiBlts are

resent I nvention, e optical~switching mechanfsm
reflectined toden-ideptical sdrigey obWwavalengtied. ect r omechani cal

shutters, the.appatratus ei ng suhstantially .. . s
© PASRIERE 1D AR et of 80 Brbscnt ap@iosn e optical switching
meclRREh AkILAdd ¥ C}Jlﬁfali%%f @crowﬁeﬂoyashﬁwts%&e@{ fhe apparatus
| a fturther

cl osed. According to eature of the present
being swhestenitialy ttahspaogitivdmh tbeshutiersare opén aed hsbsianimlly reflective
i ncl udes a ir of prisms and a prismdispl acenent
Whe%g’g?ﬁgﬂ'@'ﬁwaﬁ%apﬁq?ve to displace at |east one of the
p%&co?&mgftb% %Eaﬁﬂégf%@?ﬁ@éﬂt iftledt{onS e tReal switching
alternately adjacent and apatt, the apparatus being
meclsmirs dwiides|aypdir affysizarsentd avbesm tdisplagemientrmeakmnism operative
adj acent, and substantially reflectjv en the pri,sns
Ert HBiL; foprisms are

alterfit jacell S Afts, e fpBrants TRRY g@%ﬁ]@iﬂl&? Hans SRt Rehen the

ass y conpri'sing a plurality or errent i oned
pristhsragiadipcsyisinenmmpstantirdlyakfletthe winagthe grisms teeapast. e

depl d in fixed tial | ation, that t.h .
Sk AP, e S5Be e she gl 8e6Ron Begeh rpgded an

stantially contig ctive field of
wheiepR i gaging|sysisins 42 Glephoydd pnefisedabpatiahrelataors tsud8 @iyt the

and nost preferably bst,ant i al 360. .20 According to
subs ATy opE e RO BE oI 88 SR cih henBiATg 1 Fene Systéins
togeitﬁlﬁi'”f@ildltay? stdofilly IcBRGEMs SHRICRTE ﬁér&'dfdﬁéwastpahﬁﬁgtat least

ree of the imagl ng systens. According to a further
120°% arat preferally tah feaptr OB randinmust ptaferaplit substaptialtnB 60°.

swj t'chi,hg . nechani sm sw tgches between the fields of

il o e Ty of MmNt p ettty e phfty of tho
ima%?ﬂég ' fdcliffes SRR KBRS theiBAGIA dy3RgRTENT for _

eadi ng accunul ated 25 informatiom fromthe

t waechrdimgsticanfilrthienfigpiurg of dins presemir inyerntiona theeoptical swiching

- rate, . . .y
mecﬁantism switches between the fields of view at a field-of-view switching rate, the

.ima, A u% h8delritly Fonl iR ES Sgﬁéﬁm tHeO IR BREnd R i@li'aé'ﬁg systems,

imaging system 'ﬁlrther comprising a read arrangement for reading accumulated
information from the _two—diménsional imaging sensor array at a read cycle iate, _
wherein the ﬁeld-of—view switching rate is greater than the 'read. cycle rate.

~ According to a further feature of the present im@ptidn, tﬁere_ are also
pfovided: (a) a first set of read capacitors including a capacitor associated with each
sensof element of the two-dimensional imaging sensor array; (b} a second set of read

capacitors including a capacitor associated with each sensor element of the two-

6
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wherein the field-of-view swtching rate is greater

than the read cycle rate. According to a further

feature of the present invention, there are al so

Qrovi ded: (a) a first set of read capacitors_incl udi ng

02A4833¢br associated with each sensor el eRgHiL2gpE000507

t he two-di nensi onal imaging sensor array; (b) a second

set of read 30 capacitors including a capacitor
dimasizel ataaihgéenboreardy; and &) seherenttchingtamanganenicasy@iated

3

. ..2006/ 095344 PCT/1L2006/ 000307 di.mepsional imagin
withg sw-fimeawn%lrﬂaﬂwg SCRSOR SRY 5 ther Bivt ﬁ&gaﬁﬂF%‘g SRaqf read

It ' 'Eg]iﬂ el | pRalenidPlingiSe AR M gement

cap ag?tﬁxgial’n atﬁg ¢ }Mr:%ths Vgln cgngéﬂége}?%&%f “Pead capaci tors

beingnebrifigaredpto cwiitchwedrmbetignsnfrohmeacimsendoe eemsot of the two-
sW tchj ng.arrangenent, bei n% conf i aured to,_ sw t.c

dimenstonak IMagiRg FesHY BRh PEVESB COBEHBAIESAapafitors b the first and

secoflll 1B ;f‘i’@cﬁl caP t érQ %&?x?&gﬁ%@%@ s@%&l’é@ S‘E)f glf?é {)gtgddﬁ?) oHteng

capacitors o ISt secon

mechaian ibetweensiie civo diedds bfy vieist suchvhatche fiysiofet olif ecaseapesitors
swi.t chipg nechani sm het ween t he fie of. Vi ew
accugilpfe i & CprewRdimgo § o5t diiooR&ls R i ad dbe

Lo . ) . N y _ .
e P 1o R B ek g et o
the t&@cfieitd offi vdewnf or mat i on corresponding to a second of

10 the two fields qQf vie According to a further . ..
T o AT ingriora Eirhs Seatire, Qb PROREL PENGn 48 SStRor SitHjoe
amﬁéeﬁtﬁéglg PlesShb EBEE%%.&BH@ aCORRELIL GBS Shitdhing rate, the imaging
el d-of-view swiching-rate, the imaging System
systémrfutther comrisitg ageal ararearentigaeeding faocumelatidnigformation
accunul ated information  fromthe firs

d .
frong e Tt 2P@ GECHET OB R PRoP A o, IoBE D aiter e cap the

. ﬁeh%ﬁ%ﬁreea gfi{cﬁ - Qe i 'g?é’ﬁ&ﬁ'%&?ﬁ'e@gad &l fafe.gr €at er than

cyclTe rat ccording to"a further feature of
t hAcpardimgnto ianesthérofeaturheof flae eredend inpentivnddbere( & also

providads A Birduiet oAt Rabeu SR B Bihtangr i BSociated with each
sensolRr ﬂ#eﬁ? BPH%WO-&%&BQ&IS&E‘%%& 858y arrANinliQb) & HQW 5t of
Ssef rea ncl-u

% capacitors i ng a capacitor
readaspacitond adludinga eamtitocassociaket eviintachfsendre cfeme@@f the two-

i g B i e i
read‘?éxér%ﬁﬁeﬂnéiﬁ% SRS @A WdRihdE Wit Tk FRE TAHr FdurdCbéts Af Iaead

‘capacl tors, the sensor switching arrangenent an
capdciters; ethel sns@n gwitehingbefranpeneanfangu tled read fartangemerfti peing

_ conga;rlfsg %pﬂb {‘.ﬂag:s&i) Hl?rlh‘]:g gfﬁrgthgal{” %?%1&0 ¥é:a~|deéyciét] e Sensor switching

arrangement switches connections from each sensor element of the two-dimensional
imaging sensor array between corresponding capacitors of the first and second sets -
of read capacitors synchronously with svﬁtching of the optical switching mechanism
between the two fields of view while the read arrangement reads the third and fourth

sets of read capacitors; and (if) during a second half of the read cycle, the sensor

" switching arrangement switches connections from each sensor element of the two-~

dimensional imaging sensor array between corresponding capacitors of the third and

7
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. Whefgineeeh of]

arrangenment sw tches connections from each sensor

el ement of the two-dinensional 25 imaging sensor array

bet ween correspondi ng capacitors of the first and

second sets of read capacitors synchronously wth

YRPUAPHY of the optical switching mechani S#CB&W@HMW

the two fields of view while the read arrangenent

reads the third and fourth sets.of read capacitors;
fourtinsbt{ bf yead Wwapaujioss sechruhohslyfwith stvitehing ad tiey optcal twwitching

ensor, switchin angenent . sw tches connectio

a
mechaygsmdebvecndhs ngle iy wbile theysa @%Pﬁ%ﬁ%fiﬁdﬁﬁfs the first
betmeen correspondi ng capacitors
and b%ﬁ@&g% P%a %{}@%2006/ 095344 PCT/11.2006/ 000307
f oAkctérdiretts ofurtheafbanapafitiomesay inventionihkse 18iddv provided
sW t chi n% of .the 55“ cal 'switchi ng mechani sm bet ween

a pro¢resqngonfigaied fonprnaly g arequencn et PE%%PS QR Hlefe HR4EING System
to di\‘éﬁﬂiﬁg ﬂ{k%&'y infigfe §g&gexfc% @ﬁf’e\%ﬁpa“ tors.
ccordil ng furt ure O e present

i anaettelm algo?h@1&d lscc@tcﬁﬁg o6 ehel !ﬁaﬂung's ?fthe @)@mﬁ?hwentlorl]l,
. con |gu e or .ana g a seq ence or_1 nmages rom-t e
infran ﬁ%@ﬁw A Bagking (ﬁ@'#ﬂr bith Batarhere| Yegpdlathe §
n f
conBHERELTELA, Iyt QB ThEiRY %“étf?fﬁ*é ORI ag&%biy-

deplaged bnfthaaeltas:e@recdtalaﬁﬂed phacktmgthel 1Eﬁ“g}n§ yssemibiyf brchaimg a
wat er borne vessel, the system conprising: (a) at
plurplitysef 1 @f%rﬁlalsnwnféoﬂ%ﬂg&g Syshema iuiqrein the imegiienystens are
I I 0, t
deplBFEPED el WpdEh UBin ek Wafind SEL 1\eR" A} MRl of
imagihgtdyeteafsm)gmalt faned s%%ﬂ@lﬁﬁﬁh@&usvvffﬁmﬁva fidhd of view
[ rragl é@li}hg? are deployed in fixed spati al
Spalméql%‘t"-} Rat the fieids of viewof the plurality

cb&’&ﬂi&f‘ yﬁﬁ"&@? ef%?cﬂ?el[ g? rtpé 351’5@6131’( %ﬂ&éﬁl@ﬂ} ki LY least one

| guours fectiv I ew spanni
stabﬂizbdt;flﬂfmrai Iisy idplemettedAer arplumndjtyt of ahé lstabﬂmedf ;ﬁmfomes and

of, the present (.nvention, the at |east on bilized
the |SF?BF1€ﬁgrR1%T§°1§§5 aarﬁlpa @a?qrf%fmde% ubgroup of the

pluré@@blq | z ngp% Fofrrs c@%?o &R co ggg%n |‘ﬁ%®§ﬁ lch to pther

formwfa sdbgtanphlfly a?naﬁguo%ué effmgwn _gieﬁ@st‘ emh sphm;mgbgbmum;pondmg
prov 1.Ng | e S.0 Vi ew | C (0] er orma o
gm&ﬂsgieaﬁie COPESPNGNS Fueh gng] £3 f@éﬁﬁ&ﬂslgs stangjally sRangpg 360°.
. SPARRAh ﬁatoc Qr fiEMRP YEARL 2P s ;&gseﬁﬂ genubﬁe the at least one
d er subs (Y

corresporidi ng gl ven angles tog tant

stabﬂrzad platforat B. nnlﬂementddmg tam atabﬂmze& @latfoerais ufoe dapldyb&nt on

pr.ese) ntion,, the at Ieast one _stahili

v zed s
OPP‘B)‘-F%?T f ?%nq? PP desicl Bd SPABFR Ao &) o flar ighilized
platfohs AQREQY T8t Ybgroup of the plurality of imaging systems, the first.

subgroup providing fields of view which together form a substantially contiguous
effective field of view spanning at least a first angle, and wherein the second of the

stabilized platforms carries a second subgroup of the plurality of imaging systems,

~ the second subgroup providing fields of view which together forma subst_alitially

configuous effective field of view spanning at feast 360° minus the- first angle, the
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opposite sides of the waterborne vessel, and wherein a
first of the stabilized platforns carries a first
subgroup of the plurality of imaging systens, the
first 25 subgroup providing fields of view whic
POSLE34 or m a substantially contiguous ef P‘é{/}lfzv /000307
field of view spanning at |least a first angle, and :
wherein the second of the stabilized platforns
firstcandr sexond subgrmgs shevelsyo uppedicrt preoviding ahidffective iffebdiofigriew
systens, the gecond subgroup providing fields of view
SUbWt’@HYtSBmﬁ ®or ma substantially contiguous

AP 103 bl At BBl U RSO o
stabfizZéd bl oty i@&&’bﬁli‘zedfto rveithiancredefimnrd levd of pumisiv ghebystem
t oget her prow ding.an effective fiegl Ex of view

(Comising # fing wgos@erang%swdmﬁ ding: {2 agt insgial semsor
f.
arraxfge%%éq&?x%% 1&%@?’*{% %eél?ébﬂshfé’ e f{ng&‘ﬁw E’lﬁhg dsdiai faotion of

the yraisitieéd pkatfotmyﬁid oh a@wasﬁssmgrsystbhﬁresymtsem to tEe {nertidlesensor
conprising a fine St?l i atl on,arrangenent
arraqlgﬁem%.tﬁgproe%%s imagen ¢ JEREHE &?ﬁeg%éﬁerﬂs to correct the
unagecs n{)%gmp’éﬁs'ﬂtetﬂ@? r@ﬁﬂﬁéﬁﬁ?ﬁcﬂl atformfor measuring
esi dual no

the stablilTized platform and (b) a
pr scesslingptosy Sirdrer rfm&nesﬂ the gresehb énviention,i ealch ofribe fields of

arrangeqpent, to ro S | es fromthe
viev.égg gxeﬁ%nggsggn aégqr{? gesoly q?élgcgp ge@s%{rqu]axels per mille-
&rrpensate for the residual notion. 10 According.to a
urther feature of the present 4invention, each of the
fi Alcdsrdnfg tizefurfler featate iofiete ngresops tinveritian, dhes pabs;taitially

(esol ut n of east two er S [l e: r n.
contigioys §iiestye fi lﬁﬁf ?ﬁiﬂ%@r Sﬂaééts %a@%a“g’hg mr‘%@é’H?u Spans a
rang'ferb‘f%gléagfh ohpé’“ spsLapiial ly contiguous effective

Vi ew

spans substantially 360 in azinuth and
sparsomingls  Amther &fatiat dfehs preabustlitvéntion, teew Btadlanprovided

According to a fur eature of t
a ProGRSEIREISY emt*]ﬂ?é‘?“éati:‘i “1&*5*[3 © JraRrg&asct Igﬁﬁla%‘gé%ﬁt %ﬂie‘%%%”ﬁ?ss '
ima @SS R6hAHR A &ﬁ% ﬂ%n’l 09&{185:8 R, ef AB{cb G RAtrA o
rocess inmm ing syste according to

1denmfy5alspeéteergets det ectl on criteriato identify

pected t arget OAccrdln to a further feature .
of ACREIIGRE KL Felertue of (e b SR RlRIVE, the fareet detection

_ cmté}fa foBhidd sbgﬁhﬁ{ﬂl?l ﬁhﬁ’éﬁs‘ @étééﬁéﬁ%fté BitpbGted BlBEL o1 ﬁgnod

suspecte
in excess of about half a second

According to a further feature of the present invention, there is also provided
a gimbaled narrow field-of-view infrared imaging sensor having a field of view not
greater than about 3°, the gimbaled narrow field-of-view infrared imaging sensor
being associated with the prdcessing system for directing towards suspected targets

for evaluation of the suspected targets.

Accordmg toa further feature of the present invention, the optical sw1tch1ng‘ -

" mechanism is configured to switch the optical axis of the imaging system in two
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i n excess of about half a second. According to a

further feature of the present invention, there is

al so provided a ginbaled narrow fiel d-of-view

infrared i magi ng sensor having a field of view not 25

WP2AWEP3¢han about 3, the ginbal ed narrow  FCTAIL206/000307

field-of-view infrared i magi ng sensor bei ng associ ated

with the processing systemfor directing towards
non-pigfleciveiiching ghinss sichrthevedclidiriagingodystdne genesptes irmages of at

argets. According to a further feat u%gﬁof t he, present

t
least; fayefields Af vienetospimeaivasdineniong! awae phieldser wew.

c £

oy SRt By pRovilid fibolsis Bblis Rhesiiisto e shEsh RS ion, en
infrafah -seadchl hed teankinghi(TRETP) apstems uolptibial em Cimaginggiasgembly
. .system_generates images of at |east four fields of ]
including\a rdpnming ob thesfosrmenionsd dmaging.systems; hesrin dhe imaging

: [ C :

sysiefhf e A00Ted i 330 DO’ RSB GRR AR LRUNE of yiew of the
plurslitarof hma g gtsyseltistogdHdrTorm sy sbsmndallp coigmguabifective field

i magi ng assenbl S5 including a plurality of the
Ofvﬁwmﬁgi%m%ﬁ’ﬁb‘}%g systens, wherein the imaging

o ¢ ot ol i .
DR U4 Ok A0 SRR o R on, o
metlyisfee R qhivgetinaped of ova fldsséDviciabdiyg amitgle twosiimensional

., effective field of view spanning at, |east aboazt 40.
imagipg eNS0E agREothsTBGhad SORPESIG: (R RraViding b gplifah gyapgement
ncf 80 EHL PRI Bk Do B8l Bl e of e
two fiekisdf visve bntocthe ihagios senseeasay; (B) prowiding éorreath sehsor of the

. conprising: (a), providi n_gcc%n opti cal,_ arrangenent e
MagIRg | SGAIN FIERY & %‘-‘laﬁtaPnf‘sWIF i 19§09 rRPORHTS BN Gy sensor switching

ew onto oVl

arrafenfiR ago?' %(vﬁg,jhlix%%i Dshr@Br b BESn oéachhﬁ)tﬁ%vgeﬁsbg U8tvien the

i Ng sensor array; Ing for

- correspohdingnpair of rédie capavdigis)g(c)epscironsushy aperdtiagstheonptical

.pair of read capacitors and .,a_sensor sw tchin 5 ]
SWitghIpE e RS Ads i EFISAY SEViEHHe @maaaem?rgn?’fegcﬁelérof-mw
g SERS0LP LAl O FATADLS Bl B8mation
corr&spiohdinigng apishbof s firstnel thhdicddnsOviesmardchisemnd of the pair of.

arrangenent at. a field-of-view swtching rate such
read; GeRACIfOrF prcmigptes ﬁefosla@trmvo?orﬁéaamyag %o paxel Of a second of the

| SeBEEETAR! G (O] AT BRop S R o 5l R

capaeitors 20 readdyclpat doossstoameirel Bseemence off metgen of each of the

. corresponding to %p}xel of. a second of
e ti

two fields of view, wherein eld-of-view switching rate %shgereater than the read
cycle rate. |
According to a further feature of the present invention, the ﬁeld—of-‘}iew _
switchjng rate is at ieast four times the read cycle rate.
| According to a further feature of thé present invention, the sequence of
images is analyzéd to determine whether they indicate the presence of a transient

event.
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fields of view, and (d) readi ng accumul at ed
information fromthe pairs of read capacitors at a
read cycle rate so as to acquire a sequence of inmages
each of the two fields of view, wherein the
WP@PW"B?“‘M ew switching rate is greater than®tHE2E4E307
cycle rate. 25 According to a further feature of the Lo
present invention, the field-of-view switching rate
BRIES GESCRESHOMNOE THEERANANG@Ad cycle rate. According
to a further feature of the present invention, the

S iRl f FREH SRR Y DB PRE Okl o

the a\AQn% ]Q%GS Mﬁd@iﬁ%/ 000307 BRI EF DESCRI PTI ON (J:
THE The invention is herein described,

of FKx.alnslescrihedyaboxes Hluseates asead-whiletintegusie smsahn sny the prlor
drawi ngs, wherein: FIG 1, described above,
*illustrates a read-while-integrate sensor of the prior

S BIG. 2, Gbderibdd aBees; id HEchin®eet fdr%%ptﬁdaﬂﬁrﬂébn@&%ﬂﬂﬁoll'
theﬁrlor art sensor of FIG : 3illustrates a

i FK¥. 3 ipsteatene mtdmpéﬁmmiaﬁqm@ﬁ FLImAZINSSHStER SoRsteted and

operd s afBRdiRk b heJrde bt A plen Gt SRRBOAS o7 e
I NPIG@NEMuatateda Qhriddt !@;%ﬂ’ﬂﬂlcﬁlycﬁttﬁmrﬁiglﬁg gytiten 3 Figiide 3;
FI GS. 5A and 5B are schenmatic representations of

coRloheit gudHBaarp sehamatisorepraspitatient off qaspasents ofariyeferred

o RS o s TS R AR P e e Y o
the @dnqicﬁ@ntsrbeﬁ@eghbmhmrsﬁr@ seBoribstated, irbdpegtiedlgy t - for the
sensor assenpbly of Figures 5A and 513" FIGS, 7A and 7B

i | Fis14 istaditping qhﬁam fonthetsarsos assegtbly of Bigures-tA and RBj or

RS AT O Y S SRR b v

an ophbal%{)vﬁt@hﬁg%ﬂ&ﬁgahbﬁtﬁhhﬂe Rifagithd SFsteah b¥ BigupdB epent at i on
~of _an tical swtching arrangenent based upon
r eFES%- %\ and SBaibluptsate sg!ﬂenaatwally apfaligrmatiieg | 1mp§mﬁmt1pﬁ of an

att;

 optif LG HnEkREG: 8o SpbSEuBRT¢ RepRbahE of o pair of prisms,

sho®fl ir8h trefidhdittinkesthidRharBefladting gk, @spectively;

FIGS. 9A and 9B illustrate schematidally an alternative implementation of an
optical switching arrangement employing micro-electromechanical shutters shown in
an open and cIosed state, respectively;

FIG. 10 shows three of the 1mag1ng systems of Figure 4 deployed for

monitoring a fall 360 degrees of azimuth;

FIG. 11A illustrates schematically a further variant of the imaging system of
Figure 4 for monitoting three fields of view;

FIG. 11B illustrated schematically an further variant of the imaging system of

- Figure 4 for monitoring four fields of view ina two—dimensiqnal an"ay layout;

FIGS. 12A and 12B are schematic illustrations of a ship fitted with an IRST

_systeni based on a p_lurality of the imaging arrangements of Figure 4, cbnstructed Iand'

11
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20 optical sw tching arrangenment enpl oying

m cr o- el ectronechani cal shutters shown in an open and

cl osed state, respectively; FIG 10 shows three of the

i magi ng_systens of Figure 4 deployed for m)nitorin% a

WQIzgo“@E??“%egrees of azinuth; FIG  11A il | ust FGl/Eg0067000307

schematically a further variant of the inmagi ng system

of 25 Figure 4 for nonitoring three fields of view
operkiive atddBdingl s tthattesclsege watthe apreyendninkeritidigr ilvstrathny two
~_of the imatgin systemof Figure 4 for nonitoring four
diffepergjogHoRy o \de@%ﬁmﬁrﬁ of Wi sensRsh of Bigslysi§FE ay | ayout ;

FI 2 .G 1l r.akl f

SHE0 17 B SEhebRsn PriRaER of e b, oBkbgREE orthe JRsT
systéh of tR remet Rgedisigngenent s of Figure 4, constructed

and 11 WD 2006/ 095344 PCT/| L2006/ 000307 operatiyve

addér. diga blpckrbiagramcaf the BRYF sysien of dacpresem davention;,

e S e G0 BBy

~ for us€ Bf Bi2ERBTSyHIRNOT th prevenfineertanent s of the | RST

system of the present invention; 5 FIG 14 is a bl ock

di Bt dfisp blork dirggmmsglsthe dpel fial drofyien Enesing sr¥emad Figure
15 FIdG 15 is a schematic representation of a dual

*Tleld-of-view imging system for use in the |IRST

SYEIRMPis & Movwpidisenin ilkeatingon sefpbdhce 16T processhigoeKimages
: di agram of the dual field-of-viewimaging system of
fromritl, imaging ; seapeys 1¢F thecprepont) Bvantiorp Acergiigatn a set of target
dete{;Lénurﬁ{tLﬁﬁi ng a sequence of processing of inmages from )

tﬁe I'magi'ng sensors of the present invention according
to a set of target detection criteria. DESCRI PTION OF
E PREFERRED EMBODI MENTS The present invention is a
R IBdHON{AF dvEt BRI D IEMBODIMENTIBance of a 15
wi de angl e or panoramc field of view The principles

N ﬁfersaﬁti 29eRiod R B l‘}ﬁétgg&‘ %g? *Z%@fgﬁ gcg ‘r%é:?fcgi BSvERhEE of a

a
prese “1nvention w ood wth

wide afgle engamotramicHieldofiwiengs and the acconpanyi ng
de%lc]:r [ I%tl i,op. . .
‘ e principles and operation of methods and systems according to the present
invention will be better understood with reference to the drawings and the
accompanying description. -

Turning now to the drawings, Figures 3-11B illustrate various preferred

, embodimenf:é of an imaging 'sysfem, generally designated 30, 30°, constructed and

operative according to the teachings of the present invention: Figures 12-17,
described below, will then present a particularly preferred but non-limiting
exemplary implementatioﬁ of the present invention as part of an infrafed search and
track (IRST) system for naval platforms. Referring first particularly to Figures 3 and |
4, generally speaking, imaging system 30, 30 includes a two-dimensional imaging
sensor array 32 and an optical system including: at least one optical arraﬁgement 34,

36a, 36b defining a field of view 38a, 38b of given angular dimensions; and an

_optical sﬁitching'mechaIﬁsm 40. Optical switching mechanism 40 is configured to

12
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- sensppawan Mth o

Turning now to the drawi ngs, Figures 3-11B illustrate
various preferred 20. enbodinents of an imaging
system generally designated 30, 30', constructed and
operative according to the teachings of the ﬁ#esent

VARWOPHA? Figures 12-17, described bel ow, WTIR2P458p307

present a particularly preferred but non-limting
exenpl ary inplementation of the present invention as
alterpately ©fitcnan optical ds sftrecimaging; systeat ket{veBiSa firstyditeetion 42a

f | platf .. Ref ' fi X icyl arl
et b B 48 B PSR bR S o e e
ol B 5 D13 Rl VRS ey 52
genep@tes Gahgdr ofudlenst tvoBtbstadfially 36h-oveflapying fialdsi &f viewf 384,

view 38a, 38h of given angul ar dinensions; d a .
385 g equal pnisitan CeRYORL T HE ATTEIRG ODB5R AX8F T TR e IReRg] relation.

me ' 0 .S ' . R '
et s SBePois Ry He bk tiaicd s R Ton offrs
profoﬁlad hd’vdﬂmg Iﬁg.e&yﬁmlﬁmih ziggeaﬂaio aizéi?stmpldyﬁ;g 2 aingl® dimaging
and a second, djregction . Optic Wi tching |,
ioghemitsiing for WauttonRs doghle thenonss witshpd-cld of
. . o ate il i S . .
view foiiifgny s 6F s DKEMUE THARE BT BRESSARAR ith is
assosiabst epxidsais| gonfigiredvier praphieng bhsielfitdd of vieve\spaisng $0°, the
38h of equal angul ar di nensi,gns with divergj opt | cal
presgRiaavenilon; masbe paployed te PEavide imagss SPW%?%‘%%{S g the same

e oW Ll aghr o] j [
singly G AR B8 FIRORIDE, BF shIRl reolfuicl PO gL oaH be
exteada®bp \engpipyiny nnge ahai ogé eptica gwighingemschanianm 49 tni thénitor

optical gwi.tching for nmonitoring double the P
thres, oF TBfet 688 OF VARV USIIE SABIGSERGD asyilpstrgied sgpematically in

] o . U : . . .
Fig P2 'opi 8 htHBtrnch 8 sl 2001 R GhiAS WA Ml be used
togellasite sparetvitieaingle emevepgrunoreniéOriewd) as ilustatedt schematically in
. I nvention y be eppl oyed provi de i ngges .spannin
Figuro d 0y dheig ar;ﬁeatg%rn&s{‘rfpagﬁaﬁaﬁ of @’&H’fé%qm SuiREGPD 3R RCPRG FHearer
Ak ol ution. This principle can be '
ﬁonéﬁ%éfﬁgéa % égﬁjﬁ?%ﬁng nore than one optical swtching
meBefore Sddkdsihg the dedtares dfhthe epresentrinvenfior il sletfil, it ewll be
usi n singl.e sensoy, as illustrated schematically jn
usefyh tqtg%gﬁ%ge TSRO, .w%q#gﬁwew fslesﬂ[%é?rﬂpf&%%i glaims.
Firsﬂﬂa%fégen%)ésfse THad®do PRetEC s Wﬂ?et‘ﬁfifh L feS F’ﬁg)s’t’ﬂnﬁﬁlly non-
angl'e or even panoramc views, as'illustrate
ovedsppingtt. iTidd phrase is Esegutoeref. toThelde ofiview tWwidch primarily cover

. advant ages of the present _inventign.wll. hecone
PR FeRIONs, ¥ écr?é + %q',ip% f%%é@ﬁ%lﬁ!ﬂl.% L R Svertap at the

periphery of the regions. To the contrary, it is typically preferred that the different

fields of view have siight overlap (typically less than 5%) in order to ensure
completé coverage of the combined region. Fields of view with peripheral overlap of
this type are within the scope of “sﬁbstantially non-overlapping” as used herein.

The term “two-dimensional imaging sensor array” is used herein to refer to
any and all typesl of mo-diménsional imaging sensor atray, or “focal-plane array”..

The type of sensor used, and the design of the associated optical components, is

13
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Bef ore addressing the features of the present
invention in detail, it wll be 20 useful to define
certain term nology as used herein in the description
and cl ai mrs. Flrstly, reference is nmade to fields of
VO2WPRT3Eh are "substantial |y non- overl appi hgF 2495080307
phrase is used to refer to fields of view which
primarily cover different regions, but does not
chosex abetddinighte the saivbiehgthy ofifradibiighto by eerlsag, astistwnedl known to
erlphery f there| s TQ the contrar it is ..
those giliea gpstinagt ¥ Fiiledre e, e dIERE SR Sy i e wisible or

near-(\_f)h eﬁ%gl‘?so?l h&héf @@qu Sa:Jﬂ Mu%@i%ﬁegs%%‘% ?ﬁ@ga bPa far-

er to ensu conpl ete Co rage 0
mﬁat@h BFﬁIBor bf ahylsypel Fot éw pmeféirqn’eapmheﬂiais afvéae | psent invention

type are.within the s peri’%_ "gubstantially
for %ﬁcttﬁpe of aﬁﬁﬁ% thrgats Qe dhs Jike; rinirated semsoh amrays Sensitive to
iy PR OR2ee) ERPENG. HEARE0 6 Mg B Bl
detettoBgengitise ttsmlfrawm‘amanon of havelengthabetween 8ydhd 5 Rirrdine
b oot e el o) Smi o P50 15K

[
i G R o R ) M
circigtrglj ORailyyths kpidificl ilpletdeatatioh of Tieisircditng depags mgon the type
~sensor arra nay be a Vérd ble o ear-infrared sensor

ofsqglﬁp e dsando opp erdingyily skillediin g 2k ensor chi p,

o or e@g;% (rj\oWor ﬁfee%aﬁl?é’ss%‘ nﬂ%%ﬁ Yoy kt4RE 30 FR" ml fhedetall ancal

appl ircations o sent I nvention
switcleihg C tricohard$m 8 s tpécailyr dacleder anhappafam,s ichreft - B eaitemately
sensQr arrays sensitive tp rg‘%latl on_i n

subsiangially - Farh@érengrﬁaldnﬁ%bswlsr &t 116, Pyl P’ﬁ’g 3 gl speed
sw1t9ﬁ§§ %{ﬁﬂﬁ&ﬂ&& 15% & Stﬁﬂs%bﬁthr% b&wieBh HRMeR statels with a

wave éng bet ween and 5 mcrons

transitiowlod 168 thaib e)detlhﬂ]hsebhmd i Ohel oF madrie catelitinat eeﬁbctwe element
’ C|rCU|try|anur 1, 5A and 5B_arge schenmatig f

(.84 Aanistarh Rpisally Bpegkas shaviyta Fsues e Flﬁ@{] g?%%trlﬁ?le@la‘fmn
the specific

bemgenltﬂgﬁéltagtg%% égic\ﬁlgb%%égﬁ?uﬂaé %Bgnds upon the type
of Irs&lmesq1reit‘¢ﬂed ingdemerthtidres cotfeﬁgutes ®nmdoddiapdical ywm:hmg
i.n.the art. Turn| t he feat

'meéﬁ%%ﬁgﬂ 4y bags 8pon @ FRFE bigetizk 4 iy b‘tﬁl‘i“k%% g‘&ﬁeﬁtcfmengaﬂ of

altexgﬁﬁfé? geﬁ%g%nég ats %ﬁést oht 148 %f%@ﬁ Q%Hérehpﬁ{d b Second

trally tran pare
segmetistSacii ¢aah Ippirrteidgeeticvive. e\i/e-lsegrhgm imphénggntageeof disk 44

W tchi.ng.arran nt. sus abl e, .of switchin
is ietroiarin g i sk i Preisfebl; Gagen PO Sé’PCIPré%‘%u%gﬁ’Qﬁmc

mot e mlli second One or nore additional refl ect ive
“ement

Figure 7B shows a further preferred implementation i in which at least one pair
of segments 46a and 48« are selectively transparent and reﬂec‘uve, respectively, in a

selected wavelength band. The possibility of adding selective filtering provides an

_additional option for reducing false alarm rates (FAR) for flash detection.

- Specifically, it is known that a flash event such as launch of a missile produces an

intensity peak at wavelengths between 4.0 and 4.8 microns. Thus, in the preferred
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(e.g., amrror) is typically used as shown to ensure
the desired geonetrical relation between the fields
of view, as will be clearly understood. In the
grreferred i mpl ement ations of Figures 3 and 4

opt i cal
R 20 mechani sm 40 is based upon a r Bt HE‘&B‘IGQOMW

disk 44 including at | east one pair of alternating
segnents, a first segnent 46 of each pair being
caset pAmspamagihg a!e.ﬂsc& ot dnSigl de&eg}mruensiﬂve)ftoemﬂarqnhlramamn of

fl f
ez S B i ARG ot R HEAEL o% hfes
ﬁnegi&g%lf&e ggégxsgg% &gﬁg&epm S a5) oY) bRges gﬁlhenfgp 5 QmpRh&iied 49 an

urther pre enmentation in
absonpiivelbaatiphsdtiter ol passes onlyf waeipnztlisshel@a Janitré@candrabsorbs

selectlvlytr ar ent d.reflective, ctively,
othef fvayeleg a&ﬁfsé%aa%t H3gh anplemen&és%ﬁ %3@{@}0 Sfirtot that
di [ oy igd :
reﬂe%% Iog% Irvgl(ré}el gl é%lv %&f sf; 29 a gr ér‘rigr gtﬁ%lgﬁf FAR fsgglﬂ?ﬂll tag b ®
impRiatentediasm. dlclﬁpmmtrrm'ah:htyeﬂd:dts only kvevetentiatbedo Hanihrons and

event such as | au .of a mssile, prod S
absqrbg @ ’r‘t"‘if“’ﬁ%& L&Y gf U‘g’éﬁ? %c 'g‘ éﬁg‘ generates two
ﬁ%r@ﬁ O&;%ﬁg
1ma%c%(ﬁ_§§6eg6§iﬂo %célogovgglsgi 0 aﬁ%lg‘rlrea%lﬁ gvgsagﬁgg?&of g the
resultivigdntages isnostibledo tistinghish relihblypbemtcen gemiine “flash” events
vel engt hs bet wee 3and ron nt 46a | s
high: A CLEEor A RSHEE: Tap D iags ERd SIea dcsiat tiensity
peal St B0 e Sl shalelf QR 806, £ BV LIRS VAP oo be
relativeahy beandy Idspblsbd) betvean theoms wanklaipsiobiasds5 ot her
vva el engt hs | arl se 48a | s nt ed
RV, B by BIEEHLBA PO Bt digia) {F ShURP CHBEReicaly an
ane}ﬁ%ﬁy@ ugn&man‘l f%@caf SR oliv] 'rﬁe%hﬁﬁﬂ{fﬁ% Jﬂégdin% a pair of

as a rolc mrr refl'ects o
prlsma\ﬁﬁl 82 gnﬂa ﬁrshmd&sﬁlanemclﬁnnecéiadmm(l'sprebmtcd hele schematically

by %\Nav elﬁ@? r@% to; %%géce\i\ea}g/aﬁ%ﬁ Sﬁgo gl\'é!gflgg H} gt grlls%ll(s 50,
52 Ak fait@fn. gy ‘é@%&ﬁ%& ITn ands - 8A§yto§9fﬁgﬂ(a'd"9ﬁstﬁui y transparent

result I S” possi bl di stinguis

© state @l Méxhrt}:ytdbaelt mmﬂg&eﬁactmﬂ isf frasttatece eadtapart Whs oh Fioure 88) to
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l.arge diffe en bet t wo, bgnds and ot her

pro‘tlﬁ'%%gv@mﬂtya ¥ Snikstiye Stabiiptrolal omestl pegetn: of

%hﬁﬂligc A4 | BCE %sr 9N SndOYBNGher fsa%ﬁox\()ﬁ Qheh%ﬂgalkp an

tively e y “di spersed between the

altemauw émpleinentatios. ofl'optmalm;?vmhnng meEhzgunnsiOBn&chadda@& plurality
of re ggﬁevel §ucsfg—% ctr%ﬁ:ﬂaeﬂa (iaslhlu ers 56. In this case, the mechanism is
substantially transparent when shutters 56 are open (Figure 9A) and substantially
reflective when shutters 36 are closed (Figure 9B). Such a mechanism can be |
implemented using, for example, the technology described in PCT publication no.
W002/13168. Suitable micro-electromechanical shutter elements are commercially -
available from Flixel Ltd., (Tel Aviv, Israel).

Referring briefly specifically to Figure 4, it should be noted that this is similar

~ to the implementation of Figure 3 except for the use of an optical arrangement to
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15 alternative inplenmentation of optical sw tching
mechani sm 40 including a pair of prisns 50, 52 and a
prl sm di spI acenent mechani sm (represented here
chematically by arrow 54) operative to dis

WQ&Q?G"’B??@“ of prisms 50, 52 such that prisms g%%&%gt%}ooosm
are alternately adjacent (as in Figure 8A) to provide
a substantially transparent state in which total

reduice ther fizg of efdmpmmbwf th@ OPWE@ tuadledassing tyangh eplical gwitching

- mecpdlith 40 Phuib 35 Srichlif afifud BY SRR i obls B bioide an

intermcdte SmBde Fafle 3Por AdAL bFtida? sHteNg SEERRRIICA. IThiPdllows the

alternative i nplenmentation of opt] cal swi t chi ng
optm:ﬂ swatehing mechanishutd bﬂgmarepmmm'qt than wﬁul.de:fth@'@usev‘tee poss1ble

| h
In o[l o rRaicts, M PR Raasr oF FraRe 2 My aRetff uhlifore

md@ﬁeﬁﬁ@n%&éﬁ‘;gufe% 9A) and subst ant| ally 25
reflective when shutters 56 are closed (Figure 9B).

SuTEhrmngmewa;n itherraraainipg featmls @rfamagmgwsfsﬁegl 30,ghese include a

sensi, S s sh 00k FARES e OFRiouy PRl (Gbtéd rom

: sens%f‘ le'fehﬁhts%ﬁﬁ@ R S-dMnEnsQIMBhE Ak s¥nsoR \bdak ABH @ doh@Bller 62 for

[ixel Ltd., (Tel Aviv, |sraél Referring briefl

. conrscpibng fsyndirbgousoaﬂemjmeifzthe ioptieHawtitthing meckadizn aegtﬂm gead

| h f
arralSeoRest 1 G ol BP0 A Bart g HAE ot viewpta
fron? GEMY HPm3dtheh60 Ed—ﬁgﬁk@‘é@&p’%og Ipréc%ﬁ:ﬁﬁg syfemsitgefodsubsequent

footprint of the optical bundle passing through
unag:ptprwssmgu pmﬁm bly ansdyvirg Snse@encehiof m@gwy idirosn (they imaging

hj
systftlor et TR r el gbe fudodl B alifardibny exon,, One
aﬁﬁﬁrt&‘%éaihél@tmﬁr Bf Srodésk RSy tBR zﬂo«rilp@é adddbdsed Fiteher below.

mechani smto be nore conpact than woul d otherw se be _
poésum«ezmoned lahowg, Iswitchisg hedspricdiglerqnidialdaoloviewiaay present

oot R B PEtly RAAETY gt oo
short& BAR u{egpérﬁﬁi of @8 sehsor 8@ @18 \Syetificafly, thBesiS al ik #eethe -
a sensor read arrangenment 60 for reading data

sensor ysiycle Mievdne endiffarcat figldapyeipwr foprthe seisoduraliemehths flash

R T L e
inveditioh et GRicBRlg WE&P&L@ Ghurar falds W ﬁdﬁﬁofﬁaﬂr the imaging

arrangemsnt to ensure correct separation of data from

' sensoheriayds fiesfouscdfat @i fesquemet greatar dhan.cand puefeapitfi b ease dour

ﬁmI Sold nsf N %l(lje t:cgad'f’1 [ I8 Cfate €. P SHh B 2rov1si%n of a s ec1a11y
Subse q P P

- configured sensor read arrangement 60 as will now be described with reference to

F1gures 5A-6.

. Specifically, with reference to Figures SA and 5B, sensor read arrangement
60 includes a first set of read capaciters including a capacitor 112 _asseciated with
each sensor element 64 of the two-dimensional imaging sensor array and a second
set of 1".eed capacitors including‘a capacitor 114 associated with each sensor element

64 of the two-dimensional imaging sensor atray. A sensor'sWitohing arrangement 66

16



10

15

20

.25

30

I mage processing; preferably analyzing a sequence of
images fromthe imaging systemto determ ne whet her
they indicate the presence of a transient event. One

15 exangl e of the operation of processing system 214
WO2006885344dr essed further bel ow. As menti onBE/H8RFE00307
switching between different fields of view nay present
probl ens for detection of flash events (e.g. a mssile

is cordigaedt) pexforthufast switchiignfileaat 4 e groats dhanctbe rémincicherate) of

er.i od .of the sensor. rea le. Specifically, there
condfeGtigRy SO (G SOTE SRt it Regent TR BrdtEPs, 112
£ . . . . _
114, 8yBefirobuty Sl Qs BF e Gprftd! Ahiting meRnihaivedh the
two pfidfie rofediesnbagthntat shoffittheepofsend capacitns ild2 abteunulate
. .Switching between the_pl i el dg_of view noni.tore
infopat R ASBPRGIRE e o it el of et 38 b ficpeand s8f 8 read
u [ s . t .
capgef S ENF YoARR! niHRiof MopREEAIAP LY 0B secBRR (600 T view
38hr @hus,r b pteyrtomnined far spedinape yof canhf FOM ésl sadesup of a
read arrangenment 6Q as will W be.delscri ed V\A#ﬁ . .
sumnppgp & ¢BOH G¥oses plerwerss i ATnBAIRGIS fead Gyeleipt fe imaging
ame, 'reffnangeﬁrr‘%r?n&’ g%égl nci u‘gég%?gq?ﬁggﬁggﬁ Qg?ﬁ%gggvent i one FOV
coulddranissat san heteddéadgoaeramach shortdriRamirwaeadicyde peridd. The

ach sensor el ement. 64 qf the two-di Si [ in
resuf o Bieudprogy ARt OLSEBHAR 1Botheote ELIV S, SALE) Pajileinmg the

i ' 4 associated with each sensor.
ovefg?l%%ﬂﬁfﬁ%é Ggﬁﬁé&)?ﬁét o?; st

enent € two-di mensi onal i magi ng sensor
ar Adthough admsiorimplinmeantitivg aff thisstrswitchig methodology requires
2006/ 0@96}5344 PCTI 1 L2006/ 000307, is con{)ic?ur ed perfor
onlyt fe req CRPASHGIS Peresenser glement a5 deseabeq HR{O S Pl most
ta r ‘
prefEifEy, Gripfefont lons HNIEE N fool! OPRERGS 158 Nelor AIBKEY of the
atrayyioc hombmesthe st switehinghinethasfolagye wifht thea reasiwviiddrinteggrate
nmechani s et ween_t he wo fields of,view such at
appyaREn (p§eay 65 0¥ &dﬂ&%\a&%ﬁ siTei hefe, (RIS 1213 and 114
. . h : i b~ .
are 5‘? %ﬂ%&tigﬁ ByGREd ﬁg@%&&ﬂﬂgﬂé Gfgéhﬁc% h&torf 1es %111% 118! P¥ring a

€ Seco set of rea acitors

- firstatimenpériod o nillosteted dm Fignree § Bo st gptical/elestrivat smdtching is

perfoffigh 25 deraidabire & REETHE GRS TR VR LA (et
of) EHRBRHSCFLZ B BPRAAS B RGLs3c R8P DEAFFOVKGRS £0id from

e Imaging array. I's manner, the revisit delay
capahitorn il wmnd b1 5 cithanginelancusiyt on sequargiaHEVTian, duting alsecond

bl Ry 08, FAISED bt Sh T BoRhoR Bl S0 between

' capacitors 113 and 115 while capacitors 112 and 114 are read, as illustrated in Figure

5B. In this way, the revisit delay for each field of view can be further reduced.
Parenthetically, it should be appreciated that the choice of four read capacitors ‘

per sensor element is sufficient for the application described, but may be increased as

necessary, for alternative implementations according to the present invention. Thus,

for example, the band filter iinplénientation of Figure 7B Would optimally be

implemented with eight read capacitors per sensor element in order to record all four -
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result is pseudo-continuous observation in the two

FOVs while maintaining the overall sensitivity of the

sensor system Although a basic inplenentation of th| S

fast-sw tching nethodology requires only two re

YRPA%TS per sensor elenent, as descri bed {jﬁT/{l&m{GﬁP'g’W

point, nost 15 preferred i rrpl enent ati ons enpl oy four

r ead capacitors per sensor elenent of the array to
imagasnwithie 4 readfwisife-mtegratei framemotko Sohdgyy,vant imagieg sensor with

w0 R A SIS EIE F IR RIS Ot Bontests b R0 G4 g Hloptated
in F?%ﬁam PO W 1%&%11%% 12132{&1(: dith QU E?'rbeﬁ&frsel%eﬁte@ﬂﬂe that of

nga irst tinme period as
Figure |ll]l§t which (generafisoned Binctf BQVs opiuld atquideenighti read capacitors
SWtc is 20 perforned as described above to
perg@g P@g - i mage data for the two FOVs in (sets of)

$ héx1&h%oldfe ‘U‘E&hh%‘l%h SkiRES \th o8 ndéfrﬁsthgf specific

bot s are read from capacitors 113 a
fopoardghgr ofi thsl swndﬂngl gtrmgemqtse nescaiblest. inlHeis, examplagcan be
second haI t , i t chi ng, arr angenent
reargBepL PP RAPRLITE AP R PRGBS B EREoR 15 and

11 I r
i B g%e@%?@&@%g J}ﬁ%tl‘%‘% BRI ff Go\jfSstnt Avention may be
appiiel taya twide maghof a@lmabcbnwwhwevaﬁt imlsbﬁﬂtth aronited aqﬂutahty of
arenf hetical |y, shoul d he appreciated, that .th
fieldsof ettt feduizad ewaﬁ&rt 0% SeasOre g g P cgtions
emp?c?f le 1Hfa§fr%es R | 'ﬂ?l ‘i‘ﬁé‘é t}ﬁe&‘ thBYreSBRY ilfention,
I cr ase as ne

sary, t erna
mosi mnéfeneahumpimmtﬂims rpibwgetan inh@upg essentbly wheng itwn. or more

us, for exa , he band, fil t.er i enentati.on ,of
imaging Yatons AArnG 0 HaKSF B, ﬂé@ntlﬂ%@éfrr@ﬁi’@aeﬁrml? sl Fratial

s SR 4 S BRISSRRG SO 3, T sy e aatls o

hna_gingmytstmsr &@ﬂﬂmhlfbnnlmmﬁg;taﬁmlly rcontigools. eﬁeqtmeaﬁtbl;i ofamiew

SO 1 oo h me Bl CHN T o Joceh/Lbtie FPY pRRpPL e ance
applidatfoh g Uhfee bt il vvhlerjde E\?Eéﬁlhg uﬁh mﬁ%%reﬁl@rﬁ?& ﬁlgaoi(e@% provide

sensor’ el ement ure 11B wh
pangange @Y dzoomthdlicevirage. IRGhs mﬂﬁxﬂ, it ovjlli beenatied Hhatrtba ghiural

Fox%é" ool Ghasiey Py eRieraact he cnbigons if e Hqs ofthe
ﬁ@hﬁ%%agtsﬁ E{saﬁ%ymﬁ&sﬁ&&ds%a%ﬁ@e%ﬁ m&s s0 s to

escri S exarrp e can rearranged W t hout

togefegranffar mgba‘tanmily lenfpgicusicpversgaf t he present

I nvention
As mentloned ecarlier, the scope of the present invention is not confined fo

FOV doubling, but includes, in general, M-fold FOV expansion. Figure 11A
illustrates FOV tripling according to the present invention. Figure 11 shows imaging

system 30 including two optical switching mechanisms 144 and 244 that are similar

. to‘optical switching mechanism 40 described above. For illustrational simplicity, the

associated mirrors for folding the reflected optical paths 142 and 242 of the imaging

system are not shown. When both mechanisms 144 and 244 are in their transparent

state, the optical path of system 30 is the straight-ahead optical path of the imaging
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It will be appreciated that the principles of the
present invention nay be 10 applied to a w de range
of applications wherever it is useful to nonitor a
grl ur al i13y of fields of view using a reduced_nunber of
0209458t nsors. Al though applications enpl B§T/Htg/000307

single imaging systemfall within the scope of the
present invention, nost preferred inplenentations

systeii 0L d&VIdh bpeRad RYviehidenbleyhanidh € 44Ve9 iarityresfiectiveagig) Ghe

ticngterrs according to the present invention are
op

pribyeisyisiem 3R de refretadapptios] p@@aH%ﬁO%%ﬁ@ﬁﬂ@ﬁ&fO @rigtlected
FOVIBEAON LR BENEL BRRLADoll FAERE Pl YA WA ot

switchihs rthardih 44091 Beasspaiehe steviadf dpticd] Sbitehignechanism
spanni ng_ at | east 120, and nore preferably at | east

244 ipgip. itroytlephye state, e ortical patheof Hspivstem ioredlecied rapéica) path

re field-swtehingd ' t . ed...
242 S 0L AEACR P O SR BB BB ERR AR pa
140 ePFigiet .1 1AL Fibdre 1S fRistdtes Rafurthee vatiaticd wherds switching
each individual imaging _systemneed not be contiguous

mechanispe arovaseds in jsaricsdivitherhoth ontisal e yaft thes fiasteswitching -

| nter r ] n .
mech4f} b BEFe Fa BB Ry EERPDAL PR et B aohigye four
fieldfwiftViewesionidred By, a shgls dapgingfartdagemests dtthé Ry@niliverated

Is not confined to FOV doubling, but includes, in

- hereq dhte saitchipg sreghmunme qreraie ol nep-paradlel planess and preferably

il E Lpli di h ..
ortaqagatife: Brom e <2 eneoof SERlech Bt A asne B FRE Bbtign i of
partitiar ﬁﬁfabﬁﬁice%dré M hERGD BRvaIBnal 421RBE v of Bath @hSor is

simlar . to optical swtching nechani sm 40 descri bed

too sapdl/Bor amgyen dpiplisaticat i onal sSinplicity, the associated

516 1 LT AR Sl

-~ sear@Plad n@g&@a;i%qms@ﬂ%yﬁeﬁ, 2%%@119 desighiedd _2!02§hrb%ﬁ§thﬁﬁéd and

30 stat e optical path of system30 is the

 opergiiveaagording tcathe deachings of therprosent inventien kndbased upgn imaging

T

. diffek$iR cofBlol@@onP3F IR SV 8§80 reliBisBRELth PRAKERI2A and

path 142 corresponding to a reflected FOV to the left
12B ptesphetively.al byh tcomipenents priiial yatRST4eystem R Qfueee shovm in

. W t,i cal it chi i sm S dn it
Fignfohd B 1o Sl RoB, TRE R Dot SeroiEn et one, and
pref@4blyl Swo NstabBize@fH18€6 e 204 afion WheciPREd CRblaRed NuPfimaging
he"systemis reflected optical path 242

t
- assebly 88povhith dnaledes 2 phuraliy cof EEEZIng systems 288+ Asfbestheeen in

Figu%ésr afSth}n}iaq%,adea%gt Iil%éa,éin ats{(]stem 208 is a non-limiting preferred

implementation of imaging arrangement 30 or 30° described above, including two-

. dimensional imaging sensor array 32 and an optical system including: optical

arrangements 34, 364, 36b defining fields of view 38a, 38b; and optical switch_ing

mechanism 40 configured to alternately switch the optical axis of the imaging system

_between' first direction 42¢ and second direction 42b. The plurality of imaging

systems 208 are deployed in known spatial relation such that the fields of view of the
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140 of Figure 11A. Figure 11B illustrates a further
variation where two switching nechanisns are used in
series wwth both optical axes of the first sw tching
nmechani sm being further switched by a second_sw tchin
Pt o achieve four 10 fields of view RBHI2BHH0307
by a single.imging arrangenent. I.n the case
illustrated here, the switching nechani snms operate in
pluralisy-of amaging|sypicnms éegeﬂaarcfermeaf sbataintiallp p@ﬂi@one ffgctivedield
rovide. a 2x2 arr f, fi of, view 38 .. Thj
of vigh o ShraiiiB 10 B sttegaly i Sidvasiol Bhand
iogel evational fi-eld of view of each sensor is too small

for a given application. 15 Turning now to Figure
124s beforehiswilli bé appreaih@datbat Henpresend| ihyerdioni efferapedfound

h.and t k t
advaGEGE AL RPD B EON R L (P AP SBRUFAGH OB JRST Agm by
multiftyfngSnb RENbMEE WO N R RSBBhitdiB B9 chB iRREIng 38RRr array

upon~imagi ng arrangenents as descri ed her ei nabove
thhiﬂueargom afespafidloreseldtion. Thesjsie@0B djectively alstatiog esystem, -

therei nf| éhfg.s&h%%@trhe lRSTdﬁésﬁ em ZOi.I are.i léy% tra %S i

an uﬁé’rﬂﬁg BGAER WK 16 9ssdPiated Sr;{atﬁﬁ 3¢ E&ﬂf?ﬂe@ o%_r%@% Ba‘glc ﬁeld of

Flgu es 13 and 14. I n general terns, system 2
viewi speinnthes] ¥ compiste aoveragamf a parmfrmacb{%OT mmmh)aﬁelmcfedew

can B8 JeciiigT v aba T ePE sl rRr B b gy which
. wouR/B¢ %&@%@%ﬁi theaehcHifles &F e Sforlet. altds %ﬁmb%?%ﬁh be

i magi ng syste is anon-Timting preferre

: reducedaﬁe’ﬁ@nﬁﬁnublplﬂawmm isgeraploped) tnprovidsonere Bt two fields of

SR S B A B R S o
viewodt hCRhst MohPLY ettt ﬂi’eﬁﬁp-4q3§1°c61ﬁffehﬁkbﬂh9 séaﬁkt‘%sﬁftems

vi ew 38a, 38b; "and optical switching mechanism
therebo'np:rogmmg effsctive detaetianl pf gxw-ltauncheldemcsptlescaﬂd gkdmgolﬁombs

PorthGifignty GFGEL FOICADB, S B QPP oBY AMGGIAD doF vsed to

1ncre°a¥§ttﬁé7§1e%@!§orﬁﬁ€1dd@ﬂriéﬁe¢drrbx|éﬂ% d&ﬂ\ﬁ)&&k@i 126h a basic
such that the fields of view o 2006/ 095344

. FOPGTRLk&Fomey Ge08ed with hoszomtyl ehd |vmst@tah gwitplghg s sequence to
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together forma substantially conti guous ef fecti

| mOﬂﬁPéfQ]H adsgnis, oy praRg A ﬁ‘@tals%&uﬁhﬂ al P18 8eld0f VleW as shown
ated schematically in Figures 12A and 12B. As
megH; ﬁeﬁ" it will be appreciated that the present

i Wﬁmﬁr@ Rowf tbethe Paafe WRIIRST system 202 in more detail, it will be
noted that the subdivision of the imaging systems between one or more 'stabilized
platform is somewhat arbitrary. In certain cases where asuitable panoramic vantage -
point is available, -such as high on a mast of a ship, it is possible to mount all of the
required imaging systems on a common platform. In many cases, however, it is
convenient for practical reasons te subdivide the imaging s&stems around the
periphery of the vessel. In the case of Figure 12A, this subdivision is shown between
left and right of the vessel. ‘The natural choice for such an arrangement is to .

subdivide the systems symmetrically such that each covers just over 180°, thereby
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_ system 214 which performs a

5 advant ages of econony in cost and size for

i npl enentation of an IRST systemby nmultiplying the

field of view which can be nonitored by each i mgi ng

sensor array wthout any |oss of spatial resol uti on

WRSIWEPe i s effectively a staring system PCHU2045(p00307

avoiding all of the aforenentioned limtations of

scanni ng systens. Thus, if an inmaging systemwth its
togef&&s ?Sﬂeﬂ?g @60ddvemgesincha fc'a@mféﬁgmal 13Bouifrbat/eedy aabc;ivision is

e of 10 vi ew spanning 15 ete,coverage of_ a
used FizapcthecsuPABSiGR M ) DiAYeRot BY SVnBiicehrAlseoustoUlaEa=d
r t :

here i BSEL RS (SRR L ARn) BedRR SRS QBRI dopreciated
that tthaghisnge bl Uindt poithe muhberTof platfornsrtocha ﬂsed and further

reduced further if multiple switching is enployed to
su %Y@M%W%WS@%% isipepHBleof  vi ew per i magi ng

S0 S B pR B ALY B VSRt s on

ss@lﬁﬂt efagﬁtoftthb ﬁgds of 4'%exfmf foraaaek mhagnglsysemlfmefegalﬁy e ﬁmpatlal
I here prOVI |nge ctl etetlor]o alr aunghe
resolition; ﬁ% o, aalﬁriae%ﬁh%g at leagt foNBBRSTL éPe’C/EFJt le-gagan. Bach

t O | L
nna@’i@ |ncrease gﬁ' @I |on %@ﬁaaggéﬁ\ﬁ \[?vf1 kgﬁggx%?r’g g, -
elevation.magi ng sensor wth a ba3| c FOV of 8x8 may be used

W|th hor| zontal and verti cal SWtéthll;{%}q%I n se uence to
oARGieReF megtien Hmlmagsna:wm% pyten 202 gigymopnted

on 0?13 b2 Jtélﬁ{lged)élaifg llaggﬁlng I Engwhin the art and
urning now éat ure system I n nore
comdﬁraa]ly avhilable | frdie mumndreds tsbmtcet Jhypialldi prosidenisofatibh efrom

nore stabilized

t b ,
s PRI OB AP BFRLHILDT & PP Pl G0 RFoReE At aieps swifisiepty

o c&nggtag%gﬁuﬁ&@ %mng% \e@%pqgga ﬁéomfah%agés A¥Al 453&15& of the

possi ble
IRSTosysteral ZﬂzofAd:dwdmgbzq unoﬁdplrelﬁ&rgam impieateatatioon of thenprsent

o ke 5 SR v i b
e oL Shsidet Vi oot o

. meaamhg regiduabfotibe of @xsedbilihe] platformal andhostelsilifatiorsmotular212

arr.angenent, is to 30. subdi e the systens
respeyFiNg e .imﬂw@wwn@%ﬁl@év Brecesy, Bpagss dronghe imaging

55 RIS £ AR E g,
Stah‘ilimiohrmadulslﬁldl isi prefepably imyd@dentéid ae ,parthef 8 ubainvprecessing

may. or may notf be i cal though illustrate .
¥ ogme {:unc’gons o nnage %rocessmg, anaiysgs, target

detection "and tracking for the IRST system 202.. Preferably, inertial sensor

arrangemént.ZIO provides output indicative of platform motion with a resolution
better than 1 mille-radian, and more preferably, of the order of 0.1 mille-radian. This
allows stabilization of images processed at sub-pixel resolution, thereby greatly
increasing the rehab:hty of “point” target detection. |

One of the fllIlCthIlS preferably performed by processing system 214 is

pi:ocessmg images from the imaging systems according to a set of target detection

21



10

15

20

25

.30

here in cases where two stabilized platforns are used,
it wll be clearly appreciated that there is no real
limt to the nunber of platfornms to be used and
further 5 subdivision of the imging systens is
POKNHPB44 | n order to provide the required sERETHPRH(0P307
for detecting distant head-on mssiles, each of the
fields of view for each imaging systempreferably has
crite@ia&? adiérﬁi!fsfz stspacted tt:irctso@f ga:;tilclekas imgm@n_ canga ﬁp@’@ﬂfa _EII‘FIOD
at least four, pixels per m -radi an. , Fac i | .
requyag SRATALY AOTIRBS, PEPERaib g % SRRGIa! PG 5 & gEtiod in
| Bnd 1Phig loRYRIdnaR hidhly aifeafyforRithiinaRe false
exc%sgg%%@g%f€§%?%%%$ IR%%nsyst%r}nyzoz are nounted on
alar@8 €ueho batigreimbipticabroipt, amfiqramicadatly SUahglintarerorthe surface
well known in the art and commercially available from
of thas®dr ous sources, typically provide isolation from
gr AR izl ilQ4tkatQf i MdéYePdetBit a GRNNGhitin
comﬁggtﬂgg‘pﬁg ieéo1 S esg?’f ?glgelnt%ya 151t o conpletely s
prefefrbim'hiﬁ@lmiﬂﬁon bfr;gg%ttangatt ﬂé@gtéa;makAgom 5 implere | mtg?dﬂ the
as ose 0 e - S ccardi n e
systgitle B the HTSARA BRYERECR Sheeigaly, s é’%‘gﬁ‘? PIOERERTg Fuch as
I,d Wi bl dgfdchi SsebinbiRE Jfi thbRparate
appﬁ%%%fln‘gﬁ %d%‘%g&‘éﬁ’ [ e‘%tl a ege(ﬁg)@]arrangeneng 210 - P_
sensb@Siaeiget datova thosaicaltép 226), pihat Sceneni paefembly segwented dnto
resi dual _notion of, the

i 1jzed pl
regignasten 28L) SHengduFer 21‘%&%@@%&?\’& Gih & ViRPitefys to nave

. 1 =) i h
: dlft?%g Igécgs%'i%@glg%g% tharaQetiQidd HcesreftfdARefitsOffoiNmdependent

SO as to correct the imges so as to
pro€espipgnSedreerftation feehmiquéstumitablenfor segmentingishe isgenesi aggording to
nmodul e 212 is preferably. inplenented as part . . of
varigh KngWBCBSRHEISIS, SiecS KON Brioars Gl ot Bp igssed
2Nl sel | aR&! Ydcessel 30 Qhrions contrast
b e T A, B e e s <
enhRh&mesns beyhniduesr (stapl 234);schos@6 tarbeanpemopriate2fay each type of
rovi ges out pyt _indicative of. platfor L.oN_W.t. .
backeends s R W preliiie, edet Hereerip. O Pot Famidig, e fhay be
useRI18k GERBEY to A ‘t\ﬂﬁteﬂlr%?rwﬁfch%&m%é b coffPoRbnts Uthé than the
['ows "'stabi |1 zati on I mages processed at sub-pi xel .
high espetialt frequentiee véiivh grea¢leyant i for tagel defeetinm. The technique is
reliability of "pgint" target detectian. One of the .
cefintath i offs “FIGFEPD) DEauts dhnoaByng JOBLET iy Dpgdilnyoid of
iaBiS inle S{sNgrit FQHie IRideBel i SaSéeiBage
per g i B B T, e Tmage
tog@BRE XD TBRY datREIlel AR OGN 30Tsing. The processing then proceeds with

false alarm rejection 226 which implements various false alarm rejection algorithms,

preferably including but not limited to the rejection of suspected targets which do not

persist for a requisite minimum time period, preferably of at least about half a .-

second. The prdcessing then continues with frame-to-frame tracking of suspected

targets (step 228) to verify that the spatial and temporal variations of the suspected

target correspond to possible scenarios of behavior of a real target, and to maintain

positién"tracking of the target. Finally, the image of the target is checked: against

" various criteria and/or look-up tables of characteristic targets in an attempt to classify .
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criteria to identify suspected targets. O particul ar
inportance is a detection criterion requiring
substantially conti nuous detection of a suspected
target for a period in excess of about half_a second.
‘Vﬂ’8066‘19§3t4%ri on is highly effective for elini RQI/7{r6/000307
fal se alarns due to background optical noise, and
particularly solar glint fromthe surface 5 of the |
the fgecked Phiast.fgr axanple. 7 guyerfied targehi yerified pon-dhreatening object

or af REiptti8) poafilbiea Aotk Bl o Tl g e
evert YRR fitrfieer PE@RRN (aritoiment, eémi-DRBAafit Col Inyanval)t Bfay be

i nitial preprocessing such as application of a
declatsd- uni form ty correction (NUC) and combining of the

0 . . . 20
¢ hReERliRe P oS Bttt Bt IRNS s Bl S irehieee R mppeted

nm@&@dd—%ﬂ@ﬁ“ﬁlﬁlﬁ%@iﬁagﬁ% ¥ensongile (FEastes 19aah 19 hwihel field
tends to have differen backgroun noi se

of vtmam@cgreeftﬁsthm sba@° riiuele fsoise ﬁamﬁmhps atftiqmmﬁer detection of a
thoesg, i BOPREHL rorBE SSERRAIRS reE VIR AR, HER iieing sensor

216 3! phreRsatip sbodidted agik (rj{brébés‘éﬁlgagﬁtédﬁ' 21 K FoMvideXind) @owards
art” and wll not be addressed 15 here in detail. The

suspeeigdaangetsofor wevaluntien of dhe suspeated: torasts ckhip proxddesogdditional

higt B sl PRSI o BElRt EYSBORI Do hur e s -
humbf opafeldr 4 Hsealt dsgley ofiehe Sidpedted GRS ftREvhREABH.OD® narrow
whi ch may be' useful is referred to as "whitenin

eldupi-vikvi iofewdsimaging smson2H is prefsably zmibeled forravide a field

S j r.e Les ich are rel evant f t et ;
of rBRLIRIR) S OHERDL B B0y Ghi il R o Bl v 0 Froater than
the coMidoRndfMithaghRRC AseMblyN206 ENMENpREIHIO! tHeCainthal pFELASS high

voi d of percelvable imge data, and Is pri na“t!pa/ﬁ}ﬁheff

‘} i@ offer

rangesvoif tedevabips dspaginghat inank 66, jandguostt prgirakly 0-1

ous BT P AR o AR i
" the fidI0loEWRAE S MAkIPUEsé@by08. arm rej ection al gorithns,

"preferably including but not limted to the rejection
of Ins@lé pther seppeeisgibsbonldi b apprasisted thap énggise sysfems 208 are

N

* ‘contékt ¢F it gi)g—sty@teﬁfsw 3WKFofe0ims TREt S8htent 0W S Sreferably -

to verify that the spatial and tenpora

step 2
| coné@ﬁﬁfii@!b@@equgtmhsﬁ craspingtiaregts sudy pedpponting gnissiles in

PSR RO ShoR I e B SR B Bl 5

trandiB@ “fRIPCents, BEcH & G laithiResikesinial Wik a3iny abiseis less
criteria and/or |ook-up tables of characteristic
thant thatef sthe rbagkgratied mplart Quigsrador fihis purpose, the-imaging system

preferably includes fast switching and other features described above which are

. helpful in detection of transient flash events.

Although the above illustration has been given in the context of application to

- a navel vessel, it will be 'appfeciate;[ that the present invention may equally be

applied to other IRST systems or other types of surveillance systems from other
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22 WD 2006/ 095344 PCT/ n. 2006/ 000307 the tracked
object, for exanple, as a verified target, verified
non-t hreat eni ng object or an unclassified potentia
threat. According to the result of this
VO34t i on, an event requiring further BEPHGHPS/000307
(automatic, sem -autonmatic or nmanual) may be
decl ared. 5 According to one preferred option, |IRST
landslyseéneiZitnalor csateiliteupinsfoamgi Dbamiledbf nahr implementations, and
el d-of-view infrared ijagi hg sensor 216 (Figures 13
mO%ﬁ@t@ay whats rgessany avidl albpe deardortr cgdisayrsidlipthindbe att by
' [ : further action after detection of
analggﬁ“ﬁﬁe%g;ﬁ%érj&%g? tErget’nll'al threat. G nbal ed narrow
field-of-viewinfrared i magi ng sensor 216 is
pr &ftdleathe yinvsdioni ks deteni defcrpiredow b irespesty & & dindifefl twmber of
di,recting_t. rds 1Q syspected targets for,eval uatign
embppiegens. Jf 3l Becepesyed dhatrmany wARGHSs mipfifeatisna and otter
applidaBiBRE JF QRSN dnidn! RGP HEREIAE8 Wilin AHE QEBLELDS the invention as
classification of a target and/or offers a hunman ‘
defiopbbutherappendeduddingi spl ay of the suspected target for
eval uation. The narrow field-of-viewinfrared inmaging
sensor 216 is preferably ginbaled to provide a field.
of regard (FOR) giving 360 azimuth coverage and a
range of elevations greater than 15 the coverage of
i magi'ng assenbly 206. Mdst preferably, the ginba
provi des high ranges of elevation (spanning at |east
.60, and nost preferably 90-100) to offer roughly
hem spherical coverage for continuous tracking of a
detected target outside the field of view of inmaging
.assenbly 206. In all other respects, it should be
appreci ated that imagi ng systens 208 are 20 '
preferably inplenented according to any or al
features described above in the context of imaging
systens 30 and 30'. For exanmple, |IRST system 202 is
preferably configured for detecting both slowy
varying targets, such as incomng mssiles in flight,
i.e., with-a tinme constant greater than that of the
background solar clutter, and transient "flash"
.events, such as the [aunching of a mssile, with a
tinme constant |less 25 than that of the background
solar, clutter. For this purpose, the imaging system
- preferably includes fast swtching and other features
descri bed above which are helpful in detection of
transient flash events. Although the above
illustration has been given in the context of
application to '
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a navel vessel, it will be appreciated that the
present invention nmay equally be 30 applied to other
| RST systens or other types of surveillance systens
fromother 23 WO 2006/ 095344 PCT/1L2006/ 000307

| and- based, airborne or satellite platforns. Details

Mﬁmi ons, and nodifications where

. - be clear to one ordinarily skilled
in the art hy analogy to the_ above description. Wile
t he anenﬁnéﬁlagagﬁ@gqm&egmn% with respect to a

Iim'éid nuE}‘ger .of .5 el\r/tlbodi.rrents, it wll,be

appr i at® ?ﬁé‘i“eﬂ%}ﬂﬁ}a Hace SrOr AEEY s ‘il%dati ons and

ot h a j j : Shvention may be made

Wi tﬁqb% t@%pdéggéeﬁlgkpﬁi\}% tion as defined by the
appended (@) ai nat. 1%t \VWbidd dRidal Abdvhidrizent] asfuviatel@gimith the
system conprising: (a) a two-dinensional imaging .
sensor array; @Emaging Bynson asiityi aul defjringm field afoviay: of given

(i) at least one opti.cal arrangement associated with
the inaging s@}%@ P10 ef i ning a field of view

o, SLyen (Ao ERENS ARG 08 b ual victin

optical axis ofn tdifichhRgidn@rshet &ﬁaﬁiﬁg\/\@ﬁ‘ﬁerﬁ bétvaden a first
direction and a second direction, said optical
swi t chi ng nechdingctionaal & s¢apndiditession, one opti cal

arrangenent . bei ng depl pyed such that said. i i ng :
sensor ar¥4d Opé@%’eﬁ‘é’gtég&&ﬁbeéga@ﬁmaﬁn 3y a%n&)%m one optical
subst anti - i Lel PR f
Subct 21l BT ABRREN 16148 B Yo Phsy
non- over | gaRi-ites fihlods off atvict BaYi fidbsthinvialgi iéh-overlapping
optical axes in fiXed spatial relation, wherein said
optical sfelds hvihgiavecHaeqeh awulahdsnbedions nsasdi sibstantially
fields of view at a fjeld-qf-view switching rate, the .
i magi ng sY&rensEapningdields of view having diverging optical axes in
fixed spatial relation,
wherein said optical switching mechanism switches between said fields
of view at a field-of-view switching rate, the imaging system further
comprising a read arrangement for reading accumulated information
from said two-dimensional imaging sensor array at a read cycle rate,
wherein said field-of-view switching rate is greater than said read cycle

rate.
2. The imaging system of claim 1, wherein said optical switching
mechanism includes an apparatus that is alternately substantially transparent

and substantially reflective.

3. The imaging system of claim 1, wherein said optical switching

mechanism includes a rotatable disk including at least one pair of alternating
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conprising a read arrangenent for reading accumul at ed
information from said two-di nensional inmging sensor
array at a read cycle rate, wherein said
field-of-view switching rate is greater than said read

segientoo t Fss SEmEBnoh o hatinA RS i Gareb et 244 Selond
scBRRar gfggcl{gm éﬁ t;}%é%eant | g:v?gysubst antially

ransparent reflective. 3. The
I magi ng syst em of claim1, wherein said optical
switching nechani smincl udes a rotatable disk
i ncludi ndl'lee imegmsig systernadf’ claimal t esheretin rsgid 26 least one pair
segnents, a first segment of each, sai_d pai r being
inelugag Bhi@ﬁ’t o pairs sdsamenge pmo$a1@§msgg,e§t ﬁ%ﬂments are

of, claim 3
teqtengeh et it eel e o SRR S ARG EpBlie sqgents
arD BB té%%%ﬁtlcéﬂ‘}ﬁﬁgésnoﬁ%@elf: gtﬁ§parent segment s

are transparent to non<identical Tanges of

wavel engt hs and said refl ective segnents are

reflective to non-identical ranges of wavel engths. 5.

The 5.magi e syagimp systahadficlaimwhewbereirs aaid opti¢ad atwitching
switching nmechanismincludes, a pluralit

mm@wem@@?@c arilusglity not tl@rrcgoelgaﬁrames%%fsét @QHE@'.Sn graid

orBHRAE i e 2, 50, HBRS EY ORREE R anc
su%lsﬁﬁﬁgll %Mé@ﬁd&ﬁ&i Md%ﬁﬁft@@a‘i’é cidsgim 1, wherel n said

opt1 cal svvltc ing nechanismincludes a pair of prisns
and a prismdisplacenent nechani sm operative to

di spl ace at |east one of said pair of prisns such that
sai db.pai rThd impgingnsysters afl claimat,ewherzd) ssishoptacal sw1tch1ng

apart, said apparatus_bejng substantial]y, transpar
MGHARIYE; J&Cgﬂe§r?s P&Feogdﬁné nfd ﬁdpga@sfilgé{chmegt Y3ecHahism

opegé fﬁ) dyﬁ?sgn,p“ at 1884 orﬂﬁir of' s 1d Air ?P?ﬁfsms ‘suchih P@&'dn&u of

Sing a p ng sys

RGEP R Dltehithtallahdiadent VIRT @pavrtsama hpRGhtng 158185 %ﬁﬁbsﬁﬁﬁally
deployed in fiXed™ spatial relation such that said

transpatemhtwhdrl paito prismsr drapgdjaceti alddsulpstatiadly offlecsiziedwhen
plurality of imaging systens together forma
S%B@ﬁ@ﬁ@?"aﬁﬂ’%ﬁ .cont i guous

7. An imaging assembly comprising a plurality of imaging systems
according to claim 1, wherein said imaging systems are deployed in fixed
spatial relation such that said substantially non-overlapping fields of view of
said plurality of imaging systems together form a substantially contiguous

effective field of view spanning at least 120°.

8. The imaging assembly of claim 7, wherein said substantially

contiguous effective field of view spans at least 180°.

9. The imaging assembly of claim 7, wherein said substantially

contiguous effective field of view spans 360°.
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effective field of view spanning at |east 120. 8. The
i mgi ng assenbly of claim?7, wherein said
substantially contiguous effective field of view
spans at |least 180. 9. The i mgi ng assenbly of claim

f| el rel,ﬁhé\%&lg%%%?%%% %)ﬂ?l ﬂew uous ef a@gltgliﬁ/}yffsmd
: 1&&?%%%%&51 RE& L\Wrahid agalrll%éﬁlﬁemb."ag' ng

rncludes a eas three o magl ng
systens. 11. An inmaging systemconprising: (a) a
t wo- di nensi onal i nmagi ng sensor array; (b) an optica
systEm i ndrnuinaging 6y stemt cdrageddingne optical arrangenent
associated with the imaging sensor array and defining
a fi@d oﬂW@-é\?méﬂSIQn&lelﬁlagm@ﬁﬁfﬁﬂrdﬂﬁﬁnm ons; and (ii)

an opti cal ismfor alternately

swi t inga 'i?g \H@%g the i maging system

bet ween | rs e %%‘i’ﬂéh di

said opt Sz\%l tlc S|'t ngﬁérre tgdr%?s%a saltd agst%% detg(gtwétr}lle the

opti cal ar r an@gedEng sbeion argsindyéditiigh fidldtorsdaéw of given

i magi ng sensor array_generates images of at |east two
substantially aztg’ullm\ICbmeapmnﬁgandl el ds of view of equal
angul ar (érrenm ons fglal d. st ant.i al |

e

non- over | \dpi rift PP Sgite %Wlﬁ%hﬂnh@é‘%é}tmly switching
o o ax%® e, AEL aRRRE Ane! FhAkhO ysldh Borlick'a firs

set of read capacrtors Tncludin

associ at ed W tfire@Rmlanded $Yondl @rRfAbnof sai d
t wo- di nensi onal i nmagi ng sensor array; (d) a second

set of resud cgppizel switshingcmedhagsm amba;ald ot least one optical

associated w th each s nsor el enent aid .
t wo- di mendTEHEMEnthEing dgaiyed sugh the Saaiane@pgasensor array

sensor s V\één%%tgg iftld g@y PE a8 RIS s?ﬁﬁ&nWafl{f] I?(%i-gvér\f\éf)'ping

fields of view of equal angular dimensions, said substantially
non-overlapping fields of view having diverging optical axes in
fixed spatial relation;

(c)  a first set of read capacitors including a capacitor associated with
each sensor clement of said two-dimensional imaging sensor
array;

(d) a second set of read capacitors including a capacitor associated
with each sensor element of said two-dimensional imaging sensor
array; and

() a sensor switching arrangement associated with said two-
dimensional imaging sensor array, said first and second sets of
read capacitors and said optical switching mechanism, said sensor
switching arrangement being configured to switch connections
from each sensor element of said two-dimensional imaging
sensor array between corresponding capacitors of said first and

second sets of read capacitors synchronously with switching of
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di mensi onal i magi ng sensor array, said first and
second sets of read capacitors and said optica
swi t chi ng nechani sm said sensor swtching
arrangenment being configured to switch connections

JRALEEN G A T N s .
i magi ng S r s

f id fjs 0 f |

of 551 ! ERL 01, aBECONY BRKSia of R CIRHLA Sccumula

swi t chi nginfeehaiirstorbapongingsal Oiifsnof baidltde Rélds v ew and
such that said first set of read capacitors accunul ate

i nf or mat i sad cseaoadpeadi ofy read acdpacgorsofacsnimiiateo information
fields of view ag{&g‘ said se&ogd set o rea%i capacitors
accunul at €TSPERARE 1817 secont OF saiddylields 8T y&¥nd of
said two fields of view. 12. The imagi ng system of

claim 11, wherein said sensor switching arrangenment

SW tghes phlL %ﬁgﬁ%egské}ﬁ%fa&a 118 YohieRLin /S s B S ihing

rate, the | mag ystem further conprising a re

ardiigongenewitdhes dagbdbnge@isintl ARAd-oERiOK N@YiteHing rar, the
said first and second sets of read capacitors at a
imagiog sysitm furthee compeisimign sadarftangement far readiogi acchinudated
.rate (s greater than said read cycle rate. 13. The
infoRRAtRR %%% SHIHTSE Al esond seis %ﬁwaéo%a?%?ﬁ%g@t g igadaeycle
[ - [
relr bl Rl (RRGEARAC GG B, BaRr TRRR Sl Pead cyele
ratewo- di mensi onal i magi ng sensor array; and (b) a
fourth set of read capacitors including a capacitor
associated w th each sensor el enent of said
two-di mensi onal inmagi ng sensor array, wherein said
sensb?. swihenagingrysisgeatakindd, failercemprigingingenent

2;? S(ﬁé;J " hﬁ{jrtﬁg%ggrgt géﬁlma.giqgassgaig }irl]é Eg\%gggfér%géc%ted with

arrangene a [ gepeEl . c r
Such s hat Sl Jensd, AckERE &t SARORIEMmERL Bl Bh BT Sthsor
sai d sensg@fagwndchi ng arrangenent switches
connections from each sensor el ement of

(b) a fourth set of read capacitors including a capacitor associated

with each sensor element of said two-dimensional imaging sensor
array,
wherein said sensor switching arrangement and said read arrangement are
further associated with said third and fourth sets of read capacitors, said sensor
switching arrangement and said read arrangement being configured such that:
(i) during a first half of said read cycle, said sensor switching
arrangement switches connections from each sensor element of
saild two-dimensional imaging sensor array between
corresponding capacitors of said first and second sets of read
capacitors synchronously with switching of said optical switching
mechanism between said two fields of view while said read
arrangement reads said third and fourth sets of read capacitors;

and
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sai d two-di nensional inmaging sensor array between
correspondi ng capacitors of said first and second sets
of read capacitors synchronously with swtching of
said optical switching nechanismbetween said two

i 1 BDanai nosssnd B ctoRie BRI TDIRTRAY, R Sfirghing
during a gg il dwithez ad 'é@ﬁgnscﬁ%h?:eaél?'sgns?(ﬁ'nae ent of

swi tching artangenent sw tches connections from eac

sensor el grignt t@b-difRngionab- dim@gisponakndoragiapgys ensween
array between corresponding capacitors of said third

and f our t eorsesponding eaphcitoap @fi said shigdnand dewthk | setsyiof rread
switching of said optical swtching,.nechanism.between.
Sa 0t o gAmaeROrs AR G A iR oL S SRGERL tehing

rljradims al Hlef:hérﬁémapgtv?e%ﬁo ORGSRLS ﬁ%ld)E 5E vEAPAGhHE" Shid read
: i maging systemconprising: (a) a

t wo- di mengrhriAimdrntRedditas® fisQrandrseddnid st bf fehdoRiphEitdrs.
systemincluding: (i) at |east one optical arrangenent
associated with the inmaging sensor array and defi ning
a field of view of given angular dinmensions; and (ii)
an opti caf\ngmiaging sisteracpanirsing:or alternately

swi tchin an tical Is.of the imaging system

bet il % P P<imeRFiPnat FAeing SeIROE B88MY di r oct i on,

sai dagpt i | LRPid®eiaR sm and said at |east one
opti(cbgl %?lr)%ﬁ(\éaeltﬁg%eﬁg@ ng depl oyed such that said

| magi ng s@psorataneay ogenepiials atiB@anel addodiAagt Witk the
substantially non-overlapping fields of view of equal
angul ar di mensinaging sensbrsutsyt and definipg a field of view of given
non- over | appi n%lfi el ds of . view $avi ng di verging

optical axes i#eHILAMESiNssAndel ation; and (c) a

processor %ilé]o nflg %&)ﬁgalf %it@tﬁﬁbyrﬁle&gan?slﬁ Sille %ﬂ%ﬁla%ly switching

i mges fr
an optical axis of the imaging system between a first

direction and a second direction,

said optical switching mechanism and said at least one optical
arrangement being deployed such that said imaging sensor array
generates images of at least two substantially non-overlapping
fields of view of equal angular dimensions, said substantially
non-overlapping fields of view having diverging optical axes in
fixed spatial relation; and

(c)  a processor configured for analyzing a sequence of images from
said imaging system to determine whether they indicate the

presence of a transient event.
15.  An infrared search and tracking (IRST) system for a waterborne

vessel, the system comprising:

(a)  at least one stabilized platform; and
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said imagi ng systemto determ ne whether they indicate
the presence of a transient event. 15. An infrared
search and tracking (I RST) system for a waterborne
vessel, the systemconprising: (a) at |east one

(.20 U AR 8y B3 ST o,
o AR RS ) U R o

a t venidimepisieeysleny@ghpdsiagnsor array; (ii) an
opti cal systemincluding: (A) at |east one optical

arr a@benemtquism@nape@ll imaging Rensor aHgyng sensor array
field of w of given angul ar

d f
3inrrea§| Lﬂggﬁ‘iﬁ%ﬁl@wﬂﬁwn&ﬁ#ﬁe& swi t chi ng nechani sm f or
al ter nat LAy Svil GUURIonENo R © BlrafidRedl aLORiEAIWIR the

system be en a I on a a secon

direction, saifingih @aﬂlso&w@mﬂaﬂdmhgm Heldasitviewi 6f given
at | east one optical arrangenent being deployed such

that said i magangylsedisunsimsagnd gener ates | rmges of at
| east two subst ant i al l%‘f’ on- over | appl n

fi
view of eqbal smRtiaH ShiighsE Rechaiyg T risIS) jwitching
non-over| appi n%ﬂf(# P Qs e ehﬂ?ﬂhgﬁgﬁkyvs\?\% 'Bgtween g first

optical axes i xed spatl a erern sai

i magi ng syst engirgdtiortdaRl S¥&brddifdoieg, spatial relation
such that said fields of view of said plurality of

i magi ng sysd eoptichbgetitching arevhanissubsd aid at llgast one optical
contiguous effecti ve field of view spanning
subst ant i #irageeseRd bejs %@YP@@%;}E@W%#WEHH%%OF array

wherein said t l.east 0 ahj lize

ol orent Gefcaes IR o L LM E Lol 9 Svertapping
pl atf or msfeRAAoMRELRT 6F eg uiia'dﬁn?:ﬁﬁghi ' 58&8’ substantially
platforns carries a corresponding subgroup of said

pl ur al i t ynod-overgppigg Syctie i, viewi lthvind diieerpingr optiicil rxes in

fields of view which
fixed spatial relation,
wherein said imaging systems are deployed in fixed spatial relation such that
said fields of view of said plurality of imaging systems together form a

substantially contiguous effective field of view spanning substantially 360°,

16.  The IRST system of claim 15, wherein said at least one stabilized
platform is implemented as a plurality of said stabilized platforms, and wherein
cach of said stabilized platforms carries a corresponding subgroup of said
plurality of imaging systems, said subgroup providing fields of view which
together form a substantially contiguous effective field of view spanning a
corresponding given angle, said corresponding given angles together

substantially spanning 360°.

17.  The IRST system of claim 15, wherein said at least one stabilized

platform is implemented as two stabilized platforms for deployment on
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together forma substantially contiguous effective
field of view spanning a correspondi ng given angl e,
sai d correspondi ng gi ven angl es together
substantially spanning 360. 17. The | RST system of

o Rt e oA U et 5 i, i
e

sublegddporpvicing | Gslds bifr sieve uvbichupogétheai fbrl W asubktantially
of i magi nfg systenms, said first subgroup providing .
cantiguaus effcotivevfishd of vioyspreningotilcastsubsstanglel and wherein

51 Feep o} s SO PRRHOrRs SWER oF GFCQB ubErSuD of said
PR gl ST, SA1 Lo 0550, SHRORE Blaso G

whichvogéthgr fored dsubstantiglVy comtialousRTRICRSE fedd B &iew spanning
substantially contiguous effective field of view

atslpastn36f manud exidt fid6Gngiayaid first 40d sccaniybebgroupsi thereby

first and,second_ subgr s thereb t oget her proyidi ng

together pEBHAE 40 CIEGEIBE NG Itf U SUBRtABl §Y W&éﬁ&ao.
18. The I RST system of claim15, wherein said at |east
one stabilized platformis stabilized to wthin a

predgd i negyl ﬁg@r s?ffste[-}LISf EBkAN 5, WfrShSdafdhe fedbt d?tﬁlai:lized

conprising a fine“stabilization arrangenment 1nclu
pladEbranisi figbilizall ©eRsdiin & paspgnRat leask ofi meedion, tthe system
said stabilized platformfor neasuring residual
further onmgptising alfise stabilizadidn goramgeoront lreca@ldlqlg) a
processi ng systemresponsive to said inerti sensar, ...
bt r diemott G GEBSY ARABESTIPROASSISIHSH niiiingpid Stabilized
assenbl y t.C .d: 4 mag tQ; s
compensat BaFGEn {3, “Hlekfing A ATDARIER Bt 'R stabilized
system ofplg{f@hf(;gcﬁd wherei n each of said fields of
view for each inmaging systemhas a spatial resolution
of afb)l east progespingel syspan  mwispdisiecli an. s20] TeetinRSFensor
system of claim 15, wherein said_substantially
cont i guoudTEIFERANTVE PROGISY ALY BRTs prifdmagg assembly yo as

360 in azjmitheddaid images so as to compensate for said residual

motion.

19.  The IRST system of claim 15, wherein each of said fields of view
for each imaging system has a spatial resolution of at least two pixels per

milliradian.

20. The IRST system of claim 15, wherein said substantially
contiguous effective field of view spans substantially 360° in azimuth and

spans a range of at least about &° in elevation.

21.  The IRST system of claim 15, further comprising a processing
system associated with said imaging assembly and configured to process
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spans a range of at |east about 8 in elevation. 21.
The I RST system of claim 15, further conprising a
processing system associated with said imaging
assenbly and configured to process 31 inmges from

g RS PTAE TR bR B 8800 Bl AyiRbion sitera
to H@nﬂf? édffﬁr étsCl ai m 21, wherein said target
etec r| te Ia include substantially continuous

detection of a suspected target for a period in

excess of about half a second. 23. The | RST system of

cl ai2R.21, ThadRSEr systepr iodi clgim gl nvdleeein saidr tanget detection

field-of-view infrared i,magi ng sensor avr ng a@Lr el d
crﬁf:rwn@%uﬁ@tsubrtéarl@hly cpnﬂﬁua%%aﬁtegtw@a? A guppsaled target for a

nars.ow fie infrared i magi ng sensor bei ng
pegg)éiolgle&:tc%s %%?uggﬁig‘apﬁ'eg%gw ng systemfor directing

towards suspected targets for evaluation of the

suspected targets. 24. The I RST system of cl ai m 15,

wherzg n sphd IRBU §dtermVof @MdifiD) 2 1MEGARSE $0MpFising a gimbaled
configured to switch said opti cal axis of the i magl ng

nagyesy dreld-nf-view infrareddmeiging sensor bhving pfiakks! gigvhnotrgeater
each i m

in enerate es qf _at ] east, four
than ahoyt gwgfmgﬁheagn@w%fiardn‘gﬁgr% dnfrgred; ymaging sensor
fi el . [
beﬁl ﬁocg&%rti \(zl/"lafl@’g njsdspr s§1§% s%%ga ?ﬁgdfgggﬁ% & A ﬁgr)ected
g"&éﬂﬂl&amtlahtaf&hewspéfctedrmage@g syst ens, each of said
I'magi ng systens conprising: (a) a two-dinmensional
i magi ng sensor array (b) an optical system

i ncl udi ng: 216 | east one optical arrangenment
assoth.at ebhanlRAT: hgsteinnagjickejns dAs ovhaemagaldndptacs i switghing

a field.of view of give gul ar .di mensions; and
msrha&&meércogﬁgr %S\Wé&ﬁéﬁ%s o s f ik Shpeing st in
e Y
LRI PP S RIB R/ B scnccs
images of at least four fields of view forming a two-dimensional array of fields

of view,

25.  An infrared search and tracking (IRST) system comprising an
imaging assembly including a plurality of imaging systems, each of said
imaging systems comprising:

(a) atwo-dimensional imaging sensor array;

(b)  an optical system including:

(i) at least one optical arrangement associated with the
imaging sensor array and defining a field of view of given
angular dimensions; and

(il)  an optical switching mechanism for alternately switching
an optical axis of the imaging system between a first

direction and a second direction,
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32 said optical swtching nmechani smand said at | east

one optical arrangenent being depl oyed such that said
i magi ng sensor array generates inages of at |east two
substantially non-overlapping fields of view of equal

angul ar di_ pensi.Q sajd substantial | . .

non- over I EbiORGCR! SrEhie” trestiiaty aod driskppisagt one optical

opti cal ' i i [+Qf; Ll '

gt ng yErgehent bEffh AEPIOYEN S0P BhiiAid Mgk ig heSotamay

such t hatgermedtes filmakes off atvieavt okosaibdtaptialial ndntovérlapping

i magi ng systens together forma substantially )

cont i guouiselds fafcviove dfi equal oingulawdupenmonyy sand |sabstantially

about 40. 26. A nethod.for acquiring i es. of two .

el ds o euAEE Sl AEE gVt BRerSing: onthiay awgs in

sensor ar g conprising: (a) providing an

opti cal aﬁ%dn%%g%@%ﬁ@ﬂudi ng an optical swtching
wheehabaidnnQinglsy aenst Ak YdghloRat i dixed spaslere®dtidmhsuch that

two fields of view onto the 1nmaging sensor array; (b)
sapd dwlds raf #iew exfc baidepbwalityf of higndgingi sygteseh dogether £orm a

t least one pair_of re cagpaci tors .and sensor

subsieptiAliy goaﬁlgwe#é?ﬁtwﬁof?&d i SRR 8h frast A2t AOSm

each of said sensors between the corresponding pair

of read capacitors; (c) synchronously operating said

optigal syi . ca T

o oo MR R RORIGRE, Bifhcen fud 2090L MUGTL0e o
siiflettwa-dintaikiofl gahginpakehs@farf89the aRftid dBprising:

accunul ates information corresponding to a pixel of a.

firs)of prewidinglapsoptical viremgament inddeding af opcal Pritching

of read capacitors. accunul ate i.nformation

Sor r s porfAPHE opAEIagY SrisstBEATGMA Pt the e fflds of

view, and:(.d) ' t .nformati on from

sai d pai %1%%}0#’[@3@& ﬂg%%glg%tg}g%% %Fa))é read cycle rate so

as t(®)acgsiokRlifg FEARMCRNOOr of TRUST g S@fdr afral/ne 16480 one

fields of view, wherein said field-of- view sw tching

rate i s granoércadaapscias rasldacgobe saitehing arrangement for

switching a connection from each of said sensors between the
corresponding pair of read capacitors;

(c)  synchronously operating said optical switching mechanism and
said sensor switching arrangement at a field-of-view switching
rate such that a first of said pair of read capacitors accumulates
information corresponding to a pixel of a first of the fields of
view and a second of said pair of read capacitors accumulates
information corresponding to a pixel of a second of the fields of
view; and

(d) reading accumulated information from said pairs of read
capacitors at a read cycle rate so as to acquire a sequence of
images of each of the two fields of view, wherein said field-of-

view switching rate is greater than said read cycle rate.
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33 27. The nethod of claim 26, wherein said
field-of-viewswitching rate is at |east four tines
said read cycle rate. 28. The nethod of clai m 26,
further conprising analyzing said sequence of inmages

to @ er nhg% utis E)@Leprf (tzllgiﬁﬁ ﬁ&d\iv‘ﬁ%}e?n tslequed RS -%?ev?fsv%tching

transi-ent
rate is at least four times said read cycle rate.

28. The method of claim 26, further comprising analyzing said

sequence of images to determine whether they indicate the presence of a

transient event.
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