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SYSTEMANDMVETHOD FOR W DE ANGLE OPTI CAL SURVEI LLANCE
FI ELD AND BACKGROUND OF TEE | NVENTI ON The present
WO nwefpizanh rel ates to a nethod and system for PEI/IIRA06/000307
surveillance of a wide angle or panoramc field of
view. In certain imaging applications, an extrenely

SYSTRYENIS RIS S QAP TP RS R v

of the object space nay be nonitored either

conti nuously or repeatedly at short intervals.
FIELDEANT BACKGR 08 INBpQF i THEE INVENETIONE: ful | earth

surveillance fromlow altitude space pl atforms,

hssile | aunch.warning froman airporne platfqorm and

TR e KR peliE i mriber andrisiate fJBIéQEUP%o%lfY@}HaHCG
of a ik RlBLEERRGARIY BRRFOrviRe approach Lo moni toring

ar lel'ds o

suc View is the use of a scanning
I neatainl éireetr applieationsX aiPé:aferRélyt Wide IR QFCHA €120° or
described in patent publications US 5347391 and EP

more) optied system inrequirashses thett asyery dergeot@dimensional region of the

object SRty St B THOBRRE (UABEFTUIB: SR TGEEINBEshor intervals,
' j Lor. by, it
Examplley SPoch rRRNSHMGLOETH SFbEStudnbe Yo Ja Y pace
platforfr®] n@is¥ies YariiBh! Waktifp Frdrh Odh erbSﬁfcthﬁ%?ﬂ YA HE B hreat
aresult, there is a significant ri of fransient

detectien droms 2 grouhd hasd heation of a fwastboase vegzsahyi ng t he
Launch of a mssile, bei ng@m’ssed bet ween scans of the
T

Sssapproagh tg meniaring sush farga dields of vievs is teaisef a scanning

. ' ' NgQr 0 itor the region of i.nterest.. ..
inear 4TBAEP 90367 BRLRA S OIS S S L E0hR B R S8 utfcatons
| u p |A cat S I 9346 :
U 5547 RO ET @ AE M BBRel S B R ook 23 fien
solutiondoegptanbirg laegotegiony) tiesydsuefei floRronliAbEr 8dkpe@oRtngs. Most
optical distortion, the field of view of each inmaging
notably érssepnigolinear sistecton arsay by its0rey nature actimilytwiewseach given

pixel of SO sBdq fir dorkay sriadl ProphEiom 05 Rsh HanBiFIAe. 46 4 result
. i- i €0 i .
s LT G ) T YRR s

the launenbf #iisgilbhethd Riged belenaicuhs Wr fle fhsgccept abl e
resolution, a |large nunber of inaging sensors depl oyed

Aint Bléematizg pappgodclelisise afsevitevingomhabing seagorisr &d monitor the

ereb rﬁndi nig the system very, .. . )
interest. Examples of systems employing staring imaging sensors include

region to?
patent publications US 6410897 B1, US 5534697 A and US 5300780 A. In most
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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expensive. One non-limting exanple used to illustrate

the present invention is that of protection of naval
w@b@biossns (wat er borne vessel s or ships). Shi pRCHIER006/000307

relatively vulnerable to attack by many ki nds of

m ssiles, such as sea-skinmmng mssiles and gliding

banbs d successf ul. depl oy.nent r
overloglgis, OF RBERCTEY PRY nl Pogirans Bt ubiiRe the, sustem very
expensg%.l'y detection of incomng threats. Radar has for

ecades been the standard technique for search and

e kbndiroftingl eanple tdedemt Hlstatentheapresent nivieationiis that of

defense systens. Radar is problenmatic, however, since
proteciion rafgnavalsplatfiorme Gratedoressivepsedd of at1ips)p Jhips agpitelatively

e SR RSB 8L L SR LU BB A e and

v g i of i \V; 1 .
L e R
defensBa$ dépyeéhdeht 8pon BNy JeRREBH OF if@mingahedata Rhdar dgk fRgdecades

systens based upon optical sensors, and-in ﬁrarti cul ar,

been thestandad techmighe £odsearele kit grackiREOf aiykaroeghrentsvior naval and

appl i cations highlight the_ aforenenti oned, shortcomnings .
other g dsSenpesBHRHORANY 1t BRODHINEYS  RHECVa S IGRab TSRTERS active

of -1 RS t for. pav l4 ' .
sans T AP B B PR, BEBvsselcamying e
trackir%“g)ffété‘lheﬁfd £ERSHE y¥ed %s ANELiiaY YeddHE o PuidbsRnsala atfaments

r-borne thréat detection requires an extrenely w de
towardsi tHedvedselii Eov, aviojebithisl psoblaue atteppésn have rheeh mhde to develop
substantially 360. During the short tinme-on-target (or

passive ciish,| noR-iRAnpIBIting) syantl 7gdsiratidng s¥remachaedunpen optical
sensor§ A Rt Sha et AR PR TR AR e
e Héat@n'@eﬁ?%mggﬁtn%ﬂ af&sreﬁ?aﬁidn%d %ﬁoﬁcéﬁﬂ%gst of both
scanni n systens n to suffer rom I nsur nount a e

scannifig Olah@nstainghi ghtdras.s dnglansntativas ofl IRETstsystergs for naval
systemis used, although the dwell time problemis

applicatodnsepisea parti¢waepoberuplie the fradeosf betwaenwudtieient sensitivity
and avgianceirabe Semsadinpome e Eiscidn TaoEE pi exkAmely wide
rield 385, FiORLY 35 tine A8 PIRDE ShRing A8°860, Pl e shor
time-ofiLtat &t [(BF F @ elIXHEYOF £deanhin@sdtene the) bﬁckgesﬁh% to'pgaal noise

wi t ™ conventional i'magi ng arrays of several hundre
of solari glaltsroinntheshoving susface of the water is almost indistinguishable from

the heat emission of a head-on incoming missile. As a result, scanning systems tend
to suffer from insurmountable pfoblems of high false alarm rates. If a staring system
is used, although the dwell time problenﬂ is solved, 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
two, 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
many as 40-80 imaging sensors would be required, rendering the system overly

expensive. .
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many as 40-80 i magi ng sensors woul d be required,
rendering the systemoverly expensive.|ln other

Wa@eohme%3i3g4 it has been proposed to use a singl BCT/MR90a®H0307
sensor with optical nultiplexing to performnore than
one imagi ng function. Exanples include the

f ' d US 6410897 Bl ; bl i i .
B e
opticl ShppRFRIA B 5L M mbas i o ohmblncude

the afoP&h¥EehAATSWY 198978 Hevlidreladmonhblei mivros isisad to switch the
disclosed in US 5049740, US 4486662 and US 3804976,
optical Asnsdreetexeml widsi ficldosEarievn opicalsyjeevepred iadeasrew field of

view Gpiigh) ORGEHTor AsTRHIGSIOIRR! OF ST DPDY e Shd wide
fields gf GBRLRoAlsoraRLRRES e (AP 3046140, V830188682 | fa USBEOASTS.

ne of these references

Anotheg! aﬁiggﬂe sgiefbb&Rlin "Uk tsghesT neotieTd etartning siotdtiry polygon
ie h

of vieww th different optical axes In fixed

which sefitdsakwo elfieldsomfasyiew sosad ifon $tereoacepiar viggving or for two
surveillance system A further limtation of t

h
independentisaiaerabio b salsielosgorsssuriRlAY I9ogspRealp scrcens. None of
: | tiplexi is that, the. ' ' ' . faw
these ereifchrrgses apiel wyRMBNREde Btk EbORlLF HHOSOr view
with dHEERRE ’ogsiticﬁ} axkd anﬁ%eedséﬁa@fé? NelfioBXROSE sbhifticH fay d Gtaring
rncomng 11 Tumnation and then read the resulting

surveillftcersieion froman array of capacitors associ ated
with each sensor elenent. In order to avoid rrixi% of .
with optical

thefucthat dimitasion f theo afergmentioned exaying SYsiEH)

multip%;@q?é gi\gﬂfag Mp{){i@t sawglgcggﬁé %ﬂ%@g&?ﬁeﬁﬁg{@f gHi{GeZ%bif éhe read

cvle BERILARSRE B, SRR 48 FESascin@ty o ncoming

illumiifon288d thé€adad ahs aesilting ciatoreyation) frofivian amde af capacitors

operation is referred to as "Read Then, |nt egrate
associftBd Iwith Each sensoeiclérnente lmppiéicta: aveid mixing o
desired to detect transi nt s of tio

t ey ur n sim.lar
two imagesy theese8S QA rﬁeexwegg% peish Hi‘?%ag% 3’6’?‘? i fefirst fretd-
. arrangenent is_proble ' kN
of-vieiih e oA ch EPPITOrs oy FacEly P ABaEE T Chep R Ba the sensor
array *sh@%ﬁs@? QoNBe MeeoRd MdidideviRanand th&icapadivorsidtetdp@in read (a
i e of staring sensors with a single field of view,
second efdecyeiby tEhie mode of operation is referred to as “Read Then Integrate
(RTI). For surveillance applications in which it is desired to detect transient 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

and may therefore be missed by the sensor.

Finally, in the field of staring sensors with a single field of view, there exists a
technique known asb “Read While Integrate” (RWT) which substantially avoids dead-
time during the output reading process between integration periods of a sensor. This
technique is particularly useful when monitoring for transient flash events since it

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

3

ghe coptent of the
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techni que known as "Read Wiile Integrate” (RW) which
substantially avoi ds deadti nme during the out put
WO e@diosiz4pr ocess bet ween i ntegration periods OPCHIL2006/000307
sensor. This technique is particularly useful when
"monitoring for transient flash events since it hel ps

Integraldy 88 OGPVl Bl tpe ARt atish T St BE AFUUFG: tiing an
array of ﬁéﬁ{—génstittgfe f@%ﬁrs%a%‘gfddﬂcg el %ﬁa%g @%rg% ‘ctjl’lijeggglftsﬂhﬁgthey

an-array ght-sensitive sensors t

are sensitigettviigpingargthewh €Fhd pendipBhe f R wilbaywabeillustrated with
sensitive to inpinges on them The principle of RW
referengg ko Fipebd anlRustrated with reference to Figures 1

SR Fen RSP P e SRP AR BPH A TRStgtr
ol S ERAPER: R pUBRLL i WECASRARLLRSS 12 LAY o

switch 36! eCasdcloys ¢QwRder 0 tinl 28 Adinatél WoulpldBtdd¥ rdadout circuit
switch 20. When a capacitor 12 or 14 is coupled to

18 by sswioh 200, Whhe acegpacitonl2 b2 1dris téupkeddiovsensanti0, the capacitor

accunmul ates ("integrates") the, el ectrical charge
12 or 14 gussiess B evauiates (gglt%graﬁﬁss)eatfeﬁl@etrtﬂal tc?}ergq gioduced by

sensor I 46 PeRG00 e Vo TiuBini B8 SH0R 1, e chpacitor
12 or fi4a cb@;ﬁeah@ 98 RGE WIHhAL 48, irBaddif GARAE 180kedds e tHarge
and di scharges the capacitor 12 or 14. Figure 2 shows

accumulhtedsiadhie naeacitor il @tox didedridbdiselratgesthtaapacisadl 2 or 14e
E_rior art RW nethod to _acquire inages using an array
iguse Asgaws thecsngyenee 06 intesrpsion and teadaut poed in theypgor art

RWE o o ESAFE Wt FRRRLA G5 i obbist bt/ ! oecive
capacitbtd'$3 St 1 'd”&sgé’&f\féuf@é%ﬁﬁ cfrbﬁﬁi HBL& Ylﬁls?r\ﬁ%ec} in Figure 1.
capacitors 12 accunul ate el ectrical charges I1e

Time in@edsust froinrlefti fosridlt incRigutd 2. dbedhg ioddlmahBe@dSime intervals,
_accunul ated in capacitors 14 during the i medi ately
capacitpreed@diapeumilate isheatricall shamesi whilevreadautrisércaifst 18neread the

AL I SRR S e
ime EEATE) B0 T-FABRRGLRER Hd ML BB Bl

electridd® thAdeH HHRABa SO CHT R g 8'10ad kDS ebfrRAl ERA g8 BEcumulated in
capacitor, corresponds to a pair of tinme intervals.

capacitéte12idugmgathednmmediately Prepeding tinteointetvalst iThengeadfcyches i.e.,
the pergedh et aeEeBva feadinge deautthe SABH SRpogyor, Corresponds fo o
pair of time intervals. The diagonal arrows in Figure 2 show the timing 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. t ‘
Although RWI provides an effective solution for substantiallyA 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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Note that Figure 1 illustrates the settings of

swtches 16 and 20 during odd-nunbered tine intervals.
wa@\kaoaoesphd R provi des an effective sol ution fBET/IL2006/000307

substantially continuous nonitoring of an inmaging

systemfield of view, it is of limted value where a

SRSy UGPSR L
upon ﬁhﬁhg meABhE N5 HRIBIwWRId aegn#l%?sgpﬂ?@eg switéhihf W provide

cycle. There“is therefore a nee

quasi-dargintions -moaitosing \ofi 4 heideangls frtd kFseidw I@\Qﬂlesfs%lﬁhmg fewer
i magi ng sensors which woul d enploy optical swt

lmagmgo%ﬁﬁ@m danqguiewld-aberwisriba sequined Gor rugl Héldaofnvice- r:m@k'@e It

would pls e SovaEdeotiyp Budide Fééﬂﬁa%fﬂ“?%ﬁh”%% tricling sgpiem which
would p[%x%%%‘éﬁr @ﬁ%?tl‘llé g eﬂﬁ:?ﬁat 59%9 %ﬁ?m fhyeats to

oVl an in rar sear and rac ng sys
platformybactpaowiatebaresfckess.i ve passive aI ternative to
radar for detecting threats to platforms, such as
wat er borne vessels. SUMVARY OF THE | NVENTI ON The
resent invention is a nethod and system for optical
S eIl TOM angl e or panoranic field of
\ VI ew Accordl ng to the present invention there is

§9ntaﬂ1v'e 85 19 2SHRhRig ﬁlg&r%g%tr%gg ?c'né%ﬁ‘?ifag) suryeillance of a

nenS|ona I magi ng sensor
wide a@gkl@qjan@y@hﬁjmelﬂcﬂfwjéwg (i) at |east one optical
arradgement associated with the inmagi ng sensor array
ninghe p‘rcmntl inVentienvthéregis rovided| ar imaging system

ons; an optical swtchi ng mechani sm

i)
comprlfsmg' E(?é grtﬁ\g)(-a n}e@swqaé AAgIngnSHIFOr @amayand (b9 anraptical system

0 A Bl AR S S8R e
array ande@dfifing LPleld BF vidw V&R tfﬂ.ng‘ﬁlzaﬁ:’ Qhﬁil%ﬂgl‘&}ﬁ?daﬁcy %{}) o %btlcal

the i magrng sensor array” generates | nages of

switchingomscitestismt foabltyrnately ewtschigpamgpficall igs of the 1@’Mg<ﬁf1g system
equal angul ar di nensions, the substantially
betweeﬁo% Tovl ﬂlfé%@ﬁh gndliapepongf diveasion he rptital swifiching mechanism

and th B efdh o el aspigspa et doplebienshih i o ptaiagisensor
array geHbrafdd i %5?%&1?%9 et .% t?anlaﬂpcgﬁg)e ﬁ‘a}pﬁifﬂghe & of view of

al ternat subst ant y trans
equal angular dimensions, the substantlally non-overlapping fields of view having

diverging optical axes in fixed spatial relation.

According to a further feature of the present invention, the optical switching
mechanism includes an apparatus that is alternately substantially transparent and
substantially reflective.

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 each the pair being transparent and a second segment of

each the pair bemg reflective.
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substantially reflective. According to a further
feature of the present invention, the optical

W@ MoboM3my nechani smincludes a rotatabl e di sSkPCT/IL2006/000307
including at | east one pair of alternating segnents, a
first segnent of each the pair being transparent and a

AEFPUfed 5 T-Bira R AT Y %P rent rintion. e eyleast one pair
includdd’ 86 §8dst! WS Paidn Pf t &gnﬁh@, e@’\i}ﬁre‘?ﬁ‘ &he aLrﬁné ebMdSSorfénts are
I'east two pai‘rs of segnment$, wherein the transparent

transpas@g NNt en-adenticah napes eft wheelongths deit theatefleatige Seghents are
wavel engt hs and the reflective segnents are reflective
reflective taoantidenti¢ad aangeapdawvslengdel engt hs. According to a
r feature of. the % sent invention, the

fé:)JarC{)h R0 f Seatpre SPIESHIL Y pRLiQH, fhe op?f%tai sc\%}tching

. ‘ , _ .

mechalJ BRSSP o7 nA SOk Iy RRPSh Bty B Bt

being saBstafitifigy diahkidrbit whéEd 8@t dhveter i dpef anldwubstaatiallg reflective
cl osed. According to a further feature of the present

when thevslesttarsare closedpt i cal swit chi ng nmechani smi ncl udes a
air of pris and, a pri di spl acenent, mechani s e
gﬁéP 1ng o @o%@ﬁ%%érea??{pé‘a@iesgﬁemé’@?% Siqptl&g] switching

meha B RS ST DRER I B0 Aot R Ftpyraie

 to displa@aPaERR oD RF t‘h@e}t)aﬁfi ridh8 Aftha@et thdnfair of Prisms are

substantially reflective en the prisns are apar
alternatdty adpicent amd apdrtirthbeppdreatsreing subsiantplbsransparent when the
i nvention, there is provided an inmagi ng assenbly

prisms @sprpdiaseriging substeatiptly reflective whesn beanisenaie apsHyi ng
t wher.ei,n the inmagi depl oyed i
PEREIE 15 PR PR BF (e prenf v ot BRePAf Bydvided an
magio RSB A8FRR4 8 dhudly S Bpchiiel ket sysems,

whereifi Ohe| 'ﬁ}m%iﬁg tReld URe ﬂé}]ﬁbﬁe@finvﬁm spatiali Ratédn keelsthat the
120, and preferably at 1east 180, and nost preferably

substangisblst annicuierlpppg. fiakdsookiviey taf thef phurality pédmagingisystems

togethery Grlig SuRsraRHL cRomiguoYS RieEt Vb ieiHadS gy AGAIng at loast

120, AR5 R R b R g o
bRicwRBAg tthea frighelSfeaturk| PRt prRséhteinSeffiol] €W plurality of the
switching rate, the

imaging systems includes at least three of the imaging systems.

According to a further feature of the present invention, the optical switching
mechanism switches between the fields of view at a field-of-view éwitching rate, the
imaging system further comprising a read arrangement for reading accumulated
information from the two-dimensional imaging sensor array at a read éycle rate,
wherein the field-of-view switching rate is greater than the read cycle rate.

According to a further feature of the present invention, there are also
provided: (a) a first set of read capacitors including a capacitdr associated with each

sensor 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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I magi ng system further conprising a read arrangenent
for reading accunul ated information fromthe
wo aweaidIzensi onal i magi ng sensor array at a reaPlCTYQ0&/000307
rate, wherein the field-of-view switching rate is
greater than the read cycle rate. According to a
rt.her feature sent inve.ncg}iégn t here

dimengipiel Fiagyraetttr Brok Fr e s P PR a0 b el fssociared

‘with tl'éf‘ %H‘-jdiﬁ%]p@ito&gpﬂﬁhéﬁfg SSROF 5] 1N sCaRA 8A8P sets of read

ement two-di-mensi onal "I nagi ng sensor array;
capacifd?} addshe opticabtwitthingashechpdom dic s¢rdok uWitthigg arrangement

_ capacitor associated with each sensor el enent of the
being toputighreds i ravitdhmgghnectinngs fomaagly ; seasar (@dgmeant @hsihe two-

. swi t.chi ng arrangenent, associ ated wih the .
dimen3igpalASIAE SHAOT AR B MEEh SOMCSPIAInE CABagifqrs of fhe first and
second P BE e it e ARATR BB SR £ BT WkPlptical switching
mechaBRn Befrdthl Qe fieldsvait Ehwcaithetht ¢sfifstaet e@ebad capacitors
sensor el enent of the twodi nensional inagi ng sensor
accumatataynfoematien courespepdingitoga ¢agtacf ther twoffiglte ofiview and the
nd second set,s of read, capagitors synchrongusly wth

Seconcgwtt‘bﬁﬁeﬁ gpagiys &&PW@&II“%M%ENWQH%WBP% B ggpond of

themé?%&g&%g&l ds of view such that the first set of read
itors’

accurmul ate i nformation corresponding to a
fAdbdinl thhe firmerf feghfle oFfthy ipP¥éedn thvdhiodS aRNderiRF s@fitching
read capacitors accunul ate information correspondi ng

arrangtment switclned the doheetttenst ated fisldof-vieswswitchimgiratg the imaging
further feature of the present invention, the sensar .
systems {yrthasi oo YRS Gaivad taraRceRIeat femicadgighaequnaiplgteg information

ield-of -view switching,rate,. the inmagi stem .
from tpe b AN SHEMICPHY S Pad PRRr et roas v ST gvherein the
read ca
fAcdoddiak- 16 ew favthee Heagire abfe the gesait elnvichéion} hRereeatk also
- cycle rate. According to a further feature of the
provided=@atthirdsehof maad capecitorsrinclading p capdaiten -asgerjatad with each
third sef  of read calacitors.includin a ca

sensor ERBER e e EBERIGH d EI S AEIROT Birepand (B) & fourth set of
read Céﬁé@i’cg#ﬁﬁgg@?ﬁg% é:%??cgjcd}gaﬁ(?ﬁ%%? rygl*tﬁ Qdlch g%lgtoé ?felf?erft Wb two-

_ ( r's e a cap

dimen§idA#CInRHoRsh ¥érisbr 8AGYH, VABRDM IR &B6E sWitchin@ arrangement and the
twodi nensi onal imaging sensor array, where€in the

read avemgementiviare hfunthenrasaogjetednivitndhe Hhirdeand dionsthgsetenof read

~are further assqciated with the thjrd and fourth sets_ .
capaciggrs,r gy sensor switching arrangement and the read arrangement being

' j ' d d set
 field-FRANTR At AOITERRE dldifbrfa) Lyciha®NT SECONd Dets

“configured such that: (i) during a first half of the read cyclé, the 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 switching of the optical switching mechanisni
between the two fields of yiew while the read arrangement reads the third and fourth

sets of read capacitors; and (ii) 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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capacitors, the sensor swtching arrangenent and the

read arrangenent being configured such that: (i)
walewoetogs3ad first half of the read cycle, the sePGDIL2006/000307

swi tching arrangenent sw tches connections from each

sensor el enent of the two- dlnen3|onal I magi ng sensor

ar etween .correspondi n Clt s of he fl
fourth 3 %}‘e@aﬁ&a@%ﬁ@m@ﬁm@g&nea 3 o7 Se P Hoverealspiitching
[
mechaﬁﬁé‘lﬁ ochatt\Qrg fﬁés%iéé \§VP]V e%Y“’we ‘ﬂ% etﬁ? et g&%ﬁgtg%he first
and seb@aﬂ%tg berdalmdagaamtsfourt h sets of read capacitors;
and (ii) during a second half of the read cycle, t he
Jeensodingtotac firthgr featare efiéiet presentchventiombetel isradscf provided

each sepsor ement of the twodi nension g
a4 ProCeBAE 6P1 g‘#f&?tle Rglé(ﬁmcgo’i‘ PEEKERE] @m@gﬁ%griqlbﬁga %’Fg&%% system

hr onousl
to deteftié wARHeR Wil Rt s 11886 AL RS Bt T Onous! y
biere ‘i’sﬂal%B %rémeﬁ 'a@b&%in@é to/ iR eWbhihgs bii¢hd ﬁrft@ent invention, an
arrangenent reads the first and second sets of read

infraredaperrch angd. traddog dTRGT) osyatdmr foner Watethoree ofessdie the system
pr esent |nvent|on there js also prOV|d% a .progessor

comprigigi furatdloast oawmssabnlh@eda pé@é@}@hc andf (aty dmaging, aspembly
deploygIodh ik, 3 oS DA HeBURLOBHERA I ubrEhg B3 EP pstfping o
plurahgﬁ %?rt?é 'ﬁﬁ)ﬁe&eﬁ’ﬂ@n anggﬁ%;%)%ﬁelﬁ? ewHEx%?n? e h’ﬁﬁg@g s%igtems are

I nfrared searc king (1 RST) syste
deploywdt &y ﬁ&e«ﬂlquasbﬁdlambrh@uslysthemhmﬁntdssoﬁgmew af die padity of

one stabilized platfor and an i magi nt% assenbl y
imaginge pysyed togethve farm| @ sypstgndal @@ntlgu@@s sffgetive field h& view
&y including a plurality of.the
Spmagéﬁb%ﬂ@f;h

rmagi ng systens, wherein the inmaging

?{i‘@gaf &dggjﬂééffe%aéh&weopf‘ﬁﬂ Sgﬂﬁ%ﬁ@: i "v‘éhﬁx?ﬁ "EheS at rleast one

stablhﬁéds bﬁﬂ‘ﬁ)rhp gL i plentéted assal l;ﬂmm-y JIfl the Cswﬁﬂhﬁé@ L1§latforms and
effective field of view spanning substantially 360

whereic carid ofighe stabilizad platforamt careiesfa comregmanslémg subgroup of the

i nvention, the at |east one stabjliz platformis
plurallﬁhﬁfé@é&%ﬂé@% aLe 54 gwlpoprow ngﬁf?i% pf &éew which together

form. sty SRR RBeEG Rl 0 UBMEH TSR & porresponding

glven &igﬂlé athe ohr@bp iR By AloStoghifRr SHRGARI fip%‘ﬁhﬁig“%W

I'ds of vi ew whi Ch t oget her forma substantially
cmmdr@mgum af firthdrv&eaturel df ahe Wresers piventign,athe at least one

) _corresPondl ng
stabilized platform is implemented as two stabilized platforms for deployment on

opposite sides of the waterborne vessel, and wherein a first of the stabilized
platforms carries a first subgroup of the plurality of imaging systems, the first
subgroup providing fields of yiew 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 substantially

contiguous effective field of view spanning at least 360° minus the-first angle, the
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gi ven angl e, the correspondi ng gi ven angl es toget her
substantially spanning 360. According to a further
wo e@b09B40f the present invention, the at | easPCDIR006/000307
stabilized platformis inplenented as two stabilized
platforns for depl oynent on opposite sides of the
ne,vessel , and erein a f('iirst
e

tery f th .
first al§ SEPPRY SUDBIPIRE LYl LE T oP M R E D GSE il o view
substaﬂdiéi\ﬁfgéér%h?é 3F@dagi ng systens, the first subgroup

providing fTe

ds of view which together forma

Adirdinl & oy i Baaus ef ftRetpréserti Biventbn,vilRvat least one
spanning at least a first angle, and wherein the

stabilizwcplatfont iststabilizesi 10 withipharedefimedciavel eSpuciséanritie system
S ESIR R R B o A Lo Bt s
arans 85 Al LR AL A 0P S BB ot o
the staBilfde@ plbtTefhl aid ach ﬁﬁ%‘éﬁﬂng WSt R pbRETE Ry tﬁ@?{%&‘ﬂi‘ﬁrsensor

providing an effective field of view substantially
arrangemantitogpr®66ss Buagesdiom tthe dnfaging essdmblyuse asf ta berrect the
. present invention, the at | east one stabilized
images$qi$ B pempentatbiarithe wsidpralimetion.a predefined | evel of
precision, the stem further conmprising a fine
Gt D ARG A 1R e A, b Grpr, e BF the,fields of
. . . t i i i L Mo
view R R SA IR hARE TR BgTiich U8 1548 b piRdls per mille
radianst abi | i zed platform and (b) a processing system
responsive to the inertial sensor arrangenent to .
drenssding tmge furthesnfeaturei g dhe gorasedninvenien,athe substantially
. corre t he . S.S0 as to ¢ ensa or t.he
contigi@] §fiarivio fiebh O 13 B, Se S ERAIR 460" Roatififueh gnd, snans a
ran e@fgtslﬁ%aibﬁﬁ gd oéieveﬁﬂfﬁh of the fields of view for each
& I hag Femnhas .

I'Ng Sys as a spatial resolution of at |east :
LA oRHXR! 19 D AlrtHEr Ifeghsdbhthe HesentdinRentich, ahérel i 8o provided

feature of the present invention, the substantially
a processing systern asdaated weith the inagfing iasserslplyrendsedndiguned t0 pyocess
) 360 in_azinmuth and spans a.range of at |east about 8 .
image§ rogn dhe dnegINgASYFINF RGCOIIRE QA Bl OF tsgelr detegtiqm griteria to

identifGE8EReA BEEMG S0 wi (1 Che i mging assendly and

GO Giieofd b FuRHOC KT OGS h QB ffvehilBs] 1 BYSdtedection
according to a set of target o

etection criteria
criteria dendtdé yulssiapintiyecbittmuges sletection of a suspected target for a period

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 processing system for directing towards suspected targets
for evaluation of the suspected targets.

'Acéording toa ﬁirther feature of the present invention, the optical switching

mechanism is configured to switch the optical axis of the imaging system in two
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According to a further feature of the present
invention, the target detection criteria include

W@ s34 al |y continuous detection of a susperCBIL2006/000307
target for a period in excess of about half a second.
According to a further feature of the present

non-pe el 0 nd Pifes such heteichy mesnad sSHER Secsiy [équaa%Sr of at
least fd‘t}rﬁ:‘%lﬁ?%f 9{6%9 mhg %%b@ﬁﬁeréloﬁah Mg'ﬂfaﬁe‘?@s RS

Vi eW | n rar Nng sensor bel ng associ 2\ ed
WHeke {N&1s0MR6EIdeH RGcItELD ﬂwtedtﬁlﬁgﬁ loffghd pMREMISinvention, an
suspected fargets for evaluation of the suspected
infrarelasemtl. aikt civacking BSE)f swstemar chegirising ofn tilmagpre siseembly
swi t ¢chi ng. nechani sm i s

i nvent i e, opt.i cal
includiggng |Pé'éﬁ3218>’ 102 ThGuAeIRMEnEOBEd BRI FESTES, waersha ghe gmaging

e B TR RIS BT QSR 368 54 i of e

plurahf:y 8f ﬁﬁa%ﬁigvéy@i’&ﬁsofd@eﬂﬂ:r For ﬁiﬁ%@d}ﬁiaﬁ@'%on@ighéﬁs effective field

f"virew. Thére is al so provided according to
ofv1eWIspaﬁrﬂngiat tegst about 4O°.pr esent i nventi on, an |nfrared
search and track| ng (I RST) stem conpri si ng
M@@ ayakequebide m@ptmng go ﬁ@ tepchingsyolother m@sent invention, a

method B REAE el Bt E et WsSY P el Ao ditfrensionsl

imagi ?énsBP%nfa m%Fho‘ﬂ' gﬁ%fhg rg%’)l %iro@ dlh%ntl opti@PiaR8ngement |

tens to er forma uous
1ncludmfgf &t optiealf $veitchlﬁ§ miechanina for alleﬁiatélﬁ aﬁtec&hﬁlﬂn ﬂ@age of the
There I's al so provided according to the teachings of
two figldeopvisyennta thedmaging scaseramay (b pr@ddmgr fion ga¢hrafg1§§r of the

imaging, AgING e o 1T A9 RAlE %%er@ﬁé (FAaRgPIS Sy (aRpor Switching
arrang B AORSAIFRL € A AARAITRA cdohLrhB0ARMPLERn the
alternate

ching nechani recting an I ma
corresindiRg Ha® bf ae8d &dpa¥it6m; o ?]@ h&ﬁohﬂﬁﬂyng &QMagr the opt1ca1
array; (b) providi ng for each Sensor of the i magi ng
switchegnspechenisay atd lthastensor spaiching arsagen@phcitt ar Seldrof-view
a sensor switchij ng rrangenment for sw tching
@

switchighrede suehtirat afirsbehthsmaih ge@ﬁsC@ﬁéClmv%éewnﬂﬁées information
cor.es ondj.n ir tors

corres SRR B HaiS BFar R} b TR LER LR Lo Blpesgua of the pair of

read céfﬂa&'ft%i’é ?&Lﬁﬂlﬂafe@ SnfRRHAbn SWri<s PoAdin rtb 8F ad (r:cé’nd of the
field-of-view switching rate such t |rst of the

~ fields pdi vieof;, arrhddyradingt accuraaiatsd Iuaﬁo@matmﬁOﬁnmt tloen 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 the field-of-view switching rate is greater than the read
cycle rate. |

According to a further feature of the present invention, the field-of-view
switching rate is at least four times the read cycle rate.

According to a further feature of the'present invention, the sequence of
images is analyzed to determine whether they indicate the presence of a transient

event.

- 10
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corresponding to a pixel of a first of the fields of
view and a second of the pair of read capacitors
waemaidsat es i nformation corresponding to a piRe/maho600307
second of the fields of view and (d) reading
accumul at ed |nforrrat| on fromthe pairs of read
ate so as to acquire a
£ - M ' = =t he two fields of view,
vvhereln the fleld of view switching rate is greater
RNk B 6f B0h & ¥R BedcdftRd, B&Qﬁ}dbﬂgxéﬂ]?l% &1y ! W8th reference to
feature of the present i nvention, the field-of-view
the aceompanlyimgdraatiags,swhereireast four times the read cycle
rate. According to a further feature of the presett .
ifdCe s ideserihaded divesdrages o peasbwvhile-intparyteegnser of the prior
determ ne whet her they indicate the presence of a
transi ent event. BRI EF DESCRI PTI ON OF THE DRAW NGS The
'Pme at H?%rﬂb%d*&%% QaBRl PGt RF tM‘@ n%fr au%’é@ﬂfg\(]lf1 rofd0, 1;
erence to e acc anying d avvl ngs, erein:
HHIGL 3Lillustestes alfast aholementdtionséf @t #vaging system constructed and
read-whil e-integrate sensor of the prior art; FIG 2,
operatiyesseotsking ththedeachings of thaweMﬂmvefmmm he prior art
G 3 ill str

HIE duRoudteon varioah v niement ey it dBneiie bistam gf Figure 3
REAIAY &1‘1@??0651% ASI&QF %tﬂ:rf@ fe@é}ftgﬁ&gssof’f:oﬁl Spaﬁtg%?%preferred

invention tra es a varil ant enent at

impler@énthtién bﬂaweﬁgoxsassé@mpforﬁmtmqhs imbbias: sy@&rﬁ“ﬁﬂ BeuerEor 4,
schemati c representations of conponents of a preferred

the coinpphente beig shmvui inafisst and gew@eswle% espeatisely;n t he
g”&gq 6.3 aéﬁﬁfnegrnﬁh%r# v SerSeB BHEIE OEE EVES Egc?m%?y;
TS, 3 i 7 BB RS e a0 BT o BB Y or ue i

an opticAP$WHBIIh 2 kg eRlentid Gledhiadthdéyierh O FiSEre! NopY:;
optical sW tching arrangenent in the inagi ng system of

HIGS: § ASawd 8B, ilfis@8te Sheamticsy |ahlalnsl~maﬁ\& implementation of an
schematically an alternative inplenentation of an
ptwabwt@lang@mapgﬁmgt bw%mm e dplasement 04 @; Rﬁér of prisms,

showndm atr grfs%lnﬁglng s)tateaalpf a ref?ecu%g s%aqg respectively;

art;

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

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

monitoring a full 360 degrees of azimuth;

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

FIG. 11B illustrated schematically an further variant of the imaging system of
Figure 4 for monitoring four fields of view in a two-dimensional arfay layout;

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

system' based on a plurality of the imaging arrangements of Figure 4, constructed ~and‘

11
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shown in a transmtting state and a reflecting state,
respectively; FIGS. 9A and 9B illustrate schematically
wa@pocalopBrahat i ve i npl ementati on of an optical sRET/OR0EE00307
arrangement enpl oyi ng m cro-el ectronmechani cal shutters
shown in an open and cl osed state, respectively; FIG

operaiiig,RRAnEofS bR IGFRES a0l P BEsoBobhssdion LEshiing tvo
. LA d | th i ant
e S B e P ot i fori g 11 e
gl d3 fa Yeldhatid CeprébdhiationiF 1BE efhif neidd oy the IRST

further variant of the imaging systemof Figure 4 for
systennaifitht présegt froentibhpl ds of view in a two-di mensi onal

Bifodt ik Blask Gnemaif o THY B avaipypthe present jseations

2R T a Bt b St B TR BRI aghhe system

~ for usefji??c?é‘mSTs Eteh@@fﬂ{efﬁgﬁérlltiiﬂ%’&ﬁfdn?n’ illustrating two

erent dptions o epl oynent of the sensors of the
FI6t éatis Eblackldiapram of thedudli ficld efrdewritmging sydtembhef Figure
mai n conponents of the I RST system of the present
15;and nvent i on;, FIG 14 is a block diagramof the |IRST
.}ﬁﬁtﬁ? of &t‘g giiesent .gnv&?ti on; FIG 15fi s a . £
ertdt 12 FHEPY SUBHAI IOHSHHING 4SAVFRGE G HFoRseRe of images
j j \ f ' fiot he
from TSI KEhEths BF HF Coreieut L RORIBL o APsctof tareet
detectidn @kitdriee! d- of - vi ew i magi ng system of Figure 15; and
FIG 17 is a flow diagramillustrating a sequence of
processing of inmages fromthe imagi ng sensors of the
resent invention according to a set of target
DESCREHON QF dHE PREFERRERR %ﬁB@@IMENﬂIB PREFERRED
EMBCODI MENTS The present invention is a nethod and
t rs i cal: . su ' j :
 RRAR PR 3 IR BRES Bl S5 EN v Blance of @
wide affleBrigaadfmitdisdofengwaccording to the present

The 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

“embodiments of an imaging Systé1n, 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 implementation of the present invention as part of an infrared search and
track (IRST) system for naval platforms. Referring first parﬁcularly 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 arrangement 34,

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

optical switching mechanism 40. Optical switching mechanism 40 is configured to

12
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invention will be better understood with reference to
the drawi ngs and the acconpanyi ng description. Turning
wmowetessthe drawi ngs, Figures 3-1 |IB ill ustratBCH20GU80307
preferred enbodi nents of an inmagi ng system generally
deS|gnated 30, 30", constructed and operative
cor di the teac s of the sent invyenti.on..
st St G kBRSO PR R 80 0 iom a2
and a Q@é 1CHl-8tton BB ST éipﬁlegl Dbt BRS teBhidifg W%ﬂﬁllﬁﬁya],t Jeast one

ementat 1 on” of resent i nvention as part
optlcall ﬂﬁa@g@ﬂeﬁe&t cy6aBbH aﬁi?&eplloﬁgif )susll shagmith@ging aseakor array 32
pl at forns. Referrlngflrst particularly to F| ures 3
generatgsdiagagenicatalepst @maubﬁgntlalﬂmgmongowk‘ppmgsﬁ@ doof view 38a,
f|ncl des aé} - dj mens. o i oagi ng sensar rra 32, an dt
38bo angular g}}ﬁnémn,sm p@gm&ogt%ggflx%ntg ial relation.

ARSI 113 2080360 MBHAIAY Bal 8! e ént S8R offers
2%{ &Even angu ? and ? }1

profoupy icﬁlﬁhf@em@bhéﬁiydfﬁl c&ﬁ bx‘?@'sm%V\b)'? %ﬁiﬁ]@ylﬂgci‘ %Eﬂgﬂ@&ﬁtgmg

is configured toaltéernately switch 'an optical axis
sensortdrey withi opficay sweehing ﬁnanomtémngﬁodbleelﬂnbumm mﬁtclmdjﬁald of
second di rect [ gn 42D. il cal sw tchi ng, mechani sm 40
view withoghanylosseah spavial Eﬁi@@ lt,twn akiiusn g& MBnimagIng sxystemepith its

assocn%gﬁ qpi{%:l R %&?Cpeé# %tpr?\él g\%is}ce:nﬁ]%glt%; ‘%Y %9ann1ng 60°, the

I f
s B 08 St B o s
single fdeﬁdl s@asor alndr withbub ossAdS spatal steagletiont Thid priakipdadiyn be
appreC| ated that the present invention offers
extendsddnb g %dnann@r@etélanfor@cgpmﬂ} switchéeg mashagisge 48yto monitor

three G BHICS oF . ¢OPE S fi?%%ﬁg & Sttt flhersRigaty in
F1gure§f1 1\[6% a4q W " %hh@{lﬁofeo %S%ﬁgltl ?ﬁ’@ﬁséﬂ ?%%g“sé’s%@ns I-H}Hrsbe used

I'magi ng system Wit
togeth@mf sy willet Mgdé Y edlen pake@intic vieksl wfillvbeared Rehsinadcally in
0, the present invention nay be enployed to provide
Flgure| ]rﬁag"ﬂsess padnither adentagascofi the rrasant sivegitionopill batome clearer
? gq and wi thout | oss of spatial resolution. This
fromﬂﬁ o ‘?Sllng(@,eéﬁlﬁé()‘bxtended by en‘pl oyi ng nore than one

%ﬁ“g‘f gﬁ%&é“gélgg g e{’\%\/&@?@“ 8?;&1 %ﬁ%g{"fﬂ%etn?{ont B 88af it will be

useful'tb' &e%tﬂea&&@alﬁ%ﬁﬂﬁidlégj la¥ dsed ﬁ&&%eﬁl i adstrifdon and claims.

Furthernore, a small group of i nmaging syste may be
Firstlyysedetenget h;e nmade stparﬁeldsal eofingkw orhiekeargafmbatantally non-

views; as illustrated schemati cal ly in
overlapping”. This phrase is used to refer to fields ‘of view which primarily cover

different regions, but does not exclude the possibility of slight overlap at the
periphery of the regions. To the contrary, it is typically preferred that the different
fields of view have slight overlap (typically less than 5%) in order to ensure
complete coverage of the combined region. Fields of view with peripheral overlap of
this type are within the scope of “substantially non-overlapping” as used herein.

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

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

13
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Figure 10. These and ot her advantages of the present

invention will becone clearer fromthe foll ow ng
waele®e93e4 on. Bef ore addressing the features oPCT/II2006/000307

present invention in detail, it will be useful to

defl ne certain termnology as used herein in the

chosen SSFL L S LT o fblt 0 PEAEGREE s TBEF B o
I r g . .
those o?&ffﬁ%%@? E%@l@lﬁgg\, th Ig{:ih?h?%‘ é&?l b m%i&ﬂs%@ﬁ%{ Hay' & a visible or
near-infe@éd Bénsob @hlpj@ESCIEDbr @MO@C@ than phesidiet sdmsoﬁf:hlp, or a far-
slight overlap at the peri pher y of the regions. To the
infrared senser §f any type. tRopi tbalpryfepreeif aplmatiohsiof tthe piesent iyantion

for defagiRof TIFSHF dBRath ity SREorBIBIY SRR afRYS SERtive to
radlatl&f’ ﬁp*ﬂéeﬂlc{,r g- %halﬂést%re V‘%lg gfng%ﬁ’édﬂj based on InSb

pe are

detector§ S'éi@s‘i@% tcﬁitﬂﬁérétpflzd@a/tﬁ!ﬂ @P%’Oglengﬁls llb’é@ddeéiﬁ.?s ahd 5 ﬁl’tﬁ‘ons
tepn "two-di nensional inaging seRsor array” is used

biesteiudd be magéd that shamjustratioab lofrypd sirotitry in Flgures 1, 5A and
di nensi onal i magi sensor agrray, qQr "focal

5B area%%s aticTioE ﬂafyaerp@ﬁe rAdBstrafigt CopRTERR cﬂ’é@?ﬂﬂ%fﬂ? thgread

e R R PSRRI LGRS Dt oo

of sens'éP Q¥ R WMOSEcIBAT IR drdirsdeil 'sﬁﬂlédrinttﬁs aftf t. Thus,

he | magi ng sensor array nay be a visible or
ﬂ“ﬁﬁﬂlmgnﬁmwr&xjt}mefewuues rofpimdgiagRystenC0Sin ypere detail, optical
. ultraviol et sensor chip, or a farinfrared sensor of
switchingy moghanismar 40h dypiealiyr incdu plancaama@r%u%fthah eis altemately

ol B B A 5
sw1tchfngéﬁ5ﬁ wéift sNGel] EAib 1<f %@%@\8 g&% BRabed /S %v@bété(bes APith a

ensor ased “on ors sensitive

transitioff éﬁ[&d thatlioaki millisécondy €en gt isodeeiddidond wﬂécﬁve element
mcrons. It should be noted that the illustrations of

(e.g., armawton)i is dppically |une¢ag lshewn]tO_ Sruehthesiesined geonwitricalcrelation
A et kst v T
?IE N g?ef‘e f@@%ﬁfeh&@mﬁg 5f %é{l{)e% u Bt 51¥d dZF P Sgﬂgalu QW"tching

ruse
mechaﬁfsﬁi Ry id lﬁa§é"d hbeA 4 Rofdfsblardisk T4y ”ﬂ(ﬂgd Wat Gedsh®ne Pair of
features of Iimging system30 in nore detail, optica

alternatinigtsefgimegtayacist segméit 46/ pi eath pair rhelingj'afanmrammrdaa gecond
that is alternately substantially transparent and

segmenfdt o wachprif heang eflgciive. A byesagnont inplegenttivagof disk 44
is illustrated in Figure 7A. The disk is preferably driven by a synchronous electric

motor.
Figure 7B shows a further preferred implementation in which at least one pair
of segments 46a and 48a are selectively transparent and reflective, 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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switching arrangenent is used, capable of sw tching
between its two states with a transition of |ess than
wor@oenvidi second. One or nore additional refl eRCTM006/000307
elenment (e.g., a mrror) is typically used as shown to
ensure the desired geonetrical relation between the

case Q&i%‘??ﬂ% o TAE P apion S50t q%?éi%‘é RE°IG dRFareg dpgidfion of
wavelét ﬁ&beﬂeﬁ haRi 5 MitfnsSs ié ofmi;rfbt glrlgféh?ér@tg& &s 9 hdpass

|n ud| ng at | east one ating

filter withrepissbaad betwters 4 gnamnd 4[831m6rc@130dnd346b ibémplemented as an
transparent _and a second segrrent 48 of each pair being

absorptize |b@ndpa8é filfertthat pasgerconlyiwianclengthabelonw 6fmigrens and ab§orbs

other pv<f&refy Sirabnrasmoisat 4pads impTineipd ooy prd mirror that
reﬂectgfg}g? evawfehgﬂ{ Jegian % i e gﬁfgg &”Wﬁllé"@ggﬂmﬁf 485 is

one a are selectively

implerh&1@88 B8 h@i&h@i@nﬁﬁf)f gl koffecty %Wével@hgths ibaloawv 4 microns and
sel ected wavel ength band. The possibility of adding

absorbs aithert imareleinigthes: | nghpr Way,deas:ham\@@dmn ofidhe alisk gandretes two
image SHEPRHIREAPY §ach T TeniAETeHan a4l bt X amBAing the
QYRGS SFLR @%ﬁﬂg&gﬁ BT BBRTASY e ey v

which a9t & 12866 Gﬁﬁet@ﬁuﬁﬁbét%@h RHe %%Bsﬁ’ind@fadd“&‘heﬂ ela@GleRl ntensity
sensitive to infrared radiati on of wavel engths between

peaks &m’mms thenglimtoofsundightresflecttbirom a mpdvang stiefdcasviach tend to be
andpass filter with a_passband between 4.5 and 4.8

relatwﬁlim\'@néy disnersed bi€§W¢%flhé eerEavelengh bander pt i ve
SABRRAC il GEBAHDES ERSRETEE) RrE) “URH ARttty an
altema‘%ﬁf?rﬁgleﬂﬁn aidn"Bf %gﬁﬂéleﬁv@&laégg%ﬁzgﬁﬁnmﬁ 'hﬁﬂu&fﬁ t geur of

S on y wavel engt hs and 4.8 mc

prismsv$0,1 32 aed) argrism Slisplscentapit ensvhaatbng sreprebeatudohere r@chematlcally
that reflects only wavel engths below 4 m crons and

by arr«a\tqédr) pepativer tov\@;spla@@ gt least ome phprismab0, éa.oshlch that prlsms 50,

52 areoqt )c/eg'lg%ttﬁ yg%y%;ﬁxtﬁgqu e‘?/\géslttgsr;@{o\&?#aga@g S 1aﬁy transparent
td |

state 113‘19?1%%%?&31#%&#'52 gt%ﬁécgg{x V\l/eggig&%léaﬁ%(? rz]ﬂéa 'cﬁfﬁ L% fh F?mqure &B) to

providehi substaarialla réﬁé(ﬁﬁ/ecbtité%lyﬁtﬁfdl ahtehel] WeRectidie two bands

and other transiéent intensity peaks such as the glint
Ofursing inpw toeffligoeeddAr end a9Bp\thexg ssirfhamven viichematicallly an
alternatti(%/ebi%plementation of optical switching mechanism 40 including a plurality
of reflective micro-electromechanical shutters 56. In this case, the mechanism is
substantially transparent when shutters 56 are open (Figure 9A) and substantially
reflective when shutters 56 are closed (Figure 9B). Such a mechanism can be
implemented using, for example, the technology described in PCT publication no.
WO002/13168. 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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relatively evenly di spersed between the two wavel ength
bands. Turning now to Figures 8A and 8B, there is

wa@ bawosehenat i cal |y an alternative inpl ement ap€DIL2066/000307
optical sw tching nechanism 40 including a pair of
prisms 50, 52 and a prismdi spl acenent nmechani sm

( £es e j b ro 4 LLYEr:
rduce BRS04 BB EoE RIS 8 bW, RFLAL g
mechaRfsh$ M. Sthis 5 BhRallyt LRSI Yyadisaedit (RSopticsFidPEsvide an

8A) to providea substantially transparent state in
intermediiatchirhageaplana taé on abar efticat switching meclsdnished. dinds allows the

apart (as in Figure 8B) to provide a substantially

optical syiteling vaechanisn g beghere Gomppadhahan squdd othsawiselhapesgible.
now to Figures.9A and 9B thete is,sh schemat i cal |
In all Q% kmentl 08 SPAISREAHCR PERiGrech iy BTy BAIBERIS, G stoture
and OP%M%%M‘&E%%}EMI ng a plurality of reflective
m cr o- el ectronechani cal shutters 56. In this case, the

Maghiag sowite thelbehaimingfdayures afdpapdiy syhen 30 ubéseriaclude a
56 are open (Figure 9A) and substantially reflective

sensorviiged arrangesrent 38 forereadinge datar(typicellyB)ccugudated charge) from

sensor{%%ﬂglgt{szgﬁﬁg gg'g?c}%%lsﬁ)ﬁgi%%}ﬁg:sggsaqrfag‘%ayﬁggfg lc%’ntrgﬂgr 62 for

Ui ' ; ol oot e .

contoliSPL ARG SR, B PO0BEn SAIAEHE ARy A bhE e read

arrangéheht & eMsurbSdorfdc) sepiehien bR @ald fiinh Yhe PR6 1 fidlgRbF Widw. Data
Figure 4, it should be noted that this is simlar to

from read ainapgement @0 iis trapsfemieduoen Pravessipy System Rd4Ufoe sobsequent

. an optical arrapgenent foreduce the sjze of . .
image (gPeSING BICTEREN0BRAYAINE, ArTAdePEs Singnagssolig the imaging

systent R ool MRS RS BLEL s pRishst 3 dbeifleht event. One
exampldbLIERSH R4 Gor BRPROCBEINE sPted2 IIERT1] BRLUAR s i@t BBlow.
mechani sm 40. This allows” the optical swtching

e hentisned abbee, swicchingrpatweenhdififasend felds lo€viévs ende present
possible. In all other respects,, the i rrgl ement at i on_of
problemsdor detectignfaf|flagh ghents gogs aimpissile lmngheohddragigarsimilanto or

tq that of. F e 3. Turni,n ow, to.t he remaining. :
shortef fhan g Pesiod Hhiiesgr i ILE. (RSSHITlst Birge 45 dinkofhat the

r rde Nk: i» t ( Xe)l
snsor 3 1 GRORER B WSt 08 A5LAe ARS8t of e fash
event. TiVi-glparivalanfehturéedicdainens sy priféryd antodirments oflthe resent

62 for controlling synchronous operation of the

inventiopt thetswitehingHhatyeer dieaplusah faelds oiffieviewanionitored by the imaging

sensor array is performed at a frequency greater than, and preferably at least four

times greater than, the read cycle rate. This requires provision of a specially

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

Figures 5A-6.

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

64 of the two-dimensional imaging sensor array. A sensor switching arrangement 66
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arrangenent to ensure correct separation of data from
the two fields of view Data fromread arrangenent 60

WO 3006/09538f erred to a processing system 214 f or PCT/IL2006/000307
subsequent inage processing, preferably analyzing a
sequence of images fromthe imagi ng systemto

: et er.m ne whet her.they indicate t Of s &

s coni B TMt B SO 6 AP e LhBBL FREIAE g et rne of
e8| 2 ht 1640 e ;

comeBIOREREHO QBN LA BeadheSar L LRI 112

114, sefichrbavustaywith eedichingr efbthernspticai sdétchuty mecldnishdsdtween the
events (e.g. a mssile launch) of duration simlar to

two figdss lodr visw,t siegh thas Per ifiget eet ferepdnsapacitony Idycpecumulate

o L PP B e 1755 A RSB ot s

capaci?&‘é 140 ﬁcﬁlmﬁﬁ?e A BARafYE Yopre ?ofécﬁngbteafhte' SdbAd fild of view
eatre o pre ed e e

certain nost prefer odi ments of t
38h. Phgsethe Irygmatioantinbaforsid ¢age OfteucleFONe iplmadd up of a
fields of view nonitored by the inmging sensor array .
summatiopef thoreapasures fntengpenses dyrisgtasinglearead ayale of the imaging
referably at |east, four tines greater than, the.read
array. ddfis mander. e oVisi Sers AP WHIGH % fronsiepbeye iy ohe FOV

could gg Al eg Wﬁ? E&ﬁl{gg& £5de {nggiﬂfsﬂgﬂgr &%ﬂqge Yedd cﬂ‘l’gvpgﬁod. The

SCr1 erenc gures

result 39 §5ehsRloh¥inudhs BbsGVEHGNGR e TWEWOVsSRhabdnaktaining the
sensor read arrangenent 60 includes a first set of

overall sagittdpaof thersensorcdysttinng a capaci tor 112 associ at ed
W th each sensor el enent 64 of the two-di nen ionfll .
ivihough adasisrimplemonigHan pidhisotagt-switchingagi@odology requires

only SR FéAd, Risiaeitiie feh oo HeRRbl o A BRAT ST iy most
preferfe‘anﬁil%gleﬂié io &%ngr; fOW fééﬁL?%a%{tbﬁnﬁgﬂ@éﬁsoﬁQaileinent of the

configured perfor t swtching (1.e. at a rate

array @6 esdrebinehtie i dwischiay cinetlicaiodggyofwitiorthe cteadnshifl¢-egrate
each sensor el enent 64 between correspondi ng

approashpdescribed above. Thus, ins heceassnibusirgiedibiere, sapaeiterad 13rand 114
e e A B B oDt S e 0 [ b0 kel o

it B2 SR P S1E0:CoN CABOMAPR B ithing i

perforfiidedd 884cvibedhbaee UbHcahpuldit dhidti dita FOF IIRSRANBIONS i (sets
the second field of view 3Sb. Thus, the integration

of) capacitors dil2t drel 1 ivhyehilef theapieviedy insageadd hgsh HO¥s are read from
* summati on, of _short exposures, int ersper,éﬁiayd uri

capacifqrs di1d greh bl 3 rather simylfaneppsly; grgpequenti en, ngigg'a second

half of the read-cyéle, switching arrangement 66 performs fast switching 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 implementation of Figure 7B Would optimally be

implemented with eight read capacitors per sensor element in order to record all four -
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array. In this manner, the revisit delay during which
a transient event in one FOV could be m ssed can be

WO e@doesd4t 0 very nmuch shorter than the read cyPCEIL2006/000307
period. The result is pseudo-continuous observation in
the two FOVs while maintaining the overall sensitivity

s ARSI AR ) AR v
two 01% 3 sGARARIY &%éhz&ﬁﬁm? %Qéc?fdo g&?ff}ﬁﬁtthré%sdigﬁﬁ&rf‘“@?gya%?llﬁ&rated

I's point,” nost preferred rnpl ementati ons enpl oy four
in Figuead 1dapanild eeguipe kixs tgaglocarelcitornpenterisoe eddment tvhile that of
. conbine the fast sw tching net hodol ogy with the )
Figure £b3-whichegeaneratey faw dipiinadt@ Vdsvenldoequiad ight read sapacitors
in the case illustrated here, capacitors 112 and 114
per sengOr eleEierent ed by third and fourth sets of read

it 1 . j 1S i [t0d .a .
TFTREL B 5%, et o ekt PPl SleSln (R HidtPthe® Specifi
topogiaphi CBf Nhel _§wﬁl@hfngf RAnasmeatC deb&ibab due i exam;fﬂe can be
accunul ate image data for the two FOVs in (sets of)
rearragggshweithonsddpeting dronl thaiheplasefthe prasast invegéen.of
ot h, s are read fromcapacitors.113 and 115, ejther
gﬁt rfmlfgée%r«va@ ﬁ@&&gﬁmrﬁmf%% e PERSFRAY IVeiognmay be
. f t - ' ing - . .
epplic§3b aoFlde et STpPHEH oo th L LS LAAPERTADBE  ptyspliy of
fields YT Viewe @E’ﬁlg b Gedudenfbel Wt @hfing SRAs0r8S AltHdugh' Qﬁgﬂ%ations
in Figure 5B. In this way, the revisit delay for each
emplofyiregd d sifiglei ievagimg speefnu falhavithie dhe edopdaf ¢hé fpeesenalihyention,

it should be appreciated that, the choice of four read
most prefereed dnplenaentaiorsoprasiidenan imagingraspenblyt where twe or more

. .application described, but may be increased as. .
imagifie SYSEls, Aording: o Fis pusentvenBRnae (Pt infhpd, patial
. r i el s | - .
relrich{ el BREMe BHBRIRY nofter BlngGE LS PRty of
imagirh%‘l'lsb@tﬁﬁﬁt ageidrhfoemghtsubsrdtiaHpagirtigudup @ffereine ofield of view
element in order to record all fourimges withina
spanningaaf- least £20°naadrmore predensily i 1®*SMIB§%IEQ1' wariousagimvgillance

.. sensor, with two t.i cal ,switching nmechani sns used.to .
applicdfiED ARSI TRE R TIPS AmAgIng S e uie FRROFR (9 provide

b NS j r .10
panorhf AR b D vl SRR R e 3818t e pra
FOVs@fdachGhdividdsal Wﬁ’lﬁ{gﬁlg{ St S8t Hok b"e%ﬁtigﬁ@@é? It PEFOVE of the
.sensor elenment. IT wll also be clear to one

differemt dinmeeging ysystemid erk imterdpersedt int hatomplensgnearyf imanner so as to

together offer substantially contiguous coverage.

| 'As mentioned earlier, the scope of the present invention is not confined to
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

18



10

15

20

25

30

t opography of the switching arrangenents described in
this exanple can be rearranged w thout departing from
wo b@opoismeci pl es of the present invention. It wd¢T/112e06/000307
appreci ated that the principles of the present
invention may be applied to a w de range of
appligations wherever, it ig usefu], to ponitor, a,
systemp iy aﬁ\ﬁwl gptifalccline v R gl4d Fedudedelsitse stte, the
. 1S [ . [
optcal S5 b ARIOASts AEELRUAL AP AR PO RILOLIA releccd
FOV t0RES &1t of I SrhigRi-aldslt ?%Ec%fl Vil 140 WPIRERR BIA ONFhen optical
provi de an i maging assenbly where two of nore imgi ng
switchmgsmeadsardsmok4d isdn tits ttdmsparens state amy/ eptical rsvdtohing mechanism
| oyed i.n fixed_ spatjal r i.on such that the

d | .
244 is éﬁ gﬁﬁ tedtecty e ytatentheaiticap 9a§)gg§ the spstem igitellegiediapdical path

lural ity of i ' ens. L.ogethgr form.a .
242 cofisihPdipl 81 BRI ORISR AR B i Eiheay) optical path
140 ofS QQA@tFigﬁﬁsﬁ 1]3%91151??\@3 oL tHY: 8faplafibhYwhbrel &85 Switching
180. For various survelllance applications, three or
mechanBng farel ukedwin cderieg Wwithgiboth sosticabsaxase o€ nbleoyest switching
provi de panoram c (360 azinmuth) coverage. In this
mechagisnt baing further switeked\by sgeeond switehipguneshaniy teackiges four

felds bSO S, SUR RIS Ao R, B s ftustraea

. here, Ha! g\?vﬁtglﬁfn%e eédﬂgﬁ%gﬁgﬁk)?fg?tiﬁr KoH%%?ﬁ[elsglaﬂés,t g.léd preferably

tog y conti‘guous tovera

orthogARAlly, OReroRddd he2x2 bhiaySHOoRsId of DRWBSASY. ITHS Hptidd is of
is not confined to FOV doubling, but includes, in

particufmmienportaridel wheleRRY irkqrantselenatidnal Uield bfAviet oseachi ssisor is
FOV tripling accaording to the present invention.

too smelldor @ givensalisatigigi ng syst em 30 i ncl udi ng two

S o3 tooFidit O 2 g i aele o miaeT g infrared

search Y Gradiihe | (ARET) IR oy b el 2020 REh e and

operati#Rthceding td tie teagighfgoSiigi et ¢nvditionhaidbask @pohdinaging
mechani snms 144 and 244 are in their transparent state,

arrangementspasi desbribed hersinabpyeelthecoveraghaffirded gha-shipe2@0 by two
differcgh bR WGBS RA 1S TREAAAEN I e, Qs B, 124 and
120, SRR P By D 7 IR, SEbEAh 22 ) o i
FiusgiLS AL oSSR e ATl Ron, nd
preferablynsymr stabilizedt platiodme p284 alpeswivthitih nayendeplaged ran  imaging
assembly 206 which includes a plurality of imaging systems 208. As best seen in
Figureé 15 and 16, each imaging system 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, 36a, 36b defining fields of view 38a, 38b; and optical switching
mechanism 40 configured to alternately switch the optical axis of the imaging system
between first .direction 42a 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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244 is in its reflective state, the optical path of

the systemis reflected optical path 242 correspondi ng
W 2008/098f4 ected FOV to the right of the strai ghtFH2e@H00307

optical path 140 of Figure 11 A Figure 1lIB illustrates

a further variation where two swi tching nechani sns are

plurelil 5 bR B8 ol 288 Sy TRy Sralidfp’e Sustpye,fotd

of views WhhtAlhBGuBBehaniP 964)‘0 23GN18YRel QBRerthhEAR Bf Fi 12A and
nonhi tor€d by a si'ngl e imging arrangenment.” In { case

12B. illustrated here, the switching mechani sns operat e i n

non- par al | el fol anes, and preferably orthogagnal I%ﬁﬁ
ps‘rSoW@»ée,alt 2wl be ra@yre&iatﬁd éhéltsﬂtﬁf Presens Bysnte o wrofound

adventgfes, &f ety Bies G gk B ibFRREGE rof BEST Elem by
mulﬂpl}?x‘ig ol \4&1‘})?%'\7& GALdPBan ﬁé’ rlﬁ‘blﬁ@oz@ y"!éytaér%acha'n ?&ﬁ}‘h% $éhisor array

ese | ustrate a schemati cal i

withous e Closand dpatiekrasoltionSTThe ypdtem isgeffestaldly a staring system, -
desi gnated 202, constructed and operative according to
thereby peoiding Al r@sih@tafqrhmeptleg@d] fimitatiamsi afrscaneingystenmgp drhus, if
scti bed. he

an imag R PRI o g BCER G0 ORPPS SOBPBJENEER (D PRMGE A field of

view sFAEL A 5L QBRI RS o p RO A A Y ANt view
can benﬁ@vﬂﬂedfﬁy laBoht 33 She 'girZ% S}Il_ﬁéﬁlsslhomti‘d%t kb ghhe 24 skdséRdwhich
In general tenns system 202 i ncl udes at

would Ib@amqumeé aceondlimg ¢ élneamegchm/gs o thebptior ed. ghist fmmbsr can be
reduceémlatﬁe# &dﬂﬂh&i}e gx%ﬁpﬁﬁﬁllgt%?}?m%‘?m%?@%&%% "blllé'o o figlds of
view p3f S8 seslo | Y Sheets AL prGar AT RS, B TGN field of

view of @géa{k@ aﬁbﬁﬁﬂ‘g SHRBhras @,r thd03o-freSE EbRGAt BRIV §0ann1ng saystems
i ncluding t i mensi onal inaging sensor array 3

therebypropiding leffeytive nbetentibn do i gir-laphcheal massnl&n @mﬂeghdmybombs
36a, 36b defini ng fields of view 38" and opti cal
Furthegapres hvergcale switehing 26 Geldsi glindemt Blax] a@dlﬁgn@ll)y be used to

increast; hiy gt Pslf 25 1 koL eomEDle %&{Iﬂwﬁitz%ﬂsgr% & basic

patial rel St on Such
LB 106 6
momt%%@% LNl QU SHIED, SRIIRBERL, 2961 E, (1A P 3jew as shown
InFlgLﬁ'QdI]B ng substantially 360, as illustrat ed
schematically in Figures 12A and
Turning now to the features of IRST system 202 in more detail, it will be

FOV d] & 85,8k hYy @ TR Eﬁiﬁ@hg&fg V%Ft e ?le gx% l.u? sEg04e to

noted that the subdivision of the imaging systems between one or more stabilized
platform is somewhat arbitrary. In certain cases where a suitable 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, howeyver, it is
convenient for practical reasons to subdivide the imaging systems 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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12B. As before, it wll be appreciated that the

present invention offers profound advant ages of
weewnogis4d n cost and size for inplenentati on OPCHIL2068BD0307

system by nultiplying the field of view which can be

nonitored by each imagi ng sensor array w thout any

| 0ss. of ial resolution. The sys is effectively. .
togethey’ S o0y SPEHER e b yASa A HEF Wb topHEer subdvision s
used. BpR eﬂ@%’bﬁﬁﬁﬁoﬁHﬁh&%! 1;%%? x?cgt 5& %gﬂﬁﬁ]&riéglg’tfﬁ'ﬁf’ougw Hfustrated

I'T an Tmagli ng system wi its assocliated opticsTs
here it eadesOnh@d thvo REBVIZES platb@shealfe @led, afwill Bw chk@inapisteciated

15, conplete coverage of a panoram c (360 azi nmuth)
that therelid né reakingidrtobthep mowikbrdobyplatifoms 1@ beragedgand further

. Syste in contrast tQ the.24 sensors which would be
SUdei‘%%iOEEQ%PW%WYﬁe%WH@SSﬂ &chings of the prior art.

| e r : i i-pl e
B b ki i SRS SUSHRES, By PSSt peacion
missiléd eMéIRWr BRY fibRBYRAeweds @hch ﬁhﬁgﬁ%@y@ﬁ@?ﬁﬁeﬁbﬁf @kl spatial
provi des an elevation field of view of at |east™ about

resolutdon iofff at deast asd, aml preder2blly af leashioams pixeld percailis-nadian. Each
. . systens, thereby providi ngi effective detection of o »
imaging systaindieddl ofi CieW dseigrablyl SRANS g2 JaRsR OfFal denst mbhoat 8° in
] t.verti cal switching of fields of view may additionally
clevallfB- ysed-to increase the el evation field of view For

3 I
A R L R R R s
on one ef ussresstdlilingh plavforino04.08ach phitformey awctiighewvit ¢h dhe aft and
roughly a 16x16 field of view as shown in Figure 1lB.
commaengiailyh @vaidable oreme npmgr olise sowices,Rypiealiyt previde isalaionefrom

s L85t ks B R B 5, SR s Wcient

o confE1E g ATt ) K s i RS W6

IRST %?'sﬂéhﬁ 202N Acdbr8ingdf, mdsbiprefdried $SmpREsédth@odsd oFOthet present
all of the required imagi ng systens on a conmnon

inventipnaptovide 4 dineastabiiration mrargenenti (see sFigure ddi)emichiding an
. . practical reasons subdi yide the i i.ng, systens ,
lneﬂlagr%ﬁmsartmmwn%eﬁ‘) ofSTacatedsWilh SiAbTEFR GadoRn 204 for

mess 45 b ngt BB SHP L AR RETERR gt 212

respondVeA O RIERI! dehsbOarrangement 210 to process images from the imaging

assembly so as to correct the images so as to compensate for the residual motion.

Stabilization module 212 is preferably implemented as part of a main processing

_ system 214 which performs all of the functions of image processing, analysis, target

detection and tracking for the IRST system 202. Preferably, inertial sensor
arrangement 210 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 reliability of “point” target detection.

One of the functioné preferably performed by processing system 214 is

processing images from the imaging systems according to a set of target detection
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subdi vide the systens symmetrically such that each
covers just over 180, therebytogether offering 360
wa@owenaiye4 | n the case of Figure 12B5 a front/PEBIL2006/000307
subdivision is used. Here, the subdivision my or may
not be symetrical. Although illustrated here in cases
.. _.\Wher . stabj l.i ze latf or.ns, ar.e ptoowid L. thag
criterig Feigeri S pnecica R pREPRIP I RgRlos 154 ol epterion
i "@ﬁJ i § G REetRLf 3N Sudpeticdetarsatb thivh epivd in
requ1rf§# gtﬁ%g&ﬁ%grg{/@gm IS possible. pién ordeg to sp
excessP6OMER Halfea Eemidr FtisefterionVis thighlgrefttetivetfonglidiisating false
head-on m ssiles, each of the fields of viewfor each
alarms dugtmbackgsownd ppéca maise, andpaatieparly splar gl frem fhe purface
at least two, and preferably at |east four, pixels per
ofthe §¢3.| e-radi an. Each i maging systemfield of view
ferabl Sufe iOf; 8itdedail . non-limitin
o ol o 8 Rl o BT BT Hh FoReidchail b nonlimiting

preferfd LRSEnfor#AtRin 292he! Rromuntection dseritimsrdnelemented by the
stabiTized platform 204, Such platforns, well known in

systent hef #iret peaseintc inweationalSpecificallyalaifier fingial rpnepransssing such as

. sources, typically provide is ion,.from.gtoss
applicaden srisa GonpIRiENIHEN CPERFURR &@@ pnd rpmbgpipgof the separate

conpensat.e noti ons ffhg Y, . .
senso REREALS, F2pbsHis G BRORTBR sl o eRhabl seumen mc
r egior@sgs%éi)oﬁfz Ofsubh &is! FRed sysidyemmD2landecoddh BYwhichusehds to have

pr rred’inpl ementations of the present invention
differantcitgraunki meiss tchbidcteristics randr thareferee hengfite eft eingimdependent

14) including an inertial sensor arrangement 210 .
processing Segmeabistiarhteshaisjues suiiable0r seEmonting fhe sreReAscAtling to

. i dual ' .of th bilized,platf .
oo EASHE BB A0S LR BB s
here i &&ﬁgeﬁgtsegé{% L oPHRE ‘?ﬁ’x%{gﬁ RP&Ren ??H&ésﬁ@d yeghdius contrast

assenpl y'so 0 correct e Images so as to
enhanSORBANIERIGRSs (€ rXsh)dehbsemtd ove aPpadpridte afdroeach type of
module 212 is preferably inplemented as part of a main :
backgpownk sei aytcs fectikitate latgohidethctien.f Onersuel [tegdmigpe which may be
funct | foi i ng, | ysi t t
osetl b 2a3 (S PEERHES SR FarARa VD, bRt otter than he
. + Preferabl | i@l _se . 0 DHGMI . .
nigh G PRl el SO o Pt G SP Oy 2B TR g i
referr@ﬁtfoe ragt hﬁi‘ﬁit?:nﬁﬂ%’" BetAfieathe a8halfihg ch@ﬁx@r ayl prgedy void of
the order of 0. mlle-radian. This allows .
perceBiably limagé idate,odnd hegesngmilyctes Ewhite mibepiofethe sensed image

resol ution, thereb reat | A . .
together with the data relevantyfog target gensmg. 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

position 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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increasing the reliability of "point" target

detection. One of the functions preferably perforned
wWhpoopnessessi ng system 214 i s processi ng i magesPET/Ore0ed®0307

i magi ng systens according to a set of target

det ecti oncri teria to identify suspected targets. O

the traBR4d bb b rfgt g?%ﬁh@q%sld %ﬁﬁ? fﬁ%&fé Q%rlt ¢ Heldlfad- ﬂﬁgatenmg object

req U|r y con ction

or an M%@ﬁ@tﬂ bRhdel tHrest. A RRrdiRg tonthexesss oFfthabeldtsifiddtion, an
a second. ThIS criterion is highly effective for

event ebquiringt furtherabsféonl @uienstie sembavtognatimdroptansial) may be
noi se, and particularly solar glint fromthe surface

declargt. the sea. Turning now to Figure 17, this illustrates

e 35 5Bk et LR TS 307 RS 2o

narrows Heldeat-Sfewl ErRES %ﬁﬁguﬂgnéé%%ﬂ 216 gsi RAEds! 1?@1‘1&1 314) ﬁfﬂﬂﬁg a field

initial preprocessing such as a cation of
of viewaot greaterthih pbouar B%Whl@nls(lﬁbﬁ:)foaﬁdﬂmmtmn mj‘teofdetdaeon ofa
separat e _sensor i nmages into a_npsaic, (sgwg 220), the

threat ¢ méentzal phegagr @@Wakégm@@dﬁpwr@f V@g’v" anes w&gg)sensor
h t
216 is, grefsbLy RetiaRt HALkaroRma o PLloen T4 e Fideh e Jyerds

on' 0 f4s
suspecgﬁﬂﬁg%ﬁogﬁe@tﬁfedc affo q&aggﬁés u@ﬁ@ﬁ)‘é@fbﬁ {é&$&§eg§gsz?ﬂﬁudes additional
highergesvlatias tefoaimagoh dov anioprsied aRipifichtonifer taggdtemdasreoffers a
well known in the art and will not be addressed here

humani epetetoaiad wsuhledlsp@m theosuspheteil rtar@t £oleevalumtlon The narrow
rocess var,i ous co st e t t echni
field-of iy IppAse EHARS SusB o Lo D2l Perbalsd o dypedap field

of regagﬁgﬁ@@ﬁgm&ﬁ%(ahsﬁz% u{lrf"&\!'éréget 5}& ?Eﬁggt rgféelrg%e d&{% Ogr@t%r than

the covcwagé Fi iftfhgin b@sfelﬂkqsrw Mbbt sRIGABEYithe %‘iﬂl‘bhl pftﬁmdes high

hi gh spatial frequencies ich are relevant
rangestaf ghivaﬂem e(sparrmng Hideasictifl qud most pfederably 949)- h@;O") to offer
eni ng"  because the remai ning pictyre_is |a
roughlv&eanépheg&a& epverBee fonegelianaus, ragkang of grdgiested ;;artgﬁéoutﬂde

: .of the d i mage together with the
thgﬁeﬁj\ghé\VIF‘é’I gmglqgj?ssgg} 3%?%§EHSI ng. The processing then

a r {n L. i
198@1%1' %5@3&0{5 hts d’i‘ﬂ@ g ag?leéiﬁétgd‘ tK@tGhﬂ‘iagug% rs?]§tﬁmrr§ 208 are

errents rIOUS al se al mrejection

preferalﬂﬁflmlﬂamnﬂedchctlﬁhrd@gbttt angt ot iaili feadures ddseribed exboverin the
of suspected targets which do not persist for _a

© context @ﬁ Uneging sypier and30pdromexamples BxSbisystem 202 isspreferably

conﬁgure(c)i {‘or (ﬁ:tectmg both slowly varying targets, such as incoming missiles in
flight, i.e.,~ with a time constant greater than that of the background solar clutter, and
transient “flash” evénts, such as the launching of a missile, with a time constant less
than that of the background solar. clutter. For this 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 appreciated that the present invention may equally be

applied to other IRST systems or other types of surveillance systems from other
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second. The processing then continues with

frame-to-frane tracking of suspected targets (step
wQ@2@p/ov34verify that the spatial and tenporal PCT/IL2006/000307

vari ations of the suspected target correspond to

possi bl e scenari os of behavior of a real target, and

to i.ntain position tracking,.of .the.target. .Finall.
tand-befed ARG & FatlR e DRails "8 SR driplpgfltibns, and
AT N ok t f i SE1h O3
ot R AR LRE DK RIS, (oRSASATISHG iy oot
analodyoto thsabpVedeasiptioneri fied target, verified
non-t hreat eni ng obj ect or an unclassified potentia

threat. According to the result of this .
cWadlei the davension Bas boemdesethad with fegpedidp abimitad number of
.automati c,, sem - aut tj c or manual.) may he.decl ared.
embodidiesRis i Lo ARPREIAES aF Dy JRTEliRes Spdiisaosms and other
. . i . i ield- -\ i nf.
applicfidf bEShY IS Rig S BE 00 AU S B O ihFifRn as
deﬁnedfbyvﬂhe\&pp@ﬁdafﬁaﬁﬁi. t han about 3 which is used for
further action after detection of a threat or
potential threat. G nbaled narrow fiel d-of-view
infrared i magi ng sensor 216 is preferably associ ated
W th processing system 214 for directing towards:
suspected targets for evaluation of the suspected
targets. This provides additional higher resolution
informati on for automated cl assification of a target
and/ or offers a human operator a visual display of the
suspected target for evaluation. The narrow
field-of-viewinfrared i magi ng sensor 216 is
preferably ginbaled to provide a field of regard (FOR)
gi ving 360 azi nuth coverage and a range of el evations
greater than the coverage of imagi ng assenbly 206.
Most preferably, the ginbal provides high ranges of
el evation (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 imaging assenbly 206. In all other
respects, it should be appreciated that inmaging
systenms 208 are preferably inplenented according to
any or all features described above in the context of
i magi ng systens 30 and 30'. For exanple, |RST system
202 is preferably configured for detecting both slowy
varying targets, such as incomng mssiles in flight,
‘i.e., with a tine constant greater than that of the
background sol ar clutter, and
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transient "flash" events, such as the |aunching of a

mssile, with a tinme constant |ess than that of the
whaok@osund sol ar, clutter. For this purpose, PEEIL2006/000307

i magi ng system preferably includes fast sw tching and

ot her features descri bed above which are hel pful in

' ransient flash events. Although the
WHA eé]t” § ion has been given in the context of
application to a navel vessel, it will be appreciated
that tAeipagserdystemy eotpeRingy equal ly be applied to
other I RST systens or other types of surveillance
dypst erstwo-dimenienaldmpging sansonarrayran or satellite

platforms..Details .of such inplenentations, and
r@ ifi%?ﬁt&ﬁswgwnﬁ%@%ary, will all be clear to

one orgN narj,l ki ' y t ] )
above_(gjescr;#p F%tnbh%m%%dgg{ %&éﬁ? vl%elﬁ‘?tl 8%%%2%@%8&%}1 e unaging
descri bed wehbor @8ia§Chnd Uefiningld FkldWbeiewfof given angular
enbodi ments, it will be appreciated that nany ~

vari at i ons,dimegisfansagndns and ot her applications of
made vvith'hn the scope of the

the inyention may be oy
i nvent@ign 29 @aflpﬁﬁawwgmgemﬁ aRigay for sltepapglxTsyisching an

CLAIMED | S: ' hn e r.sLng:. .
Cwo- di mensi APl A gTe R duREBE o 50, i dffection and
optical sysfgsmonaditediiog; (i) at |east one optical
arrangenent associated wth the inmagi ng sensor array

and defidi ogical f switdhing wieslhanisngi aneh sabduitadeast one optical
di mensions; and (ii) an optical sw tching, mechani sm

for alarengsmeny Beingcreplgyedh Bishi dmt saidsimaginge sensor array

it oo SRR s i otV s Ry R A B s Tlab Bt elds of
t | [ . t ' .
hat ©oary 0 QR AR AMGRIER B8 AbsERaMY ot iHapping

| east fisids slbidvanhviakl divergihoustidadpredih fiked gsatiil raladvn.
of equal angul ar di nensions, 'said substantially
non-overl appi ng fields of view having diverging

opti cafh@Xmgifly f dys&nSBALdIAIM M &! HPBin 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
segments, a first segment of each said pair being transparent and a second segment

of each said pair being reflective.

4. The imaging system of claim 3, wherein said at least one pair includes
at least two pairs of segments, wherein said transparent segments are transparent to
non-identical ranges of wavelengths and said reflective segments are reflective to

noﬁ-identical ranges of wavelengths.
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2. The imaging systemof claim1, wherein said optical

swi tchi ng mechani smincl udes an apparatus that is
wa@bdoeopsstel y substantially transparent and PCT/IL2006/000307

substantially reflective. 3. The inmagi ng system of

claim11, wherein said optical swtching nmechani sm

Lncl ugdes a rotat di gk 4 ncl ydi I t _agne.pal .
3t al 155 nleraials ShEm o ‘sleffy &t WleyRln Y i bfctine
mecham@h' 2B d Pﬂﬂ%ﬁg’ BRI RSk At ARASIANSRI ke sQRE E.‘pf)paratus
sald palir being réflective. 4. The 1 mging systemo
being slistantdllywtesparenti what $atdsthuitees pader oponl amdssubtantially
least two_pairs of segnents, wherein said transparent
reflectiye grhem seichshutteraagpelessdt: t o non-identical ranges of
wavel engt hs and said reflective segnents are
reflective to non-identical ranges of wavel engths. 5.
Bhe i Thgi imagingt eystef off aclairh, Iwheheiein ssiidl opticat agwitching
swi tching nmechanismincludes a plurality of . .
mechanjs iy ipelusles i pbRTisEE aBA @ nréss disphaceagip dneehasisse Pperative

o S LCTRREL b SRRSOE YRS SHRA O AL Pl PR o
eS8, A SR Lo IST B O Sl frsel e

said prRnth e pdjadentusbbutaemtilly reflbativeswhep eaidl prisimd are apart.
di spl ace at | east one of said pair of prisns such that
said pair of prisns are alternately adjacent and

apar t Axfgfn%g?%o %%?érﬂ@lgg j%gg%ﬁtﬁﬁ{gstaa%ﬁ@hw & ;‘ﬁ:ﬂ?@ﬁfge Bystems

en sal ns are and bstanti a
accordingf foeclaimel Wivbsredaisdid imagmgasystapsaiate déplojrdi imafiked) spatial
. assenbly conprising a plurality of imaging, systens .
relatiom sueh that gatdoswhstantiallymen-everlapping ifiedds af Vigys o saidaplurality
. deployed in fixed.spatial .relation such that .sai .
of imag BB S Sins. e i oabe PR St tintdE el f view
: I(t f imagi ng systens together forma
spannug%gt;]t%géﬁttll\ﬁgﬁ y contiguous effective field of view
spanni ng at |east 120. 8. The inmagi ng assenbly of

e oL S —
contigdsdl‘}'%%ff&ti.@éﬁ'ﬁ'}il@bfvfgw Shels B Teast¥ghei n said

stantl a

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

contiguous effective field of view spans 360°.

10. . The imaging assembly of claim 7, wherein said plurality of said

imaging systems includes at least three of said imaging systems. .

11. The imaging system of claim 1, wherein said opﬁcal 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.

26



conti guous effective field of view spans 360. 10. The
i magi ng assenbly of claim7 wherein said plurality of

W@ 200d/09338gi Nng systens includes at | east three BET/H20a5/000307
i magi ng systens. 11. The imagi ng system of claiml,
wherein said optical sw tching nechani sm sw tches
bebwee ' ' f ey ' -of - vi ew
S\?VIE.t chliiqr}s %‘nggi,ge #%Een? ﬁgé}aﬁl\gf_ I;;fgltqlé%ﬁl ?chﬁ]t) ﬁ@llng_corrpr i sing
a(d)eada FrEERYOTRBAd taPaciRAMIRLARSE le\rﬂé?%ﬁgr hALOTa PRt WA each
fromsaid two-di nensional inmaging sensor array at a
read cyariser ektresnt whieaiel twosdinaerfsi alad imbginigessnso dredi;ng
ra%tge issgrea er thanaéjsaid read, cycle rate.12. The )
i kRgi n@ sS85 EselopT epad RrpaCItPLy infdrdisgipcrracigr assgciated with
first o .t-ors includi ng,a capacitor
associ %%ecgjf%&féﬁagg’ceﬁg)ggﬁ%‘gltwgf HERPIO lgg%}gg sensor array; and
- di BB RN itCHIAG RAnBERSAY afobRifed Wih SaiRSGANMirRéHsional
of ‘read capacitors Tncluding a capacitor associ ate
Wit h emcdgingssnsoredreaye nhidofirstand devondisemsnsireddlcapacitors and
I magi ng .sensor ar[agg and (c) a sensor swtching
ar r ang¥ie wptigak switghiog meelanismd saidoseisor switohinlg arrangement
I magi .Sensor. arr sajd first .and_ second sets of
read c ?}ﬁ%ictogﬁgué‘?‘@{% éWd%Cgp?qr@gFtlgw fiom fgchseRsg dgment of
said s S Vi is a ' L qur .
ai oo e il i SE oy U TR cBftebonding
t wo- di capasitonal of negidndisenand eEdid DeéeIT read capacitors
correspondi ng capacitors of said first and second sets
of reasynehpumushi svidly rsetitching sifysaid tdptioal tsstitahing fmechanism
said tical switchin chani sm bet ween sagi.d two
Fi el dsDaTvech e5d BT HEIES <ol i r sich Shatopadefigst st of read

(et paRif Yl h e RS b SbO TR o et & Reid two

first o

of 1 eaflelddPHC Vi Sarkf Gl Is8éshd RECTIFRLda@N ca acitfors .accumulate

corresponding to a second of said tw fields of view

13. Thiaformegiomgcayespenling tolassesodd of whidrteionfisldi df view.

sensor swi tching arrangenent sw tches said connections

at a field-of-viewswtching rate, the inmaging system

f18.t heThe Qgisd NG sterh CRM iR NPE RAErdiR! sdi§2Hmer switching

accumul ated information fromsaid first and second
arrangsgtent switchemdsaid panhedionsatt adfieldauf-viyel switelting raepthel imaging

sai d . .
system ?’urther comprising a read arrangement for reading accumulated information
from said first and second sets of read capacitors at a read cycle rate, wherein said

field-of-view switching rate is greater than said read cycle rate.

’ 14. The imaging system of claim 13, further comprising:
(a)  athird set of read capacitofs including a capacitor’associated with each
sensor element of said two-dimensional imaging sensor array; and
(b)  a fourth set of read capacitors including a capacitor associated with

each sensor element of said two-dimensional imaging sensor array,
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field-of-view switching rate is greater than said read
cycle rate. 14. The imagi ng system of claim 13,
wo moobloess4conpri sing: (a) a third set of read cROBUL2EI®0307
i ncluding a capacitor associated with each sensor
el enment of said two-di nensional imaging sensor array;
:nd.. {: ) . t i+ i i
wher B B U, el R AR 6 I D B, e
associaed divite Raidothadtd b Goumngh SERSOT radr @pavhersesfidsedmdor switching
sensor swi tching arrangenent and said read arrangenent
arrangemenandenid aeasbariangsthant beingeanfigured sesidthatiur t h set s
of ..read, capacitors,. sai d sensor.  switching arrangenent
afll said§ringRint F%%%ﬁém reaaica{{jlee 8Ridi SGRP A FVEiRINNgG gEAngement
(i) dur] f ai e cl [ . )
sensor Sg@m&Pg%i F]%lﬁ{aerglr}%e?n[&)ﬁﬁ se\%lﬂi cg%lss‘ggoﬁﬁ%%%ﬁogo fslabdm two

each sem@ehsichAMBHzied saof al W) HepRasi %@ésgoﬁﬁﬂig‘é’aézacitors of
sensor array between correspondi ng capacitors of said

first aad <estonddsstcondf setsadf cepdccdpacitosy sghcloonosdly with
wWth switching of ,said optical sw tching nmechani sm

bet weeAViEhing Glosaid @pﬁgalgﬁwiwl@'mg wpqohanisa) betwesa said two fields
capact ohigew aiife said e ek et gRs Spid Thfd daofORd et of
cycle, v8f é’ap%@ﬂ@ﬁr aﬁﬁ” tching arrangenent sw tches

connections from each sensor el ement of said

t\@d) di rievisigoaakedomdgibalf senseid aeddycyeds,wegid sensor switching
corresponding capacitors of said third and fourth sets
of readrmgagerniopwitehesc Romneoliony fpmheaohi sasonglernent of said
sai d oggtgi cqa}l sW t chi nlg nechani sm bet ween, sai d two .
fi el ds WP-AMERSIOAR) o LUARIRE oSRISF  AHG mehEtWesRysCUgsgonding

first %Q@a&&%’ngﬁ g?gil %hi'fde agnga%ﬁﬁflorséts Lor g&% ' capacitors

i magi ng system further “conprising

proces %?ﬁclﬁ*@ﬂél@l rethf Nité!ﬁﬂ%mf @gidao§ﬁ@alemac1ﬁh mechanism
i mages fromsaid i magi ng systemto determ ne whether

t hey i dtwenesaidhowp feddnolvietv whileaasi read asraagemefbreads said

An infrared search and tracking, (I RST) systemfor a
wat er ng?rwesgg@m, s¢th Of &5ad ARaLHAS i si ng:

15. The imaging system of claim 1, further comprising a processor
configured for analyzing a sequence of images from said imaging system to

determine whether they indicate the presence of a transient event.

16.  An infrared search and tracking (IRST) system for a waterborne vessel,
the system“ comprising:
(2)  atleast one stabilized platform; and
(b) an imaging( assembly deployed on said at least one stabilized platform,
said imaging assembly including a plurality of the imaging systems of

claim 1,
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(a) at |east one stabilized platform and (b) an

i magi ng assenbly depl oyed on said at | east one
wa@t@eiobizaed pl atform said i magi ng assenbly i ne¢CT/i2005/@0307

plurality of the inmaging systens of claiml, wherein

said i magi ng systens are deployed in fixed spati al

R L T KR T C——

fld%{bﬁwfoifaéhp%%" i L' ¢ froin® i
© Sspanni ng 33 bds/ ant |h§? :65 q%%ag?ﬁ’?%%t%ﬁg %0%$legy%¥lgmyosp bstantially
contignbas efit6tivevieldeofvisai ghanhingesabstanriallg 3abP.| i zed |
platformis inplenmented as a plurality of said
stabilized platforms, and wherein each of said
s{abi | TEe qRFSlaTs?ﬁéﬁ‘iB of AP 62 WrERS RAAdAN %a%i“ RIEOUBbilized
of said plurality of imging Systems, said subgroup
platfopmay imiptedrited ds agflunaliepofibaidhstatdtieédplatfopms) and wherein each
.Substantially contiguous effective field of view .
of said pabilizgd »laeries pamtasny cgriesponrding esubgeoup of said plurality of
. .cor ondj_n i ven _angl es. toget.her. substantj al |
imagif sYRRHY. 3660 SHhLroTRPIging, elds, of Viawiich, toghbexiform a
bstaBal bl D '
sy Bt ST HAORLIT 88 ALAL LOFAE | PRI sivn
angle, shitbsoreéspohdingagieeh angles Vo bér subsenyhRY 8pnriink 3680, Of
said stabilized platforns carries a first subgroup of
said plurality of inmaging systens, said first subgroup
provi dj [ j ahiteh her: 4f or
et At ARy St B i 18 PHCh Sig 8 Bt one stabilized

platfospaisninnglententegiaas twof stabilizedghletfoans fobaleployhéi® on opposite
second of said stabilized platforns carries a second

sides fithgreatprhwrne sessehiagd avhargimod firstenfisayl sigbiliznd platforens carries

o st GRS S B o Pk e bl sEhroup providing
. o H t 1 i i .

el B 16 S IR VLSS, Sk RS BARYR st Hkd ot view

spannin@o®! leest Difew digde A afbepsihi the sebGhdl offsald S¥bilized platforms
substantially spanning 360. 19. The | RST system of

carriescd a¢contsubghaumeoisaddipliratityt efisnaging spitemis| saiéddecond subgroup
. Iatcffegrmis stabilized to within a predefined |evel of |
providipg HR.0r Yigw Whithh fogsthem s sabsiantigly cpnfiguous effective
L) [ . nt .includipg, (a) an.inertial
rld G P81 BHRR ARSI b % gl it LR scone
subgrdupat tiesreby together providing an effective field of view substantially

spanhing 360°.

19. The IRST system of claim 16, wherein said at least one stabilized
platform is stabilized to within a predefined level of precision, the system further
comprising a fine stabilization arrangement including: ‘

(a)  an inertial sensor arrangement associated with said stabilized platform

for measuring residual motion of said stabilized plétform; and

(b)  a processing system responsive to said inertial sensor arrangement to

process images from said imaging assembly so as to correct said
images so as to compensate for said residual motion.
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for neasuring residual notion of said stabilized

platform and (b) a processing systemresponsive to
wa@aiod/op3zesti al sensor arrangenment to process i PEDER006/000307

fromsaid i magi ng assenbly so as to correct said

i mages so as to conpensate for said residual

ti 2 | RST f ' , i .
sander iR hveRR PR s P o LB eI e Biew for
cch B PR ALO 0 el sel MBI Refr il o
said substantially contiguous effective field of view

ans b ti.all | zi a :

"2t THRBRSTLRent ot il 87 M50 el Apiguons
effectiff fRA@IINEiBw {pHnk NAbsEAARIEY SE0Y iR aRiRE@SAd gpanssi eige of at
} assoclated with said i magi'ng assenbly and configure

least aboutB°daedsvativmges from sai d i magi ng systens accordi ng
to a set of target detection criteria to identify
suspected targets. 23. The I RST system of claim 22,
wher eiTheSR ST ts§5@6 of elaght IR Fufthét E6hprikitgl Al @eocessing system
substantially continuous detection of a suspected )
associttad geith fsard anpEingadsemblyxarak sonfigutod o prabéssainzges dhm said
. .24. The | RST system of @%I ai mwﬁz, further ,conprisjng a
imaging sfsAeRs 268PTANE 10 8§t 6f tanzetdetertian SHeHa Hp h@fﬂ%’é}ﬁ %Hﬁpected
¢ thavi ng a field of view not greater than about 3, said
arge Sgi nbal ed narrow field-of-viewinfrared i magi ng sensor
bei ng associated with said processing systemfor
di rect] ngé%gvvar ds suspecte ets for

! | ugt i f. .
e subpIREY rigiel S8im R WHSPIR jaidhfTEF ArigPiion eriteria

. wher ei n. sal | cal it chi [ ' i e
nctt SSE AT SR P ARG 0 RooPBLARY s
of aboliV'Ralfaebahdl! | el switching planes such that each

I magl ng system generates i mages of at | east four

fields of view form ng a two-di nensional array of

f%'4el dsn_ggy yggx]\'\ééfs?e% dPLiai har ﬁﬁ’tﬁ&%&ﬁg@%%& gﬁié?%lgd narrow

(T'RST) onprising an 1nmagi ng as I Ng

field-GE-REW @lfiakyd dhabhe domaer ﬁﬁviﬁgsd H8Rl 6f vidwRint breatérethah mbout
. said imaging systens are deployed in fixed spati al )

3°, said efiabaled rewcdw tiedd-ofaiav fnfeirdd imfagirngsensbs heing associated with
. plurality of imaging, systens together forma )

said prossssingsyateny fenategjing overds susnested targets for evaluation of the

~ suspected targets:

25. The IRST system of claim 16, wherein said optical switching
mechanism is configured to switch said optical axis of the imaging system in two
non-parallel switching planes such that each imaging system generates images of at

least four fields of view forming a two-dimensional array of fields of view.

26. An infrared search and tracking (IRST) system comprising an imaging
assembly including a plurality of the imaging systems of claim 1, wherein said

imaging systems are deployed in fixed spatial relation such that said fields of view of
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field of view spanning at |east about 40. 27. A nethod
for acquiring imges of two fields of view using a
W@ 2ovglogssswo- di mensi onal i magi ng sensor array, PEEIL2006/000307
met hod conprising: (a) providing an optical
arrangenment including an optical sw tching nechani sm
. t . to i t' i .l .
aid BB FBGLELY RSB0 E RSBl DR Shnlherrecive

field bDviewaspansbnsarleadt abbeat 40fagi ng sensor array at | east
one pair of read capacitors and a sensor sw tching
arrangenent for switching a connection from each of

sahd s i SEORA) ' r ;
2Tbel o R d Tol SRR FRISSora) TIBTer itk o single
two-dimieh sibhalintedha sérsor andy sthiedn sthod @ongmidiegd ng

arrangenent at a field-of-view switching rate such oo

t bt aprovidingofans ivticpli arrasgensatl wepuling opr optical switching

accumul at es_J nf or i O orresponding to i xel .of,a. .
ot grochRus BratepRag e e Blat o e Ao flasbe view
of rea ' es information
corresggﬁgﬁlﬁgh{ag{@%}%g%?&’a second of the fields of

vilsWw, @Miﬁﬁ!? for adch geasp Withativdglny en¥et afay fat %éAst one pair
said pairs of read capacitors at a read cycle rate so

as to afgead eaprcitorfuamt e sehsdrravgitching asmajgemient fer switching a

fields of view .wherein sai,d field-of-view swtching, )
rate | SORPGHOB, fro,pachyp Sfi“éa%@é%l*@W&F’é%?@W@P@ndmg pair

met hod | ai m27,..wWherein said field-of-view
SW tchio%eaﬁﬂa%gglbégrgt | east four tines said read cycle

S0, O Mot gl a6 AR i i

t hey i selispatswitdhéng raesmgement ah at fiallboBnievessvitching 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.

. 28.  The method of claim 27, wherein said field-of-view switching rate is at

least four times said read cycle rate.

29.  The method of claim 27, further comprising analyzing said sequence of

images to determine whether they indicate the presence of a transient event.
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