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Early countermeasure systems included a simple fixed field of view optical
system in order to acquire incoming missiles which were either shoulder launched or
launched from vehicles. As will be appreciated, these early countermeasure systems
worked to determine whether or not a missile had been fired against an aircraft, or other
target. The aircraft was provided with sensors to detect the plume of the exhaust gases
from the missile to warn those in the aircraft that a missile had been launched at the

aircraft.
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phases, in the past a technique was developed which involved a two field-of-view
system.

The two field-of-view system was selected over a zoomed telephoto lens both
because of the size of the telephoto lens and alignment problems when zooming. It will

be appreciated that in the gimbaled head of the tracker, telephoto zoom-type optics
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target in the field of view. When centered in the field of view, the movable assembly

was rotated away from the optical center line of the objective lens to switch to a higher
magnification, with the higher magnification achieving sub-milliradian tracking

accuracies.
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There was therefore a requirement for providing a multiple focal length or

multiple field-of-view system without moving parts. It was thought that making the
multiple field-of-view system a fixed optical system would eliminate the delays
associated with switching. It would also eliminate alignment errors as well as the
effects of mechanical malfunction so as to provide a robust search and tracking system

within an exceptionally small package.
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Since there is no rotation of an optical cage or assembly into and out of the

optical path, one eliminates the delay associated with movement of the assembly.
There is no time lag between the search and tracking modes and there is no problem in
returning from the tracking mode to the search mode as was the case in the
aforementioned two field-of-view system. Moreover, since the subject system has no
moving parts, one eliminates any mechanical alignment problems and the problem that

a motor might stick or hang up. Further, by having a hard-mounted set of optics one
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be pulled out of the background. Thus, even if an off-axis missile is distorted a bit, one

is not overly concerne;d because it is nonetheless a hot spot. One is therefore not trying
to recognize anything but merely to center on it.

Once centered by gimbaling the head so that the detected target is within the
detector field of view, then motors in the gimbal drive are utilized in the tracking mode

to accurately position the plume of the incoming missile on the detector center of what
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objects are magnified by 2X when they are near the optical axis of the optical system,

whereas they are half that size at the extremities of the field of view.
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simul t aneous|y, greatly inproving.counterneasure .. ..
of f oW Piloit aU b gBRprisiot 41 Sis S EU e AIEE R 3PS Ragvided in 2
BRI EF DESCRI PTI ON OF THE DRAW These and ot her :
usnfier; o diffsrent Mays bpjacrtmben 98 Ruseshating 2 Wil pepiplyyof chemical
understood in connection with a Detajled Description,
SOMROGITPR EY § e ieph dheryequifed géstortign {op therinfrared grgion 0? the
is a diagrammatic illustration of a search and .
¢lecirokiagrptis ceapselFute i nprgkidedh by @ heanhinagion j ofe gilipers sgqrmaivm,
| aunched towards an aircraft, with the mssile being
chelcoetnid ahiss.ving suliide dinfesclenide gndgalajyra flueridetlprsedyi mbal ed
tracker, also showing the narrowed field of view for
use iFortsheh a eptlekingysivod @ne Spagifice azmal, diffracgandindied. on-axis
showi ng the steps of the counterneasuring of the
imags isize obiboBt 4mécrdns. i Thelotir peranieeris tthap thegipot tize not increase
| aunch, slewing the ginbal to acquire the mssile,
wanbre thangnt el ahalSiides tha ondasis apesizs ot, feringtansk doUohicrons, for
view, switching optics to the track node, centering
foleezesratsisd ddge offtht fieldt r ack node field of view and
emtting jamm ng

In short, the subject optical system can be described as lens focused on a

detector. The focal length of the lens determines the system field of view for a given
detector size, with the longer the focal length, the smaller the field of view.
It is noted that the ratio of focal length to lens diameter affects image quality,

with the larger the number, the better the image quality.



radi ation, also showing the ability to elimnate. the

optics-switching step with the subject invention
WO2@u0s628 i s a diagrammatic illustration of thBCT/US2003/033288

rotation of a field changer away fromthe center |ine

of the fixed objective Iens systemfor field-of-view

swtching; Figure 4 is a cross-sectional view of the

two frhelekiable Yésaw forytat EiRed bptlcalséysRin Wguld be taipiolidz at winkn a

of a novable | ens assenbly which is rotated away from

wWibe fieIt dfCabw GBPH R a btonefoedl 1Ehpeh kb ¥t BOaBIE!t \AequiNnErgets
systemto assist tracking by increasing focal |ength,

ek Qnt Shel &ﬁlcfﬂ' S8lid o0 the VdyesmaNndn i the bBes hit@l, bhe& the target is

magni fication; Figure 5 is a diagrammtic i I'lustration
aQ ulfeh ngxfebl ofd t&ﬁkﬁ{é %Wp@lfnt thecekiBlnfires ‘g’oéd: Bidd@l r3Midién which
Figure 3, "illustrating th

cioh%éﬁoaalxﬁ t%mﬁ%ﬂslﬂ the tracking mode

ustratl r eat Obj ect near the crosshairs of

t he hat Iov cffeg\'\fhEF efJHIIE o ndnﬁn ds'yél%?nﬁg?ﬁ% Erom short focal

illus ratl vedl op tlca syste subj ect

1%1} h otrlatov(}mcra1 gl MOf v1e“; H)? réga{u%gﬁg aP ﬁ’lje %ﬁid éc%e ab a flbﬁ%?focx\faﬁéngth,

I's center ‘'ossha
t he Fo ) . t 1 00
IBE*%M%%%‘]%‘@&Q eﬁﬁﬁés ee{p.}he p elx\%)e&l 4T(hg %e 59 gue for the optical
I ] t t ft t
PPR P! Vgggeg%g%gﬁga%g%s o ap I”ng'fwé’fe”%lﬁ% et g I G
the for shorte of the foc g or off 1d of
TP T SRR SOHPPLGy G IEOR i (ECPE: P &@

one enbodlnent of the sub ect aggvent on |nc ﬂ ng,a
BB kt PWEOIEdH L i3lentea|1y A ORGeah S eringdp fiecopig| estan 0 as
portion and a md-I|ens portlon follo by a.
tpgieduge Suparpeh STEPreh dmBse Amething i m% ﬁ% gﬁﬁéyealﬁf& gor
of f-axis focal point on a focal plane array detector;
orirsts thatgrer s e dgesofheficld PRyt i ¢ i1l ustration of the
system of Figure 8A illustratin a5 off-axis_inmm
and rewill bq apgresiated dbat thesmpiect iETapn povigessberaprPibiKy © oing
Referring nowto Figure 1, a typical scenario is
feorui targgfeabauisitinh te Harget Bipakcmadas injgnen#RO0H, (ORYRICRY operation
count er measur ed system 12 which has internal optics
Witlout Seidwitcling deddys ahd guaeetyintisa The optigs jaresmples; |gss expensive. -
field-of-view system During the search node, a w de
fridehete apbugt ten thasd essididterswitap &Wo filded-Viaw eystem. Morcover, in
enbodi nent subtends an angle of 30, whereas in a
the adfechpdem thére apywteovizyparts hedtht operativaris warefrekdblp. of
vi ew 16 subt endi ng

In summary, a single, hard-mounted set of optics is utilized to replace a two

field-of-view system for directed countermeasures. It includes within one continuous
but distorted field of view the capability to detect, acquire and characterize targets at
the edge of the field while precisely tracking with high target fidelity at the field center.
With multiple targets, both tracking of a primary target and acquisition of a secondary

target can occur simultaneously, greatly improving countermeasure effectiveness.



3 so as to be able to track any detected mssile. Here

a mssile 20 i s shown havi ng been | aunched from a
waeboglosiess fi red | auncher 22 by an i ndivi dual PdI/US2003/033288

towards aircraft 10. At the tinme the mssile is

detected as having been | aunched, the optical center

line of the counterneasure systemis that which is

shown by a doBRERF DESCGRIPGIGN OFITHE BRAWINGE] t hi s

optical center line that the narrow field of view

ext erggse MiesthérNGE Ot theisabjedteindtibs wilil be beed vall@ngodin

flight path illustrated by dotted |I|ine 28 towards

@nhé&dtish withQ DAMIRA Dektei ﬁfﬁbﬁi $ doRjunSticek RIS the ralkih i) 8f Rhich:
search phase in which a wde field-of-view optica

syst gfhirs 1SW 4 el tic iIMGBE@UNbER NBASN h8d USGR Ndefiardl in
VD 2003/ 036269 PCTT US2003/ 033288 gi mbal ed such 1 hat

Whish Qrﬁlblﬁéér—fﬁ@@ hfdsitd isNBudRed t%wgﬁl\é & aﬁ%raftl WHR ttl{eaihﬁgleb%mg

arrow 30 so as to coincide with the f I'i ght pat h
I jdSof 0 r
Bl ey, i oy e il 20 oy o

r?a%%ﬁh@ﬁaow{e@v ﬁ%Yt?‘steefmh%?ra%}&?%mb&es position in space

be “accur one enbodi ment of this

prl or Figur Sg % ct,hraﬁcgfl wgll%t trﬁg osltepg of gchgﬁgglkr{té}gle&stlﬁfn% of the

Optl ca SyS%/em SO as to : h

g ?ftaﬁ%fﬁg %o PRSI, 51?‘>an9§&8%%1§1?§%8 sl te
h d

lta+s‘5‘ el S dBRGRHS SptesTohe

cked count rneaﬁure system

f.r%c FHEESTaTOh = PTG OR R E o8 B VR AT S fhg jamming
rresp nds tq t e of fli of .the m.ssile. The
pdilipy 3 phosying Elée el O SHaminaly é£<*r SBficH P RhiER SiepSwith the
into the  reticule or seeker of the m ssile and causes

FRECHINYENOR to fly off or divert fromhitting
aircraft 10. As illustrated in Figure 2, the system of

Fi gu rKigure {3; is at diggaarppgtic ilpstrafion, gk Hle dpta{upne of a field changer away

shoul der-fired mssile, as illustrated at 32. The

Gpmidn ceater iprofdbrted ohigetigrenssysems fori field-pfhdew sWISRIRE: t o

acquire the threat, as illustrated at 34. Once having

acqui Figere this at rpssaectiopdl viese ey Ava dieldef-wsy sysiamp dllusiging
i mbal slews the optical systemof the counterneasure
aiutilizagion of 2 mowabin lews asseanbifevhich dotatpd ey famitheoptical center

acquisition field of view, as illustrated at 36.
line of the fixed objective lens system to assist tracking by increasing focal length,

narrowing the field of view and increasing the magnification;

Figure 5 is a diagrammatic illustration of the field of view of the field-switching
optic systems of Figure 3, illustrating the two field-of-view system in the tracking
mode, illustrating the threat object near the crosshairs of the field of view;

Figure 6 is a diagrammatic illustration of a Foveal optical system of the subject
invention in which the threat object is at first way off-axis and then is centered on the

crosshairs of the Foveal optical system;
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Once having centered the threat on the acquisition

field of view, the system switches to the track node
wokiogh3e2es Wil |l be seen, requires physical rotBCT/082003/033288

novenent of an internedi ate | ens assenbly off the

optical center line of the optical systemused. This

swtches the optics to the track node, as illustrated

at 3igu ¥ hs bhBagr@hiiead iREa886 lf Mhal bubljdct @fhehiorC BlnétRking a
t he threat on the track node field of view as 12 WO

AP 36209 Red/fMSBOA3 Q3868 &hbwingd Sh areshorbnif® of GRCRCcal

havi ng centered the threat on the track mode field of

1Moo off3R¥IRGatE;adi ation is adnitted along the optica
aX|s of the counterneasure system as illustrated at

WHueh sAT 51 & B, gﬁa‘ﬁuﬁz{ﬁ@ iFsBlidee. ofs onré %ﬁl@BdlmteﬂtU& the subJect

confu5|ng t he gui dance system of the seeker and

18\?6%?811 Hagldlygsﬁll Ab CC¥196 [Qn§ §ssérhﬁg'hg$1§ qqgegc@elg Ef«%ns g%ﬁlon and a

one rei nbefore, pproxi mat el

rﬁﬁggr{la%)lrt s) foﬁg&gc{ { g‘?@ﬁ#’ fe??] g'roﬁp 0&}&5{3&{ gé bz qxt@f&%ﬂ h&nﬂ dhd

scenar i’ s an el ay

g'igtﬂ.i fo%eft Vgtoﬁ{ Q%c%?@trgoa@a;ld%ttﬁa 51#?3' dbte oog nar ow

magnit ude_t hat there suff ci

oo e L¢bgEhhe %&fgzww 8PP Pl pE ol I ihiuifhg
C ermeasure th Referring to Figure 3, the

ao%tq%[c 'S 10Y78Y MW@W&&?W@F%&TM er neasure system of
Figure 1, in general includes a fixed objective |ens
systentSO followed by field changer |ens assenbly 52,
in turn foll owed by a e | ens ly or a relay

| ens assenbly 54, DEELERDESC tﬁe &sult on a

detector 56, which in the preferred enbodlnent

f ocalRelqsTingBow i Kigugsr L iarfyRical sepnads Scagisagedrh éf"hF‘ihe‘"t“oa““aﬁ
changer, which at the short focal |ength of

Wl 1 simbrlecheaynipromenspigd avsiemy 1 viish thSetntFrtﬁl °9‘i1<év(}1°t\ﬁh‘e¥t1 in

%plng into the_trackln%.node is rotated as )
is|figgre) shag estafifish ity isR-dwigy fistem. tPwingFhe sesrchapeees wide
|ine 60 of the optical system The result is that,

fidld of tvieev 114 ds dllustiatedavhichninsing canbeiimegt swhiendalanpele ER0°,
the effective focal length of the systemis

whdreas iy e [tsacls ode,  the-kxatswesvitchgsdn atnaaoyifigldiof vigwd§epbtengding
rotated away fromoptical axis 60, the tel escopic

¥isresitodisjablsttp rack anysletsyted missil60 has i n one enbodi nment

a focal length which is several tines that wth the

fi el derchenisyide 20 i3 shbvar bavinBlhesn lanncbediremiactoutdertiired launcher
the tracking node, the focal length may be severa

23 byem ihdimidud24ttdnveardeairocdit ¥0de and with several tines
the magnifying power. It will be noted that the field
changerth¢ simeahainediloist de@ttet e hayitg b 1sysheinttehoptica] lvester -

line of the countermeasure system is that which is shown by a dotted line 26 and it is
around this optical center line that the narrow field of view extends.

When launched, missile 20 is directed along a flight path illustrated by dotted
line 28 towards aircraft 10. When the missile is detected during a search phase in

which a wide field-of-view optical system is switched in, the countermeasure system is

11



sol enoid or notor 62. 13 WO 2004/ 036269

PCT/ US2003/ 033288 Referring nowto Figure 4, in one
wepdvemsarent of the prior art two field-of -vi ewnCHYS10631933288

the objective |l ens assenbly 50 includes a nunber of

| enses 70, 72 and 74 which constitute fixed | enses

mounted to a barrel 76. Internediate the objective

é;ﬁlﬁﬁediﬁﬂh kiRt Y optRABceARS BADLYs BbveDIlliSREd®l alBRBOS0 as to
8 and 80 along with a reflector 82 is a novabl e

QARERDidh (R S SP6BRERNAS to a field changer.
This | ens assenbly includes a nunber of highly curved

| ens‘ﬁne@‘ﬁns $8s @Mrre@smisﬁleaZd)ﬁr\Klﬂm% Wi dh flélldscq v1ew of the

i ncl udes | enses 92 and 94 spaced t herefrom
b ibh YT 5RE Be' ReuGf
@%§?§€ théé%?ac %ﬁasgﬁﬁgggu ltl|rrages %ﬁg |nag% Y
QQ:Q a focal plane array 96, both in the tracking node
I'n the search or acquisition node. Referring to

Flmﬂe 5 SW. t C
oy odf B Peafept SLEREMGTH SRR el vefes Uhnpating, e
%R’tl(gé gﬂsglrﬁlg(g I_al%g cggtgl? ml& E@Dﬁ} At(feast ti] Pr%%pnleftlﬁ;leof oonnt He cérgsshalrs
hi ft ur i, the rch hase
ﬁ% sk s Rl Freckis 3»313? ¥ tampﬁ?al st ﬁ%& fegiifs hien
i eld chan t hat changes is the field of
N%W%?W%%%%@geié%- £6¥¥00' bei ng approxi mately the
sane size, But the crosshair center for the wide field
of viQRge the gussilhas Hesp éﬁcce%fé‘am Eﬁ‘“th% COGBWF’é?aS“fﬁEWStB‘B 12
di spl aced fromthe crosshalr or detector cent ﬂ I
SIRUCIRIHEN S EAAGRN RloRe dis UGl &iis VitHeh Bep carresprrds 'to'the fine of
centering process nust be repeated, bringing 100 to
flight ofpthe tpigsiler ki Tﬁﬂmcllsd%aéﬁla‘? puniepeasite 1 13?%%‘&“%)&“[” ghe
steps which are elimnated in Figure 2 t he subj ect
wiicyle of segkastof mm@ﬁlmlriﬁgussbme@aﬁsgle t@,ﬂbjrolfﬁl rflivert frorh hitting
techni ques to be described and referring now to
#rgaft 0.6, while there are no field changers which
i nvol ve mechani cal noving parts, an object 106 which
i s offs drstetddsin Feree 24 the sysencelgdigwailr firsudgrotsithe lpanch of the
subj ect Foveal optical system Wen the object is
genlder-figd onssge.os dlhirated 408, Thaginlsl phide conntanmpashrel systam is
WD 2004/ 036269 PCT/ US2003/ 033288 di stortions
that slowtert ®cachyire the thgeds] asdtlustipetd @nP4.i Oaepehay g acquired the threat

magni fication is twice that of the off-axis inmge
dicognizing its existence, the gimbal slews the optical system of the countermeasure

unit so as to center the detected threat on the acquisition field of view, as illustrated at
36.

Once having centered the threat on the acquisition field of view, the system
switches to the track mode which, as will be seen, requires physical rotation or
movement of an intermediate lens assembly off the optical center line of the optical
system used. This switches the optics to the track mode, as illustrated at 38, with the

gimbaling system utilized to center the threat on the track mode field of view as

12



In short, the nonlinear system of the subject
invention distorts off-axis i mages and nakes them
waGapmkoaeat the edges, whereas when the opti cSPEF/ES2003/033288
ginbaled to center the incomng mssile on the
crosshairs, one has better magnification in the track
node and with better magnification one can track with
iDhRatearat A0S Ak Waving cbRS@dthéTehrdtdt oh thd Badke@sédfield of view,
reliability. Referring to Figure 7, the nonlinear or

MR 1 bABEH 19 9asiel amngfind &ﬁlcﬂlﬁihse&tthe tduiRRhéaRreis§stem, as
descri bed diagranmatically, with the nonlinear inmaging

188 RV LR MyRRK Gves tA0nd §RRASs sdedlr, Mt JodPusinsCis ghidnce
IS In essence wapped tighter at its edges g| ving the

s?i’téltn%[pt}% sgéléf eglrdth? ?augé filk ing'slﬁ@ kPtsE fth Btenfed for

RSI ance axl s 4, an | mage S OCUSGd
1 2
o ofage EEAZ2 0 ARl el g
m_f .
%}é@teﬁmag@rg a tsﬁéu‘?dgg fgl;ee ?Trgis %16 1H%?eet’yal a Sgﬁah!r)rgt% {el{eget i %}f‘helay in

S 8B RIRER A 8l Bl ThbiCRYESR yiehl it Byfoning
- I : di
cfegae'tarsg% e?T%te $ e%}lﬁé%fu tl?agdla e gzllfget beé. su&g&e%? Hm%s ﬁo §g through

ocal length of 44 mlljnmeters, ntrance pupil of
tho stepsReresFarL ot ctively can eﬂﬁﬁ‘éurﬁgbe elgati on of one-

hal f at, of n 0 [ j ect axis im

the. A RS %t e ﬁyg?méw?*elb@efaw?m}eaﬂﬁ? R of
88 millineters and _an_entran

Frewe Ly gepaaldpriuden a fixgd ebigstye Tegp ST’}?%%O {OEHWB%"% Bl changer

fromthe table belowthlsflgure for im , 1, %1

Igns assensbly §f.fin Jxgn Lolloprd by gexp g psemd apéag% }eaf)f*ﬁsea py4

depi cted on the focal plane detector. Wat will be

thalcimages the sesult @p @letegior Spphigh F%Wﬁlﬂf%feraﬁdsﬁt%tﬂdéﬂem is a focal

optics, there is a decreasing magnification fromthe

plans asray obinfrwd defgeionf the | ens system 15 WO

2004/ 036269 PCT/ US2003/ 033288 Wil e what is descri bed

f r om Ehehfield ichariger, pdiieh abtheysheyy fopal Heggth ©f #hg gverall assembly

nonlinear or Foveal |ens system the desired

piosides ni wide dield b€ vieshi whead going dntp athey drapking anodsf isyggiated as

The tern FOVEAL is used as an anal ogy to the hunan

diyetratediaragrowH8 afvay &am the optisrl depist bifie G0 thecanitinal sy s,

better sensitivity and resolution than the surrounding

reti rikhe re@it ditbatowithnbe fibkd cdpbgerdh place labbng optied Aaxisb@l the

in this disclosure, greater sensitivity and

¢fidlaltfocan leapih @fcthe eystedmbig thevdlgnbort. atbherevelh avhenhtge field

detector - or in the case of the eye, the retina.

changer is rotated away from optical axis 60, the telescopic fixed objective lens system

50 has in one embodiment a focal length which is several times that with the field
changer in place. Thus in one embodiment, in the tracking mode, the focal length may
be several times that of the search mode and with several times the magnifying power.
It will be noted that the field changer is rotated out of the optical system through a

solenoid or motor 62.
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One way to achieve the desire distortion is

illustrated in Figure 8A in which the nonlinear
wokjoensdzee | ens assenbly 130 is conprised of aPC/R®N3/033288

of fixed-nount |lenses wth an objective |ens 132

followed by a collimating lens 134, in turn foll owed

by a md-lens assenbly 136 having a nunber of highly

cur verkftreng fsy o3 gurd 40inashd efd3dimAat of \thel priob ert seefielflfobriew

the followi ng prescription, the objective |ens

aseaitthey otiefivé U tas@itbly 36 ihdlhdes tal @ingt@dr BY 1dnedsHE 7224hd 74

and 122 of Figure 7. The results of the nonlinear

Whidh Sb AR ixed endsQvduied Y bifg 76bj ective | ens
assenbly are relayed by a relay, lens group 146 so as

to foRrIMdARIBE oBRb@veAchLfRlrelR) BAE assBhbR Y54 bSpWiidCdE lenses
lies in the focal plane of the optical system For an

ADLRCE0 WALt §ééﬂe6f%9 8D ¥Ys &%Lgdﬁeegssaﬁ?mb%vhl&%mﬁb%nds to a

I mage 1's focused at point 152 as illustrated. For an

R o T R
R L2 IR FEPUPISLUEES | 8035l 38
54 PS54 6 A R R0 BE3 Mo o

' f | i [ ' d f I, 156.
RS R ok DBSBIY 9L SR PR s o

or grescrid tion describes a Foveal 4-5 nicron
BRI % -¢| ay-type 88 millimeter F-3.5 | ens assembly

16 004/ 036269 / 03/033288. f whi | .
e UTRACHGL RERe o SRR S Ha e s o e At 1ERS ofr

syste Here it n he seen, that sjligan, J%erjrmrﬂi

ca u

s andh i dgistiediipdhe & 85 #998HFLI0] TROYs e il SPICES S itiedonto
indicated |enses. Wth such fornulation, one _ac?iﬁeves
erpeshaizs 12hy %%F’i’ NEARYSERy With AN iHagmni 00 hitied ghripg eigrsegah or
is greater along the central axis and degrades to
shamisHionPhasg QRTICTsshairs A 0%t Hers ity il bgypoted they wigthe field changer,
2004/ 036269 Ge i n #58 ref rr' Rdesi n for use with
&k that shgngey wathe fieldofrigw, it igpgsRARP eakt00hging wpreEpately the
TYPE, 88MM F/ 3,5 CUY THH RML. 13 G.A CCY TAC G.C
same size. But the crosshair center for the wide field of view, i.e., the search
acquisition center, may be displaced from the crosshair or detector center in the
tracking narrow field of view. Therefore, the centering process must be repeated,
bringing 100 to 100’ on the tracking crosshairs 102. It is these extra steps which are
eliminated in Figure 2 by the subject optical system

When using optical distortion techniques to be described and referring now to
Figure 6, while there are no field changers which involve mechanical moving parts, an

object 106 which is off-axis is moved to the crosshairs 108 of the subject Foveal optical

system. When the object is centered on crosshairs 108, due to the intentional
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? OBl: 0.00000000 114ELDI I TY 100 RED 1; 0.017?.68202
5.500000 14" O 100 -0,00819835 11.557778 0 0 AST. K
wWO20008002690 Kc 100 Ira YES CUP. 0,000000 CCF: 10BCHUS2003/033288

:0.177125E-05 B -, 1961730-09 C : 0, 0000008*00 O

; 0, 0000008+00 AC O tc . O CC. 100 DC 7,00 3:

-0. 01530292 2. 000000 ' CLEARTRA" 19 100 +s:
QsBrfich3888ucéd By 4lNBRct sydBmPimdye 108 26:3ABichtich A 4bite that of
104" 0 O 6: 0.10714981 4"274324 ~CGE~ 0 7.00 7:

8o 0B2996415.41,0600000 8: 0. 20387696 2. 200503. 0 0 ASP=

g -6. 49903% IC YES A :a.896014E-03 AC: 0 9:

- 0, 024 5816 fhe Adhlined?- s%&ﬁ@?% suHect Bvaeids Qﬁ%ti offShis ?ﬁmges

0. 000000 7;C : YES . 5234286-03 AC
Qﬂdgrg%%g %%%1 sr&a’-fler attnd égg%g ?’\ﬂﬂarea% 4vhen Qne%@@z’ﬁ% %1m14a'§ed to center

the incoming missile on the crosshairs, one has better magnification in the track mode
and with better magnification one can track with greater precision in less time with
increased reliability.

Referring to Figure 7, the nonlinear or FOVEAL imaging system of the subject
invention is described diagrammatically, with the nonlinear imaging lens system having
two lenses, 120 and 122. Lens 120 is in essence wrapped tighter at its edges giving the
system a distorted field charactéristic. Thus, for instance, at 5° off-axis 124, an image
is focused through lenses 120 and 122 onto focal plane detector array 126 with the
effective focal length of the system for this off-axis image, here illustrated at 128 to be,
in one embodiment, 44 millimeters. The on-axis focal length 129 is 88 millimeters. In
this embodiment the lens distortion yields a 2:1 ratio of center-to-edge resolution. In
one embodiment, the focal number (F/no.) of such a lens is 3.5 with a focal length of 44
millimeters, an entrance pupil of 12.5 millimeters and an image magnification of: one-
half that of an on-axis object.

For an on-axis image, the F number is 3.5 with an effective focal length of 88
millimeters and an entrance pupil of -25 millimeters and an image size of X.

As can be seen from the table below this figure, for images 0°, 1°, 2°, 3°, 4°, 5°
off axis, the focal points are geographically depicted on the focal plane detector.

What will be seen is that, with the intentionally distorted optics, there is a

decreasing magnification from the center to the edge of the lens system.
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or Foveal lens system, the desired distortion can be achieved in a large number of ways.

The tern FOVEAL is used as an analogy to the human eye, where the fovea, a
portion of the retina, has better sensitivity and resolution than the surrounding retina.
By distorting the optical field as described in this disclosure, greater sensitivity and
resolution are achieved by the lens rather than the detector — or in the case of the eye,
the retina.

One way to achieve the desire distortion is illustrated in Figure 8A in which the
nonlinear objective lens assembly 130 is comprised of a number of fixed-mount lenses
with an objective lens 132 followed by a collimating lens 134, in turn followed by a
mid-lens assembly 136 having a number of highly curved lenses 138, 140 and 142. As
will be seen from the following prescription, the objective lens assembly 130 functions
as illustrated by lenses 120 and 122 of Figure 7.

The results of the nonlinear transformations provided by the objective lens
assembly are relayed by a relay lens group 146 so as to focus images onto a focal plane
array 148 which lies in the focal plane of the optical system.

For an object which is directly centered on axis 150, the image is focused at
point 152 as illustrated. For an object which is off-axis by 3°, it is focused on array 148
at focal point 154. It will be appreciated that the relay lens group includes lenses 156
and 158 as illustrated.

Referring to Figure 8B in which like elements have like reference characters
vis-a-vis Figure 8A, for an image which is 5° off-axis, the 5° image focal point is
illustrated at focal point 156.

From a lens maker’s perspective, the following formula or prescription

describes a Foveal 4-5 micron objective relay-type 88 millimeter F-3.5 lens assembly
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can be seen that silicon, germanium, IG4 and Cleartran compositions are used for the
indicated lenses.

With such formulation, one achieves optics with barrel distortion in which

magnification is greater along the central axis and degrades to one-half magnification at

5° off-axis.
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embodiments of the various figures, it is to be understood that other similar
embodiments may be used or modifications or additions may be made to the described
embodiment for performing the same function of the present invention without
deviating therefrom. Therefore, the present invention should not be limited to any
single embodiment, but rather construed in breadth and scope in accordance with the

recitation of the appended claims.
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of f - axi.s objects and | onger for on-axis objects,
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probl ens associated with two field-of-view systens
are avoided. 2. The nethod of Claim1, wherein the

ield of vjiew of the fjxed 1GS 1S W . C
Lor r dBBoibRRnGatm S b b iat eahy e frgd putcs is wide
narrow corresponding to the |l onger field of view 3.
eprigsneating do dhe dogerdosal Igpath ap lsgﬂaw EXTeSPRIIRg R the i‘&*gef
when in the narrow field of view over that object when
figld ob¥iPY. 4. The method of Claim 1, and further
i ncluding i magi ng objects by the fixed optics onto an
IR focal plane array. 5. The nethod of Caiml,
wherein the fixed optics include non-Ilinear optics.

. Thermethediobflain 2 wiherein pe PRPE it meagpifigd Whepp iy narrow
I ncl ude Foveal optics. 7. The nmethod of Caim]l,

filé peyipwoner thatpbigetspen €&-4xit ent i onal | y provi de barr el

or

4. The method of Claim 1, and further including imaging objects by the fixed

optics onto an IR focal plane array.

3. The method of Claim 1, wherein the fixed optics include non-linear optics.
6. The method of Claim 1, wherein the fixed optics include Foveal optics.
7. The method of Claim 1, wherein the fixed optics intentionally provide barrel or

other distortion.

20
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peri phery. 10. A nethod for providing a directed
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et wherein the fixed optics have a
rg%%ﬁ%gn %g%?&ﬁ3 g%h for off-axis objects and a | onger
focal length for on-axis objects. 13. Apparatus for
rapidly acquiring and tracking a threat using a
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optics.

12.  The method of Claim 10, wherein the fixed optics have a shorter focal length

for off-axis objects and a longer focal length for on-axis objects.

13.  Apparatus for rapidly acquiring and tracking a threat using a directed
countermeasure system without using a two field-of-view system, comprising the step
of providing a tracker having fixed optics having a variable focal length, the focal
length shorter for off-axis objects and longer for on-axis objects, whereby acquisition
times are minimized and alignment problems associated with two field-of-view systems

are avoided.
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17. The apparatus of Claim 13, wherein said fixed
optics include Foveal optics. 18. A directed
W@ ouwabaReeasure system having a wide field of RCEUST003/033288
threat acquisition and a narrow field of view for
threat tracking, conprising: a tracker for said
count er neasure system havi ng non-linear fixed optics,
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the wide and narrow fields of view 19. The apparatus
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i ncl ude Foveal optics. 20. The apparatus of C aim 18,
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B88a 8KéiswObj ects. 22

15.  The apparatus of Claim 13, and further including an IR focal plane array or

other detector or sensor onto which objects are imaged by the fixed optics.
16.  The apparatus of Claim 13, wherein said fixed optics include non-linear optics. |
17.  The apparatus of Claim 13, wherein said fixed optics include Foveal optics.
18. A directed countermeasure system having a wide field of view for threat
acquisition and a narrow field of view for threat tracking, comprising:

a tracker for said countermeasure system having non-linear fixed optics,

whereby no moving parts are utilized to provide for the wide and narrow fields of view. -

19.  The apparatus of Claim 18, wherein said non-linear fixed optics include Foveal

optics.

20. The apparatus of Claim 18, wherein said fixed optics have a shorter focal length

for off-axis objects and a longer focal length for on-axis objects.
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