7. "June 2005 METHOD FOR OPERATI NG AN AIR-TO-AIR M SSI LE AND %@05
M SSI LE W TH* AUTONOMOUS OR SEM - AUTONOMOUS MODES FI ELD AND BACK

THE I NVENTION 5 The present invention relates to air-to-air mssiles and,
in particular, it." concerns nmethods for operating such mssiles for targets
outside the field-of- view of a radar system or independent of the
presence of a radar system The extrenely high speed of nodemair-to-air
conbat st ret chesMEEIOTEROR OPEReSI DG AN R TR-AIR NMISSHE ANDni ts. Faced
with conpl ex aicoralitspAGNDIRES MISHLE WITHRAD TORON eSS OreBEMBYyst ens, a
pilot is required to achieve %QUﬁYﬂQGﬁﬂ@ﬂE%ﬁﬂﬂbEgn times as supersonic

aircraft pass each other at relative speeds up to thousands of mles per
hour. Various high performance target- seeking air-to-air mssiles have
been devel oped to operate under these conditions. However, many factors

generally limt th f 1o ssihes to greatly less than
{%‘u]& %@ﬁ%ﬁ |u|ﬁ6‘3§{}?&§%ﬁ}?$§%I cally, and with

their theore
reference to Figures | and 2, it should be noted that operation of

air-to-airs nissil @heipsesganmvention iehtegoatieth-ai hissles addrinspastiorar, 8f an
aircraft. A typical sequence of operation is illustrated in the left
portion of  FRogetris me@ifods Gbd eY@atiel sush, midbile3top takfhts bbrideatiarfictibbict s
(acquires) a target and, 40 : usually under the control of the pilot,

directs-the éﬁfﬁgf’a?ﬁcda} %te‘ﬁi} %%iillm%g%ﬁeﬂefm{@iﬁthe pheénck 3 4¢had $h@dm12) . Once both

the radar an e m ssi séeker ocked-on to a target, the two
t Ki di ti e typi |y displ d t h il ot [ d
i apl ay. ther by AT GHIREEDNGED St b DT youiestnlrythaf e Meosed on @

capabilities of a human pilot to their limits. Faced with complex aircrafl }

10 instrumentation and high-tech weapon systems, a pilot is required fo achieve
split-second reaction times as supersonic aircraft pass each other at relative

" speeds up to thousands of miles per hour. Various high f)erfonnance target-
seeking air-to-air missiles have been developed to operate under these
conditions. However, many fac_:torsrr generally limit the usefulness of such

15 missiles to greatly less than their iﬁeoretical performance capabilities.

Specifically, i:jnd with reference to Figures'1 and 2, it should be noted

that operation of air-fo-air missiles is generally integrated with a radar system

of an aircraft. A typical sequence of operation is illustrated in the left portion of
Figure lras follows. First, at step 10, the radar detects (acquires) a target and,

« .20 - usually under the control of the pilot, directs the seeker of the missile to track

the target (step 12). Once both the radar and the missile sceker are Jocked-on to

- a target, the two. tracking directions are typically disp]ayed to the pilot

superimposed on a display, thereby allowing the pilot to verify visually that the



1 7 June 2005 mssile is successfully tracking the intended tard2yJyrs&er005
14) . Advéntageously, information about the target, such as range-derived
jata fromthe radar neasurenents and tracking direction information,
t'ogether with predefined information regarding the performance linmtations
of the mssile and flight data 5 fromthe aircraft systens are processed to

det er mi ne whemiseile & swoedsefullpfiracking e inferidedlivaraét (v@p ).t AgvaeRabigdy ty of the
mssile to reach the target are satisfied (step 16). This inforrmation is

typical |y repnesaaties MoaP M k%, AR ReAtyHR: i bk yfr()ﬁu@e 9&{2@ ned with
data fromthe radar, allow ng visual i ntersretatl on by the pilot of

shether U1 geglkbubid WAcklE SRANTANN, 10,300 Shler poyfor mncs

limtations.-of the mssi ro i'ring. egration

of mssile op Lon with.t radar syst.em _provides_very effective
operation wi tlﬁf‘%%fa ch geig%rl%aa_ggggwr WX? f‘\’é‘“?%‘gﬁr‘{f g misioand fighsdaty severe
Iin‘itatiorgts 0 tsitge that range. Thus, as shown in the right portion of
Figure 1, %t ar'f@® Beduref isirmsnesueiecestrl fadaiersips tebather «lnsmbesy ofiot 15
possi bl e outside the field-of-view of the radar system (10'). In the event
that a, targeferiagndipatpieafithe capailited thymidsile raach Sy sirgenarbibdtefw thin its
field-of-view, the tracking of step 12 may continue outside the radar

fiel d-of - vi evist¢d 26). .This-imfevieation tid eypi@lig abpre@hntdd Gaphiedlly Sn A%heh@pger
available (14') with the result that the pilot cannot "be sure that the

rn'ssileisir(;'patm@ki : i g 20 Sim.larly, .the
cal cul ation o%sijpgr f(or nancdggjlb?ﬁr}:?t z;ﬂ}gg&sg?%rf}%r ?fée cgggrés g](kl%‘")g é’ésug]soon as

e et R R B e D B LS b
target 10 and pther performance limitations of the missile prior to firing.
Although the close integration of missile operation with the radar systém
ﬂ provides very effective operation within the field-of-view of the radar, it also
Jeads to severe limitations outside that range. Thus, as shown in the right
portion :)f Figure 1, target acquisition throngh -the radar system is clearly not
15 possible ovtside the field-of-view of the radar system (10°). In the event that a_
target is initially acquired by the radar system while within its field-of-view,
the tracking of step 12 may continue outside the radar field-of-view (12).
However, the target verification is no longer available (14°) with the result t}lat
the pilot canhot be sure that the missile is in fact tracking the intended target.
20 Similerly, the caleulation of performance limitations criteia cosses (16)as

..soon as the target leaves the radar field-of-view. such that the pilot lacks all .. ...

indications as to whether the missile is capable of reaching the intended target.



2.7 June 2005 The significance of these linitation will be better june 2005
ippreci ated with reference to Figure 2. As shown here, the field-of-view 18
(aJIf the radar system of a conbat aircraft does not generally extend nore
t/han 60 above the boresight dicrection, andis frequently limted in
practice to nearer 30. In 5 contrast, the field-of-view 20 of the seeker of

a high performancg,ait-to-air 1 Ssil.e.l eneral much w.dek, 1.n many
cases lying in thi.h%@@bﬁﬁagﬁegé’.f %Sealmlr“gé?}?t“flﬁi % {pétﬁ/r %%P@CI%gléé'\éfjj’ a target
may be inaccessible despite being visi bgée tao .the %'al ?t a%g wi thin the
capabi | i ti es TefEropRRindigure 2 Asshopadieraibe Geldiafogew &3 o AP eSSif™hi ch t he
| arge blind region of the radar system 10 presents a critical limtation
t o operati on offa aimbetoawméraf ndass| hatsgenstadlyesxtenst whae than GOhcbAvashe he
"vertical node". A predom nant course of action in air-to-air conbat
situations i $ofeaight Rkreptidnptantioispfitduchiiy hnisel of prdeecaito oreafer 300pIn (i n t he
pilot's frane of reference) so as to draw the nose towards a target. In

this cases tBfrdRrGetHdEoIoRAT 24 loy e Skdxee of @ KibR peifbahaRt Ac-high angl e
above his head and, by 15 continuing to pull the nose up, the pil ot

attenpts to g@%% Egﬂe ]ﬂﬂ'gil&] {vﬂiegrﬂ-] Nhn %Q&Fﬁﬁﬁgggthg%g}eﬁb SaIléé) s P him A

"vertical no see o-acquire target oca upwar inthe pilot's
frame of refereﬁce to allow the tgi I ?t tiff.i re a 'essjtl af t t}ﬁ goarl i est
possi bl e oppdFRniXFTY PBIRGEES 2488 1A% B TRSEESS i LGP %g@ﬂgtﬁé fHdar system
is once again limted to the |ow angle of inclination 20 covered by the
radar, - t her eitie rjlot and yithis thg PangbBitige pEthe imypsilsfio radk anghdgetoy-one approach to
facilitating target -acquisition and verification outside the field-of-view
of the radar system iexainpleuse wdficha threlargt -bhpd ntegmncofitlmg radar system
10  presents a critical limitation to operation of air-to-air missiles relates to what is
known as the “vertical mode”. A predominant course of action in air-to-air
_ combat situations is for the pilot to pull the nose of the aircraft “up” (in the
pilot’s frame of reference) so as to draw the nose towards a target. In this case,
the target is generally visible to the pilot at a high angle above his head and, by
15  continuing to pull the nose up, the pilot attempts to reduce this angle to bring
the target more in front of him. A “vertical mode” secks to acquire a target
Jocated “upwards” in the pilot’s frame of reference to allow the pilot to fire a
missile at the earliest possible opportunity. However, a vertical mode based
upon the radar system is once -again limited to the low angle of inclination
20 covered by the radar, thereby greatly delaying acquisition of the target. .
~ One approach to facilitating target acquisition-and verification outside -~ -

the field-of-view of the radar system is by use of a helmet-mounted cueing

system. This employs a magnetic or an optical system to monitor the position

3



system This enploys a magnetic or an optical systemto nonitor qhg%ne 2005
osition, 3 7 June 2005 of a helnet provided with a hel net-nounte ead- up
ai splay. ‘In this case, in a cueing node, the mssile seeker is enslaved to
vol | ow an optical axis of the display-which noves together with the

hel met. Cueing is achieved by the pilot turning his head, and hence the

hel met, to brjmn opt.kcal .axi,s.into alj t . i, tyh 1] a t. Wile
providing a ﬁ)afra %fey}&%% ?‘f;‘rl‘{ﬂﬁg qeh%&blgg%ritée%ﬂ%%ﬂ{padr’g’é]%'alg(iil:jflggcla{el’ (E)Iﬁg and -
verification, hel net:nmunted. di spl ays and guei systens suffer. froma

ar ge. nunber BPBgReHf IR TSUE SHRCE T et (BIRIDR AR SPHBLALEPT ¢ he

hel met add greatly to the weight of the helnet. This weight becones

nul tiplied 1Ghsplayeviiol movaetocethaewithithhbelmet| @iy lér?C]éléYRﬂg bY Bi¥ilobeconi ng a
maj or source of fatigue and stress for the pilot. Secondly, these systens
general |y reduining hiah¢agnmehbenot thdkelmpt, ite bfing’ieoptitalt dxés ined alignnweint h t he
target to be designated. Although this can be achieved over a range of

angl es beyondvith@ekagidr fiel d-of - view, operation of the systemis still
limted by the angul ar range. of helnmet 15 notion which the pilot can

achi eve, whi oh | SWHRIFahiheSTPASY s Kabbiah of bl 8hidig both of

the pilot and of the eeker.g Furthernore, shifting of the entire head

together with the .heav | net _to, t.he rrequired angle,under..hi gh

hooel erat | on BHGTPEDRE REF gl Grgi B Srd SRS L At g 11 can
delay in the_ cueing procedure. Thirdly, .the hel net-nounted displa

typi cal |y 20138 aypee Qfé}ﬁssﬁdwé-n@r%%a tshvawepeis meenisddn ﬂ{*fhédﬁ’é%/ met and
.other devices wthin the aircraft. These conpections generally include a
signi ficant pddugreatly to the weight of the helmet. This weight becomes multiphed

10' numerous times under high-acceleration conditions, becoming a major source
of fatigue and stress for the pilot. Secondly, these systems genera]ly require
_ alignment of the optical axis of the helmet with the target to be designated.
Although this can be achieved over a range of angles beyond the radar ficld-of-
view, operation of the system is still limited by the angular range. of helmet
15 motion which the pilot can achieve, which is typically smaller than the actual
field of view both of the pilot and of the seeker. Furthermore, shifting of the
“entire head together with the heavy helmet to the required angle under high
;a;:celeralion conditions may require great effort, and may cause significant
~ delay in the cueing procedure. Thirdly, the helmet-mounted display tjpicaﬂy

20 requires very substagtia] connections between the helmet \'find._-Q'li_h?_lf-_?f?Vices e
l‘--r-‘--..w.;vithrin -r'-the airc.r-a.ﬂ.- ‘These connections generally -inciude a significant pow;ver-
supply and electrical and/or optical fibers for carrying projectéd information for

the display. Such comnnections pose a significant safety hazard for _I.herpiipt,
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suppl y and el ectrical and/or optical fibers for carrying projected june 2005
iinformati:on f.or the display. Such connections pose a significant safety .
hfazard for the pilot, 4 7 June 2005 particularly with respect to
energency ejection where a special guillotine-is required-to sever the
connections in case of energency. The supply of a high voltage power line
to wthin the | i.saal so viewed as a pal.ticylar safet .nazard.
Fourthly, t hepg‘ﬁaﬁf}‘%r‘i" e r eﬁ%ﬁ%ﬁ? SHSTRREY eﬁ‘icb%rl' é‘a?reaﬁcfpﬁﬂ@{ ﬁ@ngw ¥ns 5
fails to provi de_%[; i ndi %ati on to the pilaot regarding the capability of
the missile 9% VHellE fOgRICURAR I t498 of sMgEsenrY-cEheowpelvdel 2 highr adar
field-of-view Finally, the integration of a head nounted display and

cuei ng syst en¥9lifge power hiag ie mathin deshadmst issalso Wiegledyasex pamisilesafetyj ect
requiring adaptation of numerous subsystens, with all the conplications of
safety and r ehizati Fotryhlgvtht ndtition of lelnpstoneaesdedisplayh ddtecdeidgesyweigh this
entails. There is therefore a need for nethods of operating an air-to-air

mssile whi chilwaslgovlit awy shiRetéy & IREHAbI WpaRiing Mk Whsdilk§ o 4 respect
to targets |ying outside the radar field-of-view,  or altogetlher

rdependent obic i SUThEM whLH B PR 00, 1RSBL: ARShIRL, moun

display. It would also . ant ageous ro a :
[vi no out si denTHD MikoaRerEn iy Foviarpuie Ao gud fure duvgongoribeor a o
radar system _SUVMARY OF THE | NVENTI ON The present invention is a method
for operati ng&¥HuFEmsanyaiehl expepsiag projezd requiig edaptatign af somerspondi ng
m Sst Ive. sabsystems, with all the complications of safety and reiiabi]jty eva]uatioﬁ
10 procedures and the Iike which this entails.
There is therefore a need for methods of operating an air-to-air missile
~ which would allow effective operation of the missile with respect t.o targets
Iying ouiside the radar field-of-view, or 'a]together mndependent of a radar
system, without requiring use of a helmet-mounted display. It would also be .
15 highly advantageous to provide a missi]e‘configt.lred to provide effective modes

of operation with respect to targets lying outside the radar field-of-view, or

altogether independent of a radar system.

- SUMMARY OF THE INVENTION

The present invention is a method for operating a short range, air-to-atr
.20, .. missile, and a corresponding missile. -
According to the teachings of the present invention there is provided, a

method for operating a short range, air-to-air missile carried by an aircraft .
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Accor ding to the teachings of the present invention there is pr ov;r 9%6?005
n‘ethod for operating a short range, air-to-air mssile carried by

ircraft - 5 7 June 2005 flown by a pilot, the mssile having a seeker
)perative to track a target, the method conprising: :(a) providing a first
indication to the pilot when the seeker is tracking a target; and (b)
providing a geco in tion to.the pi en . a rate of angul,ar notion
bf L he. saekeloFaI Dt Bt e, PisUR ietae fescPhor e Biscto ok = a5
According to a _fyrther feature of the present inventjion, the first

i ndi cati on af@hof&ORBEHRAY (F}lﬂioaéjﬂlifgﬁfﬁ andicatign tg thei Rilat Aehep dreaBERE audi bl e
signals. There is also provided, according to the teachings of the present
i nvention, aisreachog af tergebpaddb) pryvaiinghe stcond igdicatii tot the giilot whesial e carri ed
by an 10 aircraft flown by a pilot, the missile having a seeker configured
to track a taxr gldngulahenotioh lod dhecsaeberi fBilnpelo a) gipeovalde figr apsdgmaidi ng uni t
associated with the nissile and configured to provide a first indication
to the pikotyaian the seeker is tracking a target and to provide a second
indication to the pilot when a rate of angular notion of the seeker falls

pel ow a gi ven valygolue 3PS %ﬁf}ér”?‘% @e'i}-ﬁeog'xes iRhifi . hg seeker s

tracklngatarget VIS eto e alrcraft 1nsuch
manner that the dire on of .a li ne of sight .from o, t he target
Y R TR PR A R R R
aircraft for the _predefined period, thereby causing the signaling unit to

generate the secdh@rci wdnlsat pnidedo aquesdiagite Hies ipaphings dfdtheapteeanii ng to t he

t eachings of the present
invention, a method for operating a short range, air-to-air missile camed by an

t]_.

10 aircraft flown by a pilot, the missile having a secker configured to track a

target, the method comprising: (a) providing a signaling unit associated with

_ the missile and configured to provide a first indication to the pilot when the

seeker is tracking a target and to provide a second indication to the pilot when a

rate of angular motion of the sf:eker falls below a given value for a predefined

I5  penod; and (b) while the secker is tracking a target visible to the pilot, flying

the aircraft in such a manner that the direction of a lHne of sight from the pilot

to the target remains substantially constant in a frame of reference moving with

the aircraft for the predefined period, thereby causing the signaling uvnit to
generate the -secon.d imdication.

20 There is also provided, according_tq___the teachjpgg_”ef ,f,h?.-;i?_f.???f,", L

~-mvention, a short range, air-to-air missile to be carried by an aircraft flownbya~
*pilot, the missile comprising: (a) a gimbaled seeker configured to track a target;

“(b) a processing system including at least one processor, the processing system



i ivention, a short range, air-to-air missile to be carried by an ai)imaf2005
flown by a pilot, the mssile conprising: (a) a ginbal ed seeker confi gured
tlo track ‘a target; (b) a processing systemincluding at | east one
processor, the processing system 6 7 June 2005 being configured.to
provide a first indication to the pilot when the seeker is tracking a
target; (c) wherei ntlhe rocessji ng.systemis further cgnfi ureg to provide
a second i ndi k&g 6apfiggredhie provide anfish miisasiea faffh%ﬁgaﬁa’ RS FEXG St he
seeker falls below a given value for a predefined period. 5 There is also
provi ded, accbrakingga togethéc)elxaeinihe pafcessies pysseans fuithgreqomitgpreddoshor t
range, air-to-air mssile to be carried by an aircraft flown by a pilot,
the m ssil e cpmpides segond mpicatign btleqdlos edierra menbf gpguda hetidr aftihea t ar get
t he gi nbal ed seeker having a direction of regard defined by an angle of
inclination Osdkk&uis RIcdekikadaherasd giobeicagetib@n and an orientation
angle rp 10 neasured about an axis corresponding to the boresight
di rection, sthe angheOfs ,f B%fo@ﬁieh,orﬁc&réiﬁ%% beMedRHinBY & H{ee?ﬁFéﬂ%ed
maxi mum angle 0..,,- and (sb) a processing systeminclfuding at [east one

t he_seeker '

e 0.\ " Tand S5 | L
Cont i gured ¢ o ioopt eeled e g Fanisyle R eP REEN I R N kR or

tracking a tar,?et to.derive a,rate)tof_&c\iga ge .of the angle o{( 15 inclination
j, (i) eval ukifob thamisile pPRES MRS WB sgeksr sonfigpredio ik 3dptefkt er  .as a
function of both the angle of inclination and the rate of change, and
(iii) gener atthagimbtledckekey Immiglgea elicetivin o oegirdnddfinstieby taheangld ofor esi ght
tracking angle limtation paraneter falls outside a predefined range.
Accordi ng to Bcldatibh e fidrBal pre@bd bbRsRhesRetioh At sentdiidg apgRCESSI ng
10 measured about an axis comresponding fo the boresight direction, the angle of
inclination @ being limited by a predefined maximuom angle 8,,,; and (b) ar
. processing system including at least one processor associated with the seeker,
the processing system being cOnﬁgu:eﬂ to: (1) process the angle of inclination
while the seeker is tracking a target to derive a rate of change of the angle of
15  inclination @, (ii) evaluate an off-boresight tracking angle limitation parameter
as a function of both the angle of inclination and the rate of change, and
(iii) generating a tracking angle exceedance signal when the off-boresight
tracking angle limitation parameter falls outside a predefined range.
According to a further feature of the present invention, the processing
.20 system is configured to evaluate the off-boresight tracking angle-limitation -
 parameter P according to a relation P=0+1,6 where f, is a predefined

- measure of time taken after firing for the missile to begin to turn, and wherein



2@ systemis configured. to evaluate, the off-boresight -trackin n
limtation paranmeter P according to a relation P= Ott 06 where tgrl?js"maé2005
p;Tedefined measure of |ine taken after firing for the mssile to begin to
turn, and wherein 7 7 June 2005 the processing systemis configured to
generate the tracking angl e exceedance signal when P is greater.than Bmax.
According to g,f FRN Lol 10 ERERNE hd¥EOLAL Inglt BERHARESST NY
systemis con?}egpgééeegﬁiti%ggeneESa%Og]%g e trgg%gng angFelegcegedan%e ésafcgnal as an

5 electric signal cgorrespondi tp a distinctive audio output. There is
al so provi dedggﬁaéé’a’lﬁﬂ' rfégfeé’%fﬂ%ntegachi ngs of the present invention, a

short range, air-to-air mssile to be carried by an ajrcraft flow by a
pilot, the m ssil eAwerdmg & adurilea)feaurgi afishe drsetdpEentiony thegpracesbingct i on of
regard defined by an angle of inclination 8 froma predefined boresi ght
di recti on andsys@nafs osrifgntest foogenamny thepravkaguargle ekwadarsn sixiek as an
corresponding.to the boresight direction; and (b) a processing system

including at beast sBAM RHEGRRERNE to ABEARHPLAIM dfnithe seeker, the
processi ng system being configured: (i) to selectively actuate the seeker

toperforma scanfiyyag seai6NpRAdCE! Aclding fafilkCteachinBe FCHRNpARK R A Ch
Pange (0]

pattern being confined to a orientation anglés 15 spanning no nore

than 20 and cover,ing range of .incli.nation angl spanni no. ss than

50, and (11 EeR s ShoEnE S gt mirgles e SRl by SRR P e

target. According to a further feature_ of the present invention, the

scanning seaPlidl Parieilp cospayag: ik ngiglalsd speker hadeg 8 dissipne regfitni ng no

| ess than 50. g
defined by an angle of inclination @ from a predefined boresight direction and

| 10 an orientation angle ¢ measured about an axis com:spond_iﬁg to the boresight
direction; and (b)a processing system including at least one processor
- associated with the seeker, the processing system being configored: (i) to
selectively actuate the secker to perform a scanning search pattern for a target,
the scanning search pattern being confined to a range of orientation angles
15 spanning no more than 20° and covering a range of inclination angles spanning
no less than 30°, and (ii) when a target is found, fo cause the seeker to track the.
. target.
According to a fuﬁher feature of the present invention, the scanning
search pattern covers a range of inclination angles spanning no less than 50°
20 According to a further feature of the. present invention; the amgle of . . .
“inclination 0 is limited by a predefined maxinium angle G the scapning
-search pattern covering a range of inc]inatfon angles extending substant‘ial_ly up
' _' -.‘_to the predefined maximum angle 8.

8



20 According to a further feature of the present invention, the ang @005
T Y

i}hcl inatiron O is limted by a predefined nmaxi num angl e enmax, the 'scann
search pattern covering a range of inclination angles extending
substantially up to the predefined maxi numangle 8 7 June 2005 According
to a further feature of the present invention, the scanning search pattern

is confined to a r ROQEHHN l(?rai ]%%%L gér%ﬁm’?n?'tﬁeigiﬁg%ﬂ%‘q ﬂ)g,f rgfﬁé%lhﬂggagu?’e of

and preferably spanni ng between
t he present inpventi tHere are also 5 provided attachnment features

confi gured tos??gfq‘l P,“g{%gh‘so?f{“@ﬁ‘fiffi BriaEe %ﬁ‘?%l‘ﬂ‘r’é‘ﬁtangl?ﬁ SPPRDIRG B8t 0 an
aircraft such thgbd, when attached to an aircraft, a given value of seeker
orientation atgndYrand psfaradperaaingdetveonsf end 0 direction in an aircraft
franme of reference, wherein the scanning search pattern is confined to a
range of orientati&nforkng tosa dorthep featbreldf fhhgqresehisinebmipnp iy dadals@ccor di ng
to the teachings of the present invention, a nethod for operating a short

range, airst opmavidedagshbhencfatiradobfigasd t@HéiﬁfeadcntoﬁénPa\HBnQ}f aﬁacﬂjxﬁeg]rt’ t he
m ssile including a ginbal ed seeker having a direction of regard defined

by :an angle aif hoGhisTR o0 Bri@ T BLEIHLT SRt oS AR LoglLon and an

orientation angle rp neasured about an ‘axis correspo

bor esi ght dir | S et hod ¢ rising: (a) causjng .the seeker to
perform a sca‘%ﬁ%‘éng see]ée? %H%W“eﬂg??ng’rc g?‘lf’(é”t‘%’ at Wertisah rififesdons nac h
pattern being.confined to a range of orientation angles spanning no nore

than 20 and EEWY kg of fefmeseovhirpiplthnsrining argélepatepaisnionfinettol £5s t han
30, and range of orientation angles olf Py 5% |
10 - There is also provided, according to the teachings of the present
mvention, a method for operating a short range, air-to-air missile carried by an
- aircraft flown by a pilot, the missile including a gimbaled seeker having a
direction of regard defined by an angle of inclination @ from a predefined:
boresight direction and an orientation angle @ measured about an- axis
15 corresponding to the boresight direction, the method comprisiﬁg: (a) causing
the secker to perform a scanning search pattern for a target, the scanning search
pattern being confined to a range of orientation angles spanning no more than
20° and covering a range of iné:lination angles spanning no less than 30°, and
(b) when a target is found, causing the seeker to track the target.
20 - According to .a-further feature of the -present-invention, the s_canm’ﬁg**
' search pattem covers é'fangé-bf inclination ang]es spannmgno less than 50°.
According to a further feature of the present mvention, the angle of
7. inclination @ is limited to a predeﬁned maxjmum angle 8,.,, the scanning

9.




(B) when a target is found, causing the seeker to track the target.

20
According to a further feature of the present invention, the scaryniJml—2005
s’;earch pattern covers a range of inclination angles spanning no |ess ?:lan
50. According to a further feature of the present invention, the angle of
i'nclination O is limted to a predefined naxi mum angl e hnax, the scanning

9. 7 June 2005 search pattern covering a range of inclination angles

ext endi ng. SUbSLAN Bty L R SABHMS TR JUNADL £, O, Ag 0”19

to a further feature of the presént invention,” the scafnrn SeAM8n pattern
is confined t ra f orientatjon angles spanning no nore 5 than 10,
and pref erabl &fgﬁgﬁeﬁ?ﬁ%e%%?waw qg’gkn%’“lo. According to a further feature of
the present inventjion, the scannin search pattern is confined to a range
of orientation angt&erdng ¢ asfuriher feafupe of desr pBspBNdventiona theestanmial
direction in the aircraft frame of reference. There is al so provided,

accordi ng to schecht padichi isgonbified trea pareserft orichBition veglet @panningTab ke f or
operating a short range, air-to-air mssile carried by an aircraft flown

by a pilots tihen d0%shd greferiyishanging teivdealseehsprker having a direction of
regard defined by an angle of inclination O froma predefined boresight
direction and in Qd.-gfatt {008 A -Ereki r n axis _corresponding
to the boresight di rectri%ér?, t he angeir’ e o ﬁ?%cﬁ?%%??%%ngo%eﬁﬁgscﬁmwm' ted by

a predefined paxjnmum angl e O, t he met hod conprising: (a) processing the
Firkh PR PP 14 aREre TorerOR ABES PRAEE Ot ve o

angl e of inclihati
rate of ‘change of the angle of inclination 6; (b) evaluating an off-
cotresponds to a vertical direction in the aircraft frame of reference.

There is also provided, according to the teachings of the present

IO invention, a method for operating a short range, air-to-air missile carried by an
aircraft flown by a pilot, the missile including a gimbaled. seeker having a

- direction of regard defined by an angle of inclination @ froﬁ a predefined
boresight direction and an orientation -angle ¢ measured about an axis-
corresponding fo the boresight direction, the angle of inclination @ being

15 Dmited by a predefined maximum angle 6,,,, thé method comprising:
(a) prqcessing the angle of inclination while the seeker is tracking a target to
rderive--a rate of chang; of the angle of inclination 6; (b) evaluating an off-
boresight tracking angle limiiation parameter as a function of both the angle of
inc]ination and the rate of change; and (c) generating a tracking angle
=-i't:-1_:-'.t_29.;':-::";_L.§3$c.:_e¢d_a_ncc.:s.igna_l__ when the ‘off-boresight tracking angle limitation parameter "5

falls outside a predefined range.

10




bﬁresi ght tracking angle limtation paraneter as a function of both the
angle of inclination and the rate of change; and (c) generating @ Jiffs 000!
a;’ngl e 20°-exceedance signal when the off-boresight tracking angle IHHta’?%S
.jparameter falls outside a predefined range. 10 7 June 2005 According
to a further feature of the present invention, at |east the steps of
processi ng and eval uating are perforned by a processing system | ocated

Wi thin the m ssil rdi t ings, of the pres i.nvention, in
an aircraft = 5 ca%?’i’fﬁﬁ%’gégS%’%‘%‘%ﬂg’é,&?@l‘?%ﬁéfnﬁe '{?’siafgeaﬁgb‘? W§P%a seeker
configured to,track. target wthin a.mssile field-of-view, the aircraft
i ncluding a 4 5‘?‘:6%53}’2% 3%? e&ﬁl"ﬁtﬂjgp?rgvﬁ’%@?nregrﬁ’é’ea- FESFPIE datem detaladi ng to
targets within.a radar field-of- view smaller than the mssile

field-of -vi ew™hiieamssdleg) so provided a method for eval uating whether the
mssile wll be effective in reaching a target conprising 10 the steps of.
(a) during a firspegedingdowthenteachgigsenf tthe getseiti myemidrhiin siheircadar
field-of-view, evaluating at | east one performance limtation criterion

relating 5to cedgngbishott yamde, hineo-airSeistile Keingensdtkéheo@ighRQ thardrh, the
performance limtation criterion being evaluated using the range-derived

data for thete@'getemmang%i'ssiﬁnfiead(o@vi&wihegai&m??%%sidiﬂgréf af?éﬁét@]ﬂ“em to
val uat i ng

the given target |eaving the radar 15 fiel d-of-view, he

f get | eaving the radar 15 freld-of -vie iat g the
Phe. of ven & ar oot p 28, Bkt Ob . W3k Mao ALY RUH bin S8 T e by

extrapol ati on. from.range-derived t rovj ded
P View smmllet Ihgn the mISSl?e ﬁgg—o?-v?ew, there 15 also provided a method for

evaluating whether the missile will be effective in reaching a target comprising

10 the steps of: (a) during a first period when a given target lies within the radar
field-of-view, evaluating at least one performance Limitation criterion relating

o the abibity of the missile to reach the given target, the performance limitation
criterion being evaluated using the range-derived data for the given target; and

(b) during a second period subsequent to Ihé given target leaving the radar

15 - ﬁeld—of—view, evaluating the -perfonnance limitation  criterion using
approximate range-derived data for the given target, the approximate range-
-derived data being derived by extrapolation from range-derived data provided

by the radar system during the first period.
According to a further feature of the present invention, the approximate
(20 rangederived data js derived by extrapolation based upon an assumption thata

speed of the given target derived from radar measurements during a latter

portion of the first period remains constant.




by the radar systemduring the first period. According to a furthér feature
of the present invention, the approximate 20 range-derived data 7 giisei2@05
by extrapol ati on based upon an assunption that a speed of the given target
derived fromradar neasurenents during a latter portion of the first
period remains constant. 11 7 June 2005 According to a further feature of
the present invention, the performance limtation criterion is additionally
eval uat ed using t aagetdifd (L5 firdhRr i ' tq a direction from
the aircraft to the gi vggn targrg{&,r!f{/\&hi‘g\?g?wet gseglgjrngéﬁ%nd?]reé’(ﬁ&logﬂaqcﬁf or nat i on
i s derived, aj; | - Se. riod, from .5 tracking information
provi ded by thrghﬁﬁgg?ﬁgﬁgrggk%@ﬁmigggr@gﬁiﬁéeé gs1e f5pstlirechan pipr@agion ¢ he
present i nvenj t he.eval uating is erforned, at |east during the second
period, by a %?ag%egosgﬁgegifgt%?ﬁlltgﬁéfr@aﬁ ‘\R/i‘g‘Fligh"ePHéfgﬁﬁ, Féherain tactargetii ng to a
further feat ur.e f t.h@lngr gsent invention, an audible 10 indication audible
to a pilot of “{FHOR'FOraeyon ds derixed,i dtelegstgdrmineatlod sedopepaind frompon
results of_evaluating the at |east one performance limtation criterion.

BRI EF DESCRI PTcKNSarHoTpRiqRawy NeEbT e missitnetlan. i S herei n descri bed, by way
of exanple only, with reference to the acconpanying draw ngs, wherein: 15
FIG | is a flow dicegyizg iblal fusthérathing: SRARYBREER M entiddlahe Q@a?.f‘a‘i'jngl?ser ation

of an air-to-air mssile; FIG 2 is a schematic side vi.ew of an~aircraft

i [T ustrating gefform&s RE YdabiVuring the second period, by a processing system located

within the missile,
According to a forther feature of the present mvention, an audible
10 indication audible to a pilot of the aircraft is seleétively -generate'd, dependent

upon results of evaluating the at least one performance limitation criterion.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with
reference to the accompanying drawings, wherein:
15 FIG. 1 is a flow diagraml illustrating conventional radar-based operation
- of an air-to-air missile;
FIG. 2 is a schematic side view of an aircraft llustrating the respective
fields-of-view of a missile seeker and a radar system;
TG 3 5 a flow dingram ilustrating the main clements of a prefered
20" implementation of a method for operating an air-to-air missilo according to the

teachings of the present invention;

12



fifel ds-of -view of a missile seeker and a radar system FIG 3 is a flow
dfi’agram illustrating the main elenents of a preferred 20 inpl enmugﬁ@zms
al nethod for operating an air-to-air mssile according to the teachings o
the present invention; 12 7 June 2005 FIG 4 is a schematic isometric view
of a missile, constructed and operative according to the teachings of the
present invention; FIG 5 is a schematic view fromthe cockpit of an

aircraft illustratgygasthe IL.NGI_p of an_aut ononous search de
according to the :Fggbﬁiﬁg% Sg};é]?ﬁg ilsglﬁﬁtrné:s‘élﬁ‘fv ?ftn@erﬁ’tsF’Jg%;colﬂFt@“ prd 5
schematic pl I f_an aircraft. an target illustrating the

princi pl es o?dbaey%l}?%vg?cg{(ﬁ%g)h © fPEuDes ‘gfdﬁ‘?ﬂeﬁ%&ti”ﬁ’ﬁn%l:!e according to the

t eachi ngs of the gsent invention;, FIG 7 is a schematic plan view of an
aircraft, a mssi L -ahid 28¢ Frtetview drop thag soekpit of gmtavergst instiatihg shaunder | yi ng
a tracki ng angl e, exceedance check according to the teachings of the
present i nvedingikles pfrnrpton@nous searphaphdobcomiding oo abé ghthingdbe trgal nst
time after firing illustrating a preferred inplenentation of the tracking
angl e exceéedamsentohewkion;accordi ng to the teachings of the present

i nvention. 15 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The present

invention is a neFlme i§9@cl§%ﬂﬁﬁ@§ﬂdﬂ9ﬁé\v§h%E'rér@ﬂgﬁil a‘i‘ér&ét‘iﬁﬁs‘?}aﬁ  Ssi e, and
a corresponding mssile. The principles and] oper at I on®of et Fand

devi ces accopgdhdget Ooft Qe]in&oﬂsight freeze confirmation mode according to the

teachings of the present invention;
FIG. 7 is a schematic plan view of' an aircrafl, a missile and a target
10 7 Hlustrating the principles ﬁnderlying a tracking angle exceedance check
accordimg to the teachings of the present invention; and
FIG. 8 is a graph of off-boresight angle against time after firing
Hlustrating a preferred implementation of the tracking angle exceedance check

according to the teachings of the present invention.

15 DESCRIPTION OF THE PREFERRED EMBODHVIENTS

The present invention is a method for operating a short range, air-to-air
missile, and a corresponding missile. i
The principles and operation of methods and devices according to the
. present invention may be better understood with reference to the drawings and
e ""ihé'éc'édihpényiﬁg descnptmn T S R O
Referring now to the drawings, Figure 3 shows an overview of operation

of a preferred implementation of the present invention in which the

13




present invention may be better understood with reference to the draw ngs

ahd 20 the acconpanyi ng description. Referring now to the draw g r@gg%
shows an overvi ew of operation of a preferred inplenentation of tuhe -

E‘resent invention in which the 13 7 June 2005 r aforenentioned

adar - based nodes of operation (10, 12, 14, 16) are conplenented by a

nunber of additional nbdes of operation which provide highly effective

functional i t uif 08 .RREEAT 4G - 1.SgLl e d ases where,a target lies
outside the Tiarqeipmed B‘%}%%n%”g’gggr.‘%%ﬁ%’é’éf’?i ﬁg’rl 5?/2 e 204 onal
aut ononous search node 22 in which

nodes of operati i_ncl.ude at .l east ,ane ] X
the nissile see %?neﬁ)]%?f%'r Augiber gﬁﬁgﬁﬂﬁ%@% ArUPPEFAIRP Whith pEydde one

pr edefi ned rjﬂﬁéﬁn 1q_utsi e the radar field-_of-view and, when a target is
det ect ed, | ok&EYHAIEGVEARPPERINE foheparaiingahe prissdls inZzajes whefrepttimget mode 26
provides a verification procedure, allowing the pilot to 10 verify that the
tracked tar gdfs ewpide disdivddof-view ofgbeiadhc target visible to the pilot. An
extrapol ated performance limitation evaluation check 28 provides

conti nui n§ i nf or nSgeciivallye gthe diddgtidnak naddes i dfyopdhatRnMinsfide Gatt Ragt €GO t he
target, even after the target has left the radar field-of-view, and a

tracking angk@oneesedanas BHRCK 236, Pkaih dgs Bﬂfsﬂﬁr&eﬁiec&f'gehﬂﬂﬁsc%i on

relating to the ability of 15 the missile to reach t rget even in cases

wher e i nsuf f g 80k od ion_ i | for a full
(o tation evapaape saeArT A S dine o Dpuien tRGALE TR 1 onal

nodes are parti.cul arl .
‘ P olt-vxew and, Yhen a target is defected, locks-on to and tracks the target (step

24). A further mode 26 provides a verification proceaure,' allowing the pilot fo

10 venfy that the tracked target corresponds to a specific target visible to the pilot.

An extrapolated performance limitation evaluation check 28 provides

: continuing information regarding the ability of a missile to reach the target,

even after ihe‘ target has left the radar field-of-view, and a tracking angle

exceedance check 30 provides one critical indication relating to the ability of

15  the missile to reach the target even in cases where insufficient information is
available for a full performance limitation evaluation.

It is believed that the aforementioned additi'onal modes are particularly
useful as an integrated group of modes, together offering operational
functionality with respect to targets outside the radar field-of-view which

.20 pproaches that of targets within the radar field-of-view. At the same time, it
" should be appreciated that cach of the additional modes described herein may

~ be useful individually as part of various other systems, as will be clear to one

14




useful as an integrated group of nodes, together offering operational
ffinctionality with respect to targets outside the radar fiel d-of -FijgmMavdigds
20 approaches that of targets within the radar field-of-view At the sane
tiime, it should be appreciated that each of the additional nodes descri bed
herein may be useful individually as *part. of various other systens, as

wll be clear to one 14 7 June 2005 1 ordinarily skilled in the art. By

be cl ear to one dinarily skilled in the art. B
Cont oxt "of 3 oy DAy RN O L ek i BE BRSSP Rt S he pr cocnt

context of a preferred integrat

invention w | ribed herein.as _conpl enenting, radar-based nodes of
operati on, itées g%fﬁ?gﬁ'égmﬁlolﬁé% ?%&?tﬁgaé’?@%&%feg?ﬂ?dsé@eghd 30 may be used
to advantage in aircraft whjch do not have a _ radar system or in which the

radar system has DECHTIRICAhGE ths peseent ipvsntipa apll \pedisseritieddewin a4t wi || be
noted that the additional nodes of operation according to the present

i nvention ar EOPPEMENEBE yadarbaserwrndss of operatiom nosioul! boongted that hedease 10 of
extrapol ated performance |imtation evaluation check 28, "sem autononous”
nodes. | n3thi22, édrdfextd 3@ mayheuwbsddbe adoirespet MadirckdTe whhdo naukHROMOUS" 'S
used herein to refer to a node of operation in which a given operation of

the mssile da@s fHefen, equiih ewhitRUthel FRIY r 448 Daset.d nf-ﬁgqu?g]i yst ens
onboard the aircraft- Simlarly, the termﬂf'gsern' -autorlllorlmus |afswu%12d to 15

refer to a ngﬁ,ogjabgp&ra@ﬁ‘ja% whi ch, while enploying inputs fromradar-based
informati on systens,” can continue to operate if the relevant information

It will be noted that the additional modes of operation according to the
present invention are preferably implemented as ‘;autonomous” or, in the case
10 of extrapolated | performance limitation evaluation check 28, “semi-
autonomous™ modes. In this context, it should be noted that the term
. “autonomous” is used herein to refer to a mode of operation in which a given
operation of the missile dogs not require input from radar-based information
systems onboard the aircraft. Similarly, the term “semi-autonomous” is used to
;5 refer to a mode of operation which, while employing inputs from radar—l.aased
: 'in.fonnation systems, can continue to operate if the relevant information
"becomes upavailable. In a further matter of terminology, reference will be
made to a “boresight direction™. Th;: boresight direction is defined to be the
“direction in a frame of reference moving with an aircraft which corresponds to
20 the direction of flight during constant speed, level flight wnder windless
 conditions. In more intuitive terms, this is the “straight ahead” direction of the
- aireraft. In most cases, this boresight direction may also be assumed to be the

; “straight ahead” direction of a missile as mounted on the aircraft,

15




bgécomes unavailable. In a furf‘her matter of termnology, reference will be
nmhde to a "boresight direction". The boresight direction is defi rTégutne 126005
the direction in a frame of reference novi ng with an aircraft which
gorresponds to 20 the direction of flight during constant speed, |evel
flight under' windless conditions. In nore intuitive terns, this is the
"strai ght ahead" direction of the aircraft. In nost cases, this boresight

o recton Y ol saBEBSTRALBALE B4 s AR Al S0ARE AU pibLon of @

m ssile as nmounted on 15 1 7 Jun errlng
ir-to-air, mssile

m 2 th h
I gure t %frgo-aﬁ' dﬁ OGNS CACRLL ¢ 2 c# (%,(Pe?ﬁnsve %{;'éor{liggg% Fﬁggacgfncﬁ RE thepr esent

32, constructe peratirve accor

invention. Mssile 32 is carried by an aircraft via a -
| auncher 34, PIREH BYEYER; ﬁ’f%‘ aﬂz eé]tfoohed*mi% byiagspirgalt simgi ve to the

5 aircraft. Mssile 32 includes a glnbaled seeker 36 which has a direction
of regard dépeisa Yy therclingebnigg amenematidnoaf Ghe mossileheeldieetsi it
direction and an orientation angle rp nmeasured about an axis correspondi ng

to the bofeshigtreft. Missde tI2omcluiitrea ndimbilkd sedkeo 36nehivhdas a Pragiegsifng system
38 including at | east one processor associated with seeker 36. 10 It is a

preferred f eaéghlxrd&}eﬁhed b a RIS BF irlcYA RN @ﬁoﬁﬂﬁ& ggﬁgxgﬂf a0 onShd bR

addi ti onal es to be descrl bed are inplenmented using processing system 38
nount ed wi t hij R be noted that. t he Ig‘rocessl ng system

of target s%%ff?i 1 ’S“aﬂﬂgﬁ*-‘t - ﬁﬁe?sufﬁiol?q“gfntw COTPSPoRdiag e e umesalér abl e

conputational capabilities, being designed to control the nmissile
propul si on aﬁﬁcgg@@}heﬂgzsm}e also includes a processing system 38 mcluding at least

one processor associated with seeker 36.
10 It is a preferred feature of the present invention that one or more of the
additional modes to be‘ described are implemented using processing system 38
. mounted within the missile. It should be noted that the processing system of
target seeking air-to-air missiles typically has very.f consi‘derabfe computational
capabilities, being ‘designed to control the missile propulsion and steering
15 systems very rapidly in response to real-time inj)ut from the seeker and under
conditions of very high relative speeds between the missile and target. During
tracking operations while still attached to tﬁe aircrafi, these coﬁ}putational
~capabilities are typically greatly underused. Accordingly, it is therefore a
preferred feature of the present invention that some or all of the additional

,“_},:_‘__ZL_:Q“__.____,._modes descnibed below . are. 1mp}emented usmg the processmg system of the e

missile. Thls.offers a further-advantage in that the additional modes of the

missile may be provided with litt}e or no reprogramming of the complex

16



1?‘)‘ systens very rapidly in response to real-tine input fromthe seeker and
upder conditions of very high relative speeds between the m ssilzjyne 2005
target. During tracking operations while still attached to the aircraft,

these conputational capabilities are typically greatly underused.
Accordingly, it is therefore a -preferred feature of the present invention
that sonme or all of the additional 20 nodes described bel ow are. '

i mpl enent ed usitmgrd hempuiec epsimg MYSiEMnRhet RetheMisShhCnslhls, offers a
further advantage in that the additional m%des of i?ﬁgh Iri}lfoyéﬁﬁ%n r?ﬁ@ be

provi ded wi t hsduhé-{chn@Tl nethOrks P4 9{95(%1'?@5 | ¢complex 16 7 June 2005
onboard conputer systens, instead lin iﬂgea?(%m{‘%:rdé?a%‘?ﬁft i nformati on and
r-standard nmanner. Turning now

sound- channel net ¢S | t rd or ne
%%E% ilbef 18 @%;}?%rﬁreﬁo ea‘gﬁf"”{]ﬁ’l‘?ss seggeh ynedes 2% Hds | e seeker

to the features of autononous

36 to perforn redef.i ned, scanni ng pattern so as to 5 search for a target
within at | eargscgl agﬁemlﬁ?] ed%qﬁf(erfeg }Oea‘}glg?ﬂ” TREdsHab feanatngr pyieonss as pr ef er ably
aircraft-s ecifif):, bei ng redefined for each type of aircraft to conplenent
the capabi i tF&8" &9 & ReSchPibia deashore pregedtnedyegion. Fieseedefindd eish Ng  t o
one option, the predefined region corresponds to the entire part of the

seeker fi el ds grefonably airafiispedifis ot refefinbe fpRdadh fyiR or afreMbely In this
case, however, 10 the extent of the region to be scanned may be too |arge

to of fer an acmelstrehl e CApEIMNIRDFFHEKHGNE Yad rgf | ..t he choice of
si ze and position of the predefined regi onag/gﬁl?ﬁ’oﬁﬁ%@&f éﬁ?@%rla]% 0

cenar; oo, | ome iR p L o R G Su B i PR g kst pled | n
Figure 5, t hﬁeld—of-view which lies outside the radar field-of-view. In this case, however, |
10 the extent of the region to be scapned may be too farge to offer an acceptable
scanning frequency. More preferably, the choice of size and position of the
‘. predefmed region additionally takes into consideration target position
assumptions based upon common combat scenarios.
In one most preferred example, schematically illustrated in Figure 5, the
15 predefined region is chosen to provide an extended “vertical mode” in which
the missile secker scans a region viewed as “up” by the pilot beyond the
inclination which can be monitored by the radar syst¢n§. “Thus, the scanning
_search pattern covers a range of inclination angles starting from the maximum
angle of the radar and spanning no less than 30°. In the case of a radar system
20 ieh ca reach inclination angles of up to about 60°, an additional 30° s
'.'fyj)ic'a]'lyﬂ'sﬁfﬁ'c'iéﬂt” 'tdlcoﬁjﬂéie the }ﬁ.fési.le“seékér. ﬁe]d-ofwew]n cases ..\#hér.e” |
the radar field-of-view is limited to inclination angles of up to about 30°, ti]e

) scanning search paitern preferably covers a range of inclination . angles

17



15 predefined region is chosen to provide an extended "vertical node" in
which the nissile seeker scans a region viewed as "up" by the pig 9‘.“*@%@5
the inclination which can be nonitored by the radar system Thus

canning search pattern covers a range of inclination angles startrng from
t he maxi mum angle of the radar. and spanning no |l ess than 30. In thé case

of a radar system 20 which can reach inclination angles of up to about 60,

an addi ti onal sp3fnihg no 1asptiaalsoy, 18 Wil thek 6Nk ﬁ:&t &g%}k tﬁatttﬂgrai&saﬁftd' e ¢ seeker

field-of-view. In cases where the radar VIiew 1's

inclination. gnelEsend: s\éﬁcﬂ? gi@ﬁ](g{"gub;sgnné]i}eslr)gﬁ b eﬁ%.;—s %ﬂé %18 §ee %g B anni ng

preferably covers a range 0 I'nat1on-a
no | ess than 5(?]; gases, égﬂ @Em)st referred that the radar and the
nissile seekel “F‘b@oé’t‘rr’efro b YNSHR PUTAdT Sislem BRECENe the-shunjngw of t he

seeker in the "up" d|rect|on up to Omax. Where no radar systemis present,
the scanning seggh eHematloee preftshly proshetiahl ypawbbe didld-afhvievs pans: t he
field-of-view of the 5 seeker up. to Onax. As nentioned earlier, the

"vertical Srodedker spitnbgnded for situations in which the pilot tri es to
pull. up the aircraft nose towards a target. As a result, the target

position is generakl Ve @BREPEL “ Y d_.of .the. pilot.
This allows the scannPi ng searrgﬁ‘I ggae%/t‘%rﬁriga ﬂlOt()jg g%r#?nngg%ar Slﬁ’ ’3’?fg’é’ of
han 20, ther eb?/ rendering the total

eai on t o’ be AN EloRBRLR OB P n e h a5t anasd Tewel s eaibitg cycl o

region to be
can be conpleted quickly- In nost cases, the width of the scanning search

pattern i s pfEgEBopiipn 15 é&ﬂ‘??é@b’ EPPTREMaRLY et rpven th@hchdrm"sthegnbi erably

lies in the range of 5-10. In
This allows the scanning search pattern to be confined to a range of orientation

10 angles spanning no more than 20‘_’, thereby rendering the total region to be

scanned relatively small so that the entire scanning cycle can be completed

- quickly. In most cases, .Ihe width of the scanning search pattern is preferably

reduced to no.more than 10° and most preferably lies in the range of 5°-10° In

each case, this range is preferably distributed symmetrically about a central

15 orientation angle @, corresponding to a vertically “up” directien in the franie of
reference of the pilot.

Clearly, this “vertical mode” is one of a large number of differenf search

Tegions which conld be defined according to the particular requirements of an

aircraft and its anticipated combat situations. For example, in the case of

20 rotary-wmg alrcraﬁ the combat scenarios are typlcaHy very d}fferent requmng, e

, ,‘dlfferent def nitions of the predef ned search region. Optionally, more than one
search region may be predefined, cprrespondmg to different pilot-selectable

search modes,
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edch case, this range is preferably distributed symmetrically about a
ntral 15 orientation angle tp" corresponding to a vertically "gJuyne 2005

ol
dfrectioh'in’the frame of reference of the pilot. Cearly, this "vertica
fode" is one of a large nunber of different search regions which could be

defined according to the ‘particular requirenents of an aircraft and its
antici pated conbat situations. For exanple, in the case of 20, rotary-w ng

aircraft, the confiawilbeenalcrsodaha mbéddiLalh: cy different, requiring
different-definitions of the pr edefi ned s@arméﬁs %{sgg%ﬁoér%{.m&’fi 6??8#&33, nor e
than one seawbGhe hRAEMRARYL S | correspondi ng Lo different

Rt o8 1P JIST RS 5555 S pretebodiserost ood ¢ hat

pil ot -sel ectabl e search nodes. e

nmode 22 qual isfd e ) onpus” according to the above definition in that

it perforns a 's’eaZr o%%?{%;?eﬁog, préaet iwﬁ‘éa‘“rg"@i yformatio relating dgitergedef i ned in
i nforg;ef:]ti on relating to target position such as would

advance with ut..an |
be provided By QP assyyevidrhegirovdsd by @uedargysiem erothér deiighgminct uat i on

of the in eprecgd,ent search node nay be perforned manually by the pilot,
such as by pr®6¥tti ng a dedi cated actuation control (button or the Iike).
Al ternatively, and particularly in a case that the independent search node

conpl enent s a spedithationsefithe indepetaicof sdaR® MmodRMaS Bs LR, ' endent 10
search node nay be autonmatically invoked when thg pipl%otn%%eré%ﬁ'gﬁlghe

t(: 3{3 Ir g; Iplo ;dlcggjtf :ﬂg\tﬂ%é@i ?’ﬁcfil%‘s gﬁﬁgﬁggﬁ}f@@diﬁ&ﬁacﬁﬁ%gﬁ RolPS e(b%l%onhgrsth%t arted, It
like). Alternatively, and particularly in a case that the independent search mode
comp]emonts' a specific se’aroh mode of the radar system, the independent

10 search mode may be automatically invoked when the pilot selects the
corresponding mode of the radar system. |
Once search mode 22 has started, it typically continues until a target is
acqpired or unti} otherwise canceled by the pilot. If a target is found, the seeker
then switches automaticaily to tracking mode 24, continuing to track the target.
15 Anaudible signal typically indicates to the pilot that a target is being tracked.
Tuming now to verification mode 26, this allows the pilot to verify that
‘the tracked target corresponds to a specific target visible to the pilot without
requiring use of a head-up or helmet-mounted display. The mode operates by
providing a distinctive indication to the pilot when a rate of angular motion of -
20 secker 36 fals below a given value for a predefined period.
o .Strootui;élly, processor 38 Jspreferablysmtab}y programmed soas to
~_ provide a signaling unit configured to provide a first indication to the pilot

When the seeker 1s tracking a target and to -ptovide a second indication to the
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aq"qui red or until otherw se canceled by the pilot. If a target is found,
the seeker then switches automatically to tracking node 24, contz gg{nwzt(m5
track the target. 15 An audible signal typically indicates to the pilot
tthat a target is being tracked. Turning nowto verification node 26, this
allows the pilot towerify that - the tracked target corresponds to a
specific target visible to the pilot without requiring use of a head-up or
hel met - nount eghidliviRrhak ' vi.ding.a distinctive

fi ! atewgném%&ﬂﬁf@ﬁésé%?&arrfg{lm elow a venzxﬁﬁ%eefé{(%r 26

indication to the pilot when"a rate of angu ion

falls bel ow a,@hwai : for a predefined period. Structurally, processor
38 is preferzai%Iy suflk{)g‘lﬁ% programmed so as to provide a signaling unit -

configured to provf'glde a I.i rs lndigati,on to the pilot when the seeker is
tracking a target ‘ARGPTFEUYH Bl hiemads wibpribsticaupdarstepd withuplsrent@tora June 2005
pilot when a rate of angular notion of the seeker falls below a given val ue
for a predefi¥atM#H¥r gaserate capaplan!lavratsd inHiigunid §hiv $Howsennbitcraft
understood with reference to a schematic exaggerated exanple illustrated
in Fi gure %_ W &rskpowionatdaavhar atdrgetSs ana &irdtipositiop a2zt BPMhdGdeWhen a
target is at a first position 42a_ By the tine the aircraft has reached

posi tion 40b,aitchudt karrgahed @osiieRADBAND @bt 108 réified DHELSY 425 hherRer i od;
the. target is viewed by the pilot, and By t he m'gs?IaeI @geﬁ%r a@

advanci ng fr ams|REbdt @erhQbt ; nesult o the dnclinatign angle 0 of the
seeker changes }fﬁr om 01 a]% pgsfit%}vg% bﬁo%letpc’)hﬁizangn%y HbcsP’P%Sﬁﬁ S49%5% 0 1n order

to verify th%&vé[@e sfeek?r is.locked-on to the correct target, the pilot
then flies tAe BPEIEPY KThigTeh- 45arimdh bnaclivaiondmelecd iobtheoseeker i ne of

S I_ ght changes from 0, at posi.tion 40z to 0, and position 425.
10 Tn order to verify that the seeker is locked-on to the correct target, the
pilot then flies the aircraft in such a manner that the direcﬁon of a line of sight
- from the pilot to the target remains subs;antial]y constant in a frame of
reference moving with the aircraft for the predefined period. In other words, the
pilot flies the aircraft so that the target appears to remain still in the cockpit
15 window (canopy). Thus, in this case, the pilot turns the aircraft to the right 40¢
so as to brefly maintain the inclination angle of the seeker substantially
constant at 0; as the target advances to 42¢. Although not shown in fhis two-
'dimensional representation, the pilot also compensates for any variations in the
oricntation angle . This causes the signaling unit to generate the second
<2 A ndication, thereby -confirming to-the pilot--that -the - target -beingtracked .. - - e

corresponds to the target of interest.

As stated above, the second indication is generated when the rate of

'angular motion of seeker 36 falls below a given value for a predefined period. '
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fromthe pilot to the target remains substantially constant in a frame of

reference moving with the aircraft for the predefined period. |Inpyige 2005
words, the ypilot flies the aircraft so that the target appears to remaln

still in the cockpit 15 wi ndow (canopy). Thus, in this case, the pilot
turns the aircraft to the right 40c so as to briefly maintain the
inclination angle of the seeker substantially constant at e2. as the
target advan S t.0.42cC AIthougsh no‘i ShOV\g in_this tw- di nensional
representati OF TIRECpIf oPTRIEETC GIFEnQatdeEn§ ofhestn copditions | HAY V#Yt he
orientati-on angJ e T. This causes the signali nfg unit to generate the second
20 i ndi cat i ofPPS19eREe Byt shoght satishniva eenditiasphirsy, themarandters shegdt  bei ng
tracked ... corresponds to the target of interest. As stated above, the
second i ndi cka fufficien tgeinBnae sthtavwbivhtih dgnidicenthf mosnGtdt@namydithanthef seeker
36 falls below a given value for a predefined period. 20 7 June 2005 The
choi ce of pagremetaortyus eatgtts; dfseomdly) BedegandifistRime P qrirddtogPsi der ably,
but should satisfy two conditions: firstly, the paranmeters should be

sufficierg t@itﬁiﬁfﬂlfﬂﬁnge adfalea phhe tj}a}aﬁje&irgm&i(ﬁ?éqh{ghginmﬂé %a%a?:hg{eg gpary” than

the great majority of targets; and secondly, t egree eadi ness

required to . L. fhi fined . b he .paranmet er.s shoul d be
within The crgﬁéégﬂ |S¥\é|\;g§ “%?é%g?ﬁg?f)gﬁgsgg%‘rﬁ; ﬁftﬁﬂgﬁj ?’PB%HFFV’HH%" % stress.
In a preferred inplenentatiop, the given value of the rate of angul ar
notion isno %@evr%)%a‘?rﬁg%ﬁﬂﬁ? oga‘l%‘?m%%&’ﬂd?mé?ﬂeﬂ?@f hoybfypaseerndn about 2
and about 4 per second. The predefined period is preferably no nore than a
second, and B greferblyy belvisen ahant 2% and ebewt. 4°1perl secand.| The paplefieed at ed t hat
an erroneous target verification would be : .

period 1s preferably no more than a second, and preferably about half a second.

10 It will be appreciated that an erroneous target verification would be
produced during level flight in the event that the seeker were to be iocked—on to
- a very distant target. Optionally, such a verification can be avoided by
disabling the second indication when flight information made available to the
_m_issi]e through the onboard information network indicates that the aircraft is

15 on asiraight level course.

Preferably, the aforementioned first and second indications are provided
as readily distinguishable andible signals which are provided fto the pﬂc‘)t
through connection to a sound channel, as is known in the art.

Tuming now to extrapolated performance limitation evaluation check

.20 28, ,‘his,,,l?{év..ifiss_.Egnt_inying.. information regarding the ability of amissileto . .
| reach the target, even after the target has left the radar field-of-view.

As mentioned earlier, it is known to perform various performance

]imifation checks by evaluating performance limitation criteria relating to the
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produced during lTevel TlTight Tn thé event that the SEeEKer Were to be

l.ocked-on to a very distant target. Optionally, such a verificats

avoi ded by disabling the second indication when flight informt ?oﬁmnrggm
available to the mssile through the onboard information network indicates
that the aircraft is 15 on a straight |evel course. Preferably, the

af orenentioned first and second indications are provided as readily

di stingui sha : bl e si ich are provided to t i Lot . through
connecti on t(?J bgltggﬁ'ﬂ r@ﬁ%?\%@lar{egcgy lge@%%%hﬁ“tatﬁvﬂ’r 'tai.’get%ﬁ?%vﬁginﬁ](’)‘?/v to
ation evaluati.on check _ 20 28, this provides

ext rapol at ed rfor e limt

continui ng i H%‘gﬁrnﬁfﬁggﬂgvfﬁﬁaﬁl&?ﬁg PiEa 6 (WYRicEl somplsited selruitigach t he
target, even after the target has left the radar field-of-view As

ment i oned eardpdeying fange-drrvishdats inskiding thevanrgeoefsthp dariel Henwpeed hidri t at i on
checks by evaluating performance limtation criteria relating to the 21 .
7 June 2005 dasttian 9f potiohef Wees birged reltive &ic thearigirafe mridathg etcaMyetiom gi ven
target lies within the radar field-of-view These criteria are typically

conpl i cat &d cattoubAtheaasset. &8 Gith iY refan@Rrole Margsldeaied danel dighen id he range
of the target, the speed and direction of notion of the target relative to

the aircralt deaid, biRaAGH BhA! AbkUing MEGHALioR broviiRal Y B8hadal Rideflal 3 1 S

referred to_a"rang_e-derlve_d’rdata' since It | ~at in part,
data | o SupplSaerRatg PR RO Y o Plcs WL ARG Lot he
ai rspeed and zin | e of attacc{;?of the aircraft. Based upon this data,
t oget her wi t FFIPFEJP ifstippetdmmdnglerof alfask off the akeraltpBased mpam s dxtpabi | i ti es
of together with previously stored data dt;,ﬁnixig the perfonnaﬂce capabilities of
10 the missile, the various criteria provide a highly reliable overall predict.ion of
 the capability of the missile to reach the target. Details of these calculations are
- known in the art and will not be discussed here.
It 1s a particular feature of mode 28 that evaluation of these perfonnancé
| limitation critenia contil;ues during a period subsequent to vth_er givén target
15 Jeaving the radar field-of-view by using approximate range-derived data
derived by extrapoiation from mange-derived data provided previously by the
radar system.
Various models may be used for extrapolating the range-derived data.
One particularly preferred model is based upon a constant target speed
.20, assumption. While a target is within the radar field-of-view, the true target
velocity can be derived from relative velocity information in combination ith
infonnation from the amrcraft flight systems regarding the aircraft velocity. In

almost all cases, it is reasonable to assume that the speed of a target will not
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I0the mssSile, the various criteria provide a hirghty reliabre overatt
prediction of the capability of the mssile to reach the target.7 i P05
of these cal.culations are known in the art and will not be di scussed here.
It is a particular feature of node 28 that evaluation of these performance
limtation criteria continues during a period subsequent to the given

target 15 leaving the radar field-of-view by using approximte

range- deri ved data dferi ed by extrapol ati on fromrange-derived data

provi ded previBUSIE” n{{}‘\é’verrﬁﬁ%}?o‘%yg’t’%ﬁ? ab%lﬁi%hgcmfgeﬂbisrmyumgimed for
extrapol ati ng the range-derived data. One particularly preferred nodel is
based upon a €B¢BeramiD tragkies disgstied infotnatiosymptitlahby Wekbe3@aidaigesfii S Wi t hin
the radar field-of-view, the true target velocity can be derived from

rel ative vel ocladtyiinfoomatiss omi thecighi HRtdLRN iNigtkeralynE@FBRE RNalfdm t he
aircraft flight systens regarding The aircraft velocity. In alnost all

cases, 11 1S meahmithapdla@siSNan tialed i SRERE) BftaForl B Rk Wik, nOL - 22 7

June 2005 wvary significantly over a period of up to about ~seconds. This
3o and ai rerart. ooy Banek RS AABLEFERARe BiPH TRbh ebalE B glnoral |y
Gata for t he yPeity PREEn 3 b M ER Selinehrindiis Bedrad rormeisribmues based
upon extrapol ated data, is preferably chosen to be at |east five seconds,
and is prefef®Ay AEoRS: eIk irakndedresignifictiyndsyond texntyndemnds, grhef i cant | y
beyond twenty seconds, the extrapolated data will in many cases differ
si gni fi cant | yxtfapedatedhdata oall inahangscases differ significantly from the real values
such that the evaluation becomes unreliable. | | |
10 Here too, it 15 a preferred feature of the présent invention that the
evalvation of the performance ]imitati;m criteria is performed, at Jeast during
- the period wheﬁ the target is outside the radar field-of-view, by processingA
system 38 Jocated within the missile. Given that processing system 38 is thus
programmed to perform these calculations, the evaluation. while within l-he
15 radar field-of-view may advantageously also be performed using processing
system 38.
Itisa fuﬂher preferred feature of the present invention, applicable even
m the context of an o_therwise conventional radar-based System for evalating
missile performance limitation criteria, that a further distinct audible indication
. 2010 Ih?_?.,Pi191,.,iﬁ._.S?l??iiYQ].Yﬂ generated dependent upon, results. of the evaluation.. . j
: This audible indication may altogether replace the visual display of

conventional systems, or may be provided as a supplement thereto. In the

" context of preferred implementations employing mode 28, ithe audible
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such that the eval uation becones unreliable 10 Here too,” it IS a preferred

feature of the present invention that the evaluation of the perfpor
limtation criteria is perfornmed, at |east during the period V\hfgﬁJtEe 2005
target is outside the radar field-of-view, by processing system 38 |ocated
within the mssile. Gven that processing system 38 is thus. programed to

performthese cal cul ations, the evaluation - while within the 15 radar
system

field-of-view . advant ageously. al so be performed using processing
38. It is a f’ﬁ‘?’? A ‘Srperf"é‘g?‘gﬁo'b’e%?f drreetsrvitie apfdeypnd e eder dald-ofppl i cabl e
even in the context of _an otherw se conventional radar-based system for
eval uating nS%i %€ Y5 of 3p Augibls pdination makes dbe pafarmanesbimitatidnuhiehier
di stinct audible indication 20 to the pilot is selectively generated
dependent . . upBfermatéaurcadily efd Atuitiveiy amilhbe.to thhipslonudilbl Aoidish a@f i on may
al toget her replace the visual display of conventional systens, or nmay be
provi ded as amsegsplagyrbntdet her kit atiehtion iech SORLEN fidh MEbRHRY of a

3. - - -

i mpl erent ati ons enpl oyi ng node 28, the audible 23 . - ---------
--------- 57 &aﬁeatagogualid;gyj@ati on is provided both for targets within and
beyond the radar field-of view The use of an audi ble indication makes the

f i m tqgd o ! t] .eadi_| dintuitivel i | abl
[0 the i ot whi | oo b il Wi R G Wil Lo Lont O o such

as results frominterpretation of.a 5 dedicated visual display. The
audi ble i ndi ZRIelRe ﬁé@ trggked ‘W&B‘ﬁﬂw%‘?% A §ileasuanes ofihe phesikei are)

may be a supplementary positive indication accompanying the basic “currentfy
fracking” signal to indicate that the tracked target is within .range. During'
10 perods that the target is within the radar field-of-view, this audible indication
is preferably additionally indicative of the presence, or lack, of comrelation
. between the missile tracking direction and the Iine-of-sight from the radar
system to the target.
Turning finally to tracking angle exceedance check 30, this provides one
15 cntical indication relating to the ability of the missile to reach the target even in
cases where insufficient information is available for a full performance
limitation evaluation. This mode js preferably invoked when mode 28 is
| terminated at the end of a predefined period, or when no previous radar data is
available such as for targets found by search mode 22 which have not entered
 The problem addressed by tracking angle exceedance check 30 may be.
-uﬁderstood with reference to Figure 7. Here there is shown an aircraft 44

carrying a missile 46 which is currently tracking a target 48. Also illustrated are

24



indicative of a tracked target lying outsidé The éfective range of the

mssile, or may be a supplenmentary positive indication acconpanyg gdde005
basic "currently tracking"” signal to indicate that the tracked target is

within range. During 10 periods that the target is within the radar

field-of-view, this audible indication is preferably additionally-

i ndi cative of the presence, or lack, of correlation between the mssile
systemto the

tracking diregtli he lLine-af-sight.fromthe radar ]

target. Turni %}g‘) g ?tﬁsg f/ﬁ HSFIPRE k&nﬂ’%ﬁ?ﬁ%‘%&?@é’&@ﬁcéﬁcﬁ‘@ék &h, whigh g
provides one 15 critical indication relating to the ability of the mssile
to reach the ?05?5%‘1"“&%% PRxImuE gessifle fum o b missiledt willtbemesad bat, i s

avai lable for_a full performance |imtation evaluation. This node is

pref erabl y i nPblaGtinvrasenspiie pBssile doeemel hegiadtoaturt hatiérit hef tavgle@def i ned
peri od, or when no previous radar data is available such as for targets
found by searsthighbelead 2ufficicotly hadistanat itehl RomdircA® 4N ahisaEal, tddeled- of - vi ew.
The probl em addressed by tracki ng angl e exceedance check 30 nmay be

under st oods wiwith rigd eigaiTieant! Rshir@etend -talldel B LAGLE e 5 Lgeraft 44
carrying a mssile 46 which igdcurrent ly tracking a ta?%%\?pg%ﬁﬁnso

desi gnat ed a6 and 4o Rl (e REA s B of S8 aieadrn of

desi gnated 46" and 46" which corre he “maxi n of the

mssile- It w]ll ted tha or safety.reasons, the m ssile does not
begin to tur\#etvﬁete??heir}?mﬁﬁ@n}apé\%q m@?‘{%ﬁt PE BB sufficiently to
distance itself fromaircraft 44. This fact, together 5 with the

significant respofi@ TEfleok tisedelnn altbpuelt targdiedSniiesswitkinptho patssi onl
kinematic capabilities of missile 46, the missile will fail to reach the éarget‘ due

10 to interruption of tracking of the target. Specificaily, by the time the.missile
reaches position 46, target 48 is outside the seeker field-of-view, causing the

. target to be Jost.

In order to provide a warning of likely failure due to iracking angle

exceedance, the angle of inclination of seeker 36 is processed while the seeker

I5  1s tracking the target to derive a rate of change of the angle of inclination 6. An
off-boresight tracking angle limitation parameter is then evaluated as a function

of both the angle of inclination and the rate of change. If the off-boresight
tracking angle limitation parameter falls outside a predefined range, a tracking

angle exceedance signal is generated.
20 ... A simple preferred implementation of this mode may be bemer

understood with reference to Figure 8. This graph illustrates the ﬁaximum

- angle of turn of the missile as a function of time after firing, and the

- corresponding field-of-view (F.0.V.) of the missile secker.
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system and |l aunch the missile, typicalTy resiults in a délay of close to a
second between the fire conmand and the mssile starting to turrVJﬁEhé‘ZOOS
result of this delay, although target 48 lies within the range and

ki nematic capabilities of missile 46, the missile will fail to reach the
target due 10 to interruption of tracking of the target.- Specifically, by
the time the mssile reaches position 46', target 48 is outside the seeker
field-of-view, ca su&g t he oSt prOV| e a

rget t.o b I r.ger t
warni ng of likely Fec §th é’% g %bcefil %éa%ﬁtélsé) %3 ég ar‘? ®angl e of
inclination of seeker 36 is processed while the seeker 15 is tracking the
target to dersRiesehied By @ %F%‘I‘F&ﬁ@@feé'ghft meleaf gnda slop serrtapandisg (e thean
of f-boresight tracking angle limtation parameter is then evaluated as a
function of ritebficdnge dnghmenf50 ael s akipe thadpioranitptetdeflisbangr. |f the
of f-boresight tracking angle Iimtation paraneter falls outside a

predefined r aRGLof e raa@tsmnqne&agaeoﬁmﬁﬁ@ﬁm;ﬁhére f\héwgﬁﬁ@mef"ﬁ'ﬁgd 20 A
si npl e preferredlnplenentatlon of this rmemay etter stood with

ref erencest O]ﬁfg%?? 5 £ & thJth%}f 951@% é%_plt <K 956%% Eh@ef%‘gtoﬁ—%e\%ggﬁgesglgﬁ turn of

the mssile as nctron o |r|n ndi ng
field-of-vi ew June 2005 .On the sane

l Q. V m ssi |l e seeker

graph, a nu 8fca’i' Ei’ﬂ’ekhgre gynggie lng & %a%%ﬁx?eé PESHEBY by a
current off-boresight angle B and a slope corresponding to the rate of
change O TaTﬁ@F%sgoOdeéWéF gy Codégiﬂﬂb]é rattepf inppremge rn tapgle is lseerl ftaribe of t he
field-of-view, are both predicted to remain within the field-of-view after
firing currently still within the tracking imitations.

Mathematically, this linear extrapolation calculation is equivalent to
10 evaluating an off-boresight tracking angle limitation parameter P according to a

refation P= 0 +1,6 where 1, is a predefined measure of time taken after firing

- for the missile to begin to turn. The tracking angle exceedance signal is then
genérated for cases it which P is greater than 0,,,,.
‘While this calculation is generally sufficient in cases of level flight, it is
15 preferably medified where the aircraft has a significant angle of attack to
account for the tendency of the missile to align itself with the airstream
immediately after Jaunch. In such cases, the tracking angle ]imitation parameter
is evaluated asymmetrically taking into consideration the angle of attack and
airspeed provided by the aircraft flight systems. Specifically, the maximum
. "'""'l“'i?i:'_'i20_:_i:i'.'_i_'i}?félml_itte_d ‘tracking angle’ 'jb_ey._oﬁ‘d the angle of dttack may be i'r'eau'c':_ed by 1=2
times the current angle of attack. In lateral directions, the calculation 15

| ﬁnaffected.
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5 Target 54, on the other hand, is expected to l'eave the field-of-View
before the mssile can turn, therefore giving rise to a tracki ng guHe 2005
exceedance signal. Target 56, despite its considerable rate of increase in
angle, is seen to be currently still within the tracking linitations:

Mat hematically, this linear extrapolation calculation is equivalent to 10
eval uating an off-boresight tracking angle limtation paraneter P according
to a relation P= 3: r ' r fined nmeasure of fti t aken
after firing for }tﬁﬁéeH;r(r)l’ g\é\{lgl%leﬁ?[5 %”ng?%’go"%ﬁﬁ? Rfesemémfetnﬁt)ﬂitﬁﬁ ih‘?lg?fé

i hen enerated for cases_in which P is greater than
He It ek and

exceedance si l. .
Omax Wi | e ¢ hiaresigdie P SXesHEIcE hsckstimeriormaed by procssdeg systamey el

flight, it is 5 eferably nodified where the aircraft has a significant
angl e of attaﬁl%?%gg‘éfﬁ}élad?ﬁmf%ﬂe-t he tendency of the missile to align itself
with the airstream imediately after |launch. In such cases, the tracking
angl e linitation PaFansaisithe irackingrngl cdeabyomegmal topreferdbdk porgrited 0
consideration the angle of attack and airspeed provided by the aircraft
flight systems.anSpeticfsigal toesphirlinpeol MasHiRAveidib bhedt tth AGKLogeang! e
beyond the angle of attack may be' reduced by 1-2 times the current angle

of attack. Init bl & nétd @k 1R ariohd SudGBleSHERLERR drdvi 8¢ 26 7 June
2005. Here too, it is a preferrgg fegturee o’?%t%‘ﬁ’g ﬂé?"e"é%@iﬁ%%% |6’on t hat

the off b ' [ . d K i f dDb
pracessing systam i R BRI MR Y 5 S B draiine

tracki ng angl e exceedance .si gnal is.preferabl ener at ed
9 _ 9 Sses Xt may B preferre% to com%m% all avai]ablg ir?dications of the ability of

the missile to reach the target in a single “shoot cue” tone. Thus, when the

10 target is within the ficld-of-view of the radar system, the shoot cue is only
sounded if the conventiomal performance limitation criteria evaliation 16

. indicates that the missile is capable of reaching the target and, in addition, a
correlation criterion indicates that there is correlation between the missile
tracking direction and the line-of-sight from the radar system to the targét. If

15  the farget leaves the radar field-of-view, the shoot cue tone is produced so long
‘as the extrapolated performance limitation criteria 28 are satisfied. In
circumstances where the extrapolated performance limitation criteria 28 are not
~available, the shoot cue tone is no Tonger generated. Neveﬂhe!ess, the absence

of a waming tone from the ﬁ'acking angle exceedance check 30 indicates to the

... 20 pilot that the maximum tracking angle of the missile will not b exceeded ifthe
missile is now fired. From the pilot’s point of view, this implementation

provides seamless continuity between the different modes, at all times offering
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5 as an electric signal corresponding to a distinctive audio output. In - -
this context, it should be noted that the various audible indi ce?ti gl?‘lse 05
provi ded by nodes 26, 28 and 30 need not necessarily all be di sti?‘! . g)p
way of exanmple, in many cases it may be preferred to conbine all avail able
indications of the ability of the mssile to reach the target in a single.
"shoot cue" tone. Thus, when the 10 target is within the field-of-view of
the radar system the shoot cue is only sounded if the conventional

per for mance |therpilel the hed raveibabiqindicatiombf the abfity iofidbe atisde tdatach ies mi ssil e
is capable of reaching the target and, in addition, a correlation
criterion indagettes that there is correlation between the mssile tracking
direction and the line-of-sight fromthe radar systemto the target. If 15

the target | eaVesAt:&ﬁ‘dfh?dara futtBérCoptlonMi feXvure! S¥Ethe BRQENCHGertRRE, e PT 0duced
so long as the extrapolated performance limtation criteria 28 are

satisfied. | misagjer&qggt(g&c%w%g{a eﬁekﬁgg{%& W%%&Eﬁrdla{?ﬁ{hf SF t'ﬂ%r}ﬁfsasiié imtation

criteria 28 are not avall abl e S cue‘tone I's no longef generated.

Nevert hel ess, _.th nce ~of a warning tone.fromthe trackin ngl e
exceedancg cr%héﬁ%é“g%?ﬁ’ .f%g{@’s PECREVIY P ”?.ﬁ*.c?‘mrh’thaf rﬂ’é?ren‘éiﬁ% gl‘lacki ng
angle of the mssile will not be exceeded if the mssile is now fired.
From the pil & reé’g’b%’ieﬁrgfc’ff view, this inplenmentation provides seanl ess
continuity between the different nodes, at all tines offering 27 7 June
2005 the pilot thiealbesit sheald alsbebé nuhtehthaynthof andiele abididatiyn offothhe i ssil e
to reach the target. According to a further optional feature of the present
i nvention, avérficatioslirsade! 26 dMd aeed ROL b hEvmct R bAr daRk-ougs. tyrpr event

| aunch of the mssile :
- example, when verification m‘ode 26 is mtended only to be employed after a
) l]O target is acquired through the “veﬂiéal mode” implementation of search mode
22, the pérfon'nance limitation criteria indications of modes 16 and 28 will
. inherently not be available. Accordingly, the same audible indication (tone)

may be used for both. The fact that the tone starts and stops according to the

line-of-sight freeze observed by the pilot is sufficient to avoid any confasion.

15 It will be appreciated that the above descriptions are intended only to
serve as examples, and that many other embodiments are possible within the

spint and the scope of the present invention as defined by the appended claims.
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5 when one or nore of the nodes provide an indication that the mssile wll
fail to reach the target. Finally, it should also be noted that 7 D8ine 2005
audi bl e i-ndi cation from verification node 26 al so need not be dis mcﬁ
fromall other tones. For exanple, when verification node 26 is intended
only to be enployed after a 10 target is acquired through the "vertical
node" i nplenentation of search node 22, the performance |imtation

criteria i “diﬁﬁii?'@cﬂhl .16 and 28 will inherently not be avail able.
Accordi ngly, the sane audi 'e%‘"i ndi cation (tone) my be used for both. The
fact that the tone starts and stops according to the |ine-of-sight freeze

observed by the piil ot ASn@bdd fof bSethtida Wﬂn@?XirQQ-%fH}ﬁﬁsﬂ&-ca%dl wll be

appreci ated that the above descriptions are intended only to serve as
exanpl es, and,t I ' ible within the spirit
and t he scop%no%] t @%%’325 ntg plﬂﬁggﬁ%hg%ﬂg}a%giagg%ﬁ%ryo}feﬁa\égvﬁpﬁgﬁaﬁgc? cl ai ns.
28 7 June 2oqgr ot eT lt? (gLAI MED IS: |I. A nethod for operating a short
range, air-toc& r mesPYe TR I by an aircraft flown by a pilot, the

m ssile having a ? eker operative to track a target, the nethod :
conprising: (a) . "Sr oW BT a2 firptringicating te sha Rilpt whien the ssthents irkingt he seeker
is tracking a target; and (b) providing a second indication to the pil ot
when a rate of angul aratargstianth of the seeker falls below a given value for

a predefined period. A
(b)  providing a second indication to the pilot when a rate of angular
. motion of the seeker falls below a given value for a predefined

peniod.

2. The method of clanm 1, wherein said first indication and said

- second indication are readily distinguishable audible signals.

3. A method for operating a short range, air-to-air missile carried by
an aircraft flown by a pilot, the missile having a seeker configured to track a
target, the method comprising:
{a}  providing a signaling unft associated with the missile and
configured to provide a first indication to the pilot when the
- seeker is tracking a target and to provide a secon& indication to
?he pilqt .when a rqte of apgular motion of the seeker falls below a |
given value for a predefined period; and |
.'_(b) while the seeker is tracking a target visible to the pilot, flying the

-aircraft in such 2 manner that the direction of a line of sight from-
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2. The method of claim1, wherein said first indication and said second

i ndication are readily distinguishable audible signals. 3. A net 'Wgn{rfé 2005
operating-a short range, air-to-air mssile carried by an aircraft own

by a pilot, the mssile having a seeker configured to track a target, the
met hod conprising: (a) providing a signaling unit associated with the

m ssile and configured to provide a first indication to the pilot when the

seeker is tracking a tgrget 0_provide e dindicatipn to,. the
pilot when a rate of aﬁ)ﬁ%%gtr%gg? ?35% 5?-“’?’??@5%%3%?@%5‘)‘? %(msg’nﬁ‘é’l ao&f“ge i ven
val ue for a predefined period; and g}b whi | e hg)ﬂ_se_eker is tracking a
target visible to the f??ffrﬁ'fc,e Prying gvith dhe girerafiafor spid BrsRimed BEIds t hat t he
direction of a li-ne of sight from 29 7 June 2005 the pilot to the target
remai ns substantially Y atfusing spid regnaling unef éo agsoeratpovdidgsaspnd t he
aircraft for said predefined period, thereby causing said signaling unit
to generate sai d seconudicatigti.cati on. 4. The nmethod of claim 3, wherein said
first indication and said second indication are readily distinguishable
audi bl e signals. 5. A short range, air-to-air mssile to be carried by an
aircraft flown by a pilot, the mssile conprising: (a) a ginbal ed seeker
configured to tradk a The gethod(df)clainpBoadssiimgaidylise mdicatibudindgsait | east
one processor, said '

second indication are readily distinguishable audible signals.

5. A short range, air-to-air missile to be carried by an aircraft flown

by a pilot, %h.e missile comprising:

(a) a gimbaled seekér configured to track a target;

(b) a processing system including at least one processor, said
processing system being configured to provide a first indication
to the pilot when the seeker is tracking a target;

wherein said processing system is further configered to provide a second
"~ indication to the pilot when a rate of angular motion of the secker falls below a

given value for a predefined period.

6. The missile of claim 5, wherein said first and second indications

are provided by generating corresponding readily distinguishable audible

7. - A short range, air-to-air missile to be carmed by an aircraft flown
~ by apilot, the missile comprising:
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processi ng system being configured to provide a fifst indication to the

pil ot when the seeker is tracking a target; wherein said processi 3Eﬁ§§§ny
is further configured to provide a second indication to the pilg?g en a S
rate of angular notion of the seeker falls below a given value for a
predefined period. 6. The ms&ssile of claim5, wherein said first and second
i ndications are provided by generating corresponding readily

di stingui shabl e audi bl e . si s, 7. shoyt range, air-to-air. mssile to
be carried by an g’ﬁr craagfms?a?egﬁlﬁeekﬁﬂ/c%]ﬁ}ﬁ“ﬁi to f"ﬁg‘gﬁi lagef, sl gppbadidhg: 30 7
June 2005 (a) a. ginbaled seeker configured to track a target, said

gi nbal ed seeker havi ng®s€di ¥¥BE andistctipa gofy Tregek dalierdhpy aan anglkeofof
inclination O froma predefined boresight direction and an orientation

angl e tp neasured aboutclmatiai® foonrzspedefined baesghitd dirbaioas aahtandi r ect i on,
said angle of inclination O being limted by a predefined maxi nrum angl e

0,,,,- and (b) a procmh@%ﬁ@@?ﬂq%h&qiaﬂ&t% Ax?saéo&%gébﬁd%%g%%or

associated with said seeker, said processing system g Configured to:

i id angl e of.inclinatign whil id seeker i§ _tracki
ol gt To derive o raroEbERuBhoP Lt SraRben o s Baitbb e, (i 1)

eval uate an of f-boresight tracking angle limtation
predefined maximum angle @,,; and

. (b)  a processing system including at Jeast one processor associated
with said seeker, said processing system being configured to:

(i)  process said angle of inclination while said seeker is
tracking a target to derive a rate of change of sajd angle of
inclination @,

(1)  evalnate an off-boresight tracking angle limitation
parameter as a function of both said angle of inclination
-and said rate of change, and |

| (111) generating a t‘racking angle exceedance signal when said
off-boresight tracking angle limitation parameter falls

outside a predefined range.

8. The missile of claim 7, wherein said processing system is
....configured to evaluate said off-boresight tracking angle limitation. parameter.P... . ...
according to a relation P= 0+t where 4, is a predefined measure of time

! -:traken after firing for the missile to begin to turn, and wherein said processing .
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paranmeter. as a function of both said—angie of inctinmatiom and said rate of

change, and (iii) generating a tracking angl e exceedance signal V?hgﬂlrfé‘iﬂ)05
of f-boresight tracking angle Iimtation paraneter falls outside a
predefined range. 8. The mssile of claim7, wherein said processing system
is configured to evaluate said off-boresight tracking angle Iimtation
paraneter.-P- a ccording to a relation P= O+tt9B where to is a predefined
nmeasure of tinme taken after firing for the mssile to begin to turn, and
wher ei n sai d YFERE SpHgureshtozengmie sapbiackingsangln ¢sewdontd ggnaldvhe Ryener at e
said tracking angl e exceedance signal when P is greater than Bmax. 9. The
m ssil e of cliagrenterthahéhei n sai d processing systemis configured to
generate said tracking angl e exceedance signal as an electric signal
corresponding to a distinctive audio output. 10. A short range, air-to-air
mssile to be carried by an aircraft flown by a pilot, the mssile
conprising: (a) adgi nidkemisdekei chani Ag wherin eald procefsitegasiemdaf i ned by
an angle of inclination O froma predefined boresight direction and an

ori ent ati on angligrep tovgestite aito oudking aagjesex%@édﬁﬁépggﬁézn& 819 cleRfHcd
boresi ght direction; and (b) a processing systemincluding at |east one

brocessor asspehRcdspotliol 158 ukinaRNShoiclfhiPT 0cessing system bei ng
cont 1 gur ed:

10. A short range, air-to-air missile to be carried by an aircraft flown

by a pilot, the missile comprising:

(a)  a gimbaled seeker having a direction of regard defined by an
ang-lel of inclination 8 from a predefined boresight direction and
an orienfation angle ¢ measured about an axis corresponding to
said boresight direction; and

(b)  a processing sysiem including at Jeast one processor associated
with said seeker, said processing system being configured:

-(i) to selectively actuate said seeker to perform a scanning
search pattern for a target, said scanning search pattern
being confined to a range of orientation angles spanning
no ‘more than 20° and cdve’n’ng a range of inclination

6D when a target is found, to cause said seeker fo frack the

target.
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(i) to selectively actuate said seeker to performa scanning search

pattern for a target, said scanning search pattern being confi nefdJU?lé‘2005
range of "-orientation angles spanning no nore than 20 and covering a range

of inclination angles spanning no.less than 30, and (ii) when a target is

found, to cause said seeker to track the target. 32 7 June 2005 11. The

m ssile of claim10, wherein sdaid scanning search pattern covers a range of
0..12. . The m ssi I‘shof cl aim 10,

i nclination angl es,sp i ng_no less. than .

wherein sai d angl Z“bf | ecf'rﬁﬁgfiognéﬁn} E& W?ﬁﬁe’f"eﬁfl%ﬁc*’é’”ﬂﬁgea%‘f” B#fRixi mum
angl e max, said scanning.search pattern _covering a _range of inclination
angl es ext end?“rY@rS?JB%%eaQ%t’? Prion el @@%ﬂgmb’aseug%éa"- maxi mum angle O ,, X.
13." The missile of claim 10, wherein said scanning search pattern is
confined to a range of orientation angles spanning no nore than 10. 14. The
mssile of claim ]Ig V\ﬁgqr ein _said scanni ng search pattern is confined to a
range of orientati'6n ant BSUpehsiang Beovikenr saidmmgloof mslingtina fiissil e of
claim 10, further conprising attachnment features configured to define an
orientation dimétd by knprdefofedt neximuss izshglet &, a2l s@nahp searbhpdileat , when
attached to an aircraft, a given value of seeker orientation angle (¢

corresponds t@vering/ar fahgalol MERRELE Ohgidd @;aelﬁiiﬁgrsﬂﬁétaﬁtfaﬁg‘iue&ft F&ifrence,
wherein said scanning search pattern is confined to a range of orientation

predefined maximum angle &,,,.

13. The missile of claim 10, wherein said scanhing seaich pattern is

confined to a range of orientation angles spanning no more than 10°.

14. The missile of claim 10, wherein said scamning search pattern is

confined to a range of orientation angles spanning between 5° and 10°.

15. The missile of claim 10, further comprising attachment features
configured to define an orientation of attachment of the missile to an aircraft
such that, when attached to an aircrafl, a given value of seeker orientation angle

@, comresponds to a “vertical” direction in an aircraft frame of refereﬁce,
wherein said scanning sea.rch pattern 1s confined to a range of orientation

angles of @,  5°.

16. A method for operating a short range, air-to-air missile carried by
.an aircraft flown by a pilot, the missile inctuding a gimba]ed seeker having a

' _direction of regard defined by an -apgle of inclination @ from a predefined
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angles of Ty 5. 16.. A nmethod for operating a short range, air-to-air

mssile carried by an aircraft flown by a pilot, the mssile in i

gi nbal ed seeker having a direction of regard defined by an anglzggh@%os
inclination O froma predefined 33 7 June 2005 boresight direction and an
orientation angle rp neasured about an axis corresponding to the boresight
direction, the nethod conprising: (a) causing said seeker to performa
scanni ng search ttdern_for a target, said scanning search pattern being
confined to OFeéﬂ%g{e FFCUBy 2Bt 3t oslEnaten eangdpannnagurd amiwe itharis20 and
covering a range of inclination angles spanning no |ess than 30, and (b)
when a t ar getoreperslingiic thabwiesightsiiicttion ehemethod tonghsibfie target. 17. The
met hod of claim 16, wherein said scanning search pattern covers a range of

inclination angl €8) spanzinagsaid séeks td PafordPa stduni é‘@ezﬁ?ﬁ ggge]ﬁffalghgi m 16,
eri Xi mum

wherein said angle of inclination O is I|imted to a pre e
angle B,,,,,, said scamstngjfeahmile R} vering.a range of inclination
ankl es ext endi ng subst ggurﬁi ally up %% srgifégtteﬁgg) EEiS gg“ﬁé&] %ﬁﬂgﬁr‘i’él e O 19.

The met hod of claim 1§; ej.n,sai d scanning search pattern is confined
to a range of orient a?llﬂ%l\r‘lmg)%g% ess%?ﬁﬂ‘i“ﬁg“%ﬂg%rﬂéant ﬁngolaH@.CO?@?ngThe met hod

of claim 16, wherein sai dws.c nni.ng search pattern is confined to a range
of orientation angl es™8EaMnHyapee areles spapping 10 Jesgthan 30°, and

(b)  when a target is found, causing said seeker to track the target.

17.  The method of claim 16, wherein said scanning search pattem

covers a range of inclination angles spanning no less than 50°.

18.  The method of claim 16, wherein said angle of inclination 8 is
limited 10 a predefined maximum angle Gnux, said scanming search pattern
covering a range of inclination angles extending substantially up to said

predefined maximum angle 0.

19. The method of claim 16, wherein said scanning search pattern is

confined to a range of orientation angles spanning no more than 10°.

20.  The method of claim 16, wherein said scanning search ﬁattem is
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7 June 2005 21 The nethod of claim 16, wherein said scanni ng search

pattern is confined to a range of orientation angles of q 5" V\hqrguﬁé(2005
corresponds to a vertical direction in the aircraft frane of reference.

22. A method for operating a short range, air-to-air mssile carried by an
aircraft flown by a pilot, the missile including a ginbated seeker having a
direction of regard defined by an angle of inclination 8 from a predefined

boresi ght directi a j ' angl e tp,neasured out an axis
corresponding to t9 E’e Bgl?%@ie‘gh!ti%glg}%@? ?bﬁggrteﬁlesag%éﬁagm(’}g SF?fgﬁipﬂté‘i‘T‘dﬁ 8 bei ng
limted by a predefjned maxjinumangle 6,,,x, the nethod conprising: (a)
processing t hcgmﬁ ?j:“é’ aofanfg?'nef Pﬂ%ﬁ"i‘ttﬂ% MBIE O tihe Tewhast @ somespordnty @t ar get
to derive a rate of change of the angle of inclination 9; (b) evaluating- an
of f - bor esi ghtVetticatdirssommmyihe airimft temenf rpfareawet er as  a function of both
said angle of inclination and said rate of change; and (c) generatirng a
tracki ng angl e exceedance signal when said off- boresight tracking angle
limtation parama&er falls outside a predefined range. 23. The nethod of
clai m 22, wherei n?at ‘oB$thod dpriorsrating apthopmangss sirierairamissiBvatritgttyng ar e
perfornmed, by a processing systemlocated within the missile. 35 7 June
2005 24. | neanisiaficlam by armit,ribe misdilerinclodinge, gigibaletQedisr haisgid € having
a .

direction of regard defined by an angle of inclination 0 from a predefined

_ boresight direction and an orientation angle { measured about an axis
coﬁesponding to the boresight direction,lthe an.g]e of inclination @ being
limited by a predefined maximum angle 8,,,, the method comprising:

(a)  processing the angle of inclination while the seeker is tracking a
target to derive a rate of change of the angle of inclination 6
(b}  evaluating an off-boresight tracking angle limitation parameter as
a function of both said angle of inclination and said rate of |
' change; and |
(c)  gemerating a tracking angle exéeedance signal when said off-
boresight tracking angle Iimitat.ion pardmeter falls ouiside a

predeﬁned range.
23 The method of claim 22, wherein at least said steps of processing

. and evaluating are performed by a processing system located within the

missile.
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seeker configured to track a target within a mssile field-of-view the
aircraft including a radar system which provides range-derived qaygne 2005
relating-to targets wthin a radar field-of-view smaller than the mssile
field-of-view, a nethod for evaluating whether the mssile wll be

effective in reaching a target .conprising the steps of. (a) during a first
period when a given target lies within the radar field-of-view, evaluating

at |east one perf o MaNgenl difdetiing bR, el @ling; ility of
the mssile to reach the given trg)rﬂlllg]:]get, t he p%ér’faor mnc%‘ﬁgﬁ%&?ﬁ??%n .

criterion bei i .ange- ived.data for the qiven
Chrget. Cand CheRYaMAEAO G W iBRPE ARGl FadE Rl dbe el et

| eaving the .radar field-of-view, evaluati ng the rformance limtation
criterion usimn[:'](;]luﬂglfﬁ)?l E>'<é|3 e 3‘%‘@‘3‘-Qf8?”id9%6an§g“td5"’f’%f§3tt%ée]ﬂi‘%tﬁ taggsisget , said
appr oxi mat e range-deri ata being derjived by. extrapolation from

range- der i ved‘”@‘gl %rag%iﬁig»@ng spdler tham the missilefieldwiivigyv.taeethpd &r peri od.
25. The nmethod of claim 24, wherein said approxi mate range-derived data'is
derived by egvaegimgarlicther Buseigsileponl kenefistverpt icochibhatargetspapaising t he

gi ven target derived fromradar neasurenents during a latter portion of the
first periothersempmiofis constant. 36 7 June 2005 26. The nethod of claim 24,

wherein said second period is at |east five seconds.

-(a)  duning a first period when a given target lies within the radar
field-of-view, evaluating at least one performance limitation
crjterio_n relating to the ability of the missile to reach the given
target, the performance limitation criterion being evaluated.using
the range-derived data for the given target: and

{b)  during a second period subsequent to the given target leaving the
radar field-of-view, evaluating the performance limitation
criterion usiﬁg approximate range-denived data for the given
target, said approximate rénge-derived data bemg derived by.

extrapolation from range-derived data provided by the radar

system during the first period.

25. The method of claim 24, wherein said approximate range-derived
data is derived by extrapolation based upon an assumption that a speed of the
" given target derived from radar measurements during a latter portion of the first

period remains constant.
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27. The nethod of claim 24, wherein said second period is less than twenty
seconds. 28. The nethod of claim 24, wherein the performance |i m-,t ?Urfé‘ZOOS
criterion is-additionally evaluated using target direction informtion
related to a direction fromthe aircraft to the given target, wherein said
target direction information is derived, at |east during said second
period, fromtracking information provided by the mssile seeker. 29. The
nmet hod of claim 2 i i | yat | AS rforped t _least during
sai d second peri ‘02,6' \Qc?%‘gg;%g’?gsggiCzégéﬂ’s%gt%}%?lgcsgggﬁcﬁﬁ?rﬁocfﬁeat ¥sksile. 30.
The nethod of ¢l L§%F4’ f.urther conprising selectively generating,
dependent upon resu s of eval uati ng said at | east one perfornance
limtation criterion, an audible indication audible to a pilot of the
aircraft. 37 ABSTRACT OF THE DI SCLOSURE METHOD FOR OPERATI NG AN AIR-TO Al R
M SSI LE AND CORRESRON . H AUT. S SEM - AUT S MODES
A met hod for oper g'l[il n? ﬂ}%ﬁ%g%ﬁ%ﬁé\?}’a}vﬁw ]5'-35# Ser?f’gp?%ol\gc’ér{‘éﬁ B an
aircraft flqvvn a pilot. The mssile includes a seeker operative to

by
track a target " FH& Mt hod conprises providing a first indication to the
pil ot when the seeker is tracking a target, providing a second indication
to the pilot when a rate of angular notion of the seeker falls below a

i ven val ue for redefi ne erd qd. .
9 ‘. DHP e meﬁ!}og of Clim 24, wherein the performance limitation

criterion is additionally evaluated using target direction information related to a
“direction from the aircraft to the given target, wherein sajd target direction

information is derived, at least during said second pened, from tracking

mformation provided by the missile seeker.

29.  The method of claim 24, wherein said evaluating is performed, at
least during said second period, by a processing systern located within the

missile.
30. The method of claim 24, further comprising selectively

generating, dependent upon resulls of evaluating said at least one perfonnaﬁce

- Iimitation criterion, an audible indication audible to a pilot of the aircraft.
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ne . 7 June 2005

ABSTRACT OF THE DISCLOSURE

. METH(j_D FOR OPERATING AN AIR-TO-~AIR MISSILE AND GORRESPONDING
MISSILE WITH AUTONOMOUS OR SEMI-AUTONOMOUS MODES :

A method for operating a short range, air-to-air missile carried by an aircraft
flown by a pilot. The missile includes a seeker operative fo track a target. The
method cohlpﬁses providing a first indication to the pi]ot‘when the seeker is tracking
a target, providing a second indication to the pilot when a rate of angular motion of

the seeker falls below a given value for a predefined period.

FIG, 4
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