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 ot b DT yurrstnlrythaf e MRosed 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



7t June 2005 mssile is successfully tracking the intended target7 (Ris@ 2005
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 whetfssile & swoedsefullpfirackiniz By inferidod itspét (v@p alt) t N@vaGpRAbI 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 mter%retatlon y 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

fi el d-of - vi evst¢f 26). This-infexieation tif eypialig abpré@htddi Sabhi®dllyl §n Aheh@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 | SRS Sl e S D B 5B e e
target 2 13 J %‘cf ot%gropSerfonnance Iirmtations 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 Jeaves the radar field-of-view such that the pilof lacks all

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



The significance of these limtation will be better appreciated Wtfyne 2005
rieference to Figure 2. As shown here, the field-of-view 18 of the radar
system of a conbat aircraft does not generally extend nore than 60 above
t/he boresight direction, and i-s frequently limted in practice to nearer
30. In 5 contrast, the field-of-view 20 of the seeker of a high performance

air-to-air mssi IS neral |.y, nmuc i der, .1 ny cases..l.ykng. n the
80-90 range. As ajrﬁ‘? SR Oéetpﬁﬁengﬂ&ag%e“?bn%eﬁ%g Get? pnr%(i#’%ée "?jrtlhaccessi bl e
despite being visible to the pilot and wi_.thin the _ca ilities of the
missile to trEENshHp euteroyis @W%?rﬁh%ﬁﬁﬁ‘%’eéﬁlgﬁ’gt SFgR" BSIERY r egi on
of the radar system 10 presents a critical limtation to operation of
air-to-air mofsi lcembatehintre8 dapsvimit génsrallynexipndasnarndbany &0 jabaye dede”. A
predom nant course of action in air-to-air conbat situations is for the

pi l ot to pul Ibotdsphn@rectidn, tand Bi freqehtly "lupited| im ptdevgce po |mehtes F0P.abe of
reference) so as to draw the nose towards a target. In this case, the

target issgengh@s Yin¥imidbevie® 10fNhé eteket of ahhigh parfBhRabaNetohiis head
and, by 15 continuing to pull the nose up, the pilot attenpts to reduce

Lhi le tobr i JOPE nhetdy | ik ihiEDgoAopVEhEd Gal , node”
| S angi € %}?&gfqug%r%egag{ytrﬂp&e&{d%grlﬁ l%a\?\%rcg%gtqlﬁé Fﬂg@g@f‘g?‘?’%ﬁ 4.5, MO e

seeks to acquire a ocate rame of
reference to allow theH‘pi | ot to tfi rg a ,m.ssile. iu‘t thff\ g%,rl ive 2 goossi bl e
opport uni ty. "ESelRerErY BRURFISEEA IESHEAY s dRACersble {RR'T Beae 3’? mis once
again limted to the | ow angle of inclination 20 covered by the radar,
t her eby gr eathopilhs prd Pithindbe eapsbitish obthe mpesile &¢ Haek anddesuppr oach to
facilitating target -acquisition and verification outside the field-of-view
of the radar systenm iexainpleuse vdficha thre larg¢ -thipd ntegbnc ofithny radsy styetem Thi s
enpl oys a magnetic or an optical systemto nonitor the position 3 7 June
2005 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. .
e 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



c‘}f- a hel met provided with a hel met-nmounted head-up display. In thgg 2005
i;n a cuei_ng node, the mssile seeker is enslaved to follow an optical axis

f the display which noves together with the helnet. Cueing is achieved by
t:the pilot turning his head, and hence-the helnet,” to bring the optical

axis into alignment 5 with the target. Wiile providing a partial solution

to the probl em, ol b 08kiALIith 31l -m's‘&‘n%’ﬁéa'df' Cl%é'lon.qn'?ﬁi'sg‘a’ée ynted
di spl ays and cuei ng systens suffer From a arg“eD NoMoer o I'sadvant ages.
Firstly, the components nmounted i.n the hel net dd greatly to the weight of
Che-hel et . FHPSE BT n ihe RSB ST 15 BPTSAI 10 e rduep tophat® i dBe

hi gh-accel erati on condi tions, becom ng a major source of fatigue and
stress for t espiay which Swyvenipegthes withdhe helmsheCusinges arhigvedelpnthedilohl i gnnent
of the optical axis of the helmet with the target to be designated.

Al t hough t hi suming loe headhied/behco vier hiedmet g bring themplties! dxésyimmadaliginentdar
field-of- view, operation of the systemis still limted by the angul ar

range. of shelvieithd farg@dt i on which the pilot can achieve, which is typically
smal ler than the actual field of view both of the pilot and of the seeker.

Fur her more, S {4 gbvihe o BRI ClbSattd AQSKRBE Bl Schian hel et o

the required angle un accel eration conditions y require great
effort, and may cause. significant .del i he.cuei ng progcedure. Thirdly,
the hel mot - mOREa GgR Hylrimouater, Sitstd FELs, Setut pOFrP g
connections between the helmet and_. ot her devices wthin the aircraft.
These connectd8hH8UHRHH ghisadvantageslarstlys thrfompongnts guweted 1 dphgimshd
el ectrical and/or optical fibers for carrying projected information for
the display. agli@ieatynioetiei wrighbofetha Islmei fToameighif kecymisa zavitiphat t he
pilot, 4 7 June 2005
: 10 numerous times under high-acceleration conditions, becoming a major source
of fatigue and stress for the pilot. Secondly, these systems generally 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 typicaily
20 requires very substantial connections between the helmet and other devices
‘--r-‘--.within-"the aircraft.- These connections generally-include a significant power-

supply and electrical and/or optical fibers for carrying projected information for

the display. Such comnnections pose a significant safety hazard for _I.herpiipt,

-4



particularly with respect to energency ejection where a speci al QF"J'drféifZWOS
iis required t.o sever the connections in case of energency. The supply of a.
high voltage power line to within the helmet is also viewed as a

particul ar safety hazard. Fourthly, the addition of hel met-nounted.

di spl ays and cueing systens 5 fails to provide any indication to the pil ot
regardi ng-the Blity of th mssile to.reach the target, when_the
target lies oB%rZi?@gﬂ)f F’l"?e"}(’rrgﬁ%erct (T?? STHTRSCY) e Hon PYHET f’ﬁpe?‘ﬁ'gg‘iuﬂ?‘é'&r%iti on of a
head nount ed .di sPI and cueing systemintg the aircraft systens is a

hi ghl y expens{S# fiff é ¥ET e SORPTLRES ghease #f carrasnenubie Bwely efubbight ens,
with all the conplications of safety and reliability evaluation 10
procedur es an#elfage pore liphie hwithin sheehalmiel &, alfheicwel sast hpertitdaesafetyeed f or
met hods of operating an air-to-air mssile which would allow effective

operation of birerdrFewitle, the talidition pd dieInhed-nhameel Gisplhyy Al @l Seteige r adar
field-of-view, or altogether independent of a radar system wthout

requiring sisefails 18 gr6Vit@ aniOMaicasosl kS Phetpilof tegtRithe tid $8pdRRitd Sorhingh! v

advant ageous to provide a mssile configured to provide effective nodes of
operation w t R L@SREeChH Meifb8Ckficd W .S 46 r refhield- of -view, or
al toget her i ndependentc 0 E:a gadareiyigpgrﬁgpg%dl\fﬁ?ﬁﬂ@%f %ﬁé j??\]ﬁlllgi(ﬁ[]e&\l The :
present invengd i.s a,nmethod fo perating. a short range, air-to-air 20
m ssil e, and%@@f#%s%%&ﬁ%& ‘}ﬁ asé‘?ﬁ%e‘?’mﬂ&‘égg’aﬁﬁ}j apg) PRBL SEHERITAYSPBE t he
present invention there is provided, a mnethod for operating a short range,
air-to-air masrafesysigme ey highluexpspsive piofect, SequitingredapBaidn of hameroby a pi | ot
the missile having a seeker operative to track a target, the .
subsystems, with all the complications of safety and reliability evaluation
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 to fargets
Iying ouiside the radar field-of-view, or 'a]together imndependent of a radar
system, without requiring use of a helmet-mounted display. It would also be .
15 highly advantageous to provide a missile configured 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 .

5



met hod conprising: (a) providing a first indication to the pil ot
§eeker i.s tracking a target; and (b) providing a second indicatﬁ??g?gépﬁgos
gilot when a rate of angular notion of the seeker falls below a given

jal ue for a predefined 5 period. According to a further feature of the
present invention, the first indication and the second indication are
readi |y disti,ngui.shabl e audi bl ignals. ~There is also,provided, according
o the t eachPRES 11 pigh SheCmBiste PRUBAG SorkeraomEtHE A BTk GBS 1§ o shor
range, air-to-air mssile carried by an, 10 aircraft_flown by a pilot, the
m ssi | e havi A§MRd SBBRETINE A} PRy IdRe ¢ Tt ingisatign to thegaito! vhea teterkd
conprising: (a) providing a signaling unit associated with the mssile and
configured to& tmcgmgdtetaget;i andt (b} prdivsiang anecondtindicpgidnote thhgniot tvben seeker is
tracking a target and to provide a second indication to the pilot when a
rate of angutaty ofigilnnetion bf tiseekker i bdoweal givernvglow €or a/pledefidedr a
predefined 15 period; and (b) while the seeker is tracking a target visible
to the pikotpedddying the aircraft in such a manner that the direction of a
l'i ne of sigh? fromthe pilot to the target remains substantially constant

inaf f ref | Nt i defned
R e

period, thereby cau e signalin e e se

indication. 2Q.Th [ I j.ded, ' 1o the teachi f th
oresent 1 nvBHEPE o B Grepnd B re TR b Pr Pt BE Sl 0 by an

aircraft flown by a pilot, the mssile conprising: (a) a ginbaled seeker
configured to trdéRreast alsgeprovidesd) agcopding elgs theg teaphkingsn dfindleunicprpt at | east
one processor, the processing system 6 7 June 2005 being configured to

provi de a fims¢ntiondi mathiodfot eperdimgpi shott radygen airhie-araelsetle t®Tied by an

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 seeker 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 second indication.

20 There is also provided, according_tq___the t?a(’,hi?g_ﬁ,?f ,t,h?,{_i?_r_‘???m, 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

6



tracking a target; (c) wherein the processing systemis further cpnfijrarz005
to provide a second indication to the pilot when a rate of angular notion
of the seeker falls below a given value for a predefined period. 5 There
i's al so.provided, according to the teachings of the present inventjon,. a
short range, air-to-air mssile’to be carried by an aircraft flown by a
pilot, the mssile conprjsing:. (a)_.a gipbal ed seeker configured to track a
target, the BFRBHAP tgug@ewe?r%mgsi%&Sé%l%@ﬁitaﬁhwﬁwe&g%t fqeg%fdl%y an -
angle of inclination O froma predefined _boresight direction and an

ori entation abefkéng p tagetindasuliceein 4bo procsssins systan s dupsrdionigesdithe
boresight direction, the angle of inclination O being limted by a

predefi ned mapiomidmaasegbel Bidicatien &nthe(hlot avhepraoees sf apudayratieton eitthadi ng at

| east one processor associated with the seeker, the processing system

bei ng confi guserkrtfalls Kldw RipPeaSSk Ter AHgicnmRl peied. nation while the seeker
is tracking a target to derive a rate of ‘change of the angle of 15
inclinatioa j, (ii v e s Qfif - L gt gat.r i i tation
par anmet er glas a ft})rlljglteei génld%g) B%?h&?heapﬁtgﬁ%g%f t}%eng%lﬁr]l@gf gér?g%db}teﬁgeﬂtr ate of
change, and (iii.) generating _a.tracking.angle exceedance .siagnal when the
o 1~ bor et ght PP HkBET NG RORE o et doPof BAF sHeEd PR oS A er R A
predefined range. K According tqo a further feature of the present invention,
the processi n@l?mé € Byssile ROTENLH (Rfusiatpaled seckpn copfimired Wetrqsf(ﬁ-%ﬂesi ght.
-tracking angle limtation paraneter P according to a relation P= O+t 6
where tp is ahprgubilcdedekendrnyingea olirectiore of akgardadafmedf by iangarfghy of he
mssile to begin to turn, and wherein 7 7 June 2005 the processing system
i s configurediptitatien @ fadi8 alfreddined bbReizANghre 1ol Gaadangfnsdtnahgehen P is
greater than Bnax.

10 measured about an axis corresponding 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
}vhile 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. fo 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



Agcording to a further feature of the present invention, the pr oces If¥ 2005
systemis configured to generate the tracking angl e exceedance signal as an
S electric signal corresponding to a distinctive audio output. There is

al so provided, according to the teachings of the present invention, a

short range, air-to-air mssile to be carried by an aircraft flown by a

pilot, the M BRIk SecS AP LM% cdnfilrnRadb RoAEE BERESind B0 UxcllhcECt 1 ON Of

regard define y an gl e of I nati-on roma p ef i ned boresi ght
direction and .10 .an orj.entatign gle p nmeasured about an axis

cor r espondi ngSiERAIHED ngﬁa&ﬁ&m?gﬁxecti on; and (b) a processing system
including at |east one processor associated with the seeker, the

processi ng syst emAssoriing nt ifefihce deatyre)ofithe psspricinvadiop, Hetratssinge seeker
to performa scanning search pattern for a target, the scanning search
pattern bei ngsystnf ineshfigored wagegeratf thortreekingt angle expedanct Sigphaniang no nore
than 20 and covering a range of inclination angles spanning no |less than

30, and (i}) w_@&ﬂc@igharc@ﬁ{esﬂoﬁdmgwddistiﬂctﬁataseiotdwlﬁ.eek_er to track the
target. According to a further feature of the present invention, the

scanning search pﬂate}eegsln ﬁgs‘é’};’gfozddf%g{ t%ﬁcg)r‘?di?% fon el %Ebfﬁgs %?glh‘ésgm%_ﬁ’éﬁ”i ng no

| ess than 50. 20 Accor ature of t present 1 nvention,

the angle of .inclination O is.limted. predef i ned. i : | e emax,
the scanni ng i eeiaps Bisviminriisitie b BEre ke SRR BT S
extendi ng substantially up tq the predefined naxinum ang{le 8. 7 June 2005
Accordi ng to Rilgtyhe Rasile eeppaang (aheimbaled sprker hdng p JHectaRedesathi ng
search pattern is confined to a range of orientation angles spanning no
nor e 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 . . .
“inclingtion 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



than 1 0, and preferably spanning between 5 and 10. According top#fn%‘%'%05

feature of the present invention, there are also 5 provided attac
fleatures configured to define an orientation of attachnent of the nissile
to an aircraft such that;, when attached to an aircraft, a given value of
seeker orientation angle rp" corresponds to a "vertical" direction in an

aircraft frame of KELAGANGE, WARLEKAEDG SEANNing search pattern s

confined to a range o rien ron angl
E)r esent invention, a nethod

rovi ded, accgrdi,n o the t.eachings of the [
; Safe rt{mf Ent %"S‘ﬁ"—f’ 9’%&°r°ftn?%§’i qtien apgles sganpngpo madrecr af t

for operating™a s
flown by a pi fhe mssile including a 9! nbal ed seeker having a

| ot
direction of M8YdPd2edpiciaeblpypanninghgivecears®endf9nati on B from a predefi ned
boresight direction and an orientation angle rp neasured about an axis 15
correspondi ng to tArsomsiinget gtertidir fedtvicoof, the iresert MO MS aRYalsé )
causing ‘the seeker to performa scanning search pattern for a target, the

scanni ng skar plevidpdtittahmehefca@ra@ohiip@dd t@ defidcaO&iatativh dAlaln: angl es
spanning no nore than 20 and covering a range.of inclination angles

spanni ng no | eSethnile3d afBrafk RhciVRgR @hérﬁﬁi@a%#ze& ¥ fafl:l) ua?rgléa(ﬁg ?aggslggrg the

seeker to track the target. 20. According to a turthe t he
present invengjon,ed anni.ng._=, search tern covers a range of
i nclination ang‘%gs s%ﬁ%ﬁ%ﬁ%&at %’g?n&es‘pt HAFFSBeRCs 1aAdc gFHicAly ditgcdon iy amher
feature of the present invention, the angle of inclination O is limted to
a predefined #E4 angreérensaxvhartia thesmniing se@ch Fatttomi 2@fibed ®ear ch
pattern covering a range of inclination angles extending substantially up
to the predefrangedlvezntation anidsef QUas°.
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 comprising: (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 inclination 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 pattern covers a range of inclination 'ang]é.s” spannmgno less than 50°.
According to a further feature of the present mvention, the angle of

7. inclination @ is lirnited to a predefined maximum angle 8,,,, the scanning

9.




A¢cording to a further feature of the present invention, the scanning

search pattern is confined to a range of orientation angles span? gg“.{é)2005
more 5 than-10, and preferably spanning between 5 and 10. Accordi 0 a
ffurther feature of the present invention, the scanning search pattern is
confined to a range of orientation angles of q 5 where rp" corresponds to
a vertical direction in the aircraft frame of reference. There is al so

prov ded, AccRaich SN SENERSY RS MBS Ry SNEILIGRy, I

for operating a short range, alr-to-alr I carrie n

flow by a pi i m.ssil.e inclyding a ginbal ed seeker having a
di rection of #ngégpigggféqqdﬁg@mwmﬁggn%% of inclination O froma predefined
boresi ght ‘direction and in orientation angle rp nmeasured _about an axis

corresponding to tAEosbEes gHurther fetureef techorcaryl invationndiel stathiap 0 bei ng
15 limted by a predefined maxi numangle O, , the nethod conprising: (a)
processi ng t hesaephghattens isi apofinethta @mangei dfeorichertion akgles isparinigClso Mgbra t ar get
to derive a rate of change of the angle of inclination 6; (b) evaluating

an of f- bof esihgintl 07 sadpreftgabdnsha@ning Betvadeh @M apAI@Met er as a function of both
the angle of inclination and the rate of change; and (c) generating a

tracking angle 20 M&%ﬁ%&f&Cg fﬁ}ﬂ%??i}gafﬁﬁegf h%e 1%§Jn't'l?19\§e%§59,h¥hft racking angl e

limtation .paraneter alls outside a predefined range. 0 38ine 2005

According to a further .feature of the present inventign, at |east the steps
Rarch ralGh in EFHGed 18 s garieof B BYion SBEBb EL kg sySTom | ooat ed

of processing an
within the mssile.

corresponds. 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




A¢cording to the teachings of the present invention, in an aircraft 5
chrrying a short range, air-to-air mssile having a seeker confi qug%éczoos
t;’rack a‘target within a mssile field-of-view, the aircraft including a
rjadar system which provides range-derived data relating to targets within
a radar field-of- viewsmaller than the mssile field-of-view, there is

al so provided . a nethod for evaluating whether the mssile wll be

effective in reachi I i.Si t he steps . ( during a
first period whenhg&g?i\%ﬁgtag?%heetq%%s&vﬁwgs?ﬁ]éwF’étb‘%’r aplef’%tlt@% Vi ew,

eval uating at .l east .one performance lipmtation criterion relating to the
Sbility of ¢ 158 Rl Sed SR e RREmeR g ProcE T AFHGR

limtation criterion being evaluated using the range-derived data for the
given target ™ HAYthe@y§siur i ng a second period subsequent to the given
target leaving the radar 15 field-of-view, evaluating the performance
limtation criterfeferdisgng thapisadhingsavf theapgsentemvertibrg ahaalf airciaite gi ven
target, the approxi mate range- derived data being derived by extrapolation
from r angé- deamryiegl achbm ripgey hiseshairbivissilchavagad sy et ORAFUFIING thidR of 1 1 St
period. According to a further feature of the present invention, the

appr oxi mat ettt wikia- £leAiRIGAAIGT vicw, dgk! RSP InGHdihAROLAGI Qubgsed upon
an assunption that a speed of the given target deriV romradar

measur ement s gluki V.adé [y, -DOr k1.on jof t?e first.period,r | ns constant.
11 7 June 2005 A@go]rel ?\atéjtgggerép U‘Ht%é?]gt Pty Wftﬁ’é' %F@@éﬁ{ei‘l'ﬁéenti on,
the performance |i n]‘it tian cri.ﬂe}éi an is additionally evaluated using target
di rection i nP'SPigtAIghthap diegpissile eld-ofivies dhesm s alwhpronded arpethed foro t he
given target, wherein the target direction information is derived, at
| east duri ngStaHitiBg sdrdepeimigsilerwillte 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
) 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 Ihé given target leaving the radar
15 - ﬁeld—of—view, evaluating the performance 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 ramee-derived data s 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.




5;track| ng i nformation provided by the mssile seekéf. According to a .
farther feature of the present invention, the evaluating is perfpi)ipte %@05
| past dufing'the second period, by a processing systemlocated wthin the
nissile. According to a fu_rthe_r feature of the present invention, an

audible 10 indication audibleto a pilot of the aircraft is sel ecti vel y
generated, dependent upon results of evaluating the at |east one

erfornance i m t ahdécOrdiss t - T WNGS The
p ifig td £ RirfRr feaRR gf t@e?a%}a{a ;Bb%\jmg:the ongnee oot o

invention is herein described, by way

T accorrpanyhﬂgalqgmtg,g?n ra aﬁtﬁ%]gn ééa}ua"% P?’B%?arg?t %\évté‘i(’j’lf? é}%gnpnm ssil e;

illustrating convention opera

FIG 2is as f an aircraft illustrating the respective
fiel ds-of - vi el\cﬁﬂg%m’ & dsrs‘f 1°é‘ g? HAGAOr 8 #tveay FipewiEra U fasged 11 ow

diagramillus .ra e nain eI ements of a preferred 20 inplenentation of
a met hod for Ht’)’”é?'ﬁ“% As tdstideds 3 least duranec Gredisengnd operive, fteemchi ngs of

t he present |nvent| on; 12 7 June 2005 FIG 4 is a schematic isonetric view
of a msside, tfﬁ?ﬁﬁ@t’?@w@@m&wp@bmhe\m:sabcseelohmg to the teachings of the
present invention; FIG 5 is a schematic view fromthe cockpit of an

aircraft-illust raﬂcn@“dbigeo apfurther fohtafe off thé@Preditt GRRADYS, tﬁ"e@"é&éﬂggsea

according to the teachings of the 5 present i nvention;

schemati c pl gerfvien, af 1A iz’ Aklscald ﬁen%ﬁ,r g)eta ﬂro!:e%? Bé %%lslta% loc ?ed

within the missile,
According to a forther feature of the present mvention, an audible
10 indication audible to a pilot of the aircraft is seleetively -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;
,_ _ FIG.3 is a ﬂow dlagram ﬂlustratmg the mam elements of a preferred |
R "2'0. o -'lmp]ementanon of a method for operatmg an air-to-air mlssﬂe accordmg to the ..

teachings of the present invention;
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principles of a line-of-sight freeze confirmation node according to the

teachl ngs of the present invention; FIG 7 is a schematic plan vig 39{ 2005
a@ rcraft, - a mssile and a target 10 illustrating the principles un ?yl ng
g tracki ng angl e exceedance check according to the teachings of the

present invention; and FIG 8 is a graph of off-boresight angle agai nst

time after firing illustrating a preferred inplenentation of the tracking

angl e exceedance ch he t.eachin the esent :

i nvention. 15 DES%%?PH’ %%@sﬁhﬁgpﬁﬁﬁéﬂ%ﬁeﬁ%gfw sl ail
invention is i a short range, .air- to air mssile, and
a correspondi gg}r:r:‘l%gglﬁomon&ﬁ&g%? ﬁ@ﬁ%ﬁ %én%lﬂffs%é‘?"ﬁﬁl% of nmethods and

devi ces accordi ng i(gvat resent invention may be better understood with
reference to the & ’ﬁé‘sgc f‘CZ*Ge‘t’Ifl@Ha@éGﬁﬁmwfmg aghesadt illpstrating tRef erri ng
now to the draw n%s Figure 3 shows an overview of operation of a
preferred i npF@RRie Ll n2wpnerhenspreesbnmods vertding to nhevidachinghief 13 7 June
2005 r aforenentioned radar-based nodes of operation (10, 12, 14, 16) are

conpl enentded pissent invawbier; of additi onal nodes of operation whi ch provi de
hi ghly effective functionality for operating the mssile in cases V\/nere a

target |ies out sFiR 6tife séieplatic 9]3‘11\/\}1&%’0?51'[1 LG f ARG targ(ft‘ci’ﬁgs?rat ke the

addi ti onal nodes of operation include at [|east one nou arch node
22 in which bﬂﬁmﬁk?sdf{ & ﬁﬁ%ﬁg,gﬁe ;egzrerr%onp imnation 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
o present mvennon may be better understood w:th reference to the drawmgs and

20 the accompanying descnptxon

Referring now to the drawings, Figure 3 shows an overview of operation

of a preferred implementation of the present invention in which the
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aut ononous search within at |east one predefined region outside the radar
freld- of-view and, when a target is detected,” | ocks-on to and t ragkhd P00
tlarget (step: 24). A further node 26 provides a verification procegure, - 5
llowing the pilot to 10 verify that the tracked target corresponds to a
pecific target visible to the pilot. An extrapol ated perfornmance.
limtation evaluation check 28 provides continuing information regarding

the ability Qfo@mBhfskde . h t . even atfer the.target has
left the r adarofrin_el 3 o?-ﬁdg{/v?%g%dn}gggsr a‘gf{(%%m}i%l ?2)_’ e?{%’ee‘éan ) éfeck 30

Fo reach ¢ he PEPERRleadf's FRELEE ot RrEHOR i SRToR U BT 5
avai l abl e for_. fu}flgaigerfornange limtation evaluation. It is believed that
the af or enenthi’%’llﬁéa F fynsiignaliy desoparaingathe ingisailerinycasesswdient adsrgein
integrated group of nodes, together offering operational functionality

wi t h respect lepovtsidy tedieddioEvigw aflike radeiar i el d- of - vi ew whi ch 20 appr oaches
that of targets within the radar field-of-view At the same tinme, it

shoul d beSappr eci Suceificelhgt the aadditainal heodasdift dpnaionRRRe 0RSEE: DGR herein
may be useful individually as part. of various other systens, as will be .

clear to oneautbdonfoukuBeradGhodel 20T G ruaﬁﬂchyfhéki.ﬂi%gg %ﬂl&k&h%el nﬁ,?%%y,‘ way of a

non-limting exanple, the nodes will be descri erei e cont ext of
a preferred pht . I r | t hough the pres i nvention
will be descri bﬁ(gﬁﬂ}g(r%g?r?lygétﬁg%aég%gﬁglﬁetﬁq%&?%@ﬁ@% Hdﬁﬁﬁég‘?%ggipﬁer ation,

it should be noted thai3 m)ges 5 (ﬁz, §4 EG and 30 may be used to advant age
inaircraft BhIEK @& HOE Adectas delgisd, logks-emfo apd trackstihe farestelstendar syst em

has been intentionally or . o
24). A further'mode 26 provides a verification procedure, 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 sppreciated that each of the additional modes described herein may

~ be useful individually as part of various other systems, as will be clear to one
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unavoi dably deactivated. It will be noted that the additional nodes of
operation according to the present invention are preferably I NPIRIRHE PGS
"autononbus"-or, in the case 10 of extrapol ated performance limtation

val uati on check 28, "sem autononpus” nodes. In this context, it should be
noted that the term "autononous" is used herein to refer to a node of

operation in which a given operation of the mssile does not require input
rly, the

from r adar - baggg iRt QiR rd .the aircraft- Siml

term "sem - aut ongrrgus" @sfh g%ezgﬁ%%t%gyrogggl(ragt]%"hn%ﬁaén@?’a%ﬁé’}o ¥ B’H?whi ch,
whi | e enpl oyi ' fromradar-based _.inforpation systenms, can continue
to operate i f&ﬁ%‘g}%f@?&ﬂ%’“i‘%‘?% Pgﬁpmgfé‘ﬁ?ﬂ%@?g[ﬂ%&éfﬁ C#ble. In a further

matter of term nokég]?}?/, refe&g(;mﬁ wll be made to a "boresight direction”.
The boresight dir TG atkiugAdhe sy ipvrationiwil beidsacribed defeimpe of

reference noving wth an aircraft which corresponds to 20 the direction of
f1ight duringoBpHSicanns s3seebaset avasles of pptratiem diestiould dbaed thacandiéd | ons. | n
nore intuitive terns, this is the "strai ght ahead" direction of the
aircraft. Sl n28p24, Haweb30 iaybebord 30 gdvamigeciat dippaimahicl SO nbehassUMed to be
the "straight ahead" direction of a mssile as nounted on the aircraft. 15

1 7 June 2005adaRedyeferr, NG A@WyvhRhFHBUTRIaf, syshet %aissbééﬁo‘i\meﬁxmﬁﬂgt beally a
short range, air-to-air mssile 32, constructed and operative according to

the teachi ”Q%nﬁfoi&aﬂgydd%ﬁvsa?éﬁt_ invention. Mssile 32 is adapted to be
carried by an aircraft via a |auncher 34, thereby defining an orientation
of the mssile rel ative to .the ai.rcraft. ssile 32 includes a gi nbal ed
seeker 36 which 5?’1%\68inpgegttF%tr{g%]adémcnal mod\t:/ls of operailon according to theg

present mvention 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 dircction of flight during constant speed, level flight under 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,
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regard defined by an angle of inclination O fromthe boresight direction
ahd an orientation angle rp neasured about an axis correspondi nF @005
bor esi ght direction. The missile also includes a processing system 38 :
ijncluding at |east one processor associated with seeker 36. 10 It is a
preferred feature of the present invention that one or nore of the

addi tional nodes to be described are inplenented using processing system 38
nmounted within t fg;ncn%' i : | 5 Q&;ﬁ? . I i ng system
of target seeki Ege al r-tﬂoﬁﬁ?’rﬁ%ﬁf‘?ﬁltgeﬁ?@pl ca Féﬁﬂ%ggé'@réis@%ﬁg@&g’r abl e
conput ati onal . Ll td,e i.ng. designed to contrql the.mssile

propul si on afAd tg"?gg}rﬁlggﬁfg jﬁé%nggﬁtgﬁtgawﬁ?pﬁ gﬁiaﬁ?%&lﬂﬁ t g?pt%c g S?Phé’al -tinme

i nput fromthe sef\eker and_under__ conditions _of very high relative speeds
bet ween the MSETIBVERYgNt ’5’8’?.341‘&? tedh fo, bk iEespBY 48 BiFgaiiyia @ stil |
attached to the aircraft, these conputational capabilities are typically
great |y undelwaelr Hedbrrelngefiningtan enemtatioar of dhey mipvilsf mlatd foetieur e of t he
present invention that sone or all of the additional 20 nodes descri bed

bel ow ar e’ i aptrefieMisde (32i inglulbe a minbdsd isexkes P61 ehichhat hedirdgtiogidfe. Thi s
offers a further advantage in that the additional nodes of the mssile may

be provided wighia deifihéd By 85 angl® of SRESAIAIIDS AL bB&girggfg?%&?&n ahfl af June 2005

onboard conputer systenms, instead |linking to the al I'nformation and
sound- channel| n?twor ks.in a stgﬂgg%r&d or near-standard manner. Turni ng now

to the feat uPaLAPN Ak, S EEsY Pt BB EIS sorresprraing dothe LoTeE | | ¢ seeker

36 to performa predefined scanning pattern so as to 5 search for a target
within at | edisctionelisraiseds pleel incdedes . pratassipg epeémritddinchglingnati Isaspr ef er abl y
aircraft-specific, being redefined for each type of aircraft to '
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-res'ponse 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“._..__..._._In_QdQS,,dgsc.ﬁ_b.ﬁd.‘helow._ are. implemented vsing the processing. system.of the ..
missile. ‘This.offers a further-advantage in that the additional modes of the

missile may be provided with little or no reprogramming of the complex
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conpl ement the capabilities of the aircraft radar system if present.
According to one option, the predefined region corresponds to tiRjgmne 2005
part of the Seeker field-of-view -which |lies outside the radar
field-of-view. In this case, however, 10 the extent of the region to be
scanned may be too large to offer an acceptable scanning frequency. Mire
preferably, the choice of size and position of the predefined region

addi tional |y oumiloes! computeosgitelny, ainkiosd 1AKBE! oPBR 14 Q9n ARSATRL onﬁmbased
upon common conbat scenarios. In one nost preferred exanple, JtRétat i cally

illTustrated i souhi@HEmePnetivbis id2 sBh&Geh! D& 68,97 1 s .chosen to provide an
extended "vertical node" in \I\/(]’li c?] theg}r]‘lﬁl%gig{aggésrgé%élﬂle’écans a region viewed

as "up" by the pilgl.:hey inclingtion which can be nonitored by the
radar system Thus, ;ntlﬁ% @(q:kgrtléuhﬁ% fleas ar c‘%l BUPPUPAIS; §5A&F R BodeaRge this
maxi mum_angl e of the radar and

i nclination tarting fromth

spanni ng no ?%gjsa%tih@ﬁs’ §ee?enr %‘ﬁ? 8‘3&%"%? PEedetiped Seapsingnp@@makn ah tcan reach
inclinati o an%I of up to about 60, an additional 30 is typically :
suf ficient’ td® -Bﬁ%‘i’ré’c‘ér&eﬁé’“ﬂ?il’s§i]¢9ét esciiredefined irepiof. - Miegweddfined agesn Wher e
the radar -field-of-viewis limted to inclination. angles of. up to about
30, the scarhipiRfembhy sircrplisperfic, phabice redelivied QYL kSR LFRNGL ffraking) | NAL ON
angles 17 7 June 2005 spanning no less than 50. In all cases, It is nost

preferred thabmphemenatharcapatdliiidde he girdrSh SARBK t her,.
substantially span the field-of-view of the sggs&éﬁ’a{fﬁj?es%ﬁ%%pﬁ%“dm@i rection

alone prof eranry Sunet Bap a0 Cakd PRERPRL 15'F OB upu thseckocbker up.

al one preferabl y substanti al y spans ) oo
tsiot Sg?ix-c-)n'sb‘si ﬁ@]ﬁldf%&g\ ?crhl fieesrdutstié]eethg\ég atr Iﬁ%ﬂ—ofr-r\lz)-igg.' Irlj tshisl; Q;sg,nlgjoe“?ev];g r
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]']yﬂlsﬁfﬁ'c'i'ér'it” 'td'coﬁjﬂéfe the }hljl'.ési.]e“seék.ér. ﬁe]d-of—vrew]n cases ..v.vhf.,;ré”
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
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which the pilot tries to pull up the aircraft nose towards a target. As a

r;ésul t, the target position is generally approxinmately central
hfead of the pilot. This allows the scanning search pattern to bgvggn é{](r;zeodos

to a range of orientation 10 angles spanning no nore than 20, thereby
rendering the total region to be scanned relatively small so that the
entire scanning cycle can be conpleted quickly- In nost cases, the width

of the scanni sansinans fespalahenn 1h sl RERESE Ak pfoflHHarif lar AR, than 10
and nost preferably lies in the range of 5-10. In each ' case, thi'S range is

preferably di o RS el ntral .15 orkentation angle
tp" correspon%iisﬁlgg@ét%ﬁg S\E}%rti g#@é&%@ﬁ@%ﬁﬁ%ﬂ 37]§_°lf'ﬁém¥ ?gﬁﬁ ST ref erence

of the pilot.. dearly,. this "vertigal node" is one of a |arge nunber of
di ff erent sealpgﬁe upe SirSHO M t@fpr"e‘oﬁ‘ﬂﬁ’%%o HERY YSITRIs GBPSENtn ghet Ssanting

particular requirenents of an aircraft and its anticipated conbat

si tuations. ESHckpsfipmealong preferablys subskni@ly sprnartpe visaidrofiviesr af the t he
conbat scenarios are. typically, very different, requiring different
definitiorfs okekehep pr@gdefi ned search region. Optionally, nore than one
search region may be predefined, corresponding to different

pi | ot -sel ect abl e AgeaLERLIPHS o ek 5| il be understood that
nmode 22 qualifies as * au?onongarék?éacvgo?%?%%gomt H]téen\gﬁg\fgr a‘&aﬁﬂ?ﬁ on in that
it perforns hqwi,thin a,predefi nﬁ% region, .i.e., a region defined in
advance wit h%ﬁ&gﬁglp]f]#tg%%ﬁuyﬂlpﬁgﬁa airsT n?ﬁ%f’ﬁ'?ﬁjéta targek ASiagesuLER as woul d
be provi ded g% a radar systemor other cueing/aimng 5 device. Actuation
of the indep&EEMOsLBAIE BCRTA ApRropEarly fcontrd dvenitirahéad of the pilot.

This allows the scanning search pattern to be confined to a range of orientation

10 angles spanning no .more than 20‘_’, thereby rendeﬁﬁg 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” directi(;n in the franie of
reference of the pilot.

Clearly, this “vertical mode” is one of a large number of différenf 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-wing aircraft, the combat scenarios are typically, very different, requiring. . ... .

, ,‘differﬁnt definitions of the predefined scarch region. Optionally, more than one

search region may be predefined, cprresbonding to different pilot-selectable

search modes,
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by the pilot, such as by providing a dedicated actuation control (button or
the like). Aternatively, and particularly in a case that the irpg om05
search node ' conpl enments a specific search node of the radar system the
i/ndependent 10 search node nmay be automatically invoked when the pil ot

sel ects the ‘corresponding node of the radar system Once search node 22

has started, it typically continues until a target is acquired or until

ot herwi se cancel edt wil bmcﬁi'slt&;d.fhétfm@detﬁ_%%qiﬁe§?g %%m%%ﬁ?%@ﬁﬁ%& t hen
g e

switches automatically to tracking node 24, conti nuin target.

15 An audi bl eoSh@mslveldéBhfah Y nipei Q.t Ilot thaf a target is
bei ng tracked. Turr?ieng nowhtj%tﬂfgﬁﬁ%gﬁf%ﬁe%hﬁ&e%&aPFﬁ%’I}%‘Tq’@Wé’Dt he pil ot

to verify that, . ed target corresponds to a specific target visible
to the pil ot vﬁ’tigf‘ﬁ‘s’{ r%gélﬁe%rinn%‘gﬁg‘ée 8?“5’8“ h&Ra Infpyetion gielating rtoumtged di spl ay.
The node opera b roviding a distinctive indication to the.pilot when
a rate of and’ﬁ%@?’n r%‘f}i %nwi::i‘!’](g broprewided by 2eradar systetedroniher gicimyimiigue for a
predefined period. Structurally, processor 38 is preferably suitably

progr ammed s&¥%to provide a signaling unit configured to provide a first
indication to the pilot when the seeker is tracking a target and to

provide a second Aridatee dfothe tindepbrglent SakchIHb® 229 Be foHbRhed a4 at € of
angul ar notion of the seeker falls below a given value for a preafefi ned

period. The bpehiapiaisueh 2k MySproRdie ddaidife dOfhl8hn Y08esSE02d wi th reference
to a schematic exagger at e}dvy?;arrplg iIIGsfeﬁa:{%;e&c?%f)]ﬁcﬂ?féﬂr(g“'_I”Fhf shows an

20" By the TRRAlESERRSh PRl MR R T ot o ek oght his
reached posi éd)ﬁﬂ]orﬁgn%' aD‘strelml}% search 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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tlj'is period; the. target is viewed by the pilot, and by the m ssile seeker,
as advancing fromleft to right. As a result, the inclination arglerde ®005
the seeker thanges from 01 at position 40a to 02 and position 42b. 10 In
grder to verify that the seeker is |ocked-on to the correct target, the
pilot then flies the aircraft in such a manner that the direction of a line
of sight fromthe pilot to the target remains substantially constant in a

(rame of | ref AR AG0 ML hORASE Alked B bGSUS I RRG per T 00, 11

other words, the pilot flies the aircrait s arg Bars to

remain still pagdfe,cockpit 15 wi ndow (canopy). Thus, in this case, the
pilot turns the aﬁ}rﬁcﬁ)g J'fﬁ?to the right 40c so as to briefly maintain the

inclination angle.of the.seeker substantially constant at e2. as the
target advances t(ﬁ’ﬁfB‘?’aN"f ﬂﬁ@g“d”ﬂﬁ'bﬁ wilhBkctien updargoedwyithapfrramse tmal
representation, the pilot also conpensates for any variations in the.

ori entation afifEabE Cxpageated esempleilusiatpdaini Figurarfi. (Thisoshpensemadierithe second
20 indication, .thereby -confirmng to:-the pilot that the target being

tracked ..o oorfrsspsitts 40 when 4 argatis af 2 ifinitgositibn 408, BY eamahpye, the
second indication is generated when the rate of angular notion of seeker

36 falls bel circefighasasachad wosifion 46b,PhedabENeE BRHLOositial 475 J90E,2005 The
choi ce of paraneters used to define these conditions may vary corisi derably,

but shoul d sag; ) it s for st th aranmet.er.s should be :
ik %fe}’zo@,"‘ﬂ%ect?]%tgfe i V\ﬁ:@?{ﬁd ib'g li]%: ﬁlio{,.an% ) ylcnm)sgﬂe SPE oar y* t han

sufficient to define a s ican
the great Or it f et.s; and secondly, the degree of steadiness
required ton?g}? nc@%\ﬁ%ﬁ%{ gehtaAge weRlh thriinslination 3ngleabref dhesseskorul d be

within The capabilities of -npbst pilots; even under conditions of stress.
In a pref er r €eerigapireméh abposition 40ado 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
'é'ngular motion of seeker 36 falls below a given value for a predefined period. '
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gi ven value of the rate of angular notion isno nbre than about 5 per

second, and preferably between about 2 and about 4 per second. Thgyune 2005
predefined period is preferably no nore than a second, and preferatl)jly

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 |locked-on to a very distant target. Optionally, such a
verification.gan.be avoided b t he second i ndi cati on when flight

| ti onrgan,be ay Vs dis2 20l 18 i
i nformati on Made" &K PApPEXPEFhdsedi ©sidelng hibgtrg ronfkioh Ay dvamif or mat i on
net wor k i-ndi cat es gpaimt he aircraft is 15 on_a straight |evel course.
Preferably, FIE95REeRrhthoyikertislt Bt sendititmsofisilyniie qardnonters sheulgr ovi ded
as readily distinguishable audible signals which are provided to the pil ot
t hr ough connkeksufBerentdo deuun dtatserhivhlis sigsificantkynmore stationgrydikan ther ni ng now
to extrapol ated performance limtation evaluation check 20 28, this

provi des congrealumajority nif odr etk 2 seegibyitoddehe citdatinssOkqdiral ®Ihll € 1O
reach the target, even after the target has |left the radar field-of-view

As nent i gnedwiinltherangd Befired yoNe phanesd %H]d’@e! LAt BECLALIRRE Gr

limtation checks by evaluating performance limtation criteria relating to

the 21 . 7 -12Q0 11k he..m ssile to reach, a gjven farget when
a given tar gré%w?flég’ ‘\%le{l%?%éﬂt &éd](r?%agf)ﬁtfeésﬁ ngﬂn\alfi% i H’g?ggtépf’?’éﬁ? aga're

typically conplicate al cul ations enppl.oying range-derived data including
the range ofgq{)‘?i’ev U Yd ‘?m?‘?l@? RPN 180 &eqrE dbangaborb b Bt segondhe t ar get
relativeto the aircraft, and the acceleration 5 vector of the target. This
data is ref&pfauciembly betvicge-abevt Yedndiabart 47 poesdcond.sThalerédeBoed at | east
in part, fromrange information provided by the radar system

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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Thi's range-derived data is supplenented by data from other aircraft systerns
relating to the airspeed and angle of attack of the aircraft. BasedyHe®005
this data, together with previously stored data defining the performance
capabilities of 10 the missile, the various criteria provide a highly
reliable overall prediction of - the capability of the mssile to reach the
target. Details of these calculations are known in the art and will not be

di scussed her.g:- ' . [ f eat ur f nmode 28 that eyval yation of

t hese perfor nagnnhctgtof le%rrﬁsgfelr II(())nrgécgrh ?E{ &Y F%Eaé%e £ r?ﬁé’sg'm’rﬁafgﬁpgesp‘gpﬁ%gﬁ%ubsequent
to the given target, . .l eaving the radar fi.el d-of-view by using

appr oxi mat e fg%éeﬁalgfcfjjis?éﬁv'dgﬁ‘ﬁgedéf’f%d sy Wty SPEPeHed rGiFuleRBe- der i ved
data provided previously by the radar system Various nodels may be used
for extrapol &Ry RGENEEdgaveedaty inslufingithe rapge efathe itorgptatheyspeeddmt r ed nodel
i's based upon a constant target speed 20 assunption. Wile a target is

Wi t hi n t he r alifgetidn ef thotibn of dbe targed relaties tatigetirors, onidt he cacelbetider i ved
fromrelative velocity information in conmbination with information from

the aircraft vettogbf iteyisigenshiegan di Rgerfdtbioad Manad-Her Rl dYsindent @l nost al |
cases, it is reasonable to assune that the speed of a target wll not 22 7

June 2005 v aeived @ichitGaBhity rOMGand: ARSIAHoP brotRickGyAe et dygahionds. Thi s

assunption, toget her with tracking directio nfornmati on provided by seeker
uf 1 ci ont t 4 FHE-SELRY Bt B SRRl PRal R BRHE drom Mhor T PCR oo der | vel
Sata for theF zit%%r}agéae;aggi)ggdp;&?@g%fo%%gr%\é\@i p? gyglslégti onﬂgog{%; nues based
pon extrapo Y2 2 2BCBE- apseH @Rse Uh ¢aa,seconds,
and is preferably no nore than o :
together with previously stored data defining the performance 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 with
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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twenty seconds- TT extéended sighiticantly beyond twenty seconds,;  The
extrapol ated data will in many cases differ significantly fromthe jigrd 2005
val ues such that the eval uation becones unreliable 10 Here too, it 1s a
preferred feature of the present invention that the evaluation of the
performance lI'imtation criteria is perfornmed, at |east during the period
when the target is outside the radar field-of-view, by processing system
38 located withi n.thfe m.ssile. G ven_that processing system 38 is thus
progranmed t ovBESESHIRAPE S8etca peird of BRdo agm 2y sicordsi Jihis- asginptéoni t hin t he
15 radar field-of-view may advantageously al so be perfornmed using

processi ng siBetBeh Bgh tragkingdizection tfermypioefpeovidell by sdeltee3®nd digcrpt esent

i nvention, applicable even in the context of an otherw se conventi onal

radar - based svyedtcain ihfurmetiad frati thg flighsSisteens)es LovamMRC utibidhi At Ay Criteri a,
that a further distinct audible indication 20 to the pilot is selectively

gener at ed depﬁmhefglfu].@ﬂ@ﬁb]aﬂ@&#ﬁa!i%%xﬁifed%?ge%égﬂv% 4Q%0r thd Biven BYgLD! €

i ndi cation may al toget her replace the visual display of CTonventional

RPN Bt LR DR

preferred i npl ementations enpl oyl ng node e audrble “FZ3™" == oo -
e o 5 indicati is prqovided both for targets within
and beyond tﬁ%p fr%g%gbrlgg '{Q%ﬁea-t% e\7&5@\??%’T’ﬁée§§’gs’(ﬁ“ddﬁpﬁfﬁ?%1%miTﬁ’éﬁedja%q on nekes
the performance limtation check information readily and intuitively

avai | abl e t o 'WHHY ppeespdsan{li exiendsdyi signifieaptly uberands Sweptybseabeds, othehi s

attention such as results frominterpretation of a 5 dedicated visual
di spl ay. extrapolated data will in many cases 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
i 2010 ,,ths_?.,Pil,ot,.,i.s__,s‘e._,l;?:sz.timly.‘ generated dependent upon, results. of the evaluation.. . j
- This audible indication may altogether replace the visnal display of
conventional systems, or may be provided as a supplement thereto. In the

" context of preferred implementations employing mode 28, the audible -
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The audi bl e indication may be a negative warning (a buzzer or the rike)
i.ndi cative of a tracked target |ying outside the effective range 70U 2005
m ssile, ~or .nmay be a supplenmentary positive indication acconpanyi ng €.
basic "currently tracking" signal to indicate that the tracked target is
wi thin range. During 10 periods that the target-is wthin-the radar

field-of-view, this audible indication is preferably additionally
k, of correlation between the mssile

i ndi cative of. the.presenc. r.lack, 3

tracking dir €@ty %h&a’ﬁcprf)wgéq ?’ﬂ'@%f Targgks o wihip pndrieypadithe raggs figldrafo ¢ he
target. Turning finally to tracking angl e exceedance check 30, this

provi des one ¥ ‘-Jg?‘i s ©4 1 pprible apdigeiiananglies e pafarmeneiimitejonothetthe i ssil e
to reach the target even in cases where insufficient information is

avai | abl e forinferpation redily enduimeitiveiymitagitblerio atialpilat ixdile abbidingragle i s
preferably invoked when node 28 is termnated at the end of a predefined
period, or whenegessapy buidennrkislatiettidmsich asaxshitsalbf feGPredtiohdr 4 ar get's
found by search node 22 which have not entered 20 the radar field-of-view

The probl em addiees oRuiidplaycKi Nng angl e exceedance check 30 nay be _
understood with reference tdo Figure 7. Here there is shown an aircraft 44

carrying a mssil t tr.acking a,target 48. Al so
illustrated are gﬁé@]djﬂ%gmé%ggﬁ%a\%o%s%é%’éﬁ%w TiHRg (4 ?‘f)%gr?ﬁt%f’ &k ssil e
desi gnat ed 46’ .a?d 4E" V‘@éeﬁh correspond.to the maxi mum possible turn of the
missile- It wWHAtEEohgfragkediarest IYF’&O‘J«%%?’%@? effeetesiangs plethpinyssilecordoes not
begin to turn until it has traveled straight ahead sufficiently to

di st ance it sER¥ berowpRlementamt positiveTihdisaticacaccompaytimethehagict tutrdialy

significant response tine taken to actuate the nissile propul sion:
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
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system and | aunch the mssile, typically restultsin a delay of closSe T0 a

second between the fire command and the mssile starting to tu”YJffhé‘ZOOS

result of this delay, although target 48 lies within the range and

ki nematic capabilities of mssile 46, the mssile 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
to _he.l In . order to provide a

field-of-vie C i he ..tar .l 0St . [
war ni ng of |iKel 38?%'& 3% FOgTE™ g)eﬁ fhgcW?fb]eaaﬁl'?é’ateéxégeéaﬁc »’ twiichingl e of
inclination of seeker 36 is processed while the seeker 15 is tracking the
target to derfAPESEenAde dheymay Bo%510l% fEn o deeoméssile. e Wil deiretedathatpn

of f-boresight tracking angle Iimtation paranmeter is then evaluated as a
function of btsafebhecasengl eheommissiie | dosatrobrbegindtot tuen natié iohacvanged | f t he
of f-boresight tracking angle Iimtation paraneter falls outside a
predefined reatgmht ahead acflicrgtly andgsenexitetfitna @i @ng. This BeNeRlied. 20 A
sinple preferred inplenentation of this node may be better “understood with

reference % o ilguke s@nifitBhtSrc@pARP tirhé Uskdnak i of turn of
smifi Te@pHRe 1 natP Scthhie ntg@;ﬁhggff% ﬁélgéﬁen

the mssile as a function of time after firing, a pondi ng
o aph, & nunbar e areh tedBioSs UGSl el ek edenend by a
change 0 Targerar 8 6 %aBara 0l e R Y PE @y to the limit of the
ot X L LR R UL ML LR A
f: re; ggof -v?regvebef ore the ’ : .
kinematic capabilities of missile 46, the missile will fail to reach the target 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
IS5 is 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
understond with reference 10 Figore . Ihis graph lustrates the maximm

- 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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mssile can turn, therefore giving rise tTo a tracking anglre exceedance
signal. Target 56, despite its considerable rate of increase inaJYrme 2005
seen to ‘be currently still within the tracking limtations.

Mat hematically, this linear extrapolation calculation is equivalent to 10
eval uating an of f-boresight tracking angle limtation paraneter P according
toa relation P= B+tut3 where t, is a predefined neasure of tinme taken
after firing forgat nm ssile,to begin tur The _t.r ack] angl e
exceedance si gnal OPQE? REAC g@aé’kef’eﬁugg’ef@%q%%gtégsq’ mﬁf’chngg’regFg%’t er than
Omax While this calculation is _generally sufficient in cases of |evel
flight, it ideprassnisd g?@r%w qfﬁgpﬂewébtws@r@a@%s@w cpaEePORdivE do diegni f i cant
angle of attack to account for the tendency of the missile to align itself
Wi th the air site efichangendedasieal 30 afd 52, degsiteaheir pROXEHEN t BB GE0it bhet r acki ng
angle limtation paraneter is evaluated asymmetrically taking into

consi der at i Ofetd\6F-AAG) e BbthFridGkd 8'Emadi WRBRAH: BERVAIAREw Rief RBngi reraft

flight systens. Specifically, the maxi mum 20 permtted tracki ng angle
beyond the anrgle: 8 Athag , 3 Lhes-the current angle
of attack. In +g§t er’a?? h?rglg{r?%nrég?s% ga%gﬁ%g g%fhgenﬁ%}g%?iﬁéé’f’ e&) eeg].e_ 26 7 June
2005.  Here tQo erred feature of .the present invention that

eral ‘ .
the off bor eZPGHE IC%"F I&‘fﬂ%’? wglreg?{ﬁlgé‘”@%cf’é%d%ﬁctéa%ﬁ’egcw % epEEATICHeEsY

processi ng s%stem 38 located within the mssile. . Once again, the
tracki ng angilergeiébedrapida itsj gnsiderblepiater of srgpasgdmemgleeds sBemado &n el ectric
signal corresponding to a distinctive audio output. In this context, it

shoul d be notwtkntipaiill withimthe irecksngladithfiensi ndi cati ons provi ded by nodes 26,
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 bggin 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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28 and 30 need not necessarily all be distinct. By way of exanpl€, T n many
cases it may be preferred to conbine all available indications of7 {fagjme 2005
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

t he shoot cue is only sounded if the conventional performance |inmtation
criteria evaluation 16 indicates that the mssile is capable of reaching
the target and, ingaddition, I [ criteri.on indicates that there
is correl ation bef vveeﬁiof hggr%}gg{eﬁg& - Jrhgr%kol(%ﬁlée errs%rgtlw)er‘i’t’&ﬂdﬁ?tﬁge ozt

| i ne-of -sight, fr the .radar. systemto.the target. |f 15 the target |eaves
the radar fief &3 -t\;]iagk\ﬂlf)gtaﬂ%]eé’ﬁﬁeﬁ NG EETNE REHOpPYHb @EPSSSSindRFtenas t he

nce limtation criteria 28 are satisfied. In

extrapol ated perfor ]

ci rcunst ances?%lh%ﬁﬁ@“é%mﬁﬁ?-at ed performance limtation criteria 28 are
not available, the shoot cue tone is no |onger generated. Nevertheless,
the absence of aCQnee agairy thomekingomglarxceadands signadisgirefeentde gelrpael check 30
indicates to the 20 P'?!.." at the maxi mumtracking angle of the mssile

will not He eweselteticsgiheoraspasiingetol Sdintite niRfle ofipRTh AGs Phhely S poi nt
of view, this inplenentation provides seamn ess continuity between the

differ ent modeshound béhdted B HetdrRhk AGaibR IndictRS 700Ted b Sk 95, Lhe best

avai labl e indication of the ability of the ms to rea ‘ar get .
afire-

According to r [ atur.e,.of present inyention, -
di sabl e devi ng g ﬁo:%mg%g% n(rergeégaﬁlfga}é:)ﬁeo{g)gﬂ]cﬁ'gﬁ%rwé’\ye?f?e’iaﬂuﬁ%ﬁnd?aﬁyhe rissile
5 when one or_nore of. the rrr%%es pr%vi de an _indication that the mssile wll
fail to readht Hd"PaPYBE AR Ppbine alkpesilpble dpdisativas 96 teaiabilien oft he
audi bl e indication_from

: 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  ihe 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 be 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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verification node 26 al so need not be distinct fromall other tones. For
exanpl e, when verification node 26 is intended only to be enpl oy aggms
10 target. i s acquired through the "vertical node" inplenentation o’{"

mode 22," the performance limtation criteria indications of nodes 16 and

28 will -|nherently not be avail able. Accordingly, the sanme audible
i ndication (tone) nay be used for both. The fact that the tone starts and ’
stops according to the |ine-of-sight freeze observed by the pilot is

sufficient tdhapdeidhabysteontiabld trdication pf thei dbilith @f appméssilat@deathalie t he above
descriptions are intended only to serve as exanples, and that many ot her
enbodi nent s asmgepossi ble within the spirit and the scope of the present .
invention as defined by the appended clainms. 28 7 June 2005 WHAT IS

CLAIMED IS |. A petdhegglion ﬁﬂﬁéﬁ&]ﬂti’%ﬁalaﬁaﬁh&r &f ﬂh@g)gé%emai'n{'eﬁtfbnah g0 Ssile
carried by an aircraft “f I own by a |l ot, the m Ssile having a seeker

operative to &iaﬁfékde@met(%tg_lﬁ:%}[mz\ﬁrﬁxrfﬁl%(ﬂg)g@g qp'i:»i’e%’e lauécq’x) of th@r Oi\s/sll I ng a

first indication to the i'ng et and

(b) providin ndigation to t rate of ul ar

noti on of %t h%’@ge%g%{g’ (A 8* @SI’B#ﬁpﬁ?w% TB’&'P{?@“‘?%& q’ﬁrrﬁ’d@‘ﬂ‘i@ﬁﬁqperi od. 2.
Thé met hod of cl 1, wherein said first indication and said second

i ndi cation art%ref‘gb@ﬂ%?g?fi stingui shabl e audi'ble signals. 3. A nethod for
operating a short_range, air-to-air mssile carried by- an aircraft flown
by a pilot, the nfisaiy, eit heheithl alﬁosb@mﬂh@]ﬂﬁl@ﬂr adtiible indiakom from :

verification mode 26 also need not be distinct from all other tomes. For
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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target, the nmethod conprising: (a) providing a signaling unit associated
with the mssile and configured to provide a first indication t g%é)gqﬁ5
when 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 below a given
val ue for a predefined period; and (b) while the seeker is tracking a

target visible to the pilot, flying the aircraft in such a manner that the

direction of mﬁﬁ@bﬁﬂ/ Hyd.rom 29 7 June 2005 the pilot to the target
remai ns substantially constant in a frane of reference noving with the

aircraft for said predefined period, thereby causing said signaling unit

to generate said gecond mdthsh g@bbgg};n(%da shb€rafigd ngoggirﬁjsgj . aﬁied‘é{%}fr ein said

first indication and said second indication are readily distin shabl e

audi bl e si gnailnsaiggaf; ’?lglﬁjﬂg%)% a{pﬁiﬂ@%e @i#s?lg %h?ffg]%iag%e%g%rl (?%egra Q’QS‘PC,{%%P ed by an

aircraft flown e mssile co dd seeker

configured tq tragk a target:.(b) a processing systemincluding at |east
one processoﬁ?rggglfh(f m%b%‘i@‘?q‘%’%ystem bei ng configured to provide a first

indication to ”,lf pilot when the seeker is tracking a target; wherein-said
processi ng syst enfds - fRIPYIAEE adupiripdigetion to shamilel wdien shesssekands tradkitigcat i on t o
the pilot when a rate of angular notion of the seeker falls below a given
val ue for a predefined ‘pegei; oud

(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

period.

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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6. The mssile of claim5, wherein said first and second indications are
provided by generating corresponding readily distinguishabl e audipljgne Q05
signals.* 7. A short range, air-to-air mssile to be carried by an aircra
flomm by a pilot, the mssile conprising: 30 7 June 2005 (a) a ginbal ed
seeker configured to track a target, said ginbaled seeker having a -
direction of regard defined by an angle of inclination O froma predefined

boresi ght direction ang _an rientation anal.e,t asuyed. abput ap axi s
corresponding to said B rI;H (e)gsﬁ)gth%?aéﬁté%?f’"gﬁ,gub§§i”§alg’ﬁ§(fné{38€mi ah@?’i"ﬁ&? ion O
being limted by a predefined maxi mﬁmgle % ,, -.and gb) a processing
system i ncl uding at | eX§eRfGeMPYIgE LUy the, 2ugafiatos paid predetingdipaiodker . sai d
processi ng system being configured to: (i) process said angle of
inclination while sai dgxﬁ@ékeffaumgg Wbcsmaén& udl dretgeneratte sidesezondit e of
change of said angle of inclination 9, (ii) evaluate an off-boresight
tracking angl e |intatindivatigar aneter as a function of both said angle of
inclination and said rate of change, and (iii) generating a tracking angle
exceedance signal when said off-boresight tracking angle limtation
paranmeter falls outside a predefined range. 8. The mssile of claim7,
wher ei n sai d procéssi nbhesystheth dfsclaim 3, wherein said first indication and 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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configured to evaluate said off-boresight tracking angle Iimtation

paraneter.-P- a ccording to a relation P= O+tt9B where to is a prepgur{@(%)os
measure of time taken after firing for the mssile to begin to turn, an
wherein said processing 31 7 June 2005 systemis configured to generate
sai d tracki ng angl e exceedance signal when P is greater than Bmax. 9. The
mssile of claim?7, wherein said processing systemis configured to

generate said tragki ng anal xceedance signal gs an electric . signal’
corresponding to gl'bdi s ﬁﬂ’g‘fa%igsegg?ﬁ 80'3%"6?5??0 fack A targshisapdigiabaled -t o- ai r
mssile to be carried by an aircraft flown by a pilot, the mssile
conprising: (a) a gi nt?ﬁ%/]i?&]r}?é@ge? digsrting of mgaek delipedoby ragandedef i ned by
an angle of inclination O froma predefined boresight direction and an
orientation angle cp rediatiod Glfound anprddifedobsredginndiragiono and aind

boresi ght direction; and (b) a processing systemincluding at |east one

processor associated ofehitiSinthls %%K@Jsure%%bgut%%?sséfn%%éo}}‘lﬁatvetﬁ‘s%i ng

configured: (i) to selectively actuate said seeker to ort’m_ a scanning
Co a range of orientatiEn MhGFELORSRANHIE oF Golioeh CHammBmgs Phoyer | ng. a
range of inclination angles spanning no.less than 30, and (ii) when a
target is found, to c&irslefizel Wadmakemgoti.,ack the target.
. (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

) :_trake_n after firing for the missile to begin to turn, and wherein said processing .

31



32 7 June 2005 11. The mssile of "¢taim I0, wherernm sard scanmng-search—

pattern covers a range of inclination angles spanning no less th
The mssile of claim 10, wherein said angle of inclination O is ailnl"hrniﬁeeﬁgs
a predefined nmaxi mum angl e nax, said scanning search pattern covering a
range of inclination angles extendi ng substantially up to said predefined
maxi mum angle 0 ,,x. 13. The mssile of claim 10, wherein said scanning
search pattern is  confined to a range of orientation angles spanning no
more than 10.5YiM ¥Renfiguesd togepsrate) saichiracking nglceiiseslanet sgaainvheg Rear ch
pattern is confined to a range of orientation angles spanning between 5
and 10. 15. Thereatesthah@,ef claim 10, further conprising attachment features
configured to define an orientation of attachnent of the mssile to an
aircraft such that, when attached to an aircraft, a given value of seeker
orientation angle q corresponds to a "vertical" direction in an aircraft
frame of referenc®, iher pissils 20fd choanij ndesdarsail paddeasing isysteanfd ned to a
range of orientation angles of Ty 5. 16. A nethod for operating a short

range, air-t configured ssigkergtarsajdettadiing ahgiei dxetcbhcd SigWn Y a8 cRich L, the
m ssile including a ginbal ed seeker having a direction of regard defined

by an angl e efgnbnelkfRhiRg 19 UamdhRfehigd 33 7 June 2005 boresi ght
direction and an orientatron angle rp neasured about an axis correspondi ng

to the boresight direction, the nmethod conprising:

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

() when a target is found, to cause said secker fo frack the

target.
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(a) causing said seeker to performa scanning search pattern for a target, "
sai d scanni ng search pattern being confined to a range of ori ental) fie 005
angl es spanning no nore than 20 and covering a range of inclination angles
spanning no | ess than 30, and (b) when a target is found, causing said
seeker to track the target. 17.. The nethod of claim 16, wherein said

scanni ng search pattern covers a range of inclination angles spanning no

| ess than 50. 18. ,The t hod..of cl.aim 16, . wherein said angle of inclination
Ois linmted to alTior eﬁef fnﬁsesgeﬁgx?}??ﬁ}nléhgpgeﬁ ,Sef“?l,s?an?éﬁgds%aé Atfg search
pattern coverin% a ranqe f i.nclination _ankles extending substantially up
to said pred@Fiéd2HEnd 21yl anedss sponningeo fest e 5B clai m 16, wherein
sai'd scanning search pattern is confined to a range of orientation angles
spanning no nore than 10. 20. The nethod of claim 16, wherein said scanning
search pattern is__confjned to ange of orientation angles spanning
between 5 and 10. 134 7IPAMR S%chi’a??_mfﬁ@eﬁé{’ﬁ@é Pelecphinslingionfids ei n said
scanni ng search pattern is confined to a range of orientation angles of q
5" where ~pv lovitedebpenpisdtfined meentunt ahgldi .66 tseinsdanningeseaichCpafeln f r ame of
reference. 22. A nethod for operating a short range, air-to-air mssile
carried by apvering hafahgd loPWackAatidn Pirdels, etiBR1iNE SEbdtsht aﬂ?'#&ﬂ!t& afy 91 moal ed

seeker having a irection of regard defined by an angle of inclination 8

froma predef] i.ah i pection and an orientation angle tp neasured
about an axi ré]%@??%@%%ﬁ’é’%n%ng?%b’ﬁﬁe boresight direction, the angle of

i nclination 8 being

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 including a gimba]ed seeker having a
_direction of regard defined by an -apgle of inclination @ from a predefined
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limted by a predefined maxi num angle 6,,,x, the nethod conprising: (a)
processing the angle of inclination while the seeker is tracki ng7aJy %505
to derive a rate of change of the angle of inclination 9; (b) evaluating an
of f-boresight tracking angle limtation paraneter as a function of both
said angle of inclination and said rate of change; and (c) generating a
tracki ng angl e exceedance signal when said off- boresight tracking angle
limtation pg}r amaherd.fall S outside a predefined range. 23. The nethod of
clai m 22, whéPEP B G Imeehan 284 3 orispistion angbr as sheagurednabay adiakjsng ar e
performed, by a processing systemlocated within the mssile. 35 7 June
2005 24. | ncemesaprdipgifotibe bonesighiglimciom the MmeMoe copfisih®- ai r m ssile having
a seeker configured to track a target within a mssile field-of-view, the
aircraft includi(a acsasiarsaky sée®? WbeHomt QW - Y% dat a
relating to targets wthin a radar flbel d-of-&%%%ﬁqﬁeggﬁﬁﬁﬁg{ He nissile
field-of-view, a nmethegododhjd &uahHall g@@ r-the mssile will be
effective in reachi ngaggtarget C&ﬂ%t’s}a@?}h %Tﬁgje?tgecﬁgﬁﬂ?qﬂo(ﬁ)m%ﬁﬁfng a first
period when a given tat ol €8, Wi thin the radar.  field-of-view, evaluating
at |east one perfor rragl?:%ﬁnlol'rﬁ %na%g(fsoSrPa“ﬁlPEt’é"r e Hanaglngnd soveringapi ity of
the mssile to reach the gji.ven target, the performance limtation
criterion being eval UAPEHOUBFINGtioR ARElpniRganing npesd theat®®°fand t he gi ven
target; 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

e CoOnBned-to-a iaﬁgé ‘of orientation ang]es spannlng between 50 and] Oo IR L
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(b) during a second period subsequent to the given target |eaving the

radar field-of-view evaluating the performance |imtation cri tqu%élgm%
approxi nat e range-derived data for the given target, said approxinmate
range-derived data being derived by. extrapolation fromrange-derived data
provi ded by the radar systemduring the first period. 25. The method of
claim 24, wherein said approxi mate range-derived data is derived by

extrapol ati on bas u ' that.a speed of the iven target
derived fromr ada?g'mgg%m@%ﬁg Z’ygﬁﬁl ﬁg’ gkﬁ?rgfn[ %ar“Pfﬁ?PP’l"&r?e?th tpgtée‘?f‘i’? st
period remai ns,.fonst ant . 36.7 .June 200 26. The nethod of claim 24,
wher ei n sai d YBEBHGCLPPEY Of grichitatjoganglesiof dp.detotbrre 92 Porraipendsetotmd of
claim 24, wherein said second period is |less than twenty seconds. 28. The
net hod of cl aieHicahdiregHes &1 the plerafidrehorofasfeeence.ni tation criterion is
additionally evaluated using target direction information related to 'a
direction fromthe aircraft to the given target, wherein said target
direction infor ion is derived, at |east during said second period, from
tracki ng i nfor maff-on ‘pPEthodder enerating anhowitpeges eeitenir raissileMagiatdiyhod of
claim 24, wherein said evaluating is perforned, at |east during said
second peri o@ abyraf fhroe by simiptshs remiledodbéidg\w gihibaletineckemihasink @ 30. The
met hod of claim 24, further conprising selectively

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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generating, dependent upon results of evaluating said at |east one

performance limtation criterion, an audible indication audible7dyn
of the aircraft. 37 ABSTRACT OF THE DI SCLOSURE METHCD FOR OPERATI NG AN

Al R-TO-AlR M SSI LE AND CORRESPONDI NG M SSI LE W TH AUTONOMOUS OR

SEM - AUTONOMOUS MODES A nethod for operating a short range, air-to-air
m ssile caned by an aircraft flown by a pilot.

The m ssile includes a

@2005

seeker operative 9 tnack Archa gﬁ{,ym%'(rg%hog%};@d SO0 SESiPRNVLGINg a fi r st

indication to the pilot when the see

I's tracklng a target rov1d|ng a

second .i ndi catdiep cbfiduif R tgéra( a"‘@:? d%f i ngssﬂae gé’]ldaolr;_fl &w Qa;or]:.:raﬂt he seeker

falls bel ow a gi ven v“a lue

I ned peri

including a radar system which provides range-derived data relating to targets

within a radar field-of-view smaller than the missile field-of-view, a method for

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

the steps of:

(a)

®

25.

data is derived by extrapo]at:on based upon an assumpt;on that a speed of the

during 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

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.

The method of claim 24, wherein said approximate range-derived

' gwen target denved from radar measuicments durmg a latter pomon of the f rst"" R

period remains constant.
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26.  The method of claim 24, wherein said second period is at least

five seconds.

27. The method of claim 24, wherein said second period is less than

twenty seconds.

28.  The method of claim 24, wherein the performance limitation
diterion is additionally evaluated using target direction information related o 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 resuits of evaluating said at least one performance

limitation criterion, an audible indication audible to a pilot of the aircraft.
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