; e3ewt R646] TMZ 3 Method for Aircraft Position Prediction Based On Aircraft
Characteristics 5 Field of the Invention 10 This invention relates to a

met hod for aircraft position prediction based on aircraft char ISt

and refers particularly, though not exclusively, to such a mt@ﬂmm@m Nﬂl’ﬂm
predi ction and nonitoring of aircraft positions for collision .

. Background to the Invention Many systens that provide warnings for1pegsi bl e
md-air collisions of aircraft use extrapolation of previous the aircraft
flight vectors, and attenpt to evaluate the 15 di stance bet vveﬂmmmm H
"aircraft based on futuri stMethoddot Alrczaft FositiandPredictioral aircraft ’mm ummmm
profile is predictable so tBasedfincAirgraft Gharacterisficas is relatively spgll.
This is not the case for high nmanoeuvrability aircraft such as for exanple,
fighter jets and training aircraft where the Gforce capabilities are nore
than 3G and to 9G Extrapolation for such aircraft gives many
fal se al ar%ﬁé@gﬁﬁwmﬁaﬂom | i near extrapolation is used. Errors in
extrapol ation are sufficiently large thereby creating high false alarm
rates. This iThid inentiangelptes & a methed fop airgraft posdion: predigtioni based oncRiicta® of ten with

fatal result sghalabtedtiePandgeds phicitsr§ dheighMotexchigivend tcesudh b inetiREfemeous t hus
giving pilots a_fal se sen of the Invention In one

1. se of .securi.ty. 25 Summar
aspect of thep'?q'ﬁ"%?’?dd?f’"ftﬂwpé}?'?’%PS?)E'%&&"ﬁollf?@PWSHquOr predicting a future
position mf an aircraft by (a) nonitoring nanoeuvres of the aircraft; 30
(b) anal yzi ngBackground torthé inveationt ' s control inputs; (c) using known
characteristics of the aircraft; and (d) using (a), (b) and (c) to predict
future pilot control i nguts. 0 %r‘.edifct th‘ﬁl future |1oosi t'}gpc.raﬂsgasePr ef erably,
the pilot corlfi3wsysiemsihet RIPAdeaPINgSIar BASPIRYG AT FOIYBRhY &l r'craft dat a:
aircraft posiexraplatien ofcpreficus\the eirérafl fightoteotors, and stitenfrt taevdluataiteangl es, 2

ai reraft 1ol |k ake pefeb il fvotHteAn 268 &1 AkireRt JedfrOT For@snrdraiar af t angl e
of attack. 5(1_n stepggé% fﬁurrent |Iot m@uégaﬂma al so |be psisnurred; and in
step (b) cur raFER He t'&‘fisé’%‘adf?é%eaﬁ%'be'ﬁ hEsE ALY CRBPY SPPht erabl y, the
ai rcraft thr URis i§ hotahe tasa dorthighi marioewvrabilityeairgtalt sngh arafpr sxampleh 8ty noni t or ed.

Monitoring, ggabyfidingidraR WhtheGhd EllorB@YaphSiities afeGAdre tHafBG, dntecani I Cr af t

be up to 9G. Extrapolation for such aircraft gives many false alarms, even if non-

20 linear extrapolation is used. Errors in extrapolation are sufficiently large thereby
creating high false alarm rates. This influences pilots not to trust such warnings,
quite often with fatal results. It also leads to predictions that are quite erroneous - -

thus giving pilots a false sense of security.
25  Summary of the Invention

' ) In one aspect of the invention there is provided a method for predicting a future
- position of an aircraft by
(a) monitoring manoeuvres of the aircraft;
30 (b) analyzing the aircraft pilot's control inputs;
(c) using known characteristics of the aircraft, and
(d) using (a), (b) and (c) to predict future pilot control inputs to predict the
future position.

35  Preferably, the pilot control inputs are analyzed using the following aircraft data:
aircraft position,
aircraft velocity vector,
aircraft attitude angles,



thrust,my be anal yzed to determ ned the nanoeuvring and accel eration
limts. The aircraft's perfornmed nanoeuvres nmay be anal yzed over the
manoeuvres available for aircraft of that type to be able to gain an

i ndi cati on of the perfornmance charactefistics of the pilot. IS The results
of the analysis of the aircraft's perfornmed nmanoeuvres nmay be conpared wth
.a heuristic pilot control table to determ ne in which phase of flight the
aircraft is in at that tine. A set of predicted future pilot controls my
be created and fed into a six degrees of freedom sinulation software to
‘give as a resairdraftrol@tepr edi cted future aircraft flight path. The set of
predicted future pilot controls may be created by conbining a result of the
conparison with the heuristic pilot control table with the analysis of the
aircraft thr uﬁ!qrafﬁp'i"@ﬁceéﬁﬂ'°5‘/fiﬁ£ﬁéf' s can be continuously measured) and rate
of change of @pdétt angle@dbatieick.craft velocity, angle of attack and turn
acceleratign factor may be determned by filtering their continuously
supplied values. The future position of the aircraft may be used for

col | i si on avoindsierc@) eyment pilat intts mayalse bey agsymed;rapd 'wtem(bicwtﬁnt pilof aspect of
the inventi on)ac{igge,qagaisgbpaagmd. a conputer usable medium conprising a
conputer program code that is configured to cause a processor to perform

t he net hod descri bed above. In a final aspect of the invention there is
provi ded a syMomnpreferablyr thei aitciaftgtheust (1e.ulopgitvding) casceleratipnd Mmayralsd P&raft, the

system conpri fofihred %onﬁorﬁuﬁ%‘rﬁﬁﬁﬁé ahdpredi@oR imdy e iNFIAl tirRe.i TG airerarit s f or
moni t ori ng manoeuvres of the

e ircraft: 3 (b) the 0CES ei ving
anal ysi s i nputh&ust Bpy %%ﬂaﬂyi‘?drf@gftﬁ@"%ﬁtf’%?‘ﬁ?qeu%lr%gpd gcc@%ﬁ?nolﬁﬂ{shgﬁ s; (c) a
mgnory f or St aifdrafts perfonwed ienoeuvtes miaytiecmalptedtdver thé mencelvres ayallaliel) t he
processor bei pg foLs 4 !g tiﬂéeto”W!aBlQrtb i B Wdicatidnn8f thedpeModtidnge | Nput s and
t he known characteristics to predict future pilot control inputs to predict
the future posharactanstics afthgplot-{i nal formthe pilot control inputs nmay be
anal yzed gkong with aircraft data consisting of: aircraft position,
aircraft vel ogyl yo XRChPlne Q‘litjdiﬁ'.rsagft 8! djiclddepeBfhedS mahdbuies Ghaf ber Ol | rate,
aircraft turn accelera ion factor, and alrcraft apgle of att l% There may
al so be provi eeePaRSMit F bauristis et sontr) tabfecto deteprping l"qf'}ﬁhﬁ'f”?e 3@@9 4 |
noni toring, amelayeram ireatthaptiresli A setohpreisted Biturapilobeantrols may be gedtaer e may be
further incl ugr?agfeg.irﬁgtaaﬁﬁgé:?r{e%gf FbédohPLifhuBfiont ARwH8TE givid RS ARsiiing ai rcraft,

the aircraft's position a he nmanqeuvr es Performed blé t he |ai rcraft being

moni t or ed 28v epregirtad fulyie ascsafblight @athy ThRseY I Predicted;future R o0ROIS FRY 5 craf t

thrust may bepéabehted 6@ cimbirde) £resulhef thdrepnariarignnafith thenheussticrpdetchontral o 20

perform each %Q%H\{r(eeana,'ym‘_g?fqﬂeré;rggmﬁﬁstperfor med manoeuvres may be anal yzed
a

over the manoeuvres aval e for aircraft of that type to be able to gain
an indication of the perfornmance characteristics of the pilot. There nay be
further incl ugmgh ahdlyew kdtés dap bpicbriinuasiytmieakurd lahe rate dfehangeidf eachoff t he 25

anal yst S 9b ! Bfrd defde. bndle ASHEY 418 A7 BRRINER BoBEATLC QBRI b L1 | e

hguristic™pil ot _ ' to determne In I ch phase of flight the
aircraft is i fitesipg thpingontinyopsly supgliad vales,r edi cted future pilot controls nay
be provided. The set may be created by conmbining a result of the conparison

W th the heur 'Tﬁet %.g;ré);gols@&& flgr%té%iﬂaft%glbg udldielr dofiSor’RoRBte)sphiRatth. t he aircraft

thrust. The se predi uture prlot controls may be inputs to a six
degrees of freedomsinulation to give as a result a predicted future
aircraft f3hi g adesrtifnce With @Furieflagpawy of eeaidventivy, theredo prbvidetoaisopputeasur ed. 35

usable medium comprising a computer program code that is configured to cause a

processor to perform the method described above.

In a final aspect of the invention there is provided a system for predicting a future

35  position of an aircraft, the system comprising:
(a) a processor for receiving monitoring inputs for monitoring

manoeuvres of the aircraft;



There may be included a filter for filtering the continuously supplied

val ues of aircraft velocity, angle of attack and turn acceleration factor
to provide their rates of 4 change. Also, the future position of the
aircraft may be used for collision avoi’dance application. For all aspects
the heuristic pilot control table may conprise at |east one of: flight 5
.limtations, conbat flight practice considerations, and pilot perfornance
characteristics. Description of the Drawings 10 In order that the invention
may be readily understood and put into practical effect, there shall now be
"descri bed by way of non<{b)ithe tprédesser orceivrigeamalysis ipputs dorr erhlvaimboe nent s of
the present invention, t hea‘r@f%ﬁfbﬁdt’%&rﬁr’ali kg Wi th reference to the .
acconpanying illustrative draw ngs, I.n Ich: Fi gu,re 1 is an illustration
of an aircraft in flight©)shBamnenyiesiinadnovmehargiedstics ohte agraffandy neasur ed;
and; Figure 2 is a basi ¢d)fthevpredessot beingtfoe usiyg ttesmnmpitariag i ioputs, Dbe ai | ed
Description of the Preferrg I { : ik el.nyention, in
order to pBovi de a nore en ng'ﬁggglgg%gg?%?ikgo%n\é‘*hsgﬁttg%ﬁgo%}zl § Bdﬁdggof t he
aircraft. The follow ng aipietcgntrol autstorpsdigbthe fithiie pesitien: aircraft position;
aircraft velocity vector; aircraft attitude angles; 25 aircraft roll rate;
aircraft turn acceleration factor;, L and aircraft angle att . O her

par amet ers may" dysdfHakiam g‘ﬁé’ﬁ‘“i"ﬂ'ﬁf?‘ 5'8@5['}}?%’ bgﬁeﬂyzﬁg,a%f'%wﬂéfﬁﬂﬁffggai rcraft 30
t hrust. By entcensisting heairesiaft quosifidn, cirtraft avelopityawsgtor dairceaftdattithde asglesrul at ed

know edge gf %Eéégs §>n Faﬁég{raraﬂﬁmaae&newoﬁ?&t&,_aﬁeaifﬁma@%faﬂaae a six degrees
of freedom (" ") simulation) It is possible to nore accurately determ ne
what the pilot is doing, what 35 is happening, what the pilot is likely to
'd_c)) and t her efraere méiyealso bbb epravided rmedans ifgr inoniteling the direrafidbrdetd antha@llhow it wil |
get there. , N im infi] an aircraft in flight in
Figure 1, V is':mtn ém?iiag%:' art a%&dggdggﬁy%gn%dé?l’fm?é at an angle of x degrees
under the body's x-axis. Acc,~ is acceleration in the direction of the
body' s Xx- axi s Thérd neayi beciudiees indudld tahdatabadeofdy aiecxafisof thig sarse Itypetasathel | s

per pendi cul ar aﬁésf-?fli, @%'gfr?%ﬁ'g%?sitﬁm\ghg%etrn&ogﬁ é?stpeW@rPﬁaé b% Q\e%rjcrgﬁ’bgipg pul I's back

on the control™ s] ! I'rst changes the ‘angle of atta t he
aircraft - it menisedovariisg andicampgredyte entiips i theyfdtabasel dr oppi ng and t he nose
lifting. The change in the angle of attack changes the drag on the aircraft

;) ; i 2 Ot 'E"hz ;?? ?P% P;F’cr%"%? nia? bteoarja@%ueﬁstfet%ﬁlg’mé B S0 lsE Abdeddo t he speed
20  perform ‘each manoeuvre. The aircraft's performed manoeuvres may be analyzed

over the manoeuvres available for aircraft of that type to be able to gain an
indication of the performance characteristics of the pilot.

There may be further included a heuristic pilot control table, the resuits of the
) 25 analysis of the aircraft's performed manoeuvres being compared with the heuristic
- pilot control table to determine in which phase of flight the aircraft is in at that time.

A set of predicted future pilot controls may be provided. The set may be created by
combining a result of the comparison with the heuristic pilot control table with the
30  analysis of the aircraft thrust. The set of predicted future pilot controls may be
inputs to a six degrees of freedom simulation to give as a result a predicted future

aircraft flight path.

Pitch and yaw rates may be continuously measured.

35
There may be included a filter for filtering the continuously supplied values of
aircraft velocity, angle of attack and turn acceleration factor to provide their rates of



v .

Therefgre, by nonitoring the angle of attack it is possible to predict the
aircraft's changed direction and speed before, or at the conmmencenent of,
the aircraft's clinb. This may be before the decrease in speed of the
aircraft. This is therefore 15 nore prédictive of the future position of
the aircraft. Naturally, if the pilot of the aircraft increase the thrust,
.the aircraft's speed will increase. But the angle of attack and direction
wi |l not change. By nonitoring and storing the factors, over a period of
time, the behaviour of the pilot becones 20 predictabl e when one of the
‘degrees of fr ehahgenAl®, thh tige dositivh ef thé airataft may e uspdigr kaliisian avRiEEnes t he
pilot's previ %Fﬁicaﬁigﬁ't rol inputs, assunptions of current pilot inputs,
current pilot tactics, and data on the aircraft, it is possible to predict
new positions of the aircraft. Since data of the control inputs is

noni tored 25 gBcaliadpetts the heuristiopilctaghtes tabtef miy egosa atileast erei abrfight he

resul tant predictions of future alrcr . : n Ity are

out cones o? tﬂ'@'? 2% o?%bﬁgzeﬁ'%{t Pﬁgﬁcgi %&Jr‘sé £ ﬁi %%@?ﬂlgpg&%gﬁn%ﬁ%i ven above
in relation tohdredprstissl, if the pilot always increases thrust when
clinmbing, and the increase in thrust is always by the sane anbunt for 30
each rate of clinb,. wh articular change in the angle of attack is
detected the s%%f’é‘fﬂ%é’gn'ﬁ&ég'f'e?sthat the pilot will increase the thrust by
a certain anount given the particular change in the angle of attack.

Ther ef or e,10by I erdesrthiit thg inveation may e readily urderstnod aash putiMe Pragticg) ¢fefly aircraft
perfor ][fﬁnce, f ek Qia\{%\ln%eneé%cr{iﬂehmy Mypurlc honlimitativepa@mple| adlyt preferredli ct t he f
aircraft performapce. It is al so possi , , ormances o
The’ pi ot - paPrbema o g R BvaEHE i Gekiod GG Ekeics B3k 01T
aircraft are atcompémymgiilustrati@ drémingsnigiwhicht hrust itsel f is not neasured, but
the maxi mum a?ﬂuv@i s TBH MuSEAiBh 6f &1 hirraft i AYE1 Soding @Bhe F thaltparanieters t ur n

accel eration ftactor Ng), and performance of the specific aircraft type,
are of redérd&eng reff%e estimated by Vdot estirmation together with the
aircraft fli gFigueisd bgsie flowichast ofthecsystemeperbtions current Ng, and the pressure
at the altitude of the aircraft. The accuracy of the estimation of the

aircraft's position nay be hanced aking.into account the specific
aircraft perfBFﬁﬁ?ﬂ:%“é’éB&dﬁgir@?ﬁape?&"fﬁér’"é’f’g' e’?”"r ather than trying to
estimate the path of the aircraft in the future. It is nore preferable to

10 estimabe N iHaSrdtbhtGivedtioh]in bidkr tb BRvIRE & &iofd énhbritell BRdictidnof @itur8y ent eri ng
the futuristic 1 nputs into

i 6 I oul at | it i ossihle to determ ne
where the air psiops ofdle a mﬂ-npg{g'%mra"f'aga?‘%.’“aé?/e ﬁgﬁﬁﬁt}é&so the aircraft
per for mace andirgafiymistion;ti es are taken in account. 15 An aircraft's flight
path is the r ?&:‘éffve&:(:ﬂyﬂje&teﬁl s input, the input nornmally being by novenents
of the control stick. "The stick novenments create changes of roll rate and
angl e of attalkcrafetiudsanglgte of attack creates new values of Iift and drag
t hat i nfl eencairdrdferothiatecr aft' s position. By translating the rate of change
-OB roll rate gpd 09 Lcdiratidh tfkk shéie pilot’'s desired flight path can be
nore accurate determned, 20 For exanple: if an F-16 at a speed of 260
Knots and at Eﬁﬁrﬁfb‘l’i‘g‘eé’g?“@ ‘arts to manoeuvre in a left turn the nmanoeuvre
starts at 1 G the second pull is at 2 G and 25 the next pull is at 4 G

usi ng known fyld hey | Lint"sQEHY a® Tor@afhpltdirceal

extrapol at i ono\f}\'n{e:rlg%fn\gl%%gh g%bg%ﬁﬁﬁo tbitg following pulls of the turn.
For an F- 88, tétnaximumis 9 G However, at that altitude the aircraft
cannot manoeuvre at nore than 4 G The induced, or resulting, increase in.

d il al f i ngt s. Thi
Wir ?Ig \(ljmecregsz%f' ﬁegteﬁééfhtﬁuhaﬁﬁc%ﬁﬁﬁgr gétjgﬁg%/a! 'SB? é@t’ g&gm&&e%ggﬁ%dsggoﬁds, ![f]e
i

di st ance bet walols reaetiops ad aifceait RerfomIANCs, Intc,2 §&;dgarers Bl FeeAar cal

ext rapol at i on girmftlon, ltes ustibialto bregbturgtely Hetenvine whak thepilat i dring, 25& et er s.
This is sufficient to e e .a . i,Si i ;o tomdgppen. 35
The pref erPed 'THHRRENG ‘é’nﬁ%g’l ecﬁ"% '%@%‘y:tﬁ!td é(g'rhtn\t/jvt(gh eﬁ?rﬁ\@%%?’?e n%@:Faﬂ lQhH%a anal yzi ng
over time the tabeheadéd anddowitimdroebtheret he nanoeuvres perforned by the
aircraft and conparing these to entries in the database relating to the
specific aircraft type: (a) estimating and/or sanpling consequences of
changes in aircraft 5 thrust and anal yzing what aircraft thrust is needed
to perform each



manoeuvre; (b) analyzing the aircraft's perfornmed manoeuvres over the
manoeuvres available for aircraft of that specific type to be able to gain
an indication of the performance characteristics of the pilot. 10 For
exanpl e, does he take the aircraft tothe linmt of its performance
capabilities?; (c) conparing the result of (b) with a heuristic pilot
.control table, in order to determ ne in which phase of flight the aircraft
isinat that tine; 15 (d) creating a set of predicted future pilot
controls by conbining the results of (a) and (c); The heuristic pilot
“control tabl eForexargle,figues 1 sbowsaan 2ifsraftiic Sightdn Fighte 1. Wpis dhfediicsa @ of f1i ght

limtations in a,fli o N t fd i ght
practice consfrffg?'a%nldgiﬂis é‘ﬁ%}ﬁgggsle PEOQ@&%&?@F%@@& ?gﬁyofvgg?iggésgguati on (10).

Anot her such eeseisiatieninthegifeation ofifee bady's¥-axye ArdsoiRgie WiHHAS 8tics such
as, for exanpjgis iiftafd is BérpéRiulBEts @e xEY.0r m @ hi gh G turn of nore than 400
degrees continuously, and may have the tendency to turn to the left nore
frequently>than to the right, and so forth. 25 2. the set of predicted

future pil ot woatihepiot wantsorliinblde oullsiback erpthe castrokstiek. {1his| igshFhag98%ar amet er s

that are Tequit s iaiiriie doraRLIiGHvbld aBQehd Whgs, it de'tal ebppingel oci ty
vector 30 c. alrcga

t attitude angle ~ 8 .~). d._.raoll r e. turn
accel erati on #ngcthe poseNiing. ah%lc'fa."g‘gf?g‘ﬁ’eg%qle 3%?“3%&&?%35#1%%%% S’Hg@ ng second
or hi gher or dgifcgaftefin thitcase the tizdnpe Blimintreaserdragd therehareducinadheeneed pf t he
traj ect ori ing\g%&qaf( guasi steady state) pitch and yaw rates can be
cont i nuous! etermned. The rate of change of each of aircraft 8
vel ocity, angle of attack and turn acceleration factor are al so determ ned
bs filtering fhgiféreCsyvhoritoringsthe asglepefl atiack it &l peesible o predict they anigftoe by use of
a di screte fiLter agd fgrYabliodt Wl & md'Lifindritberddhane bhorafes POSSI bl e to

;

i ntegrate t he®Nang equatfons of notion. The con |q_ r at ons of the 5
aircraft are ¢labeThigtmaytbe before: the desreage i\spegd ofdhg aiterait glﬁt's {hﬁré? esi r ed
integrati @f, mertdhduttdsihe @R loestioniof the akdraft.r aj ect ory predictions to be
made. By aircraft dynami c response is neant that a first order of dynam cs
is used instead of a second or higher order. As the interest is in aircraft
future traj ecNaprply, ifghe pitpt\pb thecairciaft ingrease the, thavst. the aerafts RASAMbns of
nmotion), it ifpcRssesisllthe biyld Fduack dnbdiratiorcwithot otignganiBg mepiteing and  As shown
in Figure 2, the e, of t A =)o e alr ihk Yoi aircraft
a(Bg Jattors, ( Jer ggtr%n((d of hrﬁ% etgé Bbhavibgl BCihk YpitbtVBecaies

turn accel er at'P8¥ e recor on a regular and periodic basis.
At ‘each tRére prdictable whsn caeef the Aearensfiresdamiisiapedt “st eps 30, 31 and 32
respectively The next step 33 is estimating engine thrust i.e. the

| ongi tudi nal accel erat.i.o N L QG A el ' This is
done by di ffe?’éﬁﬁ%?’gt‘ﬁihﬂf‘gaﬁéw? cl’SH]O SP‘ :é?g'}&%ﬁé&\'/%ﬁg‘%@rt‘" f%g_%%éuﬂh?nyff =V 1 (1-
et 1zv') + (Yeurent pilot inguty, chrrent pijgh dacticsyand datg qp thengircalt b jsPospiolgy e, -~y "~
previous sanphediefnew pBiflorks b the btk USines tataet the nortrbl inpus isimmiteted i vat i ve; zY
- .Characteristic velocity tinme co . LSt GaRl t (normally
Lo 2 Segbnag)d mifly 1 desjoeRr fHASh AR, od}Es ORI Ahor® o RAG

aircraft movement and positions are outcomes of the performance of the aircr ft.

Using the example given above in relation to Figure 1, if the pilot always increases
thrust when climbing, and the increase in thrust is always by the same amount for
30 each rate of climb, when a particular change in the angle of attack is detected the
system can predict that the pilot will increase the thrust by a certain amount given
the particular change in the angle of attack. Therefore, by recording past pilot
performance and the resulting aircraft performance, and given a new pilot input, it
is possible to predict the aircraft performance. It is also possible to predict new
35  performances of the pilot, particularly when the performance characteristics of the

aircraft are also known.



25 The, | ongi tudi nal acceleration can also be obtained fromthe aircraft
Iongltudlnal accel eroneter ( if available) and the angle of attack
according to the follow ng equation: (2) = Accx * cos(a) - Ng * g *
sin(a) = Accx - Ng * g * a where Accs ¢ alrcraft | ongi tudi nal accel erati on;
and 30 g - gravitation accel eration The next step 34 has as inputs the ~,
.V, Ng derivatives, the roll rate P, and the "yes" result of the query at
step 39 (see below). In step 34 the aircrafts’ manoeuvre and pil ot
intentions are anal yzed (equivalent to |ongitudinal stick notion 9 by
“estimating t h&hé iengine dhrustaitself 6s ofot neasiared)| kut othe amaxinedt amidi MINKIBS a sini | ar
Opfr ?T lon to %E%e%ﬁ%rpchécﬁlepdtlgﬁ g?ﬁq Vidte! Vtﬁrn' Re&hbidtibh Oﬁct()rl%(NQPOHﬂ ( ?) a; | = a
- : current s
of attack 5 #erformange °f~“‘e SpRCISG pisgralt @%ﬁf*‘eﬁd‘l’w&fegnah‘?yt‘?"|8F€§t?"%§det0 e
derivative esbj adtiestimation thgether-withithe aiadratt fiight ieavelpg Iperfopharge tneepkalt i me

constant (o WihupefypbwoSfA e ik e S V2 Of N0 can alco ke

starts the trajectory prediction |loop that is the |arger dashed l'ine

r eg\t a?gleef on Fh&?&fcﬁ}agy of tHal eStirkties ofth&AIRraftisPasifidnaaybé enhdneel Bitaiony of a .Y, N8
irs S

are set to thﬁ?aﬁﬁgﬁ‘tﬁ‘feeﬂeﬁﬁl ﬁf&'?ﬁlaem"va"ceIﬁBpabark'el%oﬂ‘ere%orgr}gtaée)rrt?é\?/hgt i ve (/alNﬁgs
ao , Vo , NBO atrying fet estimate Hies patic af thelairtrefl in thie fetareat It isqoere iptefesalfe o . (3) | (4)

above. AC%’ r digGiHale Wth? biik? wil ﬁyclﬁé‘fafrcraﬂ n the fullid. Qﬁ“éﬁtb%ﬂhé Wrﬁﬁ‘d ty,

accel eration, turn accel eratjon, as function

of velocity (f?ﬁﬁtﬂ'“fﬂﬁﬂ%:r’)'m‘é{ﬁl?nal'st‘?%ﬂﬂﬁ ‘{%’"{'}'ﬁl‘”ﬂ%@ t'?ﬁa'rgira may@e n N8~ -
‘ade linited t eetnbaifotuex By enieg pothe ialiraft perforneance @ik capébiliies are takenin or a~ | >-
a~then a~ ‘QccQ@t tf N8~ > N8 1 or N8~ ~ > N8~ then N8~ = 0 20 (7) If
V', ~ >V~ >- V~ then V~ = 0 Longitudinal acceleration is linited
to its extreme p055| bl e val ue expected fromthe specific aircraft flight
envel ope perf an zdrafkes Hightath isithe mealt bfadilots) inpeéptha diput) nermallyubeinanky ai r speed,

¢linbing rat en\}l\gnen%rbq trBrc%ﬁt?th'EfckalThé Gt Snovbihents crEate\{ﬁ'arngéaﬂf er‘raﬁa Ym 25 If V-~

< V',n, then e maxi num avai | d| rection
accel eration prtRnglp:f atinck. & new angle ?f@“ﬁ%&"?ﬂ,ﬁﬁ"&v&?'}'%‘i’f ‘{ﬁ? hrust). 10

influence the aircraft’s position. By translating the rate of change of roll rate and
angle of attack the pilot’s desired flight path can be more accurate determined.

20
For example: if an F-16 at a speed of 260 Knots and at 20,000 feet starts to

manoeuvre in a left turn
s the manoeuvre starts at 1 G;
+ the second pullis at2 G; and
] ) 25 o thenextpullisat4 G,

using known flight prediction systems that rely on mathematical extrapolation will
give 6 G and 8 G for the following pulls of the turn. For an F-18, the maximum is 9
G. However, at that altitude the aircraft cannot manoeuvre at more than 4 G. The
induced, or resulting, increase in drag will also effect the speed such that it drops

30 to 210 Knots. This will decrease the maximum turn rate available to 3 G. Over 5
seconds, the distance between the predicted flight path using known mathematical
extrapolation, and the actual flight path, will be more than 250 meters. This is
sufficient to enable a collision to be avoided; or to happen.

35  The preferred procedure is divided into two main routines:



Y~ - is the mninmum avail abl e velocity direction acceleration i.e. nmaxi num
decel erati on (equi val ent to applying m ni nrum engi ne thrust) One step
integration is used to get new values of a, Y, Ng (8 a~ =a~_, + da * a~
s (9) Y~ =V~_, +d~* V-~ (10) Ng~ = I1vg J ~ + dz * 1V8 As the roll notion
of any aircraft is much nore brisk than its pitch notion, the roll notion

. Shoul d not be treated in the same way as for pitch and | ongitudi nal
notions. 10 Roll notion is nore accurately referred to as a short transient
notion. By applying practical flight tactics considerations it is possible
"to predict the rol landtyatng!oﬁhutihélgtetahérampasﬂiontamﬂthelnmheewmsybemmwb)ati ons. For
exanple) it can be assuned i ; to start a
turn manoeuvre wheff® taﬂ‘ggfarfdltctar%g?ﬁenlaﬁ%&h tg%m}ét%nsdkﬁ?ceuahgg%grefghﬁ%ﬂéth| S case,
the roll notion wi kpecificaipgrafiftper a 90 roll. Wen the pilots intention 15 is

to invert his turnggat eestlﬁ'l%gréﬂhlor aaﬁ.snﬁ@ chiseq\ehedsPetohanbewiin birdafgh N8 , so
the roll notion vmf sto

| h
current rofl rate shoul@R’B@"Hé‘?ﬂyztﬂqtvfh'lgﬁ"l‘f?gé?r%étO tggdstﬁﬁ?ﬁ%rssgg{ 888(0'; i80)

roll. The roll rate canmaloeavrge set to zero. So the roll rate has to be

integrated during Ebhe pé,{%@hﬁé efet raﬂ-br%ﬁ'gorp)érf&ﬁk&uhﬁhééh&%sa%vér0|tlhé)ws 20 (11)
po = p; p~ - the alfcraft "'neasured é In|t|aI

condition of roll angl ema'f?eE"I%a"P'ﬁ?B'e-m'@"ET )"ft%?tsﬂﬁcn&txpeetggebg B'Y or 180)
then p! = 0 el se p~ = pgaibar ihdipatiop of theWomamcepehafacttzlstlcé of the pilet| net - si ght

bor e- si ght direction is.av pg@patﬂl tAlnd lilm@hds kctics
consi der atifons can be af)pl ?ieh‘%@b re% ne t I of Futurel Pil ot Control

(SFPC) due to the corr ebesfommncerapakiinssi | ot head position and future
‘mgnoeuvres. 30 Now§t ar Eginphiiy thé Yestiof @9 withfa Heusstid qrifotsiontod] dabileprin wi t h t he

integration of the equatio l; 35 and 36,
the aircraft predicted %&?’3? dé{ergggl'ggngﬁghés?fg@m the a":ll-";;laft 'Qm%gﬁg * sin ~~_1
+r|~*cos~~~)*tt§mﬂ9~~(16)6l g~~*cos~~,-r~~*5|n~~15
(17) yr~ s(ql _~ (cﬁl n é‘;@aﬁﬁgt éét‘o_f‘préduﬁt@cﬁfumre pllo) conteBsbydombining 189 9~ = 9~ |
+ 8~ * (20) yr~ = %{ ang’? ~ eo ~'No are the neasured aircraft
Euler's angl es at ti rre ?F‘é"ﬁ (a) 8 , I1~0 are the neasured aircraft
pitch and yaw rates at tine stept ) po was al ready defined at (11 )

above. Equatiqps ﬂe’énﬁedFuw doﬁtwl)'t&ﬂedinﬂi' Sbedddy i are applictlive phd ch angle to
obtain the alrcraft rol LN 208 ettty exists
183 cotdid borftiat T Y
when aircraftim r?ﬁnfa(tll%gf ﬂlgﬂpllan%nS| a?l%ht rﬁ‘alﬂxldleqt V'a
20 flight practice considerations such as those described below after equation (10).
Another such consideration may be pilot performance characteristics such as, for
example, a pilot may never perform a high G turn of more than 400 degrees

continuously, and may have the tendency to turn to the left more frequently than to

the right, and so forth.

2. the set of predicted future pilot controls is considered in light of the

following parameters that are required as inputs:

a aircraft position

b aircraft velocity vector

30 C. aircraft attitude angles (y, 6, ®)
d. roll rate (P)
e
f

turn acceleration factor (Ng); and

angle of attack (cc).

35 Ignoring second or higher orders of the aircraft short period dynamic
response, the trajectory induced (quasi steady state) pitch and yaw rates
can be continuously determined. The rate of change of each of aircraft



15 at or near plus or mnus 90 degrees. Mst aircraft do not normally
manoeuvre near vertically pitched attitude. The quterion system may be used
i nstead of the euler angles, but the use of euler angles is sinpler and
more intuitive. The singularity may bed overcone by liniting the val ue of
cosine teta to be a small value - epsilon tinmes the sign of teta. 20 The
.velocity vector in body coordinates is: Vg = {V * cos(a) , 0, - Y *
sin(a)} Wth the approxi mation of small angles we get: VB ={Y, 0,-Y*a} 25
ZBis in the up direction, and YBis to the left of the aircraft.. To
‘obtain get the vel m&yambf@naukmnﬂhmacnderailoalfawmereohlwaie@gnls%wemthe body

systemis rotated H%ﬂt ht%??c&nﬁ@%ﬁﬁik@pll@\%u% Fitteririg R4y 6k B{Puse of& around new

YB axis and -yr ard new - B vectaor i's rrultiH;P ed with the

i nverse of the wel tisdete\itter: andrderivativedormpla. (\Witfhis gl ftdePess oor di nat es
to body coordi nat egtedfdteRe é"rcﬂaﬁ é&b&t@hﬂ o Ghblibri. OThe (cCdisiderstion wfithe( 23) bel ow.

12 The aircraft predicted velo nent i Lnesti stem are
(step 37) ¥21) Y, xaireraft, arp tak&["cﬁt .I%cgrﬂqr é)f %rav ea% Ekchéﬁés;e%yl neJ*

cos~y~ + sine * si iniigration cqn@iously anables mwraﬁt{a@@@WEpted‘Ct'Q"ﬁOW made.5 J * (cos
~~ * sin 9~ * sin yr~ - sin ~~ * cos yr~ )] 5(23) ,;Z~ =WV * (- sin B~ -
a ~*cos ~~~cos 8J ) The aircraft pred|cted ect or i

coor di nat es i By ifeeaft dypanpic @FP@%FWQHFD?S?E?J&%‘ y"f’?f)e’ '%SXC':R%!E_AE +Y, X J *
da to (25) Yl oY second \dr- highércidef 264s E interZst is in+aikgraffutureitrajgctory Yo, 7 are t he

[ ft t L .
2;/2;3;% : er | ?ﬁ:w&%?b%ggﬂér@ f&iqgﬁﬂzsg? n%ilﬁﬂ;.\}tﬁ s gééé@@%?&@cé( t?f E#d;%m ?V Im gation

_;_Yza+P*Vra 9dmmlqm¢d§l the aircraft mass p,q,r are the body angul ar rates
‘ajound Xg , Yg , ZB axis respecti vely Assum ng coordinated flight (as pilots

1y d Y- |1 |
goual 1y, 401 20 byt 2) g Sy of bl MURE b Ut argafuniel |_anl e
*a 25 (g) F~ acogleratigriigctor (UQ)@F&T%OTQ%O@J‘*;!UW@E@P?’I°6Etbés'i %‘Hf@%‘;m ubstituting
(d), (f) & (9) tleDbRd rdnitorBd M ikkRBatRepa B0, BN ahd32) refietivety 13

The next step 33 is estimating engine thrust i.e. the longitudinal acceleration (in the
velocity vector direction) V . This is done by differentiating and filtering the velocity
V:

20 (1) 17, = IZ_I (A-At/7,)+ (¥, -V,,)/t,  where V; -currentsample of V

=N

V,_, V.., - previous sample of ¥ and the previous estimation of its time derivative;

7, - characteristic velocity time constant for the specific aircraft (normally 1 to 2

) seconds); and
| At - time step between the last two samples
25  The longitudinal acceleration can also be obtained from the aircraft longitudinal
accelerometer ( if available) and the angle of attack according to the following

equation:
(2) V= Acc, *cos(a) - N, *g*sin(a) = dcc, - N, *g*a
where Acc, - aircraft longitudinal acceleration; and

30 g -gravitation acceleration

The next step 34 has as inputs the o, V, Ng derivatives, the roll rate P, and the
“ves” result of the query at step 39 (see below). In step 34 the aircrafts’
manoeuvre and pilot intentions are analyzed (equivalent to longitudinal stick motion



The aircraft predicted pitch and yaw rates for the next prediction time

st'ep z~+~ are: (27) g~ =[-a~ *Y~ -g*(Ng -cos~J *cos6~))lY~ -a; (h) F~ _-g
* sin ~~ * cos 9~ 5 Substituting (d) (e) 8 (h) into (b) provides equation
(28). (28) r~ _-p~* a~- g * sin ~~ % cos 9~ 1 Y~ The last step is

advancing the prediction tinme (step 39): (29) if z~~<1i f thent J =z~ _~
.+ dz else end the predicted trajectory 10 conputation. The initial
conditionis: (3~) zo =~ af - is the maxi mum prediction tinme needed 15
As such all necessary nonitoring, cal culations and determ nati ons can be
‘perforned in neglesfirating the tinatdrieative otli thé iaogls obbtteclst This uses @rsifiler posi ti ons
to be made. The prese i bl Qn. a conputer usable nedium
conprising a 88?[%(? Zortﬂ%F%%ytgﬂ]%%g%é&ivﬁg‘te%?jéstsﬁgﬂfag)&gb&r ed to cause a processor
to execute on%)or&.méir_r]q[eAfwggtpi(@psa;_g/epabl e the above nethod to be
pertormed. Wil'st there has been described in the foregoing description a
preferred embouemaint- cofrerit bamphs 6faegit ofiatacknt i on, it will be understood by
those skilled in the technol ogy concerned that many variations or

modi fi catigns g n, &gt Sirévious barbifsofan andis [revicis time tervativerestipationitandn nay be
made wi thout departing fromthe present invention. 14 Cdains 1. A nmethod
for predicting,a chatbeiertipagletof atacloimeconsiantdnaamelly 0tSel seeeidbd conpri sing the
steps: 5 (a) nonitoring manoeuvres of the aircraft; (b) analyzing the
aircraft pil otfhetroeddrivative ohjyytan alsodp estimated IR BIBWAT Walar act eri stics of the
aircraft; and (d) using (a)).(b) and (c) to predict future pilot control

i nputs to pregctpyt he Af ut qrensppstiNon— N0 3/t A method as clainmed in claim
1, wherein thgé)pijlvf)'t C(fr'l{'(rlol ingps))lut(ls ggre %'nlzl ygzed along with aircraft data
cbnsi sting of: aircraft position) aircraft velocity vector, 15 aircraft

attitude 3ggl @Rw stk Weeifa]ecibg| prediciérEloopthstas Bkliargetidashzaaiee etahdioon f act or, and
aircraft angle of attack. 20 3. A nmethod as claingd,in ai mtJ] or claim 2,
Mgof\g e first step

wher ei n the aiFigures: {Thisiusessa onedimg siep ¢ dntearatipn & o

j =1, 7 =0 and the initial conditions of a, ,Vo N o are set to their measured

values a,,V,,N,,. Their time derivative values a,,V,,N,, are set to their

calculated values at equations (1), (3) , (4) above. Accordingly with the aircraft
15 flight envelope [velocity, acceleration, turn acceleration, and maximum angle of
attack, as function of velocity (mach number) and altitude] the values. of

a - ,171_, ,]\7 gj-1 are limited to their extreme possible values:

6) W ay, 26, o &, 2a,, then &, =0
) © W Nyo2N,, or Ny y2N,,,  then N, =0
20 (MK Va2V, oV,2V, then V, =0

Longitudinal acceleration is limited to its extreme possible value expected from the
specific aircraft flight envelope performance manual (if available) depending on
current airspeed, climbing rate, Ng, and pressure altitude:

>
—~

f V2V, then V=V,
25 IV, <V then V=V,

Vm - is the maximum available velocity direction acceleration (equivalent to

applying maximum available engine thrust).



4. A nmethod as clained in any one of clainms 1 to 3, wherein in step (a)
clirrent pilot inputs are also assuned. 25 5. A method as claimed in any one
of clainms 1 to 4) wherein in step (b) current pilot tactics are al so
determned. 6. A nmethod as claimed inl&ny one of clains 1 to 5, wherein
nmoni toring) 30 analyzing and prediction is in real tinme. 7. A nmethod as
.clainmed in any one of clains 1 to 6, wherein the aircraft's position and

t he manoeuvres perforned by the aircraft are nonitored over tinme and
conpared to entries in a database for aircraft of the sane type as 35 the
‘aircraft. 1% 8. I A RceleMidhieN mdxenuai 1 cr af t
thrust is anal%'Zed o%d@?]g?lﬂ‘?ﬁgd"?dlgegﬁngr%?hthrust needed to perform each
manoeuvre. 9. dékemlho(dqla\mlanttalapMlenmm engipedifrusdl ains 1 to 8, including
analyzing the 5 aircraft's Ep;afor med m?noe%rf%{ over the manoeuvres

avai | abl e f or Ong ster iategratign is ysefl 14 4RhReW YRIYSS Ottt e Yao' gai n an indication of the
performance characteristics of the pilot. 10. A nethod as claimed in claim
9, wherein theé)r & &s, HT*¥e anal ysis of the 10 aircraft's performed
nmanoeuvres are conpared with a heuristic pilot control table to determne
in which ppasgg)ofoL ?m.dthef aircraft is in at that tinme. 11. A nmethod as
claimed in claim10, further i ncluding creating a set of predicted future
pi | ot controlg| Pchon‘qY qg{ esult of the conparison with IS the
heuristic pilbt’ coftrol&t e Wth the analysis of the aircraft thrust. 12.
A nmethod as clainmed in claim1l, wherein the set of predicted future pil ot

control's are npuLS: h8kR o bt 1688 Ry mdd SRACBAISDIR o, e e vo as o

result a predﬁi ar'rcra qe jod as cl ai med
in any one of mofianisheulgnat be eatedimkespne HPY E?\f°bﬂt§h #ogjongiitdiaal mof 'ﬁe
continuougyy REIRRSHRH mdré acdbraieh reRfted® aslaeshbndansienamytmn @8yapplyitgi ns 2 to

12, wherein rate Of“&?{p?g@? 8?2"55' 02t ‘E‘ft'?s ssi%l rtﬁ}gp&ﬁt}(g ogqétgmm,@r{gée of attack

and turn acceP@pigel et er terin heir continuously
suppl i ed val uasdlct%trajmmi@d?"% E‘Pf&ix?@lélevl 'hcaar?y agjygedth |H4Et"i to 14,

wherein the f%ﬂf 63"'3%%%%%'%@3‘* oé%k/(e%%tthé Rl e H rf.gwadaqhéNSI.Qn avoi dance

application. as clained in any one of clains fo to 12,
wher ei n the hRWr ingkhis 6asp| th@tonmmn sopbtter acanfiyulli Woen tae pllafadttentioe of f1i ght

limtations, conbat flig ractice,. cqnsi derat.ion Pig rf ormance
char act er il&t i isdo inyejt Q‘?“’"A 'LV‘°&P§‘A%P%°°W83? ?fﬁ‘f@" n%"r ﬁ’sﬂ ng%a rf:gﬁrrput er

program code L g Wi s@?%ﬁérg%b‘eg«céﬁdnﬁ‘gaféstﬁeéé RLARRBAL It uriBAY fobkate t he et hod
of any one of 'C o

- should be held until the aircraft completes a 90° (or 180° roll. The roll rate can

then be set to zero. So the roll rate has to be integrated during the predicted

trajectory calculations as follows:
20 (11) Py =0,

) p, - the aircraft measured roll rate at time step /;

O

Initial condition of roll angle ¢
(12) ¢, =0

(13) if |¢j_,|290°(or 180°%) then B, =0 else p, = B,

25 (14) ¢, =@, +P;*dr

If the helmet-sight bore-sight direction is available, some more practical flight

tactics considerations can be applied to refine the Set of Future Pilot Control

(SFPC) due to the correlation between pilot head position and future manoeuvres.
30 Now starts the six degrees of freedom simulation with the integration of the

equations of motion as follows:



-~ aircraft

18, A systemfor predicting a future position of an aircraft, the system
conprising: (e) a processor for receiving nonitoring inputs for nonitoring
S manoeuvres of the aircraft; (f) the processor receiving analysis inputs
for analyzing the aircraft pilots contiol inputs; (g) a memory for storing
known characteristics of the aircraft; and (h) the processor. ~ being for
. using the nmonitoring inputs, the 10 analysis inputs and the known
characteristics to predict future pilot control inputs to predict the
_future position. 19. A systemas claimed in claim18, wherein the pilot
;iop::;o:ctl nputs are analyzed along with aircraft data consisting of: 15

. a position, .air t v it r jreraft attitude an

ai rlcraf]'E r;)![l‘"rsg?pégg3P‘féét'a£1hfeta'r&é@ﬁﬂeé{éégdéﬁﬂérrgtap%% %rg'ctor, and 20 ai rglrgncS t

angl e of atta Q. 5A t - Glai g n pm 18 or claim 19, f

i ncl udi ng 'rrea%’)fdr 5“‘61%5@?‘%3%@"%0%' Erg(?isi¢} 'Q)ftﬁajéll rcraft thrust. 25ur2g1e'r6\
system as cl ai ned..i nﬁan%/P oge of. cl ai 18 to 20, wherein nonitoring

anal yzi ng and(1$ it it e-i nTndSM%iine. 22. A system as cl ai ned in any
one of claims 18 to 21, further including a-database for aircraft of the
sane type as (1} | Fc(q,affs,ln¢pe+é,i.lr*cﬂoét‘i’,t-f)gcoéﬁsiti on 30 and the manoeuvres
performed by the aircraft, being monitored over time and conpared to entries
in the databagm) @3=¢A systamas clainmed in claim22) wherein the aircraft
thrust is analyzed to determine the aircraft thrust needed to perform each
_manloeuyr e. 35F i_. §A=§y_sgg_m,@§ cl ai med in any one of clains 18 to 23,

i ncluding analyzing thé afrcraft's perforned manoeuvres over the manoeuvres
_,a%allable for@hrcra_f!e + 7 o ft that type to be able to gain an indication
g}‘ a't he2£p1er;ort‘h c'@{ﬂ’f'ﬁk‘gc éristics of the pilot. 25. A systemas clained in

im24, further- including a heuristi i r tabl e

of the anal ysi‘f’s.’gﬁ ’f”h@'ea‘}'? &93‘7"{9(’3&‘"%%#F@?%@c’i‘g‘%sa%gg‘tﬁ\fggst'sbei ng E:otrggr (rags\lljm! Eﬁ
the heurighic 0l ot COR bk dilohyban fith hdljdiiated abtiediepase of f1ight the
_ ft i'S inftat®that tine. . A-system as clained in cl'aim25, further
i ncluding a s? vpjsapgﬁgldgﬁngga{(m{)%@e,lo pilot controls created by conbi ning
a result of t & conmparison with the heuristic pilot control table with the
anal ysis of the aircraft thrust. 27. A systemas clainmed in claim 26,

wherein the sgh,KbnPieMECiEMvéN 8liSio by 6dsineCs tieopith aingleitojpbiin the a Si X

degrees of freedom sinul atiogn t ive . i

aircraft fli gﬁf"’%’f’ﬁ?’%w aﬂg'gfl.s‘? %‘%}sgosn °€%5$'rlra%i§ ﬁ&ﬁéawr?%n %‘rﬁ&ggf@g 'pﬁhg‘?n;uagr '? 0
27, wher eiln piat@neanplispaminundldegiaes Mest eirgieftApsioynor@aly pageuvspnesy. A system
as clai'med i n,afyanPpien&d athtlidd. "he bteiondysterh wial be Usddindtesdi ofitheceufer | ter for

filtering the continuously supplied.val f alreraft |G angl e of
attack and tuPRo'eR uthe Hﬁ/?f_r?lf{ggﬂggers % g‘"‘ﬁ‘?é@"ﬁ e&% ﬁ'g?'tr?‘jei a-r;ﬁgsﬁg%?%angg. °
may be overcome by limiting the value of cosine teta to be a small value - epsilon

times the sign of teta.

The velocity vector in body coordinates is:
V, ={V *cos(a) , 0, —V *sin(a)}
With the approximation of small angles we get:
Vey={V,0,-V*a}
25  Zjisin the up direction, and Y} is to the left of the aircraft..
To obtain get the velocity vector in the inertial coordinates system the body system

is rotated by three sequential angles: —¢ around X, — 0 around new Y, axis

and —y around new — Z axis. The ¥ vectoris multiplied with the inverse of

the well-known transfer matrix (DCM) from inertial coordinates to body coordinates

30 TB,'l to obtain equations (21) through (23) below.



30. A systemas clainmed in any one of clains 18 to 29, wherein the future
25 position of the aircraft is used for collision avoi dance applicati on.

31l. A systemas clainmed in any one of clains 25 to 27) wherein the
heuristic pilot control table conprisel at |east one of: flight
limtations, conbat flight practice considerations, and pilot pertornmance

. characteristics. 30 .A AS. AQA .AA2 AIEAAAAA AQOAYy ¥ . A A Ay
KLNeh[ w /I Vpr

| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal]
"cal ca] cal] ca] ca] cal] ca] calcaUcal]cRa n47JU( + /
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ca] ca] caV]ca] ca a C ca ]cca] ca] caV] ca] caV]caV] ca]caV]ca]c
a\/} ca] caa a] é%}]\q z]:!:a? Eﬁél@\Bq 'Eﬁfg@B 'cc]CDD]D#D\ﬂDaD]nDD\[?DDD\[?EEF] vicel
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TTTTRUVUUU} xvﬁé’ b\ gz ot U] ca] ca] caV] ca] caV] ca] caV] ca] caV]ca] caV]calc

aV] ca] caV] ca]caV]ca]ca] c cal] caV] ca] ca] ca] caV] ca] caV] ca] caUUUUUVVWW5VDV
KVNVTVAVanWMW\Z/,W\ZVAMWV\YA{vqkf [ U d_ZTI gb] U\/] ca] caV]ca]caV]ca] ca]c
aV] ca] caV] ca] caV] ca] caV] ca] caV]cal ¢ ca] caV]ca
LT Lo I s MDA i 3 B3 5RY o ToRBM R AE ] ST eh o

V] cal] ca] ca\/] )\ Vet a] ca] ca] ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] caV] ¢
a] cal] caV] ca caS];ﬂ If;] cginza\/] ca] cahZj ZsZ727777777777
[+H[O[ @[] g\\ """" a\WRig ZT] ca] ca] cal] ca] ca] cal] cal] ca] cal] cal] c
aU] caV] ca] ca ]’”ta'('/]'ca’]’c cza] caU]"%a] cal ca] caV] ca
WV] caV] ca] cal] ca] cal canaaaSbbcc e4f ghgggSh.iiij-k@Ckk3l SI mOnmm6n[ nl nn*o
{vgkf [ Va]i6a] ¢Blap sd i tar¥a] c®I'em] caU] ca] ca] ca] ca] ca] ca] ¢a] ca] ca] ca] ca] ¢
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20 (dV,y=0,V,=0
As the angle of attack is a small angle (less than 20°)
(€)V, =V *sin(@) =V *a

Derivation of ¥, :
OV, =Vra+V*a

25 Q) Fp = g*(ﬁg —cos¢, *cos;) (see figure 1 above)
Substituting (d), () & (g) into (c) provides equation (27) below.
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(27) §; =[-0; *I;j —g*(N, ~cosg, *cos,)]/V, T

(h)F,z =—g*sing, *cost;
5  Substituting (d) () & (h) into (b) provides equation (28).
(28) 7, =-p; *d, —g*sing; *cosf, /I7j

The last step is advancing the prediction time (step 39):

o (29) if 7,4, <7, then 7;=17,, +dt else end the predicted trajectory

10  computation.
The initial condition is:

(30) 7, =0

T,-i8 the maximum prediction time needed

15 As such all necessary monitoring, calculations and determinations can be
performed in real time to enable predictions of future aircraft positions to be made.

The present invention also extends to a computer usable medium comprising a
computer program code that is configured to cause a processor to execute one or
20  more functions to enable the above method to be performed.

) Whilst there has been described in the foregoing description a preferred
embodiment of the present invention, it will be understood by those skilled in the
technology concerned that many variations or modifications in details of design,

25  construction or operation may be made without departing from the present

invention.
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aircraft velocity vector,
15 aircraft attitude angles,

aircraft roll rate,
aircraft tum acceleration factor, and
aircraft angle of attack.

20 3. A method as claimed in claim 1 or claim 2, wherein the aircraft thrust is

also analysed or monitored.

4 A method as claimed in any one of claims 1 to 3, wherein in step (a)

current pilot inputs are also assumed.

) 25
5. A method as claimed in any one of claims 1 to 4, wherein in step (b)
current pilot tactics are also determined.
6. A method as claimed in any one of claims 1 to 5, wherein monitoring,
30 analyzing and prediction is in real time.
7. A method as claimed in any one of claims 1 to 6, wherein the aircraft's

position and the manoeuvres performed by the aircraft are monitored over
time and compared to entries in a database for aircraft of the same type as
35 the aircraft.
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10. A method as claimed in claim 9, wherein the resuits of the analysis of the

10 aircraft's performed manoeuvres are compared with a heuristic pilot control
table to determine in which phase of flight the aircraft is in at that time.

11. A method as claimed in claim 10, further including creating a set of
predicted future pilot controls by combining a result of the comparison with
15 the heuristic pilot control table with the analysis of the aircraft thrust.

12 A method as claimed in claim 11, wherein the set of predicted future pilot
controls are inputs to a six degrees of freedom simulation to give as a
result a predicted future aircraft flight path.

20

13. A method as claimed in any one of claims 2 to 12, wherein pitch and yaw

rates can be continuously measured.

14. A method as claimed in any one of claims 2 to 12, wherein rate of change
1 ) 25 of each of aircraft velocity, angle of attack and turn acceleration factor are
determined by filtering their continuously supplied values.

15. A method as claimed in any one of claims 1 to 14, wherein the future
position of the aircraft is used for collision avoidance application.
30
16. A method as claimed in any one of claims 10 to 12, wherein the heuristic
pilot control table comprises at least one of: flight limitations, combat flight
practice considerations, and pilot performance characteristics.

35 17. A computer usable medium comprising a computer program code that is
configured to cause a processor to perform the method of any one of

claims 1 to 16.
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1.

20.

21.

22,

23.

24,

manoeuvres of the aircraft;

(0 the processor receiving analysis inputs for analyzing the
aircraft pilot's control inputs;

(g) a memory for storing known characteristics of the aircraft, and

(h) the processor. being for using the monitoring inputs, the
analysis inputs and the known characteristics to predict future
pilot control inputs to predict the future position.

A system as claimed in claim 18, wherein the pilot control inputs are
analyzed along with aircraft data consisting of:

aircraft position,

aircraft velocity vector,

aircraft attitude angles,

aircratt roll rate, -

aircraft tumn acceleration factor, and

aircraft angle of attack.

A system as claimed in claim 18 or claim 19, further including means for

analysing or monitoring the aircraft thrust.

A system as claimed in any one of claims 18 to 20, wherein monitoring,
analyzing and prediction is in real time.

A system as claimed in any one of claims 18 to 21, further including a
database for aircraft of the same type as the aircraft, the aircraft's position
and the manoeuvres performed by the aircraft being monitored over time
and compared to entries in the database.

A system as claimed in claim 22, wherein the aircraft thrust is analyzed to
determine the aircraft thrust needed to perform each manoeuvre.

A system as claimed in any one of claims 18 to 23, including analyzing the

aircraft's performed manoeuvres over the manoeuvres available for aircraft
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being compared with the heuristic pilot control table to determine in which
phase of flight the aircraft is in at that time.

26, A system as claimed in claim 25, further including a set of predicted future
10 pilot controls created by combining a result of the comparison with the
heuristic pilot control table with the analysis of the aircraft thrust.

27. A system as claimed in claim 26, wherein the set of predicted future pilot
controls are inputs to a six degrees of freedom simulation to give as a

15 result a predicted future aircraft flight path.

28. A system as claimed in any one of claims 19 to 27, wherein pitch and yaw
rates are continuously measured.

20 29 A system as claimed in any one of claims 19 to 27, further including a filter
for filtering the continuously supplied values of aircraft velocity, angle of
attack and turn acceleration factor to provide their rates of change.

30. A system as claimed in any one of claims 18 to 29, wherein the future
) 25 position of the aircraft is used for collision avoidance application.
31. A system as claimed in any one of claims 25 to 27, wherein the heuristic

pilot control table comprises at least one of: flight limitations, combat flight

practice considerations, and pilot performance characteristics.

30



