| Method for Aircraft Position Prediction Based On Aircraft
Characteristics 5 Field of the Invention 10 This invention relates to a
nmet hod for aircraft position prediction based on aircraft char &8/03£2i06
and refers particularly, though not ekclusively, to such a nethod for
prediction and nonitoring of aircraft positions for collision warning.
Background to the invention Many systens that provide warnings for possible
md-air collisions of aircraft use extrapolation of previous the aircraft
flight vectors, and attenpt to evaluate the 15 distance between the two
aircraft based on futuri sMethodfor Aiseraft PBsitioxBrediotion al aircraft the flight
profile is predictable so tBagedQ@n Airerpft Chargeteristiesns is relatively small.
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_c be up.to 9G Extrapolation for such aircraft gives many
P F'eg‘?/"é‘ﬁheﬁfw%'ﬁ" 20 linear extrapolation is used. Errors in

fal se al arns,
extrapol ation are sufficiently large thereby creating high false alarm
rates. This Fhis investiencislalss tor metiod for eiraraftpasitisupradiction basedon airgefitt e of ten with

fatal resul t gharddlerisibsshdl rerad paituidity afkbugh noScihdialy, BrsSctdiinkBodioF Oneous  t hus
curjt Summry of the Invention In one

giving pilots a fal se sense of s ) 25
aspect of th%ecf'i‘f?"\fé?ﬂdi"Eﬂﬁ'ﬁ?qqgP%'WEB?WF%@W°§'S'H%WB'Bg“for predicting a future
posi ti onibf an aircraft by 30(a) nonitoring nanoeuvres of the aircraft;

(b) anal yzi ncPackeround teithe Inventipnt ' s control inputs; (c) using known

characteristics of the aircraft; and (d)using (a), (b) and (c) to predict
ut ur osi.tjon 35 Preferably,

[t ur e, P Ol B e B VoS e o it Rt o o 5120
ai rcraft positrapoation of previous the aircraft flight vectors, and attempt fo evaluate the
15  distance between the two aircraft based on futuristic vectors. For commeicial
aircraft the flight profile is predictable so the rate of false alarms is relatively small.
This is not the case for high manoeuvrability aircraft such as for example, fighter
jets and training aircraft where the G-force capabililies are more than 3G, and can
be up to 9G. _Extrapolation for such aircraft gives many false alarms, even if non-
20  linear extrapolation is used. Emors 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) monitofing manoeuvres of the aircraft;
30 (b) analyzing the.aircraft pilot's control inputs;
"~ {c) using known characleristics of the aircraft; and
(d) using {a), (b) and (c) fo 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 atfitude angies,



aircraft velocity vector, aircraft attitude angles, 28/ 03/2006 28/ 03/ 2006
aircraft roll rate, aircraft turn acceleration factor, and aircraft angle
of attack 5 In step (a) current pilot inputs may al so be assumed8/4H3/i2006
step (b) current pilot tactics may al3o be determned. Mre preferably,
the aircraft thrust (i.e. longitudinal acceleration) may also be 10

noni tored. Monitoring; analyzing and prediction nay be in real tinme. The
aircraft thrust nay be anal yzed to determ ne the nanoeuvri ng and
acceleration limts. The aircraft's, performed nanoeuvres may be anal yzed

over the manoeinvafoslimteai | able for aircraft of that type to be able to gain
an indication of the performance characteristics of the pilot 15 The
results of the analysis of the aircraft's perfornmed nmanoeuvres may be
conpar ed wi t halBeraidup peceletation fadler. &Wnt rol table to deternine in which phase
of flight thgrcaittaggl@btattbék. in at that tine. A set of predicted future pil ot
controls npy be created and fed into a six degrees of freedom sinulation
software t0 give as a result a 20 predicted future aircraft flight path.
The set of prledtept@duirent piokinpits oty alsobe absimedyandlirestep g tgtbnbgilot onbi ni ng a

result of the,GiedRaY AR dlelrfindghe heuristic pilot control table with the
anal ysis of the aircraft thrust Pitch and yaw rates can be conti nuously

nmeasured, and rate of change of each of 25 aircraft velocity, angle of
attack and t Mare petedbly el arrditatbtust (Lanipndiadids taeceteratiod) gy afsbleering their

continuougl y @Hmﬂéd %n@ g%gsf artd"ﬂrwuﬁlop g‘%y ?:Je el tinte Snbifciipdf t MYy be

used for collision avol I catl on. accordance wth a further

aspect of t h&"yshipanbe Hilyz qﬂﬁ%ﬂ%eweﬂﬂwwwnag ataseeierption igilh | Benedi um
conpri si ng aakeopaifx effomet @ghautivies 6y bl ahaiyzed oo tiehdroeuvre® availzble a processor

Lo Perform { b LA APapL B AONS oo LrPinihBh FE Bhishaldge 1 nvent i on

there is pro for predicfi
characteristics of the pilot.

15
The results of the analysis of the aircraft's performed manoeuvres may be
compared with a 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 created
and fed into a six degrees of freedom simuiation software to give as a result a
20  predicted future aircraft flight path. The set of predicted future pilot controls may
' be created by combining a result of the comparison with the heuristic pitot control
table with the analysis of the aircraft thrust.

Pitch and yaw rates can be continuously measured, and rate of change of each of .
25  aircraft velocity, angle of attack and turn acceleration factor may be determined by
filtering their continuously supplied values.

The future position of the aircraft may be used for collision avoidance application.

30 In accordance with a further aspect of the invention, there is provided a computer
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;



.35 position of an aircraft, the systemconprising: (a) a processor for
receiving nonitoring inputs for nonitoring manoeuvres of the aircraft;

28/ 03/ 2006 3 5 (b) the processor receiving analysis inputs for 281§3/2§06
the aircraft pilot's control inputs; §c) a nenory for storing known
characteristics of the aircraft; and (d) the processor being for using the
nmonitoring inputs, the analysis inputs and the known characteristics to
predict future pilot control inputs to predict the future position. In
this final formthe pilot control inputs may be analyzed along with
aircraft data consisti (bgﬂw‘ p@bé’sﬁcﬁrafebemlﬁgslahalﬁ&, inputs Gbrabiayemp oRéty vector,

aircraft attitude angles, " Cﬁ t{sc |l rate, aircraft turn
accel eration factor, and AIPEHAPYS gy |8p ' attack. There may al so be

provi ded neans for moni &balmowti@‘stmng:mmCHamCWtipsa‘rﬂubaifbﬂaﬁ andni t ori ng,
analyzi ng and predi ot o) §RYpr@eldt bebfl of g 1D bRy s nd U1 her
e

I ncl uded adatabasefor alrcrat of esarret e ast aircraft, the
aircraft' s’ position and tﬁ'@Yﬁ’ﬁﬁ’@%‘ﬁ\?%g‘eﬁé?“f’kﬁhﬁ'ﬁﬁewc%tﬁé"e&lc?@P-‘éﬁt bei ng
moni tored over tine and cpilsp@nidinbats Rirddicete Ruturé pitiemt abase. The aircraft
thrust may be analyzed to determne the aircraft thrust needed to 20
perform each manoeuvre. The aircraft's perfornmed nanoeuvres- nay be

anal yzed over"thiefinghisee theimiel carral ey may be aedlyzed alpng with aiteft delppe to be able

to gain an waﬂbm.ag |oﬁm|ra%ﬂtdagmehfraﬁﬁmasa:quara@raﬁn shtingie Mblet,he pil ot
able, the results

There may be f |n | . ot . contro
of the ana e arlnra%cregf#o% 8 P AR AR g s bei ng conpared

with the heurlstlc p|Iot control table to determ ne in which phase of

flight the airh&eahdy diso b@pﬁahd&chﬁkaﬂs‘ ﬁ?moﬁtto?lﬁé thef aiR¥ROIhRLE GnfiHrur e pi | ot
conbi ning a result of

controls may eat ed by

t he conpari sf)"lrgi'"%g?%a? mﬂ@ﬁ‘?r%@r%@ﬁ'f"{% i1 table with the 30 analysis
of the aircraft thrust The set of predicted future pilot controls may be

i nputs t@sa Shefe Qﬁﬁﬁ:@@@ﬂh@f mf:lﬁc%@@%@ﬂa&”f@%ﬁr&ﬁﬂ bPtei¥Redpeas Ul t A

predicted f Ut o ?t, thg Iaarrc(l:‘sffél I:l I e%latthé) manoeuvres performed by the aircraft being
monitored over time and compared to entries in the database.

5.:

The aircraft thrust may be analyzed to determine the aircraft thrust needed to -

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 results of the
25  analysis of the aircraft's performed manoeuvres being compared with the heuristic
pilot controi 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

~ aircratt 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



Pitch and yaw rates may be continuously neasured. 35 There nmay be incl uded
a filter for filtering the continuously supplied values of aircraft
vel ocity, angle of attack and turn acceleration factor to provi @84Ah2/2006

rates of 28/03/2006 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 pil ot performance
characteristics Description of the Drawings 10 In order that the invention

may be readi | yhange adss}thoflturdsitiontof thetaberpit mey beCwed BF Edlision avdidzecee shal | now
be descri bed ?ﬁ/pi‘%gn of non-limtative exanple only preferred enbodinents
of the present 'invention, the description being with reference to the

acconpanying illustrative drawings, in which: Figuret is an illustration

of an ai rcraf foriaaddebtd e nSHHRY fH6t SARR title hilFcoRPri R id5iSone bP figRY Ng Measur ed;
low chart of _sl%/ﬁstem operation. Detail ed

and, Figure 2 is_a basic f t he

Descriptioh ofmiaipgs.poapbat . Bight £ pEStReeRpidesdorsy « And; (Aot PEERRENSe v enti on, in
order to prowhdecteristii;r e enhanced prediction of future positions of the
aircraft The followng aircraft data may be nonitored: aircraft position;
aircraft velocity vector, aircraft attitude angles; 25 aircraft roll

rate; aircrafPescipipnpftheRewip9n factor, and aircraft angle of attack.
O her paraneters may al so be taken into account such as, for exanple
ai rcraft 1030 int drderditat B irevamtion may bé readity underatbbd slalt it m® praxtical efétt, and t he
accunul at ed panbied 46w G adBlbod By Wef o rBRAmtdh Behipieiblly pRAGARATANCE nto a
si x degrees of freedom (" 6DO-" . o o
embodiments of the present invention, the description being with reference to the
accompanying illustrative drawings, in which:
Figure T is an illustration of an aircraft in flight showing some of the parameters
15  being measured; and; )
Figure 2 is a basic flow chart of the system operation.

Detailed Description of the Preferred Embodiments

20  Wih the present invention, in order to provide a more enhanced prediction of future
positiens of the aircraft. The foilowing aircraft data may be monitored:
aircraft position;
aireraft velocity vector;
aircraft aliitude angles;

25  aircrait roll rate;

- aircraft turn acceleration factor; and

aircraft angle of attack.

Other parameters may also be taken into account such as, for example aircraft

30 thrust

By entering the aircraft data as measured, and the accumulated knowledge of
pilots reacﬁon§ and aircraft performance info a six degrees of freedom ("6DOF)
simulafion, it is possible to more accurately determine what the pilot is doing, what

35  is happening, what the pilot is likely to do, and therefore where the aircrait is likely
to be headed and how it will get there. | |



simulation, it is possible to nore accurately determ ne what the pilot is

doi ng, V\/nat 35 is happening, what the pilot is |likely to do, and therefore
where the aircraft is likely to be headed and how it will get t3@7 8.3 /2 (6

exampl e, Figure 1 shows an aircraft i flight in Figure 1, Vis the
aircraft air speed, and it is at an angle of a degrees under t he body's
x-axis. Ace, is acceleration in the direction of the body's x-axis and
coincides with the x body axis. Ng is lift and is perpendicular to the Xx
body. 5 When the pilot wants to clinb, he pulls back on the control stick.
This first ch&wg%gmple,ﬁagtmglsbo\r@fanaﬁmra&kl fight innigguse 1 CY & the airgreft @it vot s about

the i ngs, W blhel e Rid sl OB « Wil EndBPIE Lichhia0lke TR, RaNgS 11 the

angl e of attac changes ase the change

is to increas éccé?'é&m i the F*WW‘%&’G@P‘W@ Xais @Bé@@ﬂf@ﬁ W'ﬂltlje Khedygiscr af t .

Ther ef or e, byngmmamgsmpgn&ana}mgh@xaédyattack It is possible to predict the
aircraft's changed direction and speed before, or at the commencenent of,

t he ai rcra?t clinmb. This nay be before the decrease in speed of the
aircraft. Thl\yhensthet piletventsitechimb, 1% puily kack o the contrekstich. - Thisdirst dianges posi ti on of

the aircraft mm{glérc?kitéék oftfle Slrb?aﬂpirtﬁ@otéjébobf‘tﬁe @fln5§r\nﬁf1tthe't£’ip&%§'@ the thrust,

the aircraft's i Ncr ease he an attack and direction
will not char‘?ﬁ%% ‘h@%‘ngt dPe SEPgn e ﬂ’%??ﬂ"? ?fga“F‘H‘e %ﬂ?ﬁé’?esdra%%wea peri od of

time, the belzgerafotin thid castthe phange islicciocaase dragOthpreydiedichigltte sphaofone of t he
degrees 9b furRefouyis changed. Therefore, utilizing know edge of the
pilot's previous control inputs, assunptions of current pilot inputs,
current pilot tactics, and data on the aircraft, it is possible to predict
new posi ti on¥hepéforehisy ramnltorrngfme arﬁternteuawtuas @bsstblteetoqaamdtoie diropfftes i S

moni t or ed 25%% Ct:dgﬁg&ko%ﬂ? Q?éh)f:e RILESS gfcoﬁ,nq%ﬁ&ﬂ{aﬂfnmkaaﬁr&rg&s the

resul t ant pr al rcra novenen positions are

out comes of ¥ JBF MGy ke Frfere die derfeasti 1f epagr of theigirgft. This isdherfare gi ven above

i n rel at 1oN here plegidive oftthe fufurd feeitign dftHe abrdRyS | ncreases thrust when
clinbing, and the increase in thrust is always by the same anmount for 30

each rate of clinb, when a particular chan in the angle of attack is
det ect ed t hdVatuRiy & fhechiipt ofrtar) pieqraft Haf?aStEh@egw%tthwawafrﬁemas@“the thrust by

a certain anmxsake. gBut @ié andll of giack anduirédtios Wil hgiechbye! By ndA@dnag aid at t ack.
Therefore, Q;iﬁnﬁgeﬁl%rigét&g KAr L ;Eh)mokf time, the behaviour of the pilot becomes

20 predrctabte when one of the degrees of freedom is changed

Therefore, utilizing knowledge of the pilot's previous control inputs, assumptions of
current pilot inputs, current pilbt tactics, and data on the aircraft, it is possible to
predict new pos_itibns of the aircraft. Since data of the control inputs is monitored
25  and input to a six degrees of freedom simulation, the resultant predictions of future
aircraft movement and positions are outcomes of the performance of the aircraft.

Using the example given above in refation to Figure 1, if the pilot always increases
thrust when climbing, and the increase in thrust is aiways by the same amount for
30  each rate of climb, when a particuiar 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 aftack. 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

~ -gircraft are also known.



performance and the resulting aircraft performance, and given a new pil ot
input; It is possible to predict the aircraft performance. It is also
possible to predict new 35 performances of the pilot, particul a2By Ghén o
performance characteristics of the aieocraft are al so known. 28/ 03/2006

28/ 03/ 2006 6 The engine thrust itself is not neasured, but the maxi mum and
m ni rum accel eration, deceleration, clinb rate, turn acceleration factor
(Ng), and performance of the specific aircraft type, are of recorded. They
can be estimated by Vdot estimation together with the aircraft flight

envel ope perf GhdTRAgR MRRY kel isCHIt Bedsudg, blﬁnﬂetrh@ﬂrﬂfne?aﬁﬂlrrﬁmﬁﬁ:?:t he al titude
raft's p03|t|on

of the aircraft., The accuracy of. the estimti C
may be enhancgﬁelﬁ'?p@akcfeﬁsgerglfnﬁt oé"g c@f?ntt”?’hécgegeé@f"?l%c iﬁgg)af?ndperfornance
capabi | i ti es. peThrnandef dhe spadifiveaircrahh iype, are ofiremyrded.  Esdyicambe estimatgdat h of t he

alroraft in tievdobidision'iaeiis: B o BF f@m@%&erogeg,%ﬁﬁsﬁﬁa@apgwItggultolslot

w | | fIythealrcratln future terin
into 6DOF i nyfreft Ngﬁnﬁfhe,pgeswggt,ﬂma@ltngoﬂgg@fcmﬂne where the aircraft may be

in the near future By doing so the aircraft performance and capabilities

are taken in ult of
pilot's i nput e%ﬁﬁ%@%@%ﬁﬁ%’&mﬁs%&s'&nhﬁg& g%haﬁce?%?ﬁakﬁgont rol stick.
The stick nD\FE‘FrE‘?‘f?@f &Féﬁ@@c@mﬁ@woanam@mabmee Thereforgnigther BN at t ack. A new
angl e ]9{ attwk% o ROhae ufeeyawaﬂ?e%;r@éﬂ Ini thd fuam@lf ﬂﬁﬁ&ofef]ﬁ:bf?rab@rtﬂljuenfe tge
aircra p a I n e of. change, of ro rate an

angl e of gtta eq’ w‘F%/B'[OE q?@ er%%'ahl"?g'ﬁ tﬂﬁtﬁa C ﬂeg%mﬁ({\’tg 3%curate

det er mi ned. E‘DUiFlDtO @Qﬁmt@ﬂowﬁmsﬁﬂemdetemmesﬁewcm@ﬂwmﬂmtws and at

20, 000 feet @basdrutir® Bm%@é\iﬁeealﬂc&ﬂ?erlfﬁénc%'éﬁ@capﬁﬁﬁlegﬁﬁ%\éﬁr? starts at |

G t he secaond ull is at 2G and the next pull is at 4 G using
known fli ght i ction systens that rely on mat hemati cal extrapol ation
an F 16,

will give 6 Gand 8 G for the follow ng pul I's of the turn- For
t he maxi fBJmArﬁanQ:raﬂ’s flight path is the result of pilot's input, the input normally being by
movements of the control stick. The stick movements create changes of roll rate
and angle of atlack. A new angle of atlack creates new values of lift and drag t_hat
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 defermined.
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 hanoeuvre starts at 1 G;
» the second pullis at2 G; and
25 o thenextpullisat4 G;
using known flight prediction systerns that rely on mathemat‘ical'exlrapolation will
give 6 G and 8 Gfor the foiibwfng pulls of the tum. For an F—16, the maximum is 9
G. However, at that altitude the aircraft cannot manoeuvre at more than 4 G. The
induced, or resuliing, 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 bet\heeri the predicted flight path using known mathematical
extrapolation, and the actual flight path, will be more than 250 metefs. This is
. sufficient to enable a collision to be avoided; or to happen.

35  The preferred procedure is divided into two main routines:



G However, at that altitude the aircraft cannot manoeuvre at nore 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 naxi B8ihQ3IfB006
rate available to 3 G Over 5 secondg, the distance between the predicted
flight path using known mat hematical extrapol ation, and the actual flight
path, will be nore than 250 neters- This is sufficient to enable a
collision to be avoi ded; or to happen. 35 The preferred procedure is
divided into two main routines: 28/03/2006 7 1. analyzing over tinme the

aircraft p?ﬁi g otn aaaag?ﬁmemmw R fcgﬂtpgﬁtfof'n%ﬁml@ n?)ﬁo&wtﬂeepgﬁgn@mycra;_t and
conparing these tg entries in the database relating to the ecific
aircraft type: (a)eEatany Rynezi ?seg%ﬁﬂf"?srl@ﬂl‘?o‘i‘??g’af?erﬁ ti’)ﬁ%changes in
aircraft thrust opecifieadryfitypey. what aircraft thrust is needed to perform
each nmanoeuvre, g%% ag&iﬁéﬁﬁw&d;opga@ﬁ?i%?gss'@n&g{%%ﬁgs BPLRRHVr es over the

manoeuvres avail a for alrcraft o ) ecl to be able to gain
an indi cati on of the plyyshieRngiiptaieat thiyst sdeedediipperiom gach  For ‘
exanpl e, does he take inbgoedirécraft to the limt of its performance
capabilities?; (c).co L he It o b) with a heurjsgic pilot
control table, i n}b)orgg"%iyjflggdé) eragﬁf%% S i Her{ﬂﬁﬁgec% PHESE B ‘3{"‘% gﬁ% the aircraft
is in at that time; 18anopuescvailable g ascraibef ik spaciidvoe &befabiedee pi | ot
con: r o: st b)él combi ni Bg gaitean atﬁ@&mbﬁ 8f thé piérﬁ’m ?ﬁse chérhctershie ffwwtat It c pil ]9t
contro e may- be re than.,an a i cgtion mentation o
flight I it ati ohs in “g’Pf‘P‘F'BQ?' H%%?uﬁ?&a'f‘-‘t ﬁ}‘?a?"%?a"gg" Bt St bt 20 f1 ght
practice considerati orpsrigmeficezgpabliites® descri bed bel ow after equation (10).
Anot Per such clons(b)der %F,I,,Fé),nm esuiYr 9 twilh &S ﬁ&;ﬁ%ﬁn‘ﬁﬁtegdﬁgglqgg,?m sti cshsuc?100
as, Lor  exanpl e, i Bt ke Rwhieh ohve B ot i mcrar-s b of el ®" € £NAN
time; '
15. {d) “creating a set of predicted future pilot controls by combining the
' results of (a) and (c);

The heuristic pilot control table may be more than an application and
implementation of flight limitations in a flight manual. Jt may also contain combat
20 fiight 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 tum of more than 400 degrees
continuously, and may have the tendency to turn fo the left more frequently than to

the right, and so forth.
25 _ :
2. the set of predicted fulure pilot controls is considered in light of the
following parameters that are required as inputs:
a. aircraft position
b. aircrait velocity vector
30 c. aircraft attitude angles (y, 6, ¢)
o d. roll rate (F)
e turn acceleration factor (Ng); énd
1 angle of attack {ec).
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 .



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
controls is considered in light of the follow ng paranmeters th38ﬁﬂ3¥2006
required as inputs: a. aircraft positison b. aircraft velocity vector 30 c.
aircraft attitude angles (tp, 0, P) d. roll rate (P) e. turn acceleration
factor (Ng); and f. angle of attack (oc). 35 Ignoring second or higher
orders of the aircraft short period dynam c response, the trajectory

i nduced (quasi steady state) pitch and yaw rates can be continuously

determ ned. The rare@cr@far@ia@ﬂﬂ@cx@éndwbcce@raﬁdﬁfgdt@faﬁe@&/o@@mmyvel ocity, -
angl e of attack re al so eterm ned by

a accel eration
filtering their gﬂ‘frlnﬁG’I?HSCPV“EWB%ISF@HQ‘{/‘Q%{?@S th?"r\gtrg"?yltf? %& by use of a
discrete filter aniscaerfiteatnd derbativenibrauialV Wih this datdalt a5 pmstslblestop033| ble to
integrate the airguathe %Ué}k}aﬁ”é;u&;onm'f 'n%‘ﬂon Thfie CBRSATRbAL bolie Of the S

aircraft are taken Its center ravit rrying out the desired
i ntegrati én, cont iRl ey takanash @s"%tﬁ‘rc?fag’?"“fr aFapingr ot ghe dee®fions to be

made. By aircraft imbgri#ioh, GontifppeNERbles aiftefiiajettbgtpredicfions 8 beatiabler of dynami cs
I's used instead of a second or higher order. As the interest is in

aircraft future trajectory i.e. 10 velocity (first integration of equations
of notion), By aioafistysami¢iespopes i meent that hErstarder efglynamichip bger instegdiel . As shown
in Figure 2, off HQecdhdof nigher dbdefC s (6 Intereit mn%&m&m%%?f) eand aircraft

turn ac eI eratio acto ecord af,_an eriodic
basis. At?ea tf%'aon'goﬁ’\g‘i"a%i“ﬁ fw’ﬂ )OE ‘eﬂbge Oﬁgﬁ'ﬁe&'ﬁ g‘f’% s 30, 31 and
32 respecti viyngmB mbe. next step 33 is esti mat | ng engine thrust i.e. the

| ongi tudi nal acceleration (in the velocity vector direction) Y . This is

done by differentiating and filteri nlg the velocity VY:
As shownin Figure 2, the angle of attack (e}, aircraft velocity (V) and aircraft turn

“acceleration factor (Ng) are recorded on a regular and periodic basis. At each time
15 t, they are monitored and input at steps 30, 31 and 32 respectively

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

20 (1) ¥, =V, (-At/t,)+(F, -V, )/t, where ¥, -cumentsampleof ¥

V., ﬁ_l - previous ;éam'ple of ¥ and the previous estimation of its time derivative;

T, - 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:
(20 V = Ace, *cos(a) ~N,*g*sin(a)= dec, - N, *g*a
where Adcc, - aircraft longitudinal acceleration; and

30 g -gravitation acceleration

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 piot intentions are analyzed (equivalent to longitudinal stick motion



20 (1) .Y =Yj__,(1-Atlz,,)+(Y, --Y 1)1Tv where V, - current sanple of V Y_,
V_j - previous sanple of V and the previous estimation of its tine
derivative; - characteristic velocity time constant for the spe@i8/®&3/2006
aircraft (normally 1 to 2 seconds); amdl At - tine step between the [ast two
sanpl es 25. The l-ongitudi nal accel eration can also be. obtained fromthe
aircraft longitudinal acceleroneter (if available) and the angle of attack
according to the following equation: (2) V = Accr * cos(a) - Ng * g *
sin(a) Acc, - Ng * g * a where Accx - aircraft |ongitudinal acceleration;
and 30 g - Or 3wy leatmRy ME Gtk aleAlati@of TR ARkl SRR Frhishass asinigput s the oc,
V, Ng derivatives U{F rgjk.b(rate.P. and tgc?_lt "zes'_‘ result of the query at
step 39 (see BRIRY e velplyfime degyaliveln pquatign()aboves hoeuvr e and pi | ot
intentions arepanplyzed ( iwvad.ent, t ol ongi tudi nal stick notion 28/ 03/2006
9 ) by estima i)ng%at h%_ltﬁl rr@qg‘b)rﬁazt itaV‘é))/gf’ the angle of attack- This uses a
simlar operghdr®, L Surfeh@ampt 8Cnki¥ of 438 derivative in equation (1) above:
(3) a;, =a;_, (1- At | x~) + (a; - ar_1) | T~ where a, - current sanple of
angl e of ajtagk; &5 Aprelious simpldof a Rh@HS GHevious 30 bisivaiive Bstifdod; g Pr evi ous tine
derivative estlHatt on; and xQ - characteristic angle of attack tine

constant (norfel dhirabtefstic anbleP SOk Ime ddAStahti(BPmalp bis\ @lsbotad)of Ng can al so be
estimated in simlar way: (3) Ng, =Ngi-1(1-dtlg)+(Ng; Ngl-1)/rg 10 Now
starts the trixg@mb dervative eTiNG tanaibolbe egtinidtatin simildr way:| ar ger dashed-1i ne
rectangle on Figure 2. This uses a one-tinme step d r integration of a, V,

Ng . At the fiywrsi stap di—2k/r 34700 and t initial conditions of ao , J1 ,
Ngo are set t(o) théir ﬁé‘éqsuredrgévgl Gés &Y%, Ng; . Their tine derivative
values as , Va , Ngo are set to their calculated values at equations (1),,

3) , (4)zab qr%m Wkiioh 'y |, ope
i(vZaI oci( t g}“ a@%‘glﬂgﬁ%@?o ; "?t%grn accé%ﬁ%%?soﬁ% @g%rd&g%é)?l #Prg %ﬁg?g}' o1l‘o
Figure 2. This uses a one-time step dr integration of &,V , N, . At the first step

j=1, 7 =0 and the initial conditions of &, ,7,,N g0 are set to their measured

values a;,V,,N,,. Their ime derivative values @,,V,,N,, are set to their

caiculated values at equations (1), (3} , (4) above. Accordingly with the aircraft
15 flight envelope fvelocity, acceleration, turn aqce!eraﬁon-, and maximum angle of
attack, as function of velocity (mach number) and altitude] the. values. of

—~

a o ,Vj_, ,ﬁ ¢~ are limited to their extreme possible values:

—

(5 i am_Z&H or &,,2a,,, ‘then &, =0

J-1

-~ —~

Nz 2N, then N_.=0

g = gJ

© K N,

min = Vg OF

20 KW V2P, oP_ 2V, then 7, =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:

o~

i V, 2V, then V=V,
25 iV, <V, ten V, =V

V .. - is the maximum available velocity direction acceleration (equivalent to

applying maximum available engine thrust).



attack, as function of velocity (mach nunber) and altitude] the .values. of

al 1, V1. 1 rNg; 1 are limted to their extrene possible val ues: %? If a ?
aj-1or a-, > a. thenai. =0 (6) If Ng. > Ng J 1 or Ng f-128/08/ 2006
then Ngj = 0 20 (7) If Vim > VJ_, orlvj_1 > V. then f"=0 Longitudi nal
acceleration is limted to its extrene possible value expected fromthe
specific aircraft flight envel ope performance nanual (if avail abl e)
depending on current airspeed, clinbing rate, Ng, and pressure altitude:
If Vj then YJ =Y. 25 if i <V,, then Vi = V.~ V, - is the maxinmm :
avai |l abl e vel gci ty.dj J 4.0 ' 1,0 apnl vi ng maxi num
avai |l abl e eng?‘igi‘e t Ar {Gé?ﬁwﬂ%/%@ﬁl%%ﬁ%g @—e‘(:tlﬁﬂLHcXé’i‘c%rgtBthg rﬂ@%ﬁ#ﬁm avai l abl e
vel oci ty di r egdcklerttionezgivalerata applying minimmaxénginethngs@cel er ati on (equivalent to
appl ying m ni num engi ne thrust). One step Lm%}grati on is used to get new
val ues ofa , Q/,'esﬁg"%@aﬂgi"Sﬂseg;t"gjt"qwlﬁ”e“%J@ €9 Yf I + dr * VJ (10) Ngi
Ng j-1 +dr * N§j As the roll notion of any aircraft is nuch nore brisk
than its pitd8 n®f+énp, Hdfe¢dol | notion should not be treated-in the sane
way as for pitch and longitudinal notions. 10 Roll notion is nore
accuratel y reger ﬁ?d _p+a5*a?_short transient notion. By applying practical
flight tactics consi eratiohs it is possible to predict the roll rate
during the digct egztr gj pry cal cul ations. For exanple, it can be
assuned t hat ?{oﬁe@ Tgﬁgfnglﬁq‘qf?%ll the aircraft to start a turn nanoeuvre
when the roll rate is high and the N. is low In this case, the roll
nmotion will st fter 900.1rqg]l. en the pilot'.s int jon,15 is to
invert his tg?ﬁ'gr"ilt%‘go? ﬁfeanygﬁra%mu\é&”\mse %‘6@'%%?’%& %"?ﬂtﬂ#ﬁ 'Jéﬁ Ng , so the
rol | not i onmeliohishoulsitnotbedfepted inltimepmenyay s &ir pilghtand lopngidingl$raliggst i ons, t he
current §@l | Réidhdtion & Rw sbclhtStel) fdishredd bd 2 bAVR tARdiEH MblionC BYRbEYiRG a 90 (or
180) roll. The Er_]aﬂ‘l rat.e can, then be sebli tto %l%{tg ﬁo tt t&e.r | rate has to
be i ntegrat e;a’aca Iﬂla @%PWP%SJ i5 possible to pre e roll rate during the

predicted trajectory calculations. For example, it can be assumed that the pilot will

roll the aircraft to start a turn manoeuvre when the roll rate is high and the N, g 1S
low. In this case, the roll motion will stop after a 90° roil. When the pilat's intention
15 is to invert his tumn rate, the roll motion is accompanied with high N g2 SO the roll

motion will siop after 180°% According to these assumptions, the current roll rate

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 (1) Bo=p,
p; - the aircraft measured roll rate at time step 1,
Initial conditiors of roll angle @
(12) 9, =0

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

25 (14} ¢, =@, +p; *dt

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 Conirol

(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:



trajectory calculations as follows: 20 (11) pO = p; pi - the aircraft
neasured roll rate at tine step t, Initial condition of roll an%Le ip E%%
q0 = 0 (13) if 90 ( or 180) then pl = 0 else pj 25 (14) rpi +pR A2

t he hel nmet-si ght bore-sight directionlis available, sone nore 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 sinulation
with the integration of the equations of notion as follows: 28/ 03/2006 11
In steps 35 and 36, the aircraft predicted Euler's angles are: (15) Q
=pj-1 +( j-I *sjnQ-i+L1-1 *CosQ D) * .t A (16) ej =4)-1 * COSii-1 -
r1-1 * sin 1 ‘j"ﬁie"%s(‘?[“??%w}?lea!f’&‘ﬁgﬁ%‘gi’F"_'%@EP?'%a’%-cosq i-1)/cos0j i (18) (I1]
= j_i +0j *di,.(59) -e] = dj-1+8F*dz ol il j-1 + j * dT ~0 80 , 1-~0
are the neasd?@dgéTf%ﬂggafﬁﬁFgﬁqgaéﬁéﬁ%%h%il?+%@'step t! . 10 g0, r0 are
the neasured airgeraft pitch and yaw.rates at tinme step t,. pO was already
defined at (118 @pode: *€¥dat F6aFsE¥;and 17 i nvol ve division by cosine of
the pitch angle to obtain the aircraft roll and yaw angles. A question of

si ngul ari By &%) s¥s vigen*sindey aft, ¥cosdi,dolee@; ;15 at or near plus or mnus 90
degrees. Most aircraft do not normally manoeuvre near vertically pitched

attitude. Th¢ﬁmu$eﬂﬁgp+$¥saen1nay be-used instead of the euler angles, but
the use of euler ‘angles 1s sinpler and nore intuitive- The singularity may

be overcone I 5nlpi nggthe val ue of cosine teta to be a small value -
. . )} 8. =8, 1{
epsilon times’the sihn bf "teta_

(20) W, =y, +y, *dr
&; > (9:, , ¥, are the measured aircraft Euler's angles at time step ;.
100 §y,h are the measured aircraft pitch and yaw rates at time step 7;.

D, was already defined at (11) above.

Equations 15 and 17 involve division by cosine of the pitch angle to obtain the
aircraft roll and yaw angles. A question of singularity exists when aircraft is pitched
15 atornearplus or minus 90 Eegrees. Most aircraft do not normaily manoeuvre near
verﬁcéily pitched attituclef- The qu{emion system méy be used instead of the euler
angles, but the use of euler angles is simpler and more intuitive. The singularity
may be overcome by limiting the value of cosine teta to be a small value - epsilon

times the sign of teta.

20
The velocity vector in body coordinates is:

Ve, ={V *cos(a) , 0, —V *sin{a)}
With the approximation of small angles we get:
Vy={§V,0,-V=*a}
25  Zgisin the up direction, and ,Y_jsf 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 ,, — @ around new ¥, axis
and —y around new — Z, axis. The ¥V, vector is muitiplied with the inverse of

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

30 T B,_I to obtain equations (21) through (23) below.



20 The velocity vector in body coordinates is, YB (V*cos(a) , O

-V*¥sin(cz)} Wth the approxi mation of small angl es we get Y$={V a}
25 ZBis in the up direction, and YBis to the left of the a|r02§f4037f'8006

obtain get the velocity vector in theltnertial coordinates systemthe body
system is rotated by three sequential angles: - 0 around XB, -- 0 around
new Y. axis and -f around new - ZB axis. The V. vector is multiplied with
the inverse of the well-known transfer matrix (DCM) frominerti al

coordi nates to body coordinates 30 TBr-1 to obtain equations (21) through
(23) below. 28/03/2006 12 The aircraft predicted velocity conponents in the

nertial systemgre St?\?ﬂﬁwﬁ“%ﬁl’@qvee e renlgem e R S T i

*si nO *cosv +

-sin!; *cos 7), ;:;3; Nk oo 108404 siri & b b3 e aircraft
pr edi ct ed traj ect d’F pbl% s c‘oc‘):r hat és&! ¢’t h§%n2$ot syét eig]n)yd}j; (step
38): (24) X = 0_£25 + Y| 6) 2J =
2J-1 + J~rz cgz)dr”'f)(o 7 OSB (l)n'%’re&t h@ox??#%srl% ftl i fcoo?‘"dﬁ ates at

time step t |n t e .na tio systerr) (a) F / meVxB+q* V2B -r*VWys
t5 (b) F. nﬂ%ﬁwfgpﬂ” 7 pEpin 107%29‘/’%@?/ S8 \YB -q*VxB mis the aircraft
mass p,q,r are the body angular rates around XB YB ZB axis respectively

Assum ng coordinated flight (as pilots usual I'g/ do): .20 (d), WB =0, wWB =0
The aircraft predicted trajectory point coordinates in the inertial system aré (ste

38):
(24 X. =X,

j-1

+ Vi *dt

10 (25) 1?, Yoy 4V, *dr
@6y Z; =2, +Vy, *ds
x,, f’; , Z, are the aircraft inertial coordinates at time step 7, (computed in.the
navigation system): )

@Fg /m=Vm+gq+Vy—r*¥,
15 B E,/m=Vp+rsVy—p*Vy,

() F g /m= Vz-3+p *Vip —q*V
m is the aircraft mass _
p.q.r are the body angutar rates around X, ,Y, ,Z, axis respectively

Assuming coordinated flight (as pilots usually do):
20 @V =0,V5=0

As the angle of attack is a small angle (less than 20°%)
@)V =V *sin{fa)~V*a
Derivation of ¥,
OV =Vra+Vsa

25 (DFp=g *(ﬁé ~cos¢; *cost);) (see figure 1 above)

| Substituting {d), {f} & (g) info (c) provides equation (27) below.



As the angle of attack is a small angle (less than 200) (e) V., --

sin(s) . V* a Derivation of W : (f)VU =Va+V*a 25 (g) Fzu = l\g

cos | * cos 8 j) (see figure 1 above) Substituting (d), (f) &2(8g'§0 42006
(c) provides equation (27) below 28/ &8/2006 13 The aircraft predicted
pitch and yaw rates for the next prediction tine step T,+1 are: (27) q]
=[-al V. -g*(Ng -cost *cos8.)}IVf -a (h) FB=-g * sin 0. * cosOL 5
Substituting (d) (e) & (h) into (b) provides equation (28). (28) ri =-pl
*aj -g*sinoj *cosBj 1Y} The last step is advancing the prediction tine
(step 39): (29 hifcrahl predictell pitc &HayawFates ok the fextire@étog® ﬂﬁ@@téphﬁ predicted

trajectory 10 conputation. The initial condition is: (30 TO =0 Tf - is
t he maxi num paredi ction time needed 15 As such all necessary noni t ori ng,
cal cul ati ons and determ nations can be perfornmed in real tine to enable

predi ctions o@7fqtuqeaaru§ﬁ(N 0gbdd A8s 9]/lpe raqde The present invention
al so extends to corrp{Jt &r Usabfe medi um do npfising a conputer program
code that is %@a(ﬁwse a processor to execute one or 20 nore
functions to enarf)l e ‘the dbove ‘nethod to be performed. Wiilst there has been
descri bed 3 n Subhgitiftiog @y (@) & (h) egbyprpides pquatipr@erred enbodi ment of the

pr esent inveg#eon it owidl b*e u der é by those skilled in the

t echnol ogy coéffeefned?s nFv ~warP R arPHi’8ns or nodifications in details of
design, 25 . construction or operatl on may be nade wi thout departing from

the present _invention. 28/ 03/2006 14
The last step is advancing the prediction time (step 39):

(29) W 7;,<7, then 7,=7,, +dt else end the predicted trajectory
10  computation.

The initial condition is:

(30) 7, =0

T ;- is 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

:nvention



510 dainms 1. A nethod for predicting a future position of an aircraft

the method conprising the steps: (a) nonitoring nmanoeuvres of th
aircraft; (b) analyzing the aircraft pilot's control inputs:; (0)281/503162005
known characteristics of the aircraft;l4and (d) using (a), (b) and (c) to
predict future pilot control inputs to predict the future position. 2 A
nmethod as clainmed. in claiml1, wherein the pilot control inputs are

anal yzed along with aircraft data consisting of. aircraft position,

aircraft velocity vector, 15 aircraft attitude angles, aircraft roll
rate, aircrafcladimg n acceleration factor, and aircraft angle of attack. 20
3. Anmethod as clained in claiml or claim2, wherein the aircraft thrust
is also analysed or nonitored. 4. A method as clained in any one of clains
| to 3, wherefln i nAdJueipd(ay predigingentfutiye| pesitiomplies aipeftatheomeiBadined. 25 5. A

nmet hod as cl ai med dofpAding the\$eRf clal ms 1 to 4, wherein in step (b) current
pilot tactics are also determ ned 6- s clainmed in any one of

clains | td 5, wherein ??D‘HPQ“B'?’\QW"%L@@SO %?'Vﬁ%ng and prediction is in real
time. 7. A nethod as cl(@ai ameljzingthaaicrafipdoteordiobinpwds; | to 6, wherein the
aircraft's position a&% AW T=T0s - Tal M&é‘r&h&%ﬁn&’é%% the aircraft are

nonitored over tine a are to entries databasefor aircraft of
35 t B La*;ng da)gfy and (c) to predict future pllot control inputs

the sane type as
predict the future position.

10
2, A method as claimed. in claim 1, wherein the pilot control inputs are

analyzed along with aircraft data consisting of:
-aircraft position,
aircraft velocity vector,
15 aircraft attitude angles,
aircraft roll rate,
aircraft turn 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 taclics are also determined.

6. A method as claimed in any one of claims 1 fo 5, wherein ronitoring,

30 analyzing and prediction is in real time.

7. A method as claimed in ahy 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.



8. A nmethod as clained in claim®6, wherein the aircraft thrust is analyzed
to determne the aircraft thrust needed to perform each nmanoeuvre, 9. A
method as claimed in any one of claims | to 8, including anal yzi28g @%£2096
aircraft's performed nmanoeuvres over tlhe manoeuvres available for aircraft
of that type to be able to gain an indication of the performance
characteristics of the pilot 10. A nethod as clained in claim9, wherein-
the results of the analysis of the 10 aircraft's perforned manoeuvres are
conpared with a heuristic pilot control table to determ ne in which phase .
of f:ci ghL theaa: r gAafethoH-ss tlgmad int diivih 6§ i;cvlﬁmein mﬁ.airécafgﬂ?'d‘wﬁ aﬁélyz@llj&i med in ?:I aLm
10, further includj i redi ct uture pilot controls by
conmbi ning a resul t&eﬁmﬁﬁggég&n%%atﬁﬁugtg’tﬁe%dttﬁe i ?%E"ﬁ%cfﬁf'}"g‘ti c pilot control
table with the analysis of the aircraft thrust. 12. A nethod as clainmed in

claim 11, whegein A Rehsehs Mimbd Bing bidof it £10 itluding QftiyzRG hedl € 1 Nputs to
ive as a result ‘a E%aﬁdl ct ed-

a six degrees of fr_ee@om imul ation to )
future aircraft fI13GR S%’?’W?edfﬁ?"ﬁ%”.‘"eﬁo thedepngeuvees gvaliahle fopai one of
clainms 2 to 12, woertstnypm tcibeaside \tavgainr ab csdiction o tho rperformantsl y nmeasur ed.
14. A method as Clﬁér%@é#i&cQ igpe of claims 2 to 12, wherein rate of
change 25 of eacﬁ 0 alsrcPa tp!vel ocity, angle of attack and turn
acceleration factor are determned by filtering their continuously

supplied val ues. A3nethdd e hintbd asclsiind, Whsheih theaBsit® BEth®hnaljsiontel to 14,

wherein the futur RS L t | ft J4.s, U f.or. I,Si on
avoi dance]BappI [ C&%I on. %’B&@gd %%%%%é%’ﬁpc?fegjﬁn%a%'l(_gﬁnsg%f/ﬂ_og%éﬁ%f clainms 10
to 12, wherein t hébla&detesningin which ghase ehflight fhe pisgsftis ingitihet times at | east one of

flight limtations, conbat flight practice considerations, and pil ot

performance gharagteri Stics.. 17 . A, comput er usabl e .medi um conprising a
ot or ot obt am s Sinep s S i) At 16 e Bl ersagfE AL 8TF OTE L0 for
the nmet hod of anyrresligedditurepfiedicanirolsthy tembinigg @ BsRibgdhep@hPariseo BEh

15 the heuristic pilot control {able 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
25 of each of aireraft 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 én_y 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.



16 5 10 18. A systemfor predicting a future position of an aircraft, the
system conprising: (e) a processor for receiving nonitoring inputs for
nonitoring manoeuvres of the aircraft; (f) the processor recei vi8/P3/2006

anal ysis inputs for analyzing the aidgraft pilot's control inputs; (g) a
menory for storing known characteristics of the aircraft; and (h) the
processor. ' being for using the nonitoring inputs, the analysis inputs
and the known characteristics to predict future pilot control inputs to
predict the future position. 19. A systemas clained in claim18, wherein

the pilot control inputs are analyzed along with aircraft data consisting
of 15 aircraft, posjtion ai reraft |l oci ty vegctor. . I rcraft attitude
angl es, ai rcﬁ%f t- rsﬁ?‘fm rfgt B 'g‘"?car i‘ﬁ?’etﬂ?ﬁﬁ""a ﬁg? eq"g'?ﬁ'o[?ef%(s: r(')]r, and 20
aircraft angle of canprsig: 20. A systemas clainmed in claim 18 or claim19,

further including meange)fPhrocala! e id@ving MBRbing hflls kiemaitbigal t thrust.
25 21. A systemas clainmed in any_one of clains 18 to 20, wherein
moni t or i ng?,/ anal yzi ng arfePBsWERSOteA Yt i n real time 22. A system as

clainmed in any one of ¢ aherprotéssbroreddying wndlysty inpuie| fodianglyzing that abase f or

aircraft of the same typ -!;ggﬂ- | . the aircraft's position 30 and
t he manoeuvres -performede‘a y té{@&aﬂ%@r}g@%‘&'bei ng nonitored over tine and.

conpared to entries i n(G Baemerydersiang knpwn shagsclariships gEthe piteraleddi n cl ai m 22,
wherein the aircraft tay uet ploSestirabaiite fbr tiRing Ré ahdtittrtigt Mputei her af t  t hr ust
needed t %per form each ngrrnla?y%}é\frfpﬁts aﬁg the known characteristics to predict future

pilot control inputs to predict the future position.

19. A system as claimed in claim 18, wherein the pilot control inputs are

analyzed along with aircraft data consisting of:

15 . aircraft position, -
aircraft veloeity vector,
aircraft attitude angles,
aircraft roll rate, -
aircraft tum acceleration factor, and

20 - aircraft angle of attack.

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

analysing or monitoring the aircraft thrust.

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

22, 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 aircrait's position

30 and the manoeuvres performed by the aircraft being monitored over time
and compared fo entries in the database.

23. A system as claimed in claim 22, wherein the aircraft thrust is analyzed to
determine the aircraft thrust needed to perform each manoeuvre.
35
' 24. 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



24. A systemas clained in any one of clains 18 to 23, including analyzing
the aircraft's performed nanoeuvres over the manoeuvres avail able for
aircraft 28/ 03/2006 17 of that type to be able to gain an indi cad$4A3f2006
the performance characteristics of th¥ pilot. 25. A systemas clained in
claim?24, further including a heuristic pilot control 5 table, the results
of the analysis of the aircraft's perfornmed nanoeuvres being conpared with
the heuristic pilot control table to determne in which phase of flight
the aircraft is in at that time. 26. A systemas clainmed in claim 25,
further including &f dkat tyde pr ddi @leedd fgainuare indi@tiqei bb thec perfornadree cr eat ed by

conbining a result Riddigice BR&GSILEON W th the heuristic pilot control
"table with the analysis of the aircraft thrust 27. A systemas clainmed in

claim 26, wherein the set of predicted future pilot controls are inputs to

a six degrees26f fAepdanas claimeaini ddim 08, faitheLinalbding a AduriktRgikticostropr edi ct ed
future airgraft fljght ' t as clainmed in any one of clains
19 Lo 27 Sher ei n B Hals dne SeblSof et ® el A 1 06! 50"
system as cl ai ned beingzpapparpdwilt the heuriptic pilgl confrop tablefe detérmineiimebiehdi ng a filter

for filtering the gvasddrfigarasd Arcol R 4@kt iad ues of aircraft velocity, angle
of attack and turn acceleration factor to provide their rates of change.

30. A systemas clainmed in any one of clains 18 to 29, wherein the future
25 position ot het syslemragiclainied inugaint 26 durtreointlidingmsed epretictaidutarepl | cat i on.
31. A sysiem as ClofitBhtrdiscrédidt B orttinirlg' &rd¥it 8Ptk Lomparishl GlF ke L he

heuristic pilot gont 0 rises at least one of: tlight
3

|, table co | _
limitations, conbdfUFiqRypfcontttable wiikthe apalysief tie PRIt thiSty. pi | ot perfor mance
characteristics. 30 . '
27. A system as claimed in claim 26, wherein the set of predicted future pilot

controls are inputs o 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 fitter
for filtering the continuously supplied values of aircraft velocity, angie 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 '



