VEHI CLE COWMPETI TI1 ON | MPLEMENTATI ON SYSTEM TECHNI CAL
FI ELD This invention relates- to a vehicle conpetition
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conpetition course defined by a plurality of virtual
obstacles to be navigated by one or nore vehicles. The
present invention al so enconpasses a nethod, system
andEQICLEpCOMREIDTICHY INPIEEMENGATIRN SYSTEMSSs of a
vehi cl e over such a conpetition course, and

cal cul ating and assigning conpetition penalties to a
veﬁﬁgrlwﬁéh%iikﬂ dependi ng on their success at

navi gating the virtual obstacles presented. BACKGROUND
ART .Vehi cl.e. based conpetitions.are popul ar. forns of

S PP TSN GRS narTcl FoBRs PR drREMestEtion SHeret her
types of road vehicles race agai nst one another as the
vehi V] tatlc.r l.ayo :
Y o h ARG g et oS Lo U s or vinual
A0 RS e ORDARRN b Blehldedn poi nts bei ng
awar dede or deducdt%le‘dd l?))lr,\ec))m %ﬁq%rs gﬁependi ng on their
success at navigating terrain based obstacles. Air

r aThépresentdhvntion BRb ;@hb&:ﬁ?ass@s\u MEhbeE| &sePVBRY/bE Aaratus for
format where snmall aircraft pilots attenpt to navigate

a trackingctha psayrelsf ofreevkhinle aversobie s cofmpktitianecoupsd, ant @alculating
in the shortest possible tine. These vehicl e based

c carpeassigningsconapaditiom pesaliies foar tahinld'apilotidependirg an ejtsuccess
degree of risk to the vehicle drivers and/or pilots,
paditnayigeting {hewirtypl obsiaeles peesantedt o be navi gat ed at

hi gh speeds. This is certainly the case with air

ragi n}g where a collision wth an obstacle could result

i PAGRGROUNDART: - 5shing and endangering the pilots, as

wel | as nearby spectators and property. Generally, the

e T R S O
| Oﬁ:ﬂié&&, ichste;H?:l GREf Efﬁeg%ff ir&%dveh-mgsc' Face against one another as the
vehicles navigate a static road course layout. fo road or four wheel drive vehicleé
can also compete against one another, with ‘competition points being awarded or
deducted from drivers depending o’n their success at navigating terrain based
obstacles. - Air racing is also a relatively néw vehicle competition format where

small aircraft pilots attempt to navigate a race course defined by a number of large

obstacles in the shortest possible time.

These vehicle based competitions, and races in particular, involve a high degree of
risk to the vehicle drivers and/or pilots, particularly when obstacles are to be
navigated at high speeds. This is certainly the case with air racing where a
collision with an obstaé:le‘ could result in an aircraft crashing and endangering the

pilots, as well as nearby spectators and property.



obstacles serve to provide crash barriers or to
del i neate the boundaries of the course to be navigated

wWh009/0vs3d cl e. I n practice a | arge anmount of tPOENZRZI®S/000336
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effort is required to lay out such conpetition

courses, and in the case of air racing the assenbly

and subsequent disassenbly of these obstacles can be a
costly exercise. In the case of collisions in race

c cBgredrally, dhe ,obsteelespesed tof defire swdii corppetition epamsasapiey static in
result in vehicle damage and the vehicle therefore :
bethagaaieraphe alse o thslirepesitiore ot deetien in ttheuiguisepdefized.  Thes
advant age to have an inproved vehicle conPetit

i riRhstariss §eVerio S‘VQYié?nC\Vnﬂpﬁhch?rQG@r ¥s e delFg & ffieabpungaries of the
%E%éfé’i téiﬁiﬁf@ﬁ%@ by énva)pﬂﬁi%& (e e by sha efor
S50, 45 70 BV SRS 4 P38 0 o
: ?%%Ex}%hé aﬁ)ﬂ%@d@eqﬂ%ﬁthgféagﬁnﬁcﬂg e V‘%l%}s@éébléso Wal be ;2 costly

progress v over su course o
Vidltale obstacl es and automatically assign penalties
to a vehicle pilot if an obstacle collision occurs. A
system nethod or -apparatus which could also allow for ‘
t hig tHe phsyy seddllisiins\in Fdcealonpetiticis| f@ spetd oflfhearshicle will generally
characteristics would al so be of advantage over the

priesult &r vehidk | danedger amc the, vehindd thairefgreabging anehlestoozomplete the
patent applications cited in this specification are
he¢aipse.i ncor porated by reference. No adm ssion is nmade

that any reference constitutes prior art. The

di scussion of the references states what their authors

asiEsiold bnaf adianiass todae S iawerved Vefisle sypRetiign implementation
B R R AT YR R—
o R 2P Al BBl R AR o2 ey oo o
a3 SR % Dol SRBHIRR ORI | g oo o
OF 4 dVANRIRY tBHAGE SCEHMIN Ymethod or apparatus which could track the progress
of a vehicle over such a course of \)irtual obstacles and automatically assign
penalties fo a vehicle pilot if an obstacle collision occurs. A system, method or
apparatus which could also allow for the deployment of virtual obstacles with

dynamic characteristics would also be of advantage over the prior art.

All references, including any patents 6r patent applications cited in this
specification are hereby incorporated by reference. No admission is made that any
reference constitutes prior art. The discussion of the references states what their
authors assert, and the applicants reserve the right to challenge the accuracy and
pertinency of the cited documents. It will be clearly understood that, although a
number of prior art publications are referred to herein, this reference does not

constitute an admission that any of these documents form part of the common



It is acknow edged that the term'conprise' may, under

varying jurisdictions, be attributed with either an
wex@boss7ye or an inclusive neaning. For the puP@DNZ2008/000336

this- specifi cation, and unl ess otherw se noted, the

term' conprise' shal | have an inclusive meani ng - i.e.

that it will be taken to nean an inclusion-of not only

t hgenkera kadwiedge Driaatast, intNelv Zealhhg or iafaay etttesoulnt. al so

ot her non-specified conponents or elenments. This

rationale will also be used when the term'conprised'

orlt ‘icagknoindgdegd that theelgrmricoraprinel orav: dinderevasyinggp@sdictions, be
steps in a nmethod or process. It is an object of the
praég@ntedl witheeithes ﬁ"teé}C'H%I'M? gsan tWWGr’B@%’I My B?rotBF' SNEPase of this
at least to provide t ubl i usef ul
Fusrpleﬁ@Fa 100 ualﬁasa{g sggggte f tl?q]germ eg%mrl)nse s%all have an

5 d elg@ﬂ%uﬁ’ r'}b%\g”\lﬂl% cﬁg otgetgﬁ‘\y@ﬁl')%ggkef rt%%ggr)?( gﬁgﬁahggn of not only the
DI\R L Rborhntd ﬁ\'}ﬂ%@t rngfébr‘eﬁc%ts BL GOORMHER, oﬁ%@&?@@b@mponents
|ns ruc |ons con to calcu at e ena

VESH ElefmeRts. otm@\fa@oﬂawgmﬂ arsgrrpstusfeuom@ro%é qee«ml ‘€dprised’ or
i ncorporates at |east one virtual obstacle, said set

of-cérﬂ§mé‘whé IR iR LB rCRIbhE @ hifle BRepk ea eictiod 6r rbefss.
of ;- receiving a vehicle location identifier
associated with the present position of the pilot's
v dhiscdreobjectdf the mesqrdinvegtidrhie adelhessltbe Fayegaing problems or at least
identifier with a collision region associated with at
10 | clagrovdeethe publiaivitb Bssetull shaite.t he conpetition course,
and c) assigning at |east one penalty to the pilot of
the vehicle if the vehicle's location intersects with
a Etcrmeirsassﬁctﬁ@%ﬁdwtwsﬁsthad?reserﬁdavww? ylb beremge apparent

ste throu c .as t pi.l ot navi tes he

col ltl ?’@ﬁ%“’?fvb 'Pfgh ISYan Rynway leh?@y e
changes. Accor di ng to a further aspect of t he present
in 1Lb VIE vi ded a nethod of cal cul ating

p e pilot navigating a conpetltlon
course depl oyed

A set of computer executable instructions configured to calculate penalties for a

vehicle pilot navigating a competition course which incorporates at least one virtual

obstacle, said set of instructions being configured to the execute steps of;

a) receiving a vehicle location identifier associated with the present position of

the pilot’s vehicle, and

b) comparing the vehicle location identifier with a collision region associated

with at least one virtual obstacle of the competition course, and

c) assigning at least one penalty to the pilot of the vehicle if the vehicle's

location intersects with a collision region of an obstacle, and

d) repeating steps a) through c) as the pilot navigates the competition course



substantially as descri bed above, characterised by the

steps of; a) receiving a vehicle location identifier
wasmoorgsed with the present position of the pPCDNZ008/000336

vehicle, and b) conmparing the vehicle |ocation

identifier with a collision region associated with at

| east one virtual obstacle of the conpetition course,

and Clanddseé podithm eftthéd estsitle ehangesnal ty to the pilot of

the vehicle if the vehicle's location intersects with

a collision region of an obstacle, and d) repeating

stAepsrding tohr focthér agpeatofithe prsiskotinyeniipg dress i previded a method of

conpetition course and the position of the vehicle

cleainylating Pepalties fervae NpRiFle RilkbDRHIEY; & CoFPEEIURCYEse, Agployed

nmovi ng obj ect and can i nclude humans-.such as_runners

o rRUISANHaIN 26 ceSCH0) AYS, REGFAHATERR DT SE8S Ofrhe

present invention is adapted to provide a vehicle

PSP R R bR Sy s poson o
5 incorqﬁé?iiog%v%hméhn‘gﬁ of aspects froma nethod of

i mpl enehting a vehicle conpetition, through to
har dwar e conponents or apparatus enployed to execute

t I'l? edRRMArRG thE&chiRIEHchifih idBRfifITQMa al Eol@RiIEFalion associated
t hroughout this specification will however be nmade to

the prngagesttiedshvREVIraal distdi Gitay ceedetitionacouedehadd of
conpetition inplenentation, but those skilled in the
art shoul d obviously appreciate that appropriately
cay)f i cassigdingaaid emst ooe npEmatintts thaddilot of dhe wehigle if the vehicle’s
instructions are also within the scope of sane. The

pr eserocdtion dnteisentsydih Deollisiaregiondé ghepstacteoapdti ti on
course to be navigated by a plurality of vehicles.
This conpetition course can define a fjxed route o

10 sed) offepeating stepR) Hroud ) as fhe Pilpt nayigates; the compeliitionl course

successfully c lete the c etition course. :
and tLe){)osiﬁgy ofe the vehicle c%gﬁges. :

The term vehicle should be interpreted as any moving object and can include

humans such as runners and swimmers as well as mechanical devices.

The present invention is adapted to provide a vehicle competition implementation

15 system. Those ékilled in the art should appreciate that the present invention ‘

- incorporates a number of aspects from a method of implementing a vehicle
competition, through to hardware components or apparatus employed to execute

the method of the invention.

Reference in general throughout this specification will however be made to the
20 present invention being provided by a method of competition impleméntation, but

those skilled in the art .should obviously appreciate thét appropriately configured

hardware components and/or software instructions are also within the scope of

same.



It is envisaged that in preferred enbodi nents that the
conpetition course will be altered on an ongoi ng basis

walepentome on pil ot feedback, atnospheric condPCT/SA3008/000336
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and vi sual inpressiveness of the aerobatic spectacle.

It is inportant that the managi ng of any anendnents to

the conpetition course shows that safety is not

C ORI B3 & GhvhtichyarPise D$ed fBhdupifyos eompétition cenkdestagechavigated
that the delivery of updated maps will be made to the -
pidyet sluchiity dfaehiclgs. Thisfdoyipetitiorneowrserpan defirera fixad rogteay set of
wel | ‘as any ground aninmation team |n sone enbodi nents

t lpathspudich amvehiste awi peddatehicosidteeasiuit ep@plete fhe Lgmpetition
al t hough given the |arge anount of data, this may be
vicQuesephysi cal downl oad into a unit nounted on the

pl anes. A preferred feature of the present invention

e SR LR 6N ipreied SMEHRRTY Uik P goupCieEbourse wil be

il f dj us: i ' . .
P58 S0 b R B RERL D RPPASE b conons

,;r&g@e}fligﬁaﬁﬁs in‘lgﬁr'eeélsﬁleﬁ%st bf ‘mde %Q%afi@%pgé%ae.WHQQH%BHant that the

r configured to be as efficient an

a i ' Qo ik SorRpétitioh bolfRf &Howdthat safety is not
eﬁﬁ%ﬁﬁn@nt@g?ﬂ??@gg&ﬁﬁtgt :tmt herrg?i Cs is used in d

C QidhipAShiska ot ARy pBie Thewidre Ol edvisaglet Nigatthé mklivery of updated
mat hemat i cs. Fi xed point mathematics run approxi mately -
t hhass wWilnesmbas tethet pilats flott flynor figing tthe nompetition course as well
preferred processor which is a 667VHz cortex- A8 ARM

c aaseany(@uoumlistigatiohieanchoi ce of processor shoul d not

" be seen as limting. ldeally the ARM core woul d be
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used in conbi nation with an open G.-ES 3D accel er_a}i on

erlgi $pene enbodimantnie yrdFeimay Seraghigved Jhioygh e ydrgless upload,
instruments OVAP3530 platform Ot Her Iatforrrs.ali of| dint
c Riinguala BYPY o Tae BEHR! 91 A5 May B Ui SRR fgwnioad into

pilot flying t course correctly could use arrows (or
sﬁrﬁ“'E?’ﬁéPtegﬁaﬂg%PlgP?S't o direct the pilot to the

current object and the next object they should be ' ‘
f l,a( 'ppgfeFrga %lagnre of the present invention is that any changes to the display is

made in real time — given the quick reactions required of the pilots to adjust to the
competition courée with respect to their orientation and positioning thereto.
Therefore, it is critical that the data management algorithms are configured fo be
as efficient and accurate as possible. To this end, in preferred embodiments, fixed
point- mathematics is used in contrast to the more traditional floating point
mathematics. Fixed point mathematics run approximately three times faster than

floating point on the preferred processor which is a 667MHz cortex-A8 ARM core.

Obviously, this choice of processor should not be seen as limiting. Ideally the ARM
core would be used in combination with an open GL-ES 3D acceleration engine,
the combination being similar to the Texas instruments OMAP3530 platform.

Other platforms are of course envisaged.



For exanple, different col oured pointers can be used
whi ch change shape to indicate proximty to/and
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Preferably, pilot needs are net by having full flight

paths overlaid into the display. Part of the reason

for an indicator systemis that in a basic formof the
prARsesRic indicatdri 9stenhaspist thes psteflyomd ythé cosse cijently scould use
directly in front of the plane. Sone enbodi nents of

t harrqwse@®e sbmee iteaTtindicatery & direny theepitot todthe cakrert dhirah and the next
account the head orientation of the pilot and this is

di ehjesi dhey sheulskbesityinathfqughpat ent speci fication. The
conpetition course of the present invention can be

oHEOa BT CHPETE AUl PPEFT \Piobs (BPACKER cHanoe shape t
hi.Cl di d in further d '
o B ErEaRo L i ARE s BHpEEl ARB R Py e

‘conpetition course may be an aircraft. Air.racing

COBRGL LbI oﬁ]ilﬁg) ﬁégdé‘gl%\_ll}ﬂgm ﬁg\/iﬁgt? F fﬁ&té}ﬂ}%b?gégliéﬂ iMd the display.

raci ng dr'sc nes. - present 1 nvention tates

t h ot 19 S REYsBh | 19N a R indiRb Oy TRIM i9thalln Al basidfdrMdof the present
conpetition course in such applications. Furthernore,

I efheérRidREhE MJilBtsoheUdnly b Ses RdRIctS @idddtigrn ikdnk ofilis® plage. Some
made to the operator of the vehicle involved being a

pi érabodiflentseofsthiel presknit inventiomuse sheystemahppt axkes o tdrabunt the
t he use of such term nol ogy throughout this

spleead iccigtiation stfodhed pilot roadwitys as ctliaelssed dietes, oar inv#res patent
or any other types of operators of different forns of
vesnasifisgtionns di scussed above, in alternative

enbodi nents the present invention may be enpl oyed to

0 P SompoR oL R BRSn ealn 5 aohe Wb sssstace
08 nGEREL oL e S5 TRbebS oGS L5 F o F e =
m&i@&hs%%@érﬁ@pé@rc&qml w&ﬁh can be used in a conpetition

to

avol Cles, of to actively seek to collide
wi th obstacles. Reference throughout this :

SPRCA bif&tdPLBmbBdildaRt H%8hitk (B8 tdnavigale the competitioﬁ course ma
be an aircraft. Air racing competitions are known which combine aerobatics with
racing disciplines. The present invention facilitates the implementation or

~ deployment of an air racing competition course in such applications. Furthermore,
reference throughout this specification will also be made to the operator of the
vehicle involved being a pilbt. Those skilled in the art should éppreciate that the
use of such terminologyAthroughout this specification should in no way exclude

riders, drivers or any other types of operators of different forms of vehicles.

As discussed above, in alternative embodiments the present invention may be
employed to provide competition courses for vehicles other than aircraft. Those

skilled in the art should appreciate that competition courses may be provided for



invention in air racing applications in isolation
should in no way be seen as Iimting. In yet other
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enpl oyed to i nplenment a conpetition course which need

not be navigated by a powered or notorised vehicle.

For exanple, in other enbodi nents, conpetition courses
prravé dad, ratirgowatenahit,anoterdyblet loe apy effentvehickeewticltonambeg raced,
be navigated by use of roller blades, bicycles, skis,

s nuivibio aamibe used ira sirnpetition taiayoid phetacleymrdo gttively seek to collide
transport apparatus which need not necessarily

i g pstagles.a Redrrences bypuabodt thifpsracification & the uagcef the present
runners and, swinmers whi ch Pertorn1un ssi st ed nag al sp ..
beNYSRIPD AR @l rasing %‘}PEIB?KP“F insiselghipneheuid i Ry Re seen as limiting,
depl oyed may. be used by a plurality of aircraft which

PR Ay ROt T84 BiosPEuRbREln B e pmplovea to
compitl SREApLABR" oo wbl i B, BETURERAS) Haprec o

I tmefaaudd RRIcRPPIES etfthid i ofh dhiBodimeRBNtcompetition courses
invention to work well, real tine navigation is needed

anstotiBad i @lincsn Witdthe preBer @fichiiiiman e eialigateatidyaise of roller
solutions for the aircraft. The inventor has

i detades, | el clesnkib e snowbaaed] i waten skishioc lang astherptyipys tod teansport
preferred enbodi nent as below. a) Miust be continuous

I eappadites switiéh wieetiheot héeesaarnily rinéerporate ianpeweegource or motor.
under goi ng hi gh accel eration (up to 10-1 1g) and high

r ohthtetemsydy as rgBEre @ge cudmpers whichneprform) unassistagemay also be
generated in real-tine.c) Miust have |ow | atency. d) '
Migeluged.a hi gh update rate (greater than 10Hz,

typically 20-30Hz, possibly up to 50-60Hz).

Preferably the competition-course deployed may be used by a plurality of aircraft
which may navigate the course one after the other, or alternatively may race in a
head to head configuration on two or more identical, similar or handicap adjusted

competition courses deployed adjacent to one another.

It should be appreciated that for the present invention to work well, real time
navigation is needed and that requires real time position and orientation solutions

for the aircratft.

The inventor has identified a number of conditions which can apply to a preferred

embodiment as below.

a)  Must be continuous regardless of whether the aircraft was inverted or
undergoing high acceleration (up to 10-11g) and high rotation (over 360

degrees per second).

b)  Must be generated in real-time.



e) Must be high accuracy, particularly as the position
and orientation of the aircraft is used to reconstruct

wo b@possia i ons of the virtual obstacles for theCPpNE2108/000336
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f) Must be snmooth so that the notion of the conputer
generated aircraft |ooks realistic. g) Mist be

relatively lightweight (a few kilograns). h) Mist be
re¢)atiMe$ty1aIverpmy.( able to be supported either by

the aircraft's existing power supply or by a small

separate battery) i) Must be affordable. ]

ei @herMustdie abigB update aliedaragtardepr . tsd%?ﬁhlté I29T3(9|H2yp055'b|y up
avai | abl e conponents. k) Muist be robust under high
dynanit@sf‘:_’.o'ffqH st generate a position solution that

has better accuracy than 10m preferably 1mor better.

?)f | C&E%t%nﬁg&hg%%?% Fgrrt]iglﬂgbg ongl%lrdlﬁz lt%ﬁﬁég\??lebétl?n of the
C ours ea.rcgé%gf%' 48 tR BRIt R 6o§ﬁf$§s oF th%‘%ﬁk‘i@a%&&’gaeé‘% the

speci f1 was expected to etter than egree
in rol ket pitch and heading and is potentially likely
to beconme higher as the systemis refined.n) The

attitude of the aircraft nust be the true attitude of

t hg ai mostddet snicdtako Weat tige motiet bitad comipate? geserbtedinaircraft looks
such as WGS84. 0) The aircraft platform nmay experience
hi gh vieblisici on from t he engi ne. To address these
requirenents it was clear that GPS alone is unable to
provide the required information. Firstly GPS is
un@bl eMugt hgaetativele ightwaight (afew Klegi@mson, unl ess a
rrul tiple antenna GPS systemis used whi ch woul d

q)'w re ood satellite avazl | abilit

K eMy ke rReatikely oy Ry (Bblp |t bp ﬁ&gépr@qﬁlghsﬁ {%H\e aircraft's

ems%mg power supply or by a small separate battery)
i) Must be affordable.

i) Must be either available, or constructed from, commercially' available

components.
k)  Must be robust under high dynamics.

) Must generate a position solution that has better accuracy than 10m,

preferably 1m or better.

m) Must generate an orientation solution that is sufficient to accurately .
reconstruct the virtual course. Absolute accuracy in terms of degrees was
not specified but was expected to be better than 1 degree in roll, pitch and

heading and is potentially likely to become higher as the system is refined.



aircraft is likely to be inverted). To generate an
attitude solution it was clear that inertial sensors

wowwhe7d1awve to be used. The chal |l enges faced We€ENZ2008/000336
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primarily as a result of the aircraft undergoing high
dynam c manoeuvres (acceleration of up to 10-1 1g and
rotati ons >360 degrees per second). Furthernore the

aim)cr dffe atéitndé bf/thie raireraftadustiviedhe tbs attitedse oftthe airgaft relative to a
antenna and makes continuous tracking of GPS signals

nor e dicfifed weferendaiameaisuch e MVGB84i es are currently

avai l able that are potential solutions: Attitude and

Headi ng Reference Systens (AHRS). and integrate

d
Gy | NEe(3iiceatt plaiforRiiny SXPESIenay SidbnjoralgiREo iR heings e
a conbi nation of gyros, acceleroneters and
{@hSe b truct a3 dineasional ol oy
sof U it euSraie el a0 A, S HERIG R g e
t REUUERL PEPRAE, SR TR MRl e Bt B Gt Sl TLiless

us ' td hdBgS| t ' d sateliit
Log BB R i R EUbAL DS Wde qood st

t he 2R UNHRS. S WA BIRINMRIE td) Qorie SRREASHIY h ¥R rdavironment where the
effectively using nost off-theshelf systens. |nstead

| t aitsAst BNIREIP SEBe IMvatte®n | Nt egrated GPS/ I NS sol ution

was used. An INS is an Inertial Navigation Systemthat
conprises of an Inertial Measurenent Unit(lIMJ), GPS

r et geseraterah attitidemobution stovag tlaar thahisedial sensers weuld have to be
optimal |y conbine the measurenents from each system .
GR&/edNST e shallsaggofacedivaie aainantyadfe a:resyoel thesaircraft undergoing
conti nuous position and orientation reggi\r dl ess of GFS

r ight dyBAMicGIRNosHWEE Gsceleration o Bl 18y 10149 h?rgﬁ?. rotations >360
accel eration of t ircraft and the i.ent ati gn . of

t hdPareRs BRItSSRARY): Vet e as?ﬁaﬁgénﬁ@i'%\feﬂssr gL obgoures the

ob red GPS (,such as when th ir !

TP Ay oies Tt Hls B Bb of B itaus RS b

typi cal Iv y very accurate A
Two main technologies are currently available that are potential solutions: Attitude

and Heading Reference Systems (AHRS) and integrated GPS/INS (Inertial
Navigation System). AHRS sensors use a combination of gyros, accelerometers
and magnetometers to construct a 3 dimensional orientation solution. These
systéms essentially work by deriving heading from the magnetometers and roll and
pitch from the accelerometers. Measurements from the gyros are used to smooth
the attitude. In situatiohé with potentially high vibration aﬁd high acceleration,
these AHRS systems were not expected to work effectively using most off-the-

shelf systems.

Instead it was proposed that an-integrated GPS/INS solution was used. An INS is

an Inertial Navigation System that comprises of an Inertial Measurement Unit



with the accuracy dependent on the availability of
GPS, the dynam cs of the aircraft, the length of tine

wotoovies7sy st em has been operating and t he qual PC/N&L008/000336
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the inertia] sensors used. Differential GPS can be

used to inprove performance by renovi ng unnodel | ed

at nospheric and GPS system bi ases fromthe GPS

SqQivb), BPS fRIver shdmicrypioesssonkieat awad 4 &ibdreio toptimaty tarhigine the
requi renents. Those skilled in the art should
appeatirarhents fratm édob systesenGPBANEitas dine followind @éslvantages:
significant degree of flexibility in ternms of how such
conpetitions can possibly be nmanaged. As di scussed .
abov e, Provideg eanisuous Rasitionansorientayen iegargiaseel Phe regaption
a nunber_ of virtual obstacles which at _the very |east
can adGP$ receptipsris ﬁff?@e%%v & *as,vlw greelerptionyet tB%éﬁ?fﬁﬁ@“d the

routes whjich c avjgated to conplete the course.

In a f%W@P”BE@FZﬁ?@&”&%ﬂ%i nent the virtual

obstacl es presented are to be avoided by aircraft

pi | ot : ' fid “ i

D oundaly TS ol Bt porbalion bBRRRE SPSHSIR Wi the aircret
Vi rtuq% ir&@ﬁé@?' es presented should be avoi ded where

possi ble by aircraft pilots to avoid the assignnent of
penalties to a pilot whocollides or otherw se

| Nt er apieSadtubdty anthelsdstivhandldititadwsdldtidres aypicatiy vatyedcurate
t hat obstacles can also be dynamic (e.g. rotate) - so

a pi |l otitththe dcouratyrdepdneleapr thectvaiabilie go&P3a1 tetdysamics of the
object correctly. Reference in general throughout this
speci faicadft, tire ngth ddtioe dfdherayitern bhias lbeep pperaking and the quality
i nvention deploying virtual obstacles which are to be

avoi dedf thyingrtisl sensorfangeght i ng t he conpetition course.
However, those skilled in the art should appreciate

that pil ot b ired t | et ther forr f
| or SOPIERUBLETER 69 PEUAPY HSTARYLReT oMt BLET RS

conplete a, co tition co For ex ' :
COTP! Sl SRR bR SRUEFS: o/l BSLEL G g Hsoluton
actively seek

- Commercial systems are available to mesét the requirements.

Those skilled in the art should appreciate that the present invention provides a
significant degree of flexibility in terms of how such competitions can possib‘Iy be

managed.

As discussed above, the competition course to be navigated includes a number of
virtual obstacles which at the very least can assist in defining a route, or several
possible routes which ‘can be navigated to compléte the course. In a further
preferred embodiment the virtual obstacles bresented are to be avoided by aircraft
pilots, and hence serve to delineate or define the boundary areas of a course. In
such embodiments the virtual obstacles presented should be avoided where

possible by aircraft pilots to avoid the assignment of penalties to a p’ilot who

10



collisions with virtual obstacles. In such instances
these virtual obstacles may define a set of paths or

WO e@ok3874@r may provi de a nunber of discrete OP{BEZI08N00336
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obstacles which a pilot is to contact during the

navi gation of the course. In addition, in other

enbodi nents a conpetition course may al so at | east

pablitied loy dieerdelel inedtadty withadhtdbstele. phty shadd bebspaetieted that
if available or if appropriate. For exanple, in sone

i bbcike Tan wiso Ehywiacet (coh gbtats)essaraypildidasde ke thg approach to
crash barriers for racing cars or notorcycles, with
vinegatidte dissekiedteorraettyd t o present additi onal

chal 'enges to be navigated by drivers or riders. In

yet ot her enbodi nents virtual q

bd%ﬁi@rena$ gbser@é?lébﬁoegmtéws eredtce) |“6'F6'5%¥>Str6?a/ t&ﬁhe present

2B e b G BOBY bR B3 PR ABRBS 58" it vt
Astﬁ)%e%&%%‘tgqnsgoﬁﬁed I—R:We%\f %54& él@%‘&eﬁtthé% %ﬂ:@llc} 58&8ciate that

€ bonus™t ar get ect cou

|I8E%£f Ee i’&ﬂ{%ﬁ lt‘(E)é@m Ble GhiH ﬁog‘hs o* htér§ct%ﬂ¥ WiAGRHial obstacles

h wever onus target | ect may be
p%'shb&é%@ﬂﬂl&’%rﬁbl@% é’Eoﬁq &iitldAlBBfsecour se. Therefore,

here 1s arisk calculation that - the pilot will have
to make as to whether it is better to divert fromthe
exXFditdxBapROUT 66e alsativeasmbodinegiaa pilat rhanbe askeat tovadtively seek
reduce the overall ‘length of the course, or
whetllisisne owith Rinfuagolostadlés dnischﬁgstamﬂss@emmirwab@bs@@lﬁs may
risky. It should be appreciated however that whether a
caldfingiaaeti ofcpaths @r praglkss, tgr BAY Rrovideus, nqrmbarsofrﬁb%qrete objects or
l'ikely that the penalty/bonus will be in the f of
al ebstdcles whish| @ ijieh isofo weBtach dhdRg theingvigation th% course. In
have .a dynami c course %ﬁgv i des_a vergs cl ear |ca§

t oa%’&m Iy ek S RSRImETER & FAMBRED QIS LY Ao gl I Pty be-
e NG BB P Pl g e
;Eﬁ %)?i” E\% ancks Sy hby&@altc{ﬂn@ta\@le@‘rﬁg b§%F}n&£‘ b&lrﬁ‘f@éﬂ BAFiers for

pparent’ T es gives Y ist'ant

9rakif! Cak! an mdlorchBed | GHET Vit o dd<L 1UBBH1 1S Bkt additional

challenges to be navigated by drivers or riders.

In yet-other embodiments virtual obstacles may provide bonus target objects which -

the vehicle operator can aim to collide with to provide a performance or tactical
advantage — potentially in reverse of the processes discussed below with respect

to penalties.

As an example, the bonus target object could be used to shortén the course for a
pilot. It is envisaged however that this bonus target object may be positioned
6utside of the normal course. Therefore, there is a risk calculation that the pilot will
have to make as to whether it is better to divert from the existing course and

attempt to gain. a bonus that will reduce the overall length of the'c.;ourse, or whether

11



To depl oy the conpetition course, virtual obstacles
are overlaid on a pilot's view of the conpetition

w@owwses74-or exanple, a pilot may enpl oy a heabPlST/NE2008/000336
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di splay (HUD) which can overlay a display of virtual
objects on a transparent display screen over a pilot's
actual view of the real world region on which the

c oegptihiiihg @n tieoexisting course weuld depdssyiskly. The t er m HUD

al so includes a headset or hel net nounted display - _
whi ch either projects inmages into a dis

di lt sboulg henapprepietegybaweyer tihal whataer, a F:@ﬁls'éfaanwré a penalty or a
heads up display technol ogy such as that di scl osed

pdropig: Bris nERfs|ikeltthaihtheaoenatty/boousy wilibein theyfage of éltermg the
R4 188 oS R AR 0

|§{jltf;lfat8qq1 ttqr,]%% Esto Egﬁh&?v??l{ggr SF? (\)A?lr h\eéfnn%fl/vﬁm%r of a particular
gr %{1}5&1&169 nTﬁﬁtlseBg&dﬂ% 't}%ﬁ lrfs\(ec‘atae haﬁﬁﬁ?eaemt@tenﬁ th lec?raft that

nment's resent oy t trac

t sOfh% Qéur!;é‘tf%tsﬁ/mSSe Etﬁe qﬁﬁﬁér‘ b%chYarP%ﬁHe@iéﬁé %ﬂa visually
poste at www. | nt er Sense. com. The use of

t egdiebn ¥ divsasinétant gf?éﬁﬁ:@ﬂén tonma Wiewefs &ifd ;samubame alike.
the presence of virtual obstacles at specified

| ocati ons assigned to each obstacle in the real world

r €06 deplby thehcaripdtitien counse eviitsal tobstaeled eps oyerthid ah afpilothview of
virtual obstacles are not physically present in this

reﬂmb compeditiorgioarse. t For expmplee ackilat anah emplayuh reads fupr display

: &|Ot usi ng such HUDt echnol ogy. | n one enbodi nent of
th

UR)ewhbieh ¢aiyeueriayna displahehyiriiel obissts gn rﬁeé@nsparent display
gfgggﬁa'&; R B3 Sk S
raGPLGRR 19 ¢ )beténrﬁ Sisths Jheyieim HOPREsq Mgt Sehg P nemet
gglnghn ep ds?f’i%dx aééh?gl}ergbrr] &%g@?§8§ﬁ1§§ghcg )? Br %&tly into the

or%)(e}_;gdﬁgﬁ ot/ N other enbodinents there may be
e tters i nstead of reflectors on the

For example, heads up display technology such as that disclosed in PCT Patent
Publication No. WO 2005/121707 may be employed to present‘such virtual
obstacles. A heads ub display employed by the in\}ention may also utilise position
tracking for the aircraft or vehicle’s position in conjunction with a pilot helmet
orientation determination system. For example, in some embodiments the present
may employ the flight tracker technology of InterSense as described by

publications posted at www.InterSense.com. The use of HUD technology allows

the present invention to simulate the presence of virtual obstacles at specified
locations assigned to each obstacle in the real world region in which the course is
to be deployed. Although virtual obstacles are not physically present in this real

world region, their presence can be simulated for a pilot using such HUD

12



pilots helnmet. For exanple these may be of various
types including afeoustic, visible |ight and ot her

web@orsamgneti c emtters. Correspondi ng sensoPGT/NiZd08/000336
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likely to be used. The inclusion of reflectors (which
coul d be adhesive dots - although this should not be

seen as |limting) can provide an offset between the
actetteriolggysi tions of the pilot's head in a relative
position to the virtual objects in the onboard

computer. This enables the pilot to always see the
oblpenmemlvpohmenthfrth@@fquatsinwdwn| thethans sehgsepadead ggientation

th t d into the pl th
i PR NG Bemasanot Fiediore rog?sheo%%‘émoattﬁ%fp@ﬁﬁqﬁreet  These
pi l&{o}ﬁtﬂaér s?cli»prél Ct I |g$[él%}/1t ?'Baﬁl]thlkélgq'?f%? Haét BP y@bﬁeomay suffice) to a

o? #31,%5 \éﬁgfgg P,%,Q atgléalt'ﬁée %) Stgf s&%‘eﬁﬁé %JHB )yac%qg’ ?@B%lc}&processor
COoghi éﬁgnllv)i‘(ylc?.{;été helid @ bh&Stah Hefétn?é‘?d‘th? Y)ﬁbéﬁté?%hta'iﬁﬂso'f S

can ange in position o e patterns when
the pilot noves its head. In yet another enbodi nent,

anni figér érabodiRBRRthERYmMbY 86 brédvideddéhBlersSinBRAE of reflectors on the
or| entation relative to the aircraft. In one -

REH ABRietOf FéMexdmgsle anbsd mMegnbé @, vatibes grdsiatiuding acoustic,
H D) that the pilot enploys nay illustrate the virtual

cousible light andi other eldtiremagnetir evittdes. aGdirespomaing sensors will likely
information to the pilot than that possible with a
notedehrsedat i ¢ di splay. It is possible that the course

may have various opti ons associated with different

col ours. For exanP the pilot may have obstacl e

i B inElusignioh reflestosn whish eiid pe adhgsiva d% —faHh Pt %mou'd not
e Lo SR B, Bt s

L G P 5] Bt e
LU i BIHESH B S 5 e o
skysfaPreld MRY5HRARSstrapped into the plane, the precise difference between the

aircraft orientation and the pilot's direction of sight can be calculated to provide the

accuracy required for the pilots to perceive the virtual objects in a real landscape.

" In other embodiments, the pilots helmet may have a coating which is patterned in
such a way that sensors can detect the change in position of the patterns when the

pilot moves its head.

In yet another embodiment, an inertial sensor may track the pilot's head orientation

relative to the aircraft.

In one embodiment of the present invention, the headset (or HUD) that the pilot
employs may illustrate the virtual course in colour. This can provide additional

information to the pilot than that possible with a monochromatic display.

13



In some enbodi nents of the present invention, there
may be provi ded a headset (or HUD) which is

wat@wemweopi c. That is, different information PET/NE2h08/000336
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each eye of the pilot. If this information is

stereoscopic, then the pilot has greater depth

perception as to the positioning of the virtua

ohis isapdsibl@ that hiee dbapkayay haves oamousndpiidheesssciated Withadifferent
set may be of a retinal display type which can project

i iess.dForeetdnypleihe ptld)teﬂa)eha\maolmadetseldpmﬁf@ﬂ in Phie solour for the
coul d be nonocul ar or stereoscopic. pilot's headset
orpilatD tellewatrh sy alspillogteate e @bgtppla§l "aaamhrebﬁgipur for another
information to a pilot other than just the virtua

oblobio felowii scussed above. For exanple, if a pilot

strays fromthe general vicinity of the conpetition

e obe G5 o saAtE Fe Br (e Bueives Srat SrBRot Rane cispiey
;g@&iﬁgn%%% ¥or f?ﬁot?@p&ddd'yﬂgﬁtlf% Qh%b'éuaet&ﬁtéml tBQB\étter judge

rovi warni ngs to

gﬁt c?&n?a‘ﬁ%ﬂ tanﬂ B@Eltl&ﬁ] éuﬁstalh@I BQ&&;‘?Olﬁfd 4k?§caﬁieh§ﬁdsca pe.

) ng w th anot he |rcraft .or the ferrain. These
safety warni ngs nmay take the fprm of visual elenents

di |5 RoAeEmbedimeRis! 6t tha pilésent avehion)aigte gayt B& @Bovided a headset
addition to warnings as discussed above, the headset

or (oHHD D) avhicH is Gtgreosdopie. tTiat [, differenit irfomuation ie fed/osaamh eye of
pronpts and nessages. For exanple, the race

cothe dpiloat df thiayinfoemdtidaro isastesenscepiththenetiteapilot diasagreater depth
whi ch can be transmttedto them In sone enbodi nents '
of parpeption @sdea the pasiiioningrof thiayigualebstacieg ondhe Hispayher
aircraft may also be sent to the HUD of a pilot. This
data may be the actual positioni ng

f the
ai lncsoane empogdimests & Beathsst Ry | P%He %tﬁg}n%éﬁﬁﬂﬁy e which can .-
af , b id
qu\éjgpf W’i‘ﬂ?%‘ﬁ{%ﬂy F%‘F g%aﬁg'f’@ o?-tl?e )PB%" pﬁ@l\% cé)%&do% ép?rhogular or
il,ot was.in a certain position, this may influence

séerggac;o&cthat you take, for exarrpl e whether to try
out for a bonus target object.

A pilot’s headset or HUD can also be employed to display additi;)nal information to
a pilot other than just the virtual obstacles discussed above. Fodr example,v if a pilot
strays from the general vicinity of the cpmpetition course, .the HUD may display
guidance or navigation indicators to lead the pilot béck to the competition course.
In yet other embodiments this HUD technology may also be employed to provide
safety warnings to pilots in the event that there is a danger of the pilot colliding with
another aircraft.or the terrain. These safety warnings may take the form of visual

elements displayed to a pilot and/or audio warning tones.

In addition to warnings as discussed above, the headset or HUD can also provide
the pilot with audio or visual prompts and messages. For example, the race

coordinator may need to announce the restart of a race which can be transmitted

14



In some enbodi nents, the presence of a virtual race
aircraft (or nmultiple virtual aircraft) nmay al so be

wale@plozsred to the pilot - possibly in greyed oRCT/NZ2008/000336
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"ghost” format. In some enbodi nents of the present
invention, the virtual course nmay actually be renopved
fromthe HUD under certain circunstances. These

ci tocthemit ances coul d be when software associated with

the present invention considers that the pilot is in

danger of colliding wth either another plane or the ]

| alndsanap emipgimeniaapine piesentsnesiiicaagald relatig e ths gther aircraft
will be very focussed on coggeting and | ookin

vi ey aisodps teii fe the HYR ol & riloh pljs dak May pethe C{JE Jsﬂi%ning of
b Bahar AR e e LB Yo el Bot eh B sgrathwarning
U Rl RB e Dribetifs Boeh o fiodrt, Ry fapeting piot
CSRBE PSR IREE. PRIl B8 BRIV RPELE orcxami

| TRASHEr R} ARkESa borusIaRt SBBadi nents of the present
i nvention, there may be provided spotters on the

ground that can nonitor the aircraft for safety. For

‘exXppdrae dnfidapaits ethe rosdrdebs a Nirtuberdoer aropdft peomultiple virtual

caneras or sone automated sensored system In a

f uaitdreft) progfaso bd disfiaygkidrinthet pidot HUposkilsipliaygreyed out or “ghost”
technol ogy may al so enpl oy audio tones in addition to
orfarmgt.ead of visual infornmation displayed to a

pil ot.Audi o tones may be provided in such enbodi nents

to indicate proxim t%et o nearby virtual obstacles.

yeln MR PTERERANTRAL Gepratanb invenig thayiryal @%%M"{é@auy be
et e LB e Patil cueliesantonr st gBgtRariRs cou
s BF el <ot SRR Wit it eitvetBbRbp ity e pict o
Pr fiNgel Sy WilPitrRl 8RotREPNIaNe bPRETAMRRChEENt 1 Ti ers

For example’,‘ it is envisaged that pilots will be vefy focussed on competing and
looking for the virtual obstacles. There is a possibility that the pilot may not be as
focused upon the real life obs’gacles'aslan a consequence. Therefore, dropping
the virtual obstacles from the pilot display at potential times of danger can alert the '
pilot to a potentially dangerous situation, and enable the pilot to better comprehend

the real life landscape without the super imposed obstacles.

In some embodiments of the present invention, there may be provided spotters on
the ground that can monitor the aircraft for safety. For example, the spotters couid ‘

be in the form of people, cameras or some automated sensored system.

In a further preferred embodiment the HUD display technology may also employ

audio tones in addition to or instead of visual information displayed to a pilot.
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associated with vehicles navigating a course. The use
of the sanme | ocation co ordinate systemcan be used to

weawvloys7eaonpar e the actual or present positi onPCE/NEZRI®8/000336
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pilot's vehicle with an associ ated | ocation assi gned

to each obstacle integrated into the conpetition ‘
course. The virtual obstacles enployed in conjunction

wi Andip engsriogehe pravidaatin suchrembodinaets teeindicgtet poximity to nearby
di mensi onal or three di nensional graphical object

r eprtedlabstaclesns of any required shape or form Those
skllled in the art should appreciate that the actual_

C el Gt PR (LA K 76 SIS 6HB it Sompetiton
PapaEer BEERED LS, PRecKFlymiet brbubtel o Yiseypoea furtner

g%[g\[v , in some enbodi nents virtual obstacles may be
enpl oyed to present any one or conbination of the
followi ng el ements: start |ines or wi.ndows, turning

POINA HrefBREE ERtbodIRAE eBth OPREEPSHE& ey hsv@agé@%a to it a location
| oops or circles for an aircraft to pass, animted

obideatifierf oPrefualsly ke pdsehd ifv@Atord MzgualBo ¥mewiPlddation identifiers
virtual low or high level limting lines or planes,

t | assbciakgcewitls vahicleb nakigatiey acrturspur @he aise afdhe tsane, location co-
finish lines or windows and/or indicators which

di empinaje syaiee aan hea uest tooessily rdoomane ithmad:tnals@mfesent position of
enbodi ments the virtual obstacles displayed may

st e Rilof s vehigle with aRcpsapeatedrogatien jaseighedip ereht mtacle integrated
course‘ whi ch t he obstacle is deployed. In such

enBBNRERIPCIYNROUE At i ¢ virtual obstacl es may

SI nmul at e exi sting pr| or art real physical Obj ects
LIt
e A 54 bR € AR %5 RBh may e
d
ag@%gmngyyamrcﬁmeﬂgélﬁﬁat rgh oe\ré] c{?rﬁ%nsggﬂarlyigpﬂlgé? %%ie%p reﬁaresentatlons

ther 4iF ﬁé@ﬂ%p@rorqgﬁﬁa"rﬂﬂé‘fgﬁﬁe& nand ra?t%HoﬁRﬂ appremate that the

represent ation of the obsta For exanpl e

al é&ﬂﬂabbjé@tsefétb%geﬁﬁﬂt syt ienl OFw@bl %s@ﬁle@nc&b%a%n%red to the
may. change
. particular competition in which the present invention is employed, in addition to a

targeted possible audience for the competition.

For example, in some embodiments virtual obstacles may be employed to preseht
any one or combination of the following elements: start lines or windows, turning
points,'general areas of obstacles to be avoided, loops or circles for an aircraft to
pass, animated objects for an aircraft to pass through or-avoid, virtual low or high
level limiting lines or planes, timed objects which change configuration over time,
finish lines or windows and/or indicators which display range or trajectory

information.
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over time to introduce a further degree of randomess
or excitenent to the conpetition. In other enbodi nents

w@eooohst7acl e may have a dynam c confi gurati on PEQNZ2008/000336
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windm !l with rotating bl ades), where a pilot needs to -

avoi d the novi ng conponents of the obstacle. In yet in

ot her enbodi nents the dynam c nature of such obstacles

may be triggered by real world events, such as one

pi lhatomenembbdimeéntsathb evirtlial abstacles disipltayed mayybesiatic in nature and
ahead of another pilot. These events may potentially

t ralgydn the rlecationi epurtiag iconrssf whish e alpsteclyiis tdapfoyed. In such
obstacl es of the course and/or potentially the route ,
oremiedimapts dlpse Stpticofirtyd] cokstariase mayt 3'%'% @xisting prior art real

R R LT R

audi ence, but the position and the di mension of the

T A A By e s
g a%%ﬁ@?ﬁ ?ﬁtgl il thEBbatidnBslgRbd B iﬁeeétgggclé"b'rq H‘@W&e ihYddition to

present 1 nvention nay broadcast to
di hE 68N tshhsE b &dafsnciid hedgbbritantprdymbtidrbbMbe obstacle. For -
rules. I't i's envisaged that In sone enbodi nents of the
Pr &&Mifle, liM ¥ 6ME iaftBrnatiieéMboditheh® the Woated ofart bbstetle may change
system whi ch provides for selected viewing for the
pi dveir stinaen do aintlbdureea t fartbere dégeeeoihreandonressli drf exatement to the
filter system between onboard and ground for exanple.
| t canhyadition.bén etbpr evbedimentshan ohsiaclep maydave iardyeamicogpnfiguration
can be extended to nore than just real life pilots, i
butegalaswindmilt with retatipg Pladrsh whereharilok prpds th@vpid the moving
vi deo gane or online gamng. This partjcular as

. of
t HEOTPRASEHR Ofi tho cabetasie- | § YATdR qiiss FMRpdlpenty tyehdomarmic ature of
S e el B R wP O e B! SR e B in o o
irtual, pl bei ng. pi | d h ,
1 e, P38 P Bl A Rt A s et Wlens may

Eg 5i18lR5 .trﬁ’d'gé%g Sap%ﬁ%@i# ioh ﬁ%%&%@re@iﬁw oggta\éieg"&f the course

_ ver, it at the au |evnce,vvoul see ot her
| nf QUSRS dttially the route or routing defined for the course.

It should be appreciated that the obstacles seen by the pilot do not have to be the
same‘ir‘n'ages as seen by the.audience, but the position and the dimension of the

area to be negotiated needs to be similar.

It should also be appreciated that different obstacles and logos can be used in real
time for different audiences. For example, the present invention may be broadcast

to different territories with different advertising rules.

It is envisaged that in some embodiments of the present invention, there may be
provided a filter system which provides for selected viewing for the pilots and

audience to see.
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as well such as performance, |ocation and
specification chosen froma nenu. It is envisaged that

wo or09pxsIapl e tel evi si on broadcasters coul d usePCTNg2008/000336
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filter systemto edit the broadcast coverage.

Li kew se, online "players" could use a simlar system

Real pilots could see filtered virtual planes as well

- Therdwapg bby diffierbet filtel eystdrn detwdenvanbbaed ansl grpend for example.
(country/town etc), |ead position and sponsor.

Further, pilots could see other real pilots' position

orit shoulsbbe abpiggiaiac thatithef iesenifiryention 6an ba @xtenged to more than
W nni ng/ | osi ng narPin_in various formats eq: . rgphicm
orust e difeBilots, Tyt glsaafibidl PiQls sUply8s FW?@F&&@%FHEQ i a video game
col i si on avoi dance tem Penalties to be . calcuyl

o1 onlne G T Bari e eReoi ot Prraghar Rl eI ater
on the form.of titi [ i I :
T RS, P B ' el b Eetb e o€ S(Bheequence of this

S%’ﬁﬁc}d}lm@lﬁi feot?sl I{ﬁ?ée]g S/irﬁé%lgﬁ@sdbé?lg% gﬁﬂé@ﬁ;‘? BthkF<OHR fhe ground.

S CO olnts, or p y tinme may be
added to a pilot's race tinme for the course. In

PrifeslilbRAma e juse Hesviked ?léde@sanﬂﬁibsia;%lé_@ grésent 1 thed immediate
dynam c reconfiguration of the conpetition course -

PGeRNGA Ablvy HowWevBeiineould bé Nisstehs iandiehte wodliisit seecathevhinfinmation
a pilot has to travel prior to conpleting the course,
orasawéli sighasbdharfoomahce atatioh esd spedificatian ichesandirormim menu. 1t is
such cases a finish line object may benoved further
avanyishgedthah dorcexamnie tgledsion broasicastaes eauid pag thigfitter system to
the extension of distance involved being proportional

t cedittee braadnpast 6pverage.| hisewisecNling splayeri ¢Iq yze a similar system.
obstacle. This provides viewers and the pilot with a

b a3 puo iRl semitered ViriloPipies e BRI 5tPerbee i By et location
ins. Th ' .cal i .
o4l e (RS T B85 phBpSRLEY hAU b OEler s coud
: " , .
{) Ls%\é;gtggrs ir%yéln e@loEsgrpgg@pr gc{n@%rcgéérsgrlcgﬁ?ﬂ/ﬁﬁ r[fs@ful RBAhAtIRSsuch as
winning/losing marginv in various formats eg: graphical or numerical. This aspect

can also include the collision avoidance system.

Penalties to be calculéted and assigned to a particular pilot may vary depending on
the form of compétitibn’in which the present invention is employed. For example,
in some instances penalty points may be assigned or deducted from a pilot's
competition points., or penalty time may be added to a pilot’s race time for the '

course.

In preferred embodiments penalties may take the form of a dynamic
reconfiguration of the competition course — potentially extending or increasing the
distance which a.pilot has to travel prior to completing the course, or adding

additional obstacles to be navigated. In such cgsés a finish line object may be
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their detrinmental effect on a pilot's performance
based on the extent of the offence which triggered the

was@ogrsTemt of the penalty. For exanple, in SOPEI/NZ2008/000336
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i nstances penalties nay be assigned to a pilot if the

pilot collides with a virtual object. If a glancing
collision occurs thé penalty assigned may have a

| emeead Bithec awalhdnoni theacysienbpositioresf ther @itarafy withttise ektension of
obstacle. The rel ative damage coul d be cal cul ated by

t heistaaeg dwolypd diTd preportienalpiactbe cuxtandiohgvedap or collision with the
Therefore, penalties assigned could be proportionate
tcPQ$ﬁ9%egree of conflict with the objects. Preferably

each and every virtual obstacle displayed may have an

TG ik G R P B R B P B bt W e winer
t h5@ﬁe¢a§$%§h%@het§ﬂﬁ@%d”ﬂ'lﬁﬁs tBeef gteﬁ F)g tc%“ﬁn@ﬂylts course wins.

portion e alrcra

COthdr8 idPhb n]geécbtot &%Mébemkseama%cwega thé:Q s Jﬁé@é@ihﬁﬂe visual
in sone enbodi ments a virtual obstacle may be ‘defi ned

byc@ sbatitg three dinensional shape or volume. The

.collision region of this volume would therefore be the

sanme as the volunme occupied by the three di nensi onal

S himpa fuothet prefenéd eimbodinsinh peraltidhd pa essighed tova pilotanay vary in
may enploy the vehicle's location identifier and

c ot detriveardalwiffieht orhe pijol'd perfasmaneg)bases! @f theiextanof the offence
obst acl es maki ng up the course todeterm ne whether a .
pewhich yrigaesed thepassigrpnertpfithe méaltu | 66r Pmplvetﬂ‘ sqme instances
the vehicle's location identifier_ indicates th at

| eB@altigs JpY PBPsioneh e APt |f dhe, Rilotesoflided with R rtud object. If a

OB SR oo S A B P B 58 Mt a1 5
Th Ki | houl d te that th ,
SRR A b b Redahes oS ppre e hat the

al so be nodelled in some instances to provide a -

Corhd Sbiafd eBhtie’ Cud B BLELEACL) NRE 468 iofCodiftick N space

icle"s ocatl on entifirer or S co- ordi nat es.

Thb&or&hﬁ%g' qrﬂefé?&érﬁ&meﬂss@ﬁ@d BSuIY B PréforiciuesSt theWegree of
much of the vehicle

conflict with the objects.

Preferably eac;h and every virtual obstacle displayed may ‘have an associated
collision region defined. These collision regions may specify a two dimensional or
preferably a three dimensional space which, if entered by any portion of .the
aircraft, will register that a collision with the obstacle has occurred. For exampie, in
some embodiments a virtual obstacle may be defined by a static three dim'ensional
shape or volume. The collision region of this volume would tﬁérefore be the same

as the volume occupied by the three-dimensional shape or form of the obstacle.

The present invention may embloy the vehicle’s location identifier and compare

same with the collision regions of virtual obstacles making up the course to
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intersected with the collision region of an obstacle.
For exanple, in sone enbodi nents, the GPS position of

waeoogiorsrr@f t may be defined as a centre poi nt PCT/NERN08/00336
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of gravity from which the wi ngspan or |ateral extent

of the aircraft can be neasured. A simlar approach

can also be taken with respect to the |l ength and

hedgbtminé whbtheaa penaltyt sHautthbé hpyslieddé thespilot Ewblved.plitim vehicle’s
However, in other enbodi nents the shape or formof a -
velocatian ideptiflloe ingigatexithattatdedst an pertiandrttie oehisiet has entered an
radius or distance fromthe current |ocation defin

f opbstaee’s epllisipa reginnsthge i peraltyseanghmErculatedeand ﬁewr@ﬁi to the
process nay in some instances be conplteted .

peYehidle P4t y with respect to all obstacles of a course

or alternatively may only be conpleted with respect to -

SIS A TR kil s o
apB qig'\/@b%letéeﬂtalé’o g?%o%%llég ‘?ﬁﬂf m%]a!nﬁé(s {oSprdVigk laa&'"ﬁlon region

mat e enent ati on rocess of

' nfb‘? rét\}eﬂﬁ‘:;1 e ddiPes régﬂl\}é 89hé Deltible s%ctat@r'i‘ iﬂéhﬁflé%l%?rc-ﬁ% é'é-%rdlnates
hat the hardware or apparatus enployed to inpl enent

t henhignesseibh ceRtredridaBl 63 b &isad teagssksi ibwamuidAtee thedfehicle has
different architectures. For exanple, in sone

i Npitearsscted avithotiad calfisivenregion be atepbstgeld. i Foprexapié,nin some
a vehicle navigating the conpetition course to obtain

v ebimbbdineatsatheo@PSdmasitiohi of ram, aimnaft may bemedined el eseentre point or
with a local software map of virtual obstacles and

t hegntrer efagraviyr fram2wioiclo dlag wWingspan @e ateriah eteRkpf the aircraft can be
enbodi nents real tinme high speed data |jnks

pr meea@sdbe‘t we@\erame%cenaa*ﬁp ae d@any with &.ﬁ@@%ﬁ%?d?ﬂgth and

whj ch perf all of th K d
F ot %+ hepaiaztta Torh ddin Cete caqﬂeﬁ‘e’é%h. Quevep fp ofher

ol 68 0 4 LR B s

Of ofll§ r¥SM &/ fistance from the current location defined for the vehicle.

This penalty assignment de‘;e(mination process hqay in some instances be
completed periodically with respect to all obstacles of a course or alternatively may
only be completed with respect to obstacles near to the current Iocatlon defined for
the vehicle involved. Those skilled in the art should appreciate that a degree of

flexibility is available in the ultimate implementation of this process of the invention.

Those skilled in the art should appreciate that the hardware or apparatus employed
to implement the present invention may be arranged in a number of different

architectures.

For example, in some instances a local system may be deployed in or within a
vehicle navigating the competition course to obtain vehicle location identifiers, and

to compare these with a local software map of virtual obstacles and their real world
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In a preferred enbodi nent the present invention nmay
al so provide a conpetition display systemfor

wap@ez7ar s. This system may be enpl oyed to appCy/NZLi®8/000336

same view of virtual obstacles seen by pilots to video
footage delivered to spectators via television

broadcasts or internet video delivery protocols. The

i nagation valyss! i ed to spectators can be obtained froma

vari ety of sources. For exanple, helicopters and other
canera platforns may be able to see all planes.
Polssithernemiedimaals rpaldinee hightspged datd linkpanayele pravisied between a
those platfornms for shot franing pur poses,

']
| OGS 9 8 .RRIraS DaRAHINRBVICE gierms Ak A the Gaioulaton work
o RGBS PR P e TR o R O YT Sue Papees staton

vehi cl. 0 J a ' 0,.S i ion :
ey A CHatsrd (TenORGR ot e, St cSbE tior Rl @ne piot or
copsdrSer 8Phe vgﬁi%fe‘?e of flexibility in terns of degrees

of Treedomin show ng the images of the race. For

exanpl e, an aerial canera can pan, tilt and zoomin

t R 4 rdfeMBd leFhbdbiitent BiSe BidskHRINvRioRCHEY laiseeWosiBle a competition
changi ng size, texture, perspective and shadow to -

medisplay Shstemsfor epectaoralt This BySers Man bepempiby@d b apply the same
preci se positioning systens neans it is now possible

t oviewrdb iviniiat blestaced seemdby pifctsitl videmafpetagerdelieeredtto spectators via
By conbi ning canera paraneters such as the exact

10 potelavision ybaddastscerrirteeneh vidgo dalivesxprotocstsat e of - t he

| ens (focal length, |ens characteristic, degree of
pan, tilt and zoom) with thevirtual ob}rect - the
ob] i imagery siPriedito sReciaipre £An &8 0659{"?3 O [Revarighy of sources.

wor |l d. The subject can also be integrated into a

PO sty bRiDPE ' Ao FRnel™ RRiarmorTenee able o see al
DS e AR BoigR A BE T B LB MARHP or s
of frérhﬁ\g?ﬁugﬁg%g\jl\gggvy%l. gégllclgié'tﬁéoédghi 20 sﬂ&hiﬁﬁthow H‘gcrat ’{oh’gm right

textur real canera can then ent

15 T e@bcd\Bh kit &hpe - and the output fromthe

20
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Geo referenced helicopter cameras or perhaps camera systems mounted on
unmanned aerial vehicles could film a race using gyro stabiliéation and inertial
measuring references. This can enable considerable degree of flexibility in terms
‘of degrees of freedom in showing the imageé of the race. For example, an aerial
camera can pan, tilt and zoom in the real world with the virtual objects likewise

changing size, texture, perspective and shadow to match.

The use of computer processing power and precise positioning systems means it
is now possible to combine the real and virtual images in real time. By combining
camera parameters such as the exact position of the camera head and exact state

qf the lens (focal length, lens characteristic, degree of pan, tilt and zoom) with the
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canera can be conbined with the virtual nodel -
conbining the virtual nodel with the real world

w0 pagersr4o Di f ferent TV i nage | ayers can be usePRCT/NZ2008/000336
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create the correct masking of virtual objects - so

that real vehicles pass in front of the rear sections

of a 3D virtual object and appear to be behind the

f rdntalsebjdot enihe adbject 38N erhiide toobpesedr asTiwet biafherreagworld. The
can be rendered in real time - and can use a dedi cated

c osyhject cah alsodedhtegeatert intq 3 dyremit camers ghad of tie real world.
required real tinme processing speed). Miltipl e I ayers

ma¥ be required to achieve a totally "reali st
laig meﬂm inseplueg flrﬁb@ﬁﬁwgo@wetgaldawqﬁ ef hhgéalethaéﬁuw@ scene

this | ayerjng effect de hr o Kk )

|unﬁn@§%sﬁmgﬂe =Lotiect: et et o PERIES! & st amep model o
ablis "cut Q mat t es

wi PRIGRET T Prdm&eesofﬁoq RE%EE eRtle. Sofor Samer a (1 or

i nstance nounted on a helicopter) an inertial and GPS

positioning platformcan be mounted in a central

PORIy %él%am%pa E%]‘Eth%h re?lfé?ftﬁe reaf"ﬂgrlcﬁ:%é'n\é -Od $heDutput from the

si mul'taneous functions: 1. Use precise positioning

da¢améra daﬁrBéVc%mulrmm.tMemaunmaﬁﬁ@brﬁwmgm vifti8@ithodel with -
the canera head. 2. Provide precise position and |ens

st ieaeglatarldiimageie canera head - using an offset - or

inertial sensors nmounted on or near the canmera head.

Thi-s provides a stabilised canmera i mage - which can be

" gPifferarft eR\eiroagk layesndambedused fonsreate thevéarteghimaskingcef virtual

inreal time. An onboard conputer can store the

VI ehigetp -oBp doatsreal vehicles dase Kefreaihel thet rgar ﬁ?@tmétOf(%ﬁD virtual
nputer control or a human operator) wth the virtua

ob?*@e@tsanci RPPRR foehe kebindgthe OWte%\?Ct‘PF?an arRe HHH@Ja?‘?;IeCt The

model .can be full res ion or wWre
Seel

TR 8 b b ABEReg Fopguper for each
S;%{]rﬁ%% (gg\/l%F ﬁ% af;nﬁﬂl]gl’ﬁerggw?ea Raffimé& %rocegg n& t%Se@?c?}rrﬁllultlple layers
may be required to achieve a totally “realistic” effect; Different technologies can be
used to achieve this layering effect — but include chroma-keying, luminescent
keying and other established methods for establishing different layers, “cut outs” or

mattes within a TV image.

In the case of a moving camera (for instance mounted on a helicopter) an inertial
and GPS positioning platform can be mounted in a central position on the aircraft —

and carry out two simultaneous functions:

1. Use precise positioning data to remove vibration and unwanted movement

from the camera head.
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stabi lising/vibration renoval - and GPS | ocati on may
be sufficient (without inertial elenents). For

wezx@apls4o i n some enbodi nents tel evi si on basedPCTHgE®8/000336
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of the real world terrain of a.course (either from
another aircraft or on-board caneras) may be conbi ned
with virtual obstacles by considering the current

pPasi t i Pravidk préwsevedyittineandnehscathteldatd fon theapamenariieatie- using an
positions to apply the virtual obstacles. This

spect afftset viod eertal sensoconmpuoied ©p armpanine cagieraneathe
appearance of shadows and perspective views of the
conpetition course el enents, which may change
agﬁ%opriately as the point of view of the vid?o ,

f odtisgrevisra Agiabilisericamerhinagecwairh can ReygepstsieRngsd — and
the course. Furthernore, in internet enabled

aperdatnsgria ¢ P&?B{@rﬁﬂynﬁ% gi ven the option of
choosing particular canera angles or views of the
conpetition course which they would currently like to

se r s ; :
g e EbmEkeb LS Sokrle MIRAPUER (b afod FRC kG o mteract

\r/\ne(ﬁg eSMBLRT toRtFol '8" b SR topBERL GO WRA thd LiMBalTBRAEA A P8 resl world,

I'ng nmargi ns between vehiclés. | n enbodi ments where

PaAReS! i, ThE ofPPAraYsHel Bartld Ril feddM@tidnest@iite fedmé.he
course for an infringing pilot, the above system for

spectator video footage generation can clearly

illustrate to a spectator the effect of penalties, and

t hatataHimk foan shangshamd epdatethei ampoardf model lonirealerinsar igal time.
wi nner of a race. This approach all ows course

exGousi cameasetan uss the shwe spPemedwiiieuw g nesd fioy i n

real time, thereby making it obvious to a spectator .~
t hsabilising/yibeation semevalpant G locpliPnsHak b@ﬁaﬁm%ﬁv@oywaema'
present invention may also facilitate a handi capped
cPBENEI-on course | ayout methodol ogy. In such

enmbodi nents aircraft (or other fornms of vehicles) wth

different performanc cJt:]_ﬁ teri,sti.c Vi e

L oEn LS RERE el o R on 5l wore

hatgﬁbﬁagipgdc&?@g%iihte}" Gfont ANbther 'airgr%rft SP(_@HIBIogrd tAmEHEN may be

I nStances, a par el course can be assigned to a

s| MRSined with virtual obstacles by considering the current position of the vehicle
and calculating appropriate positions to apply the virtual obstacles. This spectator-
video création process may also allow the appearance of shadows and perspective
views of the competition course elements, which may change appropriately as the
point of view of the video footége changes during the aircraft’s navigation of the
course. Furthermore, in internet enabled applications spectators may be given the
option of choosing particular camera angles or views of the competition course
which they would currently like to see. In further preferred embodiments the

spectator video feeds may also integrate additional graphics or representations

illustrating competitive separation or winning margins between vehicles.
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aircraft which could be shorter, and potentially the
magni t ude of penalties applied to the slower aircraft
W@ ouba74780 r educed when conpared to those appl i BAT/NZ200B/@00336
faster aircraft. Those skilled in the art should
appreci ate that |ook-up tables of appropriate
algorithns and fornula may be enpl oyed to set course
| ayout paraneters for different aircrafts of varying
peinf @mipadiroentsiwhesel genalties are empleyecetovéxtenththet lahgth of the course
factors such as wind direction or weather conditions
ant@r 8 iffanging pilgl, W AboreBYRiemdeR spectatorfidandieptage generation can
invention may al so i npl enent _a callision avoi dance .
sy<e Hlgstraie totas Sﬂ%ﬁingteét*h%sﬁ?ﬂ@fcfaﬁ?ﬁgﬁst‘?aﬁ tagfutneglirst vehicle -
Such a coILis'qn avokﬁgnce syst em nmay rrEH$ Io%s ﬁhat
a YOFINEi%AMEE HNeniSn g WEINehi %G i Ja??'ke*@.s fgach aflows course
facilit ] e 1V i OF ¥ _mni § : L
5 ¢ refeish ot B B8 Otp el ERbReeID n BB fiRE, Moy maicng i

L 0oRiQNIHGS SEANALRDLAR Bt A% Ldpdhaber s _dependi ng oh

proximty a sion. For exanple, in
one enbodinent, if two aircraft are determ ned to be

hepdidife leMVEIdiRets @ha Readt itVeRtidh mhalabisebPRtm@teS handicapped
di spl ayed to each pilot may be replaced with emnergency

antompitibn Tooreaayawmethodblo@ct i Buch @éhtbatiptehtsMairciaft (or other
assign a new heading to each pilot to avoid
c ofolns bbvehiclesiamith differnt pérforpraese sharantegintiGsonay eompete head to
itself considerably to integration with not only

10 ai hgadeaghinshaneanether atjbe sametisne ener handicapnsid gpapstition courses.
vi deo gane pl ayers. For exanple, it is envisaged that
i nEQT HEAMRIS.cifetushainstagesfe Bs Pajallel gpursgrcan thg agsjgngd to a slower
equi val ent virtual course using.the ground conputer ,
da?'&bW &?”toh'ée sRhefer: g Pﬂ@gt'?'géhglrﬁ‘?%"tﬂéﬁ’ ?9? peqglties applied -
real,tine. These "virtual pilots"” can elect to fl .
coSpP P4 7R SRR recissdhenvsTgoarg e lipse fpplied to the
pr t . i nyent| il I e VLt ual. o st
D" RSP AETT DA, S B! b bl et B ko i of

15 ?;J%éﬁ?o%%rte %@&ithmé CLAE troithdid ltngz i bEAmAbYY So! Qat_l_ﬁoeurse layout

tea circunstances - say-out de race’ ti nes.

Vi pdrdmbteb® UbS Qliffe?Eldt hikFaftty RRNabyimd tgerRrhamte, UAi adtiitiodato other
‘time penalties and bonuses), is necessary for the real :

t | eRviron@ebtal f20topd sidh & Wial dirgttibporanshtiesrgeHEigons and so forth.

‘In some embodiments the pfesént invention may éléo implement a collision
avoidance system for pildts navigating the competitioh course. Such a collision
20 - avoidance system may warn pilots that a collision is imminent or highly likely. This
facility of the present invention may monitor the trajectory and relative speeds of
competing aircraft to provide graduated warning ir;dicators depeﬁding oﬁ préximity '
and likelihood of collision. - For. example, in one.embodimént, if two aircraft are
determined to be heading towards one another the virtual obstacles displayed to
25 each pilot may be replaced with emergency anti-collision arrows or direction

indicators which assign a new heading to each pilot to avoid collision.
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gamng in real tinme. A ground conputer system which
hol ds the virtual course, and the actual positions of

wW@bado090eshto conpet i ng aircraft/vehicles, can i nt BCEEZ2G08/000336
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real tinme with massive, nultiple online, or onsite,
conpetitors - piloting virtual vehicles/aircraft. Such

a systemcan be used for all types of vehicle - or

c @ eiehtioras thepresenit nyertiarsiendsitsdiomndslerdblycipdhtegiation with not
hor ses, unpowered aircraft etc. . Online gam ng could

ooanly airfield eald ¢rilime spectalms,vielti alse onbmp et ividegngatee eplayers For
real objects or obstacles, using sinilar positioni

s yaxaoTRie, db iscenvisager ithatinterpett dewers st gamars Wi, by aPle to fly an

g%nugig?@é 3%@@@%@%&%%@@8{%%&@ ﬂttﬁg{w %ﬁ%%gﬁ skill against

FEY R ey e g
Th |

oSSR e A B SRR Sy v

r gaﬁfssto {enﬁh‘ﬁe%s%ﬁms J]géﬁsbtﬂgr %ﬂg@ﬁa‘latt Sr AR %ﬁdl@f or even interact

virtual recor g the virtual races,

it HeFeqofiEn ﬁmé@&%ﬂnﬁs@a@e@l KFJutdiferdcRdpfesn ot

on y as. perceived originally by the virtual pilots,
but can include viewing fromany angle online - as a

COTHEUHBAGRURE, Afeits Ofrianils Aatats (dladingiresil tifetpeaalties and
presentinvention. The recorded data can al so be made
avieoriabs)e isf recesspe fr ¢t @ahiiree iekeation lof intethet gidgampd somputer
The filtering system nentioned previously can be used

t gaming in heal troebk grasndsoatpater systent, waithdwlds the yitueheourse,
virtual course at any one tine. The present invention
megndiheactiel pesionsef af real comaeting aifrsait/vehisles.r@nipteect in real
art. The present invention allows for the depl oy tl

of tirge Mﬁﬁ%@ﬁ%@oﬁ‘”@@lﬂ%”%@é‘s'ﬁ CoPpatitorsy pﬁ(gtmgerﬁua

avai l able to ate the course e .
peranideagraidn ek Sttt e Usse B8 BpssEenige ~are
usgon%et\flloﬁé }Jn%lvﬁgskgcgr?o%bo%ré )5109&53,910?%? Sﬂﬂ)&\ﬂlé?gd aircraft etc..

Online gaming could occur in real time if the vehicle competitioh'were réal objects

or obstacles, using similar positioning systems described in this patent
. specification, for example real vehicles will be competing th‘ro’ﬁgh real obstacles

but fhe_ poéitioning/ground computers can hold a map or model of the obstacle so it ‘

can present the virtual obstacles to virtual gamers — in real time.

The online real time gamers and competitors can have their experience enhanced
th'rough seeing real TV images of the race including composite images of

real/virtual elements.

By recording the virtual races, the data can be employed to play back the races not
only as perceived originally by the virtual pilots, but can include viewing from any

angle online — as a consequence of the software associated with the present
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course, and in particular race courses, mtigates
i nherent risks associated with operating vehicles at

whe@h/0zgyeed in close proximty to physical obsSPEI/NESN08/000336
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Furthernore, the use of virtual obstacles allows.
conpetition courses to be deployed faster than would .
normal |y be possible with real world physical

ohiasteatioas. Such virtual obstacles may be displ ayed
overlaid on a vehicle pilot's view of the conpetition
course, and may al so be applied to video footage of a
coThﬁetecpl‘C@d datg camelsp badnade dfilahle derdepeated Fﬁ'élpsﬂté@érhy online
i nvention allows for the display of dynam c virtual

objBRE'S- whi ch woul d be difficult if not inpossible to

i npl enment with physical obstacles. Additional

RG] BRI 55 PA8 T b TR e o
grﬂgﬁg%tfer 9ec{£s?rf§fr\£9|fa%mﬂal YGsE Lea @{eot% SS over the ‘

rsé ‘an 'y "assign pen les to a vehicle
pilot if they do not successfully navigate the virtua

Ob?ﬁeaﬁegéntqh\%‘?\h&%/ Ridy p"&ld@ﬁﬁﬁn* PSteAs BRVAMESE ARAM PR art.
may al so be variablée in extent or effect depending on

the degree of infringenent with a virtual obstacle.The =

PrEseplesbmvavEntion alidys foh eieedapieynadrit @vafcompititon course where the
i mpl enentation of a new and exciting formof vehicle

comptet ot fonitesndnailzible am navigbieribe rcaurisears lat lldast wattially defined by a
precision driving or piloting using penalties. In the

cassd off vidual okstdarg. agpei uset pomistupi pbstaclesirio éa)e@tut Bocompetition
fly fast and | ess accurately, or_slowy and.

aceaurss eang in partipulan EareapeRfe Hmﬁa%tpﬁgn@r@ratl WI%Scm%@e@ted with

of vvlnnlngthec etition. Furthernore,
SoRResaingruBhisles adiohaanssd wéclgﬁ%mxmyeta.%@@] Sbstacies.

obser vers of the conpetition via the spectator video
e _creation d Y% a
CRARGwSlE e 85 FPaf RBUERE BB SomPRRERT LOlides to e
Ve@ép%)ﬁed faster than would normally be possible with real world physical obstacles.
Such virtual obstacles may be displayed overlaid on a vehicle pilot’s view of the

competition course, and may also be applied to video footage of a competition for

the benefit of spectators.

The present invention allows for the display of dynamic virtual objects which would
be difficult if not impossible to implement with physical obstacles. Additional

merchandising opportunities are available through the brandmg of obstacles

The present invention can also automate the tracking of a véhicle’s progress over
the course and automatically assign penalties to a vehiclé pilot if they do not
successfully navigate the virtual obstacles displayed. In some instances these
penalties may also be variable in extent or effect depending on the degree of

infringement with a virtual obstacle.
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operators do, and also be able to clearly see that the
vehicl e which finishes the course first is the w nner

w@pRooblog87aur r ent conpetition. The present i nvenPCDNZ2108/000336
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enabl es conpetition sports to be given an extra

di mensi on by being available for virtual online

spectators and conpetitors. Physical objects require

spEue atesest tnvemt@nphpy itberefope @llogdot thet implementatiaeof amew and
order to see the race) - whereas this technology o
al exsitingdogn ehveliey @@P@ﬂt'%@{élﬁﬁ‘apﬁ@ gomEinge@ping 1&ills adth precision
and the spectatars - using big outdoor screens. This
|sdry'ngo?f§%|°mﬂju§%$ penAltigfvant age. BRI EF DESCRI PTI ON OF
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ex\ﬁﬁHﬁEQhé’Eo%P&itBﬁﬁsem invention to calculate and

assign-a penalty to a vehicle pilot.Figure 2
illustrates a block schematic flowhart of el enents

aneurgRMRBRE NHRITE| eotRse tchafged Odand kRt ishb@n BaHEdgtely to
in accordance with a further enbodi nent, and Figure 3

s hahveenaerd |l of ke sconepwtitiore vidi #gr apectbtot vileoofgolget creation process
course depl oyed as experienced by a spectator, and

Fi djiscussdd abdugst r at es a schemati ¢ show ng t he

i nteraction between the various parts of the systemin
accordance with one enbodi nent of the present

| n$re¢ﬁtatew carESRVRbRarCrew M RveNERRITCOPEES elgurats dhat vehicle
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The present invention also enables competition sports to be given an extra

dimension by being available for virtual online spectators and competitors.

Physical objects require spectators to be physically close to the air race (in order to
see the race) — whereas this technology allows a‘ great degree of separation
between-the race and the spectators — using big outdoor screens. This is a noise

and safety advantage.

BRIEF DESCRIPTION OF DRAWINGS

Further aspects of the present invention will become apparent from the foIIowing'
description which is given by way of example only and with reference to the

accompanying drawings in which:

Figure 1 illustrates a block schematic flowchart of the steps executed by the

present invention to calculate and assign a penalty to a vehicle pilot.
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The process illustrated with respect to figure 1
starts at stage (1) shown where a set of conputer

wex@oorsd e i nstructions initially receive a VE¢‘[1"/NZED08/000336

10 pakEigriend Wusieates, ay

this proces

location identifier. In preferred enbodinents this

vehicle location identifier is provided by the current
GPS/inertial co-ordinates of an aircraft navigating a
coRigete 2 i on itheinatss. a Block selgpmit) flavaanpd eleneents and lsemponents
vehicle's GPS/inertial co-ordinates is nade to _

i dentify anyeroplpyashito sleptoaich eepniwatidion replEsea ik gererdagre with a
| ocations within 100 netres of. the current position

of the vehi dughergmiqdigant ayd ¢ he vehicle's GPS
co-ordinates are used to prepare a volunetric nodel of

22 i Al La]; ;@m@ﬁcgsggoakg%gbemtﬁh é%gﬁnq Mttﬁg competltlon course

identified i I [ ge (4) of
(LSS e Batbel B WRetalt, i0° (1) ©F
coII|S|on bet ween the vehicle or aircraft and a

Eigtal 4 0bstifidi@idias seRéHaticsShowiy the@ Pt a&IBRbetivEerTBEevarious
thr ough determ ning whether there is an intersection

Wi th avol umeidrisC of ek lsystbmt Ihe adtdrearidet with lorfehemiediinieed of the
colli.sion region of a virtual obstacle. If a collision
i s det erm nestesentvareatioccurred, stage (5) of this
process is executed to assign a penalty to the pilot
of the vehlcle Stage (5) is conpleted by cal cul ati ng

BESK MS i ; THEIN) A t he obstacle's
coII|S|on reglon and the nodel of the aircraft to

determine a scaling factor nultiplied agai nst
BlogE schameli; SobRbatichane Stps feecuted by the

L OPESRTYETHEN 1 IS et ssnoD Aepeselfi A BYOe eMflap

: betvveen an obstacle and the vehicle is m ni msed. If
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Ll i , f |
o o R L g e
| ns : u?tgpgﬁ{er%%gt\%ﬁ dﬂlg)rlmstrt]rgtgtl&gpgi'ﬂélﬁfmsg@é% lét\%@|c£eylocation identifier.
Pr peseferfd é]ﬁlbcfdnﬁeﬁlSQHBQercleolbcét%n identifier is provided by the current

GPS/inertial co-ordinates of én aircraft navigating a competition course.

At stage (2) a comparison of the vehicle’s GPS/inertial co-ordinates is made to
identify"any virtual obstacles which have associated locations within 100 metres of.

the current bosition of the vehicle.

At stage (3) the vehicle’s GPS co-ordinates are uéed to prepare a volumetric model
of the aircraft which in turn is compared with a collision region associated with each

of the identified nearby collision regions.

At stage (4) of this process a determination is made as to whether a collision
between the vehicle or aircraft and a virtual obstacle has occurred. This

assessment is made through determining whether there is an intersection with a
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| oopi ng back to execute the process again from stage
(1) onwards. Figure 2 illustrates a block schematic

wo baworgmme of el enents and conponents enpl oyedPCDNZ2008/000336
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depl oy a conpetition course in accordance with a

further enbodi nent. Figure 3 shows a bl ock schematic

di agram of the conpetition course depl oyed as
exyrumetricentodsl af $hpeecliratafir and\she agefined seadlisidne oegidn qir@ virtual
2 elenents and conponents of the present invention in
onebsédi®di ment are illustrated. A HUD or head set

di splay can show a wire frams version of the virtual

) Bt G e T B St e

: hesao siobsuperiy T Biel ik B the Yenididr st @gg Bi2%Ey'Biculating
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pr@fcﬁﬂ Sdifely ﬁ)sﬁet%ﬁﬁﬁ'lboi‘ sba‘?m?sf%’(o; muitpR&d ‘éSalﬁgtsétldaQé‘hne penalty

data fromthe .alrcraf o generate spectator vid

f ogfi@ge in This %nﬁtﬂﬁﬁrﬁé&ﬂ SORBIiMRMtin thd hisghitGRIbS8 numeric penalty
conposed of virtual obstacles assigned |locations in an .

ar gssigrledriead pilatris aiininiseer wiery trevexaénit dfi svetlap batweenTdreobstacle
spectator footage generated is simlar to that shown

wi ard thesebicte is minimigede 3. The renpte processi ng

station has access to data transfer connections to

upl oad data to an aircraft's |ocal nodel of the

c olfrﬁ@t ¢allisian isUpeereert te have ecpirwd 96 @ften Fheaﬁ§5'm€ﬁ§é§ penalties
made to _the course structure based on penaltl es

oﬂa@%g%aﬂth'éoprpeesg. isc%ﬁwte&. | ot sStags, 46) H@aporaﬂut%@%acutable

: f th ft uti th hi
B HGS wropRe GfAt 2 i et PP 8ﬁ;'73hr?d8?°é’é‘d prior to
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Figure 4 is a nore pictorial representation of the

: nﬁg[u%oi 1105 Fatdd EP)Io\éE SbR&RatiCHRRASA of eRARENt %hd components

enentation o present | nvention.
employed to deploy a competition course in accordance with a further embodiment.

Figure 3 shows a block schematic diagram of the competition course deployed as

experienced by a spectator.

As can be seen from figure 2 elements and components of the present invention in
one embodiment are illustrated. A HUD or head set display can show a wire frame
version of the virtual course in real time overlald on a pilot’'s view. This HUD

display also includes inertial sensors to detect the pilot’s head orientation.

- The vehicle employed in this embodiment is an aircraft which incorporates inertial
and/or GPS position determination systems in combination with an oh-board

computer.
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As shoul d be apparent, it is essential for the present
i nvention to know the precise position of the

waQ edworsshper son/aircraft (entity) as well as kPOWNAZP08/000336

the precise orientation of the vehicle/person/aircraft

(entity) -to determine if it has partially or wholly
entered the conflict zone of a virtual object. A 3D

di giretabtemrd&sstnfg hase statibntis/usesl tnseckiveopabittoardatan&omhbe aircraft
space occupied by the entity so this can be constantly

c offrhiocgbnerate spedpiac widee fagtaasd Tys foetage qombinesghyidual.course
In the case of the aircraft - the values are position

xCOfVPQﬁ‘?é of va@eaboqﬂf%rées(mw@d docatipng ipran arep of %teyréw overa
f freed |
i Gt i biaire The SScroy ap a8 GG S R PUE™ 4 that shown it

occupi es. referred nethodology for setting up and
ruﬁer?Bﬁg%%ﬂ?lé%esel n accordance with the present

invention is given below It wll be obvious that

Cefhltdinots gPaer@.s'hg Q{Hﬁbﬁ Was P@é%g ?éd r %fe’fr%Gﬁn%]c‘Pian fo, upload

ot her type Iso Vi ous t

S aa&&t@ bR AIréktisdohs m&%ﬂofttﬁe Eélﬂb@titlohnfﬂp’ldé% c@n %eekfr&ﬁééd for
peopl e in navigation, driving, sailing and pil

skihy éhanfed Afidkite Rl cdDJr@é §teiororé BEYed 69 pémaﬁemmod@@ys
conponents is installed in the aircraft - along with
anappiied &0 dirarafipiitter ThOGcabortbbire cmafputéraif éreb it utilizes the
supplies (frombatteries and the plane's own power

10 supsiighy’s position infdroatidn i eondeingiionayithsartyapdietesito thedearapetition
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transm ssi on/ processing (bidirectional data, npdens,

er e s tocdirnlaya vartigmeversionef thesvituat Bpwge & a gileigaresl time.

camer as/ vi deo sources and the provision of video/audio

Si aI s for TV coverage t he transm ssjon C

(T eﬁﬁ@ ar@OE?s%'QwH?'crgB%ﬁé@fétaB%?{}ﬁ iﬂiﬁﬁeﬁﬁ‘sf @h\t?é UPes
1 Bl g.ai osed{%ﬁen al s

(i ﬁ?’B‘P%ﬁ” "BPRA '880 t'?rS? f'}"Sa cies so

t hat regardl ess of the attitude of the aircraft a

CORS M SRR, Gl SAEDUSICAINEN S5 R e precis
COpRM RS oi5'tlgé‘a\)ehlcle/person/awcraft (entity) ‘as well as knowing the precise
orientation of the vehicle/person/aircraft (entity) to determine if it has partially or
wholly entered the conﬂict zone of a virtual object. A 3D digital model of the entity
is used to determine the space occupied by the entity — so this caﬁ be constantly
compared to the space occupied by the virtual objecf. In the case of the aircraft —
‘the values are position (x, y and z axis plus attitude - pitch, roll and yaw - i.e. ét

least six degrees of freedom) linked to a digital model of the aircraft and the

volume it occupies.

A preferred methodology for setting up and running a race in accordance with the
present invention is given below. It will be obvious that certain, simple technical

changes can be made for other types of race. It will also be obvious that the same
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quality/strength fromthe different
aerial s/frequencies - and selects the best quality

wa@k@nalg74&r r or checki ng software al so i s enbedPENZ2M08/000336
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the signals to correct small transm ssion errors. A

di splay unit or headset is also installed (Display)

whi ch shows the output fromthe Onboard Conputer to X
t hgyserh aouldTivee usednpm freimt dnstroct fred psseissipmogle ol ravigation, driving,
are: an lnertial Measurenent Unit (1 MJ) (capable of
pesdilingnanscpilobskiigp t o 15 G positive/ negative), GPS

unit, differential GPS receiver/processor and a small

conmput er whi ch constant | Pétirreasur es the posjtianal

s of (ROPHRNS! RAHOERUR P) . 5ANSIsting Rbkeis BYMRRRPRHC B dnstalled in the aircraft

Trie AT 7 BRI GEnA 0T g e St gy pofet biles rom
CUBLEIUI} URIER0E ou IS LM, AIERTS o be of a very

ary) speciricati o produce data at a
fast enough rate to satisfy the requirenents of this

apRIsbCYnb8&rd- drB _tc%ﬁ%)oﬁéﬁtghtté We %ﬁd%%n%ﬁ%lssﬁﬁlprocessing
1700 (x2) 50 Gunit fromthe US Advanced Medi um Range

Al oidictiérial ¥b&S i oRledMVEHG\hetkind iseftwar, sthbtaGwitehRg of onboard
specification |MJ s as not working successfully in the

hi ¢drharagivitiesi sousiaei dnanive rfrovidiorm of aideoBatibGignals forCRY/. coverage)

The sol ution produced by the PP is precise position

and ther teanspdssiart paakdge (TPle PP (GPS, differential GPS

and inertia! measurenment units) can produce the

requi red frequency and quality of data - as long as
VFR freaengiosm a8 wallcrscmultiple (180

The data rate al so needs to be rapid enouqh to neet .

t h@eqr@alﬂppﬁ@hta@riais (rderag| §F%ﬁXf(eE"@')f ?'ﬁrﬁ?%‘? f@@E%’P‘FdSS so that
o aihgpETestal e S "Gt B Bl ocP BEG Srosh fegded S tmsgived on
' .' [] f i .
S oPE P Py idiffat St iér fb dioUR eaB By dmparss signa
[ ) i i .

e s D 0 A B SIS0 804 RS RS bost sty
SO&E;H‘QT Err8t MRTKiRG! RftwlaYe Eeoti§ 8mbehidtd b tHe 418 td"Borrect small
haveé npbst confidénce under different circunstances

(Btrhsnhi€sion @rrofd A Sépy Uhie or headset is also installed (Display) which

shows the output from the Onboard Computer to the pilot.

The components in the positional platform are: an Inertial Measurement Unit (IMU) -
(capable of performance at up to 15 G positive/negative), GPS unit, differential
GPS receiver/processor and a ‘small computer which constantly measures the
positional solution from each unit — and uses advanced mathematics to compute

the best consolidated solution.
The Kalman filter algorithm is used — as well as some custom written code.

The IMU needs to be of a very high (military) specification to produce data at a fast

enough rate to satisfy the requirements of this application — in test flights we used
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signal, priority is given to IMJ, lack of dynam c
input to the IMJ - GPS has priority). The OCis a

waeablo7s7powver f ul conmputer, using ARM processor BCT/Wa2®B/000336
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c i ¢
t h%o'%t{%‘r@a ‘éﬁe& bcyé“e %d% P“?S‘fsetpr?é'“af‘ A

receives positional and attitude data fromthe PP and
produces a di splay output show ng the stored virtual
course/objects relative to the current aircraft
pos iHoneywellTHE 1200ak2)06@Enaitat@s tiea U8rAdvanceédMeldium Range Air to
for the display - and runs an arrow pronpt system (see
behioWissile (IR AME-pifleorejaetinggawer spedifirationjidultss .as not working
Penal ty and object collision/conflict algorithns are
al %%9°§%~°é\d|b’d'“i thet h'ehlmﬂxr@géc @ewmmenrmi I ASRFHE i fage- The
st or ed VII‘ ch nake ug the course with

¢ pfgcise aftiyde.
constantly measures whether the voI unme of the aircraft

nﬂé ppe n@nlfé]ydlﬁearérétla?fGﬁshgng 'n{ﬁ'& me agh?e%éc’nt u 51%%8 c_anipﬁoduce the

nmeasure clI se enou e 1 ncremen

ot Jéﬁ[uré!@frg rle c?% (ﬁgﬁttyual ﬁé’téjee?é?ﬁa?\? e@fﬁ{r@hént@’iaﬂ& properly

has 7 ust t

| egatibrated 8hd ‘Nh@r‘eﬁe‘Thé RN Edté Blsy ﬁ&d§tt6 el fdbR é%bgh to meet the
fusel age which nake up the aircraft have "hit" the

MajequGAENtefof HilBviNibA (2@ Iramel gt seBbrid)rantiahé huARA, ey@ (16 cycles
course is designed by a specialist test pilot who
unpkerrssicamnd)s Thé érue apmipld fate msfac nddde th bt ltldskeo 50| patr sacwhd (and
the aircraft. The course is then turned into a | eft
anlighéry it ofdento akiaves fasrerror semplieg softweare dobet used in the data link to
aircraft are always turning away from each other -

r alhR@rounsh s twallasdhe eersianitsebition Thepadeansde cafrect drift in the IMU
designated Left and Ri ght - and certain, conprehensive

saf 9’ &%@Mﬁe'ghea%gt?mtsthaﬁﬁ gives priorith q the sqltion;ipavhich we

correct course i s

arpepares ?wa"dﬁn?%wn ?Ffsd ? copdp ?tgﬁégﬁ” 6 ﬁ)ﬁ?&ﬁ%%s satelie
ot PO o et R BeReh ut TAR e I . GPS s

|sprlio(?®§ed. A ground rmrshal confirms that the correct
courses are loaded into the correct aircraft - and the

cockpit course indication is clear -and correct.
The OC is a small, powerful computer, using ARM processors, which receives

positional and attitude data from the PP and produces a display output showing the
stored virtual course/objects relative to the current aircraft position. The OC also
generates an artificial horizon for the display — and runs an arrow/prompt system
(see below) to help the pilot navigate to the objects. Penalty and object
collision/conflict . algorithms are also stored in the OC (see below). The OC
compares the stored virtual objects which make up the course with the stored
digital model of the aircraft — and constantly measures whether the volurﬁe of the
aircraft infringes any part 6f the virtual objects. This measurement is brecise
enough to be incremental — in other words the OC can measure whether a plane’s

wing has just touched a virtual object (say by 1 metre or less) — or whether the

32



After the course |ayout has been determ ned, the
virtual objects are designed and determ ned. In test

WO ooglotss4d he objects typically had an outsi de PUCENER®B/000336
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of 40 netres and an inside dianmeter of 25 netres. The

di mensi ons were determned relative to the w ngspan

and length of the aircraft (approximtely 15 netres

anehtit& wing stax:}urgo andh &itsetage vatigheoiake wprtbe dirEfaitchave ,“hifuithe main
not inpossible, for pilots to negotiate. Each object

i smpemefithe vittuel ebie@tal world . matrix/ nodel - which is

a cube 20 kilometres on each axis. This 20 kil ometre

cube defines the limts of the digital npdel stor
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e en rev cor

©3eR bﬂ\%rSW |t6Wﬁfd§ QSCH Binkt. "’“he%ﬁFsceg dr® Eeﬁ@ﬁaﬂed Left

p| ot to be. tal ore to certain paraneters whi

r esnd R.thﬂ Lok %@rtélhaeéiﬂﬁreh%\%le%f@@”p@@ed@eé R Yufiblace to
course 1ength, object size/difficulty, penalty

| nefstre tHas tig dopédi oabeas iaxged/ifiothd \sppidpeiate aildrafl OB pilot of
for handi cappi ng can include aircraft power (a shorter

cdhe saErcraft isa alsesivfqpmed rdfuhe adaueseaivh)ch isi loatleds ki ldnd theck is an
penal ties from previous races. The handi cappi ng system

al extersal ipdicafier in"the anoekpithas teewhichiooursef is loddedi fAf gnoand marshal
power/ performance and pilots of different
squnlflyr@&ﬂ@htéﬁ(f@rre;\t BOWBeS arvlagdpd intgi tptearregbaircraft — and the
photorealistic terrain nodel is built on a ground

c OTRSERIEFOYRENdRHOR SR ANd $PTRYdel is built of each

aircraft (W|th exact physical dinmensions and photo

&S‘?‘?elﬁﬁé I ] o884 GBGhea ana

L ORQ Clﬂl egprﬁ%'ht de SB%EC@B@?I‘C? %?n l‘%r oﬁt%iﬂrec |§meter of 40

The g ane re bu uepr

%Peﬂ@%hé a?ﬁnﬁ\sﬁﬁtﬂérln (% ?Soﬂl'éﬂ'QE‘STh%%ﬁ'R r’%ewér% determined
| oaded into both the ol ds

CoehiiRe b hRUliIRgspan and length of the aircraft (approximately 15 metres and 17
metres) so that the objects were difficult, but not impossible, for pilots to negotiate.
Each object is loaded into a real world matrixmodel — which is <é cube 20
kilometres on each axis. This 20 kilometre cube defines the limits of the digital ]
model stored inside the OC, and the PP. The virtual objects are each “anchored” to
real world coordinates on three axiis. The shape of virtual objects can vary from a

“‘doughnut” shape, to diamond shapes, 3D tunnels and even revolving, animated

3D corporate logos.

A handicapping system allows the initial course for each pilot to be tailored to
certain parameters which result in course changes. Changes can be to individual

course length, object size/difficulty, penalty’ increments and other
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but the OC in each plane only receives a left or right
hand single course. The penalty and object conflict

w@bk@onrgTmns are the sane in both the GC and OBCT/NEZ008M®0336

virtual objects include texture, colour and shadows,
whereas the sanme objects in the OC are sinpler,
w reframe versions. bject conflict algorithns
d eadanantageslidrsadvhfgam dfiggers fdriraindicappieg wan reludel aincmfigfower (a
the virtual object and the volune of the 3D aircraft -
di garter cowgelfor #dgsstprvepiyl piocral), pilof $Mllu§nda1e|nawes tfnorreerewous
degrees (or nore). of penalty can be deduced fr

c ofRees-ckhe ']@"@&@PP'ﬂatsyﬁt?ms‘%WWé for * lfré@?@sb%(ﬁefb %%raﬁ of gifferent

i ncrenent_ of penalt 2.- 7 nmetre or
AL R S B T e

produce two incremsnts of penalty, and a conflict of 8

L TN SR R
i ncdnﬁﬁlt?ﬁgg?)sé@)%%,sﬁgf rrY&i‘éLQ %YSf qub%l?c?é‘ﬂt fwigd exact physical

nmovi n Inls |ne or t pi | ot metres

f r&meh%n@ hh@bhéto reaishit hidikingd thPt'ﬂ?ﬁrmMHI @ﬁthfef@b km cube) world
course becomes 100 netres |onger. Three increnents

woi! isLileqront saRMiterpihbRYraphy £ Xdgodralitas endpe) diditaComnddsi sid other
al gorithns can al so be used for a "bonus box" - which
wostuticdse Thes digiteln pldna smeadede tapel rbuilb fiiohre biveprints o @AR models and
but woul d have the opposite effect to the above

10 pedathildadashotqgraphs. ct with a bonus box woul d make the
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course 100 netres shorter for each increment of
conflict. The conflict nmeasurements from

al St PP isdpadrdoito hrih &%@ﬁoﬁﬂﬁ'ﬁ@h&hg@C halﬁla atcwmw course;
ax B LSE e eheh i %%Lv‘!ﬁee% el rfgg‘?%& icle Spse. The
F oper B e el PR AL ﬁﬂe e Sﬁ%t"?' i 3 pocs. The
icgeg)evri@(al toB%c%le%lﬁgé @Lﬁ? ﬁéozé]l%t nd: sh-ggﬁ\ﬁsc' Wer?&’f{lﬁtéa% objects

deuﬂrtﬁc,?deﬁfar%%rrﬁ@@%@hre%h% idrite tWO conputers is not.

exact, then can sen a sinple data packet to
the GC indicating the penalty increnents.

Object conflict algorithms determine the degree of conflict between the volume of
the virtual object and the volume of the 3D aircraft digital model. For the purposes
of iIIustration, three degrées (or more) of penalty can be deduced from a conflict. A
conflict of say 0 — 2 metres can produce 1 increment of penalty, a conflict of 2 — 7
‘metres (or say 35% of the mass/volume of the -aircraft) can produce two
increments of penalty, and a conflict of 8 — 15 metres (up to 100% of the aircraft
volume) can produce 3 increments of penalty. A penalty increment, in its most
simple form, would have the result of movin.g thé finish line for that pilot 100 metres
away from the original position — in other Words that course becomes 100 metres

longer. Three increments would equal 300 metres of extra course length.
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Because the increnents are fixed and precise ( 1
i ncrenment equals 100 netres) very small anmounts of

wala109/0287¢0 needed to update the course nodel i NPCTNZEE8/000336
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aircraft, forecast w nning/losing margins, nunber of
peaﬁd)rbpr@e difacst. fThesamé i dperationf |Bnpéﬁbrm9d ot ter GC. In another
interesting features derived fromthe real tine

damethbadeif phé dégree b lagreentemivbetiveenrthe dvo lcompaters isrnot exact, then
artificial horizon - derived fromthe OC and PP. The

vi theual cabjserd s simple datspbanyettodbe @G eicating thewmpaslty ingrements.
reduce processing power in the OC and to give a better
seRseause B I@@e@se@tar@eﬂ@ﬁ andsprgrise il Sperginenb eavalg HOO0 metres)
hori zon di spl a

a ¥>‘?fyém?@§"?%¥sp?ﬁ%@§aDPFa‘?;'E%§FB PSR baSh mefighdhe 6C. The
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o PEurT Srs o S e bp Eaethy %E%?{gtq%ﬁg‘;g?{ep'l?t)l g that i

ob J %g t%gk IQé %tag%eaa%gﬁ'tagy%ﬁwte @ﬁlméﬁ{ggﬁléy s q&el?:ﬁloni cgpeqbwously

dbseqden
t
hea se .E’%'%Pja 5&5)( atqg?ﬂ"n g&%%%ﬁgh@égarﬁy Q}gérre dt the level of penalty

being carried by each other as the race progresses.

"Calibration flights need to be run to ensure that the position of the aircraft is exactly
the same in the OC and GC digital models. The data link from the aircraft TP tells
'the GC where to posmon the aircraft in the digital world model — and also dictates
the orlentatlon of the aircraft. Software on the GC allows a virtual camera or
cameras to “fly” through the virtual world — relative to-the real time positions of the
racing aircraft. The GC animation feature also allows TV coverage using 100%
“virtual imégery — and the insertion of real time vectors and graphic features
showing the distance between competing aircraft, forecast winning/losing margins,
number of penalties, spéed flown, time to finish and other interesting features

derived from the real time data.
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stereoscopi c. The headset display can al so be |inked
to a head orientation system- so that the OC displ ays

W0 b@ols7eezon, arrow pronpt and obj ects rel ati VRCT/NZ2(08/000336
pilot's head position. The pilots head position can be
cal culated using infrared reflective dots on the back
of the helnet - and two infrared /transmtter sensors
f | Yiesl pilad dispiaylsholys af vittha hoeiadn or atifical heizbiod<derived from the OC
including small IMJ s can al so be used. The OC
c atrrl| RR. eSharvitdl sehjediet aveedispiayed adst wireframe images (to reduce
position/attitude (fromthe PP) and the pilots
poRioeessingapeiverdadhe ree mng foosive wahb%ttefres%P? f 3R PWépecﬂve on a

pilot being able to see the virtual objects in thei

" (Fe dBB'@)%t ‘P‘tﬁﬁ tP%@SF'%Hrb%P'BY @rr% Hr%mPfo%%eﬁ@fed by the OC

t vi.rt.ual ob

5 { PSR GHHEr RS PIIPIERS: Seloge timanie EPaPLCtPR  fpgnext vitual
:Aﬁg?jgglgo'mlgg é\?f r{w&r lSRIPﬁ' |mpo gnt |LI%%m%ih%ﬁlﬂ@f’%o&ﬁ&égdlstance

e . a nms

i né{ri\oSicﬁrle%tiérh Jgiéal?e t{3e e r&kﬁé’été (;aHﬁeEEﬂ%quer‘?cr oBfe@%erbeéond the

0 percent age’ of visibrlity”

Zoq/ﬁ]m@tém&%gegttybg@h the fuselage. Prior to a race
each aircraft needs to perform some dynanm ¢ nmanoeuvres

inthe air ("S" turns work well) to give the PP a
chaine e0C ocaw iaot atipuand « aldabisett displag.emhidho cameber @adnocular or
worl d. The PP al so needs to be powered up on the

10 gr staresbstapic. Stwehazidaett display can also bedinked fd a -hegd otiétation system
the various conponents can establish good "agreenent"
on—posthat the Q6! displays thedheriFonnarrewdyatmigh poatabiasts relative to the

bet ween the conponents. For television and interactive
i npilatsdieadovesitiae Toe Rilofmbead nositien Ganobh&rlcyipiqde Heing infrared

Tt et Gn e baek &7 UFd PR o s FRgHAt AGreiter sensors
P HARCior R R 2 RS PR ffhef o el R B s iso e
15 | ' nt £e%fj %83}(‘: LRuLRS ér?ktl‘? étfb' QeI Boﬁc!ri/&’m%bg{?onﬂfthe PP)

round caneras

he| cﬁﬂ% ;Bligfga?osnﬂi?\daﬁ ﬁé'adJéhélﬂaﬁB?lr iﬂanfsS’reQUltélnktﬂé"ﬁ‘i'ké’t being able to

t an stance fromthe canmera to adj ust
see the virtual objects in their “true” position regardless of where he is looking. This

means that virtual objects could be viewed th'rough the floor and side of the
aircraft. If this was uncomfortable for the pilot, the OC display équld include a mask
20 that would either make the objects invisible through the aircraft fuselage — or
render them at a video percentage of “full visibility” - e.g. 20% when viewed

through the fuselage.

Prior to a race each aircraft needs to perform some dynamic manoeuvres in tr{e air
(“S” turns work well) to give the PP a chance to orientate and calibrate itself to the
25  real world. The PP also needs to be powered up on the ground for some minutes
priof to take off - so that the various components can establish good “agreement”

~on position solution and software communication between the components.

36



canera shots to match the "correct" size and

perspective of the virtual objects in the sky. The
wWobjeots4@re then "l ayered" so that fromthe CROBENA2®8/000336

perspective a race plane passes "behind" the "front"

section of the virtual object - but in front of the

"rear" sections of each object. This |ayering happens

i NFoF\feleoikionadrel ifiekaating irdernket ooveaage ok ayracy —-cedrinodther systems

nmet hods) - and each | ayer nodel is assigned to a

pardeiddalbarin plaoer a and virtual object. A conputer is

dedi cated to each of these object/canera pairs - as

t he processing of each TV frame has to happen in real :

t | Gemeras efdi@e; iguncheesshicelee caliaraigd ®o thalthpaditua)spiegts from the

pl ane - and even relative to display -smke fromth

P 6 Go1EsRocahe PURSTTERSSES: 4T O ORLWOHL I mAGES SIS ng gamera.

5 Crdﬁfg%"%v &y%t';—;lhsfaqu ﬁ?ﬁg(,p{o(;%e %@Hﬁ%ﬂ%ﬁgg @%lttﬁfeigi.tsngpi'sgstreé%. Calibration
oriral PSS SR oRE8 et Bl ) Bt s Bhaton - an then

%ﬁwﬁéj?nﬂ&@d&aékn&w%rj%?;%r{gibgﬁtéﬁés%ﬁ thO@@anf¥h Yo adjust the

ete’” conposite ca j ect palrs were

avV@meéh | otsOtot MBtcHBhE “ &ttt dfzBaRapempbctiveWththe virtual objects in
"I nconpl ete" canmera shots would be of no use to the TV

bripa@rpst as the objects would be mssing, or the real
aircraft would not interact-with the virtual objects
in the correct "layered" order. It is possible for
10 cofipubisiects @fi¢ tenelayeredése tatfeon He earaere’sqresspective atiace plane
camera | ens (focal pl ane, pan, tilt and zoom as well
aspasises patiind’ dhe Gfontheedtion 1 the sineal ahieetmebwion frant of the “rear
al l ow a ground based or. ajrborne stabilised helicopter -
casastiang f cercdy ohlegt r Thig) layening fearensyiy harsoftwarg (ghigma or
zoomrelative to the real  planes, ,real world d .
Vi PRiRancs dedBa s of Atheh dNenfgs) s and AR IVer riRse) s pesigned to a
object wll get bjgger, as. th ra_l.ens . [ 0
¢ naagoam e el 9B B3t S SPRPLR, ¢ ARpeB p] Gachof these
it e-d i "nre- t it SR [ (s IR
15 o oiocBingta BA, “ERahE A &Gbeshl b T, R e g bl in real
ongREaCch Phafty Me bbjB& “around” the real world plane — and even relative to
display smoke from the real plane. Only a dedicated computer has the power to
“re-draw” these complex frames in real time — combining a fast moving real plane .

with static real world background and static or rotating virtual objects.

20 For TV broadcast purposé, an aug(iliai’y Outside Broadcast truck -would be used so
that only “complete” composite camera/object pairs were available to the main
Outside Broadcast truck. “Incomplete” cémera shots would be of no usé to the TV
broadcast as the objects would be missing, or the real aircraft.would not interact

with the virtual objects in the correct “layered” order.

25 ltis possible for computer software to determine the exact state of the camera lens

(focal plane, pan, tilt and zoom) as well as the position of the focal plane. This
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di spl aying the course to each pilot via the OC and the
di splay. The TP will be sending data to the ground

waokiogk7s7ac| udes aircraft position, attitude anPCDNZPO8/000336

from various onboard cameras and m crophones. There is

a small delay in the processing of this data so that

the ground data may be up to half a second "l ate"

r efhathodevilt elldvhe gooboibased atr airbdrine stabiliset] hglicoptermamera to cover
addressed by introducing a matching delay‘to the

owR pinuak aipracet-haind pand &ty asd zoewgelative taihegeaurrnes, real world and
caneras. Once the pilots have confirnmed they are ready

- irteeltahiggts. dnsthe Ajgpigsteexamme ntiec v quiget wilh ogl, blaggf as the
countdown i's initi a@%g. _Tgpi cally this would involve a
soFaAMRPLensi 2p901s AT Rt eifles a physical countdown to

start at the.first race obstacle - in the form of

d. i < o f i tu - i HH
e e B B M b e 2 e Bl s pein -
M GRS BPTRRS that rfﬁes); é@ r%ﬁ}l}@@@h&trbqh@w on each plane will be
nc al eep the t :

re
Synchroni satl1 on si gn ree systens

C%Eﬂhﬂﬁg% ek cbirsEN8 SdRPHiRS ia! BlesORNafd tHGispRYEThe TP will be
agreenent between the various conputers is not

- NegARIFR datastot the grotihdi Alhichbinekitiss alreraftnsduitiond attituderand output
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"real world" and the planes are flying relative to the

" rfearh wspiblisl .onboardheantsrae antl mickophenes.dBergdsra smailh delay in the
i nternet conmmunity would all be connected to the GC -

vi prosessirgbbfethisndata setthgiribe graind date miaycless up tehaif @esecond “late”
pl aYe_rs woul d see the same |ive positional data - in .
t higlatiye i dhe qingoaedl dafiar dihgfimeJag Ican deoaddngesey gy tipfroducing a
terrain npdel . The video gane conputer systens woul d

al mamh[m|qe,1ﬁytt@ahq1g%gtrfgor8pti}eé Mier sprigge pYch 3 9TYNd femeras.

an extension of the GC - which can either be on the ‘

= APk, B e CSBR B P  HBR G BB re workng

SRS P R BT SPERR. B M0 10 o scvar

SOAEARIH48: SRSl SOTRUSR el Bt i

Pl YA nufibees Hi8B1alddGnmEldnte offleColbjBet — counting down from 10 to
0. The system countdown is replicated between the two OC’s and the GC.
Synchronisation signals keep the three systems coordinated. In the simplest
version of the race — agreement between the various computers ié not necéssary

as the virtual objects are anchored to the “real world” and the planes are flying

relative to the “real world.

In the case of a live video game — an internet community would all be connected to
the GC — via suitable internet protocol interfaces. Internet players would see the
same live positional data — in the form of digital aircraft overlaid on the digital

terrain model.
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"see" each other. Filter values can include: position

in an online performnce | eague, country of residence,
wW@ombH7sIM0 i N the race relative to the real pilPBPCBENZ2008/000336

relationship to other online pilots (friends can see

friends) or other user defined groups. |IGCs could

easily be mrrored or replicated across a nunber of

di Theveleb dgarha cembuters systerds fiaic retllogeadindfeli cahbers of remote

| ocations around the world. 1GCs could also easily

st payerp 4 togrerde ansaxtanision afiihé € gavhiahscaragithee pe op thh@lrﬁeld or

same race on a nunber of occasions. In the nost sinp

ot oot by
ontPEHEC T GHEEPhATRY o BlpNS S eSSivRMbsaot A 1 theg‘}'oaemffﬁ{EL of fixed
5P °ﬁﬁ@ ot MR BB anied i oE oA BoaPB e ang svstom
b%gﬁﬁaéhre 'ﬂnaedé 3& t@%ﬂlcﬁ bhﬁ@%laﬁér? u%mﬁﬁ?é? é&%&é%oﬁﬁd@e able to

cteri ICS S are

t h‘%eéagﬁch 'otttzérs Fﬂt%?yva'idéss hﬂ: o%‘ g@giﬁoﬁ hANgeenie bBHSrmance

conbi nation (course engt penal ty

' nl@é@ur@n&&lntrg' b\gfﬁésﬂé?ﬁba%%bﬁﬁh Cﬁeofacbhl%léﬂvét!éakhe teal pilots,
pl ane) can ange the nature of the real vs. virtual

Pi fepitiohgtsip to Biteer| dBline glilver (frickad daansBeetricha@s)cordothbe usat defined
attributes for a massive nunber of online conpetitors.

10 Thgroups dGGss ovdd eskiynbalnirraiedcratplidatadeaaross a adlinbee of different
finish line. Because of the real tine penalty system
t hdatéicestresainr different gepgraphical ideationsnarokind theewprd. tig€'’s could also
w nner, with no need for post-race penalties or judges
toewﬁeﬁi,@feamﬁédﬁgesoﬁodbﬁbpﬂlfﬁt gammeisutan LRl dirdgeme race on a
Neither the real or virtual planes can interfere with
eaW'a?frPéPC%a%fé}sf ormance. As di scussed previously, a
collision avoi dance systemensures that if any tvvo

ourse that th

b eyl e P b i Fehes o ea
15 SR8 ok 8418 ST Dy B AR B Fond B L anc e

are on a co conflic

PORRLAISF dompuls pabf fﬁé@fatwrﬁfar Ban8fdn the left hand course. In this simple
illustration the two cburses are of the same length, the real and virtual plane have
the same flight chéracteristics, and the penalty increments are the same. It is easy
to see how simple changes to ‘this combination (coufse length/handicap, penality

20 increments, flight characteristics of the virtual plane) can change the nature of the
real vs. virtual pilot race. The IGC network can handle these different attributes for

a massive number of online competitors.

The race is over when all aircraft have crossed the finish line. Because of the real
time penalty system the first aircraft to cross the finish line is the winner, with no
- 25 need for post-race penalties or judges to assess appeals or complaints about race
conduct. Neither the real or virtual planes can interfere with .each‘ other’'s

performance.
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their respective courses. In the case of conputer

failure, the pilots are under standing instructions to
whe@ak7sawey fromtheir course - i.e. the |eft PERNZ2008/000336

pilot breaks left and the right hand pilot breaks to

the right. Aspects of the present invention have been

descri bed by way of exanple only and it shoul d be

apps edisciisest phatiousndlid icolsion rsoidBAcaaddstemosssurdy tht if any two

made thereto wi thout departing fromthe scope thereof

asaiderbft rerd om at ballisippeoded ihhaithe ddbEY MEn&liately ciganges to the

A set of conputer executable instructions configured -

t oagewiprdraptestmsving Eneeschpe teajactdy.cTee GC salchlpliesywhethgr aircraft

a conpetition course which incorporates at |east one

vi Rieuen acestlisingpatfiafacandicting pathde oplyt Rassbleiithyyaircraft stray off

gcopfigured to execute the steps ecei v,
veme&r | ESPeRtiye; ?ﬂﬁ"?‘?feﬁi‘ltp? eqas‘as%fo%q"&%%f \%ﬁ"{‘ﬁ” tth%gp'ld‘s are under

CoRBARAG TS TR e KT BupY o’ GEIE SPF S P thg loft hand pio
I
Szé%eaﬁ% SEh8RaRCRa bbirelia B AL dgfES ) O0C i ng
at | east one penalty to the pilot of the vehicle if
thasy&M 6f tﬁe%réééﬁatnw@ﬁhdnma% BB Se¥¥ribBd b YvayWf lekampBR only and

regi on of an obstacle, and d) repeating Steps a)
t hit@H&ld &k a@ﬁrédiﬂed)tHaOInoﬂm&atm% endidagitieasTarly ibel Made thereto
course and e position of the vehicle changes. 2. A

10 setvithdut clepprting froaxibesicapd therets tas diefinaxhis ths apperided ctidims.
claim1l wherein the vehicle is an aircraft. 3. A set
of conputer executable instructions as clained in
either claim1l or claim2 wherein the |ocation
identifier is provided by a set of GPS
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coordi nates. 4. A set of conputer executable
instructions as clained in claim3 wherein the
wo ewabismo i dentifier is cal cul ated using data PCDNZ2008/000336
inertial sensors.5. A set of conputer executable
instructions as clained in any one of clains 1 to 4
wherein the virtual objects have a dynam c nature. 6.
A set of conputer executable instructions as clained
I NWRIAT WESCOAIMISai s 1 to 5 wherein a penalty assigned
to a pilot has the effect of extending the |ength of
the conpetition course to be navigated by the pilot.
7.1.A shtsebof computes exesudatie Atstrictions mnfuutﬂdsthealculate penaltles
claimed in any one of clains 1 to 5 wherein a penalt
assi gnied atvghigleppilobpavigating recanpretidien Gpueﬁmc‘e*wnwpfﬂﬁées at least
| ength of the co t|t|on course to he nav”%
the pi P virtgal c%e e, 5fl W insfrugions heing go |gured to execute the
5 instrugtions as claimed in any one of clainms 1to 7
wher ei HePRE ef fect of a penalty increases with the
extent of a collision between a vehicle and a virtua

obstache. 9. Qcsh g{e vs@%qsatloﬁ&a%kgpﬁsaméa %ﬁw' 8 present

as clalned in any clalns ereln virt
obstacl es are dy,tﬁﬁl(ﬁlyr%jplro% eHidié, Qngof a vehicle usi ng
a heads up dlsplay or headset or panel nounted
di splay.. 10. A set of conputer executable
instr utgr;ti ons égingdriagned vehiclé dbcatdnwidensfien witte a collision region
orientation of the pilot's head is factored into the
di splay. 11. d#sseeintenf witlhrgbueast eneeeintuablbbstadst ofuttiei corgpetition
as claimed in claim10 wherein the orientation of the
10 pilot's head ¢atireket@ddnmi ned by reflectors on the pilots
hel met sensed by sensors within the vehicle. .12, A set
of conputer executable instructions as claimed in

one ofClcl ai nsaFigNggL 8t Jiest OnR ReN@ltyitptihg) Piloh of dbe V§h'°'e if the
di spl ayed in col 13. A set of r_execut
natr uet i ons VEIRH Blasan EFRPIDHER GRS S GrEreGIon of an obstac

and

d) repeating steps é) through c) as the bilot navigates the competition

15 course and the position of the vehicle changes.

2. A set of computer executable instructions as claimed in claim 1 wherein the -

vehicle is an aircraft.

3. A set of computer executable instructions as claimed in either claim 1 or

claim 2 wherein the location identifier is provided by a set of GPS -

20 coordinates.

4. A set of computer executable instructions as claimed in claim 3 wherein the

location identifier is calculated using data from inertial sensors.
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to 11 wherein the information is displayed to the

pilot in addition to the virtual obstacles.14. A set
WwWo@RooonIwE er execut abl e i nstructions as cl ai meRICT/NZ200§/000336

one of clains 9 to 13 wherein the display to the pil ot

can be renpoved. 15. A set of conputer executable

instructions as clainmed in any one of clains 1 to 14

whér ei A setaf camputer execatahileTigirsctione asaidimeddn iany bealof claims 1

time utilising canera-paranmeters. 16. A conpetition

di spl ae 4yberin theivirtual plgjects bave aidyoamisuiadireexecut abl e

instructions as clainmed in any one of clains 1 to 15.

10

17, A nethod of calculating penalties faor a _vehicle

pi Pot AFt GREPTRBULET BXRbERNIE InsHUCtions 88 GiHMed I ABY qae of claims 1

at |lea
cal cul

bst acl sai ena

B S0y iz PeB RSeied; orf e RSt Segt o Stending the

o BP0 HEREA YRRPIAL

with t

presen on o

b) conparing the vehicle location identifier with a

copl i shaRt beEbMAPutEs SRGURIRIiINMritioRt a%ec%ﬁltn)ee W alfy bh&'3F claims 1
and ¢

obstacl e of the conpetition course,

assigni ng

at | eags 5 QiRréIR ApNAIY tskiyfeditd @f pih HaBahy &es! & dHortening the
the vehicle's location intersects with a collision:

r egi onleajthast tibedragatition dpurse i Bé inBggated Dy thg plldir ough

c) as the pilot navigates the conpetition course and

the position of the vehicle changes. 18. Hardware

co®f i ghrsetiof corop@enexecutabieinsirdeticoe agiddimetén apy oné of claims 1
comput er_executabl e instructions as clained in any one

of cl along whetein fe effect ¢fraipenaitydoereagrs with the pxisoi diea gollision
vehicle |ocation identifier for use in the conputer -
execut Befiveen avepigleransia vigualabstagied i n any one of

clains 1 to 15, wherein the hardware includes GPS,

! n&rt ! Rlseﬂgﬁ Ec?nqgutgrn gxe%tutalb?eaﬁﬁtstrgclz}%ns as claimed in any one of claims 1

to 8 wherein virtual obstacles are displayed to a pilot of a vehicle using a

heads up display or headset or panel mounted display..

A set of computer executable instructions as claimed in claim 9 wherein the

15 10.
orientation of the pilot's head is factored into the display.

11. A set of computer exchtable‘ instructions as claimed in claim 10 wherein the
orientation of the pilot's head is determined by reflectors on the pilots helmet
sensed by sensors within the vehicle.

20 12. A set of computer executable instructions as claimed in any one of claims 9
to 11 wherein the virtual course is displayed in colour.

13. A set of computer executable instructions as claimed in any one of claims 9

to 11 wherein the information is displayed to the pilot in addition to the virtual

obstacles.
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processor. 20. A video gane configured to display and
interact wwth the conpetition display system as
w@b@vmesf4o n claim 16. 21. A video gane as cl ai PEIYNEZ2D08/000336
claim 20 configured to enable users to pilot a virtual
vehicle on a virtual course at the sane tine as a real
pilot flying the virtual course. 22. A set of conputer
exteut Aldeé of cohputet exarstablebimtiundtioas lag ciesmbe ireany one of claims 9
described wth reference to the acconpanyi ng draw ngs.
23. A teetdhwbereinibe displayitd (heapilohearebe rateemedi bed wi t h
reference to the acconpanyi ng drawi ngs. 24. A
etition display system substantially as _herein
dei‘g

ri D@t §f b depxaruiableinsiigctions é‘ﬁﬁéﬁ*@'?ﬁg‘ arufne gholaims 1
25. Hasd f t ant I
doscr | Bod WMSEeIR dpe} BREATHE eSes,parpRY raak fige. utising
b [ h d bed
5 26. A eérg‘?r%rf%% t%kéhSt antially as erei n escri be

withr e acconpanyi ng draw ngs.

16. A competition display system utilizing a set of computer executable

instructions as claimed in any one of claims 1 to 15.

17. A method of calculating penalties for a vehicle pilot navigating a competition

course which includes at least one virtual obstacle, said penalties being

10 calculated by the execution of the steps of;

a) receiving a vehicle location identifier associated with the present

position of the pilot’s vehicle, and

b) comparing the vehicle location identifier with a collision region

associated with at least one virtual obstacle of the competition course,

and

c)  assigning at least one penalty to the pilot of the vehicle if the vehicle’s

location intersects with a collision region of an obstacle,

d) repeating steps a) through c) as the pilot navigates the competition

course and the position of the vehicle changes.

18. Hardware configured to operate in accordance with the set of computer

~executable instructions as claimed in any one of claims 1 to 15

19. Hardware configured to provide a vehicle location identifier for use in the

“computer executable .instructions as claimed in any one of claims 1 to 15,
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10

15

20.

21.

22.

23.

24,

25.

26.

wherein the hardware includes GPS, inertial systems and at least one

processor.

A video game configured to-display and interact with the competition display

system as claimed in claim 16.

A video game as claimed in claim 20 configured to enable users to pilot a
virtual vehicle on a virtual course at the same time as a real pilot flying the

virtual course. -

A set of computer executable instructions substantially as herein described

with reference to the accompanying drawings.

A method substantially >as herein described with reference to the

accompanying drawings.

A competition display system substantially as herein described with reference

to the accompanying drawings.

Hardware configured substantially as herein described with reference to the

accompanying drawings.

A video game substantially as herein described with reference to.the

accompanying drawings.
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