VEHICLE COMPETITION IMPLEMENTATION SYSTEM TECHNICAL FIELD This invention relates to
a vehicle competition implementation system.  The invention may provide a competition course
defined by a plurality of virtual 5 obstacles to be navigated by one or more vehicles. The present
invention also ensampasses a method, system and/or apparatus for trackingthezpiagissssof a vehicle
over such a competition course, and calculating and assigning competition penalties to a vehicle's pilot
depending on their success at navigating the virtual obstacles presented. 10 BACKGROUND ART
Vehicle based compgtiti [ r for orting entertainment. In particular, cars and other
types of road vehic%%%gc@%%rﬁoﬁ@E&g@gmwvﬂ(ﬁ%lgg%%ate a static road course layout.
Off road or four wheel drive vehicles can also compete against the another, with competition points
being awarded or TEEGHNIgAEFEELM drivers depending on their success at navigating terrain based
obstacles. Air racing is also a relatively new vehicle competition format where small aircraft pilots
attempt to navigate. ¢ [ ber.of large obstacles in the shortest possible time.
These vehicle basi@%%@%ﬂi%%%ﬁ%@é@? E?r?ﬁ:el} g’&? i'rqgfg vnéeg%?b ) 8%33?8% of 20 risk to the

vehicle drivers and/or pilots, particularly when obstacles are to be navigated at high speeds: This is

certainly the case With Bieraisn g @heievidecd igimetitioh esutsiestatined buld pesalityinfairtaatcraft crashing
and endangerigg t@gsqélagss, t%sbgvﬁgv?sa%t%a‘;bxns ercrtnagpr\s/e%pcq Sgroperty. Generally, the obstacles used
to define such competition courses are's aticin har3GEFARG Also in their position or location in the
course defined. These obstacles serve to provide crash barriers or to delineate the boundaries of the
course to be navigatedergsentisiviiitionejsaeticurmiasge ametinotiof titeeand/effasparasxeiquired to lay
out such competitigg&gur%eggand in the cape of air racingbthe assembly and subsequent disassembly

of these obstacles Caft B& A CRSH BXeTcR " Cih R B DI UBRRIERR FRYEETGHFEHRBAS, the speed

of the vehicle will geidesadlyring Weiipuaitisle-iamace anarir vehitladbaialn e hainosupakie to

complete the
at navigating the virtual obstacles presented.

10 BACKGROUND ART

Vehicle based competitions are popular forms of sporting entertainment. In
particular, cars and other types of road vehicles race against one another as the
_vehicles navigate a static road course layout. Off road or four wheel drive vehicles
can also compete against one another, with ‘competition points being awarded or ‘
15  deducted from drivers depending 0;1 their success at navigating terrain based
obstacles. - Air racing is also a relative!y‘ 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 particulér, involve a high degree of
20 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 obstac.:le' could result in an aircraft crashing and endangering the

pilots, as well as nearby spectators and property.



10course. It would be of advantage to have an improved vehicle competition implementation system
which addressed any or all of the above problems. In particular, a system, method or apparatus which
could allow virtual obstacles to be deployed to form or define a competition course would be of
advantage. Fustezmguesiiovould be of 15 advantage to have a system, meifps-ooappasaius which
could track the progress of a vehicle over such a course of virtual obstacles and automatically assign
penalties to 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 theqarigrfil. FQALSIetencesy Rslding nuPaRnisAbPAsnLapRicaligns ited in this

specification are hereby incorporated by reference. No admission is made that any reference
constitutes prior arthareedisendsasoointhibeieimrstice Dstakesiovhat theircautkodsiassert, Tiedethe
applicants reserve the ricght to challenge the accuraﬁcjy and Eertinencyfof the cited documents. It will be

clearly understood TREPUITHEEGR AL BIIABSFSoPRIFER SUARERHEITE S S P PRI RTIRE this .
reference does notgaRstiyis-anagassinm Mgy Bf thesedoamenislpienakaiiaessmmon

general knowledge in the art, in New Zealand or in any other country. It is acknowledged that the term
‘comprise’ may un@eegaFphip)irisaidtrues, tsmatitnmeduiies cintbinahe sahesifctraginadhsive

meaning. For the PUPOsE ofatrp' gpgscifiggﬁ'\ogisagde%nI‘esgfomgsr\évi%% not e%, tha(?1 term écoron rise' shall
have an 5 inclusive meaning - I.e. hat twill be %aﬁen? mean an inclueion of not only the |§ted

components it direeflyrérierences, but also other non-specified components or elements. ' This
rationale will also be used when the term ‘comprised’ or ‘comprising' is used in relation to one or more

steps in a method pr.process,, ooylLis,an.oplect of e presentinyenton (o addiess s Lergooino
problems or at least i 0 provmce {he puﬁic wiffs '3%‘%‘3 IS HSTCE, g

result in vehicle damage and the vehicle therefore being unable to complete the

10  course.

It would be of advantage to have an improved vehicle competition implementation
system which addressed any or all of the above problems. In particular, a system,
method or apparatus which could allow virtual obstacleé to be deployed to form or
define a competition course would be of advantage. Furthermore, it would be of
15  advantage to-have a s'ystem, method or apparafus which could track the progress
of a vehicle.over such a course of \)irtual obstacles and automatically assign
penalties to a vehicle pilot if an obstacle collision occurs. A system, method or
apparatus which could also allow for thg ‘deploymen.t of virtual obstacles with

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

20 Al references, including any patents 51’ patent applications cited in tﬁis
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, aithoUgh a

25 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



Further aspects and advantages of the present invention will become apparent from the ensuing
description which is given by way of example only.- DISCLOSURE OF INVENTION A set of computer
executable instructions configured to calculate penalties for a vehicle pilot navigating a competition
course which ireorpoyatas4at least one virtual obstacle, said set of instructipgg/Retagsaaniigured 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 Iocation identifier with a collision region associated with at
least one virtual obstacle the c?%m etition co nd assi nln lhast one penalty to the pilot of

the vehicle if the veshellcﬂ':le (?&ﬁe |n{'e 28tk W Eﬂ%o é@% h%qoﬂ%le and WO
20091078740PCT/NZ2008/000336 and the posmon of the vehicle changes. According to a further.
aspect of the presdhtisnsemoorietivece isapitbyitedc doorephied’ ofiaalcokemeppénaltiesdiotiasebicle pilot
navigating a competit ﬁ o urse d %Io%/ed substantially as described above characterised by the steps

of; a) receiving a v&H WHB SRR EFENYYR X8R WRHME BRI politBR BIBREHAbI  ehicle,
and b) comparing t&%&mh&#&!%ﬁgoﬂh@@tmﬁéwﬁﬁ RSt regianasapriateshyithaldegst one
virtual obstacle of the competition course, and c
5 inclusive meaning - i.e. that it will be taken to mean an inclusion of not only the
listed components it directly references, but also other non-specified components
or elements. 'This rationale wil_l4also be used when the term ‘comprised’ or

'comprising’ is used in relation to one or more steps in a method or process.

It is an object of the present invention to address the foregoing problems or at least

10 to provide the public with a useful choice.

Further aspects and advantages of the present invention will become apparent

from the ensuing description which‘is given by way of example only.

DISCLOSURE OF INVENTION

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 wi;ch 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



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 10d)repeating steps a) through c) as the pilot navigates the
competition, course and the position of the vehicle changes. The term vehicle should be interpreted as
any moving objazt@aasas include humans such as runners and swimmerscagwalbgssgchanical
devices. The present invention is adapted to provide a vehicle competition implementation 15 system.
Those skilled in the art should appreciate that the present invention incorporates a number of aspects

from a method of implementin%a_\/,ehicle com ,etit(igln, through to hardware components or apparatus
employed to execute thi'hEfHBIFBPHHY RIS RER9&Shce in general throughout this specification

will however be made to the 20 present invention being provided by a method of competition
implementation, bitediegskilieitirthahas pstsbithie pplscatislyeafipr diotas < patvigist apriettelst configured
hardware components and/or software instructions are also within the scope of same. WO

2009/078740PCTATISHRIY BSH38RSTRE HIESR Rl MAYIP DT b (NP G BPV°S E8RIPERkion course
to be navigated by.gpiuralify of ¥elinles MovCompPsULnLEoyBR saipslsfine a fixed route or set of

paths which a vehicle may navigate to successfully complete the competition course. 5. It is envisaged
that in preferred embodiments that the competition course will be altered. on an ongoing basis
dependent on pilofYeedBSRKNdF¥EYAB HRCElfRIEEREEhasHRiaia b LR ereR bPsE Ak Pbatic
spectacle. It ig importaqﬁé%gygqlg%@gmg of any amendments to the competition course shows that
safety is not compromised at any point. Therefore, it is envisaged that the delivery of updated 10maps
will be made to the pilots due to fly, or flying the competition. course as well as any ground animation
team. b) comparing the vehicle location identifier with a collision. region associated

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

¢) 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

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

.and the position of the vehicle changes.

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 impleméntaﬁon, but

those skilled in the art vshould obviously appreciate thét appropriately configured

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

same.



In some embodiments the update may be achieved through a wireless upload, although given the
large amount of data, this may be via a physical download into a unit mounted on the planes. 15A
preferred feature of the present invention is that any changes to the display is made in real time - given

the quick reactiggssamsed of the pilots to adjust to the competition coursgwiiRzsaRR68i% their
orientation and positioning thereto. Therefore, it is critical that the data management algorithms are

configured to be as efficient and accurate as possible. To this end, in preferred embodiments, fixed 20
point mathematics is used in contrast to the more traditional floating point mathematics. Fixed point

mathematics run aiﬁb?cﬁ&?ﬁ%ﬁéiyvﬁﬁ@@tﬁ?fé%a% M AAPIRYBG PBREION ?H@?ﬁé?é?‘?é??ﬁ?@éf‘é%sor which
o 2 Do7MHz corteX PR8I Geniac Rk BRI BLALESS 8N HLEARE GEsp g Imiing.

ideally the ARM COPe W e used In combination with an open GL-ES 3D acceleration engine,
25the combinationgagiagvaiithilos toetieeT enays nasitrate ot s1OdAPIH3 Ooplatédenthd tivermeldtborms are of
course envisaged. A basic indicator system assist the pilot flying the course correctly could use
arrows (or some offf&fSfidicator) to direct the pilot to the current object and the next object they should
be flying through.  For example, different coloured pointers can be used which change shape to
Sindicate prox#nityitedandisatfiivehgoaitipersaraingte/oaitiiple ohttadasrisedéoalblyypitotiideds are met
by having full flight paths overlaid into the display. Part of the reason for an indicator system is that in a

basic form of the pRESEH: tVAhABROIRE Pt MRyt sRiebinededir &Y SRRER CBR Sane. Some
embodiments of the, orgaant IRFELIARHSE SFYRLe LR eR dtaacoRYBtihsAQheadofgntation of

the pilot and this is discussed later on in the patent specification.
managing of any amendments to the competition course shows that safety is not

compromised at any point. Therefore, it is envisaged that the delivery of updated
10  madps will be made to the pilots due to fly, or flying the competition course as well

as any ground animation team.

in some embodiments the update may be achieved through a wireless upload,
although given the large amount of data, this may be via a physical download into

a unit mounted on the planes.

15 A preferred feature of the present invér{tion is that any changes to the disp!é’y isl ‘
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.
Thergefore, it is critical that the data management algorithms are configured to be
as efficient and accurate as possible. To this end, in preferred embodiments, fixed 4

20 point- mathematics is used in contrast to the more traditional floating point
mathematics. Fixed pqint 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,
25 the combination being similar to the Texas instruments OMAP3530 platform.

Other platforms are of course envisaged.



The competition course of the present invention can be defined with the assistance of a number of
virtual obstacles displayed concurrently to a pilot of a vehicle as discussed in further detail below. 15In
a preferred embodiment a vehicle used to navigate the competition course may be an aircraft. Air

racing competitignsayskn@wn which combine aerobatics with racing discigliigeszddg dargsent 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 20
vehicle involved bein%a pilot. Those skilled in the art should apt?reciate that the use of such

terminology througho BRSSPt SRR ISR ith R oPlety keI IaE FERRE ERUERIG AR dffer types of
operators of differeqtiQums QMRS indiBHSHIEUSRRE AL BYE: 15 AHCIRAINR 5B aRimR e the present

invention may be employed to provide competition courses for vehicles other than aircraft. Those

25skilled in the art shisalthappheuidtestfigingdimpyitition courses may be provided for race cars, racing
watercraft, motorcycles or any other vehicle which can be raced, which can be used in a competition to

avoid obstacles, 0rﬁ&%{£¥ﬁ%§%}g&%@%}é@b%§ég¢'@§! Iggf%%gc%m%gg%g tgﬁgp%peg&ification to

the use of the present invention in air racing applications in isolation shouldin no'way be seen as
limiting. 5In yed othiediakter pestineity riviiardi medhitethesiticesersing iedmudipimalgsizelemployed to implement a
competition course which need not be navigated by a powered or motorised vehicle. For example, in

other embodiments, ganiperiinn caues Providsd I AAUHIRIR IR e RIBSRA gty may be

navigated by use of ro icycles, skis, snowboards, water skis, or any other types of
transport 10 appar&tus afithehrasssh ot aedetisatoly systerp &r abatairp aveaisisofaroe dritheopoeséthletes such
as runners and swimmers which perform unassisted ma%/ also be included. Preferably the

®

competition-coursdYEHBY RIS AR SN PSP RRIRG @éﬁ?@?ﬁfﬁ%ﬂ?ﬁ A d)sBF e IR@%ourse one
after the other, or BN BEIEAGRIBA HIBRASH sBeAd LRITIOHERTIGRONHIE A QimRrpidentical,

similar or handicap adjusted
10 head orientation of the pilot and this is discussed later on in the patent

specification.

The competition course of the present invention can be defined with the assistance
of a number of virtual obstacles displayed concurrently to a pilot of a vehicle as

discussed in further detail below.

15  In a preferred embodiment a vehicle used to navigate the competitioﬁ course may
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

20  vehicle involved being a pilbt. Those skilled in the art should épprecia’te that the
use of such terminology.throughout 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

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



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 aircraft. 20 The inventor has identified a number of conditions which can

apply to a prefgrged@megiment as below. a)Must be continuous regardlessof yagthgsstae aircraft
was inverted or undergoing high acceleration (up to 10-119) and high rotation (over 360 degrees per
second). 25b)Must be generated in real-time. WO 2009/078740PCT/N Z2008/000336 c) Must have

low latency. d) Must be a high update rate (greater than 10Hz, typically 20-30Hz, possibly up to
50-60Hz). e) Must s atReitd XPHE Rl AAPeEdRe ?fo@ﬁYoﬁ%ﬁdWFé%fﬁ?i‘Bﬂ SR B3R aft is used

fo reconstruct the pesitions, ebiheyifuaLahsiaslsmion g RlbIMYSE spaasadhatdnganotion of

the computer generated aircraft looks realistic.
with obstacles. ‘Reference throughout this specification to the use of the present

invention in air racing applications in isolation should m no way be seen as limiting.

5 In yet other alternative embodiments the present invention may Ee employed to
implement a competition cerse which need not be navigated by a powered or
motorised vehicle. For example, in other embodiments, compétition courses'
provided in con'junctionrwith the present invention may be navigated by use of roiler
blades, bicycles, skis, snowboards, water skis, or any other types of transport

10  apparatus which need not necessarily incorporate a power source or motor.

Athletes such as runners and swimmers which perform unassisted may also be

included.

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
15  head to head configuration on two or more identical, -similar or handicap adjusted

competition courses deployed adjacent to one another. B

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 aircraft.

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

embodiment as below.

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

degrees per second). -

25 b) Must be generated in real-time.



g)Must be relatively lightweight (a few kilograms). 10h)Must be relatively low power (able to be
supported either by the aircraft's existing power supply or by a small separate battery) Must be
affordable. Must be either available, or constructed from, commercially available components. k)Must
be robust undewhiglhadysamics. |)Must generate a position solution that hagdeitesmsourasy than 10m,
preferably Im or better. m)Must generate an orientation solution that is ‘sufficient to accurately .
reconstruct the virtual course. Absolute accuracy in terms of degrees was 20not specified but was

expected to be bet rth%&t qgggge .'l'étré?“: itch and heading and is potentially likely to become higher
as the system is retf(i?ﬁed. WO 200%78745%CT/N22008/000336 )

d)  Must be a high update rate (greater than 10Hz, typically 20-30Hz, possibly up

to 50-60Hz).

e)  Must be high accuracy, particularly as the position and oriehtation of fhe

5 aircraft is used to reconstruct the positions of the virtual obstacles for the

pilot.

f) Must be smooth so that the motion of the computer generated aircraft looks

realistic.
g) Must be relatively lightweight (a few kilograms).

10 h)  Must be relatively low power (able to be sufaported either by the aircraft’s

existing power supply or by a small separate battery)
i) " Must be affordable.

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

components.
156 k)  Must be robust under high dynamics.

)) Must generate a position solution that has bet’ter 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
20 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.



The attitude of the aircraft must be the true attitude of the aircraft relative to a defined reference frame
such as W0S84. 0)The aircraft platform may experience high vibration from the engine. To address
these requirements it was clear that GPS alone is unable to provide the 5 required information. Firstly

GPS is unablevw@genaratasan attitude solution, unless a multiple antenna R SNMsi8TISs5Sed which
would require good satellite availability (i.e. would unlikely to work satisfactorily in an environment
where the aircraft is likely to be inverted). To generate an attitude solution it was clear that inertial

sensors would have to 10 .used. The challenges faced were primarily as.a result of the aircraft
undergoing high d%amti)rgﬁw%mtggﬁwgge@&@ fg%%bSF'ﬁept%eﬁﬁEﬂdge é)rﬁ%?o a é@ %%’8 (fe%rees per

second). Furthermore thgmiseraficeaitdlyripve e whigicgbscures the GPS antenna and makes
continuous tracking of GPS signals more difficuit. Two main technologies are currently available that

are potential solutions: Attitude 15 and Heading Reference Systems E)AHRS) and integrated GPS/INS
(Inertial NavigatiorP5ystEH RIATIR BIAlEHNaY, SEPS b Mt S EH G /EX N AR &R BReters and

magnetometers to construct a 3 dimensional orientation solution. These systems essentially work by
deriving heading frosratiiecbdanesiomeieracnisiralhandgpitcht IBH8 thmadtcetatmatetpriddehsurements
from the gyros are used to smooth 20 the attitude. In situations with potentially high vibration and high

acceleration, theséeAMeS alrpafeny Seho e S4B R AR R GIHBR dHfBTEshelf

systems. Instead itwas psePaser hases inraraied GEYINSSOWEGR WagHeedodh dhiSiis an Inertial
Navigation System that comprises of an Inertial Measurement Unit WO 2009/078740PCT/N

Z2008/000336 (IMaypilEHiEy rieeivenldnalikity dprocessetisfastainsradiltenviaymantieientiine the

aircraft is likely to be inverted).

" To generate an attitude solution it was clear that inertial sensors would have to be

10 used. The challenges faced were primarily as a result of the aircraft undergoing
high dynamic manoeuvres (acceleration of up to 10-11g> and rotations >360
degrees per second). Furthermobre the aircraft can fly inverted which obscures the

GPS antenna and makes continuous tracking of GPS signails more difficult.

Two main technologies are currently available that are potential solutions: Attitudé
15 and Heading Reference Systems (AHRS) and integrated GPS/INS (!nertial“
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 accelerome;ters. Measurements from the gyros are used to smooth
20 the attitude. !n‘ 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



measurements from each system. GPS/INS has the following advantages:  Provides continuous
position and orientation regardless of GPS reception (GPS reception is affected by the high
acceleration of the aircraft and the 5orientation of the GPS antenna). The INS can bridge brief periods

of obscured GRyxy(s16l8eyvhen the aircraft is inverted). The accuracy of the-pRsiing @ attitude
solution is typically very accurate with the accuracy dependent on the availability of GPS, the
dynamics of the 10aircraft, the length of time of the system has been operating and the quality of the
inertial sensors used. Differential GPS can be used to improve performance by removing unmodelled

atmospheric and GiM3y/SRPTeRaNES RSN IFEREISSS S MRl UCD Afier P RUSRIMEORRIR Kifable to
meet e requiremepi. 70 eSS A S SRALSHIAR IR A8 piRSgaL nventon provides
exibi

a significant degree o ity in terms of ‘how such competitions can possibly be managed. As
discussed above, the competition course to be navigated includes a number of virtual obstacles which
at the very least can asdisevidesesniitieyauonesition sedarianttsrsesmdstied RARFRERYe navigated to

complete the course. In @ uiReL A SISTSHERbANMCALINGMilialabsHicles drgraniagare (o be

avoided by aircraft pilots, and hence serve o neate or define the boundary areas of a course. In
such embodimgnts the itiadtsiatie GResatdeckihould be. avoided where possible by aircraft pilots
to avoid the assignment of penalties to a pilot who '

- The INS can bridge brief periods of obscured GPS (such as when the aircraft

is inverted).

- The accuracy of the position and attitude solution is typically very accurate
with the accuracy dependent on the availability of GPS, the dynamics of the
10 - aircraft, the léngth of time of the system has been operating and the quality

of the inertial sensors used.

- Differential GPS can be used to fmprove performanée by removing

unmodelled atmospheric and GPS system biases from the GPS solution.
- Commercial systems are available to meeét'the requ’ireme'nts.

15  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'ly 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
20 * possible routes which .can be navigated to compléte the cbﬁrse. In a further
preferred embodiment the virtual obstacles bresented are to be avoided by aifcraft
pilots, and hence serve to delineate or define the b‘o_undary areas of a course. In
such embodiments the virtual obstacles presented éhould be avoided where

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

10



collides or otherwise interacts+ with an obstacle. It should be appreciated that obstacles can also be
dynamic (e.g. rotate) - so a pilot has to time the approach to negotiate the object correctly. Reference
in general throughout this specification will also be made to the present 5 invention deploying virtual
obstacles whiocharantmsesavoided by a pilot navigating the competition coucsenrhowamessd¢hose skilled
in the art should appreciate that pilots may be required.to complete other forms of interactions with
virtual obstacles to successfully complete a competition course. For example, in one alternative

embodiment a pilot may be asked to actively seek 10 collisigns with virfual obstacles. In such
instances these vimg%bgfa%ﬁesr%%ﬁ/ 'Hgaeﬁﬁcgsavg' Wp%%ﬁ a%?tralckss,ogﬁéjn%a?y%)r%ﬁ 8% gdplﬁr%%er of

discrete objects opghstaciasnvhichR BIRhisdeCoNRs Lritat hinRMgatinit ahéheprissetoln addition,
in other embodiments a competition course may also at least partially be defined by traditional physical

obstacles if availabfs@iafedpprirriteorEsHexample, 15 in some instances such physical obstacles
may be formed by crash barriers for racing cars or motorcycles, with virtual obstacles used to present

additional challenggsdi@he fayigrtartknsiveisns Sdaircdnarelnthes eahedinerkr Wrtdahobstacles

may provide bonus target objects which the vehicle operator can aim to collide with to provide a

performance 6r taistieatiodenasig it sbrirmiesigsrhierse tof tRepriseedes it nsyigatiglow with
respect to penaltigs. AS AL gxample, the honus tay g%eogﬁﬁl%%‘:n%'ﬁeba‘?t%%%ﬂléo%}‘i’%‘?&é'}ﬁa‘%ourse fora
objec outside of

i . ) 0
pilot. It is enwsageaehow Ver that this bonus tarde ect may be positione the normal
course. Thereforepilberedy B iskoindautpbongles Hieepitohyibf interactions with virtual obstacles

~ to successfully complete a competition course.

For example, in one alternative embodiment a pilot may be asked to actively seek
10 collisions with virfual obstacles. In such instances these virtual obstacles may
define a set of paths or tracks, or may provide a number of discrete objects or

obstacles which a pilot is to contact during the navigation of the course. In
addition, in othe’r embodiments a competition course may also at least paﬁiéliy be- A
defined by traditional physical obstac;les if available or if appropriate. For example,
15 in some ihstances such physical obstacles may be formed by crash barriers for
racing cars or motorcycles, with virtual obstacl'es used to present additional

challenges to be navigated by drivers or riders.

In yet other embodiments virtual obstacles may prijde bonus target ob_jects which -
the vehicle operator can aim to collide with to provide a peHormance or tactical

20  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
gutside of the normal course. Therefore, there is a risk calculation that the pilot will
25 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.éourse, or whether
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25have to make as to whether it is better to divert from the existing course and attempt to gain a bonus
that will'reduc,e the overall length of the course, or whether continuing on the existing course would
be less risky. It should be appreciated however that whether a collision incurs a penalty or a bonus, it

is most likely, that 1hw,papalty/bonus will be in the form of altering the lengthcqihe,sat$86 This ability
to have a dynamic course provides a very clear 5 indication to participants and viewers as to who is
the winner of a particular competition. This is because that instead of having a point system, the
aircraft that finishes the course first will be the winner. Such{ an immediate and visually apparent result
gives instant gratifiESREH RPLAR PR AEFINFIBEFIAYENRS SR8 iSI% deploy the competition course,

virtual obstacles are overlaid on a pilot's view of 10 the competition course. For example,-a pilot may

employ a heads upidisplay @l tppwbiiebicaomeverlgan wishay afsdnisiah ohjanisaopenditgnsparent
display screen over a pilot's actual view of the real world region on which the competition course is to

be..deployed. The ROMSHIb IS anastifikriyéwh the fesettybrrmetihisuidie dimmag’-alris diter

projects images @, R AhieeiRiadhg Lorxse SLIGRILIRAL AR aRAfle g disbay
technology such as that disclosed-in PCT Patent Publication No. WO 2005/121707 may be employed

to present such virioditgiostaoigmriciesidsand displens, esnplowdd g/ the wiveetiof mapadisdaatilise

position tracking for the ajrcraft or vehicle's position in conjunction with a pilot helmet 2Q grientation
detelrlminationI syst@ﬁﬁ'?‘fé’%‘%?(a ‘T’é/? i'ﬁle%?ﬁgt@éﬁbb%%ﬁ%ﬂi??ﬁ@é)?&ﬂ&%%ﬁ@rﬂbﬁw ?ﬁagtfﬁblazt tralcker

technology of Interfpgsa apsleseredy pubbsatisngiRAsted SN inipcIRS eRaNisLR USe of

HUD technology allows the present invention to simulate the presence of virtual obstacles at specified
locations assignedaeresstt 5stakesringtantianniiiioadpreigitie iviaveisranderadiginrnis 28® be deployed.
Although virtual obstacles are not physically present in this real :

To deploy the competition course, virtual obstacles are oveylaid on a pilot's view of

10 the competition course. For example, a pilot may employ a heads up display

’ (HUD) which can ovértay a d'ispiay of virtual objects on a transparent display

screen over a pilot's actual view of the real world region on which the corhpetiﬁon
course is to be.depioyed. The term HUD also includes a hea-dse.t or helmet |

mounted display — which either projects images into a display or directly into the

15 eyes of the pilot.

For example, heads up display technology such as thét disclosed in PCT Patent
Publication No. WO 2005/121707 may be employed to present such virtual
sbstacles. ‘A heads ub display employed by the im)enﬁon may also utilise position
tracking for the airéraft or vehicle’s position in conjunction with a pilot helmet
20 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 aliows

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
25 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
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world region, their presence can be simulated for a pilot using such HUD technology. In one
embodiment of the present invention, the head set uses a head orientation system with a matrix of
reflectors on the back of the pilot's helmet.. These reflectors could reflect light (most likely infrared,
although visiblevanaysufice) to a Ssensor within the plane. The sensors capcheashpRlyssata to a
micro-processor which will calculate head orientation relative to the aircraft orientation. In other
embodiments there may be provided emitters instead of reflectors on the pilots helmet. For example
these may be of various types including acoustic, visible light and other electromagnetic emitters.
Corresponding sen?gpg?/{%&ﬁkely 10to be used. The inclusion of reflectors (which could be adhesive
dots - although this should not be seen as limiting) can provide an offset between the actual positions
of the pilot's head imarelativeositiort thetipeswinttiaivebtiecistie teadsbbasdscammaterieftdioanables the
pilot to always see the objects in the correct position in time and 15 s&ace. AEthe ilot is strapped into

the plane, the preciiSaMefiRcR BRI frEsHRFaR bR BR%h Shd & PiSr SdPELtion 6P ight can

lbe galculated to previdedReRGRHFaREI GEMTEbERNIKER RIRIRED ReTsaie RIBY HURaRiegs a real
andscape. :
5  sensor within the plane. The sensors can then supply data to a micro-processor

which will calculate head orientation relative to the aircraft orientation.

. In other embodiments there may be provid'ed emitters instead of reflectors on the'’
pilots helmet. For example these may be of various types including atoustic,
visible light and other -electromagnetic emitters. Corresponding sensors will likely

10 to be used.

The inclusion of reflectors (which could be adhesive dots — aithough this should not
be seen as limiting) can provide an offset between the actual positions 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 objects in the correct position in time and
15 épace. As the pilot is strapped into the plane, the precise difference bétheén‘ 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

© 20 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

25  information to the pilot than that possible With a monochromatic dispiay.
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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 20pilot moves its head. In yet
another embodiment, an inertial sensor may track the pilot's head orientation relative to the aircratft.

In one embodimenveidrsespresent invention, the headset (or HUD) that therpitot zouglayssmay illustrate
the virtual course in colour. This can provide additional 25information to the pilot than that possible
with a monochromatic display. WO 2009/078740PCT/NZ2008/000336 It is possible that the course

may have various gptions assogciated with different colours. For example, the pjlot may.have obstacles
identified in one co oﬁr%?siﬁg [t)%%t%)efg 8@? a%%lyrhg\f/ea\@golﬁﬁs%é?g ?hgesg%csI %%e\évlﬁgﬁfg{ﬁgﬁ colour for

another pilot to follgyledEUrResxiRpSheTBlons CRIVERIsasLDipsntile areatetslaiinisiondn the
display, making it easier for the pilot to not only identify an obstacle but also to better judge its
orientation and "pd¥ielottiriefetsarist Y Rk gletiate dRysehsiraien ds capE oSt enBtifhents of the
present invention, Hﬂg{?o%ﬁépre provided a headset (or HUD) which is stereoscopic. That is, different
information is fed to each eye of 10the pilot. If this information is stereoscopic, then the pilot has

greater depth perception as to the positioning of the virtual obstacles on the display.
5  Further, the use of colour can be used to provide greater definition In the display,

making it easier for the pilot to not only identify an obstacle but also to bettér judge

its orientation and positioning égainst the background skyscape/landscape.

In some embodiments of the present invention, there may be provided a headset
(or HUD) which is stereoscopic. That is, different information is fed to each eye of
10 the' pilot. If this information is stereoscopic, then the pilot has greater depth

perception as to the positioning of the virtual obstacles on the display.

In some embodiments the head set may be of a retinal display type which can . -

project images directly onto the retina of the pilot. This could be monocular or

stereoscopic.

16 A pilot’s headset or HUD can also be employed to display additional information to
a pilot other thén just the virtual obstacles discussed above. Fo}' example,q if a pilot
strays from the general vicinity of the cpmpetition course, .the HUD may display
guidance or navigation indicatoré to lead the bi!ot béék té the competition céurse,
In yet other embodiments this HUD technology may also be employed to pr_ovide

20 ' 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

25 ° coordinator may need to announce the restart of a race which can be transmitted.
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In some embodiments the head set may be of a retinal display type which can . project images directly
onto the retina of the pilot. This could be monocular or stereoscopic. 15A pilot's headset or HUD can
also be employed to display additional information to a pilot other than just the virtual obstacles
discussed abowa tov/emample, if a pilot strays from the general vicinity of tHercampstitigsscourse, .the
HUD may display guidance or navigation indicators to lead the pilot back to the competition course. In
yet other embodiments this HUD technology may also be employed to provide 20 safety warnings to
pilots in the event tpo thrgre Is a danger of the pilot colliding with another aircraft ..or the terrain. These
safety warnings may ake 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 aindsames sugessifente sl eresentdoeenbonordiaaaiatingyjontbedotbeamirowmfice the

restart of a race which % SnO lf)e tran§mitteg_lu\glof2009 '017r§g40 aCnTa/szztﬂg%’QS 336i 0 rmem In some

embodiments of themf)¥esen ?nt\sl%nr'ﬁtl?)rtlr,l%ata rela il%O b the GtRSr AirCratt may H4sB56 e Pc]; the HUD

of a pilot. This datasayHae dhe-Acivapsitenitg efiiite OHheLssaralitiBryhish casytiisik be very
useful not only as a safety warning, 5 but also to provide competitive data. For example, if you kriew a
competing pilo? waB4halgirtaipvjsesaairetiiiceriaipinfiae AEanRie chRSEMIRY sotPRRingPistample

whether to try out f%é’"iP-%”b’e?t‘éﬁ‘r‘igp%’sﬁﬂ?,lcihié’h?%fﬂﬁl&éﬂ?&ﬂig‘Séﬁ_ﬁse”%ﬁa{)%ﬁ%g&& Rl viryal race

aircraft (or multiple virtual aircraft) may also be displayed to the piiotpossibly in greyed out or "ghost"
10format. whether to try out for a bonus target object.

In some embodiments, the presence of a virtual race aircraft (or multiple virtual

aircraft) may also be displayed to the pilot — possibly in greyed out or “ghost’

10 format.

In some embodiments of the present invention, the virtual course may actually be
removed from the HUD under certain circumstances. These circumstances could
be when software associated with the present invention considers that the pilot is

in danger of colliding with either another plane or the landscape.

15  For example, it is envisaged that pilots will be ve& 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 obstacles'aslan a consequence. Therefore, dropping
the virtual obstacles from the pilot displéy at potential times of danger can alert the ‘
pilot to a potentially dangerous situation, and enable the pilot to better comprehend

20  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 codld q

be in the form of peo'ple, cameras or some automated sensored system.

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

25 audio tones in addition to or instead of visual information displayed to a pilot.
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In some embodiments of the present invention, the virtual course may actually be removed from the
HUD under certain circumstances. , These circumstances could be when software associated with the
present invention considers that the pilot is in danger of colliding with either another plane or the
landscape. 15kh@y Ryampis it is envisaged that pilots will be very focussedpen &@pIpgtiNgzaNd looking
for the virtual obstacles. There is a possibility that the pilot may not be as focused upon the real life
obstacles' as, an a consequence. Therefore, dropping the virtual obstacles from the pilot display at'

potential times of danger,. can alert the pilot to.a Otr(imi lly dangerous situation, and enable the pilot to
better comprehend@ﬁ%éopeegl [ficd I%% s"??:\gcr})ee(?v'\ﬂtg%cu ?ﬁ‘;%é/ﬂ'bneer'%r%s)o@eg %{Igﬁgéf@s'tylﬁ(@(?ﬁ{gy
embodiments of theugisstiztaorention, there may be provided spotters on the ground that can monitor

the aircraft for safety. For example, the spotters could be in the form of people, cameras or some
automated sensored system. In,a further prefe embodiment the HUD display technology may
also employ 25audib %/tn%%?ﬁ BN R e iﬁ@?gﬁgggv@ﬁ%%ﬁfﬁ??ﬁt%% Qié%éi‘?g)oc%“ﬁeﬁ'ﬁ@f’. Audio
tones may. be provigdagtirsusbuasiegimenisidesinsiraimarexinifipnepday yituadabstaglss.  In yet
other embodiments a pilot's HUD-may be employed to display competition penalties incurred by the

pilot's performﬁncé’,et’féll’eulated as discussed further 5 below. In a-preferred embodiment each virtual
object may have assigned to it a location identifier. Preferably the present invention may also employ

location identifiers jasseiated yiinaiiEas LRNIGRING SbRRYMSy TafUstighiBasrmedaarsien

coordinate system can be used to easily compare the actual or present position of 10the pilot's vehicle
with an associateddeeififin dysfgrasdytéheavnsepbiacatintegravedsatentinoydaspiiaidtentiiese. The

virtual obstacles eq@iyed N, R VRS LS B eSeRL AN 90 % ame tocation co-
ordinate system can be used to easily compare the actual or present position of
10 the pilot's vehicle with an associated location assigned to each obstacle integrated

into the competition course.

The virtual obstacles employed in conjunction with the present invention may be
defined-by two dimensional or three dimensional graphical objeét' representations

of any required shape or form. Those skilled in the art should appreciate that the

16 actual objects represented by such’ virtual obstacles can be tailored to the
. pérﬁcu!ar competition in which the present invention is employed, in addition to a

targeted possible audience for the competition.

Fof example, in some embodiments virtual obstacles may be employed to preéehf
any one or combination of the following elements: start lines 6r windows, turning
20 points,‘éeneral 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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defined-by two dimensional or three dimensional graphical object representations of any required
shape or form. Those skilled in the art should appreciate that the 15 actual objects represented by
such virtual obstacles can be tailored to the particular competition in which the present invention is
employed, in addittomwrosa4argeted possible audience for the competition. Por/ex2uvgalens8s Some
embodiments virtual obstacles may be employed to present any one or combination of the following
elements: start lines or windows, turning 20 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, plcPlanRsiHEMECALIRGS VNG SRan-E SRIgIIAHORQNE i G.WNiRg lines or

windows and/or indicators which display range or trajectory information. In some embodiments the
virtual obstacles disjskayiadtmalptriicatic it arusanthidsdlin thesteciation darithedoumesudiich the

obstacle is deployed. lnd?%gﬂte bOd"él?tS these s?tﬁatggﬁ\snr%jgl %ET% A les may S|Fr)rr1%Latener><€a|asltlng prior
npetition courses. SHowever

s these ic déﬁ%’é' K

, emho
art real physical objeck?s currently Use , in‘other ~

embodiments the ViFadeslacke sumeti aysiademaisoRpbiton Retessially both in the location
assigned to the obstacle on the course in addition to the form, shape or appearance of the graphical

representationéof the obStacie. For exgm le, in some alliernative embo imentarythe locatjon of an

obstacle may Chand@SVer 8 iRTPEARE A5 P X HRLPRE AT FA AR TIREE & SVESTI ARHPO the 10

competition. In othgsteRRRRAEBANESI SRRFIR AL DY A& hitamierarfigsiiatan seeianwndmill with
rotating blades), where a pilot needs to avoid the moving components of the obstacle. In yet in other

embodiments the dynéamTt shabrebirRRg OB RIdks Jrrppise tREFeRPEYTehiNgeEiaglentO'such as

one pilot” in a hea%>§8r£‘g 2drage Leqehin S‘é’:vaqaﬁ’o@%%tn?htﬁa‘?qga o”qoé?%r %%Q%CT;Q%%% %}é‘%ﬁ‘éé may
15potentially trigger a reconfiguration of one or more Virtual obstacles of the course ‘and/or potentially

the route or routingwiefined fior theoaocsse. firshoultheappresiatechtast thespbisiagles weer by the pilot
do not have to be the same ,images as seen by the.audience, but the position and the dimension of

the area to bé%eg%?fﬁ?égtﬁéedg tBEaRRAMSH AhebHrIR 8'BY 'ﬁyﬁrédméﬂ'%&?’m%@ﬁf‘obstacles
and Ings can be ?é&,ddr\/\fiﬁé‘#nill with rotating blades), where a pilot needs to avoid the moving

components of the obstacle. In yet in other embodiments the dynamic nature of
such obstacles may be triggered by real world events, such as one pilot'in a head
to héad race reaching a Way point ahead of another pilot. Theée events may
15 potentially trigger a reconfiguration of one or more virtual obstacles of the coursé

and/or potentially 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 images as seen by the.audience, but the position and the dimension of the

area to be negotiated needs to be simiiar.

20 It should also be appreciated that diﬁereht 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

25 audience fo see.
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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
25 audience t0¥e&009WB72009/078740PCT/NZ200810110336 There may beTnditigsenediter system
between onboard and ground for example. It should be appreciated that the present invention can be
extended to more than just real life pilots, but also virtual pilots such as those competing in a video

game or online garing, This,partisuarAERS L, BN, DRESENLIBYERIN S JiRRRs e dateR Sin the

specification, however it should be appreciated that as a consequence of this embodiment, pilots my
see virtual planes being piloted by-others on the ground. The pilots may see just the virtual planes and

obstacles present fhsftuiiRfABAIERA IR dNGE HewPrrSMIE0ERTHCESAY bR FKET STEREHbuld see
other-information ?g?i"’x%gﬁh'&éﬂﬂ% PEL AN a1 RHBHCN, AN-SREELICAHRR FROREN RS gmenu. Itis

10envisaged that for example.television broadcasters could use this filter system to
or online gaming. This particular aspect of the present invention is discussed later
5  in the specification, however it should be appreciated that as a consequence of this

embodiment, pilots my see virtual planes being piloted by others on the ground.

The pilots may see just the virtual planes and obstacles present in their immediate
field of view. However, it could be that the audience would see other information
as well such as pe_rformance, location and specification chosen from a menu. Itis
10 = envisaged that for example television broadcasters could use this filter system to

edit the broadcast boverage. Likewise, online “players” could use a similar system.

Féeai pilots could see filtered virtual planes as well — perhaps by number, location
of virtual player (country/town etc), lead position and sponsor. Further, pilots could
see other real pilots’ position on-screen along with useful-information such as
15 . winning/losing marg’in_ in various formats eg: graphical or numerical. This aspect

can also include the collision avoidance system.

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

20  competition points, or penalty time may be added to a pilot’s race time for the

course,

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

25  additional obstacles to be navigated. In such cgsés a finish line object may be
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edit the broadcast coverage. Likewise, online "players" could use a similar system. Real pilots could
see filtered virtual planes as well - perhaps by number, location of virtual player (country/town etc),
lead position and sponsor. Further, pilots could see other real pilots' position on-screen along with

useful . inform#bHEUEIRdS 15. winning/losing margin in various formats eeCgngshisabegsnumerical.
This aspect can also include the collision avoidance system. Penalties to be calculated and assigned

to a particular pilot may vary depending on the form of competitibn in which the present invention is

employed. For exapeq idNSWATRBRFHELAHANBIR VRS ARFUNGHICHECIuSIER {rem a pilot's

20competition points, or penalty time may be added to a pilot's race time for the course. In preferred
embodiments pendalistanerdyveikedtiveingrprafcatidpalainitiecedafigal atierieof thealisiopetitioriheourse -
potentially extendin or increasing the distance which a pilot has to travel prior to completing the
course, or adding fggéai%onal obstacles to be navigated. In such cases a finish line object may be

This‘ provides viewers and the pilot with a very simple means by which the winner
5 of the race can be determined. That is, the first pilot to finish its course wins.
There is no need to calculate points afterwards, instead there is just a simple visual

~ cue provided.

In a further preferred embodiment penalties to be assigned to a pilot may vary in
their detrimental effect on a pilot's performance based on the extent of the offence
10 \;vhibh triggered the assignment of the penalty. For example, in some instances
penalties may be assigned to a pilot if the pilot collides with a virtual object. If a
glancing collision occurs the penalty assigned may 'have a lesser effect than if a

pilot flies directly into-the obstacle.

The relative damage could be calculated by the degree of conflict in space
15 coordinates. Therefore, penalties assigned could be proportionate to the degree of '

- conflict with'the objects.

Preferably eaf;h and every virtual obstacle 6isplayz_=,~d 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
20  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'e,nsiona! '
shape or volurﬁe. The collision region of this volume would thérefore 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

25  same with. the collision regions of virtual obstacles making up the course to
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moved further away from the current position of the aircraft with the extension of distance involved
being proportional to the extent of overlap or collision with the obstacle. This provides viewers and the
pilot with a very simple means by which the winner 6 of the race can be determined. That is, the first
pilot to finish itsvoauns@rims. There is no need to calculate points afterwargg;ingipasiifagse is just a
simple visual cue provided. In a further preferred embodiment penalties to be assigned to a pilot may
vary in their detrimental effect on a pilot's performance based on the extent of the offence 10 which

triggered the assignment.of the penalty. For example, in some instances penalties may be assigned to
a pilot if the pilot co%%deég“\'/qv?twae\%ﬁﬁgl%ﬂfggt.sﬁ) a (é)%en%?r@e oﬁﬁst% g‘é%c'ﬂ\r'sg ’¥ﬁ§ pl’gﬁ-éﬁt\)llgé'scf?g%ed may

have a lesser effecitaaprifigeptinéflinsiciiectiyainte toasobstaaien off br relalive slamagasould be
calculated by the degree of conflict in space 15coordinates. Therefore, penalties assigned could be

proportionate to th@RRRfES GPEBRMICEAAN fheTbjeersitp st ramigrisaiesrend\Rssjonea i distacle
displayed may havgeﬂ[&,g%ﬁggiated collision region defined. These callision regions may specify a two
dimensional or preferably a three dimensional space which, if éntered by any portion of the 20
aircraft, will register that a collision with the obstacle has occurred For example, in some embodiments
a virtual obstagé1e mMapIsesiland by arsahmsichreraniatentiahtiesrisp esbrroRIrdmensorO BN region

e oS b SR RS OUE ISRy e
compare 25same Vidtta tahictal iiftretaglatizeob viduahRistastesisnakéngispdhe RS usserdmates.
This location centred model ‘can be used to assess how much of the vehicle has
intersected with the collision region of an obstacle. For example, ih some
10  embodiments, the GPS position of an aircraft may be defined as a centre point or
centre of gravity from which. the wingspan or lateral extent of the aircraft can be
measured. A similar approach can also be taken with respect to the length and
height of the. aircraft from this defined centre point: However, in other

embodiments the 'shape or form of a vehicle may be approximated by a standard

15 offset radius or distance from the current location defined for the vehicle.

This penalty assignment deter;_mination _process rh,ay 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 lpqation defined for
the vehicle involved. 'Those‘.skilled in thé art should appréciate that a dégree of

20 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
25 vehicle navigating the compéﬁtion 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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WO 2009/078740PCT/NZ2008/000336 determine whether a penalty should be applied to the pilot
involved. If the vehicle's location identifier indicates that at least a portion of the vehicle has entered an
obstacle's collision region, then a penalty can be calculated and assigned to the vehicle pilot. 5Those
skilled in the atshowld apreciate that the size, shape or dimensions of a ppiotigvedelesgan also be
modelled in some instances to provide a collision region for a vehicle defined relative to the vehicle's
location identifier or. GPS co-ordinates. This location centred model can be used to assess how much
of the vehicle has i tersectef with the collision region of an obstacle. For example, in some 10
embodiments, the @ﬁgoﬂovsﬁ iGR"cif an aircraft may be defined as a centre point or centre of gravity
from which the wingspan or lateral extent of the aircraft can be measured. A similar approach can also
be taken with respétbtoethentenditheatsdréaitinedfighes paizdraditdrimkstiiadiedimeolcedtbetpeit.aHowever,
in other embodiments the 'shape or form of a vehicle may be aPproximated by a standard 15offset

radius or distance HSHTthEW RefFTBRARER SRR WPEHeRREIENS. #his pEiFalts ALRTgANTEE

determination procegsira@ e NSl RIS GE RSO tisally, WiiresRast -abpbstacles
of a course or alternatively may only be completed with respect to obstacles near to the current -

location definedl for@ie ekl clipnaiietp. Fhebiclskiaahissiatattehouldismimetitdihaiiatdugree of

20flexibility is availgbé(r'-) {Qrtg ult\i,n}%a implementation of this process of the invention. Those skilled in
the art should apprepma?[e tha ht%eehar(e:l”ware 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 deficyetkfarmdvathindinzdy dhicleasavigatenithecongistitorvideursempetitain vehicle

location identifiers, and to compare these, with a local software map of virtual obstacles and their real
world location val %sggy Sys en[? ?or speéators. ’?hls sys%em may be éomp!oyeéJ ?o app}y he same
view of virtual obstacles seen by pilots to video footage delivered to spectators via

10  television broadcasts or internet video delivery protocols.
The imagery supplied to spectators can be obtained from a variety of sources.

For example, helicopters and other camera platformé may be able to éee all
planes. Possibly, virtual plane footage could be fed into those platforms for shot
framing purposes, as well as logistics, such as showing how to get to the rigﬁt

15  place on the course.

Geo referenced helicopter cameras or pei'haps camera systems mounted on
&nmanned aerial vehicles could film a race Using gyro stabi’liéation 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
20  camera can pan, tilt and zoom in the real world with the virtual objects likewise

changing size, 'texmre; perspective and shadow to match.

The use of computer processing power and precise positioning systems means it
is how 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

25 of the lens (focal length, lens characteristic, degree of pan, tilt and zoom) with the
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In other embodiments real time high speed data links may be provided between a vehicle and a
central base station which performs all of the calculation work required on receipt of GPS data
transmitted from the vehicle. Such a base station .5may in turn transmit to a vehicle, graphics data to
be displayed tosbepiotoueperator of the vehicle. In a preferred embodimggtike:presasidnvention
may also provide a competition display system for spectators. This system may be employed to apply
the same view of virtual obstacles seen by pilots to video footage delivered to spectators via
10television broadcasts or intemet video delivery protocols. The imagery supplied to spectators can be

obtained from a vafBiPbPREG ce X VS SRIB RS MRS ARSI IRBH i A5 aidiths Hay be able
to see all planes. Pogsiiyeairtisd pane Jrstagacaushhmiteshintaatonsicoplatfasas fpshot framing

purposes, as well as logistics, such as showing .how to get to the right 15place on the course. Geo
referenced helicopter cameras or perhaps camera systems mounted on unmanned aerial vehicles

could film .a race udiHyBHIPLABAERBRt SrRPTRE A HELEAR e FelfyaBt FrRlsveA B7R36le
considerable degree Hifigxiiiy i 1GFmS of89iRB/HEHOB RN F N AaRR Qg the race. For

example, an aerial 20camera can pan, tilt and zoom in the real world with the virtual objects likewis
5  the object — or a full resolution object with texture, shadows etc. '

A real camera can then enter the real world scene — and the output from the
camera can be combined with-the virtual model — combining the virtual model with ~

the real world imagery.

10 bifferent TV image Iaygrs can be used to 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 front sectiéns of a 3D virtual object. The
la'yex-’ing can be rendered in real time — and can use a dediqated compufer for each
camera (so as to achieve the required real time processing speed). ‘Multiple layers

15 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
20 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.

25
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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
250f the lens (Yoeadeengitidlens characteristic, degree of pan, tilt and zoon®CWwitz.2bms/00irisral object -
the object can be made to appear as part of the real world. The subject can also be integrated into a
dynamic camera shot of the real world. This method involves first creating a virtual model of the

relevant real world,scens. ac SRR s, drival ehieet Hhehic san b ellher g yigframe

model of 5the object - or 5 fi ution object with texture, shadows etc. A real camera can then
enter the real world scessetanetr thertgrisiianmthetedme s e e camddimadawith the virtual model -
combining the virtual model with the real world imagery. 10Different TV image layers can be used to
create the correct masking of virtual objects - so that real vehicles pass in front of the rear sections of

a 3D virtual objeckafclaRRAdQ e Rebioshibe frRSeslifgah s Dadtiurlhiset.Thelayering can

be rendered in real time - and can use a dedicated computer for each camera (so as to achieve the
required real fime yrettskisgyispaded! Middplerkajdreel5 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 TVAHAe8ard déhipadiassm efadtavintLspsppids(fonintanae cameniad prembielicopter) an

Inertial 20and GPS positioning platform can be mounted in a central position on the aircraft -
(by computer control or a human operator) with the virtual objects, in the real world,
" in real time. The onboard model can be full resolution or wire frame.
10 |
A déta link can change and update the onboard model on real or near real time.
Ground cameras can use the same system — without the need for

stabilising/vibration removal — and GPS location may be sufficient (without inertial

elements). '

15  For example, in some embodiments television based images of the real world
" terrain of a course (either from.another aircraft or on-board cameraé} may be
combined with virtual obstacles by considering the current position of the vehicle

and calculating appropriate positions to apply the virtual obstgcles. This spectator-

video création process may also allow the a‘ppearané:e of shadows and berspecﬁve

20  views of the competition course elements, which may change appropriately as the
' pbint 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

25  spectator video feads n{ay also integrate additional graphics or representaﬁons

illustrating competitive separation or winning margins between vehicles.
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and carry out two simultaneous functions: 1.Use precise positioning data to remove vibration and
unwanted movement from the camera head. 25 WO 2009/078740Per/18%2008/000336 2.Provide
precise position and lens state data for the camera head - using an offset - or inertial sensors mounted
on or near the gamesaohead.  This provides a stabilised camera image - whiglysa8d6336
"gee-referenced"” - and 5Sused to insert a virtual object in real time. An onboard computer can store the
virtual objects - to allow the camera to interact (by computer control or a human operator) with the
virtual objects, in the real world, in real time. The onboard model can be full resolution or wire frame.

104 data ink can e AR HPIAE% AnRAPISLIONR AR 1ELAL DEE BALHME Grpynd cameras

can use the same system - without the need for stabilisin ration removal - an ocation may
be sufficient (withoédrineitizingiegngiftis thé Shove xptepldoirssestatoe Nibad fnutais telesiion &ased
images. of the real world terrain of a course (either fram .another aircraft or on-board cameras) may be

combined with virt & 8Ps ﬁﬁtéét%ﬁoc@n??&émﬂ e EffrenetpeRAlirdr 30d Jaatide dnd vafieiRting
appropriate positioggigiAPRIYHIEHVikalORRagRRer BiS SREEAIOTHIMREFEAIPRIBIACEEREAY also

allow the appearance of shadows and perspective . ,
5 extension penalties to be applied automatically in real time, thereby making it

obvious'to a spectator the result of any competition.

In some embodiments the present invention may also facilitate a handicapped
competition course layout methodology. In such embodiments aircraft (or other
forms of vehicles) with different performance characteristics may compete head to
10  head against one another at the same time over handicapped competition courses.
For example, in such instances, a parallel course can be assigned to a slower
aircraft which could be shorter, and poténtial!y the magnitude of penalties app}ied '
to the slower aircraft could be reduced when compared‘fo those applied to tbé
faster aircraft. Those skilled in the art should abpreciate that Iook-ub tables of
15.  appropriate algorithms and formula may bé' employed to set course layodt
parameters for different aircrafts of varying performance, in addition to othe_ar

environmental factors such as wind direction or wéather conditions and so forth.

In some embodiments the pfeséﬁt invention may éléo implement a collision
avoidance system for pildts navigating the co,mpetitioh 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 trfajectory and relative speeds of .
competing aircraft to provide graduated warning iﬁdicators depeﬁding c;h préxirhity. ’
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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20 views of the competition course elements, which may change appropriately as the point of view of
the video footage 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 cospatitiomcaurse which they would currently like to see. In fudiarzpiefaoigss
embodiments the 25spectator video feeds may also integrate additional graphics or representations
illustrating competitive separation or winning margins between vehicles. In embodiments where

penalties are emplQyed to.extend the length of the coyrse for an infringing pilot, the above system for
spectator video fo gﬁ%ea%%%er%tf i %’gﬁeége'gmpﬁﬂpsf?g% f%ﬁgscﬁga%%argtf%g) éﬁtgg{ %t*o BeVH% tPeosé, and that
the first vehicle croggingigidinishdingiisdhpeviares, A B ohile FPRIGesyatRsSHeE SeFeXxtension
penalties to be appfied automatically in real time, thereby making it obvious to a spectator the result of

any competition. |RG6HRE eBIREIRSHEhIRISER iHPBRFoRTHGPRISE fadliibaie hitnticBbped
competition COUFS%@){%&,{P%&%‘FS&%’E H&ﬁgﬂ?ﬁﬁ@gﬁﬁﬂg@“ jé%%%}?{h@éﬂﬂ?a%yr%@w'es) with

different performance characteristics may cofr eaa against one another at the same
time over handicapgsaidifsopipitinoraicimees Theyeekatogl ejlnsS ush isistdriodty, eoppeadidlegourse can be
assigned to a slower aircraft which could be shorter, and potentially the magnitude of penalties applied

to the slower aircr&® 880 BREGHEY wWREENEbnT R RES thBYE AR RN EPalBH®:. Those
skilled in the art shawid apRIReiaIE (aakAosksuh aiES Gi-k> aRRaPHals Alaryibrascndipserula may be

employed to set course layout parameters for different aircrafts of varying performance, in addition to
other environmentedtfeiterea pivtais Wirigdriestiostancereatagrastsiditions dmdsso forth. In some
embodiments the present invention may also implement a collision avoidance system for pilots

navigating the compeifion.coulise. SHeRFRUISIORANAYILARGE SIS paAaTpiots that a

collision is imminent or-highly likely. This facility of the present invention may monitor the trajectory and
relative speeti® of bompe)nig aawrsdaty fprihedea imietediar minigtéenokt. atbien degeadingiem proximity
and likelihood of collisjon, For examr%lje, in one embodiment, if t\gg aircraft are determined to be

heading towards oF b fhERAIREGir STCsBS X REPIEFEY WS8R SSRGS 2 ¥placed with
emeégen”qy_ anti-colHaig avaw St BdicaiRpeing ishcAapiahialee Wheadiae 1e each pilot to
avoid collision.

time with massive, multiple online, or onsite, competitors — piloting virtual

vehicles/aircraft. Such a system can be used for all types of vehicle — or

15  competitions involving skis, snowboards, bicycles, horses, unpowered aircraft etc..

Online gaming could occur in real time if the vehicle competitiori“were réal objecté

or obstacles, using similar positioning systems described in this patent
: speqiﬁgation, for example real vehicles will be compeﬁng th’roﬁéh real obstacles

But t‘he. poéitioning/ground computers can hold a map or model of the obstacle sé it ‘

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

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

reallvirtual elements.

By recording the virtual races, the data can be employed to play back the races not
25  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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As mentioned, the present invention lends itself considerably to integration with not only airfield and
online spectators, but also online or video game players. For example, it is envisaged that Internet
viewers and garners will be able to fly an equivalent virtual course using the ground computer data to
match the skill wgainsidreal life pilots in real time. These "virtual pilots canglesiieyidsReperatively or
perhaps competitively. Further, the presentinvention readily allows the virtual pilots to send messages
to each other, either chat or radio audio, or even interact with the real pilots in limited-circumstances -
say outside race times. The virtual course, and its dynamic nature (including real time penalties and
10bonuses), is nec'é'¥§5’i’9"f’or the real time execution of internet, video and computer gaming in real
time. A ground computer system, which holds the &Ebel course, and the actual positions of all real
competing aircraft/ehkietesydzandattecaszinareal tinte withiabiagsivepaaidiipieropdititanerbgnsiles
competitors - piloting virtual vehicles/aircraft. Such a system can be used for all types of vehicle - or
15competitions inv8RIGskis, snowboards, bicycles, horses, unpowered aircraft etc.. Online gaming
could occur in real time if the vehicle competition were real objects or obstacles, using similar
positioning system3itesasies syskia pasatidraee pifisadicny, hexanpgde realivéthinte sumibée gompeting
through real obstacles but the positioning/ground computers can hold a map or model of the obstacle
so it 20can presenPAFYiPRISPYBL aRingIRANIHA) SAHERR 2tiAEAN%iHRE The online real time gamers

and competitors can have their experience enhanced through seeing real TV images of the race
including compositeHgaeesoifeaiiviiival plevi@nisany Fidierpedingthseyisiuaitragemrthe data can be
employed to play back the races not : ' U

The present invention allows for the deployment of a competition course where the
route or routes available to navigate the course are at least partially defined by a
set of virtual obstacles. The use of virtual obstacles to lay out a competition
10  course, and in particular race courses, mitigates inherent risks associated with

operating vehicles at high speed in close proximity to physical obstacles.

Furthermore, the usé of virtual obstacles allows competition courses to be
deployed faster than would normally be possible with real world physical obstacles.
Such virtual obstacles hay be displayed overlaid on a vehicle pilot's view of the
15 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 objebts which would
be difficult if not impossible to implement with physical obstacles. Additional

merchandising opportunities are available through the branding of obstacles.

20  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 of effect depending on the degree of

infringement with a virtual obstacle.
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250nly 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 WO 2009/078740PCT/NZ2008/000338
invention. The recorded data can also be made available for repeated competitions by online garners.
The filtering systemaenioned previously can be used te limit the number pf-pRIRGSREIREIved as
flying the virtual course at any one time. The present invention may provide many potential
advantages over the prior art. The present invention allows for the deployment of a competition course

here th t t ilable to navigate the course are at least partially defined by a set of
\\I/\grtﬁgel obestr:cl:JI ees .0 ;E%léuegze%\é%il%gep%%gfaﬁ%?e%% }}g)geoal{oav cSﬁW&imeﬁﬂgﬁt}g@,%ﬁj Rb&ftular race

courses, mitigates igrRMioReKs ISRRIASHSIbARAIRHNG Y ebickfahBig) kRSN FIRRGAroXimity to

physical obstacles.
driving or piloting using penalties.

In the case of air racing applications pilots can elect to fly fast and less accurately,
5  or slowly and more accurately — with each approach having a valid chance of

winning the competition.

Furthermore, dynamic course changes can also be shown immediately to
observers of the competition via the spectator video footage creation process

discussed above.

10  Spectators can have a clear view of the same course elements that vehicle
operators do, and also be able to clearly see that the vehicle which finishes the

course first is the winner of the current competition.

The present invention also enables competition sports to be given an extra

dimension by being available for virtual online spectators and competitors.

15  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

20  Further aspects of the present invention will become apparent from the following’

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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Furthermore, the use of virtual obstacles allows competition courses to be deployed 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 15competition 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 branding of obstacles, 20The present

invention can also automate the tracking of a vehicle's progress over the course and automatically
%1 g’fe the virtual ogstacles displayed. In

assign penalties to a vehicle pilot if they do not successfully nav

some instances these%g‘tﬁ%etrﬁes mgli/js g‘étgsb% 8}8?%8?8%1%1 \gﬁ‘f\%% 1%%?‘8‘868%% %Woé'ﬂgf]ree of
infringement with a virtual obstaclesrdfioydaetprasppy iavesntipaineay dhetefone allewdredhgin a
implementation of a new and exciting form‘of vehicle competition which can combine racing skills with
precision driving or piloting using 5@#3&%@@*’0‘15‘?‘&% é8de of air racing applications pilots can elect to fly
faSt and less accurately, 5 or slowly and more accurately - with each approach having a valid chance
of winning the competitigite FurtherBesessIyRBMRIGARUEBEGRANBERIEARIYSRASHOWS iRWpediately to
observers of the competition via the spectator video footage creation process discussed above.
10Spectators canthave a clear vieWsT HetBarmesEauSeaaaReS iR VficEabodiment of the

present invention.

BEST MODES FOR CARRYING OUT THE INVENTION

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

present invention to calculate and assign a penalty to a vehicle pillot.

10  The process illustrated with respéot to figure 1 starts at stage (1) shown where a
set of computer executable instructions initially receive a vehicle location identifier.
In preferred embodiments _this vehicle location identifier is provided by the current

GPSfinertial co-ordinates of an aircraft navigating a competition course.

At stage (2) a comparison of the vehicle's GPS/inertial co-ordinates is made to
15 id_e"ntify any virtual obstacles w_hich have assoéiéted locations within 100 metres of

the current position 6? the vehicle.

At stage (3) the vehicle’s GPS co-ordinates are used to prepare a volumetric model

of the aircraft which in tum is compared with a collision region associated with each’

of the identified nearby collision regions.
20 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

volumetric model of the aircraft and the defined collision region of a virtual

obstacle.
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operators do, and also be able to clearly see that the vehicle which finishes the course first is the
winner of the current competition. The present invention also enables competition sports to be given
an extra dimension by being available for virtual online spectators and competitors. 15Physical 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
20Further aspects of the present invention will become apparent from the following description which

is given by way of exanbfecsARjcand deigméteddn deve theaedostuaningf travsingssinisvbiebuttdgure
esent invention to calculate and

lillustrates a block sch ic flowchart of the steps execyted by the
assign a penalty to a vggi]f%?%i g\t,\.éelglgg{tgr?é) gi]ﬁ sé‘?a??at;ﬁ%vﬁ%gﬁ' g%aﬁ%é%;dsﬂ%m%tﬁd&fye?@mand |
components employed twdafoty the mpesiiapropsiR iRCeSEBRGE WM h fludharampediment, and

Figure 3illustrates a sch?matic showinrggthe interaction between the various 5parts of the system in

accordance with one er%btgaiﬁigﬁsffbfq termine a scaling factor multiplied against a baseline penalty
' 5 value. In this embodiment of the invention the magnitude of a numerfc penalty

assigned to a pilot is minimised when the extent of overlap between an obstacle

and the vehicle is minimised.

If no cqﬂision is deemed to have occurred, or after the assignment of penalties
stage () of this process is executed. At stage (6) the computer executable
1}0 ' vinst(uctions provided instigate a wait or delay process of half a second prior to

looping back to execute the process again from stage (1) onwards.

Figure 2 illustrates a block schematic ﬂowchaft of elements and companents

employed to deploy a competition course in accordance with a further embodiment.

As can be seen from ﬁgure 2 elements and components of the present invention in
15 one embodiment are illustrated. A HUD or head set display can show-a wire frame
version of the virtual course in real time overlaid 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 on-board

20 computer.

A remote processing base station is used to receive position data from the aircraft
and to generats spectator video footage. This footage combines a virtual course

‘composed of virtual abstacles assigned locations in an area of real terrain over a

view of this terrain.
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present invention. BEST MODES FOR CARRYING OUT THE INVENTION 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. 10 The process illustrated with respect to figure 1 starts at stage (1) shown where a set
of computer executable instructions initially receive a vehicle location identifier. In preferred
embodiments this vehicle location identifier is provided by the current GPS/inertial co-ordinates of an
aircraft navigating a competition course. At stage (2) a comparison of the vehicle's GPS/inertial
co-ordinates is made to 15identify any virtual obstacles which have associated locations within 100

metres of the current po8RitiTefetREwksietstAiostherea@ptsdovdiciess@PSreaidin &tepiane used to
ion associated

prepare a volumetric mode ircraft which i n is compared with a collision re
with each of the identifieag A‘é%%?@ﬁﬁgﬂ)oﬁ\%{e“d?oﬁg?@é%ﬁog%g‘a@ ?ﬂ) %ﬁ%ﬁgsp?%% gf 'g‘ﬁg%grfr?ﬂnation is
made as to whether a eolfisiandestwandhies\ebisteseuaiier disandapditrasabsiaciabas occurred. This

assessment is made through determininfg whether there is an intersection with a volumetric model of

the aircraft and the defRBIFESNEISHTEISH Jf'e (arrlandiadgempaten PRt Risiad 1itkaeHkined to have
occurred, stage (55 of figifQGRsRith REFHHASh IR BsRigRRRIRINR e BlY AEtbsyaligls- Stage (5)

is completed by calculating the extent of the intersection between the obstacle's collision region and
the model of the aircrafPcadtctiatian avdealiag g aetsiomeflthsivduseiustetbasiditie pehtiltg.value. In
this embodiment of the invention the magnitude of a numeric penalty assigned to a pilot is minimised

when the extent of overigpedefyveaidanRRRIARS REh RGN SPIAS; IS URERALISEH various

components and the implementation of the present invention.

As should be apparent, it is essential for the present invention to know the precise

10 | position of the vehicle/person/aircraft (entity) as well as knowing the precise
orientation of ‘the vehicle/person/aircraft (entity) to determine if it has parﬁaklly or
wholly entered the conflict zone of a virtual object. A 3D digital model of the entity

s used to determine the space occupied by the entity — so this can be constantly
compared to the space occﬁpied by th'e virtual object. in the case of the aircraft —

15 the values are position (x, y and z axis plus attitude - pitch, roll and yaw — i.e, at
least six degrees of freedom) linked to a digital model of the aircraft and the

volume it occupies.

A preferred méthodofogy forsettirig, up and running a race in accordance with the
presént invention is given below. It will be obvious that certain, simple technical

20 changes can be made for other types of race. It will also be obvious that the same
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If no collision is deemed to have occurred, or after the assignment of penalties stage (6) of this
process is executed. At stage (6) the computer executable 10instructions provided instigate a wait or
delay process of half a second prior to looping back to execute the process again from stage (1)
onwards. Figusgo2illgstrgtas a block schematic flowchart of elements and spmpenepisesployed to
deploy a competition course in accordance with a further embodiment. As can be seen from figure 2
elements and components of the present invention in 15 one embodiment are illustrated. A HUD or
head set display cangQ%V\/c%m(rﬁ framg vegsion of the vir%éal course in {eal time oyerlaid on a pilot's

view. This HUD dissﬁllay 01S8HcRTEEh & 05 L MSEHEL S t%s&eﬁ?epﬁﬁg SRR 'Sﬁ%?ﬂaﬂaﬂf’gThe vehicle
employed in this esdhpdjaenpistarigircraft which incorporates inertial and/or GPS position
determination systems in combination with an on-board 20 computer. A remote processing base
station is used to receive, éi)osition data from the aircraft and to generate spectator video footage. This

footage combines & VT RIREEB I3 SASIINLE! SH5eRBEeNeaJR AT IBisHibhEs-PiRraea of real
terrain over a view.okifig (RRFAHR AoFHRIRIPRLS RIRSESRINA-IRYONNES A50Ess ipRaaHsANSTer

connections to upload data to an aircraft's local'model of the competition. Uploads can be provided for
any changes réiad®agefiescandritie stanets rvbasseosvpealties and bonuses applied to aircraft pilots.
The local on-board computer of the aircraft utilizes the 5vehicle's position information in combination

with any updates t@ e CRBRRLIIQRCOMSBIRMEPIRY Wirg Mameersignpfdbisviisalsiyrse to a
pilot in real time. , )

(bidirectional data, modems, error checking software, remote switching of onboard
cameras/video sources and the provision of video/audio signals for TV coverage)

— the transmission package (TP).

10  The TP uses microwave and/or VHF/UHF frequencies — as well as multiple (180
degree opposed) aerials (internal and external) and multiple frequéncies so that
regardless of the attitude of the aircraft a continuous stream of data is received on
the ground. Diversity'soﬁ'ware systems on the ground constanﬂ‘y éompares signal
quality/strength from the different aerials/frequencies — and selects the best quality

16  signal. Error checking software also is embedded into the signals to correct small
fransmission errors. A display pnit or headset is also installed (Display) which

shows the output from the Onboard Computer to the pilot.

The components in the positional piaﬁorh are: an Inertial Measurement Unit (IMU) -

(capable of performance at up to 15 G positive/neg_ative), GPS unit, differentiai
20  GPS receiver/processor and a ‘smaH 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

25  enough rate to satisfy the requirements of this application — in test flights we used
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Figure 4 is a more pictorial representation of the interactions with various components and the
implementation of the present invention. As should be apparent, it is essential for the present invention
to know the precise 10 position of the vehicle/person/aircraft (entity) as well as knowing the precise
orientation of @@ 20efickasperson/aircraft (entity) to determine if it has partiadty/szwbeabpentered 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 can be constantly compared to the space occupied by the virtual object.

In the case of the é‘iﬁ%ﬁei&wém&e%b* Nadl goggiﬁﬁ%,to%ggg ’ﬁ%’?éﬁ?g@ %%U dﬁa’n@%ﬁ[}r {53" and yaw -

i.e. at least six degrees of freedom) linked to a dig the volume It occupies.
A preferred methotioiiggiko(AkRAYIp-anitrurficing kavs ikspacitiostandBwith dbengiresekatgnvention is
given below_ It will be obvious that certain, simple technical 20 changes can be made for other types

of race. It will also®HESBRRIIBN s Ihie OB nSEniGy BRIOBEMY BE RRAPIEPFIMAMGASct A8 assess
people in navigatigs ftjyiEanaiing pRcbRilRtSkilse cARMSHiRNALRIIHM(EP). consisting of key

components is installed in the aircraft - along with an onboard computer (00) and the associated power
supplies (from Sbatteries and the plane's own power supply). Also onboard are components to do with

data transmisSion/5¥oEE S (SlffREtich SR AN hitRilith D Sa HeRIR IALFS of R HS BT switching
of onboard camer,%g(m;ggq@%&gggy's AEIGHSVISIAR ofvideg/addip %8:’3?_51&53@4&8%%@96) - the

transmission package (TP). 10 The TP uses microwave and/or, VHF/UHF frequencies - as well as
multiple (180 degreéboaipd sed) filereds Thetelatal mtel Axteraads dodentdtipl efeghcoomssththat

regardless of the attitude of the. aircraft a conginuous stream of data js received on the ground.
Oiversity software SJALERE B 8 GBI oETRR R AHERTEL LBy AP IATEN B Gh AHA the
different aerials/frpguaneias. -aR0aelestsIBeHes! mialbed5 signalossrer shpskiRaseltuare also is

embedded into the signals to correct small transmission errors. A display unit or headset is also

installed (Di$BlayighrEhiaoades inalloutfer ereon saenring sefwae ispbretsesitinetis dleta fiskdomponents in
the positional P'a‘é?é’é@ﬁa,%_ SRl e RO N MR AR IS AL RENII TSR AY UP L0 15 G
positive/negative), unit, differentia ~ .

and GPS solutions. The custom software gives priority to the solution in which we

have most conﬁdénce under different circumstances (e.g. loss of GPS satellite

signal, priority is given to IMU, lack of dynamic input to the IMU — GPS has
15 priority).

The OC is a small, powerful computer, usiﬁg 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 QC also
generates an artificial horizon for the display — and runs an arrow/brompt system
20 _(see below) to help the pilot navigate to the objects. Penalty and object
collision/conflict  algorithms aré 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 whethér thé volurﬁe of the
aircraft infringes any part 6f the virtual objects. This measurement is brecise
25 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
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20 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 (militsg repéciieation to produce data at a fast 25enough rate toratis&zéheovespairements of
this application - in test flights we used WO 2009/078740PC171'422008/000336 a Honeywell HG
1700 (x2) 50 G unit from the US Advanced Medium Range Air to Air Missile (AMRAAM) - after

ejecting lover spegifalnp/ Mk SERn gL NOING SURSSORMY UD e AP IR i papument of ar

aerobatic air race. The solution produced by the PP is precise position and precise attitude. 5The PP
(GPS, differential GRSsanidhineirtizdi migiastirement units) can produce the required frequency and
guality of data - as long as the'’components are properly calibrated and filtered. The data rate also

needs to be rapid enaugh t [ ts of televisian (26, frames per second) and the
human eye (16 cycles per gﬁh%)&%égﬂ%égs%%p eb¥aafes % g@?tn%ghgﬂ% Hﬁ‘%’é’é’ge‘”ﬁ?ag%lp%é‘? second
(and 10 higher) in exdiltiealidwhéobettransamopling seftmaretoe usatkénishaehatadikitacthe ground,
as well as the gonstant solution comparisons to correct drift in the MU and GPS solutions. The custom

software gives pridfity A AE EBRRSYFIRIHTCHP WetHas s ompeting Aigestara Aavaitisriis dumstances
(e.g. loss of GPS sgigiligcaignil Pranbr iRmYEIaMLEEHEP!-FnaMICdonu IRAIMY FPS has

15priority). The OC is a small, powerful computer, using ARM processors, which réceives positional
and attitude data frenth BighPP andl peddincesrapdihplmsjve utgafeiyhpwiregitihes storaulvirtysdcotrse/objects
relative to the current arg% sition. The OC aﬁgfgeneratgs an artificial horizon_for the display - and

ft . )
runs an arrow/prompt &ys :}rtn O0C L8RS 8 hHERIE ARAGAYERS AE 8IS, Rty and

object collision/conflickiralgroréhanss arfoneistpred indheOthigeasbelwy ThafdGrepmpaggs the
stored virtual objects which make up the course with the stored digital model of the aircraft - and

constantly méasuﬁﬁm?étiﬁé'\cﬁqér\/&ﬂdh?ecﬁﬁlf% rérafhitrinyeacanyiqssiRcb i timourtiaiastietts. This
measurement is Pﬁ%ﬁﬁﬁ"gﬁh%?%@% g)cq_g&%%gge%%hf Jnother vrgédsogpeectoﬁ%gc%{l measuyre whether a

plane's wing has just touched a virtual object (say metre or less), - or w er the
cockpit course indication is clear and correct.

After the course layout has been detérmined, the Qiﬁuél objects are designed and

determined.A In test flights the objects tybica!ly had an outside diameter of 40

15 metres and an inside diameter of 25 metres.'The dimensions were determined

relative to the wingspan 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 matrixYmodel — which is 'é cube 20
kilometres on each axis. This 20 kilo:ﬁe’tre cube defines the limits of the digital F

B 20 model stored inside the OC, and the PP. The virtual objecfs are each “anchored” to

real world coordinates on three axiis. The éhape of virtual objects can vary from a |

“doughnut’ shape, to diamond shapes, 3D tunnels and even revolviﬁg, animated

3D corporate logos.

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

course length, object size/difficuity, penalty incréments and other
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entire wing structure and fuselage which make up the aircraft have "hit" the main mass of the virtual

object. Prior to a race, a course is designed by a specialist test pilot who understands the capabilities
of the both the pilot and the aircraft. The course is then turned into a 5 left and right hand version - so
that the competing@aworaft@re always turning away from each other - ratherdhaniagasstseach other.
The courses are designated Left and Right - and certain, comprehensive safety 'procedures are put in
place toensure that the correct course is loaded into the appropriate aircraft. The pilot of the aircraft is

also informed of th%pcom('se vxmfé:hd{/sarl,gaded.ﬁgnd tr}erzils n_ 10 external m&jlcatlor%tln the cockpit as to

which course is loaded. A grotnd marsHar corims th a&%cggpr@%tcggd?g’éjs%raér cr)azzld%%%rt %the correct

aircraft - and the caglspiécesiize mdisadiandswelgar anehanrpmet. dfleatdepeatirs RymUiBa@slReen
determined, the virtual osjects are designed and determined. In test flights the objects typically had an

outside diameter of#§5t5 PRtABSIGHRPIAR fyslaw allamreier GrisTsretreeivesa aifitraiabiisieie
determined relativepgq,é%m g,%jdmgg} &%mgngggg@égggﬁgéjmately 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, matrix/model- which is i a cube 20 kilometres on each axis. This 20 kilometre cube defines
the limits of the digftaligd rRidiatoristhsiHe bt ralidisd i PIasrl ertuitoBfe @swpEsach

"anchored" to real ingtes oniHre jiss The, sk fyir lects , from a
"doughnut" shape,%%ﬁgﬁ)&%&z%ﬁpes, é%gfugrﬁggdg-[\% 8%@i8£‘%§&iﬁg§gﬁﬁf§e§§§ é@%gzrate logos.
A handicapping systesmsiblosvsrideHoit abaiiztirsaddiregchgpi Ohéorizeléhddties (2D Rbceutayvaakhmeters

which result in course changes. Changes can be to individual

courselength ,objedfs@é'}dffﬁgbIff?fﬁ@??aIWﬂE%ﬁEﬁtéaﬁ%ﬁwcﬂdWéﬁ&g‘g@fa|s§ﬁ9§rﬁﬁﬁe‘§h%ggers for
handicapping can inghide aficsaliRaNBRAR SHOILR CRLIBEIOKSriesRaMRIB ACHteipilgtpkill, and

penalties from previous races. The handicapping system allows for "fair' races between aircraft of
different pow&d/pedetaitethekotagdaphsts of different skill/experience.
" The course is loaded into both the OC and GC — the GC holds a combined course;
but the OC in each plane only receives a left or right hand single course. Th‘e
penalty and object coﬁﬂict algorithrﬁs are the same in both the GC and OC’s. The
| GC virtual objects include t_exture, colour and shadows, whereas the same objects

15  in the OC are simpler, wireframe versions.

Object conflict algorithms determine the deéree of conflict between the volume of
the virtual object and the volume of the 3D aircraft digital model. For the purposes
of illustratioq, three degrées (or more) of 'pénaity can be deduced from a conflict. A
conflict of say 0 — 2 metres can produce 1 increment of penalty, a conflict of 2 - 7
20 ‘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

25  longer. Three increments would equal 300 metres of extra course length.
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5A high resolution digital 3D photorealistic terrain model is built on a ground computer (GC) and a
visual 3D model is built of each aircraft (with exact physical dimensions and photo realistic markings
etc). The model of the (20 km cube) world is built from satellite photography, topographical maps,
digital maps andootheressunces. The digital plane models are built from blueptintzzdedddraaedels and
10detailed photographs. The course is loaded into both the OC and GC - the GC holds a combined
course; but the OC in each plane only receives a left or right hand single course. The penalty and

bject conflict algorith th e in both the GC and DC's, The GC virtual objects includ
texture, colour and SRATEAASSETESENAE SRR PSR GER PEIRTFDG At SIHtBHY. e RSRERE Sersions.

Object conflict algogthungedriersning ihmdearss, eleanlipt hawean dhsoymiusre-pishaeissekobject and

the volume of the 3D aircraft digital model. For the purposes of illustration, three degrees (or more) of

penalty can be dederieaitiRdriz@ntichttit 20eoT kvoveriy ake et fesiEan B daeiEes BheERsENt of

penalty, a conflict O%a%ﬁ % ég me, ;?t?s? égfﬁé&ay 35% of the Mass/volume of the aircraft) can produce two
ict of 8 -

increments of penalty, an 2 con 15 metres (up to 100% of the aircraft volume) ¢an produce

3 increments of penalty. A penalty increment, in its most simple form, would have the result of moving
the finish line fér thdihgileanfigd mraswernanty iomttiecQPigieatiposkitinated etheewordrdthathourse

becomes 100 metr %2__5Ior(1]gij r. Three j[ncrements would eﬁy%ﬁoo metres of extra course length.
c

. . n e two ems, can agree g res a _simple comparison ata vi
Conflict algorithms can a0 be ueedfor 4 "Nt Bex [WRICH ould be posnlﬁoned as A detour to the

main course, but wpgldmane:tbe eppsisaEastte thriheVvecRanaiiess beafticisitea bamds box
would make the course 100 metres shorter for each increment of conflict. 5The conflict measurements

from the OC are _algl?rg‘fﬂﬁﬁalféﬂ & that giletiifi ‘ByveRt elchy %tﬂﬁmls&@[éﬁﬁs%@ﬁb@fe@% result by
a simple comparisap, of data Vig e I P Lhe.QC Qﬁ%?aﬁgfpl_QYBéﬂoﬁtﬁ‘?eB"% the iaerefpenisipenalty

incurred - and the finish'line for that pilot is moved'in the digital model (20 km cube) by the appropriate
distance, Thel Bameneihetaiichdsipgrderohedresnthet GE@whkeartiathen tTompetheds ihthedeyrierof
agreement between the two com(gute_rs is not exact, then the 00 can send a simple data Eacket to the

GC indicating the PB4 SAR AL ARMBR AAIR RIS i Rfah diceRa iR Bl dsEeaSrement

equals 100 metrespyelysamall RBeMBRChdaiRare e BRI YRAaEThG caUsRe 1D0Gfetrste GC. The
GC can send a signal to the non-conflicting aircraft (the other pilot) so that it is 15 clear that he is at an

advantage to the inviringmalisieumsisiojséaatiomesdedbvidrdsiiewisrieinreevaese! Isthenatbdtte pilots are
constantly aware oS the level af penally BeINg SaIed R SS INRNAS R aRPQ0IRSSE%:
16 clear that he is at an advantage to the infringing pilot. This operation can obviously
' work in reverse — so tha't.both pilots are const‘antly aware of the level of penalty

being carried by each other as the race progresées.

‘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
2-0 “the GC where to position the aircraft in the digital world model — and also dictates
the orientatioﬁ of the afr’craﬁ. Software on the GCI allows a virtual camera.or
cameras to “fly" thfough 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
25  showing the distance between competing aircraft, forecast winning/losing margins,
number of penalties, spéed flown, time {o finish ahd other interesting features

derived from the real time data.
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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 20 the GC where to position the
aircraft in the digital world model - and also dictates the orientation of the aircraft. Software on the GC

allows a virtuakhoamesasroameras to "fly" through the virtual world - relatie-t&ikesigabiie positions
of the racing aircraft. The GC animation feature also allows TV coverage using 100% 'virtual imagery -
and the insertion of real time vectors and graphic features 25 showing the distance between
competing aircraft, forecast winning/losing margins, number of penalties, speed flown, time to finish
and other interestin f’e%%igg‘g%\%%”ﬁcﬁﬁ‘[ﬁg%%ﬁﬁﬂé’ﬁ%?g‘_c’gﬂ'é’?ﬁ%q di Bfgﬁdsr%wghf\%fual horizon
or artificial horizon aterped frem, theaOehrit Pite ThispUTkER AigftHaredisRlgyedBs wirgfsame
images (to reduce processing power in the OC and to give a better sense of 3D perspective on a small
display) over the h&fREESINSPPAYEN IBINarfw Prorithelyerrhaier sppe SCB apsergnis Biedilot
indications as to thg dist itection. of t xt yirtual obj IS ar I isNery "
important in assisti%gﬁ %ﬁ%ﬁ%ﬁ’%gﬁg @?gﬁgg%ﬁ%ﬁéé#gﬁﬁ%ﬁ |t{/%em:;cj)qt %%o%\{gggqj(gﬁ% égfbsequent
objects beyond thealsmgiesiate wiotiadieatioRjesi)toline Q&dean alsbDdietpishtofaHeadgetitliaplay, which
can be monocular or 10 stereoscopic. The headset display can also be linked to a head orientation

system - so that th@RISE ISP GT ML IRETRIIR VaFfdMRsFERLN A% g8 e rilelipaeom EisiABPe head
position. The pilotshgadiRepdionaandesalrlaiglusingAniraipdailestive;dats pay i bagk of the

helmet - and two infrared /transmitter sensors fixed to the back of the seat - other methods, including
small IMU's can alSoediste" wsetbsesteol}€alculates an offset between aircraft position/attitude (from
the PP) and the pilots position and head orientation. This results in the pilot being able to see the

virtual objects in their "tte" pasiion regaieiess, ofwhete heinlodling This Beans taakyiryal objects
could be viewed throﬁgh the floor and side of the aircraft. Ilf Ejrili‘lig?wasl uncomfortable for%he pilot, the CC
display Could ihcludereostapk. 2Bethatdsetitispityecamake thelinkgects anhisib leritmatigh syseaircraft

fuselage - or render them at a video percentage of "full visibility" - e.g. 20% when viewed through the

fuselage: Prior to & rid A& Ait'crd! %@@dg’?o'FéiﬁB?ma%mé’Wnﬁ‘f&dn?Qﬁ&&(ﬁj@gvﬁ ®d&ir (s turns
work well) to give ¥)R{RPhaNsaGRI HNiAE anchaalibyats itepifie mcﬁéé@algm%rlﬂﬁm% PP also

needs to be powered up on the ground for some minutes prior to take off - so that the various -
components can e&igsive golsdratpebaskmf the ebnin-soidtive dfthsiiransraidiainansesion

between the Compf?x%%nttg'the back of the seat — other methods, including small IMU's can also be

15 used. The OC calculates an offset between aircraft position/attitude (from the PP)
" and the pilots pqsition and.head orientation. This results in the ‘bilbt being able to
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
aircrgft. 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 fﬁselage - 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 thne air
(“8” 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.
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For television and interactive internet coverage of a race - certain other systems need to be in place.
Cameras on the ground need to be calibrated so that the virtual objects from the GC course can be
superimposed over the "real world' images from the camera. 5 Masking layers also need to be
introduced intovloeiedavision systems. Calibration of the ground cameras ipvalwesgtaisaining their
exact GPS position - and then using markers of a known height and distance from the camera to
adjust the camera shots to match the "correct” size and perspective of the virtual objects in the sky.
10The objects are then "layered" so that from the camera's per\§pective arace plg{%? gﬁ?ﬁses "behind"
ject.

the "front” section ¢SSV BBfelIS BTV HEM Y RE 38~ 2 Bihs SFeary’ Hig layering

happens in TV softwaietéaty aipmes. luminance keying - or other methods) - and each layer model is
assigned to a particular camera and virtual object. A computer is dedicated to each of these 15

object/camera pairs-as the processing of each TV frame has to ha Ren in real time - rendering the

object "around" the REBFRDAA FIGRECUBA PRI BRI RSN UG PRRCRAPRIARR. Only a
dedicated compules s i RAWEL Qe ARG ARSI IRER A% R arComgiEng a fast
g

moving real plane with static real world background and static or rotating virtual objects. 20For TV
broadcast purposelMaskingxiizays GatsiveBiokdontsodurek, nwouhe elayviziensystarsoflitediaiplete”
composite camera/ghject pairg Were available tg the main Qutside Br %cast.truc_lg. "Incomplete”
camera shots woul‘()?% hehsE e '?V%?Sﬁoec%rs'?'gmhe%rb%cCsl?vcggu & %sét'r%r}ssi?l%g%%etrﬁe real
aircraft would not igiHgGhuritbréhes Artkihvabjesighindie gierines "layered’ edprfa2bltigjpassaivle for
computer-software to determine the exact state of the camera lens (focal plane, pan, tilt and zoom) aS

well as the positiorf 3@ $8eil S1aPRICTHIS “TABEH0SRAI AMbRPERRBUTIh AR HIdYaAiPRIRTI® Stabilised

helicopter camera‘ég)ecs%yer a virtual air race - and pan, tilt and zoom relative to the real planes, real
world and virtual objects. In the simplest example, the virtual object will get bigger as the camera lens

zooms in to that object. 5In a race, each aircraft will position itself at a pre-determined "pre-start"
position - 10 The objects are then "layered” so that from the camera’s perspective a race plane

. passes "behind” th'e “front” section of the virtual object — but in front of the “rear”
sections of each object. This layering happens in TV software (chroma or '
luminance keying — or other methods.) — and each layer model is assigned to a
particulaf camera and virtual objéct. A computer is dedicated to each of these

15  object/camera pairs — as the processing of eaqh TV frame has to hap;ﬁen in real
time — rendering the object “around” the real world 'plane — and even relative to
display smoke from the real plane. Only a dedicated computef has the power to
“re-draw’ these complex frames in real fim_e - combining a fast moving real piane .

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

20 Fér TV broadcast purposé, an au*iliai’y Qutside Bro‘adéast 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 o.f 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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and confirm by radio that they are ready to start. The PP on each plane will be displaying the course to
each pilot via the OC and the display. The TP will be sending data to the ground which includes
aircraft position, attitude and output from various onboard cameras and microphones. There is a small
delay in the 1Gvoreeessiigyof this data so that the ground data may be up e halza®canesnd "late’
relative to the onboard data. The time lag can-be addressed by introducing matching delay to the
output from other video sources such as ground .cameras. Once the pilots have confirmed they are
ready - and their digp] are working correctly - a system cquntdown is initiated. Typically this would
involve a software El%%s%lér%ﬁ%%\ghéqc%gggge%ag%?@%%lﬁ%ﬂﬂﬁts S\Eﬁﬁs c\()gl E aﬁrctogfefh(éamg ré%g O&ﬁétacle -in

the form of numbers wisplayiethée thareepire ©f sha ehjecteianantngdewntiess, 10-lavarid Aacsystem
countdown is replicated between the two CC's and the GC. Synchronisation signals keep the three

systems coordinatédt# PRieS e by YaIBlSraraiee thaiEumh ohiase Mk &FHAsgaFidas b mputers
is not necessary 2Qas,the Mitual-ghiests fs gtg]gggred to the "real world" and the planes are flying

relative to the 'real world. In the.case of a live video game - an intemet community would all be
connected to the GC - via suitable internet protocol interfaces, Internet players would see the same
live positional 8atal? it BRefEARNA GV EiRGsifiopVissliat GrPieeigigitainod ierafiar oprsitiorhe video
game computer sy I imj f layers 19 1og ont xtension of
the GC - which can§ iﬁﬁzﬂ@ogrﬁ%#ﬁéﬂﬁgfﬁg arpr%(r%n{%tt((ae é%@ﬁfﬁr?éﬁegﬁ#%#\@t} gﬁrﬂiﬁge computer
(IGC) is simply a miisrwhghihdsiraexte patdiapiloaiovihenassivadinter oy . Witle tme bilsesmodel” of
fixed 5 world (20 km cube) , virtual objects and two real aircraft. A complex filtering system would

configure the degr8& " WIHIRIR SAIE SERMER WAy rbaetalioial Besiipn: fltitude 3a4-AUtRHEr. Filter
values can include;HasHABIE &LERHNe PRI MBARGERILAHMRsOHRE of reSFeNcRIRPHligR in the race

relative to the- real pilots, relationship to other online pilots (friends can see friends) or other user
defined 10 gtBuprrcessinsoeldnismdiiatse ihiet shecommurehtistachsidro sy orhaihlbesesbuifféatait data

centres in different geoqr ical lacatians around the world. IGC's could alsq easjly- store past races
so that online gain'é%gt'c\%r? ér)grt'l%f Qbé) %rgrr(?g??a#eﬂgr}'@%ﬁ?ﬁb%arno? %c%d;%sffaosﬁgs&%h@g%%%‘f’% le video
game illustration - AatHRRIAPIHOBMEVLIBRSIAS SR EAko sources such as ground cameras.

Once the pilots have conﬁr‘med they are ready — and their displays are working
correctly - a syétem countdown is initiated. Typically this would involve a software
15  signal which causes a physical countdown to sta,rt at the first race obstacle — in the
form of numbers displayed in the centre of the objecti— counting down froh 10 to
0. The system countdown is replicated between the two OC's and the GC.
Synchronigation signals keep the three systems coordinated. In the simplest
version of the race — agreement betweeﬁ the various corhputers is; not necéssary
20 as the virtual objects are anchored to the "reél 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 overiaid on the digital

25  terrain model. .
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15 time position of a single competing aircraft on the right hand course - and the virtual or computer
pilot flies a virtual plane on the left hand course. In this simple illustration the two courses are of the
same length, the real and virtual plane have the same flight characteristics, and the penalty increments
are the same. Wis20e878048ee how simple changes to this combination (caurseviengthdnssadicap,
penalty 20 increments, flight characteristics of the virtual plane) can change the nature of the real vs.
virtuaF pilot race. The IGC network can handle these different attributes for a massive number of

online compettiors RS a6 IACLUNERSSUEIAL Bave CASEeainG 8 RINBE:CSPAURe,Qf the real
time penalty system the first aircraft to cross the finish'line is the winner, with no need Tor post-race

penalties or judgesptayassesbappanis exeoRKcINtEABOL liﬂl@iercmfrd@mel\lﬁétbﬁ rthBeangialcodvirtual
planes can interfere with each other's performance. As discussed previously, a collision avoidance

system ensures that ft FUARSERGErd %i'ﬁ%Bﬁ@émE@u?g@QH?M@@lﬁ%‘?Wrﬁé@ffé‘?él‘}f changes
to the arrow/promphghewiDGRRASERPR HRIRE AN LR HAR Y PEIRENRIRATh AR @

conflicting path. A conflicting path is only: possible if the aircraft stray off 5 their respecti?ie courses. In
the case of cofputarfhiRR&mirsipiotyiviel ohigetssiad ting dataiouatng torbpEakilioving Systetheir course

- i.e. the left hand pil lef the right hand pilot ks to the right, A ts of the present
nvention nave beuts U5 LA by TSP SRR o PSFTE DCAETE R G

modifications and agditieashmsiydve Firde/Meyeiend Ondihesit genmsting Barsde ssans-thesof as
defined in the appended claims. MCSLLP WHAT WE CLAIM IS: 1.A set of computer executable

instructions Configm?@ gawﬁmt@fpéqﬁﬁggef,oposiﬁon in the race relative to the Teal pilots,
relationship to other online pilots (friends can see friends) or other user defined

10 groups. IGC's could easily be mirrored or replicated across a number of different
data centres in different geographical locations around the world. IGC's could also
easily .store past races so that online gamers can replay the same race on a

number of occasions..

In the most simple video game illustration — and laptop computer receives the real
15 time position of a single competing aircraft on the right hand course — and the
virtual or compu.ter pilot flies a virtual plane on thé 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 sirﬁplé changes to Athis combination (coufse Iength/hahdicab, penalty
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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a vehicle pilot navigating a competition course which incorporates at least one virtual obstacle, said set
of instructions being configured to execute the steps of: a)receiving a vehicle location identifier
associated with the present position of the pilots vehicle, and comparing a volumetric model of the
vehicle positiomeslzaceorgting to the vehicle location identifier with a collisiopdegignassnsigted 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 volumetric model intercepts with the collision region of an obstacle, and d) repeating
steps a) through c) as the pilot r;%\%i?ates the competition course and the position of the vehicle

changes, characteriSed TTYRSRtHE TSN R USRI ERaT R GUPRIB eGP thes BRtJE YN W8urse. 2. A

set of computer exegdiaklaBrugtientsih CalRRd(RClaEn dspiherrimituahiciaipad @irgiaft, 3. A set
of computer executable instructions as claimed in either claim 1 or claim 2 wherein the location

identifier is providedByViseEnBt SHPEnsoerdiseaps. ajectory. The GC calculates whether aircraft

are on a conilicting path; A conﬁicﬁng path is only possible if the aircraft stray off
5  their respective courses. In the case of computer failure, the pilots are under
standing instructions to break aw'a.y from their course — i.e. the left hand pilot

breaks left and the right hand pilot breaks to the right.

Aspects of the present invention have‘ been described by way of example only and '
it should be appreciated that modifications and additions may be made theréto

10  .without departing from the scope thereof as defined in the appended claims.
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'MCSLLP 4.A set of computer executable instructions as claimed in claim 3 wherein the location
identifier is calculated using data from inertial sensors. A set of computer executable instructions as
claimed in any one of claims 1 to 4 wherein the virtual obstacles have a dynamic nature. A set of

- computer executable instructions as claimed in any one of claims 1 to 5 wherein the penalty assigned

to the pilot has the effect of extending the length of the competition course to beHa¥idated by the pilot

7.A set of computer executable instructions as claimed in any one of claims 1 to 5 wherein the penalty:
assigned to the pilot has the effect of shortening the length of the competition course to be navigated
by the pilot. 8.A set of camputer executable instructions as claimed in any one of claims 1 to 7 wherein .

the effect of the penalty'w i i  extent of a collision between a vehicle and a virtual
obstacle. 9.A set of co structions as claimed in any one of claims 1 to 8 wherein
virtual obstacles are displayed to the pilot of the vehicle using a heads up display or headset or panel

mounted display. 10. A det ofcetfuenelecxtabtetstuciitossassiginaddrataise fonhgLsinthe
orientation of the pilot's head r%l%tjve tq the vehicle orientation is factored into the display such that the

) {ﬁis '%é’é‘é’&%@?ﬁoﬁ ﬁqrﬂmgtigﬁocgﬁrggewhich incorporates at least

pilot will see the virtual objec?s in
one virtual obstacle, said set of instructions being configured to execute the

steps of:

a) receiving a vehicle location identifier associated with the present

position of the pilots vehicle, and

b) - comparing a volumetric model! of the vehicle positioned according
to the vehicle location identifier with a collision region associated

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

c) as;igning at least one penalty to the pilot of the vehicle if the
volumetric modet intercepts with the collision region of an obstacle,

and

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

course and the position of the vehicle changes,
characterised in that
the penalty is a dynamic reconfiguration of the compeﬁﬁon course.

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 sef of GPS

coordinates.,
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11A set of computer executable instructions as claimed in claim 10wherein the orientation of the
pilot's head is determined by reflectors on the pilots helmet sensed by sensors within the vehicle.
MCSLLP 12. A set of computer executable instructions as claimed in any gesef @aims 9 to 11
wherein the display is in colour. 13 A set of computer executable instructions as claimed in any one of
claims 9 to 11 wherein information is displayed to the pilot in addition to the virtual obstacles. 14. A set
of computer executable instructions as claimed in any one of claims 9 to 13 wherein the virtual
obstacles displayed to t%e,T%)ilOt can be removed. 16. A set of computer executable instructions as

4 & PG T TR HERI G AS U S RGBT R AR 1D th¥ " SSRip&tRion course

claimed in any one of cl

are combined in real tim@dmgﬁiwr@%ar;g%@ég@gmgs@@@g@fpg@,ah@'ng;tg@,ggﬁg‘images including any
of: position of camera head; lens focal length; lens characteristics; degree of pan; tilt and zoom. 16. A

method of calculating penalties for a vehicle pilot navi%atin%ﬁa comapetition course which includes at

least one virtual ob3taclé, ¥Hid FERRIES BERYOT MR BYS RS EXEHBBY (HE HePE'BFE Teceiving a

vehicle location identifieg,asgpeiatechuiththeopasent pasition afthefilgts vehicle, and b) comparing a
volumetric model of the vehicle positioned according to the vehicle location identifier with a collision

region associated with at least one virtual obstacle of the competition course, and .
6. A set of computer executable instructions as claimed in any one of claims 1
to 5 wherein the penalty assigned to the pilot has the effect of extending the

length of the competition course to be navigated by the pilot.

7. Asetof computer executable instructions as claimed in any one of claims 1
to 5 wherein the penalty assigned to the pilot has the effect of shortening the

length of the competition course to be navigated by the pilot.

8. A set of computer executable instructions as claimed in any one of claims 1
to 7 wherein the effect of the penalty increases with the extent of a collision

between a vehicle and a virtual obstacle.

9. A set of computer executable instructions as claimed in any one of claims 1
to 8 wherein virtual obétacles are displayed to the pilot of the vehicle using &

heads up display or headset or panel mounted display..

10. A set of computer executable instructions as claimed in claim 9 wherein the
orientation of the pilot's head relative to the vehicle orientation is factored into
the display such that the pilot will see the virtual objects in the correct position

in time and space.

11. A set of computer executable instructions as claimed in claim 10 wherein the
orientation of the pilot's head s determined by reflectors on the pilots helmet

sensed by sensors within the vehicle.
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C) assigning at least one penalty to the pilot of the vehicle if the volumetric mode( 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, 43 MCSLLP characterised in t %gﬁ Benalty isa
ide’a vehicle

- dynamic reconfiguration of the competition course. 17. Hardware configured to
location identifier for use in the computer executable instructions as ciaimed in any one of claims 1 to

15, wherein the hardware includes a) a GPS system that provides a position of the vehicle, and b)

inertial systems that provides position and attitude of the vehicle, and c) at least one processor that
PS and inertial systems to calculate a real time position and attitude as the

uses the data from the g; | _ 1€ POS
vehicle location identifiet 18 A5 S YRPHIE LSREH i rcRIY HSra Arneaine e s N1 Gropiig/aasl &

enable | ‘to 11 wherein the diépiay is in colour.

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

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

abstaclas. .

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

to 13 wherein the virtual obstacles displayed to the pilot can be removed.

15. A set of computer executable instructions as claimed in any one of claims 1
‘ to 14 wherein real and virtual images fe!ating to the competition course are
combined in real time utilising parameters of the camera receiving the real

images including any of: position of camera head: lens focal length; lens

characteristics; degree of pan; tilt and zoom.

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

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

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 a volumetric model of the vehicle positioned according to the
vehicle location identifier with a collision region associated with at least

one virtual obstacle of the competition course, and

¢}  assigning at least one penalty to the pilot of the vehicie if the volumetric

model intersects with a collision region of an obstacle,

d) repeating steps a) through ¢} as the pilot navigates the competition

course and the position of the vehicle changes,
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users to compete against a real pilot by enabling the users to pilot a virtual vehicle on a virtual course
at the same time as the real pilot is flying the virtual course. MCSLLP

characterised in - that the penalty is a dynamic reconfiguration of the

competition course.

17. 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,

wherein the hardware includes

a) a GPS system that provides a position of the vehicle, and

b} inertial systems that provides position and attifude of the vehicle, and
c) at least one processor that uses the data from the GPS and inertial

systems to calculate a real time position and attitude as the vehicle

location identifier.

18. A video game using a method as claimed in claim 16 configured to enable
users to compete against a reat pilot by enabling the users to pilot a virtual
vehicie on a virtual course at the same time as the real pilot is flying the

virtual course,
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