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SYSTEMS AND METHODS FOR CONTROLLING AN INTERACTIVE HYBRID ENVIRONMENT
REPRESENTING A MOTORISED SPORTING EVENT AT A TRACK

FIELD OF THE INVENTION

[0001] The present invention relates to sysiems and methods for controlling an interactive hybrid
environment representing a motorised sporting event at a frack. More particularly, though not
exclusively, the present inventlion concerns methods and systems for mass engagement of remoiely
located gaming computers and possibly other enfertainment devices with real, motorised sporis
avents. The present invention also extends to the capture and live broadcasting of high accuracy,
real-time vehicle tracking and vehicle conirol data from live molor sports events in real time and use
of that data ic provide a new form of gaming or viewing experience in which remotely located gamers
can compete with actual participants in the molorized sporting event and remolely located viewers
can engage with the event in a more interactive manner. The capiure of accurate kinematic data
enabiles application of the systems and methods 1o mass engagement in a range of other types of
indoor and ouidoor sporiing evenis such as soccer, basketball, cycling and skiing.

BACKGROUND OF THE INVENTION

{0002} Various approaches have been used to provide life-like systems and methods for player-
controlled virtual representations of motorised sporting events. Most of these are completely virtual
with complex models determining the kinematic behaviour of virtual vehicles in response 1o user
actualor inputs to iry to provide a semblance of realily. The realism is ofien provided by building the
models using real kinematic data obtained by recording the movement of vehicles during races.
However, not only are such models complex and difficuli to construct, but they are ofien based on
inaccurale kinematic data. Also, such prior art approaches are often directed fo single or a few
players which means that the scope of interaction with other players is very limited. This all leads to
non-scalable and unrealistic simulation and gaming experiences.

{0003] None of the known prior art that atiempis to define systems and methods for player-controlied
simutiations to interact with a real live race exiends to providing practical methods for mass
engagement of a muititude of players and followers throughout the world concurrently with the real
drivers, cars, race teams, track, off-track and event envircnmenis in a manner that proves satisfying
and challenging o compuiter game players, supports the mass competition of esporis tournaments
and offers the features non-game playing followers desire 1o enhance their immersion in and
enjoyment of live motor sporis events. Achieving any of these objectives would broaden and intensify
the appeal of for example motor racing 1o a fan base exiending from the iraditional television viewer
or driver personality fan through the core of motor racing computer game fans 1o the consumers of
‘over the top’ race and technical data services.

{8004 The present inventors authored prior patent GB2518602B which describes systems, methods
and technology to, amongst other applications, track cars accurately in a real live motorised vehicle
race (e.g., Formula 1), passively and in all but the most exireme weather conditions, offering
computer gamers the ability 1o replace one of these cars with a virtual car and, in effect, compete in
the live race. The data provided by GB 25186028 relates to positional information of the motorised
vehicles on a track as sensed non-invasively by a single IR tracking sensor positioned at a significant
altitude (1-2 kmy) above the racing circuit, for example on a helicopter, drone, or lighter-than-air
vehicie. This relies on the field of view (FOV) of the single sensor encompassing the whole enaciment
area. Taking Formula 1 as an example, this approach is impractical when the FOV is obstrucied by
vegetation (overhanging irees), grandstands or, in the case of city racing circuiis all manner of
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buildings and other structures. Accordingly, this prior art approach has some limitations in its practical
application.

[06005] Video games which interact with live events that describe in-game methods for a player-
controlled virtual car to inleract in a limited and somewhat ariificial way with represeniations of the
real cars via data that is streamed from a live event o a traditional computier racing game, are known
for example see US 2010/0271367. The performance of the virtual car is determined by a
combination of the player’s inpuls and the software modsis of the car and its environmeni. The
physics-based medeis are pari of the video game software and subject to many limitations in the
fidelity they can achieve trying to simulate the very complex and dynamic scenarios typical of molor
racing events. This leads 1o a poor guality of interaction between the virtual car and representation of
the real car.

{8008] Other prior art documents (e.g., GB2365360A} have atiempled {o address this major
deficiency by suggesting that the physics modei simulations of the virtual car dynamics and iis
environment within the computer game can be pre-conditioned by data gathered from practice runs or
conditioned in real time from performance data transmitted live from real cars and their environment
o create an ‘optimum physics model of the vehicle and its environment that can then be controlled by
the game player. This approach is subject to the same basic limitations in that there are no realistic
means described to achieve the very high-performance iracking and in addition soflware models of
real scenarics involving very complex maotor vehicles operating in very complex envirenments invoive
so many variables and sophisticated relations between variables that, even when some of the more
obvious variables are measured continuously and used, the models either:

a) deviate very quickly from reality due to the many approximations and shortfalls in the
models; or

b} require colossal amounts of computing power and cannot possiply operate in real time
even in the largest computers.

[0007] Yet other prior arl documents (e.g. US6155827) describe in abstract form systems o enable
computer game players to compete with live and recorded real races but provide none of the specific
methods and system descriptions described in GB25186028 thal would enable practical realisalion of
their abstract concepis.

[0008] GB2585165A, also co-authored by the present inventors, describes an approach to Infra-Red
(IR} tracking of ordinary cars, lorries, eic on highway, road and street traffic networks where a tracking
apparatus is located on low-level infrastructure such as a lamppost and IR emitiers are placed on
vehicles to enable their detection, or allernatively IR refleciors are placed on vehicles and optionally
an IR lamp is included in the tracking apparatus. The high precision, real-tima tracking data for the
vehicie and its neighbours is then communicated by the tracking equipment io the vehicle in order io
assist it with navigation and autcnomous or semi-autcnomous driving. The tracking apparatuses can
be linked together into a linear, high integrity network 8o that vehicles can be tracked along a
continuous, homogeneous streich of road. The arrangement of tracking apparatuses in GB2585165 A
has features that are not relevani o the current invention (for example, the aggregation and delivery
of high integrity data ¢ the motor vehicles themselves from the tracking apparatuses). Furthermore,
as motorised sporting events typically require tracking of high-performance vehicles such as motor
cars, motorcycles, etc around a closed, inhomogeneous circuit with chalienging geometry (tight
curves, chicanes, slopes, crests, pit-stops, eic) where the motor vehicles travel with very high
accelerations, speeds, cornering speeds, efc., the systems and methods described in GB2585165A
would not be able to cope as they are designed to monitor generaily slower moving vehicles.
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[0009] It is therefore an object of the present invention {o overcome the limitations of the prior ant
documents discussed above. Also, it is desired, in different embodiments, to overcome the limitations
on the precise tracking capability defined in GB2518602B and described above and provide
improved, and for the first time, practically achievable systems and methods for interactive real-virtual
motor racing mass engagement of a multitude of players and followers concurrently around the world
for high-performance motor sports evenis in complex environments. It is also desired, in different
embodiments, to specify how virtual drivers can interact with the real race and real drivers {o enhance
the player's experience and enable local, regional, national or global esports or compestitive molor
racing events that can operate fairly whilst being highly integrated with real motor sports events and
competitions. The present invention is also applicable to the creation and use of recorded data
regarding real motor sports events where the kinematic data of the competing vehicles, and vehicle
conirol data {possibly the driver inputs), are recorded or faithfully reconstrucied {o the accuracy and
latency requirements for computer gaming specified in GB2518602B.

SUMMARY OF THE INVENTION

[0010] According to one aspect of the present invention there is provided a computer-implemented
method of controlling an interactive hybrid environment representing a motorised sporiing event at a
track, the interactive hybrid environment including representations of real and virtual vehicles on the
frack, the method comprising: receiving a siream of real data, the real data comprising real kinematic
data of a real vehicle on the {rack and real conirol data regarding the control of the real vehicle by a
driver, the real kinematic data being caplured by infra-red sensors ai the track and the real control
daia being captured by vehicle sensors and oblained via telemetiry sysiems from the real vehicls;
determining the position and kinematic behaviour of the representation of the real vehicle within the
interactive hybrid environment using the real kinematic data; using the real conirol data and the real
kinematic data io create a black box determination of the position of the real vehicle on the track
based on the real control data; receiving a stream of computer-generated contrel data which is
obtained by user interaction with a computer presenting the interactive hybrid environment to the user
and capturing the user inpuis 1o control kinematic behaviour the representation of the virtual vehicle;
and determining the position and kinematic behaviour of the representation of the virtual vehicle within
the interactive hybrid environment by using the black box determination and the computer-generated
control data.

{8011} The use of the real data which includes both kinematic data and control daia inio the
interactive hybrid environment enables an accurate black box determination to be made. This in turn
provides a reference for the received computer-generated control data and enables accurate life-like
kinematic control of the virtual vehicle in relation o the representations of the real vehicle on the track.
The degree o which the user manipulates an actualor, for example, is geeurately mirrored in the
affect it has on the virtual vehicle in the same manner that the manipuiation of controls by the driverin
the real vehicle would affect the kinematic data (speed, orientation, acceleration, and location for
example) of the real vehicle. This provides a realism that has not been possible with prior art
approaches and enables movement in both the virtual domain and the real domain {o be reflected
accurately. Furthermore, this combination of features overcomes the interoperability problems of
representations of vehicles from different domains being provided in the same hybrid environment in a
manner that is realistic and accurate. When the real data is live data, namely data being streamed
from an event that is occurring concurrently with the control of the interactive hybrid environment, for
axample, then the present invention enables virtual drivers in a virtual domain {o compete in real time
with real drivers in a real domain, which has not been possible previcusly.

[0012] Preferably the real sensor data comprises real kinematic data of a plurality of real vehicles on
the track and real conirol data regarding the control of each of the plurality of the real vehicles by a
respective driver. The embodiments of the present invention are designed o be enable competitive
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behaviour of multiple vehicles to be captured as whole, for example be seen in a Formula 1 race.
Having streams of real data representing the behaviour of a plurality of real vehicles enables such
competitive environment {o be created. Each real data stream is capable of being processed
separately and may also include a unique vehicle identifier.

[0013] Similarly, the stream of computer-generated control data may comgprise a plurality of streams
of computer-generated data, each stream being generated by a different user interaction with a
respective computer and caplure of the respeclive user inpuis. This enables multiple users to be
associated with the sporiing eveni and advantageous allows mass gaming to be realised. Each
computer-generated daia stream is capable of being processed separately and may also include a
unigue computer device identifier.

[0014] Preferably where the plurality of real vehicles is less than the plurality of streams of
computer-generated data streams, the method may further comprise linking a subset of two or more
of the plurality of representations of virtual vehicles with a representation of one real vehicle to create
a linked representation. Clearly in a mass gaming envirenment the number of users taking part via
gaming computers/devices far exceeds the number of vehicles in a race (as there are typically
physical limitations on the number of vehicles which can participate in a race for safety reasons).
Accordingly, by linking two or more represeniations of virtual vehicles {o a single representation of a
real vehicle any number of users can be accommodated. This enables the method to be scalable for
mass gaming scenarios where hundreds of thousands of users in the virtual domain can compete
with drivers in the real domain at the same time.

[60158] In some embodiments, the method further comprises using the linked representation to
represent the subset of the plurality of representations of virtual vehicles within the interactive hybrid
environment whilst the position of the virtual vehicle of the subset is within tolerance limils of the real
vehicie.

[86018] The plurality of computsr-generated dala sireams is typically a plurality of times larger than
the plurality of real vehicles in many embodiments and the linking step may comprise linking each of
the plurality of computer-generated data streams to the plurality of representations of real vehicles in
an even distribulion. In other embodiments where the plurality of computer-generated dala sireams is
a plurality of times larger than the plurality of real vehicles, the linking step may comprise linking each
of the plurality of computer-generaied data 1o the plurality of representations of real vehicles in a
logarithmic distribution. Either way, it is possibie o accommodate vast numbers of players/users in
the interactive hybrid environment where there may be a discreet number of real vehicle
representations.

{8017] inone embodiment, i is possible to have a central gaming server which creates the
interactive hybrid environment and then which provides that {c all of the gaming devices over a
communications network. In this case, the method may comprise updating the interactive hybrid
environment with new positions of the representations of the real and virtual vehicles as determined
by the received real sensor data and computer-generaied data; generating the updated interaciive
hybrid environment; and broadcasting the updaled interactive hybrid environment from a central
server to a plurality of remotely located computers. A central solution may require greater processing
power but is relatively easy to update and conirol.

[0018] in an altlernative embodiment, the gaming device of each user/player may generate the
interactive hybrid environment locally, there being a plurality of such local environments created. In
this case, the method may comprise broadcasting the black box defermination and the real sensor
data from a ceniral server to a plurality of remotely located computers; generating the interactive
hybrid envircnment at each remotely located computer; updating the interactive hybrid environment
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with new positions of the representations of the real and virtual vehicles as determined by the
received real sensor dala and computer-generated data; and transmitling the new positions of the
representations of the virtual vehicles to the central server. Such a distributed solution may require
greater management but does not suffer from the potential of bottienecks and is generally less
susceplible to time delays and lag in generation of the interactive hybrid environment.

[0019] In some embodiments, the method further comprises varying the association between the
computer-gensrated control daila and the resultant position of the virtual vehicle using an artificial
intelligence engine, which references the black box delermination. The use of such an artificial
intelligence engine enables assistance {o be provided to each player in their control of their virtual
vehicle. Such assistance can provide a handicap factor which enables weaker virtual gamers to
compete more fairly with professional drivers in the real domain.

{8028] in most embodiments, the received real kinematic data comprises longitudinal positional dala
with respect io the track, lateral positional data with respect {o the track and vehicle orientation data
with respect 1o the track. These types of data enable the kinematic behaviour of the vehicle 1o be
accurately mapped into the virtual domain.

{0021] In some embodiments the real control data comprises one or more of steering whesl position,
accelerator position, braking pedal position and gear selection of the real vehicle. These are typical
control data which telematics system provide information for and which help to determine the driver
control inputs which determine the real vehicle’s track position. Also, advantageously these data can
be readily related {o corresponding actuators which can be controlled by the player in the virtual
world.

[0022] Different embodiments generate the interactive hybrid environment from different sources of
real data. In one embodiment the source is a store of real data which has been previously recorded.
Accordingly, the method may further comprise retrieving the real sensor data from a data store which
has stored copy of the real sensor data as the real sensor data was generated. In an alternative
embodiment, the source is from the sporting event iiself and in this case the receiving step comprises
receiving the real sensor data substantially in real time as the sporting event is ocourring.

[86023] in one embodiment, the siream of real sensor data has a sampling rate of al least 25Hz and
the position of the real vehicle at a point in time is captured and provided io the interactive hybrid
environment within 40 milliseconds of being captured. This enables a real-time realisation of the real
domain within the virtual domain which operates at a minimum refresh raie of 25Hz. More preferably,
in some embodiments, the stream of real sensor data has a sampling rate of at least 80Hz and the
position of the real vehicle at a point in time is captured and provided to the interactive hybrid
environment within 16.7 milliseconds of being captured. This refresh rate is that found typically in
most computer monitors and so supports a high-qualily representation of the real time event within
the virtual domain,

[8024] To assist in the generation of the interactive viriual environment, the method may further
comprise using stored data models. This can make the virtual environment more realistic fo the
player.

{0025} Furthermore, it is possible to receive video and audio data streams from the real vehicle io
enhance the interactive hybrid environment. In this case the method may comprise receiving a stream
of video data or audio data from the real vehicle and including the stream of video data or audio data
in the interactive hybrid environment.
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[0026] In order {o facilitate mass gaming, in some embodiments the method further comprises linking
the representation of one of the virtual vehicies of the pluralily of virtual vehicles to a representation of
one of the real vehicles of the plurality of real vehicles at a point in time when the position of the
representation of the virtual vehicle is within a predetermined threshold of the position of the
representation of the real vehicle and using the represeniation of the real vehicle as the
representation of the virtual vehicle in the interactive hybrid environment. This advantageously
enables massive numbers of virtual vehicles to be included in the interactive hybrid environment
without cluttering up the screen with huge numbers of representations of virtual vehicles. in fact, this
form of representation sclves the technical problem of how to present a motorised sporting event
involving possibly millions of players within a limited screen size. Furthermore, the challenge of live-
linking millions of computer games players and other fans around the world with motor sporis events
is addressed by some of the present embodimenis this enables the provision of provide interactive
experiences that are challenging, satisfying and enteriaining for gamers and viewers and, crucially for
asports evenis which are increasingly atiracling professional games players, able fairly io manage
and rank all the players as an integral pan of the real-virtual motor racing event.

[6027] in some embodiments, where audio and/or video data is being provided from the real vehicle,
the linking step (also referred o as ‘snapping’ herein) may activate the provision of the received
stream of audio or video data from the real vehicle to the computer presenting the interactive hybrid
environment to the user. This enables the sights and sounds which are being experienced by a
particular real vehicle 10 be provided inte the viriual domain to make the interactive hybrid
environment more realistic.

[0028] In some embodiments, the method further comprises unlinking the representation of one of
the virtual vehicles of the plurality of virtual vehicles with the representation of one of the real vehicles
of the plurality of real vehicles at a point in time when the position of the representation of the virtual
vehicie is outside the predetermined threshold of the position of the representation of the real vehicle
and presenting the representation of the virlual vehicle separately to the representation of the real
vehicle within the interactive hybrid environment. This enables the virtual vehicle representation to be
displayed when it is not matched to a real vehicle representation and thereby enables the playerto
see the actual position of their virtual vehicle in relation {o the representiations of the real vehicles and
to iransition between representations of real vehicles within the interaclive hybrid envirenment.

{00291 His also possible in some embodimenis for aspecis of the interactive hybrid environments to
be relayed back {o the teams associated with the real vehicles as is described later. In this case, the
method may further comprise providing details of any virtual vehicle linked 10 a representation of the
real vehicle 10 a remotely located third parly computer.

[8038] in some embodimenis it is possible 1o match the performance of a virtual vehicle io that of a
closely positioned representation of a real vehicle. Where each real vehicie has a different set of
performance characteristics this can enable fairer gaming. In this embodiment the method further
comprises determining the closest positioned representation of a real vehicle of the plurality of real
vehicles 1o the represeniation of the virtual vehicle and adopting the sei of performance
characleristics of the closest representation of the real vehicle as the performance characieristics of
the virtual vehicle.

[0031] Some embodiments also include the step of capturing positional data of the real vehicle on
the track using the infra-red sensors, converting the positional data over time into the stream of real
kinematic data and transmitting the same in real time 1o a central server.

{0032} Preferably, the capturing step comprises capluring the positional daia using groups of
sensors monitoring different portions of the track, wherein each sensor in each group of sensors
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detects infra-red radiation either reflecled or transmitted from the one or more vehicles operating on
the track within a field of view (FOV) of the sensor. This arrangement is particularly advantageous in
order to provide accurale reai-time information for the interactive hybrid environment and is discussed
later.

[06033] Insome embodiments, the method further comprises processing the infra-red radiation
detected by the infra-red sensors to determine kinematic data of the one or more real vehicles
operating on the track. Preferably this processing is cairied out al each sensor and enables smaller
amounts of data {o be transmitted for use in the interactive hybrid environment.

{0634] According to another aspect of the present invention there is provided a computer system for
conirolling an interactive hybrid environment represanting a motorised sporting event at a track, the
interactive hybrid environment including representations of real and virtual vehicles on the frack, the
system comprising: a receiver for receiving a stream of real data, the real data comprising real
kinematic data of a real vehicle on the track and real control data regarding the control of the real
vehicle by a driver, the real kinematic data being caplured by infra-red sensors at the irack and the
real conirol data being capiured by vehicle sensors and obiained via telemetry systems from the real
vehicle; a virtual race command processor configured o receive a stream of computer-generated
control daia which is obtained by user interaction with a computer presenting the interactive hybrid
environment to the user and capturing the user inpuls to control kinematic behaviour the
representation of the virtual vehicle; and a virtual race simulation engine including: a race simuiation
output engine for determining the position and kinematic behaviour of the representation of the real
vehicie within the interactive hybrid environment using the real kinematic data; a reference biack box
model generator configured {0 use the real control data and the real kinematic data to create a black
box determination of the position of the real vehicle on the track based on the real control data; and a
gaming black box implementing engine configured to determine the position and kinematic behaviour
of the representation of the virtual vehicle within the interactive hybrid environment by using the black
box determination and the computer-generated control data.

[0035] The computer sysiem may in some embodiments further comprise an artificial intelligence
engine which is configured {o vary the association between and the resultant position of the virtual
vehicle. The artificial inlelligence engine may in some embodiments be configured 1o broaden
thresholds required of the received computer-generated control data to generate a given position of
the virtual vehicle.

{00368] As will described in grealer detail below, some of the embodiments of the present invention
are concerned with improvements in or relating {o systems and methods for millions of players of
motor sporis computer games around the world to interact concurrently with real, live motor sports
avents for any enteriainment purpose whatscever including but not limited to computer gaming,
esports tournaments, streaming, viewing, gambling and general enhancement of fan engagement
with motor sports. One embodiment enabiles computer games players fo start a race by digitally
twinning with one of the real cars and to transfer from car {o car, or operate as an additional car,
depending on certain parameters. It is 1o be appreciated that the term ‘car’ and ‘vehicle’ are used
interchangeably within the present specification but have the broader meaning of any vehicle. When
twinned with a car, the method of dynamic, black box simulation can be used to ensure that the
performance of the virtual car in its environment closely matches reality, thus providing a realistic,
chailenging, enjoyable and fair contest between a computer game player and the real drivers. This
systermn and method for one player then forms the basis for an exiended system and method for
millions of players {o interact with the real event concurrently and competitively. The systems and
methods can also be used for enabling participants that are just viewing motor races, rather than
playing a computer game, to interact much more engagingly with motor sports evenis. The systems
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and methods can also be used o enhance viewer and computer gamer engagement with a range of
other sports.

[6037] In general, the present embodiments of the invention are concerned with improvements over
the known prior art for capturing and live broadcasting high accuracy, real-time vehicle tracking data
in a motorised vehicle race (e.g., Formula 1) thereby enabling a genuinely fair, competitive, and
enjoyable race between computer gamers and professional drivers plus a wide range of other viewing
and eniertainment enhancements. The improvements encompass the capture and broadcasting of
tracking data from any motor sports venue for a significant number of high-performance vehicles
competing in a live event such that the broadcast data is accurate enough, in real time and in a format
suitable to enable computer games and other entertainment media o integrate and exploit the data,
whether live or previously recorded, thereby enhancing the computer gaming experience and/or
providing addilional benefits to motor-sports organisers and fans such as user-selectabie viewpoints,
customised streaming, user-targeted advertising, live gambling, etc. in cerlain embodiments, whilst
competing in a live-linked race a gamer is aliowed io change ihe real car chosen at the start of the
race o different real cars during the race, or to operate as an additional car, given ceriain parameters,
50 aliowing the gamer to match their abilities with other car drivers at any position they find
themselves in during the race. On selecting the option 1o change 10 a new real car the capability of the
gamer’s car is maiched to the new real car again establishing a fair and competitive race with the new
real driver. The systems and methods herein are then extended {0 enable an unlimited number of
gamers 1o participate in an engaging, fair and competitive manner. In ceriain circumstances the
gamer can also see and inferact with other virtual cars, but in all circumstances the systems and
methods herein enable a fair and competitive race between an unlimited number of gamers in a
virtual environment and the real drivers in a real environment, the integration of which is fermed an
interactive hybrid environment. The systerns and methods herein can also be applied to other sporting
evenis and a number of representative exampies are described.

[0038] Thus, embodiments of the present invention conveniently provide systems and methods of
operation for interactive real-virtual motor racing evenis whereby, when the sysiems and methods are
in use, any number of pariicipants using the virtual environment (inferactive hybrid environment) can
interact with the real live event and with the real drivers either:

a) by competing as individual virtual drivers of all experience and skill levels in and amongst the
real drivers and possibly a limited number of other virtual drivers (the total number of virtual
drivers being anything up o the number of real drivers) in live, compatible motor sporis evenis
in a realistic, satisfying, challenging and fair way, or

b} by competing in massive mulii-player organised, esporis computer gaming events, or any
other computer gaming events or aclivities (often self~organized amongst friends or contacls),
that are highly integrated with live, compatible motor sports events in a realistic, satisfying,
challenging and fair way, or

¢y by being involved as observers using the systems and methods of the current embodiments
{0 enhance their live viewing or live streaming experiences.

[6038] According to another aspect of the present invention, there is provided a sensing system for
providing positional data of one or more moving entities operating on an enactment area to a central
server, the sensing system comprising a plurality of sensor groups, each of the sensor groups being
configured to menitor a portion of the enactment area, and each of the sensor groups comprising: a
plurality of positional sensing devices positioned around the enaciment area, with each of the
positional sensing devices configured ic monilor a differant portion of the enactment area from an
elevated position, wherein each of the positional sensing devices comprises: an infra-red sensor
having a field of view {(FOV) for detecling infra-red radiation either reflected or transmitied from the
one or more moving entities operating on the enactment area within the FOV and generating a sensor
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output; and a transmitter configured to transmit the sensor output of the infrared sensor, or
information derived therefrom, to another one of the plurality of positional sensing devices of its
sensor group which acts as a communications node for that sensor group; and communications
aquipment communicably coupled to the posilional sensing device which acts as the communications
node within a sensor group, the communications equipment being configured to transmit the sensor
output, or the information derived therefrom, of each infra-red sensor of the sensor group to a central
collation server.

{0040] in some embodiments, each of the sensor groups comprises 10 or less positional sensing
devices. Minimising of the number of positional sensing devices advantageously ensures an oplimum
balance between latency of data transmission and complication of the sysiem by the need for
additional communication paths.

[0041] Wihin a group of some of the embodiments, at least one of the positional sensing devices of
the sensor group comprises a processor configured to determine current kinematic data of the one or
more moving entities operaling on the enactment area within the FOV, in at least two dimensions,
based on the sensor output, or information derived therefrom. This feature can vastly improve reduce
the amount of data that is to be transmitied around the system and therefore increase transmissions
speed of information because the sensor ouiput is processed before it is transmitied to the
communications node.

[0042] in some embodiments, a first sensor group of the plurality of sensor groups is configured to
relay the sensor oulput, or information derived therefrom determined by the first sensor group onlo a
second sensor group of the plurality of sensor groups.

[0043] in various embodiments one or more of the plurality of positional sensing devices may
comprise a Long Wave Infra-Red (LWIR) microbolometer or Medium Wave Infra-Red (MWIR) photon
detecting camera configured to detect thermal IR emitted by the one or more real moving entities on
the enactment area. Also, one or more of the plurality of sensing devices may comprise cne of a
Short Wave Infra-Red (SWIR) or Near Infra-Red (NiR) photon deiecting camera to detect broadband
or narrowband light emitted or reflected from the moving entity.

[0044] Preferably to accurately detect very fast-moving vehicles, one or more of the plurality of
positional sensing devices may have a frame rate of at least 80Hz and more preferably at least
100Hz. This compares favourably with a minimum gaming refresh rate of typicaily 25Hz to 60Hz.

[06045] Preferably in some embodiments, one or more of the plurality of positional sensing devices is
configured to detect a unigue identifier of the moving entity based on the infra-red signature. This is
very useful for tracking purposes where there are multiple moving entities being tracked within the
same FOV of the positicnal sensing device. The unique identifier can be a modulated IR signal from
an emitier on the moving entity, with each different entity having a different modulated signal.

[0048] Other optional features of the one or more of the plurality of positional sensing devices
include an LED floodlamp directed toward portion of track which is configured to detect reflected light
originating from the LED floodiamp. Such illumination of the real vehicle provides more resilience in
poor lighting and adverse weather conditions. In some embodiments, one or more of the plurality of
positional sensing devices is configured {o detect an infra-red signature of the vehicle composed of
modulated infra-red light. Such modulation provides further resilience against variable environmental
factors and alsc advantageously enables distance measurements 1o be more accurate.

[0047] To assist with relative positional determination, one or more of the plurality of positionai
sensing devices may be configured {6 detect infra-red radiation reflected or emitted at edges of the



WO 2021/214496 PCT/GB2021/051008

enactment area and the system may be configured to use the detected information as a frame of
reference to determine a lateral position of the moving entity.

[06048] The positional sensing devices may, in some embodiments, be directed {o face oncoming real
vehicles. In order to capture the infra-red signature of the real vehicle they may be positioned at an
angle to the horizonial and vertical directions. More specifically in these embodiments at least some
of the positional sensing devices are arranged {o have a boresight (central line) of their field of view
(FOV) which is at an acute angel 1o the horizontal or vertical planes and face oncoming moving
entiities in use as they progress through the enactment area. Different configurations are possible and
50 in some embodiments at least some of the plurality of positional sensing devices comprise an FOV
of 20 to 30 degrees and a detection range up to 50 metres. in other embodiments, least some of the
plurality of positional sensing devices comprise an FOV of 70 degrees and a detection range upio 15
metres.

{0049] In some embodiments, the system further comprises a GPS receiver. The GPS receiver
provides a time stamp for the sensor output, or information derived therefrom, and the system is
configured to use the time stamp to establish a common time reference for sensor output or data
derived therefrom from at least some of the positional sensing devices.

[0058] As mentioned above, in some embodiments the communications equipment is configured to
operate at a minimum 25 Hz refresh rate to provide the sensor output or information derived
therefrom, of the one or more moving entities operating on the enactment area to the central server.
Using this refresh rate, provides a sufficient resolution of data to enable high-speed vehicles
(operating up to 220 mph for exampie) 1o be tracked and their kinematic data provided fo an
interactive hybrid environment. However, in a more preferably embodiment the communications
equipment is configured to operate at a minimum 60 Hz refresh rate o provide the sensor output or
information derived therefrom, of the one or more moving entities operating on the enactment area to
the central server. Use of this refresh rate matches that of most computer gaming monitors and so
assist in provide a real life-like representation of the movement of the entities within for example an
interactive hybrid environment.

{0051] The processor of each positional sensing device may in some embodiments be configured {o
determine the longitudinal position along the enactment area, the laleral position across the
enactment area and a rotational orientation of the moving entity.

{0052] In some embodiments the plurality of positional sensing devices of a sensor group is
arranged in sequence and a positional sensing device ai a mid-point of the sequences acts as the
communications node of the sensor group. This arrangement minimises the communications hops
between positional sensing devices io the communications node. So for example with a group of ©
sensors with the 5% sensor being the communications node, the maximum number of hops for the
sensor output, or information derived therefrom, of any position sensing device 1o get io the
communications node is 4 hops.

[0083] in molorised sporiing event embodiments, the moving entities comprise vehicles and the
enactment area comprises a frack.

[0054] According to another aspect of the present invention there is provided a system for generating
and controlling an interactive hybrid environment representing a motorised sporting event at a track,
the interactive hybrid environment including representations of real and virtual vehicles on the track,
the system comprising: a computer system as recited above in combination with a sensing system as
recited above.
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[0055] According to another aspect of the present invention there is provided a computer-
implemented method of determining an updated position of one or more user-operated virtual vehicles
on a virtuai representation of a frack using data from one or more physical vehicles operating on the
track, the method comprising: asscciating, at a processor, each of the one or more user-operated
virtual vehicles with one of the one or more physical vehicles; receiving, at the processor, initial
position data of the one or more physical vehicles indicating their position on the track at a first time;
determining, at the processor, initial position data for each of the one or more user-operated virtual
vehicles on the virtual representation of the track based on the initial position data of the physical
vehicle which i is asscciated with; subsequently receiving, at the processor: position data of the one
or more physical vehicles indicating their position on the track at a second time; driver input data for
each of the one or more physical vehicles; and user inputs for controiling operation of the one or more
user operated virtual vehicles; determining a position of the one or more user operated virtual vehicles
at a third time based on the subsequently received position data, driver input data and user inpuis.

[0056] Some embodiments of the present invention provide the iracking capabilily, particularly in
{erms of data latency and co-ordination of data from mulitiple vehicles, demanded by very fast-moving
vehicles arcund an inhomogeneous racing circuit for racing events that can be staged globally in any
type of environment whether city, urban or exira-urban. In particular, these embediments specify how
the tracking of real drivers can be achieved concurrently around a complex, cluttered, city-based track
with tunnels, adjacent buildings and other obslacles preventing tracking by a single line-of-sight, high-
altitude IR sensor. Systems embodying the present invention are characterised as specific
architectures of computer, communication and sensor hardware containing computer software, the
whole configured to individual, or configurable and conveniently deployable {o a wide range of, motor-
sports venues such that all competing vehicles can be tracked concurrently around complex racing
circuits in diverse configurations and environmenis that are tailored to push vehicles o their limits of
performance. Each configured architecture of equipment and software, tailored to an individual racing
circuit, is able o deliver a reai-time, single dynamic data stream representing the accurate positions of
all of the real competing vehicles within a highly representative computer-based model of at least the
{opology of the real racing circuit, the data stream being suitable in accuracy, latency and possibly
other aspecis of represeniational fidelity to be disiributed over the internet or other communication
technology to millions of computer gaming devices concurrently. The computer gaming devices
embody some or all of the methods described below and typically involve any of the range of
computer hardware that participants use traditionally either to play motorsport-related computer
games or to experience motor sporis events or recordings via digital data streams provided by
commercial or other suppliers.

{86057] The present embodiments provide enhancements {o the technologies described in GB 2,585,
165A below whereby tracking apparatuses are arranged into an architecture that can deal with the
exireme challenge of fracking high-performance moior spoits vehicles in complex environments and
build a single, integrated, real-time data siream comprising the high-accuracy, realtime iracking daia
for ali competitors concurrently, suitable for broadcast and use in gaming and other entertainment
environments. The IR sensing capabilities of the tracking apparatuses herein encompass those
described in GB 2,585,165 A, however the inclusion within this application of the thermal IR fracking
technologies described in GB 2,585,165 A goes beyond the technologies described in GB 2,518,602
B and allows the possibility of tracking motor sporis vehicles based on their thermal IR signatures
alone.

[0088] The above-described features of the embodiments are combinable in different ways and can

be added to the following specific description of the embodiments of the present invention if not
specifically described therein.

BRIEF DESCRIPTION OF THE DRAWINGS

1
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[0059] In order that the invention may be more readily understood, reference will now be made, by
way of example, {o the accompanying drawings in which:

Figure 1 is a schematic diagram showing a three-part gaming environment which includes an
embodiment of the present inventicn; the three parts including a plurality of gaming devices, a gaming
server and a live event data capture system;

Figure 2 is a schematic diagram showing the gaming server of Figure 1 in greater detall;

Figure 3a is a schematic biock diagram showing the format of real data received from the live event
daia capiure system of Figure 1;

Figure 3b is a schematic block diagram showing the format of virtual race commands received from
the gaming computers/devices of Figure 1,

Figure 4 is a flow diagram showing a method of operation of the gaming server of Figure 1;

Figure § is a schematic diagram showing the gaming and entertainment server of another
embodiment of the present invention which replaces the gaming server of Figure 1;

Figure 6 is a plan view of a Monaco grand prix route map showing the location of different types of IR
SeNnsors;

Figure 7a and 7b are schematic diagrams showing two possible strategies used in the present
embodiments for creating a highly representative, computer-based data model of the racing circuit;

Figure 8 is a collection of three-dimensional diagrams showing sensor arrangements and their
respect fields of view around a racing track in accordance with an embodiment of the present
invention;

Figure 9 is a three-dimensional diagram showing a group of sensors of Figure 1 and the
communications arrangements between that group of sensors in grealer detail and their respect fields
of view around a racing track;

Figure 18a is a schematic plan view of a starting configuration of a Formula 1 motor race involving 24
real cars and drivers linked {0 a video game with only one player wherein a real car has been
allocated io or selected by the player as their siarting position.

Figure 18b is a schematic plan view of a real vehicle representation and a player's simulated vehicle
on a track where the player's simulated vehicle has diverged in instantaneous position and possibiy
other attributes such as speed, velocity and acceleration from the real vehicle representation by
known amountis.

Figure 11a is a schematic plan view of a racing situation where the simulated car is positioned in
between three nearest real car representations;

Figure 11b is a schematic plan view of a continuation of the racing situation of Figure 11a ata
slightly later time where the simulated car has gained ground on and come close to an advanced real
car representation;

Figurs 11c¢ is a schematic plan view of the racing situation of Figure 11b after a longer time interval
and at another part of the circult where the simulated car is closing on the leading real car

representation;
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Figure 12a is a schematic plan view of a starting grid showing the siarting configuration for a race
invoiving 24 real cars live-linked fo and integrated with an esporis or on-line gaming race with {en
million video game players equally distributed amongst the starting positions;

Figure 12k is a schematic plan view of a starting grid showing an alternative starting configuration to
that shown in Figure 12a with over one hundred million video game players distributed logarithmically
so that only the highesi ranked virtual car is linked with the leading real car;

Figure 13 shows a racing situation part way through a race with 24 real cars and a large number of
computer game players each respectively linked to a real car;

Figure 14 is a graph over time of various parameters transmitted by the live event data capture server
o Hlustrate the principles of the method of black box dynamic simulation.

Figure 15 is a schematic diagram showing the virtual race simulation engine of Figure 2 in greater
detail;

Figure 186 is a schematic block diagram showing the gaming device of Figure 1 of a distributed
processing system according to a further alternative embodiment;

Figure 17 is a schematic block diagram showing the gaming server of Figure 1 of a distributed
processing sysiem for use with the gaming device of Figure 18;

Figure 18a is a schematic block diagram showing the format of real data received from the live event
data capture sysiem for use in the gaming device of Figure 16;

Figure 18b is a schematic block diagram showing the format of virtual car position data received from
the gaming device of Figure 18;

Figure 19 is a schematic block diagram showing the virtual race management engine of Figure 17 in
greater detail; and

Figure 20 is a flow diagram showing a method of operation of the gaming device of Figure 16.

[0088] The computer gaming methods described below all assume that each computer gaming
element of the system (comprising the game player's computerftablet/phone/. .. and/or remote server
hardware and all associated software) can provide traditional functions typical of motor sporis-related
games whereby a player can provide inputs to the computer system to conirol the progress of a
simulated motor vehicle around a detailed data model of a real racing track. The player's simulated
vehicle can interact with the frack model and with other simulated vehicles that are controlled sither
by the game's physics models and arlificial intelligence (Al) funclions, or other types of simulations, or
by other players. Those other players can either be present and providing inputs to the same
computer system or can be in other locations using remote computer systems that communicate over
the iniernet or other suitable network, sometimes with the involvement of games servers, with those of
the original player or players to provide realistic inleraclions between ali vehicles and beiween all
vehicles and the track. The methods of the present embodiments described below all add to or modify
or replace those iraditional functions.

13
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[0061] Considered as a whole, this new environment in which a system embodying the present
invention resides can be considered as a muiti-component infrastructure that provides support for
mass engagement of computer game players and other interaclive viewers with live motor sports and
other types of spoiting events. The new environment in which the present embodiment resides
comprises three elements:

a. a multiplicity of devices used by players and viewers such as gaming consoles, personal
computers, simulators, arcade gaming devices, sateliile receiving & processing equipment,
smart phones, tablets, etc., including possibly their camera and audio capture devices for
streaming from pariicipants, located anywhere around the world;

b the internet and associated computing equipment such as servers, real time data cenires,
real time server clouds plus possibly dedicated games and eniertainment servers, to support
in real time the receipt, manipulation, combination, siorage and dissemination of the dala
derived from players and viewers possibly including but not limited 1o their audio, video,
game data and control inpuls when driving virtual cars; and

c. real, live motor sporis or other sporting events including in particular the enhancemenis and
developmenis described herein o the systems of GB2518602B and GB 23653604, and
other systems that collect and provide other data about the real, live event as it happens
and systems that store data relating o live evenis for use at some future time.

[0062] Specific embodiments are now described with reference {6 the appended figures. Referring
now to Figure 1, the above described three basic elements are shown schematically which
encompasses a non-limiting embodiment of the present invention. More specifically, Figure 1 shows
several different gaming devices 2 connected to a central gaming server 4 via a communications
network 6. The gaming server alsc includes a local data store 5 for collating different types of
kinematic and control data. Figure 1 aiso shows a track 8 of a motorised sporting event 10 which
includes real vehicles 12 located at different positions around the track 8. Each vehicle is equipped
with a vehicle telemetry system which wirelessly provides a stream of data via communications
infrastructure around the circuit to a corresponding team telemetry data caplure computer 14 such
that control daia (driver controls of the vehicle) as well as other data relating to the operation of the
vehicle 12 can be analysed. This stream of telemetry data can also include live video data from an on-
board camera on the vehicle 12 and audio data from a micrephone provided on the vehicle 12. This
overall telemetry sysiem is able 10 ensure each team’s data remains

a. private to the {eam,

b. available in defined parl io organising and governing organisations and

¢. available in defined part for broadcast on TV and cother media sireams.

[00683] The track 8 is also equipped with a plurality of groups of sensors 16 (nine such groups are
shown schematically, though this is non-limiting, and a different number can be provided in other
embodiments). Each sensor group 186 is composed of a plurality of track side infra-red sensors 18
which are configured to detect infra-red radiation emitted from the vehicles 12 as they race around the
track 8 and convert the sensor data info real kinematic data about each vehicle 12 in the sensors’ field
of view (FOV}. Each sensor group 16 can communicate this real kinematic data {o a positional data
capiure system 20 which collates the streams of individual kinematic data and provides a stream of
kinematic data 22 about all of the vehicles 12 on the track 8 {0 a live event data capture server 24,
Streams of live telemelry data 26 from the team telemelry data caplure systems 14 are aiso provided
{o the live event data caplure server 24,

[06084] The live event dala capture server 24 collales information received from the positional data
capture system 20, comprising a plurality of groups 186 of tracking sensors, the team telemetry

systems 14. All this information (a real sensor data stream 28) is provided {o the gaming server 4 in
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this embodiment which provides data orchestration and generales the virtual race simulation. The
virtual race simulation is provided to all the gaming devices in this embodiment. However, in anocther
further embodiment (described later with reference fo Figures 16 to 20), the virtual race simulation is
generated on each gaming device/compuier 2 with the gaming server 4 simply orchestrating the
overall gaming process.

{0065] In a further embodiment described later with refence to Figure §, the live event data capture
system also collates other information received from the teams including all data produced by the
teams, and has a general event dala capture system, covering all other data relaling to the motor
sports event that may be relevant to the entertainment and gaming functions. In this further
embodiment, all of the information is provided to the entertainment and gaming server which provides
anteriainment feeds for the non-game-playing fans, possibly via licensed distributors, the whole
ensuring that the data security needs of all stakeholders as exemplified in Paragraph 62 above for
{elemetry data are fuifilled as will be described later.

[0068] The elements which make up the gaming aspects of the gaming server of the system shown
in Figure 6 are shown schematically in Figure 2. The gaming server has a real data processor 30 for
processing real data (sensor data streams) 28 received from the live event data capture server 24,
the live event data capture server 24 having ensured the synchronisation of al of its contributing daia
sources (streams of kinematic data 22 and sireams of live telemetry data 26) as described in detail
beiow. This received live event data 28 is stored in the data store 5 as current recorded real data from
the live event 32 and alsc passed on o a virtual race simulation engine 36 where it is used {o
generate a reference black box model generator (described later) which maps the real driver inputs
(controi data 26 of each vehicle 12 {o the kinematic positional data 22 of that vehicle 12. The term
‘black box' is used in its conventional sense in the art namely a sysiem or engine which is
characterised by its response to signals applied to its input ports. The output of this reference black
box model generator is then used within the virtual race engine 36 {0 assess player virtual race
commands {(driving inputs) 38 which are received from the gaming devices 2 via the communications
network 6 to determine where the position of each viriual vehicle should be as a result. in the present
embodiment, a virtual race command processing engine 40 is provided to receive these player virtual
race command data streams 38, to convert them into a common format if required and to provide
them to the virtual race simulation engine 38.

{06871 As an alternalive to the real-time live race dala 28, previously recorded real data 42 from a
live event stored in the data store 5 can also be used {o generate the virtual black box functionality.
The virtual race simuiation engineg 36 also uses data models 44 stored in the data store {0 generale a
virtual race simulation 46. Finally, an Al engine 48 is optionally provided to assist in conditioning the
virtual car's response 1o the driver inputs (virtual race commands 38) with reference to the black box
model created by the reference black box model generator (described later) and possibly to assist the
driver of the virtual car (the player) to varying degrees, possibly with reference to the virtual driver's
earned handicap for example, {o make the racing between the real driver and virtual drivers of varying
skill and experience levels fairer. For example, this assistance can be {0 broaden thresholds around
each player input (virtual race commands 38) {o equate it to an optimum position for the virtual
vehicle. So, whilst using the reference black box model generator o determine an oplimum set of
control data inputs o result in a given vehicle position, the player control inputs 38 can be within
thresholds of those particular control data inpuis 26 1o result in a given position for the car. The
degree to which those thresholds are adjusied can determine the handicap applied by the Al engine
438 for a given player and the control of their corresponding virtual car. 1t is to be appreciated that an
Al engine 48 is used as it can be trained on an array of complex combinations of control data inputs to
give a particular vehicie position output.
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[0068] The real vehicle data 28 which is received in this embodiment from the Live Event Data
Capture Server 24 is shown schematically in Figure 3a. Here it can be seen that the specific vehicle
data 28 is linked to a vehicle 1D 50 and comprises kinematic real vehicle data 22 (for exampile
longitudinal position 52b, laleral position 52¢ and origniation data 523}, as well as driver input data
(conirol data) 26 such as steering position 54a, braking position 54b, accelerator position 54c¢, gear
selection 54d and possibly other actuator control inputs (not shown). This is provided for each of the
real vehicles 12 being raced around the track 8.

{0089] The virlual vehicle conirol data {(virtual race commands) 38 which is received in this
embodiment at the gaming server 4 from the gaming devices/simulators/computers 2 is shown
schematically in Figure 3b. This virtual control data 38 comprises a Gaming Computer 1D 56 as well
as the plaver actuator inputs 58 for controiling the virtual vehicle and possibly other data. The vehicle
control player inputs 58 include steering position data 58a, braking position data 58b, accelerator
position data 58¢, gear selection dala 58d and possibly other actuator control inputs (not shown) and
typically maich or vary by measured amounis from those of the real driver such that the reference
black box can be used to determine viriual vehicle position as a result of those inpuis.

{80701 The general manner of operation of the system at the gaming server 4 is shown in the
overview flow diagram of Figure 4. The method 80 commences at step 82 with a set up phase where
amongst other things all of the virlual participanis are assigned to one of the real vehicles 12 taking
part in the race. A single real vehicle 12 can have multiple players assigned to it as is described in
detail iater. Following this, a virtual race environment model 46 is generated at Step 84 including the
race circuit data model and the initial positions of the virtual representations of the real vehicles. As
mentionad earlier this can be based on either live dala 28 from the live event 10 or prerecorded data
42 from a previously recorded live event. The circuit data model and possibly other data models 44
are stored in the local data store & {o generate the virtual race environment 46. Once the race
commences at Step 66, a stream of data 28,42 from the live event or from the prerecorded event,
comprising the accurate kinematic data 22 for all of the real cars 12 as measured and synchronised at
a sequence of precise time poinis spanning the duration of the race is received at Siep 68 and using
this, the positions of the representations of the real race vehicles 12 can be changed. These new
positions are used {0 generate al Step 68 new positions for the representations of the real vehicles in
the virtual race environment 48 which are then transmitted (nol shown} {o each of the gaming devices
2 registered for this race for display io the relevant player. In response, the gaming server 4 receives
at Step 70 gaming control data 38 which indicates the player's user inputs to conirol their virtual
vehicle. These player's user inputs 38 are then compared {o the inputs of the reference black box
model generator and this is used ic generate at Step 72 the subsequent positions of the virlual
vehicles as a consequence of the players user inpuis 38. These new positions of the virtual vehicles
can in some embodiments (see detailed description of another embodiment below} then be
fransmiited (not shown) to each of the gaming devices 2. This process of Steps 68 10 74 continues
uniif the end of the race which is determined at Step 76.

[0071] The method of operation of the system of the present embodiment is characterised by the
following advantageous features:

a) provides accurate and timely live data from a real motor sports event in any type of
environment to millions of players and followers around the world concurrently;

b) provides compuier game players of all skill and experience levels with a realistic,
challenging, satisfying and fair simulation of participating in the real race either:

i. as one player racing against the real drivers and a limited (up to the number of real
drivers minus 1} number of other players all of whom are represenied in the game;
or

ii. as aplayer and competitor in an organized esport event or other computer gaming
event involving any number (potentially millions) of other players and possibly the
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real drivers some or all of whom are represented in the game;

¢} optionally provides data from any number of players and followers around the world to the
real race teams and real drivers during the race event for any purpose including, but not
limited to, presenting io the teams {(or even the drivers) in real time information about the
players parlicipating in the event; and

dy optionally provides molor sports followers with any data from the real event and/or all the
players and/or all the esporis competitions that are linked to the live event {o enable them
to interact and enhance thelr engagement with and enjoyment of the event.

{0072] in a further embodiment, the gaming server 4, described above with reference 1o Figure 2,
can be replaced by a gaming & enteriainment server 4a as shown in Figure 5. this gaming and
entertainment server 4a acts in the same manner as the gaming server but adds additional
functionality. Accordingly for the sake of brevity, only the differences belween the gaming server 4 of
Figure 2 and the gaming and eniertainment server 4a of Figure § will now be described.

[0073] Referring to Figure §, where the components of the gaming & entertainment server 4a are
the same as that of the gaming server of Figure 2, the same reference numerals have been used.
Where there are any differences, new reference numerals have been introduced. Accordingly, it can
be seen that in this embodiment the gaming & enterfainment server 4a additionally comprises a race
simulation & entertainment engine 36a which receives virtual race commands, viewer commands and
other data 38a from gaming devices 4 and other enteriainment devices (not shown). This data is
collected and routed through to the race simulation and enterfainment engine 36a via an
enterfainment/race command & data processing engine 40a. Further a gambling engine 78 and an
advertising engine are provided which aiso provide data to the race simulation and entertainment
engine 36a.

{0074] There are many entertainment enhancing features that can be provided based on the
availability of accurate tracking data from the positional data capture system and just three will be
illusirated by way of examples below. The first is a roving viewing point whereby, based on viewer
commands from the eniertainment device, a live video siream, for example from the driver's viewpoint
in one of the real cars, can be seamiessly swiiched or panned to a compuier-generated viewpoint, for
example above the car, by software functions in the enteriainment engine that are common with or
very similar to the virtual race simulation engine in Figure 2. The second example is the
augmentation of a live video stream with computer generaled displays or overlays that are
convincingly integrated into the live video, for example temperature dependent colouring of the tyres
or ‘under-the-hood’ graphics of the car machinery, based on live technical data derived from sensors
or other sources on the car. This can be extended {0 the augmentation of a live video stream, for
example from the driver’s viewpoint in one of the real cars, with convincingly and seamlessly
integrated adveriising images on trackside hoardings or bridges, or on the cars, the computer-
generated adverts from the advertising engine 80 moving dynamically with the trackside scenery or
cars so as o be indistinguishable from adveris that appear on the live video stream. As this
advertising is combined for streaming o a specific, known user, the advertising can be tailored to the
user based on data received into the Entertainment Commands and Data Processing functions and
on algorithms contained in the Advertising Engine 80. The third example is the ability of the
eniertainment viewer {o place live bets on the events as they unfold in the real race, for exampie “car
1 1o overtake car 2 on the inside line in the next 20 seconds”. The gambling engine enables such
functionality and provides this o the race simulation and entertainment engine 38a.

[6075] There now foliows, by way of example of the systems and methods provided by the present
invention, a description of the specific operation of the positional data capture system 20 which
encompasses the tracking sensor groups 16 as infroduced in the above non-limiting embodiment. In
order to understand the positional data caplure system 20 of the above embodiment more clearly
reference is first made to a demanding racing track.
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[0076] Referring to Figure 6, there is shown an exampie of a particularly demanding racing circuit 8
that cannot be monitored by a single, high performance IR sensor from above and requires a novel
system of sensors 18 and communication equipment to provide the data required for real-lime,
interactive gaming. As an illustrative example of the live molorised sporting event 10 is an
International Formula 1 Race involving 24 real cars in 12 {eams each with pits, garages, and other
equipment. The race location is at the particularly complex circuit ilfustrated in Figure 6. It is in a built-
up focation involving tall buildings, bridges and tunnels and has various types of permanent sireet and
traffic infrastruciure as well as temporary infrastructure such as spectator stands. it is subjecito a
prevailing range of atmospheric, weather and lighting conditions depending upon the time of year and
the location in which the event is taking place.

[0077] Figures 7a and 7b iustrate two possible strategies used in the present embodiments for
creating a highly representative, computer-based data model 44 of the racing circuit 8 suitable for
ensuring that the links can be made in real time between the measured kinematic data of the real
vehicles 12 and the virtual kinematic data of the game player’s virtual car in a manner that can
overcome the problem of verifying that the fidelity of the circuit representation is accurate and correct
enough. This model 44 is g vital link between the real environment and real event 10 and the
computer gaming envirenment and computer gaming event 46 as each tracking sensor 18 in the
network of fracking sensors will have a real field of View (FOV) of a portion of the circuit 8 as well as
the relationship in s memory belween the real FOV and a porticn of the data model 44 of the racing
circuit 8. In this way, images of IR reflectors or IR emitters on a car, or the image of the natural
thermat infra-red emissions from the car, are converied within the tracking sensor 18 to kinematic
data expressed in terms of the racing circuit data model 44. Note it is also possible in another
embodiment for that raw data from the tracking sensors 18 to be first communicated {6 another
component of the overall system where the relationship of the raw data to the circuit data model is
calcuiated before being forwarded to the gaming server 4 for processing.

[6078] Referring more specifically to Figure 7a, one example basis for a data model 44 comprising
an crthogonal grid 82 of closely spaced latitude and longitude lines is shown. The spacing of the grid
lines is appropriate to the tracking accuracy achievable by the fracking sensors 18 and desired by the
computer gaming software. Kinematic data in this model typically comprises at least longitude dala
52, lateral data 52¢ and rotational orientation data 52a for each vehicle 12. The circuit model may
also include precise altitude data for each cell in the latitude-longitude grid 82 o enable the viriual
interactive hybrid environment to simulate vertical g-forces, accelerations eic.

{06079] Figure 7b shows an alternative model that promotes computational elegance; the circuit is
modelied as a series of lateral strips each of which has a geographical position (latitude, longiiude
and altitude) of a lateral center point of the laleral strip, an orientation, a lateral width and possibly {in
some embodiments) a lateral slope angle or aititude profile. Kinematlic data for each car then
comprises at least longitudinal position 52b along the track 8, lateral position 52¢ across the width of
the track 8 and rotational orientation 52a — as reflected in Figure 3a.

{0080] The high-accuracy relationship between the computer game data model of the circuit and the
topography of the circuit in the real world has historically been surprisingly difficult {o establish. With
the overall system of the current embodiment, this can be solved by calibration at the time of sysitem
set-up of each sensor 18 by means of, for example, placing static IR reflecting/emitting markers (not
shown) at precisely measured positions along the perimeter of the racetrack 8 within each camera’s
FOV and creating a very accurate physical {o data-model mapping. Dynamic calibration is achieved in
some embodiments by, for example, driving, or moving in stages, a special purpose calibration
vehicle along each edge of the racetrack 8 {o calibrate tracking performance and achieve continuity
between sensors 18.
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[0081] The present inventors have appreciated that the {opology of such a complex environment as
shown in Figure § precludes connecting the required 100 or more iracking sensors in a ‘star’
configuration to a central positional data capture sysiem so that they all communicate in parallel. For
wireless communication i is highly unlikely that 100 independent, reliable signal paths can be found
and wired connections would involve 100km or so of cabling spread radially across the cityscape,
which is highly disadvaniageous. The only reliable path for either technology is around the circuit 8
linking the tracking sensors 18 in a closed-loop geometiry —~ in which case at leasi one point on or near
that circuit will have to accumulate the data in real lime. If it is only one poind, then there will be at
least 50 individual data hops from equipment to equipment required from some sensors and the
accumulated data transport delays would be intolerable.

{0082] Realtime interaclive gaming between two geographically separated players/computers A& B
requires the effects of player inpuis to gaming device A {o be received and processed by gaming
device B within 20-40ms, and vice versa in parallel, determinad by a typical computer game update
rate of 25-50Hz. 1t is to be appreciated that the term ‘computer game’ is synonymous with a simulated
environment and includes an interactive hybrid environment. In the current embodiments, the whole
positional data capture system, including the tracking sensors 18, can be seen as providing the
equivaient of player inputs for all 24 real cars on the circuit and this data must be supplied io the
remote gaming devices 2 within a similar latency time delay. It is possible o introduce an overall time
lag of, say, 1 second to the data stream by using data-time tagging io ensure synchronization
(described as an option in more detail below), but this would put the whole live gaming experience
behind other information streams such as live video, which is not desirable. Hence, with an infra-red
camera frame rate of 100Hz (up to 10ms delay) and allowing 5ms further for raw image signal
processing, there can only be allowed around 20-30ms for the aggregation of data from the sensors
18 around the circuit 8 and its onward communication. For either wired or wireless technologies the
inventors have determined that taking this into consideration 50 hops aiong the tracking sensor circuit
cannot be tolerated in this embodiment and that no more than 10 hops along the fracking sensor
circuit is essential even taking inlc account anticipated developments in communications
technologies.

{0083] The illustralive groups of sensors 16 shown in Figure 1 are therefore converted into an IR
sensor network architecture with smaill groups of sensors 16 arranged into a high-performance local
network, but also tailored for the real circuit of Figure § taking into account a range of other factors
including viewing angle geometry, lines-of-sight, obscuration (between cars 12 and between cars and
infrastructure), available mounting points, IR sensor capabilities such as image resociution (typically
840x512 or 1280x1024) and frame rate {lypically 100Hz}, image processing parameters such as the
numbers of “pixels-on-target” (typically >4 required), required tracking accuracy (10cm or betier
laterally, less rigorous longitudinally due 1o the high speeds but much lower relative speeds between
cars), maximum car speed in each sensor's FOV, processing worst case execution times, etc., the
overall objective being to have an output from the positioning data capture system 20 in Figure 1
comprising the kinematic data of Figure 3a (for example) for each of the 24 cars 12 synchronized to a
commen, accurate time base, with an update frequency of at least 25Hz and, should a real time lag
prove necessary, an overall real-time delay of no more than 15 (note that the real driver input data of
Figure 3a, which is sensitive and confidential {0 the teams, is protected by means of fixed or dynamic
encryption if it is transmiited to the gaming devices or is used in the central gaming server and not
transmitied at gl to gaming devices).

[0084] To illustrate the method of architecture definition for a specific circuit 8, illustrative approaches

o a plurality of possibie sensor groups 16 are described in more detail below. # must be noted that
these examples rely to some exient on the capabiiities of today’s available technologies, for example
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IR camera image resolutions, frame rates, LED intensities, etc, and that these technologies are
evolving and improving rapidly.

[06085] Figure 8 shows representative configurations of specific sensor arrangements 18 suitable to
monitor specific iypes of racing circuit seclions with a specific class of racing cars 12. These particular
(F1) cars 12 have an aerodynamic, forward sloping and low profile which means they are most likely
to be reliably detected at high speeds if the tracking sensors 18, provided at an elevated position as
compared to the track, are oriented towairds the oncoming cars, namely thal the FOV has a boresight
which is af an acute angle to the horizonial plane when looking towards the oncoming cars. The
boresight of the FOV is considered to be a ceniral axis of the FOV. This arrangement also means
that the sensors 18 can be convenienily located nearer {o the ground and have an increased FOV
compared o the purely downwards facing sensors in GB2585165A. In some situations, much taller
poies or other structural mounting poinis 84 may be suitable in which case less sensors 18 may be
required to monitor the track and the boresight angle to horizontal will be increased. Alternative
configurations can be defined similarly for other types of locations or other types of motor racing
events, for exampie power boat racing or NASCAR motor racing.

[0086] Referring specifically to the exampile circuit shown in Figure 6, a way in which sensors 18
could be arranged o provide the positional data caplure system 20 is now described.

[0087] Firstly, for the total 2km of sections in the circuit of Figure § that are furnished with standard
lampposts, Figure 8 illustrates one of many possible arrangements of groups 16 of IR sensors 18
mounted on lampposts 84 in this section of the frack 8. Each sensor (sensing device) has an
illustrative resolution of 640x512 pixels, a field of view of around 20° by 30° {see Views A and B) and
a detection range of up fo 50m. With this geometry it is considered possible to achieve reliable
detection down to a resolution of at worst 10cm with any of the following implementation sensor
device 18 arrangements:

a) A long wave infra-red (LWIR) microbolometer or medium wave infra-red (MWIR) photon
detecting (or other suitable technology) camera delecting the thermal IR emilted by the car
(its tyres, engine, exhausi, etc) or aliernatively detecting thermal IR ‘cold spots’ created by
applying or aitaching IR non-emitting markers or material {o the car.

) A shori-wave infra-red (8WIR) or near infra-red (NIR) photon detecting (or other suilable
technology) camera detecting the broadband (or narrowband) light emitied by at ieast two
small LEDs or LED clusters fitted to the car or detecting natural (suniight derived) IR
radiation from reflectors on the car or detecting cold spots from IR non-emitiers on the car.
The light emitted by the LEDs may be constant or modulated over time.

c)  An SWIR or NIR camera detecting the broadband (or narrowband) SWIR or NIR light
provided by an LED floodiamp located near the iR camera and reflected by at least iwo
small reflectors fitted 1o the car or detecting cold spots in the reflected image from IR non-
emitters on the car. This would enable night racing and the LED floodlamp may be pulsed
and synchronized with image capturing in the camera in order o improve detection
performance in extreme weather environments.

{0088] As stated above, the location of all the individual targets (LED emitters, refleciors, non-
amiiters or carftyres) in the raw image on the camera focal plane array are converied 1o accurate
positions within the circuit model by signal processing and geometric calculations tailored to the
specific piacements, configurations and orientations of the tracking sensors, possibly involving the
measured relative positions of each of two emitters (or reflectors or non-emitters) on the car 12 in
relation to iis outer physical envelope. Such technigues are well within the capabilities of the skilled
person and so do not need 1o be described further herein.
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[0089] Continuity of identification and tracking of individual cars 12 can be achieved as in
GE2Z585165A by each tracking sensor communicating the position of the car {o the next sensor along
as it leaves its FOV. Note that in relation to the arrangement of a SWIR or NIR camera as described
in b} above, the LED light may be either constanti or may be modulaled in 2 manner which emits a
distinct pattern (or IR signature} for each car 12. This would enable concurrent tracking and
identification by each tracking sensor and remove the need for tracking sensors ‘handing over vehicle
identification to the nexd tracking sensor.

[00%0] Secondly, there may be locations around the circuit 8 (for example the black squares 81 in
Figure 6) that lend themselves 1o a singie IR camera 18 positioned at a greater height, either
mounted on the top of a building or on a mobile boom lift (up 1o 45m) or access platform (up o 100m)
or carried by an airborne vehicle such as a drone or tethered drone (whereby power can be supplied
for extended flight durations and data delivered 1o ground siations). Al 100m height, the FOV of a
single IR sensor 18 fitted with a wide-angle lens extends o some 140m x 140m (the black squares 81
on Figure 6 are represeniative in scale). On some circuits 8 it may be preferable to arrange several
drone-mounted sensors 18 arcund the circuit in order to form completely the closed-lcop network.
Each drone would stay on station using its own onboard GPS and provide accurate image referencing
by the placement of fixed IR beacons on the ground from which absolute tracking detection accuracy
can be achieved. This is an efficient arrangement as less sensors are needed o cover the entire
circuit and the ease of deployment of this arrangement is exiremely good for circuits that do not have
sensors permanently installed. The safety case for flying drones above a high-performance motor
race is feasible as the drones need never be directly above the circuit or above spectator areas.
Tethered drones may have a pariicular advantage because a failed drone could be rapidiy reeled
down to a defined crash zone around the base station.

{0091] Thirdly, the short lampposts 84a in Figure 8 can be fitted with wide FOV (70 IR sensors
each covering a short road segment of around 15m in length, the same applying in the funnel 83
where the sensors 18 will be altached to the roof of the tunnel. In ancther alternalive embodiment, it
may be more cost-affective not to use short lampposts 84a and deploy mobile masts up to 30m high,
aach covering a road segment up {o 50m in length. In summary, this example complex circuit which is
3.3Km in length would require 50 siandard sensors, 50 wide-angle sensors and 2 long-range high
platform or drone-mounted sensors.

{860%2] H must be noled that on many racing circuits lampposts may not be present for safety reasons
or may be more widely separated and taller or may have o be protecied so that they do noi present a
safety risk to cars. Mounting tracking sensors temporarily on buildings or using mobile masts
appropriately placed may be necessary or preferable in different embodiments.

{0093] Finally, in order o achieve the real-time data streaming performance criteria stated above the
ground-based and/or drone-mounted tracking sensors of this example are organized into a plurality of
groups 16 as shown generally in Figure 1 bul more specifically in Figure 9. Figure 8 shows an
illustrative example of how sensors 18 are arranged in groups 16 in order fo achieve the overall real
time performance of the positional daia capture system 20 and how sensors 18 and groups 16 can
communicate data in order {0 provide a single, compiete and continuously synchronised data stream
28 with the appropriate latency suiiable for fransmission into the real-time, interactive gaming
environment 45. Figure 19 shows one group 16 of seven sensors 18 mounied on lampposts, though
other configurations are possible in different embodiments. Muitiple groups 16 are crealed around a
frack 8 {o provide the complete coverage required. In this way, the compleie set of tracking sensors
18 provided around a racing circuit 8 can be made to behave as a single group creating a single data
stream for all the reai cars in parailel whilst stilf achieving the low latency and concurrency required for
interactive gaming.
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[0094] Referring more specifically fo Figure 8, the sensors in each group are connecled with a high
performance, low latency communications link 88. Such communications links 86 use a suitable
communications technology (which for ground-based sensors may be via a wired connection such as
gigabit ethernel — with a data rate >900Mbil/s, latency 100-500ps or for ground-based or drone-
mounted sensors may be wireless such as dual band Wi-Fi — data rate >90Mb/s, latency 1-2ms).
Each group 16 of sensors is fitted with an onward communication node 88, typically as used in fibre
optic ("wired”) or wireless networks and often used for streaming telemelry data in motor racing
sporis. The onward communication node 88 is configured to communicate wired or wirglessly to the
live event data capture server wherein the position data for all 24 cars is accumulated at a refresh rate
of at least 25Hz for onwards transmission. In addition, and depending from circuit o circuit on the de
facto communication time delays around the network, the whole set of sensors, or each group of
sensors 18, or in some embodiment each sensor 18, may be filled with a GPS receiverso that a
common, accurate time reference can be established across the sensor network. Accurate positional
measurements for the cars 12 can then be time tagged enabling the live event data capiure server 24
{0 aggregate car position data into the required contemporanecus sets even if this introduces a small
time lag (<1sec} into the onwards transmission to the gaming server 4.

[0095] There further follows, by way of example of the systems and metheds in relation to interactive
hybrid (real-virtual) gaming environment 48 provided by the present invention, a delailed description
of the specific cperation of the above non-limiting embediment which is provided by reference o
Figures 10a to 14.

[00388] In this example Figure 18a shows the starling configuration of a Formula 1 motor race
involving 24 real cars and drivers. Representations (89a, 89b, 89c, 89d,...89x) of these real cars 12
are linked {o a computer game with only one player, wherein a real car representation 89f has been
aliocated to or selected by the player as their starting position, such that the representation of their
simulated car 90 exactly overlays the selected real car representation 891

[0087] According to Figure 10a the first case described above involves a single compuier game
player controlling a simulated car 20 which at the start of the race is in the same position in the
computer game as the real car 121 is in the real evenl. After the stari of the race, the progress of the
simulated car 90 is determined by the inpuis the player makes 1o their compuier equipment (gaming
device/computer 2) and the simulations of the car and its environment by the gaming server 4. The
progress of the real car representation 89 is determined by the inpuis the driver makes to the real car
12 and the physical behavior of the exdremely complex car 12 in its extremely complex envirenment.
By virtue of either i) shorifalls in the fidelily of the simulations of the car and iis environment or i)
differences of inputs between the player and driver, the progress of the simulated car 80 will diverge
from that of the real car 12f. The present embodiment minimizes the former cause and thereby makes
the competition between the real driver and the virtual player as fair, realistic, and enjoyable as
possible.

[0038] H is one of the principal features of the methods of the described embodiments that whilst the
simulated car 80 remains sufficiently close 1o the real car representation 891, {0 within tolerances that
can be defined in a number of ways (the following description will refer to the simulated car 80 as
being ‘snapped’ {0 the real car representation 89), the compuier game will show particular behaviours
and have increased interactions with the real car 12, possibly including but not limited to:

a) the real car representation 89 will not be displayed and will not interact with the player’s
simulaied car 90 as part of the snapped player's game;

b) the snapped player's car 90 will be ‘digitally twinned’ with a real car representation 89, the
simulaied car 90 replicating the performance of the real car representation 89 sufficiently
closely for the competition between driver and player {o be fair;
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¢} the inputs (control data 28) of the real driver (steering, accelerator, gear selection, eic) will be
able to be streamed and available to the interactive hybrid environment generated by the
gaming server in real time;

d) audio, video and other data feeds from the real car 12, its driver and the wider racing ieam
could be streamed to the computer game (inleractive hybrid environment) generated by the
gaiming server in real time;

e) the audio, video and other data feeds from the snapped player could be available in the
reverse direction io the real car 12 and/or team and/or io other computer gamers.

{0099] Figure 18b shows a racing situation where the player's simulaied car 80 has diverged in
instanianeous position and possibly other attributes such as speed, velocity and acceleration from the
real car representation 891 by known amounts. Here a simple non-limiting method of defining when a
player’'s car 90 is snapped 1o a real car representation 891 is illustrated. Within the computer game
sofiware running on the gaming server 4, the position on the raceirack of a reference point 941 on the
real car representation 897 is used {c define a region of proximity 861, in this case a rectangular box. If
the position of an equivalent reference point 81 on the simulaied car 90 falls within the region of
proximity 961, then the player’s car is ‘snapped’ {o the real car representation 891,

[0100] There are many other possible snapping methods that might depend on other parameters
such as how far behind or ahead in time the player’s car representation 80 is with respect {o the real
car represeniation 89 (as used in the F1 ‘Drag Reduction System (DRSS}’ where a chasing car can
achieve a 'boost’ if it is within a specified range of the car in front). Other snapping methods may
include speed, velocity vectors, angular momentum, ... but the principle is clear. In addition, the
computer game Al engine 48 may use algorithmic or other strategies {o implement degrees of
‘stiction’ that provide more flexible tolerances such that snapping is not subject to jitter and, where
systems of handicapping are employed, higher ranked plavers may be given less Al assistance” than
lower ranked players. Furthermore, when ‘un-snapping’ from a real car represeniation 89 the game
software running on the gaming server may take into account the proximity of other player's virtual
cars.

{0101] When a player's simulated car 90 is not snapped o any of the representations of the 24 real
cars in the race, all of the representations of the cars are displayed in the computer game in the
traditional way. VWhen a player’'s simulated car 90 is snapped to a real car represeniation 89 then only
the other 23 real car representations 89 are displayed to that player and the player is likely {c feel as if
they are driving the real car and interacting very engagingly with the real driver and their race feam,
particularly if live audio Teeds are provided from the team to the player.

{8482} This method of snapping enables a player to progress throughout a race either by avoiding
real car representations 89 or by moving from real car representation 89 to real car representation 89
snapping with them (or not as the player chooses by their manoeuvres). Figure 11a shows g racing
sifuation at a point in time not long after the siart of a race. Here the simulated car 90 is somewhat in
between three nearest real car represeniations 88¢, 89b, 8%e. The player's simulated car 80 has
become un-snapped from its original twin (race car representation 89f) by ocut-performing it and is now
ahead of it. The real car representations nearest to the player’s virtual car are now real car
representations 86b, 88¢, and 8%e. Depending on the skill and actions of the player and those of the
three real drivers, the positional relations 88b, 98¢ and 93e will evolve quickly. Al the time of Figure
11a the computer game (virtual race simulation) displays real car representation 88¢ in front of the
player’s car 90 and displays real car representation 89e in iis rear-view mirrors.

{0103] Figure 11b shows a continuation of the racing situation of Figure 11a at a slightly later time
where the simulated car 90 and has gained ground on and come close {o the real car representation
89¢. The simulated car 90 is shown to have entered its proximity zone 96¢ of the real car
representation 89c and is now snapped to it. The gaming server now prevenis the real car
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representation 89¢ from being displayed on the player’s screen and features such as those described
above are enabled.

[0104] Figure 11c shows a further continuation of the racing situation of Figure 11b after a longer
time inferval and at another part of the circuil 8 where the simulaled car 90 is now designated and is
closing on the leading real car representation 88a. Here it can be seen that the simulated car 90 of
the computer game player has moved well ahead of real car representation 88c and is more than
halfway between real car representalion 82¢ and the race leader real car represeniation 89a.
However, the player's virtual car 80 has not yet reached the snap zone 98a of the real car
representation 89a and is chasing it. This figure introduces two further zones around each real car
representation 88. The first zone 98a is in front of the real car representation 88a and is called the
“chased zone” and the second zone 100a is behind the real car reprasentation 89a and is called the
“chasing zone”. Together the three zones 96a, 98a 100a may form a contiguous set, as Hlusirated in
Figure 11c, whereby when the simulated car 100 is in any of the three zones associaied with a real
car representation 89 that it is digitally twinned in terms of the performance of the simulated car 80
being a very close match to that of the real car representation. This feature equalizes the chances of
the virtual car 890 chasing the real car representation 89 or vice versa and enables a natural
integration with real-life features such as DRS. So, the simuiated car 90 is now in the chasing zone
100a of the real car representation 89a. As soon the simulaied car 90 moves from chased zone 98¢
of real car representation 86c¢ {o chasing zone 100a of real car 89a its performance characterisiics are
switched between those of real car representation 8%¢ and those of real car representation 88%a. This
means that the performance of the simulated car 90 is always matched to the real car representation
86 it is most closely interacting and competing with, ensuring a fair competition based on driving skills
alone between the computer game player and the real drivers. This method of zoning is illustrative of
the principle of zoning and there may be several possible variations on the method.

[0108] As stated in Paragraph [0038] a) above, there may be more than one computer game player
involved in the race simulation that is linked {o the live, or recorded, race. In prior art motor sporis
computer games, it is commonplace for a number of players, from one up 1o the number of real
normal participanis in a real race, to play together online, wherever in the world they are located. So,
in a comparative prior art implementation of the above Formula 1 example it would be usual for up to
24 players to play, each taking a place on the starting grid, with any unfilled places being occupied by
simulated cars that are controlled by the aigorithms and Al of the game software. This type of limited
player gaming mode would stili be possible in the current embodiment. However, in other
embodiments described below, it is possible {o implement other gaming modes not limited by the
number of players. According to the above-described embodiment of the present invention, it is
possible to implement the above-described limited player gaming mode where the unfilled player
places are allocated to real car representations 89 in the real race and their data sireamed live from
the event would control their behaviouwrs in the game. in this case, there would always be 24 drivers
and/or players represented in the computer game, a number of computer players, say 'n’, wouid be
competing amongst '24-n’ real cars. All aspects of the ‘chase & snap’ methods described above
would be applicable and the performance of each car simulation 90 would be twinned with that of the
real car representation 89 it replaced on the starting grid, except when it was in the ‘chase & snap’
zones of the real car representations 89 that are represented in the race.

[0108] According to an alternative embodiment implementing a limited player gaming mode, there
would be 24 game players and 24 real drivers and whenever a player's virtual car 90 is not snapped
{0 a real car representation 89, their virtual car 80 would appear in the computer game environment
and be visible to and interact with all other players virtual cars 80. Hence there would be 24 real car
representations and anywhere from O o 24 unsnapped, simulaled cars 90 visible in the computer
race simuiation at any one time. These two method variants in this gaming mode are illustrative, there
are many other possibie variants, but the principle of the method is clear.

24



WO 2021/214496 PCT/GB2021/051008

[0107] In many types of motorised sports (Formula 1 is merely an example of the much more generai
applicability of the present invention) real cars can take time out of the race for maintenance or
modification actions, for example damage repair, refuelling, or fitting new tyres. Accordingly, in the
present embodiments, the computer game player can elect to lake the same time out of the race for a
simulated version of the same mainienance or modification actions as the real car, in which case the
game player's simulated car 20 inherits the changed performance characteristics of the real car
representation 89. Alternatively, when the computer game player's car 90 is not snapped with a real
car represeniation 89 the compuier game player can elect to iake time out of the race for simulated
maintenance or modification actions which, on returning to the real race, will qualify the computer
game player's car 80 to link with any real car representation 89 that has had similar or compatible
maintenance or modification actions. This is one of a number of possible implementations of the
method of ensuring that the competition remains fair when real cars can undergo maintenance or
modification during a race.

[0108] As mentioned above, it is possibie io implement other gaming modes not limited by the
number of players. One such embodiment which is in line with the situation described in above in
Paragraph [0038] b} where there are a very large number of computer game players involved in the
game whilst the game is linked to a live or recorded real event, is now described. Just one example of
such a situation is in a massive esporis race wherein it is required for each player o interactin a
realistic, engaging, and challenging manner with the real race and for there 10 be a fair method of
ranking the very large number of players in terms of their performance and finishing position in the
asports event.

[0109] Figures 12a and 12b show two examples of possible starting configurations for a race
involving 24 real cars live-linked to and interacting with an esports or on-line gaming race involving
tens of millions of game players whose starting positions are distributed amongst the starting
positions of the real cars. More specifically, Figure 12a shows the starting configuration for a race
where the 24 real cars are linked {o ten million videc game players equally distributed amongst the
starting positions. Figure 12b shows an alternative starting configuration to that shown in Figure 12a
with over one hundred million video game players distributed logarithmically over the 24 real car
representations, so that only the highesi ranked virtual car 80 is linked with the leading real car
representation 89. These gaming modes are termed limitless player gaming modes. These examples
are just two of many similar options; for the purposes of the methods of the present embodimenis it is
necessary only that every pariicipating computer game player is allocated to one of the cars. Hence
every player starts the race snapped 1o one of the real car representations. Every player snapped to
the same real car representation 8% is digitally twinned to that real car and has an identical
performance mode! for the real car representation 89 in its environment.

[0110] Figure 13 shows a racing situation part way through a race with 24 real cars and a large
numbers of computer game players each having their virtual car 80 respectively linked to a real car
representation 89. The real race situation of Figure 13 is similar o that in Figure 14¢ where real car
representation 89a is in the lead followed by real car represeniation 89¢ in second place and real car
representation 88b in third place. Each computer game player experiences the race in an almost
identical manner to that described above for a single player interacting with representations of the 24
real cars. The situation shown in Figure 13 is that the simulated cars 80 of three players 102a(3) are
in zone YBa ahead of the leader (real car representation 89aj, Hustrated both by a single dashed car
on the frack and in the expanded view as three individual simulated cars 80c¢, 80f, 80z, in specific,
precise and closely separated positions. In this leading zone, each player could be displayed with
information on and/or a representation of some or all of the other players in the zone to promote an
interactive competition for the leading positions. Four cars 104a(4) are in the snap zone 963 of the
real car representation 82a and are snapped that real car representation 89a. They are shown in
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Figure 13 as a single dashed car on the track 8 and, in the expanded view, as four individual dashed
car representations $0b, 90m, 90w, 80s, each at its precise position in the game in relation to real car
representation 89a. Nine players 106a(9) are in the chasing zone 100a of real car representation 8%a.
All simulaled cars in Zones 98a, 98a and 100a are digitally twinned {0 real car representation 89a.
Real car representation 89¢ has snap zone 96¢ with twenly-five cars 104¢(25) currently snapped,
chased zone 98¢ containing eighteen players 102¢(18) and chasing zone 100c¢ containing fifty-seven
players 106¢(57), all digitally twinned {o real car representation 89c. In the chased and chasing zones
each player’s virtual car 80 can be displayed with information on and/or a representalion of some or
all of the other players whe have their virtual cars 90 in the same zone to promote an interactive
competition amongst virtual players in the chased and chasing zones 98, 100. This method of
representation advantageously enables a great deal of player information to be provided within a
small screan size i¢ enable gaming devices with small screen sizes 1o be able {10 maximize the
amount of information displayed. Should a real car crash out of the real race, the snapped virtual cars
90 would follow suit provided their player's input commands were not such as to mitigate and avoid
the crash, as determined by reference to the black box model, otherwise they would continue as an
un-snapped car 90 from the peint they successiully deviated.

[0411] Hence in this limitless player mode, the above-described method conveniently provides for
any number of computer game players to interact with the live race and each experience the event 10
and compete with the whole field of real cars in an engaging and exciting way. This is enabled by
every player's gaming device 2 receiving the Hive data stream of the real cars’ progress arocund the
circuit and driver inputs (within the virtual race simulation) and, if appropriate, with other data sireams
such as team audio and driver video. in addition, where the players are participating in a mass
engagement live-linked race, the progress of every player around the circuit is typically communicated
and brought together in the central gaming server 4. This enables the viewpoint illustrated in Figure
13 to be assembled for the whole circuit 8 and analysed in real time such that the relative positions in
the race of the virtual cars 90 of large numbers of players can be monitored continucusly and to any
degree of accuracy (for example the computer game software simulation could represent the
instantaneocus position of any simulated car at any time to any desired accuracy). This then enables:

a) the final positions of all players at the end of the race to be unambiguously and fairly
determined, and

by in circumstances where the competition between computer game players could be
enhanced, then an individual player could be presented with the images of the cars of
other relevant players in the vicinity as described above.

[0112] in addition, the computer game of every player can exhibit behaviours and interactions with
the real event 10 but enhanced by the mass engagement of many players. For example, as well as
the live audio feeds of the real driver and team being streamed to all snapped players, the number of
snapped, chasing and chased players could be presented to the real team, or a mass audience of
observers, or even the real driver, as could the names of individual players so that the real driver
couid comment to any or ali of the snapped drivers, and selected snapped drivers could comment
back (subject of course to this being assessed as accepltable from a safety perspective). There are
potentially many other immersive entertainment features like this that are enabiled by the present
embodimenis.

{0113] In a live-linked event 10 with mass engagement of computer game players, depending on
how it has been organised, there is likely to be a wide range of levels of skill in the population of game
players. The current embodimenis can easily be exiended to allow ‘all-comers’ or ‘open’ events by
including a handicap parameter for each player, as mentioned above, (based like all handicap
systems on a fair assessment of previous experience). For exampie, sach player could have achieved
a handicap between 0 and 100, with G representing professional gamer status and 100 novice gamer
staius. Handicap 0 would mean that the Al Engine 48 of the gaming server 4 gives no support in the
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game when taking the player’s inputs and fransiating them into their virtual car’s progress round the
circuit 8, whereas handicap of 5 could mean that if the player’s data inpuls 38 are within 5% of the
real driver's 26 then they are considered as matching, etc.

[0114] All of the above-described methods are able advantagecusly {o present the following
characteristic namely that the computer game simulation of the real car's performance in ils
environment can represent a fair and enjoyable contest not only between the game players but
between the game players and the real drivers. In other words, when the game player makes
equivalent simulated inputs 38 to the simulated car as the real driver makes real control inputs 26 to
the real car, then the progress of the simulated car 80 will match that of the real car representation 89
o an acceptable accuracy. Achieving a high level of fidelity has been the cobjective of motor car racing
computer game development and professional simulators for many years and there is a significant
capabiiity already. However, for mass engagement live-linked events there wiill be many faciors in
play at any svent that would need 1o be measured and communicated 1o the computer game and
realistically accounted for in the compuier game algoerithms and Al As described above, there is prior
art that suggests transmitting many such measurementis live to the compuler game to enhance
traditional, physics modei-based simulations. An alternative and preferable approach is realised in the
final embodiment described below and is summarised in its nature as a method of ‘real-time, dynamic
black-box simulation for real-virtual interaction’.

{041158] The present embodiments can implement a dynamic black-box simulation model within a
computer game that is linked 1o a live event. In these embodiments, in addition to the computer game
being provided with accurate positional data 22 for a real car in real-time via the positional data
capiure system 20 shown in Figure 1, the control inpuls 26 made by the real driver to the real car 12
are also measured and fransmitied in real-time to the gaming server 4. Figure 14 is a graph over time
of various parameters 28 transmitied by the Live Event Data Capture Server 24 o iliusirate the
principies of the method of black box dynamic simulation.

[6116] Referring to Figure 14, the present embodiments use a dynamic black-box simulation model
in real-time for an illustrative and simplified set of driver inputs (control inpuis) to a real car — namely
steering wheel position 54a, accelerator position 54¢ and brake pedal position 54b — in reality there
may be more driver inputs such as gear change (hot shown in Figure 14). These are the dynamic
data inputs to the black-box medel. The dynamic outpuis from the black-box model are the progress
of the real car 89 in terms of position with time; in this example model they are illustraied as
longitudinal distance travelled 52b and lateral position 52c on the track 8. Figure 5 shows variations in
driver inputs can be matched to variations in outpuis of track position/ location of the real car 89 over
time. Recording and correlating the time-history of the inputs and outpuis over one lap gives the
simplest version of a black-box dynamic model for one lap, which then can be used for determining
the likely track position of the virtual car 80 on the basis of the user’s computer-generated inputs 38.

[0117] The present embodiment is based on the race simulation occurring at the central server 4. In
this case, an example of how the virtual race simulation engine 38 implements the dynamic black box
simulation is now described and is shown in Figure 18, The kinematic race positional data 22 is
matched to real driver inputs 26 from either a live or recorded event 10 by a reference black box
model generator 110 (mentioned earlier). The output of this is provided to a gaming black box
implementing generator 112 which in furn uses this reference to determine the effect of the player
input data (driving commands) 38 has on the position of the virtual vehicle 80 which they are
controlling in the race. In effect the reference black box generator defines a transfer function of inputs
o outputs which can be used by the gaming black box implementing engine 112. The Al engine 48 is
also provided to aid the player in competing with a professional driver of the real vehicle as has been
described above. Once the position of the virtual vehicle 90 has been determined by the gaming black
box implementing engine 112, it is passed to the race simulation cutput engine 114, which uses it {o
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generate a representation 90 of that vehicle in the race. The inleractive hybrid race environment of all
the vehicles 89, 80 racing is generated by the race simulation output engine 114 which uses the
stored data models 44 and outputs the virtual race environment 46 to all the relevant gaming devices
2.

[0118] The black-box dynamic model minimizes the need to create sophisticated ‘white-box’ models
(i.e., models that combine more detailed models based on complex physics which in turn combine
more delailed models...) of the extremely complicated and dynamically changing car in its exiremely
complicated and dynamicaily changing envircnment. So, complex factors which are impossibie to
measure and model dynamically such as the wear and tear in the machine, the deposition of tyre
compound on the track surface affecting wheel adhesion, the gusting of wind that affecis the
aerodynamics of the car's progress (1o name but three of many) are all wrapped up in the reality of
the measured black-hox model. The measured black-box model, created by the reference black box
generator 116, then acts as a reference model for the Al algorithms of the Al engine 48 in the game
which, given inpuis 38 by the computer game player that vary from the reference model inputs, will
vary the cutpuis commensurately, proportionately, and realistically.

[0119] The black-box medel for one car will be different from lap to lap due to significant variations in
driver inputs from lap fo lap and the (usually continuous and gradual, occasionally discrete) variations
in other physical faciors. However, there are many detlailed strategies and fechnigues that can be
used with the present embodiments {o ensure this method provides the best, dynamically accurate
simuiation throughout the race, including but not limited to:

i. averaging or otherwise combining black-box model! data from multiple laps over practice
sessions and the real race to create a reference black-box lap model best representing
the driver, car and track on the day;

ii. doing the same as a) but over shorter sections of the frack, for example a specific corner
or a particular straight;

fii. taking the lap with the best lap lime as the reference black-box model for the ultimate
performance of the driver, car and track on the day;

iv. doing the same as ¢) but over shorier sections of the track, for example a specific comer
or a particular siraight;

V. building the black-box model second by second, comparing game player inpuis 38 io real
driver inputs 26 and conditioning the outputs in direct and immediate response (this
method would be particularly useful on the first lap, when there is no history available, or
in the first iap afier a “pit stop” and hence medification of the real car);

vi.  supplementing the measured black-box model with modelling of known physical laws
where continuity and relative simplicity is known {o apply;

vil.  medelling known limitations on the performance of the car, for example maximum
straighi-iine acceleration, top straighi-line speed, stc

[0120] There are many other techniques, but the essence of this method is that it is far more
practical to model and simulate in terms of variations around one or more dynamic black-box
reference models that are known 1o be valid than i is to create white-box models of exiraordinarily
complex physical sysiems in real time.

[6121] As well as live linking 1o real motor sports events 10, other embodiments of the present
invention are also applicable to a situation where the interaction of the compuler games players is
with a recorded version 42 of a previous live race, the recording 42 consisting of the highly accurate,
measured kinematic performance 22 of the real cars 88 in the environment of the previous race and
the inputs 28 of the real drivers to the real cars throughout that race. in these embediments, alf of the
description above can apply to the engagement of compuier game players with the recorded race.
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[0122] Alternatively, in another embodiment, where the recording 42 of the real race consists only of
the highly accurate, measured kinematic performance 22 of the real cars 89 in the environment, but
no record of the inpuis 26 of the real drivers, the digital twinning could then be based on any other
method thal ensures that the simulated performance of the game player's car 30 in its environment is
a sufficiently close representation of the performance of the real car 89 in its environment as to create
a fair competition between the game player and the real driver or an autonomous car. This may
involve, for example, the reverse engineering of the driver inputs 26 using a high-fidelity racing car
simulator with the driver rehearsing and then recording the input histories thal enable the driver to
reproduce the performance of each real car 89 in the recorded race. This is one illustrative example of
a method for reconsiructing the inpuis 26 {o the dynamic black-box model when the data from the
original event is not available.

[86123] Referring now to Figures 16 to 20, there is described a further embodiment of the present
invention which primarily differs from the above-describad embodimeant by being implemented in a
more distributed manner. There are many components of the further embodiment which operate in a
similar manner to that of the embodiment of Figures 1 to 4 and 0 avoid unnecessary repetition only
the differences will be discussed herein. Referring to Figure 16, the configuration of the gaming
device 2 is shown. Here the virtual race simulation engine 36 is provided in the gaming device 2
rather than the ceniral server 4, such that the player inpul commands 38 derived from player inputs
can be input directly into the virtual race simulation engine 36 without having {o be transmitted {o the
central server 4. This greatly improves efficiency and bandwidth consumption. The virtual race
simulation engine 36 is provided with at least the positional data 22 and driver input data 26 of the
real cars 89 from the live event 10, recorded reference black box data 120 and supplementary data
122 from the gaming server 4, via the communications engine 124. This received data is stored in a
local data store 5 and used by the virlual race simulation engine38 in a similar manner to that
described above in the embodiment of Figure 2. Similarly, data models 44 provide further support for
the generation of a simulated race environment 46. An Al engine 48 is provided to provide assistance
for the player ic help them to compete with a real driver as has been explained previcusly. One
consequence of having a more distributed approach to virtual race simulation is that the central server
4 has 1o be updated with the position of each player’s virlual vehicle 90. Accordingly, the
communications engine 124 is arranged to transmit not only the race car seleclion 126 for the start of
the race and any changes 126 to it throughout the race but also virtual vehicle position data 126 as
determined by the virtual race simulation engine 36 to the central gaming server 4 during the race.

{0124] Referring now 1o Figure 17, the gaming server 4a of this distributed embodiment is shown.
The gaming server 4a has a virtual vehicle position processor 128 which coliates each virtual vehicle
position 80 and provides this {o a virtual race management engine 130. The virtual race management
engine 130 then provides each gaming device 2 with information on their position and relative
performance in the race and possibly (where it determines the race amongst the virtual players will be
enhanced or made more competitive), the positions of other virtual vehicles 90 in the race to complete
the racing environment. The virtual race management engine 130 can also generate a reference
black box for previcusly recorded data 42 and provide this o all of the gaming devices 2. As thisis
pre-recorded data 42, the information can be provided not in the time critical manner which would be
associated with real-time racing. The gaming server 4a then only deals with oversight of the
competition as it sees the positions of all the competilors — virtual and real, possibly feeding telemetry
and other data o ‘snapped’ cars (so needs a link from the live event data caplure server 24}, possibly
feeding selected competing visuals to each virtual competitor, possibly feeding statistics on the virtual
competition {o the real teams, elc.

{0125] Aiso, the real live event data 28 is in this embodiment routed from the live event data caplture
server 24 1o the gaming server 4a from where it is distributed to the gaming devices 2. This has
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advantages for synchronisation. However, in another embodiment, the real live event data can be
routed to each of the gaming devices 2 directly which has the advantage of reducing latency and
reduces required processing power at the central server.

{0126] Figure 18a shows the dala from the live eveni data capture server 24 and the virlual car
position data which is received at the gaming server 4a from the gaming device 2. Whilst Figures 8a
and 13a are very similar, in this embodiment other data 132 is also provided to the central server 4a.
This other data 132 can be live telemelry data, radic communications data between the teams and
the driver eic. these additional data streams 132 can make the gaming more realistic or engaging as
has been described above.

{6127] Figure 18b shows the virtual car position data 134 which is senti to the gaming server 4a from
the gaming device 2. The data also includes the gaming computer identifier 56. This position data 134
is used io update the position of a virtual vehicle 80 such thatl that position can be communicated as
determined by the gaming server 4a to other participants in the same race using other gaming
devices 2. The other datla field 136 relates o other dala such as the selection of the real vehicle to be
associated with or handicap data.

{0128] Referring now io Figure 19, the vifual race management engine 130 within the gaming
server 4a is shown. The virtual race management engine 130 determines which gaming devices 2 are
o receive which updated position data 38. At iis heart is a race engine management processor 140,
which can assembie a picture of the race from the different data sireams provided to the central
sgrver 4a. in addition, the virtual race management engine 130 comprises a reference black box
model generator 142 which is the same as that described in the above embodiment with reference {o
Figure 18, with the exception that it is only operative on previously recorded event data 42. The live
data reference black box model generation is devolved {o each gaming device 2. The
communications engine 144 provides the position data 38 and the reference black box modei data
146 o each of the appropriate gaming devices 2. In addition, the communications engine 144 can
alsc provide the other race data 132 (as mentioned above) to each of the gaming devices 2 as wall as
route through the live event data if it is not being provided direcily to each gaming device 2.

{0129] Referring to Figure 28, a method of operation 150 of the system of this embodiment al the
gaming device 2 is shown. The method 150 commences with the gaming device sending at Slep 152,
a request for race participation 1o the gaming server 4a. The request can include specific
configuration details which enable game server 4a to interact with the gaming device 2 and can also
specify the real vehicle 89 o which the player of that device 2 will be linked. For example, if the
gaming device 2 requires a direct feed of live dala from the live event data capture server 24 and/or a
live telematics feed 26, these gaming options can be specified. In the next step, the gaming server
provides at Step 154, the required information such as a link to the live data feed from the live svent
data capture server 24 and the positions of the other virtual players 80 in the race where determined
by the virtual race management engine 130. Whiist not shown, the gaming server 4a appraised with
this information, is able to create an overall picture of the aclive gaming devices 2 assigned to a
particular event 10. As with the earlier described embodiment, a single real vehicle 89 can have
mulktiple players assigned to it. Following this, a virtual race environment is generated at Step 156,
locally on the gaming device including the initial positions of the virtual representations 89 of the real
vehicles. As mentioned earlier this can be based on either live data 28 from the live event or
prerecorded data 42 from a previously recorded live event. Dala models 44 stored in a local data
store 5 are used o generate the virtual race environment. Once the race commences at Step 188, a
stream of data 28, 42 from the live event or from the prerecorded event is received at Step 180, and
using this, the positions of the representations of the real race vehicles can be changed at Step 162,
These new positions are used {o generate at Step 160, new positions for the representations 89 of the
real vehicles 12 in the virlual race environment which is then presented to at the gaming device 2 to

30



WO 2021/214496 PCT/GB2021/051008

the player. In response, the gaming device generates at Step 162, gaming control data (virtual race
commands) which are derived from the player's user inpuis 38 o control their virtual vehicle. These
virtual race commands are then compared to the output of a reference black box withing the virtual
race simulation engine 36 and this is used to generate at Step 166, the subsequent positions of the
virtual vehicle as a consequence of the player's user inputs. (it is to be apprecialed thatl the real time
black box generation in this embodiment is as has been described with reference to Figure 10). This
new position of the virtual vehicle can then be transmitied at Step 168, to the gaming server 4a and
ihe position of other player’s virtual vehicles 20 is received from and as determined relevant by the
gaming server 4a. The new positions of the relevant virtual vehicles are then presented at Step 170,
{o the player on the gaming device 2. This process continues until the end of the race is determined
at Step 172.

{0130] Finally, it should be clear that the feaiures of the present invention can be extended io apply
{o a wide range of sporting events where the moving obijects to be tracked within a delimited field of
play and in real lime are not motor vehicles but could for example be the players on a soccer piich or
basketball court or competitors in a downhill ski event or greyhounds on a racetrack. These are all
examples of enactments areas which are not a track and moving entities which are not vehicles. The
positional data capture system would be a tailored architecture of sensors, computing and
communication equipment. infra-red non-emiiting fabric or small infra-red emitting devices (which can
emii constant or moedulated light and may possibly be triggered) can be incorporated into the real
competitor's clething providing cold or hot spots sultable for tracking and identification. Whilst the
interactive competition of real players or teams and virtual players or feams may not be as practical
as for motor sports, the immersive entedainment and viewing enhancements describe in 18) above
are. The collection of sports siatistics and analytics could be automated in a straightforward way. In
addition, a soccer ball or basketball for example could be engineered to incorporate infra-red
reflecting or non-emitling markers invisible to the human eye and the performance of the tracking
devices would enable the spin on the ball o be measured continuously. This could aiso apply, for
example, to the cue ball in a snooker or pool game with a single sensor positioned above the table.
The common, distinguishing and novel feature is the tracking of moving objects (vehicles, players,
balls,..) over refatively short ranges (<100m) using wide-angle infra-red sensors and illuminaiors and
associated computing and communications equipment to detect passive or active infra-red markers,
reflectors, absorbers or emiiters. The real-lime dala so oblained is used 10 enhance a wide variely of
interactive entertainment and gaming experiences.

[0131] Fealures of the present embodiments can be represented and described by the following
clauses:

1) A system and method for the interaction of compuler games players with live real races that
involve real cars with drivers, or autonomous real cars is described, whereby a single player can
start a race linking their simulated car with one of the real cars and progress either by remaining
linked to the initial car or by linking from real car to real car based on defined proximity
parameters, thereby competing as a virtual driver in a real race against the real drivers in a
competitive manner.

2) A system and method are described whereby when the compuier game player’s simulated car is
not linked {o a real car all of the real cars appear in the race and the computer game player can
by choice avoid the real cars, competing as an independenti entity, or based on defined proximity
parameters choose {o link with a real car. When the player’s simulated car is linked with a real car
the real car does not appear as a competing car in the player's compuier game.

3) A system and method are described whereby when the computer game player’s car is linked with
a real car the simulation of the game player’s car is a digital twin of the real car, meaning that the
performance of the game player's car in its envirenment is a sufficiently close simulation of the
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performance of the real car in its environment as {o create a fair competition between the game
player and the real driver or the autonomous car.

4) A system and method are described where the digital twinning is based on a dynamic, black box
simulation of the highly accurate, measured kinematic performance of the real car in s
environment and the inputs of the real driver to the real car.

5) A system and method are described whereby the computer game dynamically associates virtual
zones with each real car such thal when the car of the computer game player is in those zones it
either becomes a digital twin of the real car or inherits specific performance characteristics related
to the real car.

&) A system and method is described whereby when the compuier game player's car is linked with a
real car and the real car takes time out of the race for any maintenance or modification action
{damage repair, refuelling, new tyres,...) the computer game player can elect {o take the same
time out of the race {possibly delayed by 1 lap)}, in which case their simulated car inherits the
changed performance characteristics of the real car.

7)  Asystem or method is described whereby when the computer game player’s car is not linked with
a real car the compuier game player can elect to take time out of the race for simulaied
maintenance or modification actions which on returning to the real race will qualify the computer
game player's car to link with any real car that has had similar mainienance or modification
actions.

8) A system and method are described whereby a number of computer game players, up io and
including the number of real cars in the race, can link with the real cars throughout the race and
thereby compete against each other as well as against the real cars in a single live real race.

9) A system and method is described for the mass interaction of large numbers of computer games
players with live real races that involve real cars with drivers or autonomous real cars, whereby
every player can start the race linking their simulated car with one of the real cars and progress
by linking from real car to real car based on defined parameters, thereby competing as a virtual
driver in a real race against the real drivers and all of the other computer game playersin a
competitive manner.

10) A system and method are described whereby the games players are competing in a massive
esporis race wherein it is required for each player to interact in a realistic, engaging and
challenging manner with the real race and for there to be a fair method of ranking the very large
number of players in terms of their performance and finishing position in the esporis event and
that method is based on the highly accurale positions of the simulaled cars of the compuler
games players relative to each other.

11} A system or method are described whereby the interaction of the computer games players is with
a recorded version of a previous race, the recording consisting of the highly accurate, measured
kinematic performance of the real cars in the environmenti of the previous race and the inpuis of
the real drivers to the real cars throughout that race.

12} As an alternative, a system or method is described whereby the interaction of the computer
games players is with a recorded version of a previous race, the recording consisting only of the
highly accurate, measured kinematic performance of the real cars in the environment of the
previous race. in this case the digital twinning is based on the digital record of the kinematic
performance of the real cars in their environment combined with any other method that ensures
that the simulated performance of the game player's car in its environment is a sufficiently close
representation of the performance of the real car in iis environment as 1o creale a fair competition
between the game player and the real driver or the autonomous car.

13) A system and method are described whereby when the computer game player’s simulated car is
substituted for a real car there is exchange of video, audio, or any other technical data in any
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direction and for any purpose between the computer system of the game player and the real car
and/or its associated team and their faciiities.

14} A system and method are described whereby each computer game player is allocated a
handicap, based on a fair assessmenti of their previous experience and accumulated skills, and
that handicap is used by the computer game 1o moderale the response of the carin its
environment {o the inpuis of the player in such a way as 1o equalise approximately the chances of
players of different levels of experience and skill competing with the real drivers in the real cars
and/or competing against each other and winning the race.

15} A sysiem and method are described whereby motor racing fans that are not compuier game
players can participate in an interactive viewing experience by linking to any number of the real
cars and computer games player's cars at will using any of the methods described previously and
receive technical data, video streams, audio streams or any of the other data involved in the
systems and methods described previously.

18} A system and method are described in which virtual vehicles of gaming players can be associated
with representations of real motorised vehicles and {ake as inputs positional data regarding real
vehicles in a race and real driver inputs and use these {o generate a reference black box
representation against which gaming player inputs during a race can be assessed {o determine a
simulated gaming environment in which virtual player vehicles can be matched {o representation
of real vehicles to simulate a realistic racing environment.

17} A systemn and method are described in which the dynamic input and ouiput dala of real vehicles is
captured and analysed using black-box modeliing methods the results of which can be fed back in
real time to the competing teams to assist their understanding of the performance of the driver
and car in its environment and in pariicular to provide to the teams highiy accurate kinematic data
on the performance of their cars which to date has been impossible to obtain.

{0132} A system and method are described in which vehicle movement is sensed by groups of
positional sensing devices positioned around a race track, each of the sensing devices inciudes an iR
sensor for defecting IR radiation either emitied, reflected or transmitied from a vehicie {o determine
the vehicle’s track position and a communications means for fransmitting that positicnal dataio a
positional data capture system where data can be collated and provided as live positional data about
a racing event involving those vehicles o a gaming device or server. However, it is to be appreciated
that the movement tracking system is not limited {o vehicle movement as has been described above.
The accuracy of using groups of infra-red sensors with appropriate configuration and connections to
other groups of infrared sensors enables accurate positional detection of moving bodies and can be
applied for exampie to non-motorised sports involving the movement of humans or animals.

{0133] Itis also to be appreciated that varicus modifications to the described embodiments are
possible and elemenis of one embodiment can be combined with elements of other embodimenis
without difficulty. Accordingly, it is to be appreciated the methods and sysiem described herein are
non-liming examples of how different aspect of the present invention can be implemented and the
present invention is {o be determined by the spirit and scope of the present disclosure.
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CLAIMS:

1. A compuier implemented method of controlling an inleractive hybrid environment representing
a motorised sporting event at a track, the interactive hybrid environment including representations of
real and virtual vehicles on the track, the method comprising:

Receiving a stream of real sensor data, the real sensor data comprising:

a. real kinematic data of a real vehicle on the track, the real kinematic data being
captured by infra-red sensors at the track, and

b. real control data regarding the control of the real vehicle by a driver, the real control
data being captured by vehicle sensors and oblained via telemetry systems from the
real vehicle;

Determining the position and kinematic behaviour of the representation of the real vehicle
within the inferactive hybrid environment using the real kinematic data;

Using the real control data and the real kinematic data o creale a black box determination of
the position of the real vehicle on the track based on the real controi data;

Receiving a stream of computer-generated control data which is obtained by user interaction
with a computer presenting the interactive hybrid environment to the user and capiuring the user
inputs to control kinematic behaviour the representation of the virtual vehicle; and

Determining the position and kinematic behaviour of the representation of the virlual vehicle
within the interactive hybrid environment by using the black box determination and the computer-
generated controf data.

2. The computer implemented method of Claim 1, wherein the real sensor data comprises real
kinematic data of a plurality of real vehicles on the track and real control data regarding the control of
each of the plurality of the real vehicles by a respective driver.

3. The computer implemenied method of Claim 2, wherein the real sensor data of sach real
vehicle of the plurality of the real vehicles includes a vehicle identifier.

4. The computer implemented method of Claim 2 or 3, wherein the siream of compuier-
generated controf data comprises a plurality of streams of computer-generaied data, each stream
being generated by a different user interaction with a respective computer and capture of the
respective user inputs.

5. The computer implemenied method of Claim 4, wherein the stream of computer-generated
control data of each of the plurality of streams of computer-generated data includes a computer
device identifier.

8. The computer implemented method of any of Claims 2 {¢ 4, wherein the plurality of real
vehicles is less than the pluralily of streams of computer-generated data sireams and the method
further comprises linking a subset of the plurality of representations of viriual vehicles with a
representation of one real vehicle to create a linked representiation.

7. The computer implemented method of Claim 6, further comprising using the linked
representation to represent the subset of the plurality of representations of virtual vehicles within the
interactive hybrid environment whilst the position of the virtual vehicle of the subset is within tolerance
limits of the real vehicle.

8. The computer implemented method of Claim € or 7, wherein the plurality of computer-
generated data streams is a plurality of times larger than the plurality of real vehicles and the linking
step comprises linking each of the plurality of computer-generated data to the plurality of
representations of real vehicles in an even distribution.
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9. The computer implemented method of Claim 8 or 7, wherein the plurality of computer-
generated dala streams is a plurality of times larger than the plurality of real vehicles and the linking
step comprises linking each of the plurality of computer-generated data to the plurality of
representations of real vehicles in a logarithmic distribution.

10. The computer implemented method of any of Claims 1 to 9, further comprising:

updating the interactive hybrid environment with new positions of the representations of the
real and virtual vehicles as determined by the received real sensor data and computer-generated
data;

generating the updated interactive hybrid environment; and

broadcasting the updated interactive hybrid environment from a central server to a plurality of
remotely located computers.

11, The computer implemented method of any of Claims 1 {o 9, further comprising:

broadcasting the black box determination and the real sensor data from a central serverto a
plurality of remotely located computers;

generaling the interactive hybrid environment at each remotely located computer;

updating the interactive hybrid environment with new positions of the representations of the
real and virtual vehicles as determined by the received real sensor data and computer-generaied
daia; and

transmitling the new positions of the representations of the virtual vehicles 1o the central
server.

12. The computer implemented method of any of Claims 1 to 11, further comprising varying the
association between the compuler-generated control data and the resultant position of the virtual
vehicie using an artificial intelligence engine, which references the black box determination.

13. The computer implemented method of any of Claims 1 to 12, wherein the received real
kinematic data comprises longitudinal positional data with respect 1o the track, lateral positional data
with respect {0 the track and vehicle orientation data with respect to the track.

14, The computer implemented method of any of Claims 1 1o 13, wherein the real control data
comprises one or more of steering wheel position, accelerator position, braking pedal position and
gear selection of the real vehicle.

15. The computer implemented method of any of Claims 1 to 14, further comprising retrieving the
real sensor data from a data siore which has stored copy of the real sensor data as the real sensor
daia was generated.

16. The computer implemented method of any of Claims 1 to 14, wherein the receiving step
comprises receiving the real sensor data substantially in real time as the sporiing event is occuiring.

17. The computer implemented method of any of Claims 1 to 16, wherein the stream of real
sensor data has a sampling rate of at least 25Hz and the position of the real vehicle at a peint in time
is captured and provided io the interactive hybrid environment within 40 milliseconds of being
capiured.

18. The computer implemented method of any of Claims 1 to 16, wherein the siream of real
sensor data has a sampling rate of at least 80Hz and the position of the real vehicle at a point in time
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is captured and provided to the interactive hybrid environment within 16.7 milliseconds of being
captured.

19. The computer implemented method of any of Claims 1 o 18, further comprising using stored
daia models to generate the interactive hybrid environment.

20. The computer implemenied method of any of Claims 1 to 19, further comprising receiving a
stream of video data from the real vehicle and including the siream of video data in the interactive
hybrid environment.

21. The computer implemented method of any of Claims 1 to 20, further comprising receiving a
stream of audio data from the real vehicle and including the stream of video data in the interactive
hybrid environment.

22. The computer implemented method of Claim 2 or any of Claims 3 io 21 as dependent on
Claim 2, further comprising linking the representation of one of the virtual vehicles of the plurality of
virtual vehicles to a representation of one of the real vehicles of the pluraiity of real vehicles at a point
in time when the position of the representation of the virtual vehicle is within a predetermined
threshold of the position of the representation of the real vehicle and using the representation of the
real vehicle as the representation of the virtual vehicle in the interactive hybrid environment.

23. The computer implemented method of Claim 22 as dependent on Claim 20 or 21, wherein the
linking step activates the provision of the received stream of audio or video data from the reai vehicie
o the computer presenting the interactive hybrid environment 1o the user.

24. The computer implemented method of Claim 22 or 23, further comprising uniinking the
representation of one of the virtual vehicles of the plurality of virtual vehicles with the representation of
one of the real vehicles of the pluralily of real vehicles at a point in time when the position of the
representation of the virtual vehicle is cutside the predetermined threshold of the position of the
representation of the real vehicle and presenting the representation of the virtual vehicle separately o
the representation of the real vehicle within the interactive hybrid environment.

25. The computer implemented method of any of Claims 22 to 24, further comprising providing
details of any virtual vehicle linked to a representation of the real vehicle to a remotely located third
parly compuier.

28. The computer implemented method of Claim 2 or any of Claims 3 to 25 as dependent on
Claim 2, wherein each real vehicle has a sei of performance characteristics and the method further
comprises determining the closest positioned representation of a real vehicle of the plurality of real
vehicies to the representation of the virtual vehicle and adopling the set of performance
characteristics of the closest representation of the real vehicle as the performance characteristics of
the virtual vehicle.

27. The computer implemented method of any of Claims 1 to 26, further comprising capturing a
positional data of the real vehicle on the track using said infra-red sensors, converting the positional
data over time into the stream of real kinematic data and transmilting the same in realtime to a
ceniral server.

28. The computer implemented method of Claim 27, wherein the capluring step comprises

capturing the positional data using groups of sensors monitoring different portions of the track,
wherein each sensor in each group of sensors detects infra-red radiation either emitled, reflected or
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transmitied from the one or more vehicles operating on the track within a field of view (FOV) of the
Sensor.

28. The computer implemented method of Claim 28, further comprising processing the infra-red
radiation delected by the infra-red sensor to delermine kinematic data of the one or more real vehicles
operating on the track.

30. A compuier system for controlling an interactive hybrid environment representing a motorised
sporiing event at a track, the interactive hybrid environment including representations of real and
virtual vehicles on the frack, the system comprising:

a receiver for receiving a stream of real sensor data, the real sensor data comprising real
kinematic data of a real vehicle on the track and real control data regarding the control of the real
vehicie by a driver, the real kinematic data being captured by infra-red sensors at the track and the
real conirol daia being captured by vehicle sensors and oblained via telemetry systems from the real
vehicle;

a virtual race command processor configured o receive a siream of computer-generated
control data which is obtained by user interaction with a computer presenting the interactive hybrid
environment o the user and capturing the user inputs to conirol kinematic behaviour the
representation of the virtual vehicle; and

a virtual race simulation engine including:

a race simulation cutput engine for determining the position and kinematic behaviour
of the representation of the real vehicle within the interactive hybrid environment using the
real kinematic data;

a reference black box model generator configured o use the real control data and the
real kinematic data fo create a black box determination of the position of the real vehicle on
the track based on the real control data; and

a gaming black box implementing engine configured fo determine the position and
kinematic behaviour of the representation of the virtual vehicle within the interactive hybrid
environment by using the black box determination and the compuier-generated control data.

31. The computer system of Claim 30, further comprising an artificial intelligence engine which is
configured to vary the association between and the resuliani position of the virtual vehicle.

32. The computer system of Claim 31, wherein the artificial intelligence engine is configured to
broaden thresholds required of the received computer-generated control data to generate a given
position of the virtual vehicle.

33. A sensing system for providing positional data of one or more moving entities operating on an
enactment area to a central server, the sensing system comprising a plurality of sensor groups, each
of the sensor groups being configured io monitor a portion of the enaciment area, and each of the
Senser groups comprising:

a plurality of positional sensing devices positioned around the enactment area, with each of
the positional sensing devices configured to monitor a different portion of the enactment area from an
elevated position, wherein each of the positional sensing devices comprises:

an infra-red sensor having a field of view (FOV) for detecting infra-red radiation either
emitied, reflected or transmitted from the one or more moving entilies operating on the
enactment area within the FOV and generaling a sensor cutput; and

a transmitter configured io transmit the sensor ouiput of the infrared sensor, or
information derived therefrom, to another one of the plurality of positional sensing devices of
its sensor group which acls as a communications node for that sensor group ; and
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communications equipment communicably coupled to the positional sensing device which
acts as the communications node within a sensor group, the communications equipment being
configured to transmit the sensor output, or the information derived therefrom, of each infra-red
sensor of the sensor group {o a central collation server.

34, A sensing system of Claim 33, wherein each of the sensor groups comprises 10 or less
positional sensing devices.

35. A sensing system of Claim 33 or 34, wherein at least one of the positional sensing devices of
the sensor group comprises a processor configured {o determine current kinematic data of the one or
more moving entities operating on the enactment area within the FOV, in at least two dimensions,
based on the sensor outputi, or information derived therefrom.

38. A sensing system of any of Claims 33 to 35, wherein a first sensor group of the plurality of
senser groups is configured o relay the sensor cutput, or information derived therefrom, determined
by the first senser group onto a second sensor group of the plurality of sensor groups.

37. A sensing system of any of Claims 33 to 38, wherein one or more of the plurality of sensing
devices comprises a Long Wave Infra-Red (LWIR) microbolometer or Medium Wave Infra-Red
(MWIR) photon detecting camera configured to detect thermal IR emitied by the one or more real
moving entities on the enactment area.

38. A sensing system of any of Claims 33 to 37, wherein one or more of the plurality of sensing
devices comprises one of a Short Wave Infra-Red (SWIR) or Near Infra-Red (NIR} photon detecting
camera to detect broadband or narrowband light emiited or reflecied or iransmiited from the moving
entity.

39. A sensing system of any of Claims 33 to 38, wherein one or more of the plurality of positional
sensing devices have a frame rate of at leasi 60Hz.

40, A sensing system of any of Claims 33 to 38, wherein one or more of the plurality of positionatl
sensing devices comprises an LED fisodlamp directed toward a portion of enaciment area and is
configured io deiect reflected light originating from the LED fiocdlamp.

41. A sensing system of any of Claims 33 to 40, wherein one or more of the plurality of positional
sensing devices is configured to detect an infra-red signature of the moving entity composed of
modulated infra-red light.

42. A sensing system of Claim 41, wherein one or more of the plurslity of positional sensing
devices is configured to detect a unique identifier of the moving entity based on the infra-red
signature.

43. A sensing system of any of Claims 33 to 42, wherein one or more of the plurality of positionai
sensing devices are configured to detect infra-red radiation reflected or emilted at edges of the
enactment area and the system is configured {o use the detected information as a frame of reference
o determine a lalerai position of the moving entity.

44, A sensing system of any of Claims 33 {0 43, wherein al least some of the positional sensing
devices are arranged to have a boresight of their fleld of view (FOV) which is at an acute angle 1o the
horizontal plane and face oncoming moving entities in use as they progress through the enactment
area.
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45, A sensing system of any of Claims 33 o 44, wherein at least some of the plurality of
positional sensing devices comprise an FOV of 20 to 30 degrees and a detection range up io 50
metres.

48, A sensing system of any of Claims 33 to 45, wherein at least some of the plurality of
positional sensing devices comprise an FOV of 70 degrees and a detection range up to 15 metres.

47. A sensing system of any of Claims 33 to 46, further comprising a GPS receiver, the GPS
receiver providing a time stamp for the sensor output, or information derived therefrom, and the
system being configured fo use the time stamp to establish a common time reference for sensor
output or data derived therefrom from at least some of the pesitional sensing devices.

48. A sensing system of any of Claims 33 to 47, wherein the communications equipment is
configured to operate at a minimum 25 Hz refresh rate to provide the sensor oulpui or information
derived therefrom, of the one or more moving entities operating on the enaciment area io the central
server,

49. A sensing system of any of Claims 33 {0 47, wherein the communications equipment is
configured o operale at a minimum 60 Hz refresh rate {o provide the sensor ocutput or information
derived therefrom, of the one or more moving entities operating on the enactment area 1o the central
server.

50. A sensing system of any of Claims 33 to 48, wherein the sysiem is configured {o determine
the longitudinal position along the enactment area, the lateral position across the enactment area and
a rotational orientation of the moving entity.

51. A sensing system of any of Claims 33 to 50, wherein the plurality of positional sensing
devices of a sensor group is arranged in sequence and a positional sensing device at a mid-peint of

the sequences acts as the communications node of the sensor group.

52. A sensing system of any of Claims 33 {0 51, wherein the moving enlities comprise vehicles
and the enactment area comprises a track.
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