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RACING SIMULATION

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Non-provisional Application No. 

15/813,662, filed on November 15, 2017, which claims the benefit of U.S. Provisional 

Application No. 62/530,037, filed on July 7, 2017, entitled “Racing Simulation,” each of 

which is herein incorporated by reference in its entirety. 

FIELD 

[0002] The present disclosure relates generally to vehicle simulation, and more 

specifically to combining real world and virtual world automobile racing. 

BACKGROUND 

[0003] For almost every automobile, there is a racing competition.  Our media is full of 

car races, bike races, and truck races on racecourses.  Each race produces a champion and, 

racing series produce season champions. 

[0004] Automobile racing is not limited to the real world.  Recently, virtual automobile 

racing has gained popularity. Virtual racing champions can win hundreds of thousands of 

dollars per race.  Season virtual champions can win millions of dollars.  

SUMMARY 

[0004a] In an aspect, the present disclosure refers to a method for displaying a virtual 

vehicle comprising: identifying a position of a physical vehicle at a racecourse; identifying a 

position of a point of view at the racecourse; providing the position of the physical vehicle 

and the position of the point of view at the racecourse to a simulation system; calculating, by 

the simulation system, a virtual world comprising the virtual vehicle and a representation of 

the physical vehicle at a virtual position; calculating, by the simulation system, a virtual 

position of the point of view within the virtual world based on the position of the point of 

view at the racecourse; calculating, by the simulation system, a portion of the virtual vehicle 

within the virtual world that is visible from the virtual position of the point of view, wherein 

the portion of the virtual vehicle visible from the virtual position of the point of view 
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comprises a portion of the virtual vehicle that is unobscured, from the virtual position of the 

point of view, by the representation of the physical vehicle at the virtual position of the 

physical vehicle; outputting, by the simulation system, the portion of the virtual vehicle 

visible from the virtual position of the point of view; providing, to a display system, the 

portion of the virtual vehicle visible from the virtual position of the point of view; generating, 

at the display system, a representation of the portion of the virtual vehicle visible from the 

virtual position of the point of view; and displaying a series of representations of the virtual 

vehicle over a period of time to simulate a trajectory of the virtual vehicle on the racecourse, 

wherein the series of representations comprises the representation of the portion of the virtual 

vehicle visible from the virtual position of the point of view. 

[0004b] In another aspect, the present disclosure refers to a system for displaying 

virtual vehicles, comprising: a first sensor detecting a position of a physical vehicle at a 

racecourse; a second sensor detecting a position of a point of view at the racecourse; a 

simulation system: receiving the position of the physical vehicle from the first sensor and the 

position of the point of view at the racecourse from the second sensor, calculating a virtual 

world comprising the virtual vehicle and a representation of the physical vehicle at a virtual 

position, calculating a virtual position of the point of view within the virtual world based on 

the position of the point of view at the racecourse, calculating a portion of the virtual vehicle 

within the virtual world that is visible from the virtual position of the point of view, wherein 

the portion of the virtual vehicle visible from the virtual position of the point of view 

comprises a portion of the virtual vehicle that is unobscured, from the virtual position of the 

point of view, by the representation of the physical vehicle at the virtual position of the 

physical vehicle, and outputting the portion of the virtual vehicle visible from the virtual 

position of the point of view; and a display system: receiving, from the simulation system, the 

portion of the virtual vehicle visible from the virtual position of the point of view, generating 

a representation of the portion of the virtual vehicle visible from the virtual position of the 

point of view, and displaying a series of representations of the virtual vehicle over a period of 

time to simulate a trajectory of the virtual vehicle on the racecourse, wherein the series of 

representations comprises the representation of the portion of the virtual vehicle visible from 

the virtual position of the point of view. 

[0005] In some examples, a method for displaying a virtual vehicle includes identifying a 

position of a physical vehicle at a racecourse, identifying a position of a point of view at the 
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racecourse, and providing, to a display system, a portion of the virtual vehicle visible from a 

virtual position of the point of view calculated within a virtual world based on the position of 

the point of view at the racecourse.  As an exemplary advantage, embodiments described 

herein may allow a physical vehicle operator to compete with a virtual vehicle operator.  

Further, by displaying a representation of the portion of the virtual vehicle visible from the 

virtual position of the point of view, the competition between the physical and virtual vehicle 

operators may appear more realistic. 

[0006] In some examples, the portion of the virtual vehicle visible from the virtual 

position of the point of view includes a portion of the virtual vehicle that is unobscured, from 
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the virtual position of the point of view, by a representation of the physical vehicle at a virtual 

position of the physical vehicle in the virtual world.  

[0007] In some examples, the method further includes simulating, by the simulation 

system, an interaction between the virtual vehicle and the representation of the physical 

vehicle in the virtual world, wherein the portion of the virtual vehicle visible from the virtual 

position of the point of view is calculated based on the interaction. 

[0008] In some examples, the position of the point of view at the racecourse includes a 

point of view of an operator of the physical vehicle, and identifying a position of a point of 

view at the racecourse includes detecting, at a sensor, the point of view of the operator of the 

physical vehicle, the method further including: identifying a position of a physical object; 

receiving kinematics information of the virtual vehicle; generating, at a display system, a 

representation of the virtual vehicle based on the position of the physical object, the position 

of the point of view at the racecourse, and the kinematics information; and displaying the 

representation of the virtual vehicle such that the virtual vehicle is aligned with the physical 

object from the perspective of the position of the point of view at the racecourse. 

[0009] In some examples, the method further includes generating, at a display system, the 

representation of the portion of the virtual vehicle visible from the virtual position of the 

point of view. 

[0010] In some examples, the method further includes displaying, by the display system, 

a series of representations of the virtual vehicle over a period of time to simulate a trajectory 

of the virtual vehicle on the racecourse, the series of representations includes the 

representation of the portion of the virtual vehicle visible from the virtual position of the 

point of view.  In some examples, a predicted trajectory of the virtual vehicle is displayed.  

The prediction may be based on current trajectory, acceleration, current vehicle parameters, 

etc.  This may allow an audience member to anticipate if a virtual vehicle is likely to overtake 

a physical vehicle.  The predicted trajectory may be presented as a line, such as a yellow line.  

Other displays may also be included, such as “GOING TO PASS!” or “GOING TO 

CRASH!” 

[0011] In some examples, the method further includes storing, by the 
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display system, a digital 3-D model of the virtual vehicle used to generate each representation 

from the series 
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of representations, each representation is generated by the display system based on the digital 

3-D model. 

[0012] In some examples, the method further includes receiving a digital 3-D model of 

the virtual vehicle used to generate each representation from the series of representations, 

each representation is generated by the display system based on the digital 3-D model. 

[0013] In some examples, the kinematics information includes one or more vectors of 

motion, one or more scalars of motion, a position vector, a GPS location, a velocity, an 

acceleration, an orientation, or a combination thereof of the virtual vehicle. 

[0014] In some examples, identifying the position of the physical vehicle includes 

detecting one or more vectors of motion, one or more scalars of motion, a position vector, a 

GPS location, a velocity, an acceleration, an orientation, or a combination thereof of the 

virtual vehicle. 

[0015] In some examples, identifying the position of the point of view at the racecourse 

includes detecting a spatial position of a head of an operator of the physical vehicle.   

[0016] In some examples, the method further includes transmitting, by a telemetry system 

coupled to the physical vehicle, the spatial position to a simulator system; receiving, at the 

telemetry system, information related to the portion of the virtual vehicle visible from the 

virtual position of the point of view; and displaying, to the operator of the physical vehicle, 

the representation of the portion of the virtual vehicle based on the information. 

[0017] In some examples, the method further includes displaying the representation of the 

portion of the virtual vehicle includes: translating the information into a set of graphical 

elements, displaying the representation of the portion includes displaying the set of graphical 

elements.  In some examples, the method further includes computing, at the simulation 

system, the information related to the portion visible from the 
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virtual position of the point of view. 

[0018] In some examples, displaying the series of representations of the virtual vehicle 

includes displaying the series of representation on a display of the physical vehicle, 
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and the display is a transparent organic light-emitting diode (T-OLED) display that allows 

light to pass through the T-OLED to display the field of view to the operator. 

[0019] In some examples, displaying the series of representations of the virtual vehicle 

includes displaying the series of representations on a display of the physical vehicle, and the 

display is an LCD display, the method further including: capturing, by a camera coupled to 

the physical vehicle, an image representing the field of view of the physical world as seen by 

the operator on the display in the physical vehicle; and outputting the image on a side of the 

LCD display to display the field of view to the operator, the series of representations are 

overlaid on the image displayed by the LCD display.

[0020] In some examples, displaying the series of representations of the virtual vehicle 

includes displaying the series of representations on a display of the physical vehicle, and the 

display includes a front windshield of the physical vehicle, one or more side windows of the 

physical vehicle, a rear windshield of the physical vehicle, one or more side mirrors, a 

rearview mirror, or a combination thereof. 

[0021] In some examples, displaying the series of representations of the virtual vehicle 

includes displaying the series of representations on a display of a headset worn by the 

operator.  In some examples, the headset is a helmet. 

[0022] In some examples, identifying the position of the point of view at the racecourse 

includes detecting one or more of a spatial position of a user’s eyes, a gaze direction of the 

user’s eyes, or a focus point of the user’s eyes. 

[0023] In some examples, the method further includes: providing the position of the 

physical vehicle and the position of the point of view at the racecourse to a simulation 

system; calculating, by the simulation system, a virtual world including the virtual vehicle 

and a representation of the physical vehicle; calculating, by the simulation system, a virtual 

position of the point of view within the virtual world based on the position of the point of 

view at the racecourse; and calculating, by the simulation system, the portion of the virtual 

vehicle visible from the virtual position of the point of view, and providing, to a display 

system, the portion of the virtual vehicle visible from the virtual position of the point of view 

includes outputting, by the simulation system, the portion of the virtual vehicle visible from 

the virtual position of the point of view. 
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[0024] In some examples, identifying the position of the physical vehicle includes 

receiving a location of each of two portions of the vehicle. 

[0025] In some examples, identifying the position of the physical vehicle includes 

receiving a location of one portion of the vehicle and an orientation of the vehicle.  In some 

examples, receiving the orientation of the vehicle includes receiving gyroscope data. 

[0026] In some examples, the position of the point of view at the racecourse includes a 

position of a point of view of an operator of the physical vehicle at the racecourse.  In some 

examples, the position of the point of view at the racecourse includes a position of a point of 

view of an audience member present at a racecourse and observing the physical vehicle on 

the racecourse.   

[0027] In some examples, the position of the point of view at the racecourse includes a 

position of a camera present at a racecourse and imaging the physical vehicle on the 

racecourse. In some examples, the camera images a portion of the racecourse on which the 

physical vehicle is racing. When the physical vehicle is travelling across the portion of the 

racecourse being captured by the camera, the camera may capture the physical vehicle in its 

video feed. When the physical vehicle is not travelling across the portion of the racecourse 

being captured by the camera, the camera may still capture the portion of the racecourse. 

[0028] In some examples, identifying the position of the point of view at the racecourse 

includes at least one of measuring a point of gaze of eyes, tracking eye movement, tracking 

head position, identifying a vector from one or both eyes to a fixed point on the physical 

vehicle, identifying a vector from a point on the head to a fixed point on the physical vehicle, 

identifying a vector from a point on eye-wear to a fixed point on the physical vehicle, 

identifying a vector from a point on a head gear to a fixed point on the physical vehicle, 

identifying a vector from one or both eyes to a fixed point in a venue, identifying a vector 

from a point on the head to a fixed point in the venue, identifying a vector from a point on 

eye-wear to a fixed point in the venue, or identifying a vector from a point on a head gear to a 

fixed point in the venue.  In some examples, identifying the position of the point of view at 

the racecourse includes measuring the point of gaze of the eyes and the measuring includes 

measuring light reflection or refraction from the eyes.  
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[0029] In some examples, providing the position of the physical vehicle and the position 

of the point of view at the racecourse includes wireless transmitting at least one position. 

[0030] In some examples, calculating a virtual world includes transforming physical 

coordinates of the physical vehicle to coordinates in the virtual world and the virtual position 

of the physical vehicle includes the virtual coordinates. 

[0031] In some examples, calculating the portion of the virtual vehicle visible from the 

virtual position of the point of view includes: calculating a representation of the physical 

vehicle in the virtual world, calculating a representation of a physical object in the virtual 

world between the point of view and the virtual vehicle within the virtual world, and 

extracting a portion of the virtual vehicle that is unobscured, from the virtual position of the 

point of view, by the representation of the physical vehicle and the representation of the 

physical object. In some examples, the portion of the virtual vehicle within the virtual world 

that is visible from the virtual position of the point of view includes the unobscured portion.  

[0032] In some examples, extracting the portions of the virtual vehicle may include 

determining which pixels are obstructed by other representations, and only displaying pixels 

that are not obstructed by other representations.  In some examples, extracting the portions of 

the virtual vehicle may include setting a pixel alpha value of zero percent (in RGBA space) 

for all pixels obstructed by other representations.  For example, portions of the virtual vehicle 

may be obstructed by other virtual representations, e.g., another virtual vehicle, or 

representations of physical objects, e.g., objects within a physical vehicle or the physical 

vehicle itself. Any observed (from the virtual position of the point of view) pixel values can 

be used to provide the portions of the virtual vehicle that are visible from the virtual position 

of the point of view. In some examples, the pixels of unobscured and observed portions of the 

virtual vehicle can each be set to include an alpha value greater than zero percent (in RGBA 

space) to indicate that those unobscured pixels can be seen and should be displayed. In 

contrast, pixels set to an alpha value of zero percent indicate that those pixels are fully 

transparent, i.e., invisible, and would not be displayed. 

[0033] In some examples, calculating the representation of the physical object between 

the virtual position of the point of view and the representation of the physical  
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 vehicle includes accessing a database of representations to obtain a virtual position of the 

physical object. 

[0034] In some examples, the portion of the virtual vehicle visible from the virtual 

position of the point of view consists of portions of the virtual vehicle that are unobscured by 

other representations in the virtual world. 

[0035] In some examples, the portion of the virtual vehicle visible from the virtual 

position of the point of view includes a virtual shadow in the virtual world.  In some 

examples, the virtual shadow is at least one of a shadow projected by the virtual vehicle and a 

shadow projected onto the virtual vehicle.  In some examples, the portion of the virtual 

vehicle visible from the virtual position of the point of view includes a virtual reflection. In 

some examples, the virtual reflection is at least one of a reflection of the virtual vehicle and a 

reflection on the virtual vehicle.   

[0036] In some examples, calculating, by the simulation system, a portion of the virtual 

vehicle within the virtual world that is visible from the virtual position of the point of view 

includes calculating a field of view from the virtual position of the point of view and 

providing, to the display system, the portion of the virtual vehicle visible from the virtual 

position of the point of view includes displaying the portion of the virtual vehicle within the 

field of view. 

[0037] In some examples, calculating, by the simulation system, a portion of the virtual 

vehicle within the virtual world that is visible from the position of the virtual point of view 

includes calculating a field of view from the virtual position of the point of view and 

providing, to the display system, the portion of the virtual vehicle visible from the virtual 

position of the point of view consists of displaying the portion of the virtual vehicle visible 

within the field of view. 

[0038] In some examples, a method for displaying a virtual vehicle includes means for 

identifying a position of a physical vehicle at a racecourse, means for identifying a position of 

a point of view at the racecourse, and means for providing, to a display system, a portion of 

the virtual vehicle visible from a virtual position of the point of view calculated within a 

virtual world based on the position of the point of view at the racecourse.  As an exemplary 

advantage, examples described herein may allow a physical vehicle 
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operator to compete with a virtual vehicle operator.  Further, by displaying a representation of 

the 
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portion of the virtual vehicle visible from the virtual position of the point of view, the 

competition between the physical and virtual vehicle operators may appear more realistic. 

[0039] In some examples, the portion of the virtual vehicle visible from the virtual 

position of the point of view includes a portion of the virtual vehicle that is unobscured, from 

the virtual position of the point of view, by a representation of the physical vehicle at a virtual 

position of the physical vehicle in the virtual world. In some examples, the method further 

includes means for simulating, by the simulation system, an interaction between the virtual 

vehicle and the representation of the physical vehicle in the virtual world, the portion of the 

virtual vehicle visible from the virtual position of the point of view is calculated based on the 

interaction. 

[0040] In some examples, the position of the point of view at the racecourse includes a 

point of view of an operator of the physical vehicle, and means for identifying a position of a 

point of view at the racecourse includes means for detecting, at a sensor, the point of view of 

the operator of the physical vehicle, the method further including: means for identifying a 

position of a physical object; means for receiving kinematics information of the virtual 

vehicle; means for generating, at a display system, a representation of the virtual vehicle 

based on the position of the physical object, the position of the point of view at the 

racecourse, and the kinematics information; and means for displaying the representation of 

the virtual vehicle such that the virtual vehicle is aligned with the physical object from the 

perspective of the position of the point of view at the racecourse. 

[0041] In some examples, the method further includes means for generating, at a display 

system, the representation of the portion of the virtual vehicle visible from the virtual position 

of the point of view. 

[0042] In some examples, the method further includes means for displaying, by the 

display system, a series of representations of the virtual vehicle over a period of time to 

simulate a trajectory of the virtual vehicle on the racecourse, the series of representations 

includes the representation of the portion of the virtual vehicle visible from the virtual 

position of the point of view.  In some examples, a predicted trajectory of the virtual vehicle 

is displayed.  The prediction may be based on current trajectory, acceleration, current vehicle 

parameters, etc.  This may allow an audience member to anticipate if a virtual 
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vehicle is likely to overtake a physical vehicle.  The predicted trajectory may be presented as 

a line, 
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such as a yellow line.  Other displays may also be included, such as “GOING TO PASS!” or 

“GOING TO CRASH!” 

[0043] In some examples, the method further includes means for storing, by the display 

system, a digital 3-D model of the virtual vehicle used to generate each representation from 

the series of representations, each representation is generated by the display system based on 

the digital 3-D model. 

[0044] In some examples, the method further includes means for receiving a digital 3-D 

model of the virtual vehicle used to generate each representation from the series of 

representations, each representation is generated by the display system based on the digital 3-

D model. 

[0045] In some examples, the kinematics information includes one or more vectors of 

motion, one or more scalars of motion, a position vector, a GPS location, a velocity, an 

acceleration, an orientation, or a combination thereof of the virtual vehicle. 

[0046] In some examples, means for identifying the position of the physical vehicle 

includes means for detecting one or more vectors of motion, one or more scalars of motion, a 

position vector, a GPS location, a velocity, an acceleration, an orientation, or a combination 

thereof of the virtual vehicle. 

[0047] In some examples, means for identifying the position of the point of view at the 

racecourse includes means for detecting a spatial position of a head of an operator of the 

physical vehicle.  In some examples, the method further includes means for transmitting, by a 

telemetry system coupled to the physical vehicle, the spatial position to a simulator system; 

means for receiving, at the telemetry system, information related to the portion of the virtual 

vehicle visible from the virtual position of the point of view; and means for displaying, to the 

operator of the physical vehicle, the representation of the portion of the virtual vehicle based 

on the information. 

[0048] In some examples, the method further includes means for displaying the 

representation of the portion of the virtual vehicle includes: means for translating the 

information into a set of graphical elements, means for displaying the representation of the 

portion includes means for displaying the set of graphical elements.  In some examples,
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 the method further includes means for computing, at the simulation system, the information 

related to the portion visible from the virtual position of the point of view. 

[0049] In some examples, means for displaying the series of representations of the virtual 

vehicle includes means for displaying the series of representation on a display of the physical 

vehicle, and the display is a transparent organic light-emitting diode (T-OLED) display that 

allows light to pass through the T-OLED to display the field of view to the operator. 

[0050] In some examples, means for displaying the series of representations of the virtual 

vehicle includes means for displaying the series of representations on a display of the 

physical vehicle, and the display is an LCD display, the method further including: means for 

capturing, by a camera coupled to the physical vehicle, an image representing the field of 

view of the physical world as seen by the operator on the display in the physical vehicle; and 

means for outputting the image on a side of the LCD display to display the field of view to 

the operator, the series of representations are overlaid on the image displayed by the LCD 

display. 

[0051] In some examples, means for displaying the series of representations of the virtual 

vehicle includes means for displaying the series of representations on a display of the 

physical vehicle, and the display includes a front windshield of the physical vehicle, one or 

more side windows of the physical vehicle, a rear windshield of the physical vehicle, one or 

more side mirrors, a rearview mirror, or a combination thereof. 

[0052] In some examples, means for displaying the series of representations of the virtual 

vehicle includes means for displaying the series of representations on a display of a headset 

worn by the operator.  In some examples, the headset is a helmet. 

[0053] In some examples, means for identifying the position of the point of view at the 

racecourse includes means for detecting one or more of a spatial position of a user’s eyes, a 

gaze direction of the user’s eyes, or a focus point of the user’s eyes. 

[0054] In some examples, the method further includes: means for providing the position 

of the physical vehicle and the position of the point of view at the racecourse to a simulation 

system; means for calculating, by the simulation system, a virtual world including the virtual 

vehicle and a representation of the physical vehicle; means for calculating, by the
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 simulation system, a virtual position of the point of view within the virtual world based on 

the position of the point of view at the racecourse; and means for calculating, by the 

simulation system, the portion of the virtual vehicle visible from the virtual position of the 

point of view, and means for providing, to a display system, the portion of the virtual vehicle 

visible from the virtual position of the point of view includes means for outputting, by the 

simulation system, the portion of the virtual vehicle visible from the virtual position of the 

point of view. 

[0055] In some examples, means for identifying the position of the physical vehicle 

includes means for receiving a location of each of two portions of the vehicle. 

[0056] In some examples, means for identifying the position of the physical vehicle 

includes means for receiving a location of one portion of the vehicle and an orientation of the 

vehicle.  In some examples, means for receiving the orientation of the vehicle includes means 

for receiving gyroscope data. 

[0057] In some examples, the position of the point of view at the racecourse includes a 

position of a point of view of an operator of the physical vehicle at the racecourse.  In some 

examples, the position of the point of view at the racecourse includes a position of a point of 

view of an audience member present at a racecourse and observing the physical vehicle on 

the racecourse.  In some examples, the position of the point of view at the racecourse includes 

a position of a camera present at a racecourse and the method further includes means for 

imaging the physical vehicle on the racecourse. In some examples, the camera images a 

portion of the racecourse on which the physical vehicle is racing. When the physical vehicle 

is travelling across the portion of the racecourse being captured by the camera, the camera 

may capture the physical vehicle in its video feed. When the physical vehicle is not travelling 

across the portion of the racecourse being captured by the camera, the camera may still 

capture the portion of the racecourse. 

[0058] In some examples, means for identifying the position of the point of view at the 

racecourse includes at least one of means for measuring a point of gaze of eyes, means for 

tracking eye movement, means for tracking head position, means for identifying a vector 

from one or both eyes to a fixed point on the physical vehicle, means for identifying a vector 

from a point on the head to a fixed point on the physical vehicle, means for identifying a 

vector from a point on eye-wear to a fixed point on the physical vehicle, means for 
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identifying a vector from a point on a head gear to a fixed point on the physical vehicle, 

means for identifying a vector from one or both eyes to a fixed point in a venue, means for 

identifying a vector from a point on the head to a fixed point in the venue, means for 

identifying a vector from a point on eye-wear to a fixed point in the venue, or means for 

identifying a vector from a point on a head gear to a fixed point in the venue.  In some 

examples, means for identifying the position of the point of view at the racecourse includes 

means for measuring the point of gaze of the eyes and the means for measuring includes 

means for measuring light reflection or refraction from the eyes. 

[0059] In some examples, means for providing the position of the physical vehicle and 

the position of the point of view at the racecourse includes means for wireless transmitting at 

least one position. 

[0060] In some examples, means for calculating a virtual world includes means for 

transforming physical coordinates of the physical vehicle to coordinates in the virtual world 

and the virtual position of the physical vehicle includes the virtual coordinates. 

[0061] In some examples, means for calculating the portion of the virtual vehicle visible 

from the virtual position of the point of view includes: means for calculating a representation 

of the physical vehicle in the virtual world, means for calculating a representation of a 

physical object in the virtual world between the point of view and the virtual vehicle within 

the virtual world, and means for extracting a portion of the virtual vehicle that is unobscured, 

from the virtual position of the point of view, by the representation of the physical vehicle 

and the representation of the physical object. In some examples, the portion of the virtual 

vehicle within the virtual world that is visible from the virtual position of the point of view 

includes the unobscured portion.  

[0062] In some examples, means for extracting the portions of the virtual vehicle may 

include means for determining which pixels are obstructed by other representations, and only 

displaying pixels that are not obstructed by other representations.  In some examples, means 

for extracting the portions of the virtual vehicle may include means for setting a pixel alpha 

value of zero percent (in RGBA space) for all pixels obstructed by other representations.  For 

example, portions of the virtual vehicle may be obstructed by other virtual representations, 
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e.g., another virtual vehicle, or representations of physical objects, e.g., objects within a 

physical vehicle or the physical vehicle itself. Any observed (from the 
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virtual position of the point of view) pixel values can be used to provide the portions of the 

virtual vehicle that are visible from the virtual position of the point of view. In some 

examples, the pixels of unobscured and observed portions of the virtual vehicle can each be 

set to include an alpha value greater than zero percent (in RGBA space) to indicate that those 

unobscured pixels can be seen and should be displayed. In contrast, pixels set to an alpha 

value of zero percent indicate that those pixels are fully transparent, i.e., invisible, and would 

not be displayed. 

[0063] In some examples, means for calculating the representation of the physical object 

between the virtual position of the point of view and the representation of the physical 

vehicle includes means for accessing a database of representations to obtain a virtual position 

of the physical object. 

[0064] In some examples, the portion of the virtual vehicle visible from the virtual 

position of the point of view consists of portions of the virtual vehicle that are unobscured by 

other representations in the virtual world. 

[0065] In some examples, the portion of the virtual vehicle visible from the virtual 

position of the point of view includes a virtual shadow in the virtual world.  In some 

examples, the virtual shadow is at least one of a shadow projected by the virtual vehicle and a 

shadow projected onto the virtual vehicle.  In some examples, the portion of the virtual 

vehicle visible from the virtual position of the point of view includes a virtual reflection.  In 

some examples, the virtual reflection is at least one of a reflection of the virtual vehicle and a 

reflection on the virtual vehicle.   

[0066] In some examples, means for calculating, by the simulation system, a portion of 

the virtual vehicle within the virtual world that is visible from the virtual position of the point 

of view includes means for calculating a field of view from the virtual position of the point of 

view and means for providing, to the display system, the portion of the virtual vehicle visible 

from the virtual position of the point of view includes displaying the portion of the virtual 

vehicle within the field of view. 

[0067] In some examples, means for calculating, by the simulation system, a portion of 

the virtual vehicle within the virtual world that is visible from the position of the virtual point 

of view includes means for calculating a field of view from the virtual position of the point of 

view and means for providing, to the display system, the portion of the virtual 
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 vehicle visible from the virtual position of the point of view consists of means for displaying 

the portion of the virtual vehicle visible within the field of view. 

[0068] In some examples, a system for displaying virtual vehicles includes a first sensor 

detecting a position of a physical vehicle at a racecourse, a second sensor detecting a position 

of a point of view at the racecourse, and a simulation system outputting a portion of the 

virtual vehicle visible from a virtual position of the point of view.  As an exemplary 

advantage, examples described herein may allow a physical vehicle operator to compete with 

a virtual vehicle operator.  Further, by displaying a portion of the virtual vehicle visible from 

the position of the point of view at the racecourse, the competition between the physical and 

virtual vehicle operators may appear more realistic. 

[0069] In some examples, the portion of the virtual vehicle visible from the virtual 

position of the point of view includes a portion of the virtual vehicle that is unobscured, from 

the virtual position of the point of view, by a representation of the physical vehicle at a virtual 

position of the physical vehicle in the virtual world. 

[0070] In some examples, the system further includes a simulation system configured to 

simulate an interaction between the virtual vehicle and the representation of the physical 

vehicle in the virtual world, the portion of the virtual vehicle visible from the virtual position 

of the point of view is calculated based on the interaction. 

[0071] In some examples, the system further includes the first sensor is coupled to the 

physical vehicle, the second sensor is configured to detect eye position of an operator of the 

physical vehicle, and the display system is coupled to the physical vehicle and configured to: 

receive kinematics information of a virtual vehicle; identify a position of a physical object in 

the field of view of the operator, generate a representation of the virtual vehicle based on the 

position of the physical object, the point of view, and the kinematics information; and display 

the representation of the virtual vehicle such that the virtual vehicle is aligned with the 

physical object from the perspective of the point of view. 

[0072] In some examples, the system further includes a display system configured to 

generate the representation of the portion of the virtual vehicle visible from the virtual 

position of the point of view. 
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[0073] In some examples, displaying the representation of the virtual vehicle includes 

displaying the representation on a display screen of the physical vehicle, and the display 

system is further configured to: display, on the display screen, a series of representations of 

the virtual vehicle over a period of time to simulate a trajectory of the virtual vehicle on the 

racecourse, the series of representations includes the representation of the portion of the 

virtual vehicle visible from the virtual position of the point of view.  In some examples, a 

predicted trajectory of the virtual vehicle is being displayed.  The prediction may be based on 

current trajectory, acceleration, current vehicle parameters, etc.  This may allow an audience 

member to anticipate if a virtual vehicle is likely to overtake a physical vehicle.  The 

predicted trajectory may be presented as a line, such as a yellow line.  Other displays may 

also be included, such as “GOING TO PASS!” or “GOING TO CRASH!” 

[0074] In some examples, displaying the series of representations of the virtual vehicle 

includes displaying the series of representations on a display of the physical vehicle, and the 

display system is further configured to: store a digital 3-D model of the virtual vehicle used to 

generate each representation from the series of representations, each representation is 

generated by the display system based on the digital 3-D model. 

[0075] In some examples, the display system is further configured to receive a digital 3-D 

model of the virtual vehicle used to generate each representation from the series of 

representations, each representation is generated by the display system based on the digital 3-

D model. 

[0076] In some examples, the kinematics information includes one or more vectors of 

motion, one or more scalars of motion, a position vector, a GPS location, a velocity, an 

acceleration, an orientation, or a combination thereof of the virtual vehicle. 

[0077] In some examples, the first sensor is configured to detect the position of the 

physical vehicle by detecting one or more vectors of motion, one or more scalars of motion, a 

position vector, a GPS location, a velocity, an acceleration, an orientation, or a combination 

thereof of the virtual vehicle. 

[0078] In some examples, the first sensor is configured to detect the point of view of the 

operator by: detecting a spatial position of a head of the operator. 
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[0079] In some examples, the display system is further configured to: transmit the spatial 

position to a simulation system; receive information related to the portion of the virtual 

vehicle visible from the virtual position of the point of view; and display, to the operator of 

the physical vehicle, the portion of the virtual vehicle. 

[0080] In some examples, the display system is further configured to display the series of 

representations of the virtual vehicle by: translating the information into a set of graphical 

elements, displaying the representation of the portion includes displaying the set of graphical 

elements.  In some examples, the information related to the portion visible from the virtual 

position of the point of view is computed at the simulation system. 

[0081] In some examples, the system further includes: a transparent organic light-

emitting diode (T-OLED) display that allows light to pass through the T-OLED to display the 

field of view to the operator, and the display system is configured to display the series of 

representations on the T-OLED display to display the representation of the virtual vehicle. 

[0082] In some examples, the system further includes an LCD display; a camera coupled 

to the physical vehicle and configured to capture an image representing the field of view of 

the physical world as seen by the operator on the LCD display in the physical vehicle, and the 

display system is configured to: output the image on a side of the LCD display to display the 

field of view to the operator, and overlay the series of representations on the image displayed 

by the LCD display. 

[0083] In some examples, the system further includes a display that includes a windshield 

of the physical vehicle, one or more side windows of the physical vehicle, a rear windshield 

of the physical vehicle, or a combination thereof, and the display system is configured to 

display the representation of the virtual vehicle on the display. 

[0084] In some examples, the system includes a headset worn by the operator, the headset 

including a display, and the display system is configured to display the series of 

representations of the virtual vehicle on the display.  In some examples, the headset is a 

helmet.
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[0085] In some examples, the second sensor detects one or more of a spatial position of a 

user’s eyes, a gaze direction of the user’s eyes, or a focus point of the user’s eyes.
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[0086] In some examples, the system includes a simulation system configured to: receive 

the position of the physical vehicle and the position of the point of view at the racecourse; 

calculate a virtual world including the virtual vehicle and a representation of the physical 

vehicle; calculate a virtual position of the point of view within the virtual world based on the 

position of the point of view at the racecourse; calculate the portion of the virtual vehicle 

visible from the virtual position of the point of view; and output, to the display system, the 

portion of the virtual vehicle visible from the virtual position of the point of view. 

[0087] In some examples, the first sensor receives a location of each of two portions of 

the vehicle. 

[0088] In some examples, the first sensor receives a location of one portion of the vehicle 

and an orientation of the vehicle.  In some examples, receiving the orientation of the vehicle 

includes receiving gyroscope data. 

[0089] In some examples, the position of the point of view at the racecourse includes a 

position of a point of view of an operator of the physical vehicle at the racecourse.  In some 

examples, the position of the point of view at the racecourse includes a position of a point of 

view of an audience member present at a racecourse and observing the physical vehicle on 

the racecourse. 

[0090] In some examples, the position of the point of view at the racecourse includes a 

position of a camera present at a racecourse and imaging the physical vehicle on the 

racecourse. In some examples, the camera images a portion of the racecourse on which the 

physical vehicle is racing. When the physical vehicle is travelling across the portion of the 

racecourse being captured by the camera, the camera may capture the physical vehicle in its 

video feed. When the physical vehicle is not travelling across the portion of the racecourse 

being captured by the camera, the camera may still capture the portion of the racecourse.  

[0091] In some examples, the second sensor is configured to detect the position of the 

point of view at the racecourse by at least one of measuring the point of gaze of eyes, 

tracking eye movement, tracking head position, identifying a vector from one or both eyes to 

a fixed point on the physical vehicle, identifying a vector from a point on the head to 
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a fixed point on the physical vehicle, identifying a vector from a point on eye-wear to a fixed 

point on the physical vehicle, identifying a vector from a point on a head gear to a fixed point 

on the physical vehicle, identifying a vector from one or both eyes to a fixed point in a venue, 
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identifying a vector from a point on the head to a fixed point in the venue, or identifying a 

vector from a point on eye-wear to a fixed point in the venue, identifying a vector from a 

point on a head gear to a fixed point in the venue.  In some examples, identifying the position 

of the point of view at the racecourse includes measuring the point of gaze of the eyes and the 

measuring includes measuring light reflection or refraction from the eyes. 

[0092] In some examples, receiving the position of the physical vehicle and the position 

of the point of view at the racecourse includes wireless receiving at least one position. 

[0093] In some examples, calculating a virtual world includes transforming physical 

coordinates of the physical vehicle to coordinates in the virtual world and the virtual position 

of the physical vehicle includes the virtual coordinates. 

[0094] In some examples, calculating a portion of the virtual vehicle visible from the 

virtual position of the point of view includes: calculating a representation of the physical 

vehicle in the virtual world, calculating a representation of a physical object in the virtual 

world between the point of view and the virtual vehicle within the virtual world, and 

extracting a portion of the virtual vehicle that is unobscured, from the virtual position of the 

point of view, by the representation of the physical vehicle and the representation of the 

physical object. In some examples, the portion of the virtual vehicle within the virtual world 

that is visible from the virtual position of the point of view includes the unobscured portion.  

[0095] In some examples, extracting the portions of the virtual vehicle may include 

determining which pixels are obstructed by other representations, and only displaying pixels 

that are not obstructed by other representations.  In some examples, extracting the portions of 

the virtual vehicle may include setting a pixel alpha value of zero percent  (in RGBA space) 

for all pixels obstructed by other representations.  For example, portions of the virtual vehicle 

may be obstructed by other virtual representations, e.g., another virtual vehicle, or 

representations of physical objects, e.g., objects within a physical vehicle or the physical 

vehicle itself. Any observed (from the virtual position of the point of view) pixel values can 

be used to provide the portions of the virtual vehicle that are visible from the virtual position 

of the point of view. In some examples, the pixels of unobscured 
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and observed portions of the virtual vehicle can each be set to include an alpha value greater 

than 
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zero percent (in RGBA space) to indicate that those unobscured pixels can be seen and 

should be displayed. In contrast, pixels set to an alpha value of zero percent indicate that 

those pixels are fully transparent, i.e., invisible, and would not be displayed.   

[0096] In some examples, calculating the representation of the physical object between 

the virtual position of the point of view and the representation of the physical vehicle 

includes accessing a database of representations to obtain a virtual position of the physical 

object. 

[0097] In some examples, the portion of the virtual vehicle visible from the virtual 

position of the point of view consists of portions of the virtual vehicle that are unobscured by 

other representations in the virtual world. 

[0098] In some examples, the portion of the virtual vehicle visible from the virtual 

position of the point of view includes a virtual shadow in the virtual world. In some 

examples, the virtual shadow is at least one of a shadow projected by the virtual vehicle and a 

shadow projected onto the virtual vehicle.  In some examples, the portion of the virtual 

vehicle visible from the position of the point of view at the racecourse includes a virtual 

reflection.  In some examples, the virtual reflection is at least one of a reflection of the virtual 

vehicle and a reflection on the virtual vehicle.   

[0099] In some examples, the system further includes the simulation system configured to 

calculate a portion of the virtual vehicle visible from the virtual position of the point of view 

by calculating a field of view from the virtual position of the point of view and providing, to 

the display system, the portion of the virtual vehicle visible from the virtual position of the 

point of view includes displaying the portion of the virtual vehicle within the field of view. 

[0100] In some examples, the system further includes the simulation system configured to 

calculate a portion of the virtual vehicle visible from the virtual position of the point of view 

by calculating a field of view from the virtual position of the point of view and providing, to 

the display system, the portion of the virtual vehicle visible from the virtual position of the 

point of view consists of displaying the portion of the virtual vehicle visible within the field 

of view. 
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CLAIMS 

What is claimed is: 

1. A method for displaying a virtual vehicle comprising:  

identifying a position of a physical vehicle at a racecourse; 

identifying a position of a point of view at the racecourse; 

providing the position of the physical vehicle and the position of the point of view at 

the racecourse to a simulation system; 

calculating, by the simulation system, a virtual world comprising the virtual vehicle 

and a representation of the physical vehicle at a virtual position; 

calculating, by the simulation system, a virtual position of the point of view within the 

virtual world based on the position of the point of view at the racecourse; 

calculating, by the simulation system, a portion of the virtual vehicle within the 

virtual world that is visible from the virtual position of the point of view, wherein the portion 

of the virtual vehicle visible from the virtual position of the point of view comprises a portion 

of the virtual vehicle that is unobscured, from the virtual position of the point of view, by the 

representation of the physical vehicle at the virtual position of the physical vehicle; 

outputting, by the simulation system, the portion of the virtual vehicle visible from the 

virtual position of the point of view; 

providing, to a display system, the portion of the virtual vehicle visible from the 

virtual position of the point of view; 

generating, at the display system, a representation of the portion of the virtual vehicle 

visible from the virtual position of the point of view; and 

displaying a series of representations of the virtual vehicle over a period of time to 

simulate a trajectory of the virtual vehicle on the racecourse, wherein the series of 

representations comprises the representation of the portion of the virtual vehicle visible from 

the virtual position of the point of view. 

2.  The method of claim 1, wherein identifying the position of the point of view at the 

racecourse comprises: detecting one or more of a spatial position of a user's eyes, a gaze 

direction of the user's eyes, or a focus point of the user's eyes. 
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3. The method of claim 1, wherein the position of the point of view at the racecourse 

comprises a position of a point of view of an operator of the physical vehicle at the 

racecourse. 

4. The method of claim 1, wherein the position of the point of view at the racecourse 

comprises a position of a point of view of an audience member present at a racecourse and 

observing the physical vehicle on the racecourse. 

5. The method of claim 1, wherein the position of the point of view at the racecourse 

comprises a position of a camera present at a racecourse and imaging the physical vehicle on 

the racecourse. 

6. The method of claims 1, wherein calculating the virtual world comprises transforming 

physical coordinates of the physical vehicle to virtual coordinates in the virtual world and 

wherein the virtual position of the physical vehicle comprises the virtual coordinates. 

7. The method of claim 1, further comprising:  

calculating a representation of a physical object in the virtual world between the 

virtual position of the point of view and the virtual vehicle within the virtual world, and 

wherein the portion of the virtual vehicle within the virtual world that is visible from 

the virtual position of the point of view comprises a portion of the virtual vehicle that is 

unobscured, from the virtual position of the point of view, by a representation of the physical 

vehicle and the representation of the physical object. 

8. The method of claim 1, wherein the portion of the virtual vehicle visible from the 

virtual position of the point of view consists of portions of the virtual vehicle that are 

unobscured from the virtual position of the point of view by other representations in the 

virtual world. 

9. The method of claim 1, wherein  

calculating, by the simulation system, the portion of the virtual vehicle within the 

virtual world that is visible from the virtual position of the point of view comprises 

calculating a field of view from the virtual position of the point of view and wherein 
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providing, to the display system, the portion of the virtual vehicle visible from the 

virtual position of the point of view comprises providing the portion of the virtual vehicle 

within the field of view. 

10. The method of claim 1, further comprising:  

simulating, by the simulation system, an interaction between the virtual vehicle and 

the representation of the physical vehicle in the virtual world, wherein the portion of the 

virtual vehicle visible from the virtual position of the point of view is calculated based on the 

interaction. 

11. A system for displaying virtual vehicles, comprising:  

a first sensor detecting a position of a physical vehicle at a racecourse; 

a second sensor detecting a position of a point of view at the racecourse; 

a simulation system:  

receiving the position of the physical vehicle from the first sensor and the position of 

the point of view at the racecourse from the second sensor, 

calculating a virtual world comprising the virtual vehicle and a representation of the 

physical vehicle at a virtual position, 

calculating a virtual position of the point of view within the virtual world based on the 

position of the point of view at the racecourse, 

calculating a portion of the virtual vehicle within the virtual world that is visible from 

the virtual position of the point of view, wherein the portion of the virtual vehicle visible 

from the virtual position of the point of view comprises a portion of the virtual vehicle that is 

unobscured, from the virtual position of the point of view, by the representation of the 

physical vehicle at the virtual position of the physical vehicle, and 

outputting the portion of the virtual vehicle visible from the virtual position of the 

point of view; and 

a display system:  

receiving, from the simulation system, the portion of the virtual vehicle visible from 

the virtual position of the point of view, 

generating a representation of the portion of the virtual vehicle visible from the virtual 

position of the point of view, and 

displaying a series of representations of the virtual vehicle over a period of time to 

simulate a trajectory of the virtual vehicle on the racecourse, wherein the series of 
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representations comprises the representation of the portion of the virtual vehicle visible from 

the virtual position of the point of view. 

12. The system of claim 11, wherein the second sensor detects the position of the point of 

view at the racecourse by detecting a spatial position of a user's eyes, a gaze direction of the 

user's eyes, or a focus point of the user's eyes. 

13. The system of claim 11, wherein the position of the point of view at the racecourse 

comprises a position of a point of view of an operator of the physical vehicle at the 

racecourse. 

14. The system of claim 11, wherein the position of the point of view at the racecourse 

comprises a position of a point of view of an audience member present at a racecourse and 

observing the physical vehicle on the racecourse. 

15. The system of claim 11, wherein the position of the point of view at the racecourse 

comprises a position of a camera present at a racecourse and imaging the physical vehicle on 

the racecourse. 

16. The system of claim 11, wherein calculating the virtual world comprises transforming 

physical coordinates of the physical vehicle to coordinates in the virtual world and wherein 

the virtual position of the physical vehicle comprises the virtual coordinates. 

17. The system of claims 11, wherein the simulation system is configured to:  

calculate a representation of a physical object in the virtual world between the virtual 

position of the point of view and the virtual vehicle within the virtual world, and 

wherein the portion of the virtual vehicle within the virtual world that is visible from 

the virtual position of the point of view comprises a portion of the virtual vehicle that is 

unobscured, from the virtual position of the point of view, by a representation of the physical 

vehicle and the representation of the physical object. 

18. The system of claim 11, wherein the portion of the virtual vehicle visible from the 

virtual position of the point of view consists of portions of the virtual vehicle that are 

unobscured from the virtual position of the point of view by other representations in the 

virtual world. 



93 
  

19. The system of claims 11, wherein  

calculating the portion of the virtual vehicle within the virtual world that is visible 

from the virtual position of the point of view comprises calculating, by the simulation system, 

a field of view from the virtual position of the point of view and wherein 

providing, to the display system, the portion of the virtual vehicle visible from the 

virtual position of the point of view comprises providing, by the simulation system, the 

virtual portion of the virtual vehicle within the field of view. 

20. The system of claim 11, wherein the simulation system simulates an interaction 

between the virtual vehicle and the representation of the physical vehicle in the virtual world, 

and wherein the portion of the virtual vehicle visible from the virtual position of the point of 

view is calculated based on the interaction. 

  


