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PHOTOGRAPHIC MAPPING IN A SIMULATION

BACKGROUND
[0001] The present disclosure relates to using photographs in computer
simulations.
[0002] Computer games and other types of simulations recreate real world

environments such as baseball diamonds, race tracks, and golf courses through three
dimensional (3D) computer generated graphics. However, such graphics can typically
create unnatural visual artifacts such as repeating patterns which detract from the intended
realism of the imagery. Some computer games may use a photograph of an actual
location as a background, such as a mountains, with computer generated graphics
rendered in the foreground. However, there may not be any interaction between the

computer generated graphics and the terrain represented by the photograph.

SUMMARY
[0003] In general, in one aspect, embodiments of the invention feature
determining a location for a virtual object on a course terrain for a course. A
photographic image of the course corresponding to the location is identified. The virtual
object is incorporated in a presentation of the photographic image such that the virtual
object appears in the photographic image at a second location corresponding to the first
location.
[0004] These and other embodiments can optionally include one or more of the
following features. Interaction of the virtual object with one or more portions of the
course terrain can be simulated. A visual representation of the interaction can be
incorporated into the presentation of the first photographic image. The photographic
image can be pre-fetched based on a history associated with a user or a group of users.
User input can be accepted to cause interaction of the virtual object with one or more
portions of the course terrain. In response to movement of the virtual object: a second
location for a virtual object on a course terrain for a course can be determined; a second
photographic image of the course corresponding to the second location can be identified;
and the virtual object can be incorporated in a presentation of the second photographic
image. The course terrain can be mapped to the photographic image. The location can be

a real-world location on the course.
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[0005] An avatar or a piece of virtual equipment can be incorporated into the
presentation of the photographic image. The virtual object can be incorporated in a
presentation of the photographic image such that the virtual object is animated in the
photographic image. A visual effect can be incorporated into the presentation of the
photographic image. The course can be one or more of: a golf course, a baseball
diamond, a track, a tennis court, one or more roadways, or open terrain. The virtual
object can be one of: a golf ball, a baseball, a tennis ball, an automobile, a bicycle, an
animal, an avatar, a motorcycle, or a flying craft. The photographic image can be a
composition of two or more photographs of the course. A photograph can be identified
from a plurality of photographs where a target location is nearest to the horizontal center
of the photograph. The terrain can be altered to account for distortion in the photographic
image. The virtual object can be scaled in the presentation of the photographic image.
The location can be projected in a three dimensional space to the second location in a two
dimensional space.

[0006] In general, in another aspect, embodiments of the invention feature
determining one or more potential locations for a virtual object on a course terrain for a
course, the potential location based on a user history. A photographic image of the course
corresponding to each potential location is identified. Each of the identified photographic
images is obtained.

[0007] These and other embodiments can optionally include one or more of the
following features. The virtual object can be incorporated in a presentation of one of the
obtained photographic images.

[0008] In general, in another aspect, embodiments of the invention feature
dividing a course into cells. A target point for the course are determined. Camera
parameters for each cell are determined based on a size of the cell and the target point.
[0009] These and other embodiments can optionally include one or more of the
following features. A shot list can be generated based on the determined camera
parameters. Cell density can be altered based on course features.

[0010] Particular embodiments of the invention can be implemented to realize one
or more of the following advantages. Players can be provided the experience of playing
on a real course because of the integration of actual photographs of the course into the
game play. Photographs can be pre-fetched based on one or more player’s history to
improve the performance of the game or simulation. Virtual objects can be integrated at

the proper location and with the proper scale into actual photographs such that the player
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has the impression the virtual objects were actually photographed on the course. A
course can be manually or automatically be divided into a grid of potentially varying
density and a shot list can be automatically generated for the grid.

[0011] The details of one or more embodiments of the invention are set forth in
the accompanying drawings and the description below. Other features, aspects, and
advantages of the invention will become apparent from the description, the drawings, and

the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] The patent or application file contains at least one drawing executed in
color. Copies of this patent or patent application publication with color drawing(s) will be

provided by the Office upon request and payment of the necessary fee.

[0013] FIGS. 1A-C illustrates a graphical user interface for a computer golf game
that incorporates photographs of an actual golf course into the game play.

[0014] FIG. 2A is a flow diagram of a technique for photographic mapping in a
simulation such as a computer game.

[0015] FIG. 2B is a flow diagram of a technique for pre-fetching photographic
images for mapping in a simulation such as a computer game.

[0016] FIG. 3A illustrates a course grid.

[0017] FIG. 3B illustrates how photograph parameters are derived from a cell in a
course grid.

[0018] FIG. 3C is an actual course photograph of a 25°6” x 25°6” cell.

[0019] FIG. 3D is an actual course photograph of a 10°3” x 10°3” cell.

[0020] FIG. 4 is a flow diagram illustrating a technique for automatically dividing
a course into cells and generating a shot list.

[0021] FIG. 5 1s an illustration of 3D terrain data for a course, including a course
grid overlay.

[0022] FIG. 6A is a flow diagram illustrating a technique for incorporating a
visual representation of virtual objects into a photograph.

[0023] FIG. 6B is an illustration of 3D mapping.

[0024] FIG. 7 illustrates a photographic mapping system.

[0025] Like reference numbers and designations in the various drawings indicate

like elements.
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DETAILED DESCRIPTION
[0026] Various implementations recreate the experience of playing on a course
(e.g., a golf course, a baseball diamond, a race track) utilizing actual photo graphs of the
course combined with simulated two dimensional (2D) and 3D graphics.
[0027] Computer games and other types of simulations typically include a virtual
universe that players interact with in order to achieve one or more goals, such as shooting
all of the “bad” guys or playing a hole of golf. Typical computer game genres include
role-playing, first person shooter, third person shooter, sports, racing, fighting, action,
strategy, and simulation. A computer game can incorporate a combination of two or more
genres. Computer games are commonly available for different computer platforms such
as workstations, personal computers, game consoles (e.g., Sony PlayStation and
PlayStation Portable, Microsoft Xbox, Nintendo GameCube and Game Boy), cellular
telephones, portable media players, and other mobile devices. Computer games can be
single player or multi-player. Some multiplayer games allow players connected via the
Internet to interact in a common or shared virtual universe.
[0028] A virtual universe is the paradigm with which the user interacts when
playing a computer game and can include representations of virtual environments,
objects, characters, and associated state information. For instance, a virtual universe can
include a virtual golf course, golfers, golf clubs and golf balls. A virtual universe and its
virtual objects can change as users achieve goals. For example, in action games as users
advance to higher game levels, typically the virtual universe is changed to model the new
level and users are furnished with different virtual equipment, such as more powerful
weapons.
[0029] Players typically interact with one or more virtual objects in a virtual
universe, such as an avatar and virtual equipment, through a user interface. A user
interface can accept input from all manner of input devices including, but not limited to,
devices capable of receiving mouse input, trackball input, button presses, verbal
commands, sounds, gestures, eye movements, body movements, brain waves, other types
of physiological sensors, and combinations of these. A click of a mouse button, for
example, might cause a virtual golf club to swing and strike a virtual golf ball on a virtual
golf course.
[0030] FIG. 1A illustrates a graphical user interface (GUI) 100 for a computer
golf game that incorporates photographs of an actual golf course (e.g., 102a) into the

game play. Various visual representations of virtual objects have been integrated into the
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presentation of the photograph 102a, including an avatar 104 representing the player, a
piece of virtual equipment 112 representing a golf club, and a piece of virtual equipment
108 representing a golf ball. The player provides user input to the computer game which
reacts by altering the state of the game’s virtual universe based on the input and
interaction of virtual objects in the virtual universe.

[0031] For example, player input can cause the avatar 104 to appear to hit the ball
108 with the club 112 towards the end of the green. A game engine can simulate the
physics of the ball 108’s aerial trajectory and eventual interaction with (e.g., bouncing
and rolling) a golf course terrain in the virtual universe that represents the golf course.
The terrain can be a model of the topography of an actual golf course, for example. As
will be described below, the new location of the ball 108 in the 3D virtual golf course
and, optionally, other virtual objects, are mapped to corresponding 2D locations in the
photograph 102a, or a different photograph, so that the virtual objects appear in the proper
place, and at the proper scale, in the photograph as though they were actually
photographed. In this way, the player is provided the experience of playing on an actual
golf course.

[0032] FIG. 2A is a flow diagram 200 of a technique for photographic mapping
in a simulation such as a computer game. User input is optionally obtained which causes
a virtual object (e.g., golf ball 108) that is being tracked for purposes of triggering
photographic mapping to interact with one or more portions of a 3D coutse terrain to be
simulated (step 202). More than one virtual object can be tracked. Based on the
simulation, a new location for the virtual object(s) on the course terrain is determined
(step 204). For example, a game engine can simulate the physics of a golf ball trajectory
and the ball’s eventual impact with a golf course terrain.

[0033] A photographic image corresponding to the virtual object’s new location
on the course is identified (step 206). If there is more than one virtual object being
tracked, photograph corresponding to an area of the terrain encompassing the location of
all of the tracked virtual objects is identified. In one implementation, where there are
multiple photographs covering a given course location, the photograph that provides the
best view from the player’s perspective is chosen. For example, a photograph which is
closest to centering on the location of the virtual object’s new location would be chosen.
Alternatively, more than one photograph of the virtual object’s new location can be
digitally stitched together to form a single, composite photograph. The virtual object(s)
are incorporated into the photographic image (e.g., using 3D mapping; step 208).

5
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[0034] FIG. 2B is a flow diagram 201 of a technique for pre-fetching
photographic images for mapping in a simulation such as a computer game. Pre-fetching
photographic images can improve performance of real-time games and other simulations
by caching photographs ahead of time before they need to be presented. This is
especially true if the images must be retrieved from remote storage. First, one or more
potential locations for a virtual object on a course terrain are determined based on a user’s
playing history or on the playing history of a group of users for that particular part of the
course (step 203). Playing history can include information identifying past locations of
virtual objects in the terrain for the user(s) and measures of the user(s)’ game playing
abilities. A photographic image of the course corresponding to each potential location is
then identified (step 205). The identified photographs are then pre-fetched (e.g., cached)
so as to be ready for possible incorporation into the game play (step 207). One or more
virtual objects are then incorporated into one of the obtained images (step 209) based on
the new location of the virtual object.

[0035] Some or all of a tracked virtual object’s simulated movement in the virtual
universe can also be animated in an actual course photograph. For example, after the
player strikes the golf ball 108 in photograph 102a (as shown in FIG. 1A), photograph
102b (as shown in FIG. 1B) can be presented to the player along with animation of the
ball 108 falling from the sky at location 108a, impacting the golf course at location 108b,
and rolling to resting location 108c. If the ball 108 were to continue rolling beyond the
edge of the photograph 102b, a new photograph corresponding to the ball 108’s new
location could be displayed. This can continue until the ball 108 comes to rest.
Alternatively, only the last such photograph (i.e., the photograph of the virtual object’s
resting place) need be presented. Visual representations of other virtual objects can also
be animated in the photograph 102a. For example, the avatar 104 can be animated such
that the avatar 104 swings the golf club 112 and reacts to the swing.

[0036] Additional graphical information to help the player can be incorporated
into the photograph and the GUI 100. As shown in FIG. 1C, a directional aiming arrow
120 is provided to assist the player in setting up a shot. An animated arc 122 can be
drawn on the photograph to show the player the path the golf ball 108 will take in the air
and on the course. Alternately, the arc 122 can be drawn as the golf ball 108 moves in the
photograph 102c. Two status areas 122a-b are incorporated into the GUI 100 to provide
information such as the current location in the virtual course, the player score, distance to

the hole or pin 106, wind speed and direction, and the virtual club the player is using.
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[0037] In order to systematically photograph an actual course (e.g., a track, a golf
course, a baseball diamond, a football field, a tennis court, one or more roadways) for use
in computer game or other simulation, the course can be manually or automatically
divided into a grid of cells. Each cell defines a physical area of the course that will be
photographed for use in the simulation. Each cell can have one or more photographs
associated with the cell. In one implementation, a cell is associated with a single
photograph which encompasses the area of the course corresponding to the area of the
cell. FIG. 3A is an illustration of a golf course 300 so divided. A course can be of any
size and shape, and can include non adjacent areas. Likewise, cells can have different
sizes, shapes and do not have to be adjacent to one another. Depending on the portion of
the course they cover, cell density can change. In one implementation, cell density
increases in course areas where players are more likely to interact with virtual objects.
[0038] In the world of golf, for example, these areas would be putting greens
(e.g., 302), tee boxes (e.g., 306a-d) and nuances such as sand traps (e.g., 304a-d) and
obstructions such as trees that golfers must circumnavigate. In other areas of the course,
cell density is decreased meaning fewer course photographs need to be taken. In one
implementation, lower density cell areas have a lower frequency of balls landing in them,
require a wider area of visibility for the player, or both. In one implementation, image
recognition software can be used to identify such areas of a course based on recognizing
certain visible features (e.g., putting greens, sand traps, trees). By identifying areas of a
course as having a high or low probability of player interaction, a course can be
automatically divided regions having appropriate cell densities.

[0039] In one implementation, a course can have more than one layer of cells.
The need for this may arise, for instance, to handle situations when a player, due to
accident or poor skills, causes a virtual object being tracked for photographic mapping
purposes to be located in a part of the course that rarely sees play. In FIG. 3A, small cell
308b for tee box 306a is the cell used by default for a photograph at this stage of the
course since most players are able to hit the ball quite a distance up the fairway.
However, some players may cause the ball to land in close proximity to the tee box 306a.
The area just outside of the tee box 306a is not included in the photograph for cell 308b.
However, secondary cell 308a overlaying the default cell 308b can be used to obtain a
photograph when the ball lies within the bounds of cell 308a. The photograph for the
secondary cell 308a encompasses the tee box 306a and the surrounding area. A layer can

be chosen based on rules or heuristics that can depend on the state of the virtual universe
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at a particular point in time. In one implementation, a layer is chosen based on which
provides the smallest cell size. In another implementation, a layer can be chosen based
on a required style of presentation. For example, it may be desirable to show a ball in
flight passing through a cell for dramatic effect.

[0040] As discussed above, in one implementation each cell in a course grid is
photographed such that the photograph encompasses the area of the course in the cell.
For example, the photograph shown in FIG. 3C is of a 25’6 x 25°6” cell indicated by the
white boundary 301. Two avatars (104a-b) have been rendered in the photograph to
illustrate how the scale of virtual objects change based on their position in the
photograph. How this is accomplished is described below. The photograph is taken by a
camera at a specified 3D position (longitude, latitude, and altitude) in the actual course.
A camera’s 3D position can be determined by use of a Global Positioning System (GPS)
or a ground based navigation system, for example. Since the position of each cell is
known, the camera position can be specified as a setback distance from the cell and a
height above the cell. In the photograph of FIG. 3C, the camera is positioned 29°6” away
from the cell and a height of 10’3 above the cell. A 24mm lens was used. FIG. 3D is
photograph of a 10°3” x 10°3” cell where the camera was positioned at a setback of 12°6”
and a height of 5°6”, and using a 18mm lens.

[0041] FIG. 3B is a portion of the course 300 illustrating determination of camera
position and direction for a cell. In one implementation, a camera’s position and direction
can be determined based on a target position for a given cell. In golf, for example,
generally the target will be the hole unless the fairway turns such that players must aim
for the turn in order to set up a shot for the hole. In this later case, the target would be the
turning point in the fairway. The target for cells 310a and 310b is hole 302. A line
passes through the center of each cell to the target. It is along this line that the camera
lens will point towards the target. The location of the camera on the course will be along
the line and outside of the cell. Cell 310a’s camera is located at position 312a along the
line defined by endpoints 312a and 302. Likewise, cell 310b’s camera is located at
position 312b along the line defined by endpoints 312b and 302.

[0042] In one implementation, the focal length of the lens, the angle of the lens,
the offset of the camera from the edge of the cell, and the height of the camera, i.¢., the
camera parameters, can be predefined for a given cell size. In another implementation,
one or more of the focal length, the angle of the lens, and the 3D location of the camera

can be dynamically determined. By way of illustration, such a determination can take
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into account the topology of the cell. If a given cell was in a valley, for instance, it could
be beneficial to provide more of an overhead shot so that a player does not lose
perspective with the surrounding course area.

[0043] FIG. 4 is a flow diagram illustrating a technique 400 for automatically
dividing a course into cells and generating a shot list. Since a course can be automatically
divided into cells and since camera parameters for each cell can be automatically
determined, a so-called shot list can be automatically determined. A shot list is a list of
photographs that need to be taken for cells in a given course. Each shot includes a 3D
location of the camera, lens focal length, direction, and angle. A course is initially
divided into cells as described above (step 402). One or more target points are
determined for the course (e.g., 302; step 404). Camera parameters are determined for
each cell based on the target point(s) and/or cell size (step 406). Finally, a shot list is
generated describing the camera requirements required to photograph each cell on the
course. In a further implementation, the shot list can be downloaded to a robotic device
with an attached camera such as a robotic helicopter capable of hovering at precise 3D
coordinates. The robotic device can then carry out capturing photographs for one or more
of the cells.

[0044] FIG. 5 is an illustration of 3D terrain data for a course, including a course
grid overlay. A terrain represents elevation data for a course which provides a 3D digital
elevation map (e.g., terrain mesh) of features on the course. The terrain is used by the
game engine to simulate how virtual objects physically interact with the course and where
the virtual objects appear in photographs of the course. Each cell (e.g., 502) maps to a
portion of the course terrain. In one implementation, the digital elevation map is accurate
to within a centimeter, however higher and lower resolutions are possible. Terrain data
can be collected in a number of ways including, but not limited to, aerial
photogrammetric mapping (APM), laser 3D imaging and GPS-real-time kinemetric (GPS-
RTK) surveys.

[0045] FIG. 6A is a flow diagram illustrating a technique for incorporating a
visual representation of virtual objects into a photograph. As described above, a game or
simulation engine determines the location a tracked virtual object in 3D virtual course
space (i.e., on or above the terrain). A terrain area in which the virtual object is located is
identified (step 602). Next, the camera that took the photograph for the cell covering the
terrain area is simulated (step 604). As shown in FIG. 6B, a virtual camera 603 simulates

the exact view 605 of the actual camera based on known parameters of the camera (e.g.,
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the 3D position of the camera, the angle and direction lens, and the focal length of the
lens). Using a 3D perspective projection, the virtual object(s) (e.g., ball 108) in the 3D
virtual course space are projected into the 2D viewing plane 605 of the simulated camera
603 (step 606). A perspective projection ensures that virtual objects that are farther from
the virtual camera will appear smaller in relation to those that are closer to the virtual
camera, thus adding to the sense of realism. In one implementation, the projection can
compensate for visual distortion in the camera lens. The virtual objects in the 2D
projection are then incorporated into the actual photograph of the cell (e.g., 102b; step
608). Additional virtual objects (e.g., avatars, virtual equipment) can also be dynamically
included to the projection even though the position of these objects may not being used to
trigger photographic mapping.

[0046] FIG. 7 illustrates a photographic mapping system 700 for a computer game
application or other simulation. The functionality encompassed in the system 700 can be
distributed to fewer or more components than those illustrated. Moreover, components
can be distributed to one or more devices that are capable of communicating over one or
more commercial or proprietary networks or other communication interfaces. A game
engine 706 maintains state for the virtual universe 708 based on user input and the
interaction of objects in the virtual universe 708. An input model 702 maps user inputs
(e.g., button presses, voice commands, sounds, gestures, eye movements, body
movements, brain waves, other types of physiological sensors, and combinations of these)
to one or more variable values or signals for processing by the game engine 706.

[0047] The game engine 706 can include a renderer for rendering views of the
virtual universe that can be provided to the representation component 704 for presentation
on a display device, for example. A representation component 704 receives audio/video
rendering data from the game engine 706, and other rendering information including
haptic data, and provides such to one or more output devices such as display devices,
sound generation devices, haptic feedback devices, and other suitable devices.

[0048] The game engine 706 can include artificial intelligence capabilities for
determining one or more future states of the virtual universe. The game engine 706 can
also have the ability to simulate the physics of virtual objects interacting with a course
terrain, for example. Virtual objects in the virtual universe 708 are associated with assets
712 (e.g., content, models, sounds, physics, artificial intelligence). Assets are used by the

game engine 706 to represent virtual objects and render the computer game. Other assets
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include actual course photographs which are dynamically incorporated into the game GUI
100, as described above.

[0049] The game engine 706 employs a photographic mapping component 710 to
identify photographs corresponding to the current location of game play and map one or
more virtual objects from the 3D virtual course space into a viewing plane for
incorporation into a photograph of the actual course. In one implementation, course
photographs are tagged with data identifying the cell or course terrain region the
photographs correspond to.

[0050] Embodiments of the invention and all of the functional operations
described in this specification can be implemented in digital electronic circuitry, or in
computer software, firmware, or hardware, including the structures disclosed in this
specification and their structural equivalents, or in combinations of one or more of them.
Embodiments of the invention can be implemented as one or more computer program
products, i.e., one or more modules of computer program instructions encoded on a
computer-readable medium for execution by, or to control the operation of, data
processing apparatus.

[0051] The computer-readable medium can be a machine-readable storage device,
a machine-readable storage substrate, a memory device, a composition of matter effecting
a machine-readable propagated signal, or a combination of one or more them. The term
“data processing apparatus” encompasses all apparatus, devices, and machines for
processing data, including by way of example a programmable processor, a computer, or
multiple processors or computers. The apparatus can include, in addition to hardware,
code that creates an execution environment for the computer program in question, e.g.,
code that constitutes processor firmware, a protocol stack, a database management
system, an operating system, or a combination of one or more of them. A propagated
signal is an artificially generated signal, e.g., a machine-generated electrical, optical, or
electromagnetic signal, that is generated to encode information for transmission to
suitable receiver apparatus.

[0052] A computer program (also known as a program, software, software
application, script, or code) can be written in any form of programming language,
including compiled or interpreted languages, and it can be deployed in any form,
including as a stand-alone program or as a module, component, subroutine, or other unit
suitable for use in a computing environment. A computer program does not necessarily

correspond to a file in a file system. A program can be stored in a portion of a file that
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holds other programs or data (e.g., one or more scripts stored in a markup language
document), in a single file dedicated to the program in question, or in multiple
coordinated files (e.g., files that store one or more modules, sub-programs, or portions of
code). A computer program can be deployed to be executed on one computer or on
multiple computers that are located at one site or distributed across multiple sites and
interconnected by a communication network.

[0053] The processes and logic flows described in this specification can be
performed by one or more programmable processors executing one or more computer
programs to perform functions by operating on input data and generating output. The
processes and logic flows can also be performed by, and apparatus can also be
implemented as, special purpose logic circuitry, e.g., an FPGA (field programmable gate
array) or an ASIC (application-specific integrated circuit).

[0054] Processors suitable for the execution of a computer program include, by
way of example, both general and special purpose microprocessors, and any one or more
processors of any kind of digital computer. Generally, a processor will receive
instructions and data from a read-only memory or a random access memory or both. The
essential elements of a computer are a processor for performing instructions and one or
more memory devices for storing instructions and data. Generally, a computer will also
include, or be operatively coupled to receive data from or transfer data to, or both, one or
more mass storage devices for storing data, e.g., magnetic, magneto-optical disks, or
optical disks. However, a computer need not have such devices. Moreover, a computer
can be embedded in another device, e.g., a mobile telephone, a personal digital assistant
(PDA), a mobile audio player, a Global Positioning System (GPS) receiver, to name just a
few. Computer-readable media suitable for storing computer program instructions and
data include all forms of non-volatile memory, media and memory devices, including by
way of example semiconductor memory devices, e.g., EPROM, EEPROM, and flash
memory devices; magnetic disks, e.g., internal hard disks or removable disks;
magneto-optical disks; and CD-ROM and DVD-ROM disks. The processor and the
memory can be supplemented by, or incorporated in, special purpose logic circuitry.
[0055] To provide for interaction with a user, embodiments of the invention can
be implemented on a computer having a display device, e.g., a CRT (cathode ray tube) or
LCD (liquid crystal display) monitor, for displaying information to the user and a
keyboard and a pointing device, e.g., a mouse or a trackball, by which the user can

provide input to the computer. Other kinds of devices can be used to provide for
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interaction with a user as well; for example, feedback provided to the user can be any
form of sensory feedback, e.g., visual feedback, auditory feedback, or tactile feedback;
and input from the user can be received in any form, including acoustic, speech, or tactile
input.

[0056] Embodiments of the invention can be implemented in a computing system
that includes a back-end component, e.g., as a data server, or that includes a middleware
component, e.g., an application server, or that includes a front-end component, €.g., a
client computer having a graphical user interface or a Web browser through which a user
can interact with an implementation of the invention, or any combination of one or more
such back-end, middleware, or front-end components. The components of the system can
be interconnected by any form or medium of digital data communication, e.g., a
communication network. Examples of communication networks include a local area
network (“LAN”) and a wide area network (“WAN™), e.g., the Internet.

[0057] The computing system can include clients and servers. A client and server
are generally remote from each other and typically interact through a communication
network. The relationship of client and server arises by virtue of computer programs
running on the respective computers and having a client-server relationship to each other.
[0058] While this specification contains many specifics, these should not be
construed as limitations on the scope of the invention or of what may be claimed, but
rather as descriptions of features specific to particular embodiments of the invention.
Certain features that are described in this specification in the context of separate
embodiments can also be implemented in combination in a single embodiment.
Conversely, various features that are described in the context of a single embodiment can
also be implemented in multiple embodiments separately or in any suitable
subcombination. Moreover, although features may be described above as acting in
certain combinations and even initially claimed as such, one or more features from a
claimed combination can in some cases be excised from the combination, and the claimed
combination may be directed to a subcombination or variation of a subcombination.
[0059] Similarly, while operations are depicted in the drawings in a particular
order, this should not be understood as requiring that such operations be performed in the
particular order shown or in sequential order, or that all illustrated operations be
performed, to achieve desirable results. In certain circumstances, multitasking and
parallel processing may be advantageous. Moreover, the separation of various system

components in the embodiments described above should not be understood as requiring
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such separation in all embodiments, and it should be understood that the described
program components and systems can generally be integrated together in a single
software product or packaged into multiple software products.

[0060] Thus, particular embodiments of the invention have been described. Other
embodiments are within the scope of the following claims. For example, the actions
recited in the claims can be performed in a different order and still achieve desirable

results.

What is claimed is:
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CLAIMS

1. A computer-implemented method, comprising:
determining a location for a virtual object on or above a course terrain for a
course;
identifying a photographic image of the course corresponding to the location; and
incorporating the virtual object in a presentation of the photographic image such

that the virtual object appears in the photographic image.

2. The computer-implemented method of claim 1, where determining the location
includes simulating interaction of the virtual object with one or more portions of the

course terrain.

3. The computer-implemented method of claim 2, further comprising incorporating a

visual representation of the interaction in the presentation of the photographic image.

4. The computer-implemented method of claim 1, further comprising pre-fetching

the photographic image based on a history associated with a user or a group of users.

5. The computer-implemented method of claim 1, further comprising accepting user
input to cause interaction of the virtual object with one or more portions of the course

terrain.

6. The computer-implemented method of claim 1, where the location is a first
location and the photographic image is a first photographic image, the method further
comprising:
in response to movement of the virtual object:

determining a second location for a virtual object on or above the course terrain
for the course;

1dentifying a second photographic image of the course corresponding to the
second location; and

incorporating the virtual object in a presentation of the second photographic image

such that the virtual object appears in the second photographic image.

7. The computer-implemented of method 1, where the location is a real-world

location on the course.
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8. The computer-implemented of method 1, further comprising incorporating an

avatar or a piece of virtual equipment into the presentation of the photographic image.

9. The computer-implemented method of claim 1, further comprising incorporating
the virtual object in a presentation of the photographic image such that the virtual object

is animated in the photographic image.

10.  The computer-implemented method of claim 1, further comprising incorporating a

visual effect into the presentation of the photographic image.

11.  The computer-implemented method of claim 1, where the course is one or more
of: a golf course, a baseball diamond, a track, a tennis court, one or more roadways, or

open terrain.

12.  The computer-implemented method of claim 1, where the virtual object is one of:
a golf ball, a baseball, a tennis ball, an automobile, a bicycle, an animal, an avatar, a

motorcycle, or a flying craft.

13.  The computer-implemented method of claim 1, where the photographic image is a

composition of two or more photographs of the course.

14. The computer-implemented of method 1, where identifying the photographic
image includes identifying a photograph from a plurality of photographs where a target

location is nearest to the horizontal center of the photograph.

15. A computer-implemented method of claim 1, further comprising altering the

terrain to account for distortion in the photographic image.

16.  The computer-implemented method of claim 1, further comprising scaling the

virtual object in the presentation of the photographic image.

17.  The computer-implemented method of claim 1, where:

the course terrain represents a three dimensional space and the photographic
image is a two dimensional image; and

incorporating the virtual object into the presentation of the photographic image
includes corresponding the location in the three dimensional space to a horizontal and

vertical position in the two dimensional image.
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18. A computer-implemented method, comprising:

determining one or more potential locations for a virtual object on or above a
course terrain for a course, the potential location based on a user history;

identifying a photographic image of the course corresponding to each potential
location; and

obtaining each of the identified photographic images.

19. The computer-implemented method of claim 18, further comprising incorporating

the virtual object in a presentation of one of the obtained photographic images.

20. A computer-implemented method, comprising:
dividing a course into cells;
determining a target point for the course; and
determining camera parameters for each cell based on a size of the cell and the

target point.

21. The computer-implemented method of claim 20, further comprising generating a

shot list based on the determined camera parameters.

22.  The computer-implemented method of claim 20, where dividing the course into

cells further comprises altering cell density based on course features.

23. A computer program product, encoded on a computer-readable medium, operable
to cause data processing apparatus to perform operations comprising:
determining a location for a virtual object on a course terrain for a course;
identifying a photographic image of the course corresponding to the location; and
incorporating the virtual object in a presentation of the photographic image such

that the virtual object appears in the photographic image.

24. A computer program product, encoded on a computer-readable medium, operable to
cause data processing apparatus to perform operations comprising:

determining one or more potential locations for a virtual object on a course terrain
for a course, the potential location based on a user history;

identifying a photographic image of the course corresponding to each potential
location; and

obtaining each of the identified photographic images.

17



WO 2008/011515 PCT/US2007/073887

25. A computer program product, encoded on a computer-readable medium, operable to
cause data processing apparatus to perform operations comprising:

dividing a course into cells;
determining a target point for the course; and

determining camera parameters for each cell based on a size of the cell and the

target point.
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