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TRAJECTORY-BASED 3-D GAMES OF CHANCE FOR VIDEO GAMING
MACHINES
CROSS-REFERENCE TO RELATED APPLICATIONS
This application is related to co-pending U.S. application no. 09/553,438, filed
5

on April 19, 2000, by Brosnan, and titled, "Video Pachinko On A Video Platform As
A Gaming Device" and co-pending U.S. application no. 09/927,901, filed August 9,
2001, by LeMay, et al., and titled, "Virtual Cameras And 3-D Gaming Environments
In A Gaming Machine," both of which are incorporated herein by reference in their
entirety for all purposes.
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BACKGROUND OF THE INVENTION
This invention relates to game playing methods for gaining machines such as
slot machines and video poker machines. More particularly, the present invention
relates to methods of allowing game players to play trajectory-based games of chance
on a video gaming machine.

15

There are a wide variety of devices that can comprise a gaming machine such
as a slot machine or video poker machine. Some examples of these devices are lights,
slot reels, ticket printers, card readers, speakers, bill validators, coin acceptors, display
panels, key pads, bonus wheels, and button pads. These devices provide many of the
features which allow a gaming machine to present a game. Some of these devices are

20

built into the gaming machine. Often, a number of devices are grouped together in a
separate box that is placed on top of the gaming machine. Devices of this type are
commonly called a top box.
Typically, utilizing a master gaming controller, the gaming machine controls
various combinations of devices that allow a player to play a game of chance on the

25

gaming machine and also encourage game play on the gaming machine. For example,
a game played on a gaming machine usually requires a player to input money or
indicia of credit into the gaming machine, indicate a wager amount, and initiate a
game play. These steps require the gaming machine to operate input devices including
bill validators and coin acceptors to accept money into the gaming machine and

1
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recognize user inputs from devices including key pads and button pads to
determine
the wager amount and initiate game play.

5

After a game of chance has been initiated on the gaming machine, the gaming
machine determines a game outcome and presents the outcome of
the game to a
player. For example, for a slot game, after a player has initiated a game
by pressing an
input button or pulling a handle attached to the gaming machine, the gaming
machine
determines a game outcome which is the final position of each
reel on the slot
machine. A requirement for most gaming machines is that the probability
of each

10

game outcome is precisely known and remains constant during
game play. Thus,
when a player plays two or more games on a gaming machine the probability
of a
particular game outcome is the same for each game that the player initiates.
After the gaming machine determines the game outcome, the outcome
of the
game is presented to the player. For the slot game, the game outcome
presentation

15

might include a number reels spinning, visual effects including flashing
or strobing
lights and auditory effects including bells and whistles. The game
outcome
presentation, including the various visual and auditory effects, is designed
to add
excitement to the game being played on the gaming machine and encourage
additional
game play.

20

Usually near the end of the game outcome presentation, the game outcome
is
presented. For example, for the slot game, the reels stop at a final position.
Based on
the game outcome, the gaming machine may notify the player of an
award of a
varying amount or notify the player that the wager made on the game
was lost. For
example, for a slot game with three slot reels, when the final position
of each reel
corresponds to the display of an identical symbol including three cherries,
three bars

25

or the like, a player might be awarded a credit of 5 times the initial wager
made on the
game. However, other symbol combinations including 2 cherries and a bar
or two bars
and a cherry might result in a loss of the wager made on the game. Further,
each time
a player plays a game the probability of a particular game outcome
such as three
cherries or three bars will usually be the same. After the game outcome
has been

30

presented, a player may initiate a new game by making a new wager
on the gaming
machine and initiating the next game play.

2

WO 2004/002591

PCT/US2003/018028

In addition to the game of chance on the gaming machine on the gaming
machine, a player may also be presented a bonus game. The bonus game may be used
to add additional excitement to the play of games on the gaming machine. In bonus
games, which are particular popular with video slot games, the player is offered the
5

chance to win an additional award amount. The bonus game may be triggered by
different events that occur during the play of the game of chance. For instance, in a
slot game, a particular symbol or combination of symbols appearing on the reels may
trigger the bonus game.
The bonus game may incorporate additional animations that are displayed on

10

one or more video displays on the gaming machine and the activation of one or more
peripheral devices associated with the gaming machine. For example, Wheel-of
FortuneTM by IGT (Reno, NV) is a very popular bonus game that incorporates a large
spinning wheel attached to the gaming machine. When the bonus game is triggered,
the wheel spins up. The bonus may be awarded according to the stopping place of the

15

wheel.
The amount of game play on a gaming machine is usually a function of the type of
game of chance. A few examples of games that are played on video gaming machines
are slot games, poker, black jack, and keno. Among these games, slot games and
video poker are probably the most popular. The type of bonus games offered with the

20

game of chance may also influence the popularity of a particular game. A casino
typically offers various types of games and bonus games because many game players
are attracted to some games but dislike others. When a player wants to play a game on
a gaining machine but does not like any of the offered games, this person may choose
not to play. Also, when a player finds a particular game only mildly exciting, the

25

player may become disinterested after a short time and cease their game play. Thus, to
increase game play, new games of chance and bonus games are desired that may
attract players previously uninterested in game play on a gaming machine.
Accordingly, to attract new players, new games for gaming machines are desired that
are exciting and are interesting enough to hold a player's interest over a long period of

30

time.

3
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SUMMARY OF THE INVENTION
This invention addresses the needs indicated above by providing a gaming
machine on which a trajectory-based game of chance may be played. In a trajectory
based game of chance, a trajectory of a game object may be generated in a 3-D
5

gaming environment. A sequence of 2-D images that show the game object's
trajectory may be rendered for the 3-D gaming environment and displayed on a
display screen on the gaming machine as part of a game outcome presentation for the
trajectory-based game of chance. A wager may be made on an aspect of the game
object's trajectory in the gaming environment such as a termination location for the

10

trajectory of the game object. The aspect of the game object's trajectory may occur
according to a known probability. Hence, an award for the trajectory-based game of
chance may be proportional to the probability of the aspect of the game object's
trajectory occurring.
The first two aspects of the present invention provide methods of generating

15

trajectory-based game of chance on a gaming machine. The first method may be
generally characterized as comprising: 1) receiving a request to initiate a trajectory
based game of chance; 2) determining a game outcome for the trajectory-based game
of chance; 3) after the game outcome has been detennrmined, generating a trajectory of a
three-dimensional (3-D) game object in a 3-D gaming environment that corresponds

20

to the determined game outcome; and 4) displaying as part of a game outcome
presentation for the trajectory-based game of chance a sequence of two-dimensional
images rendered from the 3-D gaming environment to a display screen on the gaming
machine wherein the sequence of two-dimensional images comprise one or more two
dimensional images of the 3-D game object along its trajectory in the 3-D gaming

25

environment.
In particular embodiments of the first method, two or more trajectory-based
games of chance may be played in parallel. For instance, the first method may further
comprise: a) prior to displaying the game outcome for the trajectory-based game of
chance, receiving a request to initiate a second trajectory-based game of chance b)

30

determining a game outcome for the second trajectory-based game of chance; c) after
the game outcome has been determnnined for the second trajectory-based game of
chance, generating a trajectory of a second three-dimensional (3-D) game object in the
4
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3-D gaming environment that corresponds to the determined game outcome of second
trajectory-based game of chance; and e) displaying, as part of a game outcome
presentation for the trajectory-based game of chance and the second trajectory-based
game of chance, a sequence of two-dimensional images rendered from the 3-D
5

gaming environment to the display screen on the gaming machine where the sequence
of two-dimensional images comprise one or more two-dimensional images with both
the 3-D game object along its trajectory in the 3-D gaming environment and the
second 3-D game object along its trajectory in the 3-D gaming environment. Further,
the method may comprise receiving a first wager for the trajectory-based game of

10

chance and receiving a second wager separate from the first wager for the second
trajectory-based game of chance. In some embodiments, the game outcome for the
second trajectory-based game of chance may be independent of the trajectory-based
game of chance. In other embodiments, the game outcome for the second trajectory
based game of chance may be dependent on the trajectory-based game of chance.

15

As another example, the first method may further comprise: i) generating
game outcomes for a plurality of trajectory-based games of chances where a separate
wager is made on each of the plurality of trajectory-based games of chance; ii)
generating a trajectory of a three-dimensional (3-D) game object in a 3-D gaming
environment that corresponds to the determined game outcome for each of the

20

plurality of trajectory-based games of chance; iii) displaying, as part of a game
outcome presentations for the plurality of trajectory-based games of chance, at least
one sequence of two-dimensional images rendered from the 3-D gaming environment
to the display screen on the gaming machine where the at least one sequence of two
dimensional images comprise one or more two-dimensional images with two or more

25

of the 3-D game objects along their trajectory in the 3-D gaming environment.
The second aspect of the present invention provides a second method of
generating a trajectory-based game of chance on a gaming machine. The method may
be generally characterized as comprising: 1) receiving a request to initiate a trajectory
based game of chance; 2) generating a trajectory of a three-dimensional (3-D) game

30

object in a 3-D gaming environment; 3) determining a game outcome for the
trajectory-based game of chance wherein the game outcome is not determined until
the 3-D game object reaches a final state of its trajectory in the 3-D gaming
environment; and 4) displaying, as part of a game outcome presentation for the

5
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trajectory-based game of chance, a sequence of two-dimensional images rendered
from the 3-D gaming environment to a display screen on the gaming machine where
the sequence of two-dimensional images comprise one or more two-dimensional
images of the 3-D game object along its trajectory in the 3-D gaming environment. In
5

one embodiment, for the trajectory-based game of chance, the game outcome may be
independent of the trajectory of the 3-D game object in the 3-D gaming environment.
In another embodiment, the game outcome for the trajectory-based game of chance
may be based-upon the final state of the trajectory in the 3-D gaming environment. In
the second method, two or more trajectory-based games of chance may be played in

10

parallel.
The following embodiments of the present invention may be used with either
the first method or the second method for generating the trajectory-based game of
chance. The trajectory-based game of chance may be a pachinko game. The 3-D game
object may be a sphere or a polyhedron and the trajectory of the 3-D game object may

15

be a planar trajectory. The 3-D gaming enviromnent may comprise data and/or
instructions for generating: i) a plurality of 3-D objects; ii) a plurality of trajectory
rules for determining the trajectory of a moving 3-D object in the 3-D gaming
enviromnent; iii) a plurality of collision rules for determining effects of a collision
between 3-D objects in the 3-D gaming environment; and a plurality of exit rules for

20

removing the 3-D game object from the 3-D gaming environment. The 3-D gaming
environment may also comprise data and/or instructions for generating a plurality of
game levels for the trajectory-based game of chance.
In other embodiments, the methods for generating the trajectory-based game
of chance may comprise one or more of the following: a) changing the geometry of

25

the 3-D game object along its trajectory, b) receiving a wager for the trajectory-based
game of chance, c) selecting an initial state for the 3-D game object in 3-D gaming
environment where the initial state provides initial conditions for the trajectory of the
3-D game object in the 3-D gaming environment (The initial state may comprise an
initial position of the 3-D game object in the 3-D gaming environment and an initial

30

velocity of the 3-D game object in the 3-D game object.), d) displaying the game
outcome for the trajectory-based game of chance and redisplaying one or more two
dimensional images of the 3-D game object along its trajectory and e) removing the 3
D game object from the 3-D gaming environment.
6
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In another embodiment, the methods may also comprise receiving an output
signal from a user interface for the trajectory-based game of chance and using
information from the output signal, selecting an initial state for the 3-D game object
in the 3-D gaming environment wherein the initial state provides initial conditions for
5

the trajectory of the 3-D game object in the 3-D gaming environment. The user
interface may comprise a) a plunger; and b) one or more sensors wherein the one or
more sensors are designed to generate an output signal with information indicating at
least one i) an amount of force applied to the plunger, ii) an actuation of the plunger
has been initiated and iii) combinations thereof.

10

In yet another embodiment of the methods, a virtual camera may be used in
the 3-D gaming environment to render the two-dimensional images used as part of a
game outcome presentation. A position of a virtual camera for rendering images in the
sequence of two-dimensional images changes as a function of time. Further, a virtual
camera for rendering images in the sequence of two-dimensional images is located on

15

the 3-D game object and travels with the 3-D game object along its trajectory. In
addition, two or more virtual cameras in the 3-D gaining environment may be used to
render images in the sequence of two-dimensional images. The methods may
comprise one or more of the following: i) receiving an output signal from an input
device on the gaming machine where the output signal includes information used to

20

change a position of a virtual camera for rendering images in the sequence of two
dimensional images and ii) receiving an output signal from an input device on the
gaming machine wherein the output signal includes information used to select a
virtual camera for rendering images in the sequence of two-dimensional images.
In additional embodiments, the two methods for generating a trajectory-based

25

game of chance may comprise detecting a collision between the 3-D game object and
a second 3-D object in the 3-D gaming enviromnent. The second 3-D object may be a
second 3-D game object. In response to the collision between the 3-D game object
and the second object, the methods may comprise one or more of the following: a)
modifying the trajectory of the 3-D game object, b) generating a bonus game for the

30

trajectory based game of chance, c) modifying a property of the 3-D game object and
d) generating a game event. The methods may also comprise detecting an intersection
of the 3-D game object with a surface in the 3-D gaming environment. In response to
detecting the intersection, the methods may comprise one or more of the following: i)
7
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terminating the trajectory of the 3-D game object, ii) transporting the 3-D game object
to a location in the 3-D gaining environment away from a location of the intersection,
iii) modifying a property of the 3-D game object, iv) starting a bonus game, and v)
triggering a game event.
5

Another aspect of the present invention provides a method of generating a
pay-table for a trajectory-based game of chance. The method may be generally
characterized as comprising: 1) inserting a plurality of 3-D game objects into a 3-D
gaming environment wherein each of the plurality of 3-D game objects is assigned an
initial state; 2)generating a trajectory for each of the 3-D game objects in the 3-D

10

gaming environment, the trajectory of each 3-D game object comprising: the initial
state in the 3-D gaming environment, a final state in the 3-D gaming environment,
and one or more states in the 3-D gaming environment between the initial state and
the final state; 3) assigning a game outcome for the trajectory-based game of chance
from a set of game outcomes to the final state of each 3-D game object in the 3-D

15

gaming environment; and 4) generating a pay table that relates each game outcome in
the set of game outcomes to a probability of that game outcome occurring.
In particular embodiments, the initial state may comprise an initial position
and an initial velocity. The trajectory for each of the 3-D game objects may be planar.
The trajectory-based game of chance may be a pachinko game. The 3-D game object

20

may be a sphere or a polyhedron.
The method may also comprise one or more of the following: a) installing the
paytable on a gaming machine and generating game outcomes for a plurality of
trajectory-based games of chance using the paytable, b) generating a set of game
outcomes, c) generating a trajectory table that relates each game outcome in the set of

25

game outcomes to one or more different initial states wherein each of the one or more
different initial states is for generating a trajectory corresponding to its related game
outcome and d) installing the paytable, the 3-D gaming environment and the trajectory
table on a gaming machine; on the gaming machine, generating a first game outcome
using the pay table; selecting an initial state for the first game outcome using the

30

trajectory table; and generating in the 3-D gaming environment a first trajectory
corresponding to the first game outcome using the initial state selected from the
trajectory table. The method may also comprise generating the 3-D gaming

8
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environment for the trajectory-based game of chance. The 3-D gaming environment
may comprise data and/or instructions for generating; a plurality of 3-D objects; a
plurality of trajectory rules for determining the trajectory of a moving 3-D object in
the 3-D gaming environment; a plurality of collision rules for determining effects of a
5

collision between 3-D objects in the 3-D gaming environment; and a plurality of exit
rules for removing the 3-D game object from the 3-D gaming environment.
Another aspect of the present invention provides a method of generating a
game outcome presentation in a trajectory-based game of chance. The method may be
generally characterized as comprising: 1) along a trajectory of a 3-D game object in a

10

3-D gaming enviromnent wherein the trajectory comprises a sequence of states of the
3-D game object in the 3-D gaming enviromnent and wherein each states comprises at
least a position and a velocity of the 3-D game object; generating a first state in the
sequence of states of the 3-D game object along its trajectory; and 2) generating a
second state in the sequence of states of the 3-D game object along its trajectory that

15

is related to the first state by a plurality of trajectory rules; where one or more two
dimensional images are rendered of the 3-D game object along its trajectory in the 3
D gaming environment as part of the game outcome presentation for the trajectory
based game of chance.
In particular embodiments, the trajectory rules may simulate one or more of

20

gravitational forces, frictional forces and environmental forces on the 3-D game
object. The velocity of the 3-D game object along its trajectory may be planar.
Further, the velocity of the 3-D game object along its trajectory may comprise one or
more of translational velocity components, rotational velocity components,
vibrational velocity components and combinations thereof. The plurality of trajectory

25

rules may be determined at each location in the 3-D gaming environment. Therefore,
a plurality of trajectory rules at a first location in the 3-D gaming environment may be
different than a plurality of trajectory rules at a second location in the 3-D gaming
environment. The trajectory-based game of chance may be a pachinko game. The 3-D
game object may be a sphere or a polyhedron.

30

The method may frther comprise one or more of the following: a)
determining a game outcome for the trajectory-based game of chance; looking up in
an initial position and an initial velocity of the3-D game object in a trajectory table

9
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that corresponds to the determined game outcome and assigning the initial position
and the initial position of the 3-D game object to the first state, b) after generating a
position and a velocity of the 3-D game object at the second state, assigning the
position and the velocity of the 3-D game object at the second state to the first state
5

and generating a new second state, d) determining that the 3-D game object has
exited the 3-D gaming environment between the first state and the second state;
removing the 3-D game object from the 3-D gaming environment; and displaying the
game outcome for the 3-D game object, and e) determining the plurality of trajectory
rules that are used to relate the first state to the second state.

10

In another embodiment, the method may further comprise detecting an
intersection of the 3-D game object with a surface in the 3-D gaming environment
between the first state and the second state. In response to detecting the intersection,
the method may comprise one or more of the following: a) terminating the trajectory
of the 3-D game object and removing the 3-D game object from the 3-D gaming

15

environment, b) generating a new position for the second state different from the
position of the second state wherein the 3-D game object appears to move
discontinuously from the first state to the second state (The new position may be
located in a bonus area of the 3-D gaming environment.), c) modifying a property of
the 3-D game object where the property of the 3-D game object that is modified is

20

selected from the group consisting of a mass property, a geometry property, a
graphical rendering property, a sound property and a bonus property, d) modifying a
property of an object in the 3-D gamiing environment, e) triggering a bonus game, f)
triggering a game event, g) splitting the 3-D game object into a plurality of 3-D game
objects and h) modifying a velocity component of the 3-D game object where the

25

velocity component is selected from the group consisting of a translational velocity
component, a rotational velocity component and a vibrational velocity component.
In another embodiment, the method may comprise: after generating the second
state, between the first state and the second state, detecting a collision between the 3
D game object and a second object in the 3-D gaming environment. The second object

30

may be a second game object. In response to detecting the collision, the method may
comprise one or more of the following: i) generating an pre-collision state for the 3-D
game object and the second object; generating a post-collision state for the 3-D game
object and the second object wherein the pre-collision state and the post collision state
10
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are related by a plurality of collision rules; and assigning the post-collision state for
the 3-D game object to the second state, ii) determining the plurality of collision rules
that are used to determine effects of the collision between the 3-D game object and
the second game object which may vary from location to location in the 3-D gaming
5

environment and from object to object, iii) modifying a property of the 3-D game
object where the property of the 3-D game object that is modified is selected from the
group consisting of a mass property, a geometry property, a graphical rendering
property, a sound property and a bonus property, iv) modifying a property of the
second object where the property of the second object that is modified is selected

10

from the group consisting of a mass property, a geometry property, a graphical
rendering property, a sound property and a bonus property, v) triggering a bonus
game, vi) triggering a game event in the trajectory based game of chance, vii) splitting
the 3-D game object into a plurality of 3-D game objects, viii) terminating the
trajectory of the 3-D game object and removing the 3-D game object from the 3-D

15

gaming environment.
Another aspect of the present invention provides a gaming machine. The
gaming machine may be generally characterized as comprising: 1) a master gaming
controller designed or configured i) to control a game of chance played on the gaming
machine, ii) to generate a trajectory of a 3-D game object in a 3-D gaming

20

environment used in a trajectory-based game of chance, iii) to render a sequence of
two-dimensional images from the 3-D gaming environment wherein the sequence of
two-dimensional images comprises one or more two-dimensional images of the 3-D
game object along its trajectory and iv) to generate a game outcome for the trajectory
based game of chance; and 2) a video display for displaying the sequence of two

25

dimensional images as part of a game outcome presentation for the trajectory-based
game of chance. The gaming machine may further comprise a sound projection device
wherein the sound projection device is used to at least emit sounds in response to
collisions between the 3-D game object and 3-D objects along its trajectory in the 3-D
gaming environment.

30

In particular embodiments, the trajectory-based game of chance may be a
pachinko game. Further, the game of chance controlled by the gaming machine may
be selected from the group consisting of a slot game, a keno game, a poker game, a
pachinko game, a black jack game, a bingo game, a baccarat game, a roulette game, a
11
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dice game, a card game and a trajectory based game of chance. The 3-D game object
may be a sphere or a polyhedron. The trajectory of the 3-D game object may be
planar. A plurality of trajectory-based games of chance may be played in parallel. The
sequence of images rendered from the 3-D gaming environment may be displayed
5

simultaneously on a plurality of displays.
In another embodiment, the gaming machine may further comprise: a memory
storage device for storing at least one of i) instructions, ii) data and iii) combinations
thereof for generating the 3-D gaming environment. The 3-D gaming environment
may comprise data and/or instructions for generating: a) a plurality of 3-D objects; b)

10

a plurality of trajectory rules for determining the trajectory of a moving 3-D object in
the 3-D gaming environment; c) a plurality of collision rules for determining effects
of a collision between 3-D objects in the 3-D gaming environment; and d) a plurality
of exit rules for removing the 3-D game object from the 3-D gaming environment.
The gaming machine may also comprise a memory storage device for storing a pay

15

table for the trajectory-based game of chance and a memory storage device for storing
a trajectory table for the trajectory-based game of chance where the trajectory table
contains data that relates one or more initial trajectory states for the 3-D game object
to the game outcome for the trajectory based game of chance. A single memory
storage device or multiple memory storage devices may be used to store the 3-D

20

gaming environment, the pay-table and the trajectory table.
In yet another embodiment, the gaming machine may further comprise a user
interface for the trajectory-based game of chance. The user interface may comprise: 1)
a first input device; and 2) one or more sensors connected to the first input device
used to detect an operational parameter of the input device and generate an output

25

signal corresponding to the operational parameter wherein the output signal is used to
at least one of i) to initiate the trajectory-based game of chance, ii) to generate an
initial state of the 3-D object for its trajectory in the 3-D gaming environment, and iii)
combinations thereof. The first input device may be a plunger where the one or more
sensors are designed to generate an output signal with information indicating at least

30

one of i) an amount of force applied to the plunger, ii) an actuation of the plunger has
been initiated and iii) combinations thereof The first input device may also be a touch
screen display where the one or more sensors are touch screen sensors. The touch
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screen sensors may generate an output signal with information indicating a selected
amount of force displayed on the touch screen display.
Further, the user interface may comprise: a) a ball; b) a ball conduit for the
ball; and c) one or more sensors designed to measure a position of the ball along the
5

ball conduit where the plunger is designed to strike the ball at an initial position on
the ball conduit such that the ball is propelled along the ball conduit away from its
initial position and where the ball conduit is designed to return the sphere to the initial
position on the ball conduit. The user interface may comprise a sound projection
device where the sound projection device emits a sound in response to the plunger

10

striking the ball. The volume of the sound may be proportional to the force applied to
the plunger. The user interface may also comprise a light panel comprising a plurality
of lights where a number of lights are lit on the light panel in proportion to the
amount of force applied to the plunger. The user interface may comprise a graphical
force meter on the display screen where the amount of force applied to the plunger is

15

displayed on the graphical force meter.
In another embodiment, the user interface may further comprise a second input
device where the second input device is for selecting a rate at which a plurality of
trajectory-based games of chance are automatically initiated. The second input device
may be a touch screen display or a control knob where a position of the control knob

20

is used to select the rate at which a plurality of trajectory-based games of chance are
automatically initiated. The user interface may comprise an additional input device
where the additional input device is for selecting a wager amount for each of a
plurality of trajectory-based games of chance. Again, the second input device may be
a touch screen display. The user interface may comprise an additional input device

25

where the additional input device is for selecting one or more of a shape of the 3-D
game object, a property of the 3-D game object and a property of the 3-D gaming
environment. Once again, the second input device may be a touch screen display.
Another aspect of the present invention provides a product comprising at least
one of i) data, ii) instructions and iii) combinations thereof for representing a 3-D

30

gaming environment for a trajectory-based game of chance. The 3-D gaming
enviromnent being provided on a computer readable medium and comprising data
and/or instructions for generating: 1) a plurality of 3-D objects; 2) a plurality of
13
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trajectory rules that are used to determine the trajectory of a moving 3-D object in the
3-D gaming environment; 3) a plurality of collision rules that are used to determine
effects of a collision between 3-D objects in the 3-D gaming enviromnent; and 4) a
plurality of exit rules that are used to remove the moving 3-D object from the 3-D
5

gaming environment where the 3-D gaming environment is for rendering a sequence
of two-dimensional images that are used as part of a game outcome presentation for
the trajectory-based game of chance. The 3-D gaming environment may comprise a
plurality of game levels. The trajectory rules may be defined at each location in the 3
D gaining environment where the trajectory rules at a first location are different than

10

the trajectory rules at a second location in the 3-D gaming environment. The 3-D
gaming environment may comprise one or more bonus areas that are for rendering a
bonus game presentation.
Another aspect of the present invention provides a user interface for a gaming
machine. The user interface may be generally characterized as comprising: 1) an input

15

device; and 2) a sensor connected to the input device used to detect an operational
parameter of the input device and generate an output signal corresponding to the
operational parameter wherein the output signal is used to at least one of i) to initiate
a trajectory-based game of chance, ii) to generate an initial state of a 3-D game object
for its trajectory in a 3-D gaming environment, and iii) combinations thereof where

20

the 3-D gaming environment is for rendering a sequence of two-dimensional images
that are used as part of a game outcome presentation for the trajectory-based game of
chance. The trajectory-based game of chance may be a pachinko game.
In particular, the first input device may be a plunger where the one or more
sensors are designed to generate an output signal with information indicating at least

25

one of i) an amount of force applied to the plunger, ii) an actuation of the plunger has
been initiated and iii) combinations thereof. The user interface with the plunger may
also comprise: a) a ball; b) a ball conduit for the ball; c) and one or more sensors
designed to measure a position of the ball along the ball conduit where the plunger is
designed to strike the ball at an initial position on the ball conduit such that the ball is

30

propelled along the ball conduit away from its initial position and wherein the ball
conduit is designed to return the ball to the initial position on the ball conduit. The
user interface with the plunger and the ball may also comprise a sound projection
device wherein the sound projection device emits a sound in response to the plunger
14
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striking the ball. The volume of the sound is proportional to the force applied to the
plunger which may be measured by one or more sensors. The user interface with the
plunger may also comprise a light panel comprising a plurality of lights wherein a
number of lights are lit on the light panel in proportion to the amount of force applied
5

to the plunger.
Another aspect of the invention pertains to computer program products
including a machine-readable medium on which is stored program instructions for
implementing any of the methods described above. Any of the methods of this
invention may be represented as program instructions and/or data structures,

10

databases, etc. that can be provided on such computer readable media.
These and other features of the present invention will be presented in more
detail in the following detailed description of the invention and the associated figures.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1A is a perspective drawing of a plurality of trajectories for game objects

15

in a 3-D gaming environment.
FIG. 1B is a block diagram describing trajectory rules and collision rules for
two objects in the 3-D gaming environment described with respect to FIG 1A.
FIG. 2 is a flow chart depicting a method of generating a trajectory for a game
object in a 3-D gaming environment.

20

FIG. 3 is a flow chart depicting a method of generating a pay-table for a
trajectory-based game of chance.
FIG. 4 is a flow chart depicting a first method of generating a trajectory-based
game of chance on a gaining machine.
FIG. 5 is a flow chart depicting a second method of generating a trajectory

25

based game of chance on a gaming machine.
FIG. 6 is a block diagram of a gaming environment where the physical
properties vary as a function of space and time.

15
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FIG. 7 is a block diagram used to described bonusing methods for a 3-D
trajectory-based game of chance.
FIG. 8 is a perspective drawing of a 3-D gaming environment implemented
on a gaming machine for one embodiment of this invention.
5

FIG. 9 is a block diagram depicting a hardware interface for a 3-D trajectory
based game of chance.
FIG. 10 is a perspective drawing of a gaming machine for one embodiment of
the present invention.
FIG. 11 is a block diagram of a gaming network for one embodiment of the

10

present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
In the present invention, trajectory-based games of chance are described that
may be implemented on a video gaming machine. In a trajectory-based game of
chance, a trajectory of a game object may be generated in a 3-D gaming environment.

15

A wager may be made on an aspect of the game object's trajectory in the gaming
enviromnent such as a termination location for the trajectory of the game object. The
aspect of the game object's trajectory may occur according to a known probability.
Hence, an award for the trajectory-based game of chance may be proportional to the
probability of the aspect of the game object's trajectory occurring.

20

As an example, the gaming environment may be designed with one hundred
exits where the trajectory of the game object always ends in one of a hundred of exits
in the gaming environment and where there is an equal probability of the game object
landing in a particular exit. The game object may be a sphere. A wager for this
trajectory-based game of chance may be based upon the exit where the sphere lands at

25

the end of its trajectory. Therefore, the aspect of the trajectory for which the wager is
made is the final state of the sphere's trajectory. The award for this trajectory-based
game of chance may be even money where the sphere landing in one of 49 of the exits
results in an award and where the sphere landing in one of 51 of the exits results in no
award and a loss of the wager.

16
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The gaming environment may be a simulation implemented on a computing
device on the gaming machine. The gaming environment may comprise data and/or
instructions for generating: 1) objects and their properties that are located in the
gaming environment, 2) trajectory rules for determining the trajectory of the game
5

object and other objects in the gaming environment, 3) collision rules for determining
effects of a collision between objects in the gaming environment and 4) exit rules for
detennrmining when the game object or other objects are removed from the gaming
environment.
A game sequence for the trajectory-based game of chance played on a gaming

10

machine by a player may consist of the following steps by the player and the gaming
machine 1) make wager (player), 2) initiate game (player), 3) determine game
outcome (gaming machine) and 4) generate game outcome presentation (gaming
machine). The game outcome may be determined before or after the game outcome
presentation is generated. As part of the game outcome presentation, the trajectory of

15

game object in the gaming environment is generated by the gaming machine and is
presented to the player on one or more display screens on the gaming machine.
Besides the visual display of the game object's trajectory, the game outcome
presentation may include additional visual effects, audio effects and other effects
designed to stimulate a player's senses that are generated on the gaming machine

20

interface. In general, the format of the game outcome presentation is designed to at
least allow the player to view the aspect of the trajectory upon which an award for the
trajectory-based game of chance is based. For instance, in the example described
above where a spherical game object travels through the gaming environment and
exits through one of a hundred exits, the game outcome presentation may comprise

25

displaying the sphere along its trajectory in the gaming environment until it leaves the
gaming environment through one of the exits. The exits may be labeled so that the
player can determine whether they have won an award.
In FIG. 1A, general aspects of a gaining environment and a game object's
trajectory in the gaming environment for a trajectory-based game of chance are

30

described. In FIG. 1B, simulation techniques for generating the trajectory of a game
object are discussed. In FIG. 2, a method of generating the trajectory for the game
object is described. In FIG. 3, a method of generating a paytable for the trajectory
based game of chance is described. In FIGs. 4 and 5, two methods of generating the
17
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trajectory-based game of chance on a gaming machine are described. In FIG. 6,
trajectory rules for the gaming environment that may vary according to time and
location are described. In FIG. 7, bonus games for trajectory-based games of chance
are described. In FIG. 8, details of methods of rendering 2-D images from a 3-D
5

gaming environment used for the trajectory-based game of chance are described. In
FIG. 9, mechanical interfaces for trajectory-based games of chance on a gaming
machine are described. In FIGs. 10 and 11, gaming machines and a gaming machine
network that may be used with trajectory-based games of chance are described.
In one embodiment of the present invention, the gaming environment and the

10

game objects may be generated in 3-D dimensions. To generate a game outcome
presentation, a sequence of 2-D images may be rendered from the 3-D gaming
environment using a virtual camera. The 3-D gaming environment 300 may comprise
data and/or instructions for generating: 1) a plurality of 3-D objects; 2) a plurality of
trajectory rules that are used to determine the trajectory of a moving 3-D object in the

15

3-D gaming environment; 3) a plurality of collision rules that are used to determine
effects of a collision between 3-D objects in the 3-D gaming environment; and 4) a
plurality of exit rules that are used to remove the moving 3-D object.
The 3-D gaming environment 300 may be comprised of a plurality of 3-D
objects and surfaces. For example, in FIG. 1A, the 3-D gaming environment is

20

comprised of a number of rectangular boxes and two solid planar surfaces with holes.
The upper planar surface has three holes and the lower planar surface has four holes.
The 3-D objects are defined in a rectangular coordinate system 304 with x, y, and z
directions.
When a 3-D gaming environment 300 is generated, a number of 3-D

25

objects/surfaces in the 3-D gaming environment, a location of 3-D objects/surfaces in
the 3-D gaining environment and a shape of 3-D objects in the 3-D gaming
environment 300 may be varied and is not limited to the example in FIG. 1A. The
shapes of 3-D objects modeled in the 3-D gaming environment may be simple or
complex. For instance, the rectangular boxes, spheres (e.g., 320, 322, 326, 330),

30

diamond 332 and pyramid 333 are examples of simple shapes. Multi-dimensional
models of people, buildings, landscapes and casino interiors are examples of complex

18

WO 2004/002591

PCT/US2003/018028

objects that may be modeled in a 3-D gaming environment. Further details of
modeling 3-D objects in the present invention are described with respect to FIG. 8.
The 3-D gaming

environment may incorporate

various

themes and

backgrounds. For instance, one theme and background may relate to a citiscape where
5

the game objects used in the trajectory-based game of chance are launched into the
city. In one embodiment, the player may be able to select backgrounds and gaming
environments that correspond to different cities, such as Paris, New York and
London. The gaming environment for each city may include objects that model
buildings in each city.

10

The rectangular boxes are shown at fixed locations in the 3-D gaming
environment 300. A position of 3-D objects in the 3-D gaming environment, such as
the rectangular boxes may vary. For instance, one or more of the boxes may move
around the gaining environment and collide with other 3-D objects in the gaming
environment. Translational, rotational and vibrational velocities of 3-D objects may

15

be simulated in the 3-D gaming environment. Further, different 3-D objects may be
simulated with different combinations of these velocity components. For instance,
some 3-D objects may translate around the gaming environment without rotating or
vibrating while other 3-D objects may rotate or vibrate in place without translating.
The 3-D gaining environment may include a number of exits that are used to

20

terminate the trajectory of an object and remove the object from the environment. In
general, the exits in the gaming environment are not based upon location but based
upon exit rules. The exit rules define a set of conditions that are used to determine
when the trajectory of a moving object is terminated and the object is removed from
the gaming environment. For example, the opening 354 in the first planar surface 329,

25

and the four openings, 334, 353, 355 and 356, in the second planar surface, 352, may
be used as exits for the gaming environment 300. An exit rule for these openings may
be that when any object intersects a surface defining a mouth to the opening, then the
trajectory of the object is terminated and the object is removed from the gaming
environment 300. Another exit rule for the openings may be that only objects with a

30

particular set of properties are removed when the object intersects the surface defining
the mouth to the opening.

For other objects without the required properties, the

opening acts as a solid. For example, a spherical-shaped object that intersect the
19
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opening 354 may be removed the gaming environment while a diamond-shaped
objects may bounce off of the opening 354.
The specification of exit rules may be considered part of the design of the
gaming environment 300. Many different combinations of exit rules may be defined
5

in the gaming environment 300. Further, the exit rules may vary as a function of time
and from location to location in the gaming environment. Additional examples of exit
rules that may be used with the present invention are as follows. One exit rule may be
that when a moving object collides with a particular object the trajectory of the
moving object is terminated and the moving object is removed from the gaming

10

environment. In other embodiments, the exit rule may be that an object is removed
from the gaming environment after one or more of the following: 1) after an amount
of time, 2) after a number of collisions, 3) at random, 4) after a distance traveled
along it trajectory, 5) after passing a velocity threshold, such as a maximum velocity
or minimum velocity, and 6) combinations thereof.

15

The 3-D gaming environment may be generated with a plurality of game
levels and/or regions with entrances connecting the levels or the regions.

For

example, a space above a first planar surface 329 may be used as a first game level in
the trajectoy-based game of chance. The space between the first planar surface 329
and the second planar surface 352 may be used as a second game level in the
20

trajectory-based game of chance. The two openings in the first planar surface, 323 and
331, may be used to connect the first game level and the second game level.
In one embodiment, an opening may be used to transfer objects to a bonus
space in the 3-D gaming environment. For instance, an object that passes through the
opening 354 may be transferred to a bonus space modeled in the 3-D gaming

25

environment. In another embodiment, a plurality of 3-D gaming environments maybe
modeled on the gaming machine. Therefore, an object that passes through one of the
openings may be transferred to another 3-D gaming environment. In yet another
embodiment, different 3-D gaming environments may be modeled on a plurality of
different linked gaming machines and objects may be transferred between the gaming

30

environments generated on different gaming machines. In addition, a plurality of
linked gaming machines may share a common gaming environment. In the common
3-D gaming environment, trajectory-based games of chance may be initiated from
20
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each of the linked gaming machines in the 3-D gaming environment. On each gaming
machine, 2-D images rendered from the shared gaming environment may be used in a
game outcome presentation for trajectory-based game of chance initiated from that
gaming machine. On a first gaming machine, the 2-D images may show one or more
5

game objects used in trajectory-based games of chance initiated on gaming machines
different than the first gaming machine.
As described above, in the trajectory-based game of chance, a wager may be
made on an aspect of a 3-D game object's trajectory in the 3-D gaming environment.
Typically, during its trajectory, the 3-D game object collides with many different

10

combinations of objects before reaching a final state in its trajectory and being
removed from the gaming environment, such as leaving the 3-D gaming environment
through an exit. During the game outcome presentation, the interaction of the 3-D
game object with various objects in the 3-D gaming environment 300 along its
trajectory and the uncertainty of the final destination of the 3-D game object adds to

15

the excitement of the trajectory-based game of chance.
Some examples of aspects of the trajectory of the game object that may be
used to provide a basis for a wager are as follows. A wager may be made upon: 1) an
exit that the game object leaves the gaming environment, 2) a number of collisions
between the game object and other objects along its trajectory, 3) a length of time for

20

the trajectory, 4) a distance traveled by the game object along its trajectory, 5) a final
location of the game object, 6) a final velocity of the game object and 7) combinations
thereof. The present invention, however, is not limited to these examples.
After a wager has been made and the trajectory-based game of chance has
been initiated, a 3-D game object with an initial state may be introduced into the 3-D

25

gaming enviromnent 300. The initial state of the 3-D game object may comprise
information about a number of properties about the game object including but not
limited to 1) an initial position in the coordinate system, 2) an initial velocity which
may include a translational velocity, a rotational velocity, a vibrational velocity and
combinations thereof, 3) mass properties, 4) a geometry, 5) physical properties, 6)

30

graphical rendering properties, 7) sound properties and 8) bonus properties. The
properties for the 3-D object specified in the initial state may be used to generate the
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3-D game object's trajectory in the gaming environment and the game outcome
presentation associated with the 3-D game object.
The trajectory of the 3-D game object may be viewed as comprising a
sequence of trajectory states with an initial state, a final state and one or more states
5

between the initial state and the final state. The trajectory states describe the 3-D
game object's path through the 3-D gaining environment including its position and
velocity as a function of time. The trajectory of the game object in a 3-D gaming
environment including the various trajectory states may be formatted for a game
outcome presentation on the gaming machine.

10

A format used to present the trajectory to the game player is important. In
some formats, the trajectory of the game object in the 3-D gaming environment may
not be of particular interest to a game player. For example, the trajectory of the game
object may be represented as list of numbers indicating the position and velocity of
the game object as a function of time. Displaying these numbers on a display screen

15

on the gaming machine would likely not be of particular interest to most game
players. Thus, the trajectory of the game object in the gaming environment is
converted into a format that provides entertainment to the game player. The format is
typically referred as a game outcome presentation.
The game outcome presentation may comprise a sequence of presentation

20

states. The presentation states describe a presentation of the trajectory states on a
gaming machine interface. The presentation states may include but are not limited to
images, visual effects, sound effects and other effects that are designed to stimulate a
player's senses while the player is playing the trajectory-based game of chance on the
gaming machine. Typically, the images from the presentation states allow the player

25

to view the 3-D game object's progression along its trajectory in the 3-D gaming
environment. Details of presentation states and method of generating the presentation
states for a gaming machine interface that may be used with the present invention are
described in co-pending U.S. application no. 10/041, 212, by Breckner, et al. and
titled, "Decoupling Of The Graphical Presentation of A Game From The Presentation

30

Logic" which is incorporated herein in its entirety and for all purposes.
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As described above, when the 3-D game object is inserted into the 3-D gaming
environment, the initial state for the 3-D game object may describe a number of
properties of the 3-D game object. The properties may be used to generate the
trajectory states of the object along its trajectory and corresponding presentation states
5

that are used in a game outcome presentation. The initial position, the initial velocity,
mass properties, the geometry and physical properties may be used to generate a
trajectory of the 3-D game object in the 3-D gaming environment 300. These
properties may also be defined for the 3-D objects in the 3-D gaming environment.
The initial position and initial velocity of the 3-D game object in the initial state may

10

be used as a set of initial conditions for generating the trajectory.
The mass properties may include but are not limited to a mass, a center of
gravity for the 3-D game object and moments of inertia. The geometry for the 3-D
game object may include a plurality of surfaces and/or data points that are used to
describe the geometry of the 3-D game object. The physical properties may include

15

but are not limited to a density, a surface elasticity of the object, and a drag
coefficient. The physical properties that are specified may depend on the trajectory
rules used to model the 3-D game object's motion (See FIG. 1B for more details). For
instance, if the drag of the game object is modeled than an area and the drag
coefficient of the object may be needed. Otherwise, these properties may not be

20

required.
To generate the trajectory of the 3-D game object, the initial position, initial
velocity, mass properties, the geometry and the physical properties of the 3-D game
object and the properties of other objects in the 3-D gaming environment 300 may be
used with a set of trajectory rules and a set of collision rules. The trajectory rules are

25

used to describe the motion of the 3-D game object in the 3-D gaming environment.
The trajectory rules may be a set of equations that are numerically integrated in time
to generate the trajectory of the 3-D game object. The collision rules are used to
determine the effects of collisions between the 3-D game object and other objects in
the 3-D gaming environment along its trajectory. The collisions may result in a

30

change in momentum for the 3-D game object and a corresponding change in velocity
of the 3-D game object. The collision rules and trajectory rules are described in more
detail with respect to FIG. lB.
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The graphical rendering properties, sound properties and bonus properties are
used to generate the presentation states for the game outcome presentation of the
trajectory-based game of chance. Typically, these properties are not used to simulate
the 3-D game object's trajectory (e.g., position and velocity) in the gaming
5

environment. However, these properties may be used to distinguish between different
types of objects. For instance, red objects may be assigned one set of physical
properties while blue objects may be assigned a different set of physical properties.
The player may be able to distinguish between object's with different properties
according to their color or some other graphical rendering property such as a texture

10

or a shade.
The graphical rendering properties may describe, for example, a shading and a
color of the 3-D game object along its trajectory. The shading and the color of the 3-D
game object may be rendered into 2-D images used in a game outcome presentation
that are derived from the 3-D gaming environment. Other graphical rendering

15

properties are described in more detail with respect to FIG. 8.
The sound properties may be used to determine sounds that are generated
when the 3-D game object collides with another object or surface in the 3-D gaming
environment 300. The sounds may be used in a presentation state for the game
outcome presentation of the trajectory-based game of chance. The bonus properties

20

may be used to describe bonus game events that may be triggered when the 3-D game
objects interacts with other objects along its trajectory. For example, in one
embodiment of the present invention, a bonus game may be triggered when the 3-D
game object collides with a particular object or surface along its trajectory in the 3-D
gaming environment. The bonus properties for the 3-D game object may be used to

25

determine what type of bonus game is generated. Further details of bonus games are
described with respect to FIG. 6.
To illustrate the generation of trajectory states, a few examples of trajectories
of 3-D game objects in the gaming environment are provided. The present invention
is not limited to these examples. The examples are also used to illustrate methods that

30

may be used to add excitement to the game outcome presentation for the trajectory
based game of chance. The methods of adding excitement to the game outcome
presentation may involve changing the properties of the game object along its
24
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trajectory, changing the properties of other objects in the gaming environment and
triggering game events, such as bonus games. These methods are used to add
elements of unpredictability and variability to the trajectory-based game of chance
that a game player may find entertaining.
5

In one embodiment of the present invention, the properties of the game object
and the properties of objects in the gaming environment may be changed and game
events may be triggered in response to different events that may occur along the
trajectory of the game object. For example, the game object's properties and the
properties of other objects in the gaming environment may be changed in response to

10

collisions between the game object and other objects along its trajectory and to the
game object passing through or entering a particular area in the gaming environment.
Also, the properties of objects may be changed and game events may be triggered in
response to the generation of a random number and to satisfying one or more
conditions that are tracked in the trajectory-based game of chance. Bonus games and

15

other aspects of the game outcome presentation such as the generation of audio effects
and visual effects on the gaming machine may also be triggered by these events.
Details of these effects in the context of three trajectories are described below.
For a first trajectory, a spherical game object 330 is inserted in the 3-D gaming
environment at location 342 with an initial state of properties. Next, the spherical

20

game object passes through an opening 331 in the planar surface 329. The spherical
game object collides with a first rectangular box 350, which is an object in the 3-D
gaming environment. In response, to the collision, the 3-D game object is transformed
into a diamond shaped object 332. The diamond shaped object 332 then collides with
a second rectangular box 351 and is transformed in to a pyramidal shaped game object

25

333. Then the game object leaves the gaming environment 300 through the exit 334.
In general, the game object may be polyhedron with a plurality faces. The sphere 330,
the diamond 332 and the pyramid 333 are examples of polyhedra that may be
generated in the 3-D gaming environment 300 and used as game objects. Dice and
coins (not shown) are other examples of polyhedra that may be generated in the 3-D
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gaming environment.
Along the trajectory starting at 342, the geometry of the game object 330
changes twice. The velocity of the game object changes direction, for instance, each
25
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time the game object bounces off the rectangular boxes, 350 and 351. Further, the
magnitude of the velocity may change along its trajectory. For example, the game
object 330 may accelerate or decelerate along its trajectory.
The physical and mass properties of the game object 330 may remain constant
5

along its trajectory. For example, the trajectory and collisions for the game object 330
may be generated as though the game object 330 remains a sphere 330 with a
specified elasticity and mass even after it changes shape to a diamond and then to a
pyramid. As another example, the physical properties and mass properties of the game
object may change along the trajectory. For instance, the elasticity of the game object
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330 may be decreased or the mass of the object may be increased after each collision.
When the properties of the game object are altered in this manner, the game object
may rebound less and less after each collision.
The graphical rendering properties, sound properties and the bonus properties
of an object may change along its trajectory. For example, each time the game object
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330 collides with an object, its color may change. Thus, the game object 330 may start
out red, turn green after hitting the first rectangular box 350 and turn gold after hitting
the box 351. In a similar manner, the sound the game object 330 makes in response to
a collision may also change along its trajectory. A first sound may be generated when
the game object 330 collides with the first rectangular box 350 and a second sound

20

may be generated when the game object collides with the second rectangular box 351.
Bonus properties for the game object may change along its trajectory. In one
embodiment, a bonus event may be triggered on the gaming machine that is
independent of the position and velocity of the game object along its trajectory. For
instance, the bonus event may be triggered at random time intervals. At the initial

25

state of 342, the game object 330 may be assigned a bonus property which is a
number of free game objects where each game object may be used to play a trajectory
based game of chance. As the game object 330 collides with different objects in the
gaming environment 330, the bonus property, which is the number of free game
objects associated with the game object 330, may increase or may decrease. When a
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bonus event is triggered during the game object's trajectory 330, the number of free
game objects currently associated with the game object is awarded.
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For example, the bonus property for the game object 330 may be 1 free game
object at the initial state at 342 and may increase to 4 free game objects after collision
with the first box 350 and may decrease to zero game objects after the collision with
box 351. Therefore, along the game object's trajectory, when the bonus event is
5

triggered at a time where the game object is between location 342 and the collision
with box 350, one game object may be awarded. Between the collision with box 350
and the collision with box 351, 4 game objects may be awarded if the bonus is
triggered during this portion of the trajectory. Finally, after the collision with box 351,
no game objects may be awarded if the bonus event is triggered during this portion of

10

the trajectory.
In response to collisions, the properties of objects in the gaming environment
300, besides game objects, may change. For example, the first rectangular box may
change color after it struck by the game object 330. As another example, the
rectangular box 350 may change shape after a collision. For instance, the rectangular
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box 350 may appear dented after a collision with the game object 330. The dent may
heal itself after a while or may remain in the box 350. In general, any of the properties
of the game object and the second object may change in response to a collision
including but not limited to the geometry properties, the mass properties, the physical
properties, the graphical rendering properties, the bonus properties and the sound

20

properties. Also, all or a portion of the properties may remain constant after a
collision. For example, the game object's shape or color may not change in response
to a collision.
A collision between a game object and a second object in the gaming
environment may induce motion in the second object. For instance, when the first

25

rectangular box 350 is struck by the game object 330, it may begin to translate, to
rotate or to vibrate in response to the collision. The box 350 may rotate in place or
vibrate in place and then stop after a while or it may begin to translate around the
gaming environment. For example, the box 350 may vibrate as though it were
attached to an invisible string that ran through the center of the box and was anchored

30

on both ends.
In response to a collision between objects in the gaming environment 300,
other aspects of the trajectory based game of chance may be modified besides the
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properties of the game objects. For example, in one embodiment, a bonus game in the
trajectory-based game of chance may be triggered when the collision is detected. In
another embodiment, a game event may be triggered when the collision is detected.
The game event may be used trigger one or more presentation events in a presentation
5

state of the trajectory-based game. For instance, as part of a presentation state, the
game event may trigger an activation of a light panel located on the gaming machine,
an activation of a bonus wheel on the gaming machine , the projection of a particular
sound through speakers on the gaming machine or the generation of a new object in
the gaining environment 300 that is rendered in the game outcome presentation.

10

A second trajectory for a spherical game object 322 is initiated at location 341.
The spherical game object collides with a first rectangular box and a second
rectangular box and passes through an area 321. In response to the intersection of the
game object with the area 321, one or more properties of the game object 322, such as
but not limited to a position, a velocity, a mass property, a geometry, physical

15

properties, graphical rendering property, a sound property and a bonus property, may
be modified. Also, in response to the intersection, these properties may be modified
for other objects in the gaming environment.
As an example, in response to the intersection, the game object 322 may be
transported to another location in the gaming environment in a discontinuous manner,

20

such as being transported from the intersection location in the area 321 to a location
325. In yet another example, in response to the intersection, the game object may be
instantaneously accelerated or decelerated. In general, one or more of the game
object's translational, rotational and vibrational velocity components may be
modified. In yet another example, in response the intersection with the area 321, the

25

game object's shape or color may change. The area 321 may be as small as a single
coordinate in the gaming environment 300. The operations described above may also
be triggered when the game object may also passes through a volume instead of an
area, such as 321.
In other embodiments, in response to the intersection between the game object
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322 and the area 321, one or more of the following may be implemented: 1) the game
object's trajectory may be terminated as part of an exit rule, 2) the game object may
be removed from gaming environment as part of an exit rule, 3) a bonus game event
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may be triggered and 4) a game event may be triggered. For example, when the area
that is intersected by the game object is an exit to the gaming environment, then the
game object's trajectory is terminated and the game object is removed from gaming
environment. In another example, when the area that is intersected by the game object
5

is an entrance to a bonus storage area, such as a cup, the game object's trajectory may
be terminated and the game object may be temporarily stored in the storage area.
However, the game object is not removed from the gaming environment 300 and may
later be reintroduced into the gaming environment in response to another game event.
Details of bonus storage areas are further described with respect to FIG. 7.
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After the game object 322 passes through the area 321, it bounces off the
surface 329 and enters the opening 323. After passing through the opening 323, the
game object is transported to location 325 in a discontinuous manner. This differs
from the trajectory of the game object 330 that starts at location 342. In this trajectory,
after the game object 330 passes through the surface 329 through opening 331, the

15

game object's trajectory is continuous in that it is not altered when it passes through
the opening. From location 325, the game object 322 collides off a rectangular box,
bounces off a planar surface 352 and exits the gaining environment 300 through the
exit 353.
A third trajectory for a spherical game object 320 is initiated at location 340.

20

The game object 320 collides off a rectangular box 357 and splits into three game
objects. In the present invention, in response to a collision with an object in the
gaming environment which may include another game object or in response to the
object passing through an area, such as area 321, the game object may be split into a
plurality of objects. The split of the game object may be triggered by other events

25

such as at random or in response to other parameters tracked in the gaming
environment. The game object's velocity magnitude or a distanced traveled along its
trajectory are two examples of parameters that may be tracked in the gaming
environment. In this example, the game object 320 is split into three objects. Two of
the objects are spherical shaped and one of the object is diamond shaped.

30

In one embodiment, the splitting of a first game object may result in a number
of new game objects. For instance, when game object 320 is split into three objects.
The three new objects may be treated as separate game objects in the trajectory-based
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of game of chance where a distinct trajectory is generated for each of these new game
objects. This type of split may be implemented as part of a bonus game for the
trajectory-based game of chance. In another embodiment, the game object may split
into a number of pieces to simulate an explosion. In this case, after the explosive split,
5

the new pieces comprising the game object may be removed from the gaming
environment.
In yet another embodiment, rather than splitting into new objects, in response
to a collision with an object in the gaming environment, which may include another
game object, or in response to the object passing through an area, such as area 321,

10

new objects, which may be game objects, may be introduced into the gaming
environment 321. For example, the rectangular box 357 may store the spherical object
and the diamond shaped object. When the game object 320 collides with the
rectangular box 357, the spherical object and the diamond shaped object may be
released from the box 327 along separate trajectories while the game object 320
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continues along its trajectory. The diamond shaped object and the spherical object
released from the box 327 may become new objects in the gaming environment 300
or these objects may become new game objects.
In a further embodiment, in response to a collision with an object in the
gaming environment, in response to the object passing through an area, such as area
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321, or in response to another conditions, such as at regular intervals, a size of an
object may change. For example, when the game object 320 collides with rectangular
box 357, the size of the game object 320 may increase/decrease and/or the size of the
rectangular box may increase/decrease. In another example, a size of an opening, such
as 331 or 356, may increase or may decrease as a function of time. Therefore, when

25

the opening is large compared to a size of a game object, the game object may pass
through the opening. When the opening is small compared to the size of a game
object, the game object may bounce off the opening.
In response to a collision between two objects in the gaming environment, the
two objects, rather than splitting, may merge into one another. For example, the game
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320 after colliding with the rectangular box collides with a second rectangular box
and embeds itself into a second rectangular box 358. After the collision, the game
object may be stored in the rectangular box 358 and later released in response to a
30
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game event or the game object may be removed the gaming environment 300. In
another example, two game objects may collide with one another and the two game
objects, rather than bouncing off of one another or causing each other to explode, may
merge together to create a single game object. Further, objects in the gaming
5

environment 300 other than game objects may collide and merge with another and
then split apart again at a later time.
In another embodiment of the present invention, in response to a collision or
in response to an object passing through an area, objects, surfaces or exits may appear
in the gaming environment or disappear from the gaming environment 300 or the
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objects, surfaces, exits may be modified in some manner. For instance, the opening
354 in the planar surface 329 may lead to a bonus area. The opening 354 may not
appear until a game object (or another object in the gaming environment) collides
with a particular object in the gaining environment or passes through an area in the
gaming environment. When the opening 354 has not appeared in the planar surface
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329, the surface where the opening 354 appears may behave as a solid surface and
objects may collide off of it. When the opening 354 has appeared, then the game
object may pass through the opening 354.
In general, one property that may change as a function of time in the gaming
environment is the solidity of an object or a solidity of a surface. At one time, an

20

object or surface in the gaming environment may behave as a solid that prevents
objects from passing through it and at another time the object or the surface may act
as a non-solid an allow objects to pass through them. For instance, the solidity of a
game object may be changed so that the game object passes through one or more
objects in the gaming environment rather than colliding with the object. As another

25

example, the solidity of a surface, such as the planar surface 329, may change such
that the game object 322 may bounce off it at one time and pass through it at another
time. Further, surfaces may be selectively permeable allowing certain objects to
through them while being impermeable to other objects.
In yet another embodiment, in response to an intersection or in response to a
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collision, an object or a surface may be actuated in a manner that opens or closes an
opening in the gaming environment. For instance, in response to a collision or an
intersection, a door blocking an exit may open, allowing an object to pass through it,
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or the door may close blocking objects from passing through it. In another example, a
surface may slide back and forth between two adjacent openings in response to a
collision, an intersection or at random. Therefore, when the first opening is blocked
by the surface, the second opening is unblocked and when the second opening is
5

blocked by the surface, the first opening is unblocked.
In a further embodiment, rather than an opening appearing or an opening
disappearing, in response to a collision or an intersection, an object may appear in the
gaming environment or the object may disappear from the gaming environment. For
example, in response to a collision, a dome may appear over an exit that blocks
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objects from passing through the exit. As another example, a wall blocking an
entrance to a portion of the gaming environment may be removed allowing objects to
pass through the entrance in response to different events that may occur in the gaming
environment.
As described above, collisions or intersections between objects and surfaces in
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the gaming environment 300 may be used to trigger various game events, such as the
changing of one or more of a game object's properties. The surfaces or the objects
involved in the collisions or intersections may be rendered as visible or invisible in
the gaming environment. For example, the gaming environment 300 may be bounded
by invisible or translucent walls. The invisible walls may deflect objects that collide

20

with them. As another example, objects or surfaces in the gaming environment 300
that can be used to generate collisions or intersections, such as the rectangular boxes,
357 and 351, and the surface 321 may be rendered as invisible objects.
In general, the visibility characteristics of an object or a surface may vary with
time. For example, a surface, such as area 321 may remain invisible until an object

25

such as the game object 322 intersects the area 321. At the time of the intersection
between the game object 322 and the area, the surface may become visible for a brief
time and then become invisible again after a period of time. In another example, the
box 351 may become visible and invisible at regular intervals.
As described above, collisions or intersections may be used to trigger different
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changes in the trajectory-based game of chance. The changes may also be triggered by
other methods. In one method, a change in one of the aspects of the gaming
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environment, such as an object's properties, may be triggered at random. In another
method, the change in one of the aspect of the gaming environment may be triggered
based upon a time interval. For instance, a game object's shape may change at regular
intervals in the gaming environment independent of any collisions or intersections by
5

the game object. In yet another method, the change in one of the aspects of the
gaming environment may be triggered after a sequence of conditions has occurred.
For example, an opening in the gaming environment may not appear until a number of
specific collisions and/or intersections has occurred between game objects and other
objects in the gaming environment. In one embodiment, one of the conditions in a
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sequence of conditions may be based upon a wager made in the trajectory-based game
of chance, such as an amount of the wager.
The generation of a trajectory of a game object in a 3-D gaming environment
is only part of the generation of trajectory-based game of chance that is presented on a
gaming machine. As described above, as part of a presentation state for the trajectory
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based game of chance, which may include a plurality of effects that are designed to
stimulate one or more the game player's senses, a sequence of 2-D images may be
rendered from the 3-D gaming environment. The sequence of game images may be
rendered using one or more virtual cameras in the 3-D gaming environment.
For the purposes of illustration, two virtual cameras, 302 and 306 are shown in

20

the FIG. 1A. The first virtual camera is located at a location in front and above of the
planar surface 329. The virtual camera is used to "capture" a portion of the 3-D
gaming environment and to render the portion of the 3-D gaming environment to a 2
D image. The space in the 3-D environment captured by the first virtual camera 302 is
represented by the dashed lines connected to the camera. A 2-D image of the space
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captured from the first virtual camera is shown in 312. The 2-D image 312 may be
included in a sequence of 2-D images used as part of the game outcome presentation
for the trajectory based game of chance.
The position of the virtual camera 302 does not capture any portion of the
trajectories of the game objects in the gaming environment. The virtual camera may
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be positioned to capture all or a portion of one more of game object's trajectory in the
3-D gaming environment. The position of the virtual camera used in a trajectory
based game of chance may vary from one trajectory-based game of chance to another
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trajectory-based game of chance and does not have to remain fixed. The position of
the virtual camera may also vary during the trajectory-based game of chance. Further,
a plurality of virtual cameras may be used to generate the sequence of 2-D images
used to generate the game outcome presentation for the trajectory-based game of
5

chance. For instance, a game outcome presentation for a trajectory-based of chance
may use images rendered from cameras 302 and 306. In one embodiment of the
present invention, the gaming machine may be designed to allow the game player to
select a location of a virtual camera.
The second virtual camera, 306, is located on the game object 322. A space
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captured by the virtual camera is defined by the dashed lines connected to the camera.
The camera captures a rectangle 308 of the planar surface 352. The space captured by
the camera 310 is rendered into a 2-D image 310. The virtual camera 322 may travel
with the game object 322. For instance, as the game object 322 travels toward the
surface 352, the 2-D images rendered from the camera may show the surface 352
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appearing to get closer and closer. Additional details of using the virtual camera are
described with respect to FIG. 8 and as well as co-pending U.S. application no.
09/927,901, filed August 9, 2001, by LeMay, et al., and titled, "Virtual Cameras And
3-D Gamining Enviromnents In A Gaming Machine," previously incorporated herein.
Three trajectories, starting at locations 340, 341, and 342, respectively in the
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gaming environment 300, have been described. These trajectories are a function of a
number of variables such as the initial state of the trajectory, properties of the game
object and the placement of objects in the gaming environment. In general, all of the
possible trajectories for game objects in the gaming environment 300 are not used in a
trajectory-based game of chance. Theoretically, for each gaming environment with its
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individual placement of objects and exits, the number of possible trajectories is
infinite. However, various criteria related to the application of the trajectory-based
game of chance to a gaming machine are available that provide some guidelines in
regards to trajectory selection.
One criterion on a gaming machine that effects the trajectory selection is a
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length of time for a game outcome presentation for a game of chance. The length of
time of a game outcome is usually on the order of a few seconds. Thus, the trajectory
selection may be limited to a group of trajectories that are within a range of times
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bounded by a minimum time and a maximum time. For example, trajectories may be
selected that last between 1 and 3 seconds.
Another criterion for trajectory selection is that game player's generally prefer
rules and outcomes for the game of chance which are easy to understand. For
5

example, in gaming environment 300, only trajectories that result in a game object
leaving the gaming environment 300 through one of the exits 334 or 353, 355, 356
within a bounded range of times may be used. When the game object leaves through
one of the exits, the trajectory-based game of chance ends with a result that is easy for
a player to understand.
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Yet another criterion for trajectory selection is variability of the trajectories.
Typically, when a game is monotonous without much variability, a game player may
quickly lose interest in playing the game. Thus, a group of trajectories and a gaming
enviromnent may be selected that provides for trajectories with a large degree of
variation.
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An illustration of how the criteria listed above may be satisfied is provided by
comparing the trajectory-based games of chance of the present invention to two
mechanical systems used in gaming that involve the trajectory of a moving object: 1)
roulette and pachinko. The gaming environment 300, including trajectory rules,
collision rules, exit rules and the properties of objects, may be modeled after a
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mechanical system, such as roulette or pachinko. However, as discussed in detail
below, the present invention is not constrained to the physical and the mechanical
limitations of these mechanical systems.
In a mechanical roulette game, a roulette wheel with a number of slots is
surrounded by a bowl-like surface. To play the game, the roulette wheel is spun and a
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ball is inserted into the bowl-like surface with an initial velocity. The ball travels
around the bowl-like surface until it lands in one of the slots of the spinning roulette
wheel. After the ball lands in one of the slots, it may bounce from slot to slot until it
comes to rest in a final slot. The final slot the ball comes to rest in determines the
outcome of the roulette game. The path of ball around the bowl-like surface including
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collisions and bounces in the slots comprises its trajectory.
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In the 3-D gaming environment, the bowl-like surface, the spinning wheel and
the trajectory of the ball around the bowl and bounces in the slots may be simulated as
part of the generation of a trajectory-based game of chance. In the 3-D gaming
environment for roulette, the trajectory of the game object may include simulating a
5

game object moving along the bowl-like surface while in a medium, such as air, and
moving through the air without contact with a surface. In general, in the 3-D gaming
environments of the present invention, objects may be simulated moving through
different media, such as water, oil or air, while in contact with a surface in the gaming
environment or moving through the media without contact to a surface in the gaming

10

environment.
Pachinko is another example of a mechanical system that may be modeled as a
trajectory-based game of the present invention. A single game of mechanical
pachinko involves dropping a ball through a portion of a vertical box. The ball starts
at the top of the box and is drawn through the box via the force of gravity. A large
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number of obstacles may be arranged within the box. As the ball falls through the
box, the trajectory of the ball is altered by collisions with the obstacles. The thickness
of the box is usually not much greater than the diameter of the ball. Therefore, the
velocity component of the ball in the direction perpendicular to the face of the box is
very small and the trajectory of the ball is substantially planar.

20

A number of exits are placed within the box that allow a ball to leave the
portion of the box where the collisions are taking place. A game outcome is
determined by the exit from which the ball leaves the box. The game is designed such
that the trajectory of the ball is very sensitive to its initial conditions. Thus, it is very
difficult to predict the trajectory of the ball within the box and hence the exit from

25

which the ball leaves. Further, the game is designed such that the ball always leaves
through one of the exits independent of the initial conditions of the trajectory.
The obstacles, the exits, the effects of collisions of the balls with obstacles, the
falling of balls in response to gravity and other qualities of a mechanical pachinko
game may be simulated in the 3-D gaming environment of the present invention.
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Similar to a mechanical pachinko game, the trajectories of the ball may be limited to
planar trajectories in the 3-D gaming environment. Also, like a mechanical pachinko
system, the 3-D gaming environment may be designed such that objects always leave
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the gaming environment through one of a plurality of exits. Further, devices, such as
flippers used to impart momentum to a game object or plungers used to launch a
game object (see FIG. 9) may also be simulated in the 3-D gaming environment.
The trajectory-based games of the present invention have many advantages
5

over mechanical systems such as the roulette game and the pachinko game described
above. A few of these advantages are described as follows. First, the properties of
trajectory-based games of the present invention do not change in an unpredictable
manner over time. The properties of mechanical systems may change over time due to
wear. Second, the trajectory-based games of the present invention are not limited by
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actual physics. For example, in the pachinko game or the roulette, the objects always
fall according to the earth's gravity. In a 3-D gaming environment of the present
invention, the gravity on the moon, Jupiter, Mars or even anti-gravity may be modeled
to create different trajectories. Further, in the mechanical roulette game and the
pachinko game, the force of gravity is essential constant throughout the system. In a
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3-D gaming environment, the physical forces modeled in the system such as the force
of gravity may be substantially varied throughout the gaming environment.
In the present invention (see FIG. 6 for more details), a 3-D gaming
environment for trajectory-based game of chance may be modeled where a game
object travels through many different media, such as air, water and oil. In the
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mechanical roulette and pachinko systems, the ball moves through air. Although it
would be possible to use different substances in a mechanical pachinko game, such as
water, it is not practical for maintenance reasons. In the present invention, game
objects of many different shapes may be employed, such as spheres, boxes, pyramids
and diamonds. In a mechanical trajectory game, such as pachinko, spherical balls are

25

used because they are easy to gather and circulate in a mechanical system. Using non
spherical objects such as boxes or pyramids would be impractical because of the
difficulty of mechanically gathering and circulating non-spherical objects. Further, in
a mechanical system, changing the shape of the game object, such as from a sphere to
a diamond, or splitting the game object into a number of pieces is not feasible.
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In the mechanical roulette and pachinko games, the mechanical systems are
designed such that the ball always ends up in an exit independent of the initial
velocity and position of the ball in the system. The mechanical games are designed
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this way so that precise control of the initial state of the game object, such as its
position and velocity, is not needed. In the present invention, the initial state of the
game object is easily specified. Thus, trajectory-base games of chance in 3-D gaming
environments may be implemented where the final state of the game object is
5

dependent on both the design of the gaming environment (e.g., object placement and
exit rules) and the initial state of the game object.
As an example, a trajectory-based game of chance may be implemented in a 3
D gaming environment where the game objects enter the gaming environment at a
specific location and are required to exit through one of a plurality of exits in the
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gaming environment. The gaining environment may be designed such that only game
objects that enter the gaming environment at the specific location with a sub-set of
possible initial velocities leave the gaming environment through one of the plurality
of exits. Initial velocities outside of the subset may result in the game object not
leaving the gaming environment, which would not be desirable. Thus, unlike
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mechanical pachinko or mechanical roulette, a game object entering the gaming
environment at the specific location may not end up at an exit independent of its
initial velocity. However, in the present invention, since the initial velocity of the
game object may be precisely specified, the game objects may be given initial
velocities that always lead to trajectories where the game object leaves the gaming
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environment through one of the plurality of exits: Initial velocities where the game
objects do not leave the gaming environment through an exit are not used. The
generation of initial conditions for game objects in a trajectory-based game of chance
is described in more detail with respect to FIG. 3.
Yet another advantage of the 3-D gaming environments of the present
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invention as compared to mechanical system is the capability of controlling of the
view used in the game outcome presentation. In a mechanical system such as the
roulette game or the pachinko game, the orientation of the mechanical system does
not change and a single view or a limited range of views is provided to the player. For
instance, in mechanical pachinko game, the system is designed to remain vertically

30

oriented and the view from in front of the pachinko game of the balls falling through
the vertical surface is the only view presented to the player. As described above, a
virtual camera in the 3-D gaming environment may be used to render a sequence of 2
D images used in the game outcome presentation for the trajectory-based game of
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chance. The position of the virtual camera may be moved throughout the 3-D gaming
environment and the position may change as a function of time. For instance, as
described, the virtual camera may be located on the game object. Thus, a view from
the perspective of the game object may be generated. With mechanical systems, such
5

a pachinko, variable views from many different perspectives are not feasible.
FIG. 1B is a block diagram describing trajectory rules and collision rules for
two objects, 370 and 371, in the 3-D gaming environment described with respect to
FIG 1A. The two diamond shaped objects 370 and 371 may be two game objects, a
game object and an object in the 3-D gaming environment, or two objects in the

10

gaming environment. As described above, the game object is distinguished from other
moving or stationary objects in the 3-D gaming environment in that a wager is made
on an aspect of the game object's trajectory in the trajectory-based game of chance.
The trajectories of objects in the gaming environment besides game objects may be
simulated but wagers are not made on their trajectories. The trajectory rules and

15

collision rules used to generate the trajectories of game objects and non-game objects
may be the same or may be different.
Using well-known physical relations, a realistic appearing trajectory for an
object in a 3-D gaming environment including collisions may be generated. The
purpose of using the physical relations may be to generate a realistic presentation of a

20

game object moving and colliding with various objects in the gaming environment.
However, the present invention is not limited to using physical relations that occur in
nature. For instance, as described above, the effects of anti-gravity may be modeled in
the 3-D gaming environment. In general, the accuracy of the simulations is not
important as long as it is appealing to a player playing the trajectory-based game of

25

chance.
In FIG. 1B, the trajectory rules and the collision rules for two objects, 370 and
371, are described. The first object, 370, is allowed to translate in three directions and
rotate in three directions in the 3-D gaming environment. The second object 371 is
allowed only to translate in 3 directions in the 3-D gaming environment.

30

For the first object 370 and the second object 371, the trajectory rules used to
generate a position and translation velocity of the game object as a function of time
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may be specified as three equations of motion in the x, y and z directions relative to
the object's centers of mass. For the first object, three additional equations of motion
are used to determine rotational velocity components in a particular direction. For the
translation velocity components, the velocity in a particular direction as function time
5

is determined by integrating the equation, F---mA where F is the summation of
translational forces in a particular direction, m is the mass of the object and A is the
acceleration in the particular direction. This equation may be integrated a second time
to determine the position of the center of mass of the objects as a function of time in a
particular direction in the gaming environment.

10

In a similar manner, the rotational forces for the first object 370 may be
modeled as Fr-I2 where Fr is a summation of rotational force about a particular axis, I
is a moment of inertia about the particular axis and 2 is an angular acceleration.
Assuming no rotational coupling, 3 equations may be written to account for the
rotational forces around each axis. To generate a rotational velocity and a rotational

15

position as a function of time, each force equation may be integrated twice. More
complex equations (up to nine equations to account for all of the cross coupling
terms in 3-D dimensions) may be used to simulate rotational coupling in the gaming
environment but this level of complexity is unlikely to be needed in a game
presentation on a gaming machine. Although not shown, vibrational force equations

20

may be written to simulate the vibrational motion of an object about its center of mass
as a function of time.
Each of translation force in the summation of forces in each force equation
may be a function of a number of parameters such as but not limited to: i) a position
(x,y,z) in the gaming environment, ii) the translation velocity of the game object

25

(Vx,Vy,Vz), iii) rotational velocities (Rx, Ry, Rz), iv) time, v) vibrational velocities
(not shown), vi) various physical constants of the object and the environment (not
shown), such as a gravitational constant, mass properties of the object, a drag constant
for the object, etc. Similarly, other forces modeled in the gaming environment, such
as rotational forces and vibrational forces, may also be a function of these parameters.

30

Gravitational forces, frictional forces, inertial forces, environmental forces,
electromechanical forces, electromagnetic forces and imaginary forces may be
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modeled in the gaming environment and incorporated in one or more force equations.
However, the present invention is not limited to these forces.
Frictional forces may include the drag on an object as it moves through a
substance such as air or water in the gaming environment or the friction between the
5

object and a surface in the gaming environment. Inertial forces may include
centrifugal forces. Electromechanical forces may include the forces from
electromechanical devices simulated in the gaming environment such as springs or
flippers that may come in contact with objects in the gaming environment. These
forces may be also be modeled as part collision rules describing the effects of

10

collisions involving the object. Electromagnetic forces imparted by a magnetic field
or the magnetic properties of objects may be simulated in the gaming environment.
Environmental forces may include the effects of wind in air environment or water
currents in a water environment. Imaginary forces may include the effects of forces
not found in nature such as anti-gravity or a frictional force that speeds up an object

15

rather slowing it down.
As an example, to simulate the diamond shaped object falling through water in
the gaming environment, mass properties of the diamond shaped object (e.g., a
density, a volume, a mass distribution, etc.), a drag coefficient of the object and
constants used to model viscous drag in the water may be specified. Then, force

20

equations used to model the forces in one or more directions may be generated. The
force equations may include the effects of gravitational forces, buoyancy forces,
viscous forces and environmental forces (e.g., water currents in the gaming
environment). With an initial velocity and an initial position in the gaming
environment for the object, the trajectory, including velocity and position as a

25

function of time of the game object starting from the initial velocity and the initial
position, may be generated by integrating the one or more force equations.
In this example, when the effects of rotation are modeled for the object, then
rotational force equations accounting for the effects of viscous drag on the object may
also be generated. With an initial rotation velocity, the rotational velocity of the object

30

in the gaming environment may be determined along its trajectory by integrating the
rotational force equations. As described above, the trajectory as a function of time of
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the game object in the gaming environment may be used as part of a game outcome
presentation on the gaming machine.
As described above, to generate a trajectory, one or more force equations may
be integrated. For complex force equations, a numerical integration technique may be
5

applied to solve the force equations. In some embodiments, a closed form solution
may be available for the integrated force equations and numerical integration may not
be required. In this case, the force equations may be integrated to generate a formula
where the formula provides the trajectory of the object as a function of time.
As described with respect to FIG. lA, a game object may collide with various

10

objects along its trajectory. Also, non-game objects may also collide in the gaming
enviromnent. When two objects collide in the gaming enviromnent, the velocity of
one or both of the objects may be changed. The velocities of the objects may include
translational, rotational and vibrational velocity components. For collisions between
two objects in the gaming environment, such as but not limited to a game object and a

15

non-game object, collision rules may be specified that are used to determine the
effects of a collision on one or more of the velocity components of each object.
The collision rules may or may not be physics-based. For example, one
collision rule, which is not physics-based, may be that red colored objects are not
affected by collisions. A collision rule that is physics-based may account for the

20

change in momentum of the two objects during a collision. For instance, a physics
based collision rule that may be used to described a linear, elastic collision between
the two game objects, 370 and 371, at collision location 372 is based upon the
physical conservation of momentum during the collision. Given the initial
translational velocities and masses of the two objects prior to the collision, equations

25

may be derived that provide the final velocities of the two objects after the collisions.
In FIG. 1B, an equation that provides the final velocity of each object, Vlf and V2f
based upon the mass of each object, in and m2, and the initial velocity of each object
V1i and V2i is shown. More complex equations may be derived that account for the
effects of non-linear collisions and non-elastic collisions. In additions, equations may

30

be derived that describe changes in rotational and vibrational velocities that may
result from a collision between two objects.
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In one embodiment, the collision rules may account for forces applied to an
object during a collision. For example, an object along its trajectory may collide with
a spring loaded platform where the spring loaded platform imparts a force to object
that effects its post-collision velocity of the object. In another example, the gaming
5

environment may include flippers that impart a velocity to an object when the flipper
and the object collides.
FIG. 2 is a flow chart depicting a method 900 of generating a trajectory for a
game object in a 3-D gaming environment of the present invention. 2-D images
rendered from the gaming environment showing the game object along its trajectory

10

may be used as part of a game outcome presentation for a trajectory-based game of
chance. The method may also be applied to generate a trajectory for a non-game
object in the 3-D gaming environment. However, a wager is not associated with the
trajectory of the non-game object.
In the method, a trajectory comprising a sequence of states may be generated

15

for a game object. The sequence of states may include an initial state, a final state and
one or more states between the initial state and the final state. For each state,
information regarding properties in the gaming environment, such as but not limited
to 1) a position, 2) a velocity which may include a translational velocity, a rotational
velocity, a vibrational velocity and combinations thereof, 3) mass properties, 4) a

20

geometry, 5) physical properties, 6) graphical rendering properties, 7) sound
properties and 8) bonus properties, may be either specified or generated.
To generate a second state in the sequence of states from a first state, the
properties of the game object at first state may be modified by applying game logic,
such as but not limited to trajectory rules and collision rules. The game logic relates

25

the properties of the first state to the properties of the second state. By repeatedly
applying the game logic to generate new states, the sequence of states of the game
object along its trajectory are generated. As an example, typically, for the initial state,
the properties of the game object are specified. The initial position and the initial
velocity of the game object may be specified by selecting the initial position and the

30

initial velocity from a database of positions and velocities (see FIG. 3 for more
details). The database may also include a geometry, physical properties and graphical
rendering properties that are used to specify these properties for the game object.
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Then, to generate a second state after the initial state, the properties specified for the
initial state may be modified according to the game logic. To generate a third state
after the second state, the game logic may be applied to the properties of the game
object at the second state. The process may be repeated until a final state in the
5

sequence of states is generated.
Typically, in the sequence of states only information from one state is used to
generate the next state in the sequence of states. For instance, the third state is
generated from the second state or the Nth state is generate Nth-1 state. This method is
described in FIG. 2. However, the present invention is not so limited. Information

10

from a plurality of states may be used to generate a state in the sequence of states. For
example, the third state in the sequence of states may be generated from information
from a second state and information a first state.
In 905, the properties of the game object in the gaming environment at the first
state are looked up. The first state refers to one of the states in the sequence states for

15

the game object along its trajectory that is used to generate the immediately following
state in the sequence of states. It is not limited to the initial state in the sequence of
states. In 910, information used to apply the trajectory rules is looked up. The
trajectory rules may vary from location to location in the gaming environment. Thus,
the information may specify a set of trajectory rules to apply. After the trajectory rules

20

to apply are determined, the physical properties need to apply the trajectory rules may
be looked up. The physical properties used in the gaming environment, such as a
gravitational constant, may vary from location to location. Therefore, the local
physical properties at the first state may be determined. When the trajectory rules and
the physical properties are constant throughout the gaming environment, 910 may be

25

eliminated. In 915, the trajectory rules are applied to generate an initial set of
properties at the second state.
In 920, it is detennined whether the game object has collided with any objects
between the first state and the second state. In 925, when a collision has been
detected, the properties of the colliding objects may be looked up. Also, the collision

30

rules to apply in the collision may also be determined. In 930, the collision location
may be generated. The collision location is the location where the two objects make
contact with one another. The collision location may depend on the geometry of the
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two objects in the collision. After the collision location is generated, the location of
the center of mass of the game object in the gaming environment may be generated.
Typically, the position of the center of mass of the game object in the gaming
environment is generated for its trajectory. Thus, when the two objects are in contact,
5

the location of the center of mass of the game object at this point may become the
position of the game object for the second state.
In 935, the collision rules may be applied to generate the post collision
velocity of the game object and other changes to the game object's properties. The
collision rules were described with respect to FIG. lB. As described with respect to

10

FIG. 1A, properties of the game object such as its graphical rendering properties,
sound properties and bonus properties may be changed as a result of a collision. The
collision rules may specify the conditions for which changes to the properties are
made.
In 940, events triggered by the collision may be processed. In FIG. lA, a

15

number of game events that may occur in response to a collision are described. In
940, it is determined whether any game events have occurred and any game events
that have occurred are processed. For instance, in response to a collision, one or more
of the following may occur: 1) the game object may be transported to another
location, 2) the game object may be split into a plurality of game objects, 3) game

20

objects may be released into the gaming environment, 4) the game object may
explode and 5) a bonus game may be triggered. Additional examples are described in
FIG. 1A. A game event that is triggered from the collision may change the game
object's properties at the second state such as when the game object is transported to
another location in response to a collision.

25

In 945, it determined whether the game object as intersected an area that is
used to trigger a game event. After it is determined that an area that may trigger a
game event has been intersected, in 950, it is determined whether any game events
have been triggered. Then, in 950, any game events that have been triggered are
processed. For example, in response to an intersection, one or more of the following

30

may occur: 1) the game object may be transported to another location, 2) the game
object may be split into a plurality of game objects, 3) game objects may be released
into the gaming environment, 4) the game object may explode and 5) a bonus game
45
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may be triggered. Additional examples are described in FIG. 1A. A game event that is
triggered from the intersection may change the game object's properties at the second
state such as when the game object is transported to another location in response to a
collision.
In 955, after the second state of the game object has been determined, one or

5

more exit rules may be applied to the game object. The exit rules determine when the
game object's trajectory is terminated and the game object is removed from the game.
Details of exit rules are described with respect to FIG. 1A. In 960, it is determined
whether the trajectory of the game object has been terminated. In 965, when the game
10

object trajectory is terminated, the game object may be removed from the gaming
environment and an outcome for the trajectory-based game of chance may be
displayed. The outcome may indicate an award for the trajectory-based game of
chance.
In 967, it is determined whether any game events have been triggered based

15

upon a parameter tracked along the trajectory. Then, any triggered game events may
be processed. For example, as was described with respect to FIG. 1A, a game event
may be triggered in response to a distance traveled along the trajectory, a time along
the trajectory, a number of collisions along the trajectory or based-upon a
combination of conditions. The game events that may be triggered are the same that

20

may be triggered in response to a collision or an intersection with an area.
In 970, the position and velocity of the game object and other properties of the
second game state may be stored. In 975, the game object may be rendered according
to the properties of the second state in the gaming environment. Next, the properties
of the second state may become the properties of the second state looked up in 905 an

25

the method may be repeated until the trajectory of the game object is terminated in
960.
FIG. 3 is a flow chart depicting a method of generating a pay-table for a
trajectory-based game of chance. In 600, for a 3-D gaming environment, objects are
generated. The objects may include all of the different shapes and surfaces in the 3-D

30

gaming environment and their geometry's. In 602, the interaction rules for the 3-D
gaming environment are generated. The interaction rules may comprise game logic
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and parameters used to describe the behavior of objects in the gaming environment,
such as how the objects interact in response to different conditions.
The interaction rules may include but are not limited to:1) trajectory rules and
their associated parameters, 2) collision rules and their associated parameters, 3) exit
5

rules and their associated parameters and 4) any additional logic and parameters
needed to specify game events that are triggered by the interaction of objects in the
gaming environment. As an example, as described with respect to FIG. 1B, the
collision rules may comprise: 1) equations used to model momentum exchange
between two objects during a collision and 2) logical rules that are used to determine

10

how other properties of an object, such as a color, a shape or a size, are changed in
response to the collision. To use the momentum exchange collision rules, an
elasticity parameter may be assigned to each object and/or surface in the gaming
environment. In general, each object in the gaming environment may be assigned
many different parameters that are used in logical rules implemented in the gaming

15

environment.
In 604, after the 3-D gaining environment and the associated logic used to
describe the behavior of objects in the gaming environment has been specified, an
insertion point for inserting game objects into the gaming environment may be
selected. The insertion point is a location in the gaming environment where the

20

trajectory of a game object is initialized. One or more insertion points may be used in
a trajectory-based game of chance. In FIG. 1A, three trajectories with three different
insertion points in the gaming environment 300 are described.
In 606, the properties of the game object are initialized at the insertion point.
The game object may be initialized with a random velocity within a specified range of

25

velocities. In 608, a trajectory for the game object in the gaming environment is
generated. The trajectory may comprise a sequence of states with an initial state, a
final state and plurality of states in between the initial state and the final state where
property information is specified at each state.
In 610, the trajectory may be compared to one or more criteria used to

30

determine whether the trajectory is acceptable for storage to a trajectory database. For
example, a length of a time between the initial state of the trajectory and the final state
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of the trajectory may be generated and compared to an acceptable range of times
where only trajectories within the range of times are accepted. In another example, a
number of collisions along the trajectory may be generated and compared to an
acceptable range of collisions where only trajectories within the range of collisions
5

are accepted. Many criterions are possible and are not limited to these examples.
In 612, when a trajectory is accepted, the trajectory may be stored to a
trajectory database. In the trajectory database, information describing the trajectory
may be stored. For instance, the properties of the game object at its initial state and
one or more states along its trajectory, such as the final state, may be stored to the

10

trajectory database. In addition, information about aspects of the trajectory that may
be used for a wager in a trajectory-based game of chance may be stored in the
trajectory database. For example, an exit location of the trajectory, a number of
collisions along the trajectory, a length of distance of the trajectory, a length of time
of the trajectory, a final velocity of the trajectory or a maximum velocity along the

15

trajectory are aspects of the trajectory that may be used for a wager that are stored in
the trajectory database.
In 614, after the trajectory has been accepted or rejected, additional trajectories
may be generated at the insertion point in 606. Millions of trajectories may be
generated at each insertion point and stored in the trajectory database. In 616, when

20

all of the trajectories at a first insertion point have been generated, the process of
generating a plurality of trajectories and storing the acceptable trajectories to the
trajectory database may be repeated at a second insertion point.
In 618, a set of game outcomes for trajectory-based game of chance may be
selected where a trajectory aspect is selected for each of the game outcomes in the set

25

of game outcomes. For example, the set of game outcomes may include: 1) an award
for trajectories where the game objects collides 5 or more times with an object, 2) an
award for trajectories where the game object collides with a particular object, 3) an
award for trajectories where the game object leaves the game object through a first
exit in the gaming environment, 4) an award for trajectories where the game object

30

leaves the gaming environment through a second exit and 5) no award for any other
trajectories. In 620, a paytable may be constructed where a probability of occurrence
is assigned to each of the game outcomes in the set of game outcomes. An award for
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each game outcome may be proportional to the probability of occurrence for each
game outcome.
In 622, the trajectory database may be used to map a plurality of trajectories to
each game outcome in the set of game outcomes. A trajectory mapped to each game
5

outcome is selected to satisfy the trajectory aspect assigned to the game outcome. For
example, when the game outcome is based-upon a trajectory where the game object
collides 5 times or more times along its trajectory, then trajectory database may be
searched for trajectories where the game object collides 5 or more times along its
trajectory. When a trajectory satisfying the search criteria is found, information that

10

allows the trajectory to be generated in the gaming environment, such as an initial
position and an initial velocity, may be stored to a trajectory table.
All of the information needed to generate the trajectory in the gaming
environment may not be stored in the trajectory table. A trajectory record in the
trajectory in the trajectory table may point to other memory locations, such as the

15

trajectory database, that store additional information needed to generate the trajectory.
The number of trajectories from the trajectory database that are mapped to each game
outcome may vary from 1 to a large number. When a desired amount of trajectories
are not available, additional trajectories may be generated.
In 624, the paytable and trajectory table may be installed on a gaming

20

machine. Then, a trajectory-based game of chance may be generated using the
paytable and the trajectory table. For example, using the paytable, a game outcome
defined in the paytable may be selected at random. Once the game outcome is
selected, a trajectory corresponding to the game outcome may be selected from the
trajectory table. The information stored in the trajectory table and/or other memory

25

locations may be used to generate the trajectory in the gaming environment. When a
plurality of trajectories are available for the game outcome, one of the available
trajectories may be selected at random. In one embodiment, the selection of the
trajectory may be influenced by one or more input parameters from an input device on
the gaming machine (see Fig. 9 for more details).

30

In one embodiment of the present invention, the number of trajectories
mapped to each game outcome in the trajectory table maybe proportional to the
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probability of each game outcome occurring. For example, when the probability of a
particular game outcome occurring is 10%, then 10% of the trajectories, out of a total
amount of trajectories mapped to all of the game outcomes, may be mapped to the
particular game outcome. Therefore, for a game outcome with 10% probability of
5

occurring, if the total amount of trajectories that are mapped to the different game
outcomes is 1,000,000, then 100,000 would be mapped to the game outcome. In this
embodiment, the pay table may not be needed. Instead, trajectories may be randomly
selected from the trajectory table.
FIG. 4 is a flow chart depicting a first method of generating a trajectory-based

10

game of chance on a gaming machine using a 3-D gaming environment as described
with respect to Figs. 1A, 1B and 2. In 700, a request is received to initiate a trajectory
based game of chance on the gaming machine. Prior to receiving the request to initiate
the game a wager may be made on the trajectory-based game of chance. The request
to initiate the trajectory-based game of chance may be received from a user interface

15

on the gaming machine (see FIG. 8 for more details).
In 705, using a pay table, a game outcome may be determined for the
trajectory-based game of chance. The game outcome may be a function of the wager
amount. In 710, as was described with respect to FIG. 3, a trajectory may be selected
from a trajectory table that corresponds to the game outcome determined in 705. In

20

715, the selected trajectory may be generated in the gaming environment. The
trajectory may comprise a sequence of states for a 3-D game object in a 3-D gaming
environment. In 720, a game outcome presentation may be generated for the
trajectory-based game of chance. The game outcome presentation may include a
sequence of 2-D images rendered from the 3-D gaming environment that are

25

displayed on the display screen of a gaming machine. One or more of the 2-D images
in the sequence of 2-D images may show the 3-D game object in different states along
its trajectory in the 3-D gaming environment. In 725, at a conclusion of the game
outcome presentation, the game outcome for the trajectory-based game of chance,
such an award amount, may be displayed to the display screen. Typically, the

30

conclusion of the game outcome presentation includes the final position of the game
object in the 3-D gaming environment.
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In present invention, a plurality of trajectory-based games of chance may be
played in a serial manner or a parallel manner. In a serial manner of game play of the
plurality of trajectory-based games of chance, after a wager is made on a first
trajectory-based game of chance, the method of generating the trajectory-based game
5

of chance comprising 700, 705, 710, 715, 720 and 725 is implemented. A second
trajectory-based game of chance may not be initiated until the game outcome for the
first trajectory-based game of chance has been displayed in 725. Then, method may be
implemented for the second trajectory-based game of chance.
In a parallel manner of game play of the plurality of trajectory-based games of

10

chance, after a wager is made on a first trajectory-based game of chance, the method
of generating the trajectory-based game of chance comprising 700, 705, 710, 715, 720
and 725 is implemented. After the first game of chance has been initiated in 700, a
wager may be made on a second game of chance prior to the completion of the first
game of chance in 725. Then, the method, comprising 700, 705, 710, 715, 720 and

15

725 may be implemented for the second game of chance. Therefore, the
implementation of the method for the first game of chance and the second game of
chance may overlap. When the initiation of each trajectory-based game of chance is
under player control, depending on when the player initiates each trajectory-based
game of chance and length of time for each trajectory-based game of chance in a

20

sequence of trajectory-based games of chance played by the player, the trajectory
based games of chance may be played in a serial manner, a parallel manner and
combinations thereof.
In one embodiment, only a trajectory of one game object may be simulated in
a gaming environment at a time. Therefore, when two trajectory-based games of

25

chance are played in parallel, a trajectory for a first game object may be simulated in a
first gaming environment and a trajectory for a second game object may be simulated
in a second gaming environment at the same time on the gaming machine. 2-D images
rendered from the first gaming environment and 2-D images rendered from the second
gaming environment may be displayed to a single display screen on a gaming

30

machine using a split screen display format. The first gaming environment and the
second gaining environment used in the trajectory simulations may be the same (e.g.,
same format and same logical rules) or the two gaming environments may differ (e.g.,
different format and/or different logical rules). In the present invention, one or more
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3-D gaming environments may be stored on the gaming machine and used for the
purposes of generating a trajectory for a game object used in a trajectory-based of
chance.
In another embodiment, the trajectories for a plurality of game objects may be
5

simulated in a single gaming environment at the same time. Therefore, when two
trajectory-based games of chance are played in parallel, a trajectory for a first game
object and a second game object may be simulated in the gaming environment at the
same time on the gaming machine. 2-D images rendered from the gaming
environment and displayed to a display screen on the gaming machine may include

10

trajectory states from both objects in the same 2-D image. Details of parallel game
playing methods that may be used with the present invention are described in co
pending U.S. application No. 09/553,437, filed on April 19, 2000, by Brosnan et al,
entitled "Parallel Games on a Gaming Machine," which is incorporated herein by
reference in its entirety and for all purposes.
FIG. 5 is a flow chart depicting a second method of generating a trajectory

15

based game of chance on a gaming machine. In the present invention, a gaming
environment may be designed where it is difficult to determine the outcome of a
trajectory, a priori and outcome of the trajectory simulation may not be known until
the simulation is completed in the gaming environment. A gaming environment where
20

the properties of the gaming environment change as a function of time is example of a
gaming environment that may be difficult to determine the outcome of trajectory, a
prior.
In a gaming environment that changes as a function of time, the objects in the
environment may move around, different objects may appear or may disappear, and

25

the interaction rules, such as trajectory rules and collision rules, may be time varying.
Thus, the trajectory of the game object may depend on both its initial state and a state
of the gaming environment when the game object is inserted into the gaming
environment. For instance, two game objects may be introduced into the gaming
environment with the same initial state at different times. When a state variation for

30

the gaming environment is the same following the introduction of the game objects,
the game objects travel along the same trajectory. However, when the state variation
for the gaining environment is different following the introduction of the game
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objects, the game objects may travel different trajectories even though their initial
states are the same.
When the properties of the gaming environment change as.a function of time,
it may not be desirable to develop a trajectory table for each state of the gaming
5

environment. Instead, in one embodiment, the gaming environment may be designed
and initial states for game objects in the gaming environment may be selected such
that on average over time a set of game outcomes for a trajectory-based game of
chance with a certain set of probability distributions is achieved. The set of game
outcomes may be based-upon different aspects of a game object's trajectory, such as

10

its final position in the gaming environment. In this embodiment, the game outcome
may not be determined until the game object reaches its final state in its trajectory in
the gaming environment.
The average probability distribution for the set of game outcomes may be
verified by performing a Monte Carlo simulation where the trajectories of a large

15

number of game objects with different initial states and at different environment states
are analyzed. In this embodiment, it is important to determine whether the
probabilities of a game outcome vary in time according to changes in the gaming
environment. If a game player can alter their probability of winning the trajectory
based game of chance by timing when they play the game, then the game may be

20

considered a game of skill, which may not be desirable in some jurisdictions.
Therefore, in most cases, the gaming environment may be designed to avoid the
possibility of the game player being able to gain an advantage based upon their skill in
playing the game.
In 800, a request is received to initiate a trajectory-based game of chance on

25

the gaming machine. Prior to receiving the request to initiate the game a wager may
be made on the trajectory-based game of chance. The request to initiate the trajectory
based game of chance may be received from a user interface on the gaming machine
(see FIG. 8 for more details). In 805, an initial state for a game object in the gaming
environment is selected. In 810, the selected trajectory may be generated in the

30

gaming environment. The trajectory may comprise a sequence of states for a 3-D
game object in a 3-D gaming environment. In 815, a game outcome presentation may
be generated for the trajectory-based game of chance. The game outcome presentation
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may include a sequence of 2-D images rendered from the 3-D gaming environment
that are displayed on the display screen of a gaming machine. One or more of the 2-D
images in the sequence of 2-D images may show the 3-D game object in different
states along its trajectory in the 3-D gaming environment.
5

In 820, the game object is removed from the gaming environment and the
game outcome for the trajectory-based game of chance is determined. The game
outcome may be based upon one or more aspects of the game object's trajectory such
as but not limited to its final position in the gaming environment, a number of
collisions, etc. In 825, at a conclusion of the game outcome presentation, the game

10

outcome for the trajectory-based game of chance, such an award amount, may be
displayed to the display screen.
In one embodiment, to eliminate the possibility of the game outcome being
influenced by a player's skill, an element of randomness may be introduced to the
gaming environment. For example, the gaming environment may be designed such

15

that the game object is constrained to leave the gaming environment through one or
more exits. Different awards may flash randomly over the exits. The game outcome
may be the award that is showing when the object enters the exit. The random
variation of the awards may prevent a player from using skill to influence the game
outcome.

20

FIG. 6 is a block diagram of a 3-D gaming environment where properties of
the 3-D gaming enviromnent vary as a function of space and time. A trajectory-based
game of chance may be played using trajectories of game objects simulated in the 3-D
gaming environment. In one embodiment, the block diagram 400 may be a 2-D image
rendered from a planar 3-D gaming environment. The 2-D image may be displayed

25

on the display screen of a gaming machine.
A trajectory for a game object, such as 410, is initialized at an initial state in
the gaming environment at the entrance 412. The gaming environment is designed
with five exits, 408 and 415, 416, 417 and 418, and the game object is constrained
such that it exits the gaming environment through one of the five exits. The game

30

outcomes for the trajectory-based game of chance are based-upon which exit the game
object leaves the gaming environment. When the game object leaves the gaming
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environment through one of the four exits 415, 416, 417 and 418, an award for the
trajectory-based game of chance is generated. When the game object leaves the
gaming environment through the exit 408, the wager on the trajectory-based game of
chance is lost.
5

The gaming environment 400 is divided into four regions, 401, 402, 404 and
406. Region 401 is a rectangular region that surrounds exit 415. Region 402 is a
circular region above exit 416. Region 404 is an oval shaped region that surrounds
exit 408. Region 406 is the remaining region outside of regions 401, 402 and 404 in
the gaining environment.

10

The interaction rules, such as trajectory rules, collision rules and exit rules
may vary from one region to another region. Further, the interaction rules may vary in
each region as a function of time. For example, a gravitational force may be modeled
as part of the trajectory rules in region 406 where the gravitational force causes the
game object to fall from the top of the gaming environment 419 to the bottom of the

15

gaming environment 420. The bottom of the gaming environment is sloped such that
game objects that reach the bottom 420 roll along the bottom until reaching exit 408.
In region 401, a gravitational force may be modeled as part of the trajectory rules
where the game object falls in the direction away from the bottom and towards the top
419 of the gaming environment 400.

20

Because gravity acts in the opposite direction between region 406 and region
401, the entrance to exit 415 is orientated in opposite manner from exits 416, 417,
418. Exit 415 is orientated so that a game object can fall up and into it. The entrance
to the exits, 415, 416, 417 and 418 are marked in Fig. 6. The sides of the exits, 415,
416, 417, and 418, other than the entrance side, act as solid surfaces in regards to a

25

collision with a game object. Exits 416, 417 and 418 are orientated so that a game
object may fall down into the exits through their entrances.
An example of a trajectory for the game object 410 that travels through the
two regions 401 and 406 is shown in the FIG. 6. The game object 410 enters the
gaming environment through the entrance 412 with an initial forward velocity. The

30

simulated gravitation forces in region 406 pulls the object downward and it collides
with an object in the gaming environment. Then, the game object 410 enters region
55

PCT/US2003/018028

WO 2004/002591

401 and begins to fall toward the top of the gaming environment 419 because gravity
acts in the opposite direction in region 401 relative to region 406. The game object
leaves region 401 and enters region 406 again where it is again accelerated toward the
bottom of the gaining environment 420. The game object 410 enters region 401 again
5

where its velocity toward the bottom of the gaming environment is slowed before
leaving region 401. The game object 410 then collides with two objects before
colliding with the bottom 420 of the gaming environment. The game object 410 then
bounces twice off of the bottom and exits the gaming environment through exit 408.
The trajectory rules for a region may be designed to draw an object into a

10

region or repel an object from the region. For instance, in region 402, the trajectory
rules may use an extremely large gravitational constant to simulate a force of gravity.
The resultant gravitational force may be so large that any object that enters the region
is always drawn into the entrance of the exit 416.
In similar manner, a gravitational force maybe modeled to repel objects. For

15

example, in region 404 around exit 408, the trajectory rules may include a
gravitational force repels objects away from the exit. Nonnally, the gravitational force
may be turned off so that game objects are allowed to enter the exit 408. However,
when certain conditions are met in the trajectory-based of game of chance, the
repelling gravitational force is activated such the game object is flung out of the

20

region 404 before it enters the exit 408. The game object flung out of the region may
then enter one of the other exits, such as 415, 416 or 418. Since the wager for the
trajectory-based game of chance is lost when the game object enters the exit 408, the
repelling gravitational force may be activated as part of a bonus scenario for the
trajectory-based game of chance.

25

FIG. 7 is a block diagram used to describe bonusing and progressive scenarios
for a 3-D trajectory-based game of chance. The gaming environment 400 is similar to
the gaming environment described with respect to FIG. 6 except that a bonus cup 424,
a progressive cup 422 and a bonus board 426 have been added to the gaming
environment.

30

A bonus property may be assigned to each game object at its initial state, such
as when it enters the gaming environment through entrance 412. The bonus property
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may indicate a credit amount or a number of free game objects that may be awarded
when a bonus involving the game object is triggered. In particular embodiments, the
bonus credit amount or the bonus free game objects may be used for promotional
purposes in that they may only be used for game play on the gaming machine but may
5

not be redeemed for cash. As described with respect to FIG. 1A,the bonus property
may change along the game object's trajectory such as in response to a collision with
particular objects along the trajectory. In the present invention, it is not required to
assign a bonus property to a game object. When a bonus is triggered involving a game
object, a bonus award maybe generated at random.

10

In one embodiment, a bonus may be triggered when two game objects collide.
As described with respect to FIG. 4, a plurality of trajectory-based games of chance
may be played in parallel. In one embodiment of parallel game play, the trajectories of
a plurality of game objects may be simulated at the same time in the gaming
environment. As an example, two trajectory-based games of chance may be initiated

15

with game objects 425 and 426. The two trajectory-based games of chance may be
initiated separately and at different times. For instance, a first wager may be made and
the trajectory-based game of chance for game object 426 may be initiated and then a
second wager may be made and the trajectory-based game of chance for game object
425 may be initiated. In the example, the trajectory for the game object 426 is longer

20

than the trajectory for the game object 425 and the two game objects end up colliding.
When the two game objects collide, the two game objects explode and a bonus of
"win 5" is awarded.
An advantage of awarding a bonus when two objects collide is that it may
encourage parallel game play. Parallel game play typically will result in a higher game

25

throughput, i.e. games player per unit time, than serial game play. With a high game
throughput, the casino may see increased revenues. Also, the high game throughput
may allow the casino to lower the game denomination amount, which may be
desirable to some game players.
In other embodiment, a bonus may be triggered when a game object collides

30

with an object in the gaming environment or a group of objects. For instance, a bonus
maybe triggered when a game object collides with one of the bomb shaped objects
428. When the game object collides with the bomb, the bomb and/or the game object
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may explode and the bonus is triggered. In another example, the bonus may not be
triggered until each of the bombs is exploded after a collision with a game object. To
explode all of the bombs, a series of trajectory-based games of chance may have to be
played.
5

In general, a bonus may be triggered from a series of events that may occur
over one or more trajectory-based games of chance. For instance, a symbol maybe
displayed on each of the exits to the gaming environment 408, 415, 416, 417, 418.
Each time an object leaves the gaming environment through one of the exits, the
symbol on the exit may be displayed to the bonus board 426. When a particular

10

combination of symbols is displayed, a bonus may be triggered. Otherwise, the bonus
board 426 may be reset.
In one embodiment, when a bonus is triggered, a large number of game
objects may be released from the bonus cup 424. Awards may be earned for each of
the game objects released from the bonus cup 424 and additional bonuses may be

15

triggered. In one example, the bonus cup may start out empty and may be gradually
filled by game objects that land in the bonus cup 424. When each game object lands
in the bonus cup 424, a replacement game object, i.e., a "free" game object, may be
awarded. When the bonus cup 424 becomes full, all of the game objects in the cup
may be released. In another example, the cup 424 may start full. When a certain event

20

or a combination of events occur in the gaming environment, such as a combination
of symbols appearing on the bonus board 426, then the game objects in the bonus cup
may be released.
Different progressive awards may be incorporated into a trajectory-based
game of chance. The progressive awards may be funded from a portion of wagers

25

from a plurality of trajectory-based games of chance. The trajectory-based games of
chance used to fund the progressive awards may be played by a single player or
groups of players. Further, the trajectory-based games of chance used to fund the
progressive awards may be played on different groups of gaming machines. The
gaming machines may be connected via a casino area network or a wide area

30

progressive network. In another embodiment, the player may use a smart card, a cell
phone or a personal computing device to play the progressive game. A progressive
award may be awarded when a game object enters the progressive cup 422.
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FIG. 8 is a perspective drawing of a 3-D gaming environment implemented on
a gaming machine for one embodiment of this invention. To utilize a virtual 3-D
gaming environment for a game presentation or other gaming activities on a gaming
machine, a 2-D view of the virtual 3-D gaming environment is rendered. The 2-D
5

view captures some portion of the surfaces modeled in the virtual 3-D gaming
environment. The captured surfaces define a 3-D object in the 3-D gaming
environment. The captured surfaces in 2-D view are defined in the 3-dimensional
coordinates of the virtual 3-D gaming environment and converted to a 2-dimensional
coordinate system during the capturing process.

10

In the present invention, the 2-D view is generated from a viewpoint within
the virtual 3-D gaming environment. The viewpoint is a main factor in determining
what surfaces of the 3-D gaining environment defining a 3-D object are captured in
the 2-D view. Since information about the 3-D gaming envirominent is stored on the
gaming machine, the viewpoint may be altered to generate new 2-D views of objects

15

within the 3-D gaming environment. For instance, in one frame, a 2-D view of an
object modeled in the 3-D gaming environment, such as a front side of a building (e.g.
the viewpoint captures the front side of a building), may be generated using a first
viewpoint. In another frame, a 2-D view of the same object may be generated from
another viewpoint (e.g. the backside of the building).

20

A disadvantage of current gaming machines is that the 2-D views used as
video frames in game presentations are only rendered from 2-D objects and
information about the multi-dimensional nature of the objects rendered in the 2-D
views, such as the viewpoint used to generate the 2-D view, are not stored on the
gaming machine. Historically, due to the regulatory environment of the gaming

25

industry, gaining software used to present a game of chance has been designed to "run
in place" on an EPROM installed on the gaming machine. Using an EPROM, it was
not feasible to store large amounts of game data. To generate and store pre-rendered
2-D frames for a trajectory-based game of chance for every possible trajectory would
take a tremendous amount of memory. Using a 3-D gaming environment of the

30

present invention and rendering 2-D frames for the trajectories in real-time saves
memory and allows for more trajectories to be used in the game design.
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Returning to Fig. 8, the 3-D gaming environment 100 includes three objects:
1) a rectangular box 101 on top of, 2) a plane 114 and 3) a second box 126. The box
101, box 127 and plane 114 are defined in a 3-dimensional rectangular coordinate
space 104. Typically, surfaces of the objects in the gaming environment are defined
5

using a plurality of surface elements. The surface elements may comprise different
shapes, such as different types of polygons that are well known in the 3-D graphical
arts. For example, the objects in the present information may be defined in a manner
to be compatible with one or more graphics standards such as Open Graphics Library
(OpenGL).

10

In one embodiment, the objects in the gaming environment 100 may be
defined by a plurality of triangular elements. As an example, a plurality of triangular
surface elements 125 are used to define a portion of the surface 108 and the surface
face 112. In another embodiment, the objects in the gaming environment 100, such as
box 101 and box 126, may be defined by a plurality of rectangular elements. In yet

15

another embodiment, a combination of different types of polygons, such as triangles
and rectangles may be used to describe the different objects in the gaining
environment 100. By using an appropriate number of surface elements, such as
triangular elements, objects may be made to look round, spherical, tubular or embody
any number of combinations of curved surfaces.

20

Triangles are by the most popular polygon used to define 3-D objects because
they are the easiest to deal with. In order to represent a solid object, a polygon of at
least three sides is required (e.g. triangle). However, OpenGL supports Quads, points,
lines, triangle strips and quad strips and polygons with any number of points. In
addition, 3-D models can be represented by a variety of 3-D curves such as NURBs

25

and Bezier Patches.
Each of the surface elements comprising the 3-D virtual gaming environment
may be described in a rectangular coordinate system or another appropriate coordinate
system, such as spherical coordinates or polar coordinates, as dictated by the
application. The 3-D virtual gaming environments of the present invention are not

30

limited to the shapes and elements shown in FIG.1 (see FIGs. 2, 3 and 4) or the
coordinate system used in FIG. 1 which are shown for illustrative purposes only.
Details of 3-D graphical rendering methods that may be used with the present
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invention are described in "OpenGL Reference Manual: The Official Reference
Document to Open GL, Version 1.2,"

3 rd

edition, by Dave Shreiner (editor), OpenGL

Architecture Review Board, Addison-Wesley Publishing, Co., 1999, ISBN:
0201657651 and "OpenGL Program Guide: The Official Guide to Learning OpenGL,
5

Version 1.2,"

3 rd

edition, by Mason Woo, Jackie Neider, Tom Davis, Dave Shreiner,

OpenGL Architecture Review Board, Addison-Wesley Publishing, Co., 1999, ISBN:
0201604582, which are incorporated herein in their entirety and for all purposes.
Surface textures may be applied to each of the surface elements, such as
elements 125, defining the surfaces in the virtual gaming environment 100. The
10

surface textures may allow the 3-D gaming environment to appear more "real" when
it is viewed on a display screen on the gaming machine. As an example, colors,
textures and reflectance's may be applied to each of the surface elements defining the
various objects in the 3-D gaming environment. Millions of different colors may be
used to add a realistic "feel" to a given gaming environment. Textures that may be

15

applied include smoothness or surface irregularities such as bumps, craters, lines,
bump maps, light maps, reflectance maps and refractance maps or other patterns that
may be rendered on each element. The textures may be applied as mathematical
models stored as "texture maps" on the gaming machine.
In one embodiment, the "texture map" may be an animated texture. For

20

instance, frames of a movie or another animation may be projected onto a 3-D object
in the 3-D gaming environment. These animated textures may be captured in 2-D
views presented in video frames on the gaming machine. Multiple animated textures
may be used at the same time. Thus, for example, a first movie may be projected onto
a first surface in the 3-D gaming environment and a second movie may be projected

25

onto a second surface in the 3-D gaming environment where both movies may be
viewed simultaneously.
Material properties of a 3-D surface may describe how the surface reacts to
light. These surface properties may include such things as a) a material's ability to
absorb different wave-lengths of light, b) a material's ability to reflect different

30

wavelengths of light (reflectance), c) a material's ability to emit certain wavelengths
of light such as the tail lights on a car and d) a material's ability to transmit certain
wavelengths of light. As an example, reflectance refers to how much light each
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element reflects. Depending on the reflectance of a surface element other items in the
gaming environment may be reflected fuzzily, sharply or not at all. Combinations of
color, texture and reflectance may be used to impart an illusion of a particular quality
to an object, such as hard, soft, warm or cold.
5

Some shading methods that are commonly used with 3-D graphics to add
texture that may be applied to the present invention include gourand shading and
phong shading. Gourand and phong shading are methods used to hide an object's
limited geometry by interpolating between two surfaces with different normals.
Further, using Alpha Blending, pixels may be blended together to make an object

10

appear transparent i.e. the object transmits light.
Virtual light sources, such as 102, may be used in the gaming environment to
add the appearance of shading and shadows. Shading and shadows are used to add
weight and solidity to the rendering of a virtual object. For example, to add solidity to
the rectangular box 101, light rays emitted from light source 102 are used to generate

15

a shadow 103 around the rectangular box 101. In one method, ray tracing is used to
plot paths of imaginary light rays emitted from an imaginary light source such as 102.
These light rays may impact and may reflect off various surfaces affecting the colors
assigned to each surface element. In some gaming environments, multiple light
sources may be used where the number of lights and the intensity of each light source

20

change with time. Typically, in real time 3D, the light sources do not generate
shadows and it is up to the programmer to add shadows manually. As stated earlier,
however, the light sources produce shading on objects.
Perspective, which is used to convey the illusion of distance, may be applied
to the gaming environment 100 by defining a vanishing point, such as 126. Typically,

25

a single point perspective is used where all of the objects in the scene are rendered to
appear as though they will eventually converge at a single point in the distance, e.g.
the vanishing point. However, multiple point perspectives may also be employed in 3
D gaming environments of the present invention. Perspective allows objects in the
gaming environment appear behind one another. For instance, box 101 and box 127

30

may be the same size. However, box 127 is made to appear smaller, and hence farther
away, to a viewer because it is closer to the vanishing point 126. A 3-D gaming
environment may or may not provide perspective correction. Perspective correction is
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accomplished by transforming points towards the center of the 2-D view screen. The
farther away an object is foiom the viewpoint in 3-D gaming environment, the more it
will be transformed into the center of screen.
The present invention is not limited to perspective views or multiple
5

perspective views of the 3-D gaming environment. An orthographic view may be used
where 3-D objects rendered in a 2-D view always appear the same size no matter how
far away they are in the 3-D gaming environment. The orthographic view is what you
would see as a shadow cast from a light source that is infinitely far away (so that the
light rays are parallel), while the perspective view comes from a light source that are

10

finitely far away, so that the light rays are diverging. In the present invention,
combinations of both perspective and orthographic views may be used. For instance,
an orthographic view of a text message may be layered on top of a perspective view
of the 3-D gaining environment.
Related to perspective is "depth of field". The depth of field describes an

15

effect where objects that appear closer to a viewer are more in focus and objects that
are farther away appear out of focus. Depth of field may be applied renderings of the
various objects in the gaming environment 100. Another effect that may be applied to
renderings of objects in the gaming environment is "anti-aliasing". Anti-aliasing is
used to make lines which are digitally generated as a number of straight segments

20

appear more smooth when rendered on a display screen on the gaming machine.
Because the 2D display only takes finite pixel positions, stair stepping occurs on any
limes that are not straight up and down, straight across (left and right) or at 45 degrees
on the display screen. Stair stepping produces a visually unappealing effect, thus,
pixels are added to stair-stepped lines to make this effect less dramatic.

25

Standard alpha-numeric text and symbols may be applied to one or more
surface elements in the gaming environment 101 to display gaming information to a
game player. Other game features and gaming information may also be rendered in
the gaming environment 100. For example, bonus games, promotions, advertising and
attraction graphics may also be rendered in the gaming environment. For instance, a

30

casino's logo or a player's face may be rendered in the gaming environment. These
additional game features may be integrated into a game outcome presentation on the
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gaming machine or other operational modes of the gaming machine such as an attract
mode.
After the gaming environment is defined in 3-dimensions, to display a portion
of the 3-D gaming environment on a display screen on the gaming machine, a
5

"photograph" of a portion of the gaming environment is generated. The photograph is
a 2-dimensional rendering of a portion of the 3-dimensional gaming environment.
Transformations between 3-D coordinate systems and 2-D coordinate systems are
well known in the graphical arts. The photograph may be taken from a virtual
"camera" positioned at a location inside the gaming environment 100. A sequence of

10

photographs taken by the virtual camera in the gaming environment may be
considered analogous to filming a movie.
A "photograph" displayed on the display screen of a gaming machine may
also be a composite of many different photographs. For instance, a composite
photograph may be generated from portions of a first photograph generated using an

15

orthographic view and portions of a second photograph generated using a perspective
view. The portions of the photographs comprising the composite photograph may be
placed on top of one another to provide "layered" effects, may be displayed in a "side
by side" manner to produce a "collage" or combinations thereof.
Operating parameters of the virtual camera, such as its position at a particular

20

time, are used to define a 3-D surface in the gaming environment, which is projected
on to a 2-D surface to produce the photograph. The 3-D surface may comprise
portions a number of 3-D objects in the 3-D gaming environment. The 3-D surface
may also be considered a 3-D object. Thus, a photograph is a 2-D image derived from
3-D coordinates of objects in the 3-D gaming environment. The virtual camera may

25

represent gaming logic stored on the gaming machine necessary to render a portion of
the 3-D gaming environment 100 to a 2-D image displayed on the gaming machine.
The photograph is converted into a video frame, comprising a number of pixels,
which may be viewed on a display screen on the gaming machine.
The transformation performed by the virtual camera allowing a portion of the

30

virtual gaming environment to be viewed one or more display screens on the gaming
machine may be a function of a number of variables. The size of lens in the virtual
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gaming environment, the position of the lens, a virtual distance between the lens and
the photograph, the size of the photograph, the perspective and a depth variable
assigned to each object are some of the variables that may be incorporated into a
transformation by the virtual camera that renders a photograph of the virtual gaming
5

environment. The resolution of the display screen on the gaming machine may govern
the size of a photograph in the virtual camera. A typical display screen may allow a
resolution of 800 by 600 color pixels although higher or lower resolution screens may
be used. A "lens size" on the virtual camera defines a window into the virtual gaming
enviromnent. The window is sometimes referred to as a viewport. The size and

10

position of the lens determines what portion of the virtual gaming environment 100
the virtual camera views.
After the photograph of the virtual gaming environment has been generated,
other effects, such as static and dynamic anti-aliasing, may be applied to the
photograph to generate a frame displayed on one or more displays located on the

15

gaining machine. Typically, the mathematical and logical operations, which are
encoded in gaming software logic, necessary to perform a particular transformation
and generate a video frame may be executed by video cards and graphics cards
located on the gaming machine and specifically designed to perfonnrm these operations.
The graphics cards usually include graphical processing units (GPUs). However, the

20

transformation operations may also be performed by one or more general purpose
CPUs located on the gaming machine or combinations of GPUs and CPUs.
In general, the 2D/3D video graphics accelerators or coprocessors, often
referred to as graphics processing units (GPUs), are located on or connected to the
master gaming controller and are used to performnn graphical operations. The solutions

25

described are most commonly found as video cards. The graphical electronics may be
incorporated directly onto the processor board (e.g. the master gaming controller) of
the gaming machine, and even tightly integrated within other very large scale
integrated chip solutions. The integration methods are often cost saving measures
commonly used to reduce the costs associated with mass production. For instance,

30

video cards, such as the Vivid!XS from VideoLogic Systems (VideoLogic Systems is
a division of Imagination Technologies Group plc, England) may used to perform the
graphical operations described in the present invention. As another example, video
cards from Nvidia Corporation (Santa Clara, California) may be employed. In one
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embodiment, the video card may be a multi-headed 3-D video card, such as a Matrox
G450 (Matrox Graphics Inc., Dorval, Quebec, Canada). Multi-headed video cards let
a single graphics card power two displays simultaneously or render two images
simultaneously on the same display.
5

When displaying photographs from a virtual camera in a 3-D gaming
environment, a single image from the camera may be divided among a plurality of
display devices. For instance, four display screens may be used to display one quarter
of a single image. The video feeds for each of the plurality of display devices may be
provided from a single video card. Multi-headed video cards let a single graphics card

10

(or graphics subsystem) display output on two or more displays simultaneously. This
may be multiple output rendering for each display or one rendering over multiple
displays, or variation of both. For example, when a multi-headed video card is used, a
first head on the multi-headed video card may be used to render an image from a first
virtual camera in a 3-D gaming environment and a second head on the multi-head

15

video card may be used to render a second image from a second virtual camera in a 3
D gaming environment. The rendered first and second images from the first head and
the second head may be displayed simultaneously on the same display or the first
image may be displayed on a first display and the second image may be displayed on a
second display.

20

Returning to FIG. 8, three lenses, 105, 106 and 107 used in a virtual camera
are shown positioned at three locations in the virtual gaming environment. Each lens
views a different portion of the gaming environment. The size and shape of the lens
may vary which changes a portion of the virtual gaming environment captured by the
lens. For instance, lenses 105 and 106 are rectangular shaped while lens 107 is oval

25

shaped.
Lens 106 is positioned to view the "game display" for a game outcome
presentation rendered on surface 108. The portion bf the gaming environment
captured by lens 106 is a six-sided shape 120. As described above, the game display
may contain the presentation of a particular game played on the gaming machine,

30

such as a hand of cards for a poker game. After applying an appropriate
transformation, a photograph 124 of the portion of the virtual gaming environment
100 in volume 120 is generated by the virtual camera with lens 106.
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Using differing terminology common within the 3D graphics community, the
lenses 105, 106 and 107 maybe described as a camera. Each camera has the ability to
have different settings. A scene in the 3-D gaming environment is shot from the
camera's viewpoint. A different scene is captured from each camera. Thus, the scene
5

is rendered from the camera to produce and image.
The photograph 124 generated from the virtual camera with lens 106 may be
viewed on one or more display screens on the gaming machine. For instance,
photograph 124 may be viewed on a main display on the gaming machine and a
secondary display on the gaining machine. In another embodiment, a portion of

10

photograph 124 may be displayed on the main display and a portion of the photograph
may be displayed simultaneously on a secondary display. In yet another embodiment,
a portion of photograph 124 may be displayed on a first gaming machine while a
portion of photograph 124 may be displayed simultaneously on a second gaming
machine.

15

Lens 105 of a virtual camera is positioned to view volume 121 in the virtual
gaming environment 100. The volume 121 intersects three faces, 108, 110 and 112, of
box 101. After applying an appropriate transformation, a photograph 125 of the
portion of the virtual gaming environment 101 in volume 121 is rendered by the
virtual camera with lens 105 which may be displayed on one of the display screens on

20

a gaming machine.
Lens 107 of a virtual camera is positioned to view volume 122 in the virtual
gaming environment 100. The oval shape of the lens produces a rounded volume 122
similar to a light from a flashlight. The volume 122 intersects a portion of face 110
and a portion of plane 114 including a portion of the shadow 103. After applying an

25

appropriate transformation, a photograph 126 of the portion of the virtual gaming
environment 101 in volume 122 is rendered by the virtual camera with lens 107 which
may be displayed on one or more of the display screens on a gaming machine. For
instance, a gaming machine may include a main display, a secondary display, a
display for a player tracking unit and a remote display screen in communication with

30

the gaming machine via a network of some type. Any of these display screens may
display photographs rendered from the 3-D gaming environment.
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A sequence of photographs generated from one or more virtual cameras in the
gaming environment 101 may be used to present a game outcome presentation on the
gaming machine or present other gaming machine features. The sequence of
photographs may appear akin to movie or film when viewed by the player. For
5

instance, a 3-D model of a virtual person may appear to speak. Typically, a refresh
rate for a display screen on a gaming machine is on the order of 60 HZ or higher and
new photographs from virtual cameras in the gaming environment may be generated
as the game is played to match the refresh rate.
The sequence of photographs from the one or more virtual cameras in the

10

gaming environment may be generated from at least one virtual camera with a
position and lens angle that varies with time. For instance, lens 106 may represent the
position of a virtual camera at time, tj, lens 105 may represent the position of the
virtual camera at time, t2 , and lens 107 may represent the position of the virtual
camera at time t3 . Photographs generated at these three positions by the virtual camera

15

may be incorporated into a sequence of photographs displayed on a display screen.
The position of the virtual camera may change continuously between the
positions at times t1 , t2, t3 generating a sequence of photographs that appears to pan
through the virtual gaming environment. Between the positions at times tI, t2 , t 3,the
rate the virtual camera is moved may be increased or decreased. Further, the virtual

20

camera may move non-continuously. For instance, a first photograph in a sequence of
photographs displayed on a display screen may be generated from the virtual camera
using the position of lens 106. The next photograph in the sequence of photographs
may be generated from the virtual camera using the position of lens 105. A third
photograph in the sequence of photographs may be generated from the virtual camera

25

using the position of lens 107. In general, the virtual camera in the gaming
environment 101 may move continuously, non-continuously and combinations
thereof.
In a game presentation, a plurality of virtual cameras, with time varying
positions, in a plurality of virtual gaming environments may be used. The camera and
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enviromnent information as a function of time may be stored on the gaming machine
and may be accessed when a particular scene for a game event in a game outcome
presentation is needed such that the scene may be rendered in "real-time". A scene
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may be defined by the positions of one or more virtual cameras in one or more
gaming environments as a function of time. The scenes may be modularized, i.e. a
library of scenes may be generated, so that they may be incorporated into different
games. For instance, a scene of a button being depressed may be incorporated into any
5

game using this type of sequence.
A sequence of photographs generated from a first virtual camera in a first
virtual gaming environment may be displayed simultaneously with a sequence of
photographs generated from a second virtual camera in a second virtual gaming
environment. For instance, the first sequence of photographs and second sequence and

10

second sequence of photographs may be displayed on a split screen or may be
displayed on different screens. In addition, the first virtual camera in a first virtual
gaming environment and the second virtual camera may be located in a second virtual
gaming environment different from the first virtual gaming environment. Also, the
first virtual gaming environment and the second virtual gaming environment may be

15

in the same gaming environment. Further, a single virtual camera may jump between
different gaming environments, such as between a game play environment to a bonus
gaming environment. The transition between the gaming environments may also
appear to be smooth (e.g. the camera may pan from one environment in a continuous
mannmler).

20

FIG. 9 is a block diagram depicting a user interface for a 3-D trajectory based
game of chance. As described with respect to FIG. 1, the sequence of 2-D images
rendered from the 3-D gaming environment may be displayed to a display screen 34
on the gaming machine as part of a presentation state for the trajectory-based game of
chance. A game outcome presentation for the trajectory-based game of chance, which

25

may be controlled by the master gaming controller 224 (See FIG. 11), may comprise a
sequence of presentation states.
In addition to the images displayed on the displayed screen, a presentation
state may comprise outputs and inputs from various gaming devices comprising the
user interface 160 on the gaming machine that are designed to stimulate one or more

30

of a player's senses including sight, sound, touch and smell. For example, sound
effects, which may be output from the sound projection devices 12 and 14, may
provide auditory stimulation to the player. The plunger 110, the touch screen display
69

WO 2004/002591

PCT/US2003/018028

34 and the control knob 118 may be used to provide inputs for the trajectory-based
game of chance and to provide tactile stimulation. The light panel 108 and the display
34 may be used to provide visual stimulation. In one embodiment, the display 34 may
use a 16 x 9 or a 9 x 16 aspect ration screen or any other type of non-square wide
5

screen aspect ratio monitor screen. Additional gaming peripherals (not shown)
connected to the user interface, such as bonus wheels and secondary displays, may be
used to provide further visual and auditory effects.
In one embodiment, the user interface 160 may include a plunger 110. The
plunger 110, like a pull handle on a mechanical or video slot game, may be used to

10

initiate the trajectory-based game of chance on the gaming machine. The plunger 110
may be attached to a spring 112 that provide a resistive force when the plunger is
pulled and returns the plunger to an initial position when it is released. The plunger
110 may further comprise a strike pad 114 that is designed to strike an object, such as
a ball 116, when the plunger is pulled back and released or when the plunger is

15

pushed forward.
In another embodiment (not shown), a flipping mechanism comprising a lever
attached to a pivot may be used with the user interface 160. When the lever on the
flipping mechanism is pressed, the flipping mechanism may impart a force to an
object such as the ball 116. The force propels the object in a particular direction

20

depending on how the object and the lever used in the flipping mechanism are
aligned. Flipping mechanisms are common in mechanical pachinko games.
The user interface 160 may include a conduit 150, such as a hollow tube, that
may be connected to the plunger 110 or the flipping mechanism. The conduit 150 may
be designed so that when the ball 116 is imparted with a force, it travels up the

25

conduit and then is returned to its initial position 153 by the force of gravity. The
force may be imparted to the ball 116 by the plunger 110, the flipping mechanism or
some other mechanism designed to impart a force to the ball. The conduit 150 may
be constructed from a translucent or clear material that allows the ball to be viewed as
it moves up the ball conduit 150.

30

In one embodiment, the top of the ball conduit 151 may be connected to a
second conduit 152 that returns the ball 116 to its initial position 153. When the ball
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116 is imparted with a force above a certain threshold, the ball enters the second
conduit 152 and it is returned to its initial position. When the ball 116 is imparted
with a force below a certain threshold, it moves up the conduit 150 but does not reach
the top of the conduit 151 then rolls back down the conduit to its initial position 153.
5

Mechanical gaming devices employed in the user interface 160 that may be
operated by a game player, such as the plunger 110, the ball conduit 150 and the
flipping mechanism, may include one or more sensors 102 that are used to measure an
operational parameter of the device. For example, when the plunge is pulled back and
released or pushed forward and released, the one or more sensors 102 may be used to

10

measure that the plunger 110 has been moved and then returned to its initial position.
The one or more sensors 102 may generate an output signal that is used to indicate
one of these events has occurred. When the master gaming controller 224 receives the
one or more output signals from the sensors 102, the master gaming controller may
initiate a trajectory-based game of chance.

15

One or more operational parameters measured by the sensors may be used to
influence one or more presentation states for the game outcome presentation on the
gaining machine. As an example of using information measured from the sensors to
influence the generation of a presentation state, the distance the plunger 110 is pulled
back may be determined from the output signals generated by the sensors 102. Then,

20

the distance may be displayed on the user interface using an output device connected
to the interface. For instance, as the plunger 110 is pulled-back and released, the
output signals from the sensors 102 may be used to generate an animation on the
display screen 34 where a video plunger 122 is pulled back and released. As another
example, this procedure could be duplicated for a flipping mechanism when a flipping

25

mechanism is used in the hardware interface.
As another example, the distance the plunger 110 is pulled back may be a
measure of how much force is imparted to the ball 116 when the plunger 110 is
released. Therefore, as the plunger 110 is pulled back, a strength meter on the display
screen 120 and/or the light panel 108 may light up. A number of lighted bars that are

30

displayed on the strength meter 120 or A number of lights that are lit on the light
panel 108 may be proportional to the distance the plunger is pulled back. Further, as
the plunger is pulled back sounds may be emitted from the sound projection devices.
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A pitch of the sound or some other characteristic of the sound may be selected
according to the distance the plunger is pulled back.
In one embodiment, information measured from the sensors connected to a
mechanical input device may be used to select a trajectory for a game object in the
5

trajectory-based game of chance. For example, the initial velocity of the game object
in the game environment may be selected according to the distance the plunger 110 is
pulled back before it is released. In another example, one or more sensors may be
used a distance the ball 116 travels along the conduit 150. The distance information
maybe used as part of the selection of an initial trajectory for the game object in the

10

trajectory-based game of chance.
As described with respect to FIG. 3, a large number of initial states for a game
object including its initial velocity may generate the same game outcome. Therefore, a
game outcome may be determined at random and then an initial state that corresponds
to the game outcome may be selected from among the initial states that generate the

15

desired game outcome. When a range of initial velocities, where some are higher and
some are lower, generate the same game outcome, then the distance the plunger is
pulled back, as measured by the sensors, may be used to select a trajectory with a
higher initial velocity or a lower initial velocity for use in the gaming environment.
When a trajectory is selected in this manner, it may appear to the player that

20

they have some control over the game outcome because they can control, to some
degree, the type of game outcome presentation that is generated by the master gaming
controller. However, the generation of the game outcome is still generated at random
by the master gaming controller 224 and is independent of the input by the player via
the user interface. Thus, the trajectory-based game may remain a game of chance

25

because the generated game outcome is not affected by the skill of player, such as
how far they pull back the plunger 110.
The user interface may comprise additional input devices that may be used to
affect a play of a trajectory-based game of chance. The following examples are
provided for illustrative purposes only. For example, a shape control input 126 on the

30

touch screen display 34 may be used to select a shape of the game object to use in the
trajectory-based game of chance, such as a sphere, diamond or cube. In another

72

PCT/US2003/018028

WO 2004/002591

example, a denomination control 128 may be used to select a default denomination
for game objects in the trajectory-based game of chance. The default is used unless a
player specifies a wager in another manner for the game object. The strength meter
may be used to provide input used to select an initial state for the trajectory of the
5

game object used in the trajectory-based game of chance. For example, the strength
meter 120 may be used to select a higher or lower initial velocity for the game object
like the plunger 110.
The control knob 118 may be used to select a game speed for the trajectory
based game of chance. Turning the knob in one direction may increase the game

10

speed. Turning the knob in another direction may decrease the game speed. In one
embodiment, a number of game trajectory-based games of chance may be initiated
automatically. The control knob 118 may be used to control the interval between the
initiation of successive games in the games that are initiated automatically.
Turning to FIG 10, a video gaming machine 2 of the present invention is

15

shown. Machine 2 includes a main cabinet 4, which generally surrounds the machine
interior (not shown) and is viewable by users. The main cabinet includes a main door
8 on the front of the machine, which opens to provide access to the interior of the
machine. Typically, the main door 8 and/or any other portals which provide access to
the interior of the machine utilize a locking mechanism of some sort as a security

20

feature to limit access to the interior of the gaming machine. Attached to the main
door are player-input switches or buttons 32, a coin acceptor 28, and a bill validator
30, a coin tray 38, and a belly glass 40. Viewable through the main door is a video
display monitor 34 and an information panel 36. The display monitor 34 will typically
be a cathode ray tube, high resolution flat-panel LCD, or other conventional

25

electronically controlled video monitor. Further, the video display monitor 34 may be
a touch screen. The touch screen may respond to inputs made by a player touching
certain portions of the screen. The information panel 36 is a back-lit, silk screened
glass panel with lettering to indicate general game information including, for
example, the number of coins played. The bill validator 30, player-input switches 32,

30

video display monitor 34, and information panel are devices used to play a game on
the game machine 2. The devices are controlled by a master gaming controller (not
shown) housed inside the main cabinet 4 of the machine 2. Many possible games,
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including traditional slot games, video slot games, video poker, and keno, may be
provided with gaming machines of this invention.
The gaming machine 2 includes a top box 6, which sits on top of the main
cabinet 4. The top box 6 houses a number of devices, which may be used to add
5

features to a game being played on the gaming machine 2, including speakers 10, 12,
14, a ticket printer 18 which prints bar-coded tickets 20, a key pad 22 for entering
player tracking information, a florescent display 16 for displaying player tracking
information, a card reader 24 for entering a magnetic striped card containing player
tracking information, and a video display screen 42. Further, the top box 6 may house

10

different or additional devices than shown in the FIGs. 1. For example, the top box
may contain a bonus wheel or a back-lit silk screened panel which may be used to add
bonus features to the game being played on the gaming machine. During a game,
these devices are controlled, in part, by the master gaming controller (not shown)
housed within the main cabinet 4 of the machine 2.

15

Understand that gaming machine 2 is but one example from a wide range of
gaming machine designs on which the present invention may be implemented. For
example, not all suitable gaming machines have top boxes or player tracking features.
Further, some gaming machines have only a single game display - mechanical or
video, while others are designed for bar tables and have displays that face upwards.

20

As another example, a game may be generated in on a host computer and may be
displayed on a remote terminal or a remote gaming device. The remote gaming device
may be connected to the host computer via a network of some type such as a local
area network, a wide area network, an intranet or the Internet. The remote gaming
device may be a portable gaming device such as but not limited to a cell phone, a

25

personal digital assistant, and a wireless game player. Images rendered from 3-D
gaming enviromnents may be displayed on portable gaming devices that are used to
play a game of chance. Further a gaining machine or server may include gaming logic
for commanding a remote gaming device to render an image from a virtual camera in
a 3-D gaming environments stored on the remote gaming device and to display the

30

rendered image on a display located on the remote gaming device. Thus, those of skill
in the art will understand that the present invention, as described below, can be
deployed on most any gaming machine now available or hereafter developed.
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Returning to the example of Figure 10, when a user wishes to play the gaming
machine 2, he or she inserts cash through the coin acceptor 28 or bill validator 30. At
the start of the game, the player may enter playing tracking information using the card
reader 24, the keypad 22, and the florescent display 16. Further, other game
5

preferences of the player playing the game may be read from a card inserted into the
card reader. During the game, the player views game information using the video
display 34. Other game and prize information may also be displayed in the video
display screen 42 located in the top box.
During the course of a game, a player may be required to make a number of

10

decisions, which affect the outcome of the game. For example, a player may vary his
or her wager on a particular game, select a prize for a particular game, or make game
decisions which affect the outcome of a particular game. The player may make these
choices using the player-input switches 32, the video display screen 34 or using some
other device which enables a player to input information into the gaming machine.

15

During certain game events, the gaming machine 2 may display visual and auditory
effects that can be perceived by the player. These effects add to the excitement of a
game, which makes a player more likely to continue playing. Auditory effects include
various sounds that are projected by the speakers 10, 12, 14. Visual effects include
flashing lights, strobing lights or other patterns displayed from lights on the gaining

20

machine 2 or from lights behind the belly glass 40. After the player has completed a
game, the player may receive game tokens from the coin tray 38 or the ticket 20 from
the printer 18, which may be used for further games or to redeem a prize. Further, the
player may receive a ticket 20 for food, merchandise, or games from the printer 18.
FIG. 11 is a block diagram of networked gaming machines and gaming

25

devices that provide stand-alone trajectory-based game play, linked trajectory-based
game play and progressive trajectory-based games for one embodiment of the present
invention. A master gaming controller 224 is used to present one or more games of
chance on the gaming machines 61, 62 and 63. The master gaming controller 224 may
also act as a trajectory-based game controller. As a trajectory-based game controller,
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the master gaming controller 224 may be used to generate trajectory-based games on
one (e.g., stand-alone trajectory-based game) or more gaming machines (e.g., linked
trajectory-based game). For instance, in linked trajectory-based game play, a plurality
of game players may play trajectory-based games of chance in a shared gaming
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environment. In one embodiment, the trajectory-based game may be generated as a
bonus game to the one or more games of chance played on the gaming machines, such
as 61, 62 and 63. Trajectory-based bonus game may be generated for a game of
chance such as but not limited to video slot games, video poker games, video black
5

jack games, video card games, video keno games and mechanical slot games.
For a trajectory-based bonus game involving a plurality of linked gaming
machines, a trajectory-based game server 90 with a trajectory-based game controller
92 may be used to generate the outcome of the trajectory-based bonus game which is
displayed on the plurality of gaming machines such as 61, 62 and 63. The outcomes

10

of the trajectory-based bonus games and other linked trajectory-based games may be
based upon game play generated on the plurality of gaming machines in
communication with the trajectory-based game server 90. In one embodiment, the
trajectory-based game server may allow a game object from a first gaming
environment on a first gaming machine to travel to a second gaming environment on a

15

second gaming machine. In another embodiment, as described with respect to FIG. 2,
the trajectory-based game server 90 or a gaming machine, such 61, 62 and 63, may
provide a plurality of trajectory-based games in parallel i.e. at the same time.
The master gaming controller 224 executes a number of gaming software
modules to operate gaming devices 70, such as coin hoppers, bill validators, coin

20

acceptors, speakers, printers, lights, displays (e.g. 34) and other input/output
mechanisms (see FIG. 10). The master gaming controller 224 may also execute
gaming software enabling communications with gaming devices located outside of
the gaming machines 61, 62 and 63, such as trajectory-based game servers (e.g., 90),
trajectory-based game progressive servers (e.g., 82), player tracking servers, bonus

25

game servers, game servers, progressive game servers. In some embodiments,
communications with devices located outside of the gaming machines may be
performed using the main communication board 215 and network connections 71.
The network connections 71 may allow communications with remote gaming devices
via a local area network, an intranet, the Internet or combinations thereof. The

30

trajectory-based game server 90 may also communicate with a number of game
devices via the network connections 71 such as but not limited to the gaming
machines 61, 62 and 63, the trajectory-based game progressive server 82 and the
remote gaming machines 64 and 65.
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The gaming machines 61, 62 and 63 may use gaming software modules to
generate a trajectory-based game of chance that are distributed between local file
storage devices and remote file storage devices. For example, to play a trajectory
based game on gaming machine 61, the master gaming controller may load gaming
5

software modules into RAM 56 that maybe located in 1) a file storage device 226 on
gaming machine 61, 2) an trajectory-based game server 90, 3) a file storage device
226 on gaming machine 62, 4) a file storage device 226 on gaming machine 63, or 5)
combinations thereof In one embodiment of the present invention, the gaming
operating system may allow files stored on the local file storage devices and remote

10

file storage devices to be used as part of a shared file system where the files on the
remote file storage devices are remotely mounted to the local file system. The file
storage devices may be a hard-drive, CD-ROM, CD-DVD, static RAM, flash
memory, EPROM's, compact flash, smart media, disk-on-chip, removable media (e.g.
ZIP drives with ZIP disks, floppies or combinations thereof. For both security and

15

regulatory purposes, gaming software executed on the gaming machines 61, 62 and 63
by the master gaming controllers 224 may be regularly verified by comparing
software stored in RAM 56 for execution on the gaining machines with certified
copies of the software stored on the gaming machine (e.g. files may be stored on file
storage device 226), accessible to the gaming machine via a remote communication

20

connection.
The trajectory-based game server 90 may also be a repository for game
software modules and software for other game services provided on the gaming
machines 61, 62 and 63. In one embodiment of the present invention, the gaming
machines 61, 62 and 63 may download game software modules from the trajectory

25

based game server 90 to a local file storage device to play a game of chance or an
trajectory-based game. The download of game software may be initiated by the
trajectory-based game server 90. One example of a game server that may be used with
the present invention is described in co-pending U.S. patent application 09/042,192,
filed on 6/16/00, entitled "Using a Gaming Machine as a Server" which is
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incorporated herein in its entirety and for all purposes. In another example, the game
server might also be a dedicated computer or a service running on a server with other
application programs.
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In one embodiment of the present invention, the processors used to generate a
trajectory-based game may be distributed among different machines. For instance, the
game flow logic to play an trajectory-based game may be executed on the trajectory
based game server 90 by the trajectory-based game controller 92 while the game
5

presentation logic for the trajectory-based game may be executed on gaming machines
61, 62 and 63 by the master gaming controllers 224. The gaming operating systems on
gaining machines 61, 62 and 63 and the trajectory-based game server 90 may allow
gaming events to be communicated between different gaming software modules
executing on different gaming machines via defined APIs. Thus, a game flow

10

software module executed on the trajectory-based game server 90 may send gaming
events to a game presentation software module executed on gaming machine 61, 62 or
63 to control the play of a game of chance, to control the play of a bonus game of
chance, to control the play of an trajectory-based game or to control the play of an
trajectory-based bonus game presented on gaming machines 61, 62 and 63. As
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another example, the gaming machines 61, 62 and 63 may send gaining events to one
another via network connection 71 to control the play of the shared trajectory-based
bonus game played simultaneously on the different gaming machines.
As described with respect to FIG. 7, progressive jackpots may be awarded as
part of an trajectory-based game. The progressive jackpots may be funded by groups

20

of gaming machines of various sizes. For example, a group of gaming machines
connected together in a casino may fund a progressive jackpot in a trajectory-based
game. As another example, gaming machines distributed over many gaming
properties may be used to fund a progressive jackpot in an trajectory-based game.
In FIG. 11, an trajectory-based game progressive server 82 is connected to

25

gaining machine 61, 62 and 63 and the remote gaming machine 64 and 64 via a wide
area progressive network 81. The trajectory-based game progressive server 82 may
also contain a trajectory-based game controller and provide trajectory-based games to
the gaming machines in communication with the trajectory-based game progressive
server. A portion of the participation fees for trajectory-based games played at the

30

gaming machines in communication with the trajectory-based game progressive
server 82 may be used to fund a progressive jackpot. The amount of the trajectory
based game progressive jackpot may be continually updated by the trajectory-based
game progressive server. Further, the amount of the trajectory-based game progressive
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jackpot may be displayed on the gaming machines in communication with trajectory
based game progressive server or may be displayed on a display device near the
gaming machines.
Although the foregoing invention has been described in some detail for
5

purposes of clarity of understanding, it will be apparent that certain changes and
modifications may be practiced within the scope of the appended claims. For instance,
while the gaming machines of this invention have been depicted as having a display
screen physically viewed through a vertical glass panel attached to a main gaming
machine cabinet, the use of gaming devices in accordance with this invention is not so

10

limited. For example, the display screen features may be provided on a table top
gaming machine where the display screen is viewed through a horizontal glass panel.
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What is claimed is:
1.

A gaming machine comprising:

a master gaming controller designed or configured i) to control a game of
chance played on the gaming machine, ii) to generate a trajectory of a 3-D game
5

object in a 3-D gaming environment used in a trajectory-based game of chance, iii) to
render a sequence of two-dimensional images from the 3-D gaming environment
wherein the sequence of two-dimensional images comprises one or more two
dimensional images of the 3-D game object along its trajectory and iv) to generate a
game outcome for the trajectory-based game of chance; and

10

a video display for displaying the sequence of two-dimensional images as part
of a game outcome presentation for the trajectory-based game of chance.
2.

The gaming machine of claim 1, further comprising:

a memory storage device for storing at least one of i) instructions, ii) data and
iii) combinations thereof for generating the 3-D gaming environment, said 3-D
15

gaming environment comprising data and/or instructions for generating:
a plurality of 3-D objects;
a plurality of trajectory rules for determining the trajectory of a moving 3-D
object in the 3-D gaming environment;
a plurality of collision rules for determining effects of a collision between 3-D

20

objects in the 3-D gaming environment; and
a plurality of exit rules for removing the 3-D game object from the 3-D
gaming environment..
3.

The gaming machine of claim 1, further comprising:

a user interface for the trajectory-based game of chance, said user interface
25

comprising:
a first input device; and
one or more sensors connected to the first input device used to detect an
operational parameter of the input device and generate an output signal corresponding
to the operational parameter wherein the output signal is used to at least one of i) to

30

initiate the trajectory-based game of chance, ii) to generate an initial state of the 3-D
object for its trajectory in the 3-D gaming environment, and iii) combinations thereof.
4.

The gaming machine of claim 3,

wherein the first input device is a plunger and wherein the one or more sensors
are designed to generate an output signal with information indicating at least one of i)
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an amount of force applied to the plunger, ii) an actuation of the plunger has been
initiated and iii) combinations thereof.
5.

The gaming machine of claim 4, further comprising:
aball;
a ball conduit for the ball;

5

and one or more sensors designed to measure a position of the ball
along the ball conduit wherein the plunger is designed to strike the ball at an initial
position on the ball conduit such that the ball is propelled along the ball conduit away
from its initial position and wherein the ball conduit is designed to return the sphere
10

to the initial position on the ball conduit.
6.

The gaming machine of claim 4, further comprising:
a sound projection device wherein the sound projection device emits a

sound in response to the plunger striking the ball.
7.
15

The gaining machine of claim 6, wherein the volume of the sound is

proportional to the force applied to the plunger.
8.

The gaming machine of claim 4, further comprising:
a light panel comprising a plurality of lights wherein a number of

lights are lit on the light panel in proportion to the amount of force applied to the
plunger.
20

9.

The gaining machine of claim 4, further comprising: a graphical force

meter on the display screen where the amount of force applied to the plunger is
displayed on the graphical force meter.
10.

The gaming machine of claim 3, wherein the first input device is a

touch screen display and wherein the one or more sensors are touch screen sensors.
25

11.

The gaming machine of claim 154, wherein the touch screen sensors

generate an output signal with information indicating a selected amount of force
displayed on the touch screen display.
12.

The gaming machine of claim 3, further comprising:
a second input device wherein the second input device is for selecting

30

a rate at which a plurality of trajectory-based games of chance are automatically
initiated.
13.

The gaming machine of claim 12, wherein the second input device is a

touch screen display.
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The gaming machine of claim 12, wherein the second input device is a

control knob and wherein a position of the control knob is used to select the rate at
which a plurality of trajectory-based games of chance are automatically initiated.
15.

The gaming machine of claim 3, further comprising:
a second input device wherein the second input device is for selecting

5

a wager amount for each of a plurality of trajectory-based games of chance.
16.

The gaming machine of claim 15, wherein the second input device is a

touch screen display.
17.

The gaming machine of claim 3, further comprising:
a second input device wherein the second input device is for selecting

10

one or more of a shape of the 3-D game object, a property of the 3-D game object and
a property of the 3-D gaming environment.
18.

The gaming machine of claim 17, wherein the second input device is a

touch screen display.
19.

15

The gaining machine of claim 1, further comprising:
a sound projection device wherein the sound projection device is used

to at least emit sounds in response to collisions between the 3-D game object and 3-D
objects along its trajectory in the 3-D gaming environment.
20.

The gaming machine of claim 1, further comprising:

a memory storage device for storing a pay table for the trajectory-based game

20

of chance.
21.

The gaming machine of claim 1, further comprising:

a memory storage device for storing a trajectory table for the trajectory-based
game of chance wherein the trajectory table contains data that relates one or more
25

initial trajectory states for the 3-D game object to the game outcome for the trajectory
based game of chance.
22.

The gaming machine of claim 1, wherein the trajectory-based game of

chance is a pachinko game.

30

23.

The gaming machine of claim 1, wherein the 3-D game object is a

24.

The gaming machine of claim 1, wherein the 3-D game object is a

sphere.

polyhedron.
25.

The gaming machine of claim 1, wherein the trajectory of the 3-D

game object is planar.
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The gaming machine of claim 1, wherein a plurality of trajectory-based

games of chance are played in parallel.
27.

The gaming machine of claim 1, wherein the game of chance

controlled by the gaming machine is selected from the group consisting of a slot
5

game, a keno game, a poker game, a pachinko game, a black jack game, a bingo
game, a baccarat game, a roulette game, a dice game, a card game and a trajectory
based game of chance.
28.

The gaming machine of claim 1, wherein the sequence of images

rendered from the 3-D gaming environment are displayed simultaneously on a
10

plurality of displays.
29.

The gaming machine of claim 1, wherein an aspect ratio of the video

display is selected from the group of 16 by 9 and 9 x 16.
30.

A product comprising at least one of i) data, ii) instructions and iii)

combinations thereof for representing a 3-D gaming environment for a trajectory
15

based game of chance, the 3-D gaming environment being provided on a computer
readable medium and comprising data and/or instructions for generating:
a plurality of 3-D objects;
a plurality of trajectory rules that are used to determine the trajectory of a
moving 3-D object in the 3-D gaming environment;

20

a plurality of collision rules that are used to determine effects of a collision
between 3-D objects in the 3-D gaming environment; and
a plurality of exit rules that are used to remove the moving 3-D object from
the 3-D gaming environment
wherein the 3-D gaming environment is for rendering a sequence of two

25

dimensional images that are used as part of a game outcome presentation for the
trajectory-based game of chance.
31.

The product of claim 30, wherein the 3-D gaming environment

comprises a plurality of game levels.
32.
30

The product of claim 30, wherein the trajectory rules are defined at

each location in the 3-D gaming enviromnent.
33.

The product of claim 32, wherein the trajectory rules at a first location

are different than the trajectory rules at a second location in the 3-D gaming
environment.
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The product of claim 30, the 3-D gaming environment comprises one

or more bonus areas that are for rendering a bonus game presentation.
35.

The product of claim 30, wherein one or more of the trajectory rules,

the collision rules and the exit rules change as a function of time.
5

36.

The product of claim 30, wherein a location of one or more of the

plurality of 3-D game objects changes as a function of time in the 3-D gaming
environment.
37

The product of claim 30, wherein a property of one or more of the

plurality of 3-D objects changes as a function of time.
10

38.

The product of claim 37, wherein the property is selected from the

group consisting of a mass property, a geometry property, a physical property, a
graphical rendering property, a sound property and a bonus property.
39.

A user interface for a gaming machine, said user interface comprising:

an input device; and
15

a sensor connected to the input device used to detect an operational parameter
of the input device and generate an output signal corresponding to the operational
parameter wherein the output signal is used to at least one of i) to initiate a trajectory
based game of chance, ii) to generate an initial state of a 3-D game object for its
trajectory in a 3-D gaming environment, and iii) combinations thereof

20

wherein the 3-D gaming environment is for rendering a sequence of two
dimensional images that are used as part of a game outcome presentation for the
trajectory-based game of chance
40.

The user interface of claim 39, wherein the first input device is a

plunger and wherein the one or more sensors are designed to generate an output signal
25

with information indicating at least one of i) an amount of force applied to the
plunger, ii) an actuation of the plunger has been initiated and iii) combinations
thereof.
41.

The user interface of claim 40, further comprising:
a ball;

30

a ball conduit for the ball;
and one or more sensors designed to measure a position of the ball
along the ball conduit wherein the plunger is designed to strike the ball at an initial
position on the ball conduit such that the ball is propelled along the ball conduit away
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from its initial position and wherein the ball conduit is designed to return the ball to
the initial position on the ball conduit.
42.

The user interface of claim 41, further comprising:
a sound projection device wherein the sound projection device emits a

5

sound in response to the plunger striking the ball.
43.

The user interface of claim 42, wherein the volume of the sound is

proportional to the force applied to the plunger.
44.

The user interface of claim 41, further comprising:
a light panel comprising a plurality of lights wherein a number of

10

lights are lit on the light panel in proportion to the amount of force applied to the
plunger.
45.

The user interface of claim 39, wherein the trajectory-based game of

chance is a pachinko game.
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