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Title: ACTION TRIGGER GESTURING

FIG. 1

(57) Abstract: Gestures of a computer user are observed with a depth camera. A throwing gesture of the computer user is identified
and an aiming vector is calculated from a path of a left and/or right hand during the throwing gesture. An interface action is directed
along the aiming vector within an interactive interface.
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ACTION TRIGGER GESTURING
BACKGROUND
[0001] While camera technology allows images of humans to be
recorded, computers have traditionally not been able to use such images to
accurately assess how a human is moving within the images. Recently,
technology has advanced such that some aspects of a human’s movements may
be interpreted with the assistance of a plurality of special cameras and one or
more tracking tags. For example, an actor may be carefully adorned with
several tracking tags (e.g., retro-reflectors) that can be tracked with several
cameras from several different positions. Triangulation can then be used to
calculate the three-dimensional position of each reflector. Because the tags are
carefully positioned on the actor, and the relative position of each tag to a
corresponding part of the actor’s body is known, the triangulation of the tag
position can be used to infer the position of the actor’s body. However, this
technique requires special reflective tags, or other markers, to be used.
[0002] In science fiction movies, computers have been portrayed as
intelligent enough to actually view human beings and interpret the motions
and gestures of the human beings without the assistance of reflective tags or
other markers. However, such scenes are created using special effects in which
an actor carefully plays along with a predetermined movement script that
makes it seem as if the actor is controlling the computer’s scripted actions.
The actor is not actually controlling the computer, but rather attempting to
create the illusion of control.
SUMMARY
[0003] This Summary is provided to introduce a selection of concepts in
a simplified form that are further described below in the Detailed Description.
This Summary is not intended to identify key features or essential features of
the claimed subject matter, nor is it intended to be used to limit the scope of
the claimed subject matter. Furthermore, the claimed subject matter is not
limited to implementations that solve any or all disadvantages noted in any

part of this disclosure.
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[0004] Gestures of a computer user are observed with a depth camera.
A throwing gesture of the computer user is identified and an aiming vector is
calculated from a path of a left and/or right hand during the throwing gesture.
An interface action is directed along the aiming vector within an interactive
interface. According to one aspect of the disclosure, this type of action trigger
gesturing is used for aiming and redirecting spells within a spell-casting game
interface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 shows a game player playing a spell-casting game in
accordance with an embodiment of the present disclosure.

[0006] FIG. 2 shows an example skeletal modeling pipeline in
accordance with an embodiment of the present disclosure.

[0007] FIG. 3 shows an example two-stage spell casting method in
accordance with an embodiment of the present disclosure.

[0008] FIG. 4A shows a skeleton in an example ready posture.

[0009] FIG. 4B shows an interactive interface indicating a spell-casting

game mode.

[0010] FIG. 5A shows a skeleton performing an example spell-selection
gesture.

[0011] FIG. 5B shows an interactive interface indicating spell selection.
[0012] FIG. 6A shows a skeleton performing an example spell-selection
gesture.

[0013] FIG. 6B shows an interactive interface indicating spell selection.
[0014] FIG. 7A shows a skeleton performing an example spell-selection
gesture.

[0015] FIG. 7B shows an interactive interface indicating spell selection.
[0016] FIG. 8A shows a skeleton performing an example spell-selection
gesture.

[0017] FIG. 8B shows an interactive interface indicating spell selection.
[0018] FIG. 9 shows an example one-stage spell casting method in

accordance with an embodiment of the present disclosure.

[0019] FIG. 10 shows a skeleton performing a tracing gesture.
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[0020] FIG. 11 shows a variety of traceable shapes.

[0021] FIG. 12 shows an example spell aiming method in accordance
with an embodiment of the present disclosure.

[0022] FIG. 13A shows a skeleton performing an example one-handed
spell throwing gesture in accordance with an embodiment of the present
disclosure.

[0023] FIG. 13B shows an example interactive interface as a one-handed
spell throwing gesture is performed.

[0024] FIG. 14A shows a skeleton performing an example two-handed
spell throwing gesture with after-touch in accordance with an embodiment of
the present disclosure.

[0025] FIG. 14B shows an example interactive interface as a two-handed
spell throwing gesture with after-touch is performed.

[0026] FIG. 15A is an example interactive interface showing a player
character casting a fireball spell at an in-game opponent.

[0027] FIG. 15B schematically shows unassisted aiming analysis of the
fireball spell of FIG. 15A.

[0028] FIG. 16A is an example interactive interface showing a player
character casting a fireball spell at an in-game opponent.

[0029] FIG. 16B schematically shows assisted aiming analysis of the
fireball spell of FIG. 16A.

[0030] FIG. 17A is an example interactive interface showing a player
character casting a fireball spell at an in-game opponent.

[0031] FIG. 17B schematically shows assisted aiming analysis of the
fireball spell of FIG. 17A.

[0032] FIG. 17C is an example interactive interface showing a player
character after-touch redirecting the fireball spell of FIG. 17A at another in-
game opponent.

[0033] FIG. 17D schematically shows assisted aiming analysis of the
after-touch redirection of FIG. 17C.

[0034] FIG. 18 schematically shows a computing system in accordance

with an embodiment of the present disclosure.
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DETAILED DESCRIPTION

[0035] A depth-image analysis system, such as a 3D-vision computing
system, may include a depth camera capable of observing one or more game
players or other computer users. As the depth camera captures images of a
game player or other computer user within an observed scene, those images
may be interpreted and modeled with one or more virtual skeletons. Various
aspects of the modeled skeletons may serve as input commands to an
interactive user interface. For example, a fantasy-themed, spell-casting game
may interpret the physical movements of the game player as commands to
select, aim, and cast specific spells in the game.

[0036] FIG. 1 shows a non-limiting example of an entertainment system
10. In particular, FIG. 1 shows a gaming system 12 that may be used to play a
variety of different games, play one or more different media types, and/or
control or manipulate non-game applications and/or operating systems. FIG. 1
also shows a display device 14 such as a television or a computer monitor,
which may be used to present game visuals to game players. As one example,
display device 14 may be used to visually present hands of an in-game player
character 16 that game player 18 controls with his movements. The
entertainment system 10 may include a capture device, such as a depth
camera 22 that visually monitors or tracks game player 18 within an observed
scene 24. Depth camera 22 is discussed in greater detail with respect to FIG.
18.

[0037] Game player 18 is tracked by depth camera 22 so that the
movements of game player 18 may be interpreted by gaming system 12 as
controls that can be used to affect the game being executed by gaming system
12. In other words, game player 18 may use his or her physical movements to
control the game without a conventional hand-held game controller or other
hand-held position trackers. For example, in FIG. 1 game player 18 is
performing a spell throwing gesture to cast a fireball spell at game enemies.
The movements of game player 18 may be interpreted as virtually any type of
game control. Some movements of game player 18 may be interpreted as

player character controls to control the actions of the game player’s in-game
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player character. Some movements of game player 18 may be interpreted as
controls that serve purposes other than controlling an in-game player
character. As a nonlimiting example, movements of game player 18 may be
interpreted as game management controls, such as controls for selecting a
character, pausing the game, or saving game progress.

[0038] Depth camera 22 may also be used to interpret target movements
as operating system and/or application controls that are outside the realm of
gaming. Virtually any controllable aspect of an operating system and/or
application may be controlled by movements of game player 18. The
illustrated scenario in FIG. 1 is provided as an example, but is not meant to be
limiting in any way. To the contrary, the illustrated scenario is intended to
demonstrate a general concept, which may be applied to a variety of different
applications without departing from the scope of this disclosure. As such, it
should be understood that while the human controlling the computer is
referred to as a game player, the present disclosure applies to non-game
applications, and while the system is referred to as an entertainment system,
the system may be used for non-entertainment purposes.

[0039] FIG. 2 shows a simplified processing pipeline 26 in which game
player 18 in an observed scene 24 is modeled as a virtual skeleton 36 that can
serve as a control input for controlling various aspects of a game, application,
and/or operating system. FIG. 2 shows four stages of the processing pipeline
26: image collection 28, depth mapping 30, skeletal modeling 34, and game
output 38. For simplicity of understanding, each stage of the processing
pipeline shows the orientation of depth camera 22 relative to game player 18.
It will be appreciated that a processing pipeline may include additional steps
and/or alternative steps than those depicted in FIG. 2 without departing from
the scope of this disclosure.

[0040] During image collection 28, game player 18 and the rest of
observed scene 24 may be imaged by a depth camera 22. In particular, the
depth camera is used to observe gestures of the game player. During image
collection 28, the depth camera may determine, for each pixel, the depth of a

surface in the observed scene relative to the depth camera. Virtually any
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depth finding technology may be used without departing from the scope of this
disclosure. Example depth finding technologies are discussed in more detail
with reference to FIG. 18.

[0041] During depth mapping 30, the depth information determined for
each pixel may be used to generate a depth map 32. Such a depth map may
take the form of virtually any suitable data structure, including but not
limited to a matrix that includes a depth value for each pixel of the observed
scene. In FIG. 2, depth map 32 is schematically illustrated as a pixelated grid
of the silhouette of game player 18. This illustration is for simplicity of
understanding, not technical accuracy. It is to be understood that a depth map
generally includes depth information for all pixels, not just pixels that image
the game player 18. Depth mapping may be performed by the depth camera or
the gaming system, or the depth camera and the gaming system may
cooperate to perform the depth mapping.

[0042] During skeletal modeling 34, one or more depth images (e.g.,
depth map 32) of a world space scene including a computer user (e.g., game
player 18) are obtained from the depth camera. Virtual skeleton 36 may be
derived from depth map 32 to provide a machine readable representation of
game player 18. In other words, virtual skeleton 36 is derived from depth map
32 to model game player 18. The virtual skeleton 36 may be derived from the
depth map in any suitable manner. In some embodiments, one or more
skeletal fitting algorithms may be applied to the depth map. For example, a
prior trained collection of models may be used to label each pixel from the
depth map as belonging to a particular body part, and virtual skeleton 36 may
be fit to the labeled body parts. The present disclosure is compatible with
virtually any skeletal modeling techniques.

[0043] The virtual skeleton provides a machine readable representation
of game player 18 as observed by depth camera 22. The virtual skeleton 36
may include a plurality of joints, each joint corresponding to a portion of the
game player. Virtual skeletons in accordance with the present disclosure may
include virtually any number of joints, each of which can be associated with

virtually any number of parameters (e.g., three dimensional joint position,
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joint rotation, body posture of corresponding body part (e.g., hand open, hand
closed, etc.) etc.). It is to be understood that a virtual skeleton may take the
form of a data structure including one or more parameters for each of a
plurality of skeletal joints (e.g., a joint matrix including an x position, a y
position, a z position, and a rotation for each joint). In some embodiments,
other types of virtual skeletons may be used (e.g., a wireframe, a set of shape
primitives, etc.).

[0044] Skeletal modeling may be performed by the gaming system. In
some embodiments, the gaming system may include a dedicated skeletal
modeler that can be used by a variety of different applications. In this way,
each application does not have to independently interpret depth maps as
machine readable skeletons. Instead, the individual applications can receive
the virtual skeletons in an anticipated data format from the dedicated skeletal
modeler (e.g., via an application programming interface or API). In some
embodiments, the dedicated skeletal modeler may be a remote modeler
accessible via a network. In some embodiments, an application may itself
perform skeletal modeling.

[0045] During game output 38, the physical movements of game player
18 as recognized via the virtual skeleton 36 are used to control aspects of a
game, application, or operating system. In the illustrated scenario, game
player 18 is playing a fantasy themed game and has performed a spell
throwing gesture. The game recognizes the gesture by analyzing the virtual
skeleton 36, and displays an image of the hands of a player character 16
throwing a fireball 40. In some embodiments, an application may leverage
various graphics hardware and/or graphics software to render an interactive
interface (e.g., a spell-casting game) for display on a display device.

[0046] Some applications may include two or more different operating
modes. For example, a spell-casting game may have one or more spell-casting
modes in which a player character within the game is able to cast spells and/or
other modes in which the player character does not cast spells. The gestures of
the game player in the real world may be used to enter the spell-casting mode,

select spells to be cast, aim spells, and cast spells.
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[0047] FIG. 3 shows an example method 42 of entering a spell casting
mode, selecting a spell, and casting a spell within a spell-casting game.
Method 42 may be performed by a spell-casting game executing on gaming
system 12 for example.

[0048] At 44, method 42 includes acknowledging a ready posture of a
game player. In some embodiments, the game player may be observed by a
depth camera and modeled with a virtual skeleton, as described above. A
position of one or more joints of the virtual skeleton may be
translated/interpreted as a ready posture or any of the other gestures
described herein depending on the relative joint positions and joint movement
from frame to frame. As a nonlimiting example, FIG. 4A shows a virtual
skeleton 36 in an example ready posture. In the illustrated embodiment, the
ready posture is characterized by a left hand joint and a right hand joint
positioned near waist level in front of a torso.

[0049] FIG. 4B shows a game interface 46 providing the game player
visual feedback that a spell-casting mode has been initiated via the ready
gesture. In particular, the game system is outputting a spell ready visual 48
that is displayed to the game player to visually indicate activation of the spell-
casting game mode.

[0050] Returning to FIG. 3, at 50, method 42 includes identifying a first
gesture of the virtual skeleton as one of a plurality of different possible spell-
selection gestures. Each different spell-selection gesture may be characterized
by a different posture and/or movement of the virtual skeleton. A spell-casting
game may recognize the various spell-selection gestures based on the position
of one or more skeletal joints relative to one or more other skeletal joints from
frame to frame.

[0051] As a nonlimiting example, FIG. 5A shows a spell-selection
gesture 52 characterized by a left hand joint and a right hand joint moving
together from the ready posture at waist level in front of a torso. As another
nonlimiting example, FIG. 6A shows a spell-selection gesture 54 characterized
by a left hand joint and a right hand joint spreading apart from the ready

posture with a left elbow joint and a right elbow joint straightened. As another
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nonlimiting example, FIG. 7A shows a spell-selection gesture 56 characterized
by a left hand joint and a right hand joint circling one another at waist level in
front of a torso. As another nonlimiting example, FIG. 8A shows a spell-
selection gesture 58 characterized by a left hand joint and a right hand joint
oppositely moving up and down at waist level in front of a torso.

[0052] Each different spell-selection gesture may be associated with a
different spell castable by a player character within the spell-casting game. As
such, a game player may physically perform a spell-selection gesture to ready
the particular spell associated with that spell-selection gesture.

[0053] The gaming system may output a spell-selection visual for
display to the game player to visually indicate which of the different spells is
readied for casting. As nonlimiting examples, FIG. 5B shows a spell-selection
visual 60 indicating that a fireball spell is readied for casting; FIG. 6B shows a
spell-selection visual 62 indicating that a lightning bolt spell is readied for
casting; FIG. 7B shows a spell-selection visual 64 indicating that a knife flurry
spell is readied for casting; and FIG. 8B shows a spell-selection visual 66
indicating that an earthquake spell is readied for casting;

[0054] Upon identifying the spell-selection gesture, a spell may be
readied for casting. In some embodiments, a spell will not be readied for
casting unless a ready posture is acknowledged prior to the spell-selection
gesture. In such embodiments, the ready posture can be used to set the game
in the proper spell-casting mode. In other embodiments, spells may be cast
even if the game is not in a dedicated spell-casting mode, and a ready posture
is not used to set the game in a dedicated spell-casting mode.

[0055] Returning to FIG. 3, at 68, method 42 includes identifying a
second gesture of the virtual skeleton as a spell-casting gesture. Various spell-
casting gestures, including one-handed and two-handed spell-casting gestures,
are within the scope of this disclosure. Nonlimiting examples of spell-casting
gestures are described below in more detail with reference to FIGS. 12-17.
[0056] At 70 of FIG. 3, method 42 includes casting, within the spell-
casting game, the spell associated with the previously identified spell-selection

gesture — 1.e., the currently readied spell. According to method 42, the same
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spell-casting gesture causes casting of each of the different spells associated
with the plurality of different spell-selection gestures. In other words, the
game player physically performs different gestures to select different spells,
but each of these different spells is cast by performing the same spell-casting
gesture or gestures. Further, each of the different spells that may be selected
with different gestures may be aimed, redirected, augmented, or otherwise
controlled as described below with reference to the various spell-casting
gestures — e.g., the one-handed spell-casting gesture of FIG. 13A and the two-
handed spell-casting gesture of FIG. 14A.

[0057] Furthermore, in some embodiments, a spell-selection gesture
may be performed with a discernable magnitude. For example, the speed at
which a user moves his hands, the distance along which a user moves his
hands, and/or other variations of the same spell-selection gesture may be used
to ready a spell with a corresponding magnitude. Using the example of FIG.
8A, if a user moves his hands up and down a few inches relatively slowly, an
earthquake spell may be readied with a relatively small magnitude. On the
other hand, if the user moves his hands up and down more than a foot
relatively quickly, the same earthquake spell may be readied with a relatively
large magnitude. When cast, the selected spell may be resolved with a
magnitude proportional to a magnitude of the spell-selection gesture used to
ready the spell. For example, an earthquake spell readied with a small
magnitude gesture may cause less damage to opponents than an earthquake
spell readied with a large magnitude gesture. In some embodiments, the
magnitude of the spell-selection gesture may be used to select different spells
and/or different variations of the same spell.

[0058] As described above, method 42 is a two-step casting technique in
which a spell is selected using one gesture and triggered using another
gesture. FIG. 9 shows a method 72 that uses a one-step casting technique in
which the same gesture that is used to select a spell is also used to cast the
spell. Method 72 may be performed by a spell-casting game executing on
gaming system 12 of FIG. 1, for example.

10
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[0059] At 74, method 72 includes identifying a tracing gesture of the
game player as one of a plurality of different spell-selection gestures. In some
embodiments, the game player may be observed by a depth camera and
modeled with a virtual skeleton, as described above. A position and/or
movement of one or more joints of the virtual skeleton may be
translated/interpreted as the tracing gesture. As with the spell-selection
gesture described above, the tracing gesture is one of a plurality of different
recognizable tracing gestures. Each of the different recognizable tracing
gestures is associated with a different spell castable within the spell-casting
game. As such, by performing a particular tracing gesture, a game player may
cause the player character he is controlling in the game to cast the particular
spell associated with that particular tracing gesture.

[0060] At 76, method 72 may optionally include identifying a position of
the left hand joint and/or a position of the right hand joint in a predetermined
ready posture at a beginning of the tracing gesture. Various ready postures
may be used without departing from the scope of this disclosure. As a
nonlimiting example, FIG. 10 shows a ready posture 78 characterized by the
left hand and the right hand held together above the head of the game player.
In other words, the left hand joint and the right hand joint are within a
threshold distance (e.g., less than or equal to six inches) of one another in a
position that is relatively higher than a head joint of the virtual skeleton. This
example is not limiting, and other ready postures may be used without
departing from the scope of this disclosure.

[0061] The ready posture can be used to set the game in the proper
spell-casting mode. Further, different ready postures may be used to set the
game in different spell-casting modes. For example, the ready posture shown
in FIG. 4 may be used to set the game in the two-stage spell-casting mode
described with reference to FIG. 3, while the ready posture shown in FIG. 10
may be used to set the game in a one-stage spell-casting mode described with

reference to FIG. 9.
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[0062] At 80 of FIG. 9, method 72 may optionally include identifying a
two-dimensional traced shape that is a two-dimensional projection of a path of
a left hand joint of the virtual skeleton and/or a path of a right hand joint of
the virtual skeleton onto a tracing plane. For example, FIG. 10 shows a left
hand joint and a right hand joint tracing a shape in three-dimensional space.
The non-planar paths of the hand joints are projected onto a tracing plane
that is perpendicular to an optical axis of the depth camera imaging the game
player. The shape of the two-dimensional projection 82 onto the tracing plane
indicates the spell that is to be cast.

[0063] In the scenario shown in FIG. 10, the two-dimensional projection
82 is in the shape of a square. FIG. 11 shows nonlimiting examples of other
two-dimensional projections that may be formed by different tracing gestures.
In particular, FIG. 11 shows an inverted triangle 84; a triangle 86; a heart 88;
a circle 90; and an infinity symbol 92. Each shape may correspond to one of a
plurality of different spells. As nonlimiting examples, inverted triangle 84 may
correspond to a shield spell; triangle 86 may correspond to a teleport spell;
heart 88 may correspond to a heal spell; circle 90 may correspond to a slow
time spell; and infinity symbol 92 may correspond to light spell.

[0064] At 94, method 72 may optionally include identifying a position of
the left hand joint and/or a position of the right hand joint in a predetermined
ending position at an end of the tracing gesture. Such an ending position may
be characterized by only the relative position of the left hand compared to the
right hand, or the ending position also may be characterized by the relative
position of the hand joints compared to other skeletal joints. In some
embodiments, the end of the gesture is recognized when the hands return
together — 1i.e., within a threshold distance of one another. In some
embodiments, the end of the gesture is recognized when the hands move
within a predetermined space in front of the game player torso. At time t3,
FIG. 10 shows a left hand joint and a right hand joint returning together in an
ending position 96 in front of the torso, thus signaling the end of the tracing

gesture.

12
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[0065] Turning back to FIG. 9, at 98, method 72 includes casting a spell
associated with the identified tracing gesture within the spell-casting game.
Unlike the two-stage casting described above with reference to FIG. 3, this
one-stage casting is performed responsive to identifying a conclusion of the
tracing gesture without requiring a subsequent spell-casting gesture to trigger
the release of the selected spell. In other words, according to method 72, the
same tracing gesture may be used to both select and cast the spell.

[0066] Providing one-stage casting and two-stage casting in the same
game allows for a rich, highly interactive casting experience. One-stage
casting may be used for spells that are not aimed at a particular target (e.g.,
in-game enemy) — for example, a spell to teleport a player character from one
location to another, a spell to heal the player character, a spell to slow time,
and/or a spell to put up a defensive shield. On the other hand, two-stage
casting may be used for spells that are aimed at a particular target — for
example, a fireball spell aimed at an enemy, an open door spell aimed at a
locked door, and/or a strengthen spell aimed at a friend of the player
character.

[0067] FIG. 12 shows an example method 100 of casting a spell within a
spell-casting game. Method 100 may correspond to the second stage of the
above described two-stage casting method. In other words, method 100 may be
used after another gesture has been recognized as selecting one of a plurality
of different possible spells for casting. Alternatively, method 100 may be used
independently of spell-selection gestures — i.e., to cast a default spell or a spell
automatically selected without user intervention. Method 100 may be
performed by a spell-casting game executing on gaming system 12 of FIG. 1,
for example.

[0068] At 102, method 100 includes recognizing a throwing gesture of
the virtual skeleton. In some embodiments, a single type of throwing gesture
may be recognized, while some embodiments may allow for two or more

different types of throwing gestures.
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[0069] As a nonlimiting example, a one-handed, overhanded throwing
gesture (FIGS. 13A and 13B) may be one type of throwing gesture, while a
two-handed, pushing throwing gesture (FIGS. 14A and 14B) may be another
type of throwing gesture.

[0070] FIG. 13A shows skeleton 36 moving from a ready posture at time
to to a hands-closed posture at time t; to select a fireball spell, as indicated at
time t1 of FIG. 13B. At time tg, skeleton 36 cocks a right hand joint back as if
readying to throw a dart. At time ts, skeleton 36 moves the right hand joint
forward as if to throw the dart. As indicated at time ts of FIG. 13B, this
throwing motion may be interpreted as a triggering gesture, and the fireball
spell may be cast in response to the gesture.

[0071] FIG. 14A shows skeleton 36 moving from a ready posture at time
to to a hands-closed posture at time t; to select a fireball spell, as indicated at
time t1 of FIG. 14B. At time tg, skeleton 36 thrusts both a right hand joint and
a left hand joint back out as if throwing a basketball from the chest. As
indicated at time tg of FIG. 14B, this throwing motion may be interpreted as a
triggering gesture, and the fireball spell may be cast in response to the
gesture. At time ts3, skeleton 36 moves hands to the right as if to push an
object aside. As indicated at time ts of FIG. 14B, this redirecting motion may
be interpreted as an after-touch gesture, and the fireball spell may be
redirected in response to the gesture.

[0072] When two or more throwing gestures are used, the different
gestures may produce the same in-game action, or the different gestures may
produce different in-game actions. For example, a first spell may be resolved if
the throwing gesture is a one-handed throwing gesture while a second spell,
different than the first spell, may be resolved if the throwing gesture is a two-
handed throwing gesture.

[0073] At 104, method 100 includes tracking a path of a left hand joint
of the virtual skeleton and/or a path of a right hand joint of the virtual
skeleton during the throwing gesture. In general, a path of one hand is
tracked for one-handed throwing gestures, and paths of both hands are

tracked for two-handed throwing gestures. In some embodiments, an average
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position of the left and right hands may be tracked for two-handed gestures.
As used herein, “path” is used to refer to two or more points observed at
different times. In some embodiments, the path includes points from all
frames of the throwing gesture, and in some embodiments only points from
selected frames are considered.

[0074] At 106, method 100 includes calculating an original aiming vector
from the path of the left hand joint and/or the path of the right hand joint
during the throwing gesture. In some embodiments, the vector may be fit to
the various points of the gesture path. As one nonlimiting example, the vector
may be orientated so as to minimize the sum of squares of distances between a
line orientated with the vector and two or more points constituting the path.
The origin of the vector may be positioned in various locations without
departing from the scope of this disclosure. In some embodiments, the origin of
the vector may be positioned at a game-space location corresponding to the
location of the player character. In general, the magnitude of the vector may
be superfluous, but when needed, the magnitude may be set in accordance
with a speed of the throwing gesture.

[0075] At 108, method 100 includes casting the spell. At 110, casting the
spell may optionally include directing a spell along the original aiming vector.
In other words, the spell may be aimed without any aiming assistance and/or
player intention analysis. For example, FIG. 15A shows a game interface 114
in which two evil wizards are attacking a player character controlled by the
game player. FIG.15B schematically shows a bull’s eye 116 corresponding to a
position of the first evil wizard and a bull’s eye 118 corresponding to a position
of the second evil wizard. FIG. 15B also shows an aiming point 120 in line
with the aiming vector. In this scenario, the aiming point does not hit a bull’s
eve, and there is no aiming assistance, so the fireball spell cast by the player
character misses both evil wizards.

[0076] Turning back to FIG. 12, at 112, casting the spell may include
directing a spell at a primary target within a threshold distance of the original
aiming vector. In other words, if the aiming vector points to within a threshold

distance of a game target, the game may assist in aiming the spell to hit the
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target. For example, FIG. 16A shows the same game interface 114 with two
evil wizards attacking a player character, and FIG.16B schematically shows
bull's eye 116 and a bull’s eye 118. However, FIG. 16B also indicates an
expanded target 122 within a threshold distance of the bull’s eye 116 and an
expanded target 124 within a threshold distance of bull’s eye 118. In this
scenario, the aiming point 120 does not hit the bull’s eye, but it is within the
expanded target 122. As such, the aiming assistance casts the fireball spell at
the evil wizard. In other words, the game player’s inaccuracy is auto-corrected
by the game. In essence, the game assesses the game player’s intended target
and assists the game player in hitting the target.

[0077] In some embodiments, a spell may resolve with a relatively
larger magnitude if the original aiming vector is within a relatively shorter
threshold distance of a primary target and a relatively smaller magnitude if
the original aiming vector is within a relatively longer threshold distance of
the primary target. In other words, if the aiming vector hits the bull’s eye, the
spell will have a greater effect than if the aiming vector misses the bull’s eye
but hits the expanded target. If the aiming vector misses the expanded target,
the spell may be resolved with a zero magnitude.

[0078] The size and shape of the bull’s eye and expanded target may be
set to alter the difficulty and/or skill intensity of the game. Furthermore,
while a single expanded target is discussed above, it is to be understood that
multiple expanded targets may be used, each resulting in a different
magnitude. In some embodiments, the magnitude of the spell may be
calculated as a linear or nonlinear function of the distance of the aiming point
to a bull's eye or other target. While discussed above in the context of
expanding the aiming point, the same effect may be achieved by increasing the
size of the aiming point.

[0079] Turning back to FIG. 12, at 126, method 100 includes recognizing
an after-touch gesture of the virtual skeleton. Like the initial throwing
gesture, the after touch gesture may be one-handed or two-handed. The after-
touch gesture may be used to redirect a spell from an original trajectory. For

example, the after-touch gesture may be used to hit a second opponent with a
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fireball spell after a first opponent has been hit. As another example, the
after-touch gesture may be used to hit an opponent with a spell after an initial
miss. As yet another example, the after-touch gesture may be used to move a
spell along an indirect path to a target, so as to avoid obstacles hindering a
straight shot.

[0080] Returning to FIG. 14A, at time t3 the skeleton is moving a left
hand joint and a right hand joint to the side with arms outstretched from a
two-handed throwing position. Such an after-touch gesture may be used to
redirect a spell from the left to the right, as indicated in the interactive
interface illustrated in FIG. 14B.

[0081] At 128 of FIG. 12, method 100 may include tracking a path of a
left hand joint of the virtual skeleton and/or a path of a right hand joint of the
virtual skeleton during the after-touch gesture. At 130, method 100 may
include calculating an after-touch aiming vector within the spell-casting game
from the path of the left hand joint and/or the path of the right hand joint
during the after-touch gesture. As discussed above with reference to the
throwing gestures, a path may be two or more points derived from one or more
skeletal joints. Further, the aiming vector may be calculated in any suitable
manner based on the path. As one example, the three-dimensional path may
be projected onto an after-touch plane, and the aiming vector may be fit to the
projection. At 132, the spell may be redirected in accordance with the after-
touch aiming vector, either with or without aiming assistance.

[0082] FIGS. 17A-17D show an example after-touch scenario and
implementation. In particular, FIG. 17A shows a game interface 114 in which
two evil wizards are attacking a player character controlled by the game
player, and FIG. 17B schematically shows an aiming point 120 targeting and
hitting one of the wizards (with assisted aiming). In this scenario, the game
player performs a spell throwing gesture to cast a readied spell at the evil
wizard on the left, and the spell is resolved by hitting and eliminating the evil
wizard. FIG. 17D shows an after-touch aiming vector calculated from a path of
one or more skeletal joints — e.g., the path of right hand joint and left hand
joint from time t2 to time t3 in FIG. 14A. As shown in FIG. 17C, the fireball
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spell is redirected toward the evil wizard on the right in response to the after-
touch gesture of the game player.

[0083] In some scenarios, the spell may be redirected along the after-
touch aiming vector from a starting position derived from the original aiming
vector without aiming assistance. In some scenarios, the spell may be
redirected at a secondary target within a threshold distance of the after-touch
aiming vector. For example, FIG. 17D shows a wedge 134 around aiming
vector 136. In some embodiments, the after-touch gesture will produce a hit if
the target is within the wedge. In other embodiments, the aiming vector must
intersect a bull’s eye to produce a hit.

[0084] The magnitude with which the spell is resolved may be
dependent on the accuracy of the after-touch gesture. For example, the spell
may be resolved with a relatively larger magnitude if the after-touch aiming
vector i1s within a relatively shorter threshold distance of a target, or with a
relatively smaller magnitude if the after-touch aiming vector is only within a
relatively longer threshold distance of the target. In some embodiments, the
magnitude of the after-touch effect may be calculated as a linear or nonlinear
function of the distance of the aiming vector to a bull’s eye or other target.
[0085] It should be understood that the assisted aiming examples
provided above with respect to throwing gestures and after-touch gestures are
nonlimiting. In other embodiments, other mechanisms may be implemented to
provide a game player with a desired amount of aiming assistance.

[0086] In some embodiments, one or more aspects of the gesture-based
interactive interface controls described above may be replaced or augmented
with audio controls. For example, returning to FIG. 2, instead of or in addition
to visually observing and modeling a game player, a gaming system may
acoustically observe and model a game player. In particular, a microphone
may be used to listen to the game player, and the sounds made by the game
player may serve as audible commands, which may be identified by the
gaming system. Audible commands may take a variety of different forms,
including but not limited to spoken words, grunts, claps, stomps, and/or

virtually any other sounds that a game player is capable of making.
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[0087] As a nonlimiting example, an audible command may be identified
as one of a plurality of different spell selection commands, each spell selection
command associated with a different spell castable by a player character
within the spell-casting game.

[0088] FIG. 2 schematically shows game player 18 shouting the
command “fireball” while a spell-casting game is in a spell-casting mode. Such
a command may be used to select the corresponding fireball spell, which may
be cast in response to the game player’s spell throwing gesture, for example.
Such audible spell selection may be used instead of gestural spell selection in
some embodiments. As schematically illustrated in FIG. 2, the observed
sounds of a game player, as input via a microphone, may be analyzed to
identify spoken commands. As a nonlimiting example, a speech recognition
algorithm may be used to model the spoken sounds as machine readable
words.

[0089] In some embodiments, audible commands may be used to modify
an aspect of a spell. As a nonlimiting example, the magnitude of a spell may
be increased in proportion to the volume with which an audible command is
delivered. As another example, the effectiveness of a spell may be modified
based on the content, timing, and/or volume with which an audible command
is delivered.

[0090] While the above described examples are provided in the context
of a spell-casting game, it is to be understood that the principles discussed
herein may be applied to other types of games, applications, and/or operating
systems. In particular, a variety of different interactive interfaces may be
controlled as described above. The spell selection and spell tracing gestures
described above may be used to select other actions executable within a
particular interactive interface. When outside the realm of spell-casting
games, such gestures may be referred to as action selection gestures instead of
spell-selection gestures and/or tracing gestures. Furthermore, the various
actions may be triggered using action triggering gestures, which are analogous

to the spell triggering and spell throwing gestures described above.
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[0091] In some embodiments, the above described methods and
processes may be tied to a computing system including one or more computers.
In particular, the methods and processes described herein may be
implemented as a computer application, computer service, computer API,
computer library, and/or other computer program product.

[0092] FIG. 18 schematically shows a non-limiting computing system
160 that may perform one or more of the above described methods and
processes. Computing system 160 is shown in simplified form. It is to be
understood that virtually any computer architecture may be used without
departing from the scope of this disclosure. In different embodiments,
computing system 160 may take the form of a console gaming device, a hand-
held gaming device, a mobile gaming device, a mainframe computer, a server
computer, a desktop computer, a laptop computer, a tablet computer, a home
entertainment computer, a network computing device, a mobile computing
device, a mobile communication device, etc. Gaming system 12 of FIG. 1 is a
nonlimiting embodiment of computing system 160.

[0093] Computing system 160 may include a logic subsystem 162, a
data-holding subsystem 164, a display subsystem 166, a capture device 168,
and/or a communication subsystem 172. The computing system may optionally
include components not shown in FIG. 18, and/or some components shown in
FIG. 18 may be peripheral components that are not integrated into the
computing system.

[0094] Logic subsystem 162 may include one or more physical devices
configured to execute one or more instructions. For example, the logic
subsystem may be configured to execute one or more instructions that are part
of one or more applications, services, programs, routines, libraries, objects,
components, data structures, or other logical constructs. Such instructions
may be implemented to perform a task, implement a data type, transform the
state of one or more devices, or otherwise arrive at a desired result.

[0095] The logic subsystem may include one or more processors that are
configured to execute software instructions. Additionally or alternatively, the

logic subsystem may include one or more hardware or firmware logic
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machines configured to execute hardware or firmware instructions. Processors
of the logic subsystem may be single core or multicore, and the programs
executed thereon may be configured for parallel or distributed processing. The
logic subsystem may optionally include individual components that are
distributed throughout two or more devices, which may be remotely located
and/or configured for coordinated processing. One or more aspects of the logic
subsystem may be virtualized and executed by remotely accessible networked
computing devices configured in a cloud computing configuration.

[0096] Data-holding subsystem 164 may include one or more physical,
non-transitory, devices configured to hold data and/or instructions executable
by the logic subsystem to implement the herein described methods and
processes. When such methods and processes are implemented, the state of
data-holding subsystem 164 may be transformed (e.g., to hold different data
and/or instructions).

[0097] Data-holding subsystem 164 may include removable media
and/or built-in devices. Data-holding subsystem 164 may include optical
memory devices (e.g., CD, DVD, HD-DVD, Blu-Ray Disc, etc.), semiconductor
memory devices (e.g., RAM, EPROM, EEPROM, etc.) and/or magnetic memory
devices (e.g., hard disk drive, floppy disk drive, tape drive, MRAM, etc.),
among others. Data-holding subsystem 164 may include devices with one or
more of the following characteristics: volatile, nonvolatile, dynamic, static,
read/write, read-only, random access, sequential access, location addressable,
file addressable, and content addressable. In some embodiments, logic
subsystem 162 and data-holding subsystem 164 may be integrated into one or
more common devices, such as an application specific integrated circuit or a
system on a chip.

[0098] FIG. 18 also shows an aspect of the data-holding subsystem in
the form of removable computer-readable storage media 170, which may be
used to store and/or transfer data and/or instructions executable to implement
the herein described methods and processes. Removable computer-readable
storage media 170 may take the form of CDs, DVDs, HD-DVDs, Blu-Ray
Discs, EEPROMsSs, and/or floppy disks, among others.
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[0099] It is to be appreciated that data-holding subsystem 164 includes
one or more physical, non-transitory devices. In contrast, in some
embodiments aspects of the instructions described herein may be propagated
in a transitory fashion by a pure signal (e.g., an electromagnetic signal, an
optical signal, etc.) that is not held by a physical device for at least a finite
duration. Furthermore, data and/or other forms of information pertaining to
the present disclosure may be propagated by a pure signal.

[00100] Display subsystem 166 may be used to present a visual
representation of data held by data-holding subsystem 164. As the herein
described methods and processes change the data held by the data-holding
subsystem, and thus transform the state of the data-holding subsystem, the
state of display subsystem 166 may likewise be transformed to visually
represent changes in the underlying data. Display subsystem 166 may include
one or more display devices utilizing virtually any type of technology. Such
display devices may be combined with logic subsystem 162 and/or data-
holding subsystem 164 in a shared enclosure, or such display devices may be
peripheral display devices, as shown in FIG. 1. In some embodiments, the
computing system may include a display output (e.g., an HDMI port) to output
an interactive interface to a display device.

[00101] Computing system 160 further includes a capture device 168
configured to obtain depth images of one or more targets. Capture device 168
may be configured to capture video with depth information via any suitable
technique (e.g., time-of-flight, structured light, stereo image, etc.). As such,
capture device 168 may include a depth camera (such as depth camera 22 of
FIG. 1), a video camera, stereo cameras, and/or other suitable capture devices.
In some embodiments, the computing system may include a peripheral input
(e.g., a USB 2.0 port) to receive depth images from a capture device.

[00102] In one embodiment, capture device 168 may include left and right
cameras of a stereoscopic vision system. Time-resolved images from both
cameras may be registered to each other and combined to yield depth-resolved
video. In other embodiments, capture device 168 may be configured to project

onto an observed scene a structured infrared illumination comprising
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numerous, discrete features (e.g., lines or dots). Capture device 168 may be
configured to image the structured illumination reflected from the scene.
Based on the spacings between adjacent features in the various regions of the
imaged scene, a depth map of the scene may be constructed.

[00103] In other embodiments, Capture device 168 may be configured to
project a pulsed infrared illumination onto the scene. One or more cameras
may be configured to detect the pulsed illumination reflected from the scene.
For example, two cameras may include an electronic shutter synchronized to
the pulsed illumination, but the integration times for the cameras may differ,
such that a pixel-resolved time-of-flight of the pulsed illumination, from the
source to the scene and then to the cameras, is discernible from the relative
amounts of light received in corresponding pixels of the two cameras.

[00104] In some embodiments, two or more different cameras may be
incorporated into an integrated capture device. For example, a depth camera
and a video camera (e.g., RGB video camera) may be incorporated into a
common capture device. In some embodiments, two or more separate capture
devices may be cooperatively used. For example, a depth camera and a
separate video camera may be used. When a video camera is used, it may be
used to provide target tracking data, confirmation data for error correction of
target tracking, image capture, face recognition, high-precision tracking of
fingers (or other small features), light sensing, and/or other functions.

[00105] It is to be understood that at least some depth mapping and/or
gesture recognition operations may be executed by a logic machine of one or
more capture devices. A capture device may include one or more onboard
processing units configured to perform one or more target analysis and/or
tracking functions. A capture device may include firmware to facilitate
updating such onboard processing logic.

[00106] In some embodiments, computing system 160 may include a
communication subsystem 172. When included, communication subsystem 172
may be configured to communicatively couple computing system 160 with one
or more other computing devices. Communication subsystem 172 may include

wired and/or wireless communication devices compatible with one or more
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different communication protocols. As nonlimiting examples, the
communication subsystem may be configured for communication via a
wireless telephone network, a wireless local area network, a wired local area
network, a wireless wide area network, a wired wide area network, etc. In
some embodiments, the communication subsystem may allow computing
system 160 to send and/or receive messages to and/or from other devices via a
network such as the Internet.

[00107] It is to be understood that the configurations and/or approaches
described herein are exemplary in nature, and that these specific
embodiments or examples are not to be considered in a limiting sense, because
numerous variations are possible. The specific routines or methods described
herein may represent one or more of any number of processing strategies. As
such, various acts illustrated may be performed in the sequence illustrated, in
other sequences, in parallel, or in some cases omitted. Likewise, the order of
the above-described processes may be changed.

[00108] The subject matter of the present disclosure includes all novel
and nonobvious combinations and subcombinations of the various processes,
systems and configurations, and other features, functions, acts, and/or

properties disclosed herein, as well as any and all equivalents thereof.
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CLAIMS:
1. A data-holding subsystem holding instructions executable by

a logic subsystem to:

render a spell-casting game for display on a display device;

receive a virtual skeleton including a plurality of joints, the virtual skeleton
providing a machine readable representation of a game player observed
with a depth camera;

recognize a throwing gesture of the virtual skeleton;

track a path of a left hand joint of the virtual skeleton and/or a path of a right
hand joint of the virtual skeleton during the throwing gesture; and

calculate an original aiming vector within the spell-casting game from the
path of the left hand joint and/or the path of the right hand joint during

the throwing gesture.

2. The data-holding subsystem of claim 1, further holding
instructions to direct a spell along the original aiming vector within the spell-

casting game.

3. The data-holding subsystem of claim 1, further holding
instructions to direct a spell at a primary target within a threshold distance of

the original aiming vector within the spell-casting game.

4. The data-holding subsystem of claim 1, further holding
instructions to resolve a spell with a relatively larger magnitude if the original
aiming vector is within a relatively shorter threshold distance of a primary
target, to resolve the spell with a relatively smaller magnitude if the original
aiming vector is within a relatively longer threshold distance of the primary
target, and to resolve the spell with a zero magnitude if the original aiming
vector is not within the relatively longer threshold distance of the primary

target.
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5. The data-holding subsystem of claim 1, further holding
instructions to resolve a first spell if the throwing gesture is a one-handed
throwing gesture and to resolve a second spell, different than the first spell, if

the throwing gesture is a two-handed throwing gesture.

6. The data-holding subsystem of claim 1, further holding
instructions to select a spell to resolve responsive to identifying a spell
selection gesture associated with the selected spell prior to recognizing the
throwing gesture, the spell selection gesture being one of a plurality of
different spell selection gestures, each spell selection gesture associated with a
different spell castable within the spell-casting game by a player character

controlled by gestures of the game player.

7. The data-holding subsystem of claim 1, further holding
instructions to:
recognize an after-touch gesture of the virtual skeleton;
track a path of a left hand joint of the virtual skeleton and/or a path of a right
hand joint of the virtual skeleton during the after-touch gesture; and
calculate an after-touch aiming vector within the spell-casting game
from the path of the left hand joint and/or the path of the right hand joint

during the after-touch gesture.

8. The data-holding subsystem of claim 7, further holding
instructions to redirect a spell along the after-touch aiming vector from a

starting position derived from the original aiming vector.
9. The data-holding subsystem of claim 7, further holding

instructions to redirect a spell at a secondary target within a threshold

distance of the after-touch aiming vector.
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10. The data-holding subsystem of claim 7, further holding
instructions to resolve a spell with a relatively larger magnitude if the after-
touch aiming vector is within a relatively shorter threshold distance of a
secondary target, to resolve the spell with a relatively smaller magnitude if
the after-touch aiming vector is within a relatively longer threshold distance
of the secondary target, and to resolve the spell with a zero magnitude if the
after-touch aiming vector is not within the relatively longer threshold distance

of the secondary target.
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