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MOVEMENT BASED RECOGNITION AND movement was performed for purposes of evaluation . This 
EVALUATION type of motion capture , analysis and evaluation can have 

applicability across a number of fields , such as healthcare , 
CROSS - REFERENCE TO RELATED entertainment , communication , and manufacturing . The rec 

APPLICATIONS 5 ognition can occur once movement information collected 
from sensors is inputted into the system . The system can 

This application is a Continuation - in - Part of and claims then analyze the movement information to determine what 
benefit under 35 U . S . C . § 120 of U . S . Pat . No . 8 , 702 , 485 , the movement is . In some games , such as sports games , 
issued on Apr . 22 , 2014 and entitled “ Dance Game and movement recognition can provide feedback to a user about 
Tutorial , ” which claims priority to U . S . Provisional Patent ? what they are doing . In other games , such as dance games , 
Application No . 61 / 354 , 073 , filed Jun . 11 , 2010 and entitled movement recognition can allow for users to dance a move 
“ Dance Game and Tutorial , ” and is a Continuation - in - Part of from a set of moves providing for a more entertaining game . 
and claims benenit under 35 U . S . C . § 120 of U . S . Utility In some embodiments , a method executed on a game 
application Ser . No . 12 / 913 , 493 , filed Oct . 27 , 2010 entitled console is disclosed that includes instructing a display to 
" Gesture Based User Interface , ” which claims priority to 15 display a current set of dance moves that are available for U . S . Provisional Patent Application No . 61 / 255 , 462 , filed performance during a song , receiving at a dance game Oct . 27 , 2009 and entitled “ Gesture Based User Interface " executing on the game console an input performance that each of which is hereby incorporated by reference herein in includes information relating to a dance move performance , its entirety . This application is also related to U . S . Utility 
application Ser . No . 12 / 940 , 809 , filed Nov . 5 , 2010 and 20 and 20 evaluating in the dance game executing on the game console 
entitled “ Dance Game and Tutorial , ” and U . S . Pat . No . the input performance against a plurality of target perfor 
8 , 444 , 464 , issued on May 21 , 2013 and entitled “ Prompting mances that each relate to one of the current set of dance 
a Player of a Dance Game ” , each of which is hereby moves , and determining a degree of matching between the 
incorporated by reference herein in its entirety . input performance and each of the plurality of target per 

25 formances for use in the dance game . 
FIELD OF THE DISCLOSURE In certain embodiments , logic is disclosed that is encoded 

on one or more non - transient computer readable mediums 
This disclosure relates generally to analysis of movement and when executed performs the steps including instruct a 

that is electronically captured and recognition of which display to display a current set of dance moves that are 
movement was performed for purposes of evaluation . 30 available for performance during a song , receive an input 

performance that includes information relating to a dance BACKGROUND move performance , evaluate in a dance game the input 
performance against a plurality of target performances that Electronic movement capture can occur through the use of each relate to one of the current set of dance moves , and sensory information that can include cameras and physical 35 determine a degree of matching between the input perfor sensors . The resulting images from cameras and motion 

information from physical sensors can then be analyzed to mance and each of the plurality of target performances for 
understand how a body moves through space . In the realm use in the dance game . 
of camera based motion capture , pictures or a video stream In yet other embodiments , a game platform system is 
from a camera is analyzed to determine the subjects of 40 disclosed that is configured to receive movement sensor 
interest and the changes that occur between the pictures . information including an input performance relating to a 
Sometimes images and sensor information are used together dance move performance and including a processor config 
to more accurately understand motion and to more easily ured to read instructions from memory to instruct a display 
distinguish the subject ' s body from the background . The to display a current set of dance moves , evaluate the input 
sensors can be as simple as reflective markers and as 45 performance against a plurality of target performances that 
complex as accelerometer based sensors that provide infor - each relate to one of the current set of dance moves , and 
mation about movement in one or more axes . determine a degree of matching between the input perfor 

As technology has improved for identifying and analyzing mance and each of the plurality of target performances . 
movement , the technology has found many uses . For 
example , the motion capture technology has been used for 50 BRIEF DESCRIPTION OF THE DRAWINGS 
movies and in video games . Some video games can now 
detect a user ' s or player ' s motions from the use of sensory FIG . 1A depicts a game platform with a camera system in 
information . The motion capture information can then be accordance with certain embodiments ; 
used to allow a player to interact with the system based on FIG . 1B depicts an example of a skeleton provided by 
the user ' s movements . The user ' s movements are then used 55 camera system in accordance with certain embodiments ; 
as inputs to the video game to control actions within the FIG . 1C depicts an example of a skeleton that includes 
video game . This can increase a user ' s feeling of immersion vectors used in determining normalized joint position in 
in the game and allow a more natural - feeling input mecha accordance with certain embodiments ; 
nism . A problem with motion capture , though , is being able FIG . 2A shows a series of movements spread over four 
to analyze the information received from the camera and / or 60 beats that begin a representative dance move in accordance 
sensors in a fashion that provides both accuracy and time with certain embodiments ; 
liness . FIG . 2B shows a representative window to determine a 

user ' s timing error in performing a move in accordance with 
SUMMARY certain embodiments ; 

65 FIG . 3A shows a distance calculation between the target 
This disclosure relates generally to analysis of movement performance skeleton ( shown in outline ) and the user ' s input 

that is electronically captured and recognition of which ( shown solid ) in accordance with certain embodiments ; 
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and 

FIG . 3B shows a window of acceptable error for position sound input , while simultaneously extracting and nullifying 
when performing a move in accordance with certain ambient noise . The Kinect system also features a processor 
embodiments ; with proprietary software that coordinates the inputs of the 

FIG . 4 depicts how motion capture data for a dance Kinect system and can provide a three - dimensional , skel 
routine may be refactored to create a dance routine of an 5 eton - based system to game developers . Developers can use 
easier difficulty in accordance with certain embodiments ; this system to utilize three - dimensional position information 

FIG . 5 depicts one embodiment of an authoring system for of the joints in the user ' s body to interact with the game 
the dance game in accordance with certain embodiments ; platform . In some embodiments , multiple cameras can be 

used to create a three dimensional image for the purposes of FIG . 6 depicts multiple move recognition in a dance game 10 motion capture . 
in accordance with certain embodiments . The Kinect system can provide a framework for deter 

DETAILED DESCRIPTION mining positional information of a user ' s body and capturing 
motion for purposes of analysis . Various embodiments exist 

This disclosure relates generally to analysis of movement 15 for capturing motion through sensors . For example , a cam 
that is electronically captured and recognition of which era - based system can be used to determine positional infor 
movement was performed for purposes of evaluation . This mation about the user ' s body in three dimensions and 
type of motion capture , analysis and evaluation can have produce a skeleton model . In other embodiments , transduc 
applicability across a number of fields , such as healthcare , ers attached to the user ' s body are used to detect the 
entertainment , communication , and manufacturing . In par - 20 positions of the user ' s limbs and produce a skeleton model . 
ticular , in motion capture , it can be difficult to parse through Other embodiments use infrared pointing devices or other 
information received from sensors such as cameras and motion tracking peripherals . A system that can parse move 
accelerometers to recognize the movement and position ment in two dimensions to produce a skeleton model ; adding 
information . This is because the amount of information dimension information from a third dimension , typically 
collected from cameras and / or sensors can be rather large 25 depth , makes the analysis easier because of the additional 
and subject to noise . Noise includes information that is not information provided to the system . In embodiments where 
relevant to the motion of interest . For example , if other the system is already provided a skeleton , such as with the 
motion or background information is captured that is not the Kinect system , relative body scale mapping is easier to 
motion that is of interest , it can distract from the task of accomplish . 
recognizing the motion of interest or cause the results to be 30 FIG . 1A also includes a game platform 120 . The game 
inaccurate . platform includes a Central Processing Unit ( CPU ) 125 , a 

Problems also arise when trying to recognize a motion graphics processor 130 , storage component 135 such as a 
from a number of possible outcomes . When only one motion hard drive , Read Only Memory ( ROM ) 140 , Random 
is the motion of interest , then information collected from the Access Memory ( RAM ) 145 , all in signal communication 
sensors can be constantly analyzed against this target 35 via a bus 150 . The bus 150 also connects to an input for the 
motion . However , when there are multiple motions of inter - Kinect system . In some embodiments , the Kinect system 
est , then recognition becomes a much more difficult prob - connects to the game platform 120 , e . g . , an Xbox 360 , via 
lem . For example , capturing a person who is performing a Universal Serial Bus ( USB ) connection . 
sign language and recognizing what the person is saying can As used herein , the terms “ joint ” , “ bone ” , and “ skeleton " 
be complicated and difficult , especially when noise is pres - 40 are intended to have the meaning one of skill in the art of 
ent or the system is not calibrated beforehand . Motion motion capture and animation would ascribe to them . For 
recognition among many possible outcomes can have a example , a skeleton can comprise bones , but the number of 
number of benefits . For example , off - the - shelf games or bones and their positions are a function of the motion 
systems can be created to analyze movements such as capture equipment and an animation rig and do not neces 
baseball player ' s swing , or a pitcher ' s throw to identify 45 sarily correlate to the number and positions of bones in a 
common problems or to teach new techniques . The multiple human skeleton . Similarly , a joint can be at the distal 
motion type recognition can also be used in games for endpoint of a single bone ( e . g . , a fingertip or the head ) , and 
entertainment . These games can include dance games where may not be at a point where two bones come together . An 
players can perform dance moves and the game recognizes example of the Kinect system skeleton is shown in FIG . 1B . 
the dance move performed and scores that dance move . 50 The skeleton provided by the Kinect system can provides a 

In one embodiment , the motion recognition system uses a framework for a dance game , and allows for tracking of not 
camera - based system such as the Kinect system developed only limbs generally , but specific joints as well . For 
by Microsoft Corporation of Redmond , Wash . FIG . 1A example , the wrist joint 160 on the right arm is treated 
illustrates a camera - based system in accordance with certain separately from the right elbow 165 , which is treated dif 
embodiments . FIG . 1A includes a camera 105 , a depth 55 ferently than the right shoulder 170 . Additional portions of 
sensor 110 , a multi - array microphone 115 , and a processor the body are also recognized , such as the pelvis , middle of 
( not shown ) . The camera 105 delivers a video stream to the the torso , the head , the neck , and the knees and feet . 
game console , enabling facial recognition and full - body O ne of the benefits provided by the skeleton - based system 
tracking . In some embodiments , the camera can be an RGB is that the skeletal model can be used to calculate scale 
camera that delivers a three - color ( Red , Green , Blue ) video 60 vectors based on two or more joints . This provides a 
stream . The depth sensor 110 can include an infrared pro - spatially relative system , i . e . , what is the positional distance 
jector combined with a monochrome CMOS sensor . The from body part X to body part Y compared to the positional 
depth sensor can provide a game console 120 in communi - distance from body part X to body part Z , instead of an 
cation with the Kinect system the ability to recognize objects absolute coordinate system . In some embodiments , the sys 
in the camera ' s field of view in three dimensions instead of 65 tem can be configured to recognize objects attached to the 
forcing the game console to parse a two - dimensional video - user . These objects can include props that are used by the 
stream . The multi - array microphone 115 parses voices and user with the system . For example , with sports games a 



US 9 , 981 , 193 B2 

baseball bat prop may be used , or in dance games a state into a move , and from the move into an idle state , along 
microphone , costume , or other external prop may be used to with the animation of the move in the context of the entire 
perform the song . dance , to allow the teaching avatar to demonstrate and repeat 

A filter can be used to determine whether something a single move . There are also scripted transitions or bridge 
occurred at a particular time . For example , is the user ' s right 5 animation segments that allow for seamless reuse of portions 
hand in a particular position at time t , ? Although typically of a motion capture performance that may not be adjacent in 
a producing a Boolean outcome , e . g . , if the condition is true , the performance . These bridge animation segments can be 
the filter is satisfied and registers a success , and if not , then used in a variety of contexts . For example , a difficult dance 
the filter is not satisfied . Filters may also output a contiguous routine with many different moves can be simplified into a 
score indicating the degree to which the condition is being 10 lower difficulty routine by repeating a subset of the moves , 
satisfied spatially or temporally . Advantageously , multiple which may prompt the use of non - adjacent animation seg 
filters can be checked simultaneously , e . g . , is the user ' s right ments . Bridge animation segments can be used in a practice 
hand in position x and is his left foot in position y ? These mode to repeat moves until the player has successfully 
filters can then be combined to determine if a user has performed them . 
successfully completed a pose . But pose - matching , in and of 15 Creating a Target Representation 
itself , is not a complete solution to scoring a sequence of The process of one implementation begins by using 
dance moves . A filter can be implemented using an algo - motion capture ( “ mocap ' ) to create a three - dimensional 
rithm such as a matching algorithm to determine how close model of a target performance . This can be , for example , the 
a captured motion or position is to a target motion or target performance of a dance or part of a dance in a video 
position . 20 game . Motion capture can include recording of a human 

In some embodiments , a filter system is used to capture actor which can be used by a computer to reproduce the 
and score what a user is doing . The user ' s performance is actor ' s performance . When the mocap session is recorded , 
inputted to the system and can be normalized to a reference sensors at various points on the actor ' s body provide the 
framework . The normalized input performance can then be recording computer with information such as joint and limb 
compared against a target performance , which has also been 25 position data over time . In the case of a dance game , the 
normalized to the reference framework . The closer the user ' s mocap is typically a recording of a dancer performing a 
input is to the target move at the target time , the better the particular dance move , or series of movements that makes 
rating awarded to the user . The normalization process can up a dance move , and in one implementation , the mocap is 
allow the game and its filters to behave similarly for different a recording of an entire dance routine for a song . The mocap 
sized users . In one embodiment , appendage and body posi - 30 performance becomes a representation of the dance in a 
tion determinations can be made based on , and relative to , form usable by the game system ( e . g . , as a target perfor 
the skeleton of the person interpreted by the system , not on mance ) . In some embodiments , the positional information 
an absolute coordinate system within the camera ' s field of received during mocap can be similar to the positional 
view . Other embodiments can utilize an absolute coordinate information received by a camera - based game system when 
system for input and analysis . This can be useful in user 35 a user is playing a game or other motion sensor system . This 
interfaces . For example , a movement of a hand eight inches similarity can be exploited to grade inputted motions of a 
can be registered as a swipe , positioning the body on the body on how well the body is dancing at a particular time by 
edge of the camera ' s field of view can trigger a user comparing a user ' s performance ( the input performance ) to 
interface event , or stalling over an object with a hand for a key frame of the target performance . Also , the mocap data 
more than 10 seconds can select an item . These actions can 40 can be used to drive on - screen animations of avatars , thus 
occur regardless of user dimensions , user position , or both . demonstrating to the user the movements to be performed . 

Typically , ranges are used to determine if a user has At least one problem arises that prevents a direct com 
successfully performed a move because motion - tracking parison between the input performance and the target per 
input can be inherently noisy . In some embodiments , the formance . For example , the user and the mocap actor could 
Kinect system can be a source of noise as well because the 45 have different heights and appendage lengths , or have dif 
visual data that the Kinect is tracking is ambiguous or leads ferent body types , such that a direct comparison of positional 
to an inaccurate determination of the user ' s position or information of the input performance and the target perfor 
movement . It can be difficult to precisely determine where a mance could result in the user scoring poorly , even if he is 
user ' s appendages are due to the natural movement of the performing the moves correctly . For example , the actor in 
user over time and the lag between receiving input and 50 the target performance could have an arm fully extended 
processing the input . This is complicated when the user is which , based on the dimensions of the actor ' s body , posi 
trying to perform a particular dance move at a particular tions the actor ' s wrist two and a half feet in front of his 
time — he may start or end the move too early or too late , or shoulder . The user ' s input , also reflecting a fully extended 
some appendages may be positionally inaccurate , or a com - arm , could have the ( shorter - in - stature ) user ' s wrist posi 
bination of these . Therefore , the filter system allows for 55 tioned two feet in front of his shoulder . In a purely com 
variation in both timing and position when scoring the user . parative system , the user has not satisfied a test of “ is the 
The filters can be used to recognize an inputted performance user ' s wrist in the same position as the wrist of target 
against a number of possible target movements to provide a performance actor ? ” because the user ' s wrist , even though 
variety of applications . In a dance game , a user can perform his arm is fully extended , is still a half foot closer to the 
one of multiple dance moves and the system can determine 60 reference point , i . e . , the shoulder . Therefore , it is advanta 
the move danced and provide a score for the performance of geous to express both the target performance and the user ' s 
the dance move . performance in the same frame of reference . 

In some embodiments , there is a mechanism for teaching Normalizing the Input Performance and Target Performance 
a specific move or series of moves to a user using audible To create a consistent frame of reference , the mocap data , 
cues and repetition . To facilitate this functionality , an ani - 65 which is expressed in its own representation in some 
mation blending technique can be used . The animation implementations even its own skeleton ) , and the user ' s input 
blending technique uses animation transitions from an idle can be normalized . This normalization process creates a 
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normalized target performance and a normalized input per - by the sum of the magnitudes of the vector from the hip to 
formance . In one implementation , normalization of each the knee and from the knee to the ankle . 
joint is achieved by deriving unit vectors reflecting offsets of Typically , normalizing the target performance and the 
one specific joint relative to another specific joint . input performance yields positional information analogous 

In one embodiment , there are four different player - nor - 5 to both , e . g . , both have elbow position representations , both 
malized coordinate systems : left arm , right arm , left leg , and have wrist position representations . Where data is not avail 
right leg . The left arm coordinate system ' s origin can be at able in the mocap data or the user input for a particular joint , 
the left shoulder , the up vector is away from gravity ( in a in some embodiments , the system can interpolate between 

two joints to create a “ pseudo - joint ” that maps to a joint in Kinect system this can be based on accelerometer informa 
tion ) . The right vector can be from the left shoulder to the 10 the other skeleton . For example , if the mocap skeleton has 

a left hip joint and a right hip joint , but a user skeleton only right shoulder and the forward vector can be the cross has a mid - pelvis joint , a mid - pelvis pseudo joint can be product of the up vector and the right vector . The right arm synthesized for the mocap skeleton at the midpoint of the 
coordinate system can be the mirror of the left arm coordi two hip joints , and used in further normalization and scor nate system . The left leg coordinate system ' s origin can be an be 15 ing . Alternatively , pseudo - joints could be interpolated from 
the left hip , the up vector is gravity , the right vector is from both data sets / skeletons to map to a third idealized skeleton . 
the left hip to the right hip , and the forward vector is the Additionally , where the system includes a Kinect system , 
cross product of the up vector and the right vector . The right adjustments are typically made to conform the mocap skel 
leg coordinate system can be the mirror of the left leg e ton to the Kinect provided skeleton . For example , the 
coordinate system . 20 adjustments can include dropping the hips , adjusting the 
As an example , referring to FIG . 1C , the normalized shoulder height , and others . In some embodiments , the 

position of joints on the left arm can be determined as system can be implemented to create a pseudo joint in order 
follows . The left shoulder joint 175 is treated as the origin to provide a reference point or measurement that is more 
of the vector 185 from the shoulder to the elbow 180 and that stable than a joint in the existing skeleton . 
vector 185 is transformed from the skeleton ' s coordinate 25 Comparing the Input Performance to the Target Performance 
system into the left arm coordinate system . The vector is In order to compare an input performance to a target 
then normalized by dividing it by its magnitude . The result - performance , the information in the performances can be 
ing vector is a normalized elbow position . A similar process broken into discrete units for purposes of comparison . The 
can be applied to the input skeleton to determine a normal discrete units can be samples , such as time based samples or 
ized elbow position for the user . 30 magnitude based samples . Magnitude based samples 

This method can be used for other joints as well , e . g . , the includes a set of magnitude thresholds that when exceeded 
wrist position can be normalized by determining the vector creates a sample point of the magnitude and time . The 
190 from the elbow 180 to the wrist 182 , transforming that magnitude measured can be an amount of movement that is 
vector from the skeleton ' s coordinate system into the left registered in the input performance . Where spatial informa 
arm coordinate system , and dividing it by the magnitude of 35 tion is being used , frames of the input performance can be 
that vector 190 . A knee ' s position can be normalized based compared with a corresponding frame of the target perfor 
on the vector 195 between the hip and the knee , transformed mance . A frame can be a snapshot of motion capture sensor 
from the skeleton ' s coordinate system into the appropriate information at a particular point in time . These input per 
side leg coordinate system , and divided by the magnitude of formance and target performance frames can be analyzed to 
that vector . An ankle ' s position can be determined based on 40 produce a score . This strategy , however , may not allow the 
the vector from the knee to the ankle , and so forth . Other system to account for inaccuracies in the relative timing 
joints such as hips are usable as well : foot raises are between the input performance and the target performance . 
determined as a “ squish ” from foot to waist where the foot ' s This timing problem can arise , for example , when dancing 
position is drawn in towards the waist . In one embodiment , a move with perfect position but slightly late or early relative 
the normalized joint positions in the entire skeleton are 45 to when the move was expected by the system . This can be 
computed , using the joint more proximal to the body core as addressed by scoring each frame of the input performance 
the reference joint . In other embodiments , only a subset of against the corresponding frame of the target performance 
the joints that have a correspondence in both skeletons are and a range of adjacent frames . The scoring process incor 
normalized , and normalization occurs on a limb - by - limb porates positional and temporal score using a technique 
basis . The normalization of the target performance can be 50 described below . For a given target frame , a score is deter 
carried out in advance of motion capture , or can be carried mined by finding the maximum score of all input frames 
out while input performance is received , for example . scored against that target frame . 

There are several options for normalizing joints that are This approach , however , can be prohibitively expensive 
not directly connected to an origin joint . Continuing the computation - wise on some game consoles . To alleviate this , 
previous example with the shoulder 175 being the origin 55 in some embodiments , only a fraction of the input frames are 
joint . The wrist ' s position can be normalized by determining compared with target frames ( e . g . , half of the input frames ) . 
the vector 197 from the shoulder 175 to the wrist joint 182 , The specific frames in the input performance that are chosen 
transforming the vector 197 from the skeleton ' s coordinate for comparison can be regularly spaced , or the frames can be 
system into the left arm coordinate system , and dividing the chosen randomly with a probability matching that fraction . 
resulting vector by the sum of the magnitude of the vector 60 This approach , however , may not capture the intent behind 
185 from the shoulder to the elbow and the magnitude of the a dance move where certain intermediate poses are impor 
vector 190 from the elbow to the wrist . Alternatively , the tant and the transition movements into or out of those poses 
vector 197 from the shoulder to the wrist can be determined , are less important . In one embodiment , the input frames are 
transformed , and divided by the magnitude of that vector compared to a select group of ( one or more ) target frames 
197 . For legs , an ankle position can be based on foot 65 that are considered important to the dance move . 
position , transformed from the skeleton ' s coordinate system In one embodiment , each frame of the target performance 
into the appropriate - side leg coordinate system , and divided can be assigned a weight ( e . g . , in the range 0 . 0 to 1 . 0 ) . Each 
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target frame can then receive a score based on the maximum The target performance , which can include an entire dance 
score of all input frames scored against that target frame . routine , can be aligned with a timeline with the performance 
That score is multiplied by the weight to produce a weighted being divided into moves . Each move can include a start 
score for each target frame . The score for a move can then time and an end time relative to the beginning of the dance . 
be determined by combining the weighted scores using a 5 The start and end time allows the move to be placed on the 
su sum or average . In some embodiments , each frame of the timeline Time in the tim timeline . Time in the timeline can be measured in units of target performance can also be assigned a weight ( e . g . , in the measures / beats / ticks . Alternatively , each move can have a range 0 . 0 to 1 . 0 ) that is computed based on the target start time and a duration . The times and durations are performance . The weight for a frame of the target perfor typically measured in units of measures , beats , and ticks , but mance may be computed based on any number of neigh - 10 alternatively can be measured in units of seconds . Time can boring frames of the target performance . The computation be measured relative to the beginning of the dance , but determines which target frames are the most important to the alternative reference points are possible , such as the end of dance by detecting inflections in direction of parts of the 
target skeleton , or inflections in distance between parts of the dance , the start of the previous move , the end of the 
the target skeleton . 15 previous move , or any other moment in time within the 

For example , the initial weight for a frame may be 0 . 0 . A timeline . 
velocity vector can be computed for each joint in a target Each key frame can include a time offset relative to the 
frame by subtracting its position in the previous frame from beginning of the move . In addition to timing information , 
its position in the current frame . Whenever any joint ' s each key frame can include weighting information for x , y , 
velocity experiences a derivative of zero with respect to 20 and z axes relative to the camera ( explained below ) . Addi 
time , or whenever the joint decelerates to zero velocity , tionally or alternatively , each key frame can include weight 
along the x , y , or z axis in the camera - based coordinate ing information for x , y , and z axes relative to the entire 
system , or along the x , y , or z axis in the skeleton - based skeleton in the target performance , or weighting information 
coordinate system ( see below for a technique for computing for x , y , and z axes relative to each “ body zone ” ( limb 
a skeleton - based coordinate system ) , that frame ' s weight is 25 centered coordinate systems ) in the target performance 
increased . For example , if the weight of the target frame ( explained below ) . In one implementation , relaxing the 
before considering the joint was wo , the new weight might scoring is achieved by unevenly weighting the contributions 
be ( 1 + w0 ) / 2 , or it may be set to a predetermined " one joint of the x , y , and z axes to the Euclidean distance measurement 
zero - derivative " value such as 0 . 5 . If another joint ' s velocity above , where x , y , and z are taken to be in the left arm 
simultaneously experiences a derivative of zero , or if 30 coordinate systems , right arm coordinate system , left leg 
another joint simultaneously decelerates to zero velocity , the coordinate system , or left leg coordinate system . 
frame ' s weight is increased by substituting the previous In addition to weighting information for the axes , the key 
weight into ( 1 + w0 ) / 2 again , or it may be set to a predeter - frame also includes weights for different bone groups them 
mined “ two joint zero - derivative " value such as 0 . 75 . selves to emphasize performing a particular motion , e . g . , 

Likewise , additional joints that experience simultaneous 35 moving the user ' s arms during the “ shopping cart , " or 
derivatives of zero , or decelerations to zero velocity , make deemphasizing other motions one , e . g . , ignoring or forgiving 
the current frame have a higher weight using the formula or poor leg position during “ the shopping cart ” . Key frames can 
a lookup table that references number of contributing joints be placed on the timeline to capture the most important 
to a weight value between 0 . 0 and 1 . 0 . A temporal threshold poses in the dance sequence . Often , key frames are placed at 
may be used to determine whether joints that experience 40 eighth - note boundaries , but they may be spaced irregularly 
derivatives of zero , or decelerations to zero velocity , have depending on the dance or move to be tested . 
done so simultaneously . For example , any two joints expe - In a preferred embodiment , the target performance is 
riencing derivatives of zero or deceleration to zero velocity expressed as mocap data associated with a Milo file . The 
within half a second may be considered to have done so Milo file contains a timeline and allows for events , tags , or 
simultaneously . 45 labels to trigger events in the game . Advantageously , the 

Although derivatives of joint positions can be used to target performance is aligned to the timeline . The Milo file 
determine the weight for a frame of the target performance , is also typically associated with a music track , which is also 
other measurements can also contribute to the weight . For aligned to the timeline . This allows the developer to assign 
example , distances between specific joints can be computed events to certain portions of the music track . The Milo file 
for each frame and tracked across frames , and zero - deriva - 50 also has instructional timelines for providing audio cues to 
tive measurements can contribute to the weight . For the user ( explained below ) . The Milo file also provides the 
example , the distance between wrist joints may be measured ability to mark parts of the timeline , and therefore parts of 
for each frame . Frames in which the distance experiences a the target performance , as key frames . Key frames are 
zero derivative would increase the frame ' s weight by sub - placed at specific measures or beats on the timeline and 
stituting its previous weight into ( 1 + w0 ) / 2 or looking up a 55 represent times to test user input . 
value from a table as above . Comparing the input performance to the target perfor 

Other measurements can also contribute to the weight , mance input at a particular key frame may be accomplished 
such as zero - derivative measurements of the overall bound in several ways . In one embodiment , each key frame has a 
ing rectangle of the skeleton along x , y , or z axes in a time window associated with it , beginning before the key 
camera - centered coordinate system or x , y , or z axes in a 60 frame and extending beyond it . The time window can be 
skeleton - based coordinate system . However the target symmetrical around the time of the key frame , but may be 
weight is computed , the final weight assigned to each target adjusted to provide for more time at the beginning or end of 
frame can be used in the same way as described previously . a dance move . For example , the adjustment can provide a 

In one implementation of the system , a subset of the longer intro if a move is difficult to get into or for a longer 
frames of the target performance are marked as key frames . 65 outro if the move is difficult to get out of . The time window 
Each key frame represents a specific frame in the target is typically of a fixed width in seconds . Alternatively , the 
performance with which the input performance is compared time window can be expressed as fixed width in a variable 
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Y ( x ) = 1 - ( * + diety 

unit of time such as beats , so that the window expands and score for that performance is reduced as the temporal 
contracts as the dance tempo slows down or speeds up , “ distance ” outside the inner window increases . Outside the 
respectively . outer windows , i . e . , before d _ outer and after drouter , respec 

FIG . 2A shows a series of movements spread over four tively , no score ( or a score of zero ) is given for performing 
beats in accordance with certain embodiments . The first beat 5 the move because the user is just too early or too late . The 
is a move marked “ hands out ” , the second is a move marked fall off function for the score during the periods of douter to 
“ hands in , ” the third is a “ right hand up " , and the fourth is dinner and dinner to douter , is typically a variation of 1 - x2 . 
" left hand up ” move . These series of moves together com - This yields a parabolic shape that starts from 0 and builds to 
prise a dance move called “ Push It . ” As shown , “ Push It ” is 1 between douter and dinner , and then falls from 1 to 0 
a four beat dance move including a series of different 10 between dinner to douter . More specifically , in one embodi 
movements over each beat of the song . In FIG . 2A , three key ment , the scoring curve is assembled piecewise : 
frame windows are displayed , each centering on a beat : the For frames before d _ outer , y ( x ) = 0 . 
first key frame 200 is for the “ Hands out ” move at beat 1 , the For frames between douter and dinner : 
second key frame 205 is for the “ Hands in ” move on beat 2 , 
and the third 210 is for the “ Right hand up ” move on beat 15 
3 . 

The umbrella shapes in FIG . 2A show the temporal score 
weighting curves . The temporal score weighting curves 
provide a range of scoring depending on when a user begins 
a move relative to when the move should be performed . The 2017 For frames between dinner and dtinner ( including xo ) , y ( x ) 

= 1 . weighting curve can capture the temporal offset between the For frames between dinner and douter : frame of the input performance being evaluated and the 
frame of the target performance that the input performance 
frame is being evaluated against . The frame of the target 

( X – Xo – d + inner performance being evaluated against can be a key frame of 25 y ( x ) = 1 - 1 
( drouter – d + inner the target performance that corresponds to a particular 

movement in the dance move . The weighting curves allow 
a user who times a movement well to the song to get full For frames after drouter : y ( x ) = 0 . 
credit , while giving lesser scores to users who perform a But other variations are possible as well , e . g . , a linear 
movement either too early or too late relative to the beats of 30 function , a constant , a parabolic function , a square - root , 1 / x , 
the song . 1 / ( x ” ) ( e . g . , inverse square , inverse cube , etc . ) , polynomial , 

The user ' s input can be sampled to obtain input perfor - exponential , logarithmic , hyperbolic , Gaussian , sine , cosine , 
mances that can be evaluated . The samples of the sensory tangent , or any combination or piecewise combination 
information can be considered frames of information in thereof . 
some embodiments . The user ' s input , sampled a certain 35 Beneficially , in some embodiments , as shown in FIG . 2A , 
number of times per second , e . g . , 30 , is examined to the windows for key frames can overlap , e . g . , key frame 205 
determine if it matches the target performance . For example , overlaps 200 . In these cases , an input frame in the overlap 
on beat 1 ( and for a period before and after beat 1 illustrated ping area is scored against both key frames . The maximum 
by the umbrella around 200 ) the user ' s input is sampled to score of the input frames that are scored against a given key 
determine if , in this case , the user ' s hands are stretched out 40 frame is assigned as the score for that key frame . Any key 
in front of him in a way that matches the target input which frame that the received input performance matches can be 
is based on the mocap performance . Then , on beat 2 ( and considered an active key frame . Active key frames can then 
before and after ) , the user ' s input is sampled to determine if be considered for evaluation and scoring . 
it matches the target performance where the user ' s hands are Allowing for Variation in Position 
pulled back in . The windows around each key frame are to 45 As discussed above , the user ' s positional success can be 
allow for variation in time for the user to complete the move . determined based on comparing the normalized input per 
Variation is allowed for in both time and positional displace - formance to the normalized target performance . When com 
ment because the user may not have their limbs exactly in paring the input performance to a key frame ( again , prefer 
the expected position at exactly the right time . Additionally , ably done for each sampling of the input performance ) , the 
as stated above , some leeway is provided because the 50 aggregate distance is taken between the two to determine 
camera is an inherently noisy input . how close the normalized input performance is to the 
Allowing for Variation in Time normalized target performance of the key frame . This can be 

FIG . 2B illustrates a representative window to determine done for the whole skeleton of the target performance or can 
a user ' s timing error in performing a move in accordance be done on a limb by limb basis . Distances are calculated as 
with certain embodiments . Referring to FIG . 2B , if any of 55 the Euclidean distance between the normalized input per 
the user ' s inputs match the target performance within a formance ' s joint position in the input frame and the nor 
certain inner time window around the key frame , e . g . , in the malized target performance ' s joint position in the key frame . 
range d _ inner to dinner , the user is given full score for FIG . 3A shows a distance determination between the 
performing that portion of the move that aligns with that key target performance skeleton ( shown in outline ) and the 
frame ( + / – to allow for the user to reach the move early or 60 user ' s input ( shown solid ) . The distance between the user ' s 
late , and the allowances either before or after are not elbow joint 300 and the target performance skeleton ' s elbow 
necessarily symmetrical ) . This is accomplished by examin - 305 is determined , reflecting the error the user is committing 
ing each frame of input during the window and selecting the in terms of positioning his limb . If a filter is just testing 
closest match . elbow position , the analysis stops with comparing 300 and 
Between an inner time window and an outer time window , 65 305 . If the filter also tests wrist position , the distance is 

e . g . , in the range d _ outer to dinner and the range dinner to determined between the user ' s wrist position 310 and the 
d - outer , a score is still given for performing the move , but the target performance skeleton ' s wrist position 315 . As shown 
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in FIG . 3A , the user ' s elbow position is only slightly off the distance falls outside douter , the user receives no score ( or 
target performance ' s elbow , whereas the user ' s wrist sig zero score ) for that frame . Unlike timing errors , which may 
nificantly out of position . These differences are then used to represent times before or after the key frame and may 
determine how well the user is satisfying the filter . Although therefore be positive or negative , distances are positive . 
arms are shown in FIG . 3A , differences between the user ' s 5 The score of an input from for a particular key frame can 
leg and the target performance ' s leg can be determined in a be determined by aggregating the positional score and the 
similar fashion . timing score . In a preferred embodiment , the positional 

For hips , hip velocity is a vector from the hip position in score for an input frame compared against a particular key 
the previous key frame to the hip position in the current key frame is then multiplied by the timing score for that input 
frame . The vector can be divided by the amount of time 10 frame to produce an overall score for the input frame for that 
elapsed between the key frames . To normalize the hip key frame . If the score for an particular input frame is greater 
velocity , the velocity vector can then be divided by the than the score of any other input frame for a particular key 
length of the spine . Then the resulting vector is then used for frame , i . e . , that input frame is the closest to the key frame in 
Euclidean comparison similar to that described with respect terms of the combination of weighted timing and position 
to arms and legs . Advantageously , dividing by the length of 15 scores , that score is the assigned score for that key frame and 
the spine normalizes the velocity measurement to account is used to determine the player ' s overall score for the move . 
for the size of the user , e . g . , a child needs to displace his hips When the user has satisfied a certain percentage of the filters 
a smaller amount than a taller adult , in order to receive the for the bar , e . g . , 80 percent , the user is considered to have 
same score . successfully performed the entire move for that bar ( because 

In some embodiments , the total skeleton score is an 20 it is unlikely that a user will satisfy 100 percent of the 
aggregate ( e . g . , sum ) of five different scores , i . e . , left arm filters ) . In implementations with graduated feedback ( dis 
score , right arm score , left leg score , right leg score , and hip cussed below ) , completing 80 percent may be “ Perfect , ” 60 
velocity score . These are each made up of score calculations percent may be " Good , ” 40 percent may be “ Fair , ” and 20 
themselves for the individual joints and represent how well percent may be “ Poor . ” 
the user performed the move for each body zone . For 25 Compensating for the Limits of the Camera and User 
example , the left arm score is an aggregate of the wrist score Techniques are provided that can ease the limitation of the 
and elbow score , and the leg score is an aggregate of the user ' s ability to parse input presented on the display . Certain 
knee score and ankle score . Displacement of the body movements of the on - screen dancer along the z axis ( into 
measured by hip velocity , may also be incorporated into the and out of the screen ) can be difficult for the user to parse 
score calculation . Also , contributions to the aggregate skel - 30 precisely . For example , when the avatar ' s arm is held out 
eton score by the aggregate body zone score may be directly in front of its body , and the wrist is then moved 
weighted per key frame to enhance the contribution from closer to or further from the avatar ' s body along the z axis , 
zones that are more important to executing the key frame the degree of that motion is hard to see from the user ' s 
pose . perspective . This can be problematic for a dance game 

For example , if the left arm is most important to a 35 because the user may encounter difficulty in replicating this 
particular pose , the weight of its contribution to the score movement as the user cannot easily judge the distance to 
can be increased , or contributions of other body zones ' execute the movement precisely . 
scores can be decreased , or some combination thereof . In one embodiment , this can be overcome by unevenly 
Contributions to aggregate body zone score by individual weighting the contributions of the x , y , and z axes to the 
joint score may be weighted per key frame to enhance 40 Euclidean distance measurement above . This has the effect 
contribution from individual joint positions . This individual of flattening the error space in a dimension if that dimension 
joint score can allow differentiation of importance among is difficult to detect visually . This is typically expressed as a 
individual joint positions in evaluating the key frame pose . front - to - back relaxing of the scoring along the z axis 
For example , the elbow is more important than the wrist for because movements in a camera - based system towards the 
the “ Funky Chicken ” pose , so the weight of the elbow joint ' s 45 camera ( forward ) or away from the camera ( back ) are the 
score can be increased , or the weight of the wrist joint score ones being compensated for . The relaxation of scoring along 
can be decreased , or some combination thereof . Typically , if an axis can be provided by reducing the contribution along 
a user ' s joint or body zone is in the correct position , the user that axis by a coefficient in the Euclidean distance calcula 
can be given full credit for the correct position and the tion . The developer may also specify , for a given key frame , 
weight of that limb ' s contribution will not be decreased . 50 coefficients for one or more axis to reduce or enhance the 
As with the evaluation of timing error of an input per contribution of error along that axis to the evaluation of the 

formance with respect to a target performance , there can be movement . 
a window of acceptable error for position . FIG . 3B illus - Techniques are also provided that can ease the limitation 
trates a window of acceptable error for position when caused by occlusion that is inherent to any camera - based 
performing a move in accordance with certain embodiments . 55 input . When a dance move requires one or more parts of the 
The error for position is determined based on the distance body to be moved behind other parts of the body , the 
between the normalized input joint position and the normal occlusion of the joints makes it very difficult to determine 
ized target joint position . If the distance is below a threshold their positions with accuracy . This is problematic because 
( using the same convention as timing : dinner ) , e . g . , 0 . 25 or joints can be occluded in normal dance moves , such as when 
less , the error is considered zero for that joint , so input frame 60 an arm goes behind the back , or when a move requires the 
receives a 100 percent score . If the distance is greater than user to turn sideways to the camera . 
the dinner , the score will fall off quickly as the distance Techniques are also provided that can ease the limitation 
increases to some outer boundary , drouter . Between dinner with a user attempting to reproduce the target performance 
and doutor , the input frame still receives some score , but the when the mocap for the target performance was executed by 
further the scored limb or joint is from the target position , 65 a professional dancer who is very flexible . This is problem 
i . e . , the closer it is to douter , the less score the user receives . atic because a professional dancer can place his body in 
Once the joint ' s position is so far off position that the positions that cannot be achieved by a casual user , and 
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therefore the user cannot score well on the move . For where they need to make an adjustment . In some embodi 
example , a professional dancer can touch his elbows ments , the per - limb feedback is on the mirror - image limb 
together behind his back , but it would be unfair to penalize from the limb that is not satisfying the filter . For example , if 
a typical user for this lack of flexibility , so the scoring for the user is satisfying the filter for both feet , the hips , and the 
these moves can be relaxed . 5 left arm , but not satisfying the filter for the right arm , the 

In one embodiment , relaxing the scoring is achieved by game renders a red outline around the on - screen dancer ' s 
unevenly weighting the contributions of the x , y , and z axes left arm . This indicates to the user that his right arm is not 
to the Euclidean distance measurement above , where x , y , correct , since the user is facing the on - screen dancer and 
and z are taken to be in the mocap performer ' s frame of mimicking the on - screen dancer in mirror image . 
reference . The frame of reference of the mocap skeleton is 10 Other per - limb feedback is also possible . In some embodi 
computed per - frame as a rotation about the z axis of the ments , an indicator such as a phantom limb is drawn in the 
camera ' s frame of reference . The angle of rotation can be target location . Alternatively or additionally , an indicator is 
computed by finding the plane created by the shoulders and anchored on the errant limb and its direction and length are 
the center of the pelvis , finding the forward - facing normal , based on the direction and degree of error in the user ' s limb 
and rotating the frame of reference through the angle from 15 position . For example , if the user ' s wrist is below the target 
the view plane normal to the forward - facing normal . Alter - location , the game draws an arrow starting from where the 
natively , the frame of reference of the mocap skeleton can be user ' s wrist is located in the input performance and ending 
computed by starting with the plane created by both hips and where the on - screen dancer ' s wrist is in the target perfor 
the head . In some embodiments , relaxing the scoring can be mance . Alternatively , in embodiments where a representa 
achieved by unevenly weighting the contributions of the x , 20 tion of what the user is doing is displayed on - screen , the 
y , and z axes to the Euclidean distance measurement above , arrow is drawn starting from the user representation ' s wrist . 
where x , y , and z are taken to be in the left arm coordinate In some embodiments , the indicator persists until the user 
systems , right arm coordinate system , left leg coordinate satisfies the filters for the target performance ' s arms . In 
system , or left leg coordinate system . some embodiments , the intensity , geometry , material , or 
Once the frame of reference has been rotated , relaxing 25 color characteristic of the indicator may be changed based 

scoring along an axis has the effect of flattening the error on the degree of error for that limb . For example , the color 
space in a dimension . For example , if a move requires the of the indicator may become a more saturated red if the error 
elbows to be pulled back very far , relaxing scoring along the for a limb becomes greater . Other highlighting may also be 
z axis in the frame of reference of the mocap performer can used , as may verbal cues such as " get your < limbs > movin ” ” 
reduce the distance the elbows need to be pulled back in 30 where < limbs > is any body zone that is not satisfying the 
order to achieve a good score . The relaxation of scoring filter . 
along an axis is specified with the key frame information as In some embodiments , there can be an indicator that 
coefficients for the Euclidean distance calculation . In some illustrates how well the user is cumulatively satisfying the 
embodiments , the game developer can manually weight filters in a move . This indicator can be represented graphi 
certain moves to be more forgiving along any axis simply 35 cally as a ring of concentric circles under the on - screen 
because a move is hard to perform . dancer ' s feet . The concentric circle can then be modified to 

In some implementations , weighting can be based on the graphically depict how well the input performance matches 
confidence that the camera system may provide for detecting the filters of the move . If the user has satisfied a certain 
a joint ' s position . For example , in some versions of Kinect percentage of the filters , e . g . , 20 percent , the inner ring of 
the camera system provides tracked positional information 40 circles is illuminated . When the user successfully performs 
in the form of a position for a joint and a confidence level the next threshold percentage of filters , e . g . , 40 percent , the 
that the position is correct . When the joint is off - screen , the next set of rings is illuminated . This can be repeated such 
Kinect system can also provides an inferred position . When that when the user has successfully performed the entire 
a joint ’ s position is inferred , e . g . , when the joint is clipped move , the outermost set of rings is illuminated . A notable 
or occluded , neighboring joints can be examined to better 45 side effect is that as the user is satisfying filters , the ring 
assess where the inferred joint is . For example , if an elbow grows under the on - screen dancer ' s feet . In some embodi 
is raised above the user ' s ear , there are only a few possible m ents , the success indicator moves with the on - screen 
locations of the user ' s wrist , e . g . , straight up above the dancer , e . g . , is based on the position of the mid - point of the 
elbow , down near the user ' s chin , or somewhere in between . pelvis of the skeleton of the target performance , so that the 
In these scenarios , because the object of the game is to be 50 user does not have to look at a different part of the screen to 
fun , the maximum positional window , e . g . , 0 to douter , is determine how well he is performing . While described in 
widened so that the filtering is looser to allow for greater terms of discrete rings , the effect can occur continuously . 
variation in positional differences . Additionally , the inner Also , other shapes or graphical effects may be used , e . g . , a 
window of “ perfect ” position , zero to dinner , may also be meter indicating how many filters are satisfied , and bigger 
widened . 55 and bigger explosions or fireworks may be displayed to 

In some embodiments , the system can suspend operation indicate the user satisfying more and more filters . Benefi 
if too much of the skeleton is occluded or off - screen for cially , in some embodiments , a qualitative evaluation is also 
more than a threshold amount of time . For example , 10 displayed , e . g . , good ! , great ! , or awesome ! 
seconds or 6 beats could be a threshold amount of time . The The setting of the game may also react to changes in the 
suspension of operation may be preferable to incorrectly 60 user ' s input performance . For example , as the user is satis 
evaluating an input performance that suffers from incorrect fying filters , a crowd of spectators may begin to circle or 
positioning gather near the on - screen dancer . Or the venue in which the 

To assist the user in completing moves correctly , per - limb on - screen dancer is performing may become brighter , more 
feedback can be given to the user when performing a move . colorful , or transform into a more spectacular , stimulating , 
In some embodiments , if the user is not satisfying a filter for 65 or elegant venue . Correspondingly , if the user is performing 
a limb , the game renders a red outline around the on - screen poorly , on screen crowds may dissolve and walk away or the 
dancer ' s corresponding limb to demonstrate to the user venue may become darker , less colorful , or transform into a 
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less spectacular , stimulating , or elegant venue . Changes in Fitness Mode 
venue and setting can based on the consecutive number of In some embodiments , there is a calorie counter displayed 
moves completed , e . g . , after five successful moves the venue on the display during the dance game to encourage users to 
and dancers on screen change to an improved mode . After dance . As the user dances , the calorie counter is incremented 
ten successful moves the venue and dancers may change to 5 based on the Metabolic Equivalent of Task ( “ MET ” , and 
a more improved mode and so forth . Changes in venue and generally equivalent to one kcal / kg / hour ) value of what the 
setting can also be based on the overall score of the input user is doing . As an example , sitting on the couch has a MET 
performance , or on the overall score of the input perfor value of 1 . Dancing and most low impact aerobics have a 
mance as compared to an average performance . MET value of approximately 5 . High impact aerobics has a 

10 Training Mode MET value of 7 . To determine the MET for a frame of input 
In some embodiments , there is a trainer mode to assist the skeleton data , the joint velocities for all joints on the user ' s 

user in learning a particular movement . For example , in a input skeleton are summed . To determine a joint ’ s velocity , 
game system , teaching the user a series of dance moves . In the joint ' s position ( in three dimensional space ) in the 
trainer mode , a dance move is demonstrated using the 15 previous frame is subtracted from its position in the current 
on - screen dancer and audible cues . The user is then expected frame . This yields a vector . The vector is divided by the 
to mimic the on - screen dancer ' s movements . If the user elapsed time between the previous frame and the current 
performs the move correctly , an indicator indicates he has frame . The length of the resulting vector is the velocity of 
performed the move correctly . The next move can then be that joint . 
demonstrated and the user may continue practicing . If the 20 Once the sum is determined , it is exponentially smoothed 
user does not perform the move correctly , the move may be to reduce transient noise . The result is a mapped to a MET 
repeated and the user can keep trying to perform the move scale of 1 to 7 with , in some embodiments , a sum of 0 
before being allowed to continue . mapping to 1 and a sum of 40 mapping to 7 , with 1 
When the user does not perform the movement correctly , representing no movement and 7 being a large or vigorous 

additional instruction is provided . In some embodiments , a 25 movement . Beneficially , any sum less than five can map to 
verb timeline , normal _ instructions , runs simultaneously 1 to account for the noise inherent in the input . The mapping 
with the target performance , and has multiple verb labels can be linear , piecewise linear , or any interpolation function . 
indicated on it . The verb labels refer to pre - recorded audio Using the MET value , and knowing the user ' s body weight 
samples that have both waveform data and offsets . The offset ( which can be input via a menu , or can be inferred based on 
indicates where the stress or important accent — is located 30 the camera ' s input and a body / mass calculation ) , calories 
in the waveform data . For example , if the wave form data burned can be estimated . 
represents the spoken word " together , " the offset indicates METs are converted to calories - consumed - per - second 
the first “ e ” sound such that playback of “ together ” begins using the equation of ( METs * body weight in kilograms ) / 
before the point of the verb label on the timeline and the seconds in an hour - calories / second . This value can then be 
playback of the “ e ” sound aligns with the point of the verb 35 displayed on the screen , or summed over time to produce a 
label on the timeline . This allows the developer to specify value displayed on the screen for total calories . The value for 
which point on the timeline a particular syllable of the calories / second or total calories can stored as a “ high score " 
audible cue falls on . As the target performance is displayed , and , in some embodiments , can be used to increase or 
the waveform data is played back according to the positions decrease the tempo of a song or the difficulty of a series of 
of the verb labels and the offsets to provide instruction to the 40 moves . Advantageously , this allows the user to track total 
user that is synchronized with the movement of the on - calories burned , average rate burned , and other statistics 
screen dancer . over time . 

In some embodiments , a second verb timeline , slow _ in - Reusing Elements of a Mocap Performance 
structions , runs simultaneously with the target performance In some embodiments , the most difficult or complex target 
and may have a different or more detailed set of verb labels 45 performance is recorded as one linear motion capture ses 
indicated on it . These verb labels also refer to pre - recorded sion and only parts of the recorded performance are used to 
audio samples with waveform data and offsets , similar to simulate easier versions of the performance . FIG . 4 illus 
those described above . When the user cannot successfully trates how motion capture data for a dance routine may be 
perform a particular move after a threshold number of refactored to create an easier dance routine in accordance 
attempts , the game slows down and the slow _ instructions 50 with some embodiments . For example , in FIG . 4 , the most 
timeline is used to provide additional , more detailed instruc - difficult or expert dance routine can include a series of 
tion to the user . For example , on the normal _ instructions movements following pattern of A , B , C , D , A , B , D , C . In 
timeline , there may be a verb label that refers to an audio cue some embodiments , these moves are marked on the expert 
of " step and clap . ” On the slow _ instructions timeline , this timeline using move labels , which each denote the name of 
may be represented by three labels , “ left foot out , " " right 55 a move animation and where in the timeline the move 
foot together , ” and “ clap . ” When the game is slowed down , animation begins . In other embodiments , these moves are 
rather than referencing verb labels on the normal _ instruc marked on a timeline that parallels the expert timeline , 
tions timeline to trigger audio cues , the game references the called " anim _ clip _ annotations . " Rather than capture mul 
verb labels on slow _ instructions timeline . When the game is tiple target performances for each difficulty level , e . g . , a 
slowed down , there is enough time between body move - 60 dance with the previous pattern for expert , and progressively 
ments that the additional instructions can be played . In some simpler sequences for hard , medium , and easy , the game can 
implementations , the slowed down audible cues are stored in re - use the motion capture recorded for expert to simulate a 
a different file or a different audio track than the normal pattern for any of these difficulty levels by referring to the 
speed audible cues . When the user has successfully repro - move labels on the expert timeline . For example , given the 
duced the move , the game is sped back up and the norma - 65 expert sequence above , the easy sequence might be A , B , A , 
1 _ instructions timeline is used , or alternatively , the addi - A , A , B , A , A . In other words , for the easy routine , a 
tional instructions are muted or not played . repetition of the A move replaces both the C and D moves . 
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The easier routines can be created programmatically , e . g . , before the A move for the duration of one beat . Then the 

the game determines how often to repeat a movement based animation continues with the first beat of the second A move . 
on a difficulty value for the move , favoring easier moves for In some cases , the animation blending technique 
easier difficulty levels . The easier routines can also be described above produces animations that are still jarring . 
authored by the game developer by creating an easy timeline 5 This is often due to the large differences between the pose 
and referencing the move labels on expert track . An example at the end of one move and the pose at the beginning of the 
of this is the easy track in FIG . 4 , where the A sections next move , that can ' t be overcome through simple blending . 
reference the A move in the expert track and the B sections In these cases , the animation can appear to jerk from one 

position to another during the transition , or to move in a way reference the B move . C and D sections , that involve a more 
complicated knee raise ( C ) and knee slap ( D ) , are omitted 10 that ' s physically impossible . In some embodiments , addi 

tional mocap is recorded to produce bridge animation seg from the easy routine so the user only needs to repeat the ments . A bridge animation segment is designed to make the " arms out ” move of A or “ arms up ” move of B . transition between two other animations smooth . For Reusing moves allows space savings on the storage example , using the example above , if the end of the A move 
medium only one target performance needs to be stored ) 15 was a very different pose than the beginning of the A move , and it allows the game developer to later change the per a simple animation blend might produce a poor result . An A , 
formances of the other difficulties after the game is released A bridge animation segment would be recorded , wherein the 
if it is later determined that the performance for a difficulty actor would actually perform the transition from the end of 
setting is too hard or too easy or is boring . Since the expert the A move to the beginning of the A move . 
performance is linear , each A section in expert will be 20 In one embodiment , the bridge animation segment is three 
slightly different because the mocap actor likely did not have beats long . The next - to - last beat of the first A move can be 
his limbs in the exact same position every time . Examples of blended with the first beat of the bridge animation segment 
this are A ' and B ' where the skeletons are similar to A and in such a way that contribution from the bridge animation 
B respectively , but the arm positions are slightly different . segment is interpolated linearly over the course of the beat 
To make an easier difficulty target performance , the A move 25 from zero percent to 100 percent . The second beat of the 
that is repeated in the easier difficulties can be A or it can be bridge animation segment is played without blending , then 
A ' , or some combination . In some embodiments , a move that the first beat of the second A move is blended with the third 
is repeated in an easier difficulty uses the most recent version beat of the bridge animation segment in such a way that the 
of that move in the timeline . In some embodiments , a move contribution from the bridge animation segment is interpo 
that is repeated in an easier difficulty uses the earliest version 30 lated linearly over the course of the beat from 100 percent 
of that move that appeared in the routine . The animations to zero percent . The bridge animation segment may be any 
from the expert track can also be reused when creating the number of beats long , for example two beats , and the 
easy performance . blending can also be done over the course of any number of 

A sequence of moves for an easier routine may corre beats , for example two beats . The interpolation may be done 
spond to a sequence of moves in the original expert linear 35 in a non - linear fashion as well . For example , the interpola 
mocap such that a specific pattern of moves is present in tion can be done in a parabolic , inverse - squared , logarith 
both ( although they may not correspond on the timeline ) . In mic , or exponential fashion , for example . 
this case , the sequence of moves may be copied from the In some embodiments , a table is provided that is keyed by 
expert performance into the desired position in the easier the start and end move labels associated with two animations 
routine ' s timeline . But if a sequence of moves for an easier 40 that may abut . If a bridge animation segment is used to 
routine does not correspond to a sequence of moves in the produce a smooth transition between the associated anima 
original expert linear mocap , individual moves may be tions , the table can include an entry indicating the bridge 
separately copied from the expert performance into the animation segment to be used . This table can be consulted 
desired position in the easier routine ' s timeline . Copying for the animations that are displayed . 
larger sequences of moves from the linear mocap can 45 The move animations and the results of the animation 
produce sequences with fewer animation artifacts . blending can be used as the target performance . This allows 
Animation Blending the move animations and animation blending to be scored . 
When moves or sequences of moves are used in easier This provides a fluid game experience and rewards users that 

difficulties , the moves can abut other moves that were not accurately mimic the dancer on the screen . For example , the 
adjacent in the linear mocap . The transitions in the move 50 scored section can include from the A move to the A move , 
animations between these moves can be jarring , since the or from prior move to first A move or from second A move 
skeleton in the last frame of one move can be in a completely to next move . Since these move animations and animation 
different pose than the first frame of the next move , which blending can be used as the target performance , these moves 
would produce a sudden , nonlinear animation . Animation can therefore be scored similarly to the normal game play 
blending can be used to transition smoothly from the end of 55 performance . 
one move to the beginning of the next move in the sequence , In a training mode , it is often desirable to isolate and 
if the two moves were not adjacent in the linear mocap . repeat a move or series of moves , with a gap in between the 
Using the example above of an expert performance follow - repetitions . For example , when demonstrating the A move , 
ing the pattern of A , B , C , D , A , B , D , C , when creating the it is useful for the game to count in the beat while the 
easier difficulty performance , there may be a pattern of A , A 60 animation is in an idling state , then execute the move 
that is not part of the linear mocap . Animation blending is animation , then return to an idle animation . This can be 
used to transition from the end of the first A animation to the accomplished in a way that is similar to the bridge animation 
beginning of the same A animation to produce an A , A segments described for game play above . In one embodi 
pattern . In one embodiment , the last beat of the move before ment , a three beat bridge animation segment of the transition 
an animation transition is blended with the beat before the 65 from an idle state to the first beat of a move is recorded as 
beginning of the next move . In the example of the A , A mocap data . This is blended with the idle animation and 
pattern , the last beat of the A move is blended with the beat move animation as described above . 
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FIG . 5 illustrates an authoring system for the dance game When a skeleton is queued for activation , a determination 
in accordance with some embodiments . In FIG . 5 , the key can be made about whether to activate that skeleton . This 
frames 500 are depicted with their respective timing umbrel activation decision can be based on a variety of factors such 
las . Each body zone being tested 505 is shown as having a as if an inactive skeleton that is queued for activation is not 
corresponding portion of the filter to be satisfied ( each 5 present in the current frame , if the skeleton is not valid , if the 
square in the rectangle 510 ) . The move is completely skeleton is crossing its arms , or if the skeleton is behind the 
satisfied when the body zone filters are satisfied ( although in active skeleton . In some embodiments , queued activation of 
some difficulty settings , only a percentage of the body zone a skeleton can be cancelled if the skeleton meets any of these 
filters need to be satisfied ) . The labels 515a , 515b , 5150 criteria . In certain embodiments , the queued activation of the 
( Hip Hop _ Break . move , Arm _ Twist _ R . move , and 10 inactive skeleton is not cancelled if the active skeleton is 
Arm _ Twist _ L . move , respectively ) applied to each move are near the edge of the camera ' s view . In some embodiments , 
shown on the timeline 520 . As stated above , these labels can if the active skeleton is not in the frame , or if the active 
be reused to create easier dance routines based on the mocap skeleton is not valid , but there is at least one inactive 
recording . The mocap skeleton 525 shows the desired joint skeleton , the system activates one of the inactive skeletons . 
movements , and the input skeleton 530 shows what the user 15 In certain embodiments , if an inactive skeleton ' s hand is 
is currently inputting . Look - ahead icons show the user what raised and the active skeleton ' s hand is not raised , the 
move is coming next , e . g . , Arm Twist , and the current move inactive skeleton is queued for activation or scoring for 
icon 535 is displayed prominently . The dancer 540 on screen dancing . This can allow a user to express intent to control the 
is a representation of what the user is supposed to input and shell or have their performance be the one that is graded by 
the skeleton of the on - screen dancer 540 resembles that of 20 raising their hand . 
the mocap skeleton 525 . Multi - Player Modes Animation 
Determining an Active User with Multiple Skeletons Avail - dance game can be more satisfying if it provides 
able multi - player competitive or cooperative game modes . One 
When more than one user is within the field of view of the difficulty that arises is that the original song and the chore 

camera , it is desirable for the system to determine which 25 ography for the song may not be balanced such that two 
user is the active user , and which user ( s ) are the inactive players can have equal opportunities to contribute to their 
user ( s ) , for the purposes of shell navigation and game play . competing or combined scores ( for competitive and coop 
For this discussion of determining the active user , a skeleton erative modes , respectively ) . In addition , the song may be 
may be considered valid if it is not sitting and it is facing the too short to give either player sufficient opportunity to 
camera . In other embodiments , other conditions can be used 30 perform for a satisfying duration . 
to define a valid skeleton . Whether a skeleton is valid can In one embodiment , the song and its choreography can be 
impact the ability for a skeleton to be considered active . A artificially extended by looping back to previous parts of the 
skeleton that is not valid may not be able to ever be set to song to give multiple players an opportunity to dance the 
be active . By including a valid skeleton detection mecha same section . This provides the same potential scoring for 
nism , the system can reduce noise associated with objects 35 the players in a multi - player mode . Although animation 
that might otherwise be confused as possible skeletons . blending in this context is primarily intended for looping 
Queuing a skeleton for activation can mean setting a timer back to previous parts of a song , the mechanism applies 
to go off at particular time , at which point the active skeleton equally well to any non - contiguous jump between points in 
is set to be inactive and the queued skeleton is set to be the song , or jumps between jumps points in more than one 
active . 40 song . 

In some embodiments , queuing a skeleton for activation In one embodiment , a section that is to be repeated in 
does not set a timer if the skeleton is already queued for multi - player mode can be indicated in a data file used to 
activation . In some embodiments , queuing a skeleton for store the tracks and other information used in the dance 
activation does not set a timer if any skeleton is already game . The data file can be a MIDI file . The MIDI file can 
queued for activation . The timer can be set for a specific 45 include a track called multiplayer markers that is aligned 
time , such as for 1 second in the future . Determining the with the audio timeline . Alternatively , the markers can be 
active user can begin when a frame of skeleton data is located in the same MIDI track as other MIDI data , can be 
received by the system . Once the frame of skeleton data is indicated across multiple MIDI files in respective tracks 
received the data can be processed at certain intervals , such called multiplayer _ markers , or can be located in the same 
as every thirtieth of a second . In each frame , there may be 50 MIDI track as other MIDI data spread across multiple MIDI 
any number of distinct skeletons in the skeleton data . In files . The section indicators are special multiplayer text 
some embodiments , one or more skeletons can be consid - events , such as MP _ START and MP _ END . During game 
ered active and any remaining skeletons can be considered play , when the game time reaches the time of the MP _ END 
inactive . There can be more than one active skeleton when text event the first time , the game time jumps to MP _ START 
more than one user is playing at the same time . In this case , 55 and the other player begins play . When the game time 
each skeleton represents an input performance and is com approaches the time of MP _ END the second time , it con 
pared against a target performance . tinues without jumping . 

In some embodiments , if the active skeleton is behind In one embodiment , when the game jumps to a non 
further from the camera than — an inactive skeleton , or the contiguous point in the song , for example to the point 
active skeleton is near the edge of the camera ' s view , then 60 designated by MP _ END , animation blending can be used , as 
the system can search for an inactive skeleton to activate . In described above for creating easier difficulties , to make the 
some embodiments , the active skeleton is considered near transition less jarring . For example , if it is determined that 
the edge of the camera ' s view if its centerline is in the left a single section should be repeated , the animation of the last 
or right fifth of the camera ' s view . If there is an inactive beat of the section can be blended with the animation the 
skeleton nearer to the center of the camera ' s view than the 65 beat before the beginning of the first beat of the section . The 
active skeleton , the inactive skeleton can be queued for animation blending can take place over two beats or it can 
activation . extend over multiple beats . The animation for the end of the 
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section is blended with the animation before the beginning moving to a different place in the music or the presence or 
of the section such that the blend begins with 100 percent absence of vocal or instrument parts before or after the 
contribution from the end of the section and ends with 100 transition . In some embodiments , as with bridge animation 
percent contribution from before the beginning of the sec - segments , additional audio is recorded to produce waveform 
tion . The interpolation can be linear , or can use any other 5 data for a bridge audio segment . The bridge audio segment 
interpolating function such as polynomial . is designed to make the audio transition between two 
As in animation blending for easier difficulties , the blend non - adjacent parts of the song sound smooth . Using the 

from the end of a section to the beginning of the section can example above with sections A , B , and C , if the game will produce an unrealistic movement . In this case , bridge ani repeat section B , a bridge audio segment can be provided mation segments can be used , as discussed above regarding 10 that smoothly transitions from the last part of section B into producing an easy difficulty . the first part of section B . Multi - Player Modes - Audio In one embodiment , the waveform data for bridge audio Extending a song by looping back to previous sections 
brings with it some inherent difficulties in animation . These segments are included in one or more additional bridge 
difficulties can be eased using animation blending and 15 aug 15 audio tracks in the multi - track audio data , and the bridge 
bridge animations . Non - contiguous jumps in the timeline of audio tracks are muted unless non - sequential looping is 
the song , or jumps between songs , can also cause difficulties taking place . However , each bridge audio segment can be 
with continuity of the audio track . As with animation , the located in its own file referenced by the game authoring or 
audio for the end of a section does not always merge the bridge audio segments can be located in a single file . 
smoothly into the audio for a section that is not adjacent in 20 When the bridge audio segments are located in a single file 
the song ' s timeline . Jarring discontinuities in the audio track the offset and duration of each segment of bridge audio in 
can interfere with the users ' enjoyment of multi - player the single file can be stored as unique text events in the MIDI 
modes . In some embodiments , seamless audio track transi - file in order to locate the different bridge audio segments . 
tion playback is provided during multi - player modes to In some embodiments , the bridge audio segments are of 
address this difficulty . For example , if the audio follows the 25 a fixed duration in beats , with a fixed number of beats before 
sequence of sections A , B , C , it may be desirable in a the transition . In these embodiments , the original song audio 
multiplayer mode to loop from the end of the B section back is played until a fixed amount of time in beats before the end 
to the beginning of the B section . of the transition . Then the original song audio track or tracks 

In some embodiments , a section that is to be repeated in are muted , and the bridge audio segment is played until the 
multi - player mode is indicated in a MIDI file in a track 30 transition point . Then the current time is moved to the target 
called multiplayer _ markers , with MP _ START and of the transition and the remainder of the bridge audio 
MP _ END text events , as described above . In the example segment is played . At this point , the bridge audio track is 
above , an MP _ START text event in the MIDI file would be muted and the original song audio track or tracks are 
aligned with the beginning of the B section , and an unmuted . For example , the bridge audio segments might be 
MP _ END text event would be aligned with the end of the B 35 three beats long , with one beat before the transition . 
section , indicating that the entire B section is to be repeated Using the example above with sections A , B , and C , if the 
in multi - player mode . Alternatively , a section that is to be game repeats section B , a 3 - beat - long bridge audio segment 
repeated in multi - player mode can be indicated across from the end of B to the beginning of B may be provided . 
multiple MIDI files , in respective tracks called multiplay . The original audio tracks are muted and the B - to - B bridge 
er _ markers , or can be located in the same MIDI track as 40 audio segment is played one beat before end of B . When the 
other MIDI data spread across multiple MIDI file . end of B is reached , the current time is moved to the 

Audio blending can be used to transition between the beginning of B , and the bridge audio segment continues 
audio sections in a seamless fashion . The blending can occur playing for two more beats . After the two beats , the bridge 
in a few different ways . When transitioning from one part of audio track is muted and the original tracks are unmuted . 
the song to a non - adjacent part of the song , the audio track 45 Aligning the audio and changing the current time in this way 
for a period of time before the origin of the transition is can allow for a single , consistent timeline for audio play 
blended with the audio track for the same duration before the back , animation , and other aspects of game play . Alterna 
target of the transition . Alternatively , the audio track for a tively , the current time may be changed at the end of the 
period of time after the origin of the transition is blended bridge audio segment ' s playback and moved directly to two 
with the audio track for the same duration after the target of 50 beats after the beginning of B section . This example dis 
the transition . Other combinations of these two methods are cusses bridge audio segments that are all 3 beats long , which 
also possible . This is similar to how animations are blended start playing one beat before the transition , but other 
when producing an easy difficulty . For example , one beat embodiments may have bridge audio segments that are all 
worth of audio before the MP _ END event could be blended longer or shorter , or that all begin earlier or later with respect 
with one beat worth of audio before the MP _ START event , 55 to the transition . 
then one beat worth of audio after the MP _ END event could In some embodiments , the song audio and bridge audio 
be blended with one beat worth of audio after the segments may be muted and unmuted , as described . Alter 
MP _ START event . The blending can be done such that at the natively , the song audio and bridge audio segments may be 
beginning of the blend , the contribution from the audio mixed , such as by lowering the normal song audio volume 
before the MP _ END event is 100 percent , and at the end of 60 to 10 percent and playing the bridge audio segment at 90 
the blend , the contribution of the audio from after percent . It is also possible to cross - fade the song audio and 
MP START is 100 percent . This can be a linear cross fade , bridge audio segments . For example , the last beat of the B 
or it can use any other interpolating function , such as section would start with 100 percent of the song audio and 
polynomial . end with 100 percent of the bridge audio segment , then the 

In some cases , as with animation blending , the result of 65 bridge audio segment would play at 100 percent , then the 
audio blending is still jarring . This can be due to the second beat of the B section would start with 100 percent of 
discontinuity in the harmonic progression of the song when the bridge audio segment and end with 100 percent of the 
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second beat of the song audio . The interpolation can be Multi - Player Modes Game Play 
linear , but it can also use any other interpolating function , In some embodiments , the input performance can include 
such as polynomial . movement information relating to two or more users . The 

In some embodiments , as described above , the bridge two or more users can be recognized by the system in a 
audio segments can be of a fixed duration in beats or 5 variety of ways . For example , accelerometers or other 
seconds . In other embodiments , each bridge audio segments sensors can be correlated to certain users for use with the 
can be of different durations . The ability to specify bridge system , or in camera based systems , the system can distin 
audio segments of different durations can make it easier to guish separate bodies in the image frame . Once each player 
provide a musically seamless transition , using more time if is identified and correlated with sensor information , then the 
necessary , to achieve the proper harmonic and orchestration on 10 multiplayer input performance can be evaluated against the 
transitions , and less if possible , so that the playback departs target performance . As discussed above , the system can 

recognize one or more bodies that are present and recorded as little as possible from the original music . by the camera . In certain embodiments of multiplayer mode , In one embodiment , the waveform data for bridge audio more than one active skeleton is recognized by the system . segments is located on a single bridge audio track , bridge _ 15 . Each skeleton can be audio track , briage - 15 Each skeleton can be correlated with a user of the system for audio , in the multi - track audio data file . The bridge audio purposes of determining an input performance for each user . 
waveform data for a given transition is divided into the The input performance can then be evaluated on a per 
sub - segment before the transition and the sub - segment after skeleton basis to determine a score . 
the transition . The sub - segment before the transition is The techniques described above can be applied to evalu 
positioned in the bridge _ audio track so that it ends at the 20 ation of an input performance including more than one 
transition point , corresponding to the MP _ END text event in skeleton . For example , the active skeletons of the input 
the associated MIDI file . The sub - segment after the transi - performance can be normalized and have a number of filters 
tion is positioned in the bridge _ audio track such that it applied to evaluate the performance of the movement rela 
begins exactly at the target of the transition , corresponding tive to the target performance . In some embodiments , the 
to the MP _ START text event in the associated MIDI file . In 25 sensor information regarding the movement of multiple 
some embodiments , where the bridge audio segments are of simultaneous users can be segmented into separate data for 
a fixed duration , the beginning and end of the bridge audio each user . The segmenting divides the received information 
segments is implicit in the fixed duration and the fixed into multiple separate input data frames that are then each 
amount of time before the transition , as described above . analyzed and evaluated individually . The separate input data 

In the preferred embodiment , the specification of the 30 frames can be correlated to specific users so the users can be 
beginning and end of bridge audio segments is provided in evaluated over time . 
a MIDI file , in the multiplayer _ markers track , although the Recognition of a Movement from a Set of Possible Move 
beginning and end of the bridge audio segments could be in ments 
their own MIDI track , or in their own MIDI file whose The system can support evaluating an input performance 
timeline is aligned with the audio timeline . In the multiplay - 35 against multiple target performances . This can be used to 
er markers track , special multiplayer text events , determine what movement is being performed . For example , 
MP _ BRIDGE _ START and MP _ BRIDGE _ END , denote the when the input performance is a dance move , the system can 
beginning and end of a bridge audio segment . As the game compare the dance move against a group of dance moves to 
is played in a multi - player mode , when an MP _ BRIDG - determine which dance move is being performed . The 
E _ START text event is encountered on the timeline of 40 system can do this by comparing the input performance 
multiplayer _ markers , the original audio track or tracks are against multiple target performances . When an input perfor 
muted and the bridge _ audio track is unmuted . mance is received , algorithms in the system can analyze the 

As described above , attenuation of the original track or movement and position information in that input perfor 
crossfading with the bridge audio track can be used instead mance . The input performance can be compared against 
of muting and unmuting . Playback continues until the tran - 45 each target performance to perform the analysis . 
sition point itself , which is indicated by the MP _ END text Each target performance can include one or more filters to 
event . At this point , the current time is set to the target of the measure how a move compares to the target performance . 
transition , marked by the MP _ START text event , and the The one or more filters can be associated with a particular 
bridge audio track continues . When the MIDI MP _ BRIDG - move of the target performance , or a particular key frame of 
E _ END event is encountered , the original audio track or 50 the target performance . For example , the one or more filters 
tracks are unmuted , and the bridge audio track is muted can be associated with a frame of the target performance or 
Note that when the transition is backwards in time , the a snapshot of a movement including position and velocity 
MP _ BRIDGE _ END event occurs earlier on the timeline information of the move . Each target performance of the 
than the MP _ BRIDGE _ START event , since the current time multiple target performances includes its own one or more 
is modified between them . Dividing the bridge audio seg - 55 filters that are used to perform the analysis . A determination 
ments and modifying the current time at the transition point can then be made about which move was performed based 
as described allows there to be a single concept of current on matches to the filters of each target performance . The 
time for the audio , animation , and game play . In other algorithm checks the degree of matching found by each of 
embodiments , the current time is modified only after the the filters to determine the closest match between the input 
playback of the bridge audio segment is complete , and at 60 performance and each of the multiple target performances . 
that point it is set to the location of MP _ START plus the The closest match based on the filters indicates that the input 
length of the second sub - segment of the bridge audio performance correlates to a specific target performance . This 
segment . As described above , a section that is to be repeated recognition information can then be used by the system . 
in multi - player mode also can be indicated across multiple In some embodiments , a set of frames from a target 
MIDI files , in respective tracks called multiplayer _ markers , 65 performance is analyzed against the frames of an input 
or can be located in the same MIDI track as other MIDI data , performance . This analysis can involve a determination if a 
spread across multiple MIDI file . threshold is exceeded . The target performance filter set can 
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be implemented using a set of key frames as described those dance moves that may trigger a misread can be placed 
above . Each key frame and its accompanying filters can be in different sets to limit the likelihood of a misread during 
used to provide a determination about the degree of match the game . 
ing with an input performance of a movement . The key Information can be correlated with the target perfor 
frames and any accompanying filters can be used with the 5 mances to allow for retrieval and matching of an input 
weighting in both position and time . Above , this weighting performance against multiple target performances . This 
in position and time were shown using parabolic umbrellas information can be metadata associated with the target that provided a scoring curve . performance . This metadata can include information from In certain embodiments , multilayer processing can be the preprocessing such as likelihood of a misread and can be employed . Multilayer processing involves performing a 10 implemented using fields or tags , for example . The metadata movement recognition using multiple steps or layers of fields can indicate when a move may trigger a misread and analysis . A decision tree can also be used to minimize the can detail which moves may misread against one another . amount of processing that occurs . The decision tree can be 
implemented by analyzing a movement against a specified One example of this can be where two moves that might 
set of filters and based on outcomes at each stage determin - 15 cause a misread are both tagged with an “ A ” in the misreads 
ing the movement . For example , at each decision point a field . When moves are then being chosen for the game in a 
number of possible movements can be eliminated based on section , those marked with the same tag can trigger the 
the result because there was not a match on the specified selection of a different move to avoid a misread . In other 
filter or filters . embodiments , a matrix or a table can be used to store 

A certain amount of preprocessing can be involved in 20 metadata for a movement in a separate place . As movements 
order to increase the accuracy of the match determination are being selected for presentation in real time , the algorithm 
using the filters . The preprocessing can include such things can perform a lookup in the table to determine the metadata 
as recognizing those moves that can cause misreads . Mis - and determine how the selection is made to minimize the 
reads can occur when one move is confused for being possibility of a misread . 
another move , such as when an input performance that the 25 FIG . 6 illustrates a recognition of movement amongst a 
user intended to match against one move is matched by the number of target movements in a dance game in accordance 
system against another move . In order to determine whether with certain embodiments . FIG . 6 includes a display 606 , an 
misreads can occur , algorithms can be developed to test icon name 608 , an icon 610 , a representation of the user 612 , 
combinations of moves to determine the potential for a a score display 614 , a dance move match meter 616 , a 
misread . These algorithms can include running a target 30 current move position 620 , a next move position 622 , and a 
performance movement of a specified dance move against future move position 624 . The icon name 608 can be the 
the target performance filters of the other dance moves and name of the movement such as a dance move name . An 
analyzing the results . If a target performance movement example of a dance move name is the “ Funky Charleston . " 
scores highly against another movement ' s target perfor - The icon 610 is a graphical representation of the movement 
mance filters , then a misread may occur . A testing script can 35 to be performed . Icon 610 can show the specific dance move 
be written to record when misreads occur and the move that the user is expected to perform . In order to illustrate the 
ments that are involved . This misread information can then movement , icon 610 can be animated where the animation 
be used to change the target performance filters to lessen the shows a figure performing the target movement . For 
chance of a misread . For example , the filters that are used in example , an outline representation of a man can be used to 
the target performance can be weighted differently to focus 40 show what the dance move looks like . The animation can be 
on differences between the moves . cycled such that the animation continues repeating the target 

An algorithm can also be developed to determine the movement . The animation can be temporally aligned with 
differences between movements and to change filters based the audio track in order to cue the user to provide an input 
on the relative differences between the movements with a performance that is synchronized with the target perfor 
potential for a misread amongst one another . For example , a 45 mance . 
matrix can be created when a misread occurs above a The icon 610 can include highlighting or other types of 
specified threshold , such as when a movement is 65 percent emphasis to assist in illustrating the target dance move . In 
the same as another move . The ranking of the closest some embodiments , the icon 610 can be a still picture with 
movements can then be used to determine the weighting of emphasis such as arrows and / highlighting to illustrate the 
different filters and the number of filters used in a frame to 50 dance move . The icons representing dance moves can travel 
distinguish between movements . The weights in the filters in a lane 628 on display 606 . By travelling in lanes like lane 
can be set to increase the accuracy of differentiating between 628 , the user can see the upcoming dance moves . The icons 
different movements . After changes have been made to the can also change while traveling up the lane 628 on the 
filters of related target performances , the testing script can display 606 . The types of change the icon may experience 
be run again to determine whether other movements now 55 include a change in size , a change in appearance , and a 
misread based on the modified filters . change in the animation of the icon . The change in size is 

Context information can also be used in order to prevent demonstrated in FIG . 6 where an icon in the future move 
misreads . For example , certain movements have a high position 624 is the smallest , the icon in the current move 
probability of occurring in proximity to one another , while position 620 space is the largest , and the icon in the next 
other movements have low probability of occurring in 60 move position 624 is sized between the two . The icon may 
proximity on one another . This context information can be also change from a still icon to an icon that is animated . For 
used to along with the target performance information to example , when an icon is in position 624 representing a 
recognize the movement . In some embodiments , misread future move and in position 622 representing the next move , 
information can be used to determine when to display the icon can be a still picture such as icon 626 . When the 
certain movements for performance by one or more users . 65 icon reaches current move position 620 , the icon can change 
For example , in a dance game where a user is performing into icon 610 and show the dance move in an animated 
certain dance moves from a set of possible dance moves , fashion . 
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Still icons may include one or more figures and emphasis in the representation of the user 612A . The match meter 
to represent the movement . As shown in icon 626 , arrows are 618A provides a match against the “ Man Swagg " dance 
used to indicate the expected movement using a single icon . move . Since the user is performing the “ Funky Charleston ” 
Icon 626 shows a single FIGURE , but multiple figures along icon 610 , there is little match on the match meter 618A . The 
with highlighting and other emphasis can be used . The icons 5 match meters 616B and 618B indicate the performance of a 
can move through the different positions to signal what are second player . In multiplayer mode , users can compete 
upcoming moves and what moves are currently in play . The against one other by performing the available current dance 
moves that are in play 630 are in the current move position moves . 
620 and an input performance can be matched against each Certain filters , for example , the hip movement , of both 
move that is in the current move position 620 . The future 10 dance moves may be similar or the same , so partial matches 
dance move position 624 and the next dance move position across multiple dance moves can occur . The match meters 
622 alert the user to upcoming dance moves so that the user also provide feedback to a user so they can understand how 
can prepare for when the icon moves to the current move well they are performing any one dance move . In some 
position 620 and the move becomes in play 630 . cases , the user may not be performing any of the current 

The representation of the user 612 can illustrate the user ' s 15 dance moves well and the game does not recognize the input 
movements back to the user . The representation of the user performance . The user can then use the match meter and the 
612 can show a shadow or outline of the body of the user , user representation to understand how closely their perfor 
an animation representing the user , or the video of the user mance matches the target performances of the different 
captured by a camera in the system . The representation of dance moves . In some embodiments , an array of target 
the user 612 aids the user in understanding how the system 20 performances and match meters can be used to break down 
is sensing the movements made by the user . The feedback different movements for a user to visualize what type of 
provided by the representation of the user 612 allows the movements they are performing . For example , a sports 
user to modify movements to better emulate certain dance player can use the system to analyze their movements 
moves in some embodiments . In multiplayer mode , two against the target movements to improve their mechanics . 
users can play against each other to dance the different 25 The multiple movement recognition algorithm can be 
moves that are displayed . When the game is in multiplayer used to enable a number of different game play elements . 
mode , the display can be provided with a representation of FIG . 6 illustrates one type of game play element where each 
each user ( e . g . , 612A and 612B ) . This allows each user to see user attempts to dance one move of a group of dance moves . 
what the other user is doing on a single display along with Other game play elements are also possible where perfor 
the dance moves . 30 mance of the different movements is strategic . This can 

The score display 614 illustrates an accumulated score for occur where performance of the moves in a certain pattern 
successfully completing different moves . The users score is how the game is won . For example , the moves can be 
points that are reflected in the score display 614 by success - arranged in a tic tac toe board configuration and the users 
fully completing one of the current dance moves . The dance the moves in order to beat their opponent in the tic tac 
different dance moves can provide different amounts of 35 toe game . In another embodiment , the moves can be sepa 
points . In some embodiments , an indication is used to rated into columns and each player tries to dance different 
display the relative value of the dance move . The indication moves in their column . The multiple movement recognition 
can be a modification of icon 610 such that the value can be can also be used as a user interface . This can be useful for 
ascertained visually . The indication can include using dif - setting up a movement sequence for later game play , such as 
ferent colors to indicate the value of different dance moves . 40 setting up a dance routine . The user can perform a dance 
For example , a gold background to the icon 610 indicates the move in order to select it for the dance routine . In some 
highest point value , while no background can indicate the embodiments , the user can be prompted to input each dance 
lowest point value . Other colors , highlighting , or text can be move and then the dance routine is composed . In other 
used as an indication to illustrate the worth in points of a embodiments , the user can perform the routine and the 
particular dance move . In some embodiments , the point 45 multiple movement recognition can then correlate the move 
value of moves can be randomly assigned such that moves ments with the various target performances . The selected 
of different point values appear with certain probability dance routine can then be played by the user or shared for 

The dance move match meter 616 provides an indication play by other users . 
of how well the input performance matches the target In certain embodiments , such as a dance game , timing of 
performance . A movement match meter can provide a visual 50 movements can be important . For example , when a user is 
indication of how an input performance compares against dancing to a song and attempting to perform a dance move , 
multiple target performances . This can include how a move it is generally expected that the dancer should be dancing to 
ment compares against multiple target movements , for the beats of song . It can also be expected that a user needs 
example . The movement match meter indication can repre to setup and transition between dance moves . For a specific 
sent a variety of different calculations . In some embodi - 55 dance move in a sequence of dance moves , the final beat or 
ments , the comparison is based on what percentage of filters fraction of a beat of the prior move can include movements 
are matched against an input performance . In other embodi - that include the setup for the dance move . In some embodi 
ments , the comparison includes a score for each move m ents , this pre - move setup can be displayed for a move so 
weighted by temporal and positional error , which is aggre - that the user can understand the setup for the next dance 
gated together into an overall score for the move that is 60 move and transition between moves . In order to present the 
evaluated against the full score for the move . In yet other moves so the user can dance them in synch with the beats of 
embodiments , a single filter can be used for a move and this a song , the dance move can be displayed with this pre - move 
filter provides an analysis of how closely the input perfor setup and transition . This display can be offset from the 
mance tracks against the target performance . Looking at timing of the song . 
FIG . 6 , match meters 616A and 618A represent the input 65 In order to present a single move so the user can dance it 
performance against both of these dance moves . The user is in synch with the beats of a song , the dance move can be 
performing the “ Funky Charleston ” icon 610 as can be seen displayed based on an offset . The offset enables a move 
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display to begin prior to the beat when the move begins , and bility of a misread , the value of the move , the difficulty of 
to include the beat or fraction of a beat from the prior move the move , the length of the move , the caloric value of the 
in the sequence . This offset provides a cue for a user to set move , how the move impacts the position of the user within 
up for the dance move , and keeps the move display and the the field of view of the camera , and how the move impacts 
user in synch with the beats of the song . If the system replays 5 the position of the user with respect to the other user . The 
the move display in a loop , the replay can begin before the difficulty of the move can allow for different levels of game 
end of the move , by the same offset . The offset in some play such that a user on an easy setting can get moves that 
embodiments can be a beat or a fraction of beat . A fraction have been identified as easy dance moves . The moves can be of a beat can be an offset such as three - quarters of beat prior different lengths , such as four count moves and eight count to a downbeat of the song , where the downbeat is when the 10 moves , where the count refers to the number of beats in next dance move would be performed . For example , if a length of the move . Further , some dance moves may dis move starts at time t , occupies four beats , and the offset is place a user making it difficult for a user to perform in three - quarters of a beat , the move display may start at time 
t minus three - quarters of a beat and may include the final non - linear game play . For example , if the move involves a 
three - quarters of a beat from the prior move in the sequence . 15 right step and a clap , performing the move multiple times right step and a clap , performing the move multiple times 
At time t , the move display begins showing the move . At can involve the user moving further and further from their 
time t plus three and one - quarter beats , the move display original position . These moves can be pre - identified to avoid 
may display what was displayed at t minus three - quarters of difficulty to the user in attempting to perform certain dance 
a beat , and proceed from there . This provides cues to the moves . Further , some combinations of dance moves may 
user , and keeps the move display synchronized with the 20 cause one or more users to impinge upon each other ' s space , 
beats of the song . and may lead to injury . These combinations can be pre 

In some embodiments , the movement can be displayed as identified to avoid injury . The dance move selection algo 
an animated icon . The animated icon can display the target rithm can use one or more of these criteria among other 
performance for the user . The collection of target perfor - information to choose the one or more moves that are 
mances can be stored in a variety of ways , such as in an 25 displayed together . 
indexed array , as a stream , or with pointers . In each of these The dance move selection algorithm can select the dance 
ways , information is used to locate the desired target per moves first and then determine whether the selected dance 
formance data and that data can be used to illustrate the move meets the criteria or can determine the group of movements of the target performance . For example , if the eligible moves and select from that group . When a move target performances are stored as a stream , offset informa - 30 ment is selected for display , the dance move selection tion can be used to jump to the correct spot in the stream algorithm can locate the movement data and can render the where the data is stored . In some embodiments , beats and movement data synchronized with the song subject to any measures can be used to segment the stream into different 
target performances . The move can be displayed by render offset in timing . This process can be repeated multiple times 
ing the target performance into an animation , such as an 35 in order to generate multiple possible dance moves for the 
animation of a figure or person . The position and movement user to perform , such as shown in FIG . 6 . In some embodi 
data of the target performance can be used to direct the ments , the animation can be rendered in three dimensions 
position and movement of the animation . using information from the x , y , and z axes . In some systems , 

In a game where multiple moves are presented to a user , the display enables three dimensional ( 3D ) display to the 
static or dynamic selection can be used to choose the 40 user . 
movements for the game play . A static selection mechanism In some embodiments , the evaluation computes a degree 
is when the movements are preset and displayed in the order of matching between each input performance and each target 
configured . A dynamic selection mechanism can select the performance of the set of target performances . If the degree 
moves in real time or automatically . The dynamic selection of matching for a particular target performance is below a 
mechanism can include an algorithm to randomly or other - 45 threshold , the system can treat the input performance as if 
wise choose movements . For example , in a random selec - there was no match . The target performance with the highest 
tion , the algorithm can limit the group of moves that are degree of matching with the input performance can be 
available for selection based on metadata or other criteria . In considered the selected target performance . The system can 
some embodiments , the multiple move recognition can be award a score to the selected target performance . In some 
part of mini - game within a dance game . The dance game can 50 embodiments , the system can award a score only to the 
feature linear and non - linear game play , where the linear selected target performance , and not to any of the other 
game play includes a scripted set of dance moves and the target performances . 
non - linear game play includes dancing one of a group of The system can also handle multiple input performances 
moves . In a dance game including both elements , the moves being evaluated against multiple target performances . The 
can be selected from a group of moves that have been 55 multiple input performances can correlate to input perfor 
already seen by the player . In the dance game , the user can mances by different users . For example , the sensory infor 
be prompted to perform a series of moves based on a linear mation can that is received by the system can include 
arrangement that is segmented by non - linear game play as multiple input performances . These multiple input perfor 
shown in FIG . 6 . The non - linear game play can include mances can be the input performances by the different users . 
moves that were performed during the linear segment of the 60 In embodiments with multiple input performances , if the 
song . selected target move for one input performance is the same 

The dance move selection algorithm can be implemented as the selected target move for a different input performance , 
to select dance moves based on one or more criteria . The the input performance with the highest degree of matching 
criteria can include whether the move was previously per - is selected as the winning input performance for that move . 
formed , whether the move was performed during the prior 65 The system can award a score to the winning input perfor 
linear segment of the song , whether the move has been mance . In some embodiments , the system awards a score to 
successfully performed by one or multiple users , the possi - the winning input performance , and no other input perfor 
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mance . The system can award scores to each input perfor - between times to and t , . An acceleration filter can also test 
mance based on the rank of its degree of matching against whether the magnitude of the acceleration matches a pre 
the target performance . determined value . 
Additional Variations In these embodiments , multiple filters can be overlaid on 

The examples given herein of a user satisfying a filter by 5 the timeline , and tested , in effect , simultaneously . An overall 
completing a series of moves can be adapted to satisfy a score for the frame is determined based on contributions 
mirror mode as well . The mirror mode can include where the from all of the active filters during a given frame . The filters 
user provides input that mirrors the target performance , e . g . , can output a Boolean , and the score is computed from those . 

providing input using a right hand when the target perfor Or — in some implementations — the outputs are continuous , 

mance uses a left hand , providing right leg input when the 10 and the aggregate score is computed from those . Similar to 
the system described above , contributions from each active target performance uses a left leg , and so forth . filter can be weighted differently in their contributions to the Additionally , where a target performance skeleton is score . For Boolean filters , successfully completing three out provided , it can be generated beforehand , or can be gener of five filters gives the user a score of 0 . 6 . In some ated during execution of the game based on the motion 15 impleme the motion 15 implementations , each key frame comparison gives a per 

capture data . centage credit for the move as a whole being correct . The 
Any system that can detect movement and capture move user ' s score may be adjusted based on the aggregate score 

ment can be used . The sensor information can then be for a key frame . Alternatively , the aggregate score for a key 
analyzed . Skeletons were discussed as one way of compiling frame may be quantized into groups , each group being 
the information , but the motion can be quantified using 20 compared to one or more thresholds , each group associated 
vectors and position information and filters as described with a score that is added to the user ' s score . In any of these , 
above . For two - dimensional implementations , scoring can if the user achieves a threshold score for a move , where if 
be adjusted to compare the projection of the target perfor - the user meets or exceeds the threshold , e . g . , 80 percent , the 
mance and the projection of the input performance onto a user is considered to have successfully performed the move . 
plane parallel to the screen . Although the system and tech - 25 In some embodiments , execution of game software limits 
nology has been described in terms of a camera input system the game platform 120 to a particular purpose , e . g . , playing 
like Kinect , camera systems that utilizes sensors on the the particular game . In these scenarios , the game platform 
user ' s body , e . g . , PLAYSTATION® Move , or systems that 120 combined with the software , in effect , becomes a 
use sensors held in the user ' s hand , e . g . , the NINTENDO? particular machine while the software is executing . In some 
Wii , may also be utilized . In those implementations where » ere 30 embodiments , though other tasks may be performed while 
only hand held sensors are utilized by the user , testing for leg the software is running , execution of the software still limits 
input may be ignored or not performed . the game platform 120 and may negatively impact perfor 

mance of the other tasks . While the game software is Although the embodiments described herein use dancing executing , the game platform directs output related to the as an example , and the performance is typically accompa opa - 35 execution of the game software to a display , thereby con 
nied by a song , the performance can also be movements that trolling the operation of the display . The game platform 120 
occur on a timeline with no musical accompaniment , e . g . , a also can receive inputs provided by one or more users , 
series of yoga poses , movements in a martial arts kata , or the perform operations and calculations on those inputs , and 
like . direct the display to depict a representation of the inputs 

In some implementations , the mocap data is mapped to a 40 received and other data such as results from the operations 
skeleton similar to that used to reflect the user ' s input . Thus , and calculations , thereby transforming the input received 
the mocap data is used to generate an ideal skeleton that from the users into a visual representation of the input and / or 
represents a performance of the dance routine in a format the visual representation of an effect caused by the user . 
that is directly comparable to the skeleton representing the The above - described techniques can be implemented in 
user ' s input . Then , during the game , as the user provides 45 digital electronic circuitry , or in computer hardware , firm 
input , the user ' s skeleton is compared to the ideal skeleton , ware , software , or in combinations of them . The implemen 
in effect normalizing the target input ( the target perfor - tation can be as a computer program product , i . e . , a com 
mance ) and actual inputs ( the user ' s performance ) to the puter program tangibly embodied in a non - transient 
same frame of reference , i . e . , both performances are machine - readable storage device , for execution by , or to 
expressed in terms of the same skeleton - based technology . 50 control the operation of , data processing apparatus , e . g . , a 

In some embodiments , rather than matching position programmable processor , a computer , a game console , or 
necessarily within a time window as described above , filter multiple computers or game consoles . A computer program 
types are predefined and used to test user input . For example , can be written in any form of programming language , 
proximity filters tests if a joint in a particular position , or including compiled or interpreted languages , and it can be 
close to a particular other joint , e . g . , are the left wrist and 55 deployed in any form , including as a stand - alone program or 
right wrist less than , greater than , or within a delta of a as a module , component , subroutine , or other unit suitable 
certain distance of one another . Another filter is a displace for use in a computing environment . A computer program 
ment filter which tests if a joint has moved a certain distance can be deployed to be executed on one computer or game 
between times to and ty . Another example is the angle filter , console or on multiple computers or game consoles at one 
which tests if a joint is at a particular angle from the origin . 60 site or distributed across multiple sites and interconnected 
One or more of these filters is then inserted into the timeline by a communication network . 
and bound to joints such that at a particular time , the Method steps can be performed by one or more program 
condition is tested , e . g . , “ has the RIGHT WRIST moved mable processors executing a computer or game program to 
from xo to x , since I began tracking it ? ” would be a perform functions of the invention by operating on input 
displacement filter . If the user ' s wrist had , then the filter 65 data and generating output . Method steps can also be per 
would be satisfied . Yet another filter is an acceleration filter formed by , and apparatus can be implemented as , a game 
which tests if a joint or bone has accelerated or decelerated platform such as a dedicated game console , e . g . , PLAYSTA 
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TION® 2 , PLAYSTATION® 3 , or PSP? manufactured by server arises by virtue of computer programs running on the 
Sony Corporation ; NINTENDO WIITM , NINTENDO DS® , respective computers and having a client - server relationship 
NINTENDO DSiTM , or NINTENDO DS LITETM manufac to each other . 
tured by Nintendo Corp . ; or XBOX® or XBOX 360 Although the present disclosure has been described and 
manufactured by Microsoft Corp . or special purpose logic 5 illustrated in the foregoing example embodiments , it is 
circuitry , e . g . , an FPGA ( field programmable gate array ) or understood that the present disclosure has been made only 
an ASIC ( application - specific integrated circuit ) or other by way of example , and that numerous changes in the details specialized circuit . Modules can refer to portions of the of implementation of the disclosure may be made without computer or game program and / or the processor / special departing from the spirit and scope of the disclosure , which circuitry that implements that functionality . is limited only by the claims which follow . Other embodi Processors suitable for the execution of a computer pro ments are within the following claims . For example , the gram include , by way of example , special purpose micro filters and multiple movement recognition can be used to processors , and any one or more processors of any kind of 
digital computer or game console . Generally , a processor analyze a golf swing . 
receives instructions and data from a read - only memory or 15 
a random access memory or both . The essential elements of We claim : 
a computer or game console are a processor for executing 1 . A method executed on a game console comprising : 
instructions and one or more memory devices for storing instructing a display to display a set of dance moves that 
instructions and data . Generally , a computer or game con are available for performance during a song in a dance 
sole also includes , or be operatively coupled to receive data 20 game , wherein the set of dance moves is related to a 
from or transfer data to , or both , one or more mass storage target performance that comprises a plurality of frames , 
devices for storing data , e . g . , magnetic , magneto - optical each frame being associated with a target performance 
disks , or optical disks . Data transmission and instructions skeleton that is normalized by deriving one or more 
can also occur over a communications network . Information target unit vectors , each of which reflects a target 
carriers suitable for embodying computer program instruc - 25 position of one interest point of the target performance 
tions and data include all forms of non - volatile memory , skeleton relative to another interest point of the target 
including by way of example semiconductor memory performance skeleton , 
devices , e . g . , EPROM , EEPROM , and flash memory wherein a subset of the plurality of frames comprises at 
devices ; magnetic disks , e . g . , internal hard disks or remov least one key frame , and 
able disks ; magneto - optical disks ; and CD - ROM and DVD - 30 wherein the target performance skeleton is represented , at 
ROM disks . The processor and the memory can be supple least in part by , the one or more target unit vectors ; 
mented by , or incorporated in special purpose logic circuitry . receiving , at the dance game executing on the game 

To provide for interaction with a user , the above described console , an input performance by a player of the dance 
techniques can be implemented on a computer or game game , wherein the input performance is indicative of a 
console having a display device , e . g . , a CRT ( cathode ray 35 performance of the player , and wherein the input per 
tube ) or LCD ( liquid crystal display ) monitor , a television , formance comprises an input performance skeleton 
or an integrated display , e . g . , the display of a PSP® or having a first interest point and a second interest point ; 
Nintendo DS . The display can in some instances also be an normalizing , at the dance game executing on the game 
input device such as a touch screen . Other typical inputs console , the input performance skeleton of the input 
include a camera - based system as described herein , simu - 40 performance by deriving an input unit vector reflecting 
lated instruments , microphones , or game controllers . Alter an input position of the first interest point of the input 
natively input can be provided by a keyboard and a pointing performance skeleton relative to the second interest 
device , e . g . , a mouse or a trackball , by which the user can point of the input performance skeleton , wherein the 
provide input to the computer or game console . Other kinds input performance skeleton is represented , at least in 
of devices can be used to provide for interaction with a user 45 part by , the input unit vector ; and 
as well ; for example , feedback provided to the user can be determining a degree of matching between the input 
any form of sensory feedback , e . g . , visual feedback , or performance and the at least one key frame of the target 
auditory feedback ; and input from the user can be received performance based , in part , on a similarity of the 
in any form , including acoustic , speech , or tactile input . normalized target performance skeleton and the nor 

The above described techniques can be implemented in a 50 malized input performance skeleton . 
distributed computing system that includes a back - end com 2 . The method of claim 1 , wherein : 
ponent , e . g . , as a data server , and / or a middleware compo the input performance comprises a plurality of frames , 
nent , e . g . , an application server , and / or a front - end compo each frame being associated with an input performance 
nent , e . g . , a client computer or game console having a skeleton , 
graphical user interface through which a user can interact 55 each input performance skeleton is normalized by deriv 
with an example implementation , or any combination of ing an input unit vector reflecting an input position of 
such back - end , middleware , or front - end components . The a first interest point of the corresponding input perfor 
components of the system can be interconnected by any mance skeleton relative to a second interest point of the 
form or medium of digital data communication , e . g . , a corresponding input performance skeleton , and 
communication network . Examples of communication net - 60 the degree of matching is determined to be zero when 
works include a local area network ( “ LAN ” ) and a wide area none of the frames of the input performance within a 
network ( “ WAN ” ) , e . g . , the Internet , and include both wired predetermined time window matches the at least one 
and wireless networks . key frame . 

The computing / gaming system can include clients and 3 . The method of claim 1 , wherein the at least one key 
servers or hosts . A client and server ( or host ) are generally 65 frame provides differing weights to different aspects of the 
remote from each other and typically interact through a position and movement information of the target perfor 
communication network . The relationship of client and mance in determining the degree of matching . 
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4 . The method of claim 1 , further comprising : position of one interest point of the target performance 
assigning a score based on the degree of matching skeleton relative to another interest point of the target 

between the input performance and each of a plurality performance skeleton , 
of target performances ; and wherein a subset of the plurality of frames comprises at 

recognizing a match between the input performance and 5 least one key frame , and 
one of the plurality of target performances when the wherein the target performance skeleton is represented , at 
score exceeds a predetermined dance move perfor least in part by , the one or more target unit vectors ; 
mance threshold . receive an input performance from a player of the dance 

5 . The method of claim 1 , further comprising : game , wherein the input performance is indicative of a 
instructing the display to display a plurality of target 10 performance of the player , and wherein the input per 
performances as icons that are animated ; and formance comprises an input performance skeleton 

offsetting a beginning of the animation relative to beats of having a first interest point and a second interest point ; 
the song . normalize the input performance skeleton of the input 

6 . The method of claim 1 , further comprising : performance by deriving an input unit vector reflecting 
receiving sensory information that includes a plurality of an input position of the first interest point of the input 

input performances ; and performance skeleton relative to the second interest 
evaluating the plurality of input performances against a point of the input performance skeleton , wherein the 

plurality of target performances to determine matches input performance skeleton is represented , at least in 
between the plurality of input performances and each of 20 part by , the input unit vector ; and 
the plurality of target performances . determine a degree of matching between the input per 

7 . The method of claim 1 , further comprising : formance and the at least one key frame of the target 
selecting a target performance based on the degree of performance based , in part , on a similarity of the 
matching between the input performance and each of a normalized target performance skeleton and the nor 
plurality of target performances , wherein a higher 25 malized input performance skeleton . 
degree of matching indicates a closer match ; and 15 . The computer readable medium of claim 14 , wherein : 

adding the selected target performance to a dance routine the input performance comprises a plurality of frames , 
that is being created . each frame being associated with an input performance 

8 . The method of claim 1 , wherein normalizing the input skeleton , 
performance skeleton comprises determining a vector asso - 30 each input performance skeleton is normalized by deriv 
ciated with an input position of a joint relative to a reference ing an input unit vector reflecting an input position of 
joint in the input performance skeleton . a first interest point of the corresponding input perfor 

mance skeleton relative to a second interest point of the 9 . The method of claim 1 , wherein normalizing the input corresponding input performance skeleton , and performance skeleton comprises normalizing a first joint 35 the degree of matching is determined to be zero when relative to a first reference joint in the input performance none of the frames of the input performance within a 
skeleton and normalizing a second joint relative to a second predetermined time window matches the at least one 
reference joint in the input performance skeleton . key frame . 

10 . The method of claim 3 , wherein the weights corre - 16 . The computer readable medium of claim 14 , wherein 
spond to different bone groups of the target performance 40 the at least one key frame provides differing weights to 
skeleton to emphasize a particular motion in determining the different aspects of the position and movement information 
degree of matching . of the target performance in determining the degree of 

11 . The method of claim 1 , wherein the at least one key matching . 
frame provides differing weights to different dimensions of 17 . The computer readable medium of claim 14 , further 
movements associated with the input performance in deter - 45 comprising computer readable instructions that , when 
mining the degree of matching . executed , perform steps of : 

12 . The method of claim 1 , wherein the at least one key assigning a score based on the degree of matching 
frame comprises a time offset relative to a beginning of the between the input performance and each of a plurality 
target performance . of target performances ; and 

13 . The method of claim 1 , wherein determining the 50 recognizing a match between the input performance and 
degree of matching between the input performance and the one of the plurality of target performances when the 
at least one key frame of the target performance comprises score exceeds a predetermined dance move perfor 
determining the degree of matching between the input mance threshold . 
performance and the at least one key frame of the target 18 . The computer readable medium of claim 14 , further 
performance based solely on the similarity of the at least one 55 comprising computer readable instructions that , when 
key frame and frames of the normalized input performance executed , perform steps of : 
within a predetermined time window . receiving sensory information that includes a plurality of 

14 . A non - transitory computer readable medium that input performances ; and 
comprises computer readable instructions that when evaluating the plurality of input performances against a 
executed perform steps comprising : plurality of target performances to determine matches 

instruct a display to display a set of dance moves that are between the plurality of input performances and each of 
available for performance during a song in a dance the plurality of target performances . 
game , wherein the set of dance moves is related to a 19 . The non - transitory computer readable medium of 
target performance that comprises a plurality of frames , claim 14 , wherein the at least one key frame provides 
each frame being associated with a target performance 65 differing weights to different dimensions of movements 
skeleton that is normalized by deriving one or more associated with the input performance in determining the 
target unit vectors , each of which reflects a target degree of matching . 



US 9 , 981 , 193 B2 
39 40 

20 . The non - transitory computer readable medium of point of the input performance skeleton , wherein the 
claim 14 , wherein the at least one key frame comprises a input performance skeleton is represented , at least in 
time offset relative to a beginning of the target performance . part by , the input unit vector ; and 

21 . A game platform system configured to receive move determine a degree of matching between the input per 
ment sensor information including an input performance by 5 formance and the at least one key frame of the target 
a player of a dance game , wherein the input performance is performance based , in part , on a similarity of the 
indicative of a performance of the player , wherein the input normalized target performance skeleton and the nor 
performance comprises an input performance skeleton hav malized input performance skeleton . 
ing a first interest point and a second interest point , and the 22 . The game platform of claim 21 , wherein : 
game platform system includes a processor configured to 10 10 the input performance comprises a plurality of frames , 
read instructions from memory to : each frame being associated with an input performance 

instruct a display to display a set of dance moves that are skeleton , 
available for performance during a song in the dance each input performance skeleton is normalized by deriv 
game , wherein the set of dance moves is related to a ing an input unit vector reflecting an input position of 
target performance that comprises a plurality of frames , a first interest point of the corresponding input perfor 

mance skeleton relative to a second interest point of the each frame being associated with a target performance 
skeleton that is normalized by deriving one or more corresponding input performance skeleton , and 

the degree of matching is determined to be zero when target unit vectors , each of which reflects a target 
position of one interest point of the target performance none of the frames of the input performance within a 
skeleton relative to another interest point of the target 20 predetermined time window matches the at least one 
performance skeleton , key frame . 

wherein a subset of the plurality of frames comprises at 23 . The game platform system of claim 21 , wherein the at 
least one key frame , and least one key frame provides differing weights to different 

wherein the target performance skeleton is represented , at dimensions of movements associated with the input perfor 
least in part by , the one or more target unit vectors ; * 25 mance in determining the degree of matching . 

normalize the input performance skeleton of the input 24 . The game platform system of claim 21 , wherein the at 
performance by deriving an input unit vector reflecting least one key frame comprises a time offset relative to a 
an input position of the first interest point of the input beginning of the target performance . 
performance skeleton relative to the second interest 

is 

* * * * * 


