
h b hTh R b t Th t L t DThe Robot That Learns to DanceThe Robot That Learns to DanceThe Robot That Learns to DanceThe Robot That Learns to Dance
M d ll d ft th h b d I d i b t th t l tModelled after the human upper body Isadora is a robot that learns toModelled after the human upper body, Isadora is a robot that learns topp y,
d Whil h b h li i h h ddance While they both listen to music a human teacher demonstratesdance. While they both listen to music, a human teacher demonstratesdance. While they both listen to music, a human teacher demonstrates
h l f h b hhow to dance using a miniature replica of the robot Based on thesehow to dance using a miniature replica of the robot Based on thesehow to dance using a miniature replica of the robot. Based on theseg p
lessons Isadora then provides her own interpretation of any livelessons Isadora then provides her own interpretation of any livelessons, Isadora then provides her own interpretation of any live, p p y

imusicmusic.

R li R b tReplica RobotReplica RobotReplica Robot
ll d f d•Small unpowered version of Isadora•Small unpowered version of Isadorap

•Used to teach dance motions•Used to teach dance motions
•Optical encoders sense joint position•Optical encoders sense joint positionp j p

M i A l iMusic AnalysisMusic AnalysisMusic Analysisy
•Real time causal beat detection and prediction using a spectral difference algorithm•Real‐time, causal beat detection and prediction using a spectral difference algorithm, p g p g
•Adapts quickly to changes in music•Adapts quickly to changes in musicp q y g
•Characterizes the music using mood parameters (ie: tempo)•Characterizes the music using mood parameters (ie: tempo)Characterizes the music using mood parameters (ie: tempo)
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R bRobot R l Ti C tRobot Real‐Time ControRobot Real‐Time ControReal Time Contro
C bl d b lt d i t d i S h i d• Cable and belt driven to reduce moving mass •Seven synchronized axeCable and belt driven to reduce moving mass Seven synchronized axe
M l d i S lidW k d C MOTION C bi li j i• Motors selected using SolidWorks and CosmosMOTION •Cubic spline trajectory i• Motors selected using SolidWorks and CosmosMOTION •Cubic spline trajectory ig
h l b d fl bl l d

p j y
b d• Spherical bearings and flexible couplings accommodate •Distributed over two Co• Spherical bearings and flexible couplings accommodate  •Distributed over two Cop g p g

student manufacturing tolerances •PID control provides goostudent manufacturing tolerances •PID control provides goog p g

K hi K hi D Mik S b i P l E P Al ThKenshi Kawguchi   Dave Mika   Sebastian Peleato   Eugene Peng   Alex ThomsonKenshi Kawguchi,  Dave Mika,  Sebastian Peleato,  Eugene Peng,  Alex Thomsong , , , g g,

f l llLearning Artificial IntelligenceLearning Artificial IntelligenceLearning Artificial Intelligenceg g
•Processes stream of music information and replica positions•Processes stream of music information and replica positionsProcesses stream of music information and replica positions
•Verifies that moves satisfy kinematic constraints•Verifies that moves satisfy kinematic constraintsVerifies that moves satisfy kinematic constraints
St d ith i t t d t i th t i•Stores processed moves with appropriate metadata in the repertoireStores processed moves with appropriate metadata in the repertoire

RepertoireRepertoire
R li ti

p
Replica motionReplica motion

GesturesGestures

SegmenterSegmenter MotionSegmenterSegmenter Motion gg
Music beats ProfileMusic beats Profile

Music mood/style PupilPupil AssociationsMusic mood/style PupilPupil Associations/ y

R iRepertoireRepertoireRepertoirep

P f A tifi i l I t lliPerformance Artificial IntelligencePerformance Artificial Intelligenceg
Ch t f th t i b d• Chooses gesture sequences from the repertoire basedChooses gesture sequences from the repertoire based 

i don current music moodon current music mood
f il h i h• Repeats a sequence of gestures until the music changes• Repeats a sequence of gestures until the music changes p q g g

or the robot gets boredor the robot gets boredg
• Creates blending gestures to transition between• Creates blending gestures to transition between g g
sequencessequencessequences

lolol Predictedol Predicted
f ti t l i b Aligned beatss of motion control music beats Aligned beatss of motion control music beats

l interpolationnterpolationp
llompactRIO controllersompactRIO controllersp

od trajectory trackingod trajectory trackingj y g

Performance AIPerformance AI

T llTo controllerTo controller

Music mood/style RepertoireRepertoireMusic mood/style RepertoireRepertoirey pp

h k i l f i Sh ldThanks to National Instruments Igus Professor Jan Huissoon Sheldon BrownThanks to National Instruments, Igus, Professor Jan Huissoon, Sheldon Brown, 
J i B ttl R d S h Ni M th D i Sh l dJamieson Brettle Rodger Schorr Nipun Mathur Devin Shelgren andJamieson Brettle, Rodger Schorr, Nipun Mathur, Devin Shelgren, and 
M h i l d M h t i E i iMechanical and Mechatronics EngineeringMechanical and Mechatronics Engineering


