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Musical Robot Co-Player:
Real-time Synchronization with a Human Flutist
Recognizing Visual Start and End Cues

ANGELICA Liv,™! Takesnr Mizumoro, !
TakuMA OTsUKA,! Louts-KENzo FURUYA CAHIER, !
TETSUYA OcATAT! and Hirosur G. Okunof!

Listening and watching are important skills for co-players to play in time
with fellow musicians. By detecting visual cues and listening to other players,
musicians can start together, stop together, and follow a leader’s visual cues
of changes in tempo. In this paper, we formalize three visual cues for the case
of flutists, and describe how our thereminist robot co-player system detects
them. Initial experiments show over 83% detection rates for our 3 types of

visual cues. Additionally, by coupling visual cues and acoustic beat detection,
the robot can extract a tempo in half a second. The resulting robot co-player
can play theremin and sing a song with the lead of a human flutist.
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Fig.1 Theremin-playing robot, HRP-2, plays theremin by synchronizing with audio and visual cues
of a human ensemble leader (flutist).
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Fig.2 Trajectories of flute visual cues: Start, End and Beat Cues.
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Fig.3 Detection of a flute by extracting lines. (a) Original input image, (b) processed image with

detected Hough lines and (c) outliers marked in red, with the flute angle to track in white.
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Fig.4 Finite state machines to detect three cues.
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Fig.5 Our audio-visual matching scheme. Visual cues act as an enabler; detected note onsets

which fall into a pre-specified range around visual cues are considered as matched beats.
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Fig.7 Overview of our robot accompanist system: it detects tempo by integrating visual gesture
recognition and audio onset detection, and plays theremin and sings a song by VOCALOID
Prima with the lead of a flutist.
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Fig.8 Actual input images from robot’s camera for our three experimental conditions.
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