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Real-Time Human Tracking by Audio-Visual Integration for Humanoids

— Integration of Active Audition and Face Recognition —

Kazuhiro Nakadai*!*?, Ken-ichi Hidai*!*3, Hiroshi Mizoguchi**,
Hiroshi G. Okuno*'*® and Hiroaki Kitano*!

This paper describes a real-time human tracking system by audio-visual integrtation for the humanoid SIG. An
essential idea for real-time and robust tracking is hierarchical integration of multi-modal information. The system
creates three kinds of streams — auditory, visual and associated streams. An auditory stream with sound source
direction is formed as temporal series of events from audition module which localizes multiple sound sources and
cancels motor noise from a pair of microphones. A visual stream with a face ID and its 3D-position is formed as
temporal series of events from vision module by combining face detection, face identification and face localization
by stereo vision. Auditory and visual streams are associated into an associated stream, a higher level representation
according to their proximity. Because the associated stream disambiguates parcially missing information in auditory
or visual streams, “focus-of-attention” control of SIG works well enough to robust human tracking. These processes
are executed in real-time with the delay of 200 msec using off-the-shelf PCs distributed via TCP/IP. As a result,
robust human tracking is attained even when the person is visually occluded and simultaneous speeches occur.
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Fig.1 SIG the humanoid
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Fig.2 The system architecture for real-time human tracking
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Table 2 Event generation cycle and latency

visual event 200 ms
auditory event 40 ms
motor event 100 ms
network latency | 10 ~ 200 ms
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