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New Ensemble System Based on Mutual Entrainment Model T

Yohei KoBayasHi* and Yoshihiro MiyAake*

Mutual entrainment of rhythm is widely observed in the music performance between humans. However, one-sided action is dominant
in the performance between human and musical machine. Thus, in this research, we try to realize human-like ensemble system by using

mutual entrainment between human and machine, and constructed it by using coupled non-linear phase oscillator model. We also
evaluated the system from objective side by using phase difference between human and machine, and from subjective side by using
questionnaire to the performer. As the results, our system was estimated as more human-like than previous system, and the effectiveness

of our model and the importance of mutual entrainment was shown.
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Fig.1 Music score for ensemble

Player 1

Player 2

Fig.2 Ensemble between human and human
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Table 1 Result of humans en§emble

Trial 1 2 3 4 5 All
Average of hitting oycle | 214 | 194 | 191 | 195 | 191 | 197
(mseoc) . :
Standard Deviation of 17.0 {146 |11.5|14.5 |14.7(14.5
hitting oycle (msec) i
Average of hitting lag 22.1 | 8.2 1.7 | 82 | 0.0 | 8.1
(mseo)
Standard Deviation of 20.0 | 25.3 | 22.4 | 25.2 [22.9(23.2
hitting lag (msec)
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Fig.3 Relation between hitting lag /(n) and variation of hitting cycle
¢(n+1)-c(n) of each performer :

Table 2 Correlation between hitting lag /(n) and variation of hitting cycle
¢(n+1)-c(n) of each performer

Trial 1 2 3 4 5 | All

High -0.29{-0.29]0.30 |-0.29(-0.34 -0.30
Low -0.42]-0.38(-0.33(-0.38{-0.39| -0.38

Variation of hitting cycle
ealnt1)1-caln) (sec)

Variation of hitting cycle
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Fig.4 Relation between hitting lag variation /(11)-/(n-1) and variation of hitting
cycle c(n+1)-c(n) of each performer

Table 3 Correlation between hitting lag variation /(n)-/(n-1) and variation
of hitting cycle c(n+1)-c(n) of each performer
Trial 1 2 3 4 5 All
High -0.40|-0.48-0.60 | -0.45 |-0.50 | -0.49
Low <0.32|-0.45-0.50 | -0.48 (-0.42| -0.43
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Fig.7 How to simulate phase of human and calculate phase difference
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