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Figure 7. Comparison of the range of air pressure
between the previous mouth mechanism of WAS-1 and
the new one of WAS-2.

the ANN, we perform a preliminary experiment for varying the
number of hidden units. The experimental results are shown in
Fig. 8. As we may observe, the best fitting was found when six
hidden units were used. Thus, by defining the number of hidden
units (6) and learning steps to 523), we compare the
performance while using the previous and proposed control
system strategies. The experimental results are shown in Fig. 9.
As we may observe, we can clearly observe that the proposed
feed-forward control system with dead-time compensation
presented a more stable dynamic response to the air pressure
reference (in particular during the first Ssec of the musical
performance).

In order to compare both dynamic responses, we have
computed the correlation coefficient respect to the target signal
(Prep). The correlation coefficient is a quantity that gives the
quality of a least squares fitting to the original data (in this case,
the target signal). As a result, we found that the resulted air
pressure with the feed-forward control system with dead-time
compensation was more similar to the target one (correlation
coefficient of 0.636) than the previous control system
(correlation coefficient of 0.459). With these results, we can
assure the improvements done respect to the previous control
system (cascade feedback control).

3.3 Qualitative Performance Evaluation

In addition, we have performed a subjective analysis of the
improvements thanks to the implementation of the propose
control system. For this purpose, we have recorded the
performance of WAS-2 while playing the moonlight serenade
with the proposed control system and with the previous one. A
total of twelve subjects were asked to compare the above
recordings with the performance of a professional saxophonist.
The evaluation criterions are: pitch quality, tone stability and
overall performance. The maximum score (10) was considered
the professional one.

The experimental results are shown in Fig. 10. As we may
observe, a higher evaluation was given to the performance in all
the evaluation parameters with the proposed auditory control
system.
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Figure 8. Experimental results with the NN while
varying the number of Hidden Units.

Figure 9. Experimental results with the Feed-Forward
Control System with Dead Time Compensation.
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Figure 10. Experiments while evaluating the proposed
performance control implemented on the WAS-2 and
compared with the previous one and the performance
of a professional saxophonist.
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5. CONCLUSIONS AND FUTURE WORK
In this paper, the development of the Waseda Saxophonist
Robot No.2 (WAS-2) has been presented. In particular, the
improvements of the mechanical simulated organs involved in
the saxophone playing were introduced. In addition the
implementation of an auditory feedback system has been
described. A set of experiments were carried out to verify the
improvements of the musical performance of the WAS-2. As a
result, we could confirm the increase of the sound pressure
range, the imitation of the crescendo/decrescendo and the
improvements on the correctness of the pitch, tone stability and
overall performance.

As a future work, the proposed feed-forward control system
implemented for the air pressure will be also extended to
control the pitch (there is still some deviations of the pitch
during the performance). In addition, further studies will carried
out to study the influence on the shape of the oral cavity while
producing the saxophone sound.
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