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Table 1.  Development environment.

0S Mac 0OS 10.14.2
CPU Intel Core ib
Framework Intel Core ib
Language Python 3.6.0

Table 2.  Learning condition of CNN and FNN.

Image size of CNN 64 X 64
Number of feature vectors of FFNN 4, 8, 16, 32

Epoch number 100

Learning rate 0. 001

Batch size 50

Training data Correct answers 700
Incorrect answers 700

Test data Correct answers 100
Incorrect answers 100
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Fig. 6. Optimization of neural networks.

Table 3.  Evaluation of CNN and FNN.
Accuracy [%] Learning time [sec] Inference timel[sec]
Spectrogram with 89 840 3.07
CNN
Singing formant 95 301 0. 06
with FNN
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