
Chord

Recognition : 

홍석준, 조승연, 김윤기, 김성운,
정서현

경소현, 한민석, 심성호,강성식



Our goal

Gm7 C7 FM7

Given
Audio DATA :



Feature Extraction

Time Frequency

Fourier
Transform



Feature Extraction

[  1 , 2, 4,  5,               …                  10.1]Chroma Vector : 

Fujishima (ICMC, 1999)



Mathematical Model

Probabilistic Graphical Model

Hidden Markov Model Bayesian Netwok



Hidden Markov Model – Sheh, Ellis (2003)

Markov Process 𝑋1 𝑋2 𝑋3

Dm7 G7 CM7

Hidden Markov Model 𝑋1 𝑋2 𝑋3

𝑌1 𝑌2 𝑌3

: Chord

: Chroma
Vector



Problems

Markov Process

Transition Probability

Emission Probability
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Recurrent Neural Network
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Vanishing Gradient Problem
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LSTM (Long Short-term Memory)

Schmidhuber, Hochreiter
“LONG SHORT-TERM 
MEMORY” (1997)



GRU (Gated Recurrent Neural Networks) 

Chung, Junyoung, et al. 
“Empirical evaluation of 
gated recurrent neural 
networks on sequence 
modeling.” (2014)



Data set - Beatles
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HMM case…

57.7%



Results - RNN

Epoch 36/40
10s - loss: 0.5620 - acc: 0.8327 - val_loss: 0.7360 - val_acc: 0.7900
Epoch 37/40
10s - loss: 0.5627 - acc: 0.8328 - val_loss: 0.7552 - val_acc: 0.7803
Epoch 38/40
10s - loss: 0.5603 - acc: 0.8331 - val_loss: 0.7687 - val_acc: 0.7783
Epoch 39/40
10s - loss: 0.5622 - acc: 0.8324 - val_loss: 0.8207 - val_acc: 0.7871
Epoch 40/40

10s - loss: 0.5676 - acc: 0.8328 - val_loss: 0.7631 - val_acc: 0.7865
Train on 73000 samples, validate on 3072 samples

test_SimpleRNN
[0.66649848595261574, 0.80436197916666663]



Results - LSTM

Epoch 36/40
27s - loss: 0.5398 - acc: 0.8553 - val_loss: 0.7132 - val_acc: 0.8213
Epoch 37/40
27s - loss: 0.5469 - acc: 0.8544 - val_loss: 0.8049 - val_acc: 0.7910
Epoch 38/40
27s - loss: 0.5557 - acc: 0.8559 - val_loss: 0.7751 - val_acc: 0.7881
Epoch 39/40
27s - loss: 0.5481 - acc: 0.8552 - val_loss: 0.7311 - val_acc: 0.8070
Epoch 40/40

27s - loss: 0.5567 - acc: 0.8527 - val_loss: 0.7873 - val_acc: 0.8024

test_LSTM
[0.72307247652982676,0.81510416666666663]]



Results - GRU

Epoch 36/40
25s - loss: 0.3815 - acc: 0.8887 - val_loss: 0.5499 - val_acc: 0.8486
Epoch 37/40
25s - loss: 0.3882 - acc: 0.8898 - val_loss: 0.5488 - val_acc: 0.8597
Epoch 38/40
25s - loss: 0.3855 - acc: 0.8898 - val_loss: 0.5435 - val_acc: 0.8607
Epoch 39/40
25s - loss: 0.3863 - acc: 0.8906 - val_loss: 0.5334 - val_acc: 0.8503
Epoch 40/40

25s - loss: 0.3913 - acc: 0.8894 - val_loss: 0.5160 - val_acc: 0.8590

song_GRU_Let it be
[1.3216885417255002, 0.76119402985074625]



Results – GRU (Let it be)



State-of-the-art



Neural Networks



Automatic Composition & Arrangement

CM7 Am7 Dm7 G7 CM7 Am7 Dm7



Lead sheet



Future work




