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Spontaneous Speech Emotion Recognition Based On Spectrogram With
Convolutional Neural Network
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ABSTRACT

Speech emotion recognition (SER) is a technique that is used to analyze the speaker's voice patterns, including vibration, intensity,
and tone, to determine their emotional state. There has been an increase in interest in artificial intelligence (Al) techniques, which are
now widely used in medicine, education, industry, and the military. Nevertheless, existing researchers have attained impressive results
by utilizing acted-out speech from skilled actors in a controlled environment for various scenarios. In particular, there is a mismatch
between acted and spontaneous speech since acted speech includes more explicit emotional expressions than spontaneous speech. For
this reason, spontaneous speech-emotion recognition remains a challenging task. This paper aims to conduct emotion recognition and
improve performance using spontaneous speech data. To this end, we implement deep learning-based speech emotion recognition using
the VGG (Visual Geometry Group) after converting 1-dimensional audio signals into a 2-dimensional spectrogram image. The experimental
evaluations are performed on the Korean spontaneous emotional speech database from Al-Hub, consisting of 7 emotions, i.e., joy, love,
anger, fear, sadness, surprise, and neutral. As a result, we achieved an average accuracy of 83.5% and 73.0% for adults and young people
using a time-frequency 2-dimension spectrogram, respectively. In conclusion, our findings demonstrated that the suggested framework
outperformed current state-of-the-art techniques for spontaneous speech and showed a promising performance despite the difficulty in
quantifying spontaneous speech emotional expression.
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Table 3. Hyperparameter Setting

E;C’] VeGE Al x];n;;oa; B Ao L ALy Parameter Value
= sHE oM s Batch size 128
<= 9Iste] TRIFd(fine tuning)S St O™, A& Sho|H ) 0.00005(Adult)
st} €l (hyperparameter)= Table 37t Zt}. 0|9} T&o], Learning rate 0.000006(Young)
‘31 Agsta A= A= BeB7HE P57 Ao 5d 4 Epoch 50
Z(5-fold cross validation)& Z-&Jct WA, &5 = Dropout 0.5
SOQ Z3gion St5E(learning rate)S AU Had Z+ Optimizer Adam
0.00005, 0.000006°.2 AAstAC}. A3t T2 Relu Activation function Relu
Table 2. The Description of all the Spontaneous Emotional Speech Data
Group(N)
Emotion Adult Young
Train Test Total Train Test Total
Anger 7,074 1,769 8,843 9,033 2,259 11,292
Fear 6,036 1,510 7,546 9,751 2,438 12,189
Joy 9,668 2,418 12,086 9,245 2,397 11,642
Love 2,793 699 3,492 8,633 1,584 10,217
Neutral 9,636 2,409 12,045 9,551 2,388 11,939
Sadness 9,557 2,390 11,947 8,775 1,239 10,014
Surprise 3,043 761 3,804 8,081 1,890 9,971
Total 49,831 9,932 59,763 39,100 14,195 53,295
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Table 4. The Class-wise Emotion Recognition Results
in Term of Precision, Recall, Weighted, Unweighted,
and F-1 Score for Adult

Table 5. The Class-wise Emotion Recognition Results
in Term of Precision, Recall, Weighted, Unweighted,
and F1-score for Young

Emotion Precision(%) Recall(%) F1-Score(%) Emotion Precision(%) Recall(%) F1-Score(%)
Anger 0.78 0.81 0.80 Anger 0.70 0.68 0.69
Fear 0.84 0.71 0.77 Fear 0.68 0.68 0.68
Joy 0.91 0.94 0.93 Joy 0.76 0.78 0.77
Love 0.76 0.69 0.72 Love 0.72 0.62 0.67
Neutral 0.93 0.90 0.92 Neutral 0.82 0.83 0.83
Sadness 0.81 0.87 0.84 Sadness 0.64 0.69 0.67
Surprise 0.77 0.81 0.79 Surprise 0.72 0.75 0.73
Weighted 0.85 0.85 0.85 Weighted 0.73 0.73 0.73
Unweighted 0.83 0.82 0.82 Unweighted 0.72 0.72 0.72

anger 4.30% 1.77% 2.55% 1.63% 5.05% 6.74%
fear - 6.34% 0.48% 13.88% 2.01% 4.24% 7.74%
joy - 2.68% 0.00% 0.04% 3.70% 0.00%

love - 2.79% 2.97% 0.20% 2.20% 4.37%

neutral - 2.51% 3.44% 1.65%

sadness - 4.92% 2.19% 4.66%

surprise - 2.62%  2.82% 0.04% 0.56%  1.20%

anger fear joy ove neutral sadness surprise

Fig. 3. A Confusion Matrix Between the Actual
and Predicted Labels for Adult
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Fig. 4. A Confusion Matrix Between the Actual
and Predicted Labels for Young
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