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Abstract

This study focuses on the issue of automatic severity classification of dysarthric speakers based on speech intelligibility.
Speech intelligibility is a complex measure that is affected by the features of multiple speech dimensions. However, most
previous studies are restricted to using features from a single speech dimension. To effectively capture the characteristics of
the speech disorder, we extracted features of multiple speech dimensions: voice quality, prosody, and pronunciation. Voice
quality consists of jitter, shimmer, Harmonic to Noise Ratio (HNR), number of voice breaks, and degree of voice breaks.
Prosody includes speech rate (total duration, speech duration, speaking rate, articulation rate), pitch (FO mean/std/
min/max/med/25quartile/75 quartile), and rhythm (%V, deltas, Varcos, rPVIs, nPVIs). Pronunciation contains Percentage of
Correct Phonemes (Percentage of Correct Consonants/Vowels/Total phonemes) and degree of vowel distortion (Vowel Space
Area, Formant Centralized Ratio, Vowel Articulatory Index, F2-Ratio). Experiments were conducted using various feature
combinations. The experimental results indicate that using features from all three speech dimensions gives the best result, with
a 80.15 Fl-score, compared to using features from just one or two speech dimensions. The result implies voice quality,
prosody, and pronunciation features should all be considered in automatic severity classification of dysarthria.
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Figure 1. Design of the experiment
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Figure 2. Mean values for voice quality measurements
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Figure 3. Mean values for speech rate measurements
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FCR, formant centralized ratio; VAI, vowel articulatory index.
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Figure 7. Mean values for vowel distortion measurements
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Table 4. Experimental result (F1-score)

EA =3 FS #F SVM MLP
MFCCs (baseline) - 13 53.69 46.52
- 13+5 52.73 51.10

MFCCs++ 2 RFE 13+2 53.31 48.29
ETC 13+2 53.31 48.29

- 13420 59.80 56.14

MFCCs+3$& RFE 13+8 58.8 51.11
ETC 13+7 57.51 50.18

- 13+7 74.45 64.45

MFCCs+3-& RFE 13+3 73.23 66.56
ETC 13+5 72.03 67.37

- 13425 60.09 59.96

MFCCs+24+24 | RFE 13+11 58.97 48.19
ETC 1349 63.42 54.94

- 13+12 72.89 68.79

MFCCs+22+%-3 | RFE 1346 76.87 73.85
ETC 13+6 76.77 73.02

- 13427 74.20 66.17

MFCCs+-&+45 | RFE 13+12 76.47 74.91
ETC 1349 78.13 68.22

o - 13432 69.41 69.13
MQC%CS:;_;%JF RFE | 13+14 77.28 65.51
ETC 13+10 80.15 78.09

SVM, support vector machine; MLP, multiple layer perceptron;
MFCCs, mel frequency cepstral coefficients; RFE, recursive feature
elimination; ETC, extra trees classifier.

5. 54 239 4A 27he
Table 5. Relative increase of different feature combinations

=7 %3 SVM MLP
MFCCs+32 -0.71 3.80
MFCCs+3& 7.11 7.87
MFCCs+432 34.16 44.82
MFCCs+& 2 +2& 18.12 18.10
MFCCs++ 2 +2 5 42.99 56.96
MFCCs+2&+1HS 45.52 46.65
MFCCs+5 A +3-&+1H2 4928 67.86

MEFCCs, mel frequency cepstral coefficients; SVM, support vector
machine; MLP, multiple layer perceptron.
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