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[Abstract]

Recent advances in Automatic Speech Recognition (ASR) technology have driven active research in

Speech Emotion Recognition (SER) applications.

While SER performance heavily depends on data

quality and quantity, data scarcity remains a persistent challenge, making data augmentation techniques

essential. Existing voice quality evaluation metrics such as PESQ and STOI are single-dimensional

evaluation methods,

and have the disadvantage of not being able to comprehensively evaluate the

quality of audio data with high-dimensional and multi-dimensional characteristics, such as emotional

speech. This study proposes ESQ (Emotion-Specific Quality Assessment) metrics for evaluating the

quality of augmented emotional speech data. To validate the ESQ metrics, we utilized the EMO dataset

augmented across quality levels using MetricGAN. Experimental results demonstrate consistent score

improvements across all seven groups as quality levels increase,

improvement rate of 90.75%.

achieving an overall average
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I. Introduction
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Table 1. Detailed Characteristic Items and Importance Weights for Seven Groups of Proposed Emotion-Specific

Audio Quality Metrics

Main Qualit . . . . .
No v Detail Quality Measure Detail Feature Description Weight
Measure
. emotion embedding similarity MFCC based Similarity
Emotional - - P o
1 Consistency arousal consistency Degree of Emotional Activation 21%
valence consistency Degree of Positivity/Negativity
spectral centroid Brightness of Tone
spectral bandwidth Frequency Dispersion
2 Frequency spectral rolloff High-Frequency Distribution 20%
Domain spectral contrast Differences between Frequency Bands ’
mfcc similarity Voice Feature
harmonic ratio Speech to Noise Ratio
energy similarity Voice Volume
formant cosine similarity Voice Resonance
Perceptual — o
3 ; loudness similarity Perceptual Loudness 20%
Quality -
roughness measure Smoothness of Sound Quality
clarity index Voice Clarity
rms energy Signal Strength
zero crossing rate Signal Noise or Percussive
. . ti i
4 Time Domain duration . . Signal Lgngth 16%
temporal dynamics Signal Dynamic Changes
attack time Sound Start Characteristics
decay characteristics Sound End Characteristics
cosine similarity Vector Direction Similarity
. kl divergence similarity Probability Distribution Difference
Distribution - — o -
5 Similarity wasserstein similarity Distribution Distance 12%
js divergence Symmetric Distribution Difference
bhattacharyya similarity Degree of Distribution Overlap
pitch mean Fundamental Frequency (fo)
6 Prosodic pitch varl.ance Degree of Pitch Cc.>r.1ver5|on 10%
tempo consistency Rhythm Stability
intonation pattern Pitch Transformation Complexity
. silhouette score Cluster Quality
Clustering - - ; o
7 . davies bouldin score Cluster Separation 1%
Quality —— -
calinski harabasz score Cluster Density

Table 2. Quality Grade Classification System for Emotion Audio Data Augmentation

Quality

Score Range

Quality Characteristics

Excellent ‘S

0.85 < Q

score

High-fidelity preservation
¢ Complete retention of emotional attributes

Negligible perceptual differences
Consistently strong performance across evaluation metrics

e Minimal quality degradation

Preservation of emotion recognition accuracy

Only subtle differences observed

Generally favorable performance across most metrics

Very Good -y 0.70 < Q,pre < 0.85

¢ Moderate quality preservation

e Largely retained emotional information
Perceptually acceptable variations in quality
Quality degradation observed in certain metrics

Good ‘B’ 0.55

erm’e < 070

Noticeable quality degradation

¢ Partial loss of emotional information
Perceptually discernible degradation

e Quality deterioration across multiple metrics

Poor ‘D’ 040 < Qe < 0.55

Substantial quality degradation

Potential for emotional confusion
 Clearly perceptible quality differences

e Poor performance across multiple metrics

Very Poor D’ Queore < 0.40




50 Journal of The Korea Society of Computer and Information

Mal7t ARI= o, Aol o

g 4 0ds ARy T2 4“]0}‘34

DERNENERR

£ 47} 04

AL SIgAIS, B =0 &40l Exfel] Hizo]

NI
& ou2 HolHe Alsst A 2o Agte oz &-go]
bt &2 Sa= 2ulett. opA[9f o2 Very Poor(D)
2 Su2 A F2 Atz sl A7 540l A
S 4 I Aol BARR 9FE vA 71
o] Fom, Yufe] Pk AXfo|= QIsh 7ol et
2 A=A F42 471 0.4 o5kl B9E 2ujeitt
& 32 589 deolHe 50l FEstAl A 2714
A S i o] BN A el ouleitt

III. Experimental Results
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Table 3. Basic information about the audio files by
class in Emo-DB used in the experiment

Class Num of Qrigin Tote?l Segments
Wav Files Duration (2 sec)
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E 46 154.23 54
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Table 4. Performance Comparison Results of Four Detailed Indicators in the 'Prosodic’ Group of ESQ
Metrics by Quality Level

Lv. F N W T A L E
1 0.460 0.092 0.477 0.262 0.339 0.444 0.372
Pitch Mean 3 0.679 0.831 0.784 0.820 0.770 0.819 0.816
5 0.799 0.797 0.781 0.804 0.772 0.827 0.840
1 0.980 0.000 0.678 0.867 0.725 0.741 0.948
Pitch Variance 3 0.874 0.934 0.947 0.822 0.864 0.959 0.703
5 0.981 0.938 0.976 0.826 0.848 0.997 0.903
1 0.442 0.430 0.613 0.605 0.511 0.602 0.567
Tempo Consistency 3 0.548 0.553 0.536 0.705 0.499 0.502 0.631
5 0.544 0.508 0.532 0.656 0.510 0.520 0.535
1 0.890 0.000 0.814 0.952 0.773 0.812 0.899
Intonation Pattern 3 0.891 0.895 0.958 0.913 0.779 0.923 0.744
5 0.940 0.912 0.979 0.908 0.767 0.954 0.889
1 0.693 0.130 0.646 0.672 0.587 0.650 0.697
Avg. 3 0.748 0.803 0.806 0.815 0.728 0.801 0.723
5 0.816 0.788 0.817 0.799 0.724 0.825 0.792

Table 5. Performance Comparison Results of Three Detailed Indicators in the 'Emotional Consistency'
Group of ESQ Metrics by Quality Level

Lv. F N W T A L E
Emotion Embedding 1 0.904 0.798 0.897 0.900 0.851 0.846 0.894
Similarity 3 0.945 0.911 0.954 0.969 0.940 0.929 0.930
5 0.965 0.971 0.961 0.974 0.958 0.959 0.969
1 0.113 0.797 0.038 0.090 0.070 0.123 0.084
Arousal Consistency 3 0.618 0.723 0.756 0.676 0.692 0.772 0.696
5 0.740 0.715 0.759 0.677 0.783 0.772 0.769
1 0.182 0.129 0.078 0.034 0.309 0.115 0.203
Valence Consistency 3 0.449 0.202 0.657 0.428 0.522 0.306 0.400
5 0.815 0.718 0.807 0.676 0.844 0.671 0.887
1 0.399 0.575 0.338 0.341 0.410 0.362 0.394
Avg. 3 0.671 0.612 0.789 0.691 0.718 0.669 0.676
5 0.840 0.801 0.843 0.775 0.862 0.801 0.875

Table 6. Performance Comparison Results of Six Detailed Indicators in the 'Frequency Domain” Group of
ESQ Metrics by Quality Level

Lv. F N W T A L E
1 0.094 0.065 0.035 0.014 0.217 0.050 0.074
Spectral Centroid 3 0.329 0.181 0.473 0.378 0.435 0.354 0.279
5 0.646 0.566 0.627 0.524 0.695 0.534 0.743
1 0.310 0.311 0.342 0.263 0.340 0.326 0.424
Spectral Bandwidth 3 0.453 0.269 0.610 0.421 0.408 0.299 0.425
5 0.783 0.639 0.811 0.660 0.814 0.606 0.868
1 0.143 0.103 0.100 0.031 0.216 0.100 0.183
Spectral Roll-off 3 0.292 0.117 0.452 0.262 0.321 0.152 0.266
5 0.650 0.527 0.645 0.501 0.679 0.492 0.753
1 0.094 0.000 0.101 0.107 0.074 0.118 0.084
Spectral Contrast 3 0.513 0.586 0.572 0.703 0.589 0.603 0.248
5 0.635 0.660 0.665 0.511 0.665 0.594 0.633
1 0.904 0.798 0.897 0.900 0.851 0.846 0.894
MFCC similarity 3 0.945 0.911 0.954 0.969 0.940 0.929 0.930
5 0.965 0.971 0.961 0.974 0.958 0.959 0.969
1 0.021 0.110 0.020 0.390 0.226 0.304 0.477
Harmonic Ratio 3 0.178 0.578 0.466 0.626 0.549 0.657 0.309
5 0.446 0.601 0.428 0.642 0.574 0.669 0.530
1 0.261 0.231 0.249 0.284 0.321 0.291 0.356
Avg. 3 0.452 0.440 0.588 0.560 0.540 0.499 0.410
5 0.688 0.661 0.689 0.635 0.731 0.642 0.749
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Table 7. Performance Comparison Results of Five Detailed Indicators in the ‘Perceptual’ Group of ESQ
Metrics by Quality Level

Lv. F N W T A L E
1 0.091 0.000 0.043 0.062 0.092 0.062 0.058
Energy Similarity 3 0.466 0.500 0.520 0.502 0.518 0.547 0.563
5 0.509 0.502 0.507 0.493 0.541 0.557 0.560
1 0.133 0.004 0.172 0.229 0.168 0.118 0.372
Formant Cosine Similarity 3 0.413 0.561 0.585 0.484 0.534 0.529 0.502
5 0.599 0.591 0.612 0.489 0.545 0.573 0.613
1 0.289 0.000 0.172 0.178 0.252 0.237 0.144
Loudness Similarity 3 0.686 0.697 0.707 0.704 0.720 0.734 0.746
5 0.706 0.705 0.699 0.699 0.741 0.754 0.751
1 0.759 0.000 0.472 0.462 0.458 0.732 0.242
Roughness Measure 3 0.082 0.577 0.669 0.589 0.681 0.732 0.471
5 0.690 0.554 0.686 0.533 0.620 0.697 0.643
1 0.284 0.000 0.258 0.223 0.300 0.246 0.154
Clarity Index 3 0.668 0.654 0.671 0.652 0.659 0.699 0.702
5 0.661 0.667 0.671 0.640 0.673 0.702 0.693
1 0.311 0.001 0.223 0.231 0.254 0.279 0.194
Avg. 3 0.463 0.598 0.631 0.586 0.622 0.648 0.597
5 0.633 0.604 0.635 0.571 0.624 0.657 0.652

Table 8. Performance Comparison Results of Six Detailed Indicators in the ‘Time Domain” Group of ESQ
Metrics by Quality Level

Lv F N W T A L E
1 0.259 0.000 0.195 0.209 0.279 0.233 0.158
RMS Energe 3 0.708 0.672 0.734 0.677 0.713 0.721 0.733
5 0.704 0.705 0.736 0.658 0.745 0.720 0.715
1 0.0 0.036 0.000 0.000 0.028 0.000 0.000
Zero Crossing Rate 3 0.053 0.031 0.127 0.267 0.291 0.489 0.040
5 0.613 0.540 0.367 0.496 0.720 0.569 0.790
1 0.562 0.496 0.563 0.675 0.450 0.634 0.725
Duration 3 0.704 0.638 0.691 0.649 0.660 0.688 0.725
5 0.687 0.665 0.673 0.653 0.657 0.680 0.728
1 0.113 0.797 0.038 0.090 0.070 0.123 0.084
Temporal Dynamics 3 0.618 0.723 0.756 0.676 0.692 0.772 0.696
5 0.740 0.715 0.759 0.677 0.783 0.772 0.769
1 0.651 0.695 0.601 0.261 0.561 0.574 0.344
Attack Time 3 0.737 0.739 0.651 0.447 0.640 0.631 0.547
5 0.661 0.660 0.637 0.394 0.661 0.636 0.561
1 0.214 0.000 0.196 0.291 0.352 0.712 0.321
Decay Characteristics 3 0.245 0.484 0.437 0.312 0.367 0.644 0.294
5 0.332 0.546 0.460 0.315 0.409 0.648 0.315
1 0.300 0.337 0.266 0.254 0.290 0.380 0.272
Avg. 3 0.511 0.548 0.566 0.505 0.561 0.658 0.506
5 0.623 0.638 0.605 0.532 0.663 0.671 0.646
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Table 9. Performance Comparison Results of Five Detailed Indicators in the ‘Distribution Similarity’ Group
of ESQ Metrics by Quality Level

Lv. F N W T A L E
1 0.002 0.001 0.001 0.004 0.000 0.001 0.002
Energy Similarity 3 0.007 0.014 0.007 0.011 0.013 0.014 0.006
5 0.015 0.018 0.009 0.012 0.018 0.015 0.015
1 0.288 0.843 0.240 0.257 0.257 0.224 0.266
Formant Cosine Similarity 3 0.880 0.866 0.892 0.823 0.862 0.835 0.871
5 0.911 0.903 0.912 0.838 0.902 0.891 0.910
1 0.652 0.185 0.609 0.551 0.556 0.573 0.506
Loudness Similarity 3 0.873 0.866 0.886 0.865 0.863 0.864 0.884
5 0.891 0.888 0.896 0.866 0.891 0.894 0.895
1 0.884 0.933 0.857 0.834 0.824 0.854 0.814
Roughness Measure 3 0.968 0.972 0.976 0.963 0.965 0.968 0.976
5 0.981 0.979 0.983 0.962 0.977 0.978 0.981
1 0.834 0.837 0.778 0.741 0.721 0.787 0.700
Clarity Index 3 0.965 0.968 0.975 0.958 0.962 0.964 0.974
5 0.980 0.977 0.982 0.957 0.976 0.976 0.979
1 0.532 0.560 0.497 0.477 0.472 0.488 0.458
Avg. 3 0.739 0.737 0.747 0.724 0.733 0.729 0.742
5 0.755 0.753 0.756 0.727 0.753 0.751 0.756

Table 10. Performance Comparison Results of Three Detailed Indicators in the ‘Clustering’” Group of ESQ
Metrics by Quality Level

Lv F N W T A L E
_ _ 1 0.997 0.996 0.989 0.989 0.994 0.993 0.993
Emo“gi”mﬁa”;ﬁjdd'”g 3 0.998 0.997 0.999 0.996 0.998 0.995 0.998
5 0.999 0.998 0.999 0.997 0.999 0.998 0.999
1 0.962 0.955 0.931 0.929 0.947 0.943 0.943
Arousal Consistency 3 0.967 0.961 0.975 0.957 0.967 0.949 0.968
5 0.976 0.974 0.978 0.967 0.979 0.968 0.978
1 0.998 0.998 0.994 0.994 0.997 0.996 0.996
Valence Consistency 3 0.999 0.998 0.999 0.998 0.999 0.997 0.999
5 0.999 0.999 0.999 0.999 0.999 0.999 0.999
1 0.986 0.983 0.971 0.971 0.980 0.977 0.978
Avg. 3 0.988 0.985 0.991 0.983 0.988 0.980 0.988
5 0.991 0.990 0.992 0.987 0.992 0.988 0.992
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Table 11. Average Performance Comparison Results of Seven ESQ Metric Groups by Quality Level

Group Lv F N W T A L E Avg. QG
0.693 0.130 0.646 0.672 0.587 0.650 0.697 0.582
Prosodic 0.748 0.803 0.806 0.815 0.728 0.801 0.723 0.775

0.816 0.788 0.817 0.799 0.724 0.825 0.792 0.794

0.399 0.575 0.338 0.341 0.410 0.362 0.394 0.403

Emotional Consistency 0.671 0.612 0.789 0.691 0.718 0.669 0.676 0.689

0.840 0.801 0.843 0.775 0.862 0.801 0.875 0.828

0.261 0.231 0.249 0.284 0.321 0.291 0.356 0.285

Frequency Domain 0.452 0.440 0.588 0.560 0.540 0.499 0.410 0.498

0.688 0.661 0.689 0.635 0.731 0.642 0.749 0.685

0.311 0.001 0.223 0.231 0.254 0.279 0.194 0.213

Perceptual 0.463 0.598 0.631 0.586 0.622 0.648 0.597 0.592

0.633 0.604 0.635 0.571 0.624 0.657 0.652 0.625

0.300 0.337 0.266 0.254 0.290 0.380 0.272 0.300

Time Domain 0.511 0.548 0.566 0.505 0.561 0.658 0.506 0.551

0.623 0.638 0.605 0.532 0.663 0.671 0.646 0.626

0.532 0.560 0.497 0.477 0.472 0.488 0.458 0.498

Distribution Similarity 0.739 0.737 0.747 0.724 0.733 0.729 0.742 0.736

0.755 0.753 0.756 0.727 0.753 0.751 0.756 0.750

0.986 0.983 0.971 0.971 0.980 0.977 0.978 0.978

Clustering 0.988 0.985 0.991 0.983 0.988 0.980 0.988 0.986

gw=|lolw—lgaw/=luwl=luw=luaw =lulw| =
NV 0DE0OWmOwWO|0|>w0|>>w

0.991 0.990 0.992 0.987 0.992 0.988 0.992 0.991

Table 12. Improvement Rate Comparison Results of ESQ Metric Groups by Quality Level

Improvement Rate (%)
Group Lv.1 Lv.3 Lv.5
Lv.1—3 Lv.3—5 Lv.1—5
Prosodic 0.582 0.775 0.794 A 3316 A 245 A 3643
Emotional Consistency 0.403 0.689 0.828 A 093 A 20.17 A 105.46
Frequency Domain 0.286 0.498 0.685 A 7474 A 3755 A 140.35
Perceptual 0.213 0.592 0.625 A 17793 A 557 A 19343
Time Domain 0.300 0.551 0.626 A 8367 A 1361 A 108.67
Distribution Similarity 0.498 0.736 0.750 A 4797 A 190 A 50.60
Clustering 0.978 0.986 0.991 A 082 A 051 A133
Avg. 0.466 0.690 0.757 A 6987 A 11.68 A 9075
Table 13. Setting group-specific weights for ESQ metric
Group Lv.1 Avg. Lv.5 Avg. A=Iv5—Ivl AJZA Proposed
Weight (%)
Prosodic 0.582 0.794 0.212 0.104 10
Emotional Consistency 0.403 0.828 0.425 0.208 21
Frequency Domain 0.286 0.685 0.399 0.196 20
Perceptual 0.213 0.625 0.412 0.202 20
Time Domain 0.300 0.626 0.326 0.160 16
Distribution Similarity 0.498 0.75 0.252 0.124 12
Clustering 0.978 0.991 0.013 0.006 1

Table 14. Comparison Results Between Conventional Quality Measurement Methods (PESQ, STOI, SNR) and
ESQ by Quality Level

Level Target STOI ESQ PESQ STOI SNR

1 0.35 0.470 4.98 0.718 21.3

0.50 0.588 4.99 0.732 222

0.65 0.675 4.99 0.731 224

2
3
4 0.75 0.702 5.00 0.747 22.7
5 0.85 0.738 5.00 0.836 22.8
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Table 15. The results of measuring the quality of the data set augmented with the existing VTLP,
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StarGAN-VC, and CycleGAN-VC models using the ESQ metric

3o

=2a=
Q]
E'.

A @Y BE Peteet

No. M?Jlr;aiﬂfgty Detail Quality Measure \gl{g Starz(futﬁlg L Cycl;g?gl He
emotion embedding similarity 0.983 0.970 0.974
1 Emotional arousal consistency 0.744 0.763 0.764
Consistency valence consistency 0.839 0.767 0.859
Avg. 0.855 0.833 0.866
spectral centroid 0.527 0.500 0.505
spectral bandwidth 0.538 0.506 0.515
Frequency spectral rolloff 0.528 0.501 0.506
2 Domain spectral contrast 0.548 0.545 0.549
mfcc similarity 0.984 0.970 0.971
harmonic ratio 0.523 0.504 0.441
Avg. 0.608 0.588 0.581
energy similarity 0.744 0.763 0.764
formant cosine similarity 0.913 0.878 0.942
3 Perceptual loudness similarity 0.597 0.578 0.569
roughness measure 0.655 0.894 0.832
clarity index 0.427 0.210 0.319
Avg. 0.667 0.664 0.685
rms energy 0.629 0.601 0.592
zero crossing rate 0.546 0.517 0.527
duration 0.908 0.911 0.914
4 Time Domain temporal dynamics 0.627 0.589 0.604
attack time 0.571 0.480 0516
decay characteristics 0.219 0.213 0.190
Avg. 0.583 0.552 0.557
cosine similarity 0.901 0.869 0.884
kl divergence similarity 0.794 0.942 0.949
5 Distribution wasserstein similarity 0.998 0.998 0.998
Similarity js divergence 0.686 0.659 0.676
bhattacharyya similarity 0.888 0.870 0.883
Avg. 0.853 0.868 0.878
pitch mean 0.742 0.765 0.685
pitch variance 0.727 0.607 0.510
6 Prosodic tempo consistency 0.597 0.544 0.621
intonation pattern 0.580 0.509 0.497
Avg. 0.662 0.606 0.578
silhouette score 0.998 0.998 0.998
7 Clustering davies bouldin score 0.920 0.914 0.924
Quality calinski harabasz score 0.955 0.950 0.957
Avg. 0.958 0.954 0.960
ESQ Score 0.706 0.688 0.697
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Table 16. Summary of key features of the existing VTLP, StarGAN-VC, and CycleGAN-VC models

VTLP StarGAN-VC CycleGAN-VC
ESQ Score 0.706+0.062 0.688+0.068 0.697+0.063
Rank 1 3 2
Prosodic, Time Domain, Emotional, Distribution,
Strengths ) -
Frequency Domain Perceptual
Weaknesses Distribution Prosodic, Time Domain Prosodic, Frequency
Stable quality based on Balanced performance but E>.<cellent n em.otlc.mal.
Features L . . . consistency and distribution
traditional signal prosessing weak in some measure .
similarity
Bast Use Prosody focus Balanced needs Emotion focus
Table 17. Comparison of augmented quality assessment results between existing metrics and the
proposed ESQ metric
PESQ STOI SNR(dB) ESQ
VTLP 2.138+1.170 0.901+0.060 0.36£3.97 0.706+0.062
StarGAN-VC 1.070£0.148 0.350+0.148 -13.16£2.22 0.688+0.068
CycleGAN-VC 1.070+0.164 0.353+0.060 -13.15%£2.21 0.697+0.063

Table 18. Comparison of emotion recognition classification model accuracy based on

speech augmentation

model
VTLP StarGAN-VC CycleGAN-VC
LST™M 0.6335 0.4163 0.2194
CNN_1D 0.5294 0.3529 0.4137
CNN_2D 0.5701 0.3710 0.6619
ResNet_18 0.5747 0.3122 0.4928
ResNet_50 0.5068 0.2715 0.5324
Transformer 0.5656 0.2670 0.6043
Avg. ¥ Std. 0.563+0.040 0.332%0.054 0.487+0.143
IV. Conclusions + 71& 4 &8 Ao 9 Bdshr] HfeliA 4A
efeo Setd Mg 34 574 AEE At &
geld 7] RR9] 52 sl HlolHY 24 Yol =x 24 x)mE Time Domain, Frequency Domain,
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