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2 Normalization
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! Mel-frequency Cepstral coefficients

2 Mel-frequency Product Spectrum Cepstral Coefficients
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Test Feature set SNR(dB)
set Clean 20 15 10 5 0 -5 Ave
MFCC 96.64 88.71 79.00 60.14 34.88 18.69 12.86 56.28
A MGDCC 81.32 70.22 60.53 47.00 28.49 10.85 -0.64 43.42
MFMGDCC | 55.32 50.69 48.43 42.02 32.47 19.90 12.09 38.70
MFPSCC 96.41 89.11 80.08 63.17 37.62 19.98 13.38 57.99
MFCC 96.64 90.14 82.98 66.87 41.94 22.54 13.75 60.90
B MGDCC 81.32 69.46 60.76 47.09 28.60 11.61 -0.16 43.50
MFMGDCC | 55.32 48.07 45.56 38.14 28.23 16.99 9.71 35.40
MFPSCC 96.41 90.40 83.30 68.61 44.82 23.94 14.20 62.22
MFCC 96.65 89.82 80.67 62.65 38.80 20.97 14.11 58.58
c MGDCC 81.46 68.66 54.76 36.95 17.74 1.38 -5.16 35.90
MFMGDCC | 52.47 51.86 49.23 43.35 34.46 22.56 12.86 40.29
MFPSCC 96.32 90.41 81.59 65.33 42.18 22.66 14.49 60.43

1 Accelerator Coefficients
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Test Feature set SNR(dB)
set Clean 20 15 10 5 0 -5 Ave
MFCC+A+AA 99/34 | 97/04 | 92/24 | 76/79 | 44/70 | 22/36 | 13/04 | 66/63
A MGDCC+A+AA 86/50 | 75/27 | 65/60 | 50/71 | 27/69 4/17 | -10/26 | 44/69
MFMGDCC+A+AA | 81/06 7176 | 68/96 | 61/09 | 45/39 2533 13/20 | 54/98
MFPSCC+A+AA 99/31 | 96/94 | 92/36 | 78/68 | 48/60 2137 13/43 | 67/99
MFCC+A+AA 99/34 | 97/81 | 94/28 | 82/73 | 54/48 | 26/93 | 14/26 7115
B MGDCC+A+AA 86/50 7158 | 64/37 | 48/84 | 26/07 5/06 -8/94 4158
MFMGDCC+A+AA | 81/06 7101 | 67/47 | 57/70 | 41/40 | 20/64 | 10/57 | 52/04
MFPSCC+A+AA 99/31 | 97/77 | 94/22 | 84/08 | 57/86 | 28/45 | 14/66 | 72/48
MFCC+A+AA 99/27 | 96/65 | 90/82 | 74/05 | 43/44 | 21/96 | 13/59 | 65/38
C MGDCC+A+AA 86/81 | 71/78 | 56/00 | 34/59 8/34 | -13/91 | -26/44 | 31/36
MFMGDCC+A+AA | 80/65 | 72/55 | 67/76 | 59/11 | 43/73 | 24/17 | 12/20 | 53/46
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. # Speakers # Utterances

Portion Subset Male Female Bonafide Spoofed

Train 8 12 2/580 22/800

ASVspoof 2019 LA Dev 8 12 2/548 22/296
Eval 30 37 7/355 63/882

Train 8 12 5/400 48/600

ASVspoof 2019 PA Dev 8 12 5/400 24/300
Eval 30 37 18/089 134/630
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Model Feature t_DCII?eveIopmentEER t_DCFEvaIuatlon —
GMM cQMOC 0/161 4/87 0/199 7/10
LCNN CQT-MMPS 0/064 2/00 0/176 5/99
cQMoC 0/118 3/53 0/260 8/59
Res Net CQT-MMPS 0/050 1/52 0/119 3172
cCQMOC 0/084 2/51 0/197 6/49
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4cgame 35 (EERV) 5 T-DCF ,Lse L MMPS 5 (MPS (LPS s e (slo Sing o ,Slos anglin ) +-Y Jgomr
[v#] ASVSPOOF 2019 LA L,

Type Model Feature t-DCF EER
CQ-OST 0.196 6.81
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Abstract

Considering the extensive applications of speech recognition systems in different
environmental conditions, strengthening and enhancing the performance of these systems
against different types of noise is essential. One way to improve the performance of these
systems is to strengthen the feature extraction methods from the speech signal. Most of
the existing feature extraction methods in speech processing consider magnitude-based
features and ignore the use of phase-based features of speech for various reasons.

The main purpose of this thesis is to use a new phase-based feature extraction method
to improve the performance of a speech recognition system in noisy conditions. In this
regard, we present a novel feature extraction method by changing the structure of the
Modified Power-Normalized Cepstral Coefficients (MPNCC) and adding the Modified
Group Delay (MGD) to it.

The performance of the proposed method is measured by utilizing a Multilayer
Perceptron (MLP) neural network in MATLAB software and using the TIIMT database
in order to do word recognition tasks in clean and noisy conditions. In order to compare
the performance of the proposed method, two commonly used features in speech
recognition, namely Mel-Frequency Cepstral Coefficients (MFCC) and MPNCC, are
used under the same conditions. The experimental results demonstrate better recognition
accuracy of the proposed method compared to the MPNCC method and is comparable to
the MFCC method in noise-free conditions. Under noisy conditions with different SNRs,
the accuracy of the proposed method was better than MFCC and MPNCC. For instance,
the accuracy of the proposed method in white Gaussian noise at -5dB has improved by
14.8% and 9.7% compared to MFCC and MPNCC, respectively.

Keywords: Speech recognition, feature extraction, strengthening, phase, group delay,

cepstral coefficients
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