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Noise Robust Speech Recognition Based on Parallel Model
Combination Adaptation Using Frequency-Variant

(Sook-Nam Choi, Hyun-Yeol Chung)
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RS T el P AR R Aof 71HsE FEatas o) &8 PMC (Parallel Model Combination adaptation using
frequency-variant based on environment — awareness : FV-PMC) B2 A|QFsict, o] il -2 n|g] 2w ZF XS
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AS] FHOIAE-L79.05%, Set B HHAE-E 79.43%, Set C2] B2 415283 37% 2 LrePygch A% Bel
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ABSTRACT: The common speech recognition system displays higher recognition performance in a quiet
environment, while its performance declines sharply in a real environment where there are noises. To implement
a speech recognizer that is robust in different speech settings, this study suggests the method of Parallel Model
Combination adaptation using frequency-variant based on environment-awareness (FV-PMC), which uses
variants in frequency; acquires the environmental data for speech recognition; applies it to upgrading the speech
recognition model; and promotes its performance enhancement. This FV-PMC performs the speech recognition
with the recognition model which is generated as followings: i) calculating the average frequency variant in
advance among the readily-classified noise groups and setting it as a threshold value; ii) recalculating the
frequency variant among noise groups when speech with unknown noises are input; iii) regarding the speech
higher than the threshold value of the relevant group as the speech including the noise of its group; and iv) using
the speech that includes this noise group. When noises were classified with the proposed FV-PMC, the average
accuracy of classification was 56%, and the results from the speech recognition experiments showed the average
recognition rate of Set A was 79.05%, the rate of Set B 79.43%m, and the rate of Set C 83.37% respectively. The
grand mean of recognition rate was 80.62%, which demonstrates 5.69% more improved effects than the
recognition rate of 74.93% of the existing Parallel Model Combination with a clear model, meaning that the
proposed method is effective.

Keywords: Parallel model combination, Gaussian mixture model, Frequency-variant , Environment-awareness,

Noise model, FV-PMC
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Fig. 1. Block diagram of HMM decomposition."®
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Fig. 3. Block Diagram of FV-PMC.
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Table 1. Center friquencies (Hz) and weights of Critical
[14]

Bands.

Nﬁi?l?er Frgglrllstsflrcy Weight Nllglfnnl()ier Fr(e:glrllsttﬁ;lrcy Weight
1 50 0.003 14 1148 0.032
2 120 0.003 15 1288 0.034
3 190 0.003 16 1442 0.035
4 260 0.007 17 1610 0.037
5 330 0.010 18 1794 0.036
6 400 0.016 19 1993 0.036
7 470 0.016 20 2221 0.033
8 540 0.017 21 2446 0.030
9 617 0.017 22 2701 0.029
10 703 0.022 23 2978 0.027
11 798 0.027 24 3276 0.026
12 904 0.028 25 3597 0.026
13 1020 0.030
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85t 574 14 Z a3t} A A] o] 52 Fruta= QA2 AA 7] 25 AFAAF ATHE Table 2
Table 2. Thresholds of frequency-variant for noise group classification.
. o . Train- | Subway | Street
Noise Subway | Babble Car  |Exhibition|Restaurant| Street Airport station | (MIRS) | (MIRS)
Subway 4.61 2.36 2.74 2.94 3.70 2.77 1.96 2.22 3.30 2.80
Babble 2.34 441 3.09 2.39 2.76 3.89 2.58 2.75 1.52 2.38
Car 2.62 2.93 4.58 2.74 2.76 2.95 3.89 2.89 1.92 2.39
Exhibition 2.90 2.31 2.72 447 2.37 2.72 1.92 342 2.40 2.78
Restaurant 3.68 2.84 2.99 2.51 4.34 2.76 2.47 2.68 2.07 2.22
Street 2.60 3.78 2.90 2.62 2.54 4.21 2.17 2.46 1.94 3.08
Airport 2.26 2.89 4.30 2.32 2.68 2.63 4.46 2.94 1.51 1.95
Train-station 2.40 291 3.17 3.63 2.74 2.80 2.80 4.52 1.66 2.21
Subway (MIRS) 3.56 1.54 2.00 2.61 2.14 2.19 1.31 1.53 4.64 3.01
Street (MIRS) 2.62 2.20 2.21 2.63 1.96 3.12 1.47 1.77 2.61 4.31

* ae WY g 4 FS2e] dARE HE.

vt o arote|x] 323 M3z (2013)
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Fig. 4. Word recognition rates according to the noise
classification accuracy.

Table 3. Noise classification accuracy of each distance measure (%).

set A set B set C
Measure Subway| Babble | Car E);hoilll)i- Avg Ri:iu- Street | Airport Sl;::ll;-l Avg (Sl\l;]t;g?)] (E/E;:g) Avg Ave
wss | 32.28 | 32.87 | 31.88 | 33.77 | 32.70 | 34.62 | 35.31 | 37.56 | 36.61 | 36.03 | 31.05 | 34.93 3299 |34.05
cep | 27.06 | 28.52 | 33.43 | 28.19 | 29.30 | 29.57 | 37.01 | 32.67 | 37.10 | 34.09 | 25.64 | 37.33 3149 |31.65
FV 58.06 | 53.83 | 56.02 | 52.09 | 55.00 | 55.72 | 54.03 | 55.06 | 61.52 | 56.58 | 61.80 | 53.97 57.88 |56.27
Table 4. Comparison of the word accuracy (%).
set set A set B set C
method Baseline PMC FV_PMC | Baseline PMC FV_PMC | Baseline PMC FV_PMC
20dB 95.25 95.23 95.23 92.77 94.97 93.42 94.30 95.24 95.67
15dB 87.33 93.21 93.26 81.34 92.57 89.87 87.84 92.01 94.17
10dB 67.71 86.44 92.35 59.01 85.84 90.48 74.15 82.39 91.90
5dB 39.48 68.83 70.83 31.93 67.71 72.86 50.24 61.78 78.91
0dB 16.95 37.11 43.59 13.70 38.5 50.54 24.17 32.14 56.20
Avg. (20, -0dB)| 61.34 76.16 79.05 55.75 75.92 79.43 66.14 72.71 83.37
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