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AURORA-2
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(1) (Speech Enhancement) 
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Speech) (Spectral Subtraction, SS)[2] (Wiener 

Filter, WF)[3]
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(Cepstrum Mean Subtraction, CMS)[4] (Cepstrum  

Mean and Variance Normalization, CMVN)[5]

(3) (Acoustic Model Adaptation) 
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[11][12]

(Vector Quantization)  (Distributed Speech Recognition, DSR)

(Quantization Distortion)

(Table Look-Up based Histogram Equalization, THEQ)[10]

(Quantile-based Histogram Equalization, QHEQ)[13,14]

(Grid Search)

(Data Fitting)

2.

(Log Energy)

(Mel Filter-Bank) (Mel-Frequency Cepstral 

Coefficient)
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[10][15] (THEQ)

(QHEQ)

2.1 (Histogram Equalization, HEQ) 

( ) (Mel- Frequency 
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(Cumulative Histogram)

i

(Quantiles) (Mean)

i

(Equalization)

(Table-Lookup) (Table Look-Up based 

Histogram Equalization, THEQ)

2.2 (Quantile-based Histogram equalization, QHEQ) 
(Nonparametric)
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[21]

3.1  (Polynomial-Fit Histogram Equalization, PHEQ) 
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3.2 (Moving Average, MA) 
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(Non-Casual Moving Average) 
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4.

4.1
Aurora-2 (European Telecommunications 

Standards Institute, ESTI) [23]

(Airport)

(Babble) (Car) (Exhibition) (Restaurant) (Subway) (Street)

(Train Station) (Signal-to-Noise Ratio, SNR)

20dB 15dB 10dB 5dB 0dB -5dB

-G.712 MIRS Aurora-2

Set A Set B Set C Set A (Stationary) Set B

(Nonstationary) Set C

(Acoustic Models) (1~9 zero oh)

(left-to-right) (Continuous Density Hidden Markov Model, 

CDHMM) 16 (State) 3 (Gaussian 

Mixture Distribution) (Silence)

(Pause)

HTK

[24]

(Front-End Processing)

(Mel-Frequency Cepstral Coefficients, MFCCs) (Frame Length)

25 (Frame Shift) 10 39 12

(Log Energy) 13
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3 5 7 9 

22.39 21.54 21.08 21.30 

1000 21.80 21.46 21.13 21.16 

100 22.68 21.31 20.75 20.55 

(Clean-Condition) 

10 23.42 22.20 22.54 23.42 

10.80 10.34 10.43 10.54 

1000 10.48 10.32 10.40 10.45 

100 10.73 10.45 10.36 10.45 

(Multi-Condition) 

10 11.65 10.61 10.79 11.58 

4.1

(Polynomial Order)

(Histogram Bins) 1000 100 10

(Order)

(Word Error Rate, WER) Aurora-2 (Sets A, B

C) (20dB 0dB)

(End Behavior)

(Overfit)

7 100

7

100

4.2

0

[22] (Non-Casual ARMA)

20% (Relative Improvement) 5%

4.3
(16) 1
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(Word Error Rate, WER) 

0 1 2 3 4 5 

Non-Casual MA 20.75 17.75 16.83 17.26 18.15 19.66 

Casual MA 20.75 19.23 18.28 17.44 17.12 17.28 

Non-Casual ARMA 20.75 17.83 16.90 16.38 16.99 17.34 

Casual ARMA 20.75 17.93 16.84 19.20 17.44 19.20 

Non-Casual MA 10.36 9.88 9.88 10.24 10.94 11.69 

Casual MA 10.36 10.13 9.74 9.76 9.78 10.12 

Non-Casual ARMA 10.36 9.88 9.78 9.84 9.94 10.11 

Casual ARMA 10.36 9.95 9.71 10.84 9.76 10.68 

(dB)

(%
) Alpha_0

Alpha_0.1
Alpha_0.2
Alpha_0.3
Alpha_0.4
Alpha_0.5
Alpha_0.6
Alpha_0.7
Alpha_0.8
Alpha_0.9
Alpha_1

(dB)

(%
)
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 WER(%) 

Set A Set B Set C 

MFCC 41.06 41.52 40.03 41.04 

AFE 38.69 44.25 28.76 38.93 

CMVN 27.73 24.60 27.17 26.37 

MS+VN+ARMA(3) 18.38 16.14 21.81 18.17 

THEQ 19.72 18.57 19.24 19.16 

QHEQ 23.53 21.90 22.36 22.64 

PHEQ 20.98 20.17 21.43 20.75 

PHEQ+MA 16.83 15.10 20.02 16.78 

PHEQ+ +MA 16.19 15.17 19.72 16.49 

MFCC 14.78 16.01 19.33 16.18 

AFE 10.64 10.76 12.85 11.13 

CMVN 12.70 12.45 14.52 12.98 

MS+VN+ARMA(3) 9.49 10.37 10.06 9.95 

THEQ 10.02 10.41 10.34 10.24 

QHEQ 10.20 10.75 10.76 10.53 

PHEQ 9.91 9.41 13.14 10.36 

PHEQ+MA 9.41 9.53 11.21 9.82 

PHEQ+ +MA 9.15 9.08 11.53 9.60 

0

(Smoothing)

(16)

(12)~(15)

4.4

(Advanced Front-End Processing, AFE) (CMVN)

(THEQ) (QHEQ) 3 (MS+VN+ARMA)

(PHEQ) 3 (PHEQ+MA) 0.6

1 (PHEQ+ +MA)

[18] [14]
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(PHEQ+MA

PHEQ+ +MA)

4.5

(Stereo-based Piecewise Linear Compensation, SPLICE)[25]

(Heteroscedastic Linear Discriminant Analysis, HLDA) [26]

(Maximum Likelihood Linear Transformation, MLLT)[27]

(Discrete 

Cosine Transform, DCT) (Partial Decorrection)

[28] t

4 tz (Feature Supervector) 
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ty

t
T

t zy       (18) 

25%

Aurora-2

512 kr [25]
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t
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 WER(%) 

Set A Set B Set C 

HLDA-MLLT+CMVN 21.63 21.37 21.59 21.52 

HLDA-MLLT+PHEQ-MA 15.98 15.96 15.91 15.96 

SPLICE+CMVN 16.34 14.95 21.18 16.75 

SPLICE+PHEQ-MA 13.40 13.41 17.08 14.14 

HLDA-MLLT+CMVN 9.49 9.51 10.40 9.68 

HLDA-MLLT+PHEQ-MA 9.06 8.87 8.55 8.88 

SPLICE+CMVN 10.40 11.00 13.80 11.32 

SPLICE+PHEQ-MA 9.54 10.88 12.18 10.60 

HLDA+MLLT

8.88% SPLICE

14.14%
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