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(Automatic Speech Recognition, ASR)
[1]

[2]

(Word Sequence)

(Speaker-Dependent) (Small 
Vocabulary Isolated Speech Recognition, SVISR) 95%

(Speaker-Independent)
(Large Vocabulary Continuous Speech Recognition, LVCSR)
80%

(Environmental Mismatch)
[3] (Additive 
Noise) (Spectral Tilt) (Robust
Speech) [4-6]
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[7]
(Acoustic Models)

(Transformation) (Enhancement) (Adaptation)

2.1

(Speaker-dependent) (Gender-dependent) (Noise-dependent)
(Channel-dependent)

[8]
(Identified)
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2.2

(Universal)

(I) (Speech Enhancement) 

(Uncorrelated)
(Noisy Speech) (Clean Speech)

(Spectral Subtraction, SS)[9] (Wiener Filter, 
WF)[6] (Kalman Filter)[10]

(II) (Robust Speech Features) 

(Feature 
Normalization) (Feature Transformation)
(Feature Compensation) (Feature Reconstruction)

(III) (Model Adaptation) 

(Adaptation Data)

(Maximum a Posteriori, 
MAP)[11-12] (Maximum Likelihood Linear 
Regression, MLLR)[13-14] (Parallel Model Combination, 
PMC)[15-17]

(Correct Transcripts)
(Uncertainty)

(Signal-to-Noise Ratio, SNR)
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[Furui 1981]

[Vikki et al. 1998]

[Hsu et al. 2006] [Molau 2003;    
Torre et al. 2005]

[Hilger et al. 2006]

[Neumeyer et al. 1994]

[Acero 1990]

[Kumar 1997]

[Mika 1999]

[Duda et al. 1973]

[Saon et al. 2000]

[Deng et al. 2000]

[Sankar et al. 1996]

[Wu et al. 2005]

[Wu et al. 2006]

[Droppo et al. 2005]

[Raj et al. 2004]

[Raj et al. 2004]

[Lin et al. 2007]

(Feature Domain)
(Prior

Knowledge)

(Distribution Characteristics) 

3.1

(Cepstral Mean 
Substraction, CMS)[18] (Cepstral Mean and Variance Normalization, 
CMVN)[19] (Moment)
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[20]
[21-22]

(Histogram Equalization, HEQ) [7,
23-26]

(Identical)
(Cumulative Density Function, CDF)

[23-25]

[26]

3.2

(Data-Driven Linear Feature Transform)

(Redundant)
(Principal Component Analysis, PCA)[27]

(Linear Discriminant Analysis, LDA)[27]
(Heteroscedastic Linear Discriminant Analysis, HLDA)[28-29]
(Heteroscedastic Discriminant Analysis, HDA)[30]

(Kernel Linear Discriminant Analysis, Kernel LDA) [31]
(Kernel Function) (Project)
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3.3

(Codebook-based Cepstral Compensation)
(Universal 

Codebook) (Vector Quantization 
Region)

(Codeword Dependent Cepstral Normalization, CDCN)[3]
(Probabilistic Optimum Filtering, POF)[32]
(Stereo-based Piecewise Linear Compensation, SPLICE)[33-35]

(Stochastic Vector Mapping, SVM)[36-39]

3.4

(Missing Feature Theory, MST)
[40-42] [43]

(Reliable)
(Unreliable) (Missing)

[44] [45] (Bayesian Classifier)
[40] (Perceptual) (Prosodic)

[46]
(Feature Vector Imputation)
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( ) ( )

[40]
(Marginalization)

[40]

(Uncertainties)

[47]
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