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Experimental Setup



Two GMMs with 1024 Gaussian components from male and female speakers, respectively



Classify each speaker into the speaker cluster. Re-estimate GMM for each speaker cluster. Repeat several times.



Split each speaker cluster into two new clusters by perturbations of the mean vectors



Initialization



Speaker classification



Splitting of speaker clusters



IVN-based training



I Training Set I Baseline system . Switchboard-I corpus, about 300 hrs, . 39 PLP E D A features . EBW training: EConst = 2 4,870 sides of conversations, 520 . τ = 100 for i-smoothing, acoustic speakers scaling factor ξ = 1/11.25 I Test Set . 40 sides of conversations (about 2hrs) . LM: 3-gram . Tied-state triphone CDHMMs, 9,302 from the 2000 Hub5 evaluation states, 40 Gaussian components/state . Decoder: an in-house decoder



GMM re-estimation N times a pre-determined number reached, stop



I A possible solution: Irrelevant variability normalization (IVN) based training ML/DT IVN-based Training



Pronunciation Lexicon



Generic HMMs



Transforms



Language Model



Acoustic Sniffing



I In IVN training, the labels for et and lt are assigned as the speaker cluster label (et = lt in this study). I In recognition stage, given the speech chunk from an unknown speaker, speaker-cluster classification is performed. IVN-based Discriminative Training



Feature Transformation



Testing Data



Speech Decoding



Results



Unsupervised Adaptation



Initialization Feature transform and HMM parameters (from IVN-based ML training)



Repeat Nc times



Estimate feature transformation parameter Θ



I Feature transform function (et) (lt) xt = F (yt; Θ) = A yt + b I Auxiliary function: Q(Θ,Θ)=A(Θ,Θ)+Asm(Θ,Θ)



(+/−)



I IVN-based framework for acoustic modeling, training and adaptation: . Training stage (upper part): a set of feature transforms along with the generic HMMs are trained using ML or DT criterion. . Recognition stage (lower part): given an unknown speech segment, the “acoustic sniffing” module chooses pre-trained transform(s) for feature transformation. . After the first-pass recognition, unsupervised adaptation is performed to adapt the selected feature transform(s).



and accumulate Calculate γsm relevant suffcient statistics



A(Θ,Θ)= Estimate {A(e) } using row-by-row updating formula by fixing {b(l) }



Estimate {b(l) } by fixing {A(e) }



• •



Transform each training feature vector yt = F (yt ; Θ) Nh EBW iterations to reestimate HMM parameters Λ



End



What’s New in This Study I An IVN-based discriminative training approach for LVCSR



(1) (2)



where



Maximize Q(Θ, Θ) by the method of alternating variables Q(Θ, Θ) = A(Θ, Θ) + Asm (Θ, Θ)



Repeat Nab times



1
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Speaker-Clustering based Approach to Acoustic Sniffing



I How to train a set of HMMs from a large amount of diversified training utterances . different speakers, speaking styles, acoustic environments, microphones . . . I Traditional ML training may lead to a set of diffused models, with a risk to fit the dominant factors in training data irrelevant to phonetic classification



Training Data



1,3



P



s,m,l,e t∈Ll∩Ee



+ (t)−γ − (t) γsm sm







log psm(yt|Θ,Λ),



and P sm A (Θ,Θ)=



e,l R s,m,l,e Dsm y psm(y|Θ,Λ) log psm(y|Θ,Λ)dy



is a smoothing function to ensure that the Q-function is concave. e,l I How to set the learning step size (Dsm) in feature transform estimation? . large enough to ensure that Q(Θ, Θ) is concave.



Experimental Results I Comparison of several I Results (FT: feature transform, UA: unsupervised methods adaptation) . Method 1: ML baseline + Method w/o UA UA unsupervised MLLR adaptation # FT HMM WER(%) Rel.(%) WER(%) Rel.(%) . Method 2: MMI baseline + 1 ML 30.0 N/A 28.4 N/A unsupervised MLLR adaptation 2 - MMI 26.2 12.7 24.8 12.7 . Method 3: IVN-based ML baseline + UA 3 ML ML 27.8 7.3 25.5 10.2 . Method 4: MMI training 4 MMI ML 27.0 10.0 25.1 11.6 for feature transform only + UA 5 ML MMI 25.0 16.7 22.7 20.1 . Method 5: ML training for 6 MMI MMI 24.6 18.0 22.4 21.1 feature transform + MMI training for HMMs only +UA . Method 6: MMI training for both feature transform and HMMs + UA



Future Work I to explore different acoustic sniffing techniques I to investigate other DT criteria and more effective optimization methods for IVN-based discriminative training I to investigate appropriate adaptation methods for application scenarios where only a short speech utterance is available for adaptation I to verify the effectiveness of the IVN-based framework for even larger scale LVCSR applications
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relevant suffcient statistics. Maximize Q(Î˜,Î˜) by the method of alternating variables ... Baseline system. âŠ³ 39 PLP E D A features. âŠ³ EBW training: EConst = 2. 
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