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Analysis of i-vector Length Normalization in Speaker Recognition Systems Daniel Garcia-Romero Carol Espy-Wilson Department of Electrical & Computer Engineering University of Maryland, College Park, MD, USA 1



Introduction • Probabilistic generative models of i-vectors: – Gaussian-PLDA (G-PLDA) [Prince, 2007] • Simple and fast due to closed-form solutions



– Heavy-Tailed PLDA (HT-PLDA) [Kenny, 2010] • Superior performance -> empirical evidence of non-Gaussianity



• GOAL: Get the best of both worlds! – Keep the simple Gaussian model – Achieve performance equivalent to HT-PLDA • HOW? – Transform the i-vectors to reduce non-Gaussian behavior – Use G-PLDA for the model 2



Outline • Overview of the elements of the speaker recognition system relevant to this work • Identification of a major source of non-Gaussian behavior



• Propose nonlinear transformation of i-vectors to compensate it • Validate the ideas on cond. 5 of SRE10 evaluation • Conclusions
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i-vector extractor (overview) Development data



ML + min DIV subspace MFCC extraction



MAP point estimate Alignment with Gaussians
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i-vector extractor (details) Weighted Least Squares



Regularization



• i-vector is a “shrunk” version of the weighted least squares solution • The amount of shrinkage of each coordinate depends on the eigenvalues of Regularization path
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Generative models of i-vectors • Ignore i-vector extractor and prescribe a gen. model • Simplified version of PLDA [Kenny, 2010]: Gaussian PLDA



Heavy-tailed PLDA +



• Hyper-params



using ML and min. DIV



• Development set should be close to evaluation set 6



Full recognition system Development data



DEVELOPMENT STAGE



ML + min DIV subspace i-vector extractor



Development data i-vectors:



PLDA training



EVALUATION STAGE Test 1 Test 2



i-vector extractor



PLDA scoring



Score 7



i-vector length analysis • i-vector extractor with min DIV -> i-vectors • Let , then with + SRE10 – eval tel data (C5) + DEV data: SRE04, 05, 06, Fisher and Switchboard



Dataset shift



• i-vec. extraction procedure -> mismatch dev and eval 8



i-vector transformation • Radial Gaussianization (RG) [Lyu et. al, 2009]: – Nonlinear transf. that Gaussianizes the family of Elliptically Symmetric Densities (ESD) (e.g., Multivariate Laplacian, Student’s t, Cauchy, … ) – Success of HT-PLDA indicates that i-vectors behave according to an ESD Step 1 Whitening



Step 2 Histogram warping



• Length normalization (LN):



– Avoids the need of an additional held-out set to estimate the distribution of evaluation i-vector lengths 9



Experimental setup • Parameterization: 60 MFCC 


• i-vector extractor*: 400 dimensions – Gender-dependent: SRE04, 05, 06, SWB and Fisher



• PLDA models: (Same data as i-vec extractor w/o Fisher) – G-PLDA: 120 eigenvoices and full-cov residual – HT-PLDA: LDA 120 preprocessing -> 120 eigenvoices – NO score normalization



• EVAL DATA: C5 of SRE10-extended (i.e., tel data) * i-vectors provided by BUT
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Effect of transformation in DOF Transformation type



Eigenvoices DOF



Residual DOF



Male



Female



Male



Female



Raw dev data



11.09



12.39



17.10



17.42



RG dev data



25.35



27.30



13.24



14.81



LN dev data



48.07



54.71



9.21



10.42



• ML point estimates: (warning -> may have a lot of uncertainty) – Consistent behavior between male and female – Both RG and LN increase the value of



and decrease



– Partially-HT model: eigenvoices have lighter tails and residual strong HT 11



Results I



• LN G-PLDA improves over G-PLDA for all operating points • LN G-PLDA as good as the more complex HT-PLDA
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Results II System codes UN-UN G-PLDA UN-RG G-PLDA UN-LN G-PLDA LN-LN G-PLDA RG-RG G-PLDA UN-UN HT-PLDA LN-LN HT-PLDA RG-RG HT-PLDA



Male scores



Female scores



EER(%) minDCF



EER(%) minDCF



3.08 1.44 1.29 1.27 1.37 1.48 1.28 1.27



0.4193 0.3032 0.3084 0.3019 0.3066 0.3357 0.3036 0.3143



3.41 2.15 1.97 2.02 2.16 2.21 1.95 1.95



0.4008 0.3503 0.3511 0.3562 0.3393 0.3410 0.3297 0.3339 13



Conclusions • Identified mismatch induced by the i-vector extraction procedure as a major source of nonGaussian behavior (i.e., dataset shift) • Explored 2 non-linear transformation techniques to Gaussianize i-vectors • Boosted performance of G-PLDA for all operating points (as much as 50% in EER for male trials) • Performance of LN G-PLDA is as good as HT-PLDA with the advantage of simplicity and speed
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