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Joint Bayesian (JB) Model for Speaker Verification

Speaker identity variable

Within-speaker variability

Efficient testing: Simultaneous Diagonalization (SD) Experiments

The 𝑗-th i-vector of speaker 𝑖, denoted by 𝑥𝑖𝑗 ∈ 𝑅𝑑, is 

decomposed as:

𝒙𝒊𝒋 = 𝝁𝒊 + 𝜺𝒊𝒋

• Two independent Gaussians: 𝜇𝑖~𝑁(0, 𝑆𝜇) 𝜀𝑖𝑗~𝑁 0, 𝑆𝜀

• Training (EM algorithm)

𝑚𝑎𝑥Θ

𝑖

𝐸𝑝(ℎ𝑖|𝑥𝑖;Θ𝑡)[log 𝑝(ℎ𝑖; Θ
𝑡+1)]

• Testing

𝑟 𝑥1, 𝑥2 = 𝑙𝑜𝑔
𝑝(𝑥1, 𝑥2|𝐻𝐼)

𝑝(𝑥1, 𝑥2|𝐻𝐸)
= 𝑙𝑜𝑔𝑝 𝑥1, 𝑥2 − 𝑙𝑜𝑔𝑝 𝑥1 − 𝑙𝑜𝑔𝑝(𝑥2)

Φ𝑇𝑆𝜇Φ = 𝐾

Φ𝑇𝑆𝜀Φ = 𝐼
Diagonal matrix

• Define Ψ = Φ−𝑇 𝑆𝜇 = Ψ𝐾Ψ𝑇 𝑆𝜀 = Ψ𝐼Ψ𝑇

Σ𝑥𝑖 =

𝑆𝜇 + 𝑆𝜀 𝑆𝜇
𝑆𝜇 𝑆𝜇 + 𝑆𝜀

⋯ 𝑆𝜇
⋯ 𝑆𝜇

⋮ ⋮
𝑆𝜇 𝑆𝜇

⋱ ⋮
𝑆𝜇 𝑆𝜇 + 𝑆𝜀

= Ω

𝐾 + 𝐼 𝐾
𝐾 𝐾 + 𝐼

⋯ 𝐾
⋯ 𝐾

⋮ ⋮
𝐾 𝐾

⋱ ⋮
𝐾 𝐾 + 𝐼

Ω𝑇

where Ω = 𝑑𝑖𝑎𝑔(Ψ;⋯ ;Ψ)

• The calculation of  𝑝(𝑥𝑖) could be accelerated, which 
only involves inversion of diagonal matrices.

Complexity: 𝑂(𝑑3) → 𝑂(𝑑)

Connection with PLDAs

The EM update for SPLDA could easily be stuck 
into non-local minima with small Λ𝑡.

• EM algorithm for SPLDA:

𝑚𝑖𝑛ΘΣ𝑖Σ𝑗𝑡𝑟𝑎𝑐𝑒(Λ𝑡+1
−1 𝐸[(𝑥𝑖𝑗 − 𝐹𝑡+1𝑧𝑖)(𝑥𝑖𝑗 − 𝐹𝑡+1𝑧𝑖)

𝑇])

𝑥𝑖𝑗 − 𝐹𝑡+1 ∙ 𝐸 𝑧𝑖 ≈ 𝑥𝑖𝑗 − 𝐹𝑡+1 ∙ 𝐹𝑡
𝑇(𝐹𝑡𝐹𝑡

𝑇)−1𝑥𝑖𝑗 = 0When Λ𝑡 is small and 𝐹𝑡+1 ≈ 𝐹𝑡,

𝑚𝑎𝑥ΘΣ𝑖𝐸𝑝 𝑧𝑖 𝑥𝑖; Θ𝑡
𝑙𝑜𝑔𝑝(𝑥𝑖 , 𝑧𝑖; Θ𝑡+1)

The EM update for JB does not  
have such problem.

• Speaker Verification Performance

• Subspace Dimensionality

• Convergence Rate

JB calculates the joint likelihood

Testing: do simultaneous diagonalization of 𝑆𝜇 and 𝑆𝜀

𝑝 ഥ𝑥𝑖 = 𝑁 0, 𝐹𝐹𝑇 +
1

𝑚𝑖
Λ

Kaldi calculates the likelihood of 
the single average i-vector ഥ𝑥𝑖 .

𝑝 𝑥𝑖 = 𝑁 0, Σ𝑥𝑖

Table 1.  The summary of the similarities and difference between JB, SPLDA, Kaldi PLDA and the two-covariance model, 𝑥𝑖𝑗 denotes the j-th i-vector of 

speaker i. 𝜇𝑖~𝑁(0, 𝑆𝜇) is the identity variable for speaker I, modeled by the between-class covariance 𝑆𝜇, 𝜀𝑖𝑗~𝑁(0, 𝑆𝜀) is the intersession residual, 

modeled by the within-class covariance 𝑆𝜀. For SPLDA, 𝑧𝑖~𝑁(0, 𝐼) stands for the identity variable.

Fig. 1. DET curves in SRE10 core condition 5 evaluation.

Fig. 2. The influence of subspace 
dimensionality on JB and SPLDA using 
NIST SRE10 core condition male test data.

Fig. 3.  (a) The negative log-likelihood of JB (EM with exact or approximated 
statistics) and SPLDA during training. (b) The zoom-in of negative log-likelihood 
convergence curves for JB with exact and approximated EM statistics.

𝐸 𝑧𝑖 =𝐹𝑡
𝑇(𝐹𝑡𝐹𝑡

𝑇 + Λ𝑡)
−1𝑥𝑖𝑗


