
Summary Derivation of E-Step Updates: To derive the filter step
equations, we approximate the posterior density as a Gaussian distribution.
Therefore, we have
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where C is the constant of proportionality. Eq (2) simplifies to
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We follow previous methods to estimate our xk|k and W k|k. Here,
differentiating Eq (3) we get,
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Equation (6) can be solved using the Newton-Rapshon method. Differenti-
ating (6) again we have the update for W k|k as
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After proceeding in the forward direction, we obtain a smoother estimate
in the backward direction, thereby making use of all the observations to
determine improved state space estimates at each point. The backward
smoother equations are:
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Summary Derivation of M-step derivations LettingXK = {x1, x2, ...xK}
and considering that the latent variables are independent random variables,
the complete data likelihood conditioned on the model parameters Θ is
given by,
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The expected log-likelihood is
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M-step Updates for γ0, γ1, and γ2
Assuming xk|K,1 and xk|K,2 are independent with zero co-variance and

the variance of xk|K,1 and xk|K,2 obtained from W k|K is given by σ2
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Therefore, taking the partial derivatives with respect to γ0, γ1 and γ2
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M-step updates for σv Taking the partial derivative with respect to

3



σ2
v and setting it to 0 yields

σ2
v =

1

K

{
K∑

k=1

r2k +Kγ2
0 + γ2

1

K∑
k=1

uk|K,1 + γ2
2

K∑
k=1

uk|K,2

− 2γ0

K∑
k=1

rk − 2

K∑
k=1

rkxk|K,1 − 2

K∑
k=1

rkxk|K,2

+2γ0

K∑
k=1

xk|K,1 + 2γ0

K∑
k=1

xk|K,2 +

K∑
k=1

xk|K,1xk|K,2

}
. (19)

M-step updates for σϵ,1 and σϵ,2

Let ak be the diagonal elements of Ak. We define:
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M-step Expected Log-Likelihood. Letting XJ = {x1, x2, ...xJ},
the complete data likelihood conditioned on the model parameters Θ is
given by,
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The expected log-likelihood is
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M-step Updates for γ0, γ1, and γ2. Taking the partial derivatives
with respect to γ0, γ1 and γ2 and setting them to 0 yield
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M-step updates for σϵ,1 and σϵ,2. Taking the partial derivative with
respect to σ2
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