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Animating Face using Disentangled Audio Representations -
Supplementary Material


1 Appendix A - Learning Disentangled Representations - Details


LetD = {Xi}Mi=1 consists of M i.i.d. sequences where every Xi = {xi,n}Ni


n=1 is a sequence of N i observed variables
with N i referring to the number of content segments (syllables) in the ith sequence and xi,n referring to the nth


content segment in the ith sequence. Wherever possible, we omit i in subsequent notations to refer to terms associated
with a single sequence without loss in generality.


Let each audio sequence X be randomly generated from a content-specific prior µc, emotion-specific prior µe
and sequence-specific prior µs with N i.i.d latent variables for content Zc = {znc }Nn=1, emotion Ze = {zne }Nn=1


and sequence Zs = {zns }Nn=1 (one for each of the N segments in X). Let θ be the parameters of the generative
model. µc, µe and µs are drawn from prior distributions pθ(µc), pθ(µe) and pθ(µs) respectively. Zc are drawn from
a content-dependent (sequence-independent) prior distribution pθ(zc|µc), Ze are drawn from a emotion-dependent
prior distribution pθ(ze|µe), and Zs are drawn from a sequence-dependent prior distribution pθ(zs|µs). The joint
probability for a sequence is therefore given by,


pθ(X,Zc,Ze,Zs,µc,µe,µs) = pθ(µc)pθ(µe)pθ(µs)


N∏
n=1


pθ(x
n|znc , zne , zns )pθ(znc |µc)pθ(zne |µe)pθ(zns |µs) (1)


The terms on the right hand side are formulated as follows,
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The priors over µc, µe and µs are centered isotropic multivariate Gaussian distributions. The priors over znc condi-
tioned on µc, zne conditioned on µe and zns conditioned on µs are isotropic multivariate Gaussian centered at µc,
µe and µs respectively. The conditional distribution of observed variable xn is multivariate Gaussian with mean
and diagonal covariance parameterized by functions fµn


x
and fσ2


xn
which are approximated by neural networks taking


znc , z
n
e and zns as input.


As stated in the main paper, the different latent variables are modeled to be close to their respective priors. This
allows the latent space to be modeled such that the samples corresponding to similar characteristics are closer to each
other in the manifold than dissimilar samples. This further encourages interpretability and more effective representa-
tion learning.


Since the exact posterior is intractable, an inference model qφ(Zc
i,Ze


i,Zs
i,µic,µ
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e,µ


i
s|Xi) is introduced via


variational inference to approximate the true posterior given by,
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The terms on the right hand side are formulated as follows,
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All the posteriors over µi,nc ,µie,µ
i
s, σ


2
zc , σ


2
ze and σ2


zs are multivariate diagonal Gaussian distributions. µ̃ci,n, µ̃ei


and µ̃si are not directly inferred from Xi but are learned as part of inference model parameters. These means for
the different posterior distributions are retrieved from lookup tables which contain different values corresponding to
different viseme, emotion and sequence labels. Let hc(.), he(.) and hs(.) be the look-up functions corresponding to
the means for the distributions of content, emotion and sequence respectively. For a sequenceXi, the sequence index
is i and let the emotion be ei where ei ∈ E (the set of all emotion labels). Let xi,n be the nth audio segment (syllable)
ofXi with corresponding viseme label to be vi,n where vi,n ∈ V (set of all viseme labels). Then,


µ̃c
i,n = hc(v


i,n), µ̃e
i,n = he(e


i), µ̃s
i,n = hs(i)


Since factors related to emotion and overall sequence are roughly uniform over an entire sequence, the means for
posterior distribution related to emotion and sequence are shared across all audio segments constituting a given se-
quence. Similar to the generative model, the mean and diagonal covariance of the conditional distributions for zi,nc ,
zi,ne and zi,ns are parameterized by functions g.(.) which are approximated by neural networks whose parameters are
collectively represented by φ.


The variational lower bound for this inference model over the marginal likelihood of X is given as,


log pθ(X) ≥ L(θ, φ;X) =


N∑
n=1


[L(θ, φ;xn|µ̃nc , µ̃e, µ̃s) + log pθ(µ̃
n
c )] + log pθ(µ̃e) + log pθ(µ̃s) + const (3)
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2 Appendix B - Content and Emotion Latent Distribution


Figure 1: T-SNE plot showing the distribution of the emotion and content latent variable. (a) shows the T-SNE plot for the samples
from the posterior distribution for emotion latent variable ze. Clusters corresponding to different emotion are shown in different
colors with their corresponding emotion label. (b) shows the T-SNE plot for the samples from the posterior distribution for content
latent variable zc. Clusters corresponding to different visemes are shown in different colors. 0 corresponds to silent syllables.
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