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1. Research Objective

Current voice anonymization methods either rely on holistic
speaker embeddings or enforce strict disentanglement between
latent factors. Holistic embeddings tend to entangle multiple
attributes, making it difficult to modify a single attribute with-
out inadvertently affecting others. In contrast, disentangled rep-
resentations enforce rigid one-to-one mappings between latent
factors and voice attributes, often lacking flexibility and failing
to capture fine-grained variations.

Our research aims to achieve attribute-preserving voice
anonymization in an interpretable and controllable manner.
Here, interpretability refers to the ability to manipulate the
learned speaker representations using structurely grounded
components (e.g., frequency bands or temporal scales), thereby
enabling a clearer understanding of how modifications in the
speaker representation affect the output speech; controllability
denotes the ability to maintain specific voice attributes (e.g.,
emotion, accent, gender, pitch, and intensity) during voice
anonymization.

To accomplish this, we will first decompose the speech
signal into structured components, which encourage the en-
coded representations to follow a more understandable struc-
ture. Working on the decomposed components, we then blindly
disentangle the target attribute from speaker identity, enabling
the generation of anonymized speech that preserves the target
attribute. This approach is expected to offer two main ad-
vantages. First, we can know how and where we modify in
the acoustic representation to achieve attribute-preserving voice
anonymization. Second, by introducing an intermediate struc-
tured representation, the method facilitates more effective dis-
entanglement between speaker identity and target attributes, re-
ducing the reliance on large amounts of labeled data while re-
maining broadly applicable. Currently, we have explored fre-
quency components as one form of inductive bias, and we are
investigating additional biases to further enhance the frame-
work.

2. Related Work

Recent work on voice anonymization and controllable speech
synthesis can be broadly categorized into holistic speaker rep-
resentation approaches and disentanglement-based methods.
Holistic approaches [1, 2, 3, 4] typically rely on global speaker
embeddings and achieve anonymization by transforming them.
Although effective in anonymizing speaker identity, these meth-
ods inherently anonymize multiple voice attributes simultane-
ously, including gender, emotion, and speaking style, making it
difficult to modify a specific attribute without inadvertently af-
fecting others. As a result, they offer limited controllability for
applications that require selective attribute preservation.

To address this limitation, disentanglement-based ap-
proaches [5, 6, 7] aim to decompose speech into independent
latent factors. However, they typically rely on the independence
between latent factors and explicit one-to-one mappings be-
tween factors and voice attributes. In practice, high-level voice
attributes, such as emotion, health condition, gender, and ac-
cent, are inherently correlated and distributed across the speech
signal. Moreover, most existing approaches attempt to directly
disentangle semantic attributes in a single stage, without ex-
plicitly considering the underlying acoustic structure of speech.
In contrast, we adopt a two-stage perspective. We first learn a
structured representation that organizes speaker embeddings ac-
cording to the time scale structure of the speech signal. Building
on these decomposed factors, we disentangle voice attributes
without requiring strict independence of the latent components.
This design allows attributes to be controlled in a more flexible
and fine-grained manner, while also providing better alignment
with speech science, as it facilitates analysis of how different
attributes are distributed across different acoustic dimensions.

From an information-theoretic standpoint, although recent
works [5, 6, 7] have attempted to disentangle voice attributes
within speaker embeddings using supervised multi-task and ad-
versarial objectives, such disentanglement remains fundamen-
tally challenging: Attribute annotations are often scarce or sub-
jective, and many attributes share underlying acoustic cues, re-
sulting in inherently correlated representations. This motivates
an alternative perspective that focuses on acoustic structure. In
particular, time scales provide an interpretable axis along which
voice attributes can be analyzed, enabling more transparent con-
trol without requiring attribute labels.

3. Open Questions

Despite recent progress in attribute-preserving voice
anonymization, several key challenges remain in bridging
existing approaches toward transparent, controllable voice
anonymization.  First, we need to experimentally verify
if our proposed method is suitable for controllable voice
anonymization. Second, it remains an open question whether
incorporating signal-level supervision during training can
provide a suitable foundation for controllable manipulation
of voice attributes. We plan to address these challenges by
exploring structured and decomposed representations that
bridge signal-level manipulation and attribute-level control,
enabling more flexible voice attribute manipulation for
privacy-preserving applications.
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