INNER VOICE




OUTLINE

Research Question — Can we model the internal

voice?

— Bone conduction psychoacoustics

. Method — Skull resonance filter & AV extraction

Findings — CAM+ invariance, |[AV| = 1.191
— Clinical voice preservation

Future Work — Roadmap to December




RESEARCH QUESTION

"Can the perceptual difference between
air-conducted (external) and
voice
be captured as a style delta vector

in speaker embedding space?"

What others hear.

Air conduction only. What the speaker hears.

Full frequency spectrum. Air + bone conduction.
Lowpass filtered +
occlusion bhoost.




BACKGROUND: BONE CONDUCTION

BEKESY (1949)
 First systematic BCTF measurements

study of bone 4 mechanisms:

conduction osseotympanic,

Skull vibration > inertial,
cochlea directly compressional,

Lowpass filter at occlusion

~4 kHz Below 500 Hz: 10dB

Nobel Prize in less sensitive than

Medicine (1961) AC

0CCLUSION EFFECT OUR MODEL
(CARILLO 2021) « 3-stage digital
+ Ear canal blocked » filter

LF boost
LP 4kHz + EQ 2.8kHz

« Peaks at ~2.8 kHz + Peak 806Hz

« Gain: 10-15 dB torchaudio biquad
implementation




METHOD:

SKULL RESONANCE FILTER

TYPE

Lowpass (6th
order
Butterworth)

Peak Filter
(Peaking)

PARAMETERS

4 kHz,
Q=0.707

2.8 kHz, +8
dB, Q=1.8

800 Hz, +5
dB, Q=1.2

MODELS

Bone conduction
attenuvation

Occlusion effect
resonance

Ear canal /
middle-ear
resonance

V_raw

AV = V_perceived - V_raw




SYSTEM IMPLEMENTATION

OVERRIDE_STYLE

3-1line change in Seed-VC's vc_wrapper.py.
Injects arbitrary style vector into CFM
conditioning.

if override_style is not None:

target_style = override_style.to(device, dtype)
else:

target_style = self.compute_style(...)

style_modified
= style_raw +
AV x intensity
Standard:
normal Seed-VC
Perceived:
V_ref + AV




[ vC TAB 1]

Source Audio < Reference
Audio
AV Toggle (ACTIVE /
INACTIVE)
Intensity Slider (0.0 - 2.0)
Metrics: V_RAW, V_PER, AV,
Cos
> STANDARD & PERCEIVED
outputs

Filter frequency response
(log scale)
AV heatmap (192-dim, green/+
magenta/-)
Audio spectrogram
Documentation & references




% FINDING 1: CAM+ SPECTRAL
INVARIANCE

lAV]| = 1.191

AV norm is only ~6% of V_raw norm (19.81).
The skull resonance filter produces a minimal shift in CAM+

+ embedding space.

Nearly identical vectors. CAM+ is highly invariant to

spectral filtering.

This is the expected behavior of a well-trained verification

model.




% FINDING 2: CONTROLLED
INVARIANCE ANALYSIS

FILTER CONDITION lAV]||

Chosen (LP 4kHz + EQ 2.8kHz +
Peak 800HZz)

Aggressive (LP 2kHz + EQ +12dB)
Single LP 4kHz (2-pole)

Random EQ (10-band +6dB)

Even removing half the speech spectrum (LP 2kHz) > AV
increases by only 13%.

Consistent with Wang et al. (2022) and Kwon et al. (2023) on
embedding robustness.




% FINDING 3 + CLINICAL
APPLICATION

CLINICAL APPLICATION

Laryngeal Cancer
Rehabilitation

CFM model uses target_mel Pre-surgery: record voice,
as conditioning prompt. compute AV

Post-surgery: TEP speech >
The mel-spectrogram apply AV
carries stronger speaker > preserves vocal identity +
identity self-perception
than the 192-dim style
embedding.

> override_style alone is
insufficient.




FUTURE WORK

TASK

target_mel override with filtered
reference

Replace CAM+ with

Subject study (n > 10) + listening
tests

Aggressive filter parameters (LP
2kHz, EQ +12dB)

Clinical pilot — laryngeal cancer
patients

Publication target: ICASSP / ISMIR
workshop

TIMELINE

July

Aug-Sep

Sep-0ct

July

IMPACT

High

High

High

Medium

Very
High
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