
• Bridging the explainability gap: our Linkage Framework successfully translates raw, low-level acoustic 
features into transparent DSM-5 behavioral indicators
• Transparent acoustic analysis and linking

• Emphasis on a decision support system (not diagnosis): passive, "in-the-wild" sensing can yield 
statistically robust data, providing medical professionals with a reliable and continuous supplementary 
data stream for patient evaluation.

• Multi-modal expansion: extend the framework beyond acoustic data (network traffic, presence sensors)

• 280 million people affected of depression in 2023.1

• Depression is among the main causes of disability around 
the world.2

• Limited diagnostic methods: subjectivity and unreliable.
• Bad accessibility for certain groups.

• Automated depressiond detection through text, audio, and 
video.
• Typically investigated in isolation
• State-of-the-art is typically a “black-box”: depressed or non-

depressed.
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• System Architecture to support explainable and multimodal automated 
mental health assessments.
• Privacy-preserving edge design

• Linkage Framework for mapping features to medical conditions. 
Instantiation for MDD and voice metrics.

• Evaluate the practical performance System Architecture, and the 
practical soundness of the concrete MDD mapping.

• Processing duration 
measurements under continuous 
audio load.

• Runs entirely on-device (local 
laptop or smart hub), removing 
the need for cloud processing.

• Predictable performance scaling 
(computation duration vs 
original audio duration) 
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Design characteristics

• Feature-to-Indicator mapping: mapping low-
level acoustic features (like pitch variability 
and pause duration) to high-level behavioral 
indicators. 
• Supplementary data stream for doctors.

• Explainable Decision Support: moving 
beyond opaque "black-box" models, the 
framework generates transparent, 
explainable scores. 
• Medical professionals can clearly see why 

certain behavioral patterns were flagged.

• On-Device, Privacy-First Processing: The 
system processes all audio locally (e.g., on a 
commodity laptop or smart hub) using a 
specialized persistence schema. 
• Raw voice data is never transmitted to or 

stored in the cloud.

Hypothesis
Acoustic 
Feature Group

Linked 
Behavioral 
Indicators

System 
Correlation

Validation 
Outcome

H1
$F_0$ 
Variability / 
Range

Psychomotor 
(5) & Cognitive 
(8)

Negative Supported

H2
Pause Duration 
& Frequency

Psychomotor 
(5) & Cognitive 
(8)

Positive Supported

H3
Energy 
Dynamics

Psychomotor 
(5) & Cognitive 
(8)

Negative
Partial 
Support

H4
Speech Rate / 
Articulation

Psychomotor 
(5) & Cognitive 
(8)

Negative Supported

The system robustly identifies and ranks acoustic 
variations. Key features like fundamental frequency 
($F_0$) and pause metrics show significant 
deviations, poviding the raw, objective data needed 
for the linkage model.

• Statistical testing shows the framework's core translation layer. 
• Specific acoustic changes predictably map to recognized behavioral 

states, successfully bridging the gap between sound and insight.
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