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Abstract

This project investigates neural signatures associated with inner speech and examines whether
phonemic information can be decoded directly from EEG recordings. Using a publicly
available speech-related EEG dataset and computational resources, we developed a customized
processing pipeline that combines task-specific signal preparation, visual analyses of
spatiotemporal EEG dynamics, and a machine learning based phoneme classification framework

optimized for decoding performance.

Through this work, we sought to assess how discriminative phonetic information is represented in
non-invasive electrophysiological signals and to establish a practical foundation for EEG-driven
speech decoding brain computer interfaces (BCls) capable of translating covert speech-

related activity into linguistic information.



Introduction

Why EEG-based Speech Decoding?
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Why Start with Phonemes?
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Smallest Unit of Speech: Serves as the foundational linguistic building block of spoken language.
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Challenge of Inner Speech Decoding e () i

e Unclear individual phoneme onset — difficult to determine from EEG .’ Open
e Challenging alignment between neural signals and phoneme labels @) ecG dataset for speech decoding

A Intermediate Step

e Decoding models can first target specific properties of the speech stream
e Externally presented speech — timing & phoneme labels
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Introduction

Goal of this project

Highest recognition rates for each subject and condition

1. To characterize how discriminative phonetic
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based inner speech decoding by validating phonetic
decoding in controlled speech tasks

(Suppes et al., 1997; Moreira et al., 2025)
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Dataset

Dataset
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Method - Preprocessing

M 1¥ S E - conceptual outline

raw EEG — event alignment — resample & filter — epoching — bad-epoch rejection — ICA/ICLabel — ML-ready tensor
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Signal E&E2}

« Event 22l Sl Xt= A[H Z 2

* Resampling: 2,000 — 256 Hz

* Notch filtering: 59-61 Hz

» Band-pass filtering: 0.1-100 Hz
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Epoching & Quality Control

- stim_1 7| & Epoching
* 1 epoch =1 s, 256 samples
* Robust Signal-Quality Metrics

o/

Artifact Cleaning & Conversion

- ICAEZ =& d& 22

« ICLabel £ artifact & LA
- HAMEE E&2 ®MA

* Trials x 61 Channels x 256
Samples



Method - Data Quality Validation

1. Epoch-level QC

- Use : Robust signal-quality metrics

- Threshold: Median + 6 x Robust SD

S02_5_bad_epoch_thresholds

‘Metric \ icTh RobustStandardDeviation Unit
MaxCenteredAbs 371.982719335079 94.389479637146 46.2655300496555 | LV
MaxPeakToPeak 481.181607009888 | 138.202651977539 57.1631591720581 WV
'MedianChannelRMS | 38.3387565623482 9.43671920871714  4.81700621060517 W |
MaxSampleStep 176.30767201201 | 46.0797710418701 21.7046501618385 | uV/sample

2. ICA-level QC

- Use : ICLabel-based classification
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Results - Stimulus-Locked Characterization

Stage-3 EEG + spectrogram | S02_3_filtered_data.set
Continuous EEG overview
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Results - Stimulus-Locked Characterization
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M LMaChine Learning_Based Model

- Goal of our model:
Classify 11 phonemes (a, i, €, u, 0, s, z, p, b, t, and d) — chance level:
0.091

- IN} Yeard phoneme
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5 vowels 6 consonants

chance 1/11=0.091

output
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one LDA per subject 16 subjects - passive listening
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M LMachine Learning_Based Model

- Model Structure:
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M LMachine Learning_Based Model

- Result:
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confusion (11 phonemes)
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Task-related Overlap
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7t comprehension related potential
IHAIZHE o2 HE £ UL,

e

Interpretation limit

pl

rr

- EEG responsef0f= & Z-210{- 25 A

o[ 7h 27 grEE o US.

-ERP Hi3lot 27 d&
Lot MS 2 8 Mst7| 0f

14



BCsC

Thank You

Brain and Cognitive Science Community 10t

Team leader: =& 2 | Team members: 7213 HAAF £310| FA[H O|A & ZAHR MEF



