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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 (BCIs) capable of translating covert speech-

related activity into linguistic information.
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Introduction

Why EEG-based Speech Decoding?

Why Start with Phonemes?
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기반
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구별가능한

Brain Activity
비침습 EEG 기록

Speech Decoding
언어정보추출

Communication
의사표현으로변환

비침습적측정

높은시간해상도

비교적높은접근성

sentence word syllable phoneme a i e u o s z p b t d

Smallest Unit of Speech: Serves as the foundational linguistic building block of spoken language.



Introduction

Challenge of Inner Speech Decoding

● Unclear individual phoneme onset → difficult to determine from EEG
● Challenging alignment between neural signals and phoneme labels

A Intermediate Step

● Decoding models can first target specific properties of the speech stream
● Externally presented speech → timing & phoneme labels

4

Externally 
presented 

speech

Phonetic-feature 
decoding

Progressively 
more complex 

speech 

Eventually 
inner speech



Introduction

5

Externally 
presented 

speech

Phonetic-feature 
decoding

Progressively 
more complex 

speech 

Eventually 
inner speech

Goal of this project 

1. To characterize how discriminative phonetic 
information is represented in non-invasive EEG 
signals.

1. To establish a preliminary basis for future EEG-
based inner speech decoding by validating phonetic 
decoding in controlled speech tasks 

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



Dataset

Dataset
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Method - Preprocessing

1 2 3
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• Event 확인및자극시점정렬
• Resampling: 2,000 → 256 Hz
• Notch filtering: 59–61 Hz
• Band-pass filtering: 0.1–100 Hz

Signal 표준화 Epoching & Quality Control Artifact Cleaning & Conversion

• ICA로독립성분분리
• ICLabel로 artifact 성분판별
• 비신경성성분제거
• Trials × 61 Channels × 256 
Samples

• stim_1 기준 Epoching
• 1 epoch = 1 s, 256 samples 
• Robust Signal-Quality Metrics



Method - Data Quality Validation

1. Epoch-level QC
- Use : Robust signal-quality metrics 

- Threshold: Median + 6 × Robust SD

2. ICA-level QC
- Use : ICLabel-based classification
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[ Automatic Bad-Epoch Rejection Thresholds ]



Results - Stimulus-Locked Characterization
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Results - Stimulus-Locked Characterization

10



MLMachine Learning-Based Model 

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

0.091

- Input: EEG signals; Output: One of the 11 phonemes
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MLMachine Learning-Based Model 

- Model Structure:
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MLMachine Learning-Based Model 

- Result:
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Limitation
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독립

이런
있

있고, Task-related Overlap

- Task 중 single phoemene에서참가자
는단일음소를들은직후그대로발음함.

- speech production-related activity
가 comprehension related potential
과시간적으로겹칠수있음.

Interpretation limit

- EEG response에는청각·언어·운동처
리가함께반영될수있음.

- ERP 변화와분류성능을순수한내적
발화신호로해석하기어려움.
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