


类脑智能创新实验室2025-11-7 2

Background

 Brain signal-to-text decoding, which refers to reconstructing brain signals into external 
linguistic stimuli used during the signal acquisition process, is an important research 
direction in the field of brain-computer interface (BCI) research. 

 The development of brain signal-to-text decoding can deepen our understanding of 
the neural system of language processing and promote the advancement of BCI.

 Currently, fMRI is widely used in brain signal-to-text decoding tasks due to its high 
spatial resolution.

Brain-to-text decoding
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Background
Current fMRI-to-text decoding research is mainly categorized into closed-vocabulary and 
open-vocabulary paradigms.

Closed-vocabulary Open-vocabulary

BP-GPT with GPT-2
(Chen X, et al. ICASSP, 2025.)

UniCoRN with BART
(Xi N, et al.  ACL, 2023.)

Contrastive Learning method 
(Défossez A, et al. Nature 

Machine Intelligence, 2023.)

Current fMRI-to-text decoding researches 
explore decoding text on open-vocabulary 
sets with large language models (LLMs)
• UniCoRN (BART-based)
• BP-GPT (GPT-based)

Early-stage fMRI-to-text decoding 
researches focused on closed-vocabulary 
sets with decoding methods including:
• Classification models
• Contrastive learning

Classification models method
 (Affolter N, et al. NeurIPS, 

2020..)
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 Early fMRI-to-text decoding methods on closed-vocabulary yield 
word-level output, struggle to decode sentences, and have limited 
application scenarios; 

 Current fMRI-to-text decoding methods on open-vocabulary face 
challenges in long-form text decoding tasks.
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Contribution
 We propose a brain-inspired sequential fMRI-to-text decoding framework that mimics 

the human cognitive strategy of segmented and inductive language processing.

 Incremental processing enables the brain to interprete linguistic input in real time and 
segmental integration enables the brain to aggregate information across segments. 
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Method: Overview

Framework of CogReader

Stage A: 
fMRI Representation 
Learning: Using Two-
Stage Training Strategy 
to pre-train the Brain 
Encoder to extract better 
fMRI representation.

Stage B: 
fMRI-to-text Decoding: 
Decode corresponding 
text from fMRI 
representation via the 
decoding model BART.
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Method: fMRI Representation Learning

 Two-Stage Training Strategy: Address the issue of fMRI-Text paired data scarcity and 
enhance the stability and semantic information of learned fMRI representations;

 Text-guided Masking: Prompt the model to focus on neural activity at key time points 
to learn brain representations with more key textual information.

Text-guided 
Masking

Two-stage 
Training Strategy 
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Method: fMRI-to-text Decoding

 Incremental Decoding within fMRI Segments: Directly generate the associated text 
from the input fMRI segments.

 Semantic Wrap-Up across fMRI Segments: Address the potential semantic 
discontinuity across segments in decoded text.
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Experiments

Dataset：
We use two datasets to validate the effectiveness of our proposed fMRI-to-text 
decoding framework CogReader, including the HCP S1200 dataset used in the 
pretraining phase, and the Narratives dataset used in the fine-tuning phase and 
decoding stage.

Experiments：
 Comparison with State-of-the-art methods: Compare with four SOTA methods, 

including UniCoRN, EEG-Text, BP-GPT and PREDFT in different input length.

 Ablation Study: Ablate Pretraining, Text-guided Masking, and Sequential 
Decoding to validate the effectiveness of each module.

 Comparison with other fMRI Representation Learning Method: Compare with 
UniCoRN to validate the effectiveness of the representation learning stage.

 Comparison with Noise Data: Compare with noise input to validate the 
effectiveness of our model.
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Results：Compare with SOTA Methods

Quantitative Comparison: Our method consistently outperforms all SOTA methods 
across all input lengths and evaluation metrics, especially in decoding long-form text 
sequences. 



类脑智能创新实验室2025-11-7 12

Decoding Text Comparison: Our method consistently outperforms SOTA methods in 
both semantic information extraction and narrative consistency, such as Pie Man, feld, 
said and Ego sum non an bestia.

Results：Compare with SOTA Methods
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 The ablation results show a consistent improvement in performance as each 
module is added, validating the effectiveness of each module. 

 The brain-inspired sequential decoding framework yields the most significant 
performance gain, demonstrating the impact of our proposed decoding approach.

Results：Ablation Study
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Our method consistently improves decoding performance across all sequence lengths, 
validating the effectiveness of the proposed representation learning framework.

Results：Compare with UniCoRN
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The results show that decoding performance is still higher when using real fMRI data, 
providing strong evidence that our proposed method is capable of extracting 
meaningful semantic information from fMRI time series, rather than depending solely 
on the memorization ability of the LLM.

Results：Compare with Noise
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Thank you ！
Feel free to contact us if you have any question:        wenxuyun@nuaa.edu.cn


