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Detecting Reading-Induced 
Confusion Using EEG and  
Eye Tracking
doi.org/10.48550/arXiv.2508.14442
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Decoding Visual Imagery  
Using EEG/EOG Glasses:  
A Pilot Study
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AttentivU:  
Designing EEG and EOG Compatible Glasses for  
Physiological Sensing and Feedback in the Car
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Image classification and  
reconstruction from  
low‑density EEG
doi.org/10.1038/s41598-024-66228-1
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Image classification 
and reconstruction 
from low‑density EEG
Sven Guenther 1*, Nataliya Kosmyna 2 & Pattie Maes 2

Recent advances in visual decoding have enabled the classification and reconstruction of perceived 
images from the brain. However, previous approaches have predominantly relied on stationary, costly 
equipment like fMRI or high‑density EEG, limiting the real‑world availability and applicability of such 
projects. Additionally, several EEG‑based paradigms have utilized artifactual, rather than stimulus‑
related information yielding flawed classification and reconstruction results. Our goal was to reduce 
the cost of the decoding paradigm, while increasing its flexibility. Therefore, we investigated whether 
the classification of an image category and the reconstruction of the image itself is possible from the 
visually evoked brain activity measured by a portable, 8‑channel EEG. To compensate for the low 
electrode count and to avoid flawed predictions, we designed a theory‑guided EEG setup and created 
a new experiment to obtain a dataset from 9 subjects. We compared five contemporary classification 
models with our setup reaching an average accuracy of 34.4% for 20 image classes on hold‑out test 
recordings. For the reconstruction, the top‑performing model was used as an EEG‑encoder which 
was combined with a pretrained latent diffusion model via double‑conditioning. After fine‑tuning, 
we reconstructed images from the test set with a 1000 trial 50‑class top‑1 accuracy of 35.3%. While 
not reaching the same performance as MRI‑based paradigms on unseen stimuli, our approach greatly 
improved the affordability and mobility of the visual decoding technology.

!e past two decades have seen signi"cant advances of classifying the object category of a perceived image and 
reconstructing visual stimuli from brain  recordings1–4. !e motivation for this has been two-fold. On the one 
hand, researchers hope to derive new insights into how the brain processes visual  stimuli5. On the other hand, 
reconstructing visual information from someone’s brain could o#er an intuitive communication channel for 
patients su#ering from  paralysis6. However, while classi"cation accuracies and reconstruction qualities have 
steadily increased, two key challenges have remained largely unaddressed. First, previous studies have predomi-
nantly relied on costly and stationary equipment for functional Magnetic Resonance Imaging (fMRI), Magne-
toencephalography (MEG) or high-channel Electroencephalography (EEG). While the monetary constraints 
limit the widespread use of these technologies, the immobility and long setup times of the equipment render 
a possible real-world application unfeasible. Second, most of the high-channel EEG studies have used a public 
dataset that presented all images of a class sequentially in  blocks7. !is allowed artifactual classi"cations based 
on block-level temporal correlations in the EEG signal rather than stimulus-associated patterns generated by 
the brain, as pointed out by Li et$al.8. !us, the models mostly learned to distinguish images not from the evoked 
signal, but from the temporal dynamics of the measurement tool.

Portable EEG devices may increase mobility and could greatly reduce the cost and preparation time with a 
reduction in electrode numbers. Arguably, a lower channel count corresponds to less information available for 
the classi"cation. However, this e#ect may be mitigated by focusing on the most predictive electrode locations 
detected by previous  research9,10. Additionally, the artifactual classi"cations of prior EEG studies could be avoided 
by randomly shu%ing the stimuli a&er every experiment run during the data acquisition. !erefore, we propose 
to address the key challenges in the following three ways: 

1. Reducing costs: To loosen "nancial constraints and enable more researchers to work with our "ndings, we 
employ a low-cost and commercially available EEG system.

2. Increasing 'exibility: To avoid stationary devices or equipment with prolonged setup times, we utilize a 
portable, 8-channel EEG with a preparation time of less than 15 minutes. Furthermore, we use previous sci-
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A Brain-Controlled 
Quadruped Robot: 
A Proof-of-Concept Demonstration
doi.org/10.3390/s24010080
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Autonomous, Wireless, Eyes-Free BCI Interaction for Assistive Use Cases

NeuroChat: 
A Neuroadaptive AI Chatbot for 
Customizing Learning Experiences
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