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Supplementary Material

The main difficulty in exploiting EEG lies in its sta-
tus as privileged information, which is accessible during
training but unavailable at inference. To address this mis-
match, we employ a Teacher–Student distillation setup in
which the Teacher is guided by EEG priors whereas the
Student relies solely on visual inputs, matching the deploy-
ment scenario. Standard two-stage distillation is insuffi-
cient, as a fixed Teacher often converges to EEG-dependent
representations that exceed the Student’s learnable capacity.
To ensure transferability, we cast the learning process as a
coupled Bi-level Optimization (BLO) problem, where the
Teacher’s lower-level objective is conditioned on the Stu-
dent’s current parameters. This coupling forces the Teacher
to continuously adapt its representation space to remain dis-
tillable. The Student then solves the upper-level problem
by mimicking the optimal Teacher using only LDR im-
ages, producing a joint optimization procedure that tightly
aligns EEG-guided supervision with the visual-only infer-
ence regime. A detailed algorithmic solution procedure is
provided in Alg. 1.

Algorithm 1 Training Procedure for the BLO Framework

Require: Pre-trained EEG Encoder EEEG.
Require: Teacher T with parameters θT , Student S with

parameters θS .
Require: Hyperparameters λrecon, γ, β.
Require: Number of inner steps K, outer steps M .

1: for each training iteration do
2: Sample a batch of LDR images I and corresponding

raw EEG Eraw.
3: E ← EEEG(Eraw)
4: // Lower-level update (Train Teacher)
5: Fix θS .
6: for k = 1 to K do
7: ITF ← T (I, E; θT )
8: Compute LLower using Lrecon.
9: θT ← θT − ηT∇θTLLower

10: end for
11: // Upper-level update (Train Student)
12: Fix θT .
13: for m = 1 to M do
14: ISF ← S(I; θS)
15: IT

∗

F ← T (I, E; θT )
16: Compute LUpper using LDistill and Lrecon.
17: θS ← θS − ηS∇θSLUpper

18: end for
19: end for
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