Bridging the Vision-Brain Gap with an Uncertainty-Aware Blur Prior

Supplementary Material

A. Experimental details
A.1. Datasets details

THINGS-EEG [21] is a large scale EEG dataset in-
cluded 10 subjects with the Rapid Serial Visual Presen-
tation (RSVP) paradigm [23, 30, 32]. The EEG data are
collected using 64-channel EASYCAP equipment with the
standard 10-10 system [49]. The training set includes 1654
concepts with each concept 10 images, and each image re-
peats 4 times (1654 concepts x 10 images/concept X 4 tri-
als/image) per subject. The test set includes 200 concepts
with each concept 1 image, and each image repeats 80 times
(200 concepts x 1 image/concept x 80 trials/image) per
subject.

For data preprocessing, we follow the method detailed in
[60]. Raw EEG data filtered to [0.1, 100] Hz has 63 chan-
nels and a sample rate of 1000 Hz. EEG data is epoched
into trials ranging from 0 to 1000 ms after stimuli onset
with baseline correction using the prior 200 ms average.
EEG data is down-sampled to 250 Hz and 17 channels
are selected overlying occipital and parietal cortex related
to visual'. For the purpose of high Signal-to-Noise Ratio
(SNR), EEG repetitions are averaged, resulting in total of
16540 training samples and 200 test samples per subject.
Additionally, we store EEG data in float16 format to enable
faster reading speeds and reduce storage requirements.

THINGS-MEG [26] dataset involves four participants and
is characterized by 271 channels. The experimental design
incorporates a relatively long stimulus duration of 500 ms,
followed by a blank screen with a duration of 1000 + 200
ms. It consists of 1854 conceptsx 12 imagesx 1 repetitions
in the training stage and 200 conceptsx1 imagex12
repetitions in the test stage.

We follow the settings described in [60]. During the data
processing phase, 200 test concepts are discarded from the
training set to construct the zero-shot task, mirroring the
procedures in that study. Subsequently, the MEG data are
epoched into trials covering the period from 0 to 1000 ms
after the stimuli onset. For preprocessing, a band-pass filter
within the range of [0.1, 100] Hz is utilized, and baseline
correction is carried out after down-sampling the data to
200 Hz. Additionally, we average all MEG repetitions of
one image to ensure the signal-to-noise ratio. Additionally,
we store EEG data in float16 format to enable faster reading
speeds and reduce storage requirements.
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A.2. Implementation details

Environment. Our method is implemented with Python
3.8.19, CUDA 12.0, and PyTorch 2.4.1. The required li-
braries are specified in the requirements. txt file pro-
vided in the repository. The experiments are performed on
a machine equipped with an Intel Xeon Platinum 8352V
CPU, four V100 GPUs, and 256 GB of RAM.

Training Configuration. We use a batch size of 1024 and
train the model for 50 epochs. The learning rate is set to
le-4 for intra-subject setting and le-5 for inter-subject set-
ting. Gradient updates are performed using the AdamW/[42]
optimizer with weight decay set to le-4. Early stopping
is employed to monitor training loss and validation perfor-
mance, concluding the training process to mitigate overfit-
ting when improvements stabilize. Notably, we use the soft-
plus function instead of the exponential function to ensure
that temperature parameter 7 remains positive and continu-
ous, as softplus offers a smoother and more stable transition,
avoiding the numerical instability of the exponential func-
tion. For all above experiments, the hyperparameter r¢ is
set to 0.25 and c is set to 10.

Architectures. We use EEGProject as the brain encoder,
detailed as follows:
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We provided the number of parameters and embedding
dimension within different EEG encoders [34, 56, 60],
in Tab. 21. Compared to other models, EEGProject achieves
its performance through a simple yet effective architecture,
while remaining lightweight with 5.154M parameters, es-
pecially in comparison to the vision branch.

We also provide the parameter counts for various CLIP
vision branch models [29] to offer a comprehensive com-
parison across architectures in Tab. 22.



B. Results details
B.1. Retrieval Case Analysis

We present the top-5 retrieval results on THINGS-EEG dataset, including both good cases and bad cases, as shown in Fig. 9
and Fig. 10, respectively. Good cases demonstrate the model’s capability to effectively align with the target stimuli and
retrieve relevant results. An intriguing retrieval result is that the model not only retrieves items with similar materials but also

demonstrates associations with the orientation and quantity of objects. These observations warrant further investigation
in future studies.

Stimuli Top 1 Top 2 Top 4 Top 5

Top 3

Figure 9. Good Cases: Top-5 Retrieval Results for Various Stimuli.



In contrast, bad cases reveal limitations in distinguishing fine-grained features or addressing semantic inconsistencies. It
is challenging to distinguish highly similar stimuli due to the limited information contained in brain signals.
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Figure 10. Bad Cases: Top-5 Retrieval Results for Various Stimuli.



B.2. THINGS-EEG Results
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(b) Top-5 accuracy (%) of Vanilla on the THINGS-EEG dataset.

(a) Top-1 accuracy (%) of Vanilla on the THINGS-EEG dataset.
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(c) Top-1 accuracy (%) of UBP on the THINGS-EEG dataset.

(d) Top-5 accuracy (%) of UBP on the THINGS-EEG dataset.
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(f) Top-5 accuracy improvement (%) on the THINGS-EEG dataset.

(e) Top-1 accuracy improvement (%) on the THINGS-EEG dataset.

Figure 11. Results on the THINGS-EEG dataset.



Table 5. Top-1 and Top-5 Accuracy (%) on THINGS-EEG with CLIP RN50 With/Without UBP.

Subject 1  Subject2  Subject3  Subject4  Subject5  Subject 6 Subject7  Subject 8  Subject9 Subject 10 Avg
Backbone top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5
ShallowNet 18.0 483 24.0 54.8 23.0 58.8 30.0 63.2 203 457 27.8 625 26.0 60.5 32.8 69.7 245 593 33.0 69.2 259 59.2
w/ UBP 245 575 250 605 312 645 352 66.8 20.7 49.0 37.3 70.0 33.7 653 422 78.0 27.0 63.7 40.0 72.7 31.7 64.8
DeepNet 7.8 275 11.0 358 11.2 320 145 400 82 24.0 122 385 10.5 332 163 39.0 155 405 125 445 12.0 355
w/ UBP 10.5 332 108 353 11.7 37.0 17.8 442 65 233 17.0 405 142 362 145 42.0 160 36.7 17.5 457 13.7 374
EEGNet 11.0 383 185 51.7 195 513 240 562 163 41.8 245 572 195 43.8 30.0 62.5 242 50.0 29.5 61.0 21.7 514
w/ UBP 185 440 232 532 257 582 333 620 20.0 458 302 62.7 225 532 337 662 250 520 29.5 655 262 563
TSConv 293 61.3 27.0 632 320 73.0 350 725 252 59.0 38.0 743 31.0 66.5 43.0 76.8 31.5 66.5 40.0 75.5 332 689
w/ UBP 38.0 69.5 28.7 685 38.8 757 413 743 29.7 61.0 420 76.7 36.2 70.8 485 79.7 332 673 44.0 79.0 38.0 723
EEGProject 30.8 64.2 395 71.5 422 785 428 76.5 33.8 692 455 793 40.7 71.8 49.8 80.5 41.7 745 525 858 419 752
w/ UBP 412 712 50.7 822 50.2 81.7 493 77.8 433 70.8 58.7 825 498 79.0 57.8 843 445 76.7 623 877 50.8 79.4

Table 6. Top-1 and Top-5 Accuracy (%) on THINGS-EEG with CLIP RN101 With/Without UBP.

Subject 1 ~ Subject2  Subject3  Subject4  Subject5  Subject6  Subject7  Subject8  Subject9 Subject 10 Avg
Backbone top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5
ShallowNet 17.8 45.7 182 53.0 20.7 53.5 28.0 61.0 152 43.0 21.8 58.0 203 54.8 29.7 653 210 542 252 642 21.8 553
w/ UBP 235 553 195 56.0 260 57.7 29.7 63.7 155 425 29.7 66.0 225 56.5 32.8 683 22.0 59.5 325 675 254 593
DeepNet 87 235 113 295 57 233 150 380 7.2 215 102 31.0 100 28.7 9.5 332 125 358 172 445 10.8 309
w/ UBP 88 27.8 100 303 82 305 143 395 85 220 122 328 88 30.0 11.2 345 133 37.7 155 463 11.1 33.1
EEGNet 125 328 145 427 153 438 225 547 132 403 165 51.5 160 427 20.0 56.7 17.7 45.7 242 562 172 46.7
w/ UBP 18.0 43.8 18.8 52.0 195 51.7 223 558 183 463 26.0 60.5 182 435 215 585 21.7 500 26.7 623 21.1 524
TSConv 248 56.5 248 585 233 60.5 335 67.8 19.0 485 275 682 250 58.0 343 71.5 255 60.5 31.7 69.0 269 61.9
w/ UBP 30.8 65.0 242 652 295 652 34.0 69.5 242 550 40.0 77.0 265 623 412 77.8 29.7 662 39.5 748 32.0 67.8
EEGProject 29.0 59.3 36.0 66.3 40.7 72.5 420 73.5 30.5 588 39.7 72.0 392 705 41.0 77.5 373 67.0 50.5 79.5 38.6 69.7
w/ UBP 352 69.7 455 80.8 46.5 78.7 47.7 777 40.7 713 495 835 427 750 550 81.0 392 750 53.5 873 456 780

Table 7. Top-1 and Top-5 Accuracy (%) on THINGS-EEG with CLIP ViT-B-16 With/Without UBP.

Subject 1  Subject2  Subject3  Subject4  Subject5  Subject 6 Subject7  Subject8  Subject9  Subject 10 Avg
Backbone top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5
ShallowNet 15.0 41.0 16.0 483 253 582 285 61.8 145 41.8 212 57.7 21.8 54.8 282 635 215 523 252 650 21.7 544
w/ UBP 223 51.8 235 53.0 240 61.8 323 650 16.8 450 282 640 272 60.0 347 71.0 23.0 553 343 67.0 266 594
DeepNet 9.0 225 6.7 293 90 305 135 368 4.7 17.8 10.0 31.0 100 31.2 9.8 332 153 375 142 39.0 102 309
w/ UBP 105 260 87 328 9.0 325 150 427 55 23.0 123 340 93 312 120 350 13.7 395 10.5 388 10.7 335
EEGNet 120 36.0 10.7 402 19.8 472 192 455 9.8 338 205 49.0 142 38.8 19.0 52.0 163 44.0 188 542 16.0 44.1
w/ UBP 18.8 415 185 485 235 550 247 57.0 165 440 27.0 572 20.7 49.8 293 585 230 50.2 27.5 612 229 523
TSConv 19.7 49.0 235 56.7 27.0 63.7 315 67.0 18.8 493 345 653 272 60.7 36.5 72.8 27.8 59.5 302 67.5 27.7 612
w/ UBP 28.7 63.0 28.0 63.0 31.2 66.8 37.0 722 225 545 410 748 3377 63.0 422 76.7 31.7 63.5 363 715 332 669
EEGProject 29.5 59.5 328 68.0 36.5 71.8 353 68.0 282 540 372 733 343 700 36.8 750 373 69.2 44.0 79.7 352 68.9
w/ UBP 373 627 465 775 465 762 428 772 347 66.8 468 792 403 745 517 81.2 448 757 555 875 447 759

Table 8. Top-1 and Top-5 Accuracy (%) on THINGS-EEG with CLIP ViT-B-32 With/Without UBP.

Subject 1 ~ Subject2  Subject3  Subject4  Subject5  Subject6  Subject7  Subject8  Subject9 Subject 10 Avg
Backbone top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5
ShallowNet 15.8 45.0 17.8 49.0 27.3 57.0 28.7 655 17.5 41.0 252 60.5 203 547 30.7 632 227 56.0 273 63.0 233 555
w/ UBP 20.0 532 22.0 55.0 265 63.0 353 69.2 19.5 487 273 657 27.7 627 37.0 73.5 225 608 29.7 693 26.7 62.1
DeepNet 8.8 238 102 305 9.8 293 120 390 53 19.7 10.7 328 11.2 32.0 9.0 31.8 135 373 128 39.7 103 31.6
w/ UBP 87 29.0 102 343 93 343 125 412 85 210 11.2 335 140 33.0 12.0 323 12.0 37.0 12.8 420 11.1 338
EEGNet 143 36.0 142 43.0 183 463 24.0 530 12.8 36.5 20.0 502 155 43.8 203 53.5 188 43.8 20.2 56.0 17.8 46.2
w/ UBP 185 405 21.7 547 20.7 56.0 25.0 582 19.2 453 302 60.5 203 483 27.0 63.5 22.0 540 252 635 23.0 544
TSConv 19.8 55.8 22.7 55.8 33.8 65.0 345 725 20.0 525 33.7 683 253 60.5 403 74.5 337 625 36.5 69.0 30.0 63.6
w/ UBP 30.8 635 27.5 64.0 375 70.8 36.8 723 25.8 57.7 435 76.0 34.8 68.0 415 78.7 34.0 69.0 36.2 725 34.8 69.2
EEGProject 30.7 59.5 39.2 70.5 43.0 79.5 40.3 735 312 650 42.0 743 36.8 68.8 457 750 412 713 465 832 39.7 72.1
w/ UBP 37.5 70.0 46.5 80.5 52.8 85.5 47.2 80.8 37.5 70.7 545 81.7 43.8 79.5 58.8 81.5 46.5 77.0 56.0 89.7 48.1 79.7




Table 9. Top-1 and Top-5 Accuracy (%) on THINGS-EEG with CLIP ViT-L-14 With/Without UBP.

Subject 1  Subject2  Subject3  Subject4  Subject5  Subject 6 Subject7  Subject 8  Subject9 Subject 10 Avg
Backbone top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5
ShallowNet 16.3 453 17.8 512 19.7 57.5 27.0 60.2 17.5 455 263 60.8 20.0 483 30.5 632 21.8 545 29.5 657 22.6 552
w/ UBP 157 47.8 233 52.0 245 612 322 66.7 17.2 50.5 332 692 257 615 355 71.0 235 58.8 332 702 264 60.9
DeepNet 83 23.0 9.0 290 9.0 29.7 128 347 73 205 115 333 83 31.7 13.0 363 135 36.5 120 33.7 105 309
w/ UBP 102 28.7 11.8 335 12.0 343 165 412 6.7 237 145 392 132 375 125 405 153 375 13.8 41.0 127 35.7
EEGNet 12.8 35.8 133 420 163 47.8 20.8 50.0 142 345 23.8 52.7 143 41.8 242 588 17.5 47.7 27.0 585 184 469
w/ UBP 143 405 20.7 455 21.7 54.0 29.0 59.5 18.0 45.7 275 613 19.7 53.0 263 613 21.8 540 27.5 63.0 22.6 53.8
TSConv 21.7 5577 24.0 565 252 61.0 312 655 20.0 472 312 69.0 25.7 582 37.7 70.0 21.8 56.0 34.0 70.0 27.3 60.9
w/ UBP 26.5 60.0 26.0 60.5 323 66.5 363 72.0 245 56.0 39.0 752 282 653 42.8 785 29.0 63.5 39.0 76.0 324 673
EEGProject 26.7 553 335 66.5 352 733 320 70.0 27.5 51.7 362 722 335 728 445 755 295 67.0 453 77.7 344 682
w/ UBP 312 662 39.0 73.8 433 775 438 762 31.0 69.5 515 83.0 410 745 562 805 425 740 548 843 434 759

Table 10. Top-1 and Top-5 Accuracy (%) on THINGS-EEG with CLIP ViT-H-14 With/Without UBP.

Subject 1 ~ Subject2  Subject3  Subject4  Subject5  Subject6  Subject7  Subject8  Subject9 Subject 10 Avg
Backbone top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5
ShallowNet 152 422 168 47.0 25.0 56.5 255 593 11.5 43.0 232 550 18.0 51.0 27.8 62.7 227 555 29.5 60.0 21.5 53.2
w/ UBP 21.0 51.0 21.8 503 242 62.7 32.0 643 17.8 457 305 69.5 242 60.0 31.7 71.8 262 59.5 383 67.8 26.8 60.3
DeepNet 80 248 9.0 272 115 31.0 9.0 303 45 207 95 278 95 30.0 88 320 112 34.0 133 410 94 299
w/ UBP 93 287 143 365 14.0 373 140 365 85 222 13.8 338 11.7 365 145 380 14.0 385 157 458 13.0 354
EEGNet 9.3 30.8 17.3 435 188 46.0 185 473 125 362 21.2 49.0 14.0 40.5 212 51.0 17.7 485 21.0 53.5 172 446
w/ UBP 15.0 425 19.7 49.0 220 54.0 26.0 585 20.5 44.0 225 58.0 21.2 492 260 60.0 21.5 545 27.0 63.8 22.1 534
TSConv 20.5 50.0 22.0 558 27.2 60.5 29.5 61.8 19.0 49.8 30.5 61.5 227 57.8 350 70.0 27.0 59.0 34.7 66.7 26.8 59.3
w/ UBP 28.7 633 29.7 650 32.8 69.5 37.0 71.0 28.7 59.0 395 76.2 332 653 40.0 77.8 29.7 63.7 43.0 76.5 342 68.7
EEGProject 19.7 54.5 31.0 62.0 39.0 70.0 350 62.0 263 54.0 382 685 293 61.8 39.5 722 348 622 40.7 760 334 643
w/ UBP 320 64.0 45.0 757 458 815 425 775 347 665 47.0 812 40.0 73.5 512 825 457 723 512 86.5 435 76.1

Table 11. Top-1 and Top-5 Accuracy (%) on THINGS-EEG with CLIP ViT-g-14 With/Without UBP.

Subject 1  Subject2  Subject3  Subject4  Subject5  Subject 6 Subject7  Subject8  Subject9  Subject 10 Avg
Backbone top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5
ShallowNet 6.5 235 4.7 210 62 288 98 310 50 170 73 255 6.8 247 113 335 57 250 108 345 74 265
w/ UBP 195 515 16.8 502 265 61.0 29.0 66.0 17.5 450 29.0 62.7 225 587 275 67.5 237 582 302 67.0 242 5838
DeepNet 6.5 237 6.8 248 108 315 122 323 65 170 95 262 9.0 29.0 105 322 98 308 7.0 37.7 89 285
w/ UBP 95 260 88 265 11.0 332 128 332 6.0 215 12.0 33.7 11.0 36.0 9.5 337 11.0 32.8 142 385 10.6 315
EEGNet 83 293 133 392 193 47.0 203 487 11.5 350 195 44.0 150 36.8 20.0 522 16.5 40.5 22.0 50.7 16.6 423
w/ UBP 13.3 375 16.0 427 227 522 250 55.8 14.0 442 230 525 188 475 252 58.0 18.0 50.7 26.8 57.8 20.3 499
TSConv 245 52.0 20.0 505 26.0 57.7 275 61.0 20.5 488 253 585 245 51.0 31.0 63.0 227 55.0 29.7 645 252 56.2
w/ UBP 315 635 21.2 547 328 643 322 67.0 23.7 558 337 69.5 32.8 64.0 37.0 77.2 293 623 39.0 733 313 65.1
EEGProject 20.3 48.5 235 523 30.0 59.7 285 62.7 233 483 29.0 60.2 282 548 30.7 640 29.0 57.8 30.5 655 27.3 574
w/ UBP 29.0 62.0 385 675 422 772 410 74.8 31.0 595 443 748 373 71.0 485 81.0 420 69.7 502 812 404 719

Table 12. Top-1 and Top-5 Accuracy (%) on THINGS-EEG with CLIP ViT-bigG-14 With/Without UBP.

Subject 1 ~ Subject2  Subject3  Subject4  Subject5  Subject6  Subject7  Subject8  Subject9 Subject 10 Avg
Backbone top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5
ShallowNet 7.8 265 63 190 90 338 98 330 60 200 102 297 7.8 323 123 390 92 323 13.0 403 9.1 306
w/ UBP 195 52.8 19.0 575 29.7 60.7 343 683 17.5 462 340 67.0 282 59.7 332 71.0 272 59.0 312 72.0 274 614
DeepNet 73 215 80 278 9.0 315 105 325 7.5 21.7 105 293 10.8 29.7 100 29.7 9.8 320 11.0 347 94 29.1
w/ UBP 73 215 80 278 9.0 315 105 325 7.5 21.7 105 293 108 29.7 100 29.7 98 32.0 11.0 347 94 29.1
EEGNet 13.0 362 13.0 43.0 20.0 47.2 232 515 17.0 36.7 18.8 50.7 16.8 425 255 580 193 505 23.8 545 19.0 47.1
w/ UBP 16.3 40.7 20.5 53.7 240 55.8 28.0 58.8 18.5 45.0 28.0 59.7 232 512 287 625 245 555 255 627 237 54.6
TSConv 22.0 48.0 182 572 26.7 585 312 61.0 19.8 46.0 325 63.5 24.7 537 385 68.0 248 58.0 358 69.5 274 583
w/ UBP 30.0 62.0 285 64.5 320 66.2 36.8 70.7 23.7 547 433 743 322 675 420 752 305 655 373 76.0 33.6 67.7
EEGProject 22.0 52.5 29.7 58.5 31.5 63.7 29.7 63.7 252 535 362 673 325 63.0 375 682 263 613 392 720 31.0 624
w/ UBP 33.8 63.7 41.8 782 438 782 39.7 73.8 34.0 64.0 558 82.7 38.7 748 49.0 80.3 43.5 743 532 855 433 756




B.3. THINGS-MEG Results
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Figure 12. Results on the THINGS-EEG dataset.



Table 13. Top-1 and Top-5 Accuracy (%) on THINGS-MEG with
CLIP RN50 With/Without UBP.

Table 17. Top-1 and Top-5 Accuracy (%) on THINGS-MEG with
CLIP ViT-L-14 With/Without UBP.

Subject I ~ Subject2  Subject3  Subject 4 Avg Subject I ~ Subject2  Subject3  Subject 4 Avg
Backbone top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 Backbone top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5
ShallowNet 9.8 32.0 273 585 252 562 93 29.7 179 44.1 ShallowNet 6.5 26.0 23.0 51.7 19.0 44.0 102 29.5 14.7 37.8
w/ UBP 10.7 36.0 27.0 653 222 51.8 125 31.0 18.1 46.0 w/ UBP 8.7 27.5 308 57.7 17.5 48.0 12.0 27.5 17.3 40.2
DeepNet 43 17.0 133 400 128 347 62 192 9.1 277 DeepNet 45 180 123 373 113 343 50 168 83 26.6
w/ UBP 45 148 165 405 113 360 6.7 192 9.7 276 w/ UBP 6.2 18.8 18.5 44.0 128 345 6.2 20.7 109 295
EEGNet 10.5 26.8 252 59.3 193 475 80 282 157 404 EEGNet 6.2 185 182 450 11.7 33.8 6.0 185 10.6 289
w/ UBP 75 245 297 66.0 145 46.8 87 263 15.1 409 w/ UBP 55 247 275 555 147 422 55 205 133 357
TSconv 14.8 40.5 392 735 302 60.8 15.5 362 249 528 TSconv 15.0 34.8 288 64.0 21.5 50.0 12.5 35.0 194 459
w/ UBP 18.3 45.0 40.7 76.5 28.0 59.0 17.0 41.5 26.0 555 w/ UBP 155 412 395 69.0 282 572 17.8 412 252 522
EEGProject 13.2 34.5 433 745 27.0 57.0 13.5 38.8 242 512 EEGProject 12.2 31.2 325 64.0 16.8 47.0 13.0 31.5 18.6 434
w/ UBP 15.0 38.0 46.0 80.5 27.3 59.0 185 435 26.7 552 w/ UBP 148 37.5 39.0 725 245 562 18.0 42.8 24.1 523

Table 14. Top-1 and Top-5 Accuracy (%) on THINGS-MEG with

CLIP RN101 With/Without UBP.

Table 18. Top-1 and Top-5 Accuracy (%) on THINGS-MEG with
CLIP ViT-H-14 With/Without UBP.

Subject I ~ Subject2  Subject3  Subject 4 Avg Subject 1 ~ Subject2  Subject3  Subject 4 Avg
Backbone top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 Backbone top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5
ShallowNet 8.5 27.8 20.0 53.0 21.0 49.7 7.7 282 143 39.7 ShallowNet 7.5 26.0 24.5 50.5 145 43.8 9.0 255 139 364
w/ UBP 8.7 30.0 25.0 553 21.5 463 11.0 33.0 166 41.1 w/ UBP 11.0 345 287 558 20.0 53.7 11.7 262 179 426
DeepNet 48 150 11.5 362 83 305 43 193 72 252 DeepNet 53 183 16.0 392 11.0 30.0 50 172 93 262
w/ UBP 35 17.0 123 385 95 275 68 207 80 259 w/ UBP 43 195 18.0 41.8 127 332 52 17.0 10.1 279
EEGNet 6.5 18.0 17.2 472 142 36,5 4.0 17.7 105 299 EEGNet 57 183 16.7 450 82 312 45 157 88 276
w/ UBP 6.0 20.7 193 49.8 11.8 365 6.0 21.8 10.8 322 w/ UBP 75 250 232 537 160 41.5 55 192 13.1 349
TSconv 15.0 37.7 320 672 247 555 143 385 21.5 49.7 TSconv 12.0 31.5 30.0 58.7 20.3 51.5 13.0 34.8 18.8 44.1
w/ UBP 13.5 40.5 315 68.8 255 583 17.0 41.7 219 523 w/ UBP 145 39.5 39.0 70.0 30.5 58.0 13.7 38.0 244 514
EEGProject 10.7 33.2 373 69.5 262 555 9.0 31.0 20.8 473 EEGProject 11.0 28.0 30.7 623 22.7 44.8 10.8 28.7 18.8 40.9
w/ UBP 153 37.7 448 765 31.0 635 155 433 26.6 552 w/ UBP 155 373 41.0 748 24.8 553 153 345 241 504

Table 15. Top-1 and Top-5 Accuracy (%) on THINGS-MEG with
CLIP ViT-B-16 With/Without UBP.

Table 19. Top-1 and Top-5 Accuracy (%) on THINGS-MEG with
CLIP ViT-g-14 With/Without UBP.

Subject I ~ Subject2  Subject3  Subject 4 Avg Subject 1 ~ Subject2  Subject3  Subject 4 Avg
Backbone top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 Backbone top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5
ShallowNet 82 28.5 21.5 49.8 205 450 62 278 14.1 37.8 ShallowNet 9.5 257 17.5 47.0 173 427 85 273 132 357
w/ UBP 9.8 288 25.0 59.7 250 52.8 12.8 28.7 18.1 425 w/ UBP 10.5 28.2 255 510 192 465 83 27.5 159 383
DeepNet 40 153 148 353 9.0 322 35 183 7.8 253 DeepNet 50 160 11.5 337 98 297 25 160 72 239
w/ UBP 6.8 19.0 148 353 80 358 7.5 223 93 281 w/ UBP 43 172 142 425 9.0 338 62 212 84 287
EEGNet 3.0 128 145 403 95 295 27 138 74 241 EEGNet 6.5 203 17.0 463 120 325 45 203 10.0 29.8
w/ UBP 53 208 185 545 137 385 53 19.7 10.7 334 w/ UBP 6.2 240 233 53.8 137 375 55 202 122 339
TSconv 10.8 33.3 293 623 260 548 10.7 32.5 192 45.7 TSconv 10.8 33.8 26.0 59.3 18.2 485 10.0 29.3 162 42.7
w/ UBP 13.5 403 353 703 29.0 623 143 37.5 23.0 52.6 w/ UBP 11.5 347 320 650 242 565 125 37.3 20.1 484
EEGProject 14.2 35.8 27.8 653 23.7 52.0 11.0 350 19.2 47.0 EEGProject 11.0 28.7 27.5 59.5 19.5 443 10.7 332 172 414
w/ UBP 167 39.2 382 725 237 623 16.8 40.0 239 535 w/ UBP 13.5 40.0 358 69.8 23.8 550 13.5 383 21.6 50.8

Table 16. Top-1 and Top-5 Accuracy (%) on THINGS-MEG with
CLIP ViT-B-32 With/Without UBP.

Table 20. Top-1 and Top-5 Accuracy (%) on THINGS-MEG with
CLIP ViT-bigG-14 With/Without UBP.

Subject I ~ Subject2  Subject3  Subject 4 Avg Subject 1 ~ Subject2  Subject3  Subject 4 Avg
Backbone top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 Backbone top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5 top-1 top-5
ShallowNet 8.2 242 240 54.8 183 460 95 262 150 3738 ShallowNet 9.0 25.8 185 475 163 422 85 24.0 13.1 349
w/ UBP 7.5 30.0 233 548 21.8 558 11.7 29.7 16.1 42.6 w/ UBP 6.5 255 255 55.8 255 512 9.8 287 16.8 403
DeepNet 50 185 125 385 122 322 53 182 8.7 269 DeepNet 42 182 13.0 36.0 11.3 290 55 165 85 249
w/ UBP 47 183 133 375 107 328 52 190 85 269 w/ UBP 47 163 16.0 43.0 120 353 7.0 202 99 287
EEGNet 45 157 157 455 85 312 22 135 7.7 265 EEGNet 57 230 19.0 492 133 382 57 175 109 320
w/ UBP 8.0 225 245 58.0 133 410 42 163 125 344 w/ UBP 82 285 237 61.0 163 502 45 220 132 404
TSconv 16.3 385 343 685 242 540 140 37.7 222 49.7 TSconv 11.2 345 285 59.5 237 498 11.7 320 18.8 439
w/ UBP 148 422 373 692 27.8 62.0 148 40.2 23.6 534 w/ UBP 132 405 36.5 685 28.7 657 13.0 385 229 533
EEGProject 10.0 35.8 34.7 703 255 545 140 413 21.1 504 EEGProject 9.0 30.0 32.8 59.5 203 465 87 295 17.7 414
w/ UBP 15.0 38.0 34.0 66.5 29.7 633 12.7 31.0 229 49.7 w/ UBP 13.5 333 403 70.0 26.7 63.2 185 36.8 24.7 50.8




Table 21. Details of different EEG encoders with Emb dimension
of 1024

Brain Encoder Params
ShallowNet 256 M
DeepNet 276 M
EEGNet 2.34 M
TSConv 256 M
EEGProject 540 M

Table 22. Details of different Vision encoders

Vision Encoder Params Emb dim
RN50 38.32 M 1024
RN101 56.26 M 512
ViT-B-16 86.19 M 512
ViT-B-32 87.85M 512
ViT-L-14 303.97 M 768
ViT-H-14 632.08 M 1024
ViT-g-14 1012.65 M 1024
ViT-bigG-14 184491 M 1280

B.4. EEG Feature Selection Analysis

Unless otherwise specified, EEG data spanning 1000 ms
were selected, focusing on 17 visual-related (O+P) channels
out of a total of 63, following previous work [60], where ab-
lation studies are conducted on both channels and epochs.
To verify the influence of the selection of EEG features,
we conducted relevant ablation experiments. Tab. 23 and
Fig. 13 show consistent improvements across various set-
tings.

Table 23. Top-1 ACC (%) compariation with different channels.

Method Occipital Parietal O+P (Our) Others All

Vanilla  21.0 33.7 42.0 10.2 35.6
UBP 26.9 59 40.7 7.0 50.9 (489 12.1 ¢19)  42.2 (+6.6)
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Figure 13. Top-1 ACC (%) compariation with different epoching.

B.5. More Evaluation Metrics

For a more comprehensive assessment of the method’s per-
formance, we provided additional metric values to validate
UBP’s effectiveness, specifically two new metrics: mAP
and Similarity Score of paired samples. We present the
performance averaged over 10 subjects. Tab. 24 demon-
strates the results of the proposed method evaluated across
different metrics. The calculation of metrics can be found
in the repo.

Table 24. Retrieval Performance on THINGS-EEG.

Method Top-1Acc Top-5 Acc mAP* Similarity*

Vanilla  42.0 75.2 56.6 0.160
UBP 50.9 +8.9) 79.7 (+4.5) 63.8 +7.2)  0.199 (+0.039)
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