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(b) Training Pipeline of Mind-Omni
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MindEye SDRecon "Stlmulus(reference only)

Stimulus _Ours

Brief Description

of the scene.

T Q: Give me a very short description

& | A: a train was traveling on the track.

/

Detail Description

Q: Write a detailed description of the given image.

A: two vintage passenger trains, painted in black and
yellow accents, travels along a track, surrounded by
lush green trees under a clear blue sky.

Reasoning

Q: What is the status of the two trains in the picture?

A: two passenger trains are traveling side by side on
parallel tracks, as they can be seen serving as a
convenient travel for their respective destinations.
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Table 2. Quantitative evaluation of visual reconstruction (B—I and B—I&T tasks) averaged over subjects 1, 2, 5, and 7. The best, and
second-best results among comparable models are highlighted in bold, and with an underline, respectively.

Trainable Low-Level High-Level
Method  p; imeters  # Models #7Tasks  pi oot SSIM 1T AlexNet(2) T AlexNet(5) T Inception! CLIPT EffNet-B| SwAV |
OO" SDRecon [77] 3B 4 2 — — 83.0% 83.0% 76.0% 77.0% — —
6 MoPoE [76] 564M 4 4 021 145 54.4% 56.2% 59.3% 57.6% 2965 752
s o BraVL [13] 564M 4 4 .023 167 56.3% 59.1% 61.7% 63.5% 943 157
R I\ Multi-task methods: OnelLLM [27] 7B 4 7 .053 313 64.7% 76.1% 75.3% 77.2% 851 551
Y () Mind-Omni (Ours) Ours (B—1) 442M 1 7 118 .383 67.1% 72.8% 69.4% 66.7% 918 .583
AT bt Ours (B—T) 440M 1 7 036 284 62.8% 70.4% 67.9%  69.9% 895 623
SR MoPoE Ours (B—I&T)  442M 1 7 058 341 72.5% 84.9% 78.8%  T79.8% .824 .537
Z »
— Encoding-only methods:
= -
c = MindSimulator
?— L 2 #i::z;mmer Table 3. Quantitative analysis of detailed descriptions (B—T and B—I&T tasks), and reasoning (BQA task). The best and second-best
. results are indicated in bold and with an underline, respectively. LLM-as-Judge refers to evaluation using Qwen3-VL-30B-A3B-FP8:
= 2 given the stimulus image, question, reference answer, and model output, the judge determines whether the answer is correct.
Decoding-only method:
& MiwEye Method L TA™ Esternal #Models #Tasks BLEU1{ BLEU21 BLEU3t METEOR? ROUGE{ CIDEr{ SPICE{ CLIPt RefCLIP+ BERT{ LLM-as-Judge
¥ ~————— MindBridge Params LLM U T T 7 : i i i i ras-ludge T
{Q’ l;M BR’:\;E Detail Description
MT::;IOE 8 UMBRAE [91] | 146.57M | Vicuna (13B) [10] ! 2 21.39 11.86 6.31 11.31 17.60 6.04 6.43 60.85 65.96 - -
BrainR:ccns OneLLM [27] 7B LLaMAZ2 (7B) [15] 4 7 18.41 12.13 5.34 9.37 17.13 9.41 6.34 50.31 51.43 86.18 -
- Ours (B—=T) 442M None 1 7 14.92 9.03 5.83 13.86 13.35 6.28 6.78 48.47 47.00 80.21 =
. g:‘;;‘é":p Ours (B—I&T) | 442M None 1 7 2912 17.63 1136 26.05 30.54 1226 1325  53.67 5275 8773 =
Reasoning
UMBRAE [91] | 146.57M | Vicuna (13B) [10] 1 2 46.33 31.42 23.56 41.93 42.12 156.81 33.70 69.57 7522 91.33 2548
OneLLM [27] 7B LLaMA2 (7B) [15] 4 7 19.27 13.77 10.76 42.83 45.63 223.67 37.43 67.46 73.41 91.93 19.12
Ours (BQA) | 442M None 1 7 2318 1588 1186 50.13 5291 22398 4328 70.65 7672 8196 24.37
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Table 5. Ablation study on the Brain Tokenizer’s architecture de- Table 6. Ablation study on the impact of different training strate-

sign, where rPCC is calculated on self-reconstructed fMRI signals. gies. Blue-shaded row denote: the strafegy used . our model.
. . Complete results are provided in Tabs. 13—18.

The chance level for retrieval is 0.05.

Retrieval (Tops0) | Task Decoding Encoding
eirieva 0
Lsa Lpercepuar €0d€b0OK code code rpcC ¢ P codebook BLEUIT ROUGE! BERT! gPCC! gMSE| gRSA?T
size  dim. num. B2I B2T usage |
(a) Choice of Tokenization Strategy
X X 64 312 64 0.37 0.05 0.05 1% r g = e
% w 64 16 64 0.43 0.05 0.05 70% code dim.=16 30.28 25.73 88.04 0.145 0.698 0.342
x * 128 16 64 0.45 0.05 0.05 32% (b) Choice of Training Strategy
v X 64 16 64 0.64 0.58 (+0.53) 0.54 (+0.49) 100% (+30%) Direct 29.11 27.31 84.29 0.132 0.677  0.369
v X 128 16 64 0.68 0.20 0.57 62% Progressive 29.12 30.54 87.73 0160 0654 0.408
:// i ;gg ?é 2421 82‘; ((})-6{} 855—§ 4?-’3% From Scratch 20.35 14.32 74.66 0.104 0.984 0.242
v X 512 16 64 0.62 0.58 0.53 28% (c) Choice of Image-Caption Pairs
o v 128 16 64 0.68 0.62 (+0.02) 0.59 (+0.02) 80% (+18%) Raw COCO 24.37 26.52 83.17 0.133 0.671 0.384
v v 128 32 32 0.64 0.68 (+0.07) 0.64 (+0.06) 40% (+2%) Qwen2-VL Enhanced  29.12 30.54 87.73 0160 0654 0408
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