& LLMind: Bio-inspired Training-free Adaptive Visual
CVPR DENVER Representations for Vision-Language Models

JUNE 3-7, 2026 > COLORADO
Soumyaratna Debnath, Bui Duc Manh, Zinan Liu, Lin Wang’ UNIVERSITY
CVPR 2026 nghllght EmPACT Lab, Nanyang Technological University, Singapore SINGAPORE

Are there any people riding bikes? Current Vision-Language Models LLMind Framework Overview
[-_—— Yes, there is] e BN ESSO O R - . CSF (SPSA Based Optimization)

¥\ one person

ooy NANYANG
TECHNOLOGICAL

i = =4

— —

kz GT Answers Predicted Outputs
D Yy gt Y pred

InferenceT

A 3’@ éz;
TN

Sampled Image
I =Ey(I)

Uniform Spatial Fidelity
Under Budget Constrains

Human perception

— e e ) Bio-inspired
Adaptive Sampling

(BASS)
|

Pixel Budget
B T Frozen VLM

Bio-inspired Adaptive Sampling (BASS)
Cortical Mg_nifipation Adaptive Sampling

| /Input Image

Mobius
Transform

/[ Yes, there is one person ] |

Latent Encoding Layer

Mobius
Parameters

Transformation
Layers

Questions
<qp; 92 - 9p~

VLM

Current VLMs assume uniform spatial fidelity, \—'—I > Forward Pass

allocating equal computation to all pixels. ML P Network Input;mage Backward Pass
This leads to wasted resources on uninformative

regions and loss of critical details. Bio-inspired Adaptive Sampling Strategy (BASS) Non-Uniform Sampling

Mobius Inverse Mobius
Transformation Transformation
Mobius Coefficients

Neuroscience Grounded

Sampling and —_— o)

Interpolation D

| ®©

()

T [ 8

Input Image Pixel Budget Z(Sp(Mpy(I))) Sampled Image LL

I B I

O

BASS models cortical magnification by warping images 2|

Cortical Magnification Saccadic Eye Movements toward task-relevant regions, while CSF mimics saccadic ¢
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regions.

Experiments and Results

In contrast, human vision is inherently adaptive,
selective, efficient, and task-driven, guided by
cortical magnification and saccadic eye movements
toward task-relevant regions.

Q-1: Does LLMind improve scene-level VQA accuracy across diverse benchmarks ? [Yes]
Q-2: Can LLMind enhance region-guided VQA by reducing background distraction ? [Yes]
Q-3: What is the impact of the CSF on LLMind ? [CSF Improves Reasoning in VLMs]

Research Question.

: : : : : : Quantitative Results for LLMind Across Various VQA Datasets
Can biologically inspired sampling strategies
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framework for efficient VLM perception.

Qualitative Results for LLMind using Qwen2.5-VL at 5% Pixel Budget
A Mobius transformation-based sampling
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