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Introduction & Motivation

Question

All Frames

Answer

VLM serves as a passive observer 

for spatial reasoning

Homing pigeons build and exploiting 

cognitive maps for navigation



The Core Idea: Active Perception vs Passive Perception 

Question

All Frames

Answer

Previous: Passive perception

Question

I need view #1

& Question

Turn #1

View #1

I also need view #2

Turn #2

……

Answer

Ours: Active perception



Methodology: Agentic Pipeline

1. Active exploration

2. Cognitive map updating

3. Iterative process

4. Spatial mental reasoning



Methodology: Dynamic Cognitive Map

➢ A unified top-down coordinate system

➢ Storing objects with their positions and orientations, and camera viewpoints

➢ A persistent memory



Methodology: Spatial Assertion Codes (SAC)

➢ SAC is an executable Python expression

➢ SAC describe spatial relationships

➢ Example: object_1 on the left of object_2 from the perspective of view 4 -> obj1 in 

obj0.left(view=v4)



Methodology: Post-Training Process

➢ SFT: training with view retrieval, cognitive map updating, and spatial reasoning with SAC

➢ RFT: Finetuning with GRPO and dense reward functions



Experimental Results: MindCube Performance

➢ We achieve the best performance on MindCube

➢ We achieve a significant improvement on the Rotation subset, which is important for EAI



Experimental Results: Ablation Studies

➢ Active perception pipeline outperforms passive

➢ All reward components contribute to the final performance

➢ The cognitive map provides clear gains over plain context



Experimental Results: Ablation Studies

➢ Both of SFT and RFT post-training stages are essential

➢ Our adaptive retrieval strategy always surpasses the greedy one.



Core Contribution

➢ Re-formulate spatial reasoning and propose an agentic pipeline

➢ Propose SAC for RLVR

➢ Achieve state-of-the-art performance on MindCube



Thank You!
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