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Why 360° Breaks MLLMs

ERP keeps everything in one
frame, but warps geometry
CMP stays sharp, but shatters
the scene across six faces

Equirectangular projection (ERP) Cubemap projection (CMP)

Question: What is the relative position of the Toys
store and the Yorozuya store?
A. They are on the same side of the street but
separated by a side street.
B. They are right next to each other.
C. They are positioned at a right angle to each
other.
D. They are across from each other.

Answer:

GPT-4o: C

Ours: D



360Bench
643 images @ 7K · 1,532 human-curated MCQs
7 subtasks: perception, distortion, spatial reasoning, direction
Humans 86.3% vs best model (Gemini Pro 2.5) 46.5%

CMP: low distortion → clean object perception
(PP ↑, up to +14.1%)

ERP: global layout preserved → coherent spatial
reasoning (SR ↑, up to +14.5%)

CMP to see  ·  ERP to reason



Free360: a training-free scene graph

Frozen Qwen2.5-VL-7B. No fine-tuning, builds a question-relevant scene graph
4 steps: entities (CMP) → attributes → relation (rotate to ERP) → viewer-centered direction



Results

ablation_b.png  —  3B / 7B / 32B scales  (drop here)

+7.3 overall · up to +22.9 on subtasks
All components are important
Gains hold at 3B / 7B / 32B

7.3%

Impact of scene
graph
components

Effectiveness
across model
scales



Takeaway
360° perception is a real, measurable weakness in today's MLLMs
The two projections are complementary: CMP to see, ERP to reason
A simple, training-free scene graph closes much of the gap

Try answering 360Bench here!
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