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Why 360° Breaks MLLMs

Equirectangular projection (ERP)

6uestion: 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.

e. They are across from each other.

Cuemap projection (CMP)

Answer: e ERP keeps everything in one
frame, but warps geometry

e CMP stays sharp, but shatters
the scene across six faces
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360Bench

e 643 images @ 7K - 1,532 human-curated MCQs
e 7 subtasks: perception, distortion, spatial reasoning, direction \

e Humans 86.3% vs best model (Gemini Pro 2.5) 46.5%

What does the |label
on the trash bin say?
A. Plastico

B. Hazardous

C. Recyclables

D. Paper

How many
remote controls
are on the table?

of drinks are sold
in the vending {44
machine?

A.7 B.8
C.9 D.10

How many types é

al A. Afive-way roundabout
% | B. Asix-way roundabout |
C. A three-way roundabout

D. A four-way roundabout
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(a) Fine-grained instance recognition (FP-IR) (c) Projection-distorted instance recognition (PP-IR) (d) Projection-distorted instance counting (PP-1C)

| Whatis the relative position of Rooms 7 and 87 _ ‘!s

| A. They are next to each other on the same
side of the hallway.

B. They are directly across from each other. b === C. Infrontof you

C. They are diagonally across from each other. === 5| D. Onthe left

D. They are located on different hallways.

Where is the fire hydrant?

A. On the right Leopold?

A. Cross the road, then turn right
88 B. Cross the road, then turn left

C. Turnright and go straight ahead

D. Turnleft and go straight ahead

(e) Spatial reasoning between objects (SR-Os) (f) Spatial reasoning between object and view (SR-OV) (g) Direction-Giving (DG)

CMP: low distortion -» clean object perception ERP: global layout preserved -» coherent spatial
(PP, up to +14.1%) reasoning (SR t, up to +14.5%)

CMP to see - ERP to reason



Free360: a training-free scene graph

4 Sec 4.1: Scene Graph Generation
Step 1: Identify Entities Step 2: Extract Attributes Step 3: Detect Inter-Entity Relations Step 4: Detect Entity-View Relations
Label, BBox Label, BBox
mape 1 Cunten LT e T T
i ‘L "Toys store 1" "Yorozuya store 1" [Entity-Centered Rotation] [ View Mapping ]

{’*’ MLLM ] v — v )

‘ 4 A
Q%[* MLLM ] B
! in in
4 ) wlv Right Behind
Label: "Toys store 1" é A view 4, view
BBox: [6629, 2451, 7295, 2576] @ ? 3 ¥
’ ’ ’ MLLM " . "
"a section of a "a section of a @ thl'lght side Ofd back of thde
Label:  "Yorozuya store 1" building with building with a v , etﬁcef'ehf”f ;Cif‘ediﬂ
' signage indicating| | sign that reads 9 LR L@ sl
BBox: [810, 2483, 1375, 2625] ® ° 'IQOYS..." ° YgROZUYA..." [ PS across from ~® J the viewer" viewer"
\_ y, - J \ J
\
( Inputs N\ ( Sec 4.2: Scene Graph-based Question Answering
_ ] ) Textual form of the scene graph
Question ): What is the relative position TN - N\ A Scene graph ~
of the Toys store and the Yorozuya store? ARSwer: Question Q List of nodes: Yorozuya store 1, Toys store 1, behind view, right view
d o are Attribute relations: <9
S eross oM Yorozuya store 1 = a section of a building with a sign that reads YOROZUYA... In
each othar % Toys store 1 = a section of a building with signage indicating TOYS...
' MLLM Behind view = back of the scene and behind the viewer < across|from
Right view - right side of the scene and to the right of the viewer
. Spatial relations: _
Analysis: Yorozuya store 1 = in = Behind view, Toys store 1 = in = Right view, In
Image I Toys store 1 = across from = Yorozuya store 1, Behind view - right of = Right view
o . N—— - N\ J
\_ A\

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



Results

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

Human ceiling: 86.3
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| t of Setting Acc. Effecti Model | Qwen2.5-VL | Free360 | Acc. Gain
mpact of scene  —7 45.3 ECUVEeNESS g cale | ERP CMP | Hybrid | ERP CMP
graph w/o Crop 427 across model 3B 352 372 40.8 +55  +35
w/o Rotate | 44.7 7B 373 38.1 453 +8.1 +7.3
com ponents w/o EVR 42.8 SCa IeS 52B 37.8 39.7 450 +7.2 +5.3




Takeaway

e 360° perception is a real, measurable weakness in today's MLLMs

e The two projections are complementary: CMP to see, ERP to reason
e Asimple, training-free scene graph closes much of the gap
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Try answering 360Bench here! Visit our project page

Come to our poster! Poster Session 6 - Sat Sep 12, 15:00-17:00 CEST - MalmoMassan

ExHall #154
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