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Introduction



Spatial reasoning 5;\

Allocentric vs Egocentric

e Egocentric spatial reasoning focuses on understanding spatial and geometric relationships from an
observer-centered perspective

e Allocentric spatial reasoning refers to the ability to understand spatial relationships from the viewpoints of the
objects in the scene

Egocentric question Allocentric question

1

From the camera's

perspective, which object is Which object is the cat facing
located on the left side, the cat towards, the book or the

he [ ? globe?
or tne laptop: A Cat 4 - Book



Motivation 5;\

e We propose a new perspective: Let’s transform the problem to leverage the factors that strongly influence VLM
performance

Let's reformulate the question
Allocentric question into a form that VLMs excel at!

Why do VLMs fail at allocentric
spatial reasoning?

Globe !
Which object is the cat facing
towards, the book or the
lobe? h
e A : Book . 2,




Methodology



Our Approach

Spatial Information Extraction

e First, SymPL extracts 3D information for each object using pretrained models(GroundingDINO, Depth Pro,
Orient Anything) and a VLM

e - - N
Allocentric Question Spatial Information SymPL
Extraction

From the snowman's R?ference{if Target ‘
Viewer o ¢. Objects o
perspective, which object n
is located on the left side,
the dog or the penguin?
T

—X
‘ penguin

@ VLM Response

category ¢ : left/right

e



Our Approach

Question Reformulation

e Next, SymPL integrates four key factors into the 3D information, namely projection, abstraction, bipartition, and
localization, and generates a symbolic-layout question
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‘Which dot is located in the yellow area? ‘ ‘Which dot is located on the left side? / Which dot is located closer? ’
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Our Approach

Question Reformulation

e Next, SymPL integrates four key factors into the 3D information, namely projection, abstraction, bipartition, and

localization, and generates a symbolic-layout question

Allocentric Question

blue dot
(dog)

(Spatial Information
Extraction

Which dot is located in the
-4 yellow area, the red dot
or the blue dot?
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the dog or the penguin? 3D object symbol name name
T
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Which dot is located in the yellow area?

‘ Which dot is located on the left side? / Which dot is located closer? ’
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Quantitative results



Quantitative results

Allocentric questions

How accurately can the SymPL framework reason across a range of allocentric questions?

Method COMFORT# 3DSRBench
etho | left/right closer visibility facing | left/right visibility facing
Random | 4875 48.67 47.27 5233 | 50.72 50.00 47.69
LLaVA-NeXT [29] 47.33 51.58 51.80 52.42 37.39 51.89 58.53
LLaVA-OneVision [24] 47.92 57.83 51.88 50.42 36.82 47.53 61.42
Molmo [12] 46.58 46.17 33.36 53.58 39.97 50.29 59.39
Qwen2.5-VL [1] 48.17 72:33 51.17 51.33 36.25 48.40 65.03
Cambrian-1 [39] 41.17 80.42 50.70 41.33 40.83 53.63 67.05
GPT-5 [34] 49.83 84.25 54.22 49.83 3782 63.37 64.45
Gemini-2.5-Flash [10] 38.33 717.83 52.34 51.58 38.40 64.10 72.25
Qwen2.5-VL + CoT [20] 43.25 70.73 50.39 44.67 33:52 51.74 63.44
Qwen2.5-VL + SoM [44] 46.58 67.25 51.88 46.42 37.54 45.64 65.61
Qwen2.5-VL + SCAFFOLD [23] 52.17 71.17 50.39 47.42 34.81 51.16 62.72
Spatial VLM [6] 46.83 63.67 50.78 49.58 39.54 52.76 39.39
SpatialRGPT [9] 43.08 70.25 331D 47.75 36.53 49.56 62.57
SpatialBot [5] 46.33 58.83 50.08 53.08 39.54 47.09 47.69
SD-VLM [7] 45.83 45.17 48.91 92.25 49.71 46.95 48.84
SAT [36] 35.00 48.75 3492 39.50 44.56 3445 25.43
APC-Num [21] 47.83 5250 34.14 36.92 77.94 56.10 58.24
APC-Vis [21] 43.75 54.08 49.77 30.92 6L 7 1137 64.60
SymPL 69.00 97.33 91.41 91.50 | 79.94 75.00 70.95




Quantitative results
Ablation study

e Does each of the four key factors meaningfully contribute to VLM reasoning performance?

0 30 60 90 original seg mask abstraction
Camera Angle (Polar) Abstraction Step
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Qualitative results



Qualitative results
COMFORT# & 3DSRBench

COMFORT#

3DSRBench

Category lefi/right closer

From the woman's
perspective. which

Original
Q;Elt:.l:n object is .located on
the left side. the duck
or the penguin?
From the woman's
perspective, the duck
Qwen2.5-VL is located on the left
+ SoM side of the penguin.
duck
The duck is located on
the left side.
APC-Vis
i, duck
In the image. which
i dot is located in the
SymPL yellow area, the red
(Ours) dot or the blue dot?

blue dot (penguin)

From the dog's
perspective. which
object is located
closer to the viewer,
the camel or the
horse?

From the dog's
perspective, the horse
(object 1) is located
closer ...

horse

The horse is located
closer to the viewer
than the camel.

horse
In the image. which
dot is located in the

yellow area, the red
dot or the blue dot?

red dot (camel)

visibility

If I stand at the dog's
& position facing where
it is facing, is the
white board visible
or not

The dog appears to be

s looking towards the

P left side of the image,

not

No.

not

In the image, is the
red dot located in the
yellow area or the
black area?

vellow area (visible)

Jacing

Which object is the
bicycle facing
towards, the
‘antiques’ sign or the
window?

The handlebars and
front wheel of the
bicycle are oriented ...

‘antiques’ sign

The bicycle is facing
towards the antiques
sign.

‘antiques’ sign
In the image. which
dot is located in the

yellow area, the red
dot or the blue dot?

blue dot (window)

\



Qualitative results
COCOSPATIAL

Category left/right

From the camera's

% perspective, which
object is located on

A" the left side, the
snowboard or the tv?

Original
Question

% ... the snowboard is
o located on the left
side of the person
g' standing in the

=~ center. ...

Qwen2.5-VL
+SoM

snowboard

The snowboard is
. 4 located on the left
APC-Vis ) side.

snowboard
e In the image, which
dot is located in the

SymPL yellow area, the red
(Ours) dot or the blue dot?

blue dot (t¥)

COCOSPATIAL
left/right

From the camera's
perspective, which
object is located on the
left side, the suitcase
or the sports ball?

The suitcase is located

ll towards the left side

of the image. ...

suitcase
The suitcase is located

on the left side.

suitcase

In the image, which
dot is located in the

yellow area, the red
dot or the blue dot?

blue dot (sports ball)

above/below

From the camera's
perspective, which
object is located
above, the bench or
the frisbee?

The bench and the
frisbee are not directly
visible in this image,

bench

The bench is located
above the frisbee.

bench

In the image, which
dot is located in the

yellow area, the red
dot or the blue dot?

blue dot (frisbee)

above/below

From the camera's
perspective, which
object is located
above, the keyboard
or the bottle?

s The keyboard is on

the table in front of
the person. ...

keyboard

The keyboard is
located above the
bottle.

keyboard
In the image, which
dot is located in the

yellow area, the red
dot or the blue dot?

blue dot (bottle)



Qualitative results
COMFORT VI

Perspective Allocentric
Category left/right
From the laptop's
Original ple:spegtlile. wlilxch
Oucstion object is located on
the left side. the green
ball or the red ball?
... the green ball
(object 1) is located
Qwen2.5-VL on the left side of the
+SoM red ball (object 2).
green ball
The green ball is
located on the left
APC-Vis o | il
green ball
In the image, which
dot is located in the
SymPL yellow area, the red
(Ours) dot or the blue dot?
blue dot (red ball)

N

COMFORT VI
Egocentric

left/right front/behind closer

From the camera's
perspective, which
object is closer to the
camera, the red ball
or the yellow ball?

From the chair's
perspective, which
object is located on
the left side, the blue
ball or the red ball?

From the camera's
perspective, which
object is located in
front of. the green
ball or the red ball?

... the blue ball is The image does not ... the red ball (object
located on the left side contain a red ball. ... 1) appears to be closer
of the red ball. ... to the camera than the
yellow ball (object 2).
blue ball green ball red ball
The blue ball is The green ball is The red ball is closer
located on the left located in front of the to the camera than the
side. red ball. yellow ball.
blue ball green ball red ball
In the image, which In the image, which In the image, which
dot is located in the dot is located in the dot is located in the
yellow area, the red yellow area, the red yellow area, the red
dot or the blue dot? dot or the blue dot? dot or the blue dot?
blue dot (red ball) blue dot (red ball) blue dot (yellow ball)




Conclusion & Future work



Conclusion & Future work

Conclusion
e We propose SymPL, a training-free framework that reformulates allocentric questions into

symbolic-layout forms.
e SymPL leverages four key factors — Projection, Abstraction, Bipartition, and Localization that

VLMs inherently handle well.
e SymPL significantly improves performance on both allocentric and egocentric spatial
reasoning and demonstrates robustness under diverse scenes like visual illusions and

multi-view scenarios.

Future work
e SymPL relies on pretrained foundation models, making performance upper-bounded by their

accuracy.
e SymPL cannot reason about objects that are not explicitly mentioned in the question

| S|



Thank You

Website: https://airlabkhu.github.10/SymPL/
E-mail: katehoya@khu.ac.kr




