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Overview

m Current VLMs lack spatial knowledge and spatial reasoning

m SpatialRGPT excels in 2D/3D spatial understanding, using
region proposals to answer complex spatial questions

m SOTA results on our new benchmark and public benchmarks

Open Spatial Dataset: Pipeline
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Open Spatial Dataset: Samples

m 8.7M spatial concepts grounded in 5M regions of 1M images
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How wide is Region [1]?

Is Region [1] behind Region [4]? Between Region [0] and Region [2], which

one has more height?

The width of Region [1] is 7.73 feet.  No, it is in front of Region [4]. Region [2] is taller.
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You are a visitor ina museum and & |§ |
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see two sculptures, one in Region g ;;_4—=~
[0] and the other in Region [1]. If f [ J]]]
the other, how far will you have i : i

you walk from one sculpture to
ad? & ¢ | The tower in Region [1] is
walked S

- You are a helicopter pilot
ﬂymg over the city and you

see Region [1] and Region
|7]. Which one is higher?

higher than the skyscraper

You will have walked 4.85 meters. ', 2 g Q * in Region [7].
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Model Architecture

They are around 45 centimeters apart.

Large Language Model
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What is the distance between " and ?

SpatialRGPT-Bench
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Could you tell me the vertical size of (1)? How tall is(@)in terms of height?
@ is 3.67 feet tall. @ is 4.65 inches in height.
Results: SpatialRGPT-Bench
Below/ Left/ Big/ Tall/ Wide/ Behind/
. , Avg.
Above Right Small Short Thin Front
GPT-4 [55] 64.16 42.85 42.85 61.60 61.60 49.09 57.83
GPT-4V [55] 63.34 46.67 64.15 60.71 68.26 45.45 38.14
LLaVA-v1.6-34B [56] 44.16 45.71 36.79 53.57 37.50 45.45 43.98
SpatialRGPT-8B 99.17 100.0 34.90 39.28 91.34 90.90 92.69
D1 Horizontal Vertical
, trect 0.1‘1 “onH e i~ Width Height Direction
Distance Distance Distance
GPT-4 [55] 21.6/1.29 11.5/2.08 33.0/0.65 352.3/052 48.1/1.40 34.6/83.7°
GPT-4V [55] 29.77/0.92 25.4/2.75 33.0/048 51.1/0.37 68.4/157 43.9/69.9°
LLaVA-v1.6-34B [56] 24.3/0.76 24.5/1.59 30.1/0.62 30.8/040 428/196 33.6/78.2°
Spatial RGPT-8B 45.9/0.31 68.0/0.22 56.6/0.28 489/0.28 61.7/0.41 95.3/9.7°
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® Can you confirm if@has a greater

® Can vou try to estimate how man
width compared to(&)? | y Y y

floors are m@’? Think step by step.

' The height Of@ls 204.54 teet. As-
suming each floor is about 10 feet

In fact,@might be narrower

than@
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position of@closer than that of @?
No,@is closer.
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® Which of these fOur@ @ @ @ o P L high, the total number of floors
the tallest? *F’;'! | ' would be 20.454. Since you can't
. fﬂ L | | .--.:EI II-": >
| z ‘1 R have a fraction of a floor, the total
@15 the tallest. o % number of floors would be approxi-
: , L Yk < B L =L mately 20.
® From the viewer’s perspective, is the T T Y

= : ® I'm planning to build a bridge
A% from@toc is it possible?
The distance between @ andcls

14.82 meters, so it is possible to

(B) Metric Measurement

Q If you are at@ where will you

fmd @7
@15 at 1 o’clock from@

build a bridge between them.

iy 5 A g1 ® If you are riding a motorcycle with
TN i 36 inches wide, do you think you

® What s the height of @9?

can pass through the area between

@and@"’
The distance between @ and @ is

38.95 inches, so yes, you can pass

is 1.38 meters tall.

@ How far apart are@and@ hori-

zontally?
through the area between &) and
wough the area betwee @ @
They are 15.33 meters apart since the motorcycle is narrower
horizontally. than the distance between them.
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@ Model Acc. (%)
® . . The object to the left of Region [0] is a
R h h 1 h
e Z:n;it;: I;ee':))rl? Fg]t Z;I ; V:;::) isei’: c’;i: candle, and it is 10.49 inches in height Qwen-VL-Max 58.9
i & o | and 3.39 inches in width. Gemini Pro 50.0
il Claude 3 OPUS 57.3
- The object on the table to the right of T E m ®What is the object to the left of Region GPT-4V-Turbo 66.9
Region [0] is a potted plant, and it is e - [0], and what is its height and width? GPT-40 64.5
y 13.9 inches away from Region [0].

SpatialRGPT-8B 87.9
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Frame Index



