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Abstract

This paper compares the spatial reasoning ability of large language models (LLMs) across three text representations
(raster, vector, and random points) with that of vision-language models (VLMs) using map images. For experiments,
SVG and elevation map data from the same region were processed and used as inputs. The text representations were
converted into grid-based raster, polygon-based vector, and coordinate-based formats. Three tasks, including elevation
estimation and line-of-sight (LOS) prediction, were evaluated across different data representations. The results show
that, for LLMs, the elevation map-based raster representation consistently outperforms vector and random point
representations. In contrast, VLMs struggle to effectively utilize pixel-wise semantic information in elevation maps and
perform better with SVG-based data. Furthermore, visual grounding, including object annotations, symbols, and textual
cues, is identified as a crucial factor for spatial reasoning in VLMs.
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Fig. 1. Terrain text-based representation used for the experiments and its corresponding visualiza
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Journal of KIIT. Vol. 24, No. 3, pp. 61-68, Mar. 31, 2026. pISSN 1598-8619, eISSN 2093-7571 63

A% Ad 72+ gAlo] ou|E 7HAA e 2o
(Depth) olw]AI&} 22 1% WoME= H2H &F
OF LIMY| H2E {J¥o g AMgste Zlo] HE
3 2o Zdsith LM #E F38 )| tis)A
04 £380] diel] Wal a4 dAEth W
of VLMY 7ol fHi2 1% We S 74 g
Aol ofmlel s AR EZS}EHA Es}%{ﬁ
SVG(HEl 7]uke] A=) 2+ 7159 gl ~ER
g dolHE omAR AZ3} PEH VLIME H2
OB EE R

B Afe] £ 79E g 2o @ 5¢
Ay HARE AR THE2E, HEH, T3¢ =
JE F)E "2ES dto] LLIM 2 o|H] Ao tf
3 VIME F7 FE %S Has @ g
E‘%E 1 J&*u 949 9 dle]

& ool w

<)

m*i‘

bl ot

ofm Aol that &3t
=o] gtk 7] VLM | 74
HET BAE HHo| A oEshe TS BY
on, kolz ojmAE A B9 2 It
= s UEH7]. H4al
o olZ3AoF Hol =
Azt 71kt Hlashd

oy
oft i

LLMe| 33t 8 585 838 T Al Agent
Qs EZF oA Nt 33 F2 Hee] MR
Aafl GXE 7k H2E Fde F2 ARSI 9
T3] @, g2E 7|k W 539 A9 33t

4,
X,
ol
il
=2
ol
ne
ol
&
[N
1o
oX,
off
o
b
2
o
=2

SVG(Scalable Vector Graphics) 42| dlo]E AlZ
3t AE] #H3F ATF10]Y SVGE A A=
=9 A= EAh

o
N
ﬂF
oxl
ot
1
o
fru
b

~

>
N

3 7bse o E 74
ofith 1% Ak AL Arma 3 AIYY Altis
oA FZ¢ SVG FEE AA AFYQ a2
e A wjAeR 3 E 307 x 307 kme)
WAL PR AL AT B AFoHE 2 x 2, 4 x 4
kmZ IFsI ARSI Aotk A4 2 BERE
Hixetn 1 5= 380 mo|th

A #olEe LMo 94 tlolH=E AMgshe
SVG B = A4t Zo] obd 1mpixel 3% 3=
= } 15 PYor AR wetr dxeh=
9 gETo] 13EE FAL LIMe] TS
OI%oHH et g FEI}E A %7} =

H2E #Fdo] g LMY 33t F8 59 4
2 RTX A5000 4705 AHE-3H Aol openai®] <
o2 2EO) gptoss-120b RHE A, AT oy
Aol thet VLM ¥t FE 58 AL RTX
3090 871E AMESH AWl Hal SEAA VIM
9l InterVL3.5-36B E9[12]2 A¥S H3Psigich
A wHsE AEE 5= 00, HAd EE A
J

&
A e 8192, AlIZE AR 20022 A s

31 B2 RE o Bty
54 339 A3 1

Line-of-Sight) 2
‘ﬂéi %“éﬂﬂ o 2 #% 22 90, 60, 60



64 1% o] BHe] T2 FES 0% AL oln|A] ¥ UAE u AY

g A& AEZ 740] HAok $9F 279 A
M 22 AT AET AHEEAUTH

& H7he LLMY] 82 EA|E o] 34
b vs & A7 Slo] ol dAE AlASHA ¢
GEe Fske WS ARERTh whEkA Fhol

) dlolH e #AukE AA S 7ol
Median 9oE QFgko] IA FA € 4 Qloh
Q@2 FTI#HY AE YERE  Median
Absolute  Error(MedAE)E  AH8, Qv AHI:
(Accuracy)E AH&SIATE A AlgE 2 H) EE
T 23, 25 2o gHoE QY /e %’7}
AF Ajbel AHgeEA] i AE Ao oy Hl&
= #7138

N

B 5}

32

O

7+ Hloje{el HA

—

[m

8 2 Efﬂ Ho“'% zl
Z 93 1%
212 maxpooling 0]'04 LLM 8o
kA HE2Eo] dHHE g
4096 7ot} #2H EH 7:‘% e
g2 g o Hx
33t =S s %EE—E A
7;4\0] g dor Iy 29 %

ﬂ
2
L
ool
N
g

ﬂ
jg
)
D
i
o

of
-

rlr Fll‘

L
iﬂl

o
X
12&
32

)

Fe 98y #Adde A
% RDP(Ramer - Douglas - Peucker)
<5
F dlolele] XA *LOIE ’“% 3l
Atk & 14 RDP ¢ %ol 2% by o
Ax7l Gtk 93t FAHAN ZoE gy

M =
i)

ok
=~ 9
&
r{m

g )

Ay ey o

E 1. HAE 7|8t wg

o g Hw

Aol AGE 104 G 4 otk T T2
W A, ARG Tl dow BeEsE @
o E 1904 ¢ #ol 64 Qulvh e @rol 329 A9

o EE2e o BAR E2EY EQE = Y
Hoja Ao F IRIE F7F ¢ A2 A
—ikdf:;} F Atk aga Fuxee s FAG] Al
H =g A Bl 2FHAUEH o] ERIE FHe
Zo1A okt E 19§ q9o] &2 %5 RDPE

e gol O Atz 1% IAE FE Lt
LLMO] TaAe] ofd 3% ZIETWOR ALkl
AE B7Ks7] flsl F7HERl Ade A
M AR O sade §A4 ZAT 37

I AAAZ ZdEl(Vector  representation  without

polygon)ol A% Bla, @ 10m T I =
Som 1] %muzz M, @ BA EQ X 2
km) ©]€] A= FH4 x 4 km)o] EFHE 75
e vl s {153?&3}.
rﬁ(uw\[
£ [MISSION]\n{mission_yup}\nin™
£~ [ TERRAIN_HEIGHT_GRID]\n"
- CC EM: cartesian-like right, y+down)\n™
4 meters
ENC elevation m = pixel _ul6/{SCALE} - {OFFSET}\n"
f"- GRID_ORIGIN_XY: ({ox},{oy})\n"
“- STEP_PX: {step_| px Mn™
ation at (x=ox + 1"STEP_PX, y=oy + J*STEP_PX)\n"
d values directly.\n"
e missing data.\n"
trictly in the required answer format.\n™
)
T8 2 2 A8 ZEd dolH ol E 2ol FItE

ZEZE
Fig. 2. Additional prompt for understanding
raster-represented data

B8 Gole Al U 2 ZEAE HF oy 2 Ho A4

Table 1. Number of polygons and points in the text-based vector represen representation dataset

Parameter Average numbers
Map extent (km)| RDP ¢ |Contour interval| |Number of polygons |Average points per polygon| Height points | Total points
o8 32 10 73.31 6.50 129.78 627.46
’ 64 10 109.48 398 129.78 580.37
32 10 218.44 403 393.26 1975.55
4,096 64 10 300.80 457 393.26 1797.16
64 50 2944 6.54 393.26 615.27
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Table 2. Experimental results on LLM spatial reasoning with text-based terrain representation

Rester representation Metrics error
Map extent (km) | Max pooling PO'F&;@’S'% Mex eI%\\//laetg)AnE?n palh LO?A:QW error ratio
(@ 2,048 64 - 5.06 5.45 094 0.30
(b) 4,09 64 - 423 550 0.76 0.35
Vector representation
Map extent (km)| RDP e |Contour interval (m)
(© 2048 32 10 25.88 23.65 0.40 0.05
(d) ' 64 10 8.23 20.34 0.34 0.12
(e) 32 10 8117.66 75.56 0.39 0.11
(f) 4,096 & 10 103.41 62.96 0.48 0.14
@) 50 13.28 422 0.45 0.18
(h) | 4,096 (roi: 2,048) 64 10 19.60 20.10 0.29 0.12
Vector representation without polygon
Map extent (km)| RDP ¢
(i) 2,048 64 - 8.2 21.05 0.58 0.07
(] 4,096 64 - 10.94 45.65 0.46 0.10
Image
Map extent (km)| RDP ¢
(k) 2,024 64 12.94 17.28 1.0 0.22
() 2,024 0 0.96 16.43 1.0 0.21




= A % F Utk E A7 9
1= Mo AsE ’S‘MUJ A& F7 A9
SHAITE LLMo
o] LLMe] HE 1 B
2 AEEY IE 9 #Hx BoE FRYY

H}Al

mn
3
=

1=

i)
[o

23] § 41307“ o
o ™ E _;
Y,

%o A g
2~ =
N g “Q
NoE
e o
A o
B 1z
119%
=
o fo
J!“;E

|
[ &2
iy e
2 o

Lo Rk
Bog g oy
N

o o,

~
N
=l
il
02
(o]
}rﬁ B e
o
e
i
2
B
rn
x
or
=
El

™
E)

a5 JHAAE AR} w9
29 (@), (8 29 9 Ad
|HThs 24 99 Aol Aol 174 A
o]: & 7So] dupy g gesbt Fesi gt

2 (), (@7} AolE Heol

K}
rlm

R
A (" )
i of (0
12

).,
o

Point elevation 22 7-9-oll+=
QAT Aol7t wrh o]ef dis| F71H<Q
o] g Btk

> g

H2EQ FU3 Aol tisA 7]”‘]’“ 74]"‘} T
AE 100% FFEE HYon 1% gl 7
ol HAE FPRT &AF 450 ‘)”/v}‘:}

ok Ao AREHE o|W]AIE Visual grounding®]
Eé}ﬂla3ﬂ7€%°]]]ql ol g
dolge AA HzxE ZFZEJA P 4F
A= A7t —r—}% °ﬂ 7Whe ERekA] o
01—1:]. D]x-] A uﬂ 0 71— _ﬂxé]o] A
]— 15 /\]-%ﬂ InternVL3.5
9] VLM o|n|7] uf 7

?l’%'s}*—tﬂ A
U 7lsketd 725 8
o} Zlo|(Depth) ©]m]A A<
71E A7 YIS
HAA oJHAE AAE

“N‘ 1H —

)
L

ook
Oll
= l‘l
o ©
>,

A
13

\1[‘_.4_
m

H
]

\_:_4_,

LIP

ﬁ
N
rz

LO
n

2 4y 4
N

of 2 (& rn“ I-H
% 1P lo

12

o

-lN

rhu

off

o

o u

o

B g

N

= NN

=
o
@ o

t
ot

Visual grounding®] 3

?}771] %713 Vlsual groundmgol ‘“‘F’ﬂ O]E}
v.zd 2
B =no A4Hog HrE 7wk I3t 28 E
AolAe 1% W 7Iuke] H2E & WA o] SVG
£ 7has WE 23 ART 22 4% Wtk
e 29 4o gAY 235y LIMe FE 4
ol of VLM9| A& o]H]A]

ol

Ll

o =t} Vision Transformer 714k VLM«] Al 7—.L ol
& == 443 I 7FU 7)EeE gyHe

%X]‘S‘]—Z] et 712 A9 22 Aol
wepA] 72 gAdo] 319 kS 7HAE HolH(aL
1, Zlo] ojuA))ol tisire dE xd )
AHE 3= Aol w1 "“H x9 A
ol A AA et Fd, FA]of sl

| $loll 2718 ]—I—VLM«] ol 7]

o]
H

References

[11Y. Ji, S. Gao, Y. Nie, I. Maji¢, and K. Janowicz,
"Foundation models for geospatial reasoning:
Assessing the capabilities of large language models
in understanding geometries and topological spatial
relations", International Journal of Geographical
Information  Science, Vol. 39, No. 9, pp.
1866-1903, Sep. 2025. https://doi.org/10.1080/13658
816.2025.2511227.

[2] J. Pyo, et al, "FRIEDA: Benchmarking multi-step
cartographic reasoning in vision-language models",
arXiv  preprint, pp. 1-38,  Dec.  2025.
https://doi.org/10.48550/arXiv.2512.08016.

[3] M. U. Nasir  and . Togelius,



Journal of KIIT. Vol. 24, No. 3, pp. 61-68, Mar. 31, 2026. pISSN 1598-8619, eISSN 2093-7571 67

"GameTraversalBenchmark: ~ Evaluating  planning
abilities of large language models through
Advances in Neural
Information ~ Processing ~ Systems  (NeurIPS),
Vancouver, Canada, Vol. 37, pp. 31813-31827,
Dec. 2024. https://doi.org/10.52202/079017-1000.
[4] B. Chen, Z. Xu, S. Kirmani, B. Ichter, D. Driess,
P. Florence, D. Sadigh, L. J. Guibas, and F. Xia,

"Spatial VLM: Endowing vision-language models

traversing 2D game maps",

with  spatial  reasoning  capabilities",  Proc.
IEEE/CVF Conference on Computer Vision and
Pattern Recognition (CVPR), Seattle, WA, USA,
pp. 14455-14464, Jun. 2024. https://doi.org/10.11
09/CVPR52733.2024.01370.

[51 J. Qi J. L, H Tang, and Z. Zhu, "Beyond
semantics:  Rediscovering ~ spatial ~ awareness  in
vision-language models", arXiv preprint, pp. 1-26,
Mar. 2025. https://doi.org/10.48550/arXiv.2503.17349.

[6] A.-C. Cheng, H. Yin, Y. Fu, Q. Guo, R. Yang, J.
Kautz, X. Wang, and S. Liu, "SpatialRGPT:
Grounded spatial reasoning in vision-language
models", Advances in Neural Information
Processing Systems (NeurIPS), Vancouver, Canada,
Vol. 37, pp. 135062-135093, Dec. 2024.
https:/doi.org/10.52202/079017-4293.

[7] J. Wang, Y. Ming, Z. Shi, V. Vineet, X. Wang,
Y. Li, and N. Joshi, "Is a picture worth a
thousand words? Delving into spatial reasoning for

Advances in Neural
Information ~ Processing ~ Systems  (NeurIPS),
Vancouver, Canada, Vol. 37, pp. 75392-75421,
Dec. 2024. https://doi.org/10.52202/079017-2400.

[8] Z. Cai, et al, "Has GPT-5 achieved spatial
intelligence? An empirical study", arXiv preprint,
pp. 01-29, Aug. 2025. https://doi.org/10.48550/
arXiv.2508.13142.

[9] T. Anne, N. Syrkis, M. Elhosni, F. Turati, F.

Legendre, A. Jaquier, and S. Risi, "Harnessing

vision-language models",

language for coordination: A framework and

benchmark for LLM-driven multi-agent control",

IEEE Transactions on Games, Vol. 17, No. 2, pp.
933-943, Jun. 2025. https:/doi.org/10.1109/TG.20
25.3564042.

[10] Z. Xu and E. Wall, "Exploring the capability of
LLMs in performing low-level visual analytic tasks
on SVG data visualizations," IEEE Visualization
and Visual Analytics (VIS), St. Pete Beach, FL,
USA, pp. 126-130, Oct. 2024. https://doi.org/10.
48550/arXiv.2404.19097.

[11] K. Nishina and Y. Matsui, "SVGEditBench: A
benchmark dataset for quantitative assessment of
LLM’s SVG editing capabilities”, Proc. IEEE/CVF
Conference on Computer Vision and Pattern
Recognition Workshops (CVPRW), Seattle, USA,
pp. 1-10, Jun. 2024.

[12] W. Wang, et al, "InternVL3.5: Advancing
open-source multimodal models in versatility,
reasoning, and efficiency”, arXiv preprint, pp.
1-34, Aug. 2025. https://doi.org/10.48550/arXiv.
2508.18265.

[14] A. Radford, J. W. Kim, C. Hallacy, A. Ramesh,
G. Goh, S. Agarwal, G. Sastry, A. Askell, P.
Mishkin, J. Clark, G. Krueger, and I. Sutskever,
"Learning transferable visual models from natural
language  supervision",  Proc.  International
Conference on Machine Learning (ICML), Online,
Vol. 139, pp. 87488763, Jul.  202I.
https://doi.org/10.48550/arXiv.2103.00020.

KA27H

i
Obl

& (Jonghyun Park)
202114 24 - /‘*0 Eﬁﬁlﬁ
A HZAIZ 8D
2034 8¢ : FEuer &Y
-— A7 AR FE T8 (F AR

| g -

\ 20234 949 ~ &A .
2337149
W7V AAFE B8 Ay

BAlEo} . Al Robotics




2 A & (Sungheon Kim)
2025\ 2% : %%#471%%

20251{3 3‘é ~ ?‘ixﬁ :
P332
A7 ARG FE &8 AL
ARk : Al Deep Learning

2 of &k (Yechan Kim)
2021 8¢ : FFHred
A7V AR FE (T AN
¢ 2021 99 ~ &) .
; FrH|ed
A7 7724 TrE%%iPPr HRALTY
ﬂ 1 o];

e eg

\_

i

Lok
f o

#H & 3| (Chelhee Kwon)
19983 2¢ : st

Ao AIEFEHF 3D
20009 2€ : W

AoV A1 S F3H(F AR
20009 1€ ~ &A) .

LIG ¥ A7
TalEoF ¢ Al Deep Learning

= 11 &l (Kyutae Cho)
T 20029 2Y : sATEt
FI )
= 2004 29 : d=H)Ed
-1 ZAFH(F 8 A
. 2007 249 : S=HErEd
‘ A g)
2007'd 28 ~ A
LIG Y29 d5-9¢
480k : Al Deep Learning

rxi

bl

Al H = (Junghun Jin)
2002 29 : aEYistw
AAR-Z8H(F AN
20043 2¢ : Uit
FEABA 2 (FEAAD
2004 1€ ~ @A) -
LIG 924 FHATF4
ARk : Al Deep Learning

A, AFE WA,

20074 2€ : o]stiAit) gt
AFETHFEAD
200613 122 ~ AA] :
LIG 924 FHATF
Aok ¢ Al Deep Learning

Z M & (Seonjong Kang)
2023 2¢ : FHEUgw
A7) 3 S (F AR
20243 29 : F=UIgw
AR F 82T AN
2024 1€ ~ @A) :
LIG 929 MYa+4d
TAlEoF : Al Deep Learning

A 2 7+ (Moongu Jeon)

- 2001d 69 : University of
Minnesota, Scientific
Computation(Z-3HHFA})

2001d 3¢ ~ 20034 2¢ : UCSB,
USA, BRAEA Y

2003d 3¢9 ~ 20054 8¢ :
Institute for Biodiagnostics,

NRC, Canada 979
2005 99 ~ A . FFIE)
A7NAAAFE F8 T 2

B[Rk AEAS, 7IA%ss, AFEHA

)

i
o

R st



	대형 언어 모델의 공간 추론을 위한 지도 이미지 및 텍스트 기반 지형 표현에 대한 비교
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 관련 연구
	Ⅲ. 실험 방법
	Ⅳ. 실험 결과
	Ⅴ. 결론
	References


