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Topological Map Building based on Multi-modal LLM
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Abstract: This paper presents a novel approach to building topological maps based on a multi-modal
large language model (MLLM). Traditional methods for building topological maps compare the
features of the previous and current scenes and separate places by comparing their similarity.
However, their reliance on features has made them difficult to use in environments with repetitive
patterns. In addition, traditional methods only provide a simple link between places without relative
directional information. To overcome these limitations, we propose a method for building a
topological map using directional signboards. By using text and directional information from direc-
tional signboards, a robot can overcome ambiguity in repetitive patterns and can identify places.
Furthermore, the robot can build a topological map without having to visit all the places. To obtain
directional signboard data and transform it into a suitable format for further processing, we use a
MLLM, which can simultaneously perform directional signboard recognition, text recognition, and
orientation recognition within an image. We evaluate the efficiency of MLLM-based topological
map building methods in real environments.
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[Fig. 1] Examples of environments with signs: (a) lattice
structure (b) square structure and (c) asymmetric structure
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[Fig. 2] Overview of topological map building based on
multimodal LLM: this figure consists of Input scene data,
Multimodal LLM, Node generation, and Topological map
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[Fig. 3] Prompt writing structure: 1) sign recognition, 2) output
format, 3) examples, and 4) sign language
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[Fig. 4] Example of saving a location in a direction: when
images and messages are entered into the MLLM, the MLLM
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Algorithm 1 Topological Map generation
1 Initialize R,,.. to None and 1. to None
2 Imput image Iy, I1,....1,—1,1,
3 Input yaw 9o, Y1, ..., YUn-1, Vs
4 for k from 0 to n do

5 | Input Ip, ¥k

6 |Send I to API

7 | Receive R.,, from API

8 |if Ry is None then

9 update Ry,e t0 Reyr and 1y, to 9y,
10 continue

11 |end if

12 [ Compare Ry, and Ry,

13 | if detect new sign then

14 direction decision Dgee = Veur — Vpre
15 if -5 —a < Dygee £ -7 +a then
16 | shifting right and generating Node
17 else if 5 —a < Dye. < 5+« then
18 shifting left and generating Node
19 else if —a < Dy.. < o then
20 | shifting straight and generating Node
21 else
22 continue
23 end if
24 update Ry, t0 Reyr and ¢, to ¢y,
25 | else
26 continue
27 |end if
28 end for

[Fig. 5] Topological Map generation pseudo code: the pseudo
code represents the algorithm from scene input to node
generation in topological map generation
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[Table 1] Recognition rate by LLM

i, Korean English
Model Recognition
Rate (count/total)
Success 73.3% 86.7%
(22/30) (26/30)
6.7% 6.7%
4019 .
ChatGPT-40 Failure 230 050
False positive 20% 6.7%
P 630 | (@0
Success 10% 80%
(3/30) (24/30)
36.7% 6.7%
_416] .
ChatGPT-4 Failure (11/30) o0
False positive 53.3% 13.3%
’ 166300 | (@/30)
Success 23.3% 26.7%
(7/30) (8/30)
13.3% 0%
m .
ClwdesaSomet] T | wso | o50)
False positive 63.3% 73.3%
’ 1930 | @230
Success 6.7% 16.7%
(2/30) (5/30)
167% | 233%
1il8] .
Gemini Failure (5130) 750
False positive | /070 60%
’ @300 | (1850

i A/ topological map©] AA| 73} Arprt FARREA]
FAE S4E B9l Egth ZELE f-8-2 [Table 2]°]
Lre} Stk

LELE=TU3 A 7HA 2 33 A= B #2190
QIAE= ¢lo] A, Sl W A TS Aot 24 A
g, A= e A e Q1A =)= doj b ek #A TS
St 27 AR & 37k 9] TEIE P20 Z Q14
TS vt oig A A= [Table 3]0 7155

= ATt

Sl LEILE Q1A] A5 vl A ofA 2 topological
map¥}t 7]& &g o] At FARE
Qx| 9} i & 0] S AL S 3101 T 2= Q)= Jaccard Similarity1 S
ol-&3f FAE &

Jaccard Similarity 4] t}-&3} Zt}.,

Node Similarity: J(N, ;) = 1202l o
| VU N |
Edge Similarity: J(E,, B,) = |BNE| o
|5 U B
J(N,N,) +J(E, E
Average Similarity = (M, Ny) + (B}, B) 5

2

[Table 2] Prompt input type: type 1 specifies the recognition language, type 2 specifies the recognition condition, and type 3 specifies

the recognition language and recognition condition

Prompt
TATE A
FHA|o] A= A] ALt Aol A BAIT A7 oA HolA] o= A9 A4 gl Estar FHollA
Specifies the | TEX|gho] 21| QA Ao]et QA E EATE B W F25 the} 22 Fef2 Lhehh

recognition language |‘(left: YZof| A Q1A% A4, straight: % HOA]

QU4 2, right: §-204] A F2y

(type 1) oflF) EA|H A AFofl= A-Ao] A H I A HEL Aol o] QIAE I P52 A=A kT,

TA] FA= gHolok:

(left: 74, straight: 719}, right: §12) 12k 2] Sl Behar 223}

FA|Ho] Ao A A7} Kol SA7 AR e Hols AT Q143

. HAo] QIAIE|A] QAL Ao AT HA 7 WA Holx] g A9 Q14)ghe ut Z st AHelA
Specifiesthe | g 2jmo] 4ata] Q1415 A0t QL EATHS o) T A4S TheT 2 e UERRR
T gy " [t £ Q1415 B, seaight: B QI 2, rights 314 21418 By
P oAt EAHo] A Yol g 7Alo] Q1413 A 7HolAlo] Q1A]H T 95 QIAlEA] iorh,

(left: 74, straight: 724, right: %) ©12F ol s Feit &1

EA o] FAGIA AAP} Kol 3L A7 A Holt EA|g 14}

Specifies the HA|o] QIA)E]X] QEAY FHO A AT AA|7} A HolR] gh= A5 QA= T okl oA
recognition language |HEX|5o] F&5] Q141H 7-2ofgt Q141 HA| TS Fofl A E thadt 22 FE = UEh S
and recognition  |“(left: YZ2of|A] Q1A% A4, straight: HHOA] AAIE A4, right: =04 QAUAIH &4y
condition oA IA|oA] AFof= A-4Ao] QIAE T HHL2 7oA o] QIA R 952 QIAIE|Z] QFolTh,
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[Table 3] Prompt input comparison experiment result

HE 22 LLM 7]5F Topological Map 244 Wi 47

Prompt . Korean English
type Environment | Success rate Failure False positive Success rate Failure False positive
(count/total) (count/total) (count/total) (count/total) (count/total) (count/total)
Env | 82.9% (34/41) | 4.9% (2/41) 122% (5/41) | 82.9% (34/41) 0% (0/41) 17.1% (7/41)
1 Env 2 100% (36/36) 0% (0/36) 0% (0/36) 100% (39/39) 0% (0/39) 0% (0/39)
Env 3 70.6% (24/34) | 5.9% (2/34) 23.5%(8/34) | 784%(29/37) | 5.4%(2/37) 16.2% (6/37)
Env 1 80.5% (33/41) |  4.9% (2/41) 14.6% (6/41) | 82.9% (34/41) |  7.3% (3/41) 9.8% (4/41)
2 Env2 83.3% (30/36) | 13.9% (5/36) 2.8%(136) | 92.3%(36/39) | 7.7%(3/39) 0% (0/39)
Env3 76.5% (26/34) 5.9% (2/34) 17.6% (6/34) 78.4% (29/37) 8.1% (3/37) 13.5% (5/37)
Env 1 90.2% (37/41) 0% (0/41) 9.8% (4/41) | 90.2% (37/41) | 9.8% (4/41) 0% (0/41)
3 Env 2 94.4% (34/36) 0% (0/36) 5.6% (2/36) 100% (39/39) 0% (0/39) 0% (0/39)
Env 3 91.2% (31/34) 0% (0/34) 8.8% (3/34) 100% (37/37) 0% (0/37) 0% (0/37)
[Table 4] Jaccard Similarity by prompt contents Environment 1 Map Language Topological Map
Prompt . Similarity (Korean) | Similarity (English) T 7
type Fnvironment Node | Edge | Average |Node | Edge | Average Korean T
Envl  [0.58/032| 045 | 1 |0.56| 0.78 G
1 Env2 1|1 1 1|1 1
Envd  |067]03 | 048 |078]0.17| 047 vy
Envl  [092]056| 074 | 1 [056| 0.78 o L i i
2 Env2 0501033 | 042 1 1 1 o9
Env3 0.880.44 | 0.66 [0.80(0.60| 0.70 A4
EnVl 1 0'56 0'78 1 056 0'78 Environment 2 Map Language Topological Map
3 Env2 1 1 1 1 1 1 G @
Env3 1 1 1 1 1 1
Korean
Al (DI} 4] (2= 47 ke &, QA9 FAHEE YERAT o] ®
T AR} A FARES] B2 YElE A 3y 53 - =
AR B33} 124 topological map2] SATE S F7SH} T
F3E 24 1§ Similarity 7} AIRHE AIH [Table 41°] 7]
250} 9tk 2 BER AR Bo] 1Y R gL - e
boldZ FH} Tt
Environment 3 Map Language Topological Map
[Fig. 10]°0= /g3 @743} & Aol A AlQtshs TAlE © ©
53] 244 = topological mape 71E3tt. F=2 014 3+
oA H& 7Hs3 AR & A o|n| Ao, 52 AT S paienl s
1&g E3) A H topological map & SAIZ 7 7HE =2 s a
topological map©]|t}. ZH4JH topological mapo] AA| E739] 1= ® ©
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29}, Engiish | @— @& —&
[Fig. 1112 sfig A ofA e AT Q14514 1A

U AR JEE AR
AY5HA 2 75 A/ == F78 &3t topological mapo| . “2H3-
ILEFIE BRQl-o 2 RgestA
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[Fig. 10] Real environment and generated topological map: the
left side shows the actual configured environment, and the right
side shows the topological map drawn for each language
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[Fig. 11] Incorrectly created Topological Map: the map result
drawn in the form of “Map drawn according to environment-Prompt

type-Language’ was recorded

[Table 5] Experimental results using identical prompts

6.4 5L Hlol ¥ ZEILEC] tigh ik A9

o] Hof| A= topological map 2Hg 237} A A L
U=A] ERRIghe A9 S0l A 3t s Y Tlo|H et sY =
EIEE 9 0 7 5} topological map 21/ 33] HHE- A| 345}
01 2} Al 8 Q1418 T, S 419 Z7he [Table 51
712x]o] 9t} Environment1, Environment2, Environment3©]] o
off S7okal JeF AIwe] Wkt o] sl ZHk=A A
SO H success, 1 ¥ FA|TO] YUs= oW A AT HRF AT
QIASHA] 3 0™ failure, HoF HEA| TS Q1AIF] 01} HIgFo]
U A4 A1 71 AX]5HR] B8 Wj+= false positive = 7| =5} T}
A 3= 7 trial HE A4 AT A9 FUSHA UEr
o}, wHpA] MLLM] 30| 4 QA Yehd= 453ttt

6.5 Localization 21}

ZF = topological map2] &84S ER15H7| 913] localization
Age Wi, 230l Fgels 22 o] ojnlAs
MLLM= 5-5f Q14]3ict. Q145 A H 7} topological map 23]
A IS A A0 Suh AAleE S R ol
zation 51 23] odometry k5 &3l T3 s U 2
I}= [Fig. 12]0] YERR QI 2+ 3o T3] localization AE
£ A5t o, 259 AA| Y] top view?} localization
A3 YEpdth. E3E H-2 topological mapolA] 25-0] AAY
A& HeRAT Topological mape =9} == Alo] 9] A
Z, e BAIE YeErdl7] gzl AA f1xof AedstAl
localization =11 922 &915F 4= Q1] [Table 6]= locali-
zation2] success rate©|T}. Topological map= &3] localization
2 She 25.0) 91319} 0p viewo] 250] 9112 vlwsto] &
HEE L Eof] YX|5AY B8} i & Ato]o] st S|
A=]5H) 9125H53 2 | successE 7| =31 Th

Korean English

trial | environment success rate failure rate false positive success rate failure rate false positive
(count/total) (count/total) (count/total) (count/total) (count/total) (count/total)

Env 1 90.2% (37/41) 0% (0/41) 9.8% (4/41) 90.2% (37/41) 9.8% (4/41) 0% (0/41)

1 Env 2 94.4% (34/36) 0% (0/36) 5.6% (2/36) 100% (39/39) 0% (0/39) 0% (0/39)

Env 3 91.2% (31/34) 0% (0/34) 8.8% (3/34) 100% (37/37) 0% (0/37) 0% (0/37)
Env 1 85.4% (35/41) 0% (0/41) 14.6% (6/41) 87.8% (36/41) 0% (0/41) 12.2% (5/41)

2 Env 2 88.9% (32/36) 11.1% (4/36) 0% (0/36) 97.4% (38/39) 2.6% (1/39) 0% (0/39)
Env 3 79.4% (27/34) 0% (0/34) 20.6% (7/34) 89.2% (33/37) 2.7% (1/37) 8.1% (3/37)

Env 1 87.8% (36/41) 0% (0/41) 12.2% (5/41) 90.2% (37/41) 9.8% (4/41) 0% (0/41)

3 Env 2 88.9% (32/36) 11.1% (4/36) 0% (0/36) 97.4% (38/39) 2.6% (1/39) 0% (0/39)
Env 3 82.4% (28/34) 8.8% (3/34) 8.8% (3/34) 94.6% (35/37) 0% (0/37) 5.4% (2/37)




[Table 6] Localization success rate

Success rate (success/total)
Envl 87.2% (34/39)
Env2 89.5% (17/19)
Env3 86.2% (25/29)
7.8 &
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[Fig. 12] Results of localization experiments: localization was performed using the generated topological map, and images of the robot’s
movement were captured from a top view, displaying the corresponding times for each environment. The robot’s position at each time is

indicated with a red point as the localization result
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