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Localization and Mapping of the Indoor Mobile Robot by using Bluetooth Low Energy
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Abstract

This article is presented the localization and mapping of an indoor
mobile robot by using BLE (Bluetooth Low Energy). The four MIST
Access Point components are used to perform the Probability Surface of
the Localization and Mapping with the RSSI information between BLE
and MIST. The differential drive of Mobile robot platform is used to
operate the localization and mapping based on BLE. The experiment of
localization and mapping, the eight target position from BLE to a mobile
robot are applied to perform the robot motion with an obstacle avoidance
function by LiDAR sensor. As the result, 90% of accuracy and position

error average 0.058 m along x axis and 0.032 m along y axis.

Keywords: Bluetooth Low Energy, Localization and Mapping, Mobile

Robot,

1. Unin

Pagiiuluszuumsvudio vumedudaquuunda Tuiduaz
nuusaTusiA A201893 ( AGV :Automated Guided Vehicle) gniiunle

ulugaamnssuunuusIuNYEd ud AGV fifesidaluiseq

9 @

YosnaluFouduniamandoun manlasuaudunisersinld

=

10 Farjusudinaounon 1uiia ¥301019815 (ARM : Autonomous

° i N 1 a a
Mobile Robot) 3agminunilszgnaldaiuaiey wu auuimsas

; v :

91N13 ﬂ?i!ﬂﬁﬁ]u%ﬂﬁuﬁﬁ naneluermsuazuone1ns ieenil
A \ A Y A 40y Ao o '

mmaﬂwquﬁlmimmu‘wwmima@u‘ﬂ AWYITUVVISUYNNAAN U

a ] 4% 4 v o '
HASHNUN ﬂ15ﬂ3$ﬂ')ﬁWﬁlﬁuvnﬁﬂﬁuﬂqﬂvlﬂﬂﬁﬁ1llwu\1ﬂﬁ15ﬂ1\1

v ¥
v A

v ]
NIGIFINITOHAVHANTINAVIUVVORA TUNA MIUITUVIZYNNA

dunianielueinis Ininiszuumsevioszyinadiuniadg
o o s ° ' k3
dyauugYsNaU (BLE) Tagszdumiiavedgnsal BLE Tu

9115 d 1IN [1] sawdeszyduisyanaluaoiunwnede [2]

o

adwmanazadaunugi (3]

1 v W Y

L EREEEATT] saunudani Tadin

s & 1 Ao o 3 o ° Y o
w3 Faarnadiuaiy @ansmiwisivuaninaliny
' s A A v o ' = A o '
Yusuamaoun ldadwmistatenie Tasmniinsulasudwmiis
A o a o 1 v a o 1 o ~
niemmuannalatonialmi ludiuvesinauoudazinig
o = v aw ' Ao o 4 { s
Psunfdsundeunvnnalniuazurugil dwsumsnaounyueud
TasmoluemnsdiulnajiinislFauszuumas eve 13ao 4
o o 1
gunsainszaedygraunsous1iae MIST Access Point 990 Juniper
a 3 o ' { a &
Inc., [4] lananginssinszniedynnaunievielimenneluaaas
s oA ' o °
g13 a5 NGen31 11ATFIVUGYENAINUA (Bluctooth Low Energy:

BLE) taziasgiu 1w (wi-Fi) daaauiialumsdoms’la luszos

A

nlna mwnsaszydunisdvesnndyavugysnognieluseail

v

A v Y [l o £ Y1 4 o
‘U'l’)\uﬂiﬂﬁu"lﬂylﬂﬂﬁﬂ\iuﬂufﬂllﬁ%1%@11&1@]@]@!&!@\1@@@9]()@1 Tagih

1 o

Anadwrdandualugiluuuvesinayueud l¥aunsanaou

a

TdFadumiadimuedaremeiuduarayansndaaudlu

Lao ¢ A o Ao o ] s
ﬂﬂﬂ?']iluﬂ')@]ﬂﬂizﬁ\?ﬂ!.WﬂWﬁuu']§$1|1|§$1|Wﬂﬂﬁ'lllﬂuﬁ?juﬂuc‘l

a a

1A

Y C4 o @ Y o
meluermsaleginssinsznedyaiaugys Tasdaninaliny

' s A A o o ' o wa
vguﬂu@]maau‘n"hJmmzmuqzﬂmmmmuamium

o )

msszyfinasmiatazuugivesueud

a

2.

v
[ o

2.1 maluladugnsnaaue [4]

° ' o = o ° '
miizummuﬁmﬁmmm Bluetooth 1 un15A 1A MUY

RG]

Y4 ' v

Fremsldanuduiuisznitminnuswesdyaaiiio1d
(Received Signal Strength Indication: RSSI) AUT£8NNUBIAITUNU
Frdadayaa Bluetooth WnlFiudayalumsdinszhiie 141y
M Tasnsiauvesszuuiszneudaoiu 2
dau ludmusnifludiaesdaya sl Virtual Bluetooth Low Energy

' A
11n91Un3al Access Point Niamauiafiay Tasiinsaaaaaids



¥
¥ A

msdszauimmsmaimnssylildh asedi 45
The 45" Electrical Engineering Conference (EECON-45)

Sufi 16-18 neAMou 2565 w gAn515 Saesn Suneiies Tawtaunsuien

9
19 Bluetooth 5.0 914U 16 LEIAAAIBYTOUNANIIVDY Access
Point a3 031UTWAUTTULIAT oY 18U 1§ a0 Wireless Lan
Ideen4'1350000 tazdruiasuiluginsal Bluetooth 5.0 AWy
a "o o ' ~ o3 .
Aaogiumunelunsseydumiaazisongnseiiidn Goal Device
e 1% luns Taon1sFudaya 19l Bluetooth HAZAUIMAILNUIVD
2 g
aueame Ui
Mist Access Point (Mist-AP) 1433 zuﬁ WHUID Probability
Surfaces MU MUV VUM AN (Triangulation) Tasn1eludd Mist-
AP 921 Directional Antennae Bluetooth 31471 16 181 Lﬁm’fﬁ)ymmu
Array 101a1 8 1@ AP Directional y1ifinsz0odayaal BLE

uazdn 8 11 lhnuaiinmalagdedyaanny Beam Tagdumiia

1o Meludd Mist-AP taraaagla 1

s Ndedy v uy Beam uaazdalu Mist-AP 924

it e o 2 A 2 e
dayra ) Tudianien Ty @9iuseda Goal Device 1iu @51

]

€

v
IWIN Mist-AP 1101911 Tns doya RSSI (7219%n101153909

o

o A vo k4 o = ST £ v o
ﬁiUuﬂul']mT'l‘lﬂﬁ'U) NYILNUITUINVYUINIUU Tﬂﬂwugmumqﬂﬂﬁm

1 o
WANT 150 Goal Device V¢ dd a8 BLE 8onu191ngUnsal

A A v g A Yo o o
@]ﬁaﬂnﬁ']ﬂlﬂﬂﬂl‘lﬁ']u NUU 1D MIST-AP Vlﬂiuﬁiyﬂymmﬂan

vy

v & o s = o ' o
umuuﬂxﬁwwa"lﬂﬂmanﬂ Tﬂﬂmﬂa"lﬂixumgmuwxmuumuax

U

apUNaUAIE A xy fuuwaawwalugiuuy GUT naasdazli 2

Client Information

Live RF Environment

17:10:46 )

Fails Name | BT20
focus Mac | 11:15:86:00:50:9a
Model | device asset
Path Loss Formula (PLF)
PLF | -25/-54(-79)

Source | hard

Selected Asset

Last Seen 05:10:42 PM, Dec 15

X,y (m) -0.4434,-1.0797

3UT 2 uaraswaiin x,y vos MIST e l&a1n RSST (iiae:mas)

' ¢ A A
2.2 yiuauAnaau [5]
' S A Ao wadg ya A Io W
Huguananun G]I‘Llll ‘Vlﬁlslfﬂﬂ TurtleBot3 'VIL‘}JU?!HEJHV]'ET]W?U

v 1
MIANHAZITE AAAT 360 Laser Distance Sensor (Lidar) A29UAADY
4

1995 19U01A07 Dynamixel 1A¥UD3AAIVAN OpenCR Tao1d

ocaOmm

N
52011 §1IAM3 UV ROS (Robot Operation System) 1tAZN15 A3 191AHY
1828 SLAM (Simultancous Localization and Mapping) Iﬂﬁlﬂ?ﬁmﬁﬁ‘ﬁi%’
A ' s A Ao wa v
eaugNusuamasunoaluia Uszneulideszuunisaiugy
' = ' o & ' ' s v P
Yuouat 3 @au asil (1) davvesuoud UszneuliUdre wuises
LiDAR, vosia OpenCR, vosia Raspberry Pi3, OICCH Dynamixel tlag
uuAAes Msauvesueud wilfiauees Lidar lumsasiadeu
4 a o 1 o o £ 4 o
Afavneszezihnuedi 3.5 was uaziimsdisiui udwihms
a3aununAle veia Raspberry Pi3 Tasludiuvesmsyszuiana
A = ' s P < &
ArUAUNITAde UV Y ueuA 32190 5a OpenCR Falunis
A ~ P s . o A '
inaouiiaz l9uotnos Dynamixel lTUN15dUIAGOU (2) TIUVDINTG

] d Y a 79 Y
auquiuendzilsznenlidreasuiiuaes 15lunisarugunis

o : ¢ 9 a0 2 a 7
NRTUVDIUIUA IﬂElﬂ15Gl"lﬂlﬁuﬂﬂllﬂiﬂﬁJ’t)\iﬂ’f]iJW’JW]’l’]icluﬂﬁ

'
A

& v A o ] A ) 2 v
aruan Feludiuiiazii myadumuinndeyavesdaindon
Yo <. v A LA
T85umnnnsuered Lidar lumsadraunuioz 197150050 Ryiz 23
l 1 (9 1 1 a o o
agluszu ROS (3) @auveamsivdadoyaszninouiinunes iy

' o & ) ¥ g A
‘Vjuﬂuﬁ]ﬁﬁ’Jﬁ]“]Nﬂﬁi‘]Jﬁﬁsll’t’)iJ“ﬂﬁlgal"h'iz'Ll'ﬂ WIFI Lﬂuaaﬂmﬂumi

360° LIDAR for SLAM & Navigation

. Scatable Structure

DYNAMIXEL x2 for
Wheeis.

‘Sprocket Wheels for
Tire-and Caferpilar

"L-Po Battery 111V 1,800mAn

31 3 Tassa$ajuoud TurtleBot3

° 4 ! ¢
2.3 53UINNIN 3N UTIVOIHUEUA [6]

A o v = A& ' s
ROS ﬂﬂigﬂﬂﬁ"lﬁiﬂﬂWiL“UfJuTﬂiuﬂiu!waﬂﬁuﬂﬂ?juﬂuﬁ 114

'
o v

4 ' {o & o o o
ROS ﬂzs'mimﬂgﬂmﬁmazmdimﬁama 9 fududmsumssiann

' s A o o 4 o q 91 s A Ao wa A o
HUIUA IﬂﬂﬁﬂﬁWﬂﬂJ‘ﬂﬂg‘ﬂﬂ‘l*i‘ljuﬂumﬂﬂ@uﬂ@@lIullﬂﬂ?]’ig‘u‘u‘tn

A = D~ & = ' s
NN Y198 ROS Navigation "']NHJLI5$1J1Jﬂ'lilﬂﬁﬂu1/lﬁljilﬂ1rjuﬂu@]ﬁ]'lﬂ

yaisudu llduthuineiidimualaei hisuduglassaniedsia
YITOURIUIUA ROS Navigation 1z1idanesiud1a ) d1miusae
TumsWaunusudinaouil 0IMIIWV8Y 32U ROS Navigation

naneaagili 4

“move_base_simple/goal”
geometry_msgs/PaseStamped

[move_base l

Navigation Stack Setup

map_server

-
1 nav_msgs/GetMap

global_costmap

/ sensor topics

sensor_msgsfLaserscan
sensor_msgs/PointCloud

amel global planner =

sensor transforms internal sensor sources
nav_msgs(Path |  recovery_behaviors

AN
\

odometrysource —____"odom’ 1 . joca| planner =—— local costmap
nav_msgs/Odometry - -

tiffMessage

“emd_vel" | geometry_msgs/Twist

provided node
optional provided node
platfarm specific node

7101 4 Taezunsuvesszuniiniadae ROS Navigation

base controller



msdszpinmsmaanssu i ada 45
The 45" Electrical Engineering Conference (EECON-45)
Fuil 16-18 naAIMoU 2565 0 @055 Saein Suneiles Sandauasuien
3. szuuszyfinauazueudinaoui
BLE INFRASTRUCTURE | s:s ROS

!

..mc:.)m
1
n F ‘5"_‘“')
= I
Camera / \

Uit 5 laezunsumwsauvesszunszyinauazuoua

o

U4 o P . ' . &~
Yeinsainszaedyaalia1oves Juniper ju Mist AP43 &l
o vy =) [ ° 4
szUUIzYAwMLanIema Tu Tadugysnasaud (vBLE) Iagginyal
1/a18M14 (Target Object) Y04 BLE gmimnldifieszyidadmmiia
¢ P 1AAaw o '
voaginsaitlaemeaunsoasivaen ldhegniinadumialaves
A 44 ' 5 .
Wuf galudruves BLE 1991/nsaiuesa Arduino UNO t1ag BT20
a < 4
Bluctooth 5.0 TuTasFuju cC2640 A3 lunisdearsgega 8

KB/sec taniasgili 6

510 6 yagunsaidems BLE 52finad11iadae BT20 Bluetooth 5.0

Aav o J U o
3.1 finaswrivsvesglnsal BLE nudwrvathvingves

1 4 A a
Huguanaaun
Tuszun52 YA 1MUIY0 9 MIST Cloud System A0 915171 A

o ' i J a o aa
Gﬂl,l,“riU\i"l]ﬂ\ﬁjuﬂu@liﬂuﬁﬂ\ﬂu‘i‘l_]LLlI‘U53’1.I‘1J!1/\|‘§3JWﬂﬂLLlI‘Uﬁﬂ\HJﬂ

4

1 (4

(2D Coordinates Frame) Tagihiinayususuiladldegludidaves

a

o '

MIST Cloud System #4151 1WA AR LM UIY8952 Y BLE LW MIST
° Vg Yo 1 s A A o & Y o
Cloud System W5z IFnUjusudinaoun suiludesmiuin

Tuszvumlsuiiauuuaeela MIST Cloud System ttaA4Ad31/7 7

b -

.|

Backieh
Backsignt
Camer Comer

link

base|

: v
gﬂﬁ 7 IEVUNNAVDIMNADITE VY

4 o A

iemmualiaaduiiavesszuufinaluseuy MIST Cloud System

a

Ao ' s Y 4 ' s
Tagn13szyiinavesjusudifiounuves MIST ive 19 uoua

ZOoOmm

Ao lufirMIve I UBUA FIaUMIMINYUTZUIFOINALAAS
aaums (1) wag (2)

(1

cosB sin®
R (-8)=

-sinf  cosB

x' cosB sinB ] [*
1=1. ! (2)
y -sinB  cosBd LY
° Y A Ao 1 4 A aw
fvuald x uay y' ABNNAVDIHUIUA, x Lae y ADWNAVDI MIST

Cloud System

4. Nﬁﬂ1§‘nﬂﬁf‘)‘ﬂﬂ1iﬁ1ﬂ1u
A 4 v
AN A Tue1MI5YUIA 34.95 ATIUUAT A9 7.2 10AT 817
9,505 LAZAMUATNTA (Coordinate) Vo ruan1Fluminaaes
I v
szezuaazAing MU Luasuazdied 11was Fainavua
v .
1WA 10 A KU TaeRaAd MIST Access Point $149% 4 1AT04 3
' L o ' H
FLUZTHRMMLUAY x 182 y FUTUTLELHIE 3 10AT NId0UNY
9y 2 v v
gaaniu 2.80 was Audlfhinmsnageunazn1sdnaa MIST Access

Point (1eA3A3317 8

-

. M
717 8 LAAIYAAAAT MIST Access Point 4 fHUL HAAINN (a) HAT A

ANARILHUIV0 BLE uaaann (b)

Tasfvuagasginsal BLE darenia vive lilvlinnuduau

92819891NY X 11AZ Y 483 Coordination Frame Y8I{UEUA Haiiiua

9 v '
Nanua 8 9a (WUIw:uAT) Al 9afl 1 WA x=4.0, y=0, 3% 2 Win@

]
=

x=2.0, y=1.0, 309 3 WA x=1.0,y=0.3, A7 4 WA x=3.0, y=-1.0, 99

= =

5 fineA x=1.0, y=-2.0, 391 6 WA x=0.0, y=-3.0, 397 7 Wna x=-1.0,

'
=

y=-3.0 1z A7 8 WA x=2.0, y=1.0 1aAAagilin 9

~ Mobile
, Robot

2

; R A d
1111 9 uaassunianjuoudindeui yaisudu X=0, Y=0



¥
¥ A

msdszauimmsmaimnssylildh asedi 45

The 45" Electrical Engineering Conference (EECON-45)

Sufi 16-18 neAMou 2565 w gAn515 Saesn Suneiies Tawtaunsuien

a

71 10 Jusudindeuii ludadumialatemagaii 1 (x=4, Y=0)

5199 1 uaaranng (Mile:1uas)

Aina CRIIN] Fumiavos Mist | sumiefi Tsunsy
dumils | 9Unsal BLE | Cloud szyduniuia | duilumsutasszuy
xy) flou TF Aing
1 4.0,0.0 3.8,-0.13 3.381,0326
2 20,1.0 1.8, -0.86 1.880, 0.826
3 10,03 131,0.5 1.381, 0.826
4 3.0,-1.0 2.88, -0.82 2.880, 0.826
5 1.0, 2.0 1.09,-1.9 1.380, -1.174
6 0.0,-3.0 0.13,-2.8 -0.119, -1.17
7 -1.0,-3.0 -1.05,-3.2 -0.619, -2.174
8 2.0, 1.0 1.85,-0.3 1.880, 0.826
nngUit 10 nasdeyamaed 1 nansldifiudsdumisinegnsal
BLE fitwiuadifavesrueus adumiaii Idnnszunssydumie

Mist BLE tagnavaadumian 1lsunsuduiiunmsulasfidcaiods
' ¢ ' Ao { o
Tijuoud sgwunTdsunsuamisondasszuuiina ldauisimua

' E
mumummﬁ"l@’fmﬂixuumumuﬁm Mist BLE Huiin21u

a

'
=

A ° " a s
aaanaouesn llnndwmiisasiiginsal BLE datens

{ a0 o ' 4 ' ¢ o wa
Wl'li1\iﬁ 2 wnﬂmlmuﬂmsmﬁauﬂmmuaummuamium

e Aidadumis | dumdavesjuoud AANAaNaIn
Aune wWhane mﬁﬂuﬁ?{yuqa Aurue (X,Y)
X.Y) KieonoY rovor)

1 3.381,0.326 3.368,0.411 0.013, 0.085

2 1.880, 0.826 1,731, 0.821 0.149, 0.005

3 1.381, 0.826 1.214,0.792 0.167,0.034

4 2.880, 0.826 2.923,0.746 -0.043, 0.080

5 1380, -1.174 1380, -1.174 0.0,0.0

6 -0.119, -1.17 -0.119, -1.179 0.0, 0.009

7 -0.619, -2.174 -0.619,-2.214 0.0, 0.040

8 1.880, 0.826 1783, 0.819 0.097, 0.007

a 3 Y1 1o ' 04
INATIT NN 2 mi‘vmﬁmﬁlzmu'lmmmumuwmqﬂﬂimizu

A9 BLE 9g@uiiumsmuiadminaluseuy BLE Coordination

ocaOmm

N

1¥egluz1111v9932 11 Robot Coordinate ttazdina 1# iUy uoud

' '
A A

ietadounea Tuifa lddadumiadarenia @28 Mist Cloud &3

wiudazmranaiamae lunu 0.1 was

5. unagl
MINATOUANUINUEIVBTZUUTE YR IUQY WS TUeh
uazANuuuive T UL usuRiAa Ui sa TR nudinsszy
F19910M1391971 738091 Probability Surfaces 91011153951
A1 RSSI A3udaatngUnsal BLE Uaen1aluds Access Point §1191
46 ﬁaéluﬁuﬁm:mﬂnmmudnﬂﬂi«'ffuﬁmmmiuEh 80% Ham
1&51A1 RSST YB3 Access Point HazAIlAILANAIIIUARDAIIAT
1¥wan13A11I% Probability fimsunlaoudiduminasana
et Sohldmumisiiszyadly MIST CLOUD dusun/deu

o 1 s A

Hinhanunilueia °lumm:ﬁmuuﬂumﬂaauﬁﬁmiuﬁﬁﬁumnﬁmﬁ
dafifadumis X, Y Tudsiumisla o vewnud Sujusudiadeud
Tguihmingldedraning Tawmlesidudaiuutud 90% annw
AANAIAYB IR UIUARIIUILNY X IWIFY 0.058 AT HAY

AMLUANY y 1A 0.032 1UAT

19NE1591994

[1] P. Bencak, D. Hercog, T. Lerher, “Indoor Positioning System
Based on Bluetooth Low Energy Technology and a Nature-Inspired
Optimization Algorithm,” Electronics, Vol. 11, No. 3, 308, 2022.

[2] J. Antonio, S. Fernando, P. Pekka, E. Macarena, “Location of
Persons Using Binary Sensors and BLE Beacons for Ambient
Assitive Living,” 2018 International Conference on Indoor
Positioning and Indoor Navigation, pp. 206-212, 2018.

[3] P.Lazik, N. Rajagopal, O. Shih, B. Sinopoli, and A.Rowe, “ALPS:
A Bluetooth and Ultrasound Platform for Mapping and
Localization,” 13th ACM Conference on Embedded Networked
Sensor Systems, pp.73—84, 2015.

[4] Location Deployment Guide, “Mist Location Deployment Guide”
[Online] https://www.mist.com/documentation/location-
deployment-guide-pdf/ [Accessed January, 2022].

[5] TurtleBOT3, “What is TurtleBot?", [Online]
https:/.emanual robotis. com/docsenplatformturtlebotsoverview;

[Accessed January, 2022].
[6] ROS, “Why ROS?” [Online] https://www.ros.org/blog/why-ros/

[Accessed December, 2021].



