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ABSTRACT

This thesis proposes new methodology of indoor localization supported for
mobile robot navigation using received signal strength indicator or RSSI from Zigbee
Wireless Network, locating the robot position respect to the testbed. According to the
difference of signal characteristic in each specific area caused by disturbances such as
signal multi path, signal reflection and deviation, or interference from other radio
sources, these aspects make the signal strength unreliable which leads to low accuracy
in positioning process. Therefore, this thesis applies gage repeatability technique to
multiple Zigbee modules scattered in the field as reference node. RSSI of each node
have been statistically collected entire testbed in order to form a reliable boundary
of working range with acceptable repeatability. Then, the intersection of all the
boundaries will become close-shape area so-called “Region”. The boundaries are not
necessary the same range so, in consequently, the region appears to be asymmetry
shape. Lastly, when the robot moves in the testbed and read the current RSSIs, the
data will be compared with pre-processed database in order to classify which region
the robot located in, including the obstacle existence. All of the unoccupied regions
will be gathered and formed as a path for the robot to avoid the obstructed zone and

reach the target area.
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nnlassadveaniodis nmsduiutuanusasildluszuvvendumisvuSaudnang
Uszananaiuayuanlnundedewng 4 vieensaziululnuandmineesasiaiunsavinle
dwsunsdiusn Tvuadmanevhnsnszaedyanalulvuedy 9 uazlvuad1sderinisiagm
osmassdnyniisuitianld ntilnunsradsinnisddoyauuosmtinldlugiaugnans
199380y Fanandluzuil 2.1 @) lunsddl Tnundrsdddnuansnagyiinistasuunaula
(Acute angle) a LLaziwuﬂéﬂaﬁqiwu@ﬁaaqazﬁwmii’mu{]m (Obtuse angle) £ Fatu tEY
Usenauxuain (Supplementary angle) 184 B 3e (r - g) Aoyuuvandmiulnuniiass
dwFunsdifiaes mﬁﬁwmumﬁmmaLlfuuimLLaaQLasﬁbuﬁ?uﬁﬁlﬁmﬂmaﬁluiuumLi’Jmma ol
mﬂé‘f'ﬂmmﬁLsnuma'ifl,%mﬁﬁamg'@agﬂi67:1&1 Aufidusiiian (Magnetic compass) 98vi1n133ayy
0ar1 Aeneiluuadimneyingy Inuadsdandiasiiniansgsnedygraludaduue
e fay Tundwisngasanansninnsiny o, B was ) Pndnyanaiisuldvednun
$r8emaannan uamnginisduufitanazdadoyaluiiulidigudeyadiunans

WAAIAIgUN 2.1 (971)

JUN 2.1 msvendunmiadmanenig slnswesniatu (Triangulation) WUy LuuALENaI
nsUszanaraegiuTaudniies(de) uazuuuAugnanInsusEaana

agulnuadnmng (1)

[
Y

nsldiugesifuiinulivanuuudinusedind (Electronic Magnetic Compass: EMC) fifingis
fulnungueeslianety vlimannsodmuiumyueseniisomnisls Taensvae
(offset) tuazldlumsuiuagunsaiifiofuunyudisds uonmilonnislnsuosgaduuuy
Unfiudn Fidudeundanysaiiuunilumsussgndliuundnlnsussgiatu Aeslnsussytu
wuulauilin (Dynamic Triangulation) Imaiﬁﬁamﬁumsﬂizqﬂﬁiﬁifﬁ’umsuaﬂﬁ'}meu,uu
audfluiadetiefifanadinine eldninduimaianonsiudlasuesgiadu (Delaunay
Triangulation) fr’ﬁ’ﬂLLa@ﬂugﬂﬁ 2.2 mmia’h’ﬂumiuaﬂﬁwLmﬂﬁm%’ugﬂLLmeiaNTmumﬁ

v YV

dudou uasnszaresuuvdulaairsetieilouseiududnyusiunauisuty 411150



ilviiusednsamigeuls (optimize) talaensldisafnnasiinaiwus (Steepest Descent

method) Feagyililassaiauanysaiunniu wasvenduniadminelduiuggi

Ul 2.2 nmuaasuuIRRNFUBNAUMLUY Ineastudlnsuosniady
(Delaunay Triangulation)
2.2.2.1.2 msvenduvisuuulasianiaelsdy (Trilateration)
msvendwisiuulasuaniaestu Wunsmiumiatmnean
Funtiadrsdanane 90 eglsfmuy AnuLanAssEIaneiulnsuanelsiuiulng
uoaQadu Fodoyaiinnldlunisuszanana uwuilvyiayuesmsenindvuaeuieslians
FBlasuaniaestuazldszormesznisiuising q sndudeyalunsiusuiisadmne
Feszopnszyridnusiuaedlanetuasafnsanlusvues Salvasnandiiaaaud
nanedusumisasluneumeidneds druitadmneduiaginainandaveninauud

a¥I9 UAngeaguR 2.3
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-, ~
/, \\
U4 \
l4 \
,’ (Xb; Yb) ‘| Sphere B
| 1
U [ ]
,’ \\\ ,I
/ NN db J
' \ \ e

Ny, /) Sphere A

g8 V4
~ "
~ -
-

JUN 2.3 MnuansiuAan1suenmurdiuulasuanmeistu (Trilateration)

¥
I A v o

Tugui 2.3 Inuaugesisangdrdaliuasgnguanasiulunun vausilvusgugeidivung
Ao UNlned 99T neluusalnuns1918e 90ty dwniavaalrnuadIvungaIunse
ANUIULAAIN NARYDINUADINBINIEILAD BAYTEUEYNTENININUAD19DININUA Lazliun

Wy aunisndnldmuiusseyynammuatiaansalingedinneda deeunsadagy

aunslemsoluil
diz = (y =) + (y1 = ¥)* (2.3)
dyy = (X2 = x)° + (y2 — ¥)* (2.4)
dyz = (x5 — %)% + (y3 —¥)° (2.5)

JaguaunisuhiiomAvasiauls x was y lasswialuil
AY;, + BY 3 + CYsq

x = (2.6)
2(x1Y55 + x,Y13 + x3Y51)
AX3y, + BXi3 + CXyy
 — (2.7)
2(y1X32 + y2X13 + ¥3X21)
Tned
B =x2+vy2—d> (2.9)
C=x2+y2—d? 2.10)
TG
X32 = (X3 — X3) (2.11)

X13 = (X1 — X3) (2.12)
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X1 = (X — Xy) (2.13)
Y3, = (Y3 —12) (2.14)
Yiz =0 - Y3) (2.15)
Y21 = (Y2 — 1) (2.16)

a

ATUBNATLRUIAIYAUNITIATUANIABLITU UUALAINNI1ITOU 9 989U 1HB991N30
SLYEMINIMUAANN5AILILLAINITNSUBNTLELMS (Ranging) LasRNAUlnUAD19D

19 9 dufauisasyusaztuiinlilugiudeyansuazdnunldiuiuass dmsuluasedny

(%
Y LY

ety vwugesinune1sinsindigunsaiuenduritegadfeaonliiuiy e

(%
[ Y

wndu q IndiAssnanvssauisaduiiundaiiuiasels andeyavesvuresivuafifinged

€

124

= = <, v A )~ wa Y = Y % v o &
WL@ﬂﬂJﬂQWNLUu\LUIWWLﬂiasﬂqEJT’[IZN?JﬂJﬁiJUWIUﬂqiLquﬂﬂsU@Na‘lﬂ 3 LUUAIYNUANUY

Y

Y = o I

1. Tnunwuwesl¥asamnsadfitasumsafioaldianalnun

2. Tnumwuwedlaansadiditniumniaiealddos 1 vio 2 Tnuawiiu

3. unwuwwesliayldaunsaidntiaguniaidiiealaiae
Tunsléinedalasuanmesiumsazilvunsuwaserdedtoy 3 nuadieiu nsdid 2
fu 3 ey livaneunsduandeisi demefiesufansuendunsieisesnedin
LousBImLsTIW sTaRlanimelsd (Atomic and Iterative Multilateration) ﬁuﬁﬂgﬂﬁwumaz

wnusuldiuesedieawalvg dadunislilnupianunsaditdeyaaindieadusnegn

Tumsnszaneteyasunudlviiulnueduy o luesetie ludnvaznswandeudoyaiunduy

all

ven 9 islunsiifiarefiaailiilnunlaamsadnfedogavendumlsainifiealdiae
fsnsdifl 3 madnnoauauslsfiviiaiuaniaesdu (Collaborative Multilateration) gnwiann
wagihnuuld daglilnunsredandasfarnsassydunistuiesld dunsuaniudou
Toyatstunagiusenindvuadrsdsaesinun Mlnszozinaszrieiudenaliuondiumis
melulSunmapeaiula

oslsfmu deiderannaiinnisvendumisuuudnadaszesniadl

(%
[ &Y

Ae AULTIFutugnsunuandadowindendu q lodelaeameziunisidaunsal
doaslianunivlueiansdsdsmalinisvensyezulsusiu M lanadwsn1sAmIuIunIAge
o 1 = [ a [ &
muninarandeuliuainanuduaieguosns
2.2.2.1.3 3nN15UBNTEELYA (RSS Ranging)
ANLTWRIAA AT UNINd g utuansaiulglunism
o ‘{J 1 [y [

sEeEnne asanAduLLan I TuliauduiusidudunduenANa9a0Ue9enINenIas

| Ao v L% d‘
ﬂ\‘i'i/l?‘UvL@]LL@%?%HSWWQLL@@Q@QﬁNﬂWiVI 2.17

P ooc— (2.17)
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[

el P, dupeiasdeisulavesgunsainsuainmes (Transmitter) a4 538119 d aunsil

lasgyliegnatmauinssi

A0y ULAUNNTUNIDINAULANANTEWIN NAIASA YU

o

v 1 Ao a A

wazidsdaniulavsesondnagnamiladndnsgadeniuseeenis (Path loss) lunsUjus

1
== [

339 NMSLANTUYDITNTIGeY LAY TUBYAUNITLANTUVDITLHEN 1IP0I AN ANTTUT

YR

wansinsiulumuanmwinaeuliviiouiu 1anBen1sAuIumAuEN Y UIdwmInd oy
(Environmental Characterization) Agn13ldminUsansgadeniussozniaiuuiengluiuy

\Wea (Path loss exponent n) asaun1saelull
P

(dy)

(d/d,)"
lnefl Py ) Rofdsdanisule daannszey do lnenalduda do asludiaefiviiu 1 wnsen

(2.18)

[ |

[ = 6 ) & < = o Ao
wUsansgeyideauszegnisuuendluiuu@ien n luaun1siuludnniladadenddnsie

o

% (%
= £

nsUsuendenadnuaETesan WIndon finnisiutuvessngyidetugeluagig
sunsadloszorsnafisdu A n faedeigatumy

delinistnszessganuusedyaratuivssdnsain 131a73
LenkgEANLLANA19TEdINTUBNdILIinglueasuaz N euene1ns 1aee198931n
Snunzniseoniuy MavszgnAliuasnsinmassuesssuuiuiamnimtaud 1o
SuunandnuaroonlFfmwisluil

M13199 2.1 MsrIsuifiguaudnuazvsInIsUenduinglueInsiarnaall

GANS malusins
Path loss A Iesunansznu 99nn1349
ENGH
model Multipath lLag Shadowing
1 o M 1 o & 1 o v 1 o &
& walugas wilifiaadnduann  aruuiugities ualiaudnduuin
AMNONGADY . VA . S 4
] = | & A aAa =~ A A i P
LB99NINUUNUNLUA LBDINNNUNUAADUV LAY
% 4 > ).94 WUALAY Uagdusnuniisunss
Nuh n319 wazlddinvoulwn o4
Wudasy
o | Ay va 5 6 [
Ly munielifadegunsaliluiuy @101391MNUFULUUNTININ
N13AARY , 3
1 wag Ad hoc gunsaila
aGEGK masaadilanaug Link Quality  USutldeulaiiiendniasenissuniu
Heyeyuned Indicator lUaugia Maximum Tuvoadeyayo
AAUGIVDY .z v & o .z “
. AnmsluszAuNUAY ANRIUUEN WSDLNATY
Tnune1934

o o '

0
[ o

o 19 & A & A = "
ALNALLNUN Iﬂ@ﬂUWUWWQIﬂ WUV]GU@‘ULGUG]SL@T@‘ULGUWVTUQLVHUU
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NATNEUVULARIRT G HLR LT EEN A LIAANITNTEANY
é’mmwm%w%qgﬂiﬂumﬁmmmiaﬂwausumé’tyaunzuﬁl,ﬂ?iauﬁlﬂiuﬁaﬂmwm q Tu
anmwndanle o Judadendnegrmiafidmaronsfuinmssesiaseninaadaa o

2.2.2.2 Msvenmunuiwuulisnsdeszegns (Range-free)
msuendunisuuulaignedassarna [3), [4], (5] Wunedadnussnnmiled

Tasuaudeusgnaunn laganizdunisusnauniin1elue1nsaieauLSId 1N

'
a

iwsetnelvundeansiiany anvmandypiaiiunisnielueimstugnsuniuladeaind

1 % ;4 o

Ugnasieing q dwesniglueins muludsingegendume vilvindsdavasdyayiunugn

Y Y

4

=

annauly nslddeyaninauninismssezndaduseseniiagldrmmnauigndes Ay
'3%mi‘uaﬂﬁi’wLmiaLLUUlajé’NSaﬁstzmaﬁﬂmé’i’amuﬁuﬁ’uﬁﬂﬂmé’ﬂwmmaammLmé’agmm
aeluiunvagnouldauaswhinmsusuuresteya (pattern recognition) 31nHuTeN
o v I ¥ a = P~ o v AV Yo e v Py o
AuLsEuninlavuldnuasanssuiisuiugudeyantatuiinl Inlndideeiuys
Toyavewiunislaluiun smadnvuzvemaansiunisuandumisliliduausunamis
fav ¥ lmstatunsnananulikuuaulun1sUsNAILLANAINAISUNTZE EN1IA8 AL

(%
aaa

wssdryeyrauastule wsegslsfnnu FEiddedalunivesgiudeyaiifedisualngifisans
dmsusesiugadeyatiunuuin nszvaunisvendiwnianidiiaiuiuninaglanadng
Weswndedituneunisiiudeyaiu Juneunisiseussusuuteya snielunsdnings

= o A A Y £ a <@ 14 oA
LU@SHLLU@Q%UW@IWQJ?\UWUWL‘l’j"I‘VIN’]EJ G]'JSS‘U‘UE]’W%Z@]ENLiﬂJﬂiSU’JUﬂ’]iLﬂU‘U@M‘JaﬁL‘VINL‘W’e)

.

—

@WL@W%@%@IMﬁ@@ﬂ@@Qﬂ‘Uﬁﬂ’]WLL’J@ﬁEJlIV]L‘LJa‘EJu‘l‘LJ

Tx / Rx

‘ < RSS fingerprint: signal pattern

Object’s location

JUN 2.4 uamamsvendunisnglueimsmewmaialiondessessisnisiinaneiiieves
vy (Fingerprinting technique)
2.2.2.3 MSUBAALALILUUD19DINUN (Area-based)
Wumadanlddulaemluluszuvunisvandwndadivuisluasadne
& 9 o ~ a P AV Yoo ' ° '
wugesaeanstiany Wesnnuiensd sssuvdvesdeyanlavitlvldaiunsavensdiuns

Wnnngluguresfiinedednian uisvuuauisasuiduniivesguwesdeaisinesoula
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A9t 15139UszunaNanIdLUIve Lt runelua YN Y0IN1SUTEUIUNUA I117AUn

WnnnvavegagluiiunUeaauuile 35de19agldmunzandimsunisfaniudiumisves

a saa o [y

Wvuneag1gazides Tun1anauiuistanusalinadnsnadmsuAs o e uasaoansls

angvualvg FBNdnegluninanynisuenduvtsuuudsdaiuniiieluil

[ '
Iy )

2.2.2.3.1 BansUszanasiuvtagaluiiuiianumasy vieledled

(Approximate Point-In-Triangle: APIT)

wadansUsznasiwmigeluiuiiaude (6], [7] dgndnoglu
yanAVINISUBNMULILUUE B TuTiuaglidneBeseasmng (Area-based Range-free) Tnedl
ndnn1suenmumisiiuegfuluund ads (Anchor node) fifinrmannsalunsidrdsdoya
funmiswesiies nsUsznauiuveddnundneds 3 Tnunasadaiuiiawmdentale 9 ez
nsmsraaeuanuzvasinuaiimneiogmeluvioneusnituiianumdeudatuasyiilyd
I‘mumL{lmmaaﬁmmﬁﬁmqmeaw‘f’]Lmﬂﬁimmaqmi%aeﬂﬁ %q%umuﬁﬁfmmmﬂﬁma
filof dfdonsvnszuunsUszanmuulsaluiufiansivasy (Point In Triangulation:
PIT) uitelilnunannsandumisluiiufianundosdald vdminilwadmneldsuioys
Fundivesnuanluuad1 a9 duagrnsmdunivesauwdsaiidululd Twua
Hvangazgnindiegmeuanaivien ABC (a¥unnlnund s A, B, wag O fwnn
Jfiansnisiadsudivedrundinuietiuesniiaviewalng s A B uag C luian
Feafu Sirudunds uadhwnsssgadwualihednisluamien ABC uwnfniians
wansliifudususssulddsnmuseneudl 2.5 stnslsAny msléinadeaiediled leogns
andosutugriuorasghiaunsniiuaidldlunajud idesnluanudusiudalnun
WvneernvzaiunsandeniilUlufienisle q fld wmadaeflefiannsaldiunioneiil
aramuutugesiumnn danadatasdvsdleninndolmndrafety 4 annsoiuiie

N15:AABUNVRANUALTINLY wazkaniUasuTauaTInukasnuld gnf1eg19au AU

RV

(%
o

dyruszriinuaidivuisuesluuasisdetuaiuisalalunisuenszegiisinluua

Wwneeglnaiulnung1esdle

5UN 2.5 MsvenduniadmnemeIsnsussnamuniagaluunauiey
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® o ”
W (D—0-®)
O~ ©
0 © 0
\©) ©)

sUft 2.6 nsdidogdlunsuenduradvnedaeiinisssuiunisealuiiug
GRHBIETY
91ngUfe8 T 2.6 SUuie azifiuin Tnuadmanegndenseu
elualndldes ¢ fudusgios daliflyelaaeilvuaitvsneazaansadilng viooen
vindléndon 1 Ausgretion 3 Mumisd1ede deiusFeaunsnasuléd Tnuadhmneiuog

'
=

aeluanamdoy ABC auefizudiuenn avuanslifiuitinualndiAssvaneias 4 duasd
sveglndiulvuagnadeis 3 wnflan Bnviluuamneiay 2 fazdsveznailnaoonllain
Tnundnedadeninlnuatimungdn fedudsansnaguldan nuadmasegnisuen
aundsn ABC wisgaslsfimuinaianisuandiunisuuuiefilefidue1aaglalfle
Usgansamlumsvendumisiviinms delvuaidwineegisegfuitluaum deagsili
n1sunannesdlunsiadeuiivendamne udamvsessnisaininuadndale g Tu
anmdsatuinldenty

2.2.2.3.2 unugiilalsuey (Voronoi diagram)

mmﬁmmugﬁi’ﬂﬁuaﬂ [8, [9] ADMTLUIRUTTIN VRIS I UL
doamsszydumiadhmneeonduiufides q wuadn ileanailiiniveuresdoyauas
anAnuudeutesnsrUIuNIssE s shliluaduineasiaeuldinogluiiuiitela
Mnmstaszesinsiulnuagedailndian Tnevdnnasinisudsdulfinainnisainiduds

anauyRveslnunddawnasimeiues WuulweuwetaznslnfaduiunUsgesrany

¥ '
=) I

9 d1uliuna1 veuluaruilalsues Geaunisasrsveulaniunlilsussainisaunansla
Aaroluil
XeV(p)|d(x,P)<d(x,P)

2.19
j=12,...,n,j#i ( )

V(B)={

Tagli x Wugale 9 Tussuiu uar d(x, P,) AeA1szeen13gndn (Euclidean distance)

521119 x waz 90 P; luesovnemuigesliians aruusedygiassninswuaiududiu
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ndufumesidsEpsezesne faius3arannsaesuetuneuntsswmisvednun
Hvaneegluveuaslilsuesla o léwielui
A1 B, unushuniddle q veslvuadraddluadetnsmugesliansfifndogluauy
uaz S Femumisvesluuatmang e, fosruivednunddaiidlunietie
B. Inunnsds B, Andedeansiuluuaidivane S sililvue S annsasuiainiauss
Fyanas RSSI veusazlnualnsazanunsadssdduainnnldoslddaunsaoli
RSSI, > RSSI, >...> RSSI,

[ [

C. nauanRvewnugillsuey uazieulunssumarunssdyyiuainds B vh
Tlnuaithmane S awnsoszyveuialalsuasiinuiasegldin egluiiufivasinun
$1989 P, mntfusguuagvhnissuuveuslalsuesvesga Py uagsiifiuatimiin
(weight) v@snuLssdnyeyId RSSIp, Wifiunn o nualuaseing

D. thlnua P, aen a1ntudiuiuveuinalilsuesvesgn P, way wazliaiimin
(weight) RSSIp, Fe3aivlisannsamiuntve dnundrdeianunlure s
Talsusels

E. vhoiian infgaunsommeniaiuiiiisdintngeiianuasidasuumiesdvun
Wwneg S Ia

o819lsfinna Tnasiaurdaneifusdedlkiaudanguuas

Usgansamnuindulusn Iaglindnnisaiinluuandanuusidgyanngasissogriesenin

(% (%
[y v =2

Tnupfiduas fedusSehmsuurevaniuiillsuoslinsauldananuduiusves
muLssdyaasEielvue Suilviaganmududeulunismiuiu amnsnseydumis
vouthmngldgndesutugunniy sifendane3fiunuuysuussidiusugilalsuesuuy
Svuaetein

2.2.2.3.3 Fansvenduwnuatvingsieanuiiasduresdeya

(Heuristic Information and Probability)

Sanesfuluguuuudannsoutymlunsdfissuuliannsodu
vminouiigndeadald Tnesuazyinisduiunnuieziduvesineuiifianudululs
wnfigauny FauwdniosdussuuiiAnannsaduasnaunauiuseinedaneii
nany 9 35 Lﬁzj'uﬂflsslﬁz’j’mﬂﬁﬂmﬁiﬁwmaﬁ'gﬁa (Fingerprinting) nuanfunisld uuyduiduis
WUURHN#U (Supervised Machine learning) Lsﬁﬂmﬁmﬁ'}ﬁLﬁuﬁaa‘i’n,l,uﬂﬂimﬂm%au”a
(classifier) iAnanmafiutuiinnane q aduiieadrwadnslunsuensuvds 3adasili

° a & ! v a a ° | aa d' a a
ﬂi%‘U'}UﬂqﬁﬂTU'JuuﬂqulUﬂﬁqu IﬁﬂigamﬁﬂWWIuﬂqu@ﬂﬁqLL‘VT‘UQ‘V]@ﬂ'ﬂW Waldseuineu

vdanasnunlvainoutdudiuiudiiavnianieamaeans Leatansedu NIEUIUNIAN
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muudndusesorfeninginsuaziidelssuanavesgunsalaoudieunn iielilaunds

nadnsnnIsAwILningfesiuauduasanniian

a

Fregremddeiiinsidmaiingasadndunedindu wu [11] 14
lasev1eUszaniiey (Artificial Neural Network : ANN) @1%A5UN15ATUIURIAILAUILUY
orunUit (Adaptive position calculation) iilesaingunuudeyanuussdnyanmduiioi
Futouiuninflaziuiuldannsmenuduiunsadamansvdeaunisauund [12] 14
159978 UTZaMALULUUATILABULA AL UNUDUNSULUUNTZR1867 (Gradient descent
backpropagation) Li13nsintifidusanesisluniniFoussluvudeyauuuilffinaey
Lﬁaﬁ%fﬁ’muﬂsﬁagammLLiqé’zgfym U AU 9 meluitud [13] [lassteUszam
LEUWUU Particle Swarm Optimization with Backpropagation Algorithm (PSO-BP) R
Hudanesfiuuszannisdudum (Ramdom search) dafvesdanaifiutszinnifenau
nuMURENISARAAANETR SanasNuuuTuautdnUsannniafiondndnnesnnnaes
WA (Support Vector Machine) Sudinnsldanlusuide [14] %QLLuaﬁmﬁugmﬁamiLLﬂa

suwuutayasanluratagesnalanis q aseduiulassieuszamiiion wiisdnnesn

'
=

nnwesmdulanmnziunslfrutundudonafosnmaion Tuuasi [15] 148ane3
ﬁmmm‘%auﬁuummuqﬁé{ﬂﬁ (Desicion tree) lumsidonsidenaruussdya g iu
antun1safla 9 iielianugndedlunisuendumisifidan Selundidu Ten1svensumis
Wmnedeauiasdutudisiluinisuendumissuusamanu (Hybrid Localization)
FadumsnannaAuszinansA UM Bz duve g msal, Saneifunisuaive
AnRavain, waznsldwugesvane q vlnsufunendumideildnanddunuidded [10],
[11], [13], [14] %QLLmﬁwé’ﬂ | suaamﬂﬁﬂﬁﬁa MﬁﬂLﬁaq%'auﬂwéaﬂumﬁuaﬂﬁwLmu'ﬂsuauwi
azaila sndeg1ady [29] Iinadanisusndumisuuuineasiudlnsuesniadunaunany
fumafindrsafndunlesiuty Wendndsnuliuivewresrunssdyaadldlunisuen
Aumisdulilosnanaimlduiugivesgunsal audnvizuaznansznung 4 fo1aifin
sumuMaRwesdyyI FinsanmeseslusuAdednanldszyliin masaunany
veaaesistuansaliaianainlunmsuensumiatmuetiosni 1.5 wasniedlad

nsavaumRanaInluwiarveulaiund miussymurdsdmingdnee

2.3 35n155zyAunianiauiun1sadrsunuy (Simultaneous Localization

and Mapping: SLAM)

ad o

PAUUIARNITUBARLLIIaNY 9 35 Awilslullouiusgranilsde szuudndusios

o

UToyaviToUNUTIVEIanMLINGONTY 9 ABuNIitN1sUsEIianala 9 Tu19aTa ueus

Y
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Salusipfsuiudedimuansalumsadsmuiivesdunndeuty q Wede wiee1aas
agUlddn nsadrsunuiifusnduiiezdesdinisvendundadunisitesaiuguld
nszUILMIanTeni Mssrysumimdeniunsaunuiivie auwau (Simultaneous
Localization and Mapping: SLAM) [21]
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2.4 13138 U3VRNATRY Machine learning
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MACHINE LEARNING

Group and interpret data CLUSTERING
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based only on input data
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2.4.1 JURUUAN 9 YDINITHTUUIVBUATE (Approaches to Machine Learning)
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2.4.1.1 Mmaispusuuuiidinasu (Supervised Learning)
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2.4.1.3 M3FPUTLUUETUATSS (Reinforcement Learning)
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N15L38UUUUAT [25] (Q - leaming algorithm) Humadandsly
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gndmanaaugliinnudutgiuegianeiunisasinduieaunsalisuees Belundntu
TuAazsaun13veu (Epoch) tolauiazlasuaisneda (Reward) 91nnsoanisenszyinnis
vegesulunalianiugresduindentuUasunlasly

dmiunagnsnisiseusuuuil azdesdnisiivuadinunguay

'
1% o a LY

nsruiumsiseuizaniuluuuunisaeiinassgnivaaninden oluiaglasudisedanie

Y

'
a [ a o

n1389lnuTI91989InYANIINTELazan ueniug tnelv s (State) duwnuaniugnily



24

anmuandeutiu 1 a (Action) 3e yaRsedmIunseiluan nwndesty 1 egnUszacd
mamaqwémiﬁwiﬁﬁa Anaeuliaiauidum optimal policy s > a nieuleuiediag
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2.4.1.3.2 fafensuwuudan (Multi-armed bandit)
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E-12 Testbed: All Anchor location
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@1m Radius rep. @4m Radius rep.
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Hidden layer

Input layer Output layer
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RSSI Point Point Point Point Point Point Point Point
(-dBm) n n+1 n+2 n+3 n+4 n+5 n+6 n+7
Al -64 -65 -54 -51 -55 -58 -65 -52
A2 -57 -57 -61 -56 -55 -71 -54 -54
A3 -50 -50 -55 -48 -52 -48 -50 -58
A4 -58 -58 -68 -55 -53 -53 -56 -61
A5 -57 -58 -57 -53 -71 -56 -57 -55

topfloor_file50 = 'topfloor/topfloor_50.xlsx"’;
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topfloor_read_file50 = xlsread(topfloor_file50);
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M15719% 3.3 AuLssdyIvenadyseedsluauy i Adanudeyail N §a N+5

RSSI (-dBm) | Point n Point n+1 | Point n+2 | Point n+3 | Point n+4 | Point n+5
Al -52 -58 -47 -43 -43 -41
A2 -54 -53 -57 -52 -48 -48
A3 -58 -60 -63 -54 -54 -60
Ad -61 -52 -51 -58 -60 -56
A5 -55 -54 -60 -58 -56 -52
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Data pre-processing
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I
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category.
Calculate and assign
threshold boundary to each
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Form Asymmetry
Region

:
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datapoints by
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;

Class
imbalance fix

.

While Gaussian
noise added

v

End

3.14 Wlaiv$auananseuiunsinauvedismamieudeyadmivasiuasinasy

TAssngUsya iy

ar
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3.6.2 M3vTuUgtayar naeusismalinnisuiluanullaunavesraiawasnisiiy

dygasuniunuulviindideu

o

nsuilumnuliaugavesrana (Class imbalance) Wulgymlaniintuveeassly
nswseuANUNTaNvesteyaildd msulnasulasstigyssamiiion Weasanlunisldau

9390 9199zRngUassAuIed i ligvihnsmaasddanunsaiiutuiindregsdayaun

¥
a U v =)

v ° A 1 a Y] | a = X Aoy Ay
@'JEJQ']U'JUWLW']LV]EJﬂJﬂu1UV!ﬂ i UFLLAN LBUREINUIIUD UUWGUUWWGU@QWUWUQWINﬁNN']Ws

tuliwiiulunn q lwudsilaadanauiuindeyatuidiuualidvindu demalidua

=2 a6 Ve

Hnaauliminiieuduluaie aretauantsinaauluivinduiu lan1anluinaay

Y

Tayalunis

A o % i

Seusnndeyandduiuiinaeuninnit denainnieyaniiuiuiinasuties Usednsaw

U Y

' [
14 = ¥ =

Tunsdwundeyangndediasiewdaslunistoyanfiidunulnasuuin mewnilies 35013

9

Ly

wilvanuldaugavesraranieuldiulunsaddasseussamiisudogsaiu 2 35Aen1s

Y

iuuaznsRRduINteya

Ay g e

dwsunisiindeyatulunisieaanideyanliinasudosniiraiadu o w1vi
nssedayaiiulilanuinmnieuiy TnetoyavetsnaianneinisiiutuazgnAnasnuily
USunaiwsngauuaidiunsevnenuteyatdagdu ilvivuiaumsndvesiayaviaunluaaia
Tuindu wadaflasuaufsureutauiniilesanliilinnisgyidedoyanu ud
ag13lsfinny Joidureunaiaifonisdnasntayaiuuiseying wirduinvilideyanld
Anasuiugdeu Fwwenanavviniiluwaigusudyadeyasiuuuinuuas faililuna
) 1 al ¥
denalunisuszananalaglyivgdneie

U

A aa = a v v o ° Aoy ~ ° ! 2
@ﬂ'ﬁﬁﬂu@ﬂ@ﬂqim\'ﬂ%@i&la LUumamﬂmawmagaﬂﬁdNﬂaaummumﬂm’lﬂmaau 4

wwudayanaieliviniiguiy welaidieuaglidudeu snvivwindeyaiiosyilvluina

'
1 a

ANSEEZANUNISHNAUDNAIY LATDLAYABLNMAYLLESLaNAEIUSTURUUYDIUDUARIUN
YU

Y

a

gndmeanty Bnadurudeyatinaouditios o1avvidliliannsnairslinnaifdussansam
Tunsdmundeyaluilaliauysaluasendonisduundoyalmifusalirewuiaeandeon

TuruiteildFenldinedianisfiudoya Inedaudasannsdnaondoyauderine
Foyaumuund sndunsiiuedyanusunuwuulyinddeulitudeyalmifigndaasn
ud3niludevnefuteyatiigtu mededdufifienesnannlumssundoyaussanns
UszanananIn feueniniztisanauidouvosdoyauds dilianlenialunisSeudues
Tawa denalilanadussAnsnmlunisvunenal s

3.6.3 MIanmuEdeuesdeyanieuaiialaisdi (Normalization)
vesifalawiufonsilideyarudmiutoudrlululuealasseUszamioudy

wnzaudmsunsUsznana deyganuussdgaraituiinlatududnuiuauiidee

e
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51319 -30 D49 -60 dBm legUszunas Feanuanilimunzdnsuiseaiananigluniatie
\Wesanfleandunsedu (Activation Function) ¥asusiaziiisealulasetneysyainiiiouiiu
Use1anad26avlut195¢91319 0 89 1 14199 -1 D9 1 habATRAYaIHINTY A9ULS196 94

wlaslivayafunavuusvendldluaglutrenilanduaiunsadssianalimdunou dutu

[y

919924 Anan Uz NaN (Not a Number) Fallunadwsaliarunsasuiule

v
v U v [ % A

lusddeiilafiaunisuldluiandunseduiueganauuumeniu Aelawesludaunu

'
a o

LuUNEnueea (Hyperbolic tangent sigmoid: tansig) wazIwgnwaidysnsiudinesnendu

o A = a

(Positive Linear Transfer function: poslin) n3e3dnludndenilsasisafliieasdiiesyiin

Y

(Rectifier Linear Units: ReLu)

a = tansigin) a = poslin(n)

JUN 3.15 aunislawesludaunuauidnuesn wag Indanaidesnsudmesilady
413U tansig U Azilviavestoyanysendng -1 89 1 @ poslin AgiiYieleyasgsening 0
i 1 Fawslaraun1sazdisnisuesialawtudoyanolul

3.6.3.1 myvhueidalawdudayadmsu Poslin

al

- MAAN I Y14 RSSI TidAgavasuiaziandyaianeiuala uas
Avualidy RSSIs,,

- 1A RSS! vaskadeygrauiiu 9 RSSIs #1308 A1 RSSIs,, faunis

RSSIs" = o018 (3.6)
> TRSSIs,,, '

3.6.3.2 NMyvuesialaldud iy tansig
- mAadY RSSI ianuavesuraviadeuia wazivuadu RSSIs
- MANEIUTEAUUNINTFIUYDY RSSI YI9MUAVBILARLLAFY I, Orssis

- nduthAede wazdrindsavuinesgiuldaduannis

RSSIs*= (RSSIs - RSSIs) - (3.7)

ORSSIs
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3.6.4 M3asuarinasulinadlunteys

nniildnanluludnsiuudiinlaseisuszamifiendseneulusme Inuniseunas
Tnundanidensoruluiotns iedudseyainunsuszanananieluusagivun niou
Frausuusiartiuin (weight) lusieadlelildindslassefidwundoyaldivanyay nieud
wUszgndltanaisiudeyalmiflinenuiomneu

nsas19lasevnelszanmiieumeaesasiiateasluluswnsuunkauti 1513wy

% a

Nagsoamuuailindunsziuliusaziaiesvenniotne Jalidunseiulazidutledeniil
dnsnasgnauindenantsIwunteya Mandunseduusiavuuuiifonldlunuideasd
eavidunnsialuil

3.6.4.1 lawosludaunulauy@nusss (Hyperbolic tangent sigmoid: tansig)

a = tansig(n) = (3.8

(e™y=1
& 'z \ S ~ Y ~
AUNIINIUANIHIATULUY tansig HULABULUNAU tanh 91338iiA213
! v @ v a 2 N a ' | ' o ¢
waneanudntaglusosmnuslunisusealananiuinnin tanh d@uluwivesnadnsann
AIA LTI ALLANA R sNNn Wuann1ng Ui asudulunisasalasneUszam
~ v v < P ot b W o el ¢ & @
Wenddensidniuilunisussuianagawaslidnluiesivauamosilaiduaniznig
3.6.4.2 Indnnaidesnsiudmasilatu (Positive Linear Transfer function:
poslin %39 Rel.u)
6 o‘u'/ ::gl’ 1 1 Y] [~4 I's v 1 a1 1
nyuaesilindusUuuutitzdernduundu wiviny n 81A1 n dAunnd
= 1 [y 1 1 [y I~ '3 v a0 % 1 = 1 v aa a o &
WsaLiIiu 0 wazdirnduundue1vinm 0 61 n dAdeaniinsewindu 0 Ingnnadidysy
Tudwlesiliiutuagldnulifuasduntevegnniulaswiedszanniieunussgndldiu

NuUsznananIn esnfinavesnantudiulngeziiveuiuave s usuiufugud

U
% s

waztfuuan e ndudiuiuduay vlymsvamesilanduillmlszansnnlunisussunana

1% =

1590157 ogslsfd aunrslnansafiasyssyndldiudoyady o lawuiu tiloauvas

Y
Id

voulvavesrdunnitiuavesvsgnilalitidnevinmduguddailiauazidealunns
uundoyariavmell
I =n,n=0
poslin(n) {: 0un<0 (3.9

3.6.4.3 wauvikunG (Softmax)

gonliuundilsrduiudunsuamlesiliduillivesluawoituanineves
Tuina (ovimmiaiwes) lunsiuundeyaiiairsanlassnedszamiondadulassinedign
HnasunelanuiAnnisviasoaeulnsi (Cross-entropy) laguulfnsdinanaginlinng

WasuwUaawuuliidui@adu (non-linear) va9n1sannaslalafnuuuiianusiioa
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(Multinomial logistic regression). @un159 3.10 wansEUNSFENALNNGHIATY TneT x"w il
AONARNEIINN1IANELUY (inner product) ¥ee ¥ uag W

T
XWj

. e
P(y=jlx)=——

T
x'w,
k=1

lunsadinanans geniuundilenduiuazsudeyandeliiunisuedalaw

(3.10)

FuLUUNNas a1ntuvinnisusialadioyatieliaiuisaninisnszatevsiaduiiazidy

Y

(Probability Distribution) &stinimainiiuiuszandldiuileidurensivunduueiaasiaa

Usznoaunianduau nseuiediuszneaunilaiuinni 1 wazerazlilainasiuueedi

Usenauiniu 1 uwavdsainidnnnesivaitusndssenaldivreniuundlandunay 6

1 o s Y a

Usynauuraziveaninesazlianeysening 0 831 uasnasinvesiusznauyniiagiian

W 1 fedguilazgnldauveslulassievssamdisuiiierinnisuayudayaenvinm T

q

< ! ! < ° v P [ A4 a o =
ﬂa’]EJL“LJ‘LJﬂ’]ﬂ'?%'ﬂig"\]'1EJﬁ')']ll‘U’l’ﬂ3L‘U‘Ll(?]'TLI"\]’11!'314!?1ﬁ?ﬁﬂ@ﬂ%@iﬂﬁ%ﬂiﬂﬂ?iﬂ?ﬂ?EJ NIDDNUYNUN

13197199gNa LA Mmn@nusedileitutulinisdwundeyaludnvasingudayaduuuuly

I
a v v

w13 Aetiureriuungieddunaiunsnduundoyauvunainuaisnay (Multi-classification)
5]
A081998IN STk ST dvnissudunnesInmes [1, 2,

3,4, 1, 2, 3] 911U gonviuungLoNvesnazle [0.024, 0.064, 0.175, 0.475, 0.024,

(%
o

0.064, 0.175] aziiuimeasievinnazlal ininuniganswiladeaiuiiussnouidl
Gl
q

s " sa = v U A ° ¢ o Aa 4'
A ‘4 m@ﬂL?ﬂLﬁ]@ﬁ@u‘V\!V} %dﬂum%ﬁﬁﬂmﬁuuﬂa ﬁ]8quﬂ'13‘l€llﬁmm'lﬂ38ﬂEJUV|3JV"I']3J7ﬂ'Vl 9

1Az TeIUNAANSYRIAIGIUTZNOUNAINIY Adsan (maximum value) ag19lsinu s

YT g

a1

wungiulalailandudmiunisana (scale) RHG ﬁaﬁuﬁwmﬂnﬂma%@uw A1 [0.1, 0.2,
0.3, 0.4, 0.1, 0.2, 0.3] Fsiimasaandu 1.6 Waﬁ%u%a%lﬁum%aﬂﬁmﬁwwL‘fJ‘u [0.125, 0.138,
0.153, 0.169, 0.125, 0.138, 0.153] 934 iu318197UsznauvedunInmesiiaszning 0 §ie
1 flsridugersiuundfagrhmsananeinnassurudaiustunneosduwm (0.169 til
Wieusaztioonin 0.457 uadosnindnarudusiuves 0.4/1.6 = 0.25)

3.6.5 nadensanesiudmsuilnaeuluma

TunsasalasstneUszamdlonseriesdediomaslulusunsuumualtuayiid
Thswinsrmuadanesiudmiuidouiussiinaouluing Sedaneiumariandutafonds

AsnanananyuzbazlsEansnnlunisynuvedluwa

q

=b.

a b4 1 I gj 4 a !
nsiseuidyylulasseUssannientuamnsaliauvinglalugavenis anm

' '
a

Wnnglvisnfign (minimization) vesauni1silsidugayide (loss function, 1) e landu

v
1 =

gode Bailanduinantaguseneulumeaeunaunigiufie AAuAaIAAEaY (error)
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waz osnanlsiedu (Regularization) lumenvesAiauaaiInlAdoufenisUseLiiudd
lasseUssamiisnasiangauivyadeyauntesiiodda Tunenduiu mewvessnals
wdutuagldlunisdostunisiianginssulenasiings Overfitting Herftugndeduas
%uagiﬁ’umaﬂ%’uLwiqumﬁma% Fedrumnfedluda (Bias) wagatminveslnuaieude
(Synaptic weights) TulassngUszaniiies mmm'ﬁaﬁ%%’mmjméfnLLUiméwﬁiauﬁ’uLﬂu

LNWBSUIMIN (weight vector, w) Fagunmsaluiiluiegawansilandugeads £(w)

f A

-

Hf(w) s

W1

>
w*l

AN Vf

JUN 3.16 niuansdnwurAnuduiusesAd mlnuazAraaingeuluil e duande

CTRE7)

W2

nnmIiiulad 90w fedruinmNanvesflandugaide fign 4 la 9 1519z

' '
v v A

A103OAILINMIBURUTEIAUN 1 way 2 vesiandugadels eyiusadunintiaavgnds

ungueglunsufguineges (Gradient vector) Feaunsaidgudiuusznauvesininesla

AastalUil
Vifw)=dfldw,  i=1..n (3.11)
uwazouiusounuassaunsaeulregluguvasunIndnasaluil
H, fwy=d’fldw, -dw, i j=1..n (3.12)

3.6.5.1 ULBLTBU Ligaﬂ‘il,ﬁ?jsffu LLﬁﬂWi@WﬂLﬂ%u (Bayesian regularization

backpropagation)

vy Lspantsedy wirmsenndunie trainbr (heevesdanesiiuily
TWswnsuuuvuay) Aefleidunisiinaeuluwalassiedssamdiouiiviniilunisswmanen
dmidn (weights) uazluda (bias) mumdnnisvesnsvaaudin-unemenyt sewdluwdy
(Levenberg-Marquardt optimization) @453utazvinnsanagadsvesdoyaliiningnlu
sUuUUTRIFAaRAdpusnidsaewaraimn ntulsuiumnednifingauiiay
yilvanunsauiuusstassielitanuanmsalunmsidhiudeyaiilsiinenuiomieunions

atuesalaiwdu (Generalization) NAlA NsEUIUNITAINEINTENIIVBELTEY L3NRLTaTY
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(% [
Y 1 Y

AuauUAveIISn SR 1sAAdILUsd mTuneAnITRSIAdeuTeyaTENiNalna U

[ 1 a v

JUAILTUANU

Y

(Validation stops) tuasgnenidneantuunuilaglda max fail = inf Fagnaa

[ |

(default) agudd Fedsnalinisinasuluinatudniudeliiios 9 3undtasyunds

wdwesauliiiaainniousazAnintnifngn eg1dlsiniu uansdainlnuasen

ludaiinfianiuonaazdnulddeufiaznuanafinaeulinadimnisndeldauniseen
dnsunganisiinaoulaedeiliiuus max fail whitu 6 wieduaedwawsuiinnniid
trainbr @snsafiaviinaeulassngln q et ASTULYINTAN TV, FUNNVDAATDUE Ly
aumsnuatesilaidy vedassety 4 filaddueyiususznavey

veLdeu Lsganlswduaziinisanairaiaindeuiideasdliinasniely
AuN1IKaTIIBNEU (Linear combination) wazUsuaiimin Snviadaufuudsaunisuas
Baduielildmadnsmsindouifuasinadnivesnsiauedalawduidaanm

vnedou nalsedutuiifuguenendanaifuatnmdin-umen lu

| o

druns9in maseuiuuuleundy (Backpropagation) tuagldlunisAuauaineuilouwmm

a s

3n% (Jacobian matrix, jX) iielidenndpsniuaiiivinaludauanesaunisaaliil

j= jX - X (3.25)
je. = X+ E (3.26)
ij + I
e QP 527

lnedl E dufomenvesritowss (error) Nanue uaz [ Asuvsndiandnual nsindeulunass
weANIEUILNSINIUARaIledanasiunueiumgNIsalfwe Ul
[ o A A al P ' I =] =
o FnnuUIBUMTINUVSTEETHEA (epochs 3nladnet1edn repetitions) feqnadan
o altlunisinaowiunaanlaninuall
o UsgAvnwveslunatailagaitinune (goal)
| a e o v 6 Y { Ao
°  ANMBINTWABUNTAILIULAUUAINTIAIEILUS min_grad Wifvug
e Uy mu UAAUNIIMINEIRILUT Mmu_max
3.6.5.2 @Nanaugny nInAsun wiansawindu (Scaled conjugate
gradient backpropagation)
ananaugnm nynfeud wdansenundu (trainsce) Aeflsidunisiinaesy
lasengUszanmiguninsena A minkar AT LUSAUNANNISYDIABUPNANT HREUN
LY acd & d' =2 1 = [ = 1 & A H CY
ane3iulansanagiinaoulasaneyszamifisnla o Ald asruilassinetuiiaidimn,
s aa

Bunmveslasang, wasnsudmesienduniaiulsznouvetoyius nsiulansenindu

q

wuagldlunisAuiumeyiusvesUssansninlasaung Wnuaigdwys perf) Wiguiua

g @ 1

uwilnuaganluda nmsiindeulassigazveanseileiiawmsnisainadeluil
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o dwusEUNMIIUMIEToRTIYngEn
o vamldlunsinaswiunialanmuall
a a = PN 215 1
o Usgdvsnimvedlumadisgaiilasatnnune
I a n‘d‘ o g g ° 1 Y . QAI o
o AMBINIMABUITAILIULATUAINTIAIEILUS min_grad Wifuug
e ALUT mu AAAUNIIAUBIFILUT mu_max
°  F1UUAIUIEANTAINTRINITAII9d0UIATITI8TE NI/ naa Y (Validation
performance) WxULIINNIAEILUT max_fail Alamnuall
3.6.6 NMInageulaUasnslines (Hyper-parameter testing)
nsneaeulaladnisndines Asnisnaaeudszansainlunisinnuveslasetie
Usga1nigunIun1sinaauuIkai1n1saeAnusesgnaldiulaseietduainisaaing
lassedlvnadnslunisiuundoyalagndoduagiminzaunsnudeyalilnasunaztoya
el Ingnsnaaeuilseuldiunisaesiinaeign KvinisnaaeuazhewiNTiden uag

Y

nnaeIn1sRsAllizes q aundnaglalasainenanian
= v | = ) Moy o ) Y |
Wennisasslasetiedssamiieunauy lilddvannismadiusegndla mnus

v

zAuagiuanuiaudnlalusdiuunisinaudg q vedaseie siulufsnuazvesyn

o]

'
a a va [

Jaganvviuiyssanaly dedu iieduuuinisuua [4o], [42], [41] Faladinnsinnue

¥
a

YU AR UNISLABNANSAIAIE NS UAS Il ASITNEU T a I Aeu U9y FakuiAntiaziide
Seninngalle (Rule of Thumb) Ba3gilisIgastdensdnARLAAIRNINITINN 3.5

a = =y ° v o o R a
M1919N 3.5 Gni'mLLﬁG‘I\‘ﬁ']‘EJagL@U@ﬂQu’ﬂﬁjﬂﬁ’]ﬁi‘Uﬂqﬁu@Iﬂﬁ\‘]aiqﬂLﬂﬁ@sﬂqﬂﬂﬁﬂaqmlﬂﬂﬂﬂi

nsdandauds | SuBunmasazResdinunnmIiudunnignlewdiunlueietne
FIWNTIUIWBUNNLLIN 2199¢1TmATiANITARnUUIAYS 09aNBS Y

lunsdnduladenlddunmlanuanumuizay

mstviualnlnla | Tondaunnin 90% lunsidenldsruiudamuatess 1 9u uay 10%
SupaAIeY Tunnsidendarutawed 2 44 ogaelsAny sanansafiusiuiuduy
SasuaeslidnnnibusAavifinlonadssfiaziinnislenesiinfs
]

Fuuvasluun | AsisuIusanulruavnfusuIueaalaesnsdIy 1 de 1 1y

pgeoy wIpUTEIM 0.5 §9 3 Wit udunvivue laedl

Y A

PANLNUNIUNITRIITUNNEENI AS1TRaUNINT ona1al3nondl

v
tY

ulnuadunn m e wagduulnuae1vinm n lvua Ay

INUATALAUAITHTIUIUNNAUL (M - n)
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nuatuan-ad | lilunisuszanadiwiniiseastansnd 9 ludugawuiaieasinnis

A0S azdinluua [41] Wngazlanuduiusveanazdadsnsaunisaalul

Ntrain * Etoterance
Nhigdgen < NN
pts * Noutputs

3
=2

agslsfinny wielansseznailunisassiinasgn Tunuidelfslaivunveuin
nssalasaglsramiialvegniglusienisfansselull

AN5197 3.6 MseeAnbalasnsdmasdmnsuasiamariingaulasavieUssanniiey

ansn1sinaaulAssdne (Learning rate) | [0.1 0.01 0.001 0.0001 0.00001]

Araslnensinaauwuuwaay tspailswdi | [0.1 0.01 0.001 0.0001 0.00001]

(L2 Regularization penalty value)

sindanasnudmsUlngau trainscg, trainrp

(Learning/Training algorithm)

ﬁﬂﬁ‘fﬁl’umzﬁu (Activation function) poslin, tansig

AMUIUYUVDITALAULALL DS 1-2

(Number of hidden layers)

5'114'3141%149]‘11@\13@@1«!1““@ 20, 40, 60, 80
(Number of hidden nodes)

nsRsAlum sz Aienutearnilniuy Ingazadunisianlianliasunnuuuunms
o oA 1% 2 ' 9 o a a ° o Ao al
Jug ialilanisasenvedasshenlivssansamlunisiuunteyannfae

3.6.7 Fmsvhnseadiatiu 10 4 (10-fold cross validation)

'
1 a

ag19nsUNUAIIRalAsITeUsTa AL Nas 9z lusEans anlunisdkun

Y 1 =

v aal = Y aaa 1Y) v = PN v
ﬂ@%am@l@ﬂ@@L@J@ ANNNADUAILITNLNUNCFULALAVLVDUANNFDUNLNUZEL mﬂauma’ﬂu

Y Y

Jasglatadenis ﬁma%ﬁ'amalifﬂmmaﬁ'uvl,ajﬁmmmmaalumifﬁﬂL.Luﬂ%aﬁ,ﬂaﬁumﬂ%’mm‘%a

loawiniians Asiudeyanldtinaesudsdianudidguazasiagilasavanunsaussendliyn

1% =

Joyaldegrensounqy Toyanliingeulassieyussamiiisuty luanuduasudd aunse

Y

' v Y o A 1% POy 1% 9 ¥ 1% g v
wuseanlailu 3 ngumeiume Jeyanldlnasy, Toyanldnsiaaey way Teyailinaaeuy
1. Jeyanldilnasu (Training set) AotoyanlilnasulasaingUsramiioulvaiuise

Puundeyalamueanailamvualiluaiua

2. Yayanldnsiaaey (Validation set) Aodeoyanldlunisnsisaeuniedseiiiy

1%
CYCY

AnuEnsavedlunavaeyinsiingeu Snviedulugateyaildlunisimuniianig
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Y9I TUsTIIANAI1 AITIEALTuNSHnaeusevsevealnaauiiala Jasiunisasng
Tunanlduangay lnevaludoyaildnsisaeuiuasieindudiunilavesioyaily

Hnaouluma

v =

Tayanlinaasy (Testing set) Andoyantinaasuainualuisatunisdniunteys

vourldauase lumaszliinenuisuazieuiveyayntunnou waznadnsnlaain

v
Y Ao 1

nsduundeyalsznnil asdudiyindinnuansalunisdiwundeyavedlung
Y ¢ Y & oA A o =
vasngnEnaeuluituiiangetsunteeLiivdla

ag19lsiniu nsudsyadeyadmiuvilnaeutu divinudsdeyailnaeu wazdaya

Y
(%

Wweaslonaluniseuslvdulaseiieysvamiiey Jadiuwifnnisuudiuvesdoya

Manuneenidu kdiuwin q Ausaglddoyadiuiuidiu Qaefi = k-1) dwdudeyanly

dunsullnaey ﬁ’;uﬁﬁ’ayjaﬁLuﬁaﬁuﬁmuﬂﬁtﬁu%gaﬁ’m%"uwmaa‘u LAIVIINISHNEDULATIUNE

Uszanniisusiedadiuvesdoyaninan Wielndowaiedu IiAunadnsnmsneaeutenly

Mnuudulasugedeyarinaeuiuyntoyanadeu vy isuauasunnadlu WWudiwu k seu

NUUUINAGNTINNNITNAFBUIN k ATI 11YIINTUIA RS RAZEI U TERUUNINTFIY LD

o Y = qycu 1 ) o 2 1 AV vee
Uanldiduaieinarnuilugilunisduundszsianteyavedlassreflainasu Ing

nszUIUMsEndeulaynageulinalaseneUsyamiisnduansawansla aelaazunsulu

SUR 3.25 (418)



Training / Testing

Data Normalization for

each type of Activation
function

tansig, poslin

!

Choose network
configuration in

Hyper-parameter
testing

:

setk=1

:

Training with k - 1

dataset -
Testing with k dataset

:

k-fold
cross-validation

k++

Yes

if all types of
yper-parameter testing is
corvered

Yes

¥

get the best network model
that gives the best
performance

No

Runtime

Call m. file script that
loads trained neural
network model

Y
connect to Realtime

database via RESTful
API ‘—‘

if connection != lost

Yes
Y

Read RSSIs as JSON
array

3

Data Normalization that
match activation

function in the model

v
Feed normalized RSSI
to model as input signal

and wait for process

\i
Region number is

L obtained and sent back
to update database

57

Event
onTerminate
process

Y

Kill neural network
process

Y

Kill connection to
database

End

JUN 3.17 laesunsunanstuneunisinasuuasnaaeulinalasadieUssamniiey (4e)

1n92BNTURERITUNBUNSITNULLLAALATIUN8USEE RSN TEMINNISITIIUDT (971)

3.6.8 ATANNURANAIALAUDTALALYTU WUU LoLIDSHART LAaLdULADSHARS

(Generalization error: Over-fitting and Under-fitting)

Tun1syuuvduidutls egraniandesfieszanilauade vinedrelsisnazaunsavinlv

Tumanas1eduntuiauaunsalunsiaasalawdu (Generalization) ¥san15vinbiluLag
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o -

anunsadnfuldnudeyaidmlunalimenuiiuniaeuduiney 1asienanuRanainiy

Y
£

nMsvhnerainuazilinauesalawduiaise (Generalization error)
Wsesalawtuesetulud@inanueainadoulunisiwundeyadasdonisiv
Aranndeututieiigawinfandululd nsilumalinnueaiaedeulunisduundoya

(23

étenfiantu 1519g3enngAnssuiinfafinke (Good-fitting) At luiaaauIse
iilafsguuuulassaisvesdeyaldifuegsfuazannsausulifudeyalmiflsinenuiaen
roulsiograminzan uiludnmamils saluealimnueaiaindoulunisduundeyadiann
o1Raziinanmstinaeudiliinzay JusanunsauveUszianvesmgingsunisliaiy
aanmadeulunssuunldassuuiiefuiolenesiinne Overfitting uazduinasinis
(Under-fitting)

3.6.8.1 Toaasians (Overfitting)

a

AengdnssulunisiFeuivestueadidnfney fudeyalinasuunniiuld 819
Anduarnniseenuuulassneiifiaududeunin wu fuundawiulrug / Sasiuaises
Sruausnuiesaneifiulumistindeultivang fugedeya Wudu vilvinisusuanininuas
Aludavaslassietudhfudeyadlilinaouwdissedaior naielanosindasyinl
Tunalianunsadiuundeyaiilitnenuiasunneulsian fausfifeyaursgnazlndifsadiu
foyafililnaouunnin

3.6.8.2 SumasTinRe (Under-fitting)

AongAnssulunisiFeuiveduinadnguuuunilaiilianisadumvieSous
suuvulassadsvosdoyatinaeuldias o1aRetuanmsilunadnisdenldileifunsedu
(Activation function) M1guazlidudoumiuly vienmsfvundamulun / Sasiuaises
fuiifundesfuniilassisszannsaUssuanasUuuurestoyald vinlilunisldo
Budnrueaniadeulunsiuundoyaldiduiu

3.6.9 M3aadunsnisiedeuiivemjusussnenisEoudiuuiasuigs
shdetagnaniinmaaiaduninisiafeuiivosiususidenisBsuduuuiasu i

Fadumadanoultiuedrunsvatslunaty q 9uide teAundunisludsdiumns

v
S a

Whmngiiduiigavseliuseaniamunniiga msseusuuuiasumamidlunuideiiagvgu
Y] a a o a . ! = & Y] = = Y a
gNBaNaINUNITIUTUUUAT (Q-leamning) 11nd1TuTunan L1o991NN1TITHUIUUUAT

) ast oy v = 1 ) I a 1 oA o & w

Judanenunlvianudangugs swane1Ad (Q-value) sdnssiaiiloslaglidnludosauseu
msvihaulunilaedilen (Episode) Bnviadsludndudosiandeyaainaninwindeuvisnun
whmsaa iliganesiiuiussaanaliegamngd Fedmalmiugudaunsomuium

dunenmsedsuilalussesiiaidudu Inalheasealni (Real-time) u1n9ign
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3.6.9.1 NMSASNAUUNAADULUUIABIEWBSHIA U3 (Turtle)
TuauAFedlA1899@UIUNAFBUNY 2 WUV @EUINVUIA 10m x 10m way

AUNNVUIA 10M X 6M) VULABUTLLAUAINUEIUITOLALNANTENUYDINIT bIWUIAALUNIST

a

vansuniakuueesinea (ARBL) sanisaiadunisiveviaunandaianrindluauiuinig
Uauetiuinvs oanneauNaINnsalunsasudunvesiueud launtdesiie slaiile

=) I v aa 14 ¥ gj a
WSHUMEUNUITNITATIEUN LU UAILAY

wosifiallunislulaus3iugiuvesnrelnseu (Python) dmsuldlunis

ManNnNsNTiAeg 1y Inseziinesiwesnisusiaduignasusedsusadusudiu fu

Y

L) 1

Y23lausITHaENIIRIAT MmireswesIvilssulaiisuduiuinnwmseriunldlunisna aw
nImALvUaRIAadluNLIME1a3 19Ul UTUTUNTY 151AI0IMUUANITAIATNUFIU
YaIRAsiwesla fredrutu @ anvarvenduiia feniadunyuieesives aulilunig
A a I & a o ° ' ¢ ¢ 9 ’ ] v
ApuIvaNARTwed NANITIMILMILABSIWES Vsan1Tas1aguisvande 1wy 910
AUAINITOVBUNDS AR INANEINUY Mg ilssivualviiaesiwes (Cursor) vas
wesiiavimimluieraun (Acent) lunisiseudiuuasuniigs (Reinforcement Learning)
AIE8aNBINUNITITEUTUUVAT 1500130811 LABNBE1NTITNADSILATIENINTNT

Wit ualiaujueudlniouilluauiunnaauas
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Start

Y

Initialize simulated testbed
configuration - Width, Length
- Start coordinate
- Goal coordinate
- obstacle coordinate

Y

Set Action / Reward @ each state in the
field.
Ex. (0,0) : {D', 'R}, reward = -0.1
(punishment)

Y

Create Inner function()

- set (rewards, actions)

- set_state(s)

- get_current_state()

- is_terminal(s) -= return s

- move(action) -> return rewards

- undo_move(action)

- game_over() // end of episode

- get_all_state() // get all state of entire
field at once

sUTl 3.18 lnozunsuuansdunauniawdsnanmuasdeudmiviindeueauifasmaiious
wuuAdluMTISEUIRUULESUAR
3.6.9.2 nalnAndmsurusuddeirdeuiluaumagey
\eliiieren1soenluULaEAIUANM TN YBLBLIW IV adeu
usuiiadeuiiaddluaunumaasuiiu asgnimuanisnseyiisenls q Wilvouedio 4
sUuvumaiadeulmingu A assludrat nesndu nsslunsdne wagasslumen S

(%
=

Y
Jayainarlazgnunuaigdidnys (U, D, L, RI auadusazdaivagludiulsensisd

[V Y]

Fuigfuivauiunaaey lukdagdanisnaaggnivuanisiagoulniveseiausilidn

—

anansafeuilufiamslaladiadaandluun 3.27
f1vnapan1s1eveddaiidiunustnafsndugiauinamseveuveIauIl Aie
d‘ d‘a 5 1 Yo & A v QI 1 3.’; 1 1
nan1siedeuniaiuazligneuynliviusudidentdeu 8elunintu uiazdoin1snaasgn
MuUAAINBULNEIINNTT Wegluaniuzll Feameuunudenanaslunidudafendnild
dounazAIUANTANIIN TSR uTlun U RN Aneuwnduiissduiudumse

nafeunadaa1aniisamsaiualianduuin aud vieauls lngdiuuinuas
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(%
[ =

swndsseanusiduihmngveinistouitursgnimualifidineuunuuniign Jaus)

Y Y

£
= %

LTYNANMBULNUSNBUSTIT “5719787 VLALLM UINS a1 usNLUADINITIAAATUNU

Vueud azgnivualvidiatesiian Fu51ui3endn “Aadiny” dauduvieduy q Nvdeay

[ 13 1% 1

gnivualifiandusuduuinla o wseagudnls dusudazisouiananmaiillunis

9 Y

[ [

afanszuaumsuidam elildundadmunedaduaoiusidasesiagegn wiouds

a i a A (3 Y
‘ViaﬂLaEJQﬂ'ﬁLﬂ(ﬂaﬂ’]u%%i{!u%JuWﬂ%lfﬂiUUV]aﬂIVl‘b‘

ELES

JUN 3.19 uanynn1snsevinveselauyilunilstesmssanueagluanumegey
ag19lsfinny lueudded dundanne q lugesnisnsazgninunlnd
i oo, ¥ o oA’ A o va 1 [
ANABULNUYBIENIULLYINAY 0.1 INLIUAINUTI UL AUNENA MU LALAI N DULNULYINAU
+10 AanuNYeInIneuieaounly fmieuiaglisunisadne -0.1 10 9 AT U
ez lufsdumiadaving sazlasuaisieianinnu +10 Wesandwanedfyaes
LA slauNTIT1eTanangalulaagsaun1sineL Aell PSN0BNLUUTEUUNNS
a 9 e A £% ¢ v v gy | =%, P A2 a X &
SeufwvuliiielvieluiAuniidunaiduiiganigseasaniiianga duiy vin
o Y o 1 = A PR I 1 al [~ & A o @ '3
Amualvidiuniavseaniugay q Nlilddmuisiidnduaudvsodnuiufuuin talau
9199zuduegiunIsnfeuiluan usduluawy ununazgmseludatmneluiuiivie
Tinatlunisausdvaneuuiuanus iy nsignisiadeunlidaiundady q Tuauu
Adwalilerisrsianselulasuunadnuiruniu
3.6.9.3 N15A3199aN03NUNIL38UIUUUAT (Q-learning) dnTulsau3ng
AOUAUDIVDILDLAUVIADFILINADY
TunuIfelagwiadunsa N LEUNINISAR R LY U UAMENT SIS EUTUY
suidseandulnafisessumdsfiinig (file executable) wsana .py Miamun 2 Ussinw
P Y] I3 & o w a s a P a = Y &
meiu Ao dauunaaeuuaglndnisindanesiunisseuiuuumdanmesdeluiazuans

JUNDUNTYINUTINUAVDIDANDI N



‘ Start '

\

Initialize parameters, objects
- Discount factor (GAMMA) = 0.9
- Learning rate (ALPHA) = 0.1
- Epsilon-Greedy (e) = 0.5
- Set of possible action = {'U', 'D', 'L', 'R}

\/

Retrieve testbed Turtle draws grid
config from - Start / Goa_l / Obstacle
Gridworld.py coordinate

\/

- Set start point for home position
- Create array to store data
-Q(s, a)}

- Policy{}

- Deltas{}

Start playing game
at start coordinate Plot deltas{}

to see learning
l progress so far

While game is not
over

state s = 52 f————---—p

get the best action
Yes according to the
record the biggest change base Q(s, a) of
between old_iqsa and ‘ each state
current Q(s, &) in Deltas{} )
The smaller the gap, the Choose action based on
further learning progress random action by v
y Explore-Exploit dilemma
Store in
Policy{}
update Q-value, Y
old_qgsa as Move agent and get /
experience the rewards, r of the new
episode state, s2 urtle draws the best
route for agent from
A Policy{}
get max Q-value get Q(s, a)
max_g_s2a2 and = and save as
action, a2 of the new old_gsa End
state B

3U# 3.20 lpesunsunansdunaunsiteuiveaauiienidundlldudmnenian
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3.6.9.4 NMInAaeUUsEanEAMluNITS U URDIUmN
nsiseuivesssuuiilavinisainu aunsedinlaainseumsvihaunieien
190 (Episode) hagA1AIULANANTENINAIAUNINGGALALAEA (Maximum / Minimum

quality) IULL@auiaUﬂquﬂmuLLE"{GNGNTUVI mmwmmmmm amamaa 9 6ZNL‘E]”I‘VI?«I']EJ“UEN

Y <

uuumm&mnwuLaiumaquu%auamﬂmama 5UUUL‘UWE"F\]®E]3JWJ (Convergence) %QL@UQ@

9

1%

mzwlmLLu’mwmmf’ﬂ‘uﬂzymwwqﬂLLm (Optimal solution) Fsdm¥ueuidediffe

' '
aa

v = ° o a a a = v o 1 &
Lﬁum']ﬂm@%q@a']ﬂiU%aU%aﬂﬁﬂﬂ@sU'J'NIUﬂU']ﬂJLW@IUENG’]']LLW‘UQL{]']‘ﬁiJ']EJu‘UL'EN

Algorithm 1 Update Learning Performance Algorithm
l: £ 1.0
episode < 1000

[

3: deltas =[], diff = 0

4. while iteration < episode do

5: if iteration % 100 = 0 then

6 t=1le —2

7: end if

8: Grid.state(s) < start point

9: a +— max(Q(s))

10: while not Grid.gameOver(s) do

I1: a = random(e = 0.5 / t)

12: r = Grnid.move(a), so = Grid.currentState()

13: O1dQ(s.a) + Q(s.a)

14: as, max(Q(so.as)) = max(Q(s2))

15: Q(s,a) < Q(s,a) + a[R + ymax,(Q(s2,a2) —
Q(s,a)]

16: diff = max(|OldQ(s,a) — Q(s,a)|)

17: § 4 89

18: end while

19: deltas.append(dift)
20: end while

JUN 3.21 MNUAAITANBITINNTITEUTUUUAIYBITLUUAUMEHUMNLALEIUATIVAOU
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1 ¢ dl dl
ﬂUHUWLﬂﬂE’J‘U‘VI LLﬂ%iSUUﬂ’J‘UQ&I
4.1 ‘l’jﬂﬂﬂﬁlﬂgi’]uﬁLL’s’I333UUﬂ’JUﬂIQJﬁ'WI%IUﬂ']'§U@ﬂG‘I"]LL‘VI‘Li\‘l L{]']WQJ']EJLLUU

Asymmetry Regional Boundary

3 - - = i
S ¢ it €. s -

=

UM 4.1 wanwiuguiiafouidmiunaaeuiussuunITuansuriiuuLea1sines (ARBL)

4.1.1 YU UAPRoUN

| s A A Al awu &g | ¢ o = Y Yy o Y av i
wu&u@Lﬂa@ummiﬂuﬂWUQ'ﬂEJULﬂu%u‘EJu@SUULﬂﬁE]u@?EJaE] UIU 4 a9 V]lllﬂﬁ!fﬂﬁﬂ;lu

q

% -

ﬁ’m%’uLﬂﬁauﬁﬁmqmsﬁmmﬁuawﬁ Lwi%mﬁ’ami‘u%’ummL%’m’ﬁmwuaﬂé’al,wiamqLwa
asamavyu Inedewsagiiiuazysenoulumenainesnsslanstuunn 12VDC wazyniiles
TuU usudusznouluaiy 3 dundn g saedude diunisdeanslians, dunisaiuaunis
A ~ 1 & 1 ) a dd‘ o 4 d' [ I 1 gj =
wasuNveueud war dwudmnisiugadndnvimiidulnuadwvang Ingusavdiutud
msiheuueniuegdassuazasdeasiuiiouandsudeyaluszey o suazidunvotus
1 o 1 3 a v 1 e’lj
agdunshnunsluueuisiinwiolul
4.1.1.1 @uns@eansliate (Wireless Communication)
JudiunsuRageun158a135EnI N usUALAZSEUUAIUANAIEUDN d9U
o w 44' & a4 A ¢ ca o a o
dAguesnsdaeansiufe TodeauininuweunsoeanleulusinsualuaNuLLaNNELAYY
Senldnisvihnuveslugadeansitu 36/4G, Bumesilaliatenseneie (WiF) uazugys

(%
a v a

(Bluetooth) Bnviawenwaiaduilazvimihfisiudeyanuuazasiuduwiniadoyaiiodaly
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Uszmanadadudu q Wnsdwidefoaunsulnudagiminiiduinansiudsdoyaniely
viugud (seninagunsalmuauing o) uasdumnarsdoasseninmjusudiugiudeyananns
dioediva (Firebase cloud database) iierafmosuazdenisviausig  8nde
4.1.1.2 dumupunsiadeuiiveaiugud (Movement Control)
Hudwmuaunaadeuiivesiusud dsazusznevlfenasnismuny
MINUVDIED TTULEULEDINTI9dUA 9 undsdngliisauvesiusud suilufsdiudonns
Toya neluisasmuaNnsLuvesdeIzUsTnaulume
- Fouavuemeindouyaiilosiuindeuvinn 12VDC 1w 4 #
- 1995TUNRWDITU VNH5019 4 Uk
- HUEEINTIITUNITNLUVIAD 2 fn
- wuwesiduiirfidnea 1 6
- vedamurululasreulnsaees STM32 1 M
- lwuwesnsnduAsinunauuBunssa 1 6
- Tugasudedyynaivg (RF) wazluganevhe WiFl dmsusuddiniugunisvhny
NNNPUBNBE AT 1 61
. uuswesasey Tndwed (Lithium Polymer) $1uau 4 Aoy

MuguAdvsesumdslumsindouniunlugaSudsduaiaing visluga

'
a

Mevhenlaudusdlisnuasdinis suivauisafiazdadoyaniuiilunisindoun fiamia

Y
¥

YesusUALaranurNIATIaNUARavnsla q Tuugudeyaranditetiluuansuaun
Adsnmsethluuszsnanaludiudy 9 Snfimiusudindeuiifeindueugosdunsisndmiy
n19duLduLLRY (Line-tracking senson) wilal W usudindeudluniudunendiuvialy
fumeuninfutuiinyadoyaruussdygin sedfiuanuazandedonfutuiindeya

NanY 9 59U
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Start

Initial value for parameters, objects
- obstacle_status = 0
- line_following_mode =0
(0 = manual control, 1 = line following)
- compass value =0
- note_allowed_action (avoiding obstacle)
Manual Input - MotorControl FrontLeft(), FrontRight(),
from RF / WiFi RearLeft(), RearRight()
- action - SpeedControl(PWM)

- speed

\

while == true
wait for incoming

—»| set current_move as = <
not_allowed_action QRURENY52pnand
- - from RF/ WiFi

Halt the robot and

l Halt the robot
(default action) Halt the
t robot,
Sos current. move switch to
Tr s manual

If current._move ==
not_allowed_action

No Yes

(Manual mode)

line following

No
) mode?
Yes
Make a move (Line following
with given speed mode)
\ Found obstacle
l No ar cross line?
No
Found obstacle? ¥

Follow the line
with given speed

Uil 4.2 lmazummLLamﬁfj’jumaumsﬁNmmsiwuawjuauﬁm‘ﬁauﬁ
4.1.1.3 d'gué"qmﬂma%ﬂ anthidulvuaitimane (Xbee target node)
Judiuveslrunandey mi’]mmamﬁ]vﬁwlﬂaﬂmaszmﬁziiaa 2 (Xbee
Series 2) @enakuUeeudlasndu (Omni-directional antenna) ¥u1a 9 dBi LazUasn
o13glululasmoulnsaaesiuiun (Arduino MEGA) dwsudsnismuaunisvinauvesluga
Fnuesamuguazsinnisdsddaeiinenuiud (AT command) ludslugadndiiiedaave

AULTIF YR IU A YIUDNBIAN 9] FIUNTULLIAINTBIFY QY IUTLIT I ULEaE
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500 fladiwndl Wielideyanuussdyarandulagiuinnigauazaenndeluiuanuiily

NswRdeUNTBUELS Walandynuandusazianaunauiiy vesalulasaeulvsaass

¥
1 =

fAagvhnthinsesteyanuuwsidygiuveaaiatenidle q senanuinindeya wasdu
TnuligagrudeyarandiieUszaianasiely

4.1.2 wiodglugadniluauunaaey

a aad

wndyneBaniensluauumegeutiuUseneulumelunadnddsed 2 sllavisie
LE10INALULLRADLLE (SMA) §1u3u 5 67 nszaefiued a 9aeng o lanivualiluau
usiazladyy1auuIzinasaa N ALUUooNTlaLInguIUIN 9 dBi azdtelvdenae

awaUmasanelnnselanssvuin 5 1aa 2 Jadweud @eundusiauanniafialud e

a

lugasgaiiaue wisusesutoyavdn Sedugadndnbueadyarandmunefnnaiu

Y

A ) 1%

Vugudindouifagiduduiuiunszuinn1ssudeleyaiuiandneddu q meueinniuny

Y
(% '

lupadndvimaenldlunuidedazgnaaibiviminfiiduisimes (Router) wazdlnunnis

M9unuuLeile (Aplication Programming Interface: API) ﬁ?EJIUiLLﬂ‘JJJLéyﬂSE%ﬁQ (X-CTU)

Wiedilugausagiiagdeasiuameslwuuniniiadeya laldwvunsiudnisunlvun
¢ = oo o

(transparent mode) Mlun1sdstoya ludselud F93Siefile Sazihlivenensnsivaeuy

AINNABITOITRYA LaUNNIBVEINAIN LA SN ag UateevaswiniAniids sauluds

ANENYETDILAAZLANLY KAZANULIIA Y IUVBINTSUdMANNASN MY

XCTU  Working modes  Tools Help

P ¢ DCONSCONREE = =co § o

B Radin Madules @ @ - Q| £ Radio Consiguration [Anchor - 0013420041242007]
MName: Anchor] o . /l\ a -
[W-7#| Function: ZigBee Router AF| o ~ g e [T s N Q| Parameter | +1 =1
R Port: COM19.- 9600/8/N/1/N - API2 \Read Write Defauit Update | Profile
MAC: 0013A20041242907 o

= Networking
Change networking setimgs

i 1D PANID 100 496
i §C Scan Channels (1 |pitield H 4060
i SD ScanBuration E _7 - exponent 9 Q
| 25 ZigBee Stack Profile . 80
i NJ Node lain Time [ re 1 sec B OO0
i NW Netwark Watchdog Timeout 0 % 1 minute =] S0
i JV Channel Verification Disabled [0] -« 00
i JN Jain Notification Enabled [1] v~ 490
i QP Operating PAN ID 100 (=]
i 0l Operating 16-bit PAN ID 553 (s)
i CH Operating Channel B (&)
i NC Number of Remaining Children C 9

= Addressing
L —

5UN 4.3 uansstegrnisaselugadntuulusunsu X-CTU
4.1.3 @nilg1u (Base station)
WueSesrauiinmasisenldanulusensusuniay (MATLAB) Juniiaasne tnaou

wagldoulunalassiedsvanifierd msuduuniuniliauuiasluaun nteyany
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wssdyaaumiuuiinle Inedeyanuussdyaaniiuduinldluauiuwiassoutiuaz ey
TugUwuvvaalvlduiunaa xis Fanglulusunsunumuauinisdeuansus (m file) liveisenlyd
nuldanuusednu IaeanassiunsaiauarinaeulaswieUsvamiion dnnsdadu

dusulinveusianTiaTsideya uansrateyalusluuurasreuisniwlusenlatilvug

[

' < ° ) ~ < | o w = o
ag9lsini lunsyhnusuuesulailyunuu aaniguidududidglunissenld
lunalasagiglszamiiieuiignilnaeuudy Wevihnisduuniunildauuinsiedeyaning

wssdautagiunguldanvueudindeun Tnenglulusunsuiuasifandunsesiunis

[

WourenugudayanannlgLsariialedile (RESTUl AP virlviuaiuisafsdoyaain

Y
[

Fudeyanarinbiiisasivanieuiisditeyanuieiavresvunildanuinsnauyuludy

guteya Weligunsalau 9 awnsathluldnuseldludiue o U

AOH P00 LA N T .497%016:17

B vignt B4 A1 ¥4 A2 8 a3 [ A4 4 A5
Anchort: <8128
Anchor2: :5%2240
Anchor3;=572260
Anchor4: -4722:0
AnchorS: -4322s0
Light: 41

BLUETOOTH

Region: 5 Obstacle: No

Column in file:

CREATE | Fwd : CLOSE
|

|
) (& HALT 12 B
|
L AT o L—"
Speed Control
Aam BCK O Low
0, Col0 S g se— @ Normal
ALARM OCCUPIED
O High
I ADD RSSI l =

SUN 4.4 LanIUNA19BUM DS INEVDILDNNALATUUUINT AN oD DLaUATO IR

u

4.1.4 TawaLsmas (Operator)

I3 a o o e A ¢ s PN la o v
LIJULLQWWﬁLﬂ%UUUIﬂiﬂWV}N@ﬂ@LLQUG]i@HﬂﬁﬂqﬁV]IWUW‘Uﬂagﬁﬂmﬁmﬁﬁﬁqu

Y

wonnaiatuiignileuiunieteilnesteyaiufsuwlasuugiudeyanandin iy nanis

FILUNNUNNLUANLINT AULIIFYYINNLETYYIUODWIN 5 1a7 AwAUTiue U

a a

WARUTINTIINUTNATAYINN LTUAY WFRNTEIENNTaFINTVINNIUYNEUA 19U AIUANNTT

q
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imdeunii g utoyanadlameuiy Bdluninduiuenndindudaududiudrfyues

o

Jupaunsnuiuiinanuussdyaaluauy Tngzsimihndudirmuaududunisiin

A

VDIV UL UA qumﬂﬁauﬁ a F1wneRne 9 Airnuaiisfutuiinaunssdy i
paanTumsiniutoyaaimseramnganlusuuuresiiduiuana xis uewndiaduii
sUuuumsAeasiuguteyanandiuvnadumedidnliamenere uardumedidnanivu
Insdnwnilons s’;mlﬂﬁqLL@‘W‘WELﬂsﬁ"ué’qmmmﬁqmivjuaumﬂléﬂmamiqmu‘lmaa%’udqﬁmﬁgﬁm

(]

Iy Faaglddmsunsdimiueud srudeyawazdldnuuianiseuseiuandunesiin

- Initial Communication part
- Request permission to write
file, use communication
modules, internet access
- Create .xls file to store RSSI
datasets

While connection
is not lost

Yes

Read RSSIs from
database
as JSON array
- Asymmetry Region
result
- Obstacle found

Update Ul
according to
current data

Terminate Thread

save and close file

JUN 4.5 Wadysamsinanwvesienndndulaiaisinesdmiudinisdiusing q veeseuy

Event

onRunnableThread
AutomaticAddRSSI

)

If .xls file
is created

Yes

v

- set time period 5000
miliseconds
- set number of
coordinate in the field

!

Create another thread
to handle periodically
task

!

Read RSSI arrays
every 5 secs and write
to exising file @ curret

column

\{\

- Send move forward
signal to robot
- index of column++

If index of column
== number of
coordinate

No
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T T
Event Event onClick
onClickAddRSSI SpeedControl
Y Y
If xis file set speed value to
is created database as
KeyValue Map

Yes

'

Read RSSIs
array

Event onClick

Movement Control

\J
Write RSSls to
exising file @
curret column

set robot movement
to database as
KeyValue Map

Index Of
column++

sUTl 4.6 Tadmdnmsvhauvesuenmaiadulailoisimesdmiudinsaiusing q vesszuy
(¥i0)
4.1.5 3 udeyanaaliisieesiva (Firebase cloud database)
nldLoasivaugudeyaranuuulueaiiion (NoSQL) Tiiudeyaluguuuuiady
USON) uaziimsideusedeyatustrsdslasiauvuiealysl (realtime) Aunn 9 gunsail
Foustouuudnluifludeiud sesfunisvhaudoaglulvunsenlad wiowmamsaideuse
Tnedeyavgnifulilumisaruswesgunsalleans (Hosting aunseisndusneoulaisn
adsszuufagyiiniadonlosdoyalidnlui®  anseldnuldfuissuulfiRnauounsosd

(Android), lelewea (0S) waziusenndindu (Web application platform)
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7o
Cloud Storage

for Firebase

JUN 4.7 dyanualvesgudeyananinlisioasiva

= v

Insieesivainissessuniseensuulsulunisindedeyaninseulaslsudion

[
= U

1AUUasn 8waziANuL 9008819010 BIIINANISAITEUUSNEIANUUABAN Y hAY

v

n1sfanglun1snfedaya dn135evavatnubitAtuAd (Authentication key) n30lnLAL

Y

(Token key) lun1sszusauimisinfeteyatuuangldnunieadnsalla Faazaunse
g1utoua auteyn Weuteyariu visesniantayalaniudeins
AMULANsTaIgIudeyalnsioasivadugudeyateafuea (SOL) nenalufie

gudayalvsisasivatuduwuulueadiues Fedlaseasiswuuafniad (Schemeless)

a o

nanfedimnudanguluniseaniuulaseasianisdnnisdoya lddududefidrdenis

=l

Waguuwlasanuzyem1satesa (ALTER table statement) AaunsaNazLiig au YsesNLAN

@%alﬂ 1usumvwmwuamal,aamLLaammUﬂmuua“iaasumsmmuuw ivuummammm

v

#uWuUs (Relational Database) mﬂ%ﬂﬂsﬂasmﬂumiw (Table), %an (Column) Lazin?

(Row) wesdaya Bnuagsiinnsadienguasniss (Schema) ladioufisnidisrvesinisviiny

6

WsmuANUsTLANYestoya AoauldaNa AuRaINTsYateyaluusilan (Field) washd
i (Primary Key) flaglfiduendnuaivesdoyadilufinisttu WWudu Welilasadedoya
Tumsaudawduiusiueg1gnies

fofvesgrutoyauvuieafauoa Aedeyatziiniugndesnungvesnisiails
oonuuuly Senseenuuunguessiuteyalfesasufuanysaiuasgniosiuduiesien

uazdsuuaslsiognadunifledveyaussgasiulumaaudy vazfigndeyalusieasiva

9 Y

& = - Y] = i a6 =% o § v Y  a
Wuagiimstuiindeyaludnuuzreinisiudgaduaza1vesdd (Key/ Value) Favinlvin1591984

feteyatudinla q tuiinudaveuinniy Belunidudeyadiduiinlunsdas Aduudslsign

MnuagUuuumedy mnudaziludeyaviinlaflieg1adasy 1w anse (String), nasnzyau

(Boolean), $1u3uLAY (Integer), 1urunedoy (Float) \usiu detdu arudanduves

lassadauavdeya swluisssuusnwanudasndefluidilideyaiinnugndesinli

Futeyalnfieefivauugdlussavianungagy
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4.2 viusudiagauiuazszuuauaudmsunsuanduriadinunawuy SLAM

L= : g% , 2 kA
iﬂﬁ 4.8 “WUEJ‘LW]Lﬂa@u‘ﬂ“ﬂl%ﬂUﬁ”UUﬂ'ﬁ‘UE’JﬂﬁﬂLLWu\‘lLL‘U‘UaLLa@J (SLAM)

v

ueuiladounlugukuutignimvualilliszuunsuenduiswuvaiay (SLAM) gequdl

o

N3EUIUMIINIUUUTEUUUTRNI3508 (Robot Operating System: ROS) 40U58aAv8NI3

afravusudiitumnfifiefiesdssdumusgansamlunisuendunissaulufeany
wanzanlunslinustadeeuivumnanieniituea (ARBL) Alstinauslunuide s
usuiazUsznauludaegunsaing g feialud

1. uowasnIouyaAllaIMAToU AUA 5 1IaRAnTeRanss 3111 2 M1
YALYULLBINTIFFUNTNLUVBIRE (Wheel encoder sensor) 31U3U 2 Yn
Fognnivdmiuuszaesiadsn (Wheel castor) $1u7u 2 4o
vasnUsvananaaueImy 3 uiea B (Raspberry Pi 3 Model B) $1u7u 1 uasa
JeuARINALUUANRaLIA 3.5 T2 (3.5 Inch Resistive Touch screen) 41w 1 98
vesalulasaaulnsaiaes (Arduino Uno R3) §1uu 1 vain

YanTuuaLmaINIEWaRSY (Adafruit Motor shield) 3717u 1 Uasa

©® N o A WD

Yauaslans (LIDAR) kuuinsaudiania 360 a4 (SLAMTEC RPLIDAR A1)

U 1 A7
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9. WUAMBINTIIESHU (Power bank portible charger) ¥u1a 5VDC, 20000 mAh
$1uu 1 feu dwisudrelmdsdiueianaueine touanna uzwureslans
(LiDAR)

10. wusmesATiuneAwes (Lithium Polymer) 411 11.1 VDC/ 3 cell, 2200 mAh
S 1 fou dnduiielndsdvitunewmes

fviusuisdituiaveinneuinmesausinig 3 luna B (Raspberry Pi 3 model B)

ﬁmﬁwﬁLﬂuquéﬂmamu@mmiﬁwmuﬁgﬂmmawju maluﬁméi’jﬁwwﬁﬁ’amigﬁ’u@Lm/l
(Ubuntu MATE) waz5ea Alufna 1A (ROS Kinetic Kame) Faidutrlsuiisndmiudanag
fuwinfndeyafifinsuaniudsudemsseuinatu Snidsdvesalilasreulnsamoioniglu
gl (Arduino UNO) shwiifilugunsalsiaving (Peripheral unit) inessuddinisyeuain
vadnnaueTmaiiolinununsindeuivsususdniivils edlsfiny seuuseaeyyn
Tldanuanunsnilundnismugumainusesjusudldanszeglaa 1esnsoatinng
Jansuiniisdeyalaednmuneavlofiueninsa (P address) vesgunsalfiumiy/datenis
yilvanansafmunsuuuymsaoanslunutinanes/laaueusi (Master / Client) ¢t

4.2.1 whRnfiugiurensninosauan (Hector SLAM)

TusAseillfhmssiaemanisnasoumstenduniuazasiaunuiidaemaiaa
uanduslnedrsdamguiuarnssviunnnauide [62) iieduidieuifisuiunisuen
fuisdeisionsdune (ARBL) Aldinausluing fnust adluruitedndnladnig
gunsallvuasUsnsEasvisasdsinIsuuLaunuse Ui Ussgndldiumaie auny
LU (Scan matching) Wieadauruifii un13d15I9nTI9ae s ludn vavves MU
209iufingn (Occupancy grid) kagaruaunITiaIuuadislassd s isndmsu
Fansjusudsed Tnsunuiiniumsuszananaudazuandusuiluuvesteya ngugnieya

7139 WaEIAa1I9 (Point cloud) TulUskNsUA1aRINNLULAINTRD153d (Rviz)

LIDAR |«

Stabilization
\
Preprocessing »-[  Scan matching Lo Mapping
2D SLAM A I
2D Pose Estimate Attitude and Initial Pose
Navigation filter > Controller |
3D Navigation sy
| MU | ‘ GPS | |Compass | Altimeter

JUN 4.9 lapzunIunsrineuuesssuuNsuanLvisuuanas (SLAM) Tunuide [42]
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seuudenaiyalsrasavaniielasulviiusudiinnuaiunsanasiuiawindon
719 9 leegregnieduiuduagaiunsassyiwiasmueduiunsoudainanls a1

'
a

Tifvawanludwindeunivuiaianwaznszuiunisuaniiuniwazadiaununuuly
ndudeadinislngy sauisaunsausuldiuszuulanis (LIDAR system) adfelvaindsns
n1sgnandeyaninudas I5Ndauevrdsenauluaienssuiun1sinaIungn 9 2
NIEUIUNIIAIEAURAD
4.2.1.1 szuumsiuleunuiuuvakaaaslifmedayaanalgesanuiues
(LIDAR) Tusnuiideszuny
A A ° % X = % a
\ieTazaninsadaeanInwIndenlaesey lumsuudsanuiayldinadad
138031 N133UBINUANTA (Occupancy grid map) HNUBNAMILIYDILEUALAT DU
sTUUaLasaRNUNeS deyanliainnisaunuaggnulasnidunqudeyanuuyn wieneem
I3 v A ” d‘ d' ] o
Aanveslatgfalin1sannu (Scan endpoints) lie71AEIN1TATUIUNILUDIATLAL
ANUFNUSYoITLWeLRBYR sdUUsENOUAIN 9 laegiagndes Tuldaganinwindey
JoyanaevinandiuansonasiinldUszuanaamiiniionsesteyanilumsuniuesn
A10g199UN1TANSNIINSUBNUAIURYA (Down-sampling) F1unuvBsIAnTefANTBIA1N LY
Wan (outliers) eanaindeyanan Felunwideiislminnisuseyndldainsesiiunu z 39
s lateyauanesaiinsauwny (endpoints) NiAegaielumsylaanivun duwionadns
FEUUVRINTARNUNISINTTUIUNITARNULENTS FodunsdnBesdisenituuiaiyes
AN TNILAULBTOUUAALD SAULNUNNNTIANY
(4 s s o |3 IS & 1 v 14 ! IS
gunsallaweiaunuiueiaielnitulziissesmivuigesAoud1alng unae
gnT1IN1sEUNUgs Favhlideyadinnsaunuiilvadnsnilanuwiudaanulime dwiu
FEUUNTNINIUTBIMULUATY N158IUAVBILAR TaRN LIRS HUTAIULIUEWaZ A Y
9NABIAIEINIINITAIUANINLYULLDTNTIITUNISLATOUNVDUEUA Aetiudmiunisidau
a ao & a o a a a N ag v 13
3sluuIdedazarganisidauuasysailiudsedniatmane nsiinldaiainiaiees
aunuiuesviniy ldiiveyanisinfeunvuasiueumn eI ves
4.2.1.2 m3Uszgndldszuuimianuvaiuiifniedeyavesgunsalinainy
Lﬁ@ﬂL%d@gmlaLﬁmg (Integrated 3D Navigation System based on Inertial
Measurement Unit)
lupsguiumsilagyihmihnnudeyaviavualuszuu 2 ffanawaussuudey
WhnvihnsAuudaandugun 4.9 luvaugnalauinnuegaasanailuuitealnddazgn

nsgguliiinissvdsdayanseidlefidamenindiun (realtime triggered) Widniandoyaann
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pUnsafiawwesannuiuesty fszuulssgndldnnimauuaufiisgiinisssananasy
Domduileatrdlunanismuauninedeuiivessunvugludiusie 4 1
miﬁmsamLmuamﬁaaugsaﬁﬁ?u annsounulddeaunisdeld x =
@7, PT,vT) lned 2 = (¢,0, d) Aeyuessiaaskuulsa (Rol), find (Pitch), war ool
(Yaw) A1UE10YU @38 p = (D, Py, D) UAE ¥ = (v, 1, 1,)" AD LINLABTATUMUY
(position) wagA1L57 (velocity) yaaunannoasuwansluguveansunisdnig (navigation
frame) MUEIAY
szuuUssgndldmatmauuanuiftuasiinszuaunsinuuendosdass
fupeudisiufio 1. dauniansesdoganisiinis (Navigation filter) efis1ngusnain

NIRIANALIULUURBEDA (Extended Kalman Filter) Adbandbuaunisa 1-3 Wun1snseaten

' '
= ¥ ]

nztayaignfediiethundiuiumainusilunisindeuiuagiuviieasiueud a1t

Y Y

d‘ I L4 v U 1 QQ‘NI ¥ ! 1% v 4
ATEUIUNITN 2. ABNITAUINVBU[VINUITUVYBYALANLUU 2 Aanlananlundiviesiy

v
= v [

1T19991nAITUNIUMARTUAUFEULY DS YN lAsuU AN Tz LUz iin1SIADU

vsena1nniouly AutoyaanwulesRwelin sUSUUTLNIAN N1IHUINToYAAING7

(%
aa o ¥

N39IA1ANILABEENRUVANNTR LavakANLUUAR IRt Tvae A1 1An R Y
W lngonmeglddeyannieugeiussiandu q (i) 17 wwiweinsiaduauiuusivin
(Magnetic field sensor) dmTUInLBIAIVBINITHUNTNVBVUEUS VITOIUYDTIAAIILAM

14 %

81Nl (Barometric pressure sensor) dwiuinaseauniiugs anvitdeyan1sinnnsvsuves
a0 (Wheel odometry) gaglunseuiunisyinaununuydetudussansninlunisussaiana
A
UINBWY
agalsinu ieanmududeulunisinnsaUieuiieulssansainnisld
11U Tunwideadull Jeyanldlunszuiunisaunuuundvzunainssuulanisdadu

LBULYDIATINIVENINUIRADUN LN zANAUNS LT U TuNuRTUalue AN

4.2.2 wenddglunisasivueudiaiouneigsea (ROS)

4.2.2.1 seauawas (ROS Master)

melulpssadrsveansudsn gunsaifszuvihwinfiiluinawes ssfealuy
v oa v o - o ' s = & & sa v ¢ &
ALsuAUsEUUIANSUINIndayafiseniseanes (Roscore) Fuduiuwesiawuuindiay
Lea 915MBTNIBS (XMLRPC server) vimntiiluaudnanslunisuvadunineinssng q
Tifuaunsalgnitedu q luszuu Bnvsdavimihndanisiuuiniiadeya Faiudauds
W5neTAe 9 FRameiveyavedunduy q Wi Yelvua Yertedeans uasliodiuuIng

nasielvignitganansaitiuitenly wasidsunlaslayalied1edase Weseanasisumu
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159119 manetay (UR) Aignimunliludauds “ROS MASTER URI” azgaidadnlidy

“master URI” udumifinuaingunsallafivimihiiduusdnsvesszuudeaisnimun Loy

131@111IANMUANITAIAT “ROS MASTER URI” lﬂUIWémiéfaﬁﬁsuﬁ%dw “~/ bashrc”
4.2.2.2 sedlaatauyi (ROS Client)

I =

sgdauansavisuminAuseauanasnnUsens wWeausddlaaouray

al

lifianslunisasevdeodsundasteyadafuuisesne suludsdudulassadiesnsdonns

foyaldetrunanes gunsaidmansoalaaeuitusiduiierdesiiuaidiemueuszuudy

Hauaiaue iutugningla q farliaunsodunssuunmeianumuildsmuel 3l
yusudiadeuiazgnivualiimihidusoaunanes ieilugudnansly

nsiansteyaianun @uvesalulasnaulnsaeesensaly glu 815a1u (Arduino UNO R3)

o Y a

- o ¢ o o ~ M, N ) .
IMTNAIUANANTIINIUYRINOINBSYI 4 A7 LazanlgIunsalisaaLmdy (Workstation)
& ° v < I3 = 3 § a1 A o
Huargnimunlviiunuindusedlaatewilagiveialulasaeulnsalaeiazinsedeansiu
Wawes munesneunsu (Serial port) uiisaawdutivaznsionvuliangainssuglng Aoy
d9ANAIAUANNITIAROUTN VO UBUALELUGIANIgEIY 9 srulUdanisuaiinesaAd
wuwaslanstunsaduaanndeulng seurue s lakazn1sassuruilaglivdnnisiennes
auaudnee

4.2.2.3 Wsunsudnassnmmuwuuauiiieniia (3D Visualization tools : RViz)

ca I $% o a wva = 3
g1falulusunsuasunimdiassvessruulfiinissea Inelynuseasd
v A 14 aa o 4 t:ll
NANAD LANIVDAINNIBALUALAD (ROS message) 1u§ULLuuaﬁmmm MlAsau1sanae
waauaaduluvesdeyald endregiuy iaunsafivemiussegiesesninsiwuges
Taszazn1eiieawes AUTngdinari1e 159d1unsaNsiudayawuunesinalan (Point
Cloud, PCD) wadlwugesinssezkuvaulin 8813 RealSense, Kinectk, 38 Xtion #5431
2 v I3 o v a 1o & v )

ausaiiudeyaninainisulresUsritananmvsendadlalag s lddndudoimun
TUsunsuAULAIeles BnvsdessunsianinanInvany 4 sUukuy taenisldgunsang
NoU LAY LATDIMUNEBUMBUIATIN (Interactive markers) viligldauanunsanagivuang
nszivisewmdeusemAuartoyan i TULAINIMUAN YIRS 9

soadeanunsafiazusseIvan uenIejUnseveusudlusluuudeya
Usznaugeninien (Unified Robot Description Format: URDF) #taguansaglusivadluiag
audfusaglunatuaiunsanazindouiiuazyinnulagonndesiuinseanninou (Degree
Of Freedom) veefsiutas Fedrgman1sainanuuIngemsenIuAunIsiadoun Usunsy

o

ansalanairaeusudiAdeunLariuleyasrernniwugesinTzegn1awuy
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awes eldlunsimesiusudld Snfidlusunsueniladansafiazsudoyaninainndos
fRnegiuivusuiudtisnuansuulusunsulsdnse

4.2.2.4 Maulasiinialavefiun (Coordinate Transformation: TF)

wurAnnisuUasfidnlasefiun (Transform: TF) Aetdunurnniailil
UsglovagnannidleviinseSuieanuduiusszninadiusing 9 vesjusud wulfiedty as
Anunavetagsine q Ansawdlasseu suvdsiuansaeiuigldan yadoyamumiuas
fiasnsvusmesiusud suvddle 9 duansouandldlaennees 3 nnwesieiu fo
x, y, war z luvmedifienisnismuduesuiglalaeldianess x, v, z wae w Saazdoniiame
walstilew (Quateranion) NMsuuasfiialagefiuniidiulsznavlulaseaiiswesdoning

Y

dnsuldszusnulundazuinifianasaludl

]

1. dwuanned (header) HuazldvuinAiailaz ¥o99A214 (message name)
‘child_frame_id' Fuluilandeyadildsyuiidaiiiuyadoyadign
| [ a g [ a v v 6 o 1
2. @ruveyany (data) LUUNIUURLANUTIYYA A NUFUNUSUDIA LU UILAZLLDIA
Fafinrsdaseaduaisuassdindsarslunsudeyaniiansudieluil
[transform.translation.x / transform.tranlation.y / transform.translation.z]
4.2.2.5 59&3u (ROS run)
o ¥ & o & a o o = % & A
soasutuduadanlglunisiunisiauessduualaluuanis Tuwiniian
ey Wgdmsumaageuvseatnmsveululasaueg19daTEniuy
4.2.2.6 s9a8ud (ROS launch)
(YA~ o o g Y a v o v [y
soaauBlluimdWldauaunsvinuredluuanaty o luuaniouiulunsii
wen nrgluwiinifanssyeglulduiuana . launch Tusianuisanazinunnisisunis
N9U89IUUA AITISUAUAINNTIILADS BUAUEDTIANIDTEUUUINITAN 9 sa1naielu

@ < a [ ) 1 @ @ v v
WALNALAYINY Mi@ﬁ]ﬂﬁLLWﬂLﬂﬁ]ﬂlﬂ



Recorded at time: 1544596004 35

[Broadcaster: /map_to_base_broadcaster
{ Average rate: 105591

| Buffer length: 9,991

| Most recent transform: 1544596004 34
"-,'0 dest transform: 1544595994,35

base_frame

| laser

P i
( world

dcaster: fworld_to_map_broadcaster

werage rate: 98.845
er length: 9.995

ost recent transform: 1544596004.35
est transform: 1544595994 35

= T

Broadcaster: /hector_mapping

Y Average rate: 6,917

\ Buffer length: 9,976
\Most recent transform: 1544596004.07
Yﬁ,'lf}est transform: 1544595994.09

scanmatcher_frame

ster: foaseframe_to_laser_broadcaster

erage rate: 98 888

er length: 9.991

ost recent transform: 154459600434
dest transform: 1544595094.35
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5UT 4.10 uansnsaranuduiuslunisuendiunisnne 9 senisulasiiinlneafiunmnus

WHUTILAASENINWING DXL SR WU DIV LEUG

Netmask = 255.255.255.0
Gateway = 192.168.1.1
Security = WPA, WPA2

gedit ~/.bashrc
systemctl start
vncserver@l.service

gedit ~/.bashrc
v vncviewer
192.168.1.46:5901

AF motor driver shield
for 4 DC Motors
with gearbox

Platform: Arduino UNO
rosserial_arduino
Addr: /dev/ttyUSBO

'y
USB Serial
s ™
Platform: Raspberry Pi with
RPLIiDAR

0S: Ubuntu MATE
ROS Kinetic (Master)
Addr: 192.168.1.46 (roscore)
A A

WLAN

s ™

Platform: Workstation
OS: Ubuntu 18.04.1 LTS
ROS Melodic (Client)
Addr: 192.168.1.98

rosserial_python serial_node.py
{dev/ttyUSBO

ROS_IP = 192.168.1.46

ROS_HOSTNAME = 192.168.1.46
ROS_MASTER_URI = 192.168.1.46:11311

ROS_IP = 192.168.1.98

ROS5_HOSTNAME = 192.168.1.98

ROS_MASTER_URI = 192.168.1.46:11311 ;

UM 4.11 lpesunsunansdiudseneuvenjusudinfouiuazssuuaiuauniglinismiay

YOUNTUIININNTHULUANTOTOE
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NANISNAABILAZNISIATIZH

1 o
5.1 na1IU

aeluunilagnanieanimaasiwagnasgideyaveinisuandurisdiving
Y ad s = % A=) Y
MmeTsleenstuea (ARBL) BazUszneuluie HansvaassmaAuiufinynanuussdayaiu
luauIunadeU HAN1IMARBINITAILILAIANEINNTALUNTTIA1vR IgUNsallazN15asIe
d’J d‘d‘ ! a a 1 a o U o 49} dldl 1
wunnldauuns nanisnaaeuussaninmvedlasadigysvaniieud mivduununaly
aunsluauy YUY UalaRnaouka Y lIIUATY NANITNAFBUNITAUNLEUNIA

| ¢ A g% = v a o w = = a a v |

YouEUAATEUTITIENITSEUTRUULESUA S WasNan1sSeuLiguUsEavE A nludusing 9
SEUINsUaNALImeISiearidueataznisuenidiuniiuazainununmemailaaua

WuusEUUUURnIsiugudvisased

5.2 nan1sveaaIMstutuiinyaauussdyaaluauanegay
muitldindnluudainedu Adaimunditmunliiusudinsiugadeyaninuuse

deygynou (RSS) Teaenunamua 121 gadmsuauiunagaun 1 (10m x 10m) wag 77 39

'
U =

dMSUaUINNAROUN 2 (10m x 6m) Iagagyinasiiudeyariania 50 seusiariu wi1iuin
Joyalulsarauiuaziiuiuiavan 6105 ydmsuawi 1 uag 3850 9admsuauIui 2

IG]EJNaé’Wéf\]’]ﬂﬂ’]iLﬁU‘ﬁl@%a“U@\‘iﬁU’mmﬂﬁ@Uﬁ 1 2U1An719 10 lUATHazeN? 10 lWATIZUEAS

[

35U NAEI97 5.1-5.5

<

INNINA 5.1 1JUAIBE19NSUANTBARI LI ST QYIUMIVINEUNYDAE Ty Y10

¥ a d‘ =

1% a a 24 & iAo o = [ Y 14 1
919847 1 Yassednifina (2, 8) Auusedyaradaludoyanuniuinlaazuaninasgly

Y

sULUUNTIN ARUTISEINARALUUE (3D filled contour graph) Ineduaadaginuainunung
awnaly

1. Awdes: grundanulssdygiaauin dan RSSI Uszunu -30 83 -40 dbm

v

3 gundanunssdygaf da1 RSSI Uszunad -40 93 -45 dbm

o

e &
De

QD

o

Wen: 8unianuwsIduuUIunans Ja1 RSSH Useanad -45 89 -50 dbm

D Ag]

A

H1: gruNTAnuwsdnnely daA1 RSSI Useunal -50 519 -55 dbm

A

[% '
o
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Anchor1 RSSI entire 10x10m field

Y distance (meter) AN X distance (meter)

'
Y a a a

JUN 5.1 2MUEneAauviisnIINKUUEYeY RSSI anntandeya1auee8en 1 Wi (2, 8) Tuauiy

o

nAdoUTWIA 10 Wwn3 X 10 wns (Avazdentunsinudeyann 9 1 was

Y

AUIUNIAYVDINTS)

Anchor2 RSSI entire 10x10m field

Y distance (meter) 0

2
0 X distance (meter)

JUN 5.2 MMLaninauiisnImkuudves RSSI a1ntandeya1aeneden 2 #ida (8, 8) Tuauiy
VAFUIWIN 10 Wns X 10 W (Auazdealunisiudeyann 9 1 wns

AIUYUIAVDINTA)
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Anchor3 RSSI entire 10x10m field

4

Y distance (meter) 0 o X distance (meter)

JUT 5.3 2MLaninauviisnsmkuudves RSSI a1ntandeya1aieneden 3 i (2, 2) Tuauy
VAFBUIIA 10 WA X 10 was (AnuazBeatunisiiudeyann 9 1 wes

ANUVUINYDINTA)
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Anchor4 RSSI entire 10x10m field

2 2
Y distance (meter) 0. X distance (meter)

5UN 5.4 nuanepauiains M uuaves RSSI antandya1aeneded 4 fifa (8, 2) Tuawy
nAgoUTUIA 10 1n3 X 10 wns (Auazdealunsinudeyann 9 1 was

AUIUIAYVDINTA)

Anchor5 RSSI entire 10x10m field

) 2
Y distance (meter) 0 o X distance (meter)

gﬂﬁ 5.5 AMLAAIABUTISNSMLUUATES RSSI nniandnyaunasdnadsdi 5 A (5, 5) Tuau
NAADUTUIN 10 WA X 10 wns (Anuazdealunisinudeyann 9 1 was
PIUVUNAVDINTA)
wadnsanmaiiuteyavesaurumageudl 2 YurAnie 6 WATLALE1D 10 LWAT
WARIRISUNNE0ENST 5.6-5.10 Auddiu Tnesuninisnaadanudidmaneay 1-5

a v

wisoefifiin (1.5, 8.5), (4.5, 8.5), (1.5, 1.5), (4.5, 1.5), uax (3.5, 5) amud1du Inganwvniivh
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nsesuriaaiiideusenun 0.5 wesiiiieNasndnidesdunianisindounvesiueus
Yuzsinsiiudeyanunssdyanaluauy daldtatuivauuneaeun 1 vilvivueud
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Anchori RSSI entire 7x10m field

. 1
st ineTn o o X distance (meter)

v ¥ a

JUN 5.6 nnuanaeuIInIMLUUEes RSSI Anniendyey1adenedan 1 fife (1.5, 8.5) Tu

A

AUNNAFEUILIN 6 X 10 1WAT (ANNAZDYALUNISINUTBLANA 9 1 1WA AINUIUINYBIN3A)

Y 1

Anchor2 RSSI entire 7x10m field

N 1
Y distance (meter) 0 o X distance (meter)

L ¥

JUN 5.7 nmuaninauviisns nwuudvas RSSI 91nadya1aienedeil 2 #ifa (4.5, 8.5) Tu

A

AUNNAADUIUIN 6 X 10 Las (ANuazdealunisiiudeyann 9 1 Was mMuvuInUeInsn)

RV 9
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Anchor3 RSSI entire 7x10m field

-35

1
Y distance (meter) 0 o X distance (meter)

£ ¥ a

JUN 5.8 nnuanneuIsnImMLuYaes RSSI Antendyay1aeneden 3 Aim (1.5, 1.5) Tu

T

AUNLNARDUILIN 6 X 10 1WAT (ANNAZBURluNISINUTaLaNN 9 1 WAT AINIUINYBIN3A)

Y 9

Anchor4 RSSI entire 7x10m field

-35

- 1
Y distance (meter) 0 o X distance (meter)

£ b4

JUN 5.9 nMmuaninauviisns nwuudvas RSSI 91nadya1aiensdeit 4 #ida (4.5, 1.5) lu

T U

AUUNAADUTUIN 6 X 10 Luns (ANNazdealunisiiudeyann 9 1 Was mMuvuInUeInsn)
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Anchor5 RSSI entire 7x10m field

1
Y distance (meter) 0 o X distance (meter)

JUN 5.10 uansnawrininsmkuudves RSSI annkendayanae19sed 5 fidn (3.5, 5) T

AUNAFDUIWIN 6 X 10 LA (ANNAzBEAtuNISIAUToLANN 9 1 WATHINTUIATEINTA)
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5.3 NANIINABBINITAIUIUAIAMNEINTITAUINIYIAIva9aUNsal wazn1sasng
A dan
Nunnldauuns

ﬁqi']\iﬁ 5.1 LLﬁ@I\‘W’hﬂ'}WiJﬁ']ﬂJ'ﬁﬂsLUﬂ'ﬁ“g']ﬁ']LL‘U‘ULVITUIE’J@ Gﬂaﬂﬁuqmﬂﬂﬁ@‘Uﬁ 1

(FAuuNYAteya 10 YA)

Anchor

. 1m | 2m 3m am 5m 6m m 8m 9m | 10m
Radius

Al 093 | 056 | 0.62 | 0.54 | 0.72 | 0.85 | 098 | 0.79 | 0.81 | 0.77

A2 0.16 | 083 | 03 | 0.24 | 0.04 ' 03 | 005 | 0.82 | 0.39 | 0.43

A3 0.21 | 042 | 0.17 | 0.62 | 0.06 | 1.02 | 0.33 | 0.22 | 0.75 | 0.38

A4 0.39 | 0.29 | 0.66 | 0.29 | 0.62 | 0.12 | 0.35 | 0.83 | 0.53 | 0.59

A5 0.11 | 0:1310.12 | 0.33 |.0.77 { 045 0.5 - - -

A151971 5.2 LARIATIANINEINITIUNTTIAIUUINTTLER VOsaUINNAFRUT 2

(FuuNNYATRYA 10 M)

Anchor
Im 2m 3m adm 5m 6m ™ 8m I9Im | 10m
Radius
Al - 0.48 | 0.07 | 042 | O.77 0.17 | 0.17 | 097 | 0.22 -
A2 - 0.37 | 048 | 0.64 | 0.02 0.06 | 0.99 | 0.39 | 0.15 -
A3 - 0.1 10.06 | 0.21 0.60 0.18 1.31 | 0.16 | 0.33 -
A4 - 056 | 041 | 0.41 0.32 0.06 | 0.25 | 0.68 | 0.50 -
A5 0.22 | 0.16 | 0.89 | 0.37 | 0.21 1.84 - - - -

ANa1n1salun1sgAIvedugadntluniseuAInILwTIdyaI MIEnINEn

FoyayraudmuneNAnaiurueuALAR BUTILALLANF IS B ARG 9 VBIAUINUUIN

a aa & Ao al

nnszvunsivtoyadeada Wudwuvane q ass auidadladmualiawami e

= ! = ¥

50 soudeaunyd InUuduidenyadayauiavua 10 yaueldlun1sA1uiunian

9 9
2

aanInsnlunste Ssiniiesandufivsvenisenuindeievesgunsnl Tsveznis
g1uszerlalimniafiosluniseuteyanniiganeldtoulvvesanmuwandendigunsalld
1 uavszezmMsuiliaumnzauiigrazgnimualiduveuivamsalea (Theshold
boundary) vesadyaadsdaiy 9 ieldlunsuenmumisveadmueludiuse q T

a ' Y ¢
$1919%N 5.1 Lhag 5.2 LL?WNﬂ?ﬂ')?ll?ﬁll7501%ﬂ73%7ﬂ7‘0€]\1@ﬂﬂ'ﬁmLLUULV]TUISﬁ
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(Threshold repeatability) Niszegsing 9 Agus 1 WAs 89 10 AT WeNasuUayavadusay
Edgad asiuIuAavia gy Iuasiisrornsvinnunial Auansalun1sgiALuy

o o v, A Y o a ¢ ) | | a Y] Y a a
Lﬂimigamqm'&jﬂ@q (AVILLENINIUAINUNIAUT) NIDY1ILYU Iugnﬁ’]ﬂ‘ﬂ 51 bAEEUEUEUDINBIN 1

'
o

a Sedinsinuiiszer 4 weseruannsatunisgradanindu 0.42 Faduaiisnfianiy

e feduszesd 4 wesdagnivualiluveunmsylgadmiuiandmyanasnede 1

1

agelsiny azuladnuisiainisvinuduldfisianuannsalunisgiaiusing

dunalaaindeanisnsvesiaiinisyinuuiagestulvgningioanty annnui1ainsaiinas
iuduldlafidumiangnitutufinaianuussdygianieoisaziiuveuwn i Salinng

MuresadyIad 10 WATATIUARUAUINNAAOY Seevn13vNauaIna1dsligniiunly

Tunnsenunu

? Anchor1
All Anchor location Anchor2
Anchor3
Anchor4
Anchor5

10m -

g .
7 7
m i A
_— ~_ Vg
/ \
/’ .
6m |- /,,.-__...(\\
N
[ /l
\

/ \ ‘\_/

3m i

| |

2m [ |
1 f
1

A
\

0om | 1 L L 1 1 I | L 1 1
Om im 2m 3m 4m 5m 6m m 8m 9m 10m

X(metre)

¥

JUN 5.11 amuanaauninsyleavesandyarnundudaziaiuauuiasiunUaly
dU31MS (Asymmetry Region) Ue9@uunagaui 1

Aauanslugun 5.11 uag 5.12 ndanitlavauiun (boundary) vesusagiandayayio

o

v oA

gnedaluauinna Wethndennsaziiulainveuivnvesadygiunig q duriudounu

¥
& A aa

NaluiunUandsunsesing o egsliauung 13 lsuisawiui 1 wag 2 iunUawmaiiazgn

Y

a 1 dy aa a 1 . a Y @ Y 1 o 1 | s
SendnunUanlidanuins (Asymmetry Region) M9glidudiusuand1unuauoaiue ud

FeUN wazdngeng 9 luauuvegey
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Anchor1
Anchor2
3% Anchora

RoofTop Testbed: All Anchor location ® Anchord
Anchor5

Y(metre)

2m -

Om -
| | 1 1 |
Om im 2m 3m 4m 5m 6m

X(metre)

1%
1% a

JUN 5.12 nnuansaulunimsylaareuadyaineadudazaluaunauasnunda il

a9 (Asymmetry Region) U8aUINnAgoU 2
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5.4 Wan1sNagaauUsEansn nvaslasstneuseamiisugsuIunnunn i
duns s vaisausYndayarngau NAFaU Lan1SUBNAILILNAIEWUTN

d' 1 v =
Nladauunasvazldanuase
[ NON | Neural Network Training (nntraintool)

Neural Network

Hidden 1 Hidden 2 Hidden 3 Output
Input i Qutput
5 13
12 12 12 13

Algorithms

Data Division: Random (dividerand)

Training: Bayesian Regularization (trainbr)
Performance: Mean Squared Error (mse)
Calculations: MEX

Progress

Epoch: o ||/ 1000 iterations | 1000
Time: \ 0:04:21 |
Performance: 0.752 [ = @@ 00107 | 0.00
Gradient: 0.537 1N E18000195 | 1.00e-07
Mu: 0.00500 | 500 | 1.00e+10
Effective # Param: 553 || 540 | 0.00
Sum Squared Param: 242 | 4.99e-+04 | 0.00
Validation Checks: o | 0 | o

sUM 5.13 sUuamikanananisinaeulassigUssanmiigudmsvanumagaeun 1 me

TUsunIuLunLay

Best Training Performance is 0.010726 at epoch 1000

= Train
Test

107"

Mean Squared Error (mse)

o
10 1 1 1 1 1 1 1 1 1 Q

0 100 200 300 400 500 600 700 800 900 1000
1000 Epochs

5UN 5.14 nsluanslszaniamredaseingyssamiieuvesanigiingeunas naaauliag

YDIFUNUNAFOUN 1
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' [
¥ A ¥ a

PAINA P NUNN MU FNLINTININNNTN UL UNUVBIVBULIA LU A AL LA E RN DN9D b

A7)

aun gaeuwssdyauniidaiuieyanegneluiiuifliauuesle 9 duaggninunly

o v A = v

Suundnvazianzvesiuil AdnefunssuunateiafleodsdasiiunsruunsIamIe
foyauagnsaidluealassteUszaniondmiusuuniiuinllaumas auildesune
nsvuaunsiuudluunitnsive Tngludutavnanismanisnegeulsyansawnisiinaou
TunalaseneUssamiiisuvesiaesauunagey dseavidonaziiswelud

gﬂﬁ 5.13 wag 5.14 azidunanisilnaeuluinalassingussamiisudususwun
Nudiftldauunsluauiunaaoudl 1 auia 10 wAs.x 10 wes. Inelassadrevedlaseing

[

Uszamifleslanadmivauumasouil 1 azdinssendsie fwualiludunnawes 8
1w 5 Wnunduny Weagliuauniy RSSI vasuiazandyy1ne1989) Tusmruaasiiy
Usznouludg 3 4u duay 12 nun Sefifladdunseduulaesiviaunuauidnuond
(Hyperbolic tangent sigmoid) LLaziu%'uLa’]ﬁwwLawa%ﬁ?uwﬂizﬂauiﬂé’w 13 InuaLe1vinm
(usinglvuaunuiuiifidesnissiuunits 13 Tow) Insnadnsaggninguuuulifidnusdy

¥
a

nnmesTudenouldnny (One-Hot Encoding vector) sauludsdaneifiufinaoulasetie
Uszamienilddude viedey Ligaﬂilﬁd%’u (Bayesian Regularization) 91nn1sinaou g
il g madnslifivinfinasazi iy fawsisud 513 szuansliifuiinasnsaunisilnasy
Wemn 1000 50U Usvansamwedumatudnlndendamneidy 0 Yssanas 65 81 70 %
Badlndgudinaaaaindeudiien) Bnsnsuiuidarerosnisiinaeuiufansasay
Neuisantnune agrdlsAniy gﬂﬁ 5.14 LLamﬂﬁmLﬁudﬂg‘uqumiﬂﬂaauﬁa%ﬁqsﬁudwa
Tunadndndudeyaiinaeunnneuiuly Fevinlilianunsauiuldiuteyady q lHas an
N5 WWILNY X ZUAAIAIAAALAARWIRABEN A EDY (Mean Squared Error: MSE) 34,8
ﬁa%ﬁ’mmmmﬂmmLﬂﬁlaulumﬁmuﬂ%auuasuaqé’aﬂa'%ﬁuml,m%au isnanlsiedu uazunu y
wanasaun1siuesdanesfiulunisilnaeu Sael37 1000 s0U tdunTINTIULNUAY
MSE seninemsinaaulinea wagidunsinduasnuaisrinansnagey avmulainsening
mstinaeu lumasinueanindeulunisduundeyaiunn udnssiudmiuseninans
naaouass deussandldfudoyayadu luaalinnuraaedeulunmsduundoyagatuain

Rung1uiuladn
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] Training ROC 1. Validation ROC
Class 1
0.9 Class 2 097
Class 3
0.8 Class 4 0.8
Class 5
o 0.7 Class 6 o 0.7}
© Class 7 G
o o
® 0.6 Class 8 ® 0.6
= 05 Class 9 = 05
v Y Class 10 ‘@
304 e Class 11 804
—=i
= 0.3 = 0.3r
0.2 0.2
0.1 0.1
0 - * - * : 0 - * - * !
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
False Positive Rate False Positive Rate
Test ROC ; All ROC
0.9
0.8
® o 07
© ©
@ T o6
(] Q
2 =
3 305
o] Q
a o
@ o 0.4
e =
H Hos
0.2
0.1
LY : ; L | ; . . )
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
False Positive Rate False Positive Rate

U 5.15 udnansmensled (ROC) vedisalasstnetsyamifioudmivaunmaaeud 1
gﬂ‘ﬁ 5.15 wanans NS anianslotUarsheniusaina3aia (Receiver Operating
Characteristics: ROC) @saztfunsifildsuanisnnuduiusvesnadnslunisduunind
Anugndesvisenamndeusntesifiadla Taefiuny x azumusansuunuUuHeadlng v
159 (False positive rate) ¥308035IN1591MuUnNRAvsIANY eagluyie 0-1 Lazunu y uny

= v [ !

HANIIUUNLUUNGINGANLTN (True positive rate) M38ENITINTIUUNYNNNIANY A8

=3

1 4 ;4 1
1 Y o adga A A

Turn9 0-1 WWUNUBALLEUNTINLAALLEUISWNUNLIANLNADINITIILUN FIUNTUUNADNUDN

U

=D. eCe_

(%
0y

Tauuiasyianun 13 druluauiuduies nnsvaziulainseninanisinasutiy 1uwma
Y v o 1 % ¥ 6 @ 3 I a
anunsalyignsin1sduunnuIanglagnees 100 WosIULNUILTY 13 NuIany duis
eyl funldauuasnuieaed 2 Alueaisnsinisdwuninegidntes lunnseiu
913 58NN INAADUTLAANAINSNAAUNSENDE19FUTe 91T aziulai19msIns

FuunaIAnLgnAetuanatsgauntaglan AUNU llauunsuaneeen 2 Alnali
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[ o a ! ¢ 2 ¢ < ) Y ! <*X a o Y <%

gnNsyeRaRANIAYY 100 Wesidudin dunansbiiuilunadeafniudeyalinasu
wnsuiulyylildanunsaeuisluuuniuinsestayala egelsiniu luragldnuas
(Runtime mode) wWailunalasainguszaimiieuunlgiuynaunsedyayias (RSSI) A5

v '
1 6 1 |\/Lsu A IS A aa

AVULLARBUTNNIUNUN T baNNIRT o fIustese o Tuauin szuuding
anansanvgiuuniuilaeggnasdludnsdiuisensuld uiagvinnenaldgnaesiesasiu
funtavineway 2 viseiuiitadu q Avnadnddisiuiudeyamedilumsiingeutos

Neural Network

Hidden 1 Hidden 2 Output
Input E ) Qutput
%/ﬁ EA}/T i q;l.. .
5 ;9@% n 13
80 80 13

Algorithms

Data Division: Random (dividerand)

Training: Scaled Conjugate Gradient (trainscg)
Performance: Cross-Entropy (crossentropy)
Calculations: MEX

Progress

Epoch: o [ 212 iterations | 1000
Time: \ 0:00:26 |
Performance: 0.622 m \ 0.0244] | 0.00
Gradient: 0.953 |ENoUSITeS | 1.00e-06
Validation Checks: 0 = ~AN10 | 10

sUN 5.16 sUnmLanananiIsinaaulasitieUszaniigudmsuauunaaaun 2 me
TWsunsuuumuay

o Y

Y L a a &a Qy =) A =< a =%
L‘WEﬁj@\‘]ﬂUﬂ’liLﬂﬂ‘Wi]Glﬂiimi@Lﬁ@ﬁW@ﬁﬂ%i@ﬂ’]iVIImL@ﬁﬁ@@@ﬂ‘U‘U@MﬁNﬂﬁ@u&l’m

Y
£ 2/

uiuly luguiumeaeun 2 Falavinisasisliealassigyssamiieuduunindnsoun
Uszyndldinafiadnnisudoyanaznagnsnisnaaausig 9 819y n15Usuusadsunm

1 v

Aaeg1etayaldlnasuusazantantiviniy nsiiaAdyaiusuniukuuliiindideu
(anRegua 5.18) msfmuerweasnartsduiielesiunisiseuiveyanliitingn
(outliers) saudianisviimsnaasulaasnisidinesarulanailundluunisnsive
HAGNEIINNTNARUNATAAAIENITUTUIUNTTRETHG 9 dullridandlunised 5.7
AIUNITAIAININNRAAIGIN51969nd17 M blaaalasangUseamiigudmsu
° & Ay = = a a ' =9 9 -
Fuuniiunildavuasluauiunegeud 2 Juszdngamseniteaninasuduanslugun
5.16 Wag 5.17 8nMagu 5.19 uananswiz@nieslelaisisnusanesannvadiinalaseng
Usgamiieudneae 91n3UR 5.16 ssmuldinssuunisinaeulimatiunganisingeu o sou
o = = ] a o oA = % & o
N1591191U7 212 18999 NATAATUNSEAINTNTIAARUNITS BUTUaSlUAATUATU 10 ASY

mudlafmualiaimi Inelumaaunsaliusednsnimeg® 0.0244 wagANTALUAER
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7l 0.00510 Bslundrdu 9ngunaIml 5.17 szl dunsmdthFusasAuasiiunueiai
AaaLadounsediaulnsy (Cross entropy error) sgninanisiindeunaznisvadeuluina
audy Tufinnglndidsstuann Tnsesduunluansacies 9 lunn 9 59UN1SVINAUT4
STUU LUIUNY x Aosuauseumsvhauvdeiefilen (Episode) fiflangaandslifi 1000 sau
LazuuLn y Aedaaiaiadounseaouinstviorammndoussminduaatuyadeya B
Apanndeutiosilauansilunadarndrtufugadeyamniusiby w sounsieu
il 212 Badusoviissuungsiinaeulung ssiuliimaaiaadounsomoulnst veansv

=%

UszanSnnvedszuuserisinasutasnagautuilianulnadfesiuuin dadunsasvioul

(%
YY)

wwdlamaiiaudidulavsiudeyalindeunazdeyalninliveaeu JangAnssuuilaz

Senfailnfs (Good fitting)

Best Validation Performance is 0.032091 at epoch 202

Train
Validation
Test

10°

Cross-Entropy (crossentropy)

2 L
10 | | | | | | | | | |
0 20 40 60 80 100 120 140 160 180 200
212 Epochs

5UN 5.17 nsmkanslseansninvedaswineuszamiiieuvesanneinaauuas nagaulung

o
VBIAUNUNAFADUN 2
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-4b T T T T T T T

Original signal
White Gaussian noise

' ' ' 1
[#2] [%)] %3] P
EiN Mo o o]

Received Signal Strength Indicator (-dbm)
o o
co [=2]

-66 | | I | | | | | |
1 2 3 4 5 6 7 8 9 10 11

Data sample

Y

JUN 5.18 waneianvnuussdyaamiuiufinanandygiaennds Al wuunsiy

Y A

WisuiudygyiaigniiaindgdnsIaI ey IS d 1M UNIu

AR

(Signal-to-Noise Ratio) #1 35 iefifus

'
=

SUNM 5.19 wanans nsanLIaslaUaLsimsamasannuaslumalasainausyay

Y

= ° v o & A a Y & { ‘:l'
L‘VIEJlIﬁTVii‘U‘\]'WLLUﬂWUVW]VL@JﬁlImGlﬂuﬁ‘IJ'mV]@ﬁ@‘UVl 2 innsuanslimiiul Wnagusan

srlidnsmsvineranuugnfesediuszana 80-100 Wesidudlunn 9 Aatavisseninanis

CY) 9

AnaauuaznIsnade UM vayadTe anndlun1s1anl 5.3 09 5.6 wag 5.9 fe 5.12 fudninau

Tduun3ng (Confusion matrix) Fadumsnddniuuaninanisdiuundeyalugyuuuves

[l v
a o Y a

Wesigudainugnees Aruaaandeu uazusuiuvesdeyafiviiuieiagnuazialuusdag

Y

1% 1%
v o Y

%M?@M%ﬁﬂiugﬂﬂaﬁﬁ’]uﬁuﬁmLLaZL‘UE]%L%uﬁLﬁﬁlUﬁﬂﬂﬁ]o"I‘IJ’J‘LlGUEJlIaVNVilI@ VNYNEUIUNAADU

Y

N1 18z 2 9UAIRU 1a8TDIlULUINS KEIYDIANTIABUTITUUNI NG (Y9FNIFIDNWYIAUN

S 1

1) AegasnlumaausalinanisIniuneinmaatanssiuaatadivang (Target class)

loagegnees lnenneiarluwiazdodinanfednuiugateyaivihiunenadnsgn duged

Y

au 9 nvlulanferdulufsgetansaatdnlunalinan1s9Luniide f1e81919u 910

PN PN 1 o ° L day o a @ &
M131997 5.3 Ui 5 luealinaansnisdwuniiunnldauanasiailuiuivineay 5210
ToyanuLIIdYYIM 4 90 NIATUTMEY HuTTignABwenuLsIdyyIua 4 90
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5.8 Tuvauedl m151971 5.4, 5.6, 5.10 way 5.12 guansreuTTuBmMIndvestoyalusUiuy
Wosidudmnugnieauazanuemadoulnesiuvomneaia lngusagasetuasonss
devewmaanseanlailu 4 Widedeiufe

1. Wesdudin1siunegnedes (Precision 3o Positive Predictive Value :PPV)

PPV e 1—FDR
| ~ TP+FP
Ine? TP Aowan1svituneiduasenutuune w3e True positive, FP
%30 False Positive Aanan1svinuieanaindmuneslunsaifdmuneduiia uws
) I a
NANTSYINUN U

2. WesWudmsihueRanan (False discovery rate: FDR)

FDR = -~ — 1= ppy
" FP+TP

3. msIMsViunggnviiany (Sensitivity ¥58 True positive rate: TPR)

TPR 14 1—-FNR
| TP +FN ,
187 FN %30 False Negative Aanan1sinuisiaainitmunelunsain
[ a 1 o [ 4
Weduase wananisiueduia

4. NNIVIeRavsne (Miss rate vise False negative rate: FNR)

FN
RBEE N Bt

LagnNT 19T ULt saNgavesivanduUssidudsananynaatd kansliliiui
st ninlunissiwundoyalaesiuvesitlnng hilediduinisiuiogndes (PPV) uay
Wesidusdvhuenaimadeu (FOR) luwinlaths

PnABuTnTuLVIndiuansnanisinuisvedlaTnsUsgamifisn anassauy
mmaauﬁgwﬁqmﬂms‘é"JﬂaauLLawé“qmﬂmsmaauﬁ’u%gaimi WUIWAANSVDIUTZANTAIN
U159 uUNTaNAINABITENI 1IN THNARULAE AN SNAFBU VBl ATV B UTEA LY
auwdt 1 oinadnsi 92.3 uaz 76.0 Wosiudnudu ssfuegis 16.3 Wesldudtsiod
Tasetrednginssulenesiinfdenndostunulinnsnsdnnesleesishausamedadin
ulumensefudnadu HagnsUszansamlunisdwundeyagndedsenitamsilnasunas
wnnaaeuveslassisysramiiisnauini 2 WnadnslalndiAsaiuil 86.6% uas

85.2% snud1du ssiuegiiies 1.4 Wesidudviniy
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’ Training ROC ’ Validation ROC
s Class 1
0.9 s Class 2 0.9
Class 3
0.8 Class 4 0.8
Class 5
807 Class 6 807
Iy Class 7 I
o o
T 06 Class 8 T 06
2 05 Class 9 2 05
‘w U e Class 10 o
n? s Class 11 n?
% 0.4 — (lass 12 % 0.4
— s Class 13 =
Fos Fos
0.2 0.2
0.1 0.1
0 . ‘ g ‘ ‘ 0 y ‘ . ‘ ‘
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
False Positive Rate False Positive Rate
’ Test ROC . AllROC
0.9 0.9
0.8 0.8
o 0.7 o 0.7
v} 1]
Co6 L 06
@ )]
= =
=05 =05
o) o)
o o
@ 04 1] 04
5 -1
Fos F o3
0.2 0.2
0.1 0.1
0 i i 0 i i
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
False Positive Rate False Positive Rate

JUT 5.19. uanensn3aviiesiaasinusainesainvedunalaseingyssamiiey

AsSvauIUNedauN 2
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1.(UW) tag duunnaaun 2 (819)
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1% A o 1

ulfusazdunfemuviswesadyaine99eiues nnsiudeuvesreounty Ldud

—

¥
Y

o A v o g va A da = ° " ¢ = o i A 3
N @ﬂUVl']FL‘ViLﬂ@W‘NVlﬂﬂ‘ENQSIﬁUﬂqu@ﬂﬂ']LLWUQWUUUW i?ﬂlﬂﬂﬂ’)ﬁ]gﬁﬂﬂ 9 VW!UEJUGW]TJQI

d' ] 6 A d PN 5 1 o !
WU 91NFUN 5.20 (V) vauugudinfouiluauumaaaui 1 Wy AmeuuwsdyyIsening

o

wndyaandmineifaaegiurusudinfeuniuazendyy1 19899 5 lalagseuazgn
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Anapuuuarlulusunsusanuaddsluldauiiaduundeyadn nganinuusadygyiu
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Aanan Yueudegeluiiuiitalaluauiy
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M13197 5.3 ApuiatuuvsngvaanannsnaeulasaneUsvamiientanslusuuuy

QT’]U’JW?JJ@H@ AUIUVAFOUT 1 UM 10 WAT X 10 LWAT

nnglavaatEvsavsIavyidvang

2 5 6 7 8 9 10 | 11 12 | 13
- 0 0 0 0 0 0 0 0 0 0
~ 0 0 0 0 0 0 0 0 0 0
@ 0 0 0 0 0 0 0 0 0 0
= < 0 0 0 0 0 0 0 0 0 0
s
= o 0 157 | 4 0 0 0 1 2 0 0
=
&
F | o 0 1 161 2 0 0 2 0 0 0
g
2 ~ 0 1 10 | 146 1 0 0 0 0 0
@
s
% ® 0 0 1 1 64 0 0 0 1 0
&
€
g A 0 0 0 0 1 a7 1 0 0 0
E)
a
g = 0 0 2 0 0 0 174 | 0 2 2
. 10 1 2 1 3 2 1 146 | 5 4
N 0 0 0 0 0 0 1 0 62 1
9 0 0 0 0 1 1 0 2 0 | 153
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M19197 5.4 Apuituvsndvaranisinasulaselszamiisuuanslugluuueay

AUILNVAEDUT 1 UM 10 LWAT X 10 LUAS

Precision (%) | False discovery rate (%) | True positive rate (%) | False negative rate (%)
1 | NaN NaN 0 100
2 | NaN NaN 0 100
|3 | Nan NaN 0 100
g 4 | 100 0 70 30
2 |5 | 957 43 98.1 1.9
§ 6 | 964 36 89.4 10.6
£ |7 |92a 76 97.3 2.7
§ 8 | 955 a5 91.4 8.6
£ |9 |9509 4.1 94.0 6.0
% 10 | 96.1 3.9 96.7 33
= 1114753 24,7 97.3 2.7
12| 954 4.6 98.6 114
13 | 968 3.2 95.6 4.4
Overall | 92.3 1.7 - -
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M19197 5.5 Apuiituvsndvarannvegeulasiteyssamiedlusuuuuduau

YU AUNUNAFDUN 1 VUM 10 AT X 10 LUAS

Y

nnglavaatEvsavsIavyidvang

2 3 4 5 6 T 8 9 10 11 12 13

- 0 0 0 0 0 0 0 0 0 0 0

N 0 0 0 0 0 0 0 0 0 0 0

@ 0 0 0 0 0 0 0 0 0 0 0

;% < 0 1 0 0 0 0 0 0 0 0 0
s

S 7S 0 0 12 2 0 0 0 1 0 0 0
z
g

-§; © 0 0 0 10 0 0 0 2 0 0 0
[
c

2 ~ 0 0 0 1 13 1 0 0 0 0 0
@
s

© © 0 0 0 1 1 2 0 0 0 1 0
©
G
s

@ o 0 0 0 0 0 1 3, 1 0 0 0
2
a

= = 0 L 0 2 0 0 0 18 0 1 1

= 0 0 0 0 1 0 1 0 15 1 3

<) 0 1 0 0 0 0 0 1 0 5 1

ol 0 0 0 0 0 1 0 0 1 0 13
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A15199 5.6 ABUTTUUNINTURINANITNAZUIATIUN8USTAMAsULUUS08aY UL

NAEeUN 1 Uu1a 10 WWes X 10 e

Precision (%) | False discovery rate (%) | True positive rate (%) | False negative rate (%)
1 | NaN NaN NaN NaN
2 | NaN NaN 0 100
- 3 | NaN NaN NaN NaN
g 4 | 100 0 333 66.7
2 |5 800 20.0 100 0
“g 6 |833 16.7 62.5 37.5
£ 17 |s67 13.3 86.7 13.3
§ 8 |400 60.0 40.0 60.0
& |9 |600 40.0 75.0 25.0
% 10 | 78.3 217 78.3 21.7
= 111682 31.8 93.8 6.2
12| 62.5 37.5 62.5 37.5
13 | 86.7 13.3 72.2 27.8
Overall | 76.0 24.0 - -
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A1519% 5.7 nsisanlailainsniiwesvedasitneUssa e uniinan1siuuniange

TasangUssamiisudmsuIwuniunillauuissiuauumeaaun 2

UZENNNITAYAN

N15A9AN

dunnialeas / lvua (Input layer / node)

a 4

UNMALYRT = 1

dunmlnum = 5

FanuLaLeas / Banuluus

(Hidden layer / Hidden node)

FALAULALEDS = 2

Fawaulvum = 80

IWINNLALEDS / L WINNLUA

(Output layer / Output node)

IMNNLAERS = 1

vinmlyug = 13

landunsedu (Activation function)

HeAdu tansig Awsudaaulaleos

Hafidu softmax dmutuemnniaes

M5 INSHNADULATIUIE (Learning rate)

0.01

ANy uULeaY Lsallsedy

(L2 Regularization )

0.01

[y

danasNulnaoulATIwIgUsE A Mg

(Training algorithm)

amaﬂau@mwm%ﬁaﬁ WUANTOWLATY

(trainscg)

nswitgyanyldaugavesnaia

(Class imbalance fix)

i

a oA L !
wiatiadenldiidameuliauna

(Class imbalance strategy)

wiadansiivudagasunausuulviinad

WWYUMILONTIALNINU 35 SNR

A1 K YATaua ¥8IN151IATeaNanTY

(K-fold cross validation)

K =10 yn




M13199 5.8 unuiiiadeyanldinaeuluudazamanioiiuniliauuinsvedlaseing

UsgamAeuansuUI I un N Ui llauuns auiunngaui 2
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AanE / iangrmununililauuns

MUIUYAANULTIFY I TUNANTS

ungudazaand
pana 1/ Mudiftlianmasmneiay 1 1202 39
AaNd 2 / Wuiifliausnsvaneias 2 20 99
Aana 3 / Muditlsiaunsmneiay 3 28 99
Aaa 4 / Hudiitldansnsmneiay 4 290
Aana 5 / Nuditlsiaunsmaneay 5 9 M
Aana 6 / Nuditliasuinsmneiay 6 33 90
Aana 7 / Nuitiillausnnsmneay 7 18 9
AANA 8 / Wi liiausnnsvaneias 8 190
Aana 9 / Mudiitlslansnnsmaneay 9 27 99
Aana 10 / Auiiflaiausnasunens 10 12 0
AaNd 11/ fuiflalavanmsvaneay 11 11 30
Aana 12/ fufiflaunesaneiny 12 290
Aana 13 / fufifldiauanmsvanemy 13 099
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M19197 5.9 ApuituLvsNdveHaInnsHnasulasseUszaniienluguiuuiuau

YUA AUNUNAFDUN 2 YUIA 6 AT X 10 LWIAST

Y

nnglavaatEvsavsIavyidvang

1 2 3 q 5 6 7 8 9 10 11 12 13
- 1202 20 28 2 9 33 18 1 27 12 11 2 0
N 25 1073 21 29 2 19 22 9 2 3 0 0 0
. 19 36 1116 49 1 9 61 59 6 21 1 0 0
“% < 0 94 79 1180 0 0 23 118 0 0 0 0 0
2
S 7S 11 9 0 0 1332 36 0 0 q 1 1 1 0
s
-§; © 38 29 1 0 6 1173 10 0 35 13 3 1 1
g
§ ~ 15 a7 31 W2 0 20 1114 a8 13 37 1 0 0
i
@ © 0 24 a1 78 0 2 54 1106 0 22 0 0 0
&
(]
g
< B 20 8 7 0 0 39 16 0 1120 22 83 32 1
g
= = 18 9 26 0 0 12 29 9 46 1196 43 0 0
- 2 <+ 0 0 0 qa r 0 44 22 1039 32 29
ﬁ 0 0 0 0 0 3 0 0 53 0 87 1276 5
Q 0 0 0 0 0 0 0 0 0 1 81 6 1304
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A15199 5.10 ABUTITULUNS NTURINaN1SHNaRUlATI8USE A MU UUS DAY AN

NAFOUN 2 VWA 6 AT X 10 LUAT

Precision (%) | False discovery rate (%) | True positive rate (%) | False negative rate (%)
1 881 11.9 89.0 11.0
2 |89.0 11.0 79.5 20.5
|3 |sL0 19.0 82.7 17.3
g 4 |790 21.0 87.4 12.6
2 |5 |955 4.5 98.7 13
“g 6 | 895 10.5 86.9 13.1
£ 17 |33 16.7 82.5 175
§ 8 | 833 16.7 81.9 18.1
E |9 |831 16.9 83.0 17.0
% 10 | 86.2 13.8 98.6 11.4
= 111|876 12.4 77.0 23,0
12 | 89.6 10.4 94.5 5.5
13| 937 6.3 96.6 3.4
Overall | 86.8 13.2 - -
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M19199 5.11 Aauihduaminduasnaannismaaeulassisyszannienlugliuuiiuam

YUA AUNUNAFDUN 2 YUIA 6 AT X 10 LWIAST

Y

mngavaaEvsevsIavgidivang

1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13
o || o2 8 0 2 6 2 0 2 0 1 0 0
~ 6 | 149 | 2 8 1 4 6 2 0 0 0 0 0
“ 5 6 | 147 | 8 0 1 16 3 1 2 0 0 0
i 0 20 | 12 | 176 | 0 0 q 13 0 0 0 0 0
=<
o)
g “ 3 0 0 0 | 186 | 9 0 0 1 0 0 0 0
&
o 10 7 0 0 1 | 168 | 1 0 9 0 1 0 0
g
g g 1 7 7 1 0 3 | ar9 | 7 2 7 0 0 0
&
& © 0 4 8 15 0 0 8 | 178 | o 2 0 0 0
@
&
& 4 3 0 2 0 0 5 1 0 | 154 | 4 8 122 | o
o)
c
g = 2 1 4 0 0 q 5 0 11 | 183 | 6 0 0
o 1 0 0 0 0 0 1 0 11 4 {141 | 6 6
N 0 0 0 0 0 1 0 0 7 0 15 | 186 | 0
) 0 0 0 0 0 0 0 0 0 0 10 2 | 213
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A15199 5.12 ABUTITUUNS NFURINANITNAAULATITN8USTaMReULUUS 8L UL

NAFOUN 2 VWA 6 AT X 10 LUAT

Precision (%) | False discovery rate (%) | True positive rate (%) | False negative rate (%)
1 |885 115 85.1 14.9
2 | 837 16.3 76.0 24.0
ERRE 22.2 774 22.6
g 4 | 782 21.8 84.6 15.4
2 |5 930 7.0 97.9 2.1
“g 6 |853 14.7 83.6 16.4
£ 17 |36 16.4 80.3 19.7
§ 8 | 328 17.2 87.7 12.3
& |9 |8L5 18.5 77.4 22.6
% 10 | 84.7 153 90.6 9.4
= 111835 16.5 78.2 21.8
12 | 89.0 11.0 90.3 9.7
13 | 94.7 5.3 97.3 2.7
Overall | 85.2 14.8 - -
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5.5 HAN1SVAFBUNTAUNIEUNIVDWMUBUALATIUN AIBNTITIBEUTUUULESY

a9

= Testbed 1 + Conventional method

Python3
C-learning algorithm

v v

Gridworld_E12_noregion_py 1 _learning_noregion. py

Testbed 1 + Asymmetry Regional Boundary Localization method

Pythona
Q-learning algorithm+ ARBL

b Y

Gridworld_E12.py G _learning. py

JUN 5.21 laseasrsvastndng 9 vasmaglusadmsuldlunsassauiumageudnaes
A
AUNUNAHDUN 1
a P o v - a S a o '
PNNINABBINEIUNITINY i lilausuneluauunueninavesdsinunewing 9
TugtvesiunUanldauning wiosandaymmesuaauniibilidauisanaaeunisasng
LAUNLATNITIAT B UTNAUNANAINAINVBIMUEUAYUETNUATILA deuTelainas
o = < a aa v aad ! & a = ) r-:ll
gankuvawINIagslunndunIauuuaesiamelaussiven wesinia Falunislulausns
HugureIn1¥lnsou 1ie i8NNI ULALNINTUINAIINNITNARDY L nualn
YodusaryadlunTesigumtiuienluawn 1 91s1euns
lunsnaaesiazifunisiuseuiisudss@nsninvesnisuandiuniauuunaly
(Conventional method) @esyuvaziansandsiinaeunie q Wuidadundsiunisuen
o ! ¢ = a a ¥ Y & Aav
Auntakuueeniinea (ARBL) Besruuaziansandwindesludnvasvesnuniliauung
o & e v 1 14 [ [y = ! g ¥ o
Aatiudaladinsuwusaninwnseunaaeuluasdlusianoeniainiu Sudazlusiantulaiinis
asalndunana py sonu 2 Wddelndszynndnvasvesauuuazlndadassuuns
Soushuufi FasaedlidtuuazyinnuaenAdaIuAAISNIUIUNTEUIUNTT U 5.21 wand

drudsznavssindns o luudaglusian
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All Anchor location Anchor2
10m | *

Im

8m

7m

6m -

5m -

4m

3m [

Om im 2m 3m 4m 5m ém 7m 8m 9m 10m
X(metre)

JUN 5.22 wuiilausnasnSouvineaamdunigluauiunaaeui 1 9unning 10 wns

Waze3 10 Wwng

Y

gﬂﬁ 5.23 LAAININFIDE19NNTINADIEUIUNAFOUN 1 VUIANINY 10 LUASHLAZE1D 10 LUAS

1%

aa v s

wUUNSAaasliRnlemasifalnsaulausnsndaununeauiiunuNNluauunng
d' =3 1 1 I3 dy d'd' d' 1 d'dd o o ]
INFUN 5.23 agiiuiaunugniiiesnduiuiavasugesNiiause3nfmuiumi
VoI uUNUaNllauLIngaIg o 919 13 Tguilanvualineuntniial fMeg1agy duns Asiun

av Ny A A aAaw o I ¥ o o aa I3
‘VIIQJG@J%J'W]?V&J']EJLG‘U 1 ﬁﬁﬂJﬂ@WUVIVlI@JﬁQJiJ'WﬁVIM']EJLﬁ‘U 2 Wupu LASEINIUNIUNNULUA

a o =

a a & A & A ° a9 v & &
mﬁ'ﬁﬂW‘Uﬁﬂﬂ@‘U'ﬂﬁl‘NWUVIWNWEJLa‘UI@ WUNUU € "Uggﬂﬂqﬂu@ﬁslwujua@q‘d\‘iﬂﬂ']EJ?’TJ']@J'J']L‘Uu

UMDY UAMITIZABIMIMNINENLAY
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< (%

M99 5.13 - 5.18 uansavindiiuteyansuszanananelusaneiiumsiFous
WUURY uiaetesesnsasunuiitavils q luauuvadeuiisiaes wvidnafildusuends
ANUALNIIYRINTEUILNNSSEusasUsEnaulUmey 3 wnindaieiufie 1. A19193a (reward)
2. AM3FeuiuuuAn (Qvalue) 3. ulsurglumsudluligm (policy) Ineflluviindsetass
wansansivunA1sTarseunasnwresjusudiileaglusumismiededa q lumsis 910

ANTNT 5,13 AuiUIYewnTUNUILIIIRgNWIUIEAT 0.1 wiludsmutasuAuYes

o 1Y ' 13

| ¢ I | Aad o a = o v &
ﬂu&u@]L@Qﬂm'ﬁJ (VDI TWNUNUALVYD) "?Nﬂ']‘VTu@I‘VTL‘U‘UUWaQI‘Vl‘Ua’]WﬁU‘V]UEJUG] & ‘V!ﬂ

s lulydurdadinung vasidundat e rs et s NN uaLnsdassTadu

(% '
~ I

10 dugesnseniinudnuudelyuvesfidnfignimvualindidfinvrsegfanareduiug

1 v o

g undsssnanislifiassiadmsviueusvietmusiiandu 0

'
a =

msludaud 2 Aawvsndmmidazludiuildlunisuszinanannun neeInis
Hennsenlansenilduaniusnsoremisney 9 Mavdwmadionislaundeenseiagegn

9e13ls fvgaay Tum399 5.14 90991919 4 AUALLSUAUYRMUEUA (Fasdllen) Tenfn

a1

WINAU 0.94 Wa¥YIBINITITATUANUATUUUAAULITUAUILTAT 0.65 AN UATUAINU
TuruENYeIn15 A U8 DU IRIUASUAUTUTANIAY 1.3 TuImEiea1uinueud
& a a ° SIS YRR ) P A a a cs' ' P
L aBNLAFINNINA LU UALIUT a9 8ilauInnINNaEBenAd U LU B9 UUY
VERRAR
YULLALITY AN 5.14 Y8995 NAUEIILALAIUULYDINLAU LY (Y99F

[

wag) JA1ARIAU 10 Uag 9.99 auadu Tunineaudidednindidaneuininlus
a a ! Vo 3 = < [ 1 O A A a 1
AuNMYeINIeINazdwa liueuadsuluilumunidadmnedugdaamanluussai
Avaansurusluauy dugesmsniidudunadmnsiassiuniweaaiundinving
A1 a o « T e o 1 s A & o A ia i Y
efiAAmiiu 0 Wesniduaniuganrnevemueudvseidumumianlisinglilusels

Wan
| a ] 1 9 = ° Y A & v
m1313budui 3 Wuassanssnsndulevenisundymaasyimihniuteys
N3e7919 9 Mueudiien Traeaeaesiuiunsngaluntsiiwus usudzineilmden

1%

nseile 4 sUuuie sefuauilana1dliudqfie wunin lunde lunewan viense

a

NSU Faudaznsetuaziiamduausesnueeiies ag1elsAny WeszuuAILIUKINTEIN

a

danaliAnA1ARngalusiuniaty o Afuaznsenszgniufinaslummingds (Q matrix)

waztunsnguleurennda (policy matrix) AUaIAU AtiuuyIndulausnitdymaiuans

'
' I

Tupns1991 5.15 I iiutuiinganisnszvinfiliafffianfissuumuiuili uazille

9

f913001N13n929NV0ARZT0IlUAITI AAUIINTEIVOWN 9 dwnusazdaliueud

LARB U AU AU e IUA
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A19199 5.13 u@nIA15193a (Reward) voumaziing (x, y) Tuauiunageun 1 wu1nning 10

WIATWAZENT 10 LIAS PIEATNITUBNAIWAUILUURN ALY

XY 0 1 2 3 4 5 6 7 8 9

0 -0.1 -0.1 0.00 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1
1 -0.1 -0.1 0.00 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 10.00
2 -0.1 -0.1 0.00 -0.1 -0.1 -0.1 0.00 0.00 0.00 0.00
3 -0.1 -0.1 0.00 -0.1 -0.1 -0.1 0.00 -0.1 -0.1 -0.1
4 -0.1 -0.1 0.00 -0.1 -0.1 -0.1 0.00 -0.1 0.00 0.00
5 -0.1 0.00 0.00 0.00 -0.1 -0.1 0.00 -0.1 -0.1 -0.1
6 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 0.00 -0.1 -0.1 -0.1
7 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1
8 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1
9 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1

A15197 5.14 Lansadn (Q-value) aasisazig (x, y) Tuguimmagaun 1 vu1aning 10

WRSHAZEN? 10 LUAT PEASNTUBAMWALSLUURNAN LU

XY 0 1 2 3 4 5 6 7 8 9
0 -0.41 -0.5 = 4.62 5.35 6.14 6.96 7.86 8.88 9.99
1 -0.26 | -0.38 H 5.34 6.15 6.99 79 8.9 10 0
2 -0.09 | -0.24 = 4.59 5.37 6.17 s ® 3 =
3 0.12 -0.07 = 393 4.67 541 1 0.38 0.15 -0.07
4 0.38 0.11 = 3.32 3.99 4.71 1 0.66 = =
5 0.68 = 3 v 3.33 4.04 = 0.97 0.62 0.31
6 1.03 142 1.81 2.27 279 3.39 = 1.34 0.95 0.65
7 0.67 0.99 1.39 Jl% 221 2.8 2.23 1.73 13 0.94
8 0.39 0.59 1.01 1.34 1.72 223 1.71 13 0.98 0.65
9 0.15 0.33 0.64 0.92 1.28 171 1.23 0.91 0.64 0.32
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A1519% 5.15 wansuleutefnnantunisuidami (Optimal Policy) vatusaziiin (x, y) lu

PN Y Y  ac ° ' Ay o
FAUNWNAFIUN 1 VUM 10 LUATLAZYTT 10 LUKST @']EJ'Jﬁﬂ']ﬁ‘U@ﬂf”nLLV‘UQLL‘UU‘Wﬂ@W'ﬂ‘U

XY 0 1 2 3 4 5 6 7 8 9
0 D D R D D D D D D
1 D D R R R R R R

2 D D R R U

3 D L R R U D L L
4 D L R R U D

5 D R U D L D
6 R R R R R U D L L
7 U U U U R U L L L L
8 u R U U R U L U L L
9 U R U U U L U U U U

YULNAITWA 5.16 B4 5.18 zuaninIamnindfiivdeyanisuszanananisluda
NO3NNNNISHUTWUUAINILITNITUBNA WL LUULER5TLEA tnBasd19Beiunauasdeiia
V19N ARAITUAUAIINARBITLED LHBIINNTUBNAIUMLILUUIED1FTRDRAIETITUN

Auwnuaresdnag o ludnuarvesiiun Mlvdsiavenigluauiunaaesugnulsanin

(%
=1 I

Cadd B <yt % < Y a A & v { Ay
natglduiunfluauuinsluniy asmulaiidfavnadulaasevaauiunnluauuing

9

' 1%
aa A = o

PUILLAY 1, 6, 4 WAL 12 AILAASLUAISIN 5.16 59 5.18 AIUYDINITINIANUFNT AILAU
a v | ¢ ° | a v =~ A ~ o & awv o o W ~
Suduveueud wavsunisdmunendenafeunliddiesduidafediuiunisnaasdd
wan sauluienisseAsiavazunadnulussasinnfudangalyApudnae

A157197 5.16 LansA1319ia (Reward) aasiksiasfing (x, y) luguiunageudl 1 vuianing 10

WASHAZEND 10 1RS A8ITN1SUBNAILMLILUULED1STWea

XY 0 1 2 3 4 5 6 7 8 9

0 0.00 0.00 0.00 -0.10 | -0.10 | -0.10 | -0.10 | -0.10 -0.10 -0.10

1 0.00 0.00 0.00 -0.10 | -0.10 | -0.10 | -0.10 | -0.10 -0.10 10.00

2 0.00 0.00 0.00 -0.10 | -0.10 | -0.10 0.00 0.00 0.00 0.00

0.00 0.00 0.00 -0.10 | -0.10 | -0.10 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 -0.10 | -0.10 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 -0.10 | -0.10 0.00 0.00 0.00 0.00

-0.10 | -0.10 | -0.10 | -0.10 | -0.10 | -0.10 0.00 0.00 0.00 0.00

-0.10 | -0.10 | -0.10 | -0.10 | -0.10 | -0.10 | -0.10 | -0.10 -0.10 -0.10

-0.10 | -0.10 | -0.10 | -0.10 | -0.10 | -0.10 | -0.10 | -0.10 -0.10 -0.10

O 0NN | A~ W

-0.10 | -0.10 | -0.10 | -0.10 | -0.10 | -0.10 | -0.10 | -0.10 -0.10 -0.10
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A15197 5.17 LaneA1Aa (Q-value) vaausazfing (x, y) luguiunageun 1 vu1aning 10

WASHAYEND 10 LA ABATNISUBNAILALILUULEDNSULDA

X/Y 0 1 2 3 4 5 6 7 8 9
0 0.00 0.00 0.00 | 482 | 548 | 621 | 702 | 790 | 890 | 10.00
1 0.00 0.00 000 | 547 | 621 | 7.02 | 791 | 890 | 10.00 | 0.00
2 0.00 0.00 000 | 482 | 548 | 621 | 000 0.00 0.00 0.00
3 0.00 0.00 0.00 4.22 4.83 5.49 0.00 0.00 0.00 0.00
q 0.00 0.00 0.00 0.00 4.24 4.83 0.00 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00 3.70 4.24 0.00 0.00 0.00 0.00
6 168 | 201 | 238 | 278 | 322 | 370 | 000 0.00 0.00 0.00
7 137 | 1.68 | 201 | 238 | 277 | 321 | 278 | 238 | 201 1.68
8 110 | 137 | 1.68 | 199 | 237 | 277 | 237 | 201 1.67 1.38
9 0.84 1.09 1.37 1.66 1.99 2.36 2.00 1.67 1.37 1.10

A19149% 5.18 wansulgunelunisuntymnadan (Optimal Policy) vesusiaziing (x, y) Tu

9

AUNNVAGDUT 1 IUINNTIN 10 LUASLAZET 10 LUAS AI8IBN1TUBARILULILUULDSTILDE

XY 0 1 2 3 4 5 6 7 8 9
0 R R D D R R D
1 R R D D R R

2 R R U

3 R R U

q U U

5 U U

6 R R R R R U

7 U R U u u U L f L L
8 U R U U U U U U U U
9 U R U R R U U U L L
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RoofTop Testbed: All Anchor location

¥(metre)

4m

xi::."nwj
JUN 5.24 nudillananasnieuvingiarfiunigluauiumageui 2 2unning 6 Wnskas

812 10 1WA (18) NMWAIDYNNITINADIEUUNAABUN 2 VUIAATN 6 LUATUAZYID 10 LUAS

wuUUNSaaaalifmlenesialnsaulaus sndoununeavituNunnlianuIng (¥31)

= Testbed 2 testbed + Conventional method

Python3

(-learning algorithm

v v

Gridworld_rooftop_noregion py _learning_rooftop_noregion. py

= Testbed 2 + Asymmetry Regional Boundary Localization method

Python3
Q-learning algorithm+ ARBL

v v

Gridworld_rooftop.py C1_learning_rooftop.py

3UN 5.25 lassasnevadlidsing o vesudaglusadmsuldlunisasiaunumageudnaes

AUNUNAFDUN 2



116

WULRINUAUAUIUNAADUN 1 ENSUAUIUNAZIUN 2 [9iN1590nkuuaNEuenIs

v |

auvesdanesnumilauiu n1sssdrdmiuimuafianinisiseusivileuiunanguun

a ' ° v & A 9 oA .
YoIaUINMANNI1 vibinszulunsUszananatuiien uleuieuwidaynifiniian (optimal

policy) tildszegiandunitawiumegaeudl 1 suvegasudu / 1Wmineg sauluuuinves

Hunnldauunstugnimueiudannauiunaaeud 1 Fedafmuadie q eilsigaziden

fasaluil

NNYoesgnAmualilianssiawinduy 0.1 (Aadlvy)  anviusmg
WuuendlAns197awinau10 kagankUaRdaInnv19tAINAU 0

AmSunslauNYIndaUIIaRdLUUUNA AzOANIMUALIRNTARIR B UTRAe

Y

'
a v a

GTWmeﬁﬁ?ﬁﬁmmNagj loun Amdl (4, 0), (3, 1), (3, 2), (3, 3), (3, 4), (3, 5),
(3,6),(3,7),(3,8),(3,2), (3,3), (3, 2), Lag (3, 5) WAEMSUNTUEUUNAFDU

190U UVLDRI5ULER fifndNnrIazATeUAgN U Unnliauuns

BUELaY 3, 4,7, 8,9 lay 12

A15797 5.19 LanIA15199a (Reward) Aasisasfing (x, y) Tuguiuvnageudl 2 vuianing 6

WASHAZEIY 10 LIAS PIYITNSUDNA WAL UURNT AN LY

XY 0 1 2 3 4 5
0 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1
1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1
2 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1
3 10.00 0.00 0.00 0.00 -0.1 -0.1
q 0.00 0.00 -0.1 0.00 -0.1 -0.1
5 -0.1 0.00 -01 0.00 -0.1 -0.1
6 -0.1 0.00 -0.1 -0.1 -0.1 -0.1
7 -0.1 0.00 -0.1 -0.1 -0.1 -0.1
8 -0.1 0.00 -0.1 -0.1 -0.1 -0.1
9 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1
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A15197 5.20 ua@nsA1Aa (Q-value) vasisazfing (x, y) luguiunagoud 2 vuianing 6

WIATWAZENT 10 LIAS PIEATNITUBNAIWAUILUURN ALY

XN 0 1 2 3 4 5
0 791 7.02 6.22 5.49 4.84 4.26
1 8.90 791 7.02 6.22 543 4.84
2 10.00 8.90 791 7.02 6.22 5.49
3 0.00 0.00 0.00 0.00 5.49 4.84
4 0.00 0.00 2.07 0.00 4.84 4.26
5 0.29 0.00 2.43 0.00 4.26 3.73
6 0.49 0.00 2.82 3.25 3.73 3.25
7 0.71 0.00 243 2.82 3.25 2.82
8 0.94 0.00 2.07 243 2.82 243
9 1.19 1.46 1.76 2.08 2.43 2.08

A13197 5.21 wansuleunglunisundamnanga (Optimal Policy) vasusiazifin (x, y) lu

AUINVAABUN 2 YUIANIN 6 LWASLEZETY 10 LIRS AIUIBNISUBNALALILUURN ALY

XY 0 1 2 3 4 5
0 D L L L L
1 D D D D D D
2 D I L L L L
3 U U
4 D U L
5 D D U U
6 D R R V) L
7 D R R U L
8 D R R U U
9 R R R R V)
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A157197 5.22 LanIA15197a (Reward) Aassiazfing (x, y) luguiunageudl 2 vuianing 6

WASHATEND 10 LA AIBITNISUBNAILALILUULEDNSULDA

XY 0 1 2 3 4 5
0 -0.10 -0.10 -0.10 -0.10 -0.10 -0.10
1 -0.10 -0.10 -0.10 -0.10 -0.10 -0.10
2 -0.10 -0.10 -0.10 -0.10 -0.10 -0.10
3 10.00 0.00 0.00 0.00 0.00 -0.10
4 0.00 0.00 0.00 0.00 0.00 -0.10
5 -0.10 0.00 -0.10 0.00 0.00 -0.10
6 0.00 0.00 -0.10 -0.10 0.00 -0.10
7 0.00 0.00 0.00 0.00 -0.10 -0.10
8 0.00 0.00 0.00 0.00 -0.10 -0.10
9 0.00 0.00 0.00 0.00 -0.10 -0.10

A157197 5.23 wansa1An (Q-value) vasusaziinn (x, y) luguiunegoun 2 auaning 6

WATWAZYNY 10 WWAT AEBNITUBNAILALILUULB15TWea

XY 0 1 2 3 4 5
0 791 7.01 6.20 5.46 a7 4.16
1 8.90 7.90 7.00 6.18 5.45 a.79
V4 10.00 8.9 7.91 7.01 6.21 5.47
3 0.00 0.00 0.00 0.00 0.00 4.80
4 0.00 0.00 0.00 0.00 0.00 4.20
5 0.00 0.00 0.00 0.00 0.00 3.65
6 0.00 0.00 0.00 0.00 0.00 3.15
7 0.00 0.00 0.00 0.00 2.26 2.69
8 0.00 0.00 0.00 0.00 1.86 2.27
9 0.00 0.00 0.00 0.00 1.54 1.88
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Aaa

A5197 5.24 wanuleuelunsuwidaymanga (Optimal Policy) vasusaziiin (x, y) lu

AWINNAFRUT 2 YUIAN3IE 6 WAsarend 10 RS feiEnsueniumtauueanstuea

XY 0 1 2 3 q 5
0 D D L L L L
1 D D L L L L
2 D L L L L L
3 - - - - U
4 . - : . . u
5 X - X - - U
6 p : X X - U
7 4 > / 2 R U
8 - - E - U
9 - X \ . U

M50 5.19 119 5.21 2993515 Uonf L nsnuuii lluasnns1ai 5.22 fe 5.24
YasdsnsuanAuntsuueesTwoaagiulanuvsngmuazunindulovouatam dud

Jovuanasnnaninulngazdsalinsasiiiuiadn1snsyvinluania N miswad e

Y

S =

Ve WU manaediinv e iinaanseuUAIUlAveIauIIIndoUTIHeANIN Wy

WUARIRITUN 5.26 FUANUAIINANATEINUAIUALLTUANYDIUEUALARRUT anLvaeud

LAIBNUATLAUILT1MUE NUNAATLN UGN UIFINAVINILALALNIN 1A DIV UL L LAWY
nadoukartduvduIRuIgnuLdunnfnaansevuAule d1msunisasiadunis
VANLALNEINAYINVDIEUNNAAUN 1 9ziuladn A1suanarusTulNuALUUUN AL LUY
19915 UaUUTLAUNIIMANLBEIWUULREINUY TUTUSAAUIUNAABUN 2 NSUBNATLAUILUU

& & ° v v a A 9 L da a ! ° ' P
LB ULDATUITYI VLA UN KA NLA LI DUNUNFINAVINNUINATINITUDNH AU LU LA UN

a ot [ PN d' N9 v 1 3 = & =
LUUUNG GZNEJ’]"\]“\]8L‘LJ‘Uﬂ'ﬁL‘WlIi%EJSVIWQﬂ’]iLﬂﬁEJuVIfLﬂLLﬂ‘V}uEJUG]LL‘V]‘LJ‘VH]%L‘IJUﬂ’]TW]i%E’J%V]’]\W]

o |

duingaludadmune Bnvsunsiidaiumisluauunageuitassiulidilonialagndisie
fragnadu Tunis1eil 5.24 Afida (5, 0) wazyaiina (5, 2), (6, 2), uaz (6, 3) Fudufiin

sundsneluiunfliguunsuneay 6, 10 war 11 dulddnisowenadlla 9 1y dune

(%
[ J Y

lanyafinadsndnazgnldinsemuneninumientd awvnuainiiuiilldausnsivai

%

% 1 o yaa A | [ v v & A o & & Ao
wiagldgnimualvddafinvingde o uiduigndeuseumenunnliauuinsndununasdia
VINNLIBEVU 9 virbiueud aunsaiifsiiundadanasle dalunsdiil vndunus

[ ! I £ A o 1 o 1 @ 1w J 3 Y v/ v £
Wiﬂaﬂ'lLﬂULﬁuVINVlU'WVLquLLMUQL{]W‘WMEJ AnUINIun1sinlen &l isu UAUNULEUNIS

BN '
aadou A

nsinReunndungaveiueudeanty
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oeslsfiny aunmasouiidesaundulitinsassdsiavndfidnvusndud
dndeusuntindudnuneig (U-trap) viaduamenediiimisiuegaieglu anunsaiiiay
ylusudiedouiiidnludmaduinegneluimanauagfesnidunismauninooni
FowilRdsnalunsaadumdminisdwondunagnslunmsindoufivesiusudide
wuwoanunsaiLuuilunsdifnanaiaududounnn fafuaniegnsvesdsianang
wuufudndnuaigdag wie gunsu(U-trap) israsaduunlufisaesauny aguansliiiiudn
FBnrsvenduwmidluunuiiuuuieanituea (ARBL) Juagtisannrmdudouresdsinig

wardosiumsiinumsnisaliviueudasiniuingunsudule

),

. L

5UN 5.26 1191809015859 UNN900ITEUUNSISEUSLUUAYE S U B UALA S Ui luauny

Y U

[

1889 LWIBUIgUTENINNSTTaurdesing luauuauund (Ee) wagnisiiansan

WUUITLED150Mea (V71) V99aUNUNaaUN 1 (VW) kag 2 (819) Auanfu



1.0
—— with ARBL
|| —— without ARBL
08|
|| |
[
1|
0.6 \
] | I
oa{ MM
i) \I’M l'll I“I “
|\ '/
0.2 - ﬂ( M
(¥ - .'h-m mm =
" Al (W f1
00 '.l -IM!LWL-[”—JL&JM«,_.-.NU . s
0 50 100 150 200 250 300
episode

With ARBL: 1.12 min, hash table size = 59
Without ARBL: 2.04 min, hash table size = 81

SUN 5.27 As S eueunIstUas Ul admnus1ua9an AT tukAaEsauNISIINaIU SEI1990

RFUIELILNILUNR LaZITRINSAIFUILLUULDDISTLDAVBIEUNUNAADUN 1
1.0 §

——— with ARBL
—— without ARBL
oa-\
[
\
0.6 |
|
o H
o |
o |
0.4\

& i
IP\';'aIL'J'l Il [| lﬁh"hﬁ '}-“-\ \
0.2 1 |

L T
» Py ll;\ﬂJ‘ Vilhetvoe "
0.0 4 v P .
0 25 50 75 100 125 150 175 200
episode

With ARBL: 41 sec, hash table size = 32
Without ARBL: 1.17 min hash, table size = 48

U 5.28 n51iUSeutieun1siUasulUadainuanaue9amn luLAazsaunNIsYINeIy sErnais

NATUEUUALUNG KagIERMTUNEUINLUULEDS TUeavesaUNAdDUTN 2
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Tudunougeiing UMl 5.27 wae 5.28 wansnszurunsnsdeuduuuAludnuusveg
nsmduasauanadauiis 2 aus tnglundaznsmiududuasazuunssuiunisSous
wazduvdumnavandesddsiaradenisuendumisluusuiinuuieonituea dudthitu
zununTEUILNISeuimensuenduvisluauiiuuuun@ialy asmluuuiuny x unu
seunsviulunisiseuivesszuy Ingdvualilvlisounisvineugean 1000 59U wae

LWILNU Y AUNUAIAILLANGAINTRLAGAT (delta) VDIAIAIZIGALALANAATDIYN 9 AT

1 a a

nsziibuauy s dudiuuenfiianiweinssuiunisiseusinsdigyn dud w3eqn

9

S = 9

seuvAumuleuieun ey iaiaanudqeduiineganliannadiviiiu 0 9ngUnsIndg
& = v o o ° ' Ay ax AY o a
5.27 %mmwmzmumiLiaugmmumiuaﬂmLmuﬁmmuwmmﬁﬂﬂmummﬂaamlﬂaq
YDIAMAAATLA IV UAIABUTIIUIN LﬁaLﬁEJ‘Uﬁ"uﬂszmumsL'%Suifﬁm%’umsuaﬂﬁwLmu'uw‘u
wonslueanidatnlndyedudiladininisieensuea lnedunaliainnsmduwasiiaaas
Du 0 o seunsviaui 2004 8usuly sswindnsinduniudinainisunisvesdnasiied
Adl v o a U o Y & QI 1 gj ]
1398 9 WITEUNIIMIUTBITEUUNITBUFAZAINTY 200 Tudfiny Belundntuseninams
197U 191101990a84LA TIN50 ATLATEUULS UAUNTE UINNSLS BuSlUauE g A
NTEUIUNISA 1000 SBUMIUNLEAAIANLDLY BNNTITNSTUTNVUINVDINUILAITUI N LG b
nstuiindoyadie q vasnisiseuiivy dunieine q luawy AAvewhuneing q suly
feyansignvasisaviidaluauinnaziallgduniadmanelifnan Gwnadnsnlade
S2enAN RIS UNTEUIUNNSHNEB LS 8UBUS I35 NtdULaz S UNFTY SEUU
Tdaly 1.12 409 wag 2.04 uiteuaiu ludamveamheaudtdmsuduintoyaluus
a o =3 2 aa 2= ] a 1 ) r-:ll
azfinavesauNariuli ABeerilieativantTuiumnilignuduesiuy (HashMap) 7
g 59 lud luvagmsunatusglimheauiwevuudly 81 lud

dsuaunAdeUIIRBIENINT 2 NTFUIUNISISEUIAUUUNALaTLUUIeRNTTuea

0
a Y '

ulikunldunmsivsundasnAeutidlnaifiesiu wasdnlndgeduduniniieuiu s s8UnIs
o = A a = i & A ! [ o & aa
eun 200 udidlefiansanissreganildlunnsussinanaiasuiviieiiuaudty 8

] £ 1 [ o a = [y ! o (4
worituealdiauasniieinuamudl 41 Ui Auswendiganudiuesiay 32 lud

Tuuzd F5UnftuldnatazmhefuaIusN 1.17 U9 way 48 ludaiuaisu
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5.6 Wan1siUSeuigusEnItenNIsUONAUAUeAI89S  ARBL  (Asymmetry

Regional Boundary Localization) Aunisimalia SLAM (Simultaneous
Localization and Mapping) ﬁﬁwﬂuuuizuvﬂﬁﬁamiﬁuﬂuﬁ ROS (Robot
Operating System)

PNNANITVNABDINITIUTHULBUANNEINI T IUNITITUDTIVO AN ATA ALAULATLE
o15Tusafuiiuianeluenns ansnasuasulsUssiueentiidu 5 shiedwiolud

1. 1AS9A519UDITEUY

2. AnuEavguLazANNFUEoUYRIIBNIS

3. Usg@nsnnlun1sueniiiug

4. psmzausionisun iUl

5. auulunisuEn

5.6.1 1ASIAS19UDITLUU
n1suanwtat e lue1AsAIeIS 19150 uaanas S akaN UL aALNANNE TN

1AS9E51999958UUNNSIANISNAANEATINY NLANIENEIDINAISNAFDULY WUILATIASN

AY Ay A A

Yadlkfag sy UUAeivendatdaNa19siuly Aeg 1y SEUUNMSUBANTWALLUUALALULS O
uwwanvlesutusnfudesfidiunasnuaunisiion duuiuudissuuimunagnganis
9 iusumzﬁLam%ﬁLLaaQﬂaaﬂwaﬂﬁuﬁiaza’auﬁwmmwﬂaaﬂmﬂﬁ’ulé’asj’mﬁms vHu
#u Fedhuusznevvedassaisundayssuvanansassugldsamnsseluil

A15799 5.25 I3UTEULBUlASIATIvRITEUUN IS UBNMWALsuEUAN 18TUB1AN50 87T

onslieauazIsananuusEuUU URn 5584

Asymmetry Regional
Hector SLAM with ROS
Boundary Localization
SEUUEIUNANTANIT Judeyanarinbiliiessiua | seames (ROS core)
Uaya (Firebase cloud database)
laauaud yiuguALAR U yiuguALARaUT
Insdwvidleds annilgu
annllignu
sUluuATaUY \r3et1ev1lU (Global) \setneneluriesiu
(Local)
dnuaIzYaInsaoais 9z@3lATUa (Asynchronous) | @slasiia (Synchronous)
N1371191UYBTTUY vnusenduiuegedasy | Snludesdigudnalsaiuay
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5.6.2 ANEanguLarANUdUtouraians

nsuensumiatmngluenseisauantduansalianuanguiiuinnis
\losanddaneiiuansalfisueiniiadvanimuindon afraunuiidrassdlassouly
w¥eufunisuenduns a Yagtuveadmmelnededsanunuiifingasle Jevinlinnsg

UszananateyainisnevaussndeutdhiluszduiSvalng vidsaunsaussyndldiuuTiom

Aaa s

o 9 Ald Wddausnanarlifiguassalunisdawssuaniui lusuziSioonsdueatuy

[

FJUADIDI AU TUNDUNITATINADUNOIYTLELLIANADUTIIUIY Tl UAIUNISAUTURN
Tayaniagedyan Msaidunawaziuveuvalunisuanmusiunnliauuinsly

auy swluiaunnvinisneaseudiludeslgunsaldeanslsasfinmsegiedazaunse

Y

Uszgnaldigilunisuandiunusls uwagmeReulumadwhianugangulunisldnuaia

99970+0815UL0aUssNIN

a v

ad1915AmulufIuIe IAIINTUTDUTRIIS N5 WwadaLee s Tweantausive
InUseulusunisussunanadenfoiieanalinnismaiuausatun1sgiA1vesgunsnl
° 1% & Y] o ac % = B W Py
wazn1sIkUnYTsnteyalundn a1unsadanisialaedsnislduusduduiaussunnily

Hnaeu (Supervised Machine Learning) 1111%11n1537uun (Classification) ¥atayaniny

= o 1

wsadaaranianuturindegsliudneuninluduneunisinisdaniud vlrldsnduies

Usyinanamedanesnundutounaiy q Tuneu suenatantudniunasfesnanuduius

semdeyanliannnTeianinwInden wardaiustdagluueniueud niauiudmanaa
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Asymmetry Regional Boundary Localization for
Indoor Robot Navigation

N. Wanadecha, and P. Nilas

Abstract—This paper presents the new methodology of
indoor localization based-on Received Signal Strength
Indicator (RSSI) of Wireless Sensor Network (WSN) using
Asymmetry Regional Boundary Localization (ARBL) which is
designed to support mobile robot navigation. Since many types
of obstruction such as walls, poles, and ftraps in the
environment may confuse robot trajectory and avoidance
strategy, our main objective is to analyze our desire test bed in
the form of asymmetry region with the benefit of RSSI map
fingerprinting technique. The regions are created from
multiple anchor nodes’ boundary intersection which is pre-
determined by the working range that provide the finest
repeatability value. Each region is classified by supervised
neural network. When the robot senses the existence of
obstacle, that particular region is declared as occupied zone
which is not allowed to enter during path planning process.
Once the entire virtual map is acquired, suitable path is
obtained by Q-learning algorithm, thus the robot can travel
through the field. The experiments are performed with 2
different ftypes of test bed. Each of which shows region
classification performance of 71.9% and 85.8%, respectively.
Finally, to demonsirate the effective of our method, dealing
with obstacles in the field, the comparison between
conventional Q-learning algorithm and our proposed method is
shown. The proposed method not only gives better learning
progress but also spends less computational resources,
reducing the complexity of the navigation problem.

Index Terms—Asymmetry Regional Boundary, indoor
localization, mobile robot navigation, wireless sensor network

[. INTRODUCTION

Localization and navigation are considered to be the most
important issues for mobile robot. In fact, the robot needs to
know its current location respect to the world. So, it can find
a way that suitable enough for reaching the goal in path
planning process. One of the fundamental aspect most of the
robot needed is the ability to detect obstacle and avoid
undesirable collision that leads to harmful consequences.
SLAM (Simultaneous Localization and Mapping) is the
well-known efficient technique to locate and navigate robot
that has been applied widely in real-world application. It
makes use of the cooperation of multi-sensor (sensor fusion)
such as wheel encoder, range finder, magnetic compass to
provide the accurate information in the map. LiDAR
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technology based on laser scanners has been applied as well
as High-resolution cameras in order to get the real-time
physical data with high quality from environment. Thus, the
higher performance the sensing part, the more accuracy the
map 1s. Unfortunately, its cost is surprisingly expensive for
academic research and high computational embedded
processor is required for the robot.

In indoor environment, WSN is already a basis of
infrastructure. In term of target localization, it acts as the
backbone of the system instead of GPS where signal
propagation can’t be utilized properly. Several localization
schemes have been researched and proposed from many
researchers. They can be broadly categorized into two
classes: range-based and range-free technique. Since range-
based localization relates to finding distance between target
node and reference node with physical variable such as
RSSI, this method provides the result as exact specific point.
On the other hand, range-free method is also known as scene
analysis that locates target node wia other factor such as
network structure, heuristic information etc. The output
seems fo be less specificity comparing to range-based.
However, this method provides less complexity process and
more robustness against the severe signal fluctuation which
is the major cause of error.

SLAM requires high performance equipment that comes
with high cost and computational power to finish the work.
With this in mind, this paper presents the optional way to
locate target using WSN incorporated with affordable price
sensors called Asymmetry Regional Boundary Localization
(ARBL). This proposed method aims to reduce the
complexity of positioning error correction caused by the
nature of radio signal. It also allows mobile robot to
perceive the entire map, including obstacles and do path
planning in further process. This paper is organized as
follows. In section 2, literature review is briefly described
including related work. Then, the proposed method is
introduced thoroughly in section 3. Section 4, system
overview is clarified. Section 5, experiment and result is
explained, including the comparison between conventional
Q-learning navigation algorithm and Q-learning with ARBL
technique in simulation program. Finally, the conclusion and
future work are summarized in section 6.

II. LITERATURE REVIEW

In [2], [3], [13], [14], [16], scene analysis model is used
to locate the target in term of pattern recognition. It is also
known as fingerprinting technique. The main idea is
matching information, containing characteristic data of each
particular zones between pre-measured data stored in
database and current run-time data in online phase.
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Although, this technique required preparation phase that
takes long time for initialization as well as large data storage
to keep the record, its advantage is robustness against error
from signal noise which mostly occurred to indoor
environment. Due to the uncertainty of positioning result,
some work doesn’t require the specific output. The concept
of geometry regional area is applied. For example, Voronoi
diagram [5], [7], [8], Multi-granularity [9], Approximate
Point-In-Triangle (APIT). These approach seems to be
difficult in mathematical terms and algorithmic complexity
18 high even though some method can provide the error less
than 1 meter approximately. Prior knowledge in signal
processing may require in order to manage pre-processed
data in proper way. It can be noticed that, machine learning
is applied in [2], [4], [6], [14], and [16]. Neural Network is
preferable technique in non-linear classification problem
comparing to others. Furthermaore, Deep Neural Network is
used in [14] for function approximation, solving RSSI
fingerprints in specific environment. The research is [15]
predicts the future trend of localization method that hybrid
technology and sensor fusion may provide the efficient
result using the combination between WSN, Wi-Fi, and
Bluetooth Low Energy (BLE). [2] and [13] prove this idea,
reducing positioning error to 1.05 m. Additionally, [1]
mentions the hardware modification in order to increase
signal quality. Since this work claims that signal cannot be
approximated consistently, the absorbing plate is installed
underneath antenna in order to avoid interference with
signal reflected by ground that caused multi-path effect.

The result of investigation can be concluded that range-
free method is svitable for indoor localization with no line-
of-sight of signal path. Fingerprinting with neural network is
the most popular combination technique that works well and
robust against signal fluctuation. Area-based localization
may offer location result of the target properly instead of
specific coordinates.

III. CONCEPT OVERVIEW

As mentioned earlier, our objective aims to create proper
trajectory, avoiding any obstruction in the field located by
RSSIs from WSN. We derive some benefits from related
works above. Asymmetry Regional Boundary Localization
can be divided into 4 steps

A. Regional Boundary

As introduced in [11], [12], iBeacon, an Apple trademark
for its implementation of BLE beacons, uses localization
technology with RSSI based ranging. Normally, using only
signal strength has many chances to miscalculate the real
distance. So, in iBeacon, the RSSI boundary has been
considered and separated into different tiers such as
immediate, near, far, and out of range (labelled as
unknown). Of all the reasons, this idea leads to the appliance
of Regional Boundary in this work. RSSI Boundary has
been categorized into 2 tiers.

1) In bounds: the area between anchor's location and
imagine boundary threshold

2) Out of bounds: the area between imagine
boundary and the rest of the field.

The boundary size of each anchors depends on signal
propagation performance respect to the test bed. Plus, there
are five anchors scattered in the field. So, the enclosed area,
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which is occurred from the intersection among boundaries is
called "Region™.

B.  Repeatability

The boundary threshold criterion depends on how good
the radio module can perform in the field (like equipment’s
specifications) when it needs to provide RSSI value in the
same distance over and over again. In fact, gage
repeatability is a common standard that used to test the
equipment stability and accuracy. This factor is concerned,
in order to measure the capability of radio sources. The main
objective using repeatability is to limit the imaginary line of
boundary. The type of repeatability in this context ¢an be
separated into 3 parts as follows.

1} Radius repeatability R, the repetition value of
reading RSSIs every 1m radius from the center of each
radio source.

2} Entire field repeatability Ry: the value that defines
repeatability of the anchor acts against the entire map.

3) Threshold repeatability K a value of radius
repeatability with less deviation firom its reference.

To obtain the radius repeatability of anchor, first,
rendering imaginary circles with several radius, let the
anchor position as a center until the field is covered. Thern,
in each set of data, gathering all of the RSSIs from every
coordinates lying on each imaginary circles. The radius
repeatability equation can be determined as follows.

C

where M = %ZilXi and X = %Zc=1 ol

Equation (1), X; denotes the estimated RSSI from
coordinates x. lying on imagine circumference in one radius
of cach dataset. C denotes the amount of interesting
coordinates. M represents the average RSSI value of the
radius. N represents the number of dataset. Suppose, we
consider the repeatability of 10 dataset, so N=10. Next, the
entire field repeatability comes from the average value of all
radius. It means that with the condition of environment
characteristic in this case, radio source generally provides
this amount of error entire area. We use this feature as a
reference for the final step. The entire map repeatability
equation is described below in equation (2).

| P
Rp==% R, )

where j is number of considered radius which the origin
point is the center of anchor. Finally, once the entire field
repeatability is acquired, the last process is determining how
close each radius repeatability compared to the reference. In
equation (3), the threshold repeatability is shown as follows.

R, :|Rf—R,: 3

where Rr represents the absolute different between radius
repeatability from i meter and the reference value RF. The
imaginary line of boundary is assigned to the radius with the
finest value. Due to the different propagation pattern of each
anchors, the radius repeatability of each anchor may not
equally be the same. This reason leads to the conclusion that
the region would be asymmetry shape.
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A i AR
Fig. 1. Indoor test bed with 5 Xbee anchors and mobile robot. (Left) 10m x
10m size. (Right) 10m x 6m size.

C. Region Classification

In MATLAR, there are neural network tools that provides
many training algorithms. However, there is no absolute
solution that fits to any dataset. Trial and error method is
needed to perform neural network hyper-parameter testing
m order to obtain appropriate configured model that fits
RSSI fingerprint dataset. Afterwards, the trained model is
utilized in online mode, classifying the region respect to
perceived RSSIs vector.

D, Building complete map

Once the system identifies the region from trained model
classification in earlier process, the robot detects any
obstacles in the field and records its discovered area into
storage memory as an occupied region which is not allowed
entrance. For vacant area, on the other hand, it is recorded as
unoccupied region. Finally, all of "No trespassing” area and
vacant entrance area are gathered and formed together into a
complete map.

IV. SYSTEM DESIGN

A. Xbee network and test bed

Wireless Sensors Network in this work is composed of 6
Xbee series 2 modules. Five of them are scattered all over
the test bed acting as Beacons or sometimes also known as
Anchors. The sixth module is called target node installed to
the mobile robot. Every module attaches the 9dBi Ommi-
directional antenna, allowing the signal spread widely in
horizontal axis.

As depicted in fig. 1, indoor clear space test bed is chosen
with 2 different sizes: 10m x 10m and 10m x 6m. The test
bed has been divided into a grid with 1 meter spacing. For
test bed 1, all anchor node from number 1 to 5 are placed at
coordinates (2,8), (8,8), (2,2), (8,2), (5.5), respectively. For
test bed 2, all anchor nodes from number 1 to 5 are placed at
coordinates (1.5, 9.5), (4.5, 9.5), (1.5, 1.5), (4.5, 1.5), (3.5,
5.5), respectively. Black line installed to the field is only for
mobile robot tracking purpose in offline mode. The robot
tracks the line until black cross is reached. It stops moving,
collecting RSSI fingerprint data at every points. Once all
location points are collected, the robot moves to home
position at the start point and all RSSI fingerprints are
considered as one dataset. However, the tracking line has no
effect to the process in online mode. Tt has been removed
before run-time mode starts.

B. Mobile rohot

Robot is driven by 4-wheel 12VDC motor which is
controlled by Arduino miecrocontroller. It comprises of
sensors, line following infrared sensor and infrared range
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TABLE [. THRESHOLD REPEATARILITY OF TEST BED 1

[ Threshold Repeatability : test bed 1 (10 datasets) i
] Im m 3m am Sm 6m Tm Sm | 9m 10m
Al | 093 | 035 | 062 | 054 072 | 0385 | 098 | 079 | sl | 077
A2 016 | 0.8 03 0.4 0.04 03 008 082 | 039 | 043
A3 | 021 | 042 | 017 | 062 | 006 102 | 033 | 022 | 035 | 038

A4 039 | 029 | 066 029 062 | 012 033 083 053 | 039
AS a1l 0.13 012 | 033 0.77 045 | 05 - - -
TABLE II: THRESHOLD REPEATABILITY OF TEST BED 2

Threshold Repeatability : test bed 2 (10 datasets)

et | im [ Im 3m dm | 5m | Gm Tm Sm_ | 9m | 10m
AL 058 | 007 | o042 077 0.17 0.17 0.97 0.22 "
Az . 0.37 0.48 064 002 .06 099 0.39 0135
AY | - | 010 | 006 | 021 | 060 | 018 | 131 0.16 033 |
Ad | - | 0s6 | 041 | 041 | 0327 | 006 | 025 | 068 | 050 |
AS_ | 022 | 0.6 | 089 | 037 | 021 | 184 | - - -

finder for obstacle detection purpose. They are attached in
front of the robot, providing object detection range about
0.2m. Moreover, Xbee target node is controlled by second
micro-controller separately, reading RSSI from 5 anchor
nodes with time interval of 500ms each. Finally, the robot
communicates to Firebase, cloud database wvia Wi-Fi,
requesting and responding all of necessary information such
as RSSI values, update counts, movement control signal,
obstacle detection signal etc.

C. Operator

The pre-programmed application, written for Android
platform, is capable of several tasks. For instance, operating
mode option (Fingerprint data collection or run-time mode),
saving raw information in .xls file, controlling robot, and
monitoring region output from cloud database.

D.  Base station

MATLAB is responsible for training and testing
classification neural network with raw data sets, collected
from entire field in offline mode. Its responsible also
includes data pre-processing and model performance
analyzing. In online mode, m-file script is written and
executed to handle classification task with current RSSIs
vector, sending back the classified output to database. Also,
it creates communication between the station and cloud
database via RESTful API.

V. EXPERIMENT AND RESULT

A. Establishing  regional  boundary:  Repeatability
estimation

Repeatability of Xbee module assigned as anchor node is
statistically tested with pre-collected 10 datasets. The range
that provides good repeatability is assigned as a threshold of
the boundary. The whole process is clearly depicted in
concept overview. Table 1 and 2 show the calculated
deviation repeatability from 10 datasets of test bed 1 and 2,
respectively. The finest repeatability value is the least value
in a row. For each anchor, the selected range with the best
repeatability value is assigned as a boundary threshold and
any enclosed shape becomes asymmetry regional area with
several size. Fortunately, both test bed can be divided into
13 regions. It can be noticed that, both tables have some
blank cells. For test bed 1, maximum coverage area of
anchor 5 is 7m radius. Further than that, the radius is out of
the test bed. Same reason happens to test bed 2. However,
for 1m radius of anchor 1 to 4, there is no collected RSSI
data to be calculated in that particular point. Therefore, the
repeatability in this range is ignored.
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Fig. 2. Receive Operating Characteristic (ROC) graphs show clagsification
result of test bed 1. This graph represents testing phase result.

B. Neural network hyper-parameter testing and regional
classification performance

In this part of experiment, artificial neural network is
involved as a regional classification model. Since there are 2
types of environment, neural network needs to be carefully
design to suit its own data characteristic. The network
structure for test bed 1 is configured as follows. Input layer
consists 5 input nodes (5 nodes from 5 anchor raw RSSI).
Hidden layer comsists of 3 layers with 12 nodes each.
Hyperbolic tangent Sigmoid is applied as activation
function. Output layer consists of 13 nodes representing the
13 region needed to be identified in the form of one-hot
encoding  wvector. Bayesian Regularization, training
algonithm, 1is applied as a traiming algorithm. This
configuration is randomly chosen based on MATLAB
documentation without any experience or prion knowledge.

The result shows that traiming and testing performance are
83.5% and 71.8%, respectively. Also, receiver operating
characteristic (ROC) graph shows the classification result
from testing phase. As illustrated in fig. 2, true positive rate
means model correctly classifies the data as expected and
false positive rate means the model gives absolute false
prediction. Obviously, the model 1s too complexity. It seems
to be learmng noise data instead of its true pattern.
Although, it gives over-fitting behavior, the trained model
still provides some correct region output using current RSSI
data in run-time mode.

However, for test bed 2, to prevent the over-fitting model,
hyper-parameter testing of neural network is performed in
order to derive the best model performance that fits RSSI
fingerprinting map properly. Several strategies are applied
to the model. For example, 1.2 regularization preventing the
influence from outlier data, class imbalance fix with added
White Gaussian noise increasing robustness of the model.
The configuration values are set up as follows. Learning
rate and regularization value is chosen within the array of
[0.1, 0.01, 0.001, 0.0001, 0.00001]. Learning algorithm is
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Fig. 3. Receive Operating Characteristic (ROC) graphs show classification
result of test bed 2. This graph represents testing phase result.

tested between frainscg and frainrp. Activation function is
tested between famsig and posiin. The testing includes
hidden layer number of 1 and 2 and hidden nodes from 20,
40, 60, and 80. Output layer is assigned with softmax
function in order to normalize the predicted value between
0-1. Lastly, since training data affects model performance,
10-fold cross validation is utilized in order to prove the true
performance by randomly split raw data into 2 partitions:
90% of entire data is assigned to be training set, the rest
10% is assigned to be testing set. This process is repeated
until all of the data completely shuftled. Aftermath, the
average performance is caleulated. Hyper-parameter testing
result shows that, the model that providing best result ends
up with following configuration. Learmng rate and
Regularization = 0.01. Training algorithm = frainscg.
Activation function = tansig. Hidden layer = 2. Hidden node
= 80. Average training and testing performance derived
from confusion matrix are 87.61% and 85.76%,
respectively. Furthermore, ROC graph depicted in fig. 3
shows true positive rate and false positive rate of
classification result in testing phase. The entire data falls
into true positive rate. In other words, this model is good
fitting to RSSI-fingerprinting map of test bed 2, providing
good generalization result.

C. Comparison between conventional Q-learning and Q-
learning with ARBL,

To demonstrate the effectiveness of the proposed
algorithm, the navigation experiment is setup in simulation
program written in python. In [10], the mobile robot
navigation based Q-learning techmique addresses the
problem of robot behavior when facing different types of
obstacle. For example, objects, walls, and traps. Also,
another drawback is, Q-learning algorithm is a tabular
method requiring large size of memory to store Q-value of
relate state, action and reward. Although, [10] offers fuzzy
logic implementation reducing the complexity of the
navigation, the robot still needs some strategy to handle
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emergency situation like U-trap. On the other hand, ARBL
identifies any obstacle as a region. Therefore, the
opportunity getting stuck in the trap is relieved.

The simulation of test bed is created as a grid. The robot
movement restricts to only 4 actions: [up, down, left, right].
Discount factor is set as 0.9. Learning rate is 0.1. Epsilon-
greedy for random exploration is initialized with 0.5. Every
step the agent takes is penalized with -0.1. Reward at goal
position is 10. Test bed simulation is illustrated in fig. 4.

Red triangle represents goal position. Green circle
represents start position of the robot. Black square
represents occupied zone which is not allowed to pass.
Agent needs to find the optimal policy (represented by blue
line) to get to the goal. Q-value implies how good the taken
action can be valuable for the agent. It learns from
experience in each episode, moving through the field. Figure
5 and 6 illustrate differentiate of (Q-learming process along
with episode until convergence 1s reached (differentiate

|

Fig. 4. Test bed 1 path planning simulation (Left) with conventional Q-
learning, (Right} ARBL with Q-learning.

remains Zzero), meaning the optimal policy is obtained.
Figure 5 shows fest bed 1’s learning performance of Q-
learning with ARBL (red graph) against conventional
method (blue graphy. Figure 6 shows test bed 27s. In test bed
1, 1t can be noticed that, our proposed method offer better
progress, reaching convergence at episode 200 earlier than
the conventional one. Since the obstacle has been considered
as region, the complexity of path plannming problem is
reduced  Our  propesed method outperforms in
computational time and memory size. Q-learning with
ARBL spends 1.12 minutes and Q-value hash table size of
59 while conventional method spends 2.04 minutes with
hash table size of 81.

For test bed 2, learning progress appeared to be the same
trend. Due to the smaller size of environment, computational
time, hash table size, and learning progress is less than test
bed 1°s situation. Both methods reach convergence at 200
episode approximately. Although our proposed method
learning progress seems to be fluctuated before converged,
computational time is only 41 seconds and 32 of hash table
size 1s spent while conventional method wastes 1.17 minute
and 48 hash table size to solve the problem.

VI. CONCLUSION

This paper proposes Asymmetry Regional Boundary
Localization (ARBL) designed to support indoor navigation
for mobile robot. Our proposal exploits the advantage of
area-based range-free localization with RSSI from WSN in
the field to locate mobile target and obstacles in the form of
asymmetry region. Asymmetry region is established from
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the intersection of each anchor’s boundary which oceurred
from estimated commumication radius with the finest
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Fig. 5. Learning progress graph of test bed 1. Y axis represents deltas of
Q-value. X axis represents episode.
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repeatability of reading RSSI in offline phase. For test bed
1, although the model is over-fitting, trained neural network
gives the classification performance of 71.9% to classify and
locate region with real-time RSSI fingerprint vector,
acquiring from mobile robot. However, for test bed 2,
hyper-parameter test is performed in advance to fix over-
fitting problem. Eventually, the model turns out to be good
with classification performance of 85.8%. ROC graphs show
the correspondence of both of the results. Finally, in
navigation estimation task, ARBL is applied to Q-learning
algorithm, comparing with conventional approach in
simulation. The result shows that our method outperforms in
case of computational time and memory resource reduction.
Also, in test bed 1, the proposed method’s learning progress
reaches convergence point with less episode than the other.
Due to the fact that the obstacle is considered as regional
area, the complexity of navigation problem is decreased.
Moreover, the complication of avoidance strategy when the
robot encounters emergency situation or gets stuck within
U-trap, is no longer required because the suitable path is
already planned. This method accomplishes in cost and high
computational resource reduction for the robot’s component.
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