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The most popular localization system in use today is the Global Positioning System
(GPS). It uses signal from satellites which cannot penetrate through walls and thus cannot be used
for indoor positioning. Since the indoor environment is described as Non-line-of-sight (NLOS),
we decide to use the received signal strength (RSS) from Wi-Fi and Bluetooth for indoor
localization. Both technologies are suitable for NLOS, inexpensive, and already employed for
indoor communication. This saves cost and time for installation. However, the direct use of RSS
value for position estimation can lead to large estimation error. We therefore apply the fingerprint
technique which is modified to reduce the data collection time.

The indoor localization using RSS with fingerprint technique consists of offline and
online parts. The former constructs a fingerprint map which is divided into subareas according to
the position of the access points (APs). The centroid of each subarea will be calculated. In the
online part, the measured RSS will be mapped to a subarea and the position will be estimated as
the centroid of that area.

From experiment, we find that the localization error can be reduced by choosing better
centroids and increasing the number of centroids. The increase of the number of centroids
naturally improves the precision. In particular, the cooperative use of Wi-Fi and Bluetooth, as
well as the weighted averaging of centroids with similar RSS are applied in the experiment. The

weighted averaging leads to the best result which reduces the estimation error by 21.92%.
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anuudyana Tasudaznuitoaziien Tnuadravauanarani'li isu Beacon, Anchor
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and Teerapakajorndet (2009) ¥4 Tagnia lmsszydumisdremanuuswesdyaa (RSS)
wdoalFTundhedeediatos 3 Tvua oA s adayaas (Received signal strength:
rsS) lfmmszezmaszninefagiihmnedy Tnusdiedadasd udnhszeemaii g
Tsznadumisas

~ A ' A I Jaa o a 1o @
Lﬂ’iﬁl\i‘lﬂi UUTAU (2555) ﬁﬂuﬂﬁ@ﬁlﬂu@ﬂﬂimﬂ@ﬂﬂﬂlfﬁ‘ﬁlﬂﬂ WHNAABDYNUING

']
A Aa A

° 1 X v 1 a 14 1 [ [

WsodanAeImsszysviia 3l lumsdammniimesvesszu 1w Taanuusdygu

4 @ J a a 1 1" o ] 1 4
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malulaginsaviaNeadu 15a1e (Wireless local area network: WLAN)
A A y A 9
Al-Ammar et al. (2014) ma Tu Tagin3 ouneosnu 1S a1on1uu1as§1u IEEE 802.11
I A o o . A v 9 ]
WunasgrunmrualiIanoa (Protocol) HAZN1359351 (Compatible) NMILFDUADYOY AN
omalunSevieosnu (LAN) (Mainetti, Patrono, & Sergi, 2014) Wi-Fi (Wireless fidelity) 91
o Y 1 9 o 1 dy Aa A 9 ]
inldegeneunclumsszydumisnelununila iiesnnanulaSounato 9 od1g
= 9 Y LA A @ C4 e A 2
Fanw laufSeunanues Wi-Fi fie 1i51A19n uazsesiugunsal Wi-Fi ihounnile
vy a & s s A s Ia A v A o '
Tag'lidesAanaseriauasvsosoraurinamim wagms 9w Wi-Fi lumsszydums
1o { = < { o
lisuiudealdluaamuindounil Line of sight (LOS) a8 Hauna TuTad Wi-Fi Nvianly
9
TumsszydmmisazionlFsmnums 1¥aesaniunssvesdynia (Received signal
strength indication: RSSI) W5 1z@mnsoasanuussvesdynnamIdanlde ssuy
o " Aqu = . L v A o o =) ] o
myszydunianlgma Tulad Wi-Fi 59u0035mMsIannuussdgaia (RSS) Ianuuuud
1 1] 2 A o 4
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Tunuu wisemslsauswnuma luTagou szgelnanuaaianaouanod 1ueaa 3-5
(AT (Al-Ammar et al., 2014) @23 1991 Wi-Fi 39U7U3F Time of arrival (ToA), Time
1 a 1 g [N~ PN
difference of arrival (TDoA), 41a% Angle of arrival (AoA) WU iatAmai ludluniley
4 1% o 4 @ @
ioannanusugouved Iniaiad (Time delay) tazanusudoulumsiayuanniznuves
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Al U)adiugNs (Bluetooth technology)
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A a2 Y 1 ‘a3 a 4
Hart (2004) Ug95 Ao ma TuTad 3mendsdoyaszninginsaiomnnsotinduuy
1 Y
93INN (Two-way communication) ﬁ?ﬂﬂﬁﬂ?%ﬂixﬁlxﬁ U (Short-range radio links)
3 A A ¥ A .
Lﬂumiﬁ@mmuumﬁ@ma"limaizazuﬂﬂa 139 Wireless personal area network (WPAN)
= d A 1 S ] A J 4 o 4 A
Futlumsreuasvedginsalaiuynna 1wy gayils AdUasa a1lns uazgUnsalnaniou o
I A o J U v o
1A (El-Bendary, 2018) 113) 1998 15119 9 1dswilenudadeanaslugiuuy Special
. d’ 9 o U a = é o td' td'
interest group (SIG) o lslumswaazduaTuma Tulagugys HaUgYsMNUNANLD
a ad o A ] = a ad 4 ] 3 ] [
2.4 NNZIBTAY (GHz) 130 1UH9 2.4 D9 2.480 NNZIFTAGULNDDN U 20-40 FOIT QYR 1904
~ = J . . . =2 A <
(Bluetooth SIG, 2016) 113) 1999 WM5IWELNT Bluetooth specification version 1 HINAINLTI
gagalumsaeTeudoya 1 wnziianedui 111l 2004 insweLNs Bluetooth specification
1 2 A [ <3
version 2.0 + EDR Tagigaiat Ao Enhanced data rate (EDR) @a1msdiuigennuiEaluns

1 9 =] a 1A )=} I Aa = =\ U
maTaumauyaqam 3 LiJﬂ%“]JG]GI’é)’JuW]ngﬂﬁ%llﬂuﬂufli]iﬂﬂ ﬂ 2009 UNITLINLLINT Bluetooth
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specification version 3.0 + HS %9 HS 69311910 High-speed mmﬁamﬂiawﬁ’ayaﬁ’aﬂmmm

a 1T A I o v .
24 wngdiaae i (HuwszlimsSudedoyauuy Alternative MAC/PHY (AMP)

wuReanuilFnugdnsal wi-Fi aeunludl 2010 1815ul5aTael4 115 Tanea (Protocol) #ill

o ° I = Y o o o
waaum lungns 4.0 15U Bluetooth low energy (BLE) 915 Igwasauauilu

v v

AUANHUZIAUVBIVGNT 4.0 1Az TAAIAUNNAIUMIALUAGUATN NTOONAINY 191

4 Id' v v Y @ A A o w Y 4
Q‘ﬂﬂﬁmﬁf]ll(lﬁ”ﬂﬁ"liJ"IiﬂTJﬂi’)@'li"lﬂ”limu‘ﬂﬂﬂﬁ?‘lﬂﬂlmg’N‘Viii’)i’)’ﬂﬂﬂ1a\1ﬂ1i]’lﬂ LLﬁ%Qﬂﬂﬁm

L= T
MaMsunng 1uau

M13199 2-1 maluTadugnsnesdu 1 594 (Bo, 2017)

Bluetooth 1.0

Bluetooth 2.0 + EDR

Bluetooth 3.0 + HS

Bluetooth 4.0

1998.10-2003.11
Base Rate

- 1 Mbps data rate

= V1.0 - Draft

- V1.0A - published
on 1999.7

- V1.0B Enhanced the
Interoperability

- V1.1 - IEEE
802.15.1

- V1.2 Enhanced the

compatibility

2004.11 —2007.7

Enhanced Data Rate

- Higher ordered modulation for
data

payload

- 2Mbps or 3Mbps

physical data rate

-V2.0

-V2.1

2009.4

HS Mode

- AMP
Alternative
MAC/PHY

- Implement high
data rate by using
802.11 protocols.
- Facing the
Challenge

from Wi-Fi

-V3.0

2010.6 —2014.12
Low Energy

- Facing the IoT
application

- Changed the
protocol

greatly, almost a new
technology

- V4.0

- V4.1

- V4.2

143 2016 Tiugys 5.0 PONUUNDIOITUTZUD Internet of things (IoT) I0E141]
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M131990 2-2 nlseuneuma Tulad Wi-Fi nuugnsnlglumsseydumis

Typical
Technology Accuracy[m] Coverage[m] Cost Complexity
Environment
Wi-Fi 1-10 20-50 Medium/Low Low Indoor/Outdoor
Bluetooth 1-10 1-30 Low Low Indoor/Outdoor

ANUNIIVOIE fWEU1M (Received signal strength: RSS)
ﬂ’J”IiJLLNGIJ’ENﬁI‘EIJu‘EIJﬂm (Liu et al., 2016; Lategahn, Muller, & Rohrig, 2013;

Cherntanomwong, & Suroso, 2011; Cheng, Wu, & Zhang, 2011) Ao izﬁﬂﬁ1ﬁﬂ1ﬂﬁ1ﬂlﬂﬂ

v

@ a . ] 4 v 1 4 v o Jd v o
doyanuingnasiiueimannglnsal 1¥aedadslldsgunsal 1§aeisy udrginsaidasy

a

[

o o o 2 A ] I an 4 e A Y1 [
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dBm) Msutaeruie91n mW i dBm awaunsi 2-1 QQiHQWH?%ﬂuﬂ$ﬂ1ﬂ1i'}ﬂﬂ1 RSS

% { v o @ a I 1
Mndyaei Aps uaazAdundl Inuadieds Iasez Hnilumioe dBm

Papm = 10log;o(Pnw/1mW) (2-1)

Pagm A0 A1a4 1 luniie dBm

P,w Ao mmad ludhlumiie mw
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ﬂ]‘i%ﬂﬂ’gwmﬂ K-means clustering
. I = a a It 1 . A A
K-means clustering L‘]JL!‘VILNclumﬂuﬂmi’smi”lzﬁﬂqu (Cluster analysis) ¥i791380
1 ¥ 1 a ' J 1 g o w ¥ . . .
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NN 2-1 VUADUNITULNNQULUY K-means clustering (Wikipedia, 2018)
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A A d d %
mainilane5USun (Fingerprint techniques) 11211/

a A 4 g 4 ] H 1 A [ [ Y]
MmanaNane T UNVIINUANMITNNAYTIILDUDILABLAULANAIINY DIT1UITD
° y A o ' YR o a 3 o A Y o oA A, o
nlfiveszymauvewnazauld sdyanuingniansuzindenu fe eshinsiam
o ! L . v v . =
ANVLIITYYIUITZHINQUNIAUAIT (Transmitter) 1AZYUNINUAITY (Receiver) THUTNIN
1 9 d‘d Y] ] =1 o a A 14 g 4 9 o 1
AN 9 92 1dA1 RSS Alanbauzuanaeny Jsansodumataflaunesdsun unldszydumis
< a A 4 2 4 1 [ % g
meluoasld Taen limaiiadlane s unazlapsaiunanail
U 4 1 £ o { .. . o
1. daueod Tl (Offline) ludiutlagsimifiFou (Training phase) #1921
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AIUIVGVD Cherntanomwong, and Suroso (2011)
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(Cherntanomwong, & Suroso, 2011)
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T A

TIeIVIA 1YY AD AKUIUDI APs
U 4 . o Y A o v @ [
2. daueou lail (Online) azihmihszydumiswesiagihvuieg Tasmsian

v v W Y

ANMULTIFYYIUTZNIN APs uaazaanuIagvune udnhaanussdyananla

o A 14 g 4 9 a { o Y o
TuSeufeunuurunilaneidsun ududenuinanidnsuzanuussdyaialndny

A s X I < o ] o
uwuddanesUsuingailudumisesiaguimne

A @ ] A o o o Ag ' [
AT NN 2-3 maawgm%’eyja I@]‘(’J“I/I n ﬁﬂ TUIUMNUARUINNUAANULIIVDIT Y U1

A o = 9
UaE m A9 IUIU APs nlHau

duvisvesiaglvung ANUUIITYAYIUYDI APs LADZA?
(xl, yl) F]_ S RSSl, RSSZ, ...,RSSm
(xz, yZ) FZ = RSSl, RSSZ, ,RSSm
(X Vo) F, = RSS,,RSS,, ..., RSS,,

Aa A d iy d T o s Y
mﬂuﬂ‘Nam@iﬂ%umm‘lﬂu‘n1mimmlﬂyn
madiaflunefsuiuuun llfesueluiaveneunthiieg 1$nar ludu
povl ladilorAudoyameluiiuiineudrauiu aeandaliauisoued Liv etal. (2016) Ao

[ a’y P 4 2 I o ] X o
aananluaiueei lariild TasmsadumuniaunosUsunandumuaves APs #9929
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ﬂﬁlﬁ’t)ﬂalﬂf APs INg9UNEIU 12111989 APs Niaeninads 1l uuwunlanasdsun
¥ v 9

[l < { @ a A s 2 J o
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=S =S 4 tﬂy
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1. arveonlay duvuaoumsadnurnunianesidsus
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1.1 @onl¥ APs 31U 4 A291NNINUA 7 A2 1ANTUNNE MUV APs
Y 2’_, 1 =& 1 A A 9 [ o A o 1 g ~
1.2 a1 UAIRINLLINATITZHIN APs aon 1¥uaazad NeinFHLINUN

I 3 A 9 9 g‘z 1 [ ~
paniluiungos 9 TaslymaInduaInINTEHINNANUDIYA 2 A (AININN 2-3)

] Y 1
FIANIDMMINUFUAININTENINNAWUDIA (a5, by) N (a,,by) TRaINAUMTN (2-7)

v Y
NN 2-3 ﬂ”lia”Iﬂlfgfluﬁx‘m”lﬂizﬂﬁﬁﬂa”lﬂell’f)\ii].ﬂﬁﬂﬂil.ﬂ

ANMINIPANINANTZINYA (a3, by) N (ay,by)

_(ayta; bp + b2> (2-2)
(Xl' Y1) - ( 2 ) 2
TaslinMuFu Ao m
m = bz - bl (2_3)
a, —a,

) Y Y
1NN HeduasiaeuduainInnu 1d1nNUFUVD U UATINITDIILININY -1
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N mmy; = —1 (2-4)
b, —b
( 2 1) m, = —1
d — A1
N E: _ (3= _
wld m, = (_bz—b1) (2-5)

= Y Y 2 & 1
MINAUMIN (2-6) 1Az (2-7) 3¢ IdauMIIduATINAININ 1AZEYNINA1ITZNINYA
F4
(a;,by) N (ay,b,) Al
MIAUMSFUATY  y=mx+c (2-6)

y—y1= my(X—Xq)

iy = — (B2 (x — 2] 4 (ate) o

b,—b, 2 2

o ] ¢ K Ao Aa s ¢ A qu
1.3 AU UUBUNTDYAUVDINUNYDY 9 GluquWW‘lﬂLﬂ@iﬂ%u‘Vl L“Wf]ﬁl“b'
o 1 1] X o ] 3 o 1
GluﬂTﬂJi%MWﬂ!GHLLWUQGUfN'NIQLﬂWﬁiﬂﬂ %Qﬁ?ﬂ?ﬁﬂﬂWﬂﬂlﬂuﬁﬂJ@\i!,Glfu‘Vlﬁ’é)ElﬂIﬂElﬂWiLLWUﬂW
o | dy dl d‘ A % 1
AU UIVDIYY lLﬁ%ﬂluW@ﬂl@ﬁWH‘ﬂiuﬁNﬂWiﬂ (2-13) uag (2-14) Iﬂﬂialll A9 IAAATSHIN
v v v = A A ¥ d‘
Lﬁ'u@]iﬁﬁ'@ﬁLﬁUﬁ1M1§ﬂﬂ1ulﬂﬂ1ﬂﬁllﬂ1ﬁﬂ (2-11) l,!,ﬁ$muW@ﬂlﬂﬂWUﬂﬂWUl@%WﬂﬁMﬂWiﬂ (2-12)

I o

9 @ o [ ] =) dy
AUMITANHIUNAUAR UUBUNTDYANAIUY

MINIARATOUTUATITOUTY

AUMSIFUATIN 15 1y, = myxq + ¢4 (2-8)
AUMIIFUATIN 2; y, = myx, + ¢y (2-9)
1ilo Y1 =Y 08Xy =Xy ;mMyX+ ¢ = mMyXx+C, (2-10)

12 Iddumisuesgada (x, y) Asaums 2-11)

C2—C (CZ_C1> )
X=———y=my|———|+c -
( m; —m, Y 1 m; —m, 1 @-11)
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& 4 dl
ﬂ'liﬁ']WHVl‘ll’é]\igﬂﬁa'lﬂlﬁﬁﬂll

n-1
1 (2-12)
A= > Z (Xi¥ir1 — Xi+1Yi)
=0
< 4
ﬂ’liﬁ’mqﬂl“]fuﬂiﬂﬂﬂ
1 n-1
Cx = aZ(Xi + Xit1) XiVis1 — Xi41Yi) (2-13)
i=0
1 n—-1
Gy = i Z (yi + ¥is1) KiYie1 — Xis1Vi) (2-14)
i=0

A & =
A fD ﬂjmﬂwummgﬂwmﬂmaﬂu
A Ao A . A o Y Y
(%;, yi) ND NAAVBIYUN 1 mmgﬂwmﬂmaﬂu (ﬂﬂ@]ﬂﬂlﬂﬁlﬁuﬂiﬂﬁﬂﬂ!ﬁu)
A o A
nfo ﬂWN?HMNﬂJﬂQEﬂﬁﬁWﬂLﬁﬁﬂM
A a o < 4
Cy A0 WA x VOIYALFUNTDYA

a o < 4
Cy ﬁﬂ NNA y VOIYALEUNTDYA

4127

@

A @ 1 Aa s 2 Ay ¥ A A .
NMNN 2-4 ﬁ'JﬂfJNLLWL!‘VW\I\?Lﬂﬂiﬂ%uﬂﬂqﬂ%'lﬂﬂ'ﬁmﬂﬂ AP N 124 ua2 7 (Liu etal., 2016)



13

~ o A ¢ (R oAy v A A X
NINN 2-5 C‘]'Jf)EJNLLWUVW‘I\?Lﬂ'ﬁ]i‘]ﬁ'l‘mﬂ"lﬂ%']ﬂﬂ'ﬁmﬂﬂ AP N 135 uag 7 (Liu et al., 2016)

U J g [ o @ {
2. daueoulanl Huiduasumsdan RsS udni lhSoufeunuwui
a 4 g o’ Y U d v g’/ A A Y 9 dy A o ] o
Hunesdsuinadwnndiueo lmissiuneunesue ineunthil iveridmmisvesiag
1 = ao . U o =\ g [ dy
ihwanede 1) #39109u3569049 Liu et al. (2016) Tuaruesu laiazlivuaoudsil
2.1 damanuusidaanuszna APs uaagdanuiagihvug
o 1 A 913'1 v o = o w 9
2.2 ihmanuusei ldnaua 7 sunhimsiSesdinoanilosgaliuinga
AMuAIAY
2.3 101 APs 1agAIANULTIFQANAUUITINTIANGUAIYTD K-means clustering
U 4 NGU
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