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ABSTRACT

Currently, Bluetooth low energy (BLE) beacons are widely used for
positioning, especially an indoor environment. However, there is still high error due
to dense multipath fading that often occurs in the indoor environment. This thesis
analysis the accuracy of indoor positioning using fingerprinting technique with BLE
beacons. The indoor environment is the room of 91.8 square meter with 3 BLE
beacons. The user equipment (UE), iPhone XS Max, with Beacon Analyzer application
is used to measure the received signal strength (RSS) of each BLE beacon.
Fingerprinting technique with least root mean square (RMS) error matching is used to
estimate the position of UE. The accuracy that obtained from single measurement
and average five measurements are studied. The RSS fingerprint of each BLE beacon
is shown. The probability density function (PDF) and cumulative distribution function
(CDF) of distance error are evaluated and illustrated. From the results, the average
five measurements can reduce the average distance error about 0.9 meter compared

to from single measurement.
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annzundounelue1nsilddmunisusundaduiies T-314 44 3 81a73

AAIPIANTTUINTANUIAL AMYIAINTTUAANT an1TUNALLLaENITZAUNANAIRUNNIT

[

a19N58U9 12989UIANI19 9.0 m 817 10.2 m TWUN 91.8 AN510UAT bABUIALMUIIUNTT
FAGNULUININIIUA 15 AU AIULUISIININNA 17 HILNUS LaeNTeeEr9vaILnay

AU UININAZ L8 TY 0.6 m AundsnansaIalaiyavun 168 daunus lald

| | '
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Upou BLE vienua 3 67 lagifaf 1 Anegiindauaiaudigvaios AN 2 Ansginiaan
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ATUYIVBINBY WaLsIN 3 Anegfnienunderavies lnevia 3 FaRnfeginINEs 1.8 m
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nAuRes gUunsalvesly (User Equipment: UE) 10U iPhone Ju XS Max TdluUsunsu
Beacon Analyzer 1AL UNE Y Y 1uN1ATU (Received Signal Strength: RSS) 993UABY

BLE wxuiisvesviosilddmsumsmiunianiglueinislananslilugun 3.1

=

3.3 ANgUUD

' (%

Tuiilaeiiafewneds Rss 75aldTludasiumis Fafide PE, lgfienalSluund 2
Tuineninusatuillesn 2 nsdl nsdiusnin RSS vesusartaeu BLE Musagiuninsauien
wdwinduaeiafiedwsuifvlugiutoyauasdmsunaaeuniumisues UE ndifiaesin
RSS wotumazdnou BLE Audavsunissnnu 5 ads ﬁﬁa;ﬂaﬁlé’mmﬁﬂLaﬁaﬁauLLﬁaﬁqﬁw

Juanethedmsuiulugudeyauazdmsunaaeumsunises UE

3.4 AMHANAINSZYZNNG

NTIATIZYANNLINgIRERA TN uENYIAHANAIATE BN F9lARINN1TIUE
WARANAIN RMS 551319 RSS fidalaluvaesvinisussanasmsiunis P* fu RSS fvindu
Qy = =3 ¥ k ¥ a o [ 1
aneihileinulilugmudeya P Awandiluaunis (2.1) uagussanumiidasiumives UE
(ier Jo) tWusumsnfidn@anann RMS doaandauandluaunis (2.2) nd1a1ntuaIummie
AANAIATEEENIINLLININ E, UazAdanainszeenenuwien E, lngldauns (2.3)

WAz (2.8) AUEIAU wazlunaugaYne ARnnaInssaznlalagldaunis (2.5)
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3.5 unagu
MMsIATIEANLLLugveImsIAwdingTunasiawUansiiasizvieandu 2
nsdl Aensdlinfiudasiuniinfuien uaznsanisinfiudazdunissiviuiiadud,
iy 1uLwiaxﬂiaj%uLLiﬂ%Lﬁug’m%’agamaﬁaﬁaﬁLLﬁiasﬁﬂLmﬁwmﬁﬂau BLE w#l
Az AeunfansanARnnaInsEeEusaysut wdnusniletFuaumuILiuAIy
119wy (Probability Density Function: PDF) wagfleaidunisuanuasgyas (Cumulative

Distribution Function: CDF) U94AMRANANNSLELNIe F9LALAAINAT LA I luunga bU
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NANTSILATIZAAITHLLUEN

o

4.1 Unun
Tuunilalananan1saATIZRANNLLLg Fakuanisiasizieanidy 2 nsdl Aensdl
MNTIANLAAZAILAUIASIAYT BAZATUYININITIANLAAZATLAUIINUIUTIASILAILNL DAL

=

fu Tunsagnsdllananinaaisiinio AMRANAIATEEENITILARLAILALL LAZAIRANATA
syeynadedda Fenansulumenvesileandunnunuintuauu1azidy (Probability
Density Function: PDF) wariantun1sLanuasazan (Cumulative Distribution Function:

CDF) YOIANNANAINTZEZN

sUN 4.1 anetiadevasdneu BLE 671 1 Tunsdlinasuien

4.2 an8iaie

a

sUN 4.1 89 4.3 wansaneiiaiioduduaududyyiunasu (Received Signal
Strength: RSS) ﬂJ@Qﬁﬁ@UUQﬁQﬁWﬁN’mﬁ;’] (Bluetooth Low Energy: BLE) Fadl 1,2 uaz 3 u
nsditandafoanugiiu dauaneiiafiedadu RSS vesdinou BLE ¢t 1, 2 war 3 lunsdida
sadsnadeiulduandlilugud 4.4 89 4.6 muddu Aiadevesansihfedildannsdia

ASARefUNsaRTASnasAulalnalAssiu Tnedandu -79.44 dBm Waz -79.51 dBm
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Aa1su widuleLuuNInsgIuvetatstialienlaainnsalinasufedlAuinndnnlaein

AsaTaTIASILRAAUY 1.29 dB Failady 7.25 dB waz 5.96 dB anudsy

sU# 4.2 aneihilovesineu BLE f 2 Tunsdiinasuied

I 50
|
145

10
15
40
B
90
9%

sU 4.3 aneihilovesdaeu BLE 61 3 Tunsdlinasufen




sUN 4.4 aeihilavesdaou BLE ¢l 1 lunsalinviassuniadeny

sUN 4.5 aveihilevesdaeu BLE ¢l 2 Tunsalinviaseuiadeny
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ound1 dufeanunsaanuansEnuYeINIsIneaIeianiinegrsiuniunsluennisle
siflermniargninunfudugudeyaifielddmiviuduisudoutuansiniefitald
Lﬁaﬂszmmmﬁ%mmqﬂﬂﬁajsuaw}fl%’ (User Equipment: UE) kagmARanaInszesnied

WAATUINNNTIANG 2 ASaluUTauigunu

0

JUN 4.7 ARANAInSEEENURLININTusags Ui sl inAT R,
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4.3 ARANAINSTEZNSTINAa AU
Ttadl@insziminanainssarmaiusazsums Inevanetauvesurassusld

LLam”Lﬁugﬂ‘ﬁ' 3.1 gﬂﬁ 4.7 WARSANAANAINSE BT NIANLLLINA T uAas A ansalTnass

WEn ARANEINTEEENINENRLINTITAINNEAWNAY 8.4 m Fsunisdl 4 (USnaduuy

YYD ILHUN DY)

0

sUN 4.9 AenanszeymafusavsumiansalinaTafen
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5U7 4.8 LanAIiANAINTEEEN 1M LRUIEINLAasALLan el InATuAYd A7
HANAINTEHENNANLLLILITANINGAWINAU 7.8 m Tidnidan 119 (UShmuaadngves
WHUAATR9) UargUR 4.9 uansrRanaInsrEznsiLdarAunIalinATusel ARanaIn

FEENAANINAAVIINIY 9 m NFUNUITN 135 (USHAUAUANTIEVDILNUR D)

0

0

SUN 4.11  ARANEIATEEEN NATNLIEITILAa LN SElTRvIA S e iy
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SUT 4.10 UansAHANAIATEEENINmULLININLsagi LN saliniaswady

il ATRANAIATLEENIMINLUINTNAANNINAAWNAY 8.4 m AFMUIN 149 (USHaunua

v Y

FUVDILNURITDY) SUN 4.11 WAAIATRANAIATEHLNIIANULUIYIINLAAZALAUINTU TN

U

I a =

ATIRAEAY ATRANAINTEEEN1AINLWIENTAWINGAMAY 8.4 m Aiunrian 148

(USAUAUANTIVDIUAUIITDY) UazFUR 4.12 uansmlananseeeneiidagiumlnsal

[

Toaseuaieny Arlanatnszern1ada1Ingamindy 10.62 m Ad1unian 9 (USian
AUUUEEUBIRNURIRY) AnaTlanaualamsaagulainafianainssesnisanngedl

wwiliufiog isumisunayulaguniwewnuisies Weswinduuinuiegnanndaey

BLE ¥4 3 i

0

UM 4.12  aflananasyeznsitudazsuvuensalininasenafeiu

4.4 AMNANAINTLILTNLYIEDR
Aiawanszezmadsainoziionsanlumenyes PDF uay CDF U7 4.13 uag 4.14

LARY PDF hag CDF 994AIRNANANASEENI9AILLUININNNSIInASIReSsugununsal

[y

TAMATIUNRAYAUMUSNU ANLRALVDIATRANAIATLELNINANUBUINI NN IAATLALILAY

v oAl

nsaldarnAsuedsfuilandu 2.00 m waz 1.30 m A1UaIeU wagh CDF WAy 0.5 AN
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[
v a1 &

RANAIATLHLNINIULUININNTINASUAYILALNTUAIRAYNITIANIASIHAWTY 1.20 m

kaz 0.60 m ANUANU

0 1 2 3 4 5 6 7 8 9 10
Distance error along wide side (m) from single measurement

0 1 2 3 4 5 6 7
Distance error along wide side (m) from average five measurements

©
©

10

5U# 4.13 PDF Y03AHANA1AT2EEN1ANNLLLININ

——Single measurement
""" Average five measurements

01§ -

Distance error along wide side (m)

5UN 4.14  CDF ¥83AHANa I8N en LN
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PDF way CDF 989ARANAINTEELNIAILLLIENINTIINASIReUS UM UAUN T
TavnaTaeieiunandugun 4.15 uag 4.16 MUAWU A1LLREYBIAINANAIATEEEN1NY
a o 3 a =K v gj d' v a1 < o o
LUIYNINSINASUAYILALNTUIANIATINRRSAULAIY 2.33 M hay 1.94 m ANUaINU
WALy CDF INAU 0.5 ARANAINTLELNIANULUIEINTN INASLALILATNTUAILARYNITIN

MASAdu 1.80 m 1Az 1.20 m AuUaIsU

0.4 T T T T T T T T T T T

0 1 2 3 4 5 6 7 8 9 10
Distance error along long side (m) from single measurement

0 1 2 3 4 5 6 7 8 9 10
Distance error along long side (m) from average five measurements

5UN 4.15 PDF 903AHANAINTZ8LNNANULLIY T

——Single measurement
""" Average five measurements

Distance error along long side (m)

E‘U‘ﬁ 4.16 CDF 999R HANAIATZYENINANULLILT
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'gﬂﬁ 4.17 uay 4.18 uans PDF uaz CDF vasAfinnanszosmslunsainasafien
Wisuiisuiunsaiiaiadanaasiu mnnaildasiulainnsdanadsmsinradaianig
wiugnnniinsaiinaduien Tnefidnadeesmfianainssoymdunsdinadufouaznsdl
Aadenisiaiadaiiandu 3.45 m wag 2.59 m AuddU wazi COF iafu 0.5 (A1
fsug) afanaaszezmslunsdliaasafsuaznsdanadonsiaiadaiiandu 3.06 m

waY 2.16 m ANUANU

0.4 T T T T T T T T T T

03 -1

0 1 2 3 4 5 6 7 8 9 10
Distance error (m) from single measurement

0 1 2 3 4 5 6 7 8 9 10
Distance error (m) from average five measurements

UM 4.17 PDF Y03ffanaInseeenia

——Single measurement
""" Average five measurements

15

Distance error (m)

35U 4.18  CDF vasmliananaseeng
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4.5 uneju

Tuuniladwsigrianusiug1vaanisninienuanieluainisaiedanou BLE laala
AATIZAANUBUUENFNNAITINASUREILALANRAYNITIATIAS LA UL WS s U B UAY

nuanleaziiulsnlunsaininrmassuadsfuilvinisiuasunlasuessaiediilentssnin

o A A a !

PUABAINITOAANANTTNUVBINITINNEUANE3 DA 19U LUN18TUDIAISIA AN

Aanannszegvnanngaduvunliuiiegidunisusnayulayuniwewnuisies iosnduy

9 9

'
2 b4

U%nmﬁa%imqmnﬁmau BLE 919 3 7 ALRAYNISIANIASIAIUISOAAAIAIIURANAN

%

srugnedslaussunn 0.86 m luvaueNAlse g uvaIAItaNaInTsuENIanasU UM

0.90 m waguiunTInASLALL
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5.1 d@5UNan133e

Inendnutatuileinseinnuudugvesnisnmumdaniglueimsingldinaia
nsfiuiansfiafiesauiudasuugysndsus (Bluetooth Low Energy: BLE) F3utisnns
ipsreieenidu 2 nsdl AensalviinisIaTiuAazd s udes uaznsaviinsTnfiudas
IR IRE AR Ot AYer AT OOy AP TRYD Tt

TnnIsiaszsianeiafiedilaaindaeu BLE AindsuardrundesuuninsgIuved
aeinieildanuraznsailduandilunsisd 5.1 Fsesdiuldndaasesansiilofildan

nsaldnasafedunstiinrinsauaaenuid1tnatfesiu wadudeauuuInsgIuYed

aethtlenlaannsaiaesfendiniuinadnlaannsainiesasnueg 1wl TaL

i ' '
(% v | I v A

ASMNIRIASIULadsdulv9n1 A URUaYe9a18 RN UseN3N HUABEINISNAR

NANIENUVBINTN I ENAIINANRBE I LILHLA8Tue1ASla

A15799 5.1 AledguardnletuuinnIgIuYIRIeiage

ASMINAS AL NSMINMNASIU AR NU
ALRaY -79.44 dBm -79.51 dBm
diudsuuanggy 7.25 dB 5.96 dB

ANNTAATIEVANRANAIATLELNTNLABLALNAUY NIaDINTRALTWUILUARANAN

wnanagfidurisusnayulayuvilavewnuisies ieswndudunisieginasniaeu

[} !

BLE 919 3 3 Fsanansaaguladn ushaiegvieaindneunsasiiuinazduwildusinlviie

Y
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IINNITIATIFAIRANAIN ST EEATED R Beldiasrzilumnenvesiladduniny
nuwduAUL19z 9y (Probability Density Function: PDF) wagiflendun1suanuasayay
(Cumulative Distribution Function: CDF) wefiianainszene AadeuaAssegIuLed
Afiawannszeznslauansilunsiedt 5.2 anuaildasdiuldndedonisiniasiaise
anAIALRANA NSz eENRAsliUTEIA 0.86 m TurugfidsegiuvesAianain
svazmsanatlszana 0.90 m daisufunisinaduion Fauandiifiuiinisianaisnss
wasihendilduedefuanunsadiinanuudugivesnmsmsundsniglueinshé Wesandu

NNSANKNANTENUYBINITANERANLIANNAuEN1IzIRa a8 TuBIATAY

M13197 5.2 ANESLAZAINSEFILYBIAIRNANAINTEEEN N

NTINASILALD NSAIAMNIATINLRA Y
ALRAY 345 m 259 m
GRIGTRRD 3.06 m 2.16 m

5.2  UalaUduULLUINIINITARAIUIIUIRY
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19 U A a
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walugvaInIsmITIwLinglueIas Larandundeiasizsaly Wiy 1uudasu BLE
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