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BENJARAT PANUROJ : AN IMPLEMENTATION OF STUDENT TRACKING AND AREA
USAGE ANALYSIS BASE ON BLUETOOTH LOW ENERGY. ADVISOR : DRCHATCHAI
WANNABOON, 46 PP.

This thesis presents student tracking and area usage analysis using Bluetooth
low energy (BLE) technology. Embedded BLE access points have been installed in 7
different locations in Thai-Nichi Institute Technology. The student movement behavior is
investigated through 15 volunteers with a compact of tracking device. Data collection
has been achieved during November and December of 2022 in a real case situation. The
student behavior, i.e., frequency, number of visitors, and movement trajectories, has
been revealed by data collections and analytics from each access point. According to
the results of the study, students were found to be in the E building the most
throughout the data collection period, representing 111 times that the device was
detected. Including spreading during the day as well If it is afternoon, students will
spread around Building B. In the morning and evening will be located in Building D. This
study offers a potential reference of area usage planning and facility development for

other academic areas.
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Funuiigesng
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VOB uaTUINNLIVD

Tuunilasihauengef iinetesiussuuinmunindauniegluainsinenisussens
Tdugnsndsausn wazn1smumnssanssy Hivelavinisdnyienals nguf wazanwidy
i A o A A Y Ao &
#1499 MAetes Inenguiineitosinaseluil
aa A 1%
2.1 NQuiieIted

2.2 NNTNUNMIUITIUNTTU

ad o v
2.1 Vli]‘l‘ﬂ{]‘i/lLﬂEl'J’Ua\'l

2.1.1 ugysWAINUI (Bluetooth Low Energy : BLE) [1][2]

UgyeNasIWin (Bluetooth Low Energy) %38 BLE auvanuaIgunsel BLE
selindsnuiasung uvtgunsaisulseivinansneglsnomiemu 1 U lagldndsauann
1 = 14 a = = AN Yo [ Y o o X 1 A
dunszauisdnouned Fadumaluladugysilasunisusuusiiviuadevulugeriniuan
wazhaundamdu BLE losumsiladiluvanggaavingsy WU N1SaRagunIn ssuusn¥IAY
Yaendunelutnu mssheirnulasnde nsAvan MsIanu nslewan wavaus Wewlay

fuvguskuuAanadnua ansnsaldnulavanvangguuuu degradu Wslnaealfany BLE

LU

v

Haelvigunsaifiegindifes BLE anunsndeansrivauivilih unuin vise Smartwatch tiasentd
ilaidunmsvinnuluieundiedu degradu WedenviseUandenUseglaeltaunsviviu nsaeu
masuvenlalagly Smartwatch W3efnmusengyme WU wensulandlag

Twaausnlnlu

ALLANANTEINN Bluetooth Classic wag Bluetooth Low Energy (BLE)

Bluetooth Wy BLE gnlfifleTnguszasdiiunnsinefiumnn ugysannsadanis
doyadruunnnld wirAuFomdmuuunseilfesnimng wardaldaodiunnty BLE
Husnmadonmildmiumsldmuilisnduiouanuisudeyaduinunn dafufsaunso
Tw§snumnuunneslsuumanelisnedunuiignnii BLE 4.0 Wususuusnvemmanalul) 2554
Aase BLE 4.1 Tl 2013 uag BLE 4.2l 2014 Tl BLE 4.2 Tnsmssudetoyagean 1 Mbps
nazldaies 0.01 7305 Sandadundslumuvesnnuisives Bluetooth Classic wagld

NAIUNLIAT I



a5t 2.1 MsiFeuLisusening Bluetooth Classic U Bluetooth Low Enerey (BLE)

Bluetooth Low Energy

Joyaszningunsalaes

Uszugd 100 ms

YOUATUNIE Bluetooth Classic
’ (BLE)
wseve/Inlnlad N3N Star Bus
NSNS N i (Taandn 30mA) Very Low (#a8n31 15 mA)
A5 700 Kbps 1 Mbps
Wefe <30 m 50 tn3 (150 wnslujalas)
AALALRINY 2400 MHz 2400 MHz
79 499970 2.400 GHz A3 40 93970 2402 MHz 99
F9AUD 2.4835 GHz Wagdlsgezhny | 2480 MHz (Saun75laiwad
551319 1 MHz 3 Yeauazyestoya 37 ¥o9)
“ GFSK (frilnsnogiadu %
n15UsU GFSK (Awun1suaaLan 0.5)
0.35), TT/4 DQPSK, 8DPSK i
Aanuailunisanelou

Ysgunad 3 ms

13

NIILNINTZAE FHSS (%99 1MHz) FHSS (vosdgyey1ad 2MHz)
Hudser TDMA TDMA

wuntanu (bud) 358 (g9gn) 8 fi1 47

8 Un CRC (d7u), 16 Un

N13935293U/uN 1 R
A CRC, 2/3 FEC (Payload), 24 Um CRC, ACKs
UYORANAIN
ACKs
i K 128 U9 AES, Lalwas
. 64b/128b LalgDILDNNALA i _
AuUansY . ) wdnnaLATUNAUALAE
Fuinfivualagld :
AL
’ 3 0.7 8921 Mbps 0.7to 2.1 |
USuaunIs e wowuni1 0.3 Mbps
Mbps
mMs\deusiogunsal 7 L3




glonsuidisuiumaluladugysuuunaadnudd mealuladugynsndsnusiign
ponuuLIfienusziumsieasfimieutuluvaziannslindsnu uazailissasesie
1 Wesnnslindsnuidsinlflugunsalanaldfivenvans uavgunsal IoT uupmeta
anunsaldaulduuvaneieudunamanst Svunadndlddee wasdiuldsulnsdm o
fio uituidn uazreufiamesideguniian [3]

Bluetooth Low Energy %38 BLE UanaNALaninIanunsusendamasinuy
ué gUnsal BLE  Seansnsaibensialdlisnindnudnde (Fuugysrana@ndiianisideusio
qqqmﬁ 7 gunsnd) UgnsIU 4.0 fivhamuuuy BLE Sudildinaia Frequency-Hopping Spread
Spectrum (FHSS) uigssfinnnuanunsalunssudeeyagsanlii 1 Mbps (amansnsawiniy
Basic Rate 84 31 1.0 uaUsgndanasnuunnndi) winnuanansanunsivdstayawuu BLE dg
iigaunnidn winunwedmsugunsalvaneUszom Wy aunsalfnauniseentindsne (Fitness

Tracker) visegunsal loT 3wibiingunsalugysivls atulusaaegening [4]

wWiguiigumaluladugyondanusi wazmalulagaus (5]

M919% 2.2 Wisuiigumalulad RF #unisifinosnige

Location Power
Range Latency Cost Frequencies Data Rate
Accuracy Consumption
Low Energy
Medium to Low
Bluetooth Beacon 10-100m Low Low 2.4GHz Up to 2 Mbps
High (100ms+)
(BLE Beacon)
Low Medium to Upto 1.3
WiFi Beacon High 30-100m High 2.4GHz/5GHz
(100ms+) High Gbps
Low Low to 2.4GHz/868 Up to 250
Zigbee Beacon Medium 10-100m Low
(100ms+) Medium MHz/915MHz kbps
125kHz/13.56M
Low to Up to 640
RFID Beacon Low Up to 100m Low (ms) Low Hz/433MHz/
Medium kbps
900MHz
Medium to 433MHz/868
Lora Beacon Up to 15km High(seconds) Very Low Low to High Up to 50 kbps
High MHz/915MHz
Low to Low to Up to 424
NFC beacon <20 cm Low (ms) Very Low 13.56MHz
Medium Medium kbps
LTE beacon High Up to 30km Medium (ms) High High Various Up to 1 Gbps

peaLiuluM13199199U BLE fidafralsusenas

1. BLE Beacon 19 24 g1upnadinudsed fadueurnnannldiues 1 unsvians

dmSunsaeansisane



fszezilnanii NFC wag RFID waslondsnutosninUaneu Wi-Fi wag LTE

N o 1% =

WanUeyaniandt Zigbee uwaz NFC  vitlimunzdmSumsldaun

Ce

2.
3.

fosmsnsdneleudeyanng iy

4. aflddrelumsfinga BLE Husiind WiFi waz LoRa shliitlegduiiusendn
dvdunsldaudnnaunn.,

dmsuTrouiildinalulad RF 89 5aediuin WIF Sannausiugvassiumia
uazszargs winuligeuasilsnmung Zigiee dmmmiasuns uaznsliwdanus usfidisuay
Snsrdieyaiidnin RFD Semmsusiugivewiuvmish uwiiisimgnuasiiszeslng Lora visdryaa
filnauaglindsnus uilisnsdoyasm NFC Seuusiugivesiumisasssasdiadsuiunang
usisismgnannuaglindsnus LTE danuusiugivasiuwmiauayszorgs uiilsaunauaziv

Iwlas

2.1.2 Raspberry Pi W Zero [6]

Raspberry Pi W Zero 1Hugunsaifiussndandaau wazilsaiign 5l4ay
SoC 911 Broadcom we$ BCM2835 Tnewdudivuesifientuiléluvesn Raspberry Pi lesduusn
Fruesailusy 512 MB Hatludu SoC wwdeunsideusis WiFi (2.4 GHz IEEE 802.11b/g/n uas
Ugys 4.2 970 Cypress a5 CYWA43438

dulsEnNauTeIURsA Raspberry Pi W Zero

1. USB On-the-Go (USB-OTG) vesiidoadiurannsiduldine USB Host waw
USB Slave & Tagwnnlaidu USB Slave anansaldans MicroUsB ideulsas uavinldluluum
USB Host (siawnd/Aduase/unatlasi)

2. Power Fesdwiudnglidediiiuuesn Raspberry Pi Zero W flusesiu
Tl 5v/2A

3. 90udBU MicroSD Card Losnniuesalifidlailfifudoyald daiy
MsAnse 05 Msuiulwdane afiuuu MicrosD Card

4. %93 Mini HOMI utesdmiusnotnuanina Huwesn HOMI issanuasa
nesnseenuwuulidawaan I9kdWanuu Mini HDMI uaaildeuase ssnmaulvgldaes
HDMI awiaUn@ wndesnislideussluaeld faddwautas Mini HOMI to HOMI iy

5. 989 GPIO  {llildavan 40 91 wladu GPIO 1wy 28 Pos uazdesde
IlAessuau 12 909 ffuwnieniuuiendu Raspberry Pi fudus vilild HAT nodunsield

6. Yesalugandas lnvagldderiulugandesues Raspberry Pi lalviniu



2.1.3 Beacon
Beacon e s15AuasTuENg ianusases Fouayauludnuarvesugys wae
doanstoyalagld yadeyamsnes vise diav (7]
nsvinuvesdineu fie MsuuarUassduanasiiy Bluetooth W&smsn BLE
(Bluetooth Low Energy) lsgeizadyay1ougaiia 100-200 Lains Lﬁﬂﬁﬁﬂﬁ%@jﬁﬂﬂ'ﬁ@@ﬂ&%
gunsalvesusazliiuinns auanansarusesstuuneufonslsideya sumisszerlndd

v a

waiugINdT GPS Jeyaan1neInIAkasEAUvekENaINUTINTIY Felutagtuiiaunsalineugn

NEnTumInIng deanihanlgaugluiunisiimu Mobile Apps 1ne Beacon loT awidush

Uaoedwyeyras Turaizi Mobile Apps aggnitmwlmdusiasudeyao (8]

Beacons Ausguuihmsnielueiang [9]

5t Beacons anldfuszuutimsneluenens @llaiwusniigare Beacon
way Eddystone) Jsfidertunnsnatiudnsulnssnsidesntsiluldeu neezsesdinnuuliue
QQLLangaﬂmii?ﬂ@ﬂﬂiiﬁLﬂ%@ﬂﬁﬂﬁ@@’]mﬁ’w AO899 1T @000 INIUTEUUEIN
meluorasdmsuglasansanemstulpelduennainduisunanviesy warilnnuusiuggean
29 111m5 N15ARAILAIE Beacon  VBAETNIRTdmSUYARAYISOAUAT a11150VN9UsUAY
gunsal si19e) lel 1w Infinity Locator Node, Cisco, Aruba \Jusiu

ileld Beacons Tunsvausiufuszuutmmaneluenans azvinlvaansald
muizwﬁﬂmﬂugﬂLLU‘tJmiamc??q%"gmn Wy dmsun1sdniivgsanis waslunsujiRnuuen
anufild Mafinds Beacons 1uidesiie uasiiemnudamgugs aunsaUFunAns uassiumis
miaﬂﬁy’ﬂﬁmugﬂquﬁuﬁﬁmuﬁa uenanimelulad Bluetooth Low Enerey (BLE) 8atiae
Wanansaldemuuunsesliuund 2 §e 8 U lglidedduvasdnglnanmeuen wa Beacons
Sranunsadeusietuuasinglvieldunassnelnainuadld Paper Thin Beacons wazuunimes
PNAUINEAUNURAReTIRBINTUSEVERNUT Wy Uu Cards wazuuTandelaan Tneasd
uuRweeamedmiumsldaulszana 3 fu indesilennsdnnig Beacon Mivameelusyuuay

MinsdnnsuaznsasRde ud e afouvinladetu

HanFuszuU Bluetooth Low Enerey Beacons

Bluetooth Beacons Lduin3osdsdgyaainguuiaaniasdeyaadused 10-
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server-based indoor positioning using BLE

= = = -
nfoft Locator Node rifuol Locator Nodk infuoft Lotator Node

BLE beacon

;J‘dﬁ' 2.3 Server-Based Indoor Positioning Using BLE [9]
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d1579018lusa Beacons [10]

Bluetooth 4.0 ARM Cortex MO
Low Energy (LE) Processor

\_ / 2 Years Coin
W Battery

JUN 2.4 A glu Beacons [10]

Beacons Ul3U1vt A3z uaNNIil UATUEINEISALISNENY FxARIEAY Ao

1. Bluetooth 4.0 LE :Isffﬁamﬁa%aizijﬁ’s Beacons flulonilane

2. ARM Cortex MO Processor : CPU fil#mugumssuddoyavesgunsal
FBINTUTULAIAITOIAD Beacons LU szeziiallunisasdeyayiu (dansaay 1 Furitvie
Touninti) szazmqqqqmﬁﬁqé’mfyﬂmaaﬂlﬂ
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A15Y1N91UVBY Beacons

A small package of data
; . R ——

; 05m  2'm 30 m

gﬂﬁ 2.5 N15¥11914U89 Beacons [10]



11

'
a1

N15YNUUee Beacons  kiladudiousylsuin wane fa Beacons fiutinfids

'
[ a

Fryanaieenuneg1afed dudiwenilefety Weldsudygyinain Beacons Ixitayaiign
A999NUNUTEUIANA LNBRAIIUMNTLELINNTENINBN DA UAL Beacons Tusyey 0-70 wng
P Y [y Y . o | N '
Winlrarelunswauen @3 APls 89 Estimote  @N11501N588EWNNLLY
Wuwusstuanuuady 3 ssezfinlade fAe
- Tndunn (Immediate : 0-20 cm)
-1nd (Near: 20 cm - 2 m)

~lna (Far: 2-70 m)

¥ Y
= v v ]

= v gj o 4 ¥ 1 ¥
asslifuagiuiniamunaziszesia 3 IWUivusliuenuanstayasylsunyld
wu dgldedlna Windasiewinandunluseiiudaug viedlieglndiliuansdoyavesing

e 1Wudu

Yavayafignawani1aIn Beacons

NNASIT Beacons dvdtysy1aueonun awil Package viseyndayaldne gnetenn

q o

Welave Yeyamaiiu laun

U 2.6 yadeyaidieanan Beacons

Proximity UUID (string) Yeyaynmadnuslduani Beacons MluEA9IN

U3unlm

Major (int) Yeyasiauldunungaves Beacons

Y

Minor (int) Uayasiavlyszysi Beacons wiags

- TxPower (int) Yayafaiavueiasiuvasdysy1ai Beacons Uasgaanin
agluyas -30 fis 40 WnTlua Atlggnilumwnmeaunisadinaans welnlaszezaulngd

seIngdiananuea Beacons



12
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Spatiotemporal Dynamics of Human
1 V. Mathias et al. [13] 2012
Movement at Mass Event : A Case

Study of the Ghent Festivities

The Design of Worker’s Behavior
2 K. Tabata et al. [14] 2016 | Analysis Method in Workplace Using

Indoor Positioning Technology

Wi-Fi Human Behavior Analysis and BLE
3 K. Nobuo et al. [15] 2016 | Tag Localization: A Case Study at an

Underground Shopping Mall
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from bluepy.btle import Scanner, DefaultDelegate
import pandas as pd
import sys
import os
import getopt
import time
import datetime
class ScanDelegate(DefaultDelegate):
def _init_ (self):
DefaultDelegate. init_ (self)
def handleDiscovery(self, dev, isNewDev, isNewData):
if isNewDev:
print("Discovered device", dev.addr)
elif isNewData:
print("Received new data from", dev.addr)
scanner = Scanner()#.withDelegate(ScanDelegate())
def loop(scanTime, labelName):
dir_path = rawdata’
if not os.path.isdir(dir_path):
os.makedirs(dir_path)
while True:
listStudent = ["B4:52:A9:03:9D:F3".lower(), "B4:52:A9:03:AA:3F" lower(),
"FC:31:28:AC:86:2F" lower(), "F8:70:1E:5B:B6:9D".lower(), "C7:FD:14:45:E5:C2" lower(),
"EC:EQ:EB:F2:94:EB".lower(), "DB:91:29:17:49:DF".lower(), "E8:22:25:C5:22:50" lower(),
"EF:46:FD:E8:E5:E5".lower(), "E9:27:15:12:89:66".lower(), "E0:47:B0:4E:AB:5E".lower(),
"F9:71:C3:A9:15:C0".lower(), "D0:59:E8:28:56:39" lower(), "C4:DC:85:68:6D:52".lower(),
"E3:29:5B:82:AC:09".lower()]
listAddress = []
listRssi = []
listTime = []



devices = scanner.scan(10.0)
for dev in devices:
if dev.addr in listStudent:
listAddress.append(dev.addr)
listRssi.append(dev.rssi)
listTime.append(datetime.datetime.now()) #time.time()
df = pd.DataFrame({ "address": listAddress,
"rssi": listRssi,
"time": listTime })
dfito_csv(os.path.join(dir_path, "data")+".csv', mode="a', index=False,
header=False)
time.sleep(60)
def main(argv):
arg_help = "{0} -s <scanTime> -l <labelName>".format(argv[0])
try:
opts, _ = getopt.getopt(argv[1:], "hs:l:", ['help”, "scanTime=", "labelName="])
except:
print(arg_help)
sys.exit(2)
scanTime = 2
labelName = "
loop(scanTime, labelName)
if name ==" main_"

main(sys.argv)
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ABSTRACT — This paper presents student tracking and area
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behavior is investigated through 15 volunteers with a compact of
tracking device. Data collection has been achieved during November
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point. This study offers a potential reference of area usage planning
and facility development for other academic areas.
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