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Abstract

This research is the research and development, were conducted in 6 phases.
The purposes of the research were: 1) to analyze risk factor of smart bus management
system using mesh app and service architecture for high security in southern border
provinces, 2) to analyze the processes of smart bus management system using mesh
app and service architecture for high security in southern border provinces, 3) to design
the smart bus management system architecture using mesh app and service
architecture for high security in southern border provinces, 4) to develop the smart
bus management system using mesh app and service architecture for high security in
southern border provinces, 5) to evaluate the high security integration of smart bus
management system using mesh app and service architecture for high security in
southern border provinces and, 6) to evaluate the high security from the use of smart
bus management system using mesh app and service architecture for high security in
southern border provinces.

The results of the research were: 1) Analysis result of the risk factor of smart bus
management system using mesh app and service architecture for high security
in southern border provinces found that overall evaluation result was at high level
(X = 3.91, S.D. = 0.97). 2) Analysis result of the processes of smart bus management
system using mesh app and service architecture for high security in southern border
provinces found that the overall opinion was at high level (X = 4.12, S.D. = 0.78).
3) Design result of the smart bus management system using mesh app and service

architecture for high security in southern border provinces found that there were two



main modules namely: (1) Smart loT Stack module and, (2) GPS Smart Tracking System
module. The overall suitability evaluation result was at highest level (X = 4.73,
S.D. = 0.25). 4) Development of the smart bus management system using mesh app
and service architecture for high security in southern border provinces found that there
were eight sub-systems namely: (1) Smart Tracking System, (2) Smart Gate Attendance,
(3) Smart Camera System, (4) Smart Alert System, (5) Smart Arrival Time Estimation,
(6) Smart Suggestions, (7) Smart Accident Center, and (8) Smart Report. The
performance evaluation result of the smart bus management system using mesh app
and service architecture for high security in southern border provinces found that
overall evaluation result of usability of the system (Usability Test) was at high level
(X = 4.09, S.D. = 0.60), functioning of the system (Functional Test) was at high level
(X = 4.02, S.D. = 0.68), users’ functional requirement of the system (Functional
Requirement Test) was at high level (X = 4.18, S.D. = 0.59), Data security of the system
(Security Test) was at high level (X = 4.00, S.D. = 0.71). 5) Evaluation of the security
integration of smart bus management system using mesh app and service architecture
for high security in southern border provinces found that overall evaluation result was
at high level (X = 4.06, S.D. = 0.77). 6) High security of the smart bus management
system using mesh app and service architecture for high security in southern border
provinces found that overall evaluation result was at high level (X = 4.16, S.D. = 0.63).

(Total 252 pages)

Keywords : Smart Bus Management System, Mash App and Service Architecture,

Risk Factor of the Bus in Southern Border Provinces
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Al 2-4 An Overview Architecture of The BUU Bus Tracking System.
(Charoenporn, et al., 2016)
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RaspberryPi (Nalawade and Akshay, 2016)
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mwﬁ 2-7 Children Tracking Architecture (Arifa, et al. 2016)
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SYUURAAINTALUU Real-time Tdhsuszdstneulunistusalsaiou fnnsnsavdeu
musaiunifidmun fnseseseunamgasaauiidivun  AsmsIRdeusaat AL
i ﬂmﬁmqﬁ’ﬁmmwdwmqLLasﬂ’ﬂL’%*&Juéﬁumhjmumuﬁﬁmum fnsiaunszuy
afvauysallasniudunou nisvaaeuuuudaruazudn nswauluadsdld Board
Arduino e‘z’fqﬁi’lmgﬂﬂd’lLﬁaLﬁUUﬁinU GSM uu Raspberry Pi %aﬁiﬁmqaﬂd'} 50USD
(Raj J.T., and Sankar J., 2017) Tus@nlaiaunssuufnmuenuninusuuriesnuulusseylng
Wuiledouenaniifanunsansegeuanmndsnlneseuldsnsensiet ety da1unsa
ATIVANINNITITIVTULYBINUY UAZANAINEINIA (Kang, et al. 2016)

Tumswauadaidlaldusunsudmsunisinausata CUET Tneld 3fied, Goosle
Map, 1Ang SMS, Liudfrinefuazidsnnesgudoya lnemsdeudedumesidauazuuy
ponlall uassuuiivednin Tumwizﬂmﬁmmﬂmﬂﬁ%yjaamuﬁﬂmmLﬂgauﬂdwmﬂﬁ%"u
foyannifeaszuulifinmsmamsaiifnafunaiisadassiiunanisedlaeasuaz
ssuunswdafoudaluifdlesatanntaouiinidoniluswansnivieiaunfivuasly
AnuanRmariielfsruuiuslostianntu Uahan, N., Hossen, K., and Patwary, M. K. H.,
2017)
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[ d'

Ifilod (Global Positioning System) 1UusguumMsmuIMAILnIIIINd ey Tid RN
ieevieanifiendaasideulllffagnsuiunmisesingluaumnevesduiadunisuas
LLﬁﬂizﬁaﬂawmqﬂ (Miranda, et al., 2017)

luwi SIM900 GSM gniuldlunisds SMS TG uTmsvelsnsoun1umIg
Sumesiinussiavveduduiisudunidauay afhsaudndioliuinig nsdwindeud su
vhaumiloulnsdwidefetfieldlunisdanaziu SMS uie MMS Hiuaduingsiuuiauas
neiinsadorvaaniadentfluduedaddeiudnsldndnud lududfinaauds GPrs Tu
mia'ﬁayjamuwﬁumaiﬁmﬁLmnsmﬁ’umiu SMS, GPRS %38 CSD (Al-lsmaili, M. S., Al-
Mahrugj, A. and Vrindavanam, J., 2015)

Une RFID WiAusiaendnuaifineafianusaauny nszeglng wazdudmain
\edsludua3adgu RFID ﬁﬁgmwwi’m q fu wudnsthede  Fasdunsldnifuiuui
wiin RFID Aldlugmamnssuanunsoldlunsfaniu nsvgavosgnaimnsugueudly
serinentandn viioanunsndaludeifldTuoygn uenant Suaansouuuiudedn vie
winseitsildluauitoszyfnuuesyanaiiu win RFID aunsaldsuusdsog viefauss Tuns
neaaslabtsianiy 40 Os (Allsmaili, M. S., Al-Mahrugji, A. and Vrindavanam, J., 2015)

syuuUnslavansuuvausnilddmsunisinnusauszdmisuazaisiusiuan
r}ﬁﬂEJﬁ?ﬂﬂiﬂﬁ/ﬁIUi%UUﬁ’Eﬁ%ﬁuﬂﬁﬂﬁlﬁiﬂSﬂﬂiﬂ@u%@%aﬁuwwLLﬁZUﬁ’]EJV]’NR]%LﬁUi’WEJ%EJ
yessalagansUduIivensyesnaiizants suuiizuansiumisununuiisadae
nawmganazlififlngans Wedsudeyadumanazvarenaudiayld furlasanssening
amuﬁLLamzﬁﬂL‘Eumﬂﬁm%ﬁuwmsw%fauﬁgqeiﬁamWmlﬂiﬁﬁwﬂﬁi’fﬁawmﬁsumwmEJLaﬁu
InsAnniietia UJadhav, A, et al., 2017)

2.1.3 WNAANITNAIUITZUURARMILAIBANLEE Smart Bus Tracking
2.1.3.1 Hardware and Embedded Software with Controller Board

ETA (Estimate Time of Arrival) with GPS Tracking Message Queuing Telemetry
Transport (MQTT) 0u Protocol flopnuuuniien1sideausauuy M2M (Machine-to-
Machine) Aogunsaifugunsal atfuayumalulad loT (ntermet of Things) Aeimaluladi
Sumesidndeusodugunsalsing 9 1y Insdwidede saousd Insvimd difu Wiy
Sumedidailiausadoulosdoans iewnluslareadiiiiminiu senuuuaniield
sufvgunsaldidnnsedndvuindn mssudsdoyaluiniedrefidvuindn wuusisem
Tém&nn1suuu Publisher / subscriber adnefundnnisildly Web Service fidiasld web

Server lf]uéhﬂmﬁzmwﬂamﬁ’ma%mm;ﬂ% we MQTT aglafiina1efiisenin Broker tieyn
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W9 4AN15A95U - dedoyaseninvgunsaluasyisludiuiidu Publisher wag Subscriber

AINTIN

Publisher Broker

pub{to pic,data) > < sup(topic)

h P pub(topic,data) >

AR 2-8 BeRUSENOUVRY MQTT Protocol (Tanakorn Piamsin, 2017)

1% d’

T 2-8 azuiiulaan Topic aziludidnedman doyaiiay Publisher aanluds
Broker az#ioeil Topic ffulfiaws n13de Subscriber fingdnadia Topic wielsandoyad
v a Y] o & a Uy a ¢ o ~ oA v & a
Aoan1s willeununivadasiiuauntnvesnilsdefunatunils Jevesmilsdeniusvuimiou

. Y a aa . A e A oA 2 v I ° A a ¢ '
Topic wagNaNNAB Publisher LUBAIIATNNUIEABLAIY HEI Broker NAgUNNUIADNUNUNES
151 fegns LonndiptunltsuAe Facebook Mesenger

aqﬂaaﬁﬂizﬂa‘wm MQTT Protocol agUsznaulunae Broker , Publisher wag
Subscriber usagegnsfagvmiiiuanateiuesnlilng Broker viutiniidusinatsnss
Inn13iu Yanulay 91989970 Topic Publisher agvimtnfineedidoyaludwinveuy o
Subscriber viwthiapggnsiUdEULUAIUEY Message 71919846138 Topic uaiviademi

= N I3 ~ v < v P a O oa
aulauazinisivfsundasnagninsfsloyauu q uldau Program nldlunisindsde

Mosquitto (Tanakorn, 2017)
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2.1.4 UszinsaUadansey SmartBus
Sulud 2002 warasinasanglul 2012 Uszneuseandlaasuazassuinissalaeans
T 09913 slumuauuatendnlunisi neusuanndsasns, 1suseu, uniinendouay
vasnAnd sowdiifmuafivsfunanion 15 wifidaudidhauielssanm 2000 way
niumn 30 uniludadiesdu (Clay Lucas, 2008)
2.1.5 savadaasezlulsewndlng (Smart Bus in Thailand )
2.1.5.1 Chiangmai Smart Bus (Regional Transit Corporation : RTC Smart Bus)
wil9d ofuns1e b eslul 994 Tne Eakarat Jittum adusudl 04/03/2018 nani1
“Chiangmai Smart Bus” sawdidaslny falawnwin “RTC Smart Bus wesifu tsauie i
Wifi W37 Igdmsneassidluiud 1-7 fuend @umsdous aunndu-dunu-dlendn Tngld
nawisay 1 $alus 15 wid Taetads dasaavdudiiiunaduuazaininidesfuasdalys
aInay S1zdessonanisUsennan ninodsa Taedudl 1-7 fureuil szifugrmeasusa

Y A & a v
1 AUNDU IWBLUUNSUTLLNULEUNS

v
ad v

Al 2-9 sadRvausuenie NGV Weslul (Chiangmai Smart Bus)

PMNANA 2-9 AeTaTATAUSUDINA NGV 1@eeluni Chiangmai Smart Bus FeUszanau
Mllanusaneasstuldusnisls WS Tutui 6 way 7 funeu 4 Suldegradunienis
Tueuuwau Ingagldsarioun 12 Au Adiuimsussrmuiuguuuu wisueae Free Wi

a v o I = a = a o HA aa
LaNARANI AL IENNsaLTAl I 0TgalY warBnuilanuiiAwuee Smart Bus AullAadl
Wiliamzgiinsdneaie wandilinesaus Smart Bnany 51N 20 UIMARBAIUNLAL L
THUns ANt uunuluanii oAuaraINazUILNING U wouuesLiu 9 #a5a “Smart Bus”

Wedlvad Wusada Tausuoinia NGV auin 10.5 wns deuqilaeans We+8u 50 au/fu


http://www.chiangmainews.co.th/page/archives/author/pond
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1%U3n15 Free WiFi, GPS, Tracking Applicatios fthesawd Smart S1ealagansléviaduan
Uns Smart Card @lvnefiauiudu + $51uf1u19du + vuse) waztng Rabbit luewian ¥iun
Trusnaslutaausn 10 fu Sdunnsiiliudnisme auwudu-Dunudlonnn Joude/uen
fimnudlunisiusnis Widndn 20 wrdi/Auainaaanliuinng 6.00u. - 23.00u 36n57
Alagans 20 U saenans (TniFeunaignninund) fRnndessaslauusa Tdslianey

Y a

ginns fuewndiadu annsaifanansa wiedamunisvessald Jeuenmaiadu “cm
Transit by RTC” awnsalnasléine i0S uas android lfusnsiae US¥m Regional Transit
Corporation 9119 (RTC) TutaTausvnimunilesveslszinalng“ Chiangmai Smart Bus”
aausn fe R3 axisnauududidaudios rugnsing q failfe auwadudedml - a.uina
- Jaluiiemndw swavsvinaiunen - vouseyn 1. TUNIW - LeNTUAT - ASSUININY
N3 NMAaIuLnd - Usendruien - 91972 auanTdaiunyn3ed udawinsu - Useaviaun
nnanYs — reiey - nadiedlni - Jaing dnauan - luiuis @39 - Useaesluy

0. 9181e - audiausssy - Wunfauesnede uavaunludedml Feuiseday uean

IFTUAUN A1TNUIA UNANHIRNIIUY UNINYIFEUNIAISAN U19d1IaaT NaTeLasey

o

CY

UNANWIANIU W INeIae51ansRne

2.1.5.2 ifinau1sndaPKCD) grinaunio(PKCD) Jullenisniues Jadn
“Quinguninda” aunsnaaen1sdiszAIuIn1siiutRIRabbit x Phuket Smartcard
#osControl Room AIUANLTBIAILUABANE S2UUGPSARALTa Bumasidaliats (wifi)
| a = Ad a0 w9y a o va s a
taudvugieainnita dnddmsuliusnsilagansnldiauys uag n153119uNUNTAUN
a9t lAeg198EAINAUIENIY www.Choop.Me naulandlaialnaninuneinisves

JnRUN19baognIase

AW 2-10 QLﬁ’mam%mﬁ’a (PKCD)
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Mnami e manvesninansnda wetes argeiouwi naruaiudn “safnig
U3 Qufinaundnda $190 (PKSB) vunuinadlaeans Wusolviviomn Mnwedienaiuud
wgzsiulalugunmeeaadessud fufinelusoazainaune finnsadauelvgdniu
tnviendien Sutmesidnliats (wif) ililtvianisfadenasanisiiunis doadey
groadyniils svuu GPS anansadamuliinsaildvinissmssaudazduegynlvu ndos
CCTV 1itensa9dusnwanuUasassverlasans sos Control Room 7iABEAIUANATS
yauvemiinauiusowszanuuaeadovesdlasans kuaedil Ssfamsegneludiingy
93 PKCD 71 1unsaimaisagiin davi Glalondse) anddmsuliuinsglasansildiauss
wagannsadanalasuszanaldinldinasesodnuiuminlng ielvdnviouiienaiunse
NeRuiunslaamtliegsaeaInauie {1u nstselagas astserulng Rabbit
x Phuket Smartcard unuiiuan Arlagaisfnmiuszeenia Sudaud 50 vivluauds
170 U Tagaunsndeting Rabbit x Phuket Smartcard Tduusagiinauninda Tusen
Budtu 300 v Wudndas 100 vin weuyaruluTnsusudnmdenldausiud 200 vm
deldgrszalaeans sauludenislddnseaduduas usnisdie @ ndeusudndfmvuas
dhuandnuning u $udduihiifisdesiudasusudnnt 60 gavhniin warausattng
Rabbit x Phuket Smartcard sldlungamnns ladnae “dmsuiduninisiiuse usem
QiinauninUa $1dm (PKSB) deonidumaieonauinduuiunmagie gidunadsuma

[ 1

lnglde7 Wuneenedin Suduninin auuduuunynagie d veasuns menuan

Y

a o W

wAYIRBY WIANEIU MIANeAz Lagn1nslig Judugavieaiisandidyuazaisny naen
Wune seeendt 56 Alawns d9nentuainaenaiedinnil 50 aa vlduasndu 1iusnis
Tuay 32 Wgaraiy AWALIAT 06.00 W.AUAY 20.00 U. se8za1sneenyseiiad 45 Ui
oAy diuszeziafunmassunallaamaldinassann 2-3 Tilue” wwasnag dud
¢ Yo a1 J ' ' « o a ) v o w
g1uunt {Innsig1useinusemalng na133n “nistrseiuludadeddglunisauunay
ansnsauz IPjsiunaslivszaunisallunmsiiunisazain saa5) wazlaondedy lidiey
lagsalagansansisae 130 wse wiedu ssuulaeansansisusvaieUssmanilanlaiuin
MsguuTuldukuuda w38 Open Loop Asunednsiasaauazialn Nilsguailuionain
! LY Y a LY 1 1o & ¥ & o 1
nirauiudauly annszvesliusnislumsesndnsini flavanslidnludesdetng lnyl
aALIAINITHLEY wasiiuanuUaenisnoya
auilandunisldauveadng Rabbit x Phuket Smartcard 1 anunsaldanulainiiouriu
Uns Rabbit filasuanudeuunnlungamne lnadudnsaunsnnsanawisanaulandlad

dladaudosddinuliiuanlaegruiaie esinsdedfawisaiu s deldauis ¢



17

a a

nieusuaniusslovduazdiuaniiiavunung innnisldaivaunuindu ednedaeas

fidnfyns Rabbit x Phuket Smartcard lsiifisausldanelasudvingifinnin 60 o usids
annsaldldfuszuvIdsasulungamm 9 uasiudduihfiswseniandi 5,000 sy
a5 Rabbit o7ty aandsaluiindfiea, wuealatfad, unddundn, wald Tada Bndnsa,
19008, avrumnsneu, WulmSey, Wumeiies, wnezuoad, laueudi wardu 9
ANUINUIY %ﬂuﬁwﬁw%ﬂﬁﬁmﬂuqLﬁmLLé’ﬁuﬁu o1y wualatias, Liausy, uasaTy,
oz g reulzdl, lwedinedds, ey Aend ady, Waveda, wiuWud uay Jaaes
sunsindufazanaune lngansaiutuiasusulnldiuala dadmna uazqgasu
waududasusudnnin 2,000 gaiaussna TiRednsusudnldsuauagainauiogsge
wazduAmnASalianedetrsusudn Phuket City Development Co., Ltd.(2018)
2153 veunAudaa (khonkaencitybus & Mobile Apps : KK Transit)
191N1AB UV ULNUTINAVUT ENTUEIT I TnvouLnU wIsudausnissamausu

21MAgART YoULAUTATA USNsiduN1e aanfvudsweuunu 3-aumiu

Y

AN 2-11 VOULNUTAUE

[
Y]

g1namd 2-11 Aelasanssaiudusuainia "veusnudfva" iinanaiusuile
FEMIN YININIALIUTOULAL NTUNIDINIABIY wazUSEVIUAIT T AveuLAY FifInIs
8NTEAUNITAUNIITENIEa T udvauwny 3 wagauinduvounnuliiuinsgiuiay
punmiivTusussyiuana InslawgnsfidesauazniniaygUunsaiguani
Uaendy 1 anddmsuliuinsilasansilisaiauss ndesrsasiin 3 90 wagszuy WiFi
W3 nSouuimadniunissata mneawnzdou Fondhauduse wazausivessadaus

N 3

azAuUUlnsAnion aau s NINUEN UL NNALATUNTDI1 KK Transit kuulsealngd
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fuiduuinnsslmifenszdunudasadeliunglasansiduegrads Tasiawzdi
dumenuerlutisaandiinntemiu seiuenndndu KK Transit ansanadlnanls
MesruuLounsesauazlelawea vonandudaiusnisuennandu Bus Stop & Route wams
Funsliuing wazanvensavidetiosand wieliiliuinisansdumanasasaniethe
soud Wieurunsiunamildegsazainaune dmsuaniunisazanludas 15
U Aasnds @wnsagnsels 2 38 Ao nsneennssnlulRlazi1eneUinTausnnIse
(3 RFID) Feflanuitsminessd 1) vusoveuuAudava 2) Sunurowsey 3) Suntume
wrouwi’s 4) Wunsa veuunu 5) aonflvudweuniu 3 6) Facebook kaw Line 183vauuLiy
Fiva Wil msUaldusmssawdusuenna "vounnudada’ madnesdaldneluiou
W 2560 fiaulaanusadnseasunaldnaon 24 Falug siugesnissng 9 il 1) Sud
%6l khonkaencitybus.com 2) Facebook kkcitybus 3) Line id @kkcitybus 4) niaianes
khonkaencitybus wagduaniunsu kkcitybus

wonantudaiudnswonnaindy Bus Stop & Route wanudunisliuinns way
wvensnvsethesawd ieliglduinsanunsadumynvensavdothesawd iensusunis

Wunarmtnlaegnadzanaune

AN 2-12 nsreaiTe g dn lulRlazaenetnsansnnige (Uns RFID)

dl A o a o U U a ﬂ! a U
PNAINTA 2-12 A NIFTITLRUAMTUANAUN F99zAALUSRTT 15 UM Aasnane
aunsatnszla 2 38 Ae MsvseamtegsnluliRuariteneUnsaunsvnse (Uns RFID) viell

A UAAUSNTINAUTUDINTA "UaULNUTRUE" ANnI1azlalaneluldouiwiey 2560

1%
[y

AIduanunsasusEuUdanisIaUasgansey (Smart Bus Tracking System) ddsdssialudl
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1. gUnsalmiuausuuTaUadaasee (Hardware and Embedded Software with
Microcontroller Board)

2. gunsaludafinnsumiasada (Real-Time Bus Tracking with GPS Tracking

3. N3ANUINUTEELIAN (Estimate Time of Arrival : ETA with GPS Tracking)

a. ﬂ’]il,éimammmﬁau (Monitoring Environment with IP-Camera)

5. gunsalnsIvEeuAURAUNR (Sensor for Security with Wireless Sensor Network:
WSN)

6. N55¥YMAU (Authentication Child with RFID Tag Card)

7. miiwmwﬁaaﬂa (Report to Steckholder with Apps in Smart Phone or Wearing
Devices)

8. Maudaiieulugaiiitisades (Alert to Steckholder with SMS)

9. mslduwendinduvuiedoifiofnniusata (Application for Bus Tracking)

munein Sasey lulesfumneds msthssuudaluifang q Wanldield
AnenuazaInau1y JanUasndy vsevieusendanasaulsd anuvang ssuudnluda wus
penidu 2 5edu 1) User Control fldannsausuasuiladidusing q Tineuaussniy
Foan1svesnulddioiaies 2) Rule-based Control fiszUUAIUANT A1N1T0NTI9TY
AmslAe$eng 9 sudnihmsusuasunsensuaussienufesnisves]ldldiedaeg

9mlugid (ARM Corporation, 2018)

2.2 aaUnenssuuinisuaziasavianay (Mesh App and Architecture)
Aolasenud ea1svostaluazanrdnenssuuinis Mesh App and Service

LY N

Architecture L%ﬂiu‘[a@ﬁ'auuawum Software-defined Application Services Useansnn
%JEJWEJWG?LL’A%UUL%ULW;JQQ% Banguuazindly aandnenssunsuinissuadnnelinianis
afraualuuunszans drelinisdweunensiniiiedhuazdduruiamsiassldaunse
AanslauuuiiausignognineuazkiunguuainnsiauIkoUsuan Janssuvunadnd
Aatulval Fetaunldedremnsindesin mamaluladuuuluviswaylolefurldsu i
fuandanssuusnisazadrsluwaifvunalngniwnsdunassuuiivhauiund @iy
KuIevenguiLe Back-End warlilassinegunsaiidulumadiviiudumii Front-End
finsiannuelmsadvantnenssuidweuldegenaiuagiuiiiiuaiovengus
uazdeaimnuBavgusosuuszaunsninisldnuvesilitinlassegunsal fun: Gartner

e 10 wliunagnsimeluladd 2016 Trend 9
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MASA fian1sfi Mobile Application, Web Application, Desktop Application Wag
Internet of Thing Application Lieuste U313 Backend ﬁi’m"summﬁaa%ﬁﬁaﬁ;ﬂ%’mu
.Ju Application Tnganndnenssy MASA agynisdiausuinig WeyluzUues
Application Interface o ousolUgausn1siu o Idegesinss waziuvenglding
G?fﬂ&ﬁsﬁmuﬁ?u%mmmﬁﬂqﬂﬂim% 9 13192184 PC, Notebook, Smartphone sagunls
autuidanidouseduuimsluantinonssy MASA Ideg1sdasy uavidnfedoyaniouins
A9 **]lﬁagmaamaamﬁ%Lﬂﬁauqﬂﬂiﬂiﬁ%’mﬂﬂmm@%mmim q fanu ilvnnsdeuse
Uinslivanou 9isn: Juajans wnsenss May 2017 No.245 “IT Trend 2017 uaznsduile
puANUaensY”

Mesh App and Service Architecture n3e MASA Juuuildunisiud suutas
3o Wanan1Unenssuvennaluladvesluuionenndadu (Mobile Application)
Fuwenndindu (Web Application) #38 1oT Application Tiinsvhaudeuseluaieve
vuandnenssufiviu Cloud Computing %38 Serverless Computing lag Microservices
lusuuuuves APIs (Application Programming Interface Fanunefareanienisideuse
mmzuwﬁﬂﬂaﬁazwﬁlu) fivaea1usg 9 WainnT 1 sgyiliigunsal nIeseuurg 9
asavinulieg1edasy wazid1feseayan3ouinng fs 9 veuraznilsulied
AADALIAT

Gartner (2016) Gartner’s Top 10 Strategic Technology Trends for 2017.
anilnenssuuinisuaziadetnausy (MASA) aelvinuiilduonmarduiiasisoaniidiian

(3

Ansulaneni1an nrvusd munsluniviefdnea (Wueansel au1snldy sngud

~

T Y} ¢ 1 oA ‘:4' N ' | ‘:1' i )
UL EINUVUTEAUNITUDYIABDLUBIVUENNINLUNLUA YUN UL DINIINLANATINULAR

(Karthikeyan, 2017)

=De

#8N1511704 Internet of Things uay Mobile Aifaen151d Back-end AifUszansam
gawazdangu anUnenssunuy 3-tier azaoy 9 naneiluandnenssuuuu App & Service
Architecture wnu @38 USAS Software-defined Application #fAazvilesdnseng 4
anunsoldaussuufiduszansnm, Ay faneunazainusiniialadsuy Web-scale

TuvuzAaadnenssuwuu Microservice Nazdsnsmau landn1swaun Application AL

'
v a

veeld Uy On-premise waz Cloud 8nvs Container faznateun Wumaluladndnii
duituguvesaniinenssu Microservice tfuias (mhgduasuniseruuaznnseus din
INYUINT, 2560)

Mesh App and Service Architecture (Hununlifufisgdnudosnisiaslasuuyas

andnenssuved waluladuazias aedlafldlun1swaiuids MASA Juastdutaanien
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wanuanevesannenssuidu Cloud Computing #3832UU Serverless Computing Hay
Microservices A4 ¢ Fauwiluuyes MASA o1aautluunu svovenlunisiiudsundasias
o A A a vada a a ¢ ¢ = a Y}

nswuLATelogn1sUURNA (Redned, 2560) audimaluladansaumanmIing1desy
ﬁ'gﬂyamﬂim Pibulsongkram Rajabhat University

Mesh App and Service Architecture %38 MASA Junualdun1siud sundas
w30 Wauan1Unenssuveunalulagvesluuisuennaiagu (Mobile Application)
Auwenndiadu (Web Application) #se loT Application Tsfinsvisufisuseluiaiedie
vuantnenssuidu Cloud Computing #38 Serverless Computing ag Microservices
lusUuwuuves APIs (Application Programming Interface H4vsN889%0M19NISIABUADIN

= | a cs' ! ! o X o 8 v ¢ A '

sruunilelUdszuudu) Imheaueng 9 awnduan asitlrgunsal visessuuse 9 a1wnse
nulsegedasy wasd1feloyan3ausnis fe q vedusasniisnuldegnasniia

W3 (2558) 10 duruwaluladilanagnsdmsu U 2017 aguandnenssuusnisuas
13eUneLaU (Mesh App and Service Architecture)aatnanssuuinisiazin3evisuwsy

= = 14 o A N LY ! 6 1 (%
nnedis Myvenwuuiiiaw Uevinishnuniiniswenleaiuseninsaunsalinsssunniiu

1 A A & a ¥ v = @) 1 %

Wy defie nanfevway wag loT wag MIUINIsEidanuteya wilauduuuuniieniig
Tnensasiveadliilulsunsulszanduaziiensuives Intemet of Things uaz Mobile
179401519 Back-end NilUszansamgaunazdangu an1dnenssuuuy 3-tier azAoy 9
naneduaadnenssuuuy App & Service Architecture Ui A8 USAS Software-defined

. . g o § v I3 | v A a a a ~ |
Application ifiagyilesdAnssing 9 awnsaldaussuuniusednsam, anudangunas
AnuTslatuuWeb-scale Turagnanrlnanssuiuu Microservice Aagdansmauland
NSl Application Aiamenglaviawuy On-premise way Cloud 8nvs Container fAqy
nansundumaluladwanidunugiuvesaniinenssy Microservice

MASA e n15% Mobile Application, Web Application, Desktop Application Wag
Internet of Thing Application WausalUgsuinig Backend F1uausnnlugUhuuves APIs
%30 Application Programming Interface #ams1efisaanianisiondaainssuunilelyd
sruuduLiieas1ad i ldaudu Application 1a 9 laganilnenssy MASA dazviinis
Unaueuinis Weglusuves Application Interface wialeusialugausnisdu o loegis
FI057 waziimvenglaig Bagldnutuazannsatgunsalla o liinandu PC, Notebook,
Smartphone sagudliauduitudounafiuuinistuanitnenssy MASA lasg1sdase way
Wiaeyaniauinisde 9 lednasaiatudaziudsugunsalnldaulumudseivala q

Anu lrnsweusausnsiivinneu
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2.3 mwﬁumﬂaamﬁﬂga (High Secure)

23.1 fiemansimunulouisausiunuied

nszuruiAdlunsfvuaulevieauiuauisndlduiud suluaunssuanis
Wasuvesaaumsallan uaziiuunliuidamanusiuasazusluidymvied sfignaiusde
Jaanyana vietlyw “anuiuaseaysd Miduiosidmaneidtinvesuszmvulag
wnlduganani udwimelinszuumsimuaussdudloueanuiuasiiudoswens
nsoumsuedliasouaguiisluliinusiuntwessy (State Security) wazarusiuadludin
anudusgresynnanielusgiiiionitanusiuaswesyed (Human Security) Aaugfuly
(EinnuaNIANLTUAILAIYIR, 2558)

2.3.2 nszurunsalinsdavituleuisnisuiniswaziaundmiameuaulaaniunisal
aalyasulufiuil Sotnsauauldidudgmi nsenuaudunswe s varatuau
Unandvvesuszrvu Sanududeu asdungeu uazideulostunatedd sguraldli
anuddgyiunsuilatymdmiassuaunialdmenuinieduiisilumunidunisginng
Tauds nioutvenlidgymdwmingeuaunialdidunszuisn@ lnedauuiulouianis
U3msuaznsiandmiamewaunald we. 2555-2557 fidinauaniausunsuand
Savituundunseunisudletlgm Feluvaeid auy. mdswidunmsisadevgmadulng
WBaALeAN AT UAI AL s AL STIUAT RIS WETU (FrTinauanianusiuag
WAYE, 2558)

NFNYUAINIIUN (2554) nafieesdUsznaunisniumInvaonisee9salaeans
Tnfuegfutladendn 3 dwu Ae anmsalasans §lisalasans (audunasdlaeans ) uas
anmdunia lngluanmsalaeansd danlivinseudsiondusa dlduinsgiu Feilua
ImU@iwiamiammmgmmmﬂmilﬁ@qﬁ’amaﬁgadawﬁmqﬁ’ama (Active Safety) uag wuu
PILAAANNTULTIMEIN ARG RN (Passive Safety) fatfu FsimununnsgIudivs uazqa

'
t

Banitls wazmsfndadudadsdy swdinsiwalulagansaumenldiioaiunu wgRnssumn

v
Y 1Y a

VUMETEUUNSBRNIZMIEATUAINDINE (Radio-frequency Identification: RFID) Y8430

ey

I@EJﬁﬁi“U‘Lﬂﬂiﬂwjﬁgﬂia%ﬁﬂ%mmziﬂﬁm%u
2.3.3 anuvasnfgnIenuy
syuuAUUaenfe (Safety System Approach) Useneusag 1) N1359AN13AINLED
(Speed management) 2) #unUAINUADATEN190UY (Leadership on Road Safety)

3) MseanwuukazUiuUselaseas1eiugIulinfrastructure design and Improvement)
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4) 1nsguaNUaendusasus (Vehicle Safety Standards) 5) n1stsAuldng nuneasas
(Enforcement of Traffic Laws) 6) NM33nuTinnaaingUfie (Survival After a Crash)

-
OUUUASAUN P AATIAMNGI
L4 [
Uaanns

.,’Z/

FunuY
Uaanns

Anilunggs
Uy
v

wywilumsny
USINTEUNNAN

AN 2-13 F1Uasnng—Lana1snIamataiiaANUannnNgnIIauL

World Health Organization (2017) Save Lives: a Road Safety Technical Package

ANV UUURNINAITTYLsANUUaBAS BN UL 2554-2563

mMsANHUnsTEAULsEINA

@man 1 \@uani 3 \@UANH 5
sn8uR fldouu MSABUAUDY
HEGERT URUNAPLGLU

MSAANISANN DUULAZNTAYAS
Uaanns

Uaannamenuu Uaanna
Al 2-14 n1saliunssEauUsemanlY 5 1@ man World Health Organization

(2017) Save Lives: a Road Safety Technical Package.
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o0 ‘|
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» MsiTInsen

B wdunngLmme

il

AIATNIT

aruanlAUEngunnedfaednmanEaialszna luszufiestu uazhuandiawsia g
a5nitedfulpouuietraanisaas iu cadeu innuuliiuau gnszunm vuuadumen (Chicanes)
VuU WAz EUTTaeANIEY (Rumble Strips)

fvunlignansnoufRnsena huladlud vy ssuutfusaanudadasios (Intelligent Speed Adaptation 1iia ISA)

d s devs e d .
wadiaf{iudldgnmmiuimaiinguinaimun

SoE da ooy -

Ansamicsanuniduimenfuanulasaitnienuu
wannuazliimuaivayugnsAanipuLaeafaniaouu
UsziliunansmnuresgmsAtanimNLae Aianenuy
diulpsruuiayaiensafianiuanalasniomenuy

WNAMNATENIN UAZNTATLALUTANLIT LN TUNIUMIANIUAZ NI TUTF

TSN A y e g o] =
Anliillassateiugudwiuglioumnau 1w umid medinilaeasit intznanouy axwiuaes
UAZTNNABA

NMUATEIRTIATAMTLANTEMUUATANTEU U

o aud dy o po— PO S |
inlinuninnuulaenisdu lnedvuassaztlaanis fnslandinfemaiuigusiaiiagnauy
aanuumuenidaansis

wannuunadinean (Access Roads) il nuuman (Through-Roads)

fmuaanlaensaeusiie WanudAgungliouuiuaduuen

° o o <

Afiannsasasuazansa G lueanegendy gmsin uanFualsdo

Anliaudanatuinuaslsenioiiu

fmuauazlilsnfiuuindaunnnsgiumlaenibsesenunivus Fasielil

indatisAa sruuAUANAT EsMwLLLBEnsaiind (Electronic Stability Control)

o

qntiadadpiiant (SeatBet Anchorages) - mstlasiuAuAniin uaz

Tumumii qeiiawnziisiadviudnannasgulataing
futuding (ISOFIX Child Restraint Points)
sz s uinudndnassuusnileaiuaden (Anti-Lock Braking) waznnsdlalviwiisnszdidinanansiu
(Daytime Running Lights) &mFuansenueiust
AmunuasiALEnguneszAlszin sziufiesiu uazrrauies halsiuseluil

mMasnuiatuy nsaadindaiisis uay
msaaNvNaniiese msldwnslisAudmiugn
Waszuuinmmwenuagniduisufialsmeunauay o anuneILa A fuiuneuuazasnes
ﬁ'mmi?lnamuLﬁhqﬁ'unﬂf?nmwmmaqmﬁufuﬂrugﬁu'lﬁﬁummﬂﬁmmnmqunﬁ‘m

dudinlinaadasnisunmdgniiussAugaeu (Community First Responder Training) Winfunnstineusu

AN 2-15 99AUTZNBUNINTAISHINDANUUADANENIINUU



25

2.3.4 IusTsuAuUasne

23.4.1 M3adnusseiniadieliiin wmuAnassassaluy 9 denndesiu
U3 vestausTiiiy 9 WeliAn nniausuaz3ouy s1uiu (Creative Ideas)

23.4.2 nsWauIn1Igy dkaziasuasedngainnisvaulunnsedy
(Leadership and Capacity)

2.3.4.3 msesuaiinsidusinlunssuiunisyfsssuuas i ”ﬁgiﬁ"i’mﬂy’qms
Lﬁuﬂi33m%ﬂWWﬂﬂiﬁﬂﬁU1%ﬂgwu18 (Legislation and Enforcement)

2.3.4.4 msldauusgalasniy (Safe Road Use)

2.3.4.5 Mslinnuswaznsimunszuuteya (Education and Information)

23.4.6 miﬁﬂizmumiﬂa“"ummdami’f’@izuuﬁﬁﬂizﬁw%mw (Admission to
the System) i szuulududszuuduuniuse Tnsansansisae (S1une wazanse, 2560)

2.3.5 glusavasnde

Yo ) ) o A )

Hyusatulduded e dude ;ﬁm‘usa LADIN5DUTIT9NNY IR D150 hazInd1nin

o

e

femnudasaduetiane egiudusatisi {isrsneliifison wu liaue Feufsus Wieds
uou wazedldensedulszam lusunanszagilivszamuiansd sunievinau
Rawanaldvazdusnindeananla uarersualfoadnuiu sgwidudusuiionsuaiiles
anmmsasasfinndauesn o1ty anmnnsanesludagtumszavilinaneduildon
e nelvilingUsmg ladne (Malld, 2549) uummsiasuainnuvaendslusogud
laganssu - dadniSeu Tuungineiiles Smianeien PP.16
2.3.6 asRUsENEVYRIAILUADASEY
ANuUaenisaIuyAAa (Personal Security)

Y I v

2.3.6.1 §9u (Drivers) ddusa giusoruidudsdidy Wufe {iuse azdemie

=3

(%
o = =

Me319n18 Fala orsual wazdndilnfisanuUasnduegiane g Hudusansd 319190

=

Ldisou wu llauie deousvr wiednueu wazedldeinszduuszam Wuduvinnsiz
v liUsgamunnsasuvseviauRanainlnvasdusodndeawala wazensualdoadn

VU 98191 duALL1815UAIEIDLDENINNTTITIVTNAATALDDA DYINTU ANTNANTITIAT

Tudagtumszazilinanaduiidenneds nelifngiRme lede (Hedd, 2549)
23.6.2 {laeans (Passengers) {lavanslaun UnSeu A3 wasimuauAntniSey

a

FalpuasTuAuRIUTIe ANUansuR1uNsnadu (Property Security) savasudsiniseu

Y

(Vehicle) agmaaufjUiRnudededuvaangyangasnasnisun
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2.3.6.3 anmnasulasnis(Environment Security)
2.3.6.4 n153udniniSeu (The Transfer Student) (5) NYVUIEAIUANNIIDUY
(Road Traffic Law)
agumnusiunsUaensiogs (High Secure) Anaasasfug ansnsouintuld 3 9ra0m

Ao nouingUAme vaueingUime wasnduingUiwnuasdadenvinliiinanudung

¥
a v adA v

Uaensivgs Iasilae gluivasnde flagansuasnde savasndiy ngvuigiiennulasnsiy

anmindenUannde LazuinnssuivenuUannae

2.4 aandnenssuanuuasnnanuuuiuia (Adaptive Security Architecture)
szuuinwanulasnsie Inensiinuanglusuudy 9 Wu e1aldnislulasnsiely wag
N 1% = Y a = A oA T = vy & a )~ =
NSYBIANTTUNTTAITINUINITUU Cloud %38 APl LWBLTBNABNUAAT M30QNATUUNITUAINULELS
NaggnlanfAnInTu F9E1n19eL 520U IT V0983AN13NABIABEATINERU wasnaulafena °
Tu vz Semsazianistesdudsuvudu o Wl seuu Application dssdudaegls
a ¢ a v & aa a =
LazszULIATIBANgAnssunsidauaznatadumalulag nunfuduaandaenssuwuy
Adaptive Security Architecture Tusuian 9111 : %iﬁﬁ‘wﬁ WISENY. (2016). IT Trend 2016

- wunlduveswmatuladansaumealul 2016

2.5 saju-denseu (School Bus)
1Y) | o A A A i = o a « = 9 ¢

sofu-deiniSeunsenisuninsalsuseu Arllenn “salsuien” nuneie saUsTNNAY
lngansilsaseuldsudainsey wasmungnssnsiadui 22 (w.e. 2526) uananAileny
aananas Silinuneausindssanglasulueugmdsenaunisvuds dnluldlunmssud s
UniSeuitensAnwmuUnd v fiuaeseilounsensndny 11938n1smuaNguwanisidsn
Tsaseu w.e. 2536 daliidddnanuiniudi Wusailseieuliyananisuenunsuds
UniSguiien1sAnwnuUnd dauseleureansensnAnwarATEuARUIAIIAUT N155UHs
v o v & « = y < A oA Y v A a
uniseu Jagtuianue “salsasen” Wunesnuilsilifeunnusemanilanldiieuins
Y | A oo a a Y I o 9 a ¥
Jan1snseuds dniseuniivsednsainuazUasade widmsuusewmelng Ysuunsldse
lsasgunduiivasunn 1nnsAnuieug nguangvedveldfimuassideusasiinigiuse
Fudalsaussutuguiivuwingu disdsema FanudngusenaunisiudadniSeuldaiunse
(J a Y a < = a o v Y a [ v A A J a
Aniluni1slaase waviluanwaniafivivlinisliusmssasudadniSeundnisandunis

aglnsunnliiinisaangilvusggniesiavaginiianisaiuauveatieay Mngves
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3. N1599ALUULNUNINANEURUS (Use Case Diagram)

AN 3-12 LHUNMANLFURUSSEUUIRN1SsavadaRsezlaelvantnenssuusnig

A d' o 9 v @ v
LLagLﬂi@‘?ﬂﬂLLE)‘ULW'E]ﬂ’J']llllu@ﬂ‘Ua@@ﬂﬂ@jﬂlu%ﬂ%'ﬁﬂﬂqEJLL@UELW



4. wuudnaedlassainegudeya (ER-Diagram)

o G &
@ Check_boarding Bus_Type
@ GPS_Tracking
N
@ N
o>
Com> oz o>
Have
| G
1 N
Members ET
A, D o

ID_suggession

Suggestion

Suggestion_name

AN 3-13 LLmuﬂwwmmé’mﬁuéiwdwﬁayja%aaizw{]’mmiiaﬂ’aé’ﬁ]a‘%w

lngldanUnenssuuinisuazinsetneueliiennnuiunsuasnsiog

Tudaminveowaula
5. ﬂ’liaaﬂLLUUWﬁ]mymm%@uﬂa (Data Dictionary)

M1519% 3-1 Yoyaaundn (Members)

FoTlad Mesuny yiptoya(uun) | Ad
ID_Mem SWEANTN Int(3) PK
FName #o Varchar(30)
SName UINEANA Varchar(30)
Class SZAUNISANTN Varchar(30)
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A1519% 3-1 (6i0)

Foilan A1a5UY yiladoya(uun) | Ag
Status anuz W Wudunases a3 Wnisew | Varchar(30)
H_Location Muvisfieguostusin Varchar(30)
Parent HuiunasesesinGeuiestls Varchar(30)
Address ‘17{6]&“1' Varchar(150)
Tel LasngAnm Varchar(10)
Age ogld Varchar(10)
Email Bua Varchar(30)

as1edl 3-2 Feyasnta (Bus)
Foilan A1a5UY yilptoya(uun) | A
ID Bus IVETD Int(3) PK
ID_Mem SWEEUTN Int(3) FK
Bus Type U5 Varchar(30)
Bus_Color a0 Varchar(30)

5197l 3-3 deyasiumiasn (GPS Tracking)
Foilan AesuY yiptoya(vun) | A
ID_Gps VAR Int(3) PK
ID_ Mem SVAAUNTIN Int(3) FK
Latitude azFgn Varchar(30)
Longtitude ABIAgn Varchar(30)
Date_Time TULAZLIA Varchar(30)
Speed AL57 Varchar(30)

a51afl 3-4 deganansnazania (ETA)
Foilan AesuY yipdoyauin) | Ad
ID_ETA SWALIAITNUIDY Int(3) PK
ID_ Mem SWAANNTIN Int(3) FK




A1519% 3-4 (6i0)
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FoTlas ANeEUNY yilatoya(uun) | Ad
ID_Gps winsn Int(3) FK
Location s FumdaSudy Varchar(30)
Location_d fumdsUanemaiisneg Varchar(30)

Time ETA sygEIaTisnazas Varchar(30)

A5 3-5 Joyamanisal (Report_Accident)

Foilan AesuY yiptoya(uun) | Ad
ID_Report Accident | saLugnIsal Int(3) PK
ID_Mem IYEENITN Int(3) FK
Accident_name %amamiﬂj Varchar(30)
Date_Time TUAAN Varchar(30)

A57971 3-6 Uoyaruzin (Suggestion)

Foilan AesuY yiladoya(uun) | Ad
ID_Suggestion AR UL Int(3) PK
ID_ Mem SAEUNTN Int(3) FK
Suggestion name | Fof Uz Varchar(30)
Date_Time JUAZLIA" Varchar(30)

5197 3-7 deyanisudaiieu (Notification)

Foilan AasuY yiptoya(uun) | A
ID_Notification IHANITUAUFOU Int(3) PK
ID_ Mem Rl GGHANA Int(3) FK
ID Gps RAALNUIT Int(3) FK
ID_Chk STATIUIULAN Int(3) FK
Notification_name Fomsudadiou Varchar(30)
Date_Time TUKAZLIAN Varchar(30)

Temp RaUNLIUUSH Varchar(30)
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AN9197 3-8 Touaduauin (Check_boarding)

Foilan A1a5UY yilatoya(uun) | A
ID_Chk SHAIUAUANUUSA Int(3) PK
ID_ Mem SWAAUNTIN Int(3) FK
ID Bus sasnUa Varchar(30) FK
Lat_long azfyALaTaBIAYn Varchar(30)
Std_Count TIIUANUUTD Varchar(30)
Date_Time TUAZLIAN Varchar(30)
15197 3-9 Uoyas18uNa (Statistic_Report)
Foilan AesuY yiptoya(uun) | Af
ID_Statistic SRATILUNE Int(3) PK
Statistic_name Fo3e91UHA Varchar(30)
Date_Time TULAZAN Varchar(30)
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fmaulidennou 5 seaU fausd 11niian 10 Uunans dee uazdesan laedivaninad
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JEAUANULANNEN AU
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Yunang 3
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Aade PELOLY ANNNE

4.51 - 5.00 mﬂﬁqm ﬁﬂfgmmmzaﬂuizﬁumﬂﬁqm
3.51 - 4.50 1N fannungaulusgauunn
2.51 - 3.50 Uunang fanumungaulusgauuiunans
1.51 - 2.50 o fanumungauluseauiley
1.00 - 1.50 Yioeiign fienamnyaslussiutiosiian

(Yaya, 2545)
o d' ¥ qy 1 L4 d' ¥ a dll a
Wsyuurauauedofide vy umalulagansaumakarn1sieas Ussiluna
nseenkuvan1dnenssuszuu oI UsuUTA LY
3.3.4 S¥Egild NMSHAILNSEUUIANSSaUaSaas sy dansur lngldan1tnenssuusnisuay
A 1 dl' QIJ % U % 1%
iwseveueUiiteanuiunsUasnsvadludminyauauls
TunisWauszuudnnssavasaassssaasuslneldantnanssuusnisiagiasevie
weliiterudiuasUasnsdegiludminmeunuld didelaldndnn svenismeiauissuy
(System Development Life Cycle : SDLC) AotuUnounIsWaLIsEuUAUADNNILABS D
ansauna Badlnszuiunisinefnwiainanuseansvesldauuiluguiuuresweundnduy
Tnedinmstvunfanssusng o Tuduszezvoin1simunszuuog 1 lnauUALARUUALEANIS

g g a t:gf’ IS Y o v a !
WauY 2933013 sEUY LAnTulul A.e. 1960 Lieuuimunlussuugsiavuialvg

'
a a

Faduganiifimsnunguvesssfitnualng Sessvuasaumatudunszuiunisiddeys
$1uaun SDLC faanunsoldanldininiBnisuuudu Sniadafinssurunsiifissansam
unwenaziluidunumsu§oale (Boggs, 2004) Usylewives SDLC Sugaelinsiam
sTUAmTAUMATLATIMNATIRDINSTNld annsonsianuauuazudludefianaiald
Aeud azurszuululd ey andunulunisudlededanainiltininnisimunszuy
anszeznaTlunMsiaLNszuy Wndseavsnmlunsmeaey msthgednw wasufuuseudly
sruu danudungulaniuadudenisre sl ldauawiiiianswau seuueg 19l

YLANTNIN
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NIz UUIANITIaUadIaTezdnsszlneldaatnenssuuinisuaziaiedieed
iomnusiuasUasassgiludminveuauld Tnewauidu Software 1donld React JS-
Library aduntwnannansusilausisils Server dmsunisadrsdumasinly APIs usnsti
{4 fhegnaszuuildinu Facebook Wag Instagram Tsmeuaussiiuda wie V lu MVC uaz

W Hardware 19 Micro Controler Board Arduino NB-loT Temp Sensor Wag GPS/GPRS

Module

SDLC

Building

AT 3-9 299N THAILITEUY (System Development Life Cycle : SDLC)
(Shylesh, 2017)

1. Planning NM39UNLLAENTIIATIEANN TN D1 T2aA A B350 Ly
fumeuiiuguiidrdyfignremnnszuiunslunasmsiaunszuy dussndesiinisdisa
ArfasnmsvessruUnoulasasiiufiasaiiolunudziundudléifonsrasuiiymuazai
Jusnvesssuuiiy %gwiamﬁwﬁ@Mﬂﬁlﬁﬂﬁlﬁi’mﬁ%g@LﬁmwLLmumﬂumiﬁmumm’m
Fosmslrmssfuaudesnmndnuesilinuiieudtymnuingussasdniseenuuusioly

2. Defining M3fLAALABINSITBNTILATILRNTIUHULAZANABINTLATS
auysoiudrtumeusielUfamriaaulnganiBenvasdormuaiamnvassruuiiareonuuy
wazatann Tuusnifunmsilgefidguamsdldunmmunenudesnislnefineasidonves
Hamliaenndesiuingusvasvomislinudelfiumauazdoruemuenesszuuud
Jahundnszuiumsesnuwuusiely

3. Designing nMseenuuuannenssuszuuwazivuauautReng 9 vesszuugagn

[ '
) = a

Toduteyatoudluniseenuuuanitdnenssussuuimasimmuntu Suusninisesnwuy
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anUnenssudulugasing q saisniseenwuuiatuazaldane dunsnidunsfinudeoya

a

NITeETAgteareaniuuandnenssussuuTuiiaduuivuulunsiauniduiiures
Software way Hardware Tusou U LNUNI995May Layout 119A1U Software wag
Hardware luiiaiuselumasiely

4. Building n1sasansenmunseuuluseueln1simuINu3990395euuIs uAumY
anrlnonssufioanuuuld winniseenuwuuiaiaseusosuditunounelufe Wnimuias
- v A A | o o ! v = A
Honldia3eedenne 9 agramuizauazaunsaRaulusunsundanuwananeny 4
TUILATUAIBILUUAIN 9 19U React JS, React Native, C, C ++, Pascal, Java ,Java Script
waz PHP Wusiu nisdenldniwfiimunszuulueg fuussinvvesiusasnisinluldany
vsumiu dunsnilunisih Software Mdanliegamunzaniussuuanimuniioniuauszuy
NFYUTINUATIINIIAIUAN Hardware WagAIUAN Software 5109 5¥UUFIUTBYAR 9
Jusipnhszuunlalugmanisneaesusiely

5. Testing mMsnagauluduneuilszuuilasunisiauiazlasunisnaaeuinduliniy
Tommuavaslivseld mnnudaunnsesweaniiisazgnIteuRnn UL lukaznagey
guielilaszuundnunings Juwsnidunisihszuuilanaudunmegeu lnenegouain
naugldnuneIdes wasnaaeulagfidevigyauseuuiy 9 Tuseindnansmaaesnla
nauinUulsailukaznaasstdnasawaziilowilainssuuyheulafudidailugmasiely

6. Development Msusulduaznisinzesnumaminnaaeussuudssuuasgnuiuld
luan nuinaouase o lunsig [N TI3@0UTTUUATINUAIUABINITUBI LT IIULA T
a 1 o a Y ¥ = L
SenIINTEaNTUNIIAdeU MndiTalauauwuraIng LFusEuULIasiinsUTul Aty
WULRLENASY TuusnATinsdseuunlaluneasslduluaniunasunenaasutgnin
a r-:’f( a ! v a o Y [ a g.J/ g.J/ Y [ 1y
AnTuasannngugldinuasawagdmanlanduluuiulsaudlednass saumsnisdniiaionis

Iduuarnsdneusuliiugldauiieitommun Yudenmanldnululadnsseenil

[ '
a = U A

udmsfiinsianunanisldauuadgmiiiad udussuuii othanuuusaudlaln
(Shylesh, 2017)

NINAABUUIEENTAINITUUINNITNIINARBUTEUULUU Black Box Testing (lana,
2555) lngdin1s@nwiuseansain aushwianudasaisvestoyalussuy (Security Test)
ATUNIIATININANNABINITVBI LY 58U (Functional Requirement Test) siunisvinaule
AIUAHIATUIIUVBITEUU (Functional Test) LagAIUAINNINEABDNITITIIUTEUY (Usability
Test) in1snaaaulags ldauseuy LLawitf?fmﬁmfgmaéfmLMﬂIuIaﬁmiaumﬂLLazms

doans 31U 7 AU YNanlandidetvguniasisideyan1sain mMvusnaeinsuseiiy
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Ju 5 seduwazdmanliidensou 5 seAu Aaus 1nfian 11n Yrunans wee waziiasdian
WovALdswardIuTgR LAY
335 sgegh 5 Ustiluwnanisysannisanuduaslasnsdedeainssuudnnissada

] 1

gaasurlagldanitnenssuuinisuazinIetiouey
mstssdiuansysannslaediidauiedostusataluiminmeuauliide
3.3.5.1 guimsdinnuuuddamindiuiu 10 au
3.3.5.2 unasesinieu 91u3u 10 AU
3.3.5.3 gusgneumsvisenudusa 91uu 10 AY
3.3.5.4 fuimsanudne 911 10 Ay
3355 fuimsesdnsunasesdrusiesiu $1uu 10 Ay
3.3.5.6 Wmihidheausiuag S 10 Ay
3.3.5.7 dniseu 3117 40 AY
3.3.5.8 fruAuguaantinseuvusada S 10 Ay
19a1nMs dueg1adne (Simple Random Sampling ) 91131 110 AU
336 swugd 6 UssiliumnusiuasUasndegeainmsldszuudanissatasanioslaely
andnenssuuinisuaziaIevieuey
3.3.6.1 ihdeyadildannsdnuidennduuniideiieUssifiudiunnusiuns
Uaonsvgdludmiamounld fail
3.3.6.1.1 fumusiunsasnfodiuynna
3.3.6.1.2 fumnusiunsasafelunswedau
3.3.6.1.3 snuanudasaseluanimwinden

o ¥

YPauan1slenlaainnisanuidesnunaiuainusiuaias adedudat aelulaay
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Aulanadl
1. suanuduasUasnfedinunng

1.1 wanmsUssiiiuvesrdulsomaluladnly Seewud1du 5 seau anunantum
D
WRIATG

1.2 wansUseiiuvesdlasassomalulagnly Sesddu 5 seauatnuingalum
D
WRIATG
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2. puanuuasUaendeluningdy
2.1 wansuszidiuveduiidewmaluladnly Seanuddu 5 szau 31nungalum
D
Uaeiian
2.2 namsUszidiuveslavaisaewmalulagnly Sesdwiu 5 seau a1nunaalum
v A
Weeiign
2.3 nan1suseiiiuvesrunasesamalulagldisesdau 5 sedu annunanlum
DI
Weeiign
3. nupnusiuasUaensigluaninwindes
3.1 #an3UsEuvetuTiawmAlulagNly Fewuaau 5 sedu nungn lum
D
Weeiign
3.2 nan1sUssiiuvedlagansdemaluladnly Sesddu 5 sedu nungalum
Uoeiian
3.3 nan1sUsziiuvesrunasesieamalulagnldisesddu 5 seau Mnungalum
D
Weeiign
Uszilunamnuliuaslasndvadlaeginildiunettesiusadaluiminmennulaiine
1. guimsdinnuuddanda 10 Ay
. JunAseatiniey 10 Ay
. {Uszneumvisenudusa 10 au

- JUIMsanuinw 10 Ay

2
3
4
5. ffusmsesdnsunasasdusiu 10 AU
6. lwhiideaasiuas 10 Ay

7. NS 40 AU

8. fmunuguaininiZeuuusata 10 Au

1A91nn13 guegedne (Simple Random Sampling ) 911431 110 A
Usailiulnofi§orvgiumaluladansaumauaznisdoans $1uau 5 vitu Tasnns

a . . ! a = ' a
LABNLLUULIIEAN (Purposwe Samptlng) 51U US%L&JUN@I@EJmWi%ﬂJGUENiSUUL'WEJ‘VHMLQ@EJ
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Yaa |l N
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3.4 nsiiusiusandeya

3.4.1 deldnudayanuuaauauAufeIn1sveeTEuL

342 §33uldvinsduasiisinguazasduasnisvihide suendninusilunisnoy
wuuaeunuielvEldszuy fnrundlaludedan

343 Winduidhmnehmanivanueundiadunasfndaiiolda

3.4.4 {Idwihmsuandlienisldnuvesssuumeisnisnnilvanlng

3.4.5 Tinquithmnenaaeddszuu Wussezoa 1 Weu

3.4.6 nasnnguithmueneaedddiasa Wingudmaneiuuuasuay

3.4.7 dhuuvasunwildunvinmsnseaeuaugnieauysaineuaziluinge

Joyanaineinsaneiiinesmely

3.5 MylAsizvdaya
35.1 Anady X
_ Y x
s X = —
¢ N
e X Wy ALRdeaYAn
DX VU HATIWVINATRIAZILL
N WU UINTRITRYaYIIVA
3.5.2 dideauuninggiu (Standard Deviation)
(xj—x)?
n-1
‘ﬁl 1 ‘ﬂl
e SD. wnu  duleauuuinnsgiu

X Wiy deya (Faf 1,2,3..,n)

n Wy uIuteyariaiug
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dniFou: aw.dusau yldy

< ©) O

dl 74 o 1 LY
NINN 4-5 $UIIBUAAIRILALUITAUEAUN Google map



el Ll Qe @ % © 9801 19:56

& INEALIS YU

Isvisau
UISNRNVIANLY

o uwana

Sutdaudina
Sultdaudina

utssu

Crr

s=:qudu
DULNR

tavvuas SmartBus

< O O

AN 4-6 MNDLAAINISHANTNLSBUSEUU Smartbus

91



92

ten Al il w5 @@ @& [@0) 21:51

& udloitnidon

Tsulsau
UNINVXY
o uwana
Qu.oUSDU gly:
Sutdaudina

2005-10-04

r
re

utssu

7]
re
o)
C
C
c
C

DUV U.3/1

tauuas SmartBus

66167182137

< O O

AW 4-7 misuanensuiluteyatniseu



T il & P Q@ B0 WD 1641

o
o

— sivAN

' Surachet Sung

dansdpyadiucd

‘ LOG OUT

< O O

27 4-8 MNAOLARNINITEDNAINTEUU Smartbus

93



94

Iiﬂi: alll il = K[/)s ®% @ 3 Q [@0) 21:58

HIV RN

(YUAIDSUNY

anufRLiQLHq

< O O

AN 4-9 MINFBUARINITUIUVARNIEUTINAY



95

Tl al S P ©® & % © @00 21:58

VILAUDLUY

O Heyrms oou

O JLRAUD UL
OFN

UszaumsaduavArutduagnols

< O O

P v v o o 1 Y]
AN 4-10 ‘Viu’]f‘ﬂaLLaﬂﬂﬂ'ﬁi‘Vlﬂ'ﬂLu%u’ﬁ')Nﬂu
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A9 4-16 HANITRBNLUUNISTRNsBRUNTAITEUUALLUY Smartbus Tundeseiunysyasd
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AN 4-21 YNSEUUAULUUNNAADULAL DU

0.43 nansUsuiuUssansnmussszuuiiianndy 91n35n1svadeusyuuwuy Black
Box Testing (lana, 2555) Ineiin1sAnwiused@nsain ausnwinimulaenadevestayaly
52UV (Security Test) AMUAITATININAIUABINITVOIRLY 52UV (Functional Requirement
Test) Aun1sUlanueATUUYIsZUU (Functional Test) wazdnuaudneson sy
95U (Usability Test) Tngvinnmsnaaeuannguiliau wazfidormymsinumalulad

ANSAUNALAZNTEDANT INUIU 7 AU



A15197 4-6 wan1sUSTIUAUANUIERBNISITUSEUU (Usability Test)
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.. - Nan1sUseLiiu
nIVaN1sUELUU — _ —
X  S.D. szAuauAALAY
AUERDNTTITIIUTEUY 4.23  0.50 110
Andvsnzaslunsifenltuiafonys UL N 4.07  0.69 11N
ANugadlunsi@enlgauInfeneIuLIRAIN 4.07 0.58 110
auvanzadlunisifenldddsnysiassunm 420 061 11N
anunzadlunslddeanuiiooseuasdemumne  4.13  0.50 11N
ausnzaslumslidydnualviosunmifiedorumng .07 063 uN
Aavanganlunsuduiusianeuiugly 4.00  0.69 1N
ANUnzanlunIsNEwlsesEIuUsTNEUUNIRNIN  3.97  0.61 110
AU aNYesAinldanusnUfiRnaldlnede 4.07  0.52 1N
nan1sUsEiulae s 4.09 0.60 110

PNAITNN 4-6 NMTUTLIUNAATUAMNINYRBNITITIUTEUY (Usability Test) wuan

Han15UseLiiulagsin egluseduunn (X = 4.09, SD. = 0.60) LiaN15151808 WU

Y

‘Vi’m’f@mmdwm'amﬂ%’muizuuﬁmwﬁmﬁuaqﬂuwﬁ’umm (X = 4.23,S.D. = 0.50)

sesasndennuvnzanlunsifenldddidnysuarsunin agluseduuin (X = 4.20,

S.D. =0.61)
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A5199 4-7 AN sUsEueuNIsYnuUlae Uit uIuYeIsEUU (Functional Test)

.. - Nan1suszdiu
WIvaNIUILLAUY — — —
X S.D. sziuanuAnLiiu
anugnapslunsdaivdeyating 387 062 )
Anugndaslunisusulssuiludoya 4.03 061 ealy
Anugnsadlunisaudeya 387 086 )
AugRFiBsNHadnSTilsanmsUsTanana 4.13 057 ply
ANUYNABIINNTTIBNURATDYA 4.27  0.69 Gl
ANNYNABIINNITAUMIVBYR 397 0.6 )
Han1sUsEduAUmINzaLlag T 4.02  0.68 4N

31n915199 4-7 NsUsEunanunIsiulanuianduanuvesssuy (Functional
Test) wud1 wan1sUsziulag s agluszAuinn (X = 4.02, S.D. = 0.68) Lilefia1saunsgle

{ v v v (4 = a 3 1 [y =
NWUIN m%mmgﬂmaaf\nﬂmiiwmummayjaumwmmmuaqiuam‘umn (X =4.27,

S.D. = 0.69) 7898911 T0ANNYNABIINKAT NS T L a1nn15UsEUIaNa agluseauuIn

(X =4.13,S.D. = 0.57)

M15199 4-8 HANFUSHIUAUNTNTINNUAINABINTTVRIA LY S¥UU (Functional

Requirement Test)

o R Nan1sUseLiiu
nIVaN1sUIELAU — — —
X  S.D. sEAUANUAALAY
ANUAINNTOIUAITIANITUIINAARLAUITE 413  0.62 110
ANNENNTIUNITIANITRT W 5 413 0.57 110
AUEsalunslidelauBuLLSINAY 4.00 0.58 170
ANUAINNTOIUAITUERIUTEIRNITAUNG 403 055 11N
ANNENNTAtUNTLARRYAAUTUTA 4.17  0.59 110
ANANINTALUNTUANITBYATA 430 0.53 11N

ANALNTOIUNTULEASTIUIUTNIS U 4.43  0.56 an
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.. - NaNsUsSLAY
WAVBNIUITLAUY — — —
X S.D. sEiuAuAnLiY
AVINANINOIUNITWANIAIINTITD 4.43  0.62 1N
AINENLNTAIUNIAAAZILTEENSNT0ZAN T 4.27  0.63 1N
ANNENITAbUNTLARI U IViDIlALENS 4.07 058 )
AuaIsalunsuansTeTeslagans 4.17  0.64 1N
AEaansatunIskdaioun1stusasLAuinue 4.17  0.53 1N
AnuasalunsLdLieuguMiisaguinfivue 4.07 052 1N
anuansnsolunmsudadeunmstusasassavesinGeu 4.27  0.58 1N
Nan1sUsEluAumInzadlag TN 4.18 059 1N

INANTNN 4-8 NTUTHTURAAIUNITATININAUABINITVBIR LY SEUU (Functional

Requirement Test) Wud1 wan1suseidulagsiu sgluseduuin (X = 4.18, S.0. = 0.59)

Wefasansiede wuln adeanuauisatunisuanssiuautniseulinudndiueyly

sEAUNN (X = 4.43, S.D. = 0.56) mmmmsdummﬂmmmL%iaﬁmmﬁ@lﬁuagﬂuizﬁu

1N (X = 4.43, S.D. = 0.62) s89asUMIToANNANNTlUNTHARIUBYaTRRg luTEAUNIN

(X =4.30, S.D. = 0.53)

M19197 4-9  Han1sUsEliususwANuUaensisvesioyaluseuy (Security Test)

o R Nan15USELAU
WIVINIIUTELAY — —
X  S.D. SEAUANUAALIAY
nstdaungderlduas sianunivug 413  0.62 10
AN UANUANS AU 413 073 110
AsBuSuAESIa 6 nan dadu SMS 1Wnilane 410 0.75 170
NanN1sUsEliuAINULN ALl 400 0.71 170
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NANT7 4-9 nsUsgdiuranushwaulaendevestoyalussuy (Security Test)
wudn wamsUszifiulaesin egluszduann (X = 4.00, SD. = 0.71) Wefinrsansiede wui
wdensldanudied oflduazsianud fmuadanudaiuegluszduinn (X = 4.13,
SD. = 0.62) WatensitlFaunuansidmuadanuAadiveglusedunin (X = 4.13,
S.D. = 0.73) sesauiaden1sduduiiesia 6 ndn dudu SMS Whiledesgluszauuin

(X =4.10,S.D. = 0.75)

4.5 wan1susEliunan1sysanN1sautuasaaniegeInssuuInnssadadaasesiag
TdaanUnenssuusnisuasnsavneway

a ] LY v

Pa9NARRazlgIUsTUIUTANISSaUAS RS ur I uAULALlASUNISUSELTUNANNS

ysannIsaudunUasadeasainszuuianissadasiaseslasldandnenssuuinis

=) 1 2 dy
LALLATEVLLEY AL

15197 4-10 HANTUTEIIUNANTTYIUINTANNNUAIUADANBEINTEUUINNITTAUA

dansuzlagldantnenssuusniswazasevnewey

Nan15UsTLAY
s1en15UsTIU X SD. STAUAINY

a (=

ARLTAU

1. MTMIIUTZUUIANISSOUAD IR UL TINNU 416 0.74 10
2. MW IIUAY 440 0.56 170
3. NNSHATBLEUBLUYSINNY 3.66 0.80 170
nan1sUseiulnesu 4.06 0.77 11N

1NA597 4-10 MIUTERUNANTYTUNNNIAUTIuAaAdEgeRINTEUUTANISIA

v o

adansuelagldandnenssuuinmsuwazinsetioway wud namsuseiiulagsiu egluseeu
1N (X = 4.06, S.D. = 0.77) WleRasa1siede wui1 Nsudamesauiuiimudnsiveyly
s¥AUNN (X = 4.40, S.D. = 0.56) 58989119 IVDNITIHIIUTTUUIANTTOUAD IR B IUNU

agluszAunin (X = 4.16, S.D. = 0.74)
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4.6 wan1sUsziiuaduiuasUasndegeainnisldszuuianissadasaaiesingld

aondnenssuuinisuaziaiavieuay
n¥anAndauagldnuszuuinnissavadaadsssmfundisruuasudaioutoyaly

nauildausiufunsunarsufulssifiussfuauiuasasafuanteyaeazidond

ANS9AUAS

M19197 4-11 wan1sussiiiupnuiuaslaensivgainnisldssuudnnissadadansey

Tnelgan1dnenssuusnIsHasATaU18waU

Nan1sUsEEu
s19n15UseIiiY X SD.  szAuAy
a <
AnLIU
dievhulasudeyadeyanlianseuudnnisiatadnsesnadelull
Toyativiulasurilivinuanuduasasndeseaule
1 auuasaenderuddud
1.1 Yoyagdud laun ¥e-ana uay weslns lWansewdiein 3.96  0.49 1N
a =) 4 a J v v A Al ! o L3
winanidu visedesnisiase ludainiSeunldnnmlnsdng
1.2 dayasava lawn Unengifousa 8ve su wavdsa 19 4.13  0.68 1N
nstludanaledanlivasndey
2 anuduasUaendienuglngans
2.1 Fwudniseuvuse ensuddudniseuninee 413 0.57 Wy
1 [y I~ @ o 1%
sguusanarlesiuannisduantdnseulivuse
2.2 Joyarniseu laud ¥e-ana Tunsuthia seaudu du 446  0.68 1N
= 9 Y oA Ao &< 9
Sou wasnuneartng RFID Tditedudun1stiu-assada
3 anuuasUaendeniuiise
3.1 TayannuiiI5auuu Real-time iatasdugUfmai 4.10  0.66 Tl
a U @ a a o
AnaInNsTusaisaau 90 Alawnssiadalus
3.2 Joyalna1finIninsnazande ETA: Estimated Time of 4.23  0.67 )

Arrival titopulaondsluniseanundunsssatauiy ¢
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A15197 4-11 (di@)

Nan1suszdiu
519n15UssIiY X SD.  szAuAy
a <
ARLIIU
3.3 fanusalagans 310 GPS iiensiudeuniesauuy 4.16  0.59 11N
Real-Time T nsdliingURmnnsownnisalainulaasy
¥ t%4 d‘ o Y v 1 A Y 1 ]
Wnhfdnsaasas i saslalutemaslaviuvia
4 pnuiunsUaenienuaNIWIAGoN
4.1 Yeyngamniviedlagaisuuu Real-Time ldudaiowile 4.23  0.62 1N
Ay a 1 Ao - =
gauniviedlagalsguiunimnnuafe 34 asAgalged
Wedestudniiauvineinianielawazoraduanngnis
a  Aa @ v A 1%
deTinveaantinieuls
4.2 Yayanimainnaesinsagus [Wluiniegidelin 4.16  0.64 10
gURmeuazImMAN1TalAN llaIUTENINISAUN 1
4.3 msudangsiuiu Tdneudangnisalane qlviungu 4.10  0.60 1N
WY UnI o153 nslansukasiiiiginietniseula
o 1 =
Vuviad
4.4 Jawauawuy Mieaudslgymbiiunqugldauieidu 410 071 1N
nslnuLazTalaUBLULBY 9 LYY NYANTINVOIAUTUID
4 I 4
wag JatuauTe Lusu
Han1sUsLiulng sy 4.16 0.63 Tl

N1 4-11 miﬂizLﬁummﬁumﬂaamﬁagqmﬂmﬂ%’szuuﬁhﬂﬁmﬂ’aé’ﬂﬁaz

lagldan1Unanssuusnisuaziaovoway wudi nan1suselulagsiu egluseduuin
(X = 4.16, S.D. = 0.63) asansiede wui duglavans TeyatnSeu laun Ye-ana

Junouluie sEAUTU YUSoU hazuunglavums RFID Tdedudunistu-assavailniny

Anviuagluszauun (X = 4.46, S.D. = 0.68) seawwnuiise Widedeyanaiininiisnay

1194 ETA: Estimated Time of Arrival titead1udasndsluniseanuidunsysaiauiu o
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aglusgauln (X = 4.23, S.D. = 0.67) Wagmuan1MLINAY Mletayagumgiviedlaans
WU Real-Time ldudufowilogamgiviedlavarsguiuninnivunde 34 asegaided
WetesiuiniSeurineinismelawazeraduamnnsdetinveanniniseuls egluszeiu

110 (X = 4.23, S.D. = 0.62) H1UAGY
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Aendes fdl 1) nsuvudsnsun Jeymidesasnismuauaniiise 2) funases wuagain
madenteglinsuisanudsesynsvaiy 3) gusznaunisuieauduse liduseiudy
IdsaRaUssian Anudasrewinaninse lufilueygie stenmeglindeududu 4) lsasuu

a

vamsidrudadeulovts Wifif$uisveuidusu 5) viesdu lifuaudidyeatiym
lsifidhesuinveu wazidediavesnguunenuaumduiy tmuaiidul gmilindudsld
mhgnundnfiiuudlvoganiadsiusyaiiuduresdym wadsiieruslae, 2560)

LAANTITHAIUTEUUIANSIUadaRs v Usenaunly 1) SEUU GPS WIIMIWLeTe
#33tfuiuy Real Time 2) 58U Sensor anadaindusn wieutfudwrudnimualusn
3) s¥UUNED4 IP Camera ilotuiinuazldlumaihussdinnelusn dsvuuudafeunnnuiia
safiurimun 5) szuuidaieusnesnuenidunis 6) szuuudaieuilesaaegniunazdain
7) szuuudaieuiiiosnvenuiuiiaund 8) svuundissormauarduanarfiozunigaiuds
Lar 9) 55UU Sensor gauniinelusava nienudadeul ogugfiAuning ivue
fensAusEnauTianunazfeards Hardware wag Software lavordowalulad loT ldun
Sensor #14 9 ,GPS Tracking ,IP Camera ,RFID ,MCU 939 MPU 1Judu (Vidyasagar, K.,
Balaji, G. and Reddy, K. N., 2015)

Mesh App and Service Architecture Junuiliufiasfinudesnisiiaziudsuntas
andmenssuvennalulad wazadosdonldluniswaur §1 MASA Fuasidudesmis
fivannvanevesandnenssudidy Cloud Computing #3832UU Serverless Computing
way Microservices 9119 9 Fauuilifuwas MASA o1aasduuny svavendlunisideundas
nazmsaLLAesiognsUfTRNR RAnfna, 2560)

amnusiunsasnsogsludmiameunuld Srsiduinguszasdden 1) ilelidmia
WeuAUNIALAIANNUABASY Aasudud

danulfidodelatu Usmnndouleiidodonisldamsuussanyndelng
LESUaTANENMTAANNEINTA kazUsEAnSannsinwmenuasndelutinuasnsnddu
Josfunazudilymssunandeudusianfingsiafinngumanengudvinaluiiuiinaonaulvd
ﬁuﬁﬂaamﬁaamﬁuﬁLwﬁw%‘waﬁuaqﬂzj:uQdamwmmwﬂmaﬂﬁﬁdaui'gmamﬂmﬁé’m Tunis

v = [

i@suaseaudundveagusy wasnytnuiinsduasetnnudasndeuaziiisyiadunsie

Y

[

YeeUsey1vunalIiEgouLaLAY YUYUALS (UlBUIEAITUTITHAEAITHRILNTIN TR

YIYLAUNIALA W.A. 2560 - 2562)
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[

PNUENNITUaZIMARARIN AT ITe el aunszuudans sadadenses
IngldanUnenssuusnsuazinseieweliiiennutunslasndegludminuounulady

WegisuAtynainann

5.2 ssuudanissadasaadeslagldandnenssuuinisuaziniotisuaUiiondnusiuas
Uandwgeludaninvisuaula
52,1 szuussuuiamssatasiaieringldaninenssuudnsuasieietiewetifioniny

funsuanntogdludminmounuld feazBondsd

5.2.1.1 Smart Tracking System A aszuufinniusasuuiiealny tievudin
FLAULAUNIINITRAUT AIBTEUU GPS

5.2.1.2 Smart Camera Aa5uUndos IP Camera tievinsgmanisafluidumg
FrunirsouazidweangAnssuautusawazusseinanisludisava (Jundesitlud
Jmieluviownain)

5.2.1.3 Smart ETA fasvuumuiaszeznaiiisoazaunfeefidasmuniain GPS
ey Google Maps

5.2.1.4 Smart Gate Attendance ﬁaazwﬁfuaﬁmu;ﬁmamwngﬁuuazmiaé’asJ
Uns RFID

5.2.1.5 Smart Alert Ao UULT WA UM 9 laun AULSITaLAUMnUn
yaumgivieslasansgeniniidmue sniaegnsuds wazsnsenuenidumis 1usy

5.2.1.6 Smart Suggestion SUKTMATINAY VUKOUNFLATUNIUTEUUUTNITUUY
1A3898wayU (Mesh Apps )

5.2.1.7 Wudiuresnguildausiuiuuuieunfinduiuunitie (MASA: Mesh

App and Service Architecture) louf 1.4nSeu 2.4UnAT04 3.03 4.61533 M3 5.AUTUTD

'
a

LAz MNeIT09 H1ugunsalse 9 lawn Smart Phone Tablet Desktop way Smart Watch

5.2.1.8 Judwwesszuuniatialaun Cloud Server vivmthiilunisdmiudoya

HUSZUUAAIN
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Tuga GPS

@

#7

oNe

U Tag RFID

Tugase LCD

AN 5-1 NN598NLUVINITNSIBUABTEUUIANSIavaDaRsuslneltaantnenssuusnig

waztAseveuaUiteauduAUaensvadludminmeouauls

LK) smartbus-mega | Arduino 1.8.8

smartbus-mega

String serialMNumber = "1810041721720";

LiquidCrystal_12C led(@x27, 16, 2); //Module 1IC/T2C Interface wraguaraszly Ox3F
| #define DHTPIN 44

#define DHTTYPE DHT11

#define SS_PIN 53

#define RST_PIN 49

MFRC522 rfid(SS.PIN, RST_PIN); // Instance of the class

| MFRCS22: :MIFARE Key key;

AIS_NB_BC95 ALSnb;

| DHT dht(DHTPIN, DHTTYPED;

/¢ Init array that will store new NUID
byte nuidPICC[4];

String cardUID;
int ledState = LOW;
int ledBlacklight = 1;
| int ledReseted = 1;

unsigned long lastMillisl;
unsigned long lastMillis2;

String serverIP = "165.22.243.88"; // Your Server TP
String serverPort = "7080"; // Your Server Port

| const long interval = 5000; //millisecond
| unsigned long previousMillis = @;

long ent = @;

A 5-2 vihaeniseenuuulanaluaulnavdnves loT way w1 Monitor

NAFOUNITVINUYDY loT
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@ @ /dev/cu.usbmodem1411 (Arduino/Genuino Mega or Mega 2560)
| Send

117:18:44.081 -> ##uw##is##n AIS_NB_BCIS Library by AIS/DEVI V1.0.5 ####t#n##H#

117:18:44.157 -> # Reboot Module.

17:18:56.271 -> # Module IMEI--> 863703031823516

17:18:56.974 -> # Firmware ver-->» SECURITY,V100R100C10B657SP3PROTOCOL,V100R100C10B657SP3APPLICATION, V100R100C10B657SP3SEC.
17:18:57.642 -> # IMSI SIM--> 520039400003478

17:18:57.679 -> # Connecting NB-IoT Network..................iiiiiinnnan. > Connected

117:21:54.965 -> HHHHHHH I I )

117:21:58.736 -> # Device IP: 10.0.12.221

17:22:03.202 -> # Ping IP:165.22.243.88,tt1= 51,rtt= 2542

v

v

v

! B2 Autoscroll Show timestamp Newline 9600 baud Clear output

Mwi 5-3 vthaeniseeniuumssnlrandayaiinluvesa Arduino Mega 2560

5 indexjs src X

OPEN EDITORS

require(

, mongoUri, err);

db.o
db.once('o

rationType ===

.log(

ocument . serialnumber) {

heckin(doc)
1

OUTLINE
3 NPM SCRIPTS

P masterr @ ®O0AO0 Ln13,Col1 TabSize:4 UTF-8 LF JavaScript © 0

AN 5-4 MnseanLuulAnlndnanvas UDP Server
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s client-log.config.js
client-logge
index.js

boardings.

ame) ;

B } = require(

rongoose. connect (mongou:

boarding.servic
N AT useNewUr 1P

SMARTBUS-AP|

Js bus.venaaon s

(er
validation js

5 notification.validation.

55 suggestion.validation.js b

db.on(
db.once(

35 uservalidation.
’5 index.js ]
35 twillo.js

dockerignore

example

env.prod

Index:

Lerror( , mongoUri, err);

mongoUri) ;

nfo(
taskCollection

f (change

deploy.sh
docker-compx
Dock

OUTLINE
3 > NPM SCRIPTS
3 masterr @ ®O0A0

s App.s

OPEN EDITORS 5 A

SideMenu.sty
SettingsScree
App.js

package.json

HistoryScreen.j
Form
s FormAccidentjs

FormSuggestion.js
Form.js

app.json

authActi

student

SMARTSUS-APP

report

setting

gitignore
chmanconfig

55 Appijs

{) app.json

35 babel.co

15 config.

{) packag

OUTLINE
> NPM SCRIPTS
@040

1

3¢ master

=p.

AN

(change. fullDo t & change. fullDocunent.serialnunber) {
doc = change. fullDocument

newdoc Boarding e
mit( . { data:

checkin(doc)

newdoc });

Ln13,Col1 TabSize:4 UTF-8 LF JavaScript © 0

{ Platform,

1{

Ionicons }
firebase
StatusBarAlert
{ InAppNotif
configurestore

AppNavigator
tificationWr

DefaultNotificationBody

NavigationService

store = configureStore();

(props) {

componentDidMount () {
config = {
apiKe
authdo
databaseURL:
projectId
orageBuc
messagingSenderTId:
b
firebase. initializeApp(config)

Ln12,Col1 TabSize:4 UTF-8 LF JavaScript © 0

wtnaen1seeniuulAnldndnuas SmartBus App
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CONTAINR D TWAGE ' COMMD CREATED STATUS PORTS MAMES
fheb@d77335 nisaofee/api_smartbus_service:v1.8.7 “npm run prod* 2 days ago Up 2 days 0..0.0:8080->8880/tcp api_smartbus_service

78446960852 nisaofee/udp_smartous_service:vi.3 “npm run prod* 2 weeks ago Up & days 7086->7809/tcp, 0.0.8.0:7088->7808/udp  udp_smartbus_service
d37¢8b&9c7ed mongo *docker-entrypoint.s." 3 months ago Up & days .0.0.0:30001->27617/tcp mongol

7b95¢124bd29 mongo *docker-entrypoint.s.” 3 months ago Up & days 0.0.0.0:30003->27617/tcp mongo3

Tfc1fbd295¢d mongo *docker-entrypoint.s.” 3 months ago Up & days 0.8.0.0:30002->27817/tcp mongo2

T2e3efc296% mongo *docker-entrypoint.s.” 3 months ago Up & days 17217->27017/tep mongodd
cbed8da3es0s nginx:LlEﬂl.IZ *nginx -g 'daemon of." 5 months ago Up & days 88->88/tcp, 0.8.8.0:463->463/tcp nginx

2NN 5-7 m’i’lﬁlaﬂ’mﬂmaﬂ Service api_smartbus_service Wa¢ udp smartbus_service

docker-compose.yml X

OPEN EDITORS

¥ 5 ourume

®o0A0 Ln8,Col17 Spaces:2 UTF-8 LF YAML @ O

docker-composeym|

docker-compos:
SMARTBUS-API

AN 5-9 7119901590NWUULARAIAINITVINUVBY API Service
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EXPLORER IS o boar j { docker-compose.ym| X

~ OPEN EDITORS

-ompose.yml
deploy.sh
gitignore
v Dockerfile
UDP-SERVICE

AN 5-10 K1199N1599NLUUTARATIEIIIUNIFYIN9I1UY89 UDP Service

EXPLORER docker-composeyml| ®
/ OPEN EDITORS 1 UNSAVED dock mpose.yn

® @& docker-compose.ym! ¢

DOCKER

mongodb

55 create
nginx
conf.d
default.conf
nginx.conf
# docker-compose.yml

AN 5-11 niaen1seenuuulAnliads Web Service 19 Reverse Proxy @471 API

Service

deploy.sh *

OPEN EDITO!

docker build -t smartbus/api_smartbus_service:$l .

docker push smartbus/api_smartbus_service:$1

git push origin master

A 5-12 whaeldneds Deploy AP Service Juuu Cloud Server



smartbus-sgp1-01

ipv4: 165.22.243.88 ipv6: 2400:6180:0:d1::20f:f001

Graphs

Power

in [§) nisaofee.deh /1 GB Memory / 25 GB Disk / SGP1

on 18.04 u

Private IP: 10130137153 Floating IP: Enable now Console; O

Access We value your feedback. Tell us about your experience with new metrics agent so far. Share feedback X

Volumes
Resize " g
Networking Last updated just now, Create alert policy 6 hours ed
B
Sne
i CPU Usage * Load average *

Kernel

100% 100
History
Destroy o .
Tags
Recovery 33% 033

A S —, MMAJ&J"\K&MJ
12PM o1PM o2eM 03eM  oePM  OseM 12eM oM 02PM  03PM  o4PM O5PM

Memory usage ?

100%

6%

AW 5-13

Disk usage 7

100%

66%

119198 Monitor Cloud Server

119



120

e Al il 2 00 G

auAstniGuu avsaLdntGuu

< @) O

AN 5-14 wihaen1Tastioltilgeu tazadasitnlgeiu Smart Bus App vuiletis



121

el Ll S S, 00 @ [#2)16:05

AINZID U
-
b uwana
1

Uo uludana

dwa

DLUA

wosinsAwN
\" n
:— asinsAwn

NEXT

d O O

] o = v = = v ¢
AINN 5-15 Wu’]ﬁ]@ﬂqiaﬂ'ﬂzLUEJuIﬂEJﬂiE]ﬂ“U@lIUa U® u’]llaqa atia LLagL‘UEJﬂ‘I/ﬁﬂWW



122

TRUE-H

ey ol il & Ve & [@8)16:12

& whds:uu

— . =
e RIS AR S R
—

NEXT

d O O

MWi 5-16 wihvenisnsendeyaiuesinsdng



123

B Messages Just now v

e 16174108997
Sent from your Twilio trial account - ...

MARK AS READ  REPLY
+obUBIBIY /L0110 ‘

e

CONFIRM

< O O

] v v v PR ]
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Abstract: Public transportation users in Thailand have faced the problem of wasting time waiting for the
bus due to do not know when the bus will arrive, its location, number of passengers, and speed, etc. They
are risky to injure and disability due to frequent accidents and have increased gradually each year.
Therefore, this research aims to study smart bus management system architecture (SBMSA) using mesh app
and service architecture (MASA), to synthesize SBMSA using MASA, and to evaluate the suitability of SBMSA
by studying and analyzing related research on smart bus management system (SBMS) models. The
researcher discovers a synthesized model of SBMSA using MASA which consists of 3 modules: [oT stack,
GPS tracking system, and smart bus management system. Module 1 IoT stack consists of 5 subsystems:
sensors devices and actuators, [oT gateway, communications network, cloud data management, and mesh
app. Module 2 GPS tracking system to receive signals via satellite to specify bus location and route in
real-time. Module 3 SBMS consists of 8 subsystems: smart tracking, smart gate attendance, smart camera,
smart alert, smart estimate time of arrival, smart suggestions, smart accident center, and smart report. The
suitability evaluation of SBMSA using MASA was at the highest level. The findings of this research will lead
to the development of SBMS and help to solve problems of public transportation in the future.

Keywords: Smart bus management system, GPS tracking system, mesh app and service architecture.

1. Introduction

The public transportation users in Thailand have faced the problem of wasting time waiting for public
transportation. Because they do not know when the bus will arrive, its location, number of passengers, and
speed, etc. People have tried to use modern technology to solve problems. From studying related research, it
is found that there are different researches related to real-time vehicle tracking systems. for example GPS,
smart tracking technology to track the vehicle. There was also a program to schedule the bus and inquire in
case the bus was canceled or stopped in the particular route including sending a notification to passengers
via the server [1]. Ticket booking and passenger counting system in which users can search for bus
locations on the map application via smartphone and check number of the passengers including the list of
other bus routes available. RFID technology uses to count the number of passengers and GPS technology to
find the current location of the bus through smartphone applications available on Android, 10S, and other
operating systems [1]-[5]. The main motivation of this system is to provide good help for planning a
traveling plan effectively and know the waiting time, the arrival time of the bus. From the study of the
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related research leads to an ideal concept to develop SBMS in the future and motivates the researcher to
design SBMSA using MASA.

The researcher chooses to study the school shuttle bus which has the same design concept with the
public bus to design the system to track students' travel throughout the route from home to school and vice
versa. The idea is to use a tracking device to track the current location of the bus and use the RFID card to
check students’ traveling with the bus from home to school and vice versa [2], [6]. The system will notify the
real-time bus location and students’ attendance information until the students arrive at school. Also, the
system will notify the students’ parents and advisors via smartphone application [3]. This concept helps
parents reduce concern about the safety of the students when traveling on the school shuttle bus. Besides,
the system can identify the location of the station that the bus had passed, which allows parents to calculate
the time that the bus will arrive so they can prepare students to be on time and vice versa calculate the time
when students will arrive home [7], [8]. The researcher uses MASA to support the increasing usage of
smartphone applications for a large number of users in the future [9].

The researcher has an idea to develop the SBMS which include 1) GPS to notify current bus location in
real-time, 2) sensor system to check students and count the total number of students on the bus, 3) IP
camera system to record and monitor the students on the bus, 4) speed limit warning system, 5)
notification system to notify when the bus out of the route 6) notification system to notify when the bus
pass the students' pick-up point, 7) notification system to notify when the bus stops abnormally, 8)
system to identify distance and calculate time to arrive at the pick-up point, and 9) temperature sensor
system to warn when the temperature exceeds the limit. All components shall depend on hardware and
software based on IoT technology such as sensors, GPS tracking, IP camera, RFID, MCU or MPU, etc.

2. Literature Review
2.1. Intelligent Transportation Systems (ITS)

Intelligent transportation systems (ITS) is an advance application which, without embodying intelligence
such as, aim to provide innovative services related to different modes of transport and traffic management
and enable various users to be better informed and make safer, more coordinated, and 'smarter' use of
transport network [10].

2.2. Smart Bus Management System

Smart bus management system (SBMS) is the use of information and communication technology to
manage the bus for the safety of the passengers by integrating various technologies into a system, using
various electronic devices such as RFID cards to count passengers’ service. GPS satellite tracking system to
specify bus location, and GPRS system to communicate information to users via smartphones [11].

2.3. Smart Bus Tracking

Smart bus tracking application uses the tools that students’ parents use daily to monitor their children
while traveling to school with various systems such as checking driver behavior, comprehensive travel
security systems with real-time bus tracking systems, use student identification to board the bus, checking
over speed-limit, checking bus schedules, checking bus delay, checking accidents along the route and
students boarding. The completed system develops through procedures Alpha and Beta testing. This
development used the Arduino board, which is cheaper compares to GSM on the Raspberry Pi [12].

2.4. Mesh App and Service Architecture

Mesh app and service architecture (MASA) are mobile applications, web applications, desktop
applications, and internet of things applications connect to many backend services to create things that
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people use as an application. The MASA connects to network on the architecture of cloud computing or
serverless computing and microservices in the form of application programming interface (API). This is the
connection from one system to another system to provide services quickly and easily. The users will be able
to use any devices such as pc, notebook, smartphone, self-driving car to connect to the services with the
MASA freely and able to access information or services any time even changing devices according to lifestyle

the service connections will not uninterrupted [9], [13].

2.5. Synthesis of SBMSA using MASA

Table 1. Synthesis of Smart Bus Management System Architecture using Mesh App and Service Architecture

No Titled Authors The proposed system

1 Smart Bus Management  [1] Jayakumar. S, The users will be provided with an android application and
System using [oT Raviteja.S, Yadhu the IR sensor is being placed on the footboard of the bus and

Krishna.P.B, Sushovan it will be connected with the Arduino board that transmits the
Bhattacharya, and data tol the database. Users can scan QR reader instead of
Adipta Biswas paper tickets.

2 Wifi Based Bus Tracking  [2] Priyanka Mathapati, Android application is provided to know the details of busses

System Shwetha Haigar, Meghana ~ such as bus number, the route contains source and
H, and Arundhati Y destination, location of the bus as well as the arrival time.

3 Smart School Bus for [3] PAmbedkar and This system will send a text SMS to the parent containing
Children Transportation ~ PSuresh Babu longitude, latitude of location of the school bus, children
Safety Enhancement attendance status and also driver phone number. Once
with IoT parents receive the SMS, then by using those data and Google

maps the user could easily track the bus. School management
has a web-based database-driven application that provides
information about location of boarding and leaving, boarding
and leaving status, RFID number, time and date.

4 BusMe: Automatic Bus [4] Willian Mulia The solution uses Amazon AWS for cloud backend, unifying
Localization Systemand ~ Mirandaa, Ricardo Tavares  GPS transmitted data from buses to Android applications. The
Route Registration Ribeiro de Mendongaa, terminal installed in the bus consists in a Raspberry PiTM

Allef Anderson da Silvaa, using a GPS receiver and HSDPA module for data
André Marcio de Lima transmission. The transmitted data is received in the Android
Curvellob, Flavio Luis dos  application and is plotted in real-time using Google MapsTM,
Santos de Souzaa, and allowing the user to know where his desired bus is, and even
Henrique José da Silvaa to know its point on its route.

5  Implementation of a [5] Nusrath Jahan, Kamal The tracking lives the position of bus and shows it on Google
Vehicle Tracking System  Hossen and Muhammad Maps. To get location information using SMS if the internet
using Smartphone and Kamrul Hossain Patwary connection is slow to load the map. To get location
SMS service information in a situation where no internet connection is

available, even bar phone users will be able to know location
information.

6  RFID Based School Bus [6] Shraddha Shah, and The recommends a SMS based solution which assists parents
Tracking and Security Bharti Singh to track their children's location in real-time. To track the
System location GPS module is used and to identify the identity of the

child a RFID card is used which is inbuilt in the system.

7 Bus Tracking System [7] Priyanka V. Narkhede,  The system basically tracks the busses, estimates their arrival
Based on Radhika V. Mahalle,Priya times at specific bus stops and informs the users through
Location-Aware Services A. Lokhande, prevents passengers unnecessarily to wait at bus stops and

Reetu M. Mundane, and
Dhiraj M. Londe

enables them to use their time more efficiently. Basically, in
all these systems the GPS & GSM are

used to track the bus. Using this system the user can
determine where the bus is, how much time it requires to
arrive. The user can access the position of his bus at any
instant of time. This system is reliable and very secure.
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Titled

Authors

The proposed system

10

11

12

Smart School Bus

IoT Based Smart School
Bus Monitoring and
Notification System

UiTM Campus Bus
Tracking System Using
Arduino Based and
Smartphone Application

Smart Bus Tracking and
Management System

Smart Bus Tracking and
Management System
Using loT

[11] Arifa K, Aryadas R,
Asha KR, Amrutha J, and
Anju P

[12] Judy Thyparampil Raj
and Jairam Sankar

[14] M.T.Kamisan,
A.AAziz, WRW.Ahmad,
and N. Khairudin

[15] M. Rishabh Sai
Madhur, K. Sreenivasa
Priyatham, K. Charan Raj,
K. Bipin Nandan, and B.V.
Sathish Kumar

[16] K.Sridevi, A.Jeevitha,
K.Kavitha, K.Sathya and
K.Narmadha

Monitor children ridership in a safe and non-intrusive way. It
will use a combination of RFID, GPS, GPRS technologies for
monitoring entering and exiting of students. Each student is
issued a unique RFID card to carry. As the student’s tag is
detected by the reader installed in the school bus upon
entering or leaving the bus, the time, date and location are
logged and transmitted to a secure database.

Tracking the location, the speed, the list of passengers
onboard and the route of the bus and plotting these
information on a map integrated using the Google Maps API,
to the user interface of an android application which serves
the administration, parents and drivers, to monitor the bus
and the students within. The system will also identify each
student as they board or a light the bus and push notifications
to the respective parents’ mobile device with the time and
location of the event. Figure 1 shows the overall block
diagram and the flow of the system.

The GPS based vehicle tracking system is started with the
initialize of Arduino UNO will send the command to Wi-Fi
module for configuration and connecting to the router and
getting internet protocol (IP) address. Arduino starts to
initialize GPS for getting coordinate. GPS Module receives
coordinates from the satellite in degree minute format
(ddmm.mmmm). Arduino as a microcontroller will convert
the degree minute format to degree decimal format. After
convertion, LCD will show a ‘Page Refresh’ message. This
means, users need to refresh the webpage, and Arduino will
get the GPS coordinates and sends the same to the webpage
(local server) over Wi-Fi with some additional information
and a Google maps link in it. Now by clicking this link user
redirects to Google Maps with current the coordinate.

To design a web-based application to the users who wants the
real-time information of the bus using Arduino, Wi-Fi module,
GPS module, and Google maps.

The system provides relevant information regarding all the
bus numbers going from users’ source & destination along
with the route details, real-time location. Generally, our
system is operated by GPS which is attached to the bus.

3. Methodology

Research methodology divided into 3 phases according to the research objectives as follows: Phase I.

Study smart bus management system architecture (SBMSA) using mesh app and service architecture
(MASA). Phase II. Synthesize SBMSA using MASA. Phase III. Evaluate the suitability of the SBMSA using
MASA by 7 experts in information technology.

4. Result

The study and synthesis of the related research, model, and design in the field of SBMSA using MASA as
presented in the Table 1 synthesis of SBMSA using MASA indicated that process of the SBMS using MASA
consists of 3 main components as follows:
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The first component is the smart bus management system (SBMS) consists of 6 subcomponents:

1. Smart tracking system - a real-time bus tracking system to record bus route, location with GPS.

2. Smart camera - an [P camera system to monitor driver behavior and environment inside the bus.

3. Smart ETA - a calculation system to calculate bus arrival time based on GPS and Google Maps.

4. Smart gate attendance - a system to count the number of the passenger while boarding and leaving the
bus with RFID card.

5. Smart alert - a notification system to notify bus over speed-limit, over temperature-limit, bus stop point,
and off-route.

6. Smart suggestion - to receive notifications on the application via Mesh App.

The second component is the group of mesh application users such as students, parents, teachers, police,
drivers, and related persons through devices such as smartphones, tablets, desktop, and smartwatch. MASA
designs a solution that connects mobile applications, web apps, desktop apps, and IoT apps to the backend
service to create an application for the users to co-integration.

The third component is the cloud server. It provides storage based on the integration of the users on
mesh applications as shown in Fig. 1.

i
1
!

Rt 118

Fig. 1. Process of the smart bus management system using mesh app and service architecture.
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Fig. 2. Smart bus management system architecture using mesh app and service architecture.
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From Fig. 2 The SBMSA using MASA consists of 3 main modules: smart [oT stack, smart GPS tracking
system, and smart bus management system (SBMS).

Module 1: Smart [oT stack. It consists of 5 sections: 1) sensor-based connectivity and actuator devices
section, 2), 3) gateway section of the internet of things. It acts as a medium between devices to connect to
the cloud service, which allows the devices to communicate and interact through the MQTT protocol, 4)
cloud section with a wide range of resources for heavy-duty support, such as screening from large searching
and complex applications such as network intrusion detection. There are also tools with advanced
algorithms that can be used to create powerful applications, 5) applications section is an integration of
MASA connects through mobile applications, web applications, desktop applications and internet of things
through APIs service on multiple levels and across enterprise boundaries, suitable to users’ need and
flexible service[13], [17], [18].

Module 2: GPS. It installed in the smart bus using MASA. The users can track location and route via Google
maps and find the right route to schedule time as needed from the starting point to the destination. While
traveling the user will receive instant notification when the bus runs over speed-limit, record users’ bus
service, and estimate bus arrival time. These data include in the report which users can check through the
SBMS using MASA [19], [20].

Module 3: Smart bus management system. It consists of 8 subsystems: smart tracking, smart gate
attendance, smart camera, and smart alert, smart estimate time of arrival, smart suggestions, smart
accident center, and smart report.

5. Discussion

The suitability evaluation of the SBMSA using MASA from the 7 experts was 4.77, at the highest level, and
the standard deviation was 0.36, at the high level. The evaluation of individual modules was as follows:
smart IoT stack was 4.85, at the highest level, sensor and actuators was 4.71, at the highest level, [oT
gateway, communications network, cloud data management, and mobile applications were 4.85, at the
highest level. The evaluation of the GPS tracking system was 4.85, at the highest level, and the smart bus
management system was 4.85, at the highest level. The relationship score of each module was 4.28, at a high
level.

6. Conclusion

The findings can be summarized in 3 main modules: smart [oT stack, smart GPS tracking system, and
smart bus management system. The 3 main modules are also divided into 8 subsystems: smart tracking,
smart gate attendance, smart camera, smart alert, smart estimate time of arrival, smart suggestions, smart
accident center, and smart report. The findings of this research could contribute to the development of the
SBMS in the future by applying it in the appropriate context or area. The smart [oT stack can be used to add,
reduce sensors, such as adding sensors to detect smoke in the bus or add a driver's alcohol measurement
sensor. The smart tracking system can integrate with other modules to track the bus, such as modules that
have both GPS and GPRS built-in, etc. The SBMS can be implemented by adding useful subsystems such as a
car search system to search by driver name or by license plate, etc.

However, the researcher expects the limitation of the implementation of the smart camera system.
Because the camera must send real-time data, which is the problem of NB-IoT which can not support big
data from the camera. It may have to use a car camera instead of a camera connected to the Android board
system that will benefit the bus tracking system. Therefore, the suggestion of implementation of this SBMSA
requires the cooperation of users who use through MASA to report and provide feedback through the
system for the safety of users. The bus tracking system must be tested for the delay of data transmission via
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the 4G telephone signal network which may cause incorrect bus location notifications.
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