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NGHIEN CUU PHUONG PHAP NANG CAO HIEU QUA TRUYEN THONG DO
VG1 CAC HE THONG QUAN LY PHAN HE DICH VU VAN TAI TREN MOI
TRUONG loT SUDUNG GIAO THUC MQTT

Nguyén Dirc Binh, Nguyén Kim Son’, Lé Thu Trang, H Thi Tuyén
Truong Pai hoc Cong nghé théng tin va Truyén théng — PH Thai Nguyén

TOM TAT

Céc hé théng quan 1y phan h¢ dich vu van tai nhu h¢ théng quan ly taxi, van tai hang hoa, phuong
tién cho thué déong mot vai trd quan trong trong hé thong giao théng cong cong néi riéng va doi
séng xa hoi ndi chung. Tuy nhién, hién nay cac hé théng nay déu gip phai mot s6 kho khin nhu:
van dé qua tai truyen thong, kha néng tich hop han ché ... do sur dung giao thuc HTTP. Piéu nay
can tr¢ viéc phat trién hé thong quan 1y véi nhiéu tinh nang va théng minh hon trong moi trudng
van vat két ndi. Trong nghién ctru nay, nhom tac gia dé xuat phuong phap tng dung giao thire giao
van tam xa (Message Queuing Telemetry Transport - MQTT) trong thiét ké hé théng quan Iy phan
hé dich vu vén tai cai tién nham nang cao hiéu qua truyén thong va phu hop v6i mdi trudng truyén
thong bang thong thip, do tré cao cta cac phuong tién giao thong. Dé danh gia két qua cta phuong
phap dé xuat, ching toi su dung phan mém Elipse Mosquitto 1.4.9 gia 18p vai tro cia MQTT
Broker thudc trung tdm diéu khién trén nén hé diéu hanh Windows Server. Kich ban truyen thong
dugc xay dyung trén ngdn ngit 1ap trinh Java. Két qua cho thay, hé théng dé xuat c6 loi thé 16 rang
hon so véi hé thong hién tai trén phuong dién hiéu qua truyén thong.

Tir khéa: Méi tricong van vt két néi; hé thong quan 1y phin hé dich vu van tdi; giao thirc MOTT:
thiét ké chii dé; két noi LTE.

Ngay nhdn bai: 23/5/2019; Ngay hoan thién: 26/4/2020; Ngay ding: 28/4/2020

A STUDY OF COMMUNICATION IMPROVMENT FOR FLEET
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ABSTRACT

Fleet management systems play an important role in our daily life. However, most of traditional
fleet management systems use HTTP-based protocols for communications, which may cause a
serious overhead communication problem and limited intergration capabilities. This characteristic
hinders the taking advantage of these devices in developing the management systems with more
features and intelligent in the Internet of things. In this study, the authors propose an application of
using Message Queuing Telemetry Transport (MQTT) in fleet management systems, which has
ability to support low bandwidth and high latency network environment over long-distance areas.
To evaluate the proposed approach, the authors used the Elipse Mosquitto 1.4.9 open source
software suite to simulate the MQTT Broker of the control center based on Windows Server
operating system. The communication scenarios are established using Java programming
language. The proposed architecture is intended to improve the efficiency of communication that
was used in the traditional systems.
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1. Gidi thiéu

Cac hé théng thudc phan hé van tai co lich st
ton tai 1au doi va 1a mot thanh phan khong thé
thiéu ddi voi qué trinh phat trién kinh té cua
xa hoi. Véi sy gia tdng phat trién manh mé
clia co so ha tang giao thong, yéu cau ciia nén
kinh t& hang hoa, cic phan hé vén tai ngay
cang phat trién da dang vé loai hinh va s
luong phuong tién tham gia. Bi kém véi su
phat trién nay, cac hé théng quan 1y phan hé
dich vu van tai ngay cang dugc chi y nghién
clru va phat trién véi muc tiéu nang cao hon
nira hiéu qua hoat dong. Cac phan hé dich vu
van tai truyén théng duoc xdy dung dua trén
nén tang cua viéce st dung giao thirc HTTP cho
c4c qua trinh truyén thong giita trung tam diéu
phdi va cac phu(mg tién trong hé théng [1 [2]
¢6 thé khién hé thong phai dbi mat v6i van dé
qué tai truyén thong khi sé lwong cac phuong
tién tang dot ngdt trong mot hoan canh cu thé,
vi du trong gid cao diém, tai cac khu vuc co
mat d6 dan cu va giao thong cao [3].

Céc cong nghé hd trg méi truong van vat két
ndi Internet of Things (IoT), trong d6 c6 cac
cong nghé hd tro van vat két ndi cho moi
truong cua cac phuong tién giao thong
Internet of Vehicles (IoV) ngdy cang nhan
dugc sy quan tim va dang trén da phat trién
manh mé. Nhitng moi trudng nay cod dic tinh
bao gdm bing thong thap va do tré cao. Tuy
nhién cic qué trinh truyén thong trong moi
truong ndy yéu cau phai dugc thyc hién trong
thoi gian thuc va c6 kha nang chiu 15i cao [4]
dé dap ung duoc nhu ciu sir dung thuc té.
Chinh vi vdy cac qua trinh truyén thong dua
trén nén giao thirc HTTP trd nén khong con
phu hop. Piéu nay ciing 1a mot trong nhiing
nguyén nhan chinh cho sy hinh thanh cua
giao thuc MQTT la mot giao thurc thudc
nhom gian luge (light-weight), cho phép
truyén thong diép (messages) theo mé hinh
cung cdp dich vu/thué bao (publish/
subscribe) dwa trén thanh phan trung gian
(Brokers). Giao thitc MQTT c6 thiét ké mé va
don gian, phi hgp vé6i nhiéu loai yéu cau

truyén thong khac nhau, trong d6 dic biét phu
hop Vv6i cac qua trinh trao doi dir lidu trong
mdi truong truyén thong cia cic phuong tién
giao thong, noi ma tinh di dong, bang thong
thip va do tré cao la dic diém cb hiru [5]. Vi
md hinh publish/subscribe cta giao thuc
MQTT, cac phuong tién giao thong c6 thé dé
dang tiép can thong tin can thiét chi v6i mot
thao tac dang ki (subscribe) duy nhat va luén
ludn dugc cip nhat cac thong tin lién quan
trong qua trinh giao van boi qué trinh cung
cip (publish) mdi khi c6 sy thay ddi vé loai
thong tin da dang ki. Chinh vi vy cac qua
trinh trao d6i thong tin khong can thiét duoc
giam thiéu toi muc toi da so voi viée sir dung
giao thirc HTTP truyén thong. O goc do trién
khai hé thdng, cac hé théng quan 1y phan hé
dich vu van tai hién nay ung dung va van
hanh dya trén co s& ha téng va cac ki thuat
clia mang tuy bién di dong cho giao thong
(Vehicular Ad Hoc Networks - VANETS).
Tuy nhién diém han ché cua phuong phéap nay
1a sy han ché vé pham vi truyén thong [6]
khién cho viéc dam bao tinh thong sudt va én
dinh trong qua trinh quan 1y gap nhiéu khé
khan. Chinh vi vay trong nghién clru nay
phuong thirc truyén thong pham vi rong thong
qua mang truyén thong di dong LTE dugc dé
xuit str dung dé dam bao két ndi giita cac
thanh phan trong hé thong.

Nham dwa ra mot giai phap tong quan giai
quyét nhfxng ton tai d néu trén, nhom tac gia
dé xuit phuo‘ng phap tng dung giao thtc
MQTT két hop sir dung truyen thong pham vi
rong LTE trong cac hé thdng quan 1y phan hé
dich vu vén tai trén mdi truong van vat két
ndi véi muyc tiéu nang cao hiéu qua truyén
thong. Trong nghién ciru nay, mot kién tric
ba ting duoc dé xuét st dung cho hé thdng
quan 1y phan hé dich vu van tai, cho phép
truyén tai thong tin hai chidu giita trung tam
quan ly va phuong tién theo thoi gian thuc.
Céc thong tin c6 thé duoc truyén tai bao gom:
Céac thong tin tir trung tdm quan 1y tdi phuong
tién (1) nhu cac huéng dan vé tinh trang giao
thong, 10 trinh duong di, thong tin canh bao...
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va cac thong tin vé phuong tién dugc thu thép
giri vé trung tdm quan 1y (2) nhu vi tri cla
phuong tién, tdc do... Nhom tac gia st dung
Eclipse Mosquitto, mot bo mi nguén MQTT
mé va thong dung dé thiét 1ap cac qué trinh
truyén thong gitta cac d6i tuong trong hé
thong theo mo hinh publish/subscribe. Ngon
ngit Java duoc st dung dé xay dung kich ban
truyén thong va danh gia hiéu qua cua
phuong phap duogc dé xuat.

2. Phuong phap nghién ciru

2.1. H¢ théng qudn Iy phén hé dich vu vén tii
Cac hé théng thudc phan hé van tai da ton tai
tir 1au doi va gan lién v6i sy phat trién vé kinh
té x4 hoi cua con nguoi. Chinh vi vay, viéc
phat trién, cai tién cac hé théng quan 1y phan
hé van tai nay 1a nhu cau thuong truc va can
thiét d6i v6i nhiéu nudc trén thé gigi. Nhom
tac gia C. R. Dow [7] phét trién mot hé thong
quan 1y phan phéi cho dich vu taxi sir dung
dich vu dia diém va ki thuat phan vung. Giai
phap nay cung cip mot phuong thirc méi cho
1ai xe taxi trong tim kiém va don tra khach
hang. Hé thong dugc dé xuit boi nhom tac gia
giup tang hi€u qua don tra khach va thu nhap
cho cac lai xe taxi so véi cac phuong phap
thong thuong. Trong mot nghién ciru khac,
nhom tac gia S.T.S Thong [8] d& xuit mot hé
thdng quan ly phan hé vén tai thong minh sir
dung cong nghé dinh vi toan cau GPS két hop
v6i mang thong tin di dong GSM. Uu diém
ctia hé théng nay 1a kha niang dinh vi phuong
tién theo thoi gian thuc, voi do chinh xac cao
ngay ca trong truong hop phuong tién di vao
cac khu vyc bi che phi véi tin hiéu GPS yéu.
Tuy nhién, mot thyuc t& ¢6 thé nhan thy 1a hiu
hét cac giai phap hién tai duoc phat trién trén
cac cong nghé kho cod kha nang tich hop voi
moi trudng van vat két ndi, dac biét 1a moi
trudng van vat két ndi cho cac phuong tién giao
thong, von hira hen nhiéu vu thé trong tuong lai.
Su phét trién cta co s& ha ting cho moi
truong van vat két ndi (IoT) d3 mé ra mot ki
nguyén cua cac ki thudt tinh todn mdi bao
gom: ki thuat tinh toan khip noi, (ubiquitous

computing), tinh toan cho nén tang cac thiét
bi deo dugc (wearable computing), va tinh
todn duya trén nglt canh dugc s dung
(context-aware computing) va hon thé nita.
Nhom tac gia C. Perera [9], thuc hién nghién
ctru nham khao sat cac van dé lién quan dén
ki thuét tinh toan dya trén ngit canh dudi goc
nhin trong méi truong van vat két nbi. Nghién
clru ndy ciing cung cap nhiing phan tich sau
sic vé& cic giai phap tinh toan dua trén ngir
canh trong mot thap ky gan day. Nhom tac gia
R. Xue phét trién mot hé thong giam sat
phuong tién trén nén [10], trong d6 dit lidu vé
toa do ctia phuong tién bao gém kinh d6 va vi
d6 cta phuong tién dugc lién tuc truyén vé
trung tdm quan ly st dung giao thuc HTTP
thong qua phuong thire GET. Tuy nhién, viéc
sir dung phuong thirc GET yéu cau nhiéu giao
tac du thira dbi v6i mdi 1an thyc hién truyén
dir liéu, boi giao thiac HTTP yéu cau nhidu
qua trinh két ndi truée khi dir lieu thuc sy
duogc truyén. Didu nay dan t6i viée tiéu ton tai
nguyén khong can thiét cho cac thiét bi co
nang lyc tinh todn va xtr Iy han ché. Nhom tac
gia R. T. Fielding [11] dé xuit giai phap st
dung kién trac REST trén nén Web thong qua
viéc st dung giao dién Web (Web-API), kién
tric nay tap trung vao kha ning mé rong bang
viéc module hoa cac thanh phan c6 thé tuong
tac cua hé thong, su thong nhit vé& giao dién
tuong tac, cung kha ning trién khai doc lap
clia cac thanh phan trung gian nham giam do
tré. Mic du, kién trac REST trén nén Web ¢6
thé gitip giai quyét van dé tich hop cac thiét bi
cam bién véi moi truong Web, nhung do van
¢6 nén tang 1a giao thic HTTP véi qué trinh
bit tay ba budc (three-way handshake
agreement) nén kién trac REST van con ton
tai han ché lién quan dén viéc tiét kiém nang
luong cua cac thiét bi tmg dung trong moi
truong van vat két ndi. Mot trong nhiing giai
phap phat trién tir kién tric REST, giao thirc
CoAP [12] dugc dé xuét d& cai tién cac diém
han ché cua REST trén méi truong van vat
két ndi. CoAP 1a mét giao thirc nén UDP c6
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tinh tuwong thich cao véi Web API. Tuy nhién,
ca REST va CoAP van tuan ty phat sinh cac
yéu cau truy van dit liéu thay doi tir cac thiét
bi cam bién (sensor), du trén thyc té sensor
hoan toan khong ghi nhan bét ctr sy thay doi
nao. Piéu nay gy ra sy ling phi tai nguyén
hé théng. Giao thuc giao van tim xa (MQTT)
[13] duoc d& xudt voi muc dich c6 thé lam
vi€c toan dién hon trén moéi truong van vat
két nbi so v6i REST va CoAP. Giao thirc
MQTT la giao thtic c6 tinh mé va gian lugc
dugc thiét ké dé phu hop véi cac qua trinh
truyén théng trong mdi truong van vat két
ndi, noi cac thiét bi c6 kha ning tinh toan va
xtr 1y han ché. Giao thirc MQTT sir dung mo
hinh publish/subscibe nham tdi thiéu hoa viéc
tiéu ton tai nguyén trong qua trinh truyén
thong va duy tri két ndi giita cac dbi tugng
trong hé thong.

O mot khia canh khac, du 1a mot phan cia
loT, tuy nhién, loV — méi trudng van vat két
nbi clia cac phuong tién giao théng c6 nhimng
dic diém riéng biét. Trong moi trudong IoV,
chung ta can cén nhéc tinh di dong cua cac
phuong tién giao thong va viéc duy tri két nbi
véi cac phuong tién giao thong trén mdt pham
vi rong. Piéu nay c6 thé duoc dam bao néu
mdi phuong tién co ngudn cung cip ning
lwong va sir dung mot phuong thire két nbi 6n
dinh. Trén thuc té, cac phuong tién giao thong
trong cac phan hé van tai co thé cung cip
ning lugng tu thin bang cach ding may phat
(generator) hodc 4c quy (battery), do viy van
dé can quan tdm con lai 1a phuong thuc két
ndi cho cac phuong tién nhim dam bao tinh
on dinh trén mot pham vi rdng. Ba c6 mot )
nghién ctru lién quan nham giai quyét van dé
nay, vi du nhu giai phap st dung cong nghé
VANETs v6i chuin két ndi IEEE 802.11p két
hop v6i truyén thong kénh riéng tdm gin
DSRC [14], hoac sir dung giai phap
WiMAX, mang khong day di dong (Cellular
Wireless) hay truyén théng vé tinh (satellite
communications) [15]. Trong d6 giai phap st
dung két nbi 3G/4G mot dang két ndi LTE

trong mang thong tin di dong nham dam bao
két ndi giira cac phuong tién, thiét bi di dong
trén mot pham vi 16n voi tinh 6n dinh cao
duogc coi 1a mot trong nhitng giai phap tiém
nang nham giai quyét bai toan trén [16].

2.2. Kién triic hé thong qudn Iy phin hé dich
vu vin tii trng dung giao thirc vin tii tim
xa MQTT

Muc dich ciia nghién ctru nay nham tmg dung
giao thirc van tai tim xa MQTT trong thiét ké
hé thong quan 1y phan hé dich vu van tai gitp
nang cao hiéu qua truyén thong, han ché hién
tugng qua tai. Thiét ké duoc d& xuit véi giao
thoec MQTT duoc trién khai trén ca cac
phuong tién trong hé théng va trung tim quan
ly. Trong khi d6, cac thanh phan trung gian
MQTT Broker, ddi tugng c6 vai trd chuyén
tiép cac thong tin gitta trung tim quan 1y va
cac phuong tién. Cac MQTT Broker duogc
khuyén nghi trién khai dwa trén cac thiét bi
nhung Raspberry Pi hodc Andruino, giap hé
théng c6 kha ning cung cip cic quéa trinh
truyén thong hai chiéu theo thoi gian thyc. Cu
thé, voi kién trac duoc dé xuét s& co6 mot
MQTT broker nham cung cip cac thong tin tir
trung tdm quan ly (1 publisher) cho cac
phuong tién (nhiéu subcribers) va mdi
phuong tién s€ ¢c6 mot MQTT Broker tu than
gitip cung cip nhing thong tin ciia phuong
tién (1 publisher) d6 t6i trung tdm quan ly (1
subcriber).

Thiét ké nay cho phép gui thong tin tir mot
diém duy nhét 1a trung tim quan 1y t6i nhidu
phuong tién co cing mdi quan tim vé mot
loai thong tin cu thé (vi du nhu tinh trang giao
thong cua khu vyc...) dua trén sy dang ki
(subscribing) tir trude cuia nhitng phuong tién
d6. Ciing nhu cho phép trung tam quan 1y chu
dong viéc lya chon (subscribing) cac thong
tin cua cac phuong ti€n (publishing) nhu GPS
data, dit liéu camera hanh trinh, nhiét o trong
xe, tinh trang ddng co, tdc do... tir mot hodc
nhiéu phuong tién trong hé thong.
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Hinh 1. Téng quan hé thong
Hinh 1 trinh bay kién tric cua hé théng dugc
dé xuat voi thiét ké 3 ting gom: ting quan ly
tmg dung, ting truyén dan, va ting da cam
bién. TAng quan 1y tng dung duoc thiét ké 1a
tang dinh cta kién trac véi vai trd cung cip
va quan 1y truyén thong thoi gian thuc giita
trung tdm quan ly va cac phuong tién trong hé
thong thong qua MQTT Brokers trung gian.
Trong ting ndy, trung tdm quan 1y st dung
cac thong tin giao van (assigments), thong
b&o, huéng dan (notifications), va thong tin
giao thong (Trafic events) dugc thiét ké thong
qua cac chu d& (MQTT topics) trong hinh

I <<Topk>> ConmtrolCenterMessages I

-{ =<<Topic>> Assignuents |
L

hinh 2 d hd tro cac phuong tién trong qua
trinh thuc hién dich vu.

Tang thir hai 13 tang truyén dan co vai tro
trung gian giita tAng quan 1y Gmg dung va tang
da cam bién. Tang truyén dan 1a méi trudng
truyén tai thong tin giita trung tim quan 1y va
céc phuong tién trong hé thong sir dung két
nbi 3G/4G LTE trén pham vi rong thong qua
mang truyén théng di dong nhim dam bao
tinh 6n dinh va thong sudt. Tang thir ba la
téng da cam bién duoc thiét ké nham phuc vu
d6i tuong chinh 1a cic phuong tién trong hé
thong. Trong thiét ké cua tang nay, cac thong
tin cia phuong tién dugc thu thap thong qua
cic cam bién nhu GPS, camera, nhiét do....
Nhiing t

héng tin nay duoc tong hop va cung cap cho
trung tdm quan ly (publishing) thong qua chu
dé (MQTT topics) nhu hinh 3. Tang da cam
bién gém hai thanh phan chinh 1a giao dién
nguoi dung va MQTT Broker cta cac phuong
tién. Hai thanh phan nay duoc khuyén nghi
trién khai dua trén céac thiét bi nhung
Raspberry Pi hodac Andruino.

[ "Top;-'lDl [-:-.topn:».-:;xnxl [ "Topk--flxﬂml‘.)m I I <<Tople>= Time ] I"-Top&c'--‘l.‘(:mph-x.]

H  <<Fopic> Notifications |
| 4

I'~ln|,t--!nl l-<lqlr>' ln:el l «« Topic>> Subject I I <

lnpkLn' “ontent J

| <<Topic>> TrafficEvents |
1

I~'lop:-)-llll I ulopb:~~hmc l I ~~lnplr~‘al.o:u>:ﬂl [ lnpk)-lm:rq\xs:ﬂ]

Hinh 2. Cdc chii d@é théng tin (MOTT Topics) thiét ké cho trung tam quan Iy

<<Topic>> VehicularData

<<Topic>> VehxlelD
I

L .

X ' ¥

~ ‘(l'* e e l|"k’ . ('r\

<<Toph >>Speed “<Topk > > EngecParandors

Hinh 3. Céc chii dé théng tin (MQTT Topics) thiét ké cho phirong tién trong hé thong
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3. Két qua va ban luin
Vi muc tiéu ban dau cua nghién ciru, nhom
tac gia da dé xuat phuong phap (mg dung giao
thirc van tai tam xa MQTT thong qua kién
tric ba tang cung cac thiét ké chii dé thong tin
MQTT nhidm nang cao hiéu qua truyén thong
dbi vai cac hé thong quan 1y phan hé dich vu
van tai trén moi truong van vat két ndi. Dé
danh gia két qua budc dau ctua phuong phap
dugc ung dung, ciing nhu kién trac dugc dé
xudt, nhom tac gia sir dung phin mém Elipse
Mosquitto 1.4.9 gia 1ap vai tro cia MQTT
Broker thudc trung tam diéu khién trén nén hé
diéu hanh Windows Server. Kich ban truyén
thong st dung giao thirc van tai tim xa
MQTT gitra trung tdm quan ly va cac phuong
tién dugc xdy dung st dung ngoén ngit 1ap
trinh Java.
Qué trinh thir nghiém nham dénh gia hiéu qua
truyén thong d6i voi cac qua trinh truyén thong
chinh trong phan hé dich vu van tai bao gdm
truyén thong unicast va truyén thong broadcast
dwa trén tiéu chi thoi gian can thiét dé hoan tat
qué trinh truyén tin tir ngudn t6i dich.
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Pé c6 danh gia chinh xac vé thoi gian can
thi€t cho qua trinh truyén théng unicast, mot
s0 lugng 16n ban tin dugc truyén mot cach
tuan ty nham tim ra thoi gian can thiét trung
binh, cling nhu kiém soat nhitng van dé phat
sinh trong qua trinh truyén (vi du nhu mat két
ndi, 16i thiét bi...). Trong khi d6 viéc danh gia

hiéu qua truyén thong broadcast lién quan
truc tiép t6i thoi gian dé trung tdim quan ly
hoan tat viéc cung cap thong tin (publishing)
cho nhiéu dbi tugng (cac phuong tién) trong
hé théng trong ciing mot thoi diém.

Két qua danh gia hiéu ning truyén thong
dugc thé hién trong hinh 4 ddi v6i qué trinh
truyén thong unicast va trong hinh hinh 5 déi
v6i qué trinh truyén thong broadcast.
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thire truyén thong broadcast

4. Két luan

Trong bai bao nay, nhém nghién ciru da thiét
ké mot kién trac quan 1y phan hé dich vu van
tai ing dung giao thuc giao vin tim xa
(Message Queuing Telemetry Transport
MQTT) va ky thuat két ndi Long-Term
Evolution (LTE) théng qua kién tric ba ting
gom: tang quan 1y tmg dung, ting truyén dan
va tang da cam bién. Ching t6i di dé xuit
mot kién trac hé thong cho phép truyén tai
thong tin hai chiéu giira trung tim quan ly va
phuong tién theo thoi gian thuc. Kién trac nay
gitip nang cao hiu qua truyén thong ddi voi
cac hé théng quan Iy phan hé dich vu vén tai
trén moi truong van vat két ndi. Trong thoi
gian t6i, ching t6i s& tién hanh xay dyung hé
thong thyc té v6i giao dién nguoi ding than
thién cho ca trung tdm quan ly va cac phuong
tién. Hé thong nay gitip don gian hoa viéc thu
thap dir liéu cam bién tir cac phuong tién,
nham ndng cao hiéu qua tuong tic gitra cac
phuong tién va trung tdm quan ly.

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn

23


http://jst.tnu.edu.vn/

Nguyén Dtrc Binh va Drg

Tap chi KHOA HOC & CONG NGHE DHTN

225(06): 18 - 24

TAI LIEU THAM KHAO/ REFERENCES

[1]. S. Mehar, S. Zeadally, G. Remy, and S. M.
Senouci, “Sustainable Transportation
Management System for a Fleet of Electric
Vehicles,” IEEE Transactions on Intelligent
Transportation Systems, vol. 16, no. 3, pp.
1401-1414, 2015.

[2]. D. Stojanovic, B. Predic, I. Antolovic, and S.
Dordevic-Kajan, “Web Information System
for  Transport Telematics and  Fleet
Management,” International Conference on
Telecommunication in  Modern Satellite,
Cable, and Broadcasting Services, Nis, 2007,
pp. 314-317.

[3]. C. Mueller, S. Lederer, C. Timmerer, and H.
Hellwagner, “Dynamic Adaptive Streaming
over HTTP/2.0,” IEEE International
Conference on Multimedia and Expo (ICME),
California, 2013, pp. 1-6.

[4]. C. Maihofer, and M. Bechler, “Design
Alternatives for IP in Vehicles,” the 57th
IEEE Semiannual Vehicular Technology
Conference, Jeju, 2003, pp. 1783-1787.

[5]. J. E. Luzuriaga, J. C. Cano, C. Calafate, P.
Manzoni, M. Perez, and P. Boronat,
“Handling Mobility in IoT Applications
Using the MQTT Protocol,” Internet
Technologies and  Applications  (ITA),
Wrexham, 2015, pp. 245-250.

[6]. C. R. Dow, M. H. Ho, Y. H. Lee, and S. F.
Hwang, “Design and Implementation of a
DSRC Based Vehicular Warning and
Notification System,” IEEE 13th International
Conference on High Performance Computing
and Communications (HPCC), Banff, 2011, pp.
960-965.

[7]. C. R. Dow, Y. H. Lee, S. C. Wang, and S. F.
Hwang, “A GeoAware Location Based Taxi
Carrying System,” the 2014 11th International
Conference on Information Technology: New
Generations (ITNG), Las Vegas, NV, USA,
2014, pp. 53-58.

[8]. S. T. S. Thong, T. H. Chua, and T. A. Rahman,
“Intelligent Fleet Management System with
Concurrent GPS & GSM  Real-Time
Positioning Technology,” 7th International

conference on Intelligent Transport Systems
Telecommunications, Sophia Antipolis, 2009,
pp. 1-6.

[9]. C. Perera, A. Zaslavsky, P. Christen, and D.
Georgakopoulos, “Context Aware Computing
for The Internet of Things: A Survey,” IEEE
Transactions on Intelligent Transportation
Systems, vol. 16, no. 1, pp. 414-454, 2013.

[10]. K. D. Salim, and 1. M. Idrees, “Design and
Implementation of Web-Based GPS-GPRS
Vehicle Tracking System,” International
Journal of Computer Science Engineering
and Technology, vol. 3, no. 12, pp. 443-448,
2013.

[11]. R. T. Fielding, “Architectural styles and the
design of network-based software
architectures,” Ph.D. dissertation, University
of California, Irvine, 2000.

[12]. Z. Shelby, K. Hartke, and C. Borman, “The
Constrained Application Protocol (CoAP)”,
2013. [Online]. Available:
https://datatracker.ietf.org/doc/draft-ietf-core-
coap/. [Accessed May 14, 2018].

[13]. IBM, “MQTT v3.1 Protocol Specification”,
2010. [Online]. Available:
http://public.dhe.ibm.com/software/dw/webse
rvices/ws-mqtt/mqtt-v3rl.html. [Accessed
May 14, 2018].

[14]. Z. Yuhang, Z. Hesheng, S. Wei, B. Zhe Bai,
and P. Cheng, “Performance Evaluation of
IEEE 802.11p Vehicle to Infrastructure
Communication Using Off-The-Shelf IEEE
802.11a Hardware,” IEEE 17th International
Conference on Intelligent Transportation
Systems (ITSC), Qingdao, 2014, pp. 3004-
3009.

[15]. E. Hossain, G. Chow, V. C. M. Leung, R. D.
Mc-Leod, J. Misi¢, V. W. S. Wong, and O.
Yang, “Vehicular Telematics over
Heterogeneous Wireless Networks: A Survey,”
Computer Communications, vol. 33, no. 7, pp.
775-793, 2010.

[16]. F. Yang, S. Wang, J. L Li., Z. H. Liu, and Q.
Sun, “An Overview of Internet of Vehicles,”
Communications China, vol. 11, no. 10, pp. 1-
15, 2014.

24

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn
https://datatracker.ietf.org/doc/draft-ietf-core-coap/
https://datatracker.ietf.org/doc/draft-ietf-core-coap/
http://public.dhe.ibm.com/software/dw/webservices/ws-mqtt/mqtt-v3r1.html
http://public.dhe.ibm.com/software/dw/webservices/ws-mqtt/mqtt-v3r1.html

