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Tom tat

Internet of Things (10T) 1a mgt cong nghé tién tien cho phép két néi cac thiét bi
vat ly véi thé gigi ky thudt sé théng qua viéc siz dung cac mang khéng dong nhdt va
cdng nghé truyén thong. IoT trong méi trwong théng minh twong tdc véi mang cam bién
khong day (WSN) va mang qudng cdo di déng (MANET) tré nén hap dan va hiéu qua vé
kinh té. Twong tdc gitra cam bién khéng day va MANET véi 10T cho phép tao ra mét hé
thong MANET - 10T cung cdp cho nguoi ding tinh di déng cao va giam chi phi. Trong
bai viét nay, ching t6i da phan tich gidi phdp dinh tuyén cho hé thang loT bang céch si
dung két hop cac giao thizc MANET va c&c nguyén tdc dinh tuyén WSN. Két qua mo
phong chi ra rang giai phap nay cung cap mét cach tiép cdn hiéu qud vé théng lirong va
dé tré goi tin trong hé théng MANET - IoT.
Tar khéa: MANET-I0T, Wireless Sensor Network, Routing in MANET
Abstract

ROUTING IN MANET NETWORK WITH 10T ENVIRONMENT

Internet of Things (IoT) is an advanced technology that allows to connect devices to
the digital world through the use of heterogeneous networks and communication
technologies. 10T in an intelligent environment interacts with wireless sensor networks
(WSN) and mobile ad hoc networks (MANET) becoming attractive and economical.
Interaction between wireless sensors and MANET with 10T enables the creation of a system
MANET - 10T provides users with high functionality and reduced costs. In this article, we
have parsing the routing solution for the 10T system using a combination of the MANET
protocol and the WSN routing principle. The simulation results show that this solution
provides an efficient approach to the amount of information and packet delay in the
MANET - 10T system.

1. Gi6i thigu

ToT va dién toan dam may dai dién cho mot phan cia mo hinh internet trong tuong
lai (Alameri, Radchenko, 2017). Su két ndi cua cac dbi twong thong minh va kha ning
twong tac cua ching véi truyén thdng toan cau dong vai tro 13 ¥ twong két hop chinh trong
c4c hé théng 10T. Trong hé thdng nay, vai trd chinh cua mang WSN la cac thanh phan bao
gom: cam bién, thu nhan dit liéu, két ndi khong dong nhét va xt ly dir lieu. MANET la
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mang khong day dac biét (Kumar, Kumar, 2013), mdi nit MANET hoat dong nhu mot bo
dinh tuyén hodc nhu mét hé théng dau cubi mang va c6 lién quan chit ch& véi cac WSN.
Su tuong tac gitta MANET va loT mé ra nhitng huéng méi dé cung cap dich vu trong
moi trudng théng minh va céc van dé thach thuc trong céc khia canh mang caa nd. Mot
trong nhitng yéu té quan trong trong hé théng MANET - IoT 14 cin biang ning luong trén
c4c ndt, vi hé théng 10T chu yéu dya trén nhiéu cam bién khong day khac nhau va lya
chon tir cac giao thac MANET tap trung vao cac tuyén hiéu qua nhit va ngan nhat. Viéc
str dung hop 1y ning lwong caa cam bién 1a chia khoa quan trong trong viéc duy tri két ndi
mang cia mang khong day multihop. Do d6, nhiéu nha nghién ciru dang tap trung vao
viéc thiét ké cac giao thire dinh tuyén hiéu qua ning luong, kéo dai tudi tho mang. Cac
giao thirc mang khong day khong thé dugc st dung truc tiép do han ché tai nguyén cua
cac n(t cam bién, téc do tinh toan va giao dién con ngudi véi cac thiét bi cia nat va mat
d6 nt mang. Do d6, can c6 giai phéap tong hop dé dinh tuyén qua cac mang MANET —
I0T, c6 thé sir dung ning lugng du caa nit mot cach hiéu qua va kéo dai tudi tho mang.
Kamel, Alameri, Onaizah (2017) va Tian, Hou (2010) da chi ra rang viéc s dung céac
giao thirc dinh tuyén thong thuong cho mang nay s& dan dén mot sé vén de:

— Tiéu ton bang théng mang va ndang lheong nguon nudi cho cac cap nhdt dinh ky:
Hau hét cac thiét bi di dong trong mang Ad Hoc hoat dong dwa trén ngudn pin, viéc
truyén hozc nhan goi tin s& tiéu tén dang ké dén ngudn niang lugng nay. O cac mang
thong thuong, viéc két ndi cac bo dinh tuyén nhin chung 1a khong thay doi vé vi tri,
chinh vi thé it xay ra viéc thay ddi cau hinh tdpd mang nén viéc hoi tu mang la it xay
ra.Tuy nhién, trong mang Ad Hoc, cac nat ludn thay ddi vi tri dan dén ciu hinh t6pd
mang thay ddi, nén doi hoi can phai ¢ su hdi tu cia mang cho cac tuyén méi mot cach
nhanh chéng. Dé thuc hién duoc viéc nay, cac giao thirc dinh tuyén phai lién tuc gui cap
nhat dinh tuyén, dan dén viéc tiéu tén kha nhiéu bang théng va ning luong.

— Cdc dwong di duw thira duwoc tich lily mét cach khong can thiét: Trong moi
truong mang Ad Hoc, ¢6 rat nhiéu duong di tir ndt nguon dén nut dich va nhimg duong
di nay s& dugc cap nhat tu dong vao bang dinh tuyén trong cac thiét bi dinh tuyén (thiét
bi di dong), dan dén viéc du thira dudng di trong bang dinh tuyén. Hau qua la 1am cho
viéc lya chon dudng di trén cac thiét bi nay rat kho khian va lam ting do tré caa goi tin.

Vi vdy can phai c6 cac giao thirc dinh tuyén dé giai quyét cac van dé phat sinh
trén mang nay. Trong bai viét nay, chung t6i dua ra hai giao thte dinh tuyén trong mang
MANET va cai dat md phong dé danh gia hiéu qua cua hai giao thirc nay khi ching
duoc ap dung vao moi truong 1oT.

2. Mang MANET trong méi truweong 10T
2.1. Manet

Mang MANET la mt mang bao gém cac thiét bi di dong vo tuyén két ndi ngang
hang voi nhau hinh thanh nén mot mang tam thoi ma khdng can su trg gilp cua céc
thiét bi trung tdm cling nhu cac co sd ha ting mang cé dinh. Cac thiét bi di dong c6 kha
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ning truyén thong truc tiép véi nhau hodc théng qua cac nat trung gian 1am nhiém vu
chuyén tiép trong méi truong khdng day. Cac nit mang vira dong vai trd nhu thiét bj
truyén thong vira dong vai trd nhu thiét bi dinh tuyén. Véi nguyén tic hoat dong nhu
vdy, n6 khong bi phu thudc vao co sé ha ting mang ¢ dinh nén c6 tinh linh dong cao,
don gian trong viéc lap dat, chi phi trién khai va bao tri thip. Viéc trién khai mo hinh
mang dang MANET sé& khong yéu cau c¢6 cac thiét bi trung tim, vi thé mo hinh nay réat
thich hop trong cac khu vuc khong thé xay dung cac co so ha ting mang.
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&
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Hinh 1. Minh hoa mang di déng tly bién

C6 sau dic diém chinh cua MANET (Kumar, Kumar, 2013): ciu trdc lién két
dong, hoat dong phan tan, thiét bi dau cudi nhe, dinh tuyén nhiéu budc nhay, va thiét bi
dau cudi vat ly va ty tri ding chung. Cac giao thic MANET dinh tuyén cé thé duoc
phén loai thanh ba loai chung:

1) Pinh tuyén dua trén cau tric lién két: Céc loai dinh tuyén 1a: (a) céc giao thuc
dinh tuyén chu dong, (b) giao thire dinh tuyén phan tng, (c) giao thtrc dinh tuyén lai két
hop cua giao thuc phan tng va cha dong (Arun Kumar, Lokanatha Reddy, Prakash
Hiremath, 2008).

2) Pinh tuyén dya trén vi tri: Dé dua ra quyét dinh dinh tuyén, vi tri thyc té cua
cac nit dugc s dung bai dinh tuyén dua trén vi tri trong bat ky khu vuc. Vi du: bang
cach st dung hé théng dinh vi toan cau (GPS), thdng tin vé vi tri c6 thé duoc lay. Giao
thirc dinh tuyén hd trg vi tri (LAR) (Young-Bae Ko and Nitin Vaidya, 2000) 1a mét vi
du vé dinh tuyén dua trén vi tri.

3) Pinh tuyén dua trén nhan thic vé ning lugng: Mi nit mang hd trg nhidu muc
trong bang dinh tuyén. D& chon tuyén ti wu, danh gia muc ning lwong cua cac nit
mang la c6 san. Trong trudong hop ndy, bang dinh tuyén twrong tng véi mic nang luong
cta nat va duoc duy tri bang cach chuyén céc thong bao co lién quan. Sé lugng ndt c6
thé truy cap dugc xac dinh bai s6 lugng muc trong bang dinh tuyén cua cac nit bang
cach sur dung mirc nang luong.

2.2. Internet of Things

loT dang nhanh chéng phat trién trong x& hoi noi moi tha dugc két ndi
(Vermesan, Friess, 2013). Tuy nhién, sy chuyén ddi sau rong ndy mai chi bat dau va
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theo du doan sd luong céc thiét bi két ndi voi nhau dy kién s& tang 21% trén modi nam
va tang thém 18 ty thiét bi két ndi trong khoan thoi gian 2016 dén 2022. 10T phét trién
nhu mot hé sinh théi, cac thét bi trong hé nay c6 kha niang khac nhau; nd cd thé ty tao
két ndi véi nhau, diéu khién nhau. Céng nghé IoT cho phép diéu khién ¢ mot khoang
céch rat xa cac loai xe tai, xe lra, may bay, xe tu hanh... Ngoai ra nguoi ta con dung
loT giam sét, kiém soat va diéu hanh nhiing noi cong nghiép quan trong.

2.3. Sw twong tdc giira 10T va MANET

Kha ning (ng dung rong rdi cac hé thong IoT trong cac linh vuc khac nhau phu
thudc truc tiép vao co hoi kha ning tuong tac giira cc cong nghé truyén thong va mang
khac nhau trong moéi truong théng minh (Bellavista, Cardone, Corradi, Foschini,
2013). Sy tang truong cua s6 lugng cam bién din dén nhu ciu ngay cang ting cua con
ngudi dé giam séat cac qua trinh khac nhau tir xa. Va diéu nay trg nén kha thi nho viéc
trién khai rong réi cac mang WSN. Vé co ban, WSN la mang bao gom cac cam bién
khéc nhau c6 kha nang tu dong doc thdng tin tir cac thiét bi khéac, dé xur ly dir liéu, tam
thoi luu trit va chuyén ching sang mot ndt mang khac. Vi WSN 12 mot mang tap trung,
nén di liéu thu nhan duoc s& duoc truyén toi cac cam bién khéc va truyén dén nat trung
tam. Theo cach nay, cac cam bién khong day c6 thé giao tiép véi nhau va do d6 mo ra
co hoi sir dung rit rong cua cac mang cam bién khdng day trong cac hé théng loT.
Chinh vi sy mé rong trong hé théng 10T nén dan téi viéc lién lac gitra cac nat mang s&
t6n nhiéu bang thong va tao ra do tré Ion trén dwong truyén. Cac phuong thire dinh
tuyén 12 rat quan trong va day thach thac cua WSN vi dit liéu phai duoc truyén bai mot
cam bién khac va cam bién chét s& dugc loai bo khoi duong dan dinh tuyén.

Céc giai phap cho cac giao thirc dinh tuyén trong mang MANET duoc cai tién dé
dap tng céc yéu cau cua IoT dd dugc trinh bay trong (Tian, Hou, 2010). Két ndi mang
trong MANET - loT dya trén cac giao thic dinh tuyén MANET. Viéc két ndi cac thiét
bi khac nhau va sy twong tac véi mang quang cao khong day phai dam bao kha nang két
ndi, kha nang truy cap va do tin cay cia hé thong MANET - IoT.

3. Cac giao thire dinh tuyén trong mang MANET véi méi truong loT

Trong mang c6 day c6 2 giai thuat dinh tuyén chinh duogc sir dung 1a dinh tuyén
theo trang thai lién két va dinh tuyén theo vector khoang cach truyén thdng khién n6
kho c6 thé mé rong trong mang MANET Ién vi n6 gay ra tiéu tén mot phan dang ké
bang thong, lam tang viéc canh tranh bang truyén, cac ndt phai sir dung nhiéu ning
luong hon. Pé khic phuc van dé lién quan dén hai giai thuat mot sb giao thic trong
mang MANET duoc dua ra (Arun Kumar, Lokanatha Reddy, Prakash Hiremath, 2008).

Chung t6i thir nghiém mang MANET véi méi trudng 10T, trong d6 cac thiét bi mo
phong trong méi truong 10T vira di dong vira ¢é dinh. Hai giao thie dugc sir dung ¢é md
phong va danh gia 1a Dynamic Source Routing (DSR) va Manet-1oT Routing (MIR).

Giao thizc DSR: La giao thirc dinh tuyén phan ung sir dung co ché dinh tuyén
ngudn, nghia 1a bén giri s& biét toan bo théng tin vé duong di dén dich. Phan Header cua
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goi dit liéu s& Iuu trix ther ty cac NGt ma gai tin can phai di qua dé dat toi dich. Do vay,
c4c nut trung gian chi can git lién lac véi cac nat hang x6m cua n6é dé chuyén tiép céc
goi tin. Tai mdi mot nat trong mang ludn duy tri mot bo nhé dém, day 1a cau tric dit
liéu luu trit cac con dudng da biét. Khi c6 duong di ton tai trong bd nhg dém, cac gai tin
s& nhan thong tin vé duong di va thuc hién viéc truyén tin trén con duong da chon.
Nguoc lai, khi khong tn tai duong di trong bo nhd dém hoac cd ton tai duong di nhung
khdng con hiéu luc, DSR s& thuc hién co ché phat hién duong bang cach goi cac goi tin
quang ba dén cac nat 1an can trén toan bo mang. Cac n(t trung gian nhan dugc goi tin
quang ba s& kiém tra duong di trong bo nhg dém. Khi duong di duoc tim thiy, goi tin
phan hdi s& chira thi tu céc ching toi dich va dwoc truyén tré lai ngudn. Hoat dong cua
giao thirc DSR bao gdm hai co ché chinh: co ché tao thong tin dinh tuyén va co ché duy
tri thong tin dinh tuyén (Arun Kumar, Lokanatha Reddy, Prakash Hiremath, 2008).

Giao thizc MIR (Alameri, 2018): Giao thirc dugc dé xuat s dung giam sat dong
hoc, diéu khién ning lugng cua cac dau cum va gia tri ngudng duogc xac dinh trudc.
Muc dich cta co ché giam séat nay l1a chuyén dau cum dya trén két qua so sanh giira gia
tri ngudng va nang luong cia dau cum.

| Initial information about sensors
L

Information about sensors
coverage and network structure

Calculate max clusters head in
the network

———d

Choose chusters head and
calculate coverage zone

_ All network
clusters selected

Y

Network “dead

Reselect
cluster
head

Update mformation
routing table

YesT

All network
clusters
selected

(es
Create a network topology, routing
table

| Choose routing alzorithm ‘

| Sending information from sensor |

| Undate information about sensor |

No

Sensoradd No

ormove

Ye:

Hinh 2. Co ché dinh tuyén trong MIR

Giao thirc c6 ba giai doan: thiét 1ap, 6n dinh va ngudng. Budc dau tién 1a lya chon
dau cum. Tat ca cac dau cum dugc chon sé gui mot thong diép quang cao dén tat ca cac
nat dau khdng phai cia cum sau khi lra chon dau cum. Cac nat dau khdng phai cua cum
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hién tai chon cac dau cum cua ching cho vong hién tai dya trén cudng do tin hiéu nhan
duoc cua thdng bdo quang céo va gui lai thdng bao yéu cau dén cac nit dau cym da
chon dé thong béo vé tu cach thanh vién cua ching dan dén viéc hinh thanh cum. Théng
béo duoc gui dén cac dau cum bao gom ID va vi tri caa nit gui. Khi tt ca cac nat duoc
trién khai, mang bt diu chon cac dau cum va thyc hién phan cum. Sau dé, cac nat dau
cum theo dinh sé& thu thap dit liéu va truyén ching dén céc nat khac trong cum. Véi su
thay d6i cua thoi gian, cau triic topo mang ciing dang thay d6i. Néu ning luong dau cum
thip hon gia tri ngudng duoc xac dinh trude, thi vong 1ap thi ba duoc &p dung dé thay
thé dau cum bang mot n(t khac, tao ra nang luong 16n nhat trong cum.

DPau cum moai tiép tuc hop tac vai cac thanh vién trong cum. Co ché nay c6 thé
bao vé cac dau cum khoi bi chét nhanh chéng va kéo dai tudi tho mang. Khi chiing ta cd
tat ca thong tin vé mang va cac nit, nghia 1a chung ta dang chon phuong phap dinh
tuyén cho thong tin truyén. Dé danh gia tudi tho ciia mang, ba phuong phéap lua chon
duong dan tuyén duoc sir dung: NP (vi tri nat), NBT (trang théi pin cia nit) va ER (tai
nguyén nang luong). NP nham muc dich tim tuyén duong vai s6 budc nhay téi thiéu va
dé tim kiém cac nat. Pau cum danh gi4 tat ca cac nat 1an can trong cum. Néu thong tin
khdng thoa man céc tiéu chi bat budc, cac dau cum gui tin nhan dén dau cum lang giéng
dé giup tim duong dén dich. NBT chon nit ¢d trang thai pin cao hon. ER 1a mét gia tri
duogc thém vao dé theo ddi nang lwong cia nit.

4. Panh gia hiéu ning caa giao thiec DSR va MIR

Viéc cai dat md phong duoc thyuc hién trén phan mém NS2 véi md hinh gia 1ap ¢
Hinh 3. Chung t6i da thar nghiém céc giao thac DSR va MIR bing cach sir dung sé
lwong cam bién con séng ban dau N = 15, mdi cam bién c6 pham vi d = 8m.

Két qua md phong duoc sir dung dé tién hanh phan tich danh gia hiéu ning cua
hai giao thuc bang cach so sanh két qua dwa trén mot s6 do do hiéu ning nhu: thong
luong, d6 tré trung binh.
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‘{t } 5°”i°,’jl9 \ ( "'.:j,il‘ ’ - SP"W‘I
~ -5'1') |\ sPn»oy]l ] = yl
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Hinh 3. M6 hinh md phang hé théng MANET-10T

Théng lwong: La sé lwong goi tin nhan duoc trong mot don vi thoi gian va duoc
tinh bang cong thic:

56 lwong byte nhan dwogc =8

Thing hrong = (kbps)

Thei gian md phong = 1000
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Tir két qua thé hién trén hinh 4 cho thay thong luong dat t6i da trong khoang thoi
gian tir 200(s) tro di. Khoang thoi gian trudc tir 0 dén 150(s) thong luong ting dan vi do
la thoi diém bat dau qua trinh truyén tin nén sb luong goi tin trong dudng truyén it.
Théng luong cua giao thirc MIR tét hon giao thirc DSR do MIR 14 giao thtc dinh tuyén
theo kiéu phan cum sir dung nut dau cum nén sb lwong géi tin didu khién it hon so véi
giao thuc DSR, théng luong cao nhat MIR dat duoc khoang 61600 (kbps), trong khi do
thong luong téi da cua DSR dat duoc khoang 51500 (Kbps).

Thong luvong
70000
61564
50000 58658 30 ~2isdB23
EL 50000 51010,
= 4546066
w 40000
=}
=9
= 30000
&
& 20637.35
£ 20000 19450.98
10000
0
50 100 150 200 350 300
—D5R MIR

Hinh 4. Biéu dé6 théng hrong theo thoi gian

Dé tré: Do tré trung binh tir cudi — cudi 1a thoi gian trung binh cua goi dir liu
duogc truyén thanh cong théng qua mang tir nguon téi dich. N6 bao gom d6 tré trong bo
dém cho qua trinh do tim duong, do tré & hang doi, do tré trong qua trinh truyén, thoi
gian chuyén giao. Do tré trung binh duoc tinh bang cong thic (Snehal Goverdhan,
Aakanksha Choubey, 2015):

E;!:j_(Ri - SI]
n

D6 tré trung binh = (ms)

Hinh 5 cho thdy db tré trung binh caa céc gdi tin trong giao thic DSR 16n hon so véi
do tré cia cac goi tin trong giao thiac MIR. Do MIR la giao thiic hoat dong theo co ché nt
dau cum vi vay ndt dau cum c6 thé thuc hién ngay qué trinh truyén tin nén do tré thap.

Do tré goi tin
450
1573 1437 138.4 1385 1384 138.2
400
350
_ 300
2 231.93 23098 233.82 235.4 23535 2373
E 150 — .
"2 200
8 150
100
50
0
70 100 150 200 250 300
—e—D5R MIR

Hinh 5. Biéu do dg tré trung binh cua goi tin theo thoi gian
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5. Két luan

Mang MANET hi¢n dang la mét thach thirc ctia cac nha nghién ctru trong viéc tim
ra nhirng giao thuc mang, chuan mang méi voi muc dich cudi cung la dat dugc mot hé
thdng mang 6n dinh va hiéu suét khai thac cao trén cac dich vu truyén thong da phuong
tién. Trong bai viét ndy, ching tdi da trién mang MANET trong méi trudng loT véi viéc
st dung cac giao thire dinh tuyén phu hop nhiam ting thong lugng va giam do tré cua hé
théng. Véi két qua dat dugc, giao thac MIR c6 thong luong dat cao hon va do tré trung
binh thip hon so véi giao thirc DSR. Dya trén phan tich sé liéu cho thdy DSR phu hop
vé6i cac mang c6 sb luong nat 16n va hinh trang mang dong. Trong khi d6, MIR phu hop
véi cac mang c6 sé luong nat it, tbc d6 nat di chuyén cham va do tré thdp nén pha hop
cho urng dung thoi gian thuec.
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