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Tém tit: Trong mang cim bién khong day (WSN), viéc sit dung ning lugng sao cho hiéu quéa dé kéo dai thoi gian hoat
dong clia cdc nit cdm bién 1a diéu can thiét. Trong bai bdo nay, ching t6i dé xuit mot thuat toan dinh tuyén c6 xét dén
mifc tiéu thu ning lugng tai cac niit cam bién. Muc tiéu ciia thuat toan dudc dé xuit 1a can bang miic tiéu thu ning ludng,
giam thiéu s nit phai tiéu thu nhiéu ning lugng nham ting thdi gian hoat dong clia chiing. Phuong phap ctia ching t6i
la xay dung mot ham trong s cho cac két nbi ¢ chia tham s6 vé& ning lugng con lai tai cdc nit. Sau d6, st dung k¥
thuat dinh tuyén tap trung dua trén kién tric mang diéu khién bang phan mém (SDN) dé tim 16 trinh c6 trong sb t6t nhét
sit dung cho viéc truyén dit liéu. Két qua md phong st dung OMNeT++ cho thiy ring, thuit todn dudc dé xudt cho phép
ting thdi gian hoat dong ctia cdc niit, ting thong lugng so véi cac thuit toin dinh tuyén phd bién hién hanh.

Tir khéa: Mang cdm bién khong ddy, dinh tuyén cdn bang ndng lugng, SDN

Title:
Abstract:

An Energy-Balanced Routing Algorithm in SDN-based Wireless Sensor Networks
In wireless sensor networks (WSN), it is necessary to use energy efficiently to extend the operating time of sensor

nodes. In this study, we propose a routing algorithm that considers the energy consumption between sensor nodes.
The goal of the proposed algorithm is to balance energy consumption and minimize the number of nodes that must
consume a large amount of energy to increase their uptime. Our method constructs a weight function for wireless links
that contains parameters for the energy remaining at the nodes. Then, a centralized routing mechanism based on a
software-defined network (SDN) architecture is used to find the best weight route for data transfer. Simulation results
on OMNeT++ show that the proposed algorithm increases the uptime of nodes and network throughput compared to

the current popular routing algorithms.
Keywords:

Wireless Sensor Networks, energy-balanced routing, software-defined network

I. GIOI THIEU

Thoi gian gan day, mang cam bién khong day (Wireless
Sensor Networks - WSN) dugc sit dung rong rii trong nhiéu
linh vuc, dic biét 12 trong giai doan bung nd cic ting dung
trén nén ting IoT nhu hién nay. Mang WSN c6 thé hoat
dong theo ba mo hinh diéu khién khac nhau, d6 1a diéu
khién theo mo hinh tip trung, diéu khién theo mo hinh
phan cip va diéu khién theo mo hinh phén tan [1]. V6i mod
hinh diéu khién tap trung, c6 mot niit chiia thong tin toan
cuc trong hé thdng mang. Céc chic ning diéu khién viéc
truyén dif lidu tif cdc nit mang vé tram co s (Base Station
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- BS) dugc thuc hién tai nit nay. Vi mo hinh diéu khién
phan cip, toan bd céc niit dugc chia thanh tiing cum, moi
cum c6 mdt nit dong vai tro nhu 1a “cum trudng”. Viéc
truyén dif lidu tir cdc niit vé BS dudc thuc hién thong qua nuit
cum trudng. V6i mo hinh diéu khién phan tan, cic nit déng
vai trd ngang hang nhau. Céc giao thic diéu khién dugc
thuc hién doc lap tai méi nit mang. Trong giai doan gan
day, kién triic diéu khién tap trung dua trén giai phdp mang
kiém soét bang phin mém (Software Defined Networking
- SDN) da dugc ap dung cho mang WSN [2-10]. Nguyén
1y co ban ctia mo6 hinh nay nhu cho thdy & Hinh 1. C4c niit
cam bién dudc két ndi bo didu khién SDN mdt cich truc
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Hinh 1. M6t vi du clia mang cam bién khong day si dung SDN

tiép hoidc gidn tiép (thong qua cic nit khic) st dung giao
thic ludng mé (open flow). Cac giao thiic diéu khién hoat
dong ctia hé théng mang nhu dinh tuyén, bdo hiéu, diéu
khién t6-pd, v.v dudc thuc hién tap trung tai bd diéu khién
SDN. Mb hinh WSN sit dung SDN da dugc trién khai dé
cai tién hau hét céc giao thic diéu khién trong mang WSN,
dién hinh nhu céc giao thifc dinh tuyén [4, 5, 10-12], diéu
khién t6-p6 [6, 7, 13], diéu khién phan cum [8, 9]. Trong
d6, dinh tuyén sit dung SDN 1a chii d&& nhan dudc sy quan
tam clia nhiéu nhém nghién cu trong nudc va trén thé gidi
thoi gian gan day.

Trong [4], S. Wang cung cic cong su di dé xuit mot
giao thifc truyén thong tich hdp, dudc dit tén l1a MINI-
FLOW. Giao thifc nay tip trung vio ba co ché dinh tuyén
dit liu, dinh tuyén dudng lén (tU cdc mit cam bién dén
bd diéu khién SDN), dinh tuyén dung xudng (tf bd diéu
khién SDN dén cic niit cdm bién) va cung cip thong tin
khi khéi tao mang. Co ché dinh tuyén dudc thiét ké dua
trén mot ham trong sd heuristic bao gdm ba gia tri, tong
s6 budc truyén dén mit dich, cudng do tin hiéu nhan dudc
va ning lugng con lai. Bang phuong phdp thuc nghiém,
cdc tdc gia da cho thdy giao thic MINI-FLOW mang lai
hiéu quéa cao khi xem xét vin d& két hop giita dinh tuyén
va can bang tii. Trong [5], nhém tic gia da dé& nghi mot
kién tric goi 1a phan mém duya trén da ludng cho WSN. Co
ché nay dudc phat trién dua trén SDN va phan bd cic kénh
riéng biét cho 16p dit lidu va 16p diéu khién. Giai phap dé
xuét dugc st dung d€ duy tri cAu tric lién két va quan ly
viéc st dung ngudn ning lugng. Cac két qua thuc nghiém
cho thiy rd co ché dugc dé xuit mang lai hiéu qua cao vé
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mit thong lugng, dd tré va mic tiéu thu ning lugng trong
mang. Trong [10], mot co ché dinh tuyén cé xét dén ning
lugng dua trén SDN dugc dé xuét dé cai thién hidu qua
st dung ning lugng ctia WSN vdi hé théng IIoT dé hd trg
cong nghiép 4.0. Bo diéu khién SDN udc tinh mic ning
luong tai cic nit quan trong trong WSN va quyét dinh 1o
trinh t6t nhit dua trén tinh trang st dung ning luong cla
chiing thay vi tiéu chi dudng di ngin nhét dudc s dung
rong rai. St dung phuong phap mod phong, nhém tac gia da
cho thiy rd phuong phap dugc dé nghi cho phép giam thiéu
tinh trang cdc nit cia WSN can kiét ngudn niing lugng va
lam gidn doan viéc truyén dit liéu mot cach dot ngot.

Thong qua céc cong trinh di cong bd duge khio sit &
trén ching toi nhan thiy ring, viéc ting dung kién tric
SDN d& diéu khién dinh tuyén trong mang WSN la mot
giai phap hitu hi¢u. Day ciing la giap phap phu hgp véi xu
huéng phat trién ctia cong nghé mang truyén thong khong
day thé hé méi. Trong cong trinh nghién cifu nay, ching
t6i ciing st dung kién tric SDN vao viéc diéu khién dinh
tuyén trong mang WSN. Céc dong gép méi clia cong trinh
nay dudc liét ké nhu sau:

« Dé xuit mot ham dé€ tinh toan trong sd cho tit ci céc
két nbi khong day trong mang WSN. Ham trong s nay
c6 chifa cic tham s6 vé ty 1¢ gitta ning luong khdi diu
va nang lugng con lai tai cac nut.

« D& xuit mot thuat toan dinh tuyén méi véi muc tiéu
can bang viéc st dung ning lugng cho mang WSN
dua trén kién tric SDN. Thuat todn c6 tén la SEBR
(SDN-based Energy Balanced Routing).

Cic phan tiép theo cdia bai bdo dugc t& chiic nhu sau.
Phan II tip trung trinh bay thuit todn dinh tuyén dugc dé
xuét. Phan III phan tich cdc kich ban mo phéng va thio
luin vé cdc két qua. Cubi cung két luin cic két qua da
dat dudc v néu ra huéng phat trién tiép theo ctia chu dé
nghién ctiu nay, dudc trinh bay trong phan IV.

II. THUAT TOAN PINH TUYEN PUGC PE XUAT

Noi dung chinh ctia phan nay trinh bay thuit toin dinh
tuyén cén bang ning lugng tiéu thu tai cdc nit, dugc dé
xuét cho mang WSN dua trén kién triic SDN, dudc dit tén
SEBR (SDN-based Energy Balanced Routing). Thuét toan
SEBR hoat dong theo nguyén ly dinh tuyén tap trung, st
dung mot ham trong sb c6 xét dén ty sb gifta ning luong
khéi dau va ning lugng con lai tai mbi niit cam bién. Ham
trong s6 nay dudc st dung lam tiéu chi d€ tim tap 16 trinh ti
mbi niit dén tram co s6 st dung cho viéc truyén dit liéu cam
bién vé server quan tri dif liéu. P& tim tip 19 trinh, thuat
toan tim "dudng di ngin nhit" dudc thuc thi tai b diéu
khién SDN. "Pudng di ngin nhit" dudc hiéu theo nghia
tdng trong s6 theo ham dudc dé xuét 12 nhd nhit.



1. Ham trong s6 ¢6 xét dén mic tiéu thu niing lugng
tai méi nut

Muc tiéu clia thuit toan SEBR la cin bing mic ning
luong tiéu thu tai cdc nit, giam thiéu tinh trang mot s6 niit
tiéu thu ning ludng 16n din dén nhanh chong bi tit do hét
ning lugng. Trong thuit todn SEBR, viéc cin bing niic tiéu
thu ning lugng dugc thuc hién thong qua mot ham trong sd
c6 xét dén ty s6 giita ning lugng khdi dau va ning luong
con lai tai mdi mit, dugc dit tén 1a EAW (Energy Awave
Weight), dugc dinh nghia nhu sau:
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wij + néu E(.r) > 1% x E(S)
EWA;; = E / !

ey

o) truong hop nguoc lai

trong do, w;; 1a trong sb ciia dudng truyén khong day tu
niit 7 dén ndt J, EJ(.S) 1a ndng ludng tai thdi diém nit J bét
dau hoat dong va Ej(.r) la nang lugng con lai cha nit J tai
thoi diém xem xét, n 1a mot sb nguyén khong am.

V6i ham trong s dugc thiét 1ap nhu & (1), khi ning lugng
con lai ctia mit dich ctia m&i két ni cang nhd thi trong sd
clia cic két ndi dén nit d6 cang 16n. Trong sb ting theo
ham béc n cla ty sb gilta ning luong khdi dau va ning
luong con lai. Su phu thudc clia trong s6 EWA; j Vao nang
lugng tiéu thu tai nit J va bac n theo phuong trinh (1) dugc
thé hién ro ¢ Hinh 2. Chiing ta dé dang quan sat ring, khi
bac n = 0, trong sb EWA;; la mot hing s6 vi n6 khong
con phu thudc vao nang lugng tiéu thu tai nut J. Truong
hop nay tuong duong véi ham trong sb 13 hop-count, dudc
st dung mic dinh trong hau hét co ché thiic dinh tuyén cia
mang WSN. V6i cac truong hgp con lai, bac n cang tang
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Hinh 2. Anh hudng ciia ning lugng tiéu thu tai nit J va bic n
deén trong sO EWA;; theo ham (1)
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thi trong s6 EWA;; cang ting dot bién khi muc tiéu thu
nang lugng tai nut J 16n, nghia la ndng lugng con lai nho.
Khi sit dung ham trong s6 nay dé tim tap 16 trinh t6t nhit
(nghia 12 tap 10 trinh c6 trong sb nhé nhit), cic 16 trinh
nay sé han ché di qua cic nit c6 ning lugng con lai nhd,
nhiam kéo dai thai gian hoat dong ciia cdc mit nay. Trong
cong trinh nay, ching t6i xac dinh bac n sao cho viéc su
dung niing lugng tai cdc nit 1a cAn bang nhit, nham giam
thiéu tinh trang mot s6 nit tiéu thu ning lugng 16n do tai
luuw lugng cao. Viéc xdc dinh n dugc thuc hién thdong qua
md phdéng & phan sau.

2. Thuit toan SEBR

Thuit toan 1 1a ma gia 1ap cua cac budc thuc thi thuat
toan dinh tuyén dugc dé xuét, SEBR. Thuit todn nay dudc
thuc thi tai bd diéu khién SDN. Viéc tinh todn tap 16 trinh
dén BS cho tit ca cdc nit cam bién dudgc thuc hién dinh ky
v6i mot khoang thdi gian dinh trude, ma do 1a IntervalTime
& bude 2. Ct mbi 1an cap nhat lai bang dinh tuyén, trong
s6 clia tat ca cac két ndi trong mang dugc tinh toan lai
dya trén ty sd gifta nidng lugng khdi dau va ning lugng
con lai tai cdc nit cam bién & thdi diém xem xét. Trong
s6 nay dudc cap nhat theo phuong trinh (1) (buéc 5 trong
thuat to4n). Sau d6, bo diéu khién SDN thuc thi thuit todn
“dwong ngdn nhdt”, cu thé la thuat toan Dijkstra dudc st
dung trong mo6 hinh nay dé tim tip 19 trinh tir tt ci cdc
nit cam bién dén BS (budc 7). "Puong ngdn nhdt" trong
thuat toan SEBR dugc hiéu theo nghia tdng trong s6 EWA
dugc xdc dinh theo phuong trinh (1) 1a nhé nhit. Thong
tin céc 16 trinh tim dudc sé dugc cap nhat dén cdc nit cam
bién sit dung céc géi diéu khién (budc 8).

Thuét toan 1: Tim tip 16 trinh tif cdc nit cdm
bién dén BS trong mang WSN sit dung SDN

while (frue) do

2 wait(IntervalTime);

3 Cap nhit ning luong con lai tai tit cd cic nit

—

cam bién trong mang thong qua cic goéi diéu
khién;

for (mdi két néi tiv miit 1 dén nit J) do

‘ Tinh trong sb EWA;; theo (1);

end

Thuc thi thudt todn “dwong ngdn nhdt” dé tim
16 trinh tif cac nit cam bién dén BS;

8 Cap nhat thong tin céc 19 trinh tim dugc dén
cdc nit cAm bién thong qua cic géi diéu
khién;

S N

9 end
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IIl. PANH GIA THUC THI BANG MO PHONG
1. Kich ban mé phéng

Dé dinh gid hiéu qua thuc thi cda thuit toan dinh
tuyén dugc dé xudt, SEBR, ching t6i st dung phuong
phdp mo phdéng, so sianh v6i hai giao thic dinh tuyén
dién hinh thudng dudc st dung trong mang WSN, dé 1a
DSDV (Destination-Sequenced Distance-Vector) va AODV
(Ad Hoc On-Demand Distance Vector) [14] vé mit ning
lugng tiéu thu, thoi gian hoat dong cla cac nit va thdng
lugng trung binh trong toan mang. M6 phdng dugc thuc
thi trén OMNeT++ [15] va INET Framwork [16]. Cac kich
bdn mo6 phéng dugc cai dit nhu & Bang 1. Chiing toi thiét
1ap mdt mang WSN trong ving dién tich 1000x1000 [m?].
Téng s6 niit cam bién bién ddi trong khoang tit 30 dén 50
tlly theo kich ban mo phéng. Cu thé 1a st dung 5 kich ban
véi tdng sb nit 30, 35, 40, 45 va 50. Céac nit dugc bd tri
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Hinh 3. Mot ban chup cta giao dién chuong trinh mé phdong mang
WSN st dung SDN
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ngau nhién trong toan bo dién tich mang. Hinh 2 cho thiy
mot ban chup giao dién trong qud trinh thyc thi mo phdong
v6i kich ban 40 nut.

2. Két qua md phéng
a) Xdc dinh bdc n ciia ham trong sé EWA;;

Noi dung chinh ctia phan nay thuc hién mot sd kich ban
md phéng d€ xdc dinh bac n ctia ham trong s6 EWA,; sao

1

Nang lwong tiéu thy trung binh (ml/s)

Béc cua ham EWA

Hinh 4. So sdnh muc tiéu thu ning lugng trung binh trén tat ca
céc nut khi bac ctia ham trong s6 (1) khdc nhau khi t6ng s6 nit
cam bién 1a 35

-

Ning lwong tiéu thu trung binh (ml/s)

Béc cua ham EWA

Hinh 5. So sdnh mc tiéu thy ndng lugng trung binh trén tat ca
céc nit khi bac ctia ham trong s& (1) khdc nhau khi tdng s niit
cam bién la 45



cho hiéu qui st dung ning lugng tai cdc nit cam bién 1a
tot nhit. Két qua & cac Hinh 4 va 5 cho thiy ro su khéc
nhau vé& ning lugng tiéu thu trung binh tai tit cd cdc nit
cam bién khi bac n khic nhau. Xét kich ban cé 35 nit cam
bién (két qua & Hinh 4), khi n = 0 (tuong duong véi trudng
hop dinh tuyén theo trong sb hop-count), mtc tiéu thu ning
luong tai cac nit khac nhau rat 16n, phan bd trong khoang
tir 2,01 mJ/s dén 7,75 ml/s. Pic biét 1a c6 4 diém ngoai 1¢,
do6 1a 4 nat c6 miic tiéu thu ndng lugng cao, cac nit nay s€
s6m bi tat do hét ning luong. Khi n = 1, miic tiéu thu ning
luong tai cdc mit cAn bang hon, phan bd trong khoang tit
tir 2,01 mJ/s dén 5,99 mJ/s. Tuy nhién, van con 2 nit ngoai
1€ v6i muc tiéu thu nang lugng cao. Xét cac trudng hgp
con lai ciia n ta thdy ring, trusng hop n = 2 cho két qua
t6t nhit, mdc tiéu thu ning lugng cla tit cd cdc nit can
bing nhét véi ving gia tri tir 2,00 mJ/s dén 5,02 mJ/s va
khong c6 ngoai 1& nao. Két qua dat dugc hoan toan tuong
tu d6i v6i kich ban ma téng sd miit cam bién 1a 45 (Hinh
5), truong hdp n = 2 mang lai mic tiéu thu nang lugng tai
tAt ca cdc nit can bang nhit.

Mot d6 do hiéu niing khic c6 tac dong 16n dén hiéu ning
cia hé théng mang WSN 1a thdi gian hoat dong clia cic
nit cdm bién. Ching t6i ciing di phan tich do do nay dé
cac dinh bac n cia ham (1) sao cho thsi gian hoat dong
clia cc nidt cam bién 13 dai nhét. Két qua thu dugc nhu &
Hinh 6 cho thdy ring, trudng hop bac n = 2 mang lai két
qua tbt nhat.

Trén co s& cac két qui khdo st anh hudng ciia n dén
viéc st dung nang lugng G trén, ching toi chon bic n cla
ham trong s6 (1) 1a 2, gid tri nay dudc sit dung cho cdc
kich ban mé phéng & cac phan con lai dudi day.

g
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Béc cua ham EWA

Hinh 6. So sanh thoi di€ém bét diu c6 nit tit do hét ning lugng
khi bac ctia ham trong sb (1) khdc nhau trong trudng hop tdng sd
nidt cam bién 1a 45
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b) Phdn tich miic tiéu thu ndng luong tai méi niit

Trong phan nay, ching t6i so sinh mifc tiéu thu ning
luong tai tt cd cdc nit cdm bién clia thuit toan dugc dé
Xuét so v6i cac thuit toan DSDV va AODV. Két qui thu
dugc nhu cho thiy & Hinh 7. Khi st dung cdc thuat todn
DSDV va AODV, c¢6 mét sé nit tiéu thu ning luong rat
16n, d6 1a cic diém ngoai 1& ctia cic d6 thi hop. Vi du,
v6i kich ban 30 nit va viéc dinh tuyén dugc thuc hién bdi
giao thiic DSDV, c6 4 ngoai 1€ v6i gia tri trung binh Ia
6,61, 6,82, 7,23 va 8,11 ml/s. VGi kich ban 35 nit ciing
c6 4 nit ngoai 1€ ti€u thu nang lugng 16n véi mic trung
binh 1a 5,51, 5,72, 6,15 va 7,82 mJ/s. Két qué ciing hoan
toan tuong tu khi giao thiic AODV dudc st dung d€ tim tap
16 trinh, tit ca cdc kich ban mo6 phéng véi giao thiic dinh
tuyén ndy déu ton tai cdc nit c6 mic tiéu thu ning lugng
cao. Cu thé, vé6i kich ban 40 niit, c6 3 niit tiéu thu ning
lugng 16n. Miic tiéu thu trung binh cta ba nit nay la 8,16,
7,05 va 6,11 mJ/s. Cac nit niy sé& bi tit sém do hét ning
luong, diéu nay anh hudng dén viéc truyén di liéu trong
mang. Nguyén nhan din dén tinh trang nay 1a do cdc nit
trén (ndt c6 mifc tiéu thu ning luong la cac diém ngoai 18
trong dd thi hop) chiu tai luu lugng 16n, bao gdm ca tii luu
lugng do chinh nut d6 phat ra va tai luu lugng ti cac nit
khéc truyén dén dé chuyén tiép vé BS. Vi viy, cdc niit nay
phai thudng xuyén hoat dong véi cudng do cao, din dén
tiéu thu nhiéu ning lugng. V6i thuit toan SEBR, c6 nhiéu
diém ngoai 1é da dugc giai quyét. Pidu nay dong nghia véi
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Hinh 7. So sdnh muc ti€u thy nang lugng trén tAt ca cac mit khi
st dung cac thuat toan dinh tuyén DSDV, AODV va SEBR
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viéc ning lugng tiéu thu tai cac mit da can bang hon. Cu
thé, véi cdc kich ban mo phéng 40 va 50 ndt thi khéng con
diém ngoai 1& nao. Kich bdn 35 niit chi con mot niit ngoai
1€, kich ban 45 nut con 2 nit ngoai 1. Tuy nhién, muc tiéu
thu ndng lugng tai cic nut ngoai 1€ nay cing da giam di ro
rang. Két qua nay dat dudc 1a do thuét toan SEBR da xem
xét dén ning luong con lai tai cdc niit mdi khi tinh todn,
cap nhat lai bang dinh tuyén, din dén tip 19 trinh truyén
dit liéu trong mang han ché di qua céc nit c6 ning luong
con lai thip hon.

¢) Phdn tich thoi gian hoat déng cua cdc niit

Vi mifc st dung nang lugng tai cac nidt cia thuat toan
SEBR can bing hon so v6i DSDV va AODV, nén thdi gian
hoat dong ctia céc niit ciing kéo dai hon. Két qua nay cho
thiy rd & Hinh 8, ching t6i so sanh thdi di€ém bat diu c6
nit tat do hét nang lugng clia cic thuat todn DSDV, AODV
va SEBR. Ta thiy riang, trong ci 5 kich ban ma tdng s
nut 1a 30, 35, 40, 45 va 50, thuét toan SEBR mang lai thdi
diém c6 niit bat dau tit 1au hon so vé6i cdc thudt toan DSDV
va AODV. Cu thé, véi kich ban md phéng 30 niit, tai thoi
diém 248,1 gidy bat dau c6 niit tit néu sit dung thuit todn
DSDV. Néu sti dung AODV, thdi diém bat dau cé niit tit
12 280,15 giy. Trong khi do, tai thoi diém 306,1 gidy méi
bat dau c6 niit tit néu sit dung thuat toan SEBR. Nhu vy,
thuat toan SEBR da kéo dai thoi gian hoat dong 6n dinh
ctia hé théng mang thém 26 gidy va 58 gidy néu so véi cac
thuat toan AODV va DSDV theo thu tu tuong tGng. Truong
hop thdi gian dugc kéo dai nhiéu nhét 1a kich ban 40 niit,
thoi gian kéo dai trong kich ban nay 1én dén 128.2 gidy khi
so vGi thuét toan DSDV.
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Hinh 9. So sdnh tdng sb niit tit theo thoi gian md phong cua thudt
todn DSDV, AODV va SEBR khi téng s6 niit 1a 50
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Hinh 10. So sanh téng sb nit tit theo thdi gian mé phéng ctia
thuat todn DSDV, AODV va SEBR trong trudng hop tdng s6 nit
la 45

Tiép theo, ching toi khio sat chi tiét vé tdng s6 niit bi
tat do hét ning lugng theo thdi gian mo phéng. Cac két qua
thu dugc nhu & Hinh 9 va Hinh 10, tuong tng véi cac kich
ban ma tdng s ndt 1a 45 va 50. Cic két qué thu dugc da
cho théy r%“lng, vGi ca ba thuat toan SEBR, DSDV va AODV,
tong sb niit bi tat ting dan theo thdi gian mo phong. Piéu
nay 13 hién nhién vi cdc nit hoat dong cang lau thi ning
lugng cang can kiét. Tuy nhién, néu so sanh gitta cdc thuat
toan SEBR, DSDV va AODV, trudng hgp cua thuit toan
SEBR luén cé tong sd mit bi tit nhd hon hodc bang hai
thuat toan con lai.

T cic két qua khao sat vé viéc tidu thu ning ludng tai
cac nidt § trén, ching tdi c6 nhan xét rﬁng, thuat toan SEBR
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Hinh 11. So sanh thong lugng khi st dung thuit toan dinh tuyén
AODV, DSDV va SEBR

hoat dong tét hon céc thuat toin DSDV va AODV néu xét
vé mit hidu qui sit dung ning lugng. Cu thé 1a cin bing
muc nang lugng duge st dung tai cac nut, kéo dai thoi gian
hoat dong &n dinh ctia hé théng mang, gidm sb nit bi tit
do hét ning luong.
d) Phdn tich thong lugng

Trong phan cubi cling ndy, chiing toi khdo sit thong
lugng trung binh nhan dudc tai BS qua thoi gian mé phong.
Véi do do nay, thuit toan SEBR ciling thuc thi hiéu qua hon
so véi cdc thuit todn DSDV va AODV. Nhén dinh ndy thé
hién r6 bing két qua mo phong & Hinh 11. Trong d6, ching
toi do thong lugng trung binh nhan dugc tai BS theo thdi
gian md phong. Cic dd thi trén Hinh 11 cho thiy ring,
khi thoi gian mé phdng nhd hon 250 gidy, thong lugng
trung binh cda ca hai thuat toan DSDV va SEBR gan nhu
la gibng nhau, thuit toan AODV mang lai thong lugng cao
nhét. Nguyén nhan 1a vi trong khoang thdi gian nay, tinh
trang mot sb niit bi tat do hét ning lugng chua xay ra. Khi
thdi gian m6 phong 16n hon 250 gidy, thong lugng ctia cac
thuat toan DSDV va AODV bit dau giam. Nguyén nhéan 1a
do mot s6 miit da bi tit, anh hudng dén viéc truyén dit lidu
trong toan mang. Pén thai diém 321 gidy, thong luong clia
c4 ba thuat toan DSDV, AODV va SEBR déu bat dau giam,
cling v6i 1y do mot s6 nit da bi tat do hét ning lugng. Tuy
nhién, so sanh gitta ba thudt toan, thuat toan SEBR mang
lai thong lugng trung binh cao nhét.

IV. KET LUAN

Viéc sit dung ning luong sao cho hiéu qua dé kéo dai
thodi gian hoat dong clia cdc niit cdm bién trong mang WSN
la diéu hét stc can thiét, dic biét 1a dbi véi cc trudng hop
ma WSN dugc trién khai cho cic tng dung véi tai luu
luong 16n, yéu cau dd tin cdy cao. Bai bdo da dé xuit mot
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thuat toan dinh tuyén c6 xét dén mic tiéu thu ning lugng
gitfa cdc nit cam bién, dudc dit tén 1a SEBR. Muc tiéu
ctia thuat toan SEBR 1a can bang miic tiéu thu ning ludng,
giam thiéu s niit phai tiéu thu nhiéu ning lugng nham ting
thdi gian hoat dong cuia chung. Phuong phép cua chuing toi
la xay dung mot ham trong sd cho cic két ndi khong day
c6 chifa cdc tham sb vé ning luong con lai tai cdc nit. Sau
do, st dung co ché dinh tuyén tip trung dua trén kién tric
mang diéu khién bang phan mém (SDN) d€ tim 16 trinh
6 trong sd tot nhit d€ truyén dit liéu. K&t qua md phong
trén OMNeT++ cho thdy ring, thuit toan dudc dé xuit cho
phép ting thai gian hoat dong cua cédc nit, tang thong lugng
mang so véi cac thuat toan DSDV va AODV.

Trong xu thé phat trién clia cong nghé mang khong day
hién nay, WSN tich hgp v6i mang 5G (5G-based WSN) va
dién toan ddm may (Cloud-based WSN) dang lam mdt xu
hudng phat trién ctia cong nghé mang WSN. Viéc phit trién
thut toan cho cdc mo6 hinh WSN nay 1a diéu can thiét. Pay
ciing 1a huéng phét trién tiép theo clia cong trinh nghién
ctiiu nay.
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