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MOT GIAI PHAP NANG CAO HIEU QUA S’ DUNG NANG LUONG
TRONG MANG CAM BIEN KHONG DAY BANG KY THUAT PINH TUYEN
KET HQP PIEU KHIEN TO-PO

Lé Hiru Binh?, V& Thanh TGP, Nguyén Hoang Ha¢, Tran Thi Phuong Chi®

Khoa Cong nghé Thong tin, Truong Pai hoc Khoa hoc, Pai hoc Hué
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TOM TAT— Mt trong nhitng Yéu 16 ¢6 dnh hieéng Ién dén hiéu nang cia mang cam bién khéng day (WSN) la hiéu qua sur
dung nang lhrong tai cdc mit cam bién. Trong bdi bdo nay, chiing 16i dé xudt mot gidi phép két hop gitta dinh tuyén va diéu khién to-
pé nham gidm thiéu mirc tiéu thy nang heong tai cde mit cam bién, kéo dai thoi gian hoat dong ciia hé thong mang. Y twéng ciia giai
phap la dva trén bang dinh tuyen cde niit cam bién diéu chinh cong sudt phat phii hop, du de duy tri két néi dén cdc nut lang gieng
¢6 sir dung trong bang dinh tuyén. Két qud mé 5 phong cho thdy rang, gidi phdp dwoc dé xudt mang lai hiéu qud cao vé mdt sir dung
ndng lieong, kéo dai thoi gian hoat dong ciia hé théng mang.

Tir khéa— Mang cam bién khong day, dinh tuyén hiéu qud nang heong, diéu khién td-po.

I. GIOI THIEU

Trong cac mo6 hinh mang khong day tuy bién (Ad-hoc Wireless Networks), mang cam bién khong day di va dang
dugc sir dung phd bién trong nhiéu linh vuc, dién hinh nhu gidm sat méi truong, néng nghiép théng minh, giao thong
thong minh. Déc biét, khi ma cong cudc chuyén doi s6 dang ngay cang dugc ddy manh, nhu cau ing dung mang cam
bién khong diy ngay mot ting cao.

Hinh 1 1a mét vi du dién hinh cia mét mang WSN, thanh phin co ban nhét 1a cac niit cam bién (sensor) véi chirc
ning thu thap cac thong tin can thiét cho phan mém tng dung. Hién nay, cac sensor c6 thé thu thap dugc hau hét cac
thong tin can thiét cho céac ung dung thuc té, dién hinh nhu nhiét do, do 4m, 4nh sang, chét lwong nudc, néng do con,
phat hién chuyén dong, phat hién dbi tuong. Mot chirc ning quan trong khac cua cac nat cam bién 1a hd tro cac giao dién
truyén thong khong day. Nho cac giao dién ndy ma cac niit cam bién méi c6 thé két ndi v6i nhau, ciing nhu két ndi vé
tram co so dé truyén dir liéu. Hién nay, cac nut cam bién c6 thé hoat dong vdi cac chuén mang khong day co ban nhu
IEEE 802.11a/b/g/n/ac. Tham chi, mot sb thiét bi cam bién sir dung cong nghé mang khong dy méi nhat hién nay con
¢6 thé hd trg chuan IEEE 802.11s cua mang khong ddy hinh ludi. Ngoai cac chuén 802.11, cac nit cam bién cling ¢6 thé
sir dung cac chuan khong day khac nhu Bluetooth, LORA, Z, Zipbee (IEEE 802.15.4). Thanh phin quan trong tiép theo
trong mang WSN 1a céc tram co so (Base Station - BS). Day 1a noi tap hop dir li€u tur tat ca cac nat cam bién. Phuong
thirc két ndi giita BS va cac nit cam bién ciing thudong thong qua méi truong khong day. Tuy nhién, van c6 trudng hop
két ndi qua moi truong c6 ddy dbi véi moé hinh phan cap, mot vai nit cam bién dong vai tro 13 “nhém truong” s& két nbi
bang mdi trudng co day dén BS. Thanh phan con lai cia mot mang WSN 14 hé thong Server dé phan tich dit liéu. Khi
BS tap hop duogc dir lidu tir tat ca cac niit cam bién, dit liéu nay dwoc dua vé Server qua mdi truong Internet dé phan tich,
xtr ly. Hién nay, mot s6 tmg dung ctia mang WSN da c6 thé tich hop cac mé hinh hoc may, tri tué nhan tao dé xur Iy dit
liéu mdt cach thong minh, nhanh chong.

Server quan try
di liéu

Tram co s¢&
(Base Station)

Hinh 1. Mt vi du cia mang cam bién khong day (WSN) [1]

Mot trong nhirng yéu t6 c6 anh huéng 16n dén hiéu nang cua mang WSN 1a hiéu qua st dung nang luong tai cac
nat cam bién. Piéu nay di nhan dwoc sy quan tim ctia nhiéu nhom nghién ciru trong thoi gian gan day. Viéc nang cao
hi€u qua su dung nang lugng trong mang WSN co thé thuc hién bang ky thuat dinh tuyen c6 xét dén nang lugng [1], [2],
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hoac ky thuft didu khién t6-pd c6 xét den nang luong [4]-[7]. Vi ky thuat dinh tuyén, tac gia Lé Pirc Huy cung cac cong
su da dé xuat mot thuat toan dinh tuyén c6 xét dén murc tiéu thu ning luong tai cac nit cam bién dya trén kién trac mang
dleu khién bang phan mém (Software Defined Networking - SDN) [1]. Phuong phdp ctia ho 1a xdy dung mot ham trong
s6 cho cac két ndi c¢6 chira tham s6 vé ning luong con lai tai cac nat. Sau 6, sir dung ky thuat dinh tuyén tap trung dua
trén kién trac SDN dé tim 19 trinh c6 trong s6 tot nhét sir dung cho viéc truyén dit liéu. Két qua mo phong cho thiy rang,
thudt toan duoc dé xudt cho phép tang thoi gian hoat dong cua cac nut, tang thong luong so voi cac thudt toan dinh tuyén
truyén thong. Trong [2], céc tac gia dd dé xuat mot co ché dinh tuyén c6 xét dén nang luong dua trén SDN dé cai thién
hiéu qua sir dung ning lugng ciia WSN véi hé thong IToT dé hd trg cong nghiép 4.0. Bo dicu khién SDN udc tinh mirc
nang luong tai cac nut quan trong trong WSN va quyét dinh 19 trinh t6t nhét dya trén tinh trang sir dung nang lugng cua
chung thay vi ti€u chi duong di ngan nhat duoc sir dung rong rai. St dung phuong phap mé phong, nhom tac gia da cho
thy rd phuong phap dugc dé nghi cho phép giam thiéu tinh trang cac nit cia WSN can kiét nguon ning luong va lam
gian doan viéc truyén dir liu mot cach dot ngot.

V6i phuong phap nang cao hiu qua st dung nang luong bang k¥ thuat diéu khién t6-pd, nhom tac gia trong [4]
dd dé xudt mot thuat toan didu khién t6-pd hiéu qua ning luong c6 tén RL-CRC (Reinforcement Learning-based
Communication Range Control). Phuong phép ctia nhém tac gia 1a sir dung thuat toan hoc ting cuong dé diéu chinh
ving truyén thong ctia mdi nut nham thu dwoc mot t6-pd tdi wu. Thong qua két qua mé phong, nhom tac gia cho thiy
duoc thuat toan RL-CRC mang lai nang luong tiéu thy tai cac nut nho hon so véi cac thudt toan diéu khién to -po phé
bién. Trong [5], mot thuat toan didu khién t6-pd c6 tén FLSS (Fault-tolerant Local Spanning Subgraph) da dugc dé xuit
cho mang khéng day tity bién. Thuét toan FLSS cuc tiéu hoa cong sudt truyén dan 16n nhat duoc s dung trong mang.
Bang phuong phap md phong, céc tac gia da ching minh rang thuét toan FLSS mang lai hiéu qua cao trong viéc sir dung
ngudn ning luong va tai nguyén mang. Diéu khién t6- -pd sur dung logic mo cling da duge thue hién trong [6]. Trong cbng
trinh nay, céac tic gia da dua ra mot thuat toan diéu khién t6-pd méi duge dit tén 1a FTC (Fuzzy logic-based Topology
Control) v6i myc tiéu cai thién do két ndi mang. bé dat duge muc tidu nay, thuat toan FTC diéu chinh vung truyén thong
ciia mdi nut dé bac trung binh cua cac nut tién gan dén bac mong doi. Hi€u qua thuc thi cua thuat toan FTC dugc so sanh
v6i cac thuat toan diéu khién t6-pd phd bién bang ky thuat moé phong. Trong [7], cac tac gia dd dé xuit mot thuat toan
diéu khién t6-p6 hiéu qua nang lugng cho mang WSN. Trong cong trinh nay, cac tac gia di phat biéu bai toan diéu khién
t6-p6 bang mot bai toan quy hoach phi tuyén, sau dé sir dung giai thuat di truyén (Genetic algorithm - GA) dé giai bai
toan nay. Két qua mé phong trén MATLAB d cho thiy rang thuét toan dwoc dé xuit mang lai hiéu qua st dung ning
lwong t6t hon so v6i trudng hop sir dung t6-pd véi cong sudt cuc dai trong mang WSN.

Cac cong trinh da cong b6 dugc deé cép ¢ trén cho thy rang, viéc tdi uvu hoa ning luong trong bang WSN ¢6 thé
thyc hién bang ky thuét dinh tuyén hodc diéu khién t6-pd. Trong «cong trinh nay, ching t6i dé xudt mot giai phap méi
bang cach két hop ca thuét toan dinh tuyén va diéu khién t6-p6 nham cai thién hon nita hiéu qua st dung nang luong tai
cac nut cam bién trong mang WSN. Cac két qua chinh dugc trinh bay trong cac phan tiép theo ciia bai bao vai bd cuc
nhu sau: Phan II trinh bay phuong phap dinh tuyén két hop diéu khién t6-p6 trong mang WSN. Phan III trinh bay cac két
qua mé phong duogc thuc hién trén OMNeT++. Cudi cung 1a cac két luan va dé xuit hudng phat trién tiép theo, dugc
trinh bay chi tiét trong phan V.

II. PINH TUYEN KET HOP PIEU KHIEN TO-PO TRONG MANG WSN

Trong phan nay, chiing t6i trinh bay thuat toan dinh tuyén két hop diéu khién t6-p6 cho mang WSN duoc dat tén
la TCRA (Topology Control and Routing Algorithm). Trudec tién, ching t6i m6 hinh héa bai toan dinh tuyén thanh mot
bai toan quy hoach tuyén tinh nguyén (Integer Llnear Programmlng ILP), sau do giai bai toan nay dé tim tap 19 trinh
truyén dir liéu, cap nhét vao bang dinh tuyén ciia m01 nat cam bién. Dya trén bang dinh tuyén, cac nat cam bién diéu
chinh cong suat phat phii hop dé thu dugc mot t6-pd tdi wu vé mat sir dung nang lugng.

A. Mé hinh héa bi todn dinh tuyén trong mang WSN thanh bai todn ILP
Xét mot mang WSN nhu mé ta & Hinh 1, goi P = [ps]nxa 14 ma tran luu lugng tir tit ca cac nit cam bién (s) dén
tram co s& (b). bé xac dinh tht ca cac 10 trinh truyén dir liéu trong mang, chung t6i dinh nghia mot tép
X ={x{* i, j,s=1..n} biéu thi cac két ndi dugc chon cho mdi 19 trinh ry, 1a 16 trinh tir nat cam bién (s) dén tram co s&
(b), trong d6 mdi bién X;” dugc xdc dinh boi:
v |1 néu 16 trinh rg, di qua két néi li; 1)
Y 0 trong truong hop nguoc lai
Vi dinh nghia nay, viéc tim tAt ca cac 10 trinh c6 trong s6 nho nhat tir mdi it cam bién dén tram co so, déng thoi
cén bang tai luu lugng trén tat ca cac két noi khéng day tuong duong vai viée giai bai toan ILP sau:

Miniminze " (xw;) )

Vxﬁb eX

Trong do6 wjj 1a trong s6 cta két ndi khéng day lij. Cac diéu kién rang budc ctia ham muc tiéu (2) dugc xac dinh nhu sau:
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~1 if j=s
2% =2 =1 1 if j=b 3)
N keN 0 otherwise
Z (Xi?b psb) <C (4)
VseN
X {0, 13 ()

Phuong trinh (3) 1a rang budc ludng dir liéu [8], véi mdi nut j trong mang, néu j 1a nat ngudn (ky hiéu 1 s) thi chi ¢6
ludng di ra tir ntit nay. Néu j 1a nat dich (ky hiéu 1a b, chinh 14 tram co s¢ ciia mang WSN) thi chi ¢ ludng di vao nut j.
Nguoc lai, j 1a mot nit trung gian thi tong s6 ludng di vao nit j phai bang tong s ludng di ra khoi nit nay. Phuong trinh
(4) 14 rang budc vé tai luu lugng trén cac két nbi khong day nham gitp cho tai luu lugng phan bd ddng déu hon qua cac
két ndi trong mang. Hang s6 C trong rang budc nay 13 tai luu lugng 16n nhat trén mdi két ndi, dwoc x4c dinh bang Erlang.
Bang cach giai bai toan ILP v6i ham muc tiéu (2) va cac diéu kién rang budc tir (3) dén (5), ta tim dwoc tap
X {X(Sb) li, j,s=1..n}, nghia 1a tim dugc tap 16 trinh truyén dit liéu trong toan mang.
B, Thudt todn dinh tuyén két hop diéu khién t6-pd (TCRA)
 Thuat toan 1 cho thiy ma gia lap cua thuét toan dinh tuyén két hop diéu khién t6-p6 trong mang WSN. V&i mdi
cau hinh mang WSN cho tru¢e, chung t6i mo hinh héa bai toan dinh tuyén thanh bai toan ILP, sau d6 giai bai toan nay
dé tim tap nghiém, tic 1a tap lévtrinh truyén dir li€u tir moi nlt cam bién vé tram co s (BS). Viéc giai bai tpén ILP &
budce (3) cua Thudt toan 1 ¢6 theé c6 nghiém hoac khong c6 nghiém. S¢ di truong hop khong c6 nghiém c6 thé xay ra la
vi chung t6i c6 xét dén rang budc ¢ phuong trlnh (4), 1a rang budc vé tai luu luong trén cac két ndi khong day dé can
bang tai trong mang. Trong truong hop nay, can phai tang gié tri C trong rang budc nay dé bal toan ILP ¢ nghiém. Bang
phuong phép chia ddi (bisection) [9] duge st dung dé tim mot gia tri AC nho nhat vdi sai s6 & can tang thém cho rang
budc & phuong trinh (4) dé bai toan ILP c6 nghiém (cac bude tir (19) dén (22) va (25) trong Thuat toan 1).
Thuit toan 1: Thuit toan dinh tuyén két hop diéu khién t6-pd (TCRA)
Input: Mét mang WSN véi cdc thong sé ky thudt ciia né.
Output: Bdng dinh tuyén va cong sudt phdt ciia moi niit cam bién.
Method:
(1) Xay dung bai toan ILP v6i ham muyc tiéu (2) va cac diéu kién rang budc tir (3) dén (5);
(2) AC«0; C «0; C* < Cpax; 6« le-3;
(3) Giai bai toan ILP ¢ budc (1);
(4) if (im dwoc tdp nghiém X)
(5) if [C-AC<¢)

(6) for (mdi niit cam bién i trong mang)
@) Cap nhat bang dinh tuyén cua i dya trén tdp nghiém X;
(8) Ri « 0;
9 for (mdi mit lang giéng j ciia i)
(10) if (ton tai X =1,¥seN)
(11) Tinh khoang cac tir i dén j, ky hiéu 14 d;
(12) if (Ri<d)
(13) Ri «d;
(14) endif;
(15) endif;
(16) endfor;
an endfor;
(18) else
(19) C* « AC;
(20) AC « (C + C)/2;
(21) C « C+AG;
(22) Tro lai budce (3);
(23) endif;
(24) else
(25) C « AG;

(22)  Tro lai budce (20);
(23) endif;
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II. KET QUA MO PHONG VA THAO LUAN
A. Kich ban mé phong

Trong phan nay, ching t6i sir dung phuong phap mé phong dé danh gia hiéu qua thuc thi cua thuat toan TCRA.
Mo phong duoc cai dat trén MATLAB, bai toan quy hoach tuyén tinh nguyén trinh bay & phan 11.A dugc giai bang cong
cu toi uu (Optimization Toolbox) cia MATLAB. Thuat toan TCRA duoc so sanh véi truong hop t6-pd mang sir dung
cong suat cuc dai, dugc dit tén 1a MaxPower. Day 1a truong hop mic dinh trong mang WSN. Trong trudng hop nay, cac
nuat cam bién ludn hoat dong véi ving truyén thong 16n nhat. Cac o do dung dé danh gia bao gdm bac nut trung binh va
ty 1¢ tiéu thu nang lugng. Céc kich ban mo phong dugc thiét lap nhu ¢ Bang 1.

Bang 1. Tham s ky thuat ciia cac kich ban mo phong

Tham sd Gia tri

Ving dién tich mang WSN Tir 1000 x 1000 [m?] dén 1500 x 1500 [m?]

Vung truyén thong 16n nhét cia cac niit cam bién | 250 [m]

Tong s6 nit cam bién Tir 30 dén 60

Thuét toan giai bai toan ILP Intlinprog trong Optimization Toolbox cia MATLAB
Rang budc can bang tai (C trong phuong trinh (4)) | 1 Erlang

Tong s6 kich ban mo phong 28

Mb hinh suy hao cong suét tin hiéu Khong gian ty do (Free space)

B. Két qui mé phong

Trudc tién, ching t6i phén tich t6-p6 mang khi sir dung thuat toan dwoc dé xuat. Két qua thu dugc ¢ Hinh 2 13 to-
pd mang khi sir dung thuat toan TCRA va MaxPower. Trong truong hop nay, tong sb nat cam bién 1a 40 va ving dién
tich mang WSN 1a 1000 x 1000 [m?]. Ta thiy rang, vi truong hop MaxPower (két qua & Hinh 2a), t6-po bao gdm nhiéu
két ndi giita cac nut. TO-pd nay s& khong tdi wu vi trong téng sé két ndi d6 co nhidu két ndi khong dugc dung dén, trong
lac dé duy tri nhimg két ndi nay, cac nut cam bién phai thudng xuyén truyén cac goi diéu khién nhu géi hello, goi beacon
dé cam nhan tin hiéu song mang, diéu nay s& lam tiéu ton mot phan khéng nho ngudn ning lugng clia cac nat cam bién.
V6i truong hop cua thuat toan TCRA, t6-pd thu dwoc t6i wu hon do cong suét phat cta cic nut cam bién da duoc didu
chinh dé loai bo cac két nbi khong can thiét (két qua & Hinh 2b), cac két ndi con lai 1a du dé cac niit cam bién truyén dix
liéu vé tram co so.

1000 1 1000
900 | 800 |
800 | 800
700§ 700 ¢
@ BOO | @ 600}
:§ 500 '§ 00t
<D ey
ﬁ 400 | 5 400 }
300 | 200/
200 200§
100 } 100 }
0 : 0! ; : ; : J
0 200 400 600 800 1000 0 200 400 600 800 1000
Chiéu rong (m) Chiéu réng (m)
(a) (b)

Hinh 2. Té-pd mang thu dugc khi st dung thudt toan (a) MaxPower va (b) TCRA
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Hinh 3. So sanh bac cua cac nut cam bién theo sy thay ddi cua kich thude mang

O MaxPower @ TCRA

16.0
14.0 |
12.0 |
10.0 |
8.0
y ) i
EIU - I I J; “V “V
X
40 |- . = |

20} 1 [ \ lT

D. D L L L L L L L L L L L
1000x1000  1100x1100  1200x1200  1300x1300  1400x1400  1500x1500

Node degree
x
x ]

Network area (m?)

Hinh 4. So sanh bac ctia cac nat cam bién theo sy thay ddi cua dién tich mang

Tlep theo, chiing t6i khao sat bac ciia cac nit cam bién (node degree), day 1a mét d6 do quan trong trong bai toan
thiét ké t6-pd mang, c6 anh huong 16n dén hiéu qua st dung ning lugng va viéc truyén dit liéu trong mang. Trong mot
hé thong mang khong dy noi chung, mang WSN noi riéng, bac cua mot nit dugc dinh nghia nhu 1a tong so nit lang
giéng cta nut do6 [3], [11]. Két qua thu dugce & Hinh 3 cho thay su khéac biét v& bac cua cac nit cam bién khi st dung hai
thuat toan MaxPower va TCRA. Chung ta d& dang quan st rang, khi tong sé nut cam bién cang 16n thi bac cua cac nit
cang tang, didu nay 1a hién nhién vi trong cing mot dién tich mang, néu mat do nut cang cao thi xac suit cac nat ndm
trong vung phu song cua nhau cang cao, dan dén bac ciia cac nut tang. Tuy nhién, khi so sanh giita thuat toan MaxPower
va TCRA ta thy rang, thuat toan TCRA ludn mang lai bac nut nho hon so véi thuét toan MaxPower, diéu nay giap cho
hé thong mang hoat dong hi¢u qua hon Ve mat nang luong vi cac nit ti€u thy it nang luong de duy tri cac két ni, trong
khi van dam bao duy tri cac 10 trinh truyén dir liéu vé tram co s¢ (do cong suat phat ciia mdi nut duge diéu chinh phu
hop duya trén bang dinh tuyén nhu mé ta & Thuét toan 1).

Khi dién tich mang thay d6i, két qua thu duoc nhu & Hinh 4. Két qua nay duoc thyc thi trén hé théng mang WSN
v6i 60 nat cim bién, ving dién tich mang bién ddi tir 1000 x 1000 [m?] dén 1500 x 1500 [m?2]. Cac két qua trén Hinh 4
cho thay rang, dién tich mang cang 16n thi bac cua cac niit cam bién cang giam. Nguyén nhan la do v6i cung tong sb nit
cam bién, dién tich mang cang 16n thi mat do nat cang thua, keo theo téng s nit lang giéng cua mdi nit ciing giam, hay
noi cach khac la giam bac cia mdi nut. So sanh giita thuat toan MaxPower va TCRA, thuat toan TCRA mang lai gia tri
bac cua cac nat t0i wu hon.
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Hinh 6. So sanh ty 1é tiéu thu niang luong trong mang theo su thay dbi cia dién tich mang

Cudi ciing, chiing toi phan tich ty 1¢ tiéu thu nang luong (Energy Expended Ratio - EER) trong mang. Trong mang
khong day, EER dugc xac dinh bai [4], [7], [10]:

EER = % x100[%] (6)
trong d6 Eave la cong sudt truyen dan trung binh cia tit ca cac nat va Ema 1a cong suét truyén dan 16n nhét dé dat dén
vung truyen thong 16n nhat (250 [m] trong céc kich ban mo phong). Cac két qua thu dugc trong Hinh 5 va Hinh 6 cho
thdy rang, EER trong truong hop sir dung thuat toan TCRA 1a thap hon nhiéu so v6i truong hop MaxPower. Xét kich
ban md phong véi dién tich mang 1000 x 1000 [m?], téng sb niit cam bién thay ddi tir 30 dén 60 (két qua & Hinh 5), EER
khi str dung thuat toan MaxPower tir 78.42% dén 89.54%, trong khi d6 néu sir dung thuét toan TCRA thi gié tri nay tir
56.27% dén 70.95%. Nhu vay, so véi thuat toan MaxPower, EER giam tir 14.97% dén 27.03%. Két qué ciing hoan toan
tuong tu cho kich ban mo phong ma dién tich mang bién d6i d6i tir 1000 x 1000 [m?] dén 1500 x 1500 [m?] va tong sb
nat cam bién 1a 60 (két qua & Hinh 6), EER giam trung binh tir 10.01% dén 18.94% néu sir dung thuat toan TCRA. Day
1a mot két qua c6 y nghia trong viéc nang cao hiéu qua sir dung ning lugng trong toan mang.

IV. KET LUAN

Be nang cao hiéu nang mang cam bién khong day, viéc nghién ctru dé tim ra giai phap str dung nang luong t6i vu
1a diéu cén thiét. Trong bai bdo nay, chung t6i da dé xudt mot giai phap két hop gitra dinh tuyén va diéu khién t6-p6 nhdm
giam thiéu mirc tiéu thy nang luong tai cac nut cam bién, kéo dai thoi gian hoat dong ciia hé théng mang. Y tuéng cua
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giai phap la dya trén bang dinh tuyén, cac nut cam bién diéu chinh cong sudt phat phu hop, du aé duy tri ket nbi dén cac
nut lang gleng ¢6 sir dung trong bang dinh tuyén. Két qua mo phong cho thdy rang, giai phap duoc dé xuat ‘mang lai hiéu
qua cao vé mit sir dung nang lugng, giam ty 1¢ tidu thu ning lugng, kéo dai thoi gian hoat dong ciia hé théng mang.

Trong huéng nghién ctu tiép theo, ching t6i tiép tuc cai tién thuat toan TCRA dé co thé 4o dung trong cic hé
thong mang cam vién khong day thé hé mai, nhu mang cam bién khong day dua trén kién trac SDN, mang cam bién
khong day trén nén tang 5G.
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A METHOD OF IMPROVING THE EFFICIENCY OF ENERGY USE IN
WIRELESS SENSOR NETWORK USING ROUTING TECHNIQUE IN
COMBINATION WITH TOPOLOGY CONTROL
Le Huu Binh?, Vo Thanh TuP, Nguyen Hoang Ha¢, Tran Thi Phuong Chi¢

Faculty of Information Technology, University of Sciences, Hue University
3lhbinh@hueuni.edu.vn, Pvttu@hueuni.edu.vn, nhha@husc.edu.vn, ¢ phuongchi910@husc.edu.vn

ABSTRACT— One of the factors that significantly affects the performance of wireless sensor networks (WSN) is the efficiency of
energy use at sensor nodes. In this paper, we propose a solution that combines routing and topology control to minimize the energy
consumption at sensor nodes and extend the operating time of the network system. The idea of the solution is that based on the routing
table, the sensor nodes adjust the appropriate transmit power, enough to maintain the wireless connections to neighboring nodes used
in the routing table. The simulation results show that the proposed solution is highly efficient in terms of energy use, extending the
operating time of the network system.


mailto:lhbinh@hueuni.edu.vn
mailto:vttu@hueuni.edu.vn
mailto:nhha@husc.edu.vn
mailto:ttpchi@husc.edu.vn

7/31/124, 6:31 PM Mail - Le Huu Binh - Outlook

chiic dia phuong qua TS. D6 Trung Anh (0913869328, anhdt@ptit.edu.vn).
- Ban T6 chuc dia phuang sé c6 thu mai va théng bao dé€ Quy tac gia thuan Igi.

Hen gap Quy tac gia Le Huu Binh tai Ha Noi vao thdi gian noi trén.
Tran trong,

TM. BAN CHUONG TRINH
Trudng ban: PGS.TS.Tran Van Lang

https://outlook.office.com/mail/inbox/id/AQQkKAGM4Y zkwMAItOTI0Zi1hZTkxLTAWAIOWMAOAEADtITRMO5fKEys6J6Pt%2B%2F 3M?nativeVersion=1.2... 2/2



