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TOM TAT

Lam thé nao dé téi wu héa cic cum trong viéc giam va can bing ning lugng tidu thu ciia cdc node trén
toan mang. Do d6, mgt giao thirc phan cum tdp trung dua trén giai thuat tdi vu héa bé‘ly dan (PSO) cai tién duoc
dé xudt. N6 dinh nghia mot ham thich nghi dua trén 3 yéu to: khoang cich giita céc node voi cum chii, ning
lwong cua cuym chii va khoang céch gifta cum chi voi tram gbc. Bén canh d6, giao thirc dé xuat cai tién hon so
véi giao thirc dya trén giai thuat PSO truyén thong & qua trinh cap nhat toc do cta cdc node. Két qua cho thay
giao thirc hiéu qua tht su, c6 thé 1am giam ning lugng tiéu thu cta timg node, giam ti 1¢ chét cua cc node, tir
d6 kéo dai thoi gian song clia mang.

Tir khéa: LEACH-C, PSO, WSN
ENERGY-EFFICIENT CLUSTERING PROTOCOL FOR WSN BASED ON IMPROVED PSO
ABSTRACT

Aiming at the problem that how to cluster all nodes with the optimization way, which can decrease the
energy consumption of nodes, and balance the consumption of the entire network, a new centralized clustering
protocol based on Particle Swarm Optimization(PSO) algorithm is proposed, which is compact, energy-aware
and base-distance-aware. The definition of the fitness function of particle is based on three factors: the
Euclidean distance between nodes and their associated cluster heads, the energy of cluster heads and the
distance of cluster heads to base station. Simulation results demonstrate that the protocol can efficiently
decrease the dead speed of nodes and prolong the network lifetime.

Keywords: LEACH-C, PSO, WSN
1. GIOI THIEU

Mang cam bién khong day (WSN: Wireless Sensor Networks) 12 mot cau tric, 12 su két
hop cdc kha ning xir 1y thong tin va céc thanh phan lién lac dé tao kha ning quan sit, phan
tich va phan ung lai v6i cdc su kién va hién tuong xdy ra trong méi trudng cu thé nao dé
[1,2]. Nhing tién b gan diy trong cong nghé vi cam bién da 1am cho cic cam bién c6 thé
duogc san xuat véi sb lugng 16n, chi phi thap, kich ¢& nho va ¢ thé sir dung trong mot viing
rong 16n nhu méi trudng quan ddi, gidm sat moi truong, ciing nhu nhiéu van dé khac [3]. Khi
nghién ciru tong quan vé van dé thiét ké mang trong WSN, c6 nhiéu van dé¢ quan trong can
phai dugce xem xét nhu 1a kich ¢& nhé ciia cdc node cam bién, phan ctng phirc tap va tiéu thu
ning luong cuc thap. Trong nhitng van dé d6, sy hiéu qua ning lwong nén xem xét nhu muyc
tiéu thiét ké chinh yéu Boi vi mot node cam bién c6 thé chi dugc cung cép nguén nang luong
nhét dlnh Trong mdt vai truorng hop, viéc bo sung ngudn ning luorng 1a khong thé vi vay thoi
gian sdng cia mot node cam bién 1a phu thugc hoan toan vao ngudn ning luong cung cap.

Phéan cum 13 mét trong nhitng phuong phép thiét ké dugc sir dung dé quan 1y viéc tiéu
thu nang luong hiéu qua, bang céch téi thiéu sé luong cdc node tham gia trao doi duong dai
v6i tram gdc va phan phdi ngudn nang lugng tiéu thu dong déu giita cic node trong mang [4].
Trong phuong phdp niy, m&i nhém cam bién cé mot node 1am cum chu dé tap hop dit licu tir
cum twong Ung cua né va giri dén tram gbe. Do d6, tng dung ctia phuong phap phan cum da
lam giam lugng thong tin can truyén, ciing nhu ting cudng viéc phan bd nguodn tai nguyén va
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tai sir dung bang théng. Trong bai viét ndy, chiing tdi gidi thiéu mot vai giao thirc véi muc
tiéu t6i da thoi gian sdng ctia WSN bang viéc dp dung kién tric mang phan cum. Mot trong
nhitng giao thirc phan cum dwoc biét d6 1a LEACH (Low Energy Adaptive Clustering
Hierarchy). LEACH 1a giao thitc phin cdp theo cum thich ing ning luong thap. Trong
LEACH, céc node tyu td chire thanh cdc cum, trong d6 mot node s& dong vai tro 12 node chu
cum. Tat ca cdc node khong phai 14 node chu s& phai truyén dif liéu ciia n téi node chi cum.
Node cht cum nhan dir liéu tir tit ca cdc node thanh vién trong cum, thyc hién xr ly dit li€u
cuc bo rdi truyén tdi tram géc [5]. Hoat dong cua LEACH duoc chia thanh cic vong. Mai
vong bt dau ciing véi pha cai dit khi ma cdc cum duoc hinh thanh, sau d6 dén pha 6n dinh
khi ma cdc khung dir lidu dugc guri téi cc node chu va giri t6i tram gdc.

Mot cai tién cta giao thic nay dugc biét dén d6 1a giao thitx LEACH-C [6]. Trong
LEACH-C viéc hinh thanh cum duoc thuc hién khi bit dau moi vong. LEACH-C su dung
mot gidi thuat tap trung bdi tram géc. Tram géc st dung théng tin nhan dugc tur mdi node
trong sudt pha cai dat dé tim mét sd xédc dinh trudc clia chit cum va cu hinh mang thanh céc
cum. Sau d6, mdt nhém cum duge chon dé tdi thiéu nang luong yéu cau cho cdc node khong
1a chii cum, dé truyén dir liéu ciia né dén chii cum tuong tng. Khi so sdnh hiéu ning cua
LEACH va LEACH-C thi LEACH-C t6t hon LEACH [7], béi vi n6 cai tién viéc hinh thanh
cum bang tram gbc. Hon nita, s6 lugng chii cum trong mdi vong ciia LEACH-C 1a bang véi
gid tri tdi uu mong mudn. Trong khi d6, ddi voi LEACH, diéu nay khong thyc hién dugc. Do
d6 thiéu su hop tic toan cuc gitra cac node.

Mot giao thirc khac, voi muc dich nang cao thoi gian séng ciia mang 1a giao thirc
PEGASIS [8]. PEGASIS su dung thuat toan tham lam dé td chuc céc node thanh mot vong,
trong d6 mdi node truyén va nhén dit li€u chi tr mdt 1an can cua nd. Trong mdi vong, mot
node s& dugc chon ngau nhién tir cic node dé truyén dir liéu tong hop vé tram gdc va giam sb
lwgng node lién lac truc tiép véi tram géc.

Trong bai viét nay, ching t6i xdy dung cdc cum dé kéo dai thoi gian sdng cua toan
mang bang viéc dya trén giai thuat PSO cai tién. Giao thic dé xuét cua ching t6i sir dung cic
node c¢6 mirc ning luong cao sé trd thanh cum cha va phan b cic cum diéu khip trong toan
mang. Y nghia chinh trong giao thirc dé xuét 12 viéc ting nhanh qud trinh lya chon cic cum
cha dé t6i thiéu khoang cach giita cic node bén trong cum va giita cic cum v&i nhau va tdi
thiéu ngudn ning luong tiéu thu cta mang. Phan con lai cta bai viét nay duoc to chic nhu
sau: Phan II ching t6i trinh bay chi tiét vé giai thuat PSO va giai thuat PSO cai tién. Phan III
ching t6i mé ta vé mo hinh mang va mé hinh niang luong duoc st dung trong céc giao thirc.
Phan IV s& trinh bay vé mo phong va ddnh gid va cudi ciing 12 két luan lai van dé.

2. GIAI THUAT PSO VA PSO CAI TIEN
2.1. Tong quan vé giai thuat biy dan (Pso)

PSO 12 mét k¥ thuat t6i wu hoa nge:lu nhién dua trén mot quﬁn thé va sau d6 tim nghiém
t6i wu bang cach cap nhét cc thé hé, dugc phat trién boi Dr.Eberhart va Dr.Kennedy, phong
theo hanh vi cua cac bﬁy chim hay cac dan ca [10]. PSO c6 nhiéu sy tuong tu nhu ky thuat
tinh todn tién héa trong thuét toan di truyén GA (Genetic algorithm). Tuy nhién, khong giéng
nhu GA, PSO khdng c6 céc thao tac tién héa nhu 12 lai ghép hay dot bién.

Trong mot hé thong PSO, mdi phéan tir trong bay dan s& thay ddi vi tri bang cach di
chuyén nhiéu vi tri khdc nhau trong khong gian tim kiém cho dén khi tim duoc vi tri tt nhat.
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Khai niém vé su thay doi nhitng diém tim kiém cua thuat giai PSO dugc bidu dién ¢ hinh 2.1.

A

>
»

Hinh 2.1 Khai niém vé sy thay d6i diém tim kiém cia PSO

Trongdé:

o XX Vi tri c4 thé thr i tai thé hé thu k.

o X - Vi tri c4 thé thir i tai thé hé thi k+1.

e VX: Van tc cé thé thu i tai thé hé thir k.

o VX Van tc cé thé thu i tai thé hé thir k+1.
o V1. Van tde theo Ppeg.

e V;: Van tc theo Gpey.

® P, Vi tr tot nhat ctia c4 thé thu i.

® Gp.sr: Vi trf tot nhét coa cd thé trong qué‘m thé.

Dé cho dé& hiéu tu tudng cua thuét todn PSO. Ching ta xem xét mét vi du nhu sau: giad
sit ¢c6 mot bay chim dang tim kiém thirc an trong mot viing nao d6. Tat ca cdc con chim Ia
khong biét thirc an ¢ ddu. Tuy nhién, ching biét 1a thirc dn cach xa bao nhiéu sau mdi 1an bay
di bay lai (1ap). Cau hoi dit ra 1a: cach t6t nhat dé tim duoc thirc an 1 gi? Cau tra 10i don
gian 1a theo sau nhitng con chim gan chd thirc an nhat. PSO phong theo kich ban nay va sir
dung né dé giai c4c bai toan toi wu.

Trong PSO, mdi giai phdp don trong vi du trén mdi c4 thé dugc goi 1a particle, cu thé
trong moi trudng WSN d6 1a node cam bién. Mdi node c6 mot gid tri thich nghi duge danh
gid bang ham do do thich nghi va mot van téc dé dinh hudng viéc bay tim kiém cta né
[1,12]. Céc node s& duyét khong gian bai todn bang céch theo sau cdc node c¢6 didu kién tot
nhét hién thoi.

PSO la dugc khéi tao boi mot nhém ngiu nhién cc node, sau d6 tim kiém giai phap t6i
uu béng viéc cép nhat cac thé hé. Trong mdi thé hé, mdi node 12 duge cap nhét bdi hai gié tri:
gid tri thir nhat, goi 12 Ppes (12 nghiém tdt nhat dat dugc cho t6i thoi diém hién tai) hay 1a gid
trj thich nghi ctia node t6t nhat trong thé hé hién thoi. Gia tri thtr hai, goi 1a GBes (12 nghiém
tdt nhat ma node 1an cin node nay dat dugc cho téi thoi diém hién tai) hay la gid tri thich
nghi ciia node tot nhét trong tat ca cdc thé hé tir trude dén bay gio. N6i cach khac, mdi node
trong mang cap nhét vi tri cia né theo vi tri tot nhit cua né va cua node khéc trong mang tinh
t61 thoi diém hién tai. Qud trinh cép nhat cdc node dya trén hai cong thuc sau: [11]

Vim=W. Vi +ci¥rand()*(Pbest; y-x;m)+c2*Rand()*(Gbest,-xim) (1)
Xim=Xi,m+Vim > i=1,2,...n; m=12,...,d (2)
Trong dé

e n: S phan tir trong nhém.
e d: Kich thuéc mang (dimension).
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k: S6 lan Lap lai.

e ¥, .: Van téc ctia node thir i tai thé hé thir k.

e w: Trong sb quén tinh.

e cq.cp: Hésd gia tdc.

e Rand (): LA mot sé ngau nhién trong khoang (kich c¢& ctia cum, kich c ctia bai todn).
e x(K)i,m: Vi trf node thu i tai thé hé thir k.

e Pbesti: Vit tt nhit ciia node thir i.

e Gbesti: Vi tri tot nhit ctia node trong mang.

2.2. LUU PO GIAI THUAT CUA THUAT TOAN PSO

KHOITAO
Khéi t20 vi tn vatoc 40 cila moi node

!

Tinh toan muc tiéu cia mdi node
pbest =node tot nhit, ghest = plest
Buoc lap.t=1

Cathep=1

Bitdaulip
{  Cipunhittdcdnode |
Cip nhit vi tri node I

Khodn gioi han

If node <xmin

node =xmin
Tingt ¥

Gan vi tn moi voi
t0add gin nhit (xy)
n ‘ -

p>s? Danh giamuc tidu
s Yo
cua moi node
| Tingp If muc tiéu node <pbest
Cip nhit pbest

!

If pbest < gbest
Cap nhat gbest

!

Xuat két qui Hoan thanh

Hinh 2.2 Luu d6 giai thuat PSO

Luu d6 hinh 2.2 cho thay so d6 cia giai thuat PSO. Pdi vai mot WSN véi N node va K
sb xéc dinh trude cla cum, qua trinh hinh thanh cum gém 7 budc nhu sau [13]:

1. Khoi tao S node chira ngau nhién K dugc chon lam cum chu trong s6 cdc cum chu
du diéu kién
2. Diénh gid ham chi phi cia mdi node:
a. V&i mdi node n,, i=1, 2,..., N
1. Tinh todn khoang cach d(n;, CH, ) gitta node n; va tat ca cum chu CH),
ii. Gan node ni cho cum chi CHp,k

d(n,CH,,)=_min {dm,cH, )}

=12,..K
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b. Tinh toan ham chi phi st dung phuong trinh sau:

cost=BXfr+(1-B)Xf>
f,= max {Zd(ni CH, )/IC,, |}

k=1,2,...K

N K
5 ZZE(ni)/ZE(CHp,k)
i=1 k=1
Trong d6, f; 1a khoang céch trung binh téi da ctia cdc node dén cum chu ctia né va [Cpil
1a sb lwgng céc node thudc vé cum Cy cua ca thé p. Ham £ la ti sb cua toan bd nang lugng
khoi tao cta tt ca cic node n;, i=1,2,...,N trong mang véi toan bd niang luong dang c6 cua
cum chu trong vong hién tai. Hang s6 8 14 hang s6 do ngudi diing dinh nghia diing dé do mirc
do thich nghi cia mdi muc tiéu nhé. Haim muc tiéu f; duge xdc dinh trén c6 muc tiéu déng
thoi t6i thidu khoang cach cua cdc node trong cum va ctia cic cum chii va ham f; ¢6 muc tiéu
t6i wu ndng lugng ctia mang.

Tim vi tri node tot nhat

Cap nhat vi tri, téc do cua node, st dung phuong trinh (1), (2)
Han ché sy thay doi vé gid tri vi tri ciia node

Gan vi tri méi dugc cap nhat vai toa do gén nhét x,y)

7. Lap lai budc 2 dén budc 6 cho dén khi s6 bude lap 1a tdi da.

2.3. GIAI THUAT PSO CAI TIEN

oSNk w

Trong qud trinh tim hiéu giai thuat PSO chiing t6i nhan thy rang, tai mot thoi diém chi
cap nhat téc do cta cia mot cd thé dang xét. Tir d6 dan dén qua trinh tim kiém thirc an (hoi
tu) cua cédc cd thé cham lai. Dé han ché duoc van dé nay chuing toi dé xut can phai cap nhat
téc d6 cho cdc cd thé 14n can cé thé dang xét. Qua qua trinh thi nghiém chiing t6i dwa ra céng
thirc sau dé dé cap nhat tbc do cho céc c4 thé 1an can c4 thé dang xét:

Vi m=W. Vi +ci¥rand()*(Pbest; my-Xim)
+cy*Rand()*(Gbest,,-Xim)
+c3*Rand()*(Bbest,-Xim) @)

Ngoai ra, dé qud trinh hoi tu céc c4 thé dwoc nhanh hon trong gii thuat niy ching toi
con thiét 1ap mot gid tri toc do t6i da Vimax. Néu V >V o, thi s& gdn V = Vi, néu V<-Vipg, thi
gdn V= - V.

Tir nhitng thay d6i péy, chiing toi goi giao thirc ma chiing ti d& xuat 1a giao thirc dyua
trén giai thuat PSO cai tién.
3. MO HINH HE THONG
3.1. M6 hinh mang

Chiing t6i gia dinh mot mo hinh mang gidng nhur trong [5] va [6] véi cc thude tinh nhur sau:

— MBJi node thuc hién viéc thuc hién nhiém vy cadm bién dinh ky va ludn cé dit liéu dé
gdi dén tram goc.
— Mot tram goc ¢ dinh c6 thé dat bén trong hodc bén ngoai ving mang cam bién.
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— Tét ca cdc node 1a dung yén va ning lugng 1a c¢b dinh.

— Céc node c6 kha niang kiém soat ngudn ning luong dé diéu khién viéc truyén ning
lugng cua nd.

— T4t ca cdc node c6 kha nang hoat dong & ché d6 cum chu va ché do gui dir licu.

— Su tong hop va xir 1y dit lidu trudc dugc st dung dé giam viée phai truyén toan bo di
ligu.
3.2. M6 hinh nang lwong

Mo hinh ning luong ciia cdc cam bién cua ching toi 1a dya trén md hinh trong [5].
Trong md hinh ndy, viéc truyén mat di nang luong dé truyén cic séng dién tir va ning luong
khuéch dai va viéc nhan ciing mat di nang luong. Céc séng c6 thé thuc hién kiém sodt ning
lugng, do d6 sir dung ning luong tbi thicu can thiét dé dén dwoc bén nhan. Do suy giam theo
khoang cdch, mot mo hinh mat nang lugng voi dzij dugc sir dung cho khoang cach twong dbi
ngan va d4ij dugc su dung cho khoang céch dai hon, trong d6 d;; 1a khoang cach giira node
cam bién i va j- Vi thé dé dat dugc mot ti s6 tin hiéu trén nhiéu c6 thé chép nhén dugc trong
viéc truyén mot thong diép 1-bit trén khoang cdch d, ning luong tiéu hao boi séng truyén
duoc dua ra béi cong thuc sau:

Erx(L,d) = 1. Eejectl.epsd”, néu d<d,
= 1.Bgjectl.etrd®, néu d>d, (8)

Trong d6 Egjec 12 nang luong mét di trén bit ldc truyén hodc nhén, eps va erg tuy thude
vao md hinh khuéch dai chiing tdi sir dung va dy 1a ngudng khoang cich truyén. Dé nhan 1-bit
thong di€p, song ti€u hao:

ERX(I) = LEcec )

Doi voi mo phong duge mo ta trong bai viet nay, cic bién nang lugng dugc thict lap
nhu sau:

Eciec = 50nJ/bit, egs = 10pI/bit/m” va erg =0.0013pI/bit/m*

Mo hinh tong hop dit liéu dugc sir dung trong md phong cua chiing toi gia dinh rang
cic thong tin duoc thu thap boi mot cum gdm n node, trong d6 mdi node thu thap k bit dit
liéu, c6 thé duoc nén dé k bit khéng phu thude vao ) lugng cic node trong cum. Trong md
phong cta ching toi, chi phi ning luong cho viéc tap hop dir lidu dugc thiét lap la
Epa=5nJ/bit

4. MO PHONG PHAN TiCH

Viéc danh gid, phan tich giao thirc dé xuat dwoc thyc hién bang phian mém Matlab [14].
Ching t6i chay cdc md phong cho 300 node trong pham vi 500m x 500m v&i mirc nang
luong khoi tao khoéng dong déu giita cdc node dé minh hoa cho viéc anh hudng cua cdc node
¢6 mirc nang lugng khac nhau trong mang. Giao thirc dé xuat duoc so sanh véi giao thirc
phan cum dya trén gidi thuat PSO. Sé Iuwgng cum duoc thiét lap 1a 5. Qua m6 phéng, ching
t6i xem xét mot vai kién tric mang ngiu nhién dé 1ay két qua trung binh. Vi tri tram gbc duoc
dat tai vi tri c6 toa d9 (250, 250). M6 phong duoc thuc hién cho dén khi tat ca cdc node trong
mang tiéu hao hét toan bd ning lwong cua chiing hodc hét s6 vong lap theo quy dinh. Kich
thudc thong diép dit liéu duoc cb dinh 1a 500 byte. Pdi véi cic bién cia giai thuat PSO va
PSO cii tién, ¢;=c;=2, c3=1, Vynuy=100, w = 0.95 dén 0.4.
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Hinh 4.1 Thoi gian song ciia cic node

Hinh 4.1 minh hoa thoi gian séng ctia hé théng, duge dinh nghia bang sé luong node
con séng qua cdc vong mod phong véi vi tri ctia tram gdc duoc dit tai toa do nhu trén. RS rang
1a giao thirc dé xuét ctia ching t6i c6 thé kéo dai thoi gian séng ciia mang so véi giao thirc
dya trén giai thuat PSO. Piéu nay la do giao thirc ciia ching tdi ¢6 téc dd hoi tu tot hon nhd
vao qud trinh cap nhat tdc do cho cdc node 1an can. Do dé, nang lugng ti€u thy boi tAt ca cdc
node trong viéc lién lac véi nhau c6 thé duoc giam, 1am cho kha ning sdng cta cédc node cao
hon so véi giao thiric dya trén giai thuat PSO.

Hinh 4.2 Ning lwong tiéu hao ciia cic node cim bién

Hinh 4.2 minh hoa nang lugng ti€u hao ctia cic giao thirc theo vong. Rd rang, giao thic
duya trén giai thuat PSO cai tién tot hon PSO. Piéu nay chinh 12 do PSO cai tién da 1am ting
qud trinh hdi tu ciia cdc node, ddn dén mc tiéu hao ning luong it hon so véi PSO.

5. KET LUAN

Trong bai viét nay ching t6i d trinh bay mot giao thirc phan cum tiét kiém ning lugng
cho WSN dua trén giai thuat t6i vu héa bay dan PSO cai tién. Chiing toi da xdy cong thirc
moi dé tinh van tdc cua céc node 1an can. Két qua md phong chi ra rang giao thirc dé xuat dua
trén giai thuat PSO cai tién s& kéo dai thoi gian song ciia mang hon, giam duoc ning luong
tiéu thy ciia cdc node cam bién so véi giao thirc dua trén giai thuat PSO. Trong twong lai
chiing t6i cai tién giao thuc nay dé dat duoc su hiéu qua hon vé mit nang lugong, thoi gian
séng. .. va so sanh n6 vdi céc giao thuc khiac nhu PEGASIS, GA, LEACH, LEACH-C...
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