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TOM TAT

Trong tat ¢ cac linh vuic ciia cudc song hién nay nhu cdu cia mang cdm bién khong day (WSN - Wireless Sensor network) dugc ting dung phd bién trong

thuc té bao gom ca cam bién c6 dinh va di dong. Cc niit cdm bién thuc hién cac nhiém vu quan trong va tuong tac véi cc ndt khac. Giai phap t6i uu héa dinh
tuyén phan cum LEACH-FM s dung logic m& dé loc ra cac niit du diéu kién lam trudng cum CH diing phuang phap phan cum K-means d€ giam thiéu nang lugng
tiéu thu cia cdm bién, sau khi thuc hién t6i uu héa nang lugng tiéu hao d€ téng thai gian ton tai cia mang. Thuat toan LEACH-FM c6 két qua tot nhat da tang
tudi tho mang véi trung binh 55% s6 niit van hoat dong, ddng thdi gidm 28% miic tiéu thu nang lugng trung binh so véi cac thuat todn duoc dé cap trudc do
nhu LEACH, LEACH-C va LEACH-CD.

Tirkhéa: Tram gic (BS), ddu cum (CH), LEACH-Fuzzy k-Mean (LEACH-FM), mang cam bién khdng ddy (WSN).

ABSTRACT

In all areas of life today, the need for wireless sensor networks (WSN - Wireless Sensor network) is widely used in practice, including both fixed and mobile
sensors. Sensor nodes perform important tasks and interact with other nodes. LEACH-FM clustering routing optimization solution uses fuzzy logic to filter out
nodes qualified to be CH cluster heads using K-means clustering method to minimize sensor energy consumption, after implementation. Now optimizes energy
consumption to increase network lifetime. The best performing LEACH-FM algorithm increased network lifetime with an average of 55% of nodes remaining
active, while reducing average energy consumption by 28% compared to previously mentioned algorithms such as LEACH, LEACH-C and LEACH-CD.

Keywords: Base station (BS), cluster head (CH), LEACH-Fuzzy k-Mean (LEACH-FM), wireless sensor network (WSN).
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1. GIGI THIEU
WSN bao gém céc thiét bi cdm bién c6 kha nang luu

cum CH [2] trong mang WSN théng qua su két hop gilia
logic m& va phuang phap phan cum k-Means gom céc

trt va kha nang xt ly, cac nit cdm bién luu tri dir liéu
trong moét thai gian va sau dé truyén ditliéu dén tram goc
BS [1, 2]. Cac nut cdm bién & khoang cach xa tram goc sé
tiéu thu nang lugng nhiéu hon cac nat gan tram goc.
Thuat toan dinh tuyén phan cum LEACH-FM dé xuat
thuc hién t6i uu héa nang lugng tiéu hao trong qua
trinh phan cum bang cach diéu chinh vi tri cac truéng
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budc sau [3].

Buédc 1: Loc ra cdc nit c6 kha nédng lam truéng cum
bdng logic m¢&

Trudc hét mé hinh st dung tap ma dé loc va xac dinh
cac nut cam bién @ diéu kién trd thanh truéng cum CH.
Tap m¢& dugc thiét 1ap dua trén cac théng s6 nhu muc
nang lugng hién tai cdia nat, di liéu truyén qua cac nut 3,
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51. Nhiing nut dugc xac dinh tir budc nay sé tham gia vao
qua trinh hinh thanh cac cum.

Bu'éc 2: Téi uu héa vi tri cda cdc truéng cum

Sau khi da xac dinh dugc cac trudng cum tU budc trudc,
mé hinh tién hanh tim khoang cach t8i thiéu gilfa céc
trudng cum dé dam bao rang ching dugc phan bé déu
trong toan mang Muc dich ctia budc nay la gitip t6i uu héa
st dung nang lugng va can bang tai trong mang [51.

Buéc 3: Phdn cum béing k-Means

SU dung tap cac nut da dugc lua chon tu budc 1, mo
hinh &p dung thuat toan phan cum k-Means dé tao ra cac
cum di liéu. Cac nut sé dugc phan cum dua trén dac tinh
nhu nang lugng, khoang cach, mat dé va cac théng sé
lién quan khac [5, 6]. Qua trinh nay giup tao ra cac cum
cam bién hiéu qua trong viéc truyén thong va thu thap
di liéu.

Bu'éc 4: Téi uu héa viéc thu thép dir liéu va truyén
théng

Cudi cung, cac nat cam bién con lai, khéong ducc
chon lam truéng cum trong budc 1, sé dugc gan vao cac
cum tuong Ung. Viéc nay gilp téi uu hda viéc tham gia
cla cac nut trong qua trinh thu thap di liéu va truyén
théng [7, 8].

Bai bao co6 cau tric gom sau phan mé dau la phuong
phap nghién ctu sau dé la phan thuat toan dinh tuyén
phan cum LEACH-FM st dung Logic m& dugc dé xuat,
tiép theo la phan phan tich két qua thuat toan dé xuat va
mo6 phong bang thuc nghiém cudi cung la két luan va
hudng nghién ctu tiép theo mé réng tiép theo.

2. PHUONG PHAP NGHIEN CUU

Thuat todn nay dua theo mé hinh nang lugng séng vo
tuyén dugc dé xuat bgi Heinzelman trong giao thuc
LEACH [5]. D& truyén tai mot thong tin k-bit trong mét
khodng cach d, thi mic nang lugng tiéu hao sé dugc tinh
theo coéng thic.

K*Egjoe +k*Egjee *d?,d <dy

(M
K*Egjoe +k*Egjee *d*,d > dj

ETX(k,d)z{

Va dé€ nhan théng diép nay thi muc nang lugng tiéu
hao sé dugc tinh theo cong thurc:
Epx (k) =Eegjec * k (2)

Eerecla ndng lugng tiéu thu khi truyén hay nhan 1 bit
thong diép. Ex (free space) va Emp, (multipath) la hai thong
s6 clia bd khuéch dai dé duy tri tin hiéu va dé nhiéu chap
nhan dugc. dola khodng cach tham chiéu gitta may phat
va may thu sé dugc tinh theo cong thuc.
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do :\IEfs /Emp (3)

Trong thuat todn dé xuat, ching toi sit dung Fuzzy
Logic d€ loc ra cac nut ¢ kha nang trg thanh CH, thong
qua cac tap mad dinh nghia san dua vao cac yéu té anh
hudng dén viéc tiéu hao nang lugng trong WSN [3, 6]. Do
dé, thuat toan nay st dung Fuzzier d€ giam di kich thudc
tap cac nut Ung tuyén thanh CH, véi tap Ung tuyén nay
lam dau vao cho k-Means dé phan cum tao ra tap cac CH
tuang ung. FIS 1a mét co ché hiéu qua va nhanh chong téi
da tU logic md& dé tao ra tap tuyén CH, st dung cac tham
s8 hiéu qua dé do ludng va xay dung mét mé hinh ma.
Mé hinh FIS dé xuat da chon ra cac nut ing tuyén cho CH
hiéu qua trong WSN nhu hinh 1.

Stuta
Mamdari " Decisine
S amdani Fuzzy J
Input FIS Output

Hinh 1. M@ hinh m& hda thuat todn dé xuat

Phuang phéap nay sir dung hé théng suy luan ma (FIS)
cac ham thanh vién cho hai bién dau vao dugc st dung la
status va message va dau ra la decision. Vi mbi tham s6
dau vao sé anh hudng dén nang lugng tiéu thu va tudi
tho cia WSN mét cach khac nhau, cac quy tac cia mo
hinh suy luan m& (FIS) dugc xay dung d€ phan anh tinh
chat quan hé nay.
3. THUAT TOAN DE XUAT PHAN CUM MO CHO MANG
WSN DA SU KIEN

Thuat toan phan cum ma& LEACH-FM trong d6 st dung
Fuzzy Logic d€ loc ra cac nut dd diéu kién lam trudng cum
CH s dung phuong phap phan cum k-Means dé giam
nang lugng tiéu thu va téi uu héa muc nang lugng tiéu
thu trong mang [5, 7]. Cac ndt cdm bién dugc trién khai
ngau nhién trong khu vuc, cdm bién dugc t6 chic thanh
cac cum theo k-Means va cac CH dugc chon dua trén tha
tu x ly ca thuat toan LEACH-FM. M&i nut gli thong tin
vé vi tri hién tai cGa n6 (c6 thé dugc xac dinh bang GPS)
va muic ndng lugng con lai cho tram goc BS, nhung thuat
toan dé xuat sé tinh toan trang thai clia cac nat théng qua
Fuzzy Logic va két hop véi khodng cach ngén nhat gila
cac CH lam ngudng tham s6 dau vao cho k-Means dé
phan cum. Céac truédng cum cd vai trd thu thap thong tin
tU cac nat trong cum clia nd, luu di liéu vao mot bo dém,
va sau do6 truyén dir liéu téi tram goc BS [3]. Su két hgp
clia cac quy tic dugc hién thi trong bang 1.
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Bang 1. Tap md dé xuat

Bién dau vao Bién daura
Status Message Decision
1 Poor Routine Discard
2 Poor Immediate Multiple
3 Poor Flash Flood
4 Good Routine Single
5 Good Immediate Multiple
6 Good Flash Multiple
7 Excellent Routine Single
8 Excellent Immediate Single
9 Excellent Flash Multiple
Routine Immediate Flash
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Hinh 2. Bién message vdi 3 trang thai Routine, Immediate, Flash
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Hinh 3. Bién Status véi 3 trang thai: poor, good va excellenct
Discard Single Multiple flood
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Hinh 4. Bién dau ra decision véi 4 trang thai discard, single, multiple

va flood
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decision

Thudt todn 1: Ham mg thuat toan dya vao tap md xac
dinh trang thai clia cac nut qua cac vong:

1f Then Rules
Status  e—n o
Fuzzifier nieence | ) Defuzzifier —» Output
e Engine
Messag ey s

Hinh 5. Hé thdng suy luan mg
FIND_NODES_FUZZY(Nodes, N, type)
1. Ganarr=[]// mang réng

2. Gani=I

3. Trong khii <N thi

4. outStat= Mandani(Nodes[i].status,
Nodes[il.message)//Fuzzy

5. néu outStat=type thi
a. arr.append(Nodes[i])
6. kétthucnéu
7. két thac trong khi
8. Travéarr

Trong d6 ta co: N 1a téng s6 nut

Nodes la tap cac nut dugc chonra

Type: loai output mudn lay ra discard, single, multiple
va flood

arr: danh sach cac nut cé trang thai can lay ra sau khi
m& héa thuat toan dé xuat st dung logic mg tinh toan ra
trang thai cGa cac nat, vai két qua trang thai nay dé timra
cac CH. Tu d6, diéu khién viéc phan bé cac CH dua trén
viéc xac dinh va thuc thi mét khoang cach tach biét téi
thiéu cu thé gilta cdc CH dé dadm bao viéc phan bé cong
bdng clia chiing. Méi CH phai cach xa CH gan nhat it nhat
moét khodng cach d. Khoang céch d thay déi tuy thudc vao
céc kich thudc ctia WSN, s6 lugng nut va ty 1é trg thanh
CH mong muén [5, 6].

Thudt todn 2: Tinh toan ra khoang céch t6i thi€u ctia
cac CH qua maéi vong.

CALC_MIN_DIST(N, p, dimX, dim Y)

1. Gdn cc = ceiling(p count(N))

2.Ganc=1

3.Ganr=1

4.Gandf=cc-1

5.Ganij=1

6. Trong khi i< ceiling(sqrt(cc) thi
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7.Ganj=i

8. Trong khi j<i+1 thi

9. Néu df >=abs(cc - (i *j) thi

10. cc = abs(cc-(i%)))

11.c=i

12.r=j

13. Két thuc néu

14.j=j+1

15. két thuc trong khi

16.i=i+1

17. Két thuc trong khi

18. rx =dimX

19.ry =dimY

20.d = sqrt(rxA2+ryA2)/2

21.travéd

Trong d6 ta co: N 1a téng s6 nut con séng

p: phan tram mong muén trg
thanh CH trong mang

cc: s6 lugng cum mong mudn

dimX: kich thudc chiéu X cla
hinh ch{ nhat con

dimY: kich thudc chiéu Y cla

C={C1,C2,..,Cdc}// Tap cadc cum

Cac budc thuc hién:

1) Néu s6 lugng nut con song N I6n hon 50% thi

Nodes FIND NODES FUZZY(Nodes, N, “Single ") //Lay ra
tap nut co6 output la “Single”

Ngugc lai:

Nodes = FIND NODES FUZZY(Nodes, N, “Multiple”) //Lay
ra tap nut cé output la "Multiple"

Két thuc néu

2) Tinh todn d = CALC_MIN_DIST(N, p, dimX, dimY)

3) S dung k-Means dé phan cum tap Nodes véi trang
thai hién cé: Energy, BS_Distance, Density, Compaction
AVG _ Energy, ta dugc tap CH va C, trong d6 CH la trong
tam [5, 71.

4) Sau d6, duyét lai cdc nut khong thudc tap Nodes, va
dua vao cac cum tuong Ung bang cach tinh toan khoang
cach véi cac CH.

2. Cicbién phinbé ngin nhién)

!

1

6. Phin oam Kemeans
trong tip mitimg ayEnoamva imra
tdmg oomCH

!

3.C & bién gii théng tinning

hinh ch{ nhat con

¢: s6 coOt chia ra trong toan
mang WSN, ban dau la 1

bromg, vitive BS

7. Dya vio cumede CH, thém cde nit
khing img tayen vao cum

}

r: s6 dong chia ra trong toan
mang WSN, ban dau la 1

No
v

8. Trayén v rbin & lida

df: su khac biét gilta s6 lugng
hinh cht nhat dugc tao va sé

4. Tép tintimg tayén CH (Fuzzy)
FIND_NODES_FUZZY
Nodes N, Multiple”

4. Tip tinimg tayén CH (Fuzzy)
FIND_NODES_FUZZY
Nodes N, Single”

lugng cum mong muén d:
khoang cach téi thiéu gitia cac CH

l

S. Tinh todn khoing cich ngin

Thudt todn 3: Phan cum k-
Means dua trén khoang céch toi

rit giika e CH

thiéu gilta cac CH va tap Ung
tuyén CH.

K_MEANS_CLUSTERING (N, p)

Ddu vao: N = {n1, n2, .., nk} // N: tap hop cac nat con
song

p: Phan tram mong mudn tré thanh CH

Gan dc = Ceiling(p x count(N))

Trong dé dcla s6 lugng CH mong muén

Ddu ra:

CH={CH1,CH2, .., CHdc} // Tap cac CH
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Hinh 6. Luu d0 hoat ddng cUa thudt toan dé xuat

Thuat toan dé xuat LEACH-FM véi hudng ti€ép can
phan cum, két hgp Fuzzy Logic dé€ chon ra tap ting tuyén
cho cac CH, tir d6 c6 thé céi thién hiéu suat phan cum. Bén
canh dé, con st dung khoang cach t6i thiéu gitia cac CH
giup viéc tiéu thu nang lugng dugc can bang hon trong
mang. Ngoai ra, st dung k-Means dé phan cum. Két hgp
gitra logic m& va k-Means véi khoang céch téi thiéu gitia
cac CH dam bao viéc phan bé trudng cum (CH) [8, 9] mét
cach cong bdng trén toan bd mang, déng thai cling téi
uu héa hiéu qua truyén dir liéu. Diéu nay gitip LEACH-FM
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c6 thé thich Ung véi nhiéu mé hinh mang véi kich thudc
khac nhau.

4, PHAN TiCH KET QUA THU'C NGHIEM VA MO PHONG
4.1. Tham sé st dung mé phéng

Mang cam bién khong day bao gom cac nut cam bién
c6 nang luong gidi han va st dung két ndi khong day dé
thu thap théng tin hiu ich ti méi trudng cam bién. Viéc
thu thap di liéu cdm bién dam bao hiéu qua nang lugng
la van dé then chét trong viéc kéo dai tudi tho mang.
Trong qua trinh thu thap di liéu, trong méi chu ky truyén
nhan, m&i nit cdm bién sé cé mot goi dit liéu can truyén
dén tram goc BS [3, 8]. Néu moi nut truyén di liéu truc
ti€p dén tram gbc, nang lugng cta nut sé nhanh chong bi
tiéu hao.

Tién hanh kiém tra va phan tich gidi phap dé xuat, mét
s6 mo phong dugc thuc hién théng qua phan mém mo
phong Matlab R2023a. Méi trudng mé phdng dugc thiét
lap v&i cac tham s6 dugc liét ké trong bang 2. Gia dinh rang
tat ca cac nat cdm bién dugc phan bé mot cach ngau nhién
trong mét khu vuc 100m x100m, cac nat thdng thudng co
nang lugng gidi han. Va dé xuat c6 tén goi LEACH FM dugc
danh gia so sanh vai cac chi sé hiéu suat khac nhau cla
thuat toan LEACH, LEACH-C, LEACH-CD [5, 8].

Bang 2. Bang tham s6 st dung d& md phdng

Phan tram mong mudn tré thanh cum chi trong tong s6 | 0,05

nut toan mang (p)

S0 bit truyén (k) 4000

Néng lugng khdi tao cla cac nit (E0) 0,1

Hé s6 nang lugng tiéu hao ctia cdc mach truyén va nhan | 50n)/bit
(Eelec)

Enp 0,0013pJ/bit/m*
Es 10pJ/bit/m?
Nang lugng téng hop dit liéu, EDA 5nJ/bit

Hé s& nang lugng clia mach khuéch dai truyén (ETX, ERX) | 50n)/bit
Thdi gian md phong 1000 vong

4.2. Két qua thi nghiém mé phéng

Hinh 7 cho thay khéi tao cac nat trong WSN moét cach

ngau nhién theo cac tham s6 dugc cai dat nhu bang 2.
_Network i

y(m)

Tham sé Gia tri
Dién tich md phdng 100m*100m x (m)
S6 ndt cam bién st dung (N) 100 Hinh 7. Mang khdi tao ban dau b Fuzzy Logic
Wait =5 T _weas
[sat ’ -\'\r. ’ \ 4 . — 17
N .. 3 "\.- .:\ g V‘, t“_&' ‘-.". A
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) N i . ~ ' A S ’ ’ . : o
S i. i ' »
: q # -. v - A\ . /f"
‘._ / 43 N\ o N e i \\¢ 7\
. . = 7, - v . . . AR - ,L..—< "
Wait =3 e =4
Vs ~ N Pa ?' ’ j -'\'\T"
. ' e .\v, a>
< 7405 .
- /,' < ‘.‘ : /.

Vol. 62 - No. 3 (Mar 2026)

,.. . /j?»..

S

Hinh 8. K-Means thay d6i cdc cum va trong tam clia cum
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Hinh 9. K€t qua chay thuat todn dé xuat LEACH-FM

Hinh 8 chup lai cac cum do k-Means gom lai qua cac
vong trong WSN. Véi y tudng st dung k-Means, mang
WSN cang vé sau cang it nit tham gia do cac nut chét dan
va sé cang hiéu qua hon vé sau [8, 9]. Trong cuing cau hinh
mang, ta chay lan lugt cac thuat toan va thu dugc két qua
tu hinh 9 dén hinh 12.

Hinh 9 gém 3 bi€u do, cho thay su thay d6i vé tudi tho
clia cac nat trong WSN khi sir dung thuat toan dé xuat
LEACH-FM. tang theo thai gian va sau d6 én dinh & mét
muc d6 cao. Khi mang bat dau hoat dong nut dau tién bi
hét pin sau 280 vong, tuc la sau khoang thai gian nay nut
dau tién phai dugc thay thé hodc sac pin. Tuy nhién,
mang van tiép tuc hoat dong va nut cudi cing méi chét
sau 1000 vong. Su gia tang tudi tho ctia WSN [9, 10] cho
thay rang thuat toan Dé xuat LEACH-FM da dat dugc muc
tiéu kéo dai tudi tho ciia mang.
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Hinh 10. Két qué chay thuat todn LEACH
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Nhin vao biéu dé & hinh 10 nhan thdy rang tudi tho ctia
WSN gidm theo thai gian. Nut dau tién bi hét pin sau 119
vong, tuc la sau khoang thai gian nay, nut dau tién phai
dugc thay thé hodc sac pin. Trong qua trinh hoat dong tiép
theo, cac nat khac cling dan chét va cudi cung, nat cudi
cung ciing chét sau 433 vong. Su gidm tudi tho ctia WSN
trong biéu d6 cho thay rang thuat toan LEACH khong dat
duoc muc tiéu kéo dai tudi tho ctia mang c6 thé do cac yéu
t6 nhu tiéu thu nang lugng khong can déi [10].

TU biéu d6 & hinh 11 thay rang tudi tho ctia WSN tang
theo thai gian. Nut dau tién bi hét pin sau 224 vong, tuc
la sau khoang thai gian nay, nut dau tién can dugc thay
thé& hoac sac pin. Qua trinh hoat dong tiép theo, cac nut
khac ti€p tuc hoat ddéng va nat cudi cing mdi chét sau
499 vong. Su gia tang tudi tho ctia WSN [8, 10] trong biéu
dé cho thay rang thuat toan LEACH-C dat dugc muc tiéu
kéo dai tudi tho ctia mang.
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Hinh 12. Két qua chay thuat toan LEACH-CD

Qua hinh 12 c6 thé nhin thady rang tudi tho ciia WSN
tang theo thai gian. Nt dau tién bi hét pin sau 268 vong,
tuc la sau khoang thai gian nay, nat dau tién can dugc
thay thé hodc sac pin. Trong qua trinh hoat dong tiép
theo, cac nut khac tiép tuc hoat déng va nuat cuéi cling
mai chét sau 519 vong. Su gia tang tudi tho cta WSN
trong bi€u dé cho thdy rang thuat toan LEACH-CD da dat
dugc muc tiéu kéo dai tudi tho ctia mang [7, 10].

Bang 3. Bang so sanh tudi tho mang gitia thudt toan dé xudt LEACH-FM
va thudt toan truéc d6 LEACH, LEACH-C, LEACH-CD

L Nit dau tién chét | Nt cudi cing chét
Thuat toan R .
: (vong) (vong)
LEACH 119 433
LEACH-C 224 499
LEACH-CD [36] 268 519
Dé xuat LEACH-FM 280 1000
1200
1000
1000
o 800
c
S 519
133 499
40
224 268 280
- N B B
, 1H
LEACH LEACH-C LEACH-CD P& xudt LEACH-FM

BNt dautién chét (vang) NGt cudi cling chét (vong)

Hinh 13 Két qua so sanh cac thuat toan

Bi€u d6 hinh 13 cho thay thuat toan dé xuat LEACH-
FM c6 tudi tho mang cao hon so cac thuat toan LEACH,

90 | Tap chi Khoa hoc va Cong nghé Trudng Dai hoc Céng nghiép Ha Ni

LEACH-C, LEACH-CD. Diéu nay cho thay rang cac thuat
toan cai tién c6 kha nang kéo dai tudi tho mang cda hé
thong mang cam bién khong day. Qua day cho thay rang
thuat toan LEACH- FM da dong gop tich cuc dé tang tudi
tho mang ctia hé thng WSNI10, 12].
5. KET LUAN

Trong bai bdo nay, ching t6i da dé xuat mot thuat
toan LEACH-FM st dung Fuzzy Logic d€ loc ra cac nat cé
kha nang tra thanh CH, sau d6 tinh toan khoang cach t6i
thiéu gilta cdc CH nham phan bd déu cac cum trong
mang dé gidm tiéu hao nang lugng truyén théng, tiép
theo dua vao tap cac nut c6 kha nang tré thanh CH va
khoang céch t6i thi€u st dung K-means dé phan cum. Vi
su két hop nay giup cho viéc phan cum dugc téi uu han,
giam tinh phuc tap cia thuat todn, tiét kiém thoi gian tinh
toadn va vung nhd. Ngoai ra, viéc phan bé déu cac cum
trong mang bang khoang cach téi thiéu cling gidam nang
lugng tiéu thu khi truyén théng gitta cac nut. Gidp cai
thién thoi gian séng clia mang cam bién khéng day WSN.
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