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Trong mang cam bién khong day, cac cam bién duoc trién khai nham muc dich thu thap
thong tin tir khu viec muc tiéu. Céc thdng tin thu thdp cia cac cam bién sé duwoc chuyén dén
tram co so bang song Vo tuyen Tur ddy, dir ligu duoc phan tich, xu Iy dé dwa ra cdc quyét
dinh. Mt trong cac van dé ciia mang cam bién khong day 1a can phai tiét kiém nang lwong
tiéu thy, kéo dai tusi the cia magng. Trong bai bao ndy, ching tdi dé xuat giai phap trién
khai mgng cam bién bang céch phan cum va két hop chon nit chi cum dé toi wu hoa nang
lirong tiéu thy va kéo dai tudi tho ciia mang. Viéc phan tich so sanh thudr todn d@é xudt voi
thudt todn phan cum truyén thong LEACH, LEACH-C, K-Mean va FCM sé khdng dinh tinh
hiéu qud cua gidi phdp da dé xuat.
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Abstract

In wireless sensor networks, sensors are deployed and aim to gather information from the
target area. The information collected by the sensors will be transmitted to the base station
by radio waves. From here, the data is analyzed and processed to make decisions. One of
the problems of the wireless sensor network is the need to save energy consumption,
extending the life of the network. In this paper, we propose a solution for deploying sensor
networks by clustering and combining cluster head selection to optimize power
consumption and extend the life of the network. Comparative analysis of algorithms
proposed with traditional clustering algorithms LEACH, LEACH-C, K-Mean, and FCM
will confirm the effectiveness of the proposed solution.
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1. GIOI THIEU

Mot mang cam bién khéng day WSN (Wireless Sensor Network) bao gom mot
tap cac cam bién duoc trién khai trong mét khu vuc muc tiéu nhiam muc dich thu thap
cac thong tin tir moi truong. Céac thong tin nay dugc chuyén dén nat trung tam goi 1a BS
(Base Station) bing song vo tuyén. Tur d6 dit liéu dwoc phan tich, xi 1y béi ngudi st
dung dé dua ra cac quyét dinh cho hé thdng (Akbarzadeh, Gagné, Parizeau, Argany, &
Mostafavi, 2013).

Mang cam bién khong day duoc tng dung nhiéu trong thuc té nhu giam sat moi
truong, phat hién xam nhap, canh bao chay riing, tham hoa moi truong, giao thong, theo
doi sirc khoe con nguoi (Huang & Tseng, 2005). Mot van dé quan trong caa mang cam
bién 1a can phai xay dung cau trac lién két cac cam bién nham t6i vu hoa ning luong
tiéu thy ciia cac cam bién, kéo dai tudi tho cua mang. Cac cam bién trong mang thuong
duogc lién két thanh mot trong cac cau trdc lién két nhu: Cau tric hinh sao; Cau tric
phan cap; va Cu tric tap trung (Yick, Mukherjee, & Ghosal, 2008).

e Cau trdc hinh sao: Trong cau tric hinh sao thi méi cam bién duoc két ndi
truc tiép dén BS. Tat ca cam bién trong mang déu cd vai trd va chirc ning
nhu nhau. Cac cam bién cong tac v6i nhau dé thuc hién nhiém vu thu thap
thong tin tor moi truong va chuyén dén BS (Hoang, Kumar, & Panda, 2010).
Tuy nhién, véi cu tric ndy, cac cam bién cong tac thu thap thong tin du
thira tir moi truong va tiéu thu niang lugng nhiéu hon do khoang céch tryc
tiép dén BS xa.

e Cau tric phan cap: Trong cau tric phan cap, mdi nat cam bién két néi truc
tiép dén mot nit ¢ Cap cao hon trong cay va sau do dén BS, dir liéu duoc
dinh tuyén tir nat thap nhét trong mang dén BS. Y tuong cia phuong phép
nay kha don gian, vi pham vi song vo tuyén cua cac nut cam bién bi gioi
han, do dé cach tét nhat 1a n6 truyén dix liéu dén ndt 1an can véi no trong
cay va sau d6 dén BS. Trong cau triic nay, c4c nit cam bién & cap cao tiéu
thu nhleu nang lugng hon cac nut cam bién & cap dudi do d6 cac nat cam
bién & cap cao cang gan véi BS s& nhanh chong can kiét nang luong lam
giam hiéu suat ciia mang.

e Cdu tric tdp trung: Trong ciu trdc nay cac cam bién duoc t6 chirc thanh
ting nhom, trong d6 mot nat dugc chon lam nat chua (Cluster Head - CH)
cac nat con lai l1a non-CH. Céac non-CH cé nhiém vu thu thap cac thdng tin
tir moi truong va chi chuyén thdng tin dén CH khi can thiét. Trong khi d6
cac CH c6 nhiém vu thu thap, phan tich loai bo théng tin du thira tir cac
non-CH va chuyén dén BS (Hoang & ctg., 2010).

Nhu vay, viéc xay dung cau trdc lién két mang cam bién theo kiéu tap trung hay
phan cum cam bién sé tiét kiém nang lugng tiéu thu cho toan mang. Tuy nhién, dé cac
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cum cam bién tiéu ton nang luong it nhat hay kéo dai tudi tho ciia mang, thi cac ndt cam
bién trong cum phai duoc t6i wu ndng lugng tiéu thu cho viéc cam nhan thang tin,
truyen dir liéu dén nat CH. Trong bai bao nay, ching toi ap dung thuat toan phan cum
mo két hop 1ap lich hoat dong cua cac cam bién gan nhau trong cum dé téi wu ning
lugng tiéu thu va giam thong tin du thira.

Phan con lai cua bai viét duoc to chirc nhu sau. Muc 2 trinh bay mot sé thuat
toan phan cum cho mang cam bién khong day. Muyc 3 trinh bay mé hinh tiéu thu ning
lwong va téi vu hoa téng ning luong tiéu thu cua todn mang dua trén thuat toan phan
cum mo két hop lap lich hoat dong cua cac cam bién. Céc két qua thuc nghiém s& duoc
trinh bay trong Muc 4. Cudi cung, két luan duoc dua ra trong Muyc 5.

2. MOQT SO PHUONG PHAP PHAN CUM
2.1. Low energy adaptive clustering hierarchy (LEACH)

LEACH (Yick & ctg., 2008) la phan cum phan cap thich img niang luong thap.
Muc dich chinh cua LEACH la kéo dai thoi gian séng caa mang, giam niang luong tiéu
thu cta mdi ndt, s dung dir liéu tap trung dé giam thong diép truyén dir liéu trong
mang. Mot dic diém caa LEACH la ty té chirc cac cam bién thanh cum ma trong do6 c6
mot nut duoc chon lam nat cha CH. Céac nat thanh vién la non-CH cé nhiém vu thu thap
thong tin tir moi trudng réi chuyén dén nat CH. NGt CH nhan dit liéu tir cac nat non-CH
trong cum, thuc hién phan tich, xt 1y loai bo thong tin du thira va chuyén tiép dén BS.
Do d6 cac nlt CH s& tiéu thu ning lwong nhiéu hon cic nit non-CH. LEACH dé xuat
xoay vOng ngau nhién vai tro nit CH cho céc nit non-CH trong cum dé tranh viéc tiéu
thu nang lugng chi tap trung vao mot nut.

Khi bat ¢ddu mot vong méi trong LEACH, né s& quyét dinh c6 hay khéng mot
nGt cam bién c6 thé tré thanh nit CH duya trén xac suat P tro thanh CH trong mang va s6
lan nat d6 tré thanh ndt CH trude d6. Mai nlt chon mot s6 ngau nhién S trong doan [0,
1]. Néu gia tri nay nho hon ngudng T(n) thi nut d6 trd thanh CH cua vong hién thoi. Gia
tri nguong nay dugc xac dinh boi cong thic (1) nhu sau:

0 neG

T(n) = P
1-Px(r mod(1/ P)) neG (1)

Trong do: r la vong hién tai; G la tap hop cac nat da trd thanh CH trong 1/P
vong trudc.

Khoang cach giira c4c cam bién trong moéi trudng 3D duoc tinh nhu cong thirc
(2) trong do (x y h )12 toa do cua cam bien s; trong dia hinh.
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d(si 'Sj) = \/(XsI - ij )2 + (ysI - ysJ )2 + (hsi - hsJ )2 (2)
2.2. LEACH-C

LEACH-C twong tu nhu LEACH nhung né s& quyét dinh nGt trg thanh CH Ia
nut ¢6 nang luong con lai 1én va vi tri cta no trong dia hinh. Mat khac, LEACH chon
nGt CH khong dua vao nang luong con lai ma dya vao s 1an tré thanh CH trong céc
vong trude d6. Pidu ndy lam cho cac cam bién & xa BS s& nhanh chéng can kiét ning
lwong. Hon nita, viéc chon CH khdng dua vao su phan bd caa cac cam bién s& hinh
thanh cac cum chdng chéo. Dé khic phuc cac nhugc diém ndy, LEACH-C cho phép céc
cam bién gui thdng tin vé nang lwong con lai va vi tri &én BS (Yin, Shi, Li, & Zhang,
2006).

Kaur va Gupta (2015) mé ta LEACH-C st dung thuat toan PBO (Pollination
Based Optimization) dé chon cac CH dua vao ning luong con lai va khoang cach. Néu
c6 hai nat cam bién c6 cung nang luong con lai thi LEACH-C chon cam bién lam CH
dwa vao khoang cach tir no dén BS. LEACH-C di cai tién hiéu qua LEACH Vvé ning
lwong, chi phi va kéo dai tudi tho ciia mang.

2.3. K-Means

Mot phuong phap phan cum khac dya trén ning luong con lai cia cac cam bién
la thuat toan K-Means. Khong giéng nhu LEACH va LEACH-C, thuat toan K-Means
tim kiém cam bién gan vai tdm cum chon lam CH. Tham sé quan trong nhat thuat toan
K-Means chinh la khoang cach Euclidean. Thuat todn K-Means lap di 1ap lai viéc gom
cum cé&c cam bién c6 khoang cach ngan nhat véi tim cum, sau mdi lan lap, tdm cum
duoc tinh lai, thuat toan ding khi tim cum khéng thay doi. Diéu nay dam bao ning
lwgng tiéu thu ctia cac cam bién trong cum cho viéc truyén dit liéu dén CH cua ching la
it nhat. Tuy nhién, cling gidng nhu cac phuong phap phan cum khac, cac nut CH ludn
tidu ton nang lugng nhiéu hon cac cam bién khéc vi ching c6 nhiém vu nhan dit liéu tir
cac cam bién thanh vién trong cum, roi tong hop loai bo dit liéu du thira sau d6 méi
chuyén tiép dén BS. Dé dam bao can bang ning lugng giira cac cam bién, kéo dai tudi
tho cua mang, thuat toan K-Means thue hién phan cum xoay vong véi sé6 cum duogc khai
tao mdi 1an khac nhau.

2.4. Fuzzy C-Means (FCM)

FCM la mét trong cac phuong phap duoc ap dung rong rdi trong logic mo dugc
dua ra boi Bezdek, Ehrlich, va Full (1984). Cac cam bién duoc gom thanh cum véi do
thugc caa FCM gidp t6i wu hoa cac cum dya vao viéc giam thiéu khoang céch gitra céc
cam bién va tam cum. Phuong phép nay dam bao cac cum hinh thanh mét cach thdng
nhét trong WSN ma céc cam bién dugc trién khai ngau nhién. Cac cum duoc hinh thanh
véi cac cam bién c6 mat do cao. Do dé, viéc truyén dit liéu duoc can bang giita cac CH
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va nang luong tiéu thu ciing duoc can bing gitta cac cam bién trong ndi cum. Phuong

phap FCM duoc giai quyét nhd vao cdng thuc (3) va cong thirc (4). Trong do, uij la do
thudc cua cam bién j vao cum i, dij 1a khoang cach gitra cam bién j va tam cum i.

3=3"3urd? 3)

-l j=1

k=1.,N;j=1..,c 4

Do thudc cua cac thanh vién cam bién va céc tdm cum duoc tinh nhu cac cong
thuc (5) va (6).

U — 1
TS (dij .

k=1 dkj (5)

N

2 ug X,
V, = =

Sug

= ©)

Sau khi cac cum duoc hinh thanh, BS chon nit cam bién gan nhét véi tam cum
lam CH va viéc tai phan cum dugc thuc hién sau moét chu ky thoi gian dé dam bao nang
luong tiéu thu duoc can bang gitra cac CH va non-CH trong cum.

3. MO HINH PE XUAT

Gia st ¢c6 mot dia hinh 3D va mot mang cam bién bao gom N cam bién. Dia
hinh 3D duoc dinh nghia theo chuian DEM (Digital Elevation Model) (Nguyen, Dang,
Le, & Le, 2015) va dugc biéu dién bang mot ma tran theo hang, cot va gia tri ma tran
chinh 13 d6 cao cua toa do twong ung theo hang, cot. Trién khai mot mang cam bién
khong day doi hoi cac cam bién va BS phai c6 mot vi tri ¢ dinh trén dia hinh. M hinh
mang xem Xét ¢ cac cam bién dong nhét vé ciu trdc va tat ca cam bién c6 mot muc
ning luong khoi ddu nhu nhau. MGi nlt cam bién c6 trach nhiém thu thap cac thong sé
tir moi trudng va dinh ky gai thong tin dén nit nhan. NGt nhan 1a CH hoac BS. Néu nat
nhan la CH thi n6 c6 trach nhiém téng hop va chuyén tiép dén BS. Kénh vo tuyén ding
dé chuyén dir liéu c6 pham vi la mot hinh cau vai ban kinh Tr. Thong thuong béan kinh
nay it nhat gap doi ban kinh phii song cua cam bién. Mic khéac, nang luong tiéu thu
trong qua trinh truyén di liéu tir nGt X dén nat Y va nguoc lai coi nhu gidng nhau. Tir
nhitng gia dinh trén chung toi d& xuat mot mé hinh phan cum mo maéi két hop viéc chon
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nit CH dya m6 hinh néng lugng tiéu thu cta cac cam bién trong mang (FCM-CHS).
Trong cAu tric ctia mot cam blen khong day thi nang luong duoc tiéu thu vao cac thanh
phan Cam nhan céc thong sé tr moi truong; Tong hop dir lidu; Truyén nhan; va
KhUech dai dir liéu. Chung t6i xem Xét md hinh ton that nang luong cho qua trinh
truyen dir liéu khoang cach xa (ning lwong ton that d*) va khoang cach gan (ning luong
t6n that d?). Nang luong tiéu thu cho mot nit CH nhan, tong hop dir liéu va chuyén tiép
dén BS duoc tinh nhu cdng thic (7).

= |E o, +1Epp + 1, 0ices

elec (7)

Trong d6: | 1a sb bit cia mdi goi dir liéu; Epa 1a ning luong tiéu thu cho viéc
téng hop dit lidu va duoc dé nghi 1a 5 pJ/bit; dwss 1a khoang céch tir nat CH dén BS
trong moi truong 3D dugc tinh bang cong thirc (2); Eelec 13 ning luong tiéu thu cho viéc
truyén, nhan mdi bit dir liéu va dugc dé& nghi 1a 50 nJ/bit; Va ers, emp & chi phi ning
lwong cho viéc truyén mot bit dix liéu véi mot ti 18 bit 15i chap nhan duoc va dugce dé
nghi la 10 pJ/bit/m2 va 0.0013 pJ/bit/m4.

Nhu vay, nang luong tiéu thu cua cac nat non-CH dugc tinh nhu cong thic (8).

E.. oy =IE . +le d2g, (8)

non-CH elec

Trong d6: diwcn 12 khoang cach caa nat cam bién trong cum dén CH va tong
nang lugng tiéu thu ctia mang cho moi vong dugc tinh nhu cong thirc (9).

Ero =CxEgy +(N-C)xE o (9)

Két hop cac cong thire (7), (8), va (9) chung ta dugc cong thirc (10) dé tinh téng
nang lugng tiéu thu nhu sau:

elec

Erow = I(ZNE +CEp, +Ce, d:)BS +(N _C)gfsdtzoCH) (10)

Gia sir chon C cam bién tir N ban dau Iam CH, chiing ta phan bé cac cam bién
con lai vao C cum véi muyc tiéu toi thiéu nang lugng tiéu thu nhu céng thac (11).

J =Cépyiggs + (N —C)e b, —min (11)

Ap dung logic md cho ham ning luong tai cong thuc (11) chung ta dugc mot
ham muc tiéu mai nhu cong thuc (12).

;;u, * S min 12)

4
BS

N C
J= Cgmpzl:zl:uiT -
i=1 j=
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) Trong d6 Xes 1a toa d6 cua BS. Vi viéc gidi han bén truyén thdng caa cac cam
bien, ching t6i tich hgp cac rang budc nhu cong thire (13), (14), va (15).

C
Y=l el vi=1

(13)
[Xi-vi|<er, (14)
[V, = Xa| 9T, (15)

Trong d6 ching toi gia st ban kinh truyén théng caa BS gap tdm lan ban kinh
truyén théng cua cac cam bién. Do d6, mot cam bién két ndi dén dugc CH cua no thi
khoang céch caa né phai nhé hon hoic bang 2T, va CH két néi dugc dén BS néu nhu
khoang cach giira chiing nho hon hodc bang 9Tr. Bing céch sir dung phuong phap
Lagrangian, do thuoc va tam cum dugc tinh theo cac cong thac (16), (17), va (18).
Trong d6: A, B 1a cac hé sd; ao, do, S, p, va k 1a cac tham sé kiém soat toc do hinh dang
cua ham.

1

C m-1
20V = Xgs| +(N=Ca X,
k=1

i =

Cme,, Nj-xBSH +(N-C)e,, xi-ij
(16)
V, =V, ~(AV, J;(V,) - B(V, ~T)) 17)
. g, (-20-00)(iD)
T=pjsin{27r(sj ], j=12,.,C (18)

V6i a0, do ndm trong doan [0, 1], a0 + do < 1; s> 0; k < C; va gia tri J,, dwoc tinh
nhu cdng thuc (19).

Jn=Jn +lj[i”ij —1J+;ii(max2(0,yij +gi,-)—u§>+ Z(n‘axz(o, S +hj)_§j2)

i=L j=1 (19)
Trong do:
gy =9V, X,) =X, -V,|-2T, (20)
hy =h(v;) = |V, = X - 9T, (21)

Gia tri pij , & duoc tinh nhu sau:
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A _ B
Oty =max(0, £g; +9y;) — 4 (22)

*

T =max(0,&; +h;)—&;

i

o

(23)

Nhu vay, sau phan cum mo thi cac cum cam bién hinh thanh t6i vu ning luong
tiéu thu cho qua trinh chuyén dit liéu tir cac ndt non-CH dén nat CH, tir cac ndt CH dén
BS. Tuy nhién, viéc chon CH xoay vong cho c4c cum sao cho téi wu ning lwong tiéu thy
va kéo dai tudi tho cua mang tirc 1a ning lugng con lai cua ndt CH I6n va khoang cach
tir CH dén céc ndt thanh vién trong cum ngan nhat. Ham muc tiéu cho viéc tdi thiéu
ning luwong tiéu thu cho qua trinh truyén dix liéu tir non-CH dén CH tuc 1a khoang cach
tir cac non-CH dén CH nho nhét va dugc tinh nhu sau:

icH (24)

~ Trong d6: Cqla s6 non-CH trong cum va dicw la khoang céc tir nit cam bién i
dén CH. Chi tiét thuat toan FCM-CHS dugc trinh bay nhu sau:

e Pdu vao: S6 cam bién N; S6 cum C; tham s6 md m; sé vong lap téi da
maxSteps > 0; va Tham s6 A, B, ao, do, s, K, pj.

e Pdura: Matran U va Tap tam cum V.

e  Chi tiét thudt toan:

1 t=0

2 Khdi tao ngau nhién u,® dam bao theo cong thirc (13)

3 Repeat

4 t=t+1

5 While V; khdng phai diém cuc tri hogc diéu kién dimg chua dat do

6 Cap nhat V; theo cong thuc (17)

7 If diéu kién cap nhat Wi, ¢ dwoc dam bao then

8 Cap nhat pjj theo cong thirc (22)

9 Cap nhat ¢ theo cbng thirc (23)

10 EndIf

11 EndWhile

12 Tinh ug® (k=1...N, j=1...C) theo cong thic (16)
t t-1)

13 Until u -ut>]< e or maxSteps

14 Fori=1to Ndo

15 maxU €MinDouble

16 idmax €1

17 Forj=1to Cdo

18 If uij > maxU then

19 maxU € ujj

20 idmax €j
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21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

EndIf

EndFor

V(idmax). NumSensor €< V(idmax).NumSensor + {i}
EndFor

Eag= 0 // Nang lugng con lai trung binh cta thanh vién cum
ForEach j

For i=1 to V(j).NumSensor do

Ea = Eag) + Ei

Eag= Eag) / V(j)-.NumSensor

Tinh Pyg) theo cong thuc (24)

EndFor

EndFor

ForEach j

For i=1 to V(j).NumSensor do

If Ei> EA(j) and Pd(i):Max

Sensor(i).CH=true

EndFor

EndFor

4.  THUC NGHIEM

4.1. Caidit

Chuing t6i thuc hién cai dat, so sanh két qua céc thuan toan LEACH, LEACH-C,
K-Means, FCM, va FCM-CHS vai cac tham s6 dugc cung cap nhu trong Bang 1. Thuc
nghiém dugc hién trén may tinh ciu hinh CPU Intel Core i5 3.1Ghz, bo nhé 4GB. Céc
dia hinh thuc té trong méi trudng 3D duoc thu thap tir cAc ving mién khac nhau cua
Viét Nam bai phan mém Earthexplorer (Hinh 1).

Bang 1. Cac tham sb thuit toan

Tham sb Gia tri

Ning luong khoitao 5J

N 1000

T, 250 m

Eelec 50 nJ/ bit

Epa 5 pJ/ bit

Emp 0.0013 pJ/bit/ m*
&fs 10 pJ /bit/ m?

| bytes
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(b) (d)

© ) (i)

Hinh 1. Cac dia hinh DEM cia Viét Nam

Ghi chu: a) Dia hinh T1; b) Dia hinh T2; ¢) Dia hinh T3; d) bia hinh T4; ¢) Dia hinh T5;
f) Bia hinh T6; g) Bia hinh T7; h) Bia hinh T8; i) Bia hinh T9; va j) bia hinh T10.

4.2. Két qua thuc nghiém

Chung t6i thuc nghiém hiéu nang cua thuat toan trén cac dia hinh khac nhau véi
s6 lwong cum tuong duong 10% sb luong cac cam bién. Bang 2 cho thiy muc tiéu thy
nang luong ctia mang boi cac thuat toan cu thé LEACH, LEACH-C, K-Means, FCM, va
FCM-CHS. Rd rang la thuat toan FCM-CHS c6 mtc tiéu thu nang lugng trung binh nho
hon cac thuat toan khéc.

Bang 2. Nang luwgng tiéu thu cia cac thuat toan

bia hinh LEACH LEACH-C K-Means FCM FCM-CHS
T1 182.160 293.957 138.247 174.789 146.245
T2 195.159 155.514 129.667 162.054 161.324
T3 208.515 514.775 154.227 169.368 159.238
T4 164.012 384.664 116.199 119.982 110.253
T5 209.050 240.831 187.040 179.560 120.254
T6 173.954 517.287 144.514 102.553 85.263
T7 212.243 189.875 167.110 116.225 96.245
T8 240.986 451.496 175.418 112.452 99.254
T9 191.596 234.403 134.354 98.457 92.368
T10 152.167 435.096 92.175 114.452 108.247

Hinh 2 biéu thi gié tri trung binh cta ning luong tiéu thu cua tat ca cac thuat
toan. Chi tiét nang lwong tiéu thu trung binh cua thuat toan FCM cai tién 1a 134.99.
Trong khi d6, nang luong tiéu thu trung binh cua cac thuat toan khéc lan luot 1a 192.98
(LEACH); 341.79 (LEACH-C); 143.99 (K-Means); va 134.98 (FCM). C6 thé thiy rang
thuat toan FCM-CHS (117.869) 1a hiéu qua nhét.
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LEACH LEACH-C K-Means FCM-CHS

Nang lvong tiéu thu trung binh

Cac thuat toan
Hinh 2. Ning lwgng tiéu thu trung binh cia céc thuit toan
5. KET LUAN

Trong bai bao nay, ching t6i da nghién ciru van dé t6i wu ning luong tiéu thu
ctia cac cam bién, kéo dai tudi tho mang bang thuat toan phan cum mo két hop chon nat
CH t6i wu. Phan cum md da ching minh rang hiéu qua phan cum cac thanh vién cé kha
nang thudc vé nhiéu cum khac nhau. Tuy nhién, phan cum mo truyén thong chi xem
khodng cach gitra cac thanh vién non-CH dé hinh thanh cum ma khong xem xét dén kha
nang két ndi gitra cac CH vai BS. Thuat toan phan cum mo cai tién di khic phuc duoc
khuyét diém trén. Khi cac cum cam bién duogc hinh thanh, viéc lua chon CH xoay vong
c6 mirc ning lugng con lai 16n va c6 khoang cach gan nhat Vi cAc cam bién trong cum
dé giam thiéu nang luong tiéu thu va kéo dai tudi tho caa mang. Qua thuc nghiém thuat
toan FCM-CHS véi céc thuat toan phan cum khéc, két qua nhan duoc 1a ning tiéu thu
trung binh cua cac cam bién trong mang it nhat. Tuy nhién, thuat toan tra gia vé thoi
gian tinh toan.
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