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Toém tét - Trongbao céo nay, chung téi di sau nghién ciru va
m& rong cac thuat toan phan cum anh hwéng truc tiép dén viec
khao sat, phan tich thoi gian sbng (LifeTime) ctia cac thanh phan
cAu thanh cla mang cam bién khoéng day (Wireless Sensor
Network). D&i v&i cac hé théng WSN hién dang ton tai con co rét
nhiéu han ché, ma mot trong nhitng han ché co tinh chét thach
thirc d6 chinh l1a nguon nang Iwong bi gi¢i han va khé c6 thé nap
lai. Vi vay, dé gidm thiéu sw tiéu thu nang lwgng nham kéo dai
tudi tho cua mang WSN, phan cum m¢& la mét trong nhirng
phwong phap mang lai hiéu qua thiét thuwc véi do tin cay chap
nhan dwoc.

Tw khéa - WSN, Logic m&, Phuwong phap phan cum, FIS,
Ham thanh vién.

1. Dt van dé

Hién nay, WSN [1] v6i nhitng tiém ning n01 troi da
mang lai nhitng tmg dung thiét thuc trong cudc sdng con
ngudi [2,3]. Vi vdy, hé thdng mang loai nay dang duoc
giéi nghién ctru quan tAm hang dau. Thuc chit, WSN 1a
mdt tap hop bao gdm cac thiét bi cam bién sir dung cac
lién két khong day dé phdi hop thuc hién nhiém vy nhim
thu thap thong tin dit liéu phéan tan voi quy mo lon trong
bét ky diéu kién cling nhu bt ky dia hinh nao. Tuy nhién,
no6 ton tai rat nhiu han ché va mot trong nhitng thach
thirc 16n nhat chinh la thoi gian song cua cac node
Sensors trong mang rat ngan. Tbi wu hoa thoi gian song
cua mang la mdt bai toan phirc tap.

Tuy nhién, di c6 nhiéu cong trinh nghién ctru véi
nhitng két qua ching minh phén cum la mot ky thuat phd
bién voi thuat toan Fuzzy C — means cua giao su Bezdek
[4] trong WSN nham tiét kiém ning luong dé nang cao
thoi gian song cia cac node Sensors. Bang cach hinh
thanh cac cum, mdi cum €6 mot node diéu phoi vién duoc
goi 1a node chu va mét s6 node thanh vién.

Bén canh d6, viéc thiét ké giao thirc dé bao ton ning
luong nham nang cao thoi gian séng clia mang 1a mot linh
vuc quan trong ddi véi cac nha nghién ciru. Hién nay, rat
nhiéu nghién ctru nham phén tich phuong phap phan cum
sir dung logic mo [5] cho WSN nham t6i da hoa thoi gian
sdng cua nd [6].

Chinh vi 1& d6, riéng dbi v6i bai bao céo nay tac gia
tdp trung nghién ciru phuong phap phan cum dua trén
logic m& trong khao sat thoi gian sdng cho WSN.

2. Mang cam bién khong day
Wireless Sensor Network bao gom sé lwong 16n cac

Abstract- In this paper, we invest more deeply in researching
and extend the clustering algorithms that have direct impact on
surveying and analyzing for the lifetime of the components in
Wireless Sensor Networks. Wireless Sensor Networks have many
limitations, in which limited energy resources and rechargeable
batteries are one of critical challenges. Therefore, in order to
reduce energy consumption for extending the lifetime of Wireless
Sensor Networks, the fuzzy clustering approach is one of the
effective methods with acceptable reliability.

Key words - WSN, Fuzzy logic, Clustering method, FIS,
Membership functions.

node Sensors phan b trén dién rong, ngiu nhién nham
thu thap thong tin vé su thay ddi ciia méi truong. Mdi
node Sensor 1a mot thiét bi nho bé véi nhitng tinh toan
don gian va han ché vé ngudn niang lugng ma kho c6 thé
thay thé hodc nap thém niang luong. Mot node Sensor co
thé thay doi kich thudc tir mot hop khoang 10 xen — ti —
mét dén khoang mot vai mi — li — mét tham chi chi bang
hat bui [7]. Vi vdy, chi phi cac node Sensors cé thé thay
d6i tir hang tram d6 la dén mot vai xu, tuy thugc vao kich
thudc cia WSN. V6i han ché vé kich thude va chi phi dan
dén cac node Sensors ciing han che tuong tng vé cac mit
tai nguyén nhu pin, bo nh¢, téc do tinh toan va bing
thong [8]. Tuy nhién, mdi node Sensor bao gdm mét s6
thanh phan co ban nhu sau.

| Sensors |

e
----- L_aps |

| Thu phat vo tuyén |

Ngudn nang luong

Hinh 1. Thanh phdn ciia node Sensor

Trong d6, Sensors 1a cic cam bién ctia node nham cam
nhan vé sy thay déi cia méi trudng. Bé xir 1y ¢6 nhiém vu
xtr ly cac dir liéu khi cac Sensors cam nhan duoc. Thu
phét v6 tuyén tirc 1a thiét bi trao d6i thong tin lién lac tir
node chu ciia mdi cum dén trung tim dit lidu (node Sink)
va c6 thé hinh dung qua so d6 sau.
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Hinh 2. Céu tric hoat dong cua phan cum trong WSN

Cubi cung, GPS [9] chinh 1a thiét bj dinh vi nhim xéc
dinh vi tri chinh xac cuia cac node Sensors trong hé thong
mang.

Nhu vay viéc tiéu hao nang lugng clia cic node
Sensors trong WSN chul yéu boi ba thanh phan chinh la
céc Sensors, bo xir 1y dit liéu va viéc thu phat vo tuyén dir
liéu hay con goi 1a truyén thong dit liéu. Tuy nhién, cac
Sensors 1a thanh phdn tiéu ton ning lugng it nhit so véi
xtr Iy va truyén thong dit liéu. Vi vdy, hé thdng logic mo
s€ st dung co ché diéu khién cua minh nhim kich hoat
cac phan con lai cia cac node Sensors trong WSN dong
thoi cling chinh vi thé ma lam cho sy hoat dong cua cac
node Sensors roi vao mdt trong hai trang thai hoat dong
hodc nghi ngoi. Do 6, WSN st dung co ché diéu khién
cia logic mo s& hoat dong nhu mang cam bién thong
minh va tiét kiém dugc ngudn nang luong. Pong thoi voi
nhitng vu diém riéng cua hé thong logic md nham khic
phuc nhimg han ché ciia WSN 1a mét tai san vo cing
quan trong.

3. Logic mé va thuit toin FCM mé rjng
3.1. Logic mo

Logic mo [10] dwoc phat trién tir 1y thuyét tdp mo
nhim thuc hién mot 1ap luén xép x1 thay vi mét 1ap luén
chinh x4c nhu logic vi tir. Logic md c6 thé dung dé xu 1y
c4c gia tri trong thé gi6i thuc cho nhitng bai toan phirc tap
(Kir 1997).

Riéng ddi vai cac node Sensors trong mang WSN hoat
dong chii yéu boi ngudn nang lwong 14 pin va bd tri &
ngoai mdi trudng hodc & nhitng noi nguy hiém. Ddng
thoi, n6 con duge thiét k& nhim theo ddi cac hién tuong
vat 1y, phat hién sy thay ddi cua cac sy kién cling nhu
phan loai ddi tuong trong méi trudng. Do d6, thiét ké
bang mo hinh toan hoc dé cac Sensors trong hé thong hoat
dong t6t va t6i vu ngudn ning lwong 1a rat khé khan.

V6i tinh thiéu chinh x4c nhu vay, logic md 1a mot ky
thuat rat hitu ich nham thiét k& ma khong can biét trudc
mo hinh. Dong thoi, né sir dung ngon ngit ciia con ngudi
dé mo ta dau vao va dau ra, ‘cung cap mot phuong phap
don gian dé dat dugc mot két luan tir thong tin dau vao
khong chinh x&c, mo hé hodc khong 10 rang. Logic mo 1a
mot hé théng bao g6m mot tap luat mo duoc thiét lap dé
xac dinh cac mdi quan hé giita cac bién dau vao va dau ra.
Hon nita, véi mot vai mau dir liéu ciing c6 thé cung cép
mot két qua chinh xac véi nhitng tiém ning duoc khai
thac trong mdt loat cac linh vyc nhu xir 1y tin hiéu, nhan

dang giong no6i, hang khong vii tru, robot, bo diéu khién
nhing, mang.

Logic m¢ s& phan tich cac thong tin péng cach su
dung tdp mo. Tap mo duogce dinh nghia bdi dang thuc sau.

S0 e U ) € 10,11} )

i=1

Trong dop,~(u;) € [0,1] 1a gid tri ham thanh vién thé
hién mac do6 phu thuoc cia moi diém dit lieu trong tap
mo. V6i U = {uy, uy, ..., u,,} 12 cac phan tir trén tap vii tru
U. Tuy thudc vao hinh dang cua ham thanh vién, cac loai
tap md co thé 1a
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Hinh 3. Cac dang ham thanh vién trong tdp mo

Riéng d6i voi ham thanh vién trong tdp md thi cha
yéu str dung boi hai hinh dang chinh d6 14 trimf (hinh tam
giac) va trapmf (hinh thang). Tdp mo A~ c6 dang hinh
thang xac dinh bdi bd bdn gia tri (a, b, c, d), ky hi€u

~ = (a,b, c,d) vadugce xac dinh nhu sau.

0, néux <a-c
x—a+c .
f’ neua—c<x<a
iy~ (x) = 1, néua<x<b )
b+d—x B
—a néeub<x<b+d

0, néub +d < x
Ham thanh vién cua sé mo hinh thang dugc minh hoa
béi md hinh bén dudi.
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Hinh 4. Ham thanh vién ciia s6 mo hinh thang
D6i v6i s6 mo tam giac co ham thanh vién dang hinh
tam giac dugc xac dinh boi b 3 gia tri (a, b, ¢), ky hiéu
A~ = (a, b, ¢) va dugc xac dinh nhu sau.
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Hinh 5. Ham thanh vién ciia s6 mo tam gidc
H¢ thong logic md duge thé hién thong qua mot md
hinh gom c6 ba giai doan, nhu sau.

RiL:'\IL:g Suy dlén “ye PAu ra gia
m Fuzzy X mey F Glzjll i 13 y(F)
hoa T mo

Tri thac

Hinh 6. Cau triic hé thdng Logic mo

Trong d6, giai doan Fuzzy hoa c6 nhiém chuyén déi
mot gia tri rd dau vao x(T) thanh mot vector X(T) gom
cac gia tri thé hién muc do phu thudc cua gia tri & dau
vao theo cac gia tri mo da dugc dinh nghia cho cac bién
ngdn ngir ddu vao va diéu kién cua cac luat. Bén voi giai
doan thir 2, suy dién mo. Giai doan nay thuc hién dya trén
su cung cAp cac tri thirc tirc 1a cac luat. Co so ludt chi don
gian la mot loat cac If ... Then.... lién quan dén cac bién
md dau vao vai cac bién mo dau ra bang cac bién ngén
ngir. ...Then dugc goi la cac tién diéu kién, gitra cac tién
diéu klen ¢6 thé két hop cac phép toan AND hoic OR
hodc ciing ¢ thé sir dung cac phép toan MAX — MIN
giita cac tién diéu kién. Két qua cta giai doan ndy s& sinh
ra cac gia tri trong tip mo F cac bién ngdn ngir dau ra.
Giai doan cudi cung, khau giai mo s& ¢6 nhiém vu chuyén
d6i tap mo F thanh mot gia tri 10 y(F) chip nhan cho dbi
tuong va két hop tat ca cac két ludn suy ra tir cc luat dé
c6 mot két luan cudi cung.

Tuy nhién, trong ba budc thyc hién ddi véi hé théng
logic md thi bude 2 1a quan trong nhit vi budc nay chinh
1a h¢ thong suy dién md “FIS — Fuzzy Inference System”.
FIS rat phu hop véi nhirng khé khin cia cac node Sensors
trong hé thong mang vi n6 don gian va co thé thyc hién
trén phan cimg bi han ché; nd ¢6 thé xir 1y dir liéu khong
dang tin cdy.

Ngoai ra, FIS con c6 mdt sb tinh ning khong kém
phin quan trong trong Wireless Sensor Network. Dau
tién, FIS trong logic m& c6 thé thiét ké mot hé théng dang
chay bﬁng cach st dung mot mo hinh tryc quan, mo ta
thong qua nhiing suy luan thong thuong ciia con nguoi vé
céc van dé. Thir hai, FIS linh hoat c6 thé xdy dung dua
trén kién thic chuyén mén, phdi hop véi cic phuong
phép kiém soat thong thuong, dong thoi nd dé dang thém
hodc thay ddi chire nang trong hé théng. Thir ba, FIS thuc

hién viéc tinh toan nhanh, d6 la mot diéu quan trong vi
kha ning xir Iy ctia node Sensor c6 gi6i han. Cubi cing,
FIS c¢6 thé thyc hién véi it bo nhé d6 1a mot tai san mong
mudn trong mang cam bién khong diy boi vi cac node
trong hé thong bi gidi han vé b nhé.

Logic md voi nhing tiém nidng mang lai d6i v6i mang
cam bién khong day nhu vy, cu thé su lién quan giita hai
thanh phan nay dugc minh hoa thong qua mdt mo hinh
bén dudi.

Cam bién . .
cam nhn Suydignmo | Pau——
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Hinh 7. Céu triic D - FLER

3.2. Thugt todn Fuzzy C- means (FCM)mé régng

Cho u = (u,,u,,...,u_) la phan hoach md C.

(ull uln\
| o

U = . .
cxn
Lucl uan

Thuat toan FCM m¢ rong dua trén thuét toan FCM la
mot thuat toan nham phan hoach mét tap n vector ddi
tugng dit lieu X = {x;,x,, ..., x,} € R% thanh ¢ nhém moS
v6i mot s tiéu chi nhat dinh tie 1a Uf-; 4;” = X dya trén
tinh toan tdi wu hoa ciia ham muc tiéu duge xac dinh boi
cong thirc (4) sau.

Jm(X;U,V) = min J,,(X; U, V)
Mfcn
, 2
= min(Xi_; Xk=1 W)™ Xk — villa~")(4)

Trong do, U = [u;] € RS*™ duoc goi 1a ma trin phan
hoach mo voiuy, 1a gia tri cia ham thanh vién.

V = [vy, V5, ., Ve, 7; € RS 1a mit vector cum trung
tdm duogc xac dinh bai cong thire (5) sau.

2
Dy’ = llxie —villa" =

d
Z(xk; —vy)| (5
j=1
Vi m € [1,0) duoc goi 1a tham s6 mo, thuong dugce
chonm=2.
Trong khong gian R*? tap tat ci cic ma tran phan
hoach m¢ U dugc cho béi cong thire (6) sau.
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(U € RC*d,Vi,k:uikE[O,l]
c

| Zuikzl

Mfcn = 4 i=1 (6)
c
(0 < Z ur=1<n
i=1

Nhu vay, dé t6i thiéu ham muc tiéu khi va chi khi cac
cong thuce (7) va (8) duge xac dinh bén dudi.

c N
dy \m1
=) (a 7
1sksn j=1 >/
> The=a (ir) ™ ki
Vavy;; ==25—"—= 8

Y She (i)™ ®)

Cu thé hon nira, thuat toan FCM mé rong dugc biéu
dién toan by qua mot so d6 khoi bao gom 10 budc nhu
sau.

Trong d6, budc 2 va budc 9 tuwong ung véi Input va
Output cua thudt toan. Cac budc con lai thyc hién tuan tu
nham phan hoach cac diém dit li€u thudc cac cum da xac
dinh trude.

Pé phan hoach duogc cac diém khi va chi khi budc 8
trong thuat toan thdoa man.

1| Bitdau

Nhap sé cume; m=2;¢ > 0. Céc
tap morcon X = {xy, X3, ..., X, }

}

Khai tao ma tran phan hoach moy NO
v ¢ M/:nrj =0

] <

w

= [ =i [—
£ YES
¥ }
<
S Xéc dinh vector trung tam v,
£ i=Tchdi . ;
< 5 . o Phan hoach céc
£ v = %; 1<i<c diém thugc céc
= =1 (g amy® =

l Ui Dvax, ey

R . 9

Xac dinh khoang céch

=S

dy* = llx = vil?
i {10 Két thiic J

Cap nhat ma tran phan hoach moy
ui = [u‘k](l) boi

1 -

2 1=

L Z (dm)ﬂ
=Y (e
=12

Hinh 8. Thudt toan FCM mc rong
Goi T 1a s6 1an lap thuc hién cua thuat toan FCM mé&
rong. Riéng d6i véi thuat toan nay do phuc tap cua néd
chinh 1a O(T).
3.3. Vi du minh hea thudt todan FCM

Dé dang hinh dung céc ) budc thuc hién thuat toan
FCM m rong ching ta c6 thé thuc hién mot vi du sau.

Cho tap vii tru X = {x;, x5, x3,x4} v6i x; = {5, 5},

x, ={6,8}, x5 ={8,10},x, ={9,12}. V6i m=2,¢e=
0.01.

Gia str khoi tao 2 cum (¢ = 2) v6i v, = {5,7},

v, = {8,11} va duoc biéu dién boi ma trdn phan
hoach sau.

U© =

1 1
0 0 1 1

St dung thuat toan FCM m¢ rong hay xac dinh phan
cum toi uu.

Gidi.

Theo cac budc t}luc hién cta thuat toin FCM mé rong
trén, ta thuc hién tuan tu nhu sau.

Véi lan lap dau tién.

Tinh toan lai nhirng cum trung tdm véi cong thirc (8)
sau.

v = Yie=1 (Wi )* Xy
Y Yie=1(Wi)?
Ta tinh dugc toa d trung tdm cia cac cum nhu sau.
vy = (11/2»13/2) va v, = (17/2'11)

Tiép tuc thuc hién budce 6 trong thuat toan nhu sau.

Khoang cach dbi Khosng cich dbi véi
véi cum 1 cum 2

di1 = m/Z dy = \/1_0/2

dy; =\/1_0/2 d22=m/2
dsy = 2V2 ds, =\/§/2

dy = m/z dyz = \/E/Z

Tiép tuc thuc hién cac budc 7 va 8 nhu sau.

_ Gia trj phu thudc|  Gid tri phy thudc doi véi
doi véi cum 1 cum 2
u;4 = 0.5 U, =1-05=0.5
Uy, = 0.86 U, =1-0.86 = 0.14
us; = 0.09 U, =1-10.09 =091
uy; = 0.03 U, =1-0.03 =097

Tu bang trén, ta c6 ma tran phan hoach & lan lap tha
nhat sau.

U =
0.5 0.86 0.09 0.03
05 0.14 0.91 0.97

Tiép tuc kiém tra thut toan ding hay chua tuong (g
véi bude 8 nhu sau.

maxf[uge ) — 1y U70] < e}
L

o mgxﬂuik(l) —uy | < €}
L
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o max{(O 5—1),(0.86 — 1),(0.09 — 0), (0.03
—0),(0.5-10),(0.14 —0),(0.91
—1),(097-1)}=05>¢=10.01

Piéu kién nay chua t}léa man nén tiép tuc thuc hién
cac budce twong tu ¢ cac lan tiép theo.

Sau khi qua 4 lan lap, tirc 1a j = 4. Két qua cudi cling
nhu sau.

U® =yt =
0.83 0.87 0.05 0.04
017 0.13 0.95 0.96

Nhu vay, véi tap dir liéu ban dau ching ta xac dinh
duoc nhu sau.
{xl &£x, € v,
X3&x, €E Uy
Ngoai ra, viéc phan cum ddi v6i thuat toan FCM mé
rong nay cling c6 thé minh hoa bdi doan ma nhu sau.
Dé thuc hién su phéan cum, déu tién chung ta phai tao
ra mét file dit liéu gom so diém va so cum.
Sau d6, dé xac dinh cum trung tdm véi cau 1€nh nhu
Sau

[center,U, obj_fcm] = fecm(fcmdata, cluster_n)

Vi centrer: Bién dung dé thé hién toa do cua 2 cum
trung tam.

U: Chira gia tri ham thanh vién déi voi mdi diém dir
liéu.

obj_fcm: Chua gia tri lich st cia ham muc ti€u ma
moi lan 1ap lai.

il= load fcmdata.dat

Hl= [center, U, obj_fen] = few(fewdata, 2):

Hl= maxl = max (U);

4- index1l = find(U(1, :] == maxl)

5= index2 = find(U(Z, :) == maxl)

6 - line (femdata(indexl, 1), femdata(indexl, 2), 'linestyle',

7 'none', 'marker', 'o','color','h');

a8 - line (fecmdata(indexZ, 1), femdata(index2, 2), ' linestyle' ...

9 'none', 'marker', 'x','color','r');

1o - hold on

11 = plot (center (1,1),center(l,2), ko', 'markersize', 89, 'LinsWidth',3)
12 = plot (center (2,1),center(2,2), 'kx', 'markersize', &9, 'LinsWidth', 3)

Hinh 9. Demo thudt toan FCM mo réng

Ket qua sau khi qua | 12 lan lap nhu sau.

rom — S.ossas9

Hinh 10. S6 lan thuc hién cia thudt toén FCM
Cubi cung, két qua phan tach cac diém thanh 2 cum
nhu sau.

1,
0.9 3
08 o

07 = Lo
0.6 R
05
04F
03
02+

01F

o L L L L L L L L L |
0 01 02 0.3 0.4 0.5 06 07 0.8 0.9 1

Hinh 11. Két qud thudt todn FCM
4. Khao sat va danh gia
Riéng ddi v6i bai bao nay, nham ting tudi tho ciia cac
node Sensors trong hé thong mang, nhom tac gia nghién
ciru kha nang ung dyng cua logic mo trong mang cam
blen khong day va thiét ké mot mo hinh mo phong cu thé
gdm bbn dau vao va mot dau ra. M6 hinh cu thé nhu sau.

demobaibas-2
kcCHdenBs (5)

kcnutdencH (5)

(mamdani}

Rules: 375

thoigiansong (5)

=sonutCH (3)

Hinh 12. Céu triic hé thong 4 — Input va I — Output

Riéng dbi véi chu trac hé théng & hinh trén, thuc chét
mdi dau vao chinh 1a mot bo diéu khién md. Hé diéu nay
nhu d3 giéi thiéu, dau vao cta né chinh 14 cac gia tri rd cu
thé duogc tac gia xdy dung nam trong [0 100]. Vi cac gia
trj r& dau vao sau khi di vao hé théng didu khién dudi cac
suy didn mo sir dung cac bién ngdn ngir, két qua dau ra
cling chinh 13 mét gia tri rd nam trong [0 100]. Nhu vay,
duéi sy hd trg ctia cong cu Matlab [11] chiing ta s& xac
dinh duge cac ham thanh vién cia ba dau vao va dugc két
qua nhu sau.

Ham thanh vién
kcCHdenBS

fnngtiny =2

Ham thanh vién
thoigiansong

Hinh 13. Két qui mé phong ham thanh vién ciia Input

Sau khi chung ta da dinh nghia dugc cac ham thanh
vién ciia dau vao, tiép tuc dén véi qué trinh sinh lugt. Cuy
thé chung ta da xac dinh dugc 125 luat, riéng tac gia chi
minh hoa 11 luit dugc dinh nghia nhu sau.
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and Then

and
KenutdencH is sonutcH is thoigiansong is

T | r 1
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Hinh 14. Cic ludt ciia hé thong

Luc nay, thoi gian sng cta cac node Sensors trong hé
thong mang thay ddi chinh 1a do sy thay ddi cac tham s6
dau vao cua Input ma chinh nhom tac gia thiét ké. Két qua
s& ¢o rat nhiéu truong hop md phong nham danh gia thoi
gian séng clia mang.

Dbi véi truong hop 1, thoi gian sdng ctia mang véi 30
cum nhu sau.

mucnangluong = 79.5  keCHdenBS = 6.2 kenutdenCH = 68.9 SONULCH = 30

thoigiansong = 1.61

1 | [ | [ | [ | [ Y
2 [ MR [ | [ | [ | [ |
3 N [ | | [ | [
[ ] [ | [ = [ | [ ]
s L[] [ ] [ ] [ | [ |
5 | | [ | [ | [ | [ |
L L[] [ i [ | = | [ |
s [ IR [ ] [ ] [ ] [ ]
s [ [ [ ] [ ] [ | [ |
10 | [ ] [ | [ | [ |
P[] [ | [ | [ | [ |
] 100 o 100 o 100 o 100 g

10

Hinh 15. Thoi gian song ciia mang véi 30 cum

Do v6i truong hop 2, voi hé thong chia thanh 50 cym
thi két qua nhu sau.

mucnangluong = 26.5  keCHdenBS = 546  kenutdenCH = 50.8 sonutCH = 50

thoigiansong = 8

L= | [ | [ | [ | [ 4
2| T [ | [ | [ | [ |
2 [ TN [ | 1A ] [ | [ |
| ] [ B [ B [ | [ |
s A ] [ | [ | [ | [ |
s B | [ | [ | [ | a
7[1h ] [ | [ | [ | [ |
e I [ | [ | [ | [ |
=l [ [ | [ | [ | [ |
104 | [ | [ | [ | [ |
[ 1h ] [ | [ i [ | [ |
o 100 o o ] 100 ] 100 g

o 10

Hinh 16. Thoi gian song ciia mang véi 50 cum
Qua rét nhidu phuong 4an thtr nghiém nhdm danh duoc
két luan cudi cing thi n6 phu thudc vao cac tham sé dau
vao cta hé théng logic mo. Riéng dbi v6i sy danh gia thoi
gian séng clia mang, cac tac gia danh gia mot trong bon
tham s dai dién cho dau vao 1a sonutCH nham danh gia
thoi gian séng ciia mang véi dir liéu thr nghiém nhu sau.

sonutCH thoigiansong
8 5
30 5
34.6 7.98
50 8
515 8

Hinh 17. Dit liéu thir nghiém khi thuc hién cdc kich ban

Két qua théng ké nhu sau

DANH GIA THOI GIAN SONG CUA MANG

60
I il
s 40
E
& 20 - = sonutCH
thoigiansong
0 .

5 5 798 8 8
thoigiansong(T/Nam)

Hinh 18. Danh gid thoi gian séng ciia mang phu thudc vio

sonutCH

Nhu vay, thoi gian song ciia cac node Sensors ¢ xu
hudng tang 1én khi s6 node chu tang 1én.

5. Két luan

Qua d¢ tai nay, cic tic gia di hé théng hoa va mo rong
cac thuat toan phan cum nham cho phép khao sat day du
ve thoi gian song cia WSN.

Pdng thoi, nhom nghién ciru cling da tap trung xay
dung cac kich ban khac nhau va tién hanh thtr nghiém véi
cac tham so dai dién dau vao dé danh gia thoi gian song
cia mot WSN cu thé va hiéu qua hon.

Riéng phin minh ching cho cai tién FCM dugc tién
hanh véi sy trg giup ciia Matlab.
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