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TOMTAT

Bai bdo nay dé xudt mot thudt toan phan cum dong PMME thich nghi cho truyén dif liéu trong mang WSN, dua trén giao thiic MAC uu tién PMME (Priority
MAC protocol for Multi-Event Wireless Sensor Network). Muc tiéu la giam thiéu xung dot va do tré géi tin, dong thdi hé trg dinh tuyén dit liéu va t6 chic cum
dong hiéu qua thdng qua viéc ing dung logic md. Thudt todn cho phép mé rdng quy md cum linh hoat, trong d6 cac niit trudng cum (CH - Cluster Head) dugc Iva
chon t6i uu va khodng céch giia cac nit trong cum dugc duy tri d€ dam béo truyén dif liéu & mic t6i da ma khdng lam suy gidm cac tham s6 mang. Logic mo
dugc ap dung nham tdi uu héa qua trinh chon CH, xac dinh kich thudc cum pht hgp va néng cao hiéu qué st dung nang lugng. Két qua md phang cho thdy gidi
phap PMME mang lai hiéu nang vugt trdi so véi cac thudt toan dinh tuyén hién c6, dac biét trong viéc can béng tiéu thu nang lugng va kéo dai tudi tho mang.

Tirkhéa: Khd nding thich ting véi mi truong dng, tinh nding md rong, WSN ting dung logic ma, dinh tuyén diliéu dua trén PMME.

ABSTRACT

This paper proposes an adaptive PMME dynamic clustering algorithm for data transmission in WSN networks, based on the PMME Priority MAC protocol
(Priority MAC protocol for Multi-Event Wireless Sensor Network). The goal is to minimize collisions and packet latency while supporting efficient data routing and
dynamic cluster organization through the application of fuzzy logic. The algorithm allows for flexible cluster scalability, where cluster heads (CHs) are optimally
selected and the distance between nodes in the cluster is maintained to ensure maximum data transmission without degrading network parameters. Fuzzy logic
is applied to optimize the CH selection process, determine appropriate cluster size, and improve energy efficiency. Simulation results show that the PMME method
delivers superior performance compared to existing routing algorithms, particularly in balancing energy consumption and extending network lifespan.

Keywords: Dynamic environment adaptation, Scalability, Fuzzy application WSN, PMME based data routing.
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1. GIGI THIEU

Cac thuat toan dinh tuyén d liéu hiéu qua can dam

thich nghi véi su bién déi ctia diéu kién mang va chua
dam bdo hiéu qua st dung nang lugng.

bao viéc truyén tai théng tin mét cach tin cay va kip thdi,
déng thai téi uu hoa viéc khai thac tai nguyén ctia mang
cam bién. Trong mang WSN, dinh tuyén di liéu két hgp
vGi logic ma& la mot bai todan phuc tap, dac biét khi ap
dung céac gidi phap phan cum déng [1, 2]. Nhiing thuat
toan dinh tuyén truyén théng thudng thiéu kha nang
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Hién nay, cac thuat toan dinh tuyén tiét kiém nang
lugng nhu CEDAR [3], FEEC [4], ERNSS-MCC [5], CL-HPWSR
[6], MOTCO [7] va céc bién thé chu yéu tap trung t6i uu
mot hodc hai tiéu chi, chdng han nhu nang lugng con lai
hoac khoang céach truyén. Tuy nhién, cac giai phap nay
van tén tai ba han ché chinh: (i) co ché phan cum tinh
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hoac kém linh hoat dan dén hién tugng tiéu thu nang
lugng tap trung tai mot s6 nat; (i) thi€u co ché phan loai
va uu tién dir liéu, lam gia tang do tré déi vai cac thong
tin quan trong va (i) chua dam bao can bang tai lau dai,
gdy tang ty lé nut chét cuc bé.

Trong nghién ctu nay, thuat toan PMME dugc dé xuat
nhu mét giai phap phan cum dong két hgp dinh tuyén da
chang, véi cac dong gép chinh gom: (1) co ché phan cum
thich nghi theo trang thai mang; (2) lua chon nut truéng
cum (CH) dua trén ham muc tiéu da tiéu chi (bao gém bac
nat, nang luogng con lai, khodng cach va muc uu tién di
liéu); (3) ca ché dinh tuyén da chdng t6i uu nang lugng
két hgp can bang tai; va (4) gidi phap lam mugt dé tré
nham dam bao chat lugng dich vu (QoS) 6n dinh. Két qua
thuc nghiém cho thdy PMME giup gidm dang ké sé luong
nut chét so véi cac thuat toan hién cé, déng thai van duy
tri thai gian thiét 1ap va xt ly dir liéu & muc thap (vi du:
khoang 1,5ms cho thiét lap va ~3ms cho xt ly).

Thuat toan PMME dugc dé xuat tap trung vao qua
trinh hinh thanh cac cum ciing va cum mém thong qua
viéc ap dung cai tién cla thuat toan K-means. Qua trinh
lua chon nut truéng cum (CH) dugc thuc hién dya trén
tinh toan hiéu qua nang lugng cua tiing nat, dong thoi
xét dén khoang cach tir nat nguén dén tram goc (BS).
Theo hudng tiép can phan cum déng, PMME tich hgp co
ché& dinh tuyén d{ liéu uu tién nham giam dé tré va nang
cao téc do truyén dir liéu [3]. Trong béi canh cac mang
WSN tuong lai phai dap Uing su gia tang manh vé s6 lugng
thiét bi, giai phap nay tré nén dac biét can thiét.

Nhing dong gop chinh cta thuat toan PMME d6i véi
bai toan dinh tuyén di liéu trong WSN bao gém:

- Cung cap co ché dinh tuyén hiéu qua, cho phép
truyén di liéu t6i da trong cac cum véi su phan b6 hgp ly
cla cac nat CH, tir d6 hé tro hinh thanh cac cum c6 kha
nang ma rong tot trong moi trudng dong.

- Ap dung quy trinh ba giai doan gém: tinh toan céc
tham s6 lién quan dén nang lugng, diéu chinh dé dam
bdo dinh tuyén hiéu qua va lua chon nudt CH trong ting
cum.

- Quan ly va diéu khién cac cum & muc d6 phu hop;
trong d6 mo hinh nang lugng gitp phan biét ré nut CH
vGi cac nut thudng, dam bao viéc hinh thanh cac cum téi
uu.

C4u truc cda bai bdo dugc t6 chiic nhu sau: Phan 2
trinh bay cac giai phap nghién cttu nham xay dung thuat
toan dinh tuyén dt liéu dua trén phan cum déng va giao
thirc uu tién. Phan 3 mo ta chi tiét thuat toan PMME dugc
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dé xuat. Phan 4 trinh bay thiét 1ap mé phong va phan tich,
so sanh PMME v@i cac thuat toan hién cé. Cudi cung, Phan
5 dua ra két luan ctia nghién ctu.
2. PHUONG PHAP NGHIEN CUU
2.1. Thuat toan phan cum dong dé dinh tuyén dir liéu
thich nghi

Hé théng suy luan dua trén logic ma FIS (FuZZy
Inference System) dé tao ra tap tuyén CH st dung cac
tham s6 hiéu qua dé do ludng. Mé hinh FIS c6 thé chonra
cac nat CH phu hgp nhat cho WSN.

Stuta

Mamdani Fuzzyv Decisine
Message = \ ‘

Input FIS Output

Hinh 1. M hinh m& héa di liéu

Mo hinh trén st dung hé thong suy luan ma FIS si
dung cac ham thanh vién cho hai bién dau vao va daura.
Vi moéi tham sé dau vao sé anh huéng dén nang lugng
tiéu thu va tudi tho ctia WSN. M6 hinh suy ludn m& FIS da
xac dinh dugc méi quan hé nay.

Thuat toan dé xuat PMME dam bao qua trinh hinh
thanh cum hiéu qua va tiét kiém nang lugng trong mang
cam bién khéng day c6 ting dung logic ma. Viéc so sanh
muc nang lugng clia cdc nut trudc va sau khi danh gia
ddng vai trd quan trong trong viéc quyét dinh cau tric
cum [8]. Theo d6, cac nut trong mang dugc phan thanh
hai loai chinh: nut thudng va nat trudng cum (CH), trong
d6 nudt CH c6 muc tiéu thu nang lugng cao hon do dam
nhan vai tro diéu phai va truyén tai dir liéu.

Hiéu ndng clia thuat todn PMME dugc danh gia thong
qua cac chi s6 nhu giai sai nang lugng, nang lugng con lai
va do tré dau - cudi. Thuat toan uu tién cac co ché diéu
khién nang lugng hiéu qua, dong thai hé trg kha nang ma
rong clia mang, gop phan nang cao hiéu suat tong thé
cho cac hé théng WSN (ing dung logic ma.

2.2. Giai phap phan cum théng minh tiét kiém nang
lugng cho hé théng WSN

Thuat toan dinh tuyén di liéu dua trén phan cum
dong PMME dugc dé xuat mang lai cac co ché gitip nang
cao kha ndng mé& réng ctia cum trong mang. G méi vong
I3p, hé théng tién hanh kiém tra su 13p lai cla cac nut
déng vai tro nuat chq, ti dé xac dinh va cap nhat tuyén
dudng truyén dit liéu phu hop [8]. Qua trinh nay déng
thdi bao gom viéc tinh toan cac tham sé lién quan dén
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nang lugng, két hop vai téi uu hda mang WSN théng qua
diéu chinh ham tiéu chudn va cap nhat céac luat suy luan
m&, nham dam bao kha nang dinh tuyén linh hoat, tiét
kiém nang lugng va lua chon nut truédng cum (CH) mét
cach t6i uu.

Bén canh d9, gidi phap md héa dugc ap dung dé danh
gia cac tham sé co ban clia cac nudt trong cum, gilip nang
cao dé chinh xac trong qua trinh ra quyét dinh [9]. VGi toa
do cda nut trudng cum CH 1a (Xc, Yen) va toa d0 cla tram
g6c BS 1a (xbs, Ys), khodng cach gilta cac nut c6 thé dugc
xac dinh theo cong thuc sau:

d(CH' BS) = \/(xch - xbs)z + (ych - ybs)z (M
Vidu: Tinh d(CH, BS) vdi cac gia tri sau:

Gia st: CH nam tai toa dé (X, y) = (60,50) mét, CH
nam tai toa do (Xus, ¥bs) = (30,25) mét.

Ap dung céng thuc tinh:

d(CH: BS) = \/(xch - xbs)z + (YCh - YDS)Z

Thay s6 ta cé:

d(CH,BS) = /(60 — 30)2 + (50 — 25)2

d(CH,BS) = ,/(30)2 + (25)2=1/900 + 625

= V1525 = 39,05(mét)

Hay xét vi tri cla mét ndt cum la N (Xm, ym). Khodng
cach gitra CH va nat thudng dugc biéu dién nhu sau:

d(CH'N) =\/(xch_xm)2 +(ych_ym)2 (2)

Bac clia cum dau, deg (CH), c6 thé dugc dinh nghia la
s6 lugng cac nut ma cum dau dugc két noi truc tiép. No
c6 thé dugc biéu dién nhu moét sé lugng cac nut trong
mot ban kinh nhat dinh tir cum dau:

deg(CH) = Y1_, I(d(CH,N; < 1)) 3)

Trong dé: r la ngudng khodng cach gilta nat téi CH, /
bang 1 néu diéu kién bén trong la ding va bang 0 néu
diéu kién bén trong la sai va N; biéu dién cho tiing nut
trong mang.

Hay xét véi cac nat di ddng M trong mot moi trudng
dong [8,9]. Mbi nut c6 nang lugng ban dau téi da va tim
ki€m két ndi mang dé truyén dit liéu c6 kich thuéc goi
m-bit. Thong thudng, mo hinh lién két vo tuyén doi xiing
[ref] tinh todn nang lugng can thiét dé truyén dir liéu
thanh cong gilta cac nut lan can nhu sau:

m * E¢ + p *€¢gpx d® (if d; < dy)

4
m* E. 4+ p *€pppx d*(ifd; = dy) @

ETx(ml dl) = {

Dé truy xuat thanh céng kich thuéc géi dir lieu m-bit
da truyén & dau thu, c6 muc nang lugng la:
Epx(m) = m* Egocy (5)
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Trong dé, d; biéu thi khodng cach tuc thai cia mot nat
cum trong méi lan lap. Cac bién khac nhu E,, € s, Va € mpr
biéu thi tuong tng cac tham sé tiéu thu nang lugng.

Gia tri ngudng cta khodng cach, dugc ky hiéu la dm,
dugc thiét lap trudc khi phan bé nang luong cho timng nut

€ ” . A A . TN
dey, = / fSP/Eme néu hai nutlan can dugc dinh vi & cung

moét khodng cach hoac I16n han thi di > d; ~ do. Nguoc lai,
néu khoang cach nho hon thi di < d; ~ db.

Nang lugng dugc phan b6 cho mét siéu nat luén 16n
hon nang lugng ctia mét nat binh thudng. Hé sé nang
lugng du @ chinh la phan nang lugng tang thém clia nut
CH so véi nut thuong:

Ecy = Eg x(1+0) xm=6,, (6)

Enorm = Eq * (1 — Bdth) *p 7)

Trong d6 E, biéu thi nang luogng ban dau dugc truyén
trudc khi truyén dit liéu. Hé sé nang luong du @ la gia tri
dugc thém vao do su xuat hién ctia né trong méi lan lap
lai. 0, = "~ biéu thi chuyén déng tuic thoi cdia siéu ndt
trong khoang cach dugc xac dinh truéc khu vuc M. Téng
phan phoi nang lugng trong thuat toan PMME la:

Erotat = Ecu + Enorm (8)

Theo cach nay, mé hinh diéu khién ning lugng thuc
su chi dinh va phan biét cac ndt cum Ecy va Enorm. Hon niia,
n6 dam bdo nhan dang chinh xac cac nat cum dé hinh
thanh cum.

Dam bao cac nat trong cum dap Ung céc sé liéu can
thiét nhu muc d6 cla siéu nat, nang lugng du kién trén
moi cum. Cac nat khéng dap tng mic nang lugng sé bi
loai khoi qua trinh hinh thanh cum cho dén khi dat dugc.
3. THUAT TOAN PMME TIET KIEM NANG LUGNG CHO
WSN
3.1. Ung dung logic m& dé dinh tuyén thich nghi
truyén dit liéu

Viéc 4p dung cac luat mo trong PMME dugc thuc hién
thong qua viéc tich hgp hé suy luan mé (Fuzzy Logic), cho
phép cac nut trong mang tu dong dua ra quyét dinh mét
cach thong minh, thich nghi véi diéu kién moi truong va
t6i uu hoa tiéu thu nang lugng dua trén dit liéu cam bién.
Cac tham s6 dau vao mang tinh bién ddng nhu muc nang
lugng con lai, khodng cach hay trang thai mang dugc lién
tuc cap nhat, tr d6é anh huéng truc tiép dén qua trinh lya
chon nut cum va dac biét la nut trudng cum (CH). Nho co
ché nay, thuat toan PMME nang cao d6 chinh xac trong
phan cum va cai thién hiéu qua hoat déng téng thé cda
mang.
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Truyeén dit liéu

Sau mdi lan cap nhat, thuat toan dugc
kiém chiing thong qua qua trinh thi nghiém
chat ché dé dam bao tinh én dinh va nang

cao hiéu qud hoat dong. Nho d6, PMME

Kha néng thich g méi trwdng — A 2 elr Coe s s
Tinhning | | Céc b 56 truyen| | Duémg truyen| | M3 ot S piss khong chi thich nghi tét véi diéu kién mang
mé rong dit ligu chanit dinh tuyen |17 P dhh gié dong ma con duy tri hiéu nang téi uu trong
""""""""""""""""""""""""""""""""""""""" fo (ningluong qua trinh van hanh.
Hinh thinh cym 3.2. M6 hinh luéng xtt Iy thuat toan PMME
: . dé xuat

Thiét 1ap giatri .. i . . ]
. 1y Trong phan nay, chung téi trinh bay dénh
Loy , R v A o - A < PN
4CHB :: oo d | f gia toan dién doéi véi thuat toan PMME dé
ACHN) —» L:ggicﬁf Tao logic md Phintich | xuat, tdp trung vao hiéu qua st dung nang
degCH M| : | sosith ) |yong va kha ndng ma réng cla cau trdc

Hinh 2. Sa d6 hoat dong dé dinh tuyén thich nghi truyén dit liéu

Kha ndng thich Ung cda thuat toan PMME dugc duy tri
thong qua co ché cap nhat lién tuc dya trén logic ma,
giup hé thong linh hoat truéc cac bién dong trong moi
trudng WSN. Cac luat ma cé thé duoc bd sung maéi hodc
diéu chinh nham phu hop véi trang thai mang tai tiing
thaoi diém.

Thuat toan 1: Update Fuzzy Rules
Input: Fuzzy_Rules, Objective_Function
Output: Updated_Fuzzy_Rules

(1) Initialize Updated_Fuzzy_Rules = [J;
(2) For each rule in current_Fuzzy_Rules

(3) Get Fuzzy_Rules_Output =
Fuzzy_Rules.evaluate(rule)) on

(4) Modified Objective_Value =
Function (Fuzzy_Rules Output)

(5) If Modified_Objective_Value> threshold
then
(6) rule = modify_Rule(rule)

Objective_

(7) Updated_Fuzzy_Rules.append(rule)
(8) End If
(9) End For

(10) For each new_Situation IN unaccounted
Situations

(11) New Rule = Fuzzy_Rules. generateRule (new
situation)

(12)Updated_Fuzzy_Rules.append(new rule)
(13) End For

(14) Return Updated_Fuzzy_Rules

(15)End
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cum. Thuat toan dugc tang cudng bdi co ché
hoc théng minh (mang no-ron tich hgp), cho phép thich
Ung linh hoat véi cac bién dong clia ham muc tiéu, tir do
nang cao do6 chinh xac trong viéc lya chon nut cum.

Nh& d6, PMME khéng chi ddm bao qua trinh lya chon
nut trudng cum (CH) mot cach hiéu qua ma con hé trg
hinh thanh cac cum c6 kha nang ma rong, dap Ung tét
cac diéu kién mang thay d6i va nang cao hiéu nang téng
thé ctia hé théng.

Thuat toan 2: Energy driven model

Input: Cluster Nodes

Output: Energy per cluster group // Nang lugng
st dung trén méi nhém cum

(1) Initialize E_Total, E_R,, E_T«

(2) Fori=1to N // mdi nut trong cum

(3) Compute distance d (CH, node) // Khodng cach
gita nut CH va nut thudng

(4) If d (CH, node) <threshold then

(5) E_Tx = energy model for a short distance //
nang lugng truyén cho khoang cach gan nhat

(6) Else

(7) E_Tx = energy model for long distance // nang
lugng truyén cho khoang cach xa nhat

(1) End If

(8) E_R« = energy required to receive data // nang
lugng can thiét dé thu di liéu

(9) E_Total =E_T,+E_Rx«

(10) End For

(11) Return E_Total

(12) End
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Pinh gii cic tham sé mang co ban

'

| Ung dung Logic m& I

Két qua mo6 phéng duoc
tinh todn dua trén gia tri
trung binh cia 10 lan chay
cho méi kich ban, nham dam
bao tinh khach quan va dé
tin cay. Két qua cho thdy mo
hinh t6i uu nang lugng su

Kich thuéc cum

dap ing dung

Cip nhit quy tic m&

dung thuat toan PMME gilp
cac nat cdm bién duy tri muc

Iuong t6i da

| nang luong én dinh, déng
| Hinh thanh cum moi thdi ndng cao hiéu qua hoat
doéng ctia mang WSN. Viéc
Tinh toan ciac tinh nang mé rong l , . o N
Ung dung logic m& goép phan
v Xic dinh nat phu hop v cdi thién dang ké hiéu suat

M6 hinh diéu

}

téng thé, dac biét trong viéc

Thiét 1dp cic tinh
nang moé rong dap

Loai bo

Tao dinh tuyén méi

Kkhién nang luong

t6i uu tiéu thu nang lugng va

nut cum ung cac chuan dr

liéu véu cau

R O~

Truyen dir liéu

kéo dai tudi tho mang.

Hinh 3. So d6 thuat toan PMME dé xudt

Dong thai, nghién ctu da lam ré qua trinh hinh thanh
cum va dac biét nhan manh hiéu qua cling nhu kha nang
ma& rong trong dinh tuyén di liéu ma thuat toan PMME
mang lai. Co ché lua chon cac nudt trong cum, dac biét la
nut trudng cum (CH), dugc thé hién rd rang; su khac biét
gilfa nut thudng va nut CH cé thé dugc minh hoa théng
qua cac ky hiéu hodc mau sac khac nhau.

Qua trinh lua chon CH d6ng vai tro then chét, béi day
la nit d@m nhiém chiic ndng thu thap, téng hgp va truyén
di liéu vé tram goc. Do do, viéc xac dinh CH dugc thuc
hién dya trén cdc tiéu chi lién quan dén nang lugng va
trang thai mang, gitp t6i uu héa tiéu thu nang lugng va
nang cao hiéu qua hoat déng téng thé ctia hé théng.

4, PHAN TiCH KET QUA THU'C NGHIEM VA MO PHONG
4.1. Cac thdng sé st dung trong qua trinh mé phéng

Trong m6 hinh mé phdng, dién tich mang dugc gia
dinh 13 300 x 300m?, v&i 200 nut cdm bién dugc phan bé
ngau nhién trong khong gian. Mdi nut dugc khéi tao vai
muc nang lugng ban dau la 2 Joule. Cac tham sé tiéu thu
nang lugng dugc thiét 1ap gém nang lugng dién tir E.=10
nJ/bit va hé s6 suy hao dudng truyén €, = 20pJ/bit/m>.
Kich thudc mdi g6i dit liéu la 100 bit, dugc truyén gilia cac
nut theo chu ky 50 micro gidy, véi toc do 200 gdi/giay va
pham vi truyén trong khoang tur 10 dén 20m.
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Bang 1. Bang tham s6 st dung dé m phong

Tham sé Gia tri
Dién tich md phdng 300 x 300m?
S0 ndt cdm bién st dung 200
NGt chim 1
Céc loai niit khdng dong nhat Nt thutng, nut CH
Nang lugng: nit thudng 1Joule
Ndng lugng: nit CH 2 Joules
Khodng cach truyén 15m
Kich thugc géi dit liéu 100 bits
Toc d6 truyén goi di liéu 200 gdi/gidy
E. 10n)/bit
€rsp 20p)/bit/m?.
Empf 0.0012p)/bit/m*.
56 1an mo phdng 10

4.2. Thiét 1ap cum téi uu véi kha nang mé réng trong
moi truéng dong

Hinh 4 minh hoa qua trinh hinh thanh cum theo thuat
toan PMME dé xuat, huéng téi muc tiéu téi uu hoa tiéu
thu nang lugng va nang cao kha nang dinh tuyén di liéu
c6 tinh m& rédng. Hinh 4 cling thé hién ré co ché lua chon
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cac nut thudng va nat trudng cum (CH) trong mang cam
bién khéng day (WSN), qua d6 phan anh céach té chuic
cum hiéu qua ma thuat toan PMME mang lai.
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Hinh 4. M6 hinh phan cum dugc thiét 1dp thong qua thuat toan PMME
dé xuat

Khd ndng md réng cua thuat toan PMME dugc thé
hién thong qua viéc dé dang tich hgp cac nit méi vao cac
cum hién cé, d6ng thai cho phép cau trdc cum thich nghi
linh hoat vdi su thay déi cGa diéu kién mang. Hinh 4 minh
hoa truc quan cdu trdc mang khi dp dung PMME, lam néi
bat qua trinh luya chon cac nut trong yéu va co ché hinh
thanh cum hiéu qua, cé kha nang mé réng.
4.3.Hé théng suy ludn m& stir dung cac ham tiéu chuan

Hinh 5 minh hoa truc quan hiéu qua cla cac gidi phap
phan cum théng qua su bién thién cia ham muc tiéu
tuong ung. Su khac biét vé gia tri ham muc tiéu gitra cac
thuat toan nhu CEDAR [3], ERNSS-MCC [4], FEEC [5], CL-
HPWSR [6] va MOTCO [7] phan anh ré muc d6 t6i uu va
hiéu suat cda ting gidi phap. Méi thuat toan dugc biéu
dién bang mot hodc nhiéu diém d(t liéu, thé hién két qua
dat dugc theo cac tiéu chi danh gia cta ham muc tiéu.

Két qua cho thay, thuat toan PMME dé xuat dat gia tri
ham tiéu chuan tét hon so vdi cac gidi phap trudc dé, qua
dé khéng dinh kha nang t8i uu héa hiéu nang phan cum
va nang cao hiéu qua hoat dong ctia mang WSN.

So sdanh cac phwong phap

MOTED

—— CEDAR
12 —=— FEEC

—i— CL-HPWSR

ERNSS- MICC

- PMME(Proposed)

Gidtriham myctiéu
o
n o
/

s B 2 3 a 5 6 7 8 9 10
Thivi gian truyén di lidu

Hinh 5. Miic ndng lugng clia timg ndt cum sau mot s6 lan lap
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Bang 2 trinh bay két qua danh gia thai gian phan héi
va thai gian x{ ly cta thuat toan PMME dé xuat. Két qua
cho thdy cac chi s6 nay dat muc thap hon so véi cac giai
phap so sanh, qua d6 khdng dinh hiéu qua clia thuat toan.
Cu thé, thai gian phan hoi khodng 1,5ms tuong tng vdi
qua trinh phat thong diép dé xuat nut trudng cum (CH)
va truyén goi tin ngan tir cadc nat dén tram géc (BS). Trong
khi d6, thai gian xt ly khodng 3ms phan anh thai gian can
thiét dé€ mot CH thuc hién cac tac vu ndi bo nhu thu thap,
téng hop va x{ ly dir liéu ti cac nat thanh vién.

Céc gia tri nay dugc lua chon hgp ly va phu hgp véi
muc tiéu téi uu hiéu nang cltia hé théng, dong thai gop
phan cai thién cac chi sé quan trong khac nhu gidam sé
lugng nut chét, tang nang lugng con lai va gidam d6 tré
dau - cudi cia mang.

Bang 2. Phan tich so sanh céc thudt toan dinh tuyén dit liéu khac nhau

Number | End-
of dead |to-end | Remaining | Response | Processing
Method . .
nodes | delay | energy (%) | time (ms) | time (ms)
(%) | (ms)
PMME 5 2 75 15 3
(dé xuat)
ERNSS- 12 4 60 25 5
MCC[4]
CL-HPWSR| 15 5 58 3 6
(6]
FEEC[S] 17 55 55 35 7
CEDAR[6]| 20 6 50 4 8
MoTCo[7]] 22 6,5 48 45 9

4.4. Panh gia su suy gidm nat (nGt chét) va do tré
truyén dau - cuéi

Qua trinh danh gia s6 lugng nut chét theo cac vong
l[ap dugc minh hoa trong hinh 6. Trong mang WSN, nut
chét la nhimng nat da can kiét nang luong va khéng con
kha ndng tham gia vao cac hoat déng nhu truyén va nhan
dirliéu. Do dé, s6 lugng nut chét Ia mét chi s6 quan trong
phan anh tudi tho va hiéu qua hoat dong ctia mang ciing
nhu cau tric cum.

D6 v6i thuat toan PMME dé xuat, viéc phan tich nat
chét déng vai tro then chét trong viéc danh gia hiéu
nang, dac biét khi thuat toan hudng t6i muc tiéu téi uu
nang lugng, nang cao kha nang ma réng va cai thién toc
do truyén dit liéu. Két qua cho thdy PMME gép phan kéo
dai tudi tho mang va duy tri hoat déng én dinh clia cac
cum trong mai trudng mang dong.
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Hinh 6. S6 lugng nit chét theo ting vong ldp ddi véi céc gidi phap khac
nhau

Thuat todn PMME dé xuat cho thay hiéu nang vugt troi
so véi cac gidi phap truéc d6 nhu CEDAR, ERNSS-MCC,
FEEC, CL-HPWSR va MOTCO trong viéc t6i uu hda tiéu thu
nang lugng va gidm sé lugng nut chét. Két qua nay khang
dinh tinh hiéu qud ctia PMME trong viéc thuc hién dinh
tuyén tiét kiém nang lugng dong thai dam bao kha nang
ma& réng trong mang WSN Uing dung logic mé.

Qua nghién ctiu cho thdy PMME dac biét phu hop cho
bai toan quan ly nang lugng clia cdc nut trong mang, gép
phan giam thiéu muc tiéu thu nang lugng téng thé. Pay
la yéu t6 quan trong trong thiét ké va trién khai cac hé
théng mang cam bién khong day, gidp duy tri qua trinh
truyén dit liéu 6n dinh va lién tuc trong thdi gian dai.

Bang 3. Phén tich so sanh dd tré gitia cac thuat toan khac véi PMME

Thuattoan Do tré TB(ms) | D tré giam so voi CEDAR(%)
CEDAR 250 0
ERNSS- MCC 230 8
FEEC 210 16
(L-HPWSR 190 24
MOTCO 170 32
PMME (dé xudt) 140 44

Két qua trong bang 3 cho thay thuat toan PMME dé
xudt giip gidm dang ké do tré so véi cac gidi phap hién
cb. Ca ché lam min d6 tré dugc ap dung dudi dang gia tri
trung binh c6 trong s6 theo thaoi gian, nha d6 han ché dao
déng ngan han va én dinh tin hiéu qua trinh truyén dir
liéu.

.
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Hinh 7. Bién thién nang lugng trung binh trén cac niit cum qua cac lan lap
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Phan tich trong hinh 7 tap trung vao dé tré dau - cudi,
thé hién ca gia tri do tré thuc té va do tré sau khi dugc lam
min khi ap dung thuat toan PMME. Két qua cho thdy
PMME khoéng chi cai thién muc do tré téng thé ma con
nang cao tinh én dinh clia hé théng, dap ung tét cac yéu
cau vé chat lugng dich vu trong mang WSN.

5. KET LUAN

Nghién ctu nay da khdng dinh hiéu qua vugt troi clia
thuat toan PMME dé xuat trong bai toan dinh tuyén di
liéu tiét kiém nang lugng dua trén ca ché phan cum déng
cho mang WSN uing dung logic m&. Thuat toan PMME tich
hap ca ché phan cum thich nghi, cho phép hé théng linh
hoat trudc cac diéu kién mang thay déi. Viéc khai thac va
danh gia cac tham s6 lién quan dén nang luong, két hap
diéu chinh ham muc tiéu va cap nhat cac luat ma, gop
phan nang cao d6 chinh xac trong qua trinh lya chon nut
truéng cum (CH).

M6 hinh dé xuat cai thién hiéu suat mang thong qua
viéc phan b nang luong hgp ly gilia cac nut dya trén vai
trd chic nang, dong thoi dam bao méi nat hoat déng
trong ngudng nang lugng phu hgp. K&t qua moé phong
cho thay thuat toan PMME dat hiéu qua st dung nang
lugng cao han so véi cac gidi phap hién c6 nhu CEDAR,
ERNSS-MCC, FEEC, CL-HPWSR va MOTCO. Cu thé, sé
lugng nut chét giam dang k&, qua do6 kéo dai tudi tho
mang va nang cao kha nang truyén di liéu clia cac nuat
trong cum.

Nhiing cai tién nay cho thdy PMME la mét giai phap
tiém nang cho cac iing dung yéu cau thai gian thuc trong
mang WSN. Trong tuong lai, nghién ctu sé tiép tuc dugc
ma& rong theo hudng tich hgp cac thuat toan t6i uu hoa
tién tién nham nang cao hon nita kha nang ma rong, tinh
thich nghi va hiéu qua nang lugng ctia hé théng.
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