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Trong bai nay dé xuét thuat toan phan cum déng PMACME thich nghi dé truyén di liéu
dwa trén giao thirc MAC (Media Access Control) wu tién PMME (Priority MAC protocol for
MultiEvent Wireless Sensor Network) dé gidm nguy co xung dét va do tré clia cac gai tin,
dinh tuyén d@ liéu va hinh thanh cum dong trong mang WSN (Wireless Sensor Network)
ng dung Logic m& két hop loTs (Internet of Things). Thuéat toan phan cum déng
PMACME c6 kha nang mé rong cum. Xac dinh cac trwéng cum CH (Cluster Head) dwoc
chon va khoang cach cac nut trong cum dwoc duy tri truyén dir liéu tbi da ma khéng anh
hwéng dén tham sb mang. sw két hop gitra Logic m& véi loTs ti wu hoa lwa chon truéng
cum CH, xac dinh kich thwédc cum va cai thién hiéu suat ndng lvong. Két qué md phéng
chirng minh dwoc PMACME dat hiéu qua vwot trdi trong viéc can bang muirc tiéu thu nang
lwong va nang cao tudi tho clia mang so véi cac thuat toan dinh tuyén hién nay.

Kha nang thich rng v&i méi trwdng dong, tinh nang mé réng WSN, &rng dung Logic mo
két hop loTs, dinh tuyén di liéu dong PMACME.

In this paper, we propose an adaptive dynamic clustering algorithm PMACME for data
transmission based on the priority MAC (Media Access Control) protocol PMME (Priority
MAC protocol for MultiEvent Wireless Sensor Network) to reduce the risk of collision and
delay of packets, route data and form dynamic clusters in WSN (Wireless Sensor Network)
using Fuzzy Logic combined with loTs (Internet of Things). The dynamic clustering
algorithm PMACME has the ability to expand the cluster. Determine the selected cluster
heads (CH) and the distance between nodes in the cluster is maintained to transmit
maximum data without affecting the network parameters. The combination of Fuzzy Logic
with 10Ts optimizes the selection of cluster heads (CH), determines the cluster size and
improves energy efficiency. Simulation results demonstrate that PMACME is superior in
balancing energy consumption and improving network lifetime compared to current routing
algorithms.

Dynamic Environment Adaptability, WSN Scalability, loTs Hybrid Fuzzy Logic Applications,
PMACME Dynamic Data Routing.

1. DAT VAN BE van dé phuic tap. Vi ung dung phuong phap
Cac thuat toan dinh tuyén dir li¢u hi¢u qua  phan cum dong [1, 2]. Cac thuat toan dinh
phdi dam bao phan phdi dir liéu déng tin cidy  tuyén truyén théng khong thich ung véi cac
va kip thoi, dong thoi toi uu hoa viée sir dung  diéu kién mang thay ddi va dam bao dwoc
mang cam bién. Dinh tuyén dir li€u trong  hi€u qua st dung nang lugng.

WSN tmng dung Logic md két hop IoTs 1a mét ~ Cac thuat toan dinh tuyén tiét kiém ning
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lugng hién nay (vi du: CEDAR [3], FEEC [4],
ERNSS-MCC [5], CL-HPWSR[6], MOTCO
[7] va cac bién thé) thuong t6i wu hoa mot
hodc hai chi tiéu nhu nang lugng con lai hoac
khoang cach truyén, tuy nhién céc thudt toan
trén con ton tai ba han ché chinh: (i) phan cum
tinh hodc kém thich ung dan t6i tap trung tiéu
thu ning luong & mot sé nut, (ii) thiéu co ché
phan loai vu tién dir liéu khién thong tin quan
trong gip tré, va (iii) thiéu cin bang tai lau dai
lam tang ty 1& nat chét cuc bd. Trong nghién
ctru ndy, ching t6i dé xudt PMACME mét
phuong phéap phan cum dong va dinh tuyén da
hop voi cac dong gop chinh: (1) co ché phan
cum thich ung theo trang thai mang; (2) lya
chon cluster heads (CH) bang ham muc tiéu
da tiéu chi (d9 bac, ndng lugng, khodng céch,
mirc wu tién dir liéu); (3) dinh tuyén da hop t6i
vu nang luong tich hop can bang tai; va (4) co
ché 1am min d6 tré cho QoS on dinh. Thur
nghiém so sanh cho thdy PMACME giam
dang ké s6 nut chét so véi cac thuat toan
dang str dung trén dong thoi duy tri thoi gian
thiét 1ap va xu 1y dir liéu & muc thap (vi du:
1.5 ms dé xuat, thoi gian xir Iy ~3 ms).

Thuét toan (PMACME) dé xuat nay lién quan
dén viéc hinh thanh cum cimg va cym mém
dugc tao ra bang cach s dung thuat toan
K-mean d3 stra ddi. Cach chon CH sau d6 tinh
toan su dung nang luong hiéu qua lién quan
dén tung nat, tinh toan khoang cach gitta nat
ngudn dén BS. Theo hudng phan cum dong
PMACME st dung dinh tuyén dit liéu uu tién
1a rat can thiét dé giam cac van dé vé do tré va
nang cao toc do truyén dir lidu [3]. Cac mang
WSN trong tuwong lai dy kién s& dép tmg duoc
su gia ting so lugng thiét bi. Péng gop chinh
cua thuat toan PMACME cho linh vuc dinh
tuyén dir liéu WSN 1a:

= Pinh tuyén dir liéu hiéu qua voi kha ning
truyén dit liéu tdi da trong cdc cum phan bd

nat CH. Do dd, cac cum c6 kha ndng mo rong
s¢ dugc hinh thanh hi€u qua véi moéi truong
dong.

= N6 bao gdm mot quy trinh ba giai doan
gdém tinh toan tham sb lién quan dén ning
luong, didu chinh dam bao dinh tuyén hiéu
qua va lga chon nit CH trong cum.

= (Céc cum dugc quan ly va diéu khién & mot
s cap do6 nhat dinh. M6 hinh ning luong
dugc tinh toan nit CH dugc phan biét véi cac
nut binh thuong va dam bao cac cum thich
hop dugc hinh thanh.

Phén con lai ctia nghién ctru nay duoc to chirc
nhu sau: Phan 2 di dua ra cac phuong phap
nghién ctru dé xay dung thuat toan dinh tuyén
dir liéu phan cum dong dé truyén dir liéu dua
trén giao thic uu tién. Phan 3 trinh bay mé ta
chi tiét vé thuat toan PMACME dé xuat. Phan
4 trinh bay thiét 1ap mo phong dé phan tich
PMACME so sanh véi cac thuat toan hién co.
Cubi cung, phan 5 két luan bai bao.

2. PHPONG PHAP NGHIEN CUU

2.1. Thuat toan dinh tuyén dir liéu dwa trén
phan cum dong

Trong phan nay, ching toi mo ta thuat toan
dinh myén ditr liéu dya trén phan cum dong
(PMACME) duoc dé xuat, nham muc dich
duy tri kha ning truyén dir lidu toi da ngay ca
trong diéu kién moi truong thay do6i. Sau khi
xac dinh cac nat phu hgp, qua trinh lga chon
cac nat CH duoc chon. Hon nita, nd co thé
tmg dung h¢ s6 sir dung nang luong trong qua
trinh truyén dir liéu tiép theo ciing nhu chi
dinh kha ning cép dir liéu bo sung cho cac nut
trong cum. Thuit toan PMACME dam bao
hinh thanh cym va tiét kiém ning luong trong
cic mang cam bién khong diy tng dung
Logic md két hop IoTs. So sanh mirc ning
luong cuia nuat trudce va sau khi danh gia s€ xac
dinh qué trinh hinh thanh cum [8]. Theo thuat
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toan PMACME duoc dé xudt cdc nit cum
dugc phan loai thanh hai loai: nat binh thuong
va nit CH. Nat CH phan bd st dung ning
luong Iuon 16n hon so véi nit binh thuong.
Hiéu suit cta thuat toan PMACME dugc
danh gia dua trén cac sé liéu nhu phuong sai
nang luong, ning lugng con lai va do tré tr
dau dén cubi. N6 uvu tién cac mo hinh diéu
khién nang luong va céc tinh ning mod rong
trong mang WSN tmng dung Logic md két hop
IoTs.

2.2. Thuat toan phan cum déng tiét kiém
nang lwong WSN

Thuat toan dinh tuyén dir liéu dua trén phan
cum dong PMACME dugc dé xuit cung cép
cac tinh nang gitp tang cuong kha ning méd
rong cla cac cum. Voi mdi lan lap, hé thong
s& kiém tra sy xuat hién lp lai cua cac nut
hoat dong nhu nut chud, do dé xac dinh duong
dan dinh tuyén géi dir liéu [8]. Tinh toan ning
luong cac tham sb lién quan, t6i wu hoa mang
WSN cling véi cac diéu chinh ham muc tiéu
va cap nhat cac quy tic mo, dam bao dinh
tuyén c6 thé mé rong, muc tiéu thu ning
luong hi¢u qua ctua cac nat cum va lga chon
CH t6i uu. Ngoai ra cac phuong phap mo hoa
dugc sir dung dé dénh gia cac tham sé co ban
cua céac nuat trong cum [9]. Véi vi tri ctia nlt
trudng cum la CH (x.p, yen) va vi tri cia tram
gbc 1a BS (xps, vbs), khoang cach giita cac nat
c6 thé dugce biéu dién nhu sau:

d(CH: BS) = \/(xch - xbs)z + (ych - ybs)2 (1)
Vi du: Tinh d(CH, BS) véi cac gia tri sau:

Gia st: CH nam tai toa d0 (xe, yen)=(50.,45)
mét, CH nam tai toa do (X, Vi) =(34,12) mét.

Ap dung cong thirc tinh
d(CH, BS) =/ (xcn = Xp5)* + (Ve = Ybs)?

Thay s6 ta co:

d(CH,BS) = /(50 — 34)2 + (45 — 12)2

d(CH,BS) = /(16)2 + (33)2=V256 + 1089
= V1345 ~ 36,67 (met)

Hay xét vi tri cia mdt nut cym 1a N (Xp, Ym)-
Khoang cach gitta CH va nut thuong duoc
biéu dién nhu sau:

d(CH' N) = \/(xch - xm)z + (ych - Ym)z (2)

Biac cua cum dau, deg (CH), co thé duoc dinh
nghia 1a s luong cic nat ma cum dau duoc

két ndi truc tiép. N6 c6 thé duoc biéu dién
nhu mot sb lugng céc nut trong mot ban kinh
nhét dinh tir cum dau:

deg(CH) = X, I[A(CH, N, <7)) ()

Trong do: r 1a ngudng khoang cach gilra nit
t6i CH, I bang 1 néu diéu kién bén trong 1a
dung va bang 0 néu diéu kién bén trong 1a sai
va N; biéu dién cho ting niit trong mang.

Hay xét voi cac nut di dong M trong mot moi
truong dong. Mdi nit ¢ ning luong ban dau
t6i da va tim kiém két néi mang dé truyén dir
liéu c6 kich thudc goi m-bit. Thong thuong,
mo hinh lién két vo tuyén ddi xtmg [ref] tinh
toan nang luong can thiét dé truyén dir liéu
thanh cong gitra cac nat 1an can nhu sau:

ETx(p' di) =
{P * Ec + p xE€pgyx d? (if d; < do)

4
p E, + p *Eppp+ d*(if di = do) )

Pé truy xuit thanh cong kich thudc goi dir
liéu p-bit da truyén ¢ dau thu, c6 mic ning
luong 1a:

ERx(p) =D * Egect )
Trong do, d; biéu thi khoang cach tic thoi cua
mot nit cum trong mdi 1an lap. Cac bién khac
nhu E,, € fsp va € mpfbiéu thi trong Gmg cac
tham sd tiéu thu nang luong.

Gia tri ngudng cia khoang cach, dugc ky hi¢u
1a dy, duoc thiét 13p trude khi phan bd ning
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€ _—
luong cho timg nut dg, = | 7 Ple ; DEU hai

nut 1an can dugc dinh vi ¢ cung mot khoang
cach hodc 16n hon thi dy, > d; ~ dy. Nguoc lai,
néu khoang cach nhé hon thi dy, < d; ~ d.

Ning luong duoc phan b cho mot siéu nut
luon 16n hon nang luong ciia mdt nut binh
thuong. Hé s6 nang lugng du @ chinh 1a phan
nang luong tang thém cua nut CH so voi nit
thuong:

Ecu = Eg *(1+0) xp=*08q,, (6)
Enorm = Eo *(1— Hdth) *p (7)

Trong d6 E, biéu thi ning luong ban dau dugc
truyén trudc khi truyén dir liéu. Hé s6 ning
lugng du @ la gia tri dugc thém vao do su
xuit hién cua nd trong mdi lan lap lai.
04,, = %2 biéu thi chuyén dong tirc thoi cua
siéu nut trong khoidng cich dugc xac dinh
trudc khu vuc M. Tong phan phdi ning lugng
trong thuat toan PMACME la:

Erotar = Ecu + Enorm (8)
Theo cach nay, mo hinh diéu khién ning
luong thuc su chi dinh va phan biét cac nut
cum Ecy va E,ym. Hon nita, ndé dam bao nhan
dang chinh x4c cdc nut cum dé hinh thanh
cum.

Pam bao cac nit trong cum dap mg cac sd
liéu can thiét nhu muc dd cua siéu nut, nang
luong du kién trén mdi cum [8, 9]. Cac nat
khong ddp ung muc ndng lugng s& bi loai
khoi qua trinh hinh thanh cum cho dén khi dat
duoc.

3. THUAT TOAN DE XUAT PMACME TIET
KIEM NANG LWUONG CHO WSN

3.1. 'ng dung Logic m& két hop 10T dé
dinh tuyén truyén div liéu

Str dung quy tic mo két hop IoTs 1a qué trinh
thyc hién nhung hé théng suy luan mo (Fuzzy

Logic) vao nén tang IoTs dé giup cac thiét bi
tu dong ra quyét dinh thong minh, thich nghi
va t6i wu ning luong dya trén dit liéu cam
bién. Cac tham s6 ludn thay ddi nay anh
huong dén viéc lua chon cac nat cum va cac
nut CH.

\ Truyén dir liéu l

¥

Kha ning thich img méi treéng déng
Tinh ning Cic hé so truyén dik
mé réng liéu ciia nut cym

i, Méhinh | | | Séhidu
dinh gid

Dwomg truyén

dinh tuyén |
i |ming hromg

Hinh thanh cym

Ecn : I.l:gi;mﬂ

A(CHBS op o
d(CHn) —s 10Ts Phin tich so
deg(CH) —| 4—'— sdanh

Hinh 1. So’ dd hoat ddng cta dinh tuyén dir liéu
phan cum déng

Thuadt toadn 1l: Update Fuzzy Rules
Input: Fuzzy Rules,

Objective Function

Output: Updated Fuzzy Rules

(1) Initialize Updated Fuzzy Rules
= [1;

(2) For each rule in

current Fuzzy Rules

(3) Get Fuzzy Rules Output =

Fuzzy Rules.evaluate(rule)) on

(4) Modified Objective Value =
Objective Function
Output)

(5) If Modified Objective Value>
threshold

then

(6) rule = modify Rule(rule)

(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)

(Fuzzy Rules

(13) End For
(14) Return Updated Fuzzy Rules
(15) End

Kha nang thich tng cua thuat toan PMACME
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duoc duy tri thong qua cac ban cap nhat dua
trén Logic mo lién tuc, dam bao hé théng phu
hop véi bdi canh WSN tmg dung Logic mo
két hop IoTs dong. Cac quy tic nay, doi khi la
méi hodc di stra ddi. Sau khi cap nhat quy tic,
qua trinh thtr nghiém nghiém ngit dam bao
tinh 6n dinh va nang cao hiéu qua hé thong.

3.2. Lwu do6 thuat toan PMACME dé xuét

I Dinh gid cic than 5 mang cr |

[ KéthopLogicmovatoT |

Kich thwie cum
dap img dung
lwgrmg toi da

Tinh toin cic tinh ning
mé réng

E Aac dinh
1| mit phii hop

Mo hinh dieu
khien ning
legmg

Thiét lip cic tinh

i | Truyén dirlidu

Cho phép truyen tai toi da cia i
cic nit cum i

! [Toaibo e o e
| miit cym el 4 dip
| : wng cic c]:un‘n di
litu véu can

Hinh 2. Lwu d6 thuat toan PMACME dwoc dé xuét

Trong phan nay, chiing t6i trinh bay danh gia
toan dién vé thuat toan PMACME d3 dé xuit,
di vao phan tich chu yéu vé viéc tiét kiém va
st dung nang luong hi¢u qua, céc tinh nang
dé mo rong cum dugc tao boi s két hop gitra
Logic mo két hop IoTs dugc lua chon vi kha
nang thich tng voi cac thay doi dong trong
thuat toan.

Dong thoi chiing t6i da chimg minh duoc qua
trinh hinh thanh cum va kha nang mé rong
trong dinh tuyén dir liéu do thuat toan
PMACME dé xuét tao ra. Cach lua chon cac
nat cum. Phan nay c6 thé cho thiy su khac
biét gitra cac nit thong thuong va dau cym co
thé duoc thuc hién. Qua trinh lya chon rat
quan trong vi dau cum thuong quan 1y viéc
téng hop va truyén dir lidu, din dén viéc sir
dung nang lugng hi¢u qua.

Thudt toan 2: Energy driven model
Input: Cluster Nodes

Output: Energy per cluster group
// N&ng luong st dung trén mdi
nhém cum

(1) Initialize E Total, E R,, E T,
(2) For i = 1 to N // mdi nut
trong cum

(3) Compute distance d (CH, node)
// Khoang cach giftta nut CH va nut
thuodng
(4) If d
then

(5) E T, = energy model for a short
distance // ndng luong truyén cho
khoang céch gan nhit

(6) Else

(7) E_T, = energy model for long
distance // n&ng luong truyén cho
khoang cé&ch xa nhit

(1) End If

(8) E R, = energy required to
receive data // ndng luong can
thiét dé& thu do liéu

(9) E Total = E T,+E R,

(10) End For

(11) Return E Total

(12) End

(CH, node) <threshold

4. PHAN TIiCH KET QUA THYC NGHIEM
VA MO PHONG
4.1. Tham s6 str dung dé mé phéng

Chung t61 gid dinh dién tich mang 1a 300 x
300 m®. Trong khong gian nay, 200 nit cum
dugc phan bd ngau nhién. Mdi nut trong cum
duoc chi dinh nang lugng ban dau 1a 2 joule.
Chung t61 da dat cac gid tri ti€u thu nang
luong (E¢) 1a 10 (nJ/bit) va mat duong truyén
( €sp) va 20 (pl/bit/m?). Céc goi dit liéu moi
201 co kich thugc 100 bit, luu thong gifra cac
nut cum theo khoang thoi gian 50 micro gidy.
Cac goi nay duoc truyén voi toc do 200
goi/gidy, voi pham vi truyén thay doi tir 10
dén 20 m. Két qua cua chung t6i duogc 1ay tir
murc trung binh ctia 10 14n chay trén mdi lan
lap mo phong. M6 hinh tiét kiém ning lugng
tmg dung thuat toan PMACME cho thdy cac
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nat cam bién trong mang WSN ludn duy tri
mirc ning luong 6n dinh khi st dung Logic
mo két hop I0Ts cho két qua t6t nhat.

Bang 1. Bang tham sé sir dung dé mé phéng

Tham s Gia tri
Dién tich mo6 phong 300 x 300 m2.
S6 nut cam bién sir dung | 200
Nut chim 1
Céf: loai nit khong dong |Nat thudng, nut
nhat CH
Nang luong: nut thuong | 1 Joule
Nang luong: nat CH 2 Joules
Khoéng cach truyén I5m
Kich thudc goi dir ligu 100 bits
Téc d6 truyén goi dir liéu |200 goi/gidy
E. 10 nJ/bit
€fsp 20 pl/bit/m?.
Empf 0.0012 pJ/bit/m*.
S6 1an mo phong 10

4.2. Hinh thanh cum c6 thé mé rong

Hinh 3 minh hoa sy hinh thanh cum do thuat
toan PMACME dé xuét tao ra dé tiét kiém
nang lugng véi viée ting cudng dinh tuyén dir
liéu c6 thé mo rong. Lua chon cac nat thuong
trong cum va nut truong cum trong mang cam
biénWSN.

Kha ning mo rong c6 thé duge ching minh
bang cach dé& dang tich hop cac niit cum mai
vao nhom cum hién c¢6 va theo do, cac cum co
thé thich Gmg véi cac diéu kién mang thay doi.
Hinh 3 cung cdp hinh anh tryc quan mang
theo thuit toan PMACME, nhin manh vao
viéc lwa chon cac nit then chdt va hinh thanh
cac cum hiéu qua, cé thé mo rong. Diéu nay
s& cung cap sy hiéu biét tryc quan vé su hinh

thanh cum do thuit toan PMACME dé xuit
tao ra va cac loi ich cta no.

100 o o =] :
o ol o @ © Cluster Nodes
o o o i - *  Cluster Heads
90 o i —mmim Clusler Boundaries (O
® ! ; i [*]
e I
@0 [ 7 i =]
80} o 4 o S e | oo
@ Lo 8 o ©
i o] & (= J
0L T o o) do%’ o
Bs 00 v 7 0 9
o 2 AP0 o ;
60 |- I:b o e - 66~ y--. 0
| o o Tl
o %96 o 7 o i
£ °y o ° o 1 oco0o0
g 50 L (_,- '\_\ o i“o
g © ¢ o fo! i o
=] * b‘) s o0 i o
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> o Jgecs g 6 0, e &L 1% _ %o
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_f'f i @ O s ° “-\lo o !
VA, S T [o &
20 |7 i ; X ., og
& ./ e%0 ; P h %% @ o
—_—— el o/ Lo [aa)
0EOTIRTg o %® %\ o o
o0 %o k he
] 4 O. I u'I L &II I i
0 20 40 B0 B0 100

X-coordinate

Hinh 3. Hinh thanh cum do thuat toan PMACME
dé xuat tao ra

4.3. Cac quy tac m& héa véi ham muc tiéu

So sanh cac phuong phap

—+—MOTCO
4 CEDAR

12 —=— FEEC
—i— CL-HPWSR

~—t— ERNSS-MCC

PMACME|Proposed)

Gia trj ham muyc tiéu

N - )

Theri gian truyén dif ligu

Hinh 4. Mirc ning lu’g’flg‘cﬁa tirng nit cum
sau mot so lan lap
Hinh 4 truc quan hoéa hi€u qua cua céc
phuong phap phan cum khéc nhau bang cach
biéu dién cdc bién thé ham muc tiéu cua
chung. Sy thay doi trong ham muc tiéu giira
cac phuong phép khac nhau nhu CEDAR [3],
ERNSS-MCC [4], FEEC [5], CL-HPWSR [6]
va MOTCO [7] c6 thé cung cip thong tin chi
tiét vé hiéu qua va hiéu suét cua timg phuong
phap phan cum. mdi phuong phap cum sé& co
mét diém dir liéu tuong Ung hoac mot loat
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cac diém dir liéu phan anh hiéu sudt cua nd
lién quan dén ham muc tiéu. Thuét toan
PMACME dugc d& xuit cho ta két qua tot
hon so véi cac thuat toan trude do.

Bang 2 minh hoa rd rang két qua danh gia thoi
gian phan hdi va thoi gian xir 1y ciia thuat toan
PMACME dugc dé xuat. Da xéc nhan nhu da
trinh bay ¢ trén rang cc gia tri 1a thip nhat
theo cac phuong phép so sanh va tiép tuc 1a
mot quy dao ting trudng. Thoi gian phan hoi
va thoi gian xu ly cua thuat toan PMACME
dugc dé xuét, thoi gian 1,5 ms 1a dé phat
thong diép dé xuat CH, va 1a thoi gian truyén
mot goi ngan tr cac nGt téi BS. Con
3 ms thoi gian ndi b ma mot CH can dé xur
1y, tap hop, tong hop mot goi dir lidu tir cac
nat. N6 duge chon vé mat logic va tuan theo
xu hudng cai thién cac sd liéu khac nhu sd
luong nut chét, nang lugng con lai va do tré
dau cubi.
Bang 2. Phan tich so sanh cac thuat toan
dinh tuyén di¥ liéu khac nhau

Method | Number | End- | Remaining | Response | Processing
of dead | to-end | energy |time (ms) | time (ms)
nodes | delay (%)

(%) (ms)

PMAC | 5 2 75 1.5 3

ME (dé

xuét)

ERNSS | 12 4 60 2.5 5

-MCC

(4]

CL- 15 5 58 3 6

HPWS

R 6]

FEEC 17 5.5 55 35 7

(5]

CEDA | 20 6 50 4 8

R[3]

MOTC | 22 6.5 48 4.5 9

0[7]

4.4. Phan tich nat chét va do tré dau cudi

Qué trinh kiém tra cac nat chét qua nhiéu lan
lap lai dugc mo ta trong Hinh 5. Do d6 mot
nat chét trong WSN 1a mot nat da hét ning
luong va khong thé tham gia vao cac hoat

dong mang, bao gém truyén va nhan dir liéu.
trinh cum c6 tudi tho tdi wu va t6t nhat. Véi
thuat toan PMACME dugc dé xuit va tap
trung vao hi€u qua nang lugng, kha ning md
rong va truyén dir liéu nhanh, viéc phan tich
nat chét c6 tim quan trong séng con déi véi
hé théng.

&4 hrong nut chét

D 20 40 60 B0 100 10 140 WO 180 200
s&1dn 3p
Hinh 5. Sé lwong nat chét qua cac lan 1ap lai
cho cac phwong phap khac nhau
Thuét toan PMACME duoc dé xuét vuot troi
hon cac thuat toan trudc d6 nhu CEDAR,
ERNSS-MCC, FEEC, CL-HPWSR va MOTCO
trong vi¢c bdo toan nang lugng cua cac nut va
giam s luong nut chét, didu nay chimg minh
tinh hi€u qua cta no trong viéc dat dugc dinh
tuyén tiét kiém nang luong va c6 thé md rong
trong WSN tmg dung Logic mo két hop IoTs.
Qua phan tich cho thay thuat tooan PMACME
rat gioi trong viéc quan 1y ning lwong cia niit
va c6 kha nang tiét kiém ning luong tiéu thy
ctia mang WSN khi két hop giira Logic md
v6i ToTs. Van dé nay rat quan trong ddi véi
qué trinh trién khai thiét ké mang cam bién dé
truyén dir liéu khong bi gian doan trong thoi
gian dai 14 can thiét.
Bang 3. Phan tich so sanh do tré
gitra cac thuat toan khac véi PMACME

Thuét toan Py tré TB | D) tré gidam
(ms) S0 voi
CEDAR (%)
CEDAR 250 0
ERNSS-MCC 230 8
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Thuit toan Py tré TB | D tré giam
(ms) S0 voi
CEDAR (%)
FEEC 210 16
CL-HPWSR 190 24
MOTCO 170 32
PMACME (dé xuit) 140 44

Thong qua Béang 3, do tré ctia thuat toan ma
chung t6i dua ra giam dang ké so voi cac
thuat toan khac. Do tré dugc lam min thuong
la gid tri trung binh 1an 1a gié tri trung binh c6
trong sb theo thoi gian, giup giam bién dong
ngan han va lam giam d6 tré tin hiéu khi
truyén.

1.1,

9 9
0w -
v
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~
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e © o o
(va) E-N w [+

o
N
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o
-

L - - - i a
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Hinh 6. Bién thién nang qung ‘trung binh
trén cac nut cum qua nhieu lan lap lai
Hinh 6 phan tich so sanh tap trung vao do tré
tir dau dén cudi, thé hién ca d tré thuc té va
qué trinh duoc 1am min cta d6 tré nay khi ing
dung thuat toan PMACME duoc dé xuét.

5. KET LUAN

Nghién ctru nay da ching minh dugc tinh wu
viét clia thuat toan PMACME & xuét vé mat
dinh tuyén dir liéu tiét kiém ning luong véi
cac cum dong trong WSN tng dung Logic mo
két hop IoTs. Thuat toan PMACME di tich
hop va phat trién cic dang nhom thich tmg
cac diéu kién dong. Kha ning do ludong cia
méu cac tham s6 lién quan dén ning lugng,
diéu chinh ham muc tiéu va thuc hién cap
nhat quy tic md giup ting cuong qua trinh lwa
chon cym chu. M6 hinh nay da ting cuong
hiéu sudt bang cach phan bd niang luong cho
cac nat cym dya trén chitc ndng cia ching va
dam bao rang tit ca cac nat déu c6 ngudng
nang lugng phu hgp hoat dong. Cac mo6 phong
clia chung t6i cho thay thudt tooan PMACME
dé xuat da ching minh tinh hiéu qua sir dung
nang luong mang dugc cai thién so voi cac
thuat toan hién c6 nhu CEDAR, ERNSS-
MCC, FEEC, CL-HPWSR va MOTCO. Theo
do, ty 1¢ s6 nat chét giam, cho théy tudi tho
wéc tinh cia mang dugc ting 1én dang ké. Su
gia ting dang ké trong viéc truyén dit liéu cho
cac nut cum riéng 1é. Nhing cai tién cua
PMACME rit quan trong dbi véi mot Gng
dung hoi theo thoi gian thyc. Hon nita viéc
tiép tuc cong viéc nghién ctru cia ching toi,
tap trung nhidu hon vao viéc tich hop cac
thuat toan t6i wu héa dé thuc day kha niang mo
rong, kha nang thich ung va hi€u qud nang
luong.
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