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Abstract: Aiming at the problem that the life time of wireless sensor network is shortened due to the unbalanced
energy consumption of nodes, a non-uniform clustering routing algorithm is proposed based on fuzzy theory. The
optimal number of cluster heads is determined according to the energy consumption of nodes. By using the fuzzy
system and the optimal number of cluster heads. the probability of the node becoming the cluster head and the
competition radius of the cluster head are deduced by combining the residual energy, relative distance and the
number of neighbor nodes in the ideal cluster area. After clustering, the cluster head sends the data directly to the
base station or forwards it through the relay node. Simulation results show that the improved algorithm can
effectively balance the network energy consumption, improve the energy efficiency and extend the network life time.

Key words: fuzzy logic; energy efficient; clustering; wireless sensor network

| oas ALY TR R SRR R A TR

- PR BT S PREET AHR 5 4. PRI ] 4

TELRAL AR 2 BT ANE AL T3 FT R K TELRAL I B 46 (1 2 o W) J TC LA S s W 25 B 5
ARV AL B M TS T RS LR,

Wi EER: 2019—10—20; {EE B HA. 2019—11—26
E&WR.: U RHEEREI R AA18118025) ;)7 P Al {5 % fF T i S0 46 % P (kx201724)



26 T T AL

2020 4F

LEACH" & T4 AL A5 0 45 43 e Up i v 22
(RS, F5E B AL IE 28 75 1 300 000 2% g o A1 34K
.O7E B P A 3L R L. Bager HY AR AR
EAUCF 83k , T 47 2096 4% i 1 A0 HE Ll 1) PE g
FIHE RGP AR B2 T s R 52
M. Mahnaz > 85 A\ 7E 52 13538 5 505 09 05 2k
A RGP et Fe e = i, 4B JE 19 AU 2 1 i
T ARATR FH I 2 BE AL 28 7 2 AL, Abidi W 4¢
NIEFERE B 79 A0 2 5 718 58 4 » [ I 35 TR
RGBT AT TR H R X A i
Hh R

AR S N TO kA% B I 245 REAFE AN 1547 7y ] AT
S RUIELS RN T —Fh e i S AU TC LA IR M
2 ARYS &) 43 7 % th B s (Unequal clustering algo-
rithm base on fuzzy logic, NCFL). NCFL & 446
WEPERE It HB A BRI VR R T AT 2L
b Y5 A7 1 2% Fig

2 RGgEE

Bz N AT R A K AN  BEL A 1242
R B 0 DXy s No AT s AT A a3y o, e 1
71 o T R AR Y T K SR P R
s Y AR 1 . M DR R vy s
53 oA SR GERE A5 BRI DI, A% AR Y AT
e L A E A R Rl 7 [ E L e
FEA. N R RE R T RE S AR BT AT A
ARIA B S ATHE R . ol 8 YR E S i 5 55 TR
Hopr iy UL i B s

(KME))) E_Liﬁ

© EEWA
T4k

o T A

B 1 M sEE
3 MEMBREREH

5 T KB X I 45 A A I T A 3 R Y
M. AR SR FHSCHRES PP A REFERR BT 5 M 25 REAE L
R B A R

FERRIESL I o A 019 1) B T A5 R R 1
SRR BT AR B R #E TDMA %

(I RE T FE H «
Ecii = Ectibrond T Ecti-duster T Ecri-toma
N— N,
K
+ n(Eae +endoen’®) (D
Fead RO B R S R FEOE 1 TDMA
R R B ERIEAFRAE BRI RE R FE N -
Eoomat = Eromat accept T Enomal-toma 1 Eromatcluster
= 2nE gee + n(Egee T erdiven) 2
DUV A ST RIS IO 245 1 B F TH A A -
Euwe = KE_, + (N — Ny — K)E o
= (AN — 4N, — 2K)nE .. + Kne _d*
4 (N — N nerdicn E))
TR A i IR A2 1 s S SR R A R B 1)
REELTHAE N «
E = Ecn accept + Echsend
N—N,
K

- n(E(‘l(‘(- +€f\d2) + n( - 1)E«lvv

—1 )Eelec + n(Eelec + sfsdrzlext )

= n(

€Y
30 YT R R I RE BT AE N -
Eromaz = Evomat send = 1(Egee +endioen) (5
DUSCHRE 1 i s IO 285 1 RE R T A N
Eiis = KEce + (N — Ny — KD E\pmu
= (2N — 2N, — K)nE 4. + Kne die
4+ (N — N, — K)ne o dicn (6)
kY s I R R R R RE R THAE N -
Er('lay - Emmwmpt +En\lay—s(‘nd
= 2Nynk e + Nore s (7
T o) 2 AR Y RE BT AR N -
Ewu = Eawer T Evans + Eretay
A 6NnE g + Kne (d* + diex)
+2Nn€f5d?n(‘H +N0n€{sd%&§ (8)
TEFAREOLT K ARGl 58 2 8 w2k e
R AW DX 3k, A4S
'K = R’ (9
HIZAZ(9) T 1 FAR A A28 B R D3 3 R B A
R E R
R
dn =r = «/?
F 10 FRAZ(8) FIAR 2% S REFEXT 7 1 4K
R BRI 0 SR B K BT — R S ] A e A 1 L
KN

2
K= | RN (1D
d + dfmxt

Qo))



57

PR 45 LT BOIE S0 WSNs REH 50 A0 s v B 155 27

4 BETEMEEMIESSSKKEEX

o Sr AR 1 8BS NCFL & A4k 077 LR By
B SRR L BE L 4k 7 aT e 26 B BE L R i S B
BOFBHRAL b Be.

4.1 MEEMAELIER

TE R 280 B AL B B L FE 3k 1] 4 5 ) 4B T
T AR B I 3 sk ) B IR AT T A B T X I8
FE L AR A2) FiR.

1, R, <R,

S__{[RQ_Ja]—Fl, R =R (12)

a

ANA12) v Ry AR PR B Bl R BT L R,
FIXIR 1 AR o ARR IR TR

WILE R UR AL - HEA T R 2T R R 2.
4.2 WREET RIEREME

TEF AR e 28 [ B, BT AR T A )RR
Conv_Elect Msg 2 3C, 2 0L & 75 a5 1D, Foll X fg ik
E, X35 Rue {7 8. FE05 LR SR e R E,
TEPRA S DX s 3 A A B i s 1 T S IR X
B Rk L AR s R SE BT R e T T
SRR AR AAE S B T A Ak ORI
S GARRWE B E.
4.3 FEEIME

ST B B B AR AL T 6T DX 24 1 e A A AR
TEEFZ. N T B BRAY BEAIL ], LR 2%
REFE , A AR i J 40], A SCRE 619 A By R A fig = L A
XoF S FTE AR PN ) 08 S8 10 s B AN S B U
BLH A -

(DF| 4B Energy: 5817 s i ST g & 19 48
(TR R e H By o AN B BT MR GE  FRAT E

JIT LA R LB
() AHXFIE B Distance: 815 55 ¢ #F 3l s #E
AR SR AHXS PR B
(D, — Dis)
R
(D,‘_\ —> Dygg) < (D;‘\ - Dr(\lay_\)
Distance =
(Di\_ - Drelay\_ )
R
(Dg — Dgs) > (D,‘g g Drelay\_)

(13)

//}J—it(lig) EF' aD;A, A’DHS %%/?\‘[Xiﬁ S q:'%)i ZEE
HESIBEES . D, — Doy, FER KIS 1Py 5 i B[]
R S N N SR E D O W ER Y o A NP B R =R

FE I HE 2 80N D) G
R

(3) FRAEFE N B &0 J& 715 558 Density : & SCLATY
R r SRR N AR AR AR AR
(R4 5 0 s TR R AR AR N 1 & T s B 1y
SRR AR Y A% AT B T FE Y S e
ST

FET UL S8 il UL DA 5. T
B B 32 P 7 B e 2% | R T R AR (R B S TS UK
e = AP B A
4.3.1 HZB#HFE

FERRE B R ST TR AR A ARG PR BN
PRALFA PN AR JE 37 s B S O R 8 FIST A 15 o
R 158 BIAE probability. AR ) 4% 52 bR B0 15
AE FIST By A S 575 s 3R A g & L AH G IR 25 L 348
i A4S 5 1 SO A T S R AR 1Y
SEJE RN 2.3 PR,

Membership function plots plot points:181
low medium high

PHALRR 1 P e i LA

1.0

0.5r

0 T . T I = ; I ; n
0 01 02 03 04 05 06 07 08 09 10

input variableJo| & Rt &

(QDF AR 4£REFEBHK

Membership function plots

near medium far

plot points:181

1.0

0.5r

0 n N n n n i n n n
0 01 02 03 04 05 06 07 08 09 10

input variableAH % BE B
(b) A8 2t BE 5 B & 3
Membership function plots plot points:181
| sparsely medium densely

1.0

0.5¢

0 n o
0 5 30

10 15 20 25
input variable A 9 48 BT sk
(OBEBENBEN REFEBHK
B2 WMATZTEHRETE
R L AR A AR Y SR JE pR B RO



28 T T AL

2020 4F

Membership function plots plot points:181

10 very-Low Low Litfle-Lbitle-Meddldiddlingher-Midditte-High High Very-high
0.5¢

0 1 . ol 1 n 1 n L 1 1

0 01 02 03 04 05 06 07 08 09 1.0

output variable ¥ s BN BB R

B3 mHTERRERY

WL R Gt FIST YRR 2E W36 1.
% 1 FISI #meE

o o WREAS DA
T FgRER MXHEE 4 AR

1 Low Far Sparsely Very Low

2 Low Medium Sparsely Very Low

3 Low Near Sparsely Low
4 Low Far Medium Low

5 Low Medium Medium Little Low

6 Low Near Medium LittleLow

7 Low Far Densely Little Low

8 Low Medium Densely Little Middle
9 Low Near Densely Little Middle
10 Medium Far Sparsely Little Middle
11 Medium ~ Medium Sparsely Little Middle
12 Medium Near Sparsely Middle
13 Medium Far Medium Middle
14 Medium ~ Medium Medium Middle
15 Medium Near Medium Middle
16 Medium Far Densely Higher Middle
17 Medium  Medium Densely Higher Middle
18  Medium Near Densely Higher Middle
19 High Far Sparsely Higher Middle
20 High Medium Sparsely LittleHigh
21 High Near Sparsely LittleHigh
22 High Far Medium LittleHigh
23 High Medium Medium High
24 High Near Medium High
25 High Far Densely High
26 High Medium Densely Very high
27 High Near Densely Very high

FEANTT SR 1 IR 22 0 1 i Hh A T A AR
b JE 22 probability Jf- 75 3] B B %k TG, BE
TG 575 84 A BEHLEC LR A LB N T A
TG UZAY S 24 3%# 1. TOo AT EA R .

K
N fat(d—a)
1— K * (rmod N)
T(n) = N Cmedy (14)
Rprobability, ne G
0, other

AR A4) h K &t Ea N s AR a8 N
RS R a SRR E R S e A
4.3.2 HEuHFFRGHE

W R E T T AR T 41 AR ra
dius. FI7ERE B L £E0T C U0 1 AT REBEAE o0

B AER Y R E BORT 2  BHARL A P 4 19 A
B S A AR 0 B ). CRE T A T 4 R R X
B N AR B R S FIS2 4 B A9 1 35 4 2
% radius. 78 FIS2 1 W2 fig it Energy FUAHXT R
25 Distance %173 Ry U590, 36 G242 radius 1453
B SEGR. A A SR T pRBSORT HE AR
5 FISL AR ZE A B,
4.3.3 HERE

B SR A AR S e B e AR R
FrpA N 1) HoA Y 55 #E Cluster-_Msg i 3. 15
ZA~ Cluster _ Msg $t 3C /) % 3 5 5 AR 4ig Hz S
probability FR/NEBEFEE A W EEZMA. 2

W38 1 AR E) ClusterMsg 42 3, W] ) Ho g 7y

SUTRE R IR BT R SRR R T
JA.
4.4 HiERER

B 68 I A T SO R Y A R 3 B
Pt 225 T A [ DX ) Tl A R
Sl AR RS L A T A S R T D B R B
B A v ) L 30 3 PP Y s R A L

5 MEXBELERSH

AT BRI SR A R L A SO s Matlab
2012a FH eI LEACH 83k R SCiik[4 ] 4 iy
A Improved Algorithm1 FISCER[5 ] H 48 Y
AR 3k B v Improved Algor-ithm2 5 7K SCHE HY A%
NCFL B AE S 15 19 a8 0 265 T 4% Al 12t 00 ) 2%
A A T TR T O BT EU IR A R U L SR Y
FHOCSHRC B a2 2 fTn™.

®2 HEIBRSHFE

e Bl
W X 355242 /m 100
FEH L/ m 50,50
IR 17 AL 200
Ey./(nJ/bit) 50
s/ (pJ/bit/m?) 10
emp / (pJ/bit/m") 0.001 3
Epa/(n]/bit) 5
REP=X) =) 0.5
Pl ALK/ bit 200
BRI /bit 4 000
T BOE R K 0.5

B 4 FoRFIEAE AR 2 1F R AT A 1 a8



57

PR 45 LT BOIE S0 WSNs REH 50 A0 s v B 155 29

B EOE A A2 AL B 1B . B TR RT LUA L T
400 e J5 B BRI IR B B A 1 At TS, LEACH
LR ML R S . B 2B R 520, e 5
I S FET- 4. Improved Algorithm] 34 3

AT R T I BRI R L (H R B B
B E. Improved Algorithm?2 83 5 108 28 4 7
VERE B AR REAIE i R T A e . NCFL 55
RS FERR/N T AR AR T R OB Y
A BRI fef A~ o 286 Fi 1 T FE XA Dok 52 19 BT
M.

200

1 N

180 -----!';LEA(EI;I

160+ — lImproved Algorithm1
g 140 F - ilmproveg Algorithm2
g 120f - NCEL

1

i 100 \‘ “‘
£ 801 i \
HT 601 i |
‘N: 40 [ :“ \\\ \\\

20 \ \

0 260 4(‘)0 ;;)0 8601 000 1 2‘00 1~4hoo 1 600
¥/
B4 WEFEET RBBERHTL

T 5 275 0 255 e A e 1 Fif 48 $0008 1k 1 1 .
LEACH Sk BENL 28 55 B HR 2% IR RN,
W 28 e 1 Ak T B K {E. Improved Algorithml &
T DGRl B B 9 AU 7 AT G B R 1 T R
PLIE 28 7 1 SR 700 %8 20 47 il TR E . Tm-
proved Algorithm?2 553k Z W0 5 UASE T 7% B REFE 1Y
S AR PG e e B R i i SRR X K
25 A —E B9 /E . NCFL 83k K Ol 78 136 B 7% 3k
R A P AL R A A AR Y 9 U IR B
PALZ M RIAET .

100

oy, = — LEACH
& gof N — Improved Algorithm1
& 7ot N\ - Improved Algorithm2

AN -~ NCFL

g 60k ‘ \.\\\
iz 501 N \.\ \\
i 40r NN N
BT 3ot O\ N
.‘& Y \-\ N

201 Y \, AN

Tok \.\\ \\\

0 200 400 600 8001000 1200 1400 1600

Y%

B5 MERREEMEHTN
K 6 R M4 2SR T AR B k. & K
KPS — T R R KON FND. 02—
HAET MR 8 TND, 2 3815 U8 T 1Y 58 80k
LND. NCFL 53k I B 2 BO5 i 7%~ 48 A A% i
AR =07 WA TG IR S RE R e L B 1Y

PALHE B X /N AT BRI AP pn] LU
NCFL 883k = AN Be gy JE T (0] 19 e B 3 1 1
A I ) AT T A A 3 I B R 4% A i
JE 391

El LEACH N
Improved Algorithm1
X Improvcd Algorithm?2
1000 SN NCFL

SoH/%
77

500

Y,

6 M%EHMRETK
6 HRIZ

ARSCHE TR B4R ) —Fh AR 2 0 R B th
. TERR AR N 25 G 25 B R AR Sk R A8
RE/INEAY A IR R AR 80 H BB 315
R 2R RO A% 25 Rl ol o A s e A 1 R 4 Y
SRG T B S AR 2 R SEIR A AR ] A SR
MBI AT LS e RE M TR B0 R 2% 971 3. 7R
KB A R B0 J0 2 A IS I 2% 1) 3l il 7 B
HRERT S R T IR AT RIE L.

S 30k

(1] w3, BRde, 8R40, 55, 5 U I oLk
R ™ 2 [T]. B L= 4k, 2017, 40 (8):
1779-1797.

[2] YADAV S, YADAV R S. A review on energy effi-
cient protocols in wireless sensor networks[ J]. Wire-
less Networks, 2016, 22(1) :335-350.

[3] HEINZELMAN W R, CHANDRAKASAN A, BAL-
AKRISHNAN H. Energy-Efficient Communication
Protocol for Wireless Microsensor Networks [ C]//
Proceedings of the 33rd Annual Hawaii International
Conference on System Sciences, Maui, IEEE, 2000.
3005-3014.

[4] BAGCI H ,YAZICI A . An energy aware fuzzy ap-
proach to unequal clustering in wireless sensor net-
works[ J]. Applied Soft Computing, 2013, 13 (4);
1741-1749.

[5] MIRZAIE M, MAZINANI S M. MCFL;an energyef-
ficient multi-clustering algorithm using fuzzylogic in

WIRELESS NET-

WORKS. 2018, 24(6) . 2251-2266.

wireless sensor network [ ] .



30 P T2 SR

2020 4F

[6] ABIDI W, EZZEDINE T. Fuzzy Cluster Head Elec-
tion Algorithm based on LEACH protocol forWireless
Sensor Networks[ M ]. International Wireless Commu-
nications and Mobile Computing Conference, NEW
YORK:IEEE, 2017; 993-997.

[7] MOSTAFAEI H. Energy-Efficient Algorithm for Re-
liable Routing of Wireless Sensor Networks[ ] ]. IEEE
Transactions on Industrial Electronics, 2019, 66(7):
5567-5575.

(8] WAH#R. Gk, FIRAR. ETHRILSFHENER RMET
LRAL IR M 25l pr D LT . AR AR FAH, 2018(8)
1240-1245.

[9] JOTHIKUMAR C, VENKATARAMAN R, RAJ T
S, et al. An energy efficient cluster based routing ap-
proach to minimize energy consumption using CORP in

wireless sensor networks[ J]. Journal of Intelligent &

Fuzzy Sysytems. 2019, 36(6): 5835-5844.

[10] MEZGHANI M. An efficient multi-hops clustering
and data routing for WSNs based on Khalimsky shor-
test paths [ J]. Journal of Ambient Intelligence and
Humanized Computing, 2019, 10(4SD: 1275-1288.

fEE 'Y

O 5,963 4, Bl BT N EEE R 5K
fF %4

T EGEREE) . (1995, Wi HAF5EE. 507 10 R
TRAL KA 2. E-mail: ts5748@126. com.

FEF . (1976 Mt BIEER. DF9E 07 10 R L AR A
W45 A5 B2 4

F & B.A9760) M HER R I R TR AL B N
%R BEHAR,

(B&%F 24 7O

[4] LAMPERT C H, WIRJADI O. Anisotropic Gaussian
Filtering using Fixed Point Arithmetic[ C]// 2006 In-
ternational Conference on Image Processing. Atlanta,
Georgia, USA. IEEE, 2007.1565-1568.

[5] CORPORAAL H. Microprocessor Architectures -
from VLIW to TTA[M]. Chichester : John Wiley &
Sons, 1997.101-125.

[6] ESKO O, PEKKA J, HUERTA P, et al. Customized
Exposed Datapath Soft-Core Design Flow with Compil-
er Support [ C]// International Conference on Field
Programmable Logic and Applications. Milano, Italy:
IEEE Computer Society, 2010.:217-222.

[7] RAMESH B, BHARDWA] A, RICHARDSON ], et
al. Optimization and evaluation of image- and signal-
processing kernels on the TI C6678 multi-core DSP
[C]// High Performance Extreme Computing Confer-
ence. Waltham, MA USA. IEEE, 2015.1-6.

EERE

BEF 5. (1995 ML MFF L. BT [ SoC it 5
Z G W, E-mail: vanceyang@sjtu. edu. cn.

B 55,1979 BYEMIF ST L. BIESE O 1) Ay MR A
AL SoC 1T 5 B4 .

T OB 4,975, @I WFE 5 I Sy RABAE e i
Bt S AR R A )



