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Research on power plant dust monitoring node coverage

control based on improved genetic algorithm
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Abstract; In order to effectively reduce the risk of blind zones and lack of control in dust environment
monitoring, optimize the node coverage control of the dust environment monitoring system in thermal power
plants, and prolong the lifetime of WSN, an energy-saving optimization method based on improved genetic
algorithms was proposed. Firstly, based on node coverage, total energy consumption of node deployment
and total energy consumption of node communication and transmission, the network coverage quality
objective function was constructed. Then, aiming at the problems of the local optimization and coding
duplication existing in traditional genetic algorithms, the chromosome combination scheme of integer

coding, the adaptive adjustment method of crossover and mutation probability and the elite retention
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strategy were proposed. Finally, the simulation comparison and analysis were performed to determine the

optimized node number and distribution scheme. The results show that the improved genetic algorithm

significantly improves the convergence speed. The number of iterations required is reduced to 20, and the

fitness value is optimized by 52. 18%. In the node deployment and coverage study, the optimized number

of nodes is 42, the coverage rate is 97. 28% , and the node dormancy rate is 76. 19% , which effectively

improves the energy-saving effect of the dust environmental monitoring system in the thermal power plant.

Keywords: improved genetic algorithm;

control ;

0 3| &

TCLANG TR T A A HAR A Al i PEBE, 912
BT TS T I R G, o A% a2
( Wireless Sensor Networks, WSN) t0.5 TH#8E 1) X
P9, REGS S B MR A PR BE L AR, B TR
B AT, A% 48 Wy 12 X DA A2 T 7 R
PRI, 6T WSN AR EE ST LT Ry A PR I 3R 4
WA EEL, SR AL ST SR RE A B A5
FERE T, LR AL A T4 A s 4 it U HAE
P AR5 45 3 BT, 46 v, i B R A TR B 4 A X
o AN AL G S BEL AT A S O A S R
TP W Z AN S B B IR A )
L2 AT A B IS DR A XRG4 ke 5
[ R0 PR, DAY B b i AR s o T
KA I ZR GE Y RERSCR B B8 3

FEI AR ST WSN 1 i B A i) 11 Ao ) i )
WIS 2 A3 T 1% Z ik, KRISHNANAND 47
P TR RE ORI 0 mUE A B KRR
( Glowworm Swarm Optimization, GSO ) 3.7 | 1% 58 7%
It 2 FOF T4 R BE AL 2R SCBL T DA
RO SUE AL, SR, 2T E PR B X GSO S i
FRZHEPER LA PERE T AN SZBR R b X
FOBC R N S B0 B A 8 R T O A
BRE AN B R AR HR I T ST R A YRR A
18 RA DG R WSN SENIRE: xR AR R
LT AR BE A SGE FE B AR A e R #R
i, AR P ARE T A B, 0 3l 25 PR 0 3 A
Bz A5 SEETHLE L, R SRE " 05
T TR G BOR S 8L SR AU A 5 Y
S R L TN T BT R (H AR A
HT R 22, By e v A JH A gk, X
SERIFTEAE Y U RN i 45 ) Dy T S T (H
FERRCT g MER E 57 I 267 2 o e Ak LA A
Uitk As[a]

power plant dust;

wireless sensor network ( WSN) ;

environment monitoring; node coverage

elite retention strategy

BEXT A ST TP 7 WSN 5 0 1 R 25 455 1
DI ST I, B R — R et i A 58
ESBOCIPANG 34 &L IR iNP S aRE AR i SN E PR NAL
TS SOMVAR S AR A 712 LA SRS S 08 B SR, SR it
o0 248 7 i I Ak 1 s R B, A PRAIEBE 5 R I RTAR T,
DAL G 5% S 1 Jay 7 o D10 A 2 ) B A2 R, 4 T
LR R RE 1 RIS E I, AT A B
23 [A) oA (S DTS BTy AR PR M 2 48
T RERCR AL

1 MHBEERENERRE

AL AR — AT LUR R SR i B2 Al G Ak n)
R BENLE A R 7 i1 0 i BT X S P e
P AR S S (R, 4898 WSN 7 i 78 26 17l
(B8, S v 3k e s AL SR VE R P SR A WSN 5 a5
Bl e B5 K3 1 st AL 5 AR AL 5 1k
B 28 AR 3 AN ARG

TEBAEFIE IR R+ F2F 2 R
PRIET00 OF B A fh i A2 ep TR 5 0 2 10 )
FRBEALE | o A JE R P Al 42 i e AR A i LA K
YIS B | N TS 352 A% DAk 25 2R B 00 T B Uit
QFRFFFPRE Z AR | bt g0 5 o R i s 8 Ak e e
i, PRI AL T A B A R s ] v o R A3
e €| o) R o L. G [ B i M S e B T
B 1R,

1.1 B NBRENEBREHEHEAR
SR SR AR E T s B AR Ak 4
AL AL B L IR . TRl T s Sk A T
R SR S ST I AR v i B R gl £ A N —
M HATE, BiRA 2 KRG ERTE AL,
IR HIME G 0 205 28 S5k CFF 28 SR AL B T

2) &5 ME 2 iR,

M 2 B 38 R Y 2 AU (O R AF 7 i
HMG, MARSRATEE AR 5wt a F it
M H SRR BE A A AR R Bt



TR TR AL T B LT A W B S A R - 123 -

FiR ]

ALl

!

BENLAE R
BIGEFR

f

GO
BN

!

PR B
BEAME

!

HENAX

) #

Hi&RMAR

B1 ETHEIREBRBONHEEEERE
Fig.1 Flow chart of improved genetic algorithm

based on elite retention strategy

@Qyetafs 13| 1 6 3 13 | 137
@Rtfk 5 7] 15 3 [5]7 BEE

2 REBAZXFENRERE
Fig.2 Chromosome diagram of traditional

single-point crossing method

A b B A AR — T DR A 25 A5 ik R
S ALY T A, BAAEBRANE

1) AU RS ATHT Y RE A 5 @5 (@ 4 v e
AR AT HOAL

2) AnARAT 5 ORI AL RIE 2 HrE R B 58
a1, WQHs R B AR R B 883, HAR B TERTHE

3) HESERUR , WRIA I E R 781 B D
BRACHIER S A D,

4) [FIEEAIA, Qe ORQRY LS G @A DOAR
[l (ELG AR QUL EAEAS AT FEHEIN

it A G AT SRR A FE AR B0, 4
K3 s, 13m0 Bk R ok 1 g RS S
Je B AT R A e A Bl e 1 R 6 52 (AR T
OB AR AR S 2 B R IR, SRR T s 5k 10 A
i
1.2 BEMEATZXERNERMROTE

P GE B AL A B 58 SURIVAE S R 2 [ 2 1Y, 3

O%etafk 1[3]] * * = o 13 v % %
@Ytk 5 7| 1 5 (3] 5 7 85
OFtaik 13]] 1 [6] 3 13 |11

@Yefutk + +| 11 5 [6] % 853

B3 BuAXRNEERREaE
Fig.3 Schematic diagram of chromosomes after

improved crossing operation

Ty ORF TR BB N A R, I,
RG] A logsig PAEL, {15414 i 28 XN AR S+
WE 3 Bif o 15t 1 2 AL B S AR R AT B RS A R T
G 58 R L
logsig(x)=71 +ex11)(—x) (1)

X x A

LG logsig PRER, i 45 35t A2 53 I AE HE A od
P SRR B P A ORISR AR R
W28 SURIVR SRR B W AR A BOR . RN 20
BRATFE B IE AR T K 58 NS S A3
MR AR 5 TWTBEE SRR 2 X S R R
AT DI B B 22 W MR B 8 /D A
o7 FEHLAEASTER T, I A 28 SO S5 Ak el 340 0 o
AR, DATT AL 5 1 A 1] A2 22 194 O 1] A 7% S 1Y)
W R B MR R TS BE A
1.3 RBREREBKRE

fegenysfe sk B ATt i, 5 — A
PEFHE AT — 38 AL St e b 28 5 B R
SARFEAR DRI SO — ok S O BA SR )
AR 2 AR S i R A S B A8 S S R
RS E— AR &, Arbiiiad i 8 55 A A
T3 AR Sk A DT sk A L —ACREAR Y
AR R o 30 X oS o O BE S ms , i1 1
— AP TR IR 2 B 2 et i A5 S i kAR
TRE TN 2 AR 5 5 R R A R e ik
Joj B A4

2 R MEeBENTRBEERHITE

2.1 B BBt EARE

Ry B G R N KRR R AR R Bl R S
FIURY AR E IRUBS: | 356 F — i 3L 06 38 S Aol s o
T DR B Ry 2 v M S o 2 v B I R
T WSN X 3gA7 5 ]

1) B AR X, XU R Y X 3
KRRz S A, By R A UUREIE Uy 222, ek



hoE e B o

<124 - China  Safety

Science

343
20244F

Journal

AR T 28 B 2 S sh i S8
WM R IREE  MTTAR Ry AR KE AR . 1 mm JREY
MAEZHEEWMATE—EENS m, 1w
200 m* [ ZE [ MR OB KE R 2 =, HLAE R AERTIIR
Wy AR, bl U 2 WO M A2 2 R A R
PRI, 07 22 e 6 XU A IR 1 X3 A 152 WSN

2) ZIEEEM AR R Y X, YAk
AR LR A T PR B I, 7R A — 2 Ak R T g
KA AIRIE R AR U BT TR KE T IR, S X 45,
B R 7E AR I R B SR A Ry 2
W 10 22 R AR VR FE A e 1 IX S A7 152 WSN

3) PRI 1, Bk E A
55 2 5 ST, T XU ) AR 2 e R R,
by IR Tr] P93 24 W A, AL A7 A 2 W el
FEFBRAY X, R T U 2 Bl SR 4 R A AR
Ak, {052 1 3 PR 2552 MR 5 0 XU ) o1 BRUAT SR A vy, ) 4
AP AR R ATy ) 9 DX sl S B I R R 2 ) A R T
Ko B, N 2888 4 47 5 K KU 5 ) 9 DX 3 A 15
WS, At JU ] (18 DX 35k AT i f22 i A W 2 R

4) ZIEPET IV R X % A s (R X0, Bk
BIETRERRG S MR, b AR T EM
P& A, BT LL RS & AR AR i s T IX
AT RV R A IX 338 73 A1 3 v VAR BE oy 24, (H R o
LRI A —E SR AR, I, N
ZVEFE 5 Y WU AF G 25 P 223 [R] ) X 3 A % WSN,

PRI R AT VBN, WSN A5 35 X 1 e 5 4 5] 4
Js , PR AR A0 DX B 20 B ol WSN 4 Fp A 52 X Jl
AR T A 4 51 1 WSN 15 8,

J———1

|©l EE 38.|E_

— [:]Eg‘i%§j
S0
=Spap== i
ﬁ}.c:::

s — |

B4 MmigXEEE
Fig.4 Layout area selection diagram

2.2 BREHEIL

HRAE WSN DX IslcAi i ], 4308 2 #) DX Il ]
it 18 WSN, B E 14K 100 m 5% 100 m /&
3 m B ETC XSRS B 5T X 42, i R Y O st
AT R BT XN B WSN 5 58 T AR
AN AR KT AR PR W I R G R R AR
R, 24005 — 2 T OI0 s S IR MG BB 12 D B Y

by A v BE AL RS G TR TR ARG A, T R Y
AT BN AT REA S HL 23 A 2457, AR DR A M I =)
I DX P BB A% R4 4 T LA 10 B .

SCHERXT WSN 9 5 193 o B, EE 7 H AR R AR
F O S5 R E R WON 3 5% M ZG A
W2 S R 3R o TEBR DR SRR R BRI R 558
{18 D0 AR BE A% 5 42 B 585 1 TC Lk A% 8t (1 A R0 X Sk
R D R DX BR A R 2R B RE . R, S
— PR T K A PR I R S RERCR , SR
BT s AL T F O SO A DT S 3R A
FR 7 TR

AR 2 v R0 A5 AL Ny H b R P A
I AR R T G e — il o) e F AR A SR A R
B0 e v 1 M DM ) R ABURE (R R X RE R T v
BEREM P do D0 Ak B AT B ey 1) 23 SR8 | SCRE (45 1 DU
T AT S R B, A, T UK BRI FE
R RS 23 i Bl RRFNAEARAR 3 B, Horpap
PRURAR ZSAE A 7% S IR BRR S Z o] By e RS . #h
T RIS SRS B BEABIE K THEIRIRARZS T 1
REAE, PRIt , di aok 5 B M) 2 1 RS AT A 80020 )
2R RE IR RE

S AfAT R Y WSN G BT e H AR B F

1) B, REE IR T B A PR I R 4
AR 2, il JEE 77 3 P e 3 ARDAS 2 B A 1 W I 5
SR AT AN BT AT R A R R sl O M A
B XA, B A w2 R BS; ) WSN A3 55 o
F OB, PR, BOE TR S R AR AR
20 m, FERHIE AR AR SR A RE RS DR 5 BT
15, W5 B R R TR SRR .

v -V,

R="1 (2)

AR A SR m N SRR,V M EAITIX
BRRR, m® 50 S AT RV, O SUE X
A, m? 5 Vo3 5B B X B AR m?

FEERTT X 19 23 () v 1 DR e T f il {5 1Y
7 SRR DX 3 A AR R[] g A U0 s JE D X3
FIARFL V. 40 F .

4
Vi =?’n'r3 (3)

DNIFE SO R 1 BT XS W R R Y
TR R



TR TR AL T B LT A W B S A R - 125 -

dmmr’ - 3V,
R=——"p— (4)

2) WA RBERE, WSN 15 R A BR AL
J7 3K, BIME AR 1 i F L L, AR AIR WSN 3E {4
RERE, 3 G U A 17 o 1 A 1Y BB = VR 2, 1 7E SR IE
WSN 7 26 Fa i) Je iy b, R a0 B B A T
SR RGBSR M B /N TR S5E  U Y A i LR
FE Q eIk, B S A 1 ML REAE Q BRAIK, I WSN 7 35
Ji F A,

Q=m-q (5)
K. Q N SR BERERE, ) g M TAET S0
REFE,J,

3) W RUGEAE G EREAE, T AR fE
TR, B SR E R IHFE R RE & £ SR
R A O AU A% i TH R Y B S B A R 1Y
B SRR

E=k-d (6)
K E A NGB S I FERE I ) 5k D RAL,
SRR B A 5 d N RUE AR R RS, mn
B EFEBUE N 2<n<4, ] n=3,
DT s R AR R AN T
Q. =q-u-E=q-u-k-d (7)
K. Q, AT S IIFIARBE R, ) 5w AT BB AFE K
B, L, e W 2% F i, — 77 TH WSN 7E 8 7
N R RERIUE S WA S A STl =H i
T3 7 TN I A AR T A A A FE R A
SO B RERE D R AT RRAIT, BT AS0E 15 & 5 B
REFE D B, T WSN B 35 i F i .
D=3 E =Y kd (8)
K. D Ry SR E L B RERE, ) E, S AR
()38 5 A REAE , )

H 1 A5 e I 2% 2 55 o i H AR R 2L F S5
SYBTRIAL AR 1 R R 2 R R
T A AL BE ARG , A AR A5 G B BN Y AN
A G B RERBERAIG, 37 s PARHI 3R g, D)1 A L g
SHABRE TSI F A s S REFE AR, P R
UE H AR B B Y SR E R RS 5 HAR R
BT HE AT R S MR R

F=Q+D+(1-R) (9)

Bar R (4) K (5) . 2(8) w55 w5 i i H
FreREL F SR FRANT
3(V+V,) - 4mmr

3V

F=m-q+ ikd;‘+
=1

(10)

2.3 HMHBEEEEKRE

A (8) A (9) FIHN . 5 SR 7 7 8 IR, B
P2 HARTT R, 1 S A0 1 SRR FERAIN 47 sl (5 15 4
SREFEERAIR, WSN AR AR, L, E A pR £ HL
HHE /N, BT 3 AHARZ 0, T AR
B RS SRR BEFE R UM G, AR E R
5 A AL B AR A 2 IE A G, T S A I R REFE
5 AR AL BB AR R SO , TR, T B e el
HER AL R i WSN 78 35 B (1) B AR R 2L, B A% o
H fre/IMEL R WSN 2 35 I 19 I A, s L R
.

1) WGk, R FH S B o 5 5 =X G A 49 8 25 (]
NE,WEREERLRE K 80, BEAMATE K 100 m | 5
100 m = 3 m Y50 X 38 N B AL A 50 A5 i as
[ A AR, - HEFTIH—4k , WS W R EEAR P(0)

P(0) = {a,,a,,",a} (11)
X a, BEA TS 7 AMARRY =4k 25 1] 445, j e [0,
807,

BB AR ERIRECR 1 (0<1<500) , ll iz %
AR 500 UK, X6 50 AT 2 AR BR A T SR

2) ARV, FESS ¢ AORE AR Y 38 1 B DAL it
R (I (10) V8 38 Ny B ek, FE B AR
& WSN M7 55 i, A 36 1 S i SFERE 9 408
1L EBFEREAT SRR 3 AHER, Wb
A3 N7 B PR AT A5 2Pl — 2 Z A 56 R A WSN 7
A JE) S SR

THESE ¢ ARBEA P (o) s R EERS B P(2) 48
AZF(10) FPit A5 2 AR I B pREY(E

3) WHHER, LA e R T
Jof T REASFEAA DA Bkt S5 D0 A 1R i3 3 i o)
BE S HE BTN 3 S EL AT A R 3 I B A AR
BN A%, [R5 B 3 B A A A, %
T AR TR XA ARGE I BE A PR, PR A
BEANASRAEFN R T3 7 BE JIF 7 %) BB B3 N
PR .

Sf(a;)
2ﬂw

RSB — b B SO OR FER A O =, IAREIAR
HA B R 3 7 A AR, DA PRk S A R TR
LS AL HIL P B R —1X,

4) ZANIsH L NH TSGR L P A
IO, BEEPIG S MR 8 SR R T
IR (1) B9 logsig PRETHEAT F & B E5 ,

p.(a;) = (12)



hoE e B o

- 126 - China  Safety

Science

343
20244F

Journal

%u)=a5+1%a4éx(£m—05jjxa3

(13)
¢, () FRARTERF ] ¢ I 220 ) 3 0 538 SRS
5) ASa B, fE— R SR A AR
i b B AL BUE AT 57 A5 B —fCRYREIR P (ot
1), BWEIRZERME m, (1)= 0.1 KB 77T
TR, I IR (1) 1Y logsig PREIERT A 38 17 ]
W AL RES AR A [F] B ZE AL B B R T 8 A A S
A& TS 5 AR 4 22 R RIS W

m,(t)=0.1- logsig(S X (S(t)() - 0. 5]} x 0.1

(14)

6) LI &EAIW, #5 ¢ = 500, B ik 35 K
0.50

0.45 5

0.40
Fou 0.35
=
Zl 0.30
it

0.25

0.20

0.15

EARYERL, B B4 S5 P At B A 2 A ok R v i 3 B
FERANA , ZE LR L AEER 20 WG, X D7 0 e o
o7 BEAE AT LA, 15 8 I 2 A0 H A e 5000 fee/ME, B
H b pR B AL, 2 k3T

SR E A TE T S A AR o B B AR
JUBUE m M 10,20,30,40 .50 .60, I B E kA
IR EAT R S L itk s AL S I IR SO e i E] 5
Fin. BELS Al SO e i AL B ik i G
TER T A% 0 15t A% B 1 At 0 avt A% 040 1 3 j 3k 3]
0.364 9 T E AR 95 YK, i 3T et il 38 4% B A
W20 W, H e 2o ik s AL 5Tk B Y B (A
0.174 5 A HUAZ SR Bt AL S 1 38 1 FE{H 0. 364 9, 16
BT 52. 18% , AT U3¢ Hf BT SR FH % el e a8t 4% 30 1 3k

—— GBI
— Bkt ST

0 50 100 150 200

250 300 350 400 450 500

HARKEK
B 5 MR EERETE

Fig.5 Convergence comparison diagram of improved genetic algorithm

TR — B 20 ) 45 SRR AT 5T, B A R
Bl 6 s, HIE 6 mlAT, SCH TR FH i itk it A4 53
B SEG LA, A bR R Bus B4 /AR T
KM REAR, R0 46 717 s8R A 20 FH45, B bR R 8its
AR T 50% LA L bR, BEE PTG
TR BCR RN, B AR sREGE B2 R 0 I B
T2, A WA IG5 S BGRIA 2 60 LU, 4R 223 in
SRR,

AN AR SBEN AY  E S R A R R
ROWNE 7 fis, B 7 R B R R Y s AR Y
K, B R AR IR R R & T,
SO 3 AN HAR, B HARRUE TS TR, K
L) OB R PREE W R e p i H RS2 T B 1R
& E AU AR T S SR RN T R AR
WP E X, B, Ywris 1 S50 50 B, 15 A
ERIR, PG SR AR K Y R TR
TR T B, BEE T SRR RN 76. 19% , BIAE 5 45

0.7

—— Bk BRIk
L He GRS
06 F
\\
AN
iﬁ 031 o472§\
%g ¥”“33L~94338
® 04 03989
2 mi\%%@
1 03412
& 03
o
0.220 5
02F 0961
0477604745 16,
O] 1 1 1 1 1 ]
10 20 30 40 50 60
MILETT SR

Bo6 MBEEEKRESEERILL
Fig. 6 Comparison of results of improved

genetic algorithm

AN 81 B B R s — e 2204 23, 819% 1Y 1T 5,
REF TR,



55 9 1) FAE TGS R RIE R R A TS S SR R A < 127 -
1or 5--0.972:80.967 6
0,931~ 0.9589-6:9553 0 :
08727
08
- 07619
% 0.71 - —0727 8 20
£ 06} 96552 13
E w3
2 /o i3
E@ 04t BE
i
i AR
02y /S et e
0.1
OO 1 1 1 1 1 1 e R
10 20 30 40 50 60 B9 TESHER
HILEHT RBR Fig.9 Node distribution diagram

B7 TRBSHESERXL

Fig.7 Comparison of node coverage control

ANTRVBI A A5 R R A S A I B RERE S T
SN 15 A% B S REFE AU BE R RE B AN 1R 8 BT,
H 7 AL 8w AL Y40 4Ry s o 50 1) H
H b R4 R i A B ) 16T A B o 60 I i —
Bl S SRR T RE BRI B TR AR T S B 40
60 FYRHEE , PG, BRI 46 T U8k R 50 1E R
WFFE x4, B A o EOR 0 Bl i, 1 2 H A
WS R RS, VARSI, S
BT SRR N 50 B, 2T R R B0 IX I N AR
TBE 424, T TR 97 28% , 1 AT AKHR
% 76.19%

22r o se  BOBBALSIE
o 20 et
20 :
= 19136 1881 6
< 18Ff
£
H 1704
5 1er
% 1,463 2
T 4L 36
g TN 12408
12 2 11792
Wl 1063 2 o8
10 20 30 40 50 60
YIUHT R

E8 geEHFERIITLE

Fig.8 Comparison of total energy consumption

BEIURE — Ik 20 135 s A s BL ANl 9 o, &
HOR EBRIAUER TR 51 5, R @R IR AR
PRIRAIRZS B A8, KRITHARE K 100 m %E 100 m
53 m I ERIC X, Y AT B ST DT 7 Y 25
[N

F T8 19 BRI AE O 20 m R T
e B, T Y A5 A e R X1 A B 3 £ RE ) B

M, ELH TSR R 2% 8 by b kL 32 5 ) 52 MR &
AR, AN TR) B A Ry A v J3E 22 Sk, HL ) ke A R
b £ R oy B 2R K ) B AR TR PRI 1
I AR TEAEAS [ e B (A B R A B, T S A
IR AN 10 B, L 10 RTLLUE 0 s 35 R
15, B R e T AL G A BEAIL o A 1 O
ST T AR )

100
90
80

70 |4

60 f

0 10 20 30 40 50 60 70 80 90 100
X
E10 TEIHIERMFRE
Fig. 10 Top view of node distribution

3 BBl RASERRRIE

AR SCH T S 5 R A RO ST — R B
D LIRS, AR ¢ T R T PERE XA AT, O 5
Vahabi  Eslaminejad | Dashti' 2’ ‘Titaevn” FERHRE
AT,

XF LS SRR LR AL AR Y B U6 RE 1 o0 A1 4K
JURITE BT BRI 4
AL S B 2 A i, O RS EE S
x1,



hoE e B o

343

- 128 - China  Safety Science Journal 20244
*®1 FEHRESH 0.5 o
Table 1 Main simulation parameters sl ?i:::gg;?g
75 TiHSH HfE ' ———- SCRBTE
1 Rt e 100 @os-
2 SR m’ 100x100 %
3 Byl fr B (50, 175) Foar
4 bikafEit/ J 0. 005 " o1 b
5 ST R FE/ (p) - bit™) 4 >~
gt R4/ 0 I sy
6 .1 Y 4 0 20 40 60 80 100 120 140 160 180 200
(pJ + bit”" +m™) A M
=
! FHRR/C) «0 & AR REESEEHER
N PNTE==] - 12 -H-m\ Izs‘\ E— % M R
FCEHE R BB FE/ (p) - bit™") 60 Fig.12 Rel t'11 bet nr id I=lI f nod
o ig. elation between residual energy of nodes
el REAE/ & &
9 o 5 and number of turns
(nJ « bit™)
10 R /bit 4 000 MFRBEE AR LT AE IR, SR, Bl M 45 as AT
11 Pl K/ bit 200 s 1] 1) B, ST TR A DG s 8 S R ok

MBUIRESK LR p LA, AN R IR 9 45 i
FF A SE AN 11 B

200 -

Dashti [ 77 ¥
160 - —=— TitaeviI 7 ¥k
—e— SCHATE T
& 120
4o
B 80

1 L i
0 01 02 03 04 05 06 07 08 09 10
Tk

B 11 FEFELERTME SIS0

Fig. 11 Influence of different cluster head ratios

on network lifetime

ME 11 F i, YUk L2 p=0. 05 B,
BT G B i R, A L A i p B BRUELA7
IR A, 5380, 24 p=0.05 B, 3 Bl iy 5 5E
TS RES R K, B p EAVSE I, WY A7
I I ) AR

T8 3 TPy ik rh, 2T R i AE AR B A SR 2R TR
75 ( Local Energy and Distance-Based Clustering
Algorithm, LEDBCA ) 1 ik fig & H if I 2K 28 2 Ik
(Low-Energy Adaptive Clustering Hierarchy , LEACH )
PIRSONS 5 A5 A B B (052 W) T R LT 22 B P 25 45
Fyrb SRR RE B S RS RO DG R N IA 12 B
T A 22 B 0 4 2548, 3 LU iR SCRE % S AT R0 A
P LAY RE RV AE , IE B2 8 7

MIE 12 F RIS TZ 07 AR 10 A5,
LEDBCA 1 LEACH HINSUGF 22 Bk 19 26 25 ) 7 | i £ 75

THETHEZAeR, N3 FIMENRIRE D, Ch T
KRR 2Rt R, RV REFER S

I 28 75 i S i WSN 7 BERIURAE 45 AR A 45
FRZ—, B A IO HIR A7 L O s B 005 A A0 AE K I 2% 77
i, P 4% HF BT ) A 0 5 T s R S 4% 1) 7
R LIER | [MA5C 5 S R e R WA 13 i
R B 13 AT Bl R 25 A s TR A A, SR
SCHUT DT R EA T REUR AR WSN AR F T A &,
RHEAT T BE AR AL AR F SC b i g oy vk Re AL Ak
WSN ZEM 28 it T-— 2 1 s LS 50 3k r =
98 Fll r = 147, W25 FHar e K 49 A4, HEES SR H
SCHUT T R IEA T RO AE I WSN A R AT
BEf AL TE WSN F i i H 50%

100
~o — KTV AR
%0 L — — SO A R A
\
L]
& 60
"
8240
& ~
~
\
20 \
\
AN
0 | | 1 | | \l\ |
0 20 40 60 80 100 120 140 160 180 200 220 240
EREg 3
E13 EEHSTRAEGHXR

Fig. 13 Relationship between number of turns

and lifetime of nodes

M = 170 B, RHATREMLAL BT WSN Frf s
JERFET, T 2R SCHR BT O iR AT T RE AR AL Y
WSN 1545 38 A7 A7 IG . Bk S pradt ik



49 4]

A BT T A LT 2 M Y A A A B - 129 -

AT REOLAIEIR WSN 78 r = 240 B35 S & H5ET,
LR BEA T e AL i WSN i i 41%, BI—
TR AT RENL ALY WSN B 2 4E A4 il ad 3¢
TR EE I AT T RR DR S, WSN A e 2 4R
10 M A SEK T 10 N A 24, R/ T 8 e
FL L R B, 3 — 25 JE K T 2% i, ik — 25 SRk
B . SCH R TG I 7F 22 Bk I 46 25 44 R BEAA AR AE
WSN 54,

4 &

1) el itk s A% B8 e IR B ek i e K FA% G i AL 3R
e ABGE AL B E W TR F] 0,364 9 T E kAR
95 YR, T SCH B AR B AL SR AR 20 R, HLIR#

MOk IS AL A L R 3 N AR 0. 174 5, M HUAB GE 8B 53
e HYIE IV BE(E 0. 364 9,14k T 52. 18%

2) ZET ZAWE  WIGE TR RS, it
XPAS [RBTG5 Bt B T b, 1 SR LW 4 7
BB 50 A A AR5 42 AN A T R
97.28% , 5 SAKIRZR A 76. 19% , FE— A %F KL ) #3
DIRBE NI R G AT TR AL

3) CHAY WSN 5 s o 2R R AR S AL T
KA IR oL B R T B B BLTU A . R
A RO DR AR A0 IR R R A R AT
i B AR IR g, Rl n] 25 B AR st
RIS 31U 7 =X AR WSN R IRRERE , 8 7]
DA — A AR 5T S A0 B A e X RE AR AL S

MEHMOOD G, KHAN M S, WAHEED A, et al. An efficient and secure session key management scheme in wireless

REE,BUY, KER,F. BT NB-loT BYBAISSRY LI M AGRITLI]. LRSS SRS, 2022,41(9)

JIA Qingqing, JIA Wenwen, ZHANG Qin, et al. Real-time monitoring system design for typical air pollutants based on

WANG Minghua, HUANG Chang, WANG Yan, et al. Research progress of nodes redeployment in wireless sensor
MINH T N, KEITH A T. Optimizing number of clusters for energy saving purpose in wireless sensor networks[ CJ.
FTE, TR, L. SUEEEN S EIES WSN BEINI]. tTENA BT, 2022,39(4) . 1 168-1172,
LI Shouyu, HE Qing, CHEN Jun. Improved equilibrium optimizer algorithm for WSN coverage optimization [ JJ.
BB, BFH, HRE, T BTN FBHE IR WSN BEMALLI]. IrEVIN BT, 2020,37(4) :1170-1 173,
GUO Chao, YANG Yuxuan, HU Ronglei, et al. WSN coverage optimization based on particle swarm optimization[ J].
KRISHNANAND K N, DEBASISH G. Theoretical foundations for rendezvous of glowworm-inspired agent swarms at
NEEDELL D, VERSHYNIN R. Uniform uncertainty principle and signal recovery via regularized orthogonal matching

NEEDELL D,VERSHYNIN R. Signal recovery from incomplete and inaccurate measurements via regularized orthogonal

& % X o

(1]

sensor network[ J]. Complexity, 2021 . DOI.10. 1155/2021/6577492.
(2]

102-104,108.

NB-IoT[J]. Transducer and Microsystem Technologies, 2022, 41(9). 102-104, 108.
(3] T8 &, T2 .5 AAERSNEBDREBSHNHEREL]. ITENN BT, 2023,40(4) :978-986.

network[ J]. Application Research of Computers, 2023, 40(4) . 978-986.
(4]

International Conference on Engineering Research and Applications, 2018 455-461.
(5]

1 189.

Application Research of Computers, 2022, 39(4). 1168-1172, 1 189.
(6]

1182.

Application Research of Computers, 2020, 37(4). 1170-1173, 1 182.
[7]

multiple locations[ J]. Robotics and Autonomous Systems, 2008, 56(7) . 549-569.
(8]

pursuit[ J]. Foundations of Computational Mathematics, 2009, 9(3) . 318-334.
(9]

matching pursuit[ J]. IEEE Journal of Selected Topics in Processing, 2010, 4(2) . 310-316.
[10]

(11]

FBR, B, RRE,F. BT S0 VRN EALERSMNBEMNEIAL)]). PERENZFR,2023,33(4):
84-90.

YU Xiuwu, PENG Wei, YU Yuanqin, et al. Localization algorithm for uranium tailings reservoir based on SSO in wireless
sensor network[ J7]. China Safety Science Journal, 2023, 33(4) . 84-90.

s, 7K. ETER[MES GA-SVM BUEN BLATRE LRSS TNE AR )] PELENZFIR, 2013,



- 130 -

hOoE % e B % ¥R H34:
China  Safety Science Journal 20244

(12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

23(9) .33-38.

GUO Rui, XU Guanglu. Research on coal mine gas concentration multi-sensor prediction model based on information
fusion and GA-SVM[J]. China Safety Science Journal, 2013, 23(9) . 33-38.

5, BRI BT IUHEEEANRESLENSICHRLI]. ITTEHN LIRSS ,2021,43(8) : 1 503-1 511.

LI Jing, MO Simin. Optimizing deep neural networks using a modified genetic algorithm[ J7]. Computer Engineering &
Science, 2021, 43(8): 1503-1511.

ZHOU Xiaoping, HUANG Xiaocheng, ZHAO Xiaofeng. Optimization of the critical slip surface of three-dimensional slope
by using an improved genetic algorithm[ J]. International Journal of Geomechanics, 2020, 20(8) . DOI: org/10. 1061/
(ASCE) GM. 1943-5622. 0001747.

RN, R, T8, 5. BT ZRE ¥ EMNSUHREFIAR DV-Hop RAILI]. NREARSERKES,2023(2)
99-103,120.

YU Chengcheng, XU Wei, ZHONG Yuchao, et al. DV-Hop localization based on multiple communication radius and
improved genetic algorithm[ J]. Instrument Technique and Sensor, 2023(2): 99-103, 120.

ZTUT DA W, 5. BEFSUHREEZOVIzmER LHESBRIUKLI/OL]. ERMEMAKZZER:
1-11[2024-08-30]. https ://doi. org/10. 13700/j. bh. 1001-5965. 2022. 0893.

LI Runing, FENG Xing, YAO Yangping, et al. Multi objective optimization of airport runway construction scheme based
on improved genetic algorithm[ J/OL]. Journal of Beijing University of Aeronautics and Astronautics, 1-11[2024-08-
30]. https . //doi. org/10. 13700/j. bh. 1001-5965. 2022. 0893.

WEI Huixian, LIU Jia. Computer mathematical modeling based on the improved genetic algorithm and mobile
computing[ J]. Wireless Communications & Mobile Computing, 2022, 2021 DOI;org/10. 1155/2021/1584435.

[OHE, REEH, XIAM. B2 T2 B G MIUEREEEANXHEXEZDRAFE]. BERARSTZ, 2022,
22(29) .13 104-13 113.

XIANG Zheng, YUAN Boxuan, LIU Yuelin. Collaborative sequencing of arrival flights in terminal area based on multi-
objective fusion and improved genetic algorithm [ J]. Science Technology and Engineering, 2022, 22 (29).
13 104-13 113.

BXE, HBE, B#H=R. NOMA-MEC AFPETFUHREEENIMEIUTEHESRREER[]. 855ERF
1#2,2022,44(9) .3 014-3 023.

ZHOU Tianqing, HU Haiqin, ZENG Xinliang. Cooperative computation offloading and resource management based on
improved genetic algorithm in NOMA-MEC systems[ J]. Journal of Electronics & Information Technology, 2022, 44(9) .
3014-3 023.

HAMZA M, MUHAMMAD B, ABUBAKAR S A. An improved genetic algorithm based power system stabilizer for power
system stabilization[ C]. 2019 IEEE AFRICON, 2019. 1-5.

SHAHROKH V, MOHAMMADREZA E, SEYED E D. Integration of geographic and hierarchical routing protocols for
energy saving in wireless sensor networks with mobile sink[ J]. Wireless Networks, 2019, 25(5): 2953-2961.
ALEXANDER T. Energy saving routing metric for aggregate low rate wireless sensor networks[ J]. Wireless Networks,
2019, 26(3) . 2037-2050.

EEBN: EH (1989—), 5, BIpVIR/RIEN  F L Bz, EE N Tl 24X
BEEPP-A 2 40 IXURG: 000 T8 B R RE R B B R R 98 TAE . E-mail ; 15546645502 @ 126.

com,



