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Abstract

For the coverage service problem of the target detection area of the directional video camera sen-
sor network, the sensor network model of the movable nodes is proposed by adding continuously
movable tracks, which is based on the sensor nodes with fixed positions and can be continuously
rotated. In this paper, an improved MPSO algorithm combining with adaptive idea and variational
idea is proposed and applied to solve the sensor network model of movable nodes by selecting
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suitable particle search strategies, which is based on MPSO algorithm. In the simulation experi-
ments, the effectiveness of the improved MPSO algorithm is verified by comparing with the PSO
algorithm and the improved PSO algorithm. For one thing, it is verified that the new model has a
larger search space for the optimal solution of the problem, for another it achieves the goal of
maximizing the covered area and minimizing the overlapped area.
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1. 518

I 5 TC £ AT 2 28 9 2% (Wireless Sensor Networks, WSN) sz A HIAS KT & FE AN Y, oL A H0i4% [ as
A2 N TR I PIER R RESCIE . B BE 5 E AU 1]-[5] . ToZRRRATAL IR AR Y UE I
TCRATAGNBEAT B R AL, DASEIUXS H AR DX s I Az ] o ZEIX S8R F v, TR 2R A% JRk 25 7 A Y 2%
(78 25 38 — DR RE BTSSR T W4 BRI A S 1 A AR SR AR . TR
FE IR T AU 2 [ 7 25 28 B 42 5 B P 2% () PR REAN T SE Pk o 50 78 o 28 v AP L BE U . mT S A 8 R4
MG AL, MITHE S N RGTERE . N 1 780 R A PR IR IR S8 BE IR, i 1 Ik I 2% 10 78 5 Ve,
B U TE AR R B RIS R B G 2L,

ToERATAGA AL S5 WX 458 05 551K 29 AT (67 B RN 7 1)) K 0 R e 52 i £ AL DX 6% 1) S 7 = Y [l (Field. of
View, FOV). N T ffHix—iml @, w7 R 1V 20 R E R AT T G AR 28 ) B AL
2005 4, Ma S5[6] B X I-H T A7 1] A SR 35 0 205 (1 MR o {HL LA 0] A5 3628 X 25 1 B8 2 Fe b EA T BIE AL RN,
WAL AR I 2% 70 75 %245 . 2007 48, Tao SF[7]1 18 1A AR REGS MBI A &R, 1 7 — M T ENHY
[ T4 IR 2 I 4% 78 75 189 518 52.9%: (Potential Field Based Coverage-Enhancing Algorithm, PFCEA), K457
i I iR (0] AL 9 B Y ) A AT T R, [EII R 7 ELSEER IR [ SRR Rtk . SR, JEARX A EAS
W E FR XIRA 00, 3T B AR DI R A B AR AR AT 05 B 0 o X0 TRl X 38k 4328, Xu 4§[8]
[OP0 FeadE— P b atifb, 3% FAAE T B ARAS I X S804 T 05 JL 56, F% PSO i (Particle Swarm Optimization)
L T Io 2 At B4R I 2% 78 7 ) /. [RIINSKe PRFCEA SRR TAH A EAT B AL, RN T PSO S2xt T
RS BB BRI . F4E, Zhou ZE[1014F PSO 532 FH KSR MRS L A% BB I 45 78 o ol |, 3F:
5y Z kit AT e, B T PSO BIAEAALA .

NT vE A S8 PSO SIS 5y BN ey EBUSL I WL Siu 2 18 A5 AN A2 o AR, AR 20t 98 3 30U T 2t PSO
AR, 2013 47, Xu SE[L1D6T nI R S AL 28 1 SOdhAT Tk — B R JE, M =Fpludkf¥) PSO &
LT SRIBIERT L, & h T BN A IE R PSO Budk L%, HILIFARITIB ST PSO H &S HH FX3)
75 % 2015 4F, Fu Z5[12]48 3 bR i otk PSO BiE M TE R Tk 98 A 26, T 5 PFCEA St
ITEEEL, MG PSO BERIA RS o [RINEIE T s B G 0, PR IR 115 s Sk B EOR
IS (IOl SR, HATE 15 DR 7 1) S0k I AR 2% 18 2 ST IR 11 ek, ARAEXRT T B B g SR TR
fli. 2020 4E, Fu ZE[13]7E & R4 H T RIS ik PSO S IR 1 5 2% S IR F 1 5 %, 9+ PFCEA
SRR, FRIRTHRZER T 7 s B0 B A X RS (500 o 38 AN WM A S R 2 ) R T
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I AW I IR R ST RR S, 7R sSR0SI AT 1O ARG . ST, A R SREE TR B
—, BT AEEACH G 0 TR T IR Ay, A1 AT ) 08 A D0 PRl A0 T 55 184 ) ] ek R i) 5 ek
F it — DAk, 0T DAE X AR 51 FH B — SRS % R AR 25 5 A L e N S il e e EL o ARk H

MPSO #7%:(Multi-Swarm Particle Swarm Optimization, £ BRI T EERALEE), @id 5] A4E A
T ShSMRSLuE, AR R RS BN R . I ERA . &R
SR RE[14] [15]0 ASCHET MPSO B SRARA [r) B8N A% I35 X 45 78 25 39 o i), 4 T e ) MPSO &
%, W2 MRS ILE GO0, RN, 25 RS E & e A B T SR TR B — g R, A SO RS
TR T s, TR E R R, G5 TR B S RN X ek 7 R O X R . HAR
SO T ASE RIS AT AT TRV, @ ST R FEMINES:, A H R AR IR 12 AN IR R AR FE 1 4]
UREE TR, DA R RO A T R RN X SR B AR . AN SORE RIRTI T BT R ST T A
FLSEES,  DLERUE Pt i ok MPSO B L
2. BBRENT SER

5E X R AR, CARICB AMMAL, d AN, HITMMANe, MIEIMA 20, HEPER LA E
D, MAERBGHAE AR C(x, y)IsshBENE, FESEEG D /28 r EIE E#E), 4r A0
B, AR AT IR AL A [ 28 T e A AR SRR . FESERRL T A, e A B T AN T R A —
SE BRI, DA AT AR Sk B B A7 B T E T B sh B 2 — P B R AR A S, ] Dhod i i B AR A5 2k
(R B RN LA 0 LA 78 T Ve de, mT i 9 R BN 18] 1. s a1 d 7R 0 2 E d 5 x HliE )T
KA, Oe[-mn]. I DC KA y £FHE DC 5 x SiEF KM y e[-nn].
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Figure 1. Rotatable node with moving orbit
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3. RIBEZEMR
3.1. PSO B3k

PSO Bk —Fhi: TR R RGBS, 0L T S B el fa B S5 A DB AE A R B AR AT 8. &
tH Eberhart Fi1 Kennedy T~ 1995 F4HH, ZRUERIE T X SR &7 I EE[16]. ££ PSO Bk, Hfxik
fif = AR AN R VE— R o RLTF 1T B 2 4 51 3 ) M TR B SRR 7 1), RIS A2 8 B &
SRR AN A R AR . RN WRAR, RS T A R R AR BR A A

HORREMAAR W T B x(ORNE tRIOR TS, WRERANES, B MEMNLEIN, s
NANKLT o Vi) kL2 ¢ AR . AL E B AT

{vi (t+1) =wy, )+, (P, = p; (1)) +C,F, (Goee — P (1))

X (t+1)=x (t)+v, (t+1) 2

Horprw AR RE, M BIER T, AR B EORSS: o MINRRE, ARXT B S E AR
FERZ; co NAL R BB, FORXREAAL B AT NI EREERE R, RIMARFERE s ras 1o 24(0, 1) [R] AR AH LAY (1)
BEHLEL t IR piARERER | DKL R 7 MA D St d L B ;- Gbest AR RE D SL i 4P B

3.2. A¥utay PSO BE

2280 PSO B HH B S VEREASSICE FERIAS A, 5 W BGHE A ARSI N FLENACE L DA A E
T ARG SINR R R RN, XSG ik B P &R AR R RE AR R
R AR B, 140 IPSO % (Improved Particle Swarm Optimization) [17]. ZREG#1) PSO $E[18]4% .

Sk 7 oz — B R A RIS R4, DU R R BERIRE /11K PSO Bk,
PERBOINN BE RGPERE , AR RT3 28 7 st AR I 4 Jy (5 Bk AR B R A mT DUAR H R 7 1
T 7 P AR RO B AR B R B A TR B M R 8, LT & RS R AR 4 = AU . 78 PSO Bk AR 2
o, BT INMBE R A ISR ETAA BRI IR R B 77, ARG A BRI R A &R ek mr
DA SRt FURGE IR . HAB T R R

t (Wi — W

max min)
t)= N L B LA 3
W( ) Yo MaxIT @)

IR B2 R BN EE N, HRAE AR 1K 77 5220 56 AR A P 22 36 R 3 25 R BE A R R A4
WERK TUARYERL T B B 3 B A A B Ry e MU PO B BRI B A R B, DT MR 2 06
AFEARZ I IR . £E PSO HISAIIRE T, ZH#TR/NAKI R BN 2 R 8 AR5~ 7E A7 31 B8 it =
MRS, AR I EIEER ALY . MBS0 Runh:

t (Clmax - Clmin )

& = e T MaxIT @
_ t(CZmax _CZmin)
R T

' Cimaxs Cimins Comaxs Comins Wmaxs  Winin XN R E R K /IME, MaxIT A KIER IR E(Z)‘:F‘ Ci»
Cor W SHRIEQ). (4)BEEIEAAWIAAL, AAFRLTHE AT DLEERTIIR O B 28 K LS SRS 44
2, PRIEBE SR RAMNINIL, £ HER BN BE R B DT RS AR R, 5 S e e ik
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3.3. Ii#AY MPSO &%

MPSO 5Lk — Mt RORL T REOCAL S, KAty N 2 DM IRSE A REAA,  JRil e 2R 2 18] f B
PEFME Bk Pe Mt R R . BN s — R4, BN EARER G B O 003 B S A B 5K
W, SFFRRST L R AR AR 5 S00) PSO BIEAHLL, MPSO AT LA HE s :

ZAEVERG SR AR A R ARSI, NN TR 2 A XA BT G RN R S AL A
e R R

MES TS AR Z 0] DG TE B HMA IR ILE, DU ISR S8 R 08 . BERZ [H]
(OB T AfSEAEAN T e B Af b R R s (), IR LR SRR AL

MPSO ] LR MEA RSB E, WlFARRcE . R 80a . B SRR SR, LOd AR 1]
R I AR K . MPSO SR 2 B T B 28 ARAL ) R, R ) s AE A 2 [R) B A 24 e 38 e DA PR A7 400
o BT NZABAYMENLH], MPSO ReS8 S AL 5 7 148 R 58 SR A R R P RE

A, JATER ISR TR RO ZE 255, BERE 78 70 A ) EA TR I 2R A ) A B A 7 T Y
RF, TR R A FEANREE, DASRICEAR I o5 SRR TT 58 o IXFh s G 3R N TV R FE AL [ 3
W26 R R i R HROR, TR IR R R SR 7 — M I LR, B S, FRATKESEIR RN
O FH 1 FFERE . I8 & B RT3, FRATRERE DAL VKL 7 HE R L, T E AR ST RIS, 3R
AEPT A a0 M, LR i) O AN 1 SO E iR A, A3t S, ISR G0 N & R

. Py
Fitness = C_R+ p, *OR (5)

Fitness NIENE, py AE SR REL p NESRRB d5e XAl 5 Fitness #/NBET . 781 FE
TR AEBGEE MPSO BIEIEAHN, 78 HMES MR Edt AT T — @ ks, EEEREAE R w,
Ci, C BT i HONKEFPEE AL, AR SR BOR R A S AR R, 7 8 o R B AN T A R4
H, PIARRBCREL T — @ HREATLYE . DU 2H e B AN B 1 B s 5K (2)

F - HRHEA R BN E R 4, HAREOE S RN BB w = 0.729, ¢, = 1.49445,
Co = 1.49445; 55— 55 = HK S HRE RIE Y 3.2 T i RO PSO HEng,  BIFEIEAHT G N =k
AR ZR UL REARE SR> B 0 4 R R R W 040, 35 A B Ok ARHT SIS I MR IR R DL AE J5
A RIRR A, HSETINA(). (4): 15 =4 B AEIEARTIHIEG 4 RIR R LAE I
AR R 1) 73 228 = 2B R B N REO A 2 KRB BC AR -
W(t) —w_ + t(Wmax _Wmin)

MaxIT
t(Cmax —Cimin)

MaxIT
t(Comax — Comin )

MaxIT

C, =Cipmin

(6)

C, =Comax —

ST 0 A B AL BB T AR ML, BB, LU S A2, H e T ik — 2
R A1 .
w = rand
¢, =10x*rand )
¢, =10*rand
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3.4. RF&Hasit
H MPSO S5 R A SR AR IR S BREAE TR T i S, B RAE T H0U_E KSR A A A2 A =X
(3). fEJFAREAR T R AL BN BN, — € B (AT A DT B AR LA RS 1) S R 5 R 1) 4 2R

BT HOVHRGURAS, R IZ - PRES U ) R ) f
FRBRRRAL E B0 N BRI B UAE RET ml. FIEBIEEHLR O AEE, X T R TRHL T2

o, "9'2’"'10iN N =P HE . > N =
FAEEN AL, ﬁﬁﬂ‘]ﬁﬁiﬁ%)‘(?’ﬂx;(}/’_‘l S ] 6 e Bt AT I 7 (9 S . T HUE
OIS E, BTV EE C e r R EWIatk, 2B PAbNE &,

3.5. Euti MPSO BER T2

MR WA G I 2810 o, 2Rl o 5 B AN LTS B A IR AR A L LT L7 ) DC
TiTE y o BRI R BENLA ORI AR 1 3BT ), ARSI AR 6 .

IR AL RS AL B 5 R Ay
), MIUGA IR o B

v
BIAGAA R Dy S B IR A0 42 ) SR e (LR
v
YIS TE S AN T2 IR 16 e s T
v
BB M
v

THAE N LB A BRI S s RS
A4 Jay 3 S IR A

v

B HMPSO% LS4

ISR B A

iy oH A e g SR B AR

Figure 2. Improved MPSO algorithm flow diagram
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AR WAL T A 7 S e PRSI 42 5 I S e IUIRAS DL RATTIR ALY m AL AR IR B B (e )
R TP RN [ 5 T BT R B A o K R ) A Y B B T [, ] 2 M

ARR= BT (), WPTA AT SR E 5 i) T FEMSRAGAL 5 B I e e ik P AT S s AX

ARI: AR A AR RO FAL RS M B R S AR, JRl & N RO SR, R ME
173 SE B AR B A R B AL

APRTL: HT(3) (4) (6) (MAIFEAFKREFARIER T M2 BT, P MR eI 2 2 8] h R R
FIRELAT RE

BBON: REIDER=EEEN, B EIBACREOE B 0E MR ISEAEL MaxIT. 52835 28 2 2 11
AR BB S LRI B, BARSEERRR QA 2.

4. TRLBWSERI

ASCKH T MATLAB R2018a 34304705 H 5L 5. 78 MATLAB JA53rf, i HALI IR 7 a5/ &
R EIASE, R T LI RS AT A, DR IRATTRERE X A (R VA TE A ) A AT 5 ) 4%
H {8 P 3R AT RS RS RURI T A

B IR A% 8 PSO B2 AN 2 kit (1) PSO B2 8 T[] e o7 B W] 32 42 i e S iy [ RO e i 28 D T
SR AL B H A S BN T R R, HEAT R LSRRG, B TERIE RS A LA B R A A )
AN, KLY PSO Bk, ARG PSO BVEMA SCHE H i HuEk i MPSO B3k 8 T T 8 # shfir
B H RS A I AR Y, ISR AR I RS SR, DABGHIE Gk ) MPSO B2k 1) s R g

4.1 KESHMEK

T[] 5 7 A A 55 (B 038 R T AR AR L 3 Pl A O R AL X Ay, FRATR R =
Y IS0 AR BB AU 8 T S B R IR vk . B R I R R SN R IE RS AR (P FRAL
B, HEEAN:
) . (1 ){(x—xi)z 2p(X %)Y -%) (Y-y)
2(1-p? of 0107 o3
F= — e
Z:1: 2n0,0,4/1- p2
Hrp FRORRELRBUE, NRNWESE, o, o, BUERN 30, X, Y RENLL O EIEHEE KN 0.5 i
ZHE IO SR S S, X, y N AR, p NFHRREL HUE N 0.
L TR AR P 22 i R )], s o PR A R Y U SR AR AR, LB ik R

X; :ﬂ+(1— randj *w* rand""
2 \2

Y, :E+(1— randj *h* rand°"
2 \2

Horp w R, h ZEIKEEE, rand N[0,1)2 1Al BEANL %L, DF (DensityFactor) N REER T, M
PLISEAE oL, @i DF R 6 A R .

R IX 4kE Ch 500 m x 500 m [SFIIIX 4k, K AR A RER G0 LA% R 38 15 fi%Ch N = 150, I
FIFHBENL R KL, K FCPENLAE XA o [F, 0T TRy, 1 F BEATL ek HO0r 07 24 i i A A5 I 28 1)
BaE RO D, TR IR HAIME 7O o TRBBAIEAR 9 R = 50 m, SHHAY 5 sl R B
B2 r=R5, WATUEEEN 20 =1/2 , I RKIEAREEE N MaxIT = 200. 478 7 % 2% p, = 1000,
HEEZRH p, =1, RERT DF=04.
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KSR NN B B B AR EDE A BRI S IEAR N 0 1] ISR e A TT
I ) ] 5 15 OB, BBDYZH, ST BB NSRRI LA B A B H AT AR e AN 7 1Al R A . [R]
i, 45BN LS PSO SR id, 5 455 AR RBGER PSO Sk, H=45
B 7NHER FH BUE 1 MPSO BLE SR

4.2. SKWERS S

it ot BEATL R KR T4 et P R AT R AU A T A B S WAL, 13 B AT BT R
K () R 1 AEAE SR DU AL I (R A% SRS W 26 1T i B8 T R IV e 5 0L, L+ 7 R RS 9

500

450}

400}

350} il "{’;,
RO )

300} X SR WA

250

200

1501

100t
500

50 300

200
100

0 100 200 300 400 500 y 0 0 X
Figure 3. Sensor network awareness image (left) and aggregation function image (right) before optimization

3. MALRIE AR B B A E & () S RERBER(A)

0
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500 Al

500
450 450
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350 350
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250 250
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50+ 50

0 . - . 0 - -
0 100 200 300 400 500 0 100 200 300 400 500

Figure 4. Fan-sensing regions in the first (left) and second (right) groups
4. — (&) Z(R)HEBFEMXIE
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ES P

TR DI RGN X Sk WIAR7E 75 %9 57.57%, HISRE Sy 200.02%. & 3(H) LA =4 AR W40 &
TI RN RERESL, VIIRE RN 147,

500 500
450 450
400 400
350 350
300 300
250 ¢ 250
200 200
150 150
100 100
50 50

0 0

0 100 200 300 400 500 0 100 200 300 400 500

Figure 5. Fan-sensing regions in the third (left) and fourth (right) groups
5. Z(Z)M(H)ERERRAXE

500 500 e
450 450
400 400
350 350
300 % - ‘“'\7 T Xa 300
250 AN 9"@? ,':ln‘vb\‘\\ 250
XSOy ST X

200 VO Ry 200

150 150
100 100

50 50

0 - 0 . = -
0 100 200 300 400 500 0 100 200 300 400 500

Figure 6. Fan-sensing regions in the fifth (left) and sixth (right) groups
6. F(E)7S(h)HEBER X

K 4~6 e R AL S M N H A B RN X R B K. NEFRED, B —-H500H. —4H
STl =4HENHME, R —FET, WS s 0% . m 4. dim
NIRRT ISR, X Tl si P s, Kk MPSO S R A B SR, EE RN
e
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Figure 7. Aggregate function diagrams in the first (left) and second (right) groups
7. —(E) Z(RERERHERE

x1073 x1073
1.5 1.5

y 0 0

Figure 8. Aggregate function diagrams in the third (left) and fourth (right) groups
8. Z(DHUEHR)ERERBREE

x103 x103
1.54 1.5+

y 0 0

Figure 9. Aggregate function diagrams in the fifth (left) and sixth (right) groups
9. BA(E)NH)ERERHREE

7~9 NG AR N R Em B . NERRTE S, B —H5NH. —4H504. =
HE/NHEME, FEF 5T, W DO SR AR sh B0 SRR A SR LA R . Tl YA
TLAMNAR AT DO R], X TR aiPuEiiA, oty MPSO AN R LA B sm AL R -
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Figure 10. Comparison of coverage optimization curves
10. BEEMMUAhZEIILL

Table 1. Six groups of experimental results
el RATIER

5 IBAT I (] RN xS BRI A EESE R
F—A 279.13 62.25% 5.33% 185.18% 14.84%
St 277.45 62.94% 5.62% 184.64% 15.38%
H= 278.00 63.05% 5.93% 183.11% 16.91%
VYA 282.12 63.73% 6.61% 180.92% 19.10%
A 281.67 64.26% 7.14% 180.51% 19.51%

E vy 284.25 64.45% 7.33% 178.80% 21.22%

BN RO 1), MTEgGRER, B4l 4. =4 tenTan, st i MPSO &k
FHET PSO Bk Tt T 11.26%, AHET RESGH 1) PSO 54Tt T 5.62%; XTI #2070 s (AR,
HHPUZH. g, NRTEEmT A, SudEf MPSO BEFHEL T PSO ByE$eFt 7 10.89%, AHE T RE G
PSO BIEFETH T 2.66%, KL ESE i MPSO Sy2:sR A vl #2045 s B, FL7E 55 264 R 35 187 (] 10).

—H#. . ZHMXTESER A, ERABIPIEREN T, SOER MPSO Bk E SRR T
PSO kAL T 2.07%, AHAE T RESGER) PSO Hikthik T 1.53%; PUZH. F4H . /AL sLgbnt bl %0,
U MPSO S AHE: T PSO SR T 2.12%, AHIRT RESGH PSO HIEMAL T 1.71%, At ek
1] MPSO Bz R rI R 2 15 iy, i & R EMA.

4.3. TESHXKRBHIT M

X i AR SR B ALK E], R AR SO ) MPSO SR fif o KAl X 48 7€ 79 500 m x 500 m
(P X4k, MUAVEH BB N 20 = /2, B # R A K py= 1000, HEXKRH p,=1.

Table 2. Parameter setting
2 BHRE

i FAER T g1z S SIE R T IEARIKEL
Xt Ebik a1 A ) 0~1.0 10 m 50 m 150 200
Xt b sag 2 A ) 0.4 10~25 m 50 m 150 200
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BLE DF £E[0, 1118, WIAILAR a2 i, ARHE 4 2 X AR IR A AT b B, JC KA A6 7 1 56
AR B fE 3. WG RAERE . AR . ARRER TS 7 fa R AR LSS R L 3.

Table 3. Degree of aggregation and coverage rate with different density factors

F* 3. RERTFEMWE

RER T 145378 ot 26 PR i 2 T i R MR (URIAEE = iy
0.0 65.81% 71.49% 5.68% 1.181219 1.124404
0.2 61.91% 68.93% 7.12% 1.359850 1.209438
0.4 59.86% 65.73% 6.09% 1.437131 1.384488
0.6 55.39% 59.61% 4.53% 2.038812 1.999683
0.8 50.03% 55.12% 5.18% 2.329772 2.235442
1.0 43.54% 49.51% 6.22% 4.921214 4.100324
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Table 4. Overlap rate and coverage rate with different orbit radii

F 4 HUBFEEEE

RIE R P e i R AT RIS R
5 63.80% 5.77% 182.88% 18.93%
10 63.88% 5.85% 182.29% 19.52%
15 63.98% 5.95% 180.12% 21.69%
20 64.79% 6.76% 178.85% 22.96%
25 65.08% 7.05% 174.01% 27.80%
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