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Abstract The improvement in the sensing node used to cover the three-dimensional complex terrains (CTDCT)
depends on the research results of two-dimensional coverage of wireless sensor networks and the phenomenon of weak
applications in actual three-dimensional space. The node stereo perception model addresses the misjudgment of
occlusion and coverage by judging the blind spots of perception in line-of-sight and non-line-of-sight; moreover, it
combines the perception quality of nodes in the CTDCT. The algorithm expands the distribution of nodes and reduces
redundancy by introducing mapping from the point set to the feasible region of the scene. Furthermore, the nonlinear
adjustment of node position in the iteration cycle improves network diversity in the early stages and optimizes the local
topology in the later stages. The step length of the designed node is excited by redundant nodes to improve the level of
coupling between the network and the existing environment. The simulation results demonstrate that the CTDCT
algorithm reduces the coverage misjudgment probability and adjusts the node position. This effectively reduces the
node’s perception of overlap and blind areas in line-of-sight and non-line-of-sight scenes. Furthermore, it also enhances
the regional coverage quality in the CTDCT.

Key words sensors; coverage optimization; coverage misjudgment; move step; wireless sensor network

KRB, 2021-11-24; fEEIBH. 2021-12-28; FARBH. 2022-01-17; MEBE A BH: 2022-01-27

HE&WMB . BER AR (61702228) TLAA HRFLF 34 (BK20170198) | H #4515 45 01N A 30745 2R 48 T4 30 5 0 S0 58
PRI 5E 4L 4 (KF20202104)

BIS1EE . ningning801108@163. com

0628005-1


https://dx.doi.org/10.3788/LOP213047
mailto:E-mail:ningning801108@163.com
mailto:E-mail:ningning801108@163.com

1 5 5

o AR W) 25 12 Z2 AR R AT 7S AR R o, A8 B i 7 I
BAs = AA WF 5E R |, (H 32 T ) T S ) P 4 1)
e IR AR ARSI o Il B TR 2 SR A SR 2 ) A 1] SR
TR AL, VR Z2 05T 0] BRN S5 e AR T A kA A
J7 fE A 5T B[R] I, B AR T Ak i S I . X T =
Y =S (Al 50, A7 AR B9 4k 2 6] B i 2508 Mk DL 4 fi
MY BT = s W T B S AR LB R A B Y
AR B 52 2% B R S 0, (L = 4 s ) 3 R R P
A 3 T B S O BR , FEBIE O AR B S b
X

LA, B0 = 4E 28 35 [n] AU AT 5, 32 37 5t S A8
BAIPASTT T T o 5 R A 5 — 423 () 4 o A — 4
o T L P SR B = 4 S DA 5 Y 1] 5 /)
A5 M) FH R 4000 P 52 B TG 2 A% SRR s I 2% 1) 1 i 2
SR Rl 255 B A al A AL, 51 BERE
L, o R A PR BE A, 1 i 1Y AT 3 (E R B % 4
5 JBE 3 A R 3 ) B i A5 TR 5 SCHIRL 3 T0U 5 A % J3E 4
SRS, 0 A0 1 5 23 A 1 R I 38 2o P R AR IE ) 28 3
M, S = Al S )T R AR BEAR AR AL B
HERE .

Oy fifp R = 2 oy 1A L S AR AR 4 R, SCHR [ 5 T
A TR Rt T 4 A 5 T R e D R, DL A
R DA Sy 22 53 2 A T N PR ARG AT DY i ke T 34
Sz 2% (1) N AR = 2 T ) AL, LS T e 4 40 A b T
P 55 [ 5L ) 5 PEAE A R o B NS I ) AT, = 4 MR A
P o) 4 s R s Ll A S A 1 (] Pk 52 B = 2 i i
MR,

58 2R i) 81 = A X 53 Ay e 8 A A el 4 i AR
TR SFI1TET ) 7 25 2 B A SRS A A T SRR Y i 7 e
Ao X = A R D DX P A AR ek Y B A
Jd S 07 T W SN L L e A I S A
SEOCE I MR O = 4E B 8 o SCHKL S T3 i 20 5 g
2 A 2 1 )RS At AR S8 R A S R A o SCHRT9 )
THA EAR DX 3R 3 2 R 1) 15 8, DA IR 18 IE T B
SRR Y S bR AR T G AR OF X R B AT
Delaunay = 1 i 73, 3 5 BR B2 5 3 s 2F 1 A7 2806
=R A X, R TR AR G 00 A e 4 1) SRR AR
B i) = 2 I B9 0F 52 o

SCHR L 10 5 3t R S 2 B 1A A% B I 1) A 1) SRR
B, 25 M 3R 7 R 40 55 3 B 4ULOR Ky H b 4K J7
FHZ R T2 2 0BG TR IR, AR AR SE A
o D, SCHERT 114 Hh v i AR 5 5 I 46 41 BRI S

SRR R0 42 4 5250 T 8 5 Ik T 3 1 e
LTI B Zhang %5 A th = B BB
SRS IR J6 R 90 B A 0 5 RIS 24 1
TOARA PRI T R . T AT BT M A

F 605 F6H/2023 F3 A/HAESBTFZHE
JE 20 ) = 4E 375 5 R 0 AT A R A EL X T A R
MY GER NS4S R R A m . L,
X T T Y 22 R A% SR 3 %) S R R AR AR R ) A0
PSR S A 0 = e B 2 R AR R K
) B 5 25 1]

B O A B - W B A2 J D 1 Y ST R SR R A 5T
e, OO TR 3 5 s P R AL B 1 A iR 2 R L SR
R b R )T X A R AR N Iz AR
BT, A SCHR TR A RO T R SR g R
(CTDCT) S, i 5 w40 A S AR B s i i 2
T AR A 5T USRI E i O X
78 7 v e A L R LR b B T Y 1R A )
B, 51N R AR 3N 3 5 mT AT B WS, 0 0 e B YT o A
U INTCAR I AU 25 X 2%, 4 326 A JR 1 P Al 4 1k R
WAL G AR M SRR VAR B L KA
WG, 5 F A [F] g s 8] 9 # R B 1 . Btk BT 4R
CTDCT BL e W/ N BE 5 AR L BE IT A7 5 5t 4 35 R
ML 2 0 [6) B, A PRk S = 4k 5 A b T W 4% 4 b
EER I NE Y

2[R RBUASE TR ) Hr

2.1 TRIEER

N SRR Ty BT AR,
FEF- T A 8 X AL — AN 1E 7 I, 39 R IR
BIPL=Jed (S, C, d)Fan WA s o W X 38 4
BN A BCE T S W (S (a0, v, 2)li =
1,2, 5+, N b, (a5, v, %) S, 18 = 4 55 18] {4 A8 A A

P A
Fig. 1 Node model

0628005-2



BT TS SR AR S, (B T T C =
(7. 0). LA T F bR I IE 1) AF 4R ic 38 7B 7 19
BB f6 A B 8y = O R 0 €0, %5 1,
d 3 S, 1R 1 75 1A 76 - T 8% 1E )7 % K38 D, D, D, D,
k.
2.2 FMRE

5 244 1 36 %< (CovRatio) 1 5 ik ) X Sl o0 24 7
ER

Conrun= 34 X 100%, (1)

20 58 Sy W DR T A 5 S R0 45 2 DX R L

I50 £% F- 449 % 50 B 85 ( AvgDis) f2: 5 it 5 3% B HE 19
AR

1 &
A:NEF (2)

S F O 9 2% v JEOR 3 S, S A% 2l i S PR g
2.3 MESFERERSERTHRIERHE

2 FAR A T Sz AR 23 A I BB s
DENER F SR N ENER AR T N R h s M R TR 7P
PR AR o BT T BRI T T AL S8 TE X H)
K BUE R B A

M H AR Q(xq, yo, 2o) T IE MM H 45 M (24,
Vo ) B T 2 = f (2, y)Z b, BITET £S5 7
PR S S AL A0 2 s o AR Q W 8 S 8
{E H T ORI5S00 B Z AL B, bR M A 0] 35 Th a2
PR B S, BRI E] o DRI TR A S A
R 2 1) 40 531 15 =1 A0 S 28 25 ) 0 A 2 U

S, ¥, 2)

K2 RONE S P

Fig. 2 Perceptual signal occlusion model
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Table 1 Scene feasible region mapping process
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CTDCT(N, D, a'[ j Jnws @[ J Juins s M)

1 a'=SFRMM(N, D, a'[ j Juu @' [ j Jon)

The sensor randomly generates M and determines the line-of-sight and non-line-of-sight targets, the CovRatio of the sensor

Line-of-sight and non-line-of-sight targets are defined, and the CovRatio of the sensor is calculated and generated

t+1

2 is calculated and generated 3', &', and the remaining sensor are denoted as o'
3 Fort=1, -+, s
4 Calculate £, &', &7 ' based on formula (6)—(9)
5 & =g e e
6 a' "B, 8" and the remaining sensor are denoted as w
End
8 P=a"

9 Fornp=1, =+, Pna
10 If =1, then Sensor = P, f (Sensor )=f(P)

11 If f(Sensor)>> f(P),then P= Sensor, /(P )= f (Sensor )

12 S, € Sensor, calculate S, = (2, 1)» Vit 1 Zity+ 1 ity 1)) based on formula (10)-(12)

13 End

In CTDCT, the role of /() is to determine the line-of-sight and non-line-of-sight targets and calculate the CovRatio based on

formula (1).
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Fig. 3 Effect of perception optimization under combined action of line-of-sight and non-line-of-sight.
(a) Random; (b) SCA; (¢) GWO; (d) CTDCT
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Fig. 5 Algorithm energy consumption comparison chart

0628005-6



£ 605 F6H/2023E3 A/HASBFEHRE

B ORE IR R, S S U0 OKE BE AR, L AvgDis = il
CTDCT#2.4m.,

JEFY 1> 30 W), A% 5 00 R B AL AL X 3 5 B AE
MR fE W55, i H AvgDis bk GWO 5 CTDCT &
1.5m.5.6 mZ&E 4y REAEZE IR — 224 K. M GWO
R 22 2 VAL R G Y Ak BRAE g, B AS S — s
fie #6 1L #r )5 . H AvgDis B T SCA 5 CTDCT %4
1.3 m.3.7 m, 5 1 AvgDis it T SCA, H A & T
CTDCT. [FIEF, 15 2% F 7 4b B 2 0 oR B 1 500 RS B
=R N e 4 QPSR | 2 o e A D<) | K /-
CTDCT 7E 4 Jry M 2% 3 $b 1 22 FE VR R 38 40 FMME AL g
T Z AR FE R 19 T, DL SIORE B8 3l R i 1) AR
U e A A 5 0 25 L DR AvgDis IR IR SCA 5
GWO.,

5.5 2T RS

o e e e U K 7D O I NI I 7775 D .
PR AR S2 55 396 B L A FH 0% 3O it 1D (3 0l it et
2o serh e, A 2 B0, SRR BT AL, ASBOE R ) AR
S B 3w, F A BN S BN 3R 2 BT, 43 i
CTDCT 5 SCA .GWO #1 Random %5 4 Fh 75 4 7 X
=Y AR RCR K & CovRatio , AvgDis B ¢ #9728 16 15 1 .

Kl 6(a)~(d) W BEILG 7T AMBEEET)E
B = 4e 8 R K . CTDCT M BLA R 52 5l A 1
SCA W Ja #R AL B e GWO 1) 4 Ry o % R 68 )1, 1
B BN Y RE R RR AR E 09 O Ak RO g% PR BB
SCA.GWO 5 CTDCT i CovRatio i It Random, 43
FARTF T 29 38% .40% 43% o AT, 3 Fh Bk x)
= Ry XU R T hE Y B O O T, HA Al Pk
M HE T -

y/m

SNV ERCE I N EN IS S (T IR e &

y/m

(a) Random;(b)SCA;(¢c)GWO;(d)CTDCT

Fig. 6 Effect of perception optimization under combined action of line-of-sight and non-line-of-sight.
(a) Random; (b) SCA; (¢c) GWO; (d) CTDCT
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mobile energy consumption in multiple scenarios
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