TR BAFEHHER

5557 % 5 5 ) Vol. 57 No. 5
2025 4% 9 J] ADVANCED ENGINEERING SCIENCES Sept. 2025
HENAFHE A

DOI:10.12454/j.jsuese.202400614

IR
ETR

RS M BB 12 IE FNSMER e L L BY WSN E L F A

RERH M,

Z S

(R WRURERE 5 20 A T A2 b, 19T A5 KH 421001)

1 BTN O AL RS LS Y s 7 R AR DV-Hop 83k 7778 18 2 1E ST iR 22 1Y (a3, 31 1 T —Fh gl & A& 1 E
Fwik L6 ) DV-Hop 8895 o 1756, S FZS A8 R B0 BB A A0 B b, DA = B B i o 2 R TR 5%
FEJE  BIAE BT DA RS | SE 0 b S B S R SE BRI B SRS O T 2P A B R
DV-Hop 523k AE L, 51 AT T ik e O AL 31 AR R RER 1R AL BOR A Circle RS 2 0] 2 > 5B, AJRIEF{E
FI AR AN 5] AR B L AR P 5 1A A& N , LA Sk A SR B 7 32 FC A S R, K AT v e 30
A5 S B FH R e B b e LA B AR B SRR o O B A SRR BT X AN [ DX TR KT AR 75
Bt GBI SBES RS DL, SO IS P B AR AR S DV-Hop & 7 B9k, AR 2240 BN T 30.0%
33.0%.37.2%.38.9% F1 45.9%, [Al i 5392387 il daiek 2 17 0.73 s
K HRIR): O AL IRAR N2 s DV-Hop ; IFEAEE ; (71522 ; Wik e DAL A7

&5 S . TP393 XEkFRERS A

TCER AL I35 W 28 (WSN) J2& p— Sk 37 TAERY TG
LRAL AR LR A R 21 B e AR AR
(16 PR &, WSN B 32 b T 3t 2 e 25
AP s matscm ! e a5 e g 40
3o 7 A WSN B4 15080 SR 4 AU B, B0 A~ To 2k
R IR SR AL AT FE A W I DX S5k S PR TC kA%
JERR WA I8 A5 PR ER R s S 2R 1 A5 R 7
B R EXEE, rLd, e AR B 2 WSN Hi
IR T A R A O AR P12 MR A 2 7 N I £ P
sl T {5 08, 8 2 B8R T 43 R WSS < I R RN
TR DV-Hop J& T Jo A BR ) 1 {37 B0k,
R il & IR a1 D= R O W15 = T
PR SR, Bl S BRIV A 7 SR 942 5, DV-Hop
B AE R R AT R T I A A AN R Pk
o, 0 I T ) A AR AR Xl RS B
PAR 2R, TCL AT T AL 1E AR 2 2%, BB T T
AE IO 22 , 2 T 5 00 1 5008 5 ) HE AR IR A, 26K
WA 2ORAE S s, 3T S A R BN R BT

WFsHHEA:2024 - 08 - 05 1&[EI HEA:2024 — 11 - 25

TEHE 2096-3246(2025)05-0333-11

BEBCRI - Bk A T T AT BEAR R, S EOE MR 2
Hem.

A K R IR R RIS B 4
JR AR e S A v B g M O BLE TR TR
SR B A AR T REOL AL (PSO) ™ A R
JRARAAL (GWO) Y FEFbs 1 (FPA ) P14 i 5
REML AL 0 2 i, 2 3 % Healb A 1 ek, IR L
FIF WSN o iy i i) A2 pu 25 P8 T —
T I [ B RN IR B R 22 R RE 2 A R R R
iR B TS BT AL RS R A 22 SRR R AR
P X — AR AR S R A T A A S sC E, R
KR TAAR S RALNIE R, R T
— R TR RN, LU R B AR A R R
(AL BE 77 o 35 F Rl R 40 20 A0 TSRS SR s 1) i A 45
58 2R A7 (1CS-GD) TE itk WSN 7 50 2 37 15 22 1)
Ry D s S LB SR T e R
MR AE I A R T Jia PRI T — Bl 4 4 CAFOA-
DV-Hop ) A 1 I A 1 R SR R e A b vk, 2ot

P04 4 ki B #7:2025 - 07 - 10

ESWB WA BRI 4T H (2024115338 EZ HARFFF K405 H (11875164)
TEB BRI (1976—), T3, B8 A W55 1) oL AL IR I 245 54 Rl ¢ 4 4% . E-mail : yxw@usc.edu.cn

*BIEEE:H AR, E-mail: 408179601 @qq.com

https://jsuese.scu.edu.cn




334 TRER2ESH AR 557 %
A2 STE T RGHT ) B 38 N 48 2 A KL L A H O REREOI 1, 8205 BG4 B O RERJE Y A5 .

IR MRS TE T HE M 2 R IR R PERE , & ) 7E 4
Jay 5 R ER LA A A T AT 8P , R, CAFOA-
DV -Hop 58 12 7 W S0 2 K 7 (o K 1 2 79 1 ) 552
Y P REER Tt . Ouyang 26745 T —Fh gl i
() 38 a8 5 B0k (TAGA)  IZBE D e T 38 U AR
SRR , ZhAS TR T A8 SURIE 57381 A4
AR = T DV-Hop 53k 89 7E SRS RE , 2R 1M I AR Ik
/b pi T kL kB 52 D DR S 0 E 37 R 2% . Ou 451
i T — ol B TSR] A2 R g T — A G SR et ) 1
A 4% B3 R FEL (ICS-FG) , F FIASTR 32 55 58 5 24
I a2 R IR R I R I3 T — AT
S0t A RO PG 23415 B e S — ) v S, LU R A 5
8RR BRI R BE ) (%7 vk TR A 22 T
T B IR 45 S 80007 (1522  Bhat P4 T —
o) FH e BLI0T T A0 Ak (HHO ) 3507 S 3 A9 5 6 7 1% o
5T RO TR AR DX A e 2 A /N B
Je A R DX N 0 FH HHO S8 iE 1 73R A, 15 e 4
FhA BT WSN F 5 (505 B0 52 oy HE Ja 25 0 S e 4
A5 8] A Bk BB BOR A RAE R4, SR 5 A il 22
I UR 25 FBON 4% ) B P S kR AT B A, LD
Uk T DV-Hop 539 #Y 5 00K BE AR T, 24735 i Ko
B BT B AR IR R SRS AT A
frt— 4w .

DRI, A SCHR MR 1 — 0 5 00 B2 A L o e e
AL Bt DV-Hop 5.3 (DV-Hop localization al-
gorithm integrated with range correction and spi-
der wasp optimization, SWODV-Hop) , JcH| 75 &
T8 3 B A T 4 ) B R A R /0N T ) B
BB O E L 25 R i iR 22 , Pl W AR
SRR AL BRI, LA S M S I A A) A S BRI
e b, 5 1A W W 8 0 AR 58002 O 1) 2 T SR gt e LG ik
Pyt , T LS, TR T SRR A E
RAEEE

1 DV-Hop ENEZERIZRENHT

1.1 DV-Hop EfLEEN4A

DV-Hop & i 53500 R 358 - 1 e R A
5 AT S R Y SR/ NBRE, A A SR AT R
EGRET 5 22 18] S 4 B R SRS A R AT
DA
1.1 A FR ki

WSN H AT 819 s AR R 2 st Bl il ) %
TR 2, AR 0K A O R BB B 4548
ST R BT R B R R R

RRE 8 AN WAL B R RS S e A R RE S
PREI A R A foe DA
1.1.2 AR ¥3kIE

AT R B AL E 5, Al AR (D)
SE F HF )Pk

2/(’“!'_’9)2* (yf‘yf)

Hi: i#] (1)

N
21y

i%]
S AR ) PG, ) S8 SRR 15 8 R IR
A1 5.2 I T N
BT 2 20 B o TR , SR
51— LB A B B, B A 20
S B BE  24  105 HECSK 1Y A EP
BB H B R 5 (2) R 5 2
Bigsd,

2

d,=H;xh, (2)
SO Ry, AR BV A 1 R MR
113 EHFRHH EALE
HRAE T S5 B 1) AT S Bk EE I B, R =30
N R KA R A T A 5 R YT s A o T 1R
=R R B

O KA

@ G

1 =N EEREE

Fig. 1 Schematic diagram of trilateration method
12 RED
121 BRHRZ

DV-Hop B 155 — B BESE FAE 48 1 BE 25 % 2 P
WORA R Bk ER, 20K 25 1 A A1 st IR A 25 5 75K
[(77/BE k28 A L SR A T2 A D B (S B N K I
DR s AR TGl DX DU X 6, 3 2 4%
S, R R S BR EE R IFA — B XA — B
G R B RRZE , DN A BRSO AN BE A Sz 1Y i 18] A 52
P BRI S o AT R i ) DX 3, R ESCRT RE S B £



555 4]

AAEE, A Rl I RS T A B O Ah 1Y) WSN 28 (i 53k 335

TE 9 s 2 A DI, B RR] R I A o
122 FHBRiEiZ £

DV-Hop B3R AT 55 2 e B 15 A 3%
BFE AL e AT Z A A BE 5 SR 1T, 7552 2419 WSN B
Barp, R s A A2 B X DL 4 T S
HAS WSN A 05 B O W R S0y i i A 1 i 2
(] ) ~F- 25k B 15 2 K, TH B 45 SR P BB A A I R
22, TS M1 1 28 5 IR R
123 #HHEEE

FET R B BT U A — R =30
SR B KALSR A T o SR T, = 3000 72 O 115
RSB 2D 3R AU B i AR SRR AN R
PN A5 0 {5 5 P 52 e 4 T RS 35— I o s
4 P 0 13R 22  TE S KA SR A i b, 3 o A
AR R T e AR R R R S B TR 22 S
5T AR 1 5 Pk DL SRR 3 A5 ) i i S5 PT g
O A E IR

2 BRI ER

2.1 %)Jt.’si%ﬂlﬂ%iﬂ’aétﬁi

S Wik e COE M ) AR Y i — A B — AN
@FHJEB)XTET“TE%@? 5] w5 A7 AT Bl HL )
Iatk:

S!=L+rx(H-L) (3)
SO i MAMATE R A R P AL E i, AR
ARG, TR CAFPRERT] (i=1,2,--- .M M FPRE
) s r oy DAEmI 5, A3 BT IR0, 11093559 43
A5 LA i, 3ROR B 4E B S 800 o NBYA TS
Fil s H Ry b ), 308 B A4 i 2 5000 S R IUE
e
22 HEME

P W ok e o) BB 2R 3 TR BIE A e A AR
i , X (4) Th B PR AR BN FE AR Z A R A5 (]
FFRENLIRAT Ay A DX, BEATLAE R — M B
S, x(S.—8,),r, <ry;
Si+uy (L +ry x(H-L)), Fifth
e e, 10,117 19 2 SBEALEL ; ry [0, 1] 70 Y Bl
WUBH LA ) 5.8 S5 TSl a5 eA RS Rl b s
a.b.c BRI DAL B 0 &, FhRab.c A
TP BEALE SRR 3 RG] 51y gy T R (5) ~ (6)
e

Slt+l (4>

w=1r|xr, (5)

Tidl x cos(2nl) (6)
+e

K (5)~(6)H,r, N[0, 1] A BEALEL, r 4 IR A IE 2553
A B RERLES, 9 [-2,11h B BRER LA
2.3 IRERFOREIRMER

W Wk 52 1) A i i A v ) M TR 6 R, Dk e R
B 5T 04D WHIIDR , 70 TR 2 D T 4 12 IR , 7 S v 2
L (7 ) Sf SR R e 6 [ —
B TR O A ASE L1 1 e S o i ek 0, O i e 2 (8)
B -

S;+1:S5+Q><‘2><r5 (7)

0= 2—2x(;))xr6 (8)

K (7))~ @), Thra SR FENLIE R RS, ¢
FUT 43 30 S R e RGEARIREL, s R0, 1] (1 BEAIL
BB R 1) 7 R [0, 1] O BEAILER
24 HEITH
R e LA 380 P A o 2 0 41 T 28 i ) L
K] Ay ek e (4 S84 T Ry 2 24, BT AR FH AN AN TR
)7 BRI 61Ty, 4K (9) Firs .
S*+cosul)x (S —S8),r, <ry;
S =18 x|y %(SL =S +A—ry)xUx  (9)
(S, —S.), HAth
8" RS A IS A R AR D5 58 5, oM [0, 1] g i
BUEL s y Jo AR Levy ©ATA LS U FH 0 AT B
FH A L s G 7 A ()7 A A R 2 11— 3 o )
i, 1l (10)#5E
Lrg>ry;
e
2, g F g 20,1770 A BEAIL AR B 7] £
2.5 REITH
W e A0 b SR Tk 1) T R AIE 22— 2 0T LA o A
W M (1 O A R v A L i R Y T
FH I —A~ PT RE A , Wk e B9 A 332 A T A iy
TETEA AU D S AER 0 A B U
R A 2 (11) A ok 5 0 e e A ] %) A 1P o e
SR
Sit'=8i+elx |l xv +(1-e)x || xv, (11)
Ao, BB, AR TE A 53 A1 Az B BEHLEL , v, Al v, MR
P (12)~(13)3H5
X, =X f(x,)<f(x;);
ne {xl——xa,,ﬁ\ﬁt
X, =X f(x,)<f(x,);
T &xc—xb,ﬁﬂﬂ
A (12) ~ (13) 5w w, Flw, Ay A A AS TR P8 A A 2 1)

(10)

(12)

(13)



336 TRER2ESH AR

%57 %

(4 2 (EHSAT B A J5 10 i) o, E AV IR 2 A A A G
(8, 51 RIETEAY R 2 ) v ) S X A% 8, 75 )
A T ARG i , TR R LA SBOR 5 x, ), xR TERD
FEPBERLZE A AN RO B )i, N bR a b 7 eI
JB azizb=e , T HHT A G DGR W e 1 35t AL 44 8L, A
PN AR IR AR () o

3 SWODV-Hop ELE %

3.1 BREEu#H

R T AR A5 T) B OGS S K BE s, 5
AN RAE R B DV-Hop 50k i Bk ot 55 07 Xk 47
87,

N RTER O — Pl A2 S AR A F8 AR, RO
WS R ESERE, HatBa AT .
|ANB| |ANB|
|[AUB| |A|+|B|+|ANB]
K, JABYNEES AT B IR RIEREL, |ANB A
A B IC R B, |[AUB N4 AT B Y FE4E 0
£ G 18

SRR TERFON AR PRI 2 W T Ay i 4R
G2 SRR FLBUE R 0 ROR A = BEAR L,
F2I0 1N F W] AR 2K, HR AR

d;(4.B)=1-J(4.B) (15)
A, d(4,B) A AR BN RAEREES .

1E WSN H 2 R 3R BOR U] LA 45 A 19 AH
I, v LU TR BO T 5 AR &, 4R R
WA R F T E N, A HAE B B, IR S
AHAE DR 1 B, B BO TS A T I Ak o s RE R
% SRS it A YT e 2 T ) kR, O T R v R A
KR

WE 2 iR, BT S AMEE PR E 24
AT g5 o LA AT 55 B A C R, 25 s Hi 15 2
FEAAEE AT 23 5 F N, N N 38 8 81 05 5 R 0
A5 A Y R T S B, AT A TR Y
£h.

DR, 19 A5 A R B 3@ A 1A PN AR 28 XA 7 R Al
EX o)

J(4,B)= (14)

_|4nB| _ Ny 9
JAB)= O = NN = T =0T
RN

d,(4,B)=1-J(4,8)=0.743,
[RIFLAI 1S, (4, C)=0.353 ,d/(4, C)=1 - J(4,C)=0.647,
LTS R B, R LATEAS AR S SR
SRR B o i A YT A R Y e, A R A
BB R AN, 2 d(4,B) =0.743, B 1 i A 5 B

B2 TRBEFEARZXEREE
Fig. 2 Schematic diagram of intersecting areas within the
communication radius of nodes

Z A1 R 4 I Lk

N T RS AR B EOC R AT ATE TR IE
Kl 7, iDL AL S 2 A8 1 R - A REE R i i, 5
FH T VRS E A5 O N BB 1B E S f /N g
hl R ANT

hy=1-1 (16)

K, 1 =J(4,B) MR 15 A 5 AR S B AR AR L
N IR AE XS A R R AL

NG TE 5 125 R 0% B MIORS At b S I ek T g ek 4
X Z , NI HE T DV-Hop 85125 1 5E RS i
3.2 FIpkeE

FETT SRR Y 057 1R 0 B 22 B, SR ) LR B s i e iy
LRPEES AR, B T P8 I S e, IR g 5 5
PR E& AR 0] BEAFAE— 7 D 22 , DT 52 M0 2 5 B o A ik
IINZIRZE 5 I ABRE ATE BE P(i) LASE = PR B A A3 v
it

d;
PG)= 5 (17)

'
P, d T R 2 T AR R SR R AR A
7 h R AR RAE R BT e N

SPRA B 3 R 3 A X 2 TR A R S B
FUARL 138 o SR T, IO 285 P05 A 52 2 S 5l 1 X ok
RN S ) FER I R, AR R Y kR R
T 25 | ARG ST RCHL , MRS EREE AT {5 B DG ) AR
FAVAEE 1 i X 3 TEC R L AR o AU Wiy ) B AR5
o /(I

Wi, j)=1-( - P(.j))’ (18)

YE—25 U, BT AR 55w 7E 2R 5
T, FLBRESCE SR 2 AN [ T s AR R,
ABEE [H - 5, 20 I8 48 A8 15 R AR N s 52w g
Hts =R r



555 4]

AAEE, A Rl I RS T A B O Ah 1Y) WSN 28 (i 53k 337

5= —H (19)

=1
o, A, RS A RS R RO A I A R T S
I J] FEVR 1 050 0 e /NR B, m R BT AR TS RN E
e F BUE W, F e, ol o I 1 S 2 8k iR T 5
wr.

N
S S -x )+ -,

H!=6.x W(i,j)x S (20)

2H;

i)

Ao, N AR AR

2, R MG T 5 (9 V- 24 BB AT Al SR 5 i
SRR Z R ) .

dj,=H/xh; (21)

T 5] AR AT AR R A A3 e SR e L 2% Tk
AR T B AR g R AU 2 B P R R 2
FIE f% SRS At b Sz R 05 6 5 AR TS R R () Y SR IR
BRI LT WSN H DV-Hop 592 (2 Vi K o
3.3 BUtRYEMEREE L ELE
3.3.1 Circle B4 R ) % 3] #1464L

W ok e 0 Ak B 3 SR P B AL 5 2R AT D R D 1R
A, S S50 e e S TR 48 2R 23 ] P9 0 AT AR 1 TR
FEERPII], LA O A I R R TR
DR — ) L, 4 T —Fh S A Circle WS FIRC 1)
2 2 15 1 T T FIRER) b Ak, LAt O 1 ok e A4 1 1Y
WIUA A AT SN A) o LATF 2 AR St 20 3R

T 5, A Circle B S A= G N A 11 Wk 14 ) 1R
1ﬁ§S;+l:
§1* = mod| s+ 02— SnCASD)

! 47

1

(22)

SRIE R (23) 6 =X (22) A L) N AP 6 1

Az AR R IV (4 SR 01990 4 e S 7
S;, =rand(u,—1,)—S; (23)

TR, 14, DAy 20 Y WAL e P 7 87 Y B B

FeJa A IR 2N A ST RS F sk e i
HEAT oK BGE I BE HE Y L 28 IO HES 1Y HiE N M
VB h0) iy MR e 7
322 AEEREAE LI

FIA B &R AEE w(n) FH T 3l 285 SR I e A 3
DU s SE O MERE  w(o) BE IR A 28k AETVE Y
WG BB, 30 3280/ 32 A R AR A A0 4~ e
REALE R RS e iRk M E AR R A
W ASCER (8 R/ INBE A 1 A RS 1 g A0 K o, 34

S 1 R L IR B 7 B 1O R D D, O f HL Al W ik e B
PR T i I R e 5 R R A R A iSO
JE o IEARUEL TR BN A IE AR

w(t)= 02cos(2(1—T)) (24)

3 A w(r) 5 B AR LR 0 Bl A8 AR Ak, U
LY Rl B 22 7E0,1] - FH T cos bRIELE [0,m/2] N H) 4R By
BB EOR R TR SR 1 B0 e B B, w(o) fEL /N
{H AR A5 TS 0 J5 0 w(n (B2 s R (H
P Ak T S R G X AP BT Y H A T S 4 1 IR
SRV R WSSO o 28 ok ke ) W e e O A B T 7
B AT
W(O)S; + i1, (S{;_Sli)7rl <r;

- )) A

t+1 _

WS+, x (L+ryx (H

S =w(S{+0x |2xrs (26)

w(t)S” +cosQRul)x (8" —S8,),r, <r,;
S = WS, x|y | x(SE-8)+A—ry)x  (27)
Ux(S;—S"), HiAt

333 MEH-ZHEHF

Wil 5 5058 4T e R A R B 3 o e ek e
FRE 1) o7 B 22 S sl , R BUR L AR 5 B A R
s, BRI, 5 AT PG — g 028 S, I R B 1 ik 1S Jmg 3
AU RAE S, T Sk 1 SO B T P — s AR
D5 i n=C(28) iR :

Sy =S x(+kx Gy ) (28)

S, S Ay e 0 ) S AR AR kSR [0, 1] Y i
BB, Gop 0 IR MBS 0 5 25 54 1 18 3 391 40 A1 11
BEAL I AL, S, AR 55 B
334 HikiiA

SWODV-Hop 5 i i ik Jr ik, FIHZAS R R
B BB R AT A5 BEAG TEBEEE , DL Rz P i ik e
AL e 2 e (RS, AR BRI

ARR 1 AT R IR AL K DXOBRUR S R E
K MM, 5E SUN, RS 5580 N, IR AT B R A
SRS

AR 2 RS A8 R B R 0 SR
2210 ) die /N R B, ) 0k B R A 8 T T S 2
BRHE , TR A A B SRR

AW 32 A I N RR EUME A, , IR A Cirele
WSS 52 [ 2% >0 %k W ek e A AR S B A TR0 R A o

HUR 4. 5] A BENACE , R 4E(25) ~(27) i
Ak AR, B W e %) 7 S R R A R A 5
FEMH



338 TRER2ESH AR

%57 %

PR S AR (1), AR — e B AR

YR 6« 3 b A P — ey AR SR, A G W gk e A R
B E AT SR

IR T P TR 2 AR TR Rk AR
BT A t<T, AR TR 00, B s e LA

SWODV-Hop Hik i fe W& 3 iR o

IR A4S
v
T I MR X B
v
PR BB R
v
CircleWe s F R [l % ST R UG LRI

!

FIA A ERALEE, MR (25)~(27) 8
AR B2, JF TR AT I (1

v
AR (1), AR TR

A

o

v
T P — R A e, o A
ALLE TR SR

SERIEERERAT, f 45

B3 SWODV-Hop E&RIZE
Fig.3 SWODV-Hop algorithm flowchart

335 B ALE

ik [0 A2 2% R Al R M B 1) — T DG B8 A , 3
Tk X B ) A 2% BE 1 3 BT, RE A% DU b P P g
W I8 —A> WSN I 50, o s B BGC N n, 1T S8R
HICH m AR R REE R B0 s Rl Bk
B )5 24 O™, T 4 1) Sz By R 3
(14 B ) 52 2% B2 W Ry O(n) o EAR , TG AR I 2 28 45
R S A B 1) 52 2% B2 SR O (o< o 1) FH S0 1) T W
ARSI i B, SR KRB T F I

HE N T SR D , DO i e A Pk o 5 2
Sk O(T*DXN). 5 L vk AN (1 5 2 FiE Sy O+
O(n)+O0(nxm)+O(TxDxN).

% FH Routray 2520 5 H 4 38 137 B 5R 500 SWO-
DV-Hop 5.9 i 7 B pRAL, HARSRGA AT -

Fe= S~ o) +0u-1,))  (29)
i=1

A, m AT S5 BB, Ox,p, ) FRRIT S5 AR, d,
AR R BB R S PRI

4 HEGRS57R

{8 I MATLAB (R2021a) #4264 705 FLlliat, T
AR 3 ML I o R ™ 17-8565U b Bt
i, FEAH 2 1.80 GHz, fit £ Windows 10 ZZBE kit
BER S 25 IR M54 DV-Hop 7% \HPSODV-
Hop % 7:5 . 1CSDV-Hop 4 ¥: fl IAGADV-Hop 5.1 .
D5 L5 T WS AT B B AR AR AT SRR
X VL 1R 22 B2 I o P BE PEI P8 bR FH U — 1635
iRz, BRERA T .

N 2
S -5+ ()
= NR
Ao, (o) A T 2w AR
SEg e WSN o St o R4 I, 302 9 P
4100 mx100 m, W& 4 ffiw .

2

E (30)

* S o ARHIT
100 -
o o o
9F ° o ° o °
° o
80 - o o
%o g o 0 0g © o
70F 4 %0 ° %
o] o ° o o
60 o o
o Oqp ° )
= L o
= 50 o L Oo o 8 o
0©° o ©O
40 + 5 © - 0 s © & . O
q
30 - o o o 4 o
1) o o % o
20 - o
o o [o] % (o]
o q
10« o o 00 * o
(e} °
0 1 1 1 1
0 20 40 60 80 100
x/m

4 WSNHERETRNHE
Fig. 4 Distribution of sensor nodes in WSN

4.1 FARIMELEHTHREMIRE
4.1.1 AR RBE@BRF ELALIRE

& 5 F16 943514 100 mx100 m F1 80 mx80 m [
25 DX AR 1YY A5 RE iR 22 06 HE o TR 5 RN 6 Hfth S 40
[ < 1 B R 10 A4S R JIT R8G90 4> LA
A2 0 30 mo i FLAE AR, 7E 100 mx100 m [ 2% [X.



555 4]

RIEIR, 55 - Rl I PR 18 TE R e (A Y WSN i L 5575

339

5", SWODV-Hop 5 : 41 # T DV-Hop 5.3 , 7E 4
[R) ) 25 1 71 AR 28 1R 25 RE S B 25 D/ 38.0% ([&]
5) o 7F 80 mx80 m 2% X Ji 1, SWODV-Hop 5374 #H
BT DV-Hop 5%, EAH R A 25 A4 B 15 d g (iR 22
RENS T 2 U /N 30.0% (&1 6) o H L A] Il , SWODV-Hop
AL A R 1R Y R N VR A T R B O

0 USRI

DV-Hophy45 5 o SWODV-Hopl#4h

100 —
90 :° 9 pooe :° "
D o%’ o 0@’5‘00 [e]
80 - C% ®p ° oo
® q 08 @® %
70 Ke} Ooo o éjgjo o Oc
o
60f oo 08 & °0, ¢
= : o 8 o o OO o o
X S0F 3 09, 9
0 Ow 08go @ &
40 o 9o o o o o
-} o 00 %o
30+ o <9
%QBO 08 o 09, 3 6 © o}
204 X o) oo P 06 o° b
10F o °<8 © 58 ooo a
(o] )
0 %nl (o] i) o Oo e |é
0 20 40 60 80 100
x/m

5 100 mx100 m R4 XIgioR F0F5 mUE LR ZEFTEE
Fig. 5 Comparison of positioning errors of unknown nodes
in 100 m x 100 m network area

OH AN oDV-Hopl45H: oSWODV-Hoplli4k
80 A\~ A\"A~4 U
g &%%o ° 4 ® °
70 F ° o O (9 & o
o S °o o
o) o [¢)
o %, ° ° 0°
60 ; =] o o o &° o
50F o ©9%go 9o
o &
E 40 ° %o -
= 0oy o o
b o0 (o] o
30F, ° o % oo
; o
20 _09 o m@o 8g 00 o o
% ) o 000
o 5 ° Q. O o o g > % %o
]0—00 o o Oo 000 OQ) 08@ 000 Q
& o o 7% i
0 1 1 1 1 O 1 1 1
0 10 20 30 40 50 60 70 80
x/m

6 80 mx80 ML XIFARAITI R EMIREXTEL
Fig. 6 Comparison of positioning errors of unknown nodes
in 80 m x 80 m network area

RR RIRFARTF 2 EALIR £

P17 R I I 24 DX o R 50 iR 25 % Lo 1 7
SS9 2% X IOE ARAS ], HoAth 2 0H [7] . SWODV -
Hop 5315 DV-Hop S5 7E 15 fUE AL B IIR2ZEXT T .
D7 ELS2 B F W, 765 100 mx 100 m 1F J7 1 T AR R 1)
JE W 2% X J5 v, SWODV -Hop % ¥ 4% T DV-Hop
SR FEAH R A1 0 A 0 00 1R 25 B A% 2 3 /N
33.0%. X [AFEF B T SWODV-Hop 5 1 75 2 5 17 4
SENHERAPE 5 1H R L

4.1.2

o FLYIRMIY o DV-Hophy%

0 SWODV-Hopf#4k

L ET @ R,
50 600 00 0. O~
wf g7 0 %o ® o %
, 0 S
P (o6 9 o-
30 4 © > @ o\
/%o ° S0 %
7/ \
we'o & 00 % 20 o \
@ \
101 o oé’o lg k
e p%o, 0o 2 &
= - o o%o o ® %o
o ") ® o)
-l0p E° 9, . o 0880 |
. ©® %0 ° /
206" o o 8
e
® oeO o 0O o
30 P B g o °© %L o /
& o o) )
0 00 Fg o o @ L
T [e} [e] s
=50+ QN @ P -
1 R P il 1
-50 0 50
x/m

7 ERMEXERAT S EMIRETL
Fig. 7 Comparison of positioning errors of unknown nodes
in circular network areas

42 EHERRENEBEENFN

TEWA TG 100 >FEAL Y S 25 XN, DA R=30 m
i EREAR BT S M E R BRI 101 Bk 2
40 TEDL R 0 —Ab 1 345 67 152 25 B 22 4k, A5 2R A
I8 FIT 7R o VAT 35, A 10 md R A, 3 5 A
P E LR 25 5 T R AR U 10~40 4
i, SWODV-Hop 5.3 (1) 78 {7 i 22 BN F HAh S8k . 2
PRI R S B AR SO 4048 F DV-Hop.
HPSODV -Hop.ICSDV -Hop il IAGADV -Hop . % ,
SWODV-Hop 8395 B V- X e A1 22 73 /N 1 37.2%
17.4%.12.8% F17.8%. iX i — L3R W] SWODV-Hop 5.
BAEZ RN SR T AR RS S UERA AT R L

0.36
| |
034} \-\
|
—
440321 e .\.\'\l
oK | \ —sa— DV-Hop
& 0.30 o —e— HPSODV-Hop
@ oasl \ —a— ICSDV-Hop
a7 0 \A\o\ —v— IAGADV-Hop
Soash o AN e SWopverer
S
1 \ \' A\.
o 0.24F N T T, e
T V\ \ °
A
022} o T~
\0\ . v\v
020} v
1 L L ’ y

10 15 20 25 30 35 40
Y 5 A
8 FESETREEEMREXLL
Fig. 8 Comparison of positioning errors for different num-
bers of anchor nodes

43 BEFENEMEENE
(& 9 RN [RI3E (5 AR B R 220 L o F R 9 AT 41, i
FB AR 20 mBE 40 m, T AT 5 RV e A AE



340 TRl

A7 7 T34 S IR 22 B A0 I/ N R B TR A 2k AR
SWODV-Hop 1L BLH b HoAth 4 Fp 50 R B3 1)
P, HOE AR 28 W /N HAB SR 1 BRI 3, AR AL
F DV-Hop .HPSODV-Hop .ICSDV-Hop fl IAGADV-
Hop 58:7%: , SWODV-Hop 531 [ - 15 22 v 1% 25 50 51 sk
/NT 38.9%.25.8% . 18.2% Fl 8.3%. iX F B , £ Xt A [F]

AR 15 242, AR SCHR HE 9 SWODV-Hop 53k 76 17 558
A5 THRAT B DB P BE R B
0.50 -
—=— DV-Hop
0.45 - —e— HPSODV-Hop
» —a— ICSDV-Hop
#0401 \ —v— IAGADV-Hop
EE —— SWODV-Hop
A5 PY n
035 T
:Hg :\. \.\.
5 0301 ’\A\.
T \v\Aio\
g 025 r ‘\v A\:
0.20 - —
T
0.15 1 1 1 1 |
20 25 30 35 40
L{nﬂé/

E9 TRIBEFEEMREIL
Fig. 9 Comparison of positioning errors with different
communication radius

4.4 TRBHEEMEE I
110 J'éoR 1 78 2% XS P i1 R0 104,
WA 0 30 m S BLR 5 R AE Y ) )
BEE K 100, 150,200,250, 300 A B:f 1 I — b SF- 4 28
PR ZE R AL M2 o b T 10 ] UL, BE A Y s KA 1
T, 5 Tl s o7 B8 7 R 1R 22 A S U/ i A 4 i) R A
AR BB A5, BE T L SWODV-Hop 5.7
AHAL T At 4 FPAE LRI B 2 i 45 . 5 DV-Hop.
HPSODV -Hop . ICSDV -Hop #l IAGADV-Hop % 7% #
ke, SWODV-Hop 53125 4 7 3 12 22 43 Bl /N 1 45.9%

33.6%.25.9% F113.1%.
045 =

0.40 \_
1 ° I e ——
K oask L, T
o \ —,
b —
2 030f \ \
£ —. HPSODV% —

020} —4— ICSDV-Hop \,\

~v— IAGADV-Hop
oisL*r SWODV-Hop 1 .
' 100 150 200 250 300
A
E10 TRTRRBEMRENTE

Fig. 10 Comparison of positioning errors for different num-
bers of total nodes

HiR 0557 %
45 EAITITRYE
A A BT, WS AR R R AR R TR

15 o AN SRR B A TR RS FE AN T 11 R S FEAH
] A A5 BB E R, SWODV-Hop 55 4 1324 7} ] B
> FHA 4S5 AR RIS eR e
SWODV-Hop .IAGADV-Hop .ICSDV-Hop .HPSODV-
Hop 11 DV-Hop %33 (152532 1 7HF[R] 43551 4 0.41 ,0.50
0.65.0.74 1 1.14 s, 5 IAGADV -Hop . ICSDV -Hop
HPSODV-Hop Fl DV-Hop 5324 H. , SWODV-Hop #.7
X327 T (143 5k T 0.09.,0.24 ,0.33 F10.73 s,

20 .
—u— DV-Hop /
—e— HPSODV-Hop .
| —a— ICSDV-Hop
L6r . JAGADV-Hop -
" —+— SWODV-Hop / -
~ |
% 12} _/ /°/‘
= A v
% 0.8 I/ ‘?A/'/.
ﬁ?‘_\ / .?A / /’/
. . %‘ /V / L 4
04 — —
——
0 1 1 1 1 1 1 |

30 60 90 120 150 180 210
REEOES ¢
B AR RSHEREITRIER
Comparison of algorithm running time for different
numbers of total nodes

5 & 8

AT 5 AR F O Bk R W] 45 B2 X DV -
Hop 5V 5 B B ESORI SR 22 () B 7 T ek o A R 7
REAE G E N F 7, T SRS B M A 805 0 5 A
JEB T A5 22 T A B 8, DA 8 i o (VK 2 5 T Wk B P {5
JE D(ij) WA RO /D T BRI AR R R B i 5 RS
BRZE AT A A FCAS AR, P A 2 Bk 1
THE AN, A iR 5 25 (], R H SWODV-Hop
ARG G =3 DL B AL SR A Tk HERD
TEWIIA ALY B, 51 A Circle M5 Iz [ 27 7 S0 LURAIE
FRE oA 3857 5 26 50 B 53 ok A A A AR5
PMCSIGH B 5 S FCHRAE IS, KR 0 A AL it n i 7 —
1o AR S Bl sl G B A SR R A o 5 B 1 2
F 81, 5 DV -Hop. HPSODV - Hop. ICSDV - Hop #l
IAGADV-Hop 5. M b , SWODV-Hop 8.7 i # 42 T+
T ENDRE T , [RI s JC AR M A R A

RUE A SR B SWODV-Hop 816 2 B BT

AR (K B FIAICRE  (PATH AR SR BRI o i an , S i 3
TR I ZEASTTY | R 30537 T O PR Hh A S i e
FUSTE T %1 SR sh M55 | & B RERELAL BT
AR B e T B F EA A L = SRR B Ak

Fig. 11



555 4]

AAEE, A Rl I RS T A B O Ah 1Y) WSN 28 (i 53k 341

WFFE AT ROCTE R R S BRI AIRREREI AL

Bt PRS2 B st v B BT SGIE o [RI, al 455 R R 7

A SIS R KRR L FARMIELTE WSN

ARSI 3 o A I B RE AR Ty F AR B ARl

AR R TR R A 2 S U AT T R 7 1 T

S, SUHAEYIR M AL S TR AE B BRI HES) T, S

TEZ 228 R P A R (DR i — 2042 T

SE K-

[1] Abd El Ghafour M G, Kamel S H, Abouelseoud Y. Im-
proved DV-Hop based on Squirrel search algorithm for lo-
calization in wireless sensor networks[J]. Wireless Net-
works,2021,27(4):2743-2759.

[2] Kumar S, Kumar S,Batra N.Optimized distance range
free localization algorithm for WSN[J].Wireless Per-
sonal Communications,2021,117(3):1879-1907.

[3] Kanwar V,Kumar A.DV-Hop localization methods for dis-
placed sensor nodes in wireless sensor network using PSO
[J].Wireless Networks,2021,27(1):91-102.

[4] Messous S,Liouane H,Cheikhrouhou O,et al.Improved re-
cursive DV —Hop localization algorithm with RSSI mea-
surement for wireless sensor networks[J].Sensors,2021,21
(12):4152.

[5] Mirsadeghi E, Khodayifar S. Hybridizing particle swarm
optimization with simulated annealing and differential
evolution[J].Cluster Computing,2021,24(2):1135-1163.

[6] Zhang Zhixia,Cao Yang,Cui Zhihua,et al. A many-objective
optimization based intelligent intrusion detection algorithm
for enhancing security of vehicular networks in 6G[J].IEEE
Transactions on Vehicular Technology, 2021,70(6): 5234 —
5243.

[7] Cui Zhihua,Zhao Yaru,Cao Yang,et al. Malicious code de-
tection under 5G HetNets based on a multi-objective RBM
model[J].IEEE Network,2021,35(2):82-87.

[8] Cai Xingjuan, Geng Shaojin,Wu Di, et al.A multicloud-
model-based many-objective intelligent algorithm for effi-
cient task scheduling in Internet of Things[J].IEEE Inter-
net of Things Journal,2021,8(12):9645-9653.

[9] Cai Xingjuan,Cao Yihao,Ren Yeqing,et al. Multi-objective
evolutionary 3D face reconstruction based on improved
encoder-decoder network[J]. Information Sciences, 2021,
581:233-248.

[10]Jin Yong,Zhou Lin,Zhang Lu, et al.A novel range-free
node localization method for wireless sensor networks[J].

IEEE Wireless Communications Letters,2022,11(4):688-692.

[11] Mohanta T K,Das D K. Multiple objective optimization-
based DV-Hop localization for spiral deployed wireless sen-
sor networks using non-inertial opposition-based class top-
per optimization (NOCTO)[J].Computer Communications,
2022,195:173-186.

[12] Chen Tianfei, Hou Shuaixin, Sun Lijun. An enhanced DV —
Hop positioning scheme based on spring model and reliable
beacon node set[J].Computer Networks,2022,209:108926.

[13] Cai Xingjuan,Geng Shaojin, Wu Di, et al. Unified integra-
tion of many-objective optimization algorithm based on
temporary offspring for software defects prediction[J].
Swarm and Evolutionary Computation,2021,63:100871.

[14] Liu Wenyan,Luo Xiangyang, Wei Guo,et al.Node localiza-
tion algorithm for wireless sensor networks based on
static anchor node location selection strategy[J]. Computer
Communications,2022,192:289-298.

[15] Chen Yun, Wang Zidong, Yuan Yuan,et al. Distributed H,,
filtering for switched stochastic delayed systems over sen-
sor networks with fading measurements[J]. IEEE Transac-
tions on Cybernetics,2020,50(1):2—-14.

[16] Cui Zhihua,Zhao Peng,Hu Zhaoming,et al. An improved
matrix factorization based model for many-objective opti-
mization recommendation[J]. Information Sciences, 2021,
579:1-14.

[17] Yang Xiaoying,Zhang Wanli, Tan Chengfang,et al. A novel
localization technology based on DV-Hop for future inter-
net of things[J].Electronics,2023,12(15):3220.

[18] Piotrowski A P,Napiorkowski J J,Piotrowska A E.Popula-
tion size in particle swarm optimization[J]. Swarm and
Evolutionary Computation,2020,58:100718.

[19] Mahmoudi S M,Rad M M, Ochbelagh D R.Hybrid of the
fuzzy logic controller with the harmony search algorithm
to PWR in-core fuel management optimization[J]. Nuclear
Engineering and Technology,2021,53(11):3665-3674.

[20] Routray A,Singh R K,Mahanty R.Harmonic reduction in
hybrid cascaded multilevel inverter using modified grey
wolf optimization[J].IEEE Transactions on Industry Appli-
cations,2020,56(2):1827-1838.

[21] Singh P,Mittal N.An efficient localization approach to lo-
cate sensor nodes in 3D wireless sensor networks using
adaptive flower pollination algorithm[J]. Wireless Net-
works,2021,27(3):1999-2014.

[22] Ge Chunpeng,Susilo W, Liu Zhe,et al. Secure keyword



342 TRER2ESH AR

%57 %

search and data sharing mechanism for cloud computing
[J].IEEE Transactions on Dependable and Secure Comput-
ing,2021,18(6):2787-2800.

[23] Ren Yongjun,Leng Yan,Qi Jian,et al. Multiple cloud stor-
age mechanism based on blockchain in smart homes[J].
Future Generation Computer Systems,2021,115:304-313.

[24] Almalki K J,Jabbari A,Ayinala K,et al. ELSA:Energy-efficient
linear sensor architecture for smart city applications[J]. IEEE
Sensors Journal,2022,22(7):7074-7083.

[25] Pu Yuanyuan,Song Junfang, Wu Meng,et al.Node location
using cuckoo search algorithm with grouping and drift
strategy for WSN[J].Physical Communication,2023,59:
102088.

[26] Jia Wenxian,Qi Guohong,Liu Menghan,et al. A high accu-
racy localization algorithm with DV-Hop and fruit fly op-
timization in anisotropic wireless networks[J]. Journal of
King Saud University — Computer and Information Sci-
ences,2022,34(10):8102-8111.

[27] Ouyang Aijia,Lu Yinsheng,Liu Yanmin,et al. An improved
adaptive genetic algorithm based on DV-Hop for locating
nodes in wireless sensor networks[J]. Neurocomputing,
2021,458:500-510.

[28] Ou Xianfeng, Wu Meng,Pu Yuanyuan,et al. Cuckoo search

algorithm with fuzzy logic and Gauss-Cauchy for mini-
mizing localization error of WSNI[J]. Applied Soft Com-
puting,2022,125:109211.

[29] Bhat S J, Venkata S K. An optimization based localization
with area minimization for heterogeneous wireless sensor
networks in anisotropic fields[J].Computer Networks,
2020,179:107371.

[30] Fang Wangsheng,Yang Geng,Hu Zhongdong.Improved
DV -Hop algorithm with Jaccard coefficient and differen-
tial error based on hop distance correction[J]. Computer
Engineering and Applications,2018,54(23): 57—63.[ J7 IiE
B P PR N R IR R BOE r iR ZE R B IE R DV-
Hop B2 (0], HAT WL TR 5 10 FH,2018,54(23):57-63.]

[31] Zhu Zihang,Chen Hui, Wang Xu.DV-Hop localization al-
gorithm based on adaptive differential particle swarm opti-
mization[J].Journal of Fuyang Normal University(Natural
Science),2023,40(1):72—78.[ AR F47, B4, T /0 . 3L F A&
IO 22 43R BEE AR ) DV-Hop & 07 B35 [J]. B FRITE A
S SRR R),2023,40(1):72-78 ]

[32] Jawad H M,Jawad A M,Nordin R,et al. Accurate empirical
path-loss model based on particle swarm optimization for
wireless sensor networks in smart agriculture[J].IEEE

Sensors Journal,2020,20(1):552-561.

WSN Localization Algorithm Integrating Ranging Correction and Spider Wasp Optimization
YU Xiuwu, XIAO Lin", LIU Yong, YE Lai

(School of Resource Environment and Safety Engineering, University of South China, Hengyang 421001, China)
Abstract:

Objective In the context of node localization in wireless sensor networks (WSNs), the non-range-based DV-Hop algorithm exhibits significant localiza-
tion errors due to inaccuracies in hop count estimation and the neglect of actual node distances. This study proposes a modified DV—Hop al-
gorithm that incorporates distance correction and a spider wasp optimization (SWO) algorithm to address these limitations. The objective is
to improve the accuracy of node localization and enhance the overall performance of the DV—Hop algorithm, making it more reliable in
practical deployment scenarios.

Methods The proposed algorithm comprised two main components: distance correction and optimization using SWO. First, the traditional hop
count calculation was improved by adopting the Jaccard coefficient as the metric to enhance the accuracy of hop count estimation. The Jaccard co-
efficient, a well-established similarity measure, ensured that the hop count reflected a more accurate estimate of the network’s topology. After ac-
quiring the hop count information, a credibility calculation was introduced to adjust the hop distances, enabling a more accurate representation of
the actual distances between nodes.

SWO was incorporated to refine the node position calculation and improve the precision of the DV—Hop algorithm. The initialization of the
SWO population was enhanced by a chaos mapping-based reverse learning strategy, which ensured that the population was more uniformly dis-
tributed across the search space. During the position update process, adaptive weighting was applied to optimize the convergence speed. Follow-
ing the mating operation, Cauchy —Gaussian mutation disturbance was introduced to the positions of the best individuals in the Spider Wasp

swarm to prevent premature convergence to local optima.
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Results and Discussions The proposed algorithm significantly outperformed the conventional DV—Hop algorithm and other related methods in
terms of localization accuracy and energy efficiency. The use of the Jaccard coefficient for hop count estimation improved the precision of dis-
tance calculation, while the credibility adjustment further enhanced the accuracy of node localization. The integration of SWO, with its improved
population initialization and adaptive weighting mechanism, contributed to faster convergence and more precise localization results.

In the simulation experiments, the proposed algorithm reduced the localization error by 30.0%, 33.0%, 37.2%, 38.9%, and 45.9%, respec-

tively, compared to the traditional DV—Hop localization algorithm under five different conditions: varying area size, region shape, number of an-
chor nodes, communication radius, and total number of nodes. At the same time, the algorithm's running time improved by 0.73 seconds. The in-
corporation of the chaos mapping strategy in the SWO initialization phase helped achieve a more evenly distributed population, reducing the risk
of suboptimal solutions. The introduction of Cauchy—Gaussian mutation after the mating operation prevented the algorithm from becoming
trapped in local optima, ensuring better exploration of the solution space.
Conclusions This study presents a novel hybrid localization algorithm that combines distance correction with spider SWO to enhance the DV—
Hop algorithm. The integration of the Jaccard coefficient to improve hop count accuracy, combined with the application of SWO using chaos
mapping-based initialization, adaptive weighting, and Cauchy—Gaussian mutation, significantly enhances localization precision and energy effi-
ciency. The proposed algorithm exhibits robustness to environmental variations and network dynamics, establishing its effectiveness for real-
world wireless sensor network localization tasks. The findings indicate that the algorithm provides a promising solution for increasing the accu-
racy and reliability of node localization in large-scale WSNs.

Key words: wireless sensor network; DV—Hop algorithm; range correction; localization accuracy; spider wasp optimization algorithm
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