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Abstract: To solve the problems of insufficient positioning accuracy and high energy consumption of existing
mobile anchor node positioning methods in complex network environments, an intelligent dual mobile anchor
node positioning algorithm for regional wireless networks is proposed. By calculating network connectivity, it
ensures effective information exchange between nodes, providing a fast communication background for positioning
operations. In this context, introducing virtual force to push the moving anchor node towards the target position
can more accurately estimate the trajectory and position of the moving anchor node. In order to reduce the energy
consumption of mobile anchor nodes during the process of virtual force attraction, the DASCAN ( Dual mobile
Anchor Node Scanning and Coordination Algorithm) algorithm is used for path planning of dual mobile anchor
nodes, and the weighted centroid algorithm is used to estimate the approximate position of the target unknown
node. The whale optimization algorithm is further used to improve the positioning accuracy. The experimental
results show that the path tracking results of the proposed method are in good agreement with the actual path, and
can accurately receive all the position information of unknown nodes, with high positioning accuracy. The energy
consumption during the positioning process remains within 0. 25, further proving that the proposed method can

effectively improve the accuracy and feasibility of node positioning. This method can ensure the coverage of
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network node positioning and has high positioning accuracy and efficiency.
Key words: node positioning; communication process design; virtual force; weighted centroid algorithm; whale

optimization algorithm

e

0 7l

R X AR TE LR 9 46 28 3t ) PR R A B AR AN JE L (FHOR Y, S DX P P 1) TE 2k ) 4% 7 5
R — PPN R YL, R O BREEAFEA T IZ BN AT, P, PRIETCZ R 45 A ] 51
RIS RE PEAR R H G . AR REAL X IRICZR 4 P S L ARE SR 1Y A E A E LS5 i, FF e MRS
RIEE  ZREMTCARYE, 0L HERG | nl S8 00 245, AT LASE B R Ak X BTG 26 0 265 19 vl Sk
MG, AATTRF RS R L R AT SRR A TO LR N4 XSRS Bl Y U T IR T TR S

R A2 FE TR 190 24 v — B T P 19030 9 e RS AV I I B AR R T 0, DR RS R AR 15
MRREICIR T8 1 2 S E R A DT IR AN B SRR S T AR DR SR AR AR RE v HIZ
D7 LT R AR B0 AT BEAT S5 E LI, 2SN AR G A E RIS A, BRI T SA B T AT PR AT
P, MR 119 S MR, B 2R A RN T R RUE AR . e, Sl R ST IR AL
HIEG AT SRIEE CIALE] , K LB ARTR o R IR A . Lk, MR A AL bn B PR B IE
QRIS R . e, T TG AR B R S A RO AL L], AR e i ek R, (H
FAEXT Z P AR e AT JRE AL PR, 5 208 TAL B A2 rp AORT BE 453 2% D, DAk 0 2 o7 1 B 7= A W A%
Prateek % SR F—Fh BRI & ST LA 19 SRS O FE BLER R ok, 8 BhA- E A LA TR BUR B AR5 SRR
SPPLAT AN, Sl IO S ARSI DL T AR SR, IR 2 WS HOR A nl BEHE i P I
FAE, SEBL T RS SR B (RS IR R AR MR B AR R A S BT, R A S LB 1Y A
(07 7% BIR ) 7 — 2% TR L T RE 2 S B0 a5 07 L BRI B L A BIR A, 20 3 i (52 RO BE AT ATk

AU RE R — R T B B 0 A3k, T TSRS sl 1y s i B0 (6 B S B 6, B
P E—Rhons K e ek o s A O A5k B SR e U AR s T s L B 2 5, W] AR
P RE B8 5 LA 2R o IASUISE B30k N i A (0 AL ST 5 A B v o (A L AT S, [k, 2835 AL AT
A2 PO R R RE A IX I TC ke 9 268 UK sl e L5305

1 M%ikd it

FEE AT, Bl T B 5 HARY SO A, DRI 5 S 02 85 B el A 2 b a8 (s
SEBRAEHATT R, TR SR T Re 2 24800 . ISR AR | HAE % Nl S e R
T ALY O 2 e T R PSS SRR A (E B A L, PRI TE R REAL X I TR 46 v, i 2 BE AL X I E
24 DO 245 T R T R P R 6 S PR, DR R B BB G TR R A, DT S B PR o B

PR BEAL DX BT 26 th T A 19 s 7 — B R i BRI 4% B T #E— 4% B B 2 A BIOE AL A T
B, H—A“ K@M AR IESFE” {unloc_nb_num,nb_id1 ,nb_id2,--- | fii&, HH {unloc_nb_num|} F/R K ENL
SRFEAYECR, {nb_idl ,nb_id2, -} FRILABE id 4.

TER T R B B rh & ARG R, ZAERRRED I A B A5 R, — SR g A m a3 g &
AL, BEMA SO E ALRAS o 7 71 U B — Bk AR JE 5 sl 2B sy id MR E AL AR JE 4 2 o 5
BEHT { loc_nb_num—11} | Ffm5H & B HoH A9 { unloc_nb_num | {5 &,

T S BIVE LR 2 5 R AR RS F, 25 {unloc_nb_num} 50 W i 2737 5, 3040 ik 2
H3e . NI ZH) FF 12 050
node_id,
B cal(x) ,cal(y), , (1)

NFP(x) ,NFP(y) .
unloc_nb_num

Hr cal(x) , cal (y) RARTHA I I SALSR ; NFP T T 68 A0 DX e i A 15 18] 9 Jay 3 X3



%4 T, % BREA XTG4 XU 3l 1 w5k 785

WRRINEH TR ARE A, BRSPS L1 s e B 5V N T A 3 B A1

bR b S
S = { node_id, ’ 2)
ref_beacon(x) ,ref_beacon(y)
Hor ref_beacon FR7s A E (7 19 AR RS 1 MEARIEIR & AR
AR ICLE 45T MR RE T LA T S A R A R,
_ Bmax Smax Vﬁ]inks

5 - V,nodes ’ (3 )
Lrp v R A X IRTC A W 28 Th i SR VTR R S, SRR T R 8 B, RN

H
AN U BT 2 TR (6+2) UCHAE . 23 o R RE A DX SR G 100 405 1 s R 1 A ) 4% 12
8 ETHR, IR A UK Sl i 1 i R O A SR R85

A% s B A

1 EwAh3 Ahit i

TEBNZS LG IR rh | 47 5[] 14 126 32 0T 2 I i 228 A T e 2, HG T il S 0% B 0 S T ol S A
DRI, AR S48 o 0 0 46 7 3 J3 T Rl JE 102 4 TG I W9 ) 4% (1) S o o6 R 25, 17T A WS B 5 iz o
RO BB A 0 0 A AT A AT S 5 AR T, TAR T A 1) 4 R N A A
A TR ST S S, i — A RS s S B, 3K AT DATE A s PR R RS Bl 0N S
T SR AL, 2 i R A R GE ARG B AT S

NN e

Y8 Bl X 0 TG 0 45 XOURS B 5 4 £ 1 52 R 2 .
1507 B A RS BB AR A B, ELf y .
{31 FBLAS A MR A 1 I B 32 39 0 4578 S50, R IR 2 Oy
RERE, JEUERE T R Bh 7E A0 A7 0 11 0 25 X I 3 |
Y, IR A LSRN (5 FR B R L, S R AR G T
R M SHE FO MR 1 B h T , = L
ERHBOE R R E,

HE AL 31 91 S A TR Y A A R R R G RN LA
R0 ik, UG 3 4 A o 1 A5 D 1 B 7 Fig. 1 Virtual force calculation

K, ERIDBUN, H AN 1 TR,
B, Fi, Py F Zs B 5 V0B AR G e S2RAITT AR o5, ey, e BEUITHISI RN, sl AT
VUL & St S o R s 100 ) B Al SRIBOL B AR AU ) F, BV F=F\ +F\, +F
SR E Y AR TOLR I AR R (L X IR B SRR, T BRI R o BB A
-y % (4)
Horp A=(1,2,3 o) F7n B BEAL DX IRICER I 28 AR5 3 DI AR5 15 s NG ) Fon B AR a1 i S
Hozs i) B,
SIAER TG I B8 w, BEEEI51) F.
P wsin 6,,M; (5)
d; ’
S 0, BRI ¢y, e PRI A o, 1007 T FAFE , JUB o, B0 RIS SR (3 L v, 000
TE o W v, =3, W FFEHMF, ATERNY AR EFE,; W w=0 Hv<3, WFHEARLIA
BEE., @B G, T eSS shi 1y w1 BARGLEAL 3, SR il 158 2h B 1 sl A9
EANALE, PUARTE B AR s e AR



786 RPN o G =\ ) 44

2.2 4 BIEZEALX

M TR S R AU 5| ) A S R b s BN AR RE R AT AR B, D BT —MOBURS Sl il AR
M B9 AR IR R B DASCAN ( Dual-mobile Anchor node Scanning and Coordination Algorithm) (8] - DASCAN
SRR AT e R/ T R UL A A SR G B B AR ], AT LA o N O ) R AL T R A
E—DRRARARERE, JT P2 28 AU RCRRT T S

R PR R ADUR 1 AR B A A R R AR DX S TE 2k I 46 WA DX S it AR R Kl 430, &l e 1 AT
YER A EAERIE RS, s h0,1,2, -, n 47, BATRIEESE R by 0100 m+1 SR - 55 ] iR
TR, HTH0,1,2, - m B, BATIRIBEDN [, A5 3 o4 0 45 DX ) o R 40058 1y U ER A 4 2R,
K2 7R

DASCAN J7 b 47 BT BT R T 4008 0 hy By B BB
NG| s & 2 W s AFEAT AR BT B R LA Y . An-l‘o: A1 | An-].z: An-1 SEAn-lm-l: Ap-t
y N n-l1@ —— —_———- = il e
MAW,U, AW, W, U FAW, W, U —A | -T ? f | T
5 H | i | |
FH=ME, pen, gem, h:gdo LA = fIE 2 ————i—-_-:f___,:____i____i___
| | | 1 |
DR A FRIU,(0,0) , BT A ARG 4 15 A bR A o = BB -8 gy T
X X Aoy LAy 240, & Ags) Aol Ay
(pxd,qxh) pedon d Ao G0z § J
0 1 2 3 m-1 m

Wit B, DASCAN B3k AT i i K2 4004 0 5
BRI AR A DA 5 A R A EAE R, AT A
N RGNS S, IR A oAl Y SRR A L
BE, HEm RS RE AR
2.3 P EALFEALAIT AL

BEAR RN AT LA /NS st 1 s R S L, DD RE R TH AR A AR (HR AT 2 1 SEBR A T e
HllERE | FoEMENRFEE MR BImZE, Wik, 75088 s e M BB, R AU
R At AR AT L INBUT O SR R RS Bl T S A IS YA SR S0 A, AR
AR AL ST S R S A A IR R AR I R AT A, T A D A Sk DR L e £ TR AT A A
R, VAT A, I 50 AE AR A SR AR

KA O O R R AL N, RS S Y S AR Rk TR N 4% IX B A
B R DL R KRR Y S8 Z, RN S R .(i= 1, -+ N) 2, BB A5 o ERRE B
KE R, , FBs o BIAEER (pxd ,qxh) [5 SR EA R R Z, b, BEFR(5 5 50 B A3 10 B A K B0 9 4 o,
W, RIS OB EAT T AR AT S

(%,y.) =Fe,&(p x d,q xh), (6)
ool g FFIRUN T o, F7 M BURE 5 g A0 IR 2 e, 0 BT TS0 095 50 10 5 o 2 2
KIH.
iff o i fA U AL Sk AR R 25 ) P

O et et 15 4 @ A5 5AT BRI 4
2 FERBRXI B EMT LI E
Fig.2 Deployment area division and virtual

anchor node location

Pi = [';L, - e(//max:l X [5/[, - el&max] o (7)
T HERE REAL X IOICZE M2 rh | 55 0 SR SR DU T 20 o BOAGTHEE B X8R 25 0
ep =+/(x, —pxd)® + (y,—qxh), (8)

;H\:l:fj(_x’ 7y[ ) i’%%’fg@%;ﬁ R[ E‘J%ﬂﬁi_\‘f_\‘iﬁo
A (8) 155 H AR R EAN T

€p, (x_xj>2 +(y - j)z
R =" T (9)
S N, % R, SEHRCRI b5 A, BT P, oTBRBLA: D O RE , JERLAR 13 FL R L i

R, AR SR O AL TR 0 XURS Bl T U RS BE S Ak 2208 o Rk 3 A e




%4 T, % BREA XTG4 XU 3l 1 w5k 787

1) FFAEBTBE . R TCE I 26 UK Bl 17 1 8 6 1) e DL S o Bk i EL AR AR 0, A i £ A (AR 25 1) X4 i
TNV B A e A O B RS B, BORRIRECE ¢, YRS AL E MY X (¢) , WA
X(t) =R, ta(r, +1,), (10)
Hrpr, v, FoRET0,1 76BN RIBENLIR &
2) EEMEL, e B B A i 4 Ve ] RE R IR IR B AR S SR S W, 7 SR B H AR
REIXBRE , Al EZ B B /R 8 LA HT s 938 2, /DR S RERE, W .
D=|C-X"(1) -X() |, (11)
Hirp € FR[0,2 ] JE N BENLIE AL A 15 4, R BH FR FENLRCER ; X e fc Rttt 0 B h) B
3) TEVHE R B, AV R G BRI Y s A A E AL R A R, e RIERS , BB a
M 234083 0, g fh e e A R AL 5l IR MIBEPLES 3, i FR AT .
X(t+1)=DX_,(1), (12)
Hrp X FORBENLIE SRR S0 A7 8 ) i, G Ry Sl fa s BRSSP St SR8 &, BV Y AR
AR, AT LA R0E S R i e, 520 HBR AN s AR E

3 5o

3.1 ShkE
Shy B REA DX I Gk 00 24 XURS Sy i 1 a5 o7 3 IS

VR AR AT RO, T R AT SR Q\ ]

SR FRHES RO B 0 A X B TE Lk 9 2 15 BO i
SEREFEA 120 mx120 m, WURS A7 A B A 1 Y ‘A, Ouwws
HLRIBR AR, RSB K 10 m, 25 S 31 Pl
7120 m, EARAEISECE R 100 4, FFHERLA 6 o

TERF DL IX I, TCLR W0 4% XA sl 1 s 76 HP 8] 5 45 ) A3 KM% EGBHFX
MRS 75 AN 3 Fros, SR A C S B E Ak 1 Fig.3 Mobile mode of dual mobile anchor
FR nodes in wireless networks

1 FBRAFEE

Tab.1 Experimental parameter settings

SRR SRR B ZHEBE
o sl 1 i Hc /A 5 FhaR 0.6
GRS B10 s BB —KALE e E 5
A RTINS A || RIS 100

3.2 #RE545

MY R BB R ER | 1Y RUE CLEE R LA RGE RIARRE 3 N7 DX H TR D5 85 A SCRR [ 2-3 ] 7 ik PR RE

1) Wz s U ERES . %S PRI T B AR MY A O ALs SRR, EINRIRET T, 45 tH3 b
7 RE R BRSPS AN [ A% B3 BE B RS 340 S R BREARCR | S5 R ANIA] 4 Fs

IR 4 AIRD, CHAT AR S BB AU, TR DT B RS BR BR 4R G PR AR MOAR LW A, X
J2 PRy i B 07 1 SR IS O B0 ANt AR S AR A 5 10 07 3, ORI 17 5 57 A G E AR S b e 5 i
SCHR[2-3 ] I AT AR Z2 R IRER I 00, UEIWATE S 2 B I 285 2 1 1 WY UE LR 22 52 BV BRI

2) WRENMBCR ., TERZE R A XN, BEPLBEIE 25 A FARARR &, M 3 Fho7 iy Gk
Ik N ARG B LB R A E L TR e iR 22, BRI A RE MER I 5 PR,

WIS B, BTy ik BEAS i BRI R 50 SRR i R AL B AR B, FoA B 00 AR
SCHRL 2 )7L B IRZZ R, 3T 30% 19 B AR mOR BEMERGE (2 SCHR[ 3 ] 77 i 91 22 HSCHR[ 2 11X,
BRI, AAAERGOE AT R, R R DL B4 05 95 BE DR FRr 0 BT MO B0 19 S L4521, ST k&%
PERE



788 WO K RUE B R R %44

120 120 120
100 100 100 -
£ 80 £ 80 £ 80
F & cof- & o0
40 40F 40}
. %
20 [ T AT BIIE 20 [—e— 3T HLrBEhIE
0 —o— EETERESER 0 —o—EENERESRE
1 1 1 1 | 1 1 1 1 1 1
0 20 40 60 80 100 120 0 20 40 60 80 100120 0 20 40 60 80 100 120
X#h/m Xh/m X#h/m
a Sk [2]J77% b SCHk [31751% c XL

M4 #HFHpeiaztbss R
Fig.4 Comparison results of mobile path location

O I ELSLALE @ Iy e hLAr B <> #5745 Mg fofr B

120 120 120
oj). ® o 0o o 0 0 o o o e0e © o o o o o o o o 00 @ o o o o 0o o o o
R I SO B SBOCEORC A I W07 7 letel Dol el
80 o o o o o%o o?o o o o 80 e o 0 0 0 0 0 0 o . 80 e o o o o o o°- o o o
g . o°o e oo 0 0o o \E . .3. . .9. e o 0 o o g e o o o .0. e oo o
. L] 0. . G;Q . ° ©, e o o o070 o o .<§. e o
% 60 . . °o . . % 60 e o o o o°o o o0 o o :g 60 ° o
.°. e & o o o _ 0 o o o .°. e o o o .°. e o o .°. e o o o .°. e o o
40 LB IR BUREF T e% o 40¢ o o *.° %0 * e% o 40¢ o o *o® %® * * e% o
20 e o o o° o ¢%% o og. 20 o® * c° e ¢ o o 2% 20 o * o° o ¢% o o DN
L] .°. e o o .°. e o o L] .%. e o o .°. o o o . .o. e o o .°. e o o
0 e 0 ° 0 2
0 20 40 60 80 100120 0 20 40 60 80 100120 0 20 40 60 80 100120
X#h/m X#h/m X#h/m
a SCHR[2177 1 b SCHR[31757% ¢ EHIIE

B5 FREZ &N LTI
Fig.5 Comparison of node localization using different methods
3) ENFERE, ENAEAE B (T A 2% DN T AR T A BE B, FEREM R DL %
DT AR SCUa eI o 2% DCIUA , R4 s il 19 B0 £ BV, Tl ok 3 MO iR Y
TRUENFERENE DL, HAGEITHEE Rk 2 Fros,
K2 ARG HRALALE

Tab.2 Different methods for locating energy consumption

B ol B SENAERE B sl B SENLFERE
KJE/m EHTE SCR[2 ] 7 A SCRR[3 ) ik KEE/m EHE SCR[2] 7k SCRR(3 ] ik
5 0.03 0.45 0.52 30 0.15 0.54 0.65
10 0.05 0.48 0.57 35 0.16 0.61 0.68
15 0.08 0.49 0.59 40 0.17 0.65 0.71
20 0.10 0.52 0.62 45 0.22 0.68 0.75
25 0.12 0.53 0.63 50 0.23 0.72 0.76

OIATEE 2 ALAL, YRR S SBT3 RhOT Ik A E M AERERIREZ 3G, SCRR[2 ] 5 E Y
FENFERELE 0.75 LA, SCHR[3 ] LM MIAEREE 0. 80 LA . AHLLER, Fryvkiy iy SRERERL/N, IREF
7£0.25 LI, ST D5 i51E T AN RZER B3, al i 2 K 28 RE A XS 02k M 45 1 FH A oK

4 % &

= 4

PR B | RS | NP iR )R T DX IOTC ke 1o 445 1 s o2 2 i K T A S B B Ay i A
FEHR, NIERF P T REAL X OO 2% DU sh i 19 s 50k, SEER A R, Fri i ik mo it ie
PRER SRS SIBR AR W) & B, ELRERE I L RIS B R 0 A A iR AL AR R, B AT i PR A B
T RFERER/ N, R ER 55 B B 1 S B AR



%4 T, % BREA XTG4 XU 3l 1 w5k 789

S 3Lk

[ 118, e, Rt idi B Al L anmb o (1], Wy e, 2022, 39(9) : 230-233,238.

WEI L Y, YANG L H. Simulation of Security Capacity Control of Intelligent Wireless Communication Channel [ J]. Computer
Simulation, 2022, 39(9) . 230-233,238.

[2 IR¥, Z/NE, BGEAC. BT I N 3 5 A B 545 R 2 1 R G 50k [T, R RS2 i ( AR REA D) |
2021, 49(2) : 89-94.

SONG L, JIANG X Y, HUANG X D. Improved Monte Carlo Node Localization Algorithm Based on Temporary Anchor Nodes
[J]. Journal of Huazhong University of Science and Technology ( Natural Science Edition) , 2021, 49(2) ; 89-94.

[3 IRENoF, Mg, Wk, 55 JET 0o MR R s e 2 M8 BN E AL 50k [T]. B PL LR 5t 2022, 43(2) .
338-345.

ZHAO L F, SHEN Y, TIAN B, et al. A Mobile Wireless Sensor Network Location Algorithm Based on Dual Focus Centrifuge
Distance Measurement [ J]. Computer Engineering and Design, 2022, 43(2) ; 338-345.

[ 4 JPRATEEK, ARYA R, VERMA A K. Non-Coherent Localization with Geometric Topology of Wireless Sensor Network under
Target and Anchor Nodeperturbations [ J]. Wireless Networks, 2021, 27(3) ; 2271-2286.

[51HW, BRI DA, PIZERZE R 2-FRIIEEEE [J]. Beeikig, 2022, 51(2) ; 275-282.

XIAO X, AYIGULI MAMUTI. 2-Restricted Connectivity of Two Types of Networks [ J]. Progress in Mathematics, 2022, 51
(2):275-282.

L6 T, TR, R, 5. ST oI BERAY b [ = ORI R I M 25 A% SR ST (], Bz i 5 289F, 2023, 45
(5):45-52.

QUQ, SULJ, LI G Q, et al. Research on the Evolution Pattern of Logistics Networks in China’s Three Major Urban
Agglomerations Based on Gravity Model [ J]. Railway Transport and Economy, 2023, 45(5) ; 45-52.

[7THEE, BE&R, ZHIL, & FETTEPEER DPoS HHE L [1]. MAHEA2H, 2022, 40(4) : 639-652.

TIAN Z H, ZHAO J D, LI S K, et al. DPoS Consensus Algorithm Based on Node Weights [ J]. Journal of Applied Science,
2022, 40(4) : 639-652.

[8 IXUZ5, Bal, GEbih, 4. JF DDTW BEES 5 DBSCAN ki) AL S R YUk [J]. i RGEA sk, 2021, 45
(18): 71-77.

LIU S, HUANG C, HOU S S, et al. Household Transformer Relationship Recognition Method Based on DDTW Distance and
DBSCAN Algorithm [ J]. Power System Automation, 2021, 45(18) . 71-77.

O TREES, B, SETHURI AL T B R UL RN RIS e (1], PSOR T A4, 2023, 47(2) : 262270,
GAO S, ZHAO J B. A Virtual Grid Partitioning Method for Enhancing Multivariate Collaboration of Source Network, Load
Storage [ J]. Journal of Nanjing University of Technology, 2023, 47(2) : 262-270.

[10RF1E, B, — R T IAUBUL 9 TOF 55 TDOA BRSNS [J]. AN R4 (2R , 2023, 44(3) : 50-55.
ZHU C H, YANG J M. A Weighted Centroid Based TOF and TDOA Joint Localization Algorithm [ J]. Journal of Zhengzhou
University ( Engineering Edition) , 2023, 44(3) . 50-55.

CIVIXUA, sieflr: B iels. LT3R JE BE AOBOM AL & LB Caa 485k (1], WPEHLT AR, 2022, 48(7) : 122-129.

LIU L, ZHANG D S, XIAO Y T. Fuzzy Weighted k-Nearby Centroid Nearby Neighbor Algorithm Based on Membership Degree
[J]. Computer Engineering, 2022, 48(7); 122-129.

[I2 JFEERT, AR, BRZEK, 4F. iU RaEmrsessd (1], R P, 2023, 40(2) : 328-336.

XU D G, WANG Z Q, GUO Y X, et al. A Review of Whale Optimization Algorithms [J]. Computer Application Research,
2023, 40(2) . 328-336.

(DL . XIZR5E)



