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Abstract: This paper presents a 3D DV-Hop localization algorithm based on distance correction and an improved Binary
Bat Algorithm (BBA), referred to as 3D IBBA-DV-Hop. The algorithm aims to address the localization errors of the tradi-
tional DV-Hop algorithm in complex 3D terrains due to terrain obstructions, signal diffraction, and uneven node distribu-
tion. First, the estimation error of the minimum hop count between nodes is optimized using a combination of multiple
communication radii and Received Signal Strength Indication (RSSI). Then, the polynomial averaging method is em-
ployed to improve the estimation accuracy of the average hop distance of anchor nodes. Finally, during the coordinate esti-
mation stage, the improved Binary Bat Algorithm (BBA) is used to select a reliable set of anchor nodes, further enhancing
the localization accuracy. Simulation results show that, in an isotropic network, the 3D IBBA-DV-Hop reduces the aver-
age localization error by 42.9%, 20.3%, and 10.5%, compared to 3D DV-Hop, 3D IMSSA-DV-Hop, and 3D 3-Anchor-
DV-Hop, respectively. In an anisotropic network, the reductions are 53.1%, 25.8%, and 14.4%, respectively. The experi-
mental results prove that the proposed improved algorithm minimizes localization errors and performs better in anisotro-

pic networks.

WIRHEH: XXXX-XX-XX; fgEHEH: XXXX-XX-XX

BIS1EE: L& =, jiangly@njupt.edu.cn

E&WB: A8 EATIRIT (No.BE2020084-4): K FARFEES (No.92067201)

Foundation Items: The Jiangsu Provincial Key Research and Development Program (No.BE2020084-4), The National Natural Sci-
ence Foundation of China (N0.92067201).



c 2 (/IR

% iR H XX &

Key words: Wireless sensor network, Three-dimensional node positioning, DV-Hop algorithm, Multiple communication

radius, Polynomial average, Binary bat algorithm

0 5l

B o G 4 5 13 W 4% (Wireless Sensor Net-
works, WSN) WFEFREZ WG . ok =T, B aedi i
ANZE AR )2 N, T S R R e
R DR R L D RE A S ) SRR 2 — o FHAR
TA& 41 ) 3T GPS (Global Position System) [ 7€
A7 20, Joill e 26 5 A R R H ARG, & 3l
B ORFENERBAE LR N H SR T R
Horh, DV-Hop BiEW R AR R 25 I =% %, ik
R BN TR E fr ik —.

SR, TEINX ., B RR B T e S5 5 2 — 4 Hh
TErh, A IRES W 26508 W AR AE P P 5 Y Ry
A S TR REBRA AT S ) T, X e [R5
4§15 DV-Hop 527517 s Bk 5 SE PR FE B 2 [0 o ik
TREFFLNER R, HH W 2B = AE 7 I R =
(PR B M 22, FECFIBREE ML TR ED, 5K
BMRKWEMRZE. TR, L4018 =4EDV-
Hop STEBAE 25 1) 57 1 I 26 2 558 A 1) 5 60 4 B S 3%
R, HE DA BRI R ) R FE e A TR oK

R FR AR, ARSCHR T P T
WlE SR (BBA) ) =ZEBkHubk b It DV-Hop &
fi%9% (3D IBBA-DV-Hop). % 7ikiBil 4 & 28
B SE T, AT Sa s ks, B
RBbEOR 2 RN, BT S A R s, 5l
A2 T A0S AR 0 kA 5 B B G RIFATZ IR, I
H R 2 08 77 S SR EE B Al 1 I
Jo . AEALE ARG TR B, ) e )k i
LRI AT AR, R RN 1)
HSLI 4 K, 3D IBBA-DV-Hop £ %% 7] [A 14 55
H R EMN IR T, R ER T I 02 Pt
L, RIS T R I B v e AR FE

1 HxIfE

N T $2 = DV-Hop HIE R E AL AE E, Wi &
BENPIAN I AT et . — a8 TR R ) () 8k
HON-P Bk Rk A E fr iR 22 RN H R BE
A SRR i 15 78 1 AR RS

Dragos Niculescu & Badri Nath #2 H{ ] DV-Hop

SN B AT O Z AR B E AL SR, 1%
VLR T AL R AR P 2% vh 5 R I M AT 2
Ao SCERUPER HY T =38 45 12 1) DV-Hop Btk 5
%, ZEPGEIGINEE A, KRR BT R UL
R R SR 3R A B i /) kR SE T s B Bk U
O B BR B0 B AR AN R s DR EUE R, X R T
VREHTE ST AR B B, A RN T E
RLRZE . SCHRUGE HY ek () 2 T ] AR A AR 1Y)
DV-Hop 5& A7 502, 150 SO 477 s i) il (S
A, R R B BB LA R, SR
T R R AT RO MERAVE . TR T R E
RLKEEE . Wang &5 N FAG AR 15 s 00RS 1 2R 25 oK
TR R BT B BN IR, A T R A T A
B, Fang %5 NUHEFR T miBEAT 12038, FHEHT B
VL BT IR WG, 306 5 7T HE A5 A 19 AU AT DU
. Wang &8 N5 N7 B EEMINBOR Z B,
LB SR E R R, BodE MR . 3
BRI ST T T A A B KR B Al T (Probability-
based Maximum Distance Estimation, PMDE) #&
SRt B SR B PR B B RIHAS 2P
P B G B B AR B R I S AR SRR B ARk
PRGN B 2 H bR 5%, DUFRIN AR 015 AU
A, KRR T EAAEEE. SR H A RSSI
SRR T R I 2 T ) R B AT L,
FZR U AR T R B AT AU RSSHE 5
A RSSIE AR HUAR,  BLEE K 3 B R 0011 R 70
s BB BB, B IR R ok T A~ S kR
Al THEE 5T R B AR R0Y BE B R ZE ORI 1)
SCHERMHR Y T T = A AN AU B AT
(Upper Bound Estimation Based on Triangle Inequal-
ity, UBETD K% DV-Hop H bx, JEA NI X
BREE B sl thAh, IR T M AR RRAEAR
o A2 X, FRON Stats-crossover. PP 45
RWIZEVEA WL Bk, R 2 7 AN X
o SCHRPOSR T — 3T B9 IR & L AL 2% PCWCO
(Parallel Compact Willow Catkin Optimization Algo-
rithm) . PCWCO 5LIAAEMI 22 L4k (Willow Catkin
Optimization, WCO) HEZE 5] N\ T %542 BN 1)
FEATSRME B LR D A A PR [ N 2 SR A



% XX

FAESEAE: HE TN IE IE RS0 BBA 19 =4 DV-Hop 5k © 3

. B 7 & TR T B LA (Particle
Swarm Optimization, PSO) Fli5t /£ & % (Genetic
Algorithms, Gas) [ 5% 3D-DV-Hop (3D-Distance
Vector Hop) & 7. 125035 ) FH AR el 2 15 e or
TR AR, IR R R Bk A kR T AN A ]
LI [ 1% 2 . Wangxiang 55 NP T — P2t T
Spider Wasp Optimization (SWO) 5% 12 DV-
Hop /&7 7732, 18 FH SWO U A% 4t 1) f /> — 3fe v
T RFNTT AL E, (RN E R R . 6
S NPV A% G5 10 7 V3R BURE 8 AL A kot A
b, BEREEERN B SE, ) Sodk e e
FOEMAARFNTT RARKR, AR S B OR Bk
PR TSR AN R 5] RS 1) RS FE AR A ) . R AREY
BT BRET AL Wk 7 — M R R A
J7i%, EHFESFEkEE AT . BIEN R, R
A AR . Wang 5 NPT 13T EE & )
BBk 2 S AL PR B AR A T, IR
AF 2 BRI, T E SR FE A 2%
P77 i B A E R

RIS TTVE H T 1) S P 2% R S RO A
AN, BREAFAE M 4 R S SR N, ARl A
ROPBRER IS A RO 2, AR B e Sk
PACAL T AR BRI AR RS R S 2 . WSSOE FE 18 5% 1)
e ARSI —Fh BT 20815 11 5 oo — gk |
i W B2 (19 = 4 DV-Hop 7€ fi2. 5% (3D-IBBA DV-
Hop)o A FELAQHF ST : (1D fEm/hpkEut
BB, Sias50mE (RSSD wHilifs b mitir £
Ror)z, WA MERRZE: (2) £ FBkEfE
BrE, 752 WAl vk EE B i R Al b vk e s kAT
TP, RN T A L X % T R 2
BRI A7 R AT RCP Bk R 225 (3) FEARARAG
TEBY B, BT B B B AR — 2T s T A R
FNA R RO — AR A, SR gk i
SE, IR H B AR 0T AU BRI B — AL T R
KA AT M
2 ETFMIEEIEM=24% IBBA-DV-Hop &%

ARFESEH T — g G 2l (E AR R I
f) 3D DV-Hop & {7 5% (3D IBBA-DV-Hop) . #
FH RSST A AN 7 st 18] (¥ 6 K kA7 4 Ak, ks>
BhER ZE0 e AL g R R, i 2 W T
TEVR S TR AR EE A TR RS, e

CSCEE P4 0 ) g i 955 A2 S P 5 (0 BT ASOR AR
T A
2.1 RSSIk#MKIL

TEAE % DV-Hop B3, KA —l{E 114 R,
AERAAEET A Z D, #bRid h—Bk, W
VPR, WA AZHST By Co Dy E Rk %L
#ic 1, {HAB. AC. AD. AERIFEEAMHZEE K.

K1 FoRifE 42 R T A

R T A R D) ) B i SR L, AR
K H 285 A BREBUE S TIE IE . R 2l 1E
PRB WG AR EA 3G AN,
AARAB. R2ZBAR, FARKIKLLEE A R/3. R/
3. RTEMZ A Lzt i) 7 0 # A S8R, X
FES FECRR IR R AREREI N, ASCRA 2185
PRESESHERL S, T MEH— Rz S 81
1E G B H 1

AR &= RSSHEMITFd SRR R, A

BBk Nndl, HEITEWT:

A 10k Ig () < P(d) <0

(i-1)R
n
LA-10&Jg(k)<1ﬁ(d)<14-10kﬂg(£4%;lﬁ)

(1)
HArd RN B2 EMERS, RABMERR, A
RN RFE BN | m BB G 5 R,k NTGER
BSMERHRE T, LANAERERSE, SO
RAREA G, BEXEE2 -6 [, R, £
e 2B E L ETTET, B EafiEd 2 eSS
A AT LT ZADAEEE R EEUE
B, RS RN, ol afiE—RiRE

L4 10k 1g (55 < P,(d) < 4 - 10k, Tg )




4. VR

% iR H XX &

N2-3A, AXZEEEREGEESBEEN—X
PR DB IE BRI, P AA SO B S FhEAE
1%, 3HINR/S. 2R/5. 3R/S5. 4R/5. R. M HE
RBEE AR R, Hhh A

Kok, 1g(§) <P(d)<0

2R,4-10k0g(2R)s;P4d)<,4-10&Jg(R)

5 5 5
h= ?{A—w%g(?)sPﬁﬂ<A-1%ﬂ4%f)
4R,4—10k0g(4R)s;Pid)<,4-10k0g(3R)

5 5 5

4R

RA - 10k, 1g(R) < P.(d) < A - 10k, 1g(5)
(2

22 STATHRAHBE
TEUIX, FRERIBA SR, (R A
24 P A R KT e T 2R TR T
SR AR AL B B P AIBBERT 2 15
BRI 2, TSR BAR
ASCHER T ST LB T R b B4
T RIBES . 5 50T A0 2R 170 25 10
MBS 2 5 R A TS A TR, AL
Y SBURRLF
S LB MORIBE B 0% e T+ =
a(3)+a(2) x hy+ a(l) x i 3)
b aFeR L TAM RN d, M, 5 IR
R 2 2 B B A, R (4) 7 L4
B 1 OB BB B £ TR K
a,=(H'H,)' H/D, (4)
SE, R AR T R O SRR
hih, 1
" NN hih, 1
s e, - "2 UL S e,
hh, 1
4 MBI 2 BB AR AR SIB, R
e, B 2 A T 8 B A T
d,
D,=| 2| b dydpeeed, 5 BT 2 B

dim
AR T LR R, = m, H R
H [ E

SREARIE I (O THE AT S BkE-IE
B2 R, SRR B AR AT s LR B8 5 /N
BT G Ik E-PE S 2 DR R BUE AR R B B
(EAT Y

JEFE AR AT T w kA -PE R 2 W0 R B o, A
T us j 2 TR A, I k- BE RS 2 I
u. jZIE BRI RS, ,

d,y=a,3)+a,(2)>xh,+a,d)xh (5

RS R KN A u 2 TR B R N B AT
BhE-BE 2 2 T R o, AT 05wy i 2 (R B E A,
I B AR 2 T a1 (AL Bk R A TR
% dl-iu,- :

d,,=0,3)+0,2)xh,+a()xh: (6
AR BT P Y BREE A -
%:ww;@m ™
2.3 KU ZHIRIE E A

WA BB & 2 A — LG5 AR 2 AL R A
WAL, DMEEA R ZE RN, XN AR
REREO SR FH S0 1Y BBA BV SR O i Y — 2H S AL A
REP=E S

I PSO AL e H i 5E L (8), Hop
VE(t) AR i AEIEAR I 7E 28 k 4P T

SOHO) = ®)

TR AR RO MR 2 5, TE N
57 B 5 RO T B e R R A B R, g
X @ A A0,

V(ﬁ(o)=}iammn(§vﬂﬂ> ©)

\ @)  frand < V (vi(t + 1))
Xt 1)'_{ x5(¢) Ifrand = V (Vi (1 + 1))(10)
Fordr vl (0) A xk (0) 7R 38 1A W 7 56 k 4B AR i
(R BERIAL B, (x ()" Xt (¢) IR

LAV BBA e A AR AL I @R, TG
B N IR AT A A, AR i ) A 5 i
(A )&, RO IR E T AT T, e e A ST
W 7 T8 O R Y AR T 0 2 TR ) ) R S
Fo MRSt m AN S, AT R AR
IEAR G O tH BRAS B A — LT S n S, WG
e 3 S5 A3 B — 2H W i g R 7 R R DA A IR R
(XXX )e xj(1 <7 < m) A2 5 k PO AR 5 i 4
b g 7 B ) B AE, FME N R 0B 1. X = 1R



% XX

EAEFES . FET IS IE RS0 BBA 119 =4k DV-Hop 5% ° 5

TRVEPREE R B S A AR AR, AR
Xt = O FEMRA BT A AR T AT
FHF- 0 470 0 MASE B R B (1) R4
JEEMNERE (12) W
f(HopSize;) = ( /(x, - %, + (3, -, +(z,- 2,
-HopSize#h, )’

(11)
f (HopSize,) =

§ﬁ ((&_%Y+(”'”Y+(4-%Y-(u)

"' HopSize #h, )’
Forb (oep0z ) (30,2, ) 2 0 A2 T R0 A R AR R
HopSize, #7415 s i BSF YRR, b, RNHET AL
A 2 A B
2.4 IBBA-DVHop B ASLIIRIE

ek 5L IBBA-DVHop AR B W T

Lilataiiis 2

Horbe (nz) M (xytz)) 70 AR 58 A9 1 R S
BRABAR MG T A8 R R B R RIEAE 42 N&
AAEIREE T RS, MR RN ECE, ALE
(Average Localization Error) 7R354 8 LR 7
31 {AEIFE

43 N TE 5 1) S M PO 28 AR 2% ) ) MR P 28 R 3B AT T
BADh o b & ] [RIVE X 28 9 IR DT AR 4, & 18]
WA T C M, HA, L &AXE, Hepcll
3 A H LT3 B A XA TE B X 4, H AL A AR
R Tl [l DXOF K B it DA Je L B934 8 0L T~ 2
VR EGAF IS, Bl T GFES. X=MEfH
AR B 25 1) S e Do 26 S i 1 LA R 5 M B2
FEH)sEbRY S, BEMEAE 07 P B I LE AT T (S
SARRREVE . B3 AR N ZE R RS A ) BE A LA
LA, B e (R e i, i O[5 Bl R s R
. MELERSEPFMNSHRE ML
J7i o

®1 MESHRE

1
IR (11) F0 (12) (PEET ey 3
FEZA, Bhe RO SR RS ENSBREENE RS Hll
B SRR BAIES
] RS REH X 100m*100m*100m
BHRATF, = Pry - 10qlg(d/do) A HE. WEEEHN e b
EHAR AT — kAR B B P=VSEA 50~100
B RE T REE
bt e BEWERRHELE BT 5%~50%
5 MEEE 20m~50m
— PETES T PNy =
s
whiEs : 4 B T P
t e L AT ST . R I T
R 2
_I_:F- - o oo O.
Wil (4) SIHEEDEM 00 .
B ER S WA 80 4 of o %P af
_ﬁ.ﬁ_ﬂa]-. Wik o& @ oo
RHEMAL AR ED HHEAMTALE CRRC Pt o
& (7) BB S TR oPs AN 3
40
o0 o = g
5 o 2-0’0'3\9&, .09 o
% S 25 B od® } [T
2 3D IBBA-DVHop 5 fe | 8 %o o e
= o o \\
00 -~
1 \\0 ] g}// "
. ]
SA =4t 80 T
3 (HERB SRS -
0 o0

N 7 KA 3D IBBA-DV-Hop 7£ WSN i 55 5 7
R PERE, AP MATLAB2023 76 4 7] 9 4% #1355 1
5448 1t 3D DV-Hop~ 4E £ H #5 salp B 51151
3D IMSSA-DV-Hop 5 iEBY, B AR5 577 il 38
] 3D 3-Anchor-DV-Hop &5 3 &L e A iR 2
BEATXTEC 08, DAVl A SOt L i Mg . AR ST
W (13D (P38 iR 22 SR PP 2 A IR P g -

N-M

S JGx + (y- W) (2 -2

ALE == Re(N - M) (13)

(@) TrTBMzFih



.6 (/IR

¥k

EAR N L TS e AL B ER
o
- 0 ¢
— ] ‘?
100584. —g" A A \

o |
o L] \
JI| o o |
40 llloq o0 o - Om‘l
o, o *
I a T e a o°)
09e0 © o L
& e 100
—T 60
o m a0

(b CHRIMLIHIH

EAR N L TS e AL B ER
. o
R
80 oo " o*
o
100 ‘L‘? 0%0 8‘.
%o o Og @
()
800 8
*eFGHe * g ol
'|‘np ®© o o
0f0 B o 0°° (}baoé‘
\ %bq LI
\@ © 2008
)
Vo \® mfg
o © o
i 8* o od_“’q_,-%
o 20 f
o
0 20

(c) HEMZE

AL BT 2 B0 I I Y

(& LApZEIRH

B3 b
32 SLRERSHH

ASCR P38 5 iR 2R AT R s kS
vEAbRAE, HakE 7 s (13). R R s
5645 FONTEAR [FIPAEE N84T 100 I HUS I~ F 3518 -
3201 REETD B AR A L R4 Rk

TEARKY BESZI6 A, 38 o0 0 2 v R T Ll
i Eb#¢ 7 3DIBBA DV-Hop 592 FH: 43 = Fh VL 1)
ENLPERE . ZHOR E TR 1 AU AR IREF 40m
AR, A 1004, B4 RoR TR T R L

151 M\ 5% $8 K 31| 50% A [7) S92 1) 8 AL R

B4 ERTEUR Y, 5% 50K 0 € ARG B #R Rl
Y PR R I T R o HL i A B A T
RECER RN, 2% b NE S BT R
%, MR Ve IRIIA UG B iz, M

A 9 25 1) 58 LR FEAS 232 T

07

0.6

05

o
=03

0.2

"l L
04T

==SShe 4

01r

—$—30 DV-Hop

—#— 3D IMSSA-DV-Hop | |
=—8—13D 3-AnchorDV-Hop
—6—30 IBBA-DV-Ho

0
005 01 015 02 025 03 035 04 045 05

047

BRI %
() AR 2

—6—30DV-Hop

—#— 3D IMSSA-DV-Hop | |
=—8—13D 3-AnchorDV-Hop
—E&— 3DIBBA DV-Hop

»

i
D

02
005 01 015 02 025 03 035 04 045 05

WAL %
(b)  CRYXIE IR %

—6—30DV-Hop

—#— 3D IMSSA-DV-Hop | |
=—8—13D 3-AnchorDV-Hop
—E&— 3DIBBA DV-Hop

02
005 01 015 02 025 03 035 04 045 05

WAL %
(¢) HBIXIGE R RE



XX TS TIPS IEASGE BBA I =4 DV-Hop 51k o7
#3 3D IBBA DV-Hop EAERE B AE R EIM LSRN
o —ovi TERIRZEFEAR EL 5 (5 2 b 511 40%)
08 —#— 3D IMSSA-DV-Hop
AnchorDV-Hol HMIEL3D T AHEE 3D 3-
. oSk ineh i % #1H 3D DV-
MSSA-DV- Anchor-DV-
06 EZSE] Hop
W Hop HOP
o L N
2057 b T 28.6% 15.9% 5.9%
=
04 cH 52.8% 13.8% 9.6%
0.3 HH 38.5% 17.5% 8.1%
02 s L 66.1% 30.0% 10.2%
D

0.1
005 01 015 02 025 03 035 04 045 05
WAL %

(& LERIERRZE
B4 R A LA O R S

PNSEEIRYES P CE i B AT S N
VU SR ) 58 AL 2200, I HLBE A 41 i Lo A9 3
INE — e 5 )5 W TR TN EE T A5 ]
K, X4 (R BBk R, AR NS B REAE A 13k
WH S E. A H 13D IBBA-DV-Hop 72 fif
R FEAE &N W8 b N AR T e PURh B2

2 IR A LR 40% IN) £ SR AE R [R] N 4%
AN T ERIIR % . %3 43D IBBA-DV-Hop .

TRAEREAT 5 LU R 40% HITE LR, MRS
AEANF AR N T B AR Z R He ] . 7TLUE
78 5 1) S 1 X 2% th 3D IBBA-DV-Hop 5035 1) & 7 1
ZEFE/N, O E AR B SRTHIR R, XN
3D IBBA-DV-Hop HyE7E THE AT 55V 5Bk B I 5
ANZ AL, X8/ T4 A T B 2%
SES L N K5 S T VA=

T2 TSR 40% BB EIAEMIRE

3D 3-

3D IMSSA- 3D IBBA-
M54 3D DV-Hop Anchor-DV-
DV-Hop DV-Hop
HOP

Rt 0.3241 0.2753 0.2462 0.2315
cH 0.7554 0.4133 0.3925 0.3562
HTY 0.5465 0.4076 0.3634 0.3314
L7 0.5213 0.2532 0.1957 0.1723

322 AREED EH AL RO H

TEAMY B SRue A, FER T s LU R0 A5
BTG OUR, aid o  2 o ) R A
7 3D IBBA-DV-Hop 515 AT 4% = Fh B3 1) e A 1
Aeo THEAFANT: &l m LuA9 9 20%,  FiTA 19 A5
WAE A RRE30 m AR, 1 s 50 38 i 2
1007, TAIRE N 104N o DYFQ 9 28 7 0 T IR 45

WS AT, 2400 Fh R 2% N S S B0 100 1,
VO Fh 9 ALEE A T 4,

¢ \—&—30DV-Hop
—#— 3D IMSSA-DV-Hop
05 |—8—13D 3-AnchorDV-Hop
|—©—3DIBBA DV-Hop
04
=
E
= 0.36
q
02
]
01t P
50 60 70 80 90 100
W ER s 4
(a)  T7RDashsE i 2
124 | —6—3DDV-Hop

—#— 3D IMSSA-DV-Hop
=—8—13D 3-AnchorDV-Hop
|—&—3DIBBA DV-Hop

MO8
o
i 064
P
i
04F
g
¥
0.2 i
50 60 70 80 90 100

WA EE A

(b)  CHRIXHEALIRE



° 8. B MO R ¥ XX A5
F4 BEBREAN100MEEENEMIZEE
09
S, s spov- 0 D awerDv
F 5—9—30 3-AnchorDV-Hop ﬂ\ Ho - HOP -
e | —©—3DIBBA DV-Hop P DV-Hop DV-Hop
[+
5 g 0.2432 0.1483 0.1313 0.1192
fos- X cM 05514 0.2941 0.2449 0.2049
Hoa ' HA 04519 0.3723 0.2845 0.2211
03l A LA 04463 0.3017 0.2351 0.1961
D
021
N %<5 3DIBBA DV-Hop B:ARREME AT EMLEATN
50 60 3{““® 90 100 TEMIRZEFEREL (S 5 28055 100)
R oR
(¢) HEXIERE %) 2% HLL 3D IMS HILE3D
FHL 3D DV-Hop Anchor-DV-
EZEqN SA-DV-Hop
074 ; HOP
. e 7% 52.3% 21.8% 9.2%
' - g cHl 62.8% 30.3% 16.3%
05 HA 51.1% 40.6% 22.3%
) p L 56.1% 35.0% 16.6%
v
03l : B35 LR ZE K D o
02 ;
06
& |—8—30DV-Hop
50 60 70 80 20 100 as o LM.\\Sri:u[?;VH-I‘:zp
WALEE A | —&—3DIBBA DV-Hop
(d) LB ESRZE 04t
ooy
s IR R ) % 03
MBS ] DA, DUFR S 1 5 7 1R ZE 8B =2 Hu_z_ N
Bt 1 S B HE IO )N, IR DR A B T A ;
BRI, A0 R B e B, AT PO Y 45 v
TN B AW N EE, A5 5 7 R ZE 1B N I % 25 30 35 40 45 50
BT PR, DM IRI T, LR o ﬁ;‘;g‘j‘;jﬁ"}w .
" NTUINTNN a e L IR
W R % />, 3D IBBA-DV-Hop 58 fir 157 22 i 2%
—HATH N, REELEA RER BRI, .
Fe 40975 S HON 100 I 4% 535 76 A5 7 9 26 31 e sDmsskoe
| -Anchorl op
INFHIE AR 25, %5 53D IBBA-DV-Hop HIETE 2 [ S A o
N2OZE N N o N — 0.7
RSN 100 OSSR, AR AR EIEAE AN [F N % 06
SN 7 . 0
AN TR AR MR L. 1 TSR T AT AR 2 05t ’
RN R F T S BT S Bk, R HSIAE 04} |
TP A BT S i P Bk, W] LUE HTE & 1A) e ;
S R 2% 1 3D IBBA- DV-Hop 500456 52 B kS 1 (042 .l
0.120 25 30 35 40 45 50

FHIE R K

323 AR FAEM AL R0
TEAY Bz ie A, 368 gk o528 I 265 i1 s 1 0

15 242K L8 3D IBBA-DV-Hop 03 Al HoAth = Fh 54

EHEALERE . B 6 IR T T SN 100, 5T

UG 20% B, B #E R AS 2 M 20m 3G K F] 50m

BEFEEIm

(b)  CHRXHEALRE



XX TS TIPS IEASGE BBA I =4 DV-Hop 51k * 9
*6 BEFEAHIOMEZEELNEMRE
09
—8—30DV-Hop
3D IMSSA- 3D IBBA-
0'8( -:_—gg Iah.":nsctﬁ;;fﬂﬁzp M 2544 3D DV-Hop Anchor-DV-
—E—3DIBBA DV-Hop DV-Hop HOP DV-Hop
07
%06/ 5 Jit 0.2431 0.1652 0.1519 0.1268
= cH 0.5815 0.3792 0.3234 0.2514
{< 050
HA 0.6322 0.3659 0.3583 0.3201
¢
ua>-fL~ﬂ;‘_a__*}__9_‘*}‘_9_1i}“eh11h L 0.5571 0.3855 0.3619 0.3102
03r ;
. &7 3D IBBA-DV-Hop B AR E th B X FMLEIATH
2 2 %0 2 f‘””[ . 10 A5 & TEMIREEREE G GBEHZE J340m)
() HEXHEMRE HH3D D Mispms 3D
[SEESZEEN Anchor-DV-
V-Hop SA-DV-Hop
0.8 HOP
) e ot % 47.8% 23.2% 16.5%
07 =—8—13D 3-AnchorDV-Hop
—©—3DIBBA DV-Hop (okir} 56.7% 33.7% 22.3%
06§ H 48.9% 11.8% 10.3%
& | S LA 44.3% 19.5% 14.2%
&
“&mwﬂhﬁﬂﬂh$ﬂﬂkj e GEA{EEURIE (RSSD AL EH R4 B HAk
0} . AT R A BN EUE, T H R R E M v —
y W BEIRT SEEEIOS AR s SR 2 30T B B A
20 25 30 35 40 45 50

R m
(d) LB X E iR 22
6 AR 0 2045 R
L6 T LATS DU Rh B0k 1) 58 A 15 72 # B 1
&2 BB NIk /N o 3X 2 DR AR R RN
T 57 ) B P 9 24 T P L LR AN, IR LA AS AR AR
(1 R B T, R B B 2 Y A R
THR, X5l EORZE K. MBS FERW
BRI, 257 ] B F o 24 T2 30 Pt B T I K, s AL
Ko R bE 2 1 n, JF B 4l A 40m 5,
FHEE AR Z T AR . IF H 3D IBBA-DV-
Hop 7EAN ] /9 28 $1 0 T 1 58 A 28R S48 T Ho Ay LA
ks
F 6 NIEAE A% N 40m I & B AE A [F] WY 4% 3
INFHIEALRZ . %27 43D IBBA-DV-Hop HIEAE
WAE A 40m B OL T, AHEB AR SRR A [F] )
BN T AR RS 25, ESmRER
2& S BT 19 3D IBBA-DV-Hop 3506 58 A3 F 15
(B TR BETE R, e 4G B ey o

4 Z5RIEB

Bt X = 4E DV-Hop & i 55925 7 S b B ] o A7 7
SE VRS BERAR I ) L, AR SCHEAT 1 = AN T 1A

THOUAL 1R Bk, OF HRRR R 5 &
AN AL R ORE LA ST s AR AR R R — A
AL RN L, 25 S5O R 32k 1 g SR A A
SE LT R E AR, AT B2 e BE AN WY 45 1K) S ALK
BEo RS REIE T it ik e itk ge. SR,
£ )5 S /N IR R AT BT AL, T
B/ IR N B R ZE RO UK, JCHRAE
PEES AT AHER ST, IRETREBUICR, 35
SERLRERE T, Jf H e AREIRGF AL B AR Lk ] .
0] SO IX A i) R T — 2B T T T

ERPEE

[1] T. Chen, L. Sun, Z. Wang, Y. Wang, Z. Zhao, and P. Zhao, “An en-
hanced nonlinear iterative localization algorithm for DV-Hop with
uniform calculation criterion,” Ad Hoc Network. vol. 111, 2021,
Art. no. 102327.

[2] G. Kaur and P. Chanak, “An intelligent fault tolerant data routing
scheme for wireless sensor network-assisted Industrial Internet of
Things,” IEEE Trans. Ind. Informat, vol. 19, no. 4, pp. 5543-5553,
Apr. 2023.

[31 MOHANTA T K,DAS D K. A three-dimensional wireless sensor
network with an improved localization algorithm based on or-
thogonal learning class topper optimization[J]. Annals of Tele-

communications, 2023 , 78(7): 475-489.



e 10 o

(/IR

2

i/ XX &

[4]

(5]

[6]

(71

(8]

[9]

[10]

[11

—

[12]

[13]

[14]

[15]

[16]

X. Wang, Z. Wu, G. Wang and C. Jiang, "DV-Hop localization al-
gorithm based on improved spider wasp optimization algorithm,"
2024 IEEE 6th International Conference on Civil Aviation Safety
and Information Technology (ICCASIT), Hangzhou, China, 2024,
pp. 826-830.

EE N T RS BT AR E U AR K e AL
THEN]. HIREIR 2024, 64(4): 606-611.

R. Tang, H. Hu, Z. Li, S. Wang and F. He, "A Localization Algo-
rithm Joining DV-Hop, LSSVM, and Expected Distance Estima-
tion in IoT of Agriculture in Mountainous and Hilly Areas," in
IEEE Sensors Journal,vol.25,n0.9,pp. 15564-15576,1May1,2025,
doi:10.1109/JSEN.2025.3549416.

Y. Han, "An Improved DV-Hop Localization Algorithm Based on
Approximate Path Distance Optimization in 3D Wireless Sensor
Networks,"

2024 9th International Conference on Computer and Communica-
tion Systems (ICCCS), Xi'an, China, 2024, pp. 849-853.

X. Wang, Z. Wu, G. Wang and C. Jiang, "DV-Hop localization al-
gorithm based on improved spider wasp optimization algorithm,"
2024 1EEE 6th International Conference on Civil Aviation Safety
and Information Technology (ICCASIT), Hangzhou, China, 2024,
pp. 826-830.

R. Tang, H. Hu, Z. Li, S. Wang and F. He, "A Localization Algo-
rithm Joining DV-Hop, LSSVM, and Expected Distance Estima-
tion in 10T of Agriculture in Mountainous and Hilly Areas," in
IEEE Sensors Journal, vol. 25, no. 9, pp. 15564-15576, 1 Mayl,
2025.

F. Xianbao, L. Yong, S. Yian and Z. Letian, "Improved DV-Hop al-
grithm combining chaotic map and Gray Wolf algorithm, "
20221EEE 6th Advanced Information Technology, Electronic and
Automation Control Conference (IAEAC ), Beijing, China, 2022.
Yang F, Ding M. An Improved DV-Hop Algorithm Using Hop Dis-
tance Correction and Aquila optimization| C ].Proceedings of the
2022 International Conference on Artificial Intelligence and Com-
puter Information Technology (AICIT). 2022: 1-4.

Yu X, Peng W, Zhou Z, et al. An IMOA DV-Hop localization algo-
rithm in WSN based on hop count and hop distance correction[J].
Peer-to-Peer Networking and Applications, 2024:1-14.

Cao Y, Wu X, Xu J. Improved DV-Hop Localization Algorithm
Based on Variable Communication Radius for Wireless Sensor
Networks[J]. Wireless Personal Communications, 2024: 1-23.

P. Wang, R. Zhou, X. F. Member, and D. ZhaoMember, “A dis-
tance estimation model for DV-Hop localization in WSNs,”
IEEETrans. Veh. Technol., vol. 72, no. 4, pp. 5290 - 5299, Apr.
2023.

K. Fang, T. Wang, X. Zhou, Y. Ren, H. Guo, and J. Li, “ATOPSIS-
based relocalization algorithm in wireless sensor networks,” IEEE
Trans. Ind. Informat., vol. 18, no. 2, pp. 1322 - 1332, Fe b. 2022.
P. Wang, X. Cai, and L. Xie, “A modified error-oriented weightpo-
sitioning model based on DV-Hop,” KSII Trans. Internet Inf.

[17]

[18]

[19]

[20]

(21]

(22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

Syst., vol. 16, pp. 405 - 422, 2022.

Wang P, Wang H, Li W, et al. Probability-based distance estima-
tion model for 3d dv-hop localization in wsns[J]. arXiv preprint
arXiv:2401.05709, 2024.

Wang Z, Shen H, Zhou Z. Improved DV-Hop model based on the
application of variable scenarios[J]. Ad Hoc Networks, 2024, 154:
103368.

Wang Q, Shen Z. UBETI: A DV-Hop Localization Algorithm for
IoT With Distance Upper Bound Estimation by Triangle Inequality
[J]. IEEE Internet of Things Journal, 2024.

Wang R B, Hu R B, Geng F D, et al. Improved DV-Hop based on
parallel compact Willow Catkin Optimization algorithm for 3D
nodes localization in WSN[J]. Wireless Networks, 2024, 30(4).
Reddy M R, Ravi Chandra M L. An enhanced 3D-DV-hop locali-
sation algorithm for 3D wireless sensor networks[J]. Wireless Net-
works, 2024, 30(6): 5809-5821.

X. Wang, Z. Wu, G. Wang and C. Jiang, "DV-Hop localization al-
gorithm based on improved spider wasp optimization algorithm,"
2024 1EEE 6th International Conference on Civil Aviation Safety
and Information Technology (ICCASIT), Hangzhou, China, 2024,
pp. 826-830.

BSETE, AR, 2 T SO IR AL 1) =4k DV-Hop 7€ {7 H.32%:
D1 PR R AR CH AR RRD 2022, 38(6):36-39.

Y. Cao and J. Xu, “DV-Hop-based localization algorithm using op-
timum anchor nodes subsets for wireless sensor network,” Ad Hoc
Netw., vol. 139, 2023, Art. no. 103035.

P. Wang, X. Wang, W. Li, X. Fan, and D. Zhao, “DV-Hop localiza-
tion based on distance estimation using multinode and hop loss in
IoT,” IEEE Internet Things J., vol. 11, no. 16, pp. 27803-27815,
Aug. 2024.

R. Gantassi, S. Messous, Z. Masood, Q. A. Sias and Y. Choi, "En-
hanced Network QoS in Large Scale and High Sensor Node Den-
sity Wireless Sensor Networks Using (IR-DV-Hop) Localization
Algorithm and Mobile Data Collector (MDC)," in IEEE Access,
vol. 12, pp. 37957-37973, 2024.

B AR AR BT A L IR T A AR N Ok A S
DV-Hop € [J]. AR AR 54%1&4,2023(2):99-103+120.

Y. Wu, C. Zhang, L. Tong and X. Shi, "Location Optimization
Based on Improved 3D DV-HOP Algorithm in Wireless Sensor
Networks," in IEEE Access, vol. 11, pp. 85525-85536, 2023.

Z. Xu, "Wireless Sensor Network Localization Incorporating
GrayWolf Optimization and DV-Hop Algorithm," in IEEE Access,
vol. 12, pp. 168594-168606, 2024, doi:  10.1109/
ACCESS.2024.3495983.

P. Liu, X. Zeng, S. Gai and H. Sun, "Application Research of 3D
MSVR-DV-Hop Algorithm Based on Node Filtering," 2023 5th In-
ternational Conference on Natural Language Processing (ICNLP),
Guangzhou, China, 2023, pp. 379-38.

W. Liu, J. Li, A. Zheng, Z. Zheng, X. Jiang, and S. Zhang, “DV-

Hop algorithm based on multi-objective SALP swarm algorith-



XX TS TIPS IEASGE BBA I =4 DV-Hop 51k o1l

moptimization,”Sensors, vol. 23, no. 7, 2023, Art. no. 3698. ity,” IEEE Internet Things J., vol. 12, no. 3, pp. 2445 - 2457, Feb.
[32] Q. Wang and Z. Shen, “Ubeti: A DV-Hop localization algorithm- 2025.

for IoT with distance upper bound estimation by triangle inequal-



