BHSRE

Control and Decision

T B I 3h 4 w9 3D-DVHop—-ACRE L ELVE
fkdh, P, fHET

FIHASLC:
ik ih, B, AEE. T RIS S S A3D-DVHop- ACRE (i FA(T]. il 55K, 2021, 36(10): 2409-2417.

TEZRIR]IE View online: https://doi.org/10.13195/j kzyjc.2020.0323

BT BRSO HAB S EE

Articles you may be interested in

ST BERRT*FNSRE BBl A BEAR LR
Robot path planning based on improved RRT*FN algorithm
FEH 5P, 2021, 36(8): 1834—1840  https:/doi.org/10.13195/;.kzyjc.2019.1713

BT 1] %7 > BORE s W DA WSN Y A5 (L Rk
WSN node localization based on social spider optimization and opposition based learning

P 5P 2021, 36(10): 24592466  hitps://doi.org/10.13195/j.kzyjc.2020.0258
— PP LT AL A 2 RS S Pl as A )

A path planning algorithm of deterministic mobile robot based on immune mechanism

Pl PR, 2021, 36(10): 2418-2426  hitps://doi.org/10.13195/j kzyjc.2020.0059
BT s 3 AT AR IR T e AL

A distributed sensor nodes localization algorithm based on super nodes

P S5 P8 2020, 35(12): 2898-2906  https://doi.org/10.13195/; kzyjc.2019.0219
TR TE AL TR s S8 20 Do R i

A low delay networking planning method for micro UAV swarm

Pl 5 HIK . 2020, 35(11): 2696-2706  hitps://doi.org/10.13195/j kzyjc.2018.1549


http://kzyjc.alljournals.cn
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2020.0323
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.1713
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2020.0258
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2020.0059
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.0219
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2018.1549

5 36% 5 104 = % 5 & K Vol.36 No.10
20214 10H Control and  Decision Oct. 2021

ETEMNBHHET SH3D-DVHop-ACR ELE X

AR 2 O INREE
(1. BRI TRY FERTHES ALY, EH 6505005 2. R T K%

AN EAEE A E, B 650500 3. = RERHRSARAR, EBY 650500)
o ARG LS & R 4 ik i 3D-DVHop 2R AR AT R AL R ZEBOR, HARX T8 AL AR EAT S5 P PR
) ) R, 3 1 — B T R 90 ) R B 4 T 51 3D-DVHop-ACR 5E 7 50325, 5005 5 N 1 I sh A= o5, ZE PR AR 8
ST BSCAR P [R]85 4T R B8 0 5 4 0 7 R A o 4% 72 1) L AN 280 N ) 8% 2 V] DX 338 3 5t RS STAEL 4l BN 5 — 4k 8k
PR IS TE 7 e 181 AR EE, 1) FH BT 415 i 8 LR 28 T 25 AR BT s Al TH A AR RIS, 45 B R AR il T2t
AR T B BN/ 3 BT A AR SREAE, CAE— B BRI e A R 2
KRR EALRCA; BAHIT A EHLJT; 3D-DVHop-ACR; EfIiRE
hES %S TP273 XERFRERD: A A
DOI: 10.13195/j.kzyjc.2020.0323 FFHRHE (AIBRRS) #7INED (OSID): [E7E48
SIAME: Tk, B, 35T 5T R R 3hHi T 2510 3D-DVHop-ACR & 7 592 [J]. #5815 vk, 2021,
36(10): 2409-2417.

3D-DVHop-ACR localization algorithm based on virtual force moving
anchor nodes

ZHANG Jing"%3, LUO Shi-zhang", FU Pu-ping*

(1. School of Information Engineering and Automation, Kunming University of Science and Technology,
Kunming 650500, China; 2. Yunnan Key Laboratory of Artificial Intelligence, Kunming University of Science and
Technology, Kunming 650500, China; 3. Yunnan Xiaorun Technology Service Co., Ltd, Kunming 650500, China)

Abstract: Aiming at the problem that traditional and various improved 3D-DVHop algorithms have large positioning
errors for unknown nodes and do not substantially reduce the positioning cost, a 3D-DVHop-ACR localization algorithm
based on virtual force moving anchor nodes is proposed. The algorithm introduces virtual force moving anchor nodes,
which can reduce the positioning cost while enabling the anchor node moving path to traverse the entire network space
and not enter the network void area. RSSI value assisted ranging and three-dimensional hop distance weighting are used
to correct the hop number and hop distance between nodes. All anchor node positioning errors are used to correct the
estimated coordinates of each unknown node. Combined with the maximum likelihood estimation method, nodes with
neighbor nodes of not less than 3 are further refined to further reduce positioning error.

Keywords: positioning cost; mobile anchor node; virtual force; 3D-DVHop-ACR; positioning error
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18145 Bk £ 55 Wk R e AR P SR A5 10 2 B A BE R A, AR
P2 IR B A S AR AT AR SR B B T A
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et (p) JB TS e A AR (1) B g R R T b
IR % 2 Uk FVEAE SR AR RN AR PRI R, S BRy
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Y RAE IR, ToiE IR THE IE 45 3R 1) 31 S, H &
&1 avehop; 18 1) T 5K 45 & 43 J5 6 [l P9 & 4 70 A
i) minhops; ; {8 #F 47 ISR f#, A T TG V25 e ot >4 wif
Je BB Y A B JE T RS A R YE B A &S R ]
straightdis, ; {8 V1550 1% 22 (1) FEAIK.

M3 AR — RS R HY AR BR. TR
KAERA THE SRS AR AT Ul T A bR G, iR &5
B AR AR AT R B A TH AR bR, FE AR H
AT HE— DS IE LR AL, SR JN T e AR 22 A R
E— BRI

BEX B 18] R, AR SCHE tH— AT R A 0 B Bl
¥ 55 1) 3D-DVHop-ACR 5E fi7 1.
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TR IBAE AR R VLR N, FOR N w5 AR AT



2412 ECa |

5

xR %36%

T2 P8 P 38 KT /0, AR L A 1 3 s

3 ERTE

Bl 3 H BT R o 75 B E VS N BTS2 % R AT
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4 BENEUEHE
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N2
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E diSjn
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HOR T R0 e, ISR RIS s e B T 51 70 Fy
M.
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)

Horb oy ARFT Ky 58T 2 o 1811 77 18] £
JE5 wa NREAUTT 51 70 BB HRENT oy ROk B #
BT R {E B A virtu albeacon; MR E, 2
virtu albeacon; > 3, R KN 5 c; W &2 8 f7 21,
TG 5 A% Bl T R Ak SR A B AR R, wa N0, virtu
albeacon; < 3, T Ak LWL BAF 2, BUE TS LA

u, u € (0,1), virtualbeacon; = 1;

wa — (8)

1, virtualbeacon; = 2;
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B YT AR LB AE AR RVE T Y AT R NS R
xf FLRt N e A0 51 16 JIEAT # Bl A8 B AR 05 A
TENL AR L IR F RN LU B T R 7 o BOR B[R] 38
A58 A IRE G T RS B E N TG T RUIX .
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iy

£ 45 3D-DVHop & 1o 55 7E T H AR AR5 217
ANBOEUI A7 AR R 22, OB B LT M e, B
RE 1.2 T EEAEAE I  FE R 45 G AH AR U] dis
B, HACAS ST 5 A A0 5 1] dlis 4 S R AR T s AT %
SrUSI IR E S i /N BRI, SR TH B O SRS B, LR T
wrr.

AR V5 AH AT 1A B 3L 7 S m(IE B 550 A5 4%,
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1
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m m
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FIH R (9) 454 (3) T RSSI 5 7 16, H 40 AR 4 A4 1)
P B9 0K R OS5 HR AN SR B R ) G &R, B
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m
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minhops, ; L LA A4 7 1 AR AT KA 41T R g [A]
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AR5 AR SR T 5 HL A B Y T B 2 TR
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M SRS 1 A0 2 AU S5 1 °F 35 Bk B avehop;,
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avehop, = Z W,javehop,;. (13)

i



#1027

K oah ¥ AT EMA 5T &4 3D-DVHop-ACR & 4z H ik 2413

g4 30 (13) H 1 avehop; 185 &8 IR R FN 5 81
55 %4717 55U minhops; ; B, K F 20 (2) J7 k] sk K
BRI 55 5 S YT AR straightdis,; AL R d, {8, R3S
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A T — IR B S s — i
TR 218 B, P RSN R v A 3K A e g
X = (ATA) 7T ATD, SRAFAR R sl vhAspx, Herp
2@i—zn)  2(1—Yn)  2(21—2n)
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>

IS SR

2($n717xn) Q(ynflfyn) Q(anlfzn)
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A AR A

Vw3 —yn 2 — 2t dn—d3

Ty — T+ Yoy —Yntzng — i dn —dp

AR E S il g %) AH 40845 55 (] minnoahops, ; {8
AT AL H, PR 456 57 RUARFR A B IR J5 7 RTE]
minhops;; >R fif 45 5 15 21 (1) avehop, ; 1, B¢ & X T
1% avehop; ; (H AT IR K AL, DARRAGAR SN S
BT ] d, (B TSR 22, AT B AR AR T A e
LR ZE.
23 H—TREUERAT S LR

DRy 3B A DR & X 3BT R R 22 S BRI B ) R
FT AR FRE IE, TR FH A 51 RARAR IR ZE (ey,, €y,
e, ) VRS RN AR bR R 22, 7R 55 2.2 7, B FH A
RANSRAL VI SR AFEA T s ARAR IR [R) B, 550t 2% 4
TG T AAAR (4, §s, 24), AT S HE BT 250 P A
b2, B

(€zireyises) = (& — iy §i — Yi, 2 — zi). (15)

RANT R EARYE S5 1 (e, €450 €2,) (0 = 1,2,
on) E, 45 A & AR 4 18 IE J5 1) minhopsy,; 18
a2 Bh O B wyg, THEAS B B B Al AL AR R 220

(éwkaéykaéZk)’ B

n
(ézkvéykaézk) = Zwki(ermeymezi)v (16)
=1

1/minhops}, (17)

Wk = —f

Z 1/minhops;,

i=1

254530 (16) SRIF I ABFRIRZE (64, €45 €2, ) TR
FERAS B AR HINT kRS E BAS VAR KR (2, G, 2 ), BP

Ty Uiy 1) = (T — €0y, § — €y, 2 — €5,). (18)

I FH 5T A8 T R ZE 0 T R T RUARBRAE TR
Je, XTI R SR (Q = 3) RN pld M S
A T SR ) BE S (d) 7 AR AL — 2D RS A AR AR, DA
KK J5 AL RRAE R AR T R I Al T AR ER (2, O,
Zr). HARKRENT 8H(Q < 3)REEHELE TG 1AL
B, AH AR fUA) R B d T AR 4E X (3) R RSSHE THE
JTiERAT.

A HAR S A PR T

step 1: Tl 5t 15 7 A /D B30 (A Bl 0 A, 25 T e
B B AR D R % B SROFA R U o 5 0 15 Y el 9 B
A ARFNTE O H AL 5] I E Y IR RS )
KAN5T71R#AT# 5.

step 2: %4 1T RS B B S AF AL E N, UL E
B o, 242 8 R B ERARTE L 5 3 AH AR 8 B
AR ST AR R T HREEE R,
T R EE B G Bk E g3 6T AH AL T A (A
minnoahops; #1712 IE, #4 42 IE = ) minnoahops,; fif
TEAE B & 2 HAE B3R, 4k M AR ALY g AT %,

step 3: & 11 A AN R B AR B WOR B[R] — 815
) #HE 15 BAL, A PR B B 5 5 4719 5] minhops, ;
s/ IO B, ) B #4515 550 1] minhops;; {8 45 & X
(1) 7T B H 51T 5] avehop, ; 18, 45 & 1 (B0 &
5715 1 avehop; ; {H INBRAS, 4 3K K J5 (1) avehop, ; 1
kST .

step4: MG step2 PEBIEFM SR RS
575 £UIE] minhops, 719 545 £ 7Y 3 [8] minhops;; «
step 3 H1 28 IIRLSRA 18 15 5 avehop; ; i, 456 30 (2)
JTVE R AR RN S T R B A S T
AU straightdisy;  straightdis;; {5 THE, 3% H &K
ABRIR A VI R 8 R SN 2 B AL R I R S T R4, R
i P T R CRLAE A Y 50 Bk T AR AR (2,9, 2) (4,
iy 2i)-

step 5: FHE (15) SRAF 55T B ARBR IR 2 (es,, 4,
e, ), FF & AR ENT S5 & 17 550 A] minhopsy, 514
HE B BB wy, 45 A K (16) (18) 13 3 8 A 147 45
(Eaps €yp» €2 ) IHUA KR ZAETE TG (21, D1, 210 ) H.

step 6: X step 5 i 2 561 (Q = 3) AR KN
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3 HEDTE AR RS
3.1 iFNIERR

PLAE 4t 3D-DVHop 5 A7 5 7% (18 #% 3D-DVHop)+
BT iR = 4k DVHop & {7 8 ¥ (] #k 3DW-
DVHop). 7 2575 X 5 F ¥ Bk EUn AL ¥ = 4 DV-Hop
5E 7 S0 (8 #% 3SDPHW-DVHop). T BkEUmaL 5
Bk 25 £ 1k 1) 3D-DVHop 7€ £ 5 i (i # 3DHWHD-
DVHop). % T &, /7 # 3l 7 5 () 3D-DVHop-ACR
& 57 B0 (1A FR 3D-DVHop-ACR) 128 5032 5% oK &1
HHE LR ZE 17 BME (erreve) SEBRAR U 55 L1
(p) VE i B - BB 25 4R AR, 45 errevg FH p BRAIK,
W) 5 A7 F s i, 8 7 A IR AT

TE R A K0T 08 A (1) 3k F2 ) BT 4807 I B i
T AT H R N BT 5 GPS 25 B A k@ i e % 5
T TR S R B TBCR T A BB p Yo L 43 BT % SRV 5 R
A HFr$e SR E s R A R S B B R
IEEGHR A B A, AT I 3] 5 56 45 SR 1 T b
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