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Magnetic Beacon Autonomous Positioning
Method Based on Firefly Algorithm

LIU Chao-yue, WANG Guan, XIA Hong-wei, MA Guang-cheng, MA Guang-sheng, WANG Chang-hong

(School of Astronautics, Harbin Institute of Technology, Harbin 150080, China)

Abstract: As traditional positioning and tracking systems, such as radar and GPS, are limited by
weather and geography, and cannot adapt to indoor, underground, underwater and other applica-
tions, a low-frequency magnetic beacon positioning method is studied. With quasi-static magnetic
field, which can penetrate soil, rock, seawater, buildings and many other types of media, this
method can be easily used in many indoor and outdoor applications without direct affection by
harsh weather conditions or day and night changes. Aiming at the problems of traditional magnetic
beacon positioning, the principle of magnetic beacon positioning is analyzed. The mathematical
model of firefly algorithm in magnetic beacon positioning is given. A method of magnetic beacon
autonomous positioning based on firefly algorithm is proposed. The method is more adaptable and
easier to implement. Finally, the feasibility of the method is verified by simulation and experi-
ment.
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Fig. 1 Spatial location diagram of magnetic beacon

T REARAR BRGS0 4T o Bl XFEAE — 4k
ST K A — A xS e 2 AR R
B ST 1 o Ok i RV . A 2Rl I R 7 AR Y
e S 568 S5 AN T

H, =M[GBzx*r7" —riH)x + Baxyri®)y] @D)
H,= M[ Gz —ri)x + Gz (y +R)ri Dy (2

For, M ORI R R RNy RG]
1A IE RS R bR 1 BB L, S REIE 1] A% R 2R BE Y
fRbr 2 BUBEES . T AP A 21T o By . 8
AT LIRS Ot U e i i 5

fRAR 1 AMEAR 2 £ 2 8] a3 AR 3 X (D) 7= A2 A
IO F) 1 7 WA 5 40 % S 5 R A L el T LA )R
WG9 R . MO 4 — A 23 (8] 6 B AR X N T — A
HH L B4 1 580



o505 1

BT 8 K MU ER B REAS bR A 2 SE A 63

MR b w2 B b o B 1R B MRl ok S
i 308 10 A g M i ) 4 37 i B AR B R AT DT C, A
AT DU ) A S i A R

2 BANREMEZE

2.1 HAHEZNES

# K UYL (Firefly Algorithm) J8 TR0, 5 4R
T ok AR B b BERAE Sh i A AR B T 4R
— B 1, B R S g ok U S R
S, e 2o IR 22 3 K iU R AR AE — SR O R R
(R K HUJE L 7N T K R BRI AR A L B R
7 KUY A ik TR) B — AN it 2 BB AR S
U A BE DL M 53 7 76 48 R 25 ], SR 5 AR G B AR e
KU RS B IR AT i s ) v i U R RS B
i AR RS Bl de 2 A 2 R R AR BT Y
a7 K TR B A gk 2 R 3 2 A B A DT 3K B e
BT E R,

2.2 BMAHEZENELAMSRRE

M b SCRT T, RS 2 N EA HEE VLR
B 50 e ik R, O T RN E A Lz
[E] W 5] g 5 L SC KR A X 2 S 4 X 5
JE AR .

AN 5E B T O, RO G- =0 &b
(G ) 8 XN KR B4t SR ICHE T

AR 52 B < %8 O AR ORI
FE R K A G X GO E RE L IEE T,

i )RR B e BURLTE T kR R I B )
JLPT b B RRRE TP A B K T B R K A B, IR AR
P 7w TR 7 R 2R AT A T, 1 F
IR BN AE 1 UK BE B Ik B4 1% AR

W 7 U 5 S B A ok LIS B R
K AT R P TR I A o R A A R B i 5
R AR Z S W 2 % 52 B L R R AL PR U
Ye iy, HAE AR 2 B3R o F KR RS
L B X — Ao A A AR AR R X, =
(1‘,1 o L 2 ,I,-gq"‘al‘,',,)a i :1,27‘“9619 szﬁ'f%*lﬂﬁ
fiff 225 18] o — S TS A 8 1) a8 (0 R AR A FRR AR
A pRER L D45 31 4 A i R A X SR, A x5
(RN m] AR FE B b5 oR 8O % s I % s 5 B
O AR e T K BT AR R 0V A A A, B

I,=f(x,) (4)

K SRR © 5 B A BE R D R s ROOOR
AR Al 8 SCHE K U X T GRS R

I, =17 5

Horpr, I, Mk SRt ER R Ly RO &
B I — ATy, R KR SR R
RORBEES B2 n 480,

P K H 22 ) PR I 5] R /N K X
LG R R R S B P B AR X S R W5
K

W51 77 - 28 B ke HL 2 ) AR X 5 B L
KA Z AW 5] 1R

By (riy) =Boe " (6)

Hor, B AT WAL B9 B KW 51 1 N T,
PR EIPNA S N SN EIPIR

A R T O N G O &
H O RA B G SET . L EEH AN
2 0+D =2, +Boe i (x; (1) —x, (1)) +ae, (7)

Hoh, ¢ RS & m i 3
S)or AAR B A BEMLEL s o R BEHLI R B, a0 (7) 1]
I D A AR I N R O S
ZIA7 K U2 8] T AR B 5] AR B as B DL
A R SR BE LI,

2.3 BNBREREMSIRENS S AN

B ) QL E R U (o TN E B SO el AR E S
AR D5 B ST bR R R 1R B L A ) A R
0 B 1 G v B AR B EATVE I AR B E A R
HARmBRMT .

7 U SRR oR U R (B Y O v S O
iR e VAN S R AT N e A Ll = YA = B T
B .

e(i,j) :2 | B, (measured) —B(i,j) | (8)

Hrb. B, Gneasured) Jy A5 B, 76 4 72 0t
WL —f A A, BGL) BT bR E BB
oA G AN EEEGRPE R Gl i
Yo g

B i) MR g imat =X (D T8 8 G B
FERBTE— B B3 0 o 22, Rk AR A B8 5K
AR BIRE ) o Sy Iy Ay EE LT e (i) FEXHL
B B 8 . XRESEAR B) T T
RAFHI PR E PREL e G aj) o BRI e Gaj) BN
fEEE T LIS R B E .

o AL R OR e K B RE R B kL
e(ioj) WA e ' Giug ) o DUTTTHE SR A S /IME 19 7]
UL O B K AE B A, ok e G iR
KAE L BT LIS B R R A A7 B A5 .



64 S i 5 R

2018 4£ 9 H

2.4 ETEAAMEEREMEEZHREINR

K HUSE R ) B R S 1 R - 1 e i S (A
H R BIL 73 A — 2 B 1 L AR 30 KR I A o7
B AR AR S DIE A ok R0 ek ROME L R4 X 5 R 5 R
P 51 g5 SCTHIR A KR 22 6] B W 51 g 5 AR L
SR HEAT K A B AT PR 2l AR
YA Z A # K HOR A — kS, 15 B 15 10 1k R 4
JRy b e A, S B RE AR P AN 8T 2 B

BCEEESE: RO e, BORWS1I8,, el
MRy, BEIIZSE e, BOGEIREEERN

I

BB RO RER e, AR
IR TERELL K5 ] )

(RS E R E R R |

MR BB S AAT ML E,
TR B K BB 3)

RGeS

o

prsipet]

AVEEGL L

E

\\\\\

B2 BAHEZREER
Fig. 2 Flow chart of firefly algorithm
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Fig. 5 Firefly algorithm iteration results
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