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Optimization of the sensor array layout for magnetic positioning system

Yu Zhejun Liu Lu  Gao Zibo Kong Ming

(School of Metrology Measurement and Instrument, China Jiliang University, Hangzhou 310018, China)

Abstract: Current research on sensor array layout in magnetic positioning systems primarily focuses on quantity and spacing. In related
research, the sensor array layout is typically evenly distributed, with limited investigation into the impact of spatial design on system
positioning accuracy. Addressing the non-uniform distribution of sensor arrays in magnetic localization systems, this paper proposes an
optimization method combining genetic algorithms with finite element simulations. This method determines the optimal sensor layout
based on specific trajectories of magnetic targets. Firstly, a simulation model was established for numerical simulation of the magnetic
positioning process, and the sensor array layout corresponding to the motion trajectory of each target was optimized by genetic algorithms.
Secondly, based on the simulation optimization, an experimental platform for magnetic positioning systems with adjustable sensor
installation positions was designed and constructed. Finally, comparative experiments were conducted on five specific magnetic target
trajectories using both uniformly distributed and optimized non-uniformly distributed sensor layouts. For example, under trajectory five,
the average positioning error of the optimized layout is reduced by 14.3% compared to the pre-optimization layout, and the average
orientation error is reduced by 16.3%. The results indicate that uniformly distributed sensor array is not the optimal layout, and
optimizing sensor array layout can effectively improve system localization and orientation accuracy.
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Fig. 1 Magnetic dipole modeling based on sensor arrays
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Fig.2  Approaches in spatial sensor array configuration
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Table 2 Comparison of system accuracy under initial
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Fig. 12 Positioning effect after sensor array layout optimization

4 & B

-

BRI E A0 22 8 AL AR B S AR X 5 03 AR 5T, 42

T — R AL k45 S COMSOL A BRIT () B X 1% B

W5 A Jry EAT DAL B8 05 125 TR ABIE Y 1 A% 12 s [ 41) 2 [l

BT R GEE ROR RE R SEN 1207 208 5 8 A% S0

SEA FR G B I T A7 JR) % S 1 L B, 455 A FR

TUO EASAU S g B, SRR A5 fUAL A G 708 AR R

SFABMACTIE b AT AR [li2 S Ul R & ks

JE Bt W REAL TR AR B A A Jmy . SR E5 R, 5 H HIR

JINEE 22 1) A2 JRRe i SR 418 35 2 (6 A B A L, 7 9 i 47 TR i K

A HTRE T A% B M 8 A Jey | A ASCRT LA 1 A 4>

i) IR TN E RN R SR €7t = Wik VR ) i S

K 2D A5 AT A IEFE R L T BT 32 B 40T

Tl A Sk B REES B R R B STAE LU R AR

JOL B ELFIAE) 5

&% 3k

[1] FAN Q G, ZHANG H, PAN P, et al. Improved
pedestrian dead reckoning based on a robust adaptive
kalman filter for indoor inertial location system [ J].
Sensors, 2019, 19(2) . 294.

[2] MCCARTHY M, DUFF P, MULLER H L, et al.
Accessible ultrasonic positioning [ J ]. TEEE Pervasive
Computing, 2006, 5(4): 86-93.

[ 3] JAGADEESAN N A, KRISHNAMACHARI B. Distributionally
robust radio frequency localization[ J]. TEEE Transactions
on Signal and Information Processing over Networks,
2019, 5(2): 390-403.

[ 4] KHATTAR F, LUTHON F, LARROQUE B, et al.
Visual localization and servoing for drone use in indoor
remote laboratory environment[ J]. Machine Vision and
Applications, 2021, 32(1) . 32.

[ 5] sKIEME, Pharid, #3CIH, 55, BT = HOtRAREE

P BESLHL S e AL BRI T[], 7 I 5 3
2, 2022, 36(6): 178-186.
ZHANG X H, SHENG Q F, YANG W J, et al
Research on visual positioning technology of roadheader
body based on three laser point target [ J]. Journal of
Electronic Measurement and Instrumentation, 2022,
36(6): 178-186.

[ 6] MALAGO P, SLANOVC F, HERZOG S, et al. Magnetic
position system design method applied to three-axis
joystick motion tracking [ J ]. Sensors, 2020,
20(23): 6873.

[7] SUSH]J, YANGW A, DAI H D, et al. Investigation of

the relationship between tracking accuracy and tracking



5113

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

distance of a novel magnetic tracking system[ J]. TEEE
Sensors Journal, 2017, 17(15) ; 4928-4937.

SHAO G L, GUO Y X. An optimal design for passive
magnetic localization system based on SNR evaluation[ J ].
IEEE Transactions on Instrumentation and Measurement
2020, 69(7) . 4324-4333.

MARECHAL L, FOONG SH H, SUN ZH L, et al.
Design optimization of the sensor spatial arrangement in a
direct magnetic field-based localization system for medical
applications[ C]. The 2015 37th Annual International
Conference of the IEEE Engineering in Medicine and
Biology Society (EMBC) , Milan, Tialy, 2015; 897-900.
SONG SH, QIU X X, WANG J L, et al. Design and
optimization strategy of sensor array layout for magnetic
localization system [ J |. IEEE Sensors Journal, 2017,
17(6) : 1849-1857.

PRk SE XL BRI, A5 T ) A3 B B P A 1Y
il A LA 1], Rk A4, 2023, 1-7,DOI:
10. 12265/]. cjors. 2023294.

GAO Q H, ZHAO Y, ZHU Q M, et al. Sensor layout
optimization for radio environment map reconstruction[ J].
Chinese Journal of Radio Science, 2023, 1-7, DOI.
10. 12265/j. cjors. 2023294.

TRV, 2R AT 2k bl e A s A Jm I Ak 12
BFFE[D]. AAL: WRRIKS, 2023 12-21.
WANG T. Research on the optimization method of soil
moisture sensor layout in tea plantations under complex
weather [ D ]. Hefei; Anhui University of Technology,
2023 12-21.

ST, EMF, SR — MR R BT R EESD
AR TR [T]. RSN, 2019, 2(5):
49-54.

GUO Y N, WANG P Y, JIN SH. A new optimization
approach to the flexible space craft actuators placement[ J ].
Flight Control & Detection, 2019, 2(5) ; 49-54.
XIZEWF, BK. WA T B SR Yl AT 5T S5 40
AEAHT ], PBi2Ed, 2022, 71(12) : 36-48.

LIU F Y, YAN B. Applicability and optimization analysis
of magnetic dipole array model[ J]. Acta Physica Sinica,
2022, 71(12) ; 36-48.

SONG SH, QIU X X, MENG Q H. An improved 6D pose
detection method based on multiple magnets tracking[ C].
The 2017 IEEE Sensors, Glasgow, UK, 2017 1-3.

XU M, KONG DY, YE L F, et al. A new localization
system for tracking capsule endoscope robot based on

digital 3-axis magnetic sensors array [ C ]. The 2017

WA R L AR R I A R AL A 52 - 227 -
Chinese Intelligent Systems Conference, Singapore :

Springer Singapore, 2018 487-494.
XUY X, LIKY, ZHAO Z Q, et al. A design approach

of 3D optimal mobile sensor array for confidence-box

[17]

based tracking of a magnetic capsule[ C]. The 2021 6th
IEEE International Conference on Advanced Robotics and
Mechatronics ( ICARM ), China, 2021
809-816.

JEl 5K, R RE . BT T S A s R R Y
e 00 H 7 5 B 58 0 A A B (0], 2B, 2014,
59(11): 36-41.

ZHOU L, ZHANG L W, ZHOU J T. Optimized arrangement
of sensors for continuous rigid frame bridge[ J]. Highway,
2014, 59(11) . 36-41.

ZFhbih. 2T MATLAB 5 COMSOL i 3 1j 5 R 5t
W[ D]. KA. MRS, 2015: 32-45.

LI J J. The research of magnetic field simulation system
based on MATLAB and COMSOL[ D]. Changchun; Jilin
University, 2015, 32-45.

THAN T D, ALICI G, HARVEY S, et al. An effective
localization method for robotic endoscopic capsules using

[J]. IEEE

Chongqing,

(18]

[19]

[20]

multiple positron emission markers

Transactions on Robotics, 2014, 30(5) . 1174-1186.
TYRI BRAR, B, 5. BERR RE Ok B RS AR LR AL IE
IPELT]. AR, 2018, 39(4) : 35-43.

YIN G, ZHANG L, XIE Y, et al. Nonlinear calibration
method of magnetic gradient tensor system[ J]. Chinese

Journal of Scientific Instrument, 2018, 39(4) . 35-43.
EHE T

[21]

ATHT AR, 2024 4F T P [T R AR A
LD RS VNS S-S0l L D e UL 5 N
E-mail; 1017434699@ qq. com

Yu Zhejun received her M. Sc. degree
from China Jiliang University in 2024. Her
interest includes precision

main research

measurement technology.

X3 GE A5 FE#) , 2019 45 F KR
/R E AL S S AR/ e R N 3 N
BTFE T 10 AR B AR BT IR 45 8 B i
MRGRIT
E-mail ; lu_liu@ cjlu. edu. cn

Liu Lu ( Corresponding author) received
her Ph. D. degree from Tianjin University in 2019. Now she is a
lecturer in China Jiliang University. Her main research interests
include precision instrument design, micro-nano structure and

detection system design.



