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Abstract:In view of problem that magnetic signal propagation had significant directionality, but effect
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of antenna position and angle on transmission performance in magnetic communication had not been fully
considered by current researches, magnetic signal transmission characteristics of three kinds of antenna
models of underground magnetic induction communication were researched including double-coil array and
four-coil array in 2D antenna array and 3D coil model. Firstly, expressions of corresponding magnetic
induction intensity and mutual inductance between sending coil and receiving coil were given according to
mathematical models of the three antennas. Secondly, magnetic induction intensity was simulated and
analyzed. Position and angle of receiving antenna were optimized according to magnetic field distribution.
Finally, transmission performances of the three antenna models were compared, and influences of offset of
each sending coil and vertical distance between sending coil plane and receiving coil plane on magnetic
induction intensity were given. The research results are as follows: (O Magnetic induction intensity of 2D
antenna array model and 3D coil model has symmetry and directionality. @ Transmission direction of 2D
antenna array model changes from multiple directions to one direction as the vertical distance increases.
@ When parameters of sending coils are as the same, transmission distance of 2D antenna array model is
greater than that of point-to-point communication system and 3D coil model. The more the number of
sending coils, the farther transmission distance of 2D antenna array model is. But magnetic induction
intensity rapidly decreases as the vertical distance increases. @ 3D coil model has the same distribution of
magnetic induction intensity in three coordinate axes. Magnetic field of 3D coil model is the most widely
distributed, but norm of magnetic induction intensity is less than the one of 2D antenna array model.

Key words: magnetic induction communication; antenna model; 2D antenna array; 3D coil model;

double-coil array; four-coil array; magnetic induction intensity; field intensity distribution
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Fig. 2 Magnetic induction intensity distribution of double-coil array model
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Fig. 9 Mathematical model of 3D coil
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Fig. 10 Magnetic induction intensity distribution of 3D coil

model under the condition of *=10 m
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Fig. 11 Relationship between magnetic induction intensity

and sending coil offset
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Fig. 12 Relationship between norm of magnetic induction

intensity and transmission distance
HH P& 12 AT 1, % J% 1 o R AR B = ) 3 KT U
JIN S JHG v I ] I ) A AR 7 A T SRR 5 R i R s XL
2 Bl R 4 A AR R 22 s e R S fF B R AR /. BR 3D



2018 5% 7 M 25 AR F T R R BB AT R AR BAZ 5 AR R4 AT R « 53 .

L BRI Ah , ke T2k BB £, RO 9 AR R, [ IEEE Med Hoc Net,Corfu,2007:92-99.

o PO, R B AR BB R 42 . R R N R EE A R N 1 S [4] SUN Z, AKYILDIZ 1 F. Magnetic induction
MM, A e 4 P T B F E’JE‘/J\EZQHVAFEFF*ﬁ communications for wireless underground sensor

2.0X107 T, D) A XoF o 3 {5 55 78 1Y) 2 By B
12,52 m, X2k P [ 271 A5 A0 (1) 3 {5 BE 25 o0 15. 52 m,
wﬁﬁm%PﬁM%%TSmm%%%ﬂﬁW%
AR 19, 68 m, b S X B FAR AL R T
7.16 m; i 3D Ze AR (L EE B R 13.70 m, 5
RO R ERIAAR e T 118 m fH/NT 2D K
2 [ 5SS T 1) £ i T

4 #Hit

(1) 2D KL [ 5 AR 3D 2 Pl A5 Y A s Ja g
S8R 389 ELA S R AR O i

(2) B W & 4k Pl i 7 SF T 2 15 BE B A 3
2D KL W5 570 e S5 A5 = W A% i 7 ) e AR AR A, B
HEAMMER A R 1A, R REES, 5
WA £ BB ) 4 5 Ao R A N AR 0 T LB S 1 AR Ak
A7 R N ] A

(3) 4% FHE B S HOH R I, 2D K 26 B 51 155 7
{18 A2 i B 8 R T KT a5 38 {5 B U R 3D £k B B AR
KT BUE 2 2D LR P4 5 A5 Y 11 £ Yo 2
I, {ELf %N 7 3 B A &z 2k B T A ST T T L S 1Y
B8 R PR R

(4) 3D KB ARITE v\ y, 2 3 D7) B HATAH
IFi) %) B JRSC N 3 B A . 3D 4 B A 18U 1 3 o A 31 R
SR R R R 5 B AR /N T 2D R AR MRS R

O A W
G0 B |

SRAR W AR TR 8] AT K BT

% % T HK (References) :

[1] AKYILDIZ 1 F, STUNTEBECK E P. Wireless
underground sensor networks: research challenges
[J]. Ad Hoc Networks,2006,4(6) :669-686.
PNEE B, ROK BT L SCHR . 5. B4 B fF e 5 ¢
BEECRBETELT]. T8 A 34k ,2017,43(9) :46-53
SUN Yanjing, WU Tiangi, SHI Wenjuan, et al.

(2]

Research on theory and key technologies of wireless
through-the-earth communication [ J]. Industry and
Mine Automation,2017,43(9) :46-53.

LT Li, VURAN M C, AKYILDIZ V 1 E.
Characteristics of underground channel for wireless

underground sensor networks [ C ]//Proceedings of

[5]

L6]

7]

£9]

(10]

[11]

[12]

[13]

[14]

networks [ ] ]. IEEE Transactions on Antennas &
Propagation,2010,58(7) :2426-2435.

AKYILDIZ 1T F, SUN Z, VURAN M C. Signal
underground

Physical

wireless
LJ 1
Communication,2009,2(3) :167-183.
KISSELEFF S,GERSTACKER W,SUN Z,et al. On
the

propagation techniques for

communication networks

throughput of wireless underground sensor
networks using magneto-inductive waveguides[ C]//
IEEE Global Communications Conference, Atlanta,
2013:322-328.

SUN Z, AKYILDIZ 1 F. Underground wireless
communication using magnetic induction[ C]//IEEE
International ~ Conference on  Communications,
Dresden,2009:4234-4238.

MIURA M,NAKAMURA H. Excitation methods for
magneto inductive waveguide communication systems
[ C1//The Fifth
Broadband and Biomedical Communications, Malaga,
2010:1-6.

SYMS R R A, SHAMONINA E, SOLYMAR L.
devices [ ] . IEE
Proceedings-Microwaves Antennas and Propagation,
2006,153(2):111-121.

SYMS R R A, YOUNG I R,SOLYMAR L.

International Conference on

Magneto-inductive waveguide

Low-loss
magneto-inductive waveguides[J]. Journal of Physics
D. Applied Physics,2006,39(18) :3945-3951.

MASIHPOUR M, FRANKLIN D, ABOLHASAN
for communication

M. Multihop relay techniques

range extension in near-field magnetic induction
communication systems [ ] ]. Journal of Networks,
2013,8(5):999-1011.

NGUYEN H. AGBINYA ] I, DEVLIN J. Channel
and link MIMO

characterisation budget of

configuration in near field magnetic communication
LJ1.
Telecommunications,2013,59(3) :255-262.

GUO H, SUN Z. Channel and energy modeling for

International Journal of Electronics &

self-contained wireless networks in oil
reservoirs [ J ]. IEEE Transactions

Communications,2014,13(4) :2258-2269.
i, Mo 2R 30T 3 1RO {5 A R R PERT 52 [D]. bt

bR K2, 2016.

sensor

on Wireless



