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Analysis of metasurface reflection tests for wireless transmission in mine roadways
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Abstract: High-frequency wireless electromagnetic waves suffer significant transmission loss in curved
roadways and at roadway corners, resulting in signal blind spots. To address this issue, a metasurface reflection
technique was proposed to enhance wireless signal coverage and mitigate signal blind spots. The traditional cross-
shaped structure of the metasurface array unit was improved, and a 330° phase shift range and a well-defined
linear phase shift curve were achieved by embedding multi-level nested rectangular resonators and adjusting the
internal cross dimensions. Based on this, a metasurface reflection device was designed and fabricated. Using the
5.8 GHz ultra-high frequency band, simulations and field tests were conducted to evaluate the signal enhancement
performance of the metasurface reflection device in the inclined curved section and the intersection of main and
auxiliary sections in the Qingshuixi roadway. The results showed that, with fixed transmission and reception
distances and different transmission antenna structures, the installation of the metasurface reflection device
enhanced both the signal-to-noise ratio and the reference signal receiving power to varying degrees in both the
inclined curved section of roadways and the intersection of main and auxiliary sections. The enhancement was

most significant when using a linearly polarized horn directional antenna, with a maximum gain of 13 dB in
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received reference signal power. The analysis highlighted challenges in applying passive metasurface reflection

technology in mine roadways, including difficulties in aligning the incident wave angle, focusing the beam, and

achieving sufficient wave incidence distance. Based on the test results, fixed installation of metasurface reflection

devices at roadway intersections is recommended for point-to-point transmission blind spot mitigation.

Key words: mine wireless transmission; roadway signal coverage enhancement and blind spot mitigation;

wireless signal enhancement; metasurface reflection; metasurface array design

<

Ell

W T 5 S50 1] 5G B 38 5 AR 2w
BREIL I A S R R 2 —, R O N 4 2
B L 0 N OGRS RE B, )9 B T
et G i R B R TE AL
7RG IR, (R0 R 3, B3R AR URE R .
2RV 25 B =58 Y A A Bl Az KB LR TR
I3 IHEAT T 700 MHz~ 6 GHz J5l B Jo £k 4% i ik, If:
XSRS R UEAT T o0 M, A3 8] 7 A [ 45 %6 TE 4R A%
- H SRR I £, A5 Bl A R T, P R AR %
AT, 5400, 6 000 MHz [ G 26 A% 4 SF- 14 5 8 I ik
KF 2400, 1 500 MHz., #"H- oLk 1& 552 TAEMR
TR, DA TEROE | B oy 3 ARSI, T
SR RS N VS AL 153 B L (SR N
LT AR 2500 g, o T 5 s B A R R 2
KA S T 16 mx8 mCFE <) KW if HEIE 25 i %
T H 5.8 GHz TAEMR T B9 s i I 2 o 2R, 45 R 3%
B S 1 B 1) AR AR HR B8Ok ELRR BRI 10 A2 F%

R AT TG HL R I8 R S L R A 93 AR A A
PAEREIN R, ARG5S B X, Wi T R fF 58
TANE o R T R B R B R JE R A T Y g
F1, WUESE T T AR 5 (015 5 2 | (5 5 4
SR, SEIICLGE S RGP k4 E o L. Talbi % 7HFSE
T B R E BB RS TR W A T, & BAE
29~30 GHz # B N IE A 011 A4 S0 S AR g AT 2™
Ji 2 oK Uk A 5 PN S JER ) A B, M R R T FOUR PR
BEW P R SR E T R A5 2% . B Kim 5 MHF 5 T
= N5 =4 28 GHz HLRE I AL 3R R, & BLAEFLEE X
ol R 0 35 T R v R 8 R R 4R S AR S I
Al HNZ) 10 dBm, D. Ha 25V 5G 2K 0 (5
(1428 N 5 5 A s B RE Ao 13 1) 8, 48t A B P o
B 2% I T 8 % 1 A A TG TR TP Ak DL A 4 I I
S Az B 220 B R A S ) 2% 1R T T B A
FERFAR 40 dB. X3 85 55 VO X6 22 K P AR BT T
W2 38 PR+ T IR A g ) 97 1fil (Reconfigurable
Intelligence Surface, RIS), i H £l = N ML A LIk
JER s, Bk T JCUE AT EE A RIS X% N JCZeAs 5
T RBARAOR . PPN R E IR I T R R A

T

SR BE LS IR 42 OHE 25 45 4 R JC RIS, Bl HLAS A<
RIS, MIE AR RIS A9 X H S5, R 2 F RIS 9 il
MY ICL M 28 BE S S T+ T AT Ak 5 29 10 dB, [A] I
T B NSRS BEORIE A S LM 5 2 Y BE 2 4 A 5
WA THE A BES B0 |  TR) 8,

BEXT A T4 08 (5 BORTE I T AR S i
T4k H X B 55 ), 2= AR A Ak RIS HA
T8 AR FEAN Ty 88 AR o, 18 TR I T 5%
P4 AR T T 4G R RG] A RIS R, 5
MIELAG T HE AN E . HATH 1122 5= X 4%
TE PR AR 2 T SR B RS S B R A A . AR S
INATT LTSI £ BE G b 4 s T 2 2 R T S S
B H M ICEAR TR R AOR , SRS I R T
SFHE B 5 B AR RE F E E RR AE R
oA

1 W&

1.1 ;X33

TPEFEAE I I By 1 4 ) o 0 S 00 38 1Y) B i
I S 0 T —— 7 7K R T A A 34 B 25 ity A Fn 2
BB T3 2 A HUE 8 A% 1 o iR B0 A7 e I
F R GANE FUE SRR AUR . AR A LSRN
1. B EK 896 m, 5 A |2 7 #EIE
i, R~F R 3.2 mx2.6 mCFE &), @i ALk 7.2 m?,
FARALTE 451 m P FMEA 2497 23°, K25 260 m 1Y
T ] b, ARG $2F- A5 FEHER 19 60 m RS BE BEAS il
A1E, HAx 186 m A4 BhAE (RIS .

o TR

=
ilﬁirmwma

Y
|e_3200 ]

s FAE AR N
~gin

WO' T \, iﬁmm
98 000 R

Bl 1 WKIEEES
Fig. 1 Qingshuixi roadway structure
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Fig. 3 Intersection of main and auxiliary sections in

Qingshuixi roadway
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