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Abstract

Artificial electromagnetic metamaterials continue to receive the attention of researchers due to
their unique physical properties. There are many application examples of metamaterials in vari-
ous fields such as digital imaging, electromagnetics, and radar. This paper designs and implements
a wireless communication system using a digital coding metasurface (one kind of the metamate-
rials) to establish a new bridge between electromagnetic metamaterials and wireless communica-
tion. The system utilizes a digital coding metasurface to perform direct modulation of the wireless
signal from the baseband to the radio frequency. In addition, the experiment based on LabVIEW
FPGA proves that the wireless communication system based on metasurface can transmit pictures
smoothly and stably at 3.8 GHz with FSK modulation. This combination of metasurface and wire-
less communication also provides a new idea and possibility to build a new communication sys-
tem architecture.
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Figure 1. Structure diagram of digital coding metasurface
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Figure 2. The modulation processes of the transmitter in a metasurface-based single-carrier wireless communication system
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Figure 3. The modulation processes of the transmitter in a metasurface-based multi-carrier wireless communication system
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Figure 4. Reflective and transmissive structures of metasurface
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Figure 5. Diagram of metasurface-based FSK wireless communication system
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Figure 6. Flowchart of converting bit stream into sequences of phase and digital driving voltages in transmitter

& 6. &SI LY AL T B ALRF 5 AN % FOR R R AR A2 E

B 7 REIR T AR ST B AL s R 1 6 AR BRI RN FIFO FEi% N FPGA [id fE. 7EiX
AMEIR T RG4S 44N “CommHost-to-FPGA” | FIFO f] FVARE, 4 FPGA WX FIFO hiszEL
A S RURBESIG N, UKL R T 22500 B 3B FIFO SO #idlE © 488 FPGA BUF T 1
AbEE, I RLZAE 1% FIFO H s Qs AR o SXRF 1) s P LA 79 20 el 2 R i 49 B4 ), BEA 2 23U
BIER, WALIE S E)E R

Comm Host-to FPGAWrite =
' Data

Timeout (ms)

3
Empty Elements Remaining {3
5 :

=
> EEETaE 2
=)
Empty Elements Remainin =
o E

Figure 7. Feeding FPGA with sequences of phase
B 7. ALY IEMZE FPGA

W B RE Y E A AU EIEIE . SREEE S EE R RS A, HPUE S HMA T2H (Tar-
get-to-Host, H bR % & 2 AN B &5, D94 5 A € I 96 24 (8] F]H DMA-FIFO (Direct Memory
Access-First Input First Output, B NAFAFH - Je N A g 2R A THm 1 B . i T T se 1 B 1 800
kHz FRFEHEE, & 512 U8R 2T — Ik FFT B8RRIt —A> “0” B0 “17 Loy, BT RE A
RS T I OB R N BT R AR DA I R AT I B B T, IXRE A RERE CRIE B ik ST, BEA 2
PRECE B B AN 2 AR v e, A B DU A R S IR IR A B B 2R 43 0 135 MHz.
160 MHz. 20 MHz 1 5 MHz. & 8 45t T RAEA5 5 5 I P REAE ] o 10830 32 2210 E R ARG [A) 2D
PEJE FRBIPIWERAIE, X FPGA IEARAFF BN FEE A T ih 8, S 3esmiskAr & i s 3ol 5
N FIFO a8 A2 o [FIHZ AP I MO L 8s v B A RE AN S N T2H-FIFO A7-fif 83 1t Host 3%
%X FPGA RAF MG . ARG H T R AER I BCR B S A I 07 16K T AR A6 2L, e IR 3R

DOI: 10.12677/hjwc.2019.92008 67 ToLimAE


https://doi.org/10.12677/hjwc.2019.92008

FE E

PR LA E, BN GCERE SALE N 0, B FPGA KUk B f 8 s 4 55K U5 N FIFO . FE 5 v
TEFH FFT XM 5 PSS T, RGP BEER FFT KN 512, 76 ML PR AR )8 5 A 7E R IR IR
) 5120 NRFE SR EBRELET 512 5 N T2H-FIFO, LAME Host i A5 R 47 W %2

ticks i
[ riro_u32.00 7]

2T Ues 00| [
i bc_samples |+ |
L AFO_U3z2 02| |
L FIFO_U32_03 |7
* enable RXCEX |
enable TX[TE8 -
sync control [aih=—
samples per frame
samples per strobe [[u€H

0!

Figure 8. Loop of sampling retiming

E 8. R ESEENER

2

KO g5 T RIS R AR TR R AT B BRI o Ol BTN FSK S S TN d AL BE L A
At TE RIS S AL S D RE o BFAE A MRAEAS 5 F 2 A TP ) FIFO HLB2H 512 /N RAF (W R — A FSK
RS TC) AT AT . ¥ 5B T AR A RE BT SR R U R R 28R, /5 X% 512 S RAFE R AT I ey AL 2,
ARG R AT G« 35T R 2R R 0 i o AE 2B AT fli i, RDSEHEAT 512 mif) FFT #24FF
XGRS, e E e, O T B RO AR AR DR BRSSOy T
dB fE o #5383 b A FSK A Al R0 A5 5 RERL X SR 39 R A W Z 4 702 038 2 1, JFR 45 3R 5 A FIFO.
FEHA BT BOESLHL 1 — A FETREEAC IR FB B, RIS 2 45 -5 724G RO AR ) RE AR T A i
SEMTBRAE IS, WA RSV RHE S, T — B R RE BT dh i T BLRME R, A&
SERLIT 46 S Bt I F B2 — A Re e T BB A A5 oo v BN Ml R aa i e (R0 ) . RGEFE Host 3 5 22
SR B, B R R R, BB R AL k. R B, BRI R
R A US (8 LS5 BT B A5 1 A3 1 phe it 8 ANLRAF (945 BUR 1208 B 3hf H 40y U8
FFEN FIFO. %S R ANMEE R 1 7 NSRBI SE 20K 1 847 LUARFAL, 2458 8 S ELFY
FI I ST 7 A R AT R US Hidls .

Y

ESTEmEEN

3y

EHES IR TERERE

L ]

5123FFT

BT RF S IR

HBLLAFLARUBE i LA

Figure 9. Flowchart of baseband processing in receiver
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Figure 10. The experimental metasurface-based FSK wireless communication system
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Figure 11. The experiment results of metasurface-based FSK wireless communication system
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