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Abstract - This paper presents the definition and importance of ship—centric direct communication concerning ship saety of maritime
autonomous and unmanned ships. It also proposes the concept of MX-S2X communication based on high frequency or wide-bandwidth
technology and describes the design and simulation result or the physical layer of MX-S2X. It considered high-speed communication
as well as overcoming maritime multi-path fading required to be resolved in the marine environment. The physical layer of MX-S2X
communication was designed to overcome the occurrence of error-floor caused by multi-path fading even with receiving sufiicient signal
strength. To this purpose, a performance analysis was conducted on the physical layer by applying the channel model of the actual maritime
communication environment. As a result of the performance analysis of the MX-S2X physical layer, it was confirmed that the BER
error—floor observed in the VDE physical layer test was overcome, and it operated within the SNR ZdB degradation range compared
to the AWGN channel. It is expected that this will show enough performance suitable for short-distance ship-centered direct
communication and can be used or direct communication of maritime autonomous ships, unmanned ships, and group navigation of them
shortly.
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Table 2 Design Requirements for MX-S2X

Requirement consideration

Operating T Unlicensed,

erating Frequenc
& PIEHEREY 1 9 4tk TSM band
Bandwidth > 20Miz
Data Rate > 3Mbps
) TDMA (for with more Slot via
Multiple access
VDES)

Ship Velocity max. 50km/h considered
3.2 siat 41 B 24
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Span 200,00 kHz

& e
HIFGain e

Ref -30.00 dBm

B ~ Span 200 kHz
Sweep 73.8 ms

Center 10.7 MHZ
Res BW 1.8 kHz VEW 18kHz

Channel Power

-42.59 dBm /100 kHz

Power Spectral Density

-92.59 dBm /Hz

Fig. 1 Spectrum Analysis in Sea Trial(LID 19)
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Table 4 Slot parameters with QPSK 1/2 for MX-S2X
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Fig. 3 Tx baseband block diagram for MX-S2X
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Fig. 4 Rx baseband block diagram for MX-S2X
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Fig. 6 Spectrum Comparison for QPSK Symbols of
Equalizer input/output
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Table 5 Link ID 19, sea test result with shore station to
ship station in route mokpo to jeju

Packets value
Transmitted 1634
Non-error Received 1345
PSR (Packet Success Ratio) 87.7%
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o] A7|ef 9ol Gkl AR 22 AE AH FAHE
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Fig. 10 MX-S2X, QPSK 1/2, BER Performance
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