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Research on Multi-Hop Communication Control Methods for
Underwater Radio Communication Toward Underwater Robot
Collaboration

KA1sEl HAMADAL'®  DATKI NOBAYASHI?2 TAKESHI IKENAGAZ KAZUYA TSUKAMOTOS

Abstract: Inspection and maintenance of marine infrastructure involve high costs and risks, making co-
operative operations by underwater robots a promising approach. However, establishing an underwater
communication network remains a challenge. This research developed a simulation platform to evaluate
multi-terminal, multi-hop environments at the packet level. By implementing Nessum’s PHY rate approx-
imation and an underwater radio wave attenuation model, it reproduced distance-dependent performance
variations and fluctuations near the communication limit. Furthermore, it demonstrates the potential degra-
dation in communication performance due to the hidden terminal problem that may occur during multi-hop
communication. It clarifies the effectiveness of RT'S/CTS and shows that switching Nessum modes can
suppress the overhead of RT'S/CTS.
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Fig. 1 Propagation Loss at the Center Frequency in Each
Mode of Nessum
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CBR Throughput vs Distance (overlay, mean + boxplot) node 2
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Fig. 4 UDP throughput
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TCP Throughput vs Distance (overlay, mean + boxplot) node 2
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Fig. 5 TCP throughput
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2475 2 & TR ARISEGFILE 2R L, RBiumRicE
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R1 Ky brREE RTS/CTS 4=y R
(EHH— UUvl)

Table 1 Packet loss rate
and RT'S/CTS overhead count(Master = UUV1)

Hfs— Uuv1 Ry bBAR (%) F—y FE
PR ARZR L #1.1% 0
FRAmAR D D #710.3% 0
RTS/CTS Fi% ¥ 1.1% 24208
Dual Nessum Fik M 1.1% 0

R 2 Ky rrRRE RTS/CTS A — Ay R
(UUV2 - UUVD)
Table 2 Packet loss rate
and RT'S/CTS overhead count(UUV2 — UUV1)

UUvV2 = UUV1 Ny bR (%) A=Ay FE
FRAURAR 72 L #70.8% 0
FRARARD b #7.5% 0
RTS/CTS Fk #0.8% 24208
Dual Nessum F% # 0.8% 0
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