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Abstract

Abstract

Underwater Wireless Sensor Networks (UWSNSs) are network systems designed
specifically for underwater environments, with the core task of collecting and
transmitting various types of data in the underwater environment, such as water
temperature, water pressure, seawater flow velocity, and biological distribution. These
data are crucial for exploring marine ecosystems, predicting natural disasters, real-
time monitoring, and management of marine resources, providing disaster warning,
supporting maritime military and security operations, and more.

In compared to Terrestrial Wireless Sensor Networks (TWSNs), Underwater
Wireless Sensor Networks (UWSNSs) exhibit a more intricate topology, a diminished
data transmission rate, and a higher latency. Additionally, they are constrained by
limited node resources and exhibit a less stable hydroacoustic link. Consequently, the
network exhibits high dynamics. The above characteristics indicate that terrestrial
WSN routing protocols cannot be directly applied to UWSNs. Consequently, the
design of a routing protocol that can adapt to the high dynamics of hydroacoustic
transmission has become a significant challenge in the research of UWSNs. This
paper presents an in-depth study of the challenges faced by routing protocols for
UWSNs and proposes two new protocols: the Adaptive Cone-based Vector Routing
Protocol (ACVRP) and the Q-Learning Adaptive Cone-based Vector Routing Protocol
based on Delay Rewards (QL-ACVRP-DR). The specific research methodology is
described in detail below:

1. Research on the Adaptive Cone-based Vector Routing Protocol (ACVRP). The
Adaptive Cone Vector Routing Protocol (ACVRP) is proposed to address the issues of
low delivery rate, high propagation delay, and high node energy consumption in
complex underwater environments faced by UWSNs. ACVRP considers a cone as a
candidate node area and adaptively adjusts the size and direction of the cone area
based on the node density to reduce redundant communication and network energy
consumption. Additionally, it determines the node's residual energy and forwarding
priority to improve the delivery rate and reduce the number of transmission hops. The
simulation experimental results indicate that the ACVRP protocol outperforms the
VBF, AHH-VBF, and AHHC-VBF protocols in terms of packet delivery rate, energy
efficiency, and end-to-end delay, effectively improving network performance.
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2. Research on the Q-Learning Adaptive Cone-based Vector Routing Protocol
based on Delay Rewards (QL-ACVRP-DR) and its adaptability in highly dynamic
environments in UWSNSs. To address this issue, reinforcement learning is introduced
to acquire environment changes in real-time and make the next-hop relay node
selection. However, the long latency of hydroacoustic communication makes it
difficult to obtain environment information in a timely manner, which poses a
challenge for the reliability of reinforcement learning in UWSNSs. This paper proposes
the Q-learning adaptive cone vector routing protocol based on delayed reward (QL-
ACVRP-DR). The protocol introduces the Q-learning method for the dynamic
selection of relay nodes based on the ACVRP protocol, improving the reliability of
reinforcement learning in the routing protocol of UWSNs. The corresponding
behaviors are matched for the current reward through the delayed reward mechanism.
The simulation experiment results indicate that the QL-ACVRP-DR protocol
maintains the performance advantages of the ACVRP protocol while also improving
packet delivery rate and end-to-end delay. This suggests that the QL-ACVRP-DR
protocol is better suited for the dynamic hydroacoustic network environment.

Key Words: Underwater Wireless Sensor Networks (UWSNs); Adaptive Cone-based
Vector Routing Protocol (ACVRP); Machine Learning; Delayed Rewards; NS-3
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