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TAKAHASHI Kei Department of System Management, Faculty of Information Engineering  
 

Abstract 
In this paper, we propose a method to evaluate substances by modeling the reaction process of a polymer compound with 
fluctuations using a hierarchical Bayesian model and taking the variance ratio of the model without hierarchy. As a result, it is 
shown that about half of the variance ratios are systematic errors for the substance in question. 
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Evaluation and Improvement of Routing Protocols for Underwater Sensor Networks 
 

KULLA Elis (Department of System Management, Faculty of Information Engineering) 
 
 

Abstract 
In this report, I present my research during the academic year 2022 at Fukuoka Institute of Technology. In order to minimize the overhead of 
unnecessary message copies, we implemented different Routing protocols for Underwater Sensor Networks in The ONE simulator. We then 
evaluated their performance for different settings. The results suggest that narrow Sender-based Vector-Based Forwarding shows higher 
delivery ratio and lower overhead. 
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1. Introductrion 

The use of underwater communications is no longer limited to 
military purposes and is gaining popularity in commercial 
applications [1]. To implement these systems, multiple 
Autonomous Underwater Vehicles (AUVs) are deployed, each 
equipped with a variety of sensors to explore the seabed and collect 
data on environmental, chemical, and navigational conditions. The 
collected data is then transmitted to the sea surface, where ships, 
boats, or buoys are located (see Fig. 1).  

 
Figure 1. Underwater Acoustic Communications and Aerial 

Wireless Communications 

Acoustic waves are the primary medium of choice for underwater 
communications, as opposed to electromagnetic radio waves, which 
are commonly used in the air.  

Routing Protocols for Underwater Sensor Networks need to be 
redesigned, in order to deal with unstable links and high delay 
variance in underwater environment.  

With the objective of minimizing overhead, we have 
implemented a Sender-based Depth-Based Routing (SB-DBR) and 
Sender-based Vector-Based Forwarding (SB-VBF) in The ONE 

simulator.  

2. Underwater Wireless Sensor Network Routing 
Protocols 

Epidemic Routing (ER) is a popular forwarding technique in 
Underwater Wireless Sensor Networks (UWSNs) due to the store-
carry-forward paradigm adopted by many routing protocols. ER 
involves copying packets to all potential relay nodes within the 
communication range, as depicted in Fig. 2 (left). Although 
increasing the number of copies can improve delivery probability 
in some applications, minimizing overhead is generally preferred in 
UWSNs to conserve limited storage and energy resources [2]. 

Most routing protocols in UWSNs aim to transmit data towards 
the data collectors located at the water surface. In order to improve 
performance in these applications, it has been found beneficial to 
reduce the number of packet copies and restrict nodes to forwarding 
packets only to those closer to the surface. This approach, known 
as Depth-Based Routing (DBR), is illustrated in Figure 2 (center).  

In order to furthermore decrease the overhead and energy 
consumption, nodes that use Vector-Based Forwarding (VBF) limit 
their forwarding area in the direction of the data collector, and 
define it by a relatively small width d, as shown in Fig. 2 (right). 

  

Figure 2. Underwater Routing Protocol paradigms. Epidemic 
Routing (left), Depth-based Routing (center) and Vector-based 
Forwarding (right). 
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