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Abstract: Maritime operations are increasingly being restructured around data-centric management models, in which persistent sensing
and systematic analysis of onboard information play a critical role. Such evolution has driven the growing integration of Internet of
Things (IoT) technologies into shipboard environments. Deploying IoT infrastructures on vessels necessitates wireless communication
systems capable of operating under strict energy constraints while maintaining reliable connectivity in challenging maritime conditions.
Absent these capabilities, sustained data collection and the integrity of acquired information cannot be ensured. Given these consider-
ations, the Long-Range Wide Area Network (LoRaWAN) protocol presents a practical communication solution, owing to its support
for low-power operation and extended transmission coverage suited to large-scale IoT deployments. The deployment of a LoORaWAN
network in a shipboard environment requires a comprehensive evaluation of system-level constraints, including energy efficiency,
communication reliability, throughput efficiency in terms of achievable data rates, and overall network capacity. Therefore, this paper
proposes a LoORaWAN network deployment strategy that takes into account these various factors as well as the requirements of the
relevant standard.

Keywords: Long-range wide area network (LoRaWAN), Shipboard IoT, Network deployment

1. Introduction [3]. A VDR is an onboard data acquisition system that gathers

The rapid advancement of ToT technologies has accelerated diverse navigational and operational information from distrib-

their adoption across diverse industrial sectors, leading to ex- uted sensors across the vessel. Its deployment complies with the

International Maritime Organization (IMO)’s Safety of Life at
IMO Resolution

panding applications and increasing economic value. Maintain-
Sea (SOLAS) Convention, particularly

A.861(20) [4].

ing reliable and long-term communication among distributed

wireless nodes remains a key technical challenge, especially un-

der strict energy constraints. Consequently, significant research IoT implementations in shipboard environments demand com-

has concentrated on extending node lifetime through energy-ef- munication technologies that enable distributed devices to main-

ficient system architectures and power optimization methods [1]. tain dependable connectivity under stringent energy limitations,

In real-world IoT deployments, devices equipped with sensing ensuring precise and continuous collection of operational data.

and communication functions must ensure wide-area connectiv- Among the available [oT communication solutions, LoORaWAN

ity while operating within limited battery capacity [2].

The maritime industry has progressively embraced data-driven
management approaches to improve operational efficiency and
navigational safety. These shifts require communication infra-
structures that can function reliably within the unique environ-
mental and operational conditions of shipboard settings. This
trend is further reinforced by regulatory requirements mandating
that passenger and cargo vessels with a gross tonnage of 3,000 or
more, constructed after July 1, 2002, be equipped with Voyage
Data Recorders (VDRs) to support post-accident investigations

[5] has gained significant attention as a promising solution, pri-
marily because it supports low-power operation and data rates
optimized for long-range communication scenarios.

When deploying a LoRaWAN network, it is necessary to con-
sider not only the energy consumption of end devices but also the
time-on-air constraints specified in the standard, as well as the
probability of packet collisions [6]. Therefore, this paper aims to
propose a practical deployment strategy for LoRaWAN networks
in shipboard IoT that takes into account various design factors as

well as the requirements of the corresponding standard.
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The remainder of this paper is structured as follows: Section 2
describes the proposed deployment strategy for LoRaWAN net-
works. In Section 3, the performance of the proposed enhance-
ment is evaluated. Finally, concluding remarks are presented in

Section 4.

2. LoRaWAN Network Deployment Strategy

During the network deployment process, the requirements of
the target application must be carefully examined, and various
factors such as the channel conditions of the installation environ-
ment should be taken into account. The spreading factor (SF) re-
quired to satisfy an application’s data rate must be determined
(although the SF can be adaptively adjusted according to channel
conditions through the adaptive data rate (ADR) method), and
the target signal-to-noise ratio (SNR) necessary to ensure reliable
communication with the selected SF must be guaranteed. There-
fore, these considerations can be validated through a criterion

such as that given in Equation (1).
SNRineas = SNRiarget (SF) —A >0 ()

where, SNRueas denotes the measured SNR, SNR1arge( SF) repre-
sents the target SNR required to ensure reliable communication
with the corresponding SF, and A indicates the margin necessary
for stable operation.

Figure 1 presents the proposed deployment strategy of a Lo-
RaWAN network for shipboard IoT. First, the SNRuge: for each
SF is determined through an installation test. This step estab-
lishes the minimum required SNRs to ensure reliable communi-
cation under the given deployment environment. Next, the sys-
tem verifies compliance with the predefined criterion in Equa-
tion (1). This decision step evaluates whether the current config-
uration satisfies the reliability requirement. If the criterion is sat-
isfied, the process may extend the distance between the Network
server and the end device to configure the network with the min-
imum number of nodes. This step incrementally extends separa-
tion to identify the maximum feasible communication range
while maintaining performance constraints since the current con-
figuration, including the SF, guarantees adequate link quality [7]. If
the criterion is not satisfied, the process moves to reduce the dis-
tance between the Network server and the end device in order to
restore sufficient link quality to meet the required SNR condition.
Consequently, through iterative distance adjustment and criterion
verification, the procedure determines the allowable deployment

range that guarantees reliable communication for the selected SF.
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Figure 1: Proposed deployment strategy for LoORaWAN

3. Performance Evaluation

This section presents the performance validation results ob-
tained using the LoRa Modem Calculator [8]. The evaluation as-
sumes an SX1262 configuration with a 4/5 coding rate, an 8-sym-
bol preamble, and a 50-byte payload.

Figure 2 illustrates the variation of link budget as a function of
the SF, ranging from 7 to 12, for three different bandwidth (BW) con-
figurations: 250 kHz, 125 kHz, and 62.5 kHz. For all bandwidth
cases, the performance metric increases almost linearly as the SF in-
creases. This indicates that a lower SF results in a diminished link
budget, achieving the required coverage necessitates a relatively

higher node density.
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Figure 2: The relationship between the SF and the link budget
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Figure 3: The relationship between the SF and the effective data rate
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Figure 3 presents the variation of effective data rates with respect
to the SF for three bandwidth configurations: 250 kHz, 125 kHz, and
62.5 kHz. A joint examination of Figures 2 and Figure 3 reveals that
lower SF values provide higher data rates but suffer from link budget
degradation, thereby decreasing deployment efficiency. Accordingly,
the proposed strategy facilitates the determination of an optimal pa-
rameter combination that satisfies the required data rate while mini-

mizing the number of deployed nodes.

4. Conclusion

This study proposes a LoORaWAN network deployment strat-
egy that takes into account various factors such as link quality,
required data rates. The proposed approach jointly accounts for
the channel conditions necessary to ensure reliable communica-
tion and the application requirements supported by the Lo-
RaWAN network, facilitating effective and efficient node place-
ment at the deployment stage. Moreover, as the proposed ap-
proach fully adheres to the LoRaWAN specification, it can be
readily incorporated into existing commercial LoRaWAN de-

ployments.
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