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Abstract—Background: The edge computing paradigm allows
to reduce latency and response time of applications by bringing
computations and data storage closer to the locations where they
are needed. Edge computing is used in different kinds of Internet
of Things (IoT) applications. Maritime represents an important
application domain for IoT applications and edge computing
solutions. Modern vessels employ many different types of sensors,
which produce a massive amount of data. Edge computing allows
to perform computations and data analyses on-board a vessel or
at the edge of the network.
Objective: To present a comprehensive, unbiased overview of
the state-of-the-art on edge computing approaches for maritime
applications.
Method: A Systematic Mapping Study (SMS) of the existing edge
computing approaches for maritime applications.
Results: A taxonomy of 17 papers on edge computing approaches
for maritime applications.
Conclusion: The results of the study show that there is a small
number of existing edge computing approaches for maritime
applications. Most of the existing approaches focus mainly on
monitoring and communication functions in vessels. Moreover,
several research gaps exist with respect to the types of edge
computing approaches, the purposes of using edge computing on
vessels, and the data analysis techniques used for edge computing
on vessels.

Index terms— Edge computing; vessels; maritime applica-
tions; systematic mapping study; taxonomy

I. INTRODUCTION

Modern vessels feature a range of sensors, which produce
a massive amount of data. These include Global Positioning
System (GPS), inertial navigation system, optical and infra-
red cameras, radar, lidar, high-resolution sonar, microphones,
level sensors, tank level indicators, and wind and pressure
sensors. Maritime Internet of Things (IoT) applications use
data produced by the sensors to perform various analytics.
Due to the near real-time nature of maritime applications, fast
processing of data and low communication latency are two
essential requirements for the successful operation of maritime
applications.

Cloud computing provides theoretically infinite amount of
computing and storage resources that can be provisioned in
an on-demand, pay-as-you-go fashion and leveraged for fast
processing and storage of massive amounts of data [13]. Cloud
computing solutions are highly suitable for big data applica-
tions. However, they are not suitable for real-time analytics

of instant data produced by sensors and IoT applications [20].
Moreover, due to bandwidth limitations on vessels, it is often
not feasible to send large amounts of maritime data for fast
processing and storage in the cloud. Moreover, for vessels
in the open sea, maritime communication network presents
a challenge for remote processing and storage of instant
data [26]. Data analytics cannot be performed in the cloud
when an internet connection for sending data packages to land
does not exist.

Edge computing has emerged as a new computing paradigm,
which allows lower latency and response time of real-time ap-
plications by bringing computations and data storage closer to
the sources of data and IoT applications [16]. In the maritime
domain, edge computing allows to perform computations and
data analytics on-board a vessel or at the edge of the network.
Therefore, edge computing solutions can be used to provide a
highly suitable solution for real-time analytics of instant data
in maritime IoT applications. Edge computing comes with the
benefit of performing data analytics in a close proximity of
the crew which can be notified in case of unexpected events.

There is a growing interest on edge computing solutions
for maritime applications both in academia and the maritime
industry. However, to the best of our knowledge, there are
no existing literature reviews on this topic. A comprehensive
review and taxonomy of the topic will help the research
community and maritime industry to study and evaluate the
state-of-the-art to identify gaps and direct the focus of future
research and development work in the area.

In this paper, we present a Systematic Mapping Study
(SMS) [3], [17], [18] on the existing edge computing ap-
proaches for maritime applications. The objective is to present
a comprehensive, unbiased overview of the state-of-the-art.
A SMS follows the same principled process as a Systematic
Literature Review (SLR), but: (1) it has a broader scope, (2)
it uses different criteria for inclusions/exclusions and quality
assessments, and (3) its data collection and synthesis tend to
be more qualitative than for a SLR [23]. It helps to map-out
previous research on a certain topic and to identify research
gaps [3].

We proceed as follows. Section II presents the design and
schedule of our study. The results of the SMS are presented
in Section III. In Section IV, we discuss major threats to



the validity of the results presented in this paper. Finally, we
present our conclusions in Section V.

II. STUDY DESIGN

A SMS follows an unbiased and repeatable process, which
is documented as a review protocol. In this section, we present
the most important parts of our review protocol. The protocol
is adapted from [2].

A. Research Questions

The Research Questions (RQs) are as follows:
• RQ1: What approaches (methods, algorithms, techniques,

frameworks) exist for edge computing or edge analytics
on vessels?

• RQ2: What are the purposes of using edge computing on
vessels?

• RQ3: What is the level and scope of implementation of
edge computing approaches on vessels?

• RQ4: What types of data are used for edge computing
on vessels?

• RQ5: What data analysis techniques are used for edge
computing on vessels?

• RQ6: What standards, regulations, and protocols apply
for edge computing on vessels?

• RQ7: How are the existing edge computing approaches
on vessels evaluated?

B. Search Strategy for Primary Studies

This section presents our search strategy. It is based on the
SLR guidelines in [14], [23].

1) Search Terms: Table I lists the search terms used at the
initial stage of inquiry for the research. We derived the search
terms from the RQs.

TABLE I
SEARCH TERMS

# Search term Alternate spellings
1 "Edge Computing" None
2 "Edge Analytics" None
3 Vessel None
4 Ship* Ships, Shipping
5 Boat None
6 Ferr* Ferries, Ferryboat
7 Maritime None
8 Waterborne None
9 Sea None

2) Databases: The search was performed in the following
seven Digital Librarys (DLs).

• Institute of Electrical and Electronics Engineers (IEEE)
Xplore

• Association for Computing Machinery (ACM) DL
• ScienceDirect
• SpringerLink
• Scopus
• Wiley Online Library
• Web of Science

The search was performed in the metadata of the publica-
tions, which includes publication title, abstract, and indexing
terms or keywords.

3) Search Strings: The search terms in Table I were com-
bined into a search string for use in the seven DLs. The
general form of the search string is presented in Table II. The
general form worked as it is in all DLs except ScienceDirect,
because ScienceDirect does not support the use of the asterisk
(*) wildcard. Therefore, the general form was customized
for ScienceDirect, which resulted in three additional search
strings as presented in Table III. Using multiple DLs creates
duplicates in the search results. Therefore, the search results
were analyzed to identify and remove duplicates.

TABLE II
GENERAL FORM OF THE SEARCH STRING

("edge computing" OR "edge analytics") AND (vessel OR ship*
OR boat OR ferr*) AND (maritime AND waterborne AND sea)

TABLE III
SEARCH STRINGS FOR SCIENCEDIRECT

# Search string
1 ("edge computing" OR "edge analytics") AND (vessel

OR shipping OR boat OR ferry) AND (maritime AND
waterborne AND sea)

2 ("edge computing" OR "edge analytics") AND (vessel
OR ship OR boat OR ferryboat) AND (maritime AND
waterborne AND sea)

3 ("edge computing" OR "edge analytics") AND (vessel
OR ships OR boat OR ferry) AND (maritime AND
waterborne AND sea)

C. Study Selection Criteria

This section presents our inclusion and exclusion criteria
for primary studies.

1) Inclusion Criteria: The inclusion criteria for primary
studies are as follows:

• Edge computing or edge analytics AND
• Approach or method or algorithm or technique or frame-

work AND
• For vessel or ship or ferry or boat AND
• In the context of maritime or waterborne or sea AND
• Written in English AND
• Published in a peer-reviewed journal, book chapter, con-

ference, or workshop of computer science, computer
engineering, or software engineering

In addition, if several papers presented the same approach,
only the most recent paper was included.

2) Exclusion Criteria: Similarly, the exclusion criteria for
primary studies are as follows:

• Not for edge computing or edge analytics OR
• Not an approach or method or algorithm or technique or

framework OR
• Not for vessel or ship or ferry or boat OR
• Not in the context of maritime or waterborne or sea OR



• Not written in English OR
• Not published in a peer-reviewed journal, book chapter,

conference, or workshop of computer science, computer
engineering, or software engineering

If several papers presented the same approach, all except
the most recent paper were excluded.

D. Study Selection Procedure

The study selection procedure comprised three phases
namely (A) title and abstract level screening, (B) full-text level
screening, and (C) backward and forward snowball sampling.

1) Title and Abstract Level Screening: In this phase, the
inclusion/exclusion criteria in Section II-C was applied to
publication title and abstract. To minimize researcher bias,
two researchers (Andrei-Raoul Morariu and Adnan Ashraf)
independently screened the search results. The results were
compared and disagreements were resolved through discus-
sions and consensus meetings [6].

2) Full-text Level Screening: In this phase, the selected
studies from the first phase were further analyzed on the
basis of full-text. Two researchers (Andrei-Raoul Morariu and
Adnan Ashraf) independently applied the inclusion/exclusion
criteria on the full-text papers. In this phase, the researchers
also documented a reason for each excluded study [22]. The
results were compared in a similar way as in the first phase
and disagreements were resolved through discussions and
consensus meetings.

3) Backward and Forward Snowball Sampling: After the
full-text screening phase, backward and forward snowball
sampling [12], [18] was used in order to complement the
electronic searches in the seven DLs. Two researchers (Andrei-
Raoul Morariu and Adnan Ashraf) independently performed
backward and forward snowball sampling. The results were
compared and disagreements were resolved in a consensus
meeting.

E. Study Quality Assessment Checklist and Procedure

The selected primary studies were assessed for their quality.
Two researchers (Andrei-Raoul Morariu and Adnan Ashraf)
independently assessed the quality of the selected studies.
Studies not meeting the minimum quality requirements were
excluded from the final set of primary studies.

Table IV presents the checklist for study quality assessment.
For each question in the checklist, a three-level, numeric scale
was used [22]. The levels were: yes (2 points), no (0 point),
and partial (1 point). Each study scored a maximum of 16
points. The two independent scores from the two researchers
were aggregated by computing arithmetic mean. We used the
first quartile (16/4 = 4) as the cutoff point for the inclusion
of studies. Therefore, if a study scored less than 4 points, it
was excluded. The researchers documented the scores of each
included/excluded study.

F. Data Extraction Strategy

Table V presents the data extraction form. Two researchers
(Andrei-Raoul Morariu and Adnan Ashraf)) independently

TABLE IV
STUDY QUALITY ASSESSMENT CHECKLIST

# Question
Theoretical contribution
1 Is the edge computing approach clearly described?
2 Is the underlying theory/algorithm clearly described?
3 Are the assumptions clearly stated?
Experimental evaluation
4 Is the evaluation method clearly described?
5 Is a simulation or a prototype implementation presented?
6 Is the experimental design and setup clearly described?
7 Are results from multiple different experiments included?
8 Are the experimental results compared with other state-

of-the-art approaches?

extracted data from each primary study. Studies that pre-
sented multiple edge computing approaches were placed under
multiple categories [3]. Differences in data extraction is a
recurring topic in mapping studies [3]. The extracted data were
compared and differences were harmonized in a consensus
meeting and by referring back to the original papers [6].

TABLE V
DATA EXTRACTION FORM

Data item Value Notes
General
Data extractor name
Data extraction date
Study identifier (S1, S2, S3, ...)
Bibliographic reference (title, authors, year,
publication venue name)
Author affiliations and countries
Publication type (journal, book chapter, con-
ference, or workshop)
Edge computing on vessels related
RQ1 Proposed approach (method, algorithm,
framework, technique)
RQ1 Online or offline implementation
RQ2 Purpose of using edge computing
RQ3 Level and scope of implementation
RQ4 Type of data
RQ5 Data analysis technique
RQ6 Applicable standards, regulations, and
protocols
RQ7 Evaluation method

G. Synthesis of the Extracted Data

The most important result of a mapping study is a systematic
map that allows to identify research gaps to direct the focus
of future research [14]. The extracted data from the primary
studies were synthesized to construct a systematic map com-
prising several tables (Table IX to XVI) and plots (Figure 1
to 4) [18].

H. Schedule of the Study

The schedule of the study is presented in Table VI. The
estimated time for title and abstract level screening was based
on approximately 40 abstracts a day. Similarly, the estimated



time for full-text level screening was based on approximately
5 full-text papers a day. The schedule implicitly includes
approximately 10% additional time for consensus meetings.

TABLE VI
SCHEDULE OF THE STUDY

# Activity Days Due date
1 Protocol review and revision 10 27.10.2020
2 Search for primary studies 1 28.10.2020
3 Title and abstract level screening 3 03.11.2020
4 Full-text downloading 2 10.11.2020
5 Full-text level screening 6 20.11.2020
6 Backwards snowball sampling 2 25.11.2020
7 Forward snowball sampling 2 27.11.2020
8 Quality assessment 2 02.12.2020
9 Data extraction 5 10.12.2020
10 Data synthesis 9 23.12.2020
11 First draft of paper 10 12.01.2021

III. RESULTS

In this section, we present the results of the SMS. Table VII
presents the papers in different stages of the research. The
initial search resulted in 185 papers, out of which 25 were
duplicates and were subsequently removed. A substantial num-
ber of papers were related to application domains other than
maritime. After performing the title and abstract screening,
we included 32 studies. At the end of the full-text screening
phase, a rather small number of papers (13) was included.
In the snowball sampling phase, 5 additional papers (2 from
backward snowball sampling and 3 from forward snowball
sampling) were included. In the last phase of quality assess-
ment, one paper was removed because its score was below the
cutoff threshold. The final number of selected primary studies
was 17. Table VIII presents the list of the selected primary
studies along with their study identifiers (IDs).

TABLE VII
NUMBER OF PAPERS AT DIFFERENT STAGES OF THE STUDY

Phase Number of papers
Initial search results 185
After removing duplicates 160
After title and abstract screening 32
After full text screening 13
After backward snowballing 15
After forward snowballing 18
After quality assessment 17

Figure 1 shows that 10 out of 17 primary studies were
published in 2020. Moreover, most of the studies published
in 2020 were published in journals. The remaining 7 studies
were published in 2017-2019. We consider that the years of
publications of the selected studies are expected as the edge
way of thinking emerged in 2016 [20]. Therefore, the research
into maritime domain is still rather sparse.

A. Types of Edge Computing Approaches (RQ1)
Table IX shows the types of approaches used in the primary

studies. Most of the primary studies proposed edge comput-
ing system/technology or network approaches (S7, S10, S13,

TABLE VIII
STUDY IDS AND REFERENCES OF THE SELECTED STUDIES

ID Reference ID Reference
S1 [30] S10 [15]
S2 [29] S11 [4]
S3 [24] S12 [27]
S4 [25] S13 [8]
S5 [5] S14 [28]
S6 [7] S15 [1]
S7 [10] S16 [11]
S8 [19] S17 [9]
S9 [21]

Fig. 1. Primary studies sorted by publication year and type

S14, S15) or path finding, escorting and collision avoidance
approaches (S3, S9, S12, S17). Other notable types include
edge computing approaches for vessel monitoring (S1, S6, S7)
and computation offloading (S4, S13, S14).

TABLE IX
TYPES OF APPROACHES

Approach Study IDs Count
Edge computing system/technology
or network

S7, S10, S13,
S14, S15

5

Path finding, escorting and collision
avoidance

S3, S9, S12,
S17

4

Computation offloading S4, S13, S14 3
Edge-based vessel monitoring S1, S6, S7 3
On-line data reduction algorithm S1, S7 2
Evolutionary algorithms S2 1
Linear regression S8 1
Deep learning S5 1
Power line communications S16 1
Fog-to-cloud platform for smart boats S11 1

Table X presents synthesized data on whether the pri-
mary studies proposed an online/real-time implementation
or an offline implementation. The results show that 11 out
of 17 studies presented an online implementation. This is
an important result as it shows that most of the maritime
applications use edge computing solutions for analytics on
real-time (instant) data. These applications have low latency
and low response time requirements. Therefore, such analytics
must be performed in a close proximity of the sources of data
and maritime IoT applications.



TABLE X
ONLINE OR OFFLINE IMPLEMENTATION

Online or offline Study IDs Count
Online S1, S6, S7, S10-S17 11
Offline S2-S5, S8, S9 6

B. Purposes of Using Edge Computing on Vessels (RQ2)

Table XI shows that most of the studies focus on network
and communication functions (S1, S2, S4, S6-S9, S17). Their
purposes include reducing the maritime communication costs
and improving communication efficiency. Some studies have
multiple purposes. Therefore, they appear in more than one
category. Other notable purposes include data exchange and
acquisition (S8, S15, S17) and vessel monitoring (S6, S11,
S13). There are only a few studies on each of the following
four purposes: anomaly and failure detection (S5, S11), on-
board computing capacity (S3, S14), reducing energy con-
sumption (S13, S14), and search and rescue operations (S12,
S16).

TABLE XI
PURPOSES OF USING EDGE COMPUTING ON VESSELS

Purpose Study IDs Count
Network and communication S1, S2, S4, S6-S9, S17 8
Data exchange and acquisition S8, S15, S17 3
Vessel monitoring S6, S11, S13 3
Anomaly and failure detection S5, S11 2
On-board computing capacity S3, S14 2
Reducing energy consumption S13, S14 2
Search and rescue S12, S16 2

Figure 2 presents a bubble plot that categorizes the selected
primary studies according to the types of edge computing ap-
proaches and the purposes of using edge computing on vessels.
The bubble size represents the number of primary studies in
each category. Larger bubbles indicate areas where there are
relatively more studies, while smaller bubbles represent areas
where fewer studies exist. It can be observed that there is a
lack of research on several types of approaches and purposes.
Research gaps with respect to types of approaches include evo-
lutionary algorithms, linear regression, deep learning, power
line communication, and smart boat platforms. Similarly, gaps
with respect to purposes include anomaly and failure detection,
on-board computing capacity, energy consumption, and search
and rescue operations. Furthermore, the bubble plot is sparsely
populated. Most of the edge computing approaches map to
only one or two purposes. Therefore, there is a need to
develop and evaluate the existing edge computing approaches
for more purposes in the maritime domain. Similarly, new
edge computing approaches should be devised for anomaly
and failure detection, on-board computing capacity, energy
consumption, and search and rescue operations.

C. Level and Scope of Implementation (RQ3)

Table XII shows that most of the studies are applicable to
a general level and scope in vessels. A total of 15 out of

17 studies (S1-S4, S7-S17) indicated that the edge computing
approach is implemented at the vessel, ship, or boat level.
Only three studies implemented edge computing at a more
precise or limited level and scope. S5 implemented an edge
computing approach on the engine room with the aim to detect
engine failures. S6 implemented a MONICAP blue-box for
receiving data such as position, integrity, status records, and
GPS. S3 presented an implementation of edge computing on
an Unmanned Surface Vehicle (USV) platform.

TABLE XII
LEVEL AND SCOPE OF IMPLEMENTATION

Level and scope Study IDs Count
Vessel, ship, or boat S1-S4, S7-S17 15
Engine room S5 1
MONICAP S6 1
USV platform S3 1

D. Types of Data for Edge Computing on Vessels (RQ4)

Table XIII presents the types of data used for edge com-
puting on vessels. The results show that the most common
type of data is the position, sea condition, weather sensing
data (S1, S6, S7, S11, S12, S15). In addition, several types
listed in the table come under one umbrella category of ship
monitoring data. It includes ship speed (S9), ship navigation
data (S7, S17), generic ship data (S4, S8, S13, S16), equipment
condition data (S7), as well as ship-to-ship/shore communica-
tion data (S4, S10). An important remark is that most of the
studies did not clearly specify the type(s) of data used for edge
computing. Therefore, we inferred the types from the context
in which the data were used in the studies and then grouped
the studies into the most relevant categories.

TABLE XIII
TYPES OF DATA FOR EDGE COMPUTING ON VESSELS

Type of data Study IDs Count
Position, sea condition, weather
sensing

S1, S6, S7, S11,
S12, S15

6

Generic ship data S4, S8, S13, S16 4
User tasks S2, S14 2
Ship-to-ship/shore communica-
tion data

S4, S10 2

Ship navigation data S7, S17 2
Equipment condition data S7 1
Ship speed S9 1
Crash site S12 1
Cargo sensing S16 1
Intercept points S3 1

E. Data Analysis Techniques (RQ5)

The results in Table XIV show that data mining (S3, S8,
S12, S16, S17) is the most common data analysis technique for
edge computing on vessels. Other common techniques include
task scheduling to work with position data (S1), user tasks (S2,
S14) or intercept point (S3), data filtering (S6, S12, S15, S16),
data analysis (S8, S15, S17), and resource allocation (S4, S9)



Fig. 2. Types of edge computing approaches and purposes of using edge computing on vessels

while working with ship speed or position data. Furthermore,
four studies (S7, S10, S11, S13) did not specify any data
analysis technique.

TABLE XIV
DATA ANALYSIS TECHNIQUES FOR EDGE COMPUTING ON VESSELS

Data analysis technique Study IDs Count
Data mining S3, S8, S12, S16, S17 5
Task scheduling S1, S2, S3, S14 4
Data filtering S6, S12, S15, S16 4
None S7, S10, S11, S13 4
Data analysis S8, S15, S17 3
Resource allocation S4, S9 2

Figure 3 shows the close connection between the data and
the way it is analyzed. It can be observed that there are
some commonly used techniques for different data sets, but
no high-liners through the results. The bubble plot shows
that there are several research gaps with respect to the types
of data used for edge computing on vessels including ship
speed, cargo sensing, ship-to-ship/shore communication, and
equipment condition data. With respect to data analysis tech-
niques, several studies focused on data mining and analysis.
We decided to separate these two categories, even though
data mining can be classified as a subset of data analysis.
Studies that focused on data mining used different types of

data include generic ship data (S8, S16), intercept point (S3),
crash site data (S12), and ship navigation data (S17). In ad-
dition, some data analysis techniques also make use of vessel
position and sea and weather data (S15). Other prominent data
analysis techniques include data filtering techniques, resource
allocation techniques, and task scheduling and processing
techniques. One of the data filtering techniques also makes
use of cargo sensing data (S16). Similarly, one of the resource
allocation techniques uses ship speed data (S9). Equivalently,
some task scheduling and processing techniques use user task
data (S2, S14).

F. Standards, Regulations, and Protocols (RQ6)

Table XV categorizes the primary studies on the basis
of standards, regulations, protocols, and conventions used in
operation and experimental evaluation. The results are also
graphically presented in Figure 4. Some of the regulations that
we found include Regulation Number 1380/2013 - Common
Fishery Policy (S6), Obligation of Using Vessel Monitoring
System in Specific Countries (S7), Safety of Life at the Sea,
International Convention for the Prevention of Pollution from
Ships (S8), EU-MRV - Europe Union Monitoring, Reporting
Verification, and NMEA 2000 Protocol (S16), among others.
In addition, 9 out of 17 studies did not specify any applicable
standard, regulation, protocol, or convention.



Fig. 3. Types of data and data analysis techniques

TABLE XV
STANDARDS, REGULATIONS, AND PROTOCOLS

Standard/regulation/protocol Study IDs Count
None S1-S5, S9, S12-S14 9
Protocol S7, S10, S11, S15, S16 5
Regulation S6, S7, S15, S16 4
Convention S8, S17 2
Standard S8 1

Fig. 4. Standards, regulations, or protocols related to the system setup

G. Evaluation Methods (RQ7)

We also extracted data in order to categorize the studies
according to the evaluation methods they used. From the 17
studies, 14 developed simulations for the experimental evalua-
tion, while 2 studies developed working prototypes. One study
did not present any simulation or prototype implementation.
Moreover, S10 used the NS 2.35 simulator, while S15 used
the NS2 network simulator.

TABLE XVI
EVALUATION METHODS

Evaluation method Study IDs Count
Simulation S1-S8, S10, S12-S15, S17 14
Prototype S11, S16 2
None S9 1

IV. VALIDITY EVALUATION

The first major threat to the validity of the results presented
in this paper is related to the coverage of the relevant literature.
To mitigate this threat, we designed a comprehensive search
strategy based on the SLR and SMS guidelines in [14], [23].
The search terms were extracted from the RQs and the search
strings were validated against a set of recent and prominent
works on edge computing for maritime applications. The
search was performed in seven major digital libraries.

The second threat is related to the selection of the primary
studies. The results show that 128 out of 160 papers were
excluded in the title and abstract level screening. It is pos-
sible that some relevant papers were erroneously excluded
during the initial screening phase. To mitigate this threat,
two researchers (Andrei-Raoul Morariu and Adnan Ashraf)
independently screened the titles and abstracts of all papers.
The results were compared and disagreements were resolved
through discussions in consensus meetings [6]. A similar
approach was used in the full-text level screening phase.

The third major threat is related to data extraction and
classification of studies. Differences in the classification of
papers is a recurring theme in SMSs [3]. To mitigate this
threat, the extracted data were compared and the differences
were resolved in consensus meetings and by referring back to
the original papers.



V. CONCLUSIONS

The Systematic Mapping Study (SMS) shows that the area
of edge computing with application on maritime is rather
new, and the research is still at an incipient stage, as in
this domain, there is a rather traditional way of improving or
changing the present technologies. From our SMS, we came
to the conclusion that there is a small number of existing
edge computing approaches for maritime applications. Most
of the existing approaches focus mainly on monitoring and
communication functions in vessels. The research map pre-
sented in the paper shows that several research gaps exist with
respect to the types of edge computing approaches, purposes
of using edge computing on vessels, types of data used for
edge computing purposes, and the data analysis techniques
used for edge computing on vessels.

Many existing studies focus on monitoring different parts
of vessels and the network and communication functions on
vessels. Therefore, monitoring and communication functions
on vessels represent two important research areas where a
substantial amount of research is underway. Research gaps
with respect to the types of edge computing approaches
include evolutionary algorithms, deep learning, and smart
boat platforms. Similarly, research gaps with respect to the
purposes of using edge computing on vessels include anomaly
and failure detection, on-board computing capacity, energy
consumption, and search and rescue operations.
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