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Figure 3. The four-component research query in the current study.
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Figure 4. Number of publications and citations in the explored domain.



Table 1. The top 10 prolific authors in the explored domain and their interests.
	Rank
	Author
	Country
	Institution
	NP
	P (%)
	TC
	APY
	AC
	Main research interests

	1
	Chu, Xiumin
	China
	Wuhan University of Technology
	10
	6.13%
	102
	2019.60
	10.20
	Inland Waterway; Automatic Identification System; Waterway Transportation; Simulation; Smart Ship; Waterway Traffic Intelligent System Control

	2
	Abel, Dirk
	Germany
	RWTH Aachen University
	6
	3.68%
	15
	2021.83 
	2.50 
	Model Predictive Control; Simulation of Dynamic Systems; Rapid Control Prototyping methods; Optimization Problem; Control Performance

	3
	Chen, Linying
	China
	Wuhan University of Technology
	6
	3.68%
	145
	2021.83 
	24.17 
	Intelligent Ships; Ship Collision; Cooperative Multi-vessel Systems; Water Traffic System Coordinated Control  

	4
	He, Wei
	China
	Minjiang University
	6
	3.68%
	42
	2021.00 
	7.00 
	Intelligent System and Information Fusion; Marine Equipment and New Energy; Transport Management

	5
	Bolbot, Victor
	Finland
	Aalto University
	5
	3.07%
	122
	2021.80 
	24.40 
	Autonomous Ships; Marine Systems Safety; Ship Propulsion Systems; Cybersecurity

	6
	Liu, chenguang
	China
	Wuhan University of Technology
	5
	3.07%
	35
	2021.40 
	7.00 
	Ship Intelligent Navigation; Formation Cooperative Control; Path/Motion Planning; Model Predictive Control

	7
	Negenborn, Rudy
	Netherlands
	Delft University of Technology
	5
	3.07%
	139
	2019.80 
	27.80 
	Automatic Control; Coordination of Transport Technology; Smart Shipping; Smart Logistics Applications

	8
	Ratti, Carlo
	USA
	Massachusetts Institute of Technology
	5
	3.07%
	161
	2020.00 
	32.20 
	Smart city; Natural Disasters; Human Computer Interfaces; Urban Design; Tsunami

	9
	Amro, Ahmed
	Norway
	Norwegian University of Science and Technology
	4
	2.45%
	44
	2022.25 
	11.00 
	Communication and Cyber security of Autonomous systems; Cyber Risk Management; Secure System Development; Network traffic analysis; TLS protocol security

	10
	Duarte, Fabio
	USA
	Massachusetts Institute of Technology
	4
	2.45%
	130
	2020.00 
	32.50 
	Waterway Infrastructure; Urban Technologies, Transportation and Planning; Social Construction of Technologies


Note: NP = Number of publications; P(%) = The proportion of NP/TND; TND = Total number of documents; TC = Total number of citations; APY = Average publications year=Total publication years/NP; AC = Average citations = TC/NP
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Figure 5. Author collaboration network using analysis of co-authorship.




Table 2. The top 10 prolific research institutions in the explored domain.
	Rank
	Institution
	Country
	Links
	TLS
	NP
	P (%)
	TC
	APY
	AC

	1
	Wuhan Univ Technol
	China
	50
	77
	57
	34.97%
	883
	2020.56 
	15.49 

	2
	Minjiang univ
	China
	13
	23
	10
	6.13%
	97
	2021.30 
	9.70 

	3
	Natl Engn Res Ctr Water Transport Safety
	China
	12
	21
	9
	5.52%
	213
	2021.00 
	23.67 

	4
	Norwegian Univ Sci & Technol
	Norway
	9
	10
	8
	4.91%
	232
	2020.75 
	29.00 

	5
	Hubei Key Lab Inland Shipping Technol
	China
	4
	10
	7
	4.29%
	68
	2023.57 
	9.71 

	6
	Delft Univ Technol
	Netherlands
	3
	4
	6
	3.68%
	154
	2019.00 
	25.67 

	7
	MIT
	USA
	4
	4
	6
	3.68%
	161
	2020.50 
	26.83 

	8
	Rhein Westfal Th Aachen
	German
	2
	3
	6
	3.68%
	15
	2021.83 
	2.50 

	9
	Shanghai Maritime Univ
	China
	10
	11
	6
	3.68%
	45
	2022.50 
	7.50 

	10
	Dalian Maritime Univ
	China
	6
	6
	5
	3.07%
	15
	2018.40 
	3


Note: TLS = Total link strength; NP = Number of publications; P(%) = The proportion of NP/TND; TND = Total number of documents; TC = Total number of citations; APY = Average publications year; AC = Average citations = TC/NP.
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Figure 6. Institution collaboration network using analysis of co-authorship.
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Figure 7. Country collaboration network using analysis of co-authorship.
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Figure 8. The number of publications distributed by countries.
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Figure 9. Country collaboration network using chord diagram.
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Figure 10. Number of publications by subject category.
Table 3. The top 10 highly cited publications in explored research domain.
	Rank
	Author
	Title
	Year
	TC
	ACY

	1
	Moreira et al.(Moreira et al, 2007).
	Path following control system for a tanker ship model
	2007
	177
	10.41

	2
	Li et al.(Li et al, 2018)
	Spatio-Temporal Vessel Trajectory Clustering Based on Data Mapping and Density
	2018
	120
	20.00

	3
	Chen et al.(Chen et al, 2018)
	Distributed model predictive control for vessel train formations of cooperative multi-vessel systems
	2018
	92
	15.33

	4
	Sang et al.(Sang et al, 2015)
	A novel method for restoring the trajectory of the inland waterway ship by using AIS data
	2015
	87
	9.67

	5
	Qian et al.(Qian et al, 2022)
	A New Method of Inland Water Ship Trajectory Prediction Based on Long Short-Term Memory Network Optimized by Genetic Algorithm
	2022
	86
	43.00

	6
	Wu et al.(Wu et al, 2020)
	Fuzzy logic based dynamic decision-making system for intelligent navigation strategy within inland traffic separation schemes
	2020
	83
	20.75

	7
	Bolbot et al.(Bolbot et al, 2020)
	A novel cyber-risk assessment method for ship systems
	2020
	67
	16.75

	8
	Wang et al.(Wang et al, 2018)
	Design, Modeling, and Nonlinear Model Predictive Tracking Control of a Novel Autonomous Surface Vehicle
	2018
	62
	10.33

	9
	Wang et al.(Wang et al, 2019)
	Roboat: An Autonomous Surface Vehicle for Urban Waterways
	2019
	59
	11.80

	10
	Zheng et al.(Zheng et al, 2022)
	Recognition and Depth Estimation of Ships Based on Binocular Stereo Vision
	2022
	57
	28.50


Note: TC = Total number of citations; ACY = Average citations per year.
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Figure 11. Citation map for papers cited more than once.

Table 4. The top 10 most prolific journals in explored research domain.
	Rank
	Source
	
	NP
	P%
	TC
	CP
	2023IF

	1
	Journal of Marine Science and Engineering
	
	20
	12.27%
	204
	10.20 
	2.7

	2
	Ocean Engineering
	
	17
	10.43%
	472
	27.76 
	4.6

	3
	IEEE Transactions on Intelligent Transportation Systems
	
	6
	3.68%
	136
	22.67 
	7.9

	4
	Journal of Navigation
	
	4
	2.45%
	56
	14.00 
	1.9

	5
	European Transport Research Review
	
	3
	1.84%
	18
	6.00 
	5.1

	6
	Sensors
	
	3
	1.84%
	49
	16.33 
	3.4

	7
	Sustainability
	
	3
	1.84%
	51
	17.00 
	3.3

	8
	Applied Sciences-Basel
	
	2
	1.23%
	87
	43.50 
	2.5

	9
	IEEE Access
	
	2
	1.23%
	165
	82.50 
	3.4

	10
	International Journal of Naval Architecture and Ocean Engineering
	
	2
	1.23%
	17
	8.50 
	2.3


Note:  NP = Number of publications; P(%)=The proportion of NP/TND; TC = total number of citations; CP = citations per publication; IF = impact factor.
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Figure 12. Co-citation map for journals cited more than 20 times.
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Figure 13. Heat map of keywords in the explored domain.
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Figure 14. Co-occurrence network of keywords in the explored domain.
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Figure 15. Causal loop diagram of challenges.

Table A.1 Parameter setting for bibliographic mapping.
	Figure
	Threshold
	Attr.
	Repu.
	Type

	Figure 5. Author collaboration network using analysis of co-authorship.
	3
	5
	-2
	Network

	Figure 6. Institution collaboration network using analysis of co-authorship.
	3
	5
	-5
	Network

	Figure 7. Country collaboration network using analysis of co-authorship.
	1
	2
	0
	Overlay

	Figure 11. Citation map for papers cited more than 1 times
	1
	4
	-1
	Network

	Figure 12. Co-citation map for journals cited more than 20 times
	20
	2
	-2
	Network

	Figure 13. Heat maps of keywords in explored domain.
	4
	1
	-1
	Density

	Figure 14. Co-occurrence network of keywords in explored domain.
	4
	1
	-1
	Overlay



2

3

image2.jpeg
AND

AND

Smart Technology
smart
intelligent
auto*
unmanned
driverless
robot*
self*

AND

inland water*
river*

urban water* [ op transport*
city water* OR shipping
lake logistics

Waterway Types Transportation Domain

AND




image3.jpeg
Number of publications

B Number of publications ~+ Number of citations

35

30

25 |

20

15

10

0 ' - - - - -
> & & & ©® W ) \J AT} d
A O O e '19\ @‘ NN R VARG S

Year

2500

2000

1500

1000

Number of citations




image4.png
yan,.ping
liu, jialun

maj feng
mafyong
‘ zhufiman ’U
n A

huangiyamin

h.Ei\ ;hL.ni

liu, x‘long

1/ zhou, hunhui qiaf.OHg
negenborn, rudy ~ b
wang, @hiyuan 4 Cher.ymg zheng, Ytianzhou
lei,‘yu

johansen, tor arne

'g VOSviewer




image5.png
southeast univ

wuhan inst technol

- minjiang univ univ strathclyde

natl engn res ¢ water transp

aaltesuniv

®
wuhan echnol

jimebuniv

liverpool johm moores univ . . ‘
pocl) norwegian uni@sci & technol |

zhejiang univ

shanghai r%ritime univ

& VOSviewer hubei key labiinland shipping




image6.png
'g VOSviewer

vietnam

australia

italy

brazil

egypt

2016

2018

2020

2022




image7.png
Norway, 1
Netherlands, 8

Russia, 3
Unied Kingdom, 9

Belgum, §

France, 4

Spein.3
Posygal, 3

£ F Bangladesh, 2

1P

Malaysa, 2

©2025 Mapbox © Openstreetiap




image8.svg
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  Australia, 2    Mexico, 1    Canada, 1    China, 96    Russia, 3    USA, 12    Brazil, 1    Egypt, 1                                                                                                                                                                               Netherlands,          8                  United Kingdom,          9                  France,          4             Portugal,          3                  Norway,          15                  Sweden, 2                  Finland, 3             Poland,          7             Italy,          3          Croatia, 1                  Serbia, 1               Spain, 3          Belgium,          8               Bangladesh,          2          Vietnam, 1          Cyprus, 2               Germany, 14               Malaysia, 2             South Korea,         2             © 2025 Mapbox © OpenStreetMap           1    96    NP                                                                                                                                                                                                                                                                                                        


image9.jpeg




image10.jpeg
29
Engineering Civil

50
Engineering Marine

11
13 . Operation Research
Computer Seience | Management Science
Information
Systems





image11.png
praczgki(2015)

zheng¢2023)
chen2024)
Wu.ZO)
liu (2017)
wang022)
lei jinyw (2021) wang{2024)
he (2021) - ai(2022)
zhonglf2019) san,ﬂ 5)
qiaf(2022)

feng €2019)
zhao @023)

[
zhen@(2022) ¢ li &)

'g VOSviewer . 4




image12.png
proc

. 2 e Ci
leee || —

N ) Q
N accidentianal prev
7 3”/
: 4 i st safe
Y R ”
SV

| ansnav

'; VOSviewer




image13.png
model predictive control

localization

accident

collision
ship domain
motion control
f k
ramewor o
inland water
neural network
path planning trajectory prediction

simulation




image14.png
ship domain-

framework

4 inlandiwater
neuraI\Qetwork dw,

path ;&wning i traiectory:brediction

& VOSviewer simulation
2020 2021 2022 2023




image15.jpeg
Cybersecurity Incidents
+
+
+ s
K Infrastructure Lag \
+

Regulatory Fragmentation B> Technology Integration Difficulty

‘k J
Environmental Pressure





image1.jpeg
’ frontiers




