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Abstract
Due to the advancement of wireless communications, Internet of Things (IoT) becomes a promising technology in today's
digital world. For the enhancement of underwater applications such as ocean exploration, deep-sea monitoring, underwater
surveillance, diver network monitoring, location and object tracking, etc., Internet of underwater things (IoUT) has been
introduced. However, underwater communication suffers from energy consumption due to fluctuations of the underwater
environment and operational factors according to the distributions of objects or vehicles in shallow and deep water. The IoT
quality of service (QoS) in underwater communication networks is critically affected by the different energy factors related to
networking and the physical layer. Network topology and routing protocol are two important major factors affecting the power
consumption of IoUT nodes and vehicles. The clustering approach is considered the best choice for IoUT, however it may
suffer from various influences related to the underwater environment. The optimisation-based AI technologies in clustering
approaches enable to achieve of energy efficiency for IoUT applications. This paper provides a systematic review of
different energy efficiency methodologies for IoUT, and classified them according to the strategies used, in addition to the
research gaps in clustering-based approaches, and future directions. © 2023 Elsevier Ltd

Author Keywords
Artificial intelligence;  Autonomous underwater vehicles;  Clustering approach;  Energy efficiency;  Energy optimisation;
 Internet of underwater things;  Machine learning

Index Keywords
Autonomous vehicles, Energy efficiency, Energy utilization, Internet of things, Machine learning, Network layers, Network
security, Power management (telecommunication), Quality of service; Autonomous underwater vehicles], Clustering
approach, Digital world, Energy optimization, Internet of underwater things, Machine-learning, Research gaps, Systematic
Review, Underwater environments, Wireless communications; Autonomous underwater vehicles

References
Ahmed, H., Dobre, O.A.
H. V. Poor. Role assignment for spatially-correlated data aggregation using multi-
sink internet of underwater things
(2021) IEEE Transactions on Green Communications and Networking, 5 (3), pp. 1570-
1579. 

Ahmed, G., Zhao, X.
A hybrid energy equating game for energy management in the internet of
underwater things
(2019) Sensors, 19 (10), p. 2351. 

Ahmed, G., Zhao, X., Fareed, M.M.S.
A hybrid energy equating game for energy management in the internet of
underwater things
(2019) Sensors, vol 19) 1-21. 

Al-Bzoor, M., Ahmed, M., Khawla, A., Taha, G.
A directional selective power routing protocol for the internet of underwater things



4/6/23, 10:17 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1624405532&eid=2-s2.0-85147955570&sort=&clicked… 2/13

(2022) Wireless Commun. Mobile Comput., 2022, pp. 1-13. 
Article ID 3846621

Al-habob, A.A., Dobre, O.A.
Role assignment for energy-efficient data gathering using internet of underwater
things
(2020) IEEE Int. Conf. Commun., pp. 1-6. 

Alatabani, L.E., Ali, E.S., Saeed, R.A.
Deep learning approaches for IoV applications and services
(2021) Intelligent Technologies for Internet of Vehicles. Internet of Things (Technology,
Communications and Computing), 
N. Magaia G. Mastorakis C. Mavromoustakis E. Pallis E.K. Markakis Springer Cham

Ali, E.S., Saeed, R.A.
Book: Intelligent Wireless Communications
(2021) Chapter 6: Intelligent Underwater Wireless Communications, 
IET book publisher

Ali, M., Jayakody, D.N.K., Chursin, Y.A.
Arch computation methods
(2020) Recent Advances and Future Directions on Underwater Wireless
Communications, pp. 1379-1412. 
Springer

Ali, E.S., Hassan, M.B., Saeed, R.A.
Machine learning technologies in internet of vehicles
(2021) Intelligent Technologies for Internet of Vehicles. Internet of Things (Technology,
Communications and Computing), 
N. Magaia G. Mastorakis C. Mavromoustakis E. Pallis E.K. Markakis Springer Cham

Ali, E.S.
Machine learning technologies for secure vehicular communication in internet of
vehicles: recent advances and applications
(2021) Secur. Commun. Network., 2021. 
Article ID 8868355, 23 pages

Aljanabi, A.
Low Complexity Single Carrier Frequency Domain Detectors for Internet of
Underwater Things (IoUT)s, rXiv:2203
(2022), p. 12599v1. 

Almurisi, N., Tadisetty, S.
Cloud-based virtualization environment for IoT-based WSN: solutions, approaches
and challenges
(2022) J. Ambient Intell. Hum. Comput., pp. 4681-4703. 

Alnazir, A.
Quality of services based on intelligent IoT WLAN MAC protocol dynamic real-time
applications in smart cities
(2021) Comput. Intell. Neurosci., 2021. 
Article ID 2287531

Alostad, J.
Reliability in IoUT enabled underwater sensor networks using dynamic adaptive
routing protocol
(2020) Int. J. Internet Manuf. Serv., 7 (1-2), pp. 115-129. 

Alqurashi, F.A.
Machine learning techniques in internet of UAVs for smart cities applications
(2022) J. Intell. Fuzzy Syst., 42 (4), pp. 3203-3226. 



4/6/23, 10:17 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1624405532&eid=2-s2.0-85147955570&sort=&clicked… 3/13

Alsaqour, R., Ali, E.S., Mokhtar, R.A., Saeed, R.A., Alhumyani, H., Abdelhaq, M.
Efficient energy mechanism in heterogeneous WSNs for underground mining
monitoring applications
(2022) IEEE Access, 10, pp. 72907-72924. 

Arul, R.
Intelligent Data Analytics in Energy Optimisation for the Internet of Underwater
Things, Soft Computing
(2021), springer

(2022), 135. 
Oladayo Bello, Sherali Zeadally, Internet of underwater things communication:
architecture, technologies, research challenges and future opportunities, Ad Hoc Netw.

Bhaskarwar, R.V., Pete, D.J.
Energy efficient clustering with compressive sensing for underwater wireless
sensor networks
(2022) Peer-to-Peer Netw. Appl., 15, pp. 2289-2306. 

Bhattacharjya, K.
CUWSN: energy efficient routing protocol selection for cluster based underwater
wireless sensor network
(2022) Microsyst. Technol., 28, pp. 543-559. 

Cardia, C.
The internet of underwater things: from nemo to underwater whatsapp
(2019) Proceedings of the Twentieth ACM International Symposium on Mobile Ad Hoc
Networking and Computing (Mobihoc '19), 
Association for Computing Machinery New York

Chaaf, A.
Energy-efficient relay-based void hole prevention and repair in clustered multi-AUV
underwater wireless sensor network
(2021) Secur. Commun. Network., 2021, pp. 1-20. 
Article ID 9969605

Chaudhary, M.
Internet of underwater things: challenges, routing protocols, and ML algorithms
(2022) Machine Learning Paradigm for Internet of Things Applications, 
S. Rani R. Maheswar G.R. Kanagachidambaresan S. Ahuja D. Gupta

Chenthil, T.R., Jayarin, P.J.
Energy-Aware QoS Based Cluster Routing with Aggregation Management Algorithm
in Underwater Wireless Sensor Network. 2022 International Conference on
Communication
(2022), pp. 1-6. 
Computing and Internet of Things IC3IoT

Cicioğlu, M., Çalhan, A.
Performance analysis of cross-layer design for internet of underwater things
(2022) IEEE Sensor. J., 22 (15), pp. 15429-15434. 

Coutinho, R.W.L.
IEEE Wireless Communications and Networking Conference
(2018) Modelling Power Control and Anypath Routing in Underwater Wireless Sensor
Networks, 
WCNC)

Danielis, P., Parzyjegla, H., Ali, M.A.M.
Simulation model for energy consumption and acoustic underwater communication



4/6/23, 10:17 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1624405532&eid=2-s2.0-85147955570&sort=&clicked… 4/13

of autonomous underwater vehicles
(2022) WMU J Marit Affairs, 21, pp. 89-107. 

Delphin
Energy optimisation techniques in underwater internet of things: issues, state-of-
the-art, and future directions
(2022) Water, 14, p. 3240. 

Diwan, A.
Multi-layered energy efficient approach for performance aware internet of ocean
things
(2022) International Journal of Interactive Mobile Technologies (iJIM), 16 (17), pp. 88-100. 

Domingo, M.C.
An overview of the internet of underwater things
(2012) J. Netw. Comput. Appl., 35 (Issue 6), pp. 1879-1890. 
ISSN 1084-8045

Draz, U.
Tri-angular nearest vector-based energy efficient routing for IoT-enabled acoustic
sensor and actor networks (I-ASANs)
(2021) Sensors, 

Draz, U., Ali, T., Ahmad Zafar, N., Saeed Alwadie, A., Irfan, M., Yasin, S., Ali, A., Khan
Khattak, M.A.
Energy efficient watchman based flooding algorithm for IoT-enabled underwater
wireless sensor and actor networks
(2021) ETRI J., pp. 414-426. 

En-Cheng
Proceedings of IEEE International Conference on Applied System Innovation
(2018) Internet of Underwater Things: Challenges and Routing Protocols, 
IEEE ICASI

Enrico, P., Marco, C., Leccese, F.
Simulation of autonomous underwater vehicles (AUVs) swarm Di_usion
(2020) Sensors, 20, p. 4950. 

Fang, Z., Wang, J., Jiang, C., Zhang, Q., Ren, Y.
AoI-inspired collaborative information collection for AUV-assisted internet of
underwater things
(2021) IEEE Internet Things J., 8 (19), pp. 14559-14571. 

Fang, Z., Wang, J., Du, J., Hou, X., Ren, Y., Han, Z.
Stochastic optimisation-aided energy-efficient information collection in internet of
underwater things networks
(2022) IEEE Internet Things J., 9 (3), pp. 1775-1789. 

Farhan, L., Hameed, R.S., Ahmed, A.S.
Energy Efficiency for Green Internet of Things (IoT) Networks: A Survey
(2021), Network

Fedorova, T.A.
Optimisation of an underwater wireless sensor network architecture with wave
glider as a mobile gateway
(2022) J. Mar. Sci. Appl., 21, pp. 179-196. 

Feng, P.
Improved Energy-Balanced Algorithm for Underwater Wireless Sensor Network
Based on Depth Threshold and Energy Level Partition
(2019), J Wireless Com Network



4/6/23, 10:17 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1624405532&eid=2-s2.0-85147955570&sort=&clicked… 5/13

Gao, C., Hu, W., Chen, K.
Research on multi-AUVs data acquisition system of underwater acoustic
communication network
(2022) Sensors, 

Gavali, A., Vaze, V.M., Ubale, S.A.
Energy optimisation using swarm intelligence for IoT-authorized underwater
wireless sensor networks
(2021) PREPRINT (Version 1) available at Research Square, 

Floating nodes assisted cluster-based routing for efficient data collection in
underwater acoustic sensor networks
(2022) Comput. Commun., 195, pp. 137-147. 

, 31 (3), pp. 275-2862019. 
Nitin Goyal, Mayank Dave, Anil K. Verma,. Data aggregation in underwater wireless
sensor network: recent approaches and issues, Journal of King Saud University -
Computer and Information Sciences

Gupta, S., Singh, N.P.
Energy hole mitigation through optimized cluster head selection and strategic
routing in Internet of Underwater Things
(2022) Int. J. Commun. Syst., 

Hassan, M.B.
An enhanced cooperative communication scheme for physical uplink shared
channel in NB-IoT
(2021) Wireless Pers. Commun., 120, pp. 2367-2386. 

, pp. 33-58. 
Hassan, Mona Bakri., Ali, Elmustafa Sayed., Nurelmadina, Nahla.,Saeed, Rashid A.
Artificial intelligence in IoT and its applications' (Telecommunications, 2021). Intelligent
Wireless Communications', Chap. 2,, DOI: 10.1049/PBTE094E_ch2 IET Digital Library

Hong, L., Hong, F., Guo, Z., Li, Z.
ECS: efficient communication scheduling for underwater sensor networks
(2011) Sensors, 

Hong, Z.
A topology control with energy balance in underwater wireless sensor networks for
IoT-based application
(2018) Sensors, 

Hou, X.
Machine-learning-aided mission-critical internet of underwater things
(2021) IEEE Network, 35 (4), pp. 160-166. 

Hu, Y., Hu, K., Liu, H., Wan, X.
An energy-balanced head nodes selection scheme for underwater mobile sensor
networks
(2022) EURASIP J. Wirel. Commun. Netw., 

Huang, L.
Machine learning for underwater acoustic communications
(2022) IEEE Wireless Commun., 29 (3), pp. 102-108. 

Hussain, A., El-Howayek, G.
A Sleep-Scheduling Oil Detection Routing Protocol for Smart Oceans Using Internet
of Things



4/6/23, 10:17 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1624405532&eid=2-s2.0-85147955570&sort=&clicked… 6/13

(2020), pp. 1-6. 
2020 IEEE 6th World Forum on Internet of Things (WF-IoT)

Ilyas, M., Ullah, Z., Khan, F.A.
Trust-based energy-efficient routing protocol for Internet of things–based sensor
networks
(2020) Int. J. Distributed Sens. Netw., 

Islam, T., Lee, Y.K.
A comprehensive survey of recent routing protocols for underwater acoustic sensor
networks
(2019) Sensors, 

Islam, K.Y., Ahmad, I., Daryoush, H., Waqar, A.
A survey on energy efficiency in underwater wireless communications
(2022) J. Netw. Comput. Appl., 198. 

Jahanbakht, M., Xiang, W., Hanzo, L., Rahimi Azghadi, M.
Internet of underwater things and big marine data analytics—a comprehensive
survey
(2021) IEEE Communications Surveys & Tutorials, 23 (2), pp. 904-956. 

Jouhari, M., Ibrahimi, K., Tembine, H., Ben-Othman, J.
Underwater wireless sensor networks: a survey on enabling technologies,
localization protocols, and internet of underwater things
(2019) IEEE Access, 7, pp. 96879-96899. 

Kanthimathi etr al, N.
Void handling using Geo-Opportunistic Routing in underwater wireless sensor
networks
(2017) Comput. Electr. Eng., 64, pp. 365-379. 

Kao, C.C., Lin, Y.S., Wu, G.D., Huang, C.J.
A comprehensive study on the internet of underwater things: applications,
challenges, and channel models
(2017) Sensors, 

Kapileswar, N., Phani Kumar, P.
Energy efficient routing in IOT based UWSN using bald eagle search algorithm
(2022) Trans Emerging Tel Tech, 

Implementation patterns of AquaSim for simulation of underwater acoustic wireless
sensor networks
(2021) Wasit Journal of Computer and Mathematic Science, 1 (1). 

Kelasidi, E., Pettersen, K.Y., Gravdahl, J.T.
Energy efficiency of underwater robots
(2015) IFAC-PapersOnLine, 48 (Issue 16), pp. 152-159. 

Khalil, R.A., Saeed, N., Babar, M.I., Jan, T.
Toward the internet of underwater things: recent developments and future
challenges
(2021) IEEE Consumer Electronics Magazine, 10 (6), pp. 32-37. 
1 Nov

Khalil, R.A.
Bayesian multidimensional scaling for location awareness in hybrid-internet of
underwater things
(2022) IEEE/CAA J. Autom. Sinica, 9 (3), pp. 496-509. 



4/6/23, 10:17 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1624405532&eid=2-s2.0-85147955570&sort=&clicked… 7/13

Khan, M.
AUV-assisted energy-efficient clustering in underwater wireless sensor networks
(2018) 2018 IEEE Global Communications Conference (GLOBECOM), pp. 1-7. 

Khan, A.
Energy harvesting based routing protocol for underwater sensor networks
(2019) PLoS One, 14 (7). 

Khan, Z.A.
Q-learning based energy-efficient and void avoidance routing protocol for
underwater acoustic sensor networks
(2021) Comput. Network., 197. 

Khan, W.
An effective data-collection scheme with AUV path planning in underwater wireless
sensor networks
(2022) Wireless Commun. Mobile Comput., 2022, pp. 1-19. 
Article ID 8154573, pp/

Khasawneh, A.M.
An efficient void aware framework for enabling internet of underwater things
(2021) J. Mar. Sci. Eng., 9 (11), p. 1219. 

Khelifi, F.
Internet of Underwater Things to Monitor Offshore Wind Turbines Fields
(2021), 31th European Safety and Reliability Conference

Krishnaswamy, V., Manvi, S.S.
Trusted node selection in clusters for underwater wireless acoustic sensor
networks using fuzzy logic
(2021) Physical Communication, 47. 

Li, X.
Energy-efficient data collection using autonomous underwater glider: a
reinforcement learning formulation
(2020) Sensors, 

Lilhore, U.K., Khalaf, O.I., Simaiya, S.
A depth-controlled and energy-efficient routing protocol for underwater wireless
sensor networks
(2022) Am. J. Sports Med., 

Liou, E.C.
Internet of Underwater Things: Challenges and Routing Protocols
(2018), pp. 1171-1174. 
2018 IEEE International Conference on Applied System Invention (ICASI).

Liu, C.
Xiaoyun Guang., Wenyu Qu et al. Dynamic Data Collection Algorithm based on
Mobile Edge Computing in Underwater Internet of Things
(2022) PREPRINT (Version 1) available at Research Square, 

Liu, X., Wu, J.
A method for energy balance and data transmission optimal routing in wireless
sensor networks
(2019) Sensors, 

Liu, T., Wu, F.
A sensor-based IoT data collection and marine economy collaborative innovation
method
(2022) Comput. Intell. Neurosci., 2022, pp. 1-9. 



4/6/23, 10:17 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1624405532&eid=2-s2.0-85147955570&sort=&clicked… 8/13

Liu, M., Zhuo, X., Wei, Y., Wu, Y., Qu, F.
Packet-level slot scheduling MAC protocol in underwater acoustic sensor networks
(2021) IEEE Internet Things J., 8 (11), pp. 8990-9004. 
1 June1

Liu, Z.
AUV-aided hybrid data collection scheme based on value of information for internet
of underwater things
(2022) IEEE Internet Things J., 9 (9), pp. 6944-6955. 

Liu, H., Xu, B., Liu, B.
An automatic search and energy-saving continuous tracking algorithm for
underwater targets based on prediction and neural network
(2022) J. Mar. Sci. Eng., 

Lu, Y., He, R., Chen, X., Lin, B., Yu, C.
Energy-efficient depth-based opportunistic routing with Q-learning for underwater
wireless sensor networks
(2020) Sensors, 

Luyao, L., Yang, Q., Jing, X.
A K-Means Clustered Routing Algorithm with Location and Energy Awareness for
Underwater Wireless Sensor Networks
(2022), MDPI Photonics

Mahmood Awan, K.
Underwater wireless sensor networks: a review of recent issues and challenges
(2019) Wireless Commun. Mobile Comput., 2019. 
Article ID 6470359, 20 pages

Mahmoud, H.H., Ismail, T., Abdellatif, S.O.
Energy Efficient Topology Control Algorithm and Dynamic Management Scheme for
Underwater IoT Applications
(2018), pp. 1-5. 
Reliability in IoUT enabled underwater sensor networks using dynamic adaptive routing
protocolIEEE Global Conference on Internet of Things (GCIoT)

Majlesein, B.
Evaluation of Communication Link Performance and Charging Speed in Self-
Powered Internet of Underwater Things Devices
(2022), IEEE Access

Mary, D.R.K.
Systematic review on recent trends, challenges, privacy and security issues of
underwater internet of things
(2021) Sensors, 

Menon, V.
Enabling reliable communication in internet of underwater things: applications,
challenges and future directions
(2021) 2021 2nd International Conference on Secure Cyber Computing and
Communications, pp. 296-301. 
ICSCCC

Menon, V.G.
Towards energy-efficient and delay-optimized opportunistic routing in underwater
acoustic sensor networks for IoUT platforms: an overview and new suggestions
(2022) Comput. Intell. Neurosci., 2022, pp. 1-15. 
Article ID 7061617



4/6/23, 10:17 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1624405532&eid=2-s2.0-85147955570&sort=&clicked… 9/13

Mhemed, R., Comeau, F., Phillips, W., Aslam, N.
Void avoidance opportunistic routing protocol for underwater wireless sensor
networks
(2021) Sensors, 

From 5G to 6G Technology: Meets Energy, Internet-Of-Things and Machine
Learning: A Survey, Applied Science
(2021), 

Mohsan, S.A.H., Mazinani, A., Othman, N.Q.H.
Towards the internet of underwater things: a comprehensive survey
(2022) Earth Sci Inform, 15, pp. 735-764. 

Muhammad, F., Asri Ngadi, M.
Energy efficient multi-objective evolutionary routing scheme for reliable data
gathering in Internet of underwater acoustic sensor networks
(2019) Ad Hoc Netw., 93. 

Muhammad, M.
Towards Sustainable Internet of Underwater Things: UAV-Aided Energy Efficient
Wake-Up Solutions
(2022), arXiv: 2208.12065vol. 1

An energy-efficient data collection protocol with AUV path planning in the Internet
of Underwater Things
(2019) J. Netw. Comput. Appl., 135, pp. 20-31. 

Mukhtar, A.M., Saeed, R.A., Mokhtar, R.A., Ali, E.S., Alhumyani, H.
Performance evaluation of downlink coordinated multipoint joint transmission
under heavy IoT traffic load
(2022) Wireless Commun. Mobile Comput., 
Article ID 6837780, 2022

Nada, M.
Elfatih et al. Internet of vehicle's resource management in 5G networks using AI
technologies: current status and trends
(2022) IET Commun., 16, pp. 400-420. 

Nain, M., Goyal, N., Kumar, M.
Machine learning effects on underwater applications and IoUT
(2022) Machine Learning Paradigm for Internet of Things Applications, 
S. Rani R. Maheswar G.R. Kanagachidambaresan S. Ahuja D. Gupta

Narla, V.L., Kachhoria, R., Arun, M.
IoT based energy efficient multipath power control for underwater sensor network
(2022) International Journal of System Assurance Engineering and Management, 

Nayyar, A., Ba, C.H., Cong Duc, N.P., Binh, H.D.
Smart-IoUT 1.0: a smart aquatic monitoring network based on internet of
underwater things (IoUT)
(2019) Industrial Networks and Intelligent Systems. INISCOM 2018, Lecture Notes of the
Institute for Computer Sciences, Social Informatics and Telecommunications
Engineering, 257. 
T. Duong N.S. Vo Springer Cham

Nivetha, K., Victo Sudha George, G.
A literature survey on internet of underwater things
(2020) J. Interdiscip. Cycle Res., 

Nonoyama, K., Liu, Z., Fujiwara, T., Alam, M.M., Nishi, T.
Energy-efficient robot configuration and motion planning using genetic algorithm



4/6/23, 10:17 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1624405532&eid=2-s2.0-85147955570&sort=&clicke… 10/13

and particle swarm optimisation
(2022) Energies, 

Nurelmadina, N.
A systematic review on cognitive radio in low power wide area network for
industrial IoT applications
(2021) Sustainability, 13. 

Ovaliadis, K.
Energy efficiency in underwater sensor networks: a research review
(2010) J. Eng. Sci. Technol., 

Piskur, P.
Innovative energy-saving propulsion system for low-speed biomimetic underwater
vehicles
(2021) Energies, 

Performance-aware green algorithm for clustering of underwater wireless sensor
network based on optical signal-to-noise ratio
(2022) Math. Probl Eng., 2022. 
Article ID 1647028, 18 pages

Poonam
A comparative study of clustering routing protocols in underwater wireless sensor
networks
(2022) Mathematical Statistician and Engineering Applications, 71. 

Qi, Z., Zheng, P., Hong, X.
A named data networking architecture implementation to internet of underwater
things
(2019) Proceedings of the International Conference on Underwater Networks &
Systems, pp. 1-8. 
WUWNET'19.,Article 23

Qin, C., Du, J., Wang, J., Ren, Y.
A hierarchical information acquisition system for AUV assisted internet of
underwater things
(2020) IEEE Access, 8, pp. 176089-176100. 

Qiu, T.
Underwater internet of things in smart ocean: system architecture and open issues
(2020) IEEE Trans. Ind. Inf., 16 (7), pp. 4297-4307. 

Rizvi, H.H., Enam, R.N., Khan, S.A., Akram, J.
2020 Global Conference on Wireless and Optical Technologies (GCWOT)
(2020) A Survey on Internet of Underwater Things: Perspective on Protocol Design for
Routing, pp. 1-8. 
IEEE

Robinson, Y.H., Vimal, S., Julie, E.G.
Hybrid optimisation routing management for autonomous underwater vehicle in the
internet of underwater things
(2021) Earth Sci Inform, 14, pp. 441-456. 

Rodoshi, R.
Reinforcement learning-based routing protocol for underwater wireless sensor
networks: a comparative survey
(2021) IEEE Access, 9, pp. 154578-154599. 

Saeed, N., Alouini, M.-S., Al-Naffouri, Tareq, Y.
Accurate 3D Localization of Selected Smart Objects in Optical Internet of



4/6/23, 10:17 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1624405532&eid=2-s2.0-85147955570&sort=&clicke… 11/13

Underwater Things
(2019), IEEE Internet of Things Journal

Saleh, M.H., Takruri, H., Linge, N.
13th International Symposium on Communication Systems, Networks and Digital
Signal Processing
(2022) Energy Aware Routing Protocol for Sparse Underwater Acoustic Wireless Sensor
Network, pp. 750-755. 
CSNDSP

Sandeep, D.N., Kumar, V.
Review on clustering, coverage and connectivity in underwater wireless sensor
networks: a communication techniques perspective
(2017) IEEE Access, 5, pp. 11176-11199. 

Sivakumar, V., Rekha, D.
Node Scheduling Problem in Underwater Acoustic Sensor Network Using Genetic
Algorithm
(2018), pp. 951-959. 
Personal Ubiquitous Computing 2018

A Survey on Data Aggregation Techniques in IoT Sensor Networks, Wireless
Networks
(2019), springer

Subramani, N.
An efficient metaheuristic-based clustering with routing protocol for underwater
wireless sensor networks
(2022) Sensors, 

Urunov, K.
Underwater: network management system on the internet of underwater things
(2018) Proceedings of the Thirteenth ACM International Conference on Underwater
Networks & Systems (WUWNet '18), pp. 1-2. 
Article 32

Usman, N.
An Energy Efficient Routing Approach for IoT Enabled Underwater Wsns in Smart
Cities
(2020), MPDI Sensors

Vegni, A.M., Marwan, H., Loscri, V.
A VLC-Based Foot Printing Localization Algorithm for Internet of Underwater Things
in 6G Networks
(2021), IEEE 5th International Workshop on Optical Wireless Communications (IWOW)

Wang, F.
A study on the clustering technology of underwater isomorphic sensor networks
based on energy balance
(2014) Sensors, 

Wang, H., Li, Y., Chang, T., Chang, S.
An effective scheduling algorithm for coverage control in underwater acoustic
sensor network
(2018) Sensors, 

Wang, X.
UWSNs Positioning Technology Based on Iterative Optimisation and Data Position
Correction
(2020), J Wireless Com Network



4/6/23, 10:17 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1624405532&eid=2-s2.0-85147955570&sort=&clicke… 12/13

Xu, M., Liu, L.
Sender-receiver role-based energy-aware scheduling for internet of underwater
things
(2019) IEEE Transactions on Emerging Topics in Computing, 7 (2), pp. 324-336. 

Xu, G., Shi, Y., Sun, X., Shen, W.
Internet of things in marine environment monitoring: a review
(2019) Sensors, 

Xu, H., Zhang, G., Sun, Y., Pang, S.
Energy-saving control of long-range autonomous underwater vehicle vertical plane
based on human simulating intelligent control method
(2020) Int. J. Adv. Rob. Syst., 

Xu, W., He, R., Yu, C.
International Conference on Security, Pattern Analysis, and Cybernetics SPAC)
(2021) Energy Efficient Routing for Multi-Modal Underwater Wireless Sensor
Networks.2021, pp. 516-520. 

Yan, J.
Energy-efficient target tracking with UASNs: a consensus-based bayesian approach
(2020) IEEE Trans. Autom. Sci. Eng., 17 (3), pp. 1361-1375. 

Yao, S.A.
Adaptive clustering routing protocol for underwater sensor networks
(2022) Ad Hoc Netw., 136. 

Yazdinejad, A.
Energy Efficient Decentralized Authentication in Internet of Underwater Things
Using Blockchain
(2019), pp. 1-6. 
2019 IEEE Globecom Workshops (GC Wkshps)

Yu, W.
An energy optimisation clustering scheme for multi-hop underwater acoustic
cooperative sensor networks
(2020) IEEE Access, 8, pp. 89171-89184. 

Yu, W.
An energy optimisation clustering scheme for multi-hop underwater acoustic
cooperative sensor networks
(2020) IEEE Access, 8, pp. 89171-89184. 

(2021), 156. 
Yuan Kuang,, Dynamic multi-objective cooperative coevolutionary scheduling for mobile
underwater wireless sensor networks, Comput. Ind. Eng.

Internet of Things Applications, Challenges and Related Future Technologies
(2017), pp. 126-148. 
World Scientific News (WSN)

Zhao, Z.
A novel self-organizing routing algorithm for underwater internet of things
(2019) IEEE 23rd International Conference on Computer Supported Cooperative Work in
Design, pp. 470-475. 
CSCWD), 2019

Zhao, Z.
An energy efficiency multi-level transmission strategy based on underwater
multimodal communication in UWSNs
(2020) IEEE INFOCOM - IEEE Conference on Computer Communications, pp. 1579-



4/6/23, 10:17 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1624405532&eid=2-s2.0-85147955570&sort=&clicke… 13/13

1587. 
IEEE Press.

Zhao, N., Yao, N., Gao, Z., Lu, Z.
Deep reinforcement learning based time-domain interference alignment scheduling
for underwater acoustic networks
(2022) J. Mar. Sci. Eng., 

Zhou, Y., Cao, T., Xiang, W.
Anypath routing protocol design via Q-learning for underwater sensor networks
(2021) IEEE Internet Things J., 8 (10), pp. 8173-8190. 

Zhou, Z.
CARP: an energy efficient routing protocol for UWSNs in the internet of underwater
things
(2016) IEEE Sensor. J., 16 (11), pp. 4072-4082. 

Zhuo, X.
AUV-aided energy-efficient data collection in underwater acoustic sensor networks
(2020) IEEE Internet Things J., 7 (10), pp. 10010-10022. 

Correspondence Address
Ali E.S.; Department of Electronics Engineering, Sudan; email: elmustafasayed@gmail.com

Publisher: Academic Press

ISSN: 10848045
Language of Original Document: English
Abbreviated Source Title: J Network Comput Appl
2-s2.0-85147955570
Document Type: Review
Publication Stage: Final
Source: Scopus

Copyright © 2023 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V.


