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Abstract— Due to the challenging conditions of underwater environments, such as node mobility and large-scale networks, achieving 

localization in large-scale mobile underwater sensor networks (UWSN) is a difficult task. This paper introduces a scheme known as the 

Flexible Localization Method with Mobility Estimation (FLMME) for UWSNs by utilizing the expected mobility patterns of 

underwater objects. FLMME performs localization hierarchically by splitting the process into anchor and ordinary node localization. 

Each node estimates its next mobility pattern based on previous location information, enabling estimates about its next location. 

Anchor nodes, holding known locations, manage the localization process to balance accuracy and error trade-offs. Extensive 

simulations demonstrate that FLMME reduces localization errors and hence increases localization accuracy. 

 

Keywords— Underwater Wireless Sensor Networks (UWSN), Localization, Movement Estimation, Tracking, Sensor Deployment 

 
 

 

A. S. Ismail received a B.S. degree in Mathematics and Computer Science from Zagazig University, Egypt, in 2011. He received a Master’s 

degree in Computer Science and Technology from Huazhong University of Science and Technology (HUST), China 2018. Currently, He is 
doing a Ph.D. at the School of Computer Science and Technology, University of Science and Technology of China (USTC). His current 

research interests include Routing Protocols in Underwater Wireless Sensor Networks (UWSN) and WSN and Localization. 

 
 

 

 
 

 

Ammar Hawbani is a full Professor at Shenyang Aerospace University, specializing in IoT, WSNs, WBANs, WMNs, VANETs, and SDNs. 
Earned B.S., M.S., and Ph.D. from the University of Science and Technology of China. Served as a Postdoctoral Researcher at USTC and 

later as an Associate Researcher until 2023. Currently, holds the position of a Full Professor at the School of Computer Science. 

 
 

 

 
 

 

 
Xingfu Wang received a B.S. degree in electronic and information engineering from Beijing Normal University of China in 1988 and an 

M.S. degree in computer science from the University of Science and Technology of China in 1997. He is an associate professor in the 

School of Computer Science and Technology, University of Science and Technology of China. His current research interests include 
Information Security, Data Management, and WSNs. 

 

 

 

 

 

 

 

A. S. Ismail*§, Ammar Hawbani*, **±, Xingfu Wang*±, Samah Abdel Aziz*§, Liang Zhao**, Nasir Saeed*** 

*School of Computer Science and Technology, University of Science and Technology of China, Hefei, Anhui, China 
§ 

Faculty of Science, Zagazig University, Zagazig 44519, Egypt 
**School of Computer Science, Shenyang Aerospace University, Shenyang 110136, China 

***Department of Electrical and Communication Engineering, United Arab Emirates University, Al Ain, 15551, UAE 

Corresponding Author ± anmande@ustc.edu.cn, wangxfu@ustc.edu.cn 

abdo_samy@mail.ustc.edu.cn, samahhabib10@yahoo.com, lzhao@sau.edu.cn, mr.nasir.saeed@ieee.org 

Flexible Localization Method with Motion 

Estimation for Underwater Wireless Sensor 

Networks 



 2 

 
Samah Abdel Aziz received a B.S. degree in math & computer science from Zagazig University, Egypt, in 2013 and a master’s degree in 

computer science from Huazhong University of Science and Technology (HUST), China, in 2019, where she worked for the medical 

imaging processing. Currently, she is working toward a Ph.D. degree in the School of Computer Science and Technology at the University 

of Science and Technology of China (USTC), China. Her research interests include WSN and WRSN. 

 

 

 

 
Liang Zhao (Member, IEEE) is a Professor at Shenyang Aerospace University, China. He received his Ph.D. degree from the School of 

Computing at Edinburgh Napier University in 2011. Before joining Shenyang Aerospace University, he worked as an associate senior 

researcher at Hitachi (China) Research and Development Corporation from 2012 to 2014. He is also a JSPS Invitational Fellow (2023). He 
was listed as Top 2 % of scientists in the world by Stanford University (2022). His research interests include ITS, VANET, WMN, and 

SDN. He has published more than 150 articles. He served as the Chair of several international conferences and workshops, including the 

2022 IEEE BigDataSE (Steering Co-Chair), 2021 IEEE TrustCom (Program Co-Chair), 2019 IEEE IUCC (Program Co-Chair), and 2018-
2022 NGDN workshop (founder). He is Associate Editor of Frontiers in Communications and Networking and Journal of Circuits Systems 

and Computers. He is/has been a guest editor of IEEE Transactions on Network Science and Engineering, Springer Journal of Computing, 

etc. He was the recipient of the Best/Outstanding Paper Awards at the 2015 IEEE IUCC, 2020 IEEE ISPA, 2022 IEEE EUC, and 2013 

ACM MoMM. 

 
NASIR SAEED (Senior Member, IEEE) received his B.Sc. degree in Telecommunication from the University of Engineering and 

Technology, Peshawar, Pakistan, in 2009 and his M.Sc. degree in Satellite Navigation from the Polito di Torino, Italy, in 2012. He received 
his Ph.D. in Electronics and Communication Engineering from Hanyang University, Seoul, South Korea, in 2015. He was an Assistant 

Professor with the Department of Electrical Engineering at IQRA National University, Peshawar, from 2015 to 2017. From July 2017 to 

December 2020, he was a Postdoctoral Research Fellow with the Communication Theory Laboratory at King Abdullah University of 
Science and Technology (KAUST), KSA. He is currently an Associate Professor with the Department of Electrical and Communication 

Engineering at United Arab Emirates University (UAEU), Al Ain, UAE. He has published more than 70 international journal and 

conference articles. He is also a Senior Member of IEEE and Associate Editor of IEEE Wireless Communications Letters. His current 
research interests include non-conventional communication networks, heterogeneous vertical networks, multi-dimensional signal processing, 

and localization. 

 

 

 


