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Abstract:- This paper presents a novel cooperative-based routing protocol designed for
underwater Wireless Sensor Network Cloud Applications (UWWSNCA). The protocol aims to
minimize energy consumption by avoiding void nodes, which are areas without sensor
coverage. The proposed approach consists of two main steps: first, avoiding void nodes using
an adaptive hop-by-hop vector method, and second, applying a cooperative rule-based adaptive
hop-by-hop vector method to create a hybrid algorithm that is more efficient than existing
approaches, such as the watch-dog protocol. The research focuses on developing an energy-
efficient distributed cooperative routing protocol for wireless sensor networks, specifically
tailored for cooperation-based uUWSNCA. This is achieved by preventing data packets from
being forwarded through void nodes. The proposed routing protocol utilizes cooperation-based
adaptive hop-by-hop vector-based forwarding concepts, where sensor nodes forward data
packets in a multi-hop fashion within a virtual pipeline. In the developed algorithm for the
underwater WSN cloud application, data packets are forwarded in a multi-hop manner using a
virtual pipelining mechanism.Nodes outside the virtual pipeline do not forward data packets,
thereby reducing flooding in the cooperative WSN. To prevent data packets from being
forwarded towards void areas in the WSN, 2-hop information is used at each hop. This
approach improves the performance of the wireless sensor network in terms of various
performance criteria compared to existing routing protocols. The simulation tool NS2 is used
to observe the simulation results of the energy packets being transferred from the source to the
sink. The simulation results demonstrate the effectiveness of the proposed methodology.
Overall, this paper contributes to the field of underwater WSNs by introducing a novel routing
protocol that improves energy efficiency and performance for cloud applications.
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|.Introduction

A wireless sensor network (WSN) is a specialized monitoring system that collects data
from various parameters, known as nodes (including source, sink, base station, and potential
attackers), and stores this data centrally. WSNs can be categorized into two types: static WSNs
and mobile WSNSs, each offering distinct advantages. Our research focuses on mobile WSNS,
which have been chosen for their specific benefits. The transmission of data packets in WSNs
is crucial in the modern digital age, contributing significantly to a nation's progress. It is
essential to ensure that energy consumption in these networks is minimized [1]-[5].

I1.Proposed Methodology

In our research, we have introduced a novel energy-efficient cooperative routing protocol
for wireless sensor networks, specifically designed to avoid void nodes in marine applications.
The proposed methodology was implemented and evaluated using the NS-2 platform through
simulations. The results demonstrate the efficiency of our approach, which was further
validated through comparisons with existing methods. Data transmission from source to sink
was achieved effectively through cluster heads in aquatic environments. Our work is titled
"Design & Development of a cooperative-based routing protocol by avoiding void nodes for
an underwater WSN Cloud application (UWSNCA) with minimal energy," and a prototype for
a typical marine application is illustrated in Figure 1 [50].
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Fig. 1 : A typical underwater WSN prototype using cloud concepts
I11. Drawbacks of the existing systems
The shortcomings in the current systems are as follows:
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e High communication overhead and the need for substantial memory space.

e Lack of scalability and resilience against compromises, as well as inability to support node
mobility.

e Some schemes are more computationally expensive.

e Presence of data packet switching losses.

e Significant time required for data packet transfer.

e Vulnerability to attacks from malicious nodes [21]-[25].

IV. Review of literature / survey

The literature review for our research topic involved a comprehensive examination of
numerous studies conducted by researchers in the field [1]-[50]. Our thesis report presents a
concise overview of these works, highlighting their respective strengths and weaknesses.
Initially, a vast array of research papers was gathered from diverse sources and meticulously
analyzed. Our focus was specifically on methodologies related to aquatic marine environments
[50]. Our research aimed to address some of the drawbacks identified in prior studies. We
developed new algorithms to mitigate deficiencies found in existing algorithms, particularly
focusing on enhancing energy efficiency during data transmission from source to sink. These
efforts were aimed at improving the overall performance of wireless sensor networks in aquatic
environments. The effectiveness of our research was validated through extensive simulations
conducted in the Network Simulator (NS-2) environment. These simulations provided valuable
insights into the performance of our proposed algorithms, helping to substantiate the research
problem we aimed to tackle. [1]-[50].

V. Tools used in the research work

The hardware and software tools utilized in our research work are as follows. For hardware
simulations, the specifications include a Dual-Core main processor, a minimum of 1 TB hard
disk capacity, 4 GB cache memory, 8 GB RAM, a flat-screen LCD monitor, and a Logitech 3-
button mouse. On the software side, the operating system used was Linux (Ubuntu 13.01v),
with the NS-2 platform serving as the primary simulation environment. The backend support
was provided by VMWare, and the software tools employed included Network Simulator 2.35.
The programming languages utilized were Tool Command Language (TCL), AWK, and C++
[16]-[20].

V1. Design of the routing protocol

This section discusses the design and development of a cooperation-based protocol that
avoids void nodes, focusing on energy efficiency in underwater wireless sensor network
routing for a cloud application. The protocol utilizes cooperation-based adaptive hop-by-hop
vector-based forwarding, allowing sensor nodes to forward data packets in a multi-hop man
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within a virtual pipeline. The paper presents results from various test cases, along with
discussions, observations, and explanations. Additionally, a proposed block diagram for the
routing protocol design is included, depicted in Figure 2.

Sensors Gateway Water surface Water surface On-shore
(Underwater) (Underwater) (Tension) (Sink) (Sink)

4{ Use of Satellites H

Fig. 2 : The block-diagram of underwater cloud example this is used in our work [50]

Developing an energy-efficient and resourceful managerial scheme for cooperative underwater
Wireless Sensor Networks (WSNs), with a focus on avoiding void nodes, is crucial for
optimizing energy usage in underwater environments, as seen in UWSNs [26]-[30]. This
research considers a revised routing protocol for underwater applications, addressing void
nodes that can be likened to dead-end parts of a cloud. The approach starts by avoiding void
nodes using an adaptive hop-by-hop vector method, followed by applying a cooperative rule-
based adaptive hop-by-hop vector method. This hybrid algorithm offers significant advantages,
as highlighted in [50]. In the algorithm developed for an underwater application problem of the
WSN cloud, the data packets are forwarded in a multi hop manner in a virtual pipelining
mechanism created. As there are a number of sensor nodes which are lying outside the virtual
pipeline, such nodes are not used to forward the data packets as flooding in the cooperative
WSN can be avoided to a greater extent [31]-[35].

By utilizing 2-hop information at each hop, the forwarding of data packets towards void
areas in the WSN can be effectively prevented. This approach improves the overall
performance of the wireless sensor network, enhancing various performance criteria compared
to existing routing protocols. This method helps in optimizing the routing path, ensuring
efficient data transmission and reducing energy consumption in the networks [50].

VII. Main targeted area of the research work

The primary goal of the research presented in this paper is to introduce a routing algorithm
designed for computing routing paths based on both energy consumption and channel qualities
in a marine environment. In this algorithm developed for underwater applications in the WSN
cloud, data packets are forwarded in a multi-hop fashion using a virtual pipelining mechanism.
This approach optimizes data transmission in underwater wireless sensor networks, improving
overall network efficiency and performance [36]-[40].
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To improve the performance of wireless sensor networks (WSNSs), particularly in
underwater environments, it's crucial to optimize data packet forwarding. In our research, we've
implemented a virtual pipelining mechanism for multi-hop data transmission. This mechanism
ensures that only nodes within the virtual pipeline forward data packets, reducing the risk of
flooding in cooperative WSNs.Additionally, we've incorporated a 2-hop information strategy
at each hop to prevent data packets from being forwarded toward void areas in the WSN. This
strategy enhances routing efficiency and reduces energy consumption by avoiding unnecessary
data transmission. Overall, these approaches significantly improve the performance of WSNs
compared to existing routing protocols, making them more suitable for underwater
applications. [50].

VI11. Flow chart of proposed algorithm

The proposed flow chart for the algorithm development in the under-water scenarios had
been created but is not included here for the sake of brevity. When the main file, main.tcl, is
executed, several files are generated to store data from node deployment to data transfer to the
endpoint. These files are created during script writing and program execution and are numerous
in number. Running the developed program (main.tcl) results in the generation of subsidiary
files that help analyze various characteristics of the Wireless Sensor Network (WSN). The
coding for efficient data transfer using minimal energy in an underwater scenario for a WSN
is implemented in the NS2 tool by writing .tcl scripts. Once the script is completed, it is tested
for effectiveness according to the algorithm steps provided.

Here is the algorithm developed for efficient data transfer using minimum energy concepts
for underwater wireless sensor networks, as per the steps provided below.

> Initialize: Set initial parameters and variables.

Deploy Nodes: Deploy sensor nodes in the underwater environment.

Set Sink Node: Set the sink node for data collection.

Compute Optimal Path: Compute the optimal path from source to sink considering energy

consumption and channel qualities.

Avoid Void Nodes: Implement a mechanism to avoid void nodes along the routing path.

Adaptive Hop-by-Hop Vector Method: Use an adaptive hop-by-hop vector method to avoid

void nodes.

» Cooperative Rule-Based Method: Apply a cooperative rule-based method to further
optimize the routing path.

» Implement Virtual Pipelining: Use virtual pipelining for multi-hop data packet forwarding.

» Avoid Flooding: Exclude sensor nodes outside the virtual pipeline from forwarding data
packets to avoid flooding.

» Use 2-Hop Information: Utilize 2-hop information at each hop to prevent data packe

YV V V

Y VY
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forwarding toward void areas.

» Evaluate Performance: Evaluate the performance of the algorithm in terms of energy
efficiency and channel quality.

» Compare with Existing Protocols: Compare the performance of the developed algorithm
with existing routing protocols.

» Simulate Results: Simulate the algorithm using NS2 to observe the data transfer efficiency
and energy consumption.

» Optimize Parameters: Fine-tune parameters to further enhance the algorithm's performance
if necessary.

This algorithm aims to improve the efficiency of data transfer in underwater wireless sensor
networks by minimizing energy consumption and optimizing routing paths [50].

* Node configuration parameters [41]-[45] must be defined before deployment:

* Channel Type, radio propagation, network interface, MAC type

* Interface queue type, link layer type, antenna model, max packet size

* Number of mobile nodes, X-axis distance, Y-axis distance, Initial Energy

* Configuration is a mandatory first step.

* Next, we are going into the deployment process

* All the nodes will be deployed

* We will be deploying the attacking nodes (red)

* Next we are going to see how the nodes are going to communicate

* Basically, we are using the UDP protocol here

* Then for packet generation we are using the CBR (constant bit rate) file

* Euclidean distance between the nodes is found out using the Euclidean formula

* Neighbour file is loaded with the distances between the different nodes set

* Sending the packets is the next move, use the packet.awk file

* Control then goes to packet.awk file

* |t will start sending the data from one to neighbour node

* For that reason it is calling the neighbour file & starts sending the data to the neighbours
* While sending the data, it uses the CBR file

* One more file is generated for the tracing purposes tracing.tcl

* Next routing operation is started

* Here, route request operation is carried out route request.awk file

» Starts sending the request to the neighbours (route request process is initiated)

* In route request, we will be finding how the route request will be transferred
* route-request.awk file will be in operation

» data will be sent in the encrypted format as it should not be damaged
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* in the process the ascending order (s to d)

» chain of the process is formed next

* how to send the encryption data, the file send-msg.awk is revoked

* attacker process comes in the middle — 2 attacks taken in the coding

* verification logic process starts, sub-routine developed is going to verify how packets are
sent

* find whether any malicious nodes are then in the network

* if present, then control goes to the alternate or cooperated nodes

* packets are sent bypassing the malicious & using the cooperative nodes

* next one more path is identified, data packets are sent

* like this data transfer of packets process goes on till all data is sent from source to sink

* attackers may attack the data, verification is done, dead/malicious nodes identified, process
repeats by choosing the alternative path

* last part of the coding, the graphic display is embedded

* various performance measure graphs are plotted by using exec graph commands

* Plot Fraction of Packet Dropped

* Plot Link Losses Detection Ratio

* Plot Verification Failure Rate

* Plot Average Energy

* Plot Throughput [46]-[50]

IX. Simulation results

The network simulator-based simulation results, along with discussions, demonstrate the
successful implementation of the proposed methodology. Running the main.tcl script file
initiates the simulation in the NAM window, allowing observation of results after a specific
duration. The results validate the efficacy of the proposed methodology, as shown here. The
NS2 simulation results, presented alongside discussions, confirm the successful
implementation of the proposed methodology. Running the main.tcl script file initiates the
simulation in the NAM window, where results are observed after a specific duration. These
results effectively demonstrate the efficacy of the proposed methodology, especially when
compared with existing approaches. The simulation outcomes are displayed in Figures 3-17,
complemented by quantitative results in Tables 1-3 [50].

Volume 48 Issue 1 (March 2024)
https://powertechjournal.com




> Power System Technology

Y 1SSN:1000-3673

>, -

Received: 16-01-2024

Revised: 12-02-2024

Accepted: 07-03-2024

Fig. 3 : The developed code being run on the research scholar’s laptop in the NS-2 simulator,
Network simulator / animator front screen panel from where the simulation can be started by
pressing forward button (4" from top)

Campaberinn’

Fig. 4 : The path showing where the code has been developed with all the subsidiary files of
tcl, .awk, .tr files
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Fig. 6 : The root terminal showing how to run the main program developed by changing the
directory to the location where the main file is located
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Fig. 8 : The NAM terminal showing the random deployment of the sensor nodes

T E N ELL K]

Volume 48 Issue 1 (March 2024)
https://powertechjournal.com




.= Power System Technology

Y ISSN:1000-3673

Received: 16-01-2024 Revised: 12-02-2024 Accepted: 07-03-2024
&
— ) .
== |
s @
) = o =
e .ttt
B =] = C e =3 - ° o
E a e = % o “
E © 8 e o a =
T:II II 1} LLLR L. 11 I 1 III i IIII {111 (1] 1 1 III {11} II:W 11 III LLLLN. L 1} 111 IIII m 1 1 i III L 1 1} I

Fig. 9 : The NAM terminal showing the verification of the data with the neighbouring nodes,
red coloured ones-attacker nodes, rose coloured ones-source & sink nodes
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Fig. 10 : Graph showing the average energy (efficient not drooping suddenly, but gradually)

Fig. 11 : Graph showing the fraction of packet dropped — Nil (all packets have reached the
destination
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Fig. 14 : Graph showing the comparison result of the work considered with the watch-dog
(showing that in our algorithm, there is no dropping of the packets
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(showing that in our algorithm w.r.t. the verification of the failure rate)
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Table 1 : Quantitative results showing the comparison result of the work considered with the
watch-dog (showing that in our algorithm we.r.t. verification of the failure rate is better)

No. of HOPS — | Watc | Our

Vfn fail rate kb/s | h Alg
3 Dog | o
0 0 0
5 0 0
7 0.2 0.2
9 05 | 05
11 0.75 | 0.75
13 0.75 | 0.75
15 1.3 | 0.8
17 1.5 |0.82
19 16 |0.84
21 19 |0.85
25 2.75 | 1.05

Table 2 : Quantitative results showing the comparison of the work done with the watchdog
showing that in our case, there is no link loss (link loss detection ratio)

No. of HOPS — | Watch Our
Link loss Dog Algo

Detection ratio
J
0 0 0
7 0 1.0
9 0.2 1.0
11 0.3 1.0
13 0.3 1.0
15 0.4 1.0
16 0.4 1.0
17 0.4 1.0
19 0.4 1.0
21 0.5 1.0
22 0.6 1.0
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Table 3 : Quantitative results of watchdog v/s our proposed algo showing no packet drop, i.e.,
the fraction of packets dropped in our case is ZERO

No. of HOPS — | Watch | Our
Faction of Dog | Algo
packets
dropped ¥
5 100 0
10 100 0
15 100 0
20 100 0

X. Discussion on simulated results

This paper presents a research work focusing on the development of an energy-efficient
routing protocol for underwater, aquatic, or marine applications in Wireless Sensor Networks
(WSNSs). The proposed protocol aims to reduce energy consumption effectively in these
challenging environments. The design and development of an energy-efficient distributed
cooperative routing protocol for WSNs are highlighted, emphasizing cooperation-based
strategies to avoid void nodes and improve routing efficiency. Specifically, the protocol
addresses the energy efficiency of underwater WSNs for cloud applications, utilizing adaptive
hop-by-hop vector-based forwarding within a virtual pipeline for multi-hop data packet
transmission.

In conclusion, this paper introduces two energy routing algorithms tailored for underwater
wireless sensor networks. These algorithms are designed to enhance energy efficiency, a
critical factor in prolonging the network's lifetime and ensuring reliable operation. The research
contributes to the advancement of energy-efficient routing protocols for underwater WSNs,
which are essential for various marine applications where energy resources are limited and
challenging environmental conditions must be considered. The proposed algorithms
demonstrate the potential to significantly improve the performance and sustainability of
underwater WSNSs. [50].

XI. Overall Conclusions

In conclusion, the algorithm developed for the underwater application problem of the WSN
cloud employs a virtual pipelining mechanism for multi-hop data packet forwarding. This
approach ensures that only nodes within the virtual pipeline forward data packets, reducing the
risk of flooding in the cooperative WSN. Additionally, by utilizing 2-hop information at each
hop, the algorithm prevents data packets from being forwarded toward void areas, further
enhancing routing efficiency and energy conservation. Overall, these strategies contribut
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improved performance metrics compared to existing routing protocols, making them more
suitable for current WSN scenarios.

The method proposed in this paper offers several significant advantages. Firstly, it enhances
energy efficiency by intelligently navigating through the network in forward selection mode,
effectively avoiding numerous voids. This optimization reduces unnecessary energy
consumption, making the network more sustainable and cost-effective in the long run.
Additionally, the method reduces time consumption for data transfer schemes, improving the
overall efficiency of the network.

Furthermore, the proposed method minimizes errors in data transmission, ensuring reliable
and accurate communication within the network. By optimizing routing paths and minimizing
the holding time for each packet transfer, the method enhances the network's performance and
reliability. These improvements contribute to a more efficient and effective wireless sensor
network, particularly in scenarios where energy consumption, packet delivery, and delays are
critical factors.

The algorithms developed for this method were implemented using NS2 tools in the Ubuntu
environment. Through simulations, the method's effectiveness was evaluated across various
test cases. The results of these simulations, along with detailed observations and explanations,
were presented in the paper. Overall, the method's performance was found to be highly
efficient, demonstrating its potential for improving the energy efficiency and overall
performance of wireless sensor networks..

References

[1]. Y.M. Khattabi and M.M. Matalgah, “Performance analysis of multiple-relay AF
cooperative systems over Rayleigh time-selective fading channels with imperfect channel
estimation”, IEEE Trans. Veh. Tech., vol. 65, no. 1, pp. 427- 434, Jan. 2016.

[2]. J. Rebelatto, B. Uchoa-Filho, Y. Li, and B. Vucetic, “Multiuser cooperative diversity
through network coding based on classical coding theory”, IEEE Trans. Sig. Proc., vol.
60, no. 2, pp. 916-926, Feb. 2012.

[3]. W.L. Tan, W.C. Lau, and O. Yue, “Performance analysis of an adaptive, energy-efficient
MAC protocol for wireless sensor networks”, Jr. Parallel. Distrib. Comput., vol. 72, no.
4, pp. 504-514, Apr. 2012.

[4]. H.S. AbdelSalam, and S. Olariu, “Toward adaptive sleep schedules for balancing energy
consumption in wireless sensor networks”, IEEE Trans. Computers, vol. 61, no. 10, pp.
1443-1458, Oct. 2012.

[5]. E. Fasolo, M. Rossi, J. Widmer, and M. Zorzi, “In-network aggregation techniques for
wireless sensor networks: a survey”, IEEE Wireless Comm., vol. 14, no. 2, pp. 70-87, Apr.
2007.

[6]. N. Marchenko, T. Andre, G. Brandner, W. Masood, and C. Bettstetter, “An experimental
study of selective cooperative relaying in industrial wireless sensor networks”, IEE
Trans. Ind. Inf., vol. 10, no. 3, pp. 1806-1816, Aug. 2014.

Volume 48 Issue 1 (March 2024)
https://powertechjournal.com



. \* Power System Technology

Y ISSN:1000-3673

Received: 16-01-2024 Revised: 12-02-2024 Accepted: 07-03-2024

[7].

[8].

[9].

[10].
[11].

[12].

[13].

[14].
[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

Volume 48 Issue 1 (March 2024)
https://powertechjournal.com

A. Ulusoy, O. Gurbuz, and A. Onat, “Wireless model-based predictive networked control
system over cooperative wireless networ”, IEEE Trans. Ind. Inf.,, vol. 7, no. 1, pp. 41-51,
Feb. 2011.

J. Neuzil, O. Kreibich, and R. Smid, “A distributed fault detection system based on IWSN
for machine condition monitoring”, IEEE Trans. Ind. Inf., vol. 10, no. 2, pp. 1118-1123,
May 2014.

O. Kreibich, J. Neuzil, and R. Smid, “Quality-based multiple-sensor fusion in an industrial
wireless sensor network for MCM”, IEEE Trans. Ind. Elect., vol. 61, no. 9, pp. 4903-4911,
Sep. 2014.

R. Williams, “The Geometrical Foundation of Natural Structure: A Source Book of
Design”, Text Book, Dover Pub. Inc., New York, pp. 51-52, 1979.

F. Xue and P. R. Kumar, “The number of neighbours needed for connectivity of wireless
networks”, Journal of Wireless Networks, vol. 10, no. 2, pp. 169-181, Mar. 2004.

N. Xu, S. Rangwala, K. K. Chintalapudi, D. Ganesan, A. Broad, R. Govindan, and D.
Estrin, “A wireless sensor network for structural monitoring”, Proc. 2" ACM Int. Conf.
Emb. Net. Sen. Sys. (SenSys’04), Nov. 2004.

P. Huang, L. Xiao, S. Soltani, M.W. Mutka, and N. Xi, “The evolution of MAC protocols
in wireless sensor networks: a survey”, IEEE Comm. Surv. Tuto., vol. 15, no. 1, pp. 101-
120, 2013.

Silicon Labs, “EFR32 Flex Gecko Proprietary Wireless SoC”, www.silabs.com

K.Y. Wu, C.Y.Liang, K.K.Yu, and S.R. Kuang, “Multi-mode floating-point multiply-add
fused unit for trading accuracy with power consumption”, IEEE/ACS Int. Conf. Comp. Inf.
Sci., pp. 429-435, Jun. 2013.
https://www.elprocus.com/introduction-to-wireless-sensor-networks-types-and-
applications/

E. Felemban, F. K. Shaikh, U. M. Qureshi, A. A. Sheikh, and S. B. Qaisar. “Underwater
sensor network applications: A comprehensive survey”, International Journal of
Distributed Sensor Networks, vol. 2015, Article ID 896832, 14 pages, 2015.

R. W. Coutinho, A. Boukerche, L. F. Vieira and A. A. Loureiro, “Geographic and
Opportunistic Routing for Underwater Sensor Networks,” IEEE Transactions on
Computers, vol. 65, no. 2, pp. 548-561, 2016.

K. Latif, N. Javaid, A. Ahmad, Z. A. Khan, N. Alrajeh, M. 1. Khan, “On Energy Hole and
Coverage Hole Avoidance in Underwater Wireless Sensor Networks,” IEEE Sensors
Journal, vol. 16, no. 11, 2016.

S. Ahmed, N. Javaid, F. A. Khan, M. Y. Durrani, A. Ali, A. Shaukat, M. M. Sandhu, Z. A.
Khan, and U. Qasim, “Co-UWSN: cooperative energy-efficient protocol for underwater
WSNs”, International Journal of Distributed Sensor Networks, vol. 11, no. 4, Artilce ID
891410, 2015.

P. Xie, J. Cui, and L. Lao. “VBF: vector-based forwarding protocol for underwater sensor
networks”, International Conference on Research in Networking, Springer Berlin
Heidelberg, pp. 1216-1221, 2006.
N. Nicolaou, A. See, P. Xie, J. Cui, and D. Maggiorini, “Improving the robustness of
location-based routing for underwater sensor networks”, OCEANS 2007-Europe, pp. 1-6
IEEE, 2007.




'~ Power System Technology

ISSN:1000-3673

Received: 16-01-2024 Revised: 12-02-2024 Accepted: 07-03-2024

[23]. H. Yu, N. Yao, and J. Liu, “An adaptive routing protocol in underwater sparse acoustic
sensor networks”, Ad Hoc Networks, vol. 34, pp. 121- 143, Nov. 2105.

[24]. N. Sun, G. Han, T. Wu, J. Jiang, and L. Shu, “A reliable and energy efficient VBF-
improved cross-layer protocol for underwater acoustic sensor network”, 2015 11%
International Conference on Heterogeneous Networking for Quality, Reliability, Security
and Robustness (QSHINE), Article 1D 7332540, pp. 44-49. IEEE, 2015.

[25]. T. Hafeez, N. Javaid, A. R. Hameed, A. Sher, Z. A. Khan and U. Qasim, “AVN-AHH-
VBF: Avoiding Void Node with Adaptive Hop-by-Hop Vector Based Forwarding for
Underwater Wireless Sensor Networks,” 2016 10th International Conference on
Innovative Mobile and Internet Services in Ubiquitous Computing (IMIS), Fukuoka, 2016,
pp. 49-56. doi: 10.1109/IM1S.2016.131

[26]. A. Wahid, S. Lee, H. Jeong, and D. Kim, “Eedbr: Energy-efficient depth based routing
protocol for underwater wireless sensor networks”, Advanced Computer Science and
Information Technology, pp. 223-234. Springer Berlin Heidelberg, 2011.

[27]. J. Khan, and H. Cho, “A Distributed Data-Gathering Protocol Using AUV in Underwater
Sensor Networks”, Sensors, vol. 15, no. 8, pp. 19331-19350, 2015.

[28]. A. Wahid and K. Dongkyun, “Analyzing routing protocols for underwater wireless sensor
networks”, International Journal of Communication Networks and Information Security,
vol. 2, no. 3, pp. 253, 2010.

[29]. K. Hao, Z. Jin, H. Shen, and Y. Wang, “An Efficient and Reliable Geographic Routing
Protocol Based on Partial Network Coding for Underwater Sensor Networks”, Sensors,
vol. 15, no. 6, pp. 12720-12735, 2015.

[30]. S. Basagni, C. Petrioli, R. Petroccia, and D. Spaccini, “CARP : A channel ware routing
protocol for underwater acoustic wireless networks”, Ad Hoc Networks, vol. 34, pp. 92—
104, 2015.

[31]. H. Yu, N. Yao, T. Wang, G. Li, Z. Gao, and G. Tan, “WDFAD-DBR: Weighting depth
and forwarding area division DBR routing protocol for UASNs”, Ad Hoc Networks, vol.
37, pp. 256-282, 2016.

[32]. N. Javaid, M. R. Jafri, S. Ahmed, M. Jamil, Z. A. Khan, U. Qasim, and S. S. Al-Saleh,
“Delay-sensitive routing schemes for underwater acoustic sensor networks ”, International
Journal of Distributed Sensor Networks, vol. 11, Article ID 532676, 13 pages, 2015.

[33]. N. Nowsheen, G. Karmakar, and J. Kamruzzaman, “An Adaptive Approach to
Opportunistic Data Forwarding in Underwater Acoustic Sensor Networks”, 2014 |IEEE
13th International Symposium on Network Computing and Applications (NCA), pp. 229—
236. IEEE, 2014.

[34]. T. Ali, L. T. Jung, and I. Faye, “End-to-end delay and energy efficient routing protocol for
underwater wireless sensor networks”, Wireless Personal Communications, vol. 79, no. 1,
pp. 339-361, 2014.

[35]. W. Bai, H. Wang, X. Shen, R. Zhao, and Y. Zhang, “Minimum Delay Multipath Routing
based on TDMA for Underwater Acoustic Sensor Network”, International journal of
distributed sensor networks, vol. 2016, Article 1D 1394340, 10 pages, 2016.

[36]. M. Akbar, N. Javaid, A. H. Khan, M. Imran, M. Shoaib, and A. Vasilakos, “Efficient Data
Gathering in 3D Linear Underwater Wireless Sensor Networks Using Sink Mobility”

Journal of Sensors, vol. 16, Article 1D 404, 2016.

Volume 48 Issue 1 (March 2024)
https://powertechjournal.com



. \* Power System Technology

Y 1SSN:1000-3673

s

Received: 16-01-2024 Revised: 12-02-2024 Accepted: 07-03-2024

[37]. Z. Li, N. Yao, and Q. Gao, “Relative distance based forwarding protocol for underwater
wireless networks”, International Journal of Distributed Sensor Networks, vol. 2014,
Article ID 173089, 11 pages, 2014.

[38]. M. Ayaz and A. Abdullah, “Hop-by-hop dynamic addressing based (H2DAB) routing
protocol for underwater wircless sensor networks”, International Conference on
Information and Multimedia Technology, ICIMT’09, pp. 436-441, IEEE, 2009.

[39]. S. Yoon, A. K. Azad, H. Oh, and S. Kim, “AURP: An AUV-aided underwater routing
protocol for underwater acoustic sensor networks”, Sensors, vol. 12, no. 2, pp. 1827-1845,
2012.

[40]. Y. Hong, and A. Scaglione, “Energy-efficient broadcasting with cooperative transmissions
in wireless sensor networks”, IEEE Transactions on Wireless Communications, vol. 5, no.
10, pp. 28442855, 2006.

[41]. J. Habibi, A. Ghrayeb, A.G. Aghdam, “Energy-efficient cooperative routing in wireless
sensor networks : A mixed-integer optimization framework and explicit solution”, IEEE
Transactions on Communications, vol. 61, no. 8, pp. 3424-3437, 2013.

[42]. H.Y. Kong, “Energy efficient cooperative LEACH protocol for wireless sensor networks”,
Journal of Communications and Networks, vol. 12, no. 4, pp. 358-365, 2010.

[43]. F. Mansourkiaie and M. Ahmed, “Optimal and Near-Optimal Cooperative Routing and
Power Allocation for Collision Minimization in Wireless Sensor Networks”, IEEE Sensors
Journal, vol. 16, no. 5, 2016.

[44]. M. Stojanovic, “On the relationship between capacity and distance in an underwater
acoustic communication channel”, ACM SIGMOBILE Mobile Computing and
Communications Review, vol. 11, no. 4, pp. 34— 43, 2007.

[45]. Akyildiz 1., D.Pompili and T. Melodia, “Underwater acoustic sensor networks: Research
challenges,” Ad Hoc Networks Journal, Elsevier, March 2005, vol. 3, Issue 3, pp. 257-
279, March 2005.

[46]. Mandar Chitre, Shiraz Shahabudeen, and Milica Stojanovic, “Underwater acoustic
communications and networking: Recent advances and future challenges,” Marine Tech.
Soc. Journal, vol. 42, no. 1, pp. 103-116, 2008.

[47]. Paolo Casari and Michele Zorzi, “Protocol design issues in underwater acoustic networks,”
Elsevier Comp. Commun., vol. 34, no. 17, pp. 2013-2025, 2011.

[48]. M. Goetz, S. Azad, P. Casari, I. Nissen, and M. Zorzi, “Jamming resistant multi-path
routing for reliable intruder detection in underwater networks,” Proceedings of the Sixth
ACM International Workshop on Underwater Networks ACM WUWNet, Seattle, WA,
Dec. 2011.

[49]. Z. Zhou, Z. Peng, J.-H. Cui, and Z. Shi, “Efficient multipath communication for time-
critical applications in underwater acoustic sensor networks,” IEEE/ACM Trans. Netw.,
vol. 19, no. 1, pp. 28-41, Feb. 2011.

[50]. Nadeem Javaid, Taimur Hafeez, Zahid Wadud, Nabil Alrajeh, Mohamad Souheil Alabed,
Nadra Guizani, “Establishing a cooperation-based and void node avoiding energy-efficient
underwater WSNs for a cloud”, IEEE Communications Magazine, vol. 53, pp. 72-78, 2015

Volume 48 Issue 1 (March 2024)
https://powertechjournal.com



