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Abstract— Underwater acoustic sensor networks (UWASNs) 

are performing a lot of interest in ocean applications, such as 

ocean animal surveillance, ocean pollution monitoring, 

oceanographic data collection, assisted navigation, and 

offshore exploration, UWASN is composed of underwater 

sensors that engage sound to transmit data collected in this 

ocean. This cause to utilize sound is that radio frequency (RF) 

signals used by terrestrial sensor networks (TWSNs) can only 

transmit a few meters in this water. Unfortunately, this 

efficiency of UWASNs is deficient to that of this terrestrial 

sensor networks (TWSNs). This challenges in under water 

communication are propagation delay, high bit error rate and 

fixed bandwidth. Network coding is a hopeful technology that 

many researchers have encouraged due to its potentially 

significant benefits to increase this efficiency of data 

transmission. In this thesis, we use simulations to firstly 

evaluate this performance of different network topologies 

without network coding. Then increase this network 

throughput by using network coding technique. It also has a 

potential to decrease this end to end delay and improve this 

reliability. However, there are tradeoff (between delay and 

reliability) when network coding is used, and some 

limitations which we summarize. 
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I. INTRODUCTION 

With this advancement in acoustic modem technology that 

enabled high-rate reliable communications, current research 

concentrates on communication between several remote 

instruments within a network atmosphere. Research on 

underwater networking has become an attractive, interesting 

and challenging area today because of its support to this 

applications i.e. pollution monitoring, oceanographic data 

collection, disaster prevention, offshore exploration and 

assisted navigation. We can describe underwater acoustic 

networking as this enabling technique for these applications. 

Underwater acoustic (UWA) networks are normally 

configured by acoustically linking autonomous underwater 

vehicles, bottom sensors and a surface station, which offers a 

connection to an on-shore control centre. In conventional 

operation, network nodes utilize this store-forward 

techniques, and network transmission performance is 

constrained by this capacity of some bottleneck connections. 

With respect to this Maximum Flow Minimum Cut theory, 

this transmission rate between this receivers and transmitters 

cannot increase this maximum network flow. So this 

conventional multipath routing often cannot arrive this upper 

bound of this maximum flow. Comes network coding which 

breaks this conventional way of data transmission. 

A. Network Coding Algorithms 

Network coding idea is first introduced by R. Ahlswede et al. 

From this information flow point of view, they showed that 

in a multicast network with a single source and many sinks, 

this maximum network throughput as determined by this 

max-flow min-cut theory can be obtained by utilizing a 

simple network coding; this bandwidth can be saved also. this 

basic feature of network coding is this optimal processing of 

different transmission data. This should be directly reflected 

by this different design of coding techniques, and this code 

structure is this main concern. So this actual research in 

network coding primarily concentrates on this coding 

algorithms, this enhancement of performance brought by a 

coding technique and this complexity degree of this coding 

algorithm. this code structure algorithm design should ensure 

this targeted nodes can decode this actual packets after they 

obtained a specific amount of coded packets. During this 

time, this coding complexity should be decreased. this coding 

structure algorithms studied so far can be classified into three 

categories: algebraic coding, linear coding and random 

coding. A construction of linear coding was introduced for its 

practicability and simplicity.  

B. Network Coding in MAC and TCP 

In addition to integrating network coding with routing 

protocols, some researchers also begin to implement network 

coding in other protocol layers i.e. this TCP (Transmission 

Control Protocol) layer and this MAC layer. BEND is a 

practical MAC layer coding technique in multi-hop networks 

which is also this first exploration of this broadcast behavior 

of wireless channels In protocols i.e. COPE, network coding 

can only be done at joint nodes within this routing path. 

BEND permits all neighbors of a node to overhear this packet 

transmission and send this packets by only one of these 

neighbors. dSeveral topologies ddwere utilized to measure 

BEND and to compare IEEE 802.11 with COPE. this results 

indicate that BEND can obtain a higher throughput and 

coding ratio. For making network coding compatible with this 

sliding window and retransmission schemes of TCP, a new 

mechanism is introduced to incorporate network coding into 

TCP layer In their mechanism, this source transfer a random 

but linear combinations of packets in this sliding window. 

Instead of forwarding an ACK for every packet decoded 

successfully, this sink will forward an ACK to show this no. 

of coded packets already obtained. An adaptive W 

mechanism was introduced to adaptively control this packets 

waiting time recorded in a buffer. By utilizing this technique, 

a tradeoff between TCP throughput and packet over head has 

been obtained. 

C. Benefits of Network Coding 

We can briefly explain below some of this generally claimed 

advantages of network coding in this papers we survey. 

Appendix A also surveys some papers that have offered 

arguments/proofs/examples to these different claims. 
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1) Achieving Maximum Flow: 

It is aware that this theoretically maximum flow of an 

interaction network often cannot be obtained because of this 

availability of bottleneck connections in this network. With 

network coding, this traffic flow going through this 

bottleneck connection can be increased without having to 

increase this bandwidth (data flow rate) of this physical 

connection. Thus, this maximum flow of this network can be 

obtained. 

2) Improving throughput: 

This significance of this advantage is basis to network coding. 

Utilizing network coding, packets can be coded in one packet 

for transmission and this throughput is enhanced 

consequently. Observe that throughput is not only enhanced 

as a consequence of (1); it can also be incremented in other 

scenario because of network coding. For instance, this actual 

packets can be recovered even a small no. of packets are 

missing. 

3) Balancing Traffic Flow and Saving Bandwidth: 

Multicasting with network coding can sufficiently use this 

connection paths in a communication network, hence 

obtaining an even traffic network distribution and balancing 

this traffic load. 

4) Improving Reliability 

Higher reliability is this most obliging advantage of network 

coding particularly in mobile and/or lousy networks. 

Utilizing network coding, many original packets that are 

linearly independent of each other can be coded together to 

make a group of new coded packets. This recipient is capable 

to decode this real packets so long as an enough no. of 

encoded packets are achieved. This loss of a small no. of 

packets does not need retransmissions. This results indicate 

this network coding technique can decrease this times of 

packet retransmission in comparison of other mechanism. 

5) Enhancing Security 

Another network performance would be enhanced by 

network coding security. This coding feature improves this 

complications of cracking information from this network. 

However a node can decode this packets only if it obtained a 

sufficient no. of coded packets, an eavesdropper is not 

capable to receive this helpful information even through it can 

overhear one or many coded packets. A wiretap model 

utilizing linear network coding was introduced where wire 

tappers cannot obtain this transferred information even if they 

are permitted to access this transmission channels. 

II. METHODOLOGIES AND APPROACHES 

For achieving our goals, we require to first understand this 

operation descriptions of network coding so that we can 

integrate them into our network queuing model and measure 

this performance appropriately. Through this literature 

survey, we hope to get this knowledge and operation 

descriptions related to different regions involving this routing 

protocols with network coding, this coding algorithms, and 

this network coding application to multi-hop network, 

wireless sensor network and underwater acoustic networks. 

At first, we shall utilize static configurations in our network 

coding study because we can select by inspection which 

intermediary nodes in this network should perform this 

coding operation. We shall assume some regular 

configurations in this thesis and realize their network 

performances. However there can be several possible 

configurations, we would be selective to take a few famous 

ones in this literature. We initiate with this butterfly 

configuration and this multi-relay topology which are small 

networks of continuous configurations, We have not selected 

this singlenode nor this three-node linear network utilized by 

several researchers because they are a subset of this two 

selected candidates that have more characteristics for us to 

study and to compare with networks without coding for 

understanding this tradeoffs. We shall study this queuing 

nature of a coding node and this network performance i.e. end 

to end delay and network throughout. Then we select some 

big regular configurations for seeing and understanding how 

network performance would change when utilizing different 

configurations and/or bigger networks.this big and small 

networks we shall study all have two-dimensional 

configurations that can detect applications in land-based 

networks. We shall also explore our study to a three-

dimensional network by studying an USN. Here, we have this 

issue to understand first this underwater physical atmosphere 

for acoustic propagation and thus this effect to data 

communication. This would also permit us to detect this 

suitable channel model which we shall integrate into our 

underwater topology for this study and network coding 

analysis. However a queuing analysis includes much time in 

mathematics for this time limit of this study, we have resorted 

to simulation. Of all this simulation languages existed in this 

research world, I have selected OPNET (Optimized Network 

Engineering Tools) [OPNE14] to be our simulation simulator 

because that its hierarchical modeling technique builds it 

simple to utilize and our research group already has a lot of 

expertness about exploiting OPNET. 

A. Underwater Acoustic Sensor Networks Communication 

Architecture 

In this section, we describe this communication architecture 

of underwater acoustic sensor networks. This reference 

architectures described in this section are used as a basis for 

discussion of this challenges associated with underwater 

acoustic 

 
Fig. 1: Architecture for 2D Underwater Sensor Networks 

This underwater sensor network topology is an open 

research issue in itself that needs further analytical and 

simulative investigation from this research community. In 
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this remainder of this section, we discuss this following 

architectures: 

B. Static Two-Dimensional UW-ASNs for Ocean Bottom 

Monitoring 

These are constituted bysensor nodes that are anchored to this 

bottom of this ocean. Typical applications may be 

environmental monitoring, or monitoring of underwater 

plates in tectonics [4]. 

C. Static Three-Dimensional UW-ASNs for Ocean Column 

Monitoring 

These include networks of sensors whose depth can be 

controlled by means of techniques discussed in Section II-B, 

and may be used for surveillance applications or monitoring 

of ocean phenomena (ocean biogeochemical processes, water 

streams, pollution, etc). 

D. Topologies 

Some general topologies utilized in this network coding 

research. 

1) Linear Topology 

In this linear topology, each node has one upstream node and 

one downstream node to transmit or obtain data. A routing 

technique depending on network cod-ing has been introduced 

for 6 nodes. Another study only utilizes three node but with a 

queuing model in this middle for comparison of this NC 

model and non-NC model. A simple three node wireless 

linear topology can also be transformed to a butterfly 

configuration 

2) X topology 

In this topology, there are 5 nodes occupying this centre and 

ends of this letter X. Studies have indicated that network 

coding can enhance this coding gain in this X topology. A 

double decoding mechanism was introduced to enhance this 

network throughput in both this slightly lousy and loss-free 

networks. 

3) Butterfly Topology 

This butterfly topology may be this most widely utilized 

topology in this network coding research. This network 

coding idea was first introduced utilizing this multicast 

butterfly topology. This same model was also employed to 

propose random network coding and linear network coding. 

A queuing analysis of this butterfly network was carried out, 

and this NC performance was compared with classic routing.  

4) Diamond Topology 

This diamond topology is often utilized to emphasize this 

high error recovery features of random network coding. This 

advantage of effective error recovery rate was depicted in and 

this coding technique was applied to underwater networks 

employing VBF (Vector Based Forwarding) routing. This 

diamond topology was also utilized and enforced in a real 

UASN (Underwater Acoustic Sensor Network) model 

5) Random Topology 

Additionally, this regular topologies, some researchers have 

used network coding to random topologies. An algorithms 

suite for network CLONE (Coding with LOssawareNEss) 

operation was introduced by proposing enough redundancy 

in local network coding operations. Simulation is this primary 

tool for performance measurement. One research measured 

this throughput performance of single-path routing and 

coding-aware multipath routing depending on a 15-node 

random wireless configuration.  

III. RESULTS 

 
Fig. 2: Throughput vs. Arrival Rate, Butterfly Topology 

 
Fig. 3: End To End Delay vs Arrival Rate, Butterfly 

Topology 

 
Fig. 4: PDR vs. Packet Loss Rate, Butterfly Topology 

 
Fig. 5: Mean Queue Size vs Packet Arrival Rate, Butterfly 

Topology 
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Fig. 6:  95% Confidential Intervals of this Mean Queue 

Length 
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