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Abstract: Underwater Acoustic Networks (UANs) uses acoustic communication for transmitting data. In this paper, 
we present the perception of Underwater Acoustic Sensor Networks (UWASNs), the features considered in designing 
the Underwater MAC protocol, classification of MAC protocols, study of the working of different protocols intended 
for the control of medium Access in UWASNs, and analysis of the performance of Underwater Acoustic Network 
Contention Window MAC (UAN-CW-MAC) protocol. The parameter considered for the assessment of the protocol 
is throughput, as it is important for a network to accommodate more number of user’s communication. The Network 
Simulator NS3 is used to study the analysis of the protocol.
Keywords: UWANs, MAC protocols, Contention Window.

Introduction1.	
The study of underwater communications and in particular about Underwater Acoustic Sensor Networks 
(UWASNs) is on the go over several decades. The researchers are vigorous in designing the various methods 
for transmitting wireless information through underwater. The Electromagnetic (EM) waves are not feasible 
to travel in water due to various physical constraints like high attenuation, low bandwidth and the factors like 
noise, refraction and multipath interference will increase bit error rate (Zaihan Jiang, 2008). Hence the acoustic 
waves are employed to transmit the information through underwater channel.

The available MAC protocols for terrestrial wireless communications which employ EM waves for their 
communications are incongruous for underwater environment. Due to huge antennae and high transmission power 
deployment of sensor networks will not be feasible in underwater communications. Nevertheless, using optical 
waves for underwater communication is not advisable as they suffer from considerable scattering. Consequently, 
optical waves for underwater environment are used only for short range communication. Hence to conclude 
communications in underwater environment are based on acoustic waves.

To ensure the successful operation of the network, a vital role is played by Medium access control (MAC) 
layer. The objectives of MAC protocol are as follows: The first objective is to avoid the collisions from the 
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interfering nodes. The second objective is to create a wireless sensor network in underwater and to establish the 
fair and efficient communication among the nodes. The MAC protocols designed for underwater environment 
are wasting lots of energy due to idle listening and various physical constraints in underwater environment.

The following are the features considered in designing a MAC protocol for underwater environment.

1.	 Energy Efficiency: The sensor nodes which are deployed in underwater environment are battery 
powered. Due to various physical constraints it is hard to change or recharge the batteries. It is 
advantageous to substitute the sensor nodes rather than recharging them.

2.	 Latency: As the propagation delay in the short-range RF networks is negligible the delay can be 
estimated by considering just the transmit time. Due to the physical constraint like large propagation 
delay in acoustic media, the position of the receiver and potential interferers becomes crucial.

3.	 Throughput: The requirement of the throughput differs with various applications. The sensor network 
applications which require sampling the data with good temporal resolution, it is advisable that for 
such applications sink node receives more data.

	 Throughput Number of received data packet packet length
Total tra

= ¥
nnmit packet length

	 (1)

4.	 Fairness: The bandwidth is one of the main physical constraints in many underwater sensor network 
applications. Hence it is essential to make sure that the sink node receives the data from all the sensor 
nodes fairly. The Authors in [24] have characterized the fairness using Jain fairness Index as defined 
below:

	 Fairness Index =
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	 Where the throughput of the node i is represented by xi, and the number of nodes in the network is 
represented by n.

Our contributions in this paper are as follows: (1) analysis of contention window MAC protocol, 
(2) parameters like packet size, slot length, and boundary are taken into account to analyze the throughput. The 
earlier works on this type of protocol have considered only varying number of nodes to analyze throughput.

The rest of paper is arranged as follows. In Section II, we bring in few words on the classification of MAC 
protocols in underwater. In Section III, the list of selected MAC protocols for underwater sensor networks with 
their topology, throughput, energy consumption, delay, collision probability, advantages and disadvantages are 
compared and are briefly explained. Section IV discuses about the simulation tool followed by result analysis. 
We conclude the paper in Section V.

RELATED WORKS2.	
The distinctive properties of UWASN demand the requirement of new well organized, consistent MAC protocols 
to gather up the challenge of delay in the propagations, multipath fading, path loss due to noise, attenuation etc. 
According to the authors Keyu Chen., Maode Ma, et. al., [29] existing MAC layer protocols can be classified 
into three categories: Contention based, Contention free Protocols and Hybrid as shown in Figure1.

A. Contention free Protocols
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Considering various multiple access techniques, contention-free MAC protocols are categorized as frequency 
division multiple access (FDMA), time division multiple access (TDMA), and code division multiple access 
(CDMA). Although contention-free MAC protocol is an easy concept, its straight acceptance in underwater 
networks is not essentially a high-quality result.

B. Contention-based Protocols
Contention-based MAC protocols are further sub divided as follows: (a) MAC protocols with random access 
(b) MAC protocols with handshaking. Again enormous effort was made in categorization of handshaking MAC 
protocols in UWASNs. Finally the classifications of the MAC protocols are obtained based on the number of 
channels used for data transmission.

C. Hybrid Protocols
In conclusion, hybrid MAC protocols will bring in, the advantages of the contention-free MAC and contention-
based MAC protocols.

Figure 1: Classifications of MAC Protocols

Working of the MAC Schedulers in UWAN3.	
This section describes the functionality and working principal of the MAC protocols used in UWAN. The authors 
Ansari, S., Gonzalez, J.P., Otero, P. et. al., [26] have provided the analysis of research on different MAC strategies. 
The parameters conceded for the performance measurements in ad-hoc-based/Cluster-head based MAC protocols 
are topology, throughput, propagation delay, collision probability, energy consumption, offered load, advantages 
and disadvantages are analyzed and the summary of comparative analysis is shown in Table 1.

UAN-CW-MAC
In UAN-CW-MAC protocol contention window is the new aspect introduced which plays a significant task 
in channel utilization and justice in sharing the bandwidth among stations. The frequency and the order of the 
channel access will also be decided by contention window. In order to improve the performance of the underwater 
acoustic communication widespread work has been carried out on CW control. The two distinct access modes
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which are defined in DCF are basic access mode and optional RTS/CTS (Request to Send/Clear to Send) access 
mode. In the basic access mode, prior to a frame transmission, using carrier sensing the medium status is made 
sure for each station. The transmission carries out immediately if the medium is idle for longer than IFS (Inter 
Frame Space); the station will be postponing its transmission, if the medium is sensed busy waiting for the 
medium determined to be idle.

SIMULATION RESULTS4.	
The NS3.25 is the Network simulator used to assess the effective performance of UAN scenario. The C++ 
based framework, waf, is used for configuring, compiling, installing and running the developed UAN scenario. 
GNU-Plot is the utility used to plot the graphs. The analysis of the throughput for the UAN-CW-MAC protocol 
is considered in the scenario. The various parameters like number of nodes, range, packet size, slot time and 
simulation time which are effecting on the throughput of the protocol are varied and analyzed. UAN module 
is also downloaded and installed on NS3.25. The MAC protocol UAN-CW-MAC is attached to the PHY layer 
which in turn will be returning the number of packets sent, MAC address, propagation delay by varying number 
of nodes in UAN scenario.

Figure 2: Throughput vs. CW for 05, 15, and 30 nodes in region of 500m ¥ 500m

Remark 1: The nodes are deployed randomly in a uniform distributed square area of 500m ¥ 500m. To show 
the variations in the throughout with respect to CW, the CW parameter is varied throughout the simulations. 
The throughput is increased to a maximum of 48,896 for CW = 160 for three runs. For higher values of CW the 
throughput are found to decrease slightly. The other parameters assumed in the protocol are as follows: Data rate 
is 80 Hz, Depth is 70 m, packet size is 32 bytes, CWmin is 10 and CW max is 400 in step of 10, slot length is 0.2 
secs with simulation time of 1000secs. The entire throughput approximation is based on averaging of 3 simulation 
runs; to find the optimal value of CW the simulations are conducted for 05, 15, and 30 node networks. The results 
are given in Figure 2. The CW parameter will be tuned based on these results for additional simulations.
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Figure 3: Throughput vs. CW for 08, 32, and 64 packet size deployed in region of 500m ¥ 500m

Remark 2: The throughput is varying with different packet sizes as illustrated in the Figure 3. With 15 nodes in 
the region of 500m ¥ 500m for CW = 76 the maximum throughput can be obtained.

Figure 4: Throughput vs. CW for s = 0.2sec and s = 0.4sec deployed in region of 500m ¥ 500m

Remark 3: Initially the throughput for the slot length (s = 0.4secs) increases rapidly and reaches a maximum 
of 47, 2747 for CW = 60 but gradually drops down. Whereas for the slot length of (s = 0.2secs) the throughput 
increases gradually remains constant after CW reaches 90 as shown in Figure 4.
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Figure 5: Throughput vs. CW for 1000secs and 10000secs simulation time 
deployed in region of 500m ¥ 500m

Remark 4: The simulations are carried out considering a finite square region of 500m ¥ 500m. The numbers of 
nodes are 15 and their positions are identified randomly. The times estimated for simulation are 1000secs and 
10000 seconds. The results for throughput are almost same are shown in Figure 5.

Figure 6: Throughput vs. CW for deployed in three different regions 
(1) 200m ¥ 200m (2) 500m ¥ 500m (3) 1000m ¥ 1000m
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Remark 5: As depicted in the Figure 6 the throughput for less boundary (200m ¥ 200m) is high compared to 
other boundary areas like (500m ¥ 500m) and (1000m ¥ 1000m.). As there is increase in the area the throughput 
decreases.

CONCLUSION5.	
In this paper, we present a throughput analysis of UAN-CW-MAC protocol for underwater acoustic sensor 
networks. In the future, we will think about additional situation to measure up this MAC protocol by considering 
the other factors like delay and energy efficiency for mobile ad-hoc networks. Our aim was to learn the different 
MAC strategies for UW applications and offer diagnostic study wherever required. A combined relative analysis 
on the performance of selected MAC protocols is also provided to have an imminent approach on the work done 
in [14] and [27].

Acknowledgment
I would like to thank my research guide for his continuous guidance and encouragement for this paper. I sincerely 
thank my family & friends for their support in completing this paper.

References
Joon, A., Affan, S., Bhaskar, K., & John, H. (2011). Design and analysis of a propagation delay tolerant ALOHA protocol [1]	
for underwater networks. Ad Hoc Networks, 9, 752–766.

Peleato, B., & Stojanovic, M. (2007). Distance aware collision avoidance protocol for ad-hoc underwater acoustic sensor [2]	
networks. IEEE Communications Letters, 11(12), 1025–1027.

Yahya, B., & Ben-Othman, J. (2009). Towards a classification of energy aware MAC protocols for wireless sensor networks. [3]	
Wireless Communications and Mobile Computing, 9(12), 1572–1607.

Murthy, S. R., & Manoj, B. S. (2004). Ad Hoc wireless networks: Architectures and protocols (1st ed.). New York, NY: [4]	
Prentice Hall PTR.

Pompili, D., & Akyildiz I. F. (2009, January). Overview of networking protocols for underwater wireless communications. [5]	
IEEE Communications Magazine, pp 97–102

Pompili, D., Melodia, T., & Akyildiz, I. F. (2009). A CDMA-based medium access control for underwater acoustic sensor [6]	
networks. IEEE Transactions On Wireless Communications, 8(4), 1899–1909.

Doukkali, H., Nuaymi, L., & Houcke, S. (2006). Distributed MAC protocols for underwater acoustic data networks. In [7]	
IEEE 64th vehicular technology conference, VTC-(2006).

Garcia-Luna-Aceves, J. J., & Fullmer, C. L. (1998). Performance of floor acquisition multiple access in ad-hoc networks. [8]	
In Third IEEE symposium on computers and communications, ISCC.

Acar, G., & Adams, A. E. (2006). ACMENet: An underwater acoustic sensor network for real-time environmental monitoring [9]	
in coastal areas, IEE proceedings. Radar, sonar and navigation, 153(4), 365–380.

Anastasi, G., Conti, M., Francesco, M. D., & Passarella, A. (2009). Energy conservation in wireless sensor networks: A [10]	
survey. Ad Hoc Networks, 7(3), 537–568.

Akyildiz, F., Pompili, D., & Melodia, T. (2006). State-of-the-art in protocol research for underwater acoustic sensor networks. [11]	
In ACM international workshop on underwater networks (WUWNet), LosAngeles, USA.

Partan, J., Kurose, J. & Levine, B. N. (2006). A survey of practical issues in underwater networks. In WUWNet’06, Los [12]	
Angeles, California, USA (25 Sept 2006).



Analysis of Contention Window MAC Protocol in Underwater Acoustic Sensor Networks

International Journal of Control Theory and Applications307

Namgung, I., Yun, N. Y., Park, S. H., Kim, C. H., Jeon, J. H., & Park, S. J. (2009). Adaptive MAC protocol and acoustic [13]	
modem for underwater sensor networks. In The fourth ACM international workshop on underwater networks (WUWNet 
2009), Berkeley, California, USA.

Lee, J.-Y., Yun, N.-Y., Muminov, S., Shin, S.-Y., Ryuh, Y.-S., & Park, S.-H. (2013). A focus on practical assessment of [14]	
MAC protocols for underwater acoustic communication with regard to network architecture. IETE Technical Review, 
30(5), 375–381.

Tracy, T., & Roy, S. (2008). A reservation MAC protocol for ad-hoc underwater sensor networks. In The third ACM [15]	
international workshop on underwater networks (WUWNet 2008), San Francisco, California, USA, (pp. 95–8).

Roberts, G. (1975). Aloha packet system with and without slots and capture. Computer Communication Review, 5(2), [16]	
28–42.

Chitre, M., Shahabudeen, S., & Stojanovic, M. (2008). Underwater acoustic communications and networking: Recent [17]	
advances and future challenges. Marine Technology Society Journal, 42(1), 103–116.

Park, M. K., & Rodoplu, V. (2007). UWAN-MAC: An energy-efficient MAC protocol for underwater acoustic wireless [18]	
sensor networks. IEEE Journal of Oceanic Engineering, 32(3), 710–720.

Molins, M., & Stojanovic, M. (2006). Slotted FAMA: A MAC protocol for underwater acoustic networks. MTS/IEEE [19]	
OCEANS. ASIA PACIFIC (pp. 1–7).

Al Ameen, M., Riazul Islam, S. M., & Kwak, K. (2010). Energy saving mechanisms for MAC protocols in wireless sensor [20]	
networks. International Journal of Distributed Sensor Networks, 2010, 16.

Chirdchoo, N., Soh, W.-S., & Chua, K. C. (2007). Aloha-based MAC protocols with collision avoidance for underwater [21]	
acoustic networks. In IEEE INFOCOM 2007 proceedings (pp. 2271–2275).

Zhao, Q., Lambert, A., & Benson, C. R. (2012).The problem of multi-user access in undersea networks. In [22]	
Communications and information systems conference, 2012 military. IEEE Conference Publication(pp. 1–6). doi:10.1109/
MilCIS.2012.6380676

Rahman, R. H., Benson, C., & Frater, M. (2012). Routing protocols for underwater ad hoc networks. IEEE Conference [23]	
Publications, 978-1-4577-2091-8/12_2011 IEEE (pp. 1 –7).

Jain, R., Chiu, D., & Hawe, W. (1984). A quantitative measure of fairness and discrimination for resource allocation in [24]	
shared computer systems. In Technical report TR-301, DEC research.

Shahabudeen, S., Chitre, M., & Motani, M. (2007). A multi-channel MAC protocol for AUV networks. In IEEE Oceans’ [25]	
07. Aberdeen, Scotland

Ansari, S., Gonzalez, J.P., Otero, P., Adeel Ansari.(2015). Analysis of MAC Strategies for Underwater Applications, [26]	
Wireless Pers Commun) 85: 359. doi:10.1007/s11277-015-2743-1

Noh, Y., Lee, U., Han, S., Wang, P., Torres, D., Kim, J., & Gerla, M. (2013). DOTS: A propagation delay-aware [27]	
opportunistic MAC protocol for mobile underwater networks. IEEE Transactions on Mobile Computing,. doi:10.1109/
TMC.2013.2297703

28. Shin, Y., Namgung, J. I., & Park, S. H. (2010). SBMAC: Smart blocking MAC mechanism for variable UW-ASN [28]	
(underwater acoustic sensor network) environment. Sensors, 10(1), 501–525.

K. Chen, M. Ma, E. Cheng, F. Yuan and W. Su, “A Survey on MAC Protocols for Underwater Wireless Sensor [29]	
Networks,” in IEEE Communications Surveys & Tutorials, vol. 16, no. 3, pp. 1433-1447, Third Quarter 2014. 
doi: 10.1109/SURV.2014.013014.00032




