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ABSTRACT 

Wireless sensor systems (WSNs) can be utilized for an assortment of assignments, counting farther natural 

observing and target following. This has been made conceivable by the appearance of sensors that are littler, 

cheaper, and more modern, especially in later a long time. These sensors incorporate remote interfacing that permit 

them to associate with each other and construct a organize. The plan of a WSN is intensely impacted by the 

application, and it must take under consideration perspectives such as the environment, the plan goals of the 

application, taken a toll, equipment, and framework constraints. Our survey's reason is to supply a comprehensive 

outline of later investigate since the discharge of [I.F. Akyildiz, W. Su, Y. Sankar Subramaniam, E. Cayirci, An 

overview on sensor systems, IEEE Communications Magazine, 2002]. Taking after a top-down approach, we 

display a diagram of major WSN challenges, web-based physical parameter perception, WSN plan challenges, 

remote sensor arranges topologies, and after that look at the writing on different components of WSNs. 
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I INTRODUCTION 

 

In later a long time, wireless sensor systems (WSNs) have gotten a parcel of consideration, much appreciated to the 

spread of Micro-Electro-Mechanical Frameworks (MEMS) innovation, which has supported the creation of keen 

sensors. In comparison to standard sensors, these sensors are compact, have constrained handling and computational 

assets, and are reasonable. These sensor hubs can identify, degree, and assemble information from the environment, 

and after that transmit that information to the client depending on a neighborhood choice prepare. 

Low-power gadgets having one or more sensors, a processor, memory, a control source, a radio, and an actuator are 

known as savvy sensor hubs. 1 To identify natural parameters, the sensor hub can be prepared with a run of 

mechanical, warm, organic, chemical, optical, and attractive sensors. Since the sensor hubs have restricted memory 

and are frequently introduced in difficult-to-reach zones, a radio is utilized to transmit the information to a base 

station (e.g., a portable workstation, an individual handheld gadget, or a settled framework get to point).A sensor 

node's primary control source could be a battery. Depending on the appropriateness of the area where the sensor will 

be conveyed, an auxiliary control supply that harvests control from the environment, such as sun-based boards, may 

be included to the hub. Actuators may be built into sensors, depending on the application and the sort of sensors 
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utilized. In most cases, a WSN has negligible or no foundation. It comprises of a organize of sensor hubs (extending 

from many tens to thousands) that work together to screen a locale and collect natural information. WSNs are 

separated into two categories: organized and unstructured. A thick collection of sensor hubs constitutes an 

unstructured WSN. Sensor hubs can be put within the field on an advertisement hoc basis2. The arrange is cleared 

out unattended once it has been conveyed to conduct checking and detailing exercises. Since there are so numerous 

hubs in an unstructured WSN, arrange support such as overseeing network and recognizing issues is extreme. All or 

a few of the sensor hubs in a organized WSN are introduced ahead of time.3 A organized organize has the advantage 

of permitting less hubs to be introduced whereas too bringing down arrange support and administration costs. Since 

hubs are presently situated at specific areas to supply scope, less hubs can be sent, though advertisement hoc 

arrangement can take off regions revealed.Numerous scenarios, such as military target following and observation 

[2,3], characteristic catastrophe alleviation [4, organic wellbeing checking [5,6], and unsafe environment 

investigation and seismic detecting [7], offer noteworthy guarantee for WSNs. A WSN can offer assistance with 

interruption discovery and distinguishing proof in military target following and reconnaissance. Troop and tank 

developments, for illustration, can be spatially associated and facilitated. Sensor hubs can screen and distinguish the 

environment within the occasion of characteristic calamities, permitting catastrophes to be anticipated ahead of time. 

Sensors embedded surgically can offer assistance screen a patient's wellbeing in biomedical applications. 

Advertisement hoc situation of sensors around the volcanic region can recognize the advancement of seismic 

tremors and emissions for seismic detecting. 

A WSN has its claim plan and asset limits, not at all like conventional systems. A constrained amount of vitality, a 

little communication extends, destitute transfer speed, and restricted handling and capacity in each hub are all asset 

limitations. Application-specific plan confinements are based on the observed environment. The estimate of the 

organize, the sending method, and the arrange topology are all affected by the environment. The network's estimate 

changes depending on the checked environment.Indoor circumstances request less hubs to construct a organize in a 

compelled space, though open-air conditions may require more hubs to cover a greater locale. When the 

environment is inaccessible to people or the organize comprises of hundreds to thousands of hubs, an advertisement 

hoc sending is favored over a planned sending. Natural hindrances can moreover prevent communication between 

hubs, which has an effect on arrange association (or topology). 

By presenting unused plan standards, concocting or overhauling current conventions, creating unused applications, 

and creating unused calculations, WSN inquire about looks for to address the taking after confinements. We utilize a 

top-down methodology to study different conventions and calculations proposed in later a long time in this consider.  

 

Our inquire about varies from other overviews within the taking after ways: 

 Whereas our overview is comparable to [1,] we have centered on the foremost later literature.  

 We see at the issues with a WSN at both the person sensor hub and gather level.  
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 We see at the show state of provisioning, administration, and control in WSNs. Localization, scope, 

synchronization, organize security, and information conglomeration and compression are among them.  

 The numerous shapes of remote sensor systems are compared and contrasted.  

 Finally, we provide a brief outline of modern sensor technology. 

 

The following is how the rest of the paper is organized: The second section provides an outline of the major 

challenges with a WSN.The third section discusses the use of the internet to monitor physical parameters. WSN 

design issues are discussed in Section 4. The topology of a wireless sensor network is discussed in Section 5. The 

different forms of WSN are compared in Section 6. 

 

II OUTLINEOFTHEMAJORCHALLENGES WITHA WSN 

 

Numerous sorts of remote sensor applications can be outlined and created utilizing today's state-of-the-art sensor 

innovation. Reference section A contains a list of existing sensor advances. There are nonspecific (multi-purpose) 

hubs and door (bridge) hubs accessible on the advertise. The work of a nonexclusive (multi-purpose) sensor hub is 

to gather information from the monitored environment. It can be outfitted with a run of sensors that can screen 

things like light, temperature, mugginess, barometric weight, speed, increasing speed, acoustics, and attractive areas, 

among other things. Information from bland sensors is collected by door (bridge) hubs and transferred to the base 

station. Door hubs have more handling control, battery life, and transmission (radio) run than other hubs. A WSN is 

regularly made up of a blend of nonspecific and door hubs. 

The breadth of errands that can be utilized to empower remote sensor applications utilizing sensor advances can be 

generally categorized into three classes, as appeared in Fig. 1. The framework is the primary group. Each sensor hub 

could be a self-contained framework. The creation of modern stages, working frameworks, and capacity strategies is 

required to suit different application program on a sensor framework. Communication conventions, on the other 

hand, encourage communication between the application and the sensors. They too make it possible for the sensor 

hubs to communicate with one another. The ultimate gather comprises of administrations that are planned to move 

forward the application's execution as well as the system's and network's efficiency.Sensor hubs that will self-

organize are critical from the points of view of application needs and organize administration. That’s, the sensor 

hubs can self-organize into a organize and, as a result, control and control themselves viably. To meet these 

prerequisites, modern communication conventions and administration administrations are required since sensor hubs 

have restricted control, handling capability, and capacity. 

Application layer, transport layer, organize layer, data-link layer, and physical layer are the five standard convention 

layers for parcel exchanging within the communication convention. We see at how conventions at distinctive levels 

address arrange flow and vitality proficiency in this overview. Sensor organize administrations incorporate 

capacities counting localization, scope, capacity, synchronization, security, and information conglomeration and 

compression. 
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The way conventions are executed at distinctive stages of the convention stack can have a huge effect on vitality 

utilization, end-to-end delay, and framework proficiency. It is basic to move forward communication whereas 

lessening vitality utilization. Conventional organizing conventions, which were not outlined to meet these needs, 

don't perform well in a WSN. As a result, modern energy-efficient conventions for all layers of the convention stack 

have been created. By permitting intuitive between convention levels, these conventions utilize cross-layer 

optimization. To meet the uncommon necessities of the WSN, convention state data at a specific layer is shared over 

all levels. 

 

 

Fig.1. Broad Classification of Various Issues in A WSN 

 

Vitality utilization could be a major challenge in a WSN since sensor hubs have restricted battery control. As a 

result, there has been a parcel of investigate into gathering and diminishing vitality. When a sensor node's vitality is 

exhausted, it'll kick the bucket and disengage from the organize, which might have a significant impact on the 

application's execution. Sensor organize lifetime is decided by the number of dynamic hubs and arrange network; 

hence, vitality must be overseen admirably to maximize organize lifetime. 

Vitality gathering is the method of hubs energizing their vitality from a source. Sun oriented cells [8,9], vibration 

[10], fuel cells, acoustic commotion, and a portable provider [11] are all potential vitality sources. Solar cells are the 

foremost built-up approach for collecting vitality from light in terms of extricating vitality from the environment 
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[12]. The utilize of a versatile vitality supply, such as a robot, to renew vitality is additionally being explored. The 

robots would be in charge of energizing their batteries and exchanging vitality to the hubs. 

In a WSN, vitality preservation is dealt with through effective, reliable remote communication, brilliantly sensor 

situation to guarantee ideal scope, security and successful capacity administration, and information conglomeration 

and compression. The choices portrayed over are planned to meet both the vitality restriction and the application's 

quality of benefit (QoS)4. Blockage control, dynamic buffer observing, affirmations, and packet-loss recuperation 

are all administrations that are required to guarantee dependable bundle conveyance. The situating of sensor hubs 

influences communication quality. Long-range transmission and more prominent vitality utilization may emerge 

from inadequate sensor area, while short-range transmission and lower vitality utilization may rise from thick sensor 

establishment.Sensor arrangement and scope are connected. The degree of arrange scope is decided by the overall 

number of sensors within the organize and their arrangement. To make strides the exactness of the detected 

information, a bigger degree of scope may be essential depending on the application. We look at novel conventions 

and calculations created in these spaces in this study. 

 

III WSN-BASEDOBESRVATION OF PHYSICAL   PARAMETERS 

Figure -3 portrays four hubs as well as a Portal (Base station). Sensor hubs distinguish natural physical parameters 

and can be utilized in an assortment of applications. The Sensor Hub recognizes physical parameters within the 

environment and transmits them to the PC through the Portal (Base station). 

 

 

Fig 2. Four sensor hubs and Portal of Wireless Sensor Network 
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Fig 3. Topology of WSN having a few hubs and a Portal 

 

IV DESIGN CHALLENGES OF WSNs 

A.  CONSUMPTION OF ENERGY 

In sensor systems, control administration may be a significant issue. As a result, planning power-aware calculations 

and conventions for WSN is critical. 

B. COST OF PRODUCTION  

 

In arrange for WSN to be doable, the fetched of a hub must be lower. As a result, hub taken a toll will be a 

troublesome issue to solve.  

C. DESIGN OF HARDWARE 

The WSN's equipment ought to be energy-efficient. As a result, in a sensor organize, the microcontroller, control, 

and communication unit ought to be built to spend less energy. 

 

D. MEMORY ESTIMATE AND COMPUTATIONAL POWER  

Every hub spare data independently, and in some cases numerous hubs spare the indistinguishable data and transport 

it to the sink, squandering hub control and capacity. As a result, viable methods are required to diminish duplication 

within the WSN. 

 

E. SECURITY 

In the WSN, security could be a basic concern. As a result, deciding whether or not the fabric is confirmed is 

challenging. 

 

F. THE WORKING ENVIRONMENT 

 Sensor hubs may need to work in a troublesome environment. These hubs may well be utilized at the foot of the 

sea, in a domestic or tremendous building, or for car activity administration, among other things. 
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V. WIRELESS SENSOR NETWORKS TOPOLOGIES 

A. TOPOLOGY FROM POINT TO POINT 

A central center isn't required in this plan. A sensor hub can communicate specifically with other nodes. This is 

often an awfully common engineering with as it were one channel. Each gadget has the capacity to operate as both a 

client and a server.  

 

B. TOPOLOGY OF THE STAR NETWORK 

In a star organize, not at all like a point-to-point topology, a centralized communication center is required. There's 

no coordinate contact between the hubs in this plan; all communication is dealt with through the centralized hub. 

 

C. TOPOLOGY OF TREES 

This topology combines the topologies of a point-to-point network with a star network. The parent hub alludes to the 

center. The information is sent from the leaf sensor hub to the parent sensor hub. The key advantage of this design is 

that its employments less power than other organize topologies. 

 

D. TOPOLOGY OF MESH 

Data can be sent from one hub to another in a work structure. Without the utilize of a central communication center, 

all of the hubs can communicate specifically with one another. The foremost reliable arrange topology is work. In 

any case, this topology is complex and energy-intensive. 

 

VI.TYPES OF WSN 

 

 

 

WSNs are as of now in utilize on arrive, underground, and submerged. Depending on the environment, a sensor 

organize stands up to unmistakable deterrents and limits. Earthly WSNs, underground WSNs, submerged WSNs, 

multi-media WSNs, and versatile WSNs are the five categories of WSNs. 
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A. Sensor Networks on the Move (MWSNs) 

Versatile WSNs are made up of a gather of sensor hubs that can move around and connected with their environment 

on their possess. Versatile hubs, like inactive hubs, can see, compute, and communicate. Versatile hubs have the 

capacity to reposition and organize themselves within the network, which could be a critical distinction. A versatile 

WSN can start with a little number of hubs, which can at that point extend out to gather information. When two 

versatile hubs are inside extending of each other, data assembled by one can be exchanged to the other. Another 

critical qualification is information conveyance. In a inactive WSN, information can be dispersed through settled 

steering or flooding, be that as it may in a versatile WSN, energetic directing is utilized. Arrangement, localization, 

self-organization, route and control, scope, vitality, upkeep, and information prepare are all challenges in versatile 

WSN. 

Environment checking, target following, look and protect, and real-time perilous fabric observing are fair some of 

the portable WSN applications accessible. Manual arrangement may not be practicable for natural checking in fiasco 

zones. After arrangement, portable sensor hubs can travel to ranges of events to provide the fitting scope. Portable 

sensor hubs can communicate and make judgments based on the target in military observation and following.In 

comparison to inactive sensor hubs, versatile sensor hubs can give more scope and network. When boundaries are 

display within the field, versatile sensor hubs can arrange ahead and migrate to discouraged ranges to upgrade target 

introduction. 

 

The following problems can arise in a static WSN: 

1. In WSN, network over the total organize and full scope of the detecting zone may not be conceivable 

due to airplanes or robots operating in unsafe environments.  

2. In arrange to cover the whole range for monitoring applications, the network requires larger hubs, 

which increments the network's cost.  

3. For some applications, a number of progressed sensor hubs are required for executing a few particular 

military exercises, which may request a camera with each hub in picture gathering, which isn't 

practicable to prepare each hub with an isolated camera. 

 

All of the concerns portrayed over, as well as numerous more, can be tended to by showing MWSNs. Utilizing 

mobile sensor hubs, we may make strides the versatility and capabilities of WSN [12]. 

 

B Wireless sensor networks in the earth (UWSNs) 

It is basic to achieve a particular degree of QoS in arrange to convey reliable substance. In terms of sifting and 

dispensing with excess data and consolidating substance, in-network preparing, sifting, and compression can 

impressively increment arrange execution. Within the same way, layer-to-layer interaction can make strides the 

preparing and conveyance handle. Since legitimate gear parts must be chosen to guarantee dependable 
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communication over soil, rocks, water, and other mineral substances, underground sensor hubs are expensive. Due 

to flag misfortunes and critical levels of constriction, wireless communication is troublesome within the 

underground environment.Not at all like earthbound WSNs, underground WSN sending requires cautious plan, as 

well as vitality and fetched contemplations. In underground WSNs, vitality could be a major concern. Underground 

sensor hubs, like earthbound WSN, have restricted battery control, and it is troublesome to revive or supplant a 

sensor node's battery once it has been sent into the ground. As already said, one of the most objectives are to spare 

vitality in arrange to expand the network's lifetime, which can be finished by utilizing a productive communication 

convention. 

 

C Wireless Sensor Networks in the Water (UWSNs) 

WSNs conveyed submerged [18,19] are made up of a number of sensor hubs and vehicles. Submerged sensor hubs 

are more costly than earthbound sensor hubs, hence less sensor hubs are introduced. Submerged independent 

vehicles are utilized for investigation and information collection from sensor hubs. A scanty sending of sensor hubs 

is conveyed submerged, as contradicted to a thick arrangement of sensor hubs in an earthly WSN. Submerged 

remote communications are frequently shaped by transmitting acoustic waves. The moo transmission capacity, 

critical proliferation delay, and flag blurring issue are all challenges in submerged sound communication. Sensor 

hub disappointment due to natural conditions is another issue. Sensor hubs within the sea must be able to self-

configure and adjust to the extraordinary conditions. A constrained battery is introduced in submerged sensor hubs, 

which cannot be supplanted or revived.The subject of submerged WSN vitality sparing involves the advancement of 

effective submerged communication and organizing frameworks. 

 

D.Sensor Networks for Wireless Multimedia (WMSNs) 

Multimedia WSNs [20] have been proposed to permit for the observing and following of interactive media 

occasions like video, sound, and imaging. Multi-media WSNs are made up of a collection of low-cost sensor hubs 

with cameras and mouthpieces. For information recovery, preparing, relationship, and compression, these sensor 

hubs communicate with one another over a remote connect. To guarantee scope, multi-media sensor hubs are sent in 

a pre-planned way all through the environment. Tall transmission capacity request, tall vitality utilization, quality of 

benefit (QoS) provisioning, information handling and compression strategies, and cross-layer plan are all challenges 

in multi-media WSNs. The conveyance of multi-media fabric, such as a video stream, requires a huge sum of 

transmission capacity. As a result, a tall information rate devours a part of vitality. Transmission frameworks that 

back tall transmission capacity whereas expending small vitality must be created. Since of the eccentric delay and 

channel capacity in a multi-media WSN, QoS provisioning could be a troublesome issue. It is basic to accomplish a 

particular degree of QoS in arrange to provide dependable substance. In terms of sifting and disposing of repetitive 

data and combining substance, in-network preparing, sifting, and compression can impressively increment arrange 

execution. Within the same way, layer-to-layer interaction can progress the handling and conveyance prepare. 
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E Wireless sensor networks on the ground (TWSNs) 

Hundreds of hubs are disseminated all through a topographical region in earthly WSNs. In earthbound sensor 

systems, hubs are found over ground. Sun based cells can hence be utilized in an earthbound sensor arrange. 

Diminished delays, moo obligation cycles, and other measures can offer assistance spare vitality. There's a part of 

purge space. In FSO / RF frameworks, optical (FSO) is utilized as the essential communication medium, with radio 

recurrence (RF) linkages serving as a reinforcement when LOS communication is inaccessible. In a remote sensor 

organize, FSO joins give negligible communication vitality. 

Self-healing, versatility, self-organization, vitality proficiency, worthy degree of network among hubs, cheap taken a 

toll, and negligible complexity are the most characteristics of WSNs. Remote sensor systems (WSNs) are not the 

same as remote advertisement hoc systems. Remote advertisement hoc systems are built powerfully from a self-

contained structure of hubs connected by remote joins, instead of depending on pre-existing organize framework. 

Sensor hubs are joined by advertisement hoc topologies and cleared agreeing to client demands and passing 

circumstances in an advertisement hoc organize. As a result, critical caution is worked out when adjusting 

calculations and conventions outlined for advertisement hoc systems to WSNs.

 

VII. COMPARISON STUDY OF DIFFERENT TYPES OF WSNs 

Mobile WSNs Under Water WSNs Underground WSNs Multimedia WSNs Terrestrial WSNs 

Superior 

scope, vitality 

economy, and 

channel 

capacity are 

fair many of 

the benefits of 

MWSN versus 

inactive sensor 

systems. 

Beneath water WSNs 

can be utilized in 

security and seismic 

observing applications. 

Due to the reality that 

water covers more 

than 70% of the earth's 

surface, submerged 

WSNs are basic. The 

rise of submerged 

remote communication 

and organizing 

methods complicates 

the issue of vitality 

preservation for 

submerged WSNs. 

In terms of upkeep, 

sending, and gear 

taken a toll 

contemplation, 

underground WSNs 

are more costly than 

earthly WSNs. Since 

of the tall sum of flag 

misfortune and 

weakening within the 

underground 

environment, wireless 

communication could 

be a challenge. 

These sensor hubs 

communicate with one 

another through remote 

communication. Tall 

transmission capacity 

needs, tall vitality 

utilization, information 

compression, and 

preparing calculations 

are all portion of the 

mixed media WSN. 

Earthbound WSNs, 

which are made up of 

hundreds of hubs 

introduced on the 

ground, are competent 

of successfully 

communicating with 

base stations. Since of 

the battery's moo 

capability, sun 

powered cells have 

been introduced as a 

reinforcement control 

source. 
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VIII. CONCLUSION 

Communication systems are rapidly transitioning from wired to remote. WSNs, on the other hand, are getting to be a 

noticeable theme of investigate in wireless systems. We've seen how WSN can be utilized in an assortment of ways 

in this post. The paper started with a brief diagram of remote sensor organize plan, employments, and issues. Taking 

after that, the ponder goes over the numerous sorts and topologies of remote sensor systems. This exposition fortifies 

the establishment for this developing teach, and after that we'll choose a particular issue in WSN and work on a 

down to earth solution. 

WSNs, not at all like other systems, are built for a particular reason. Natural observing, mechanical machine 

checking, observation frameworks, and military target following are fair a couple of illustrations. The characteristics 

and necessities of each application change. Unused communication conventions, calculations, structures, and 

administrations are required to oblige this wide run of application.

References 

1] I.F. Akyildiz, W. Su, Y. Sankar Subramaniam, E. Cayirci, A survey on sensor networks, IEEE Communications 

Magazine 40 (8) (2002) 104–112. 

 [2] G. Simon, M. Maroti, A. Ledisi, G. Balogh, B. Kusy, A. Nadas, G. Pap, J. Sallai, K. Frampton, Sensor network-

based counter sniper system, in: Proceedings of the Second International Conference on Embedded Networked 

Sensor Systems (Senses), Baltimore, MD, 2004.  

[3] J. Yick, B. Mukherjee, D. Ghosal, Analysis of a Prediction-based Mobility Adaptive Tracking Algorithm, in: 

Proceedings of the IEEE Second International Conference on Broadband Networks (BROADNETS), Boston, 2005.  

[4] M. Castillo-Effen, D.H. Quintela, R. Jordan, W. Westhoff, W. Moreno, Wireless sensor networks for flash-flood 

alerting, in: Proceedings of the Fifth IEEE International Caracas Conference on Devices, Circuits, and Systems, 

Dominican Republic, 2004.  

[5] T. Gao, D. Greenspan, M. Welsh, R.R. Juang, A. Alm, Vital signs monitoring and patient tracking over a 

wireless network, in: Proceedings of the 27th IEEE EMBS Annual International Conference, 2005. 

[6] K. Lorincz, D. Malan, T.R.F. Fulford-Jones, A. Nawoj, A. Clavel, V. Shnayder, G. Mainland, M. Welsh, S. 

Moulton, Sensor networks for emergency response: challenges and opportunities, Pervasive  

Computing for First Response (Special Issue), IEEE Pervasive Computing, October–December 2004.  

[7] G. Wener-Allen, K. Lorincz, M. Ruiz, O. Marcillo, J. Johnson, J. Lees, M. Walsh, Deploying a wireless sensor 

network on an active volcano, Data-Driven Applications in Sensor Networks (Special Issue), IEEE Internet 

Computing, March/April 2006. 

 [8] V. Raghunathan, A. Kansai, J. Hse, J. Friedman, M. Srivastava, Design considerations for solar energy 

harvesting wireless embedded systems, in: Proceedings of the IPSN, 2005, 457–462.  

[9] P. Zhang, C.M. Sadler, S.A. Lyon, M. Martonosi, Hardware design experiences in Zebra Net, in: Proceedings of 

the SenSys’04, Baltimore, MD, 2004.  



 
 

129 | P a g e  
 

[10] S. Roundy, J.M. Rabaey, P.K. Wright, Energy Scavenging for Wireless Sensor Networks, Springer-Verlag, 

New York, LLC, 2004.  

[11] M. Rahimi, H. Shah, G.S. Sukhumi, J. Heideman, D. Estrin, Studying the feasibility of energy harvesting in 

mobile sensor network, in: Proceedings of the IEEE ICRA, 2003, pp. 19–24.  

[12] A. Kansai, M.B. Srivastava, An environmental energy harvesting framework for sensor networks, in: 

Proceedings of the International Symposium on Low Power Electronics and Design, 2003, pp. 481–486. 

 [13] S. Toumpis, T. Tassiulas, Optimal deployment of large wireless sensor networks, IEEE Transactions on 

Information Theory 52 (2006) 2935–2953. 

 [14] J. Yick, G. Pasternack, B. Mukherjee, D. Ghosal, Placement of network services in sensor networks, Self-

Organization Routing and Information, Integration in Wireless Sensor Networks (Special Issue) in International 

Journal of Wireless and Mobile Computing (IJWMC) 1 (2006) 101–112.  

[15] D. Pompili, T. Melodia, I.F. Akyildiz, Deployment analysis in underwater acoustic wireless sensor networks, 

in: WUWNet, Los Angeles, CA, 2006.  

[16] I.F. Akyildiz, E.P. Stuntebeck, Wireless underground sensor networks: research challenges, Ad-Hoc Networks 

4 (2006) 669–686.  

[17] M. Li, Y. Liu, Underground structure monitoring with wireless sensor networks, in: Proceedings of the IPSN, 

Cambridge, MA, 2007.  

[18] I.F. Akyildiz, D. Pompili, T. Melodia, Challenges for efficient communication in underwater acoustic sensor 

networks, ACM Sigbed Review 1 (2) (2004) 3–8.  

[19] J. Heidemann, Y. Li, A. Syed, J. Wills, W. Ye, Underwater sensor networking: research challenges and 

potential applications, in: Proceedings of the Technical Report ISI-TR-2005-603, USC/ Information Sciences 

Institute, 2005.  

[20] I.F. Akyildiz, T. Melodia, K.R. Chowdhury, A survey on wireless multimedia sensor networks, Computer 

Networks Elsevier 51 (2007) 921–960. 

 


