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1. [bookmark: _Toc513211516]Introduction


Wireless sensor Network is a very important part of the foundation on which is built the technology of the future [1]. It was firstly developed in the 90s [2] exclusively for military applications but because of its improvement brought in, it started being used in other major fields like transport, industry, construction, security or research [3] [4] [5] [6] and because of that wireless sensor network needed improved so they will be more robust, more economic, with a higher life time, resistant to environment conditions and topology changes and more, the cost implementation must be lowered as much as possible [7]. Constant hardware development in the field and progress in wireless networks contributed to a continuous improvement of sensors [8] so they become more power saving [9], cheaper and even smaller. This is where the hardware components of sensors start influencing the most (power saving, price, size)	.
Hu and Cao [1] describe a Wireless Sensor Network as a network composed of sensors (known as nods or motes) which transmit data to a micro server [9](also named sink). The sink analyse and process the data and after that it sends the processed data to a server that can be accessed by the users.
According to Hu and Cao [1] a mote must have in his componence [10] [6]:
A. Sensors

The sensors can be Analog or Digital [10].
With the rapid growth of technology the development of new sensors came natural.
Some of the most common sensors type are: photo, temperature, humidity, pressure, magnetic field, acceleration, acoustic, smoke, passive IR (motion), photosynthetic light, soil moisture [11] [12].
Also a mote can have in his componence more than one sensor; Analog, Digital or even both types.
B. Memory
A mote doesn’t require a big amount of memory because the data is stored only for a small amount of time in the mote and then it is sent towards the sink [10].
C. Radio Antenna
Motes need to communicate between themselves and with the sink. For that they need antennas to send and receive data using Radio Frequency.
D. Power source
The power source is one of the most important components of the mote. Power source may come from battery, energy harvesting (solar energy) or power line.
E. Microprocessor
It’s a microcontroller [13] that with the help of small pins integrates the mote`s components into a single circuit. The microcontroller contains a small amount of ram as well.

Gathering more sensors you create an Ad-hoc network [14] which can be composed of hundreds or even thousands of sensors placed in a geographical area [15]. These motes communicate between themselves and with the sink to form a Wireless Sensor Network [4]. The formed Wireless Sensor Network can offer access to data anytime and anywhere on a given geographical area, collecting, processing, analysing and distributing the data [12]. The result is that the Wireless Sensor Network actively contributes at the creation of an intelligent environment [6]. The Wireless Sensor Networks are realiable, precise, flexible, low cost, easy to deploy and that is why they are used in most of the existing fields. 
These motes are easy to organise because there is not necessary human control. They detect, evaluate and act in natural environments. They can organise themselves, ad-hoc and they can adapt to different applications [16]. Each mote has ways of communication wireless and can process data and distribute it. Due to limited energy [9], high computing power of a mote [17], it is needed a bigger number of motes depending on the size of the area [18] that needs to be covered by the Wireless Sensor Network. A higher number of motes improves the speed detection, the direction, the size and other characteristics of a moving object compared to the information given by a single mote. Having more motes the cost of the network increases, so the cost a mote is very important depending on the purpose of the network. 
Motes communicate with each other and with the sink using routing protocols [6].
There are many different ways to classify routing protocols:  
A. By the way they operate :

a) Proactive [19]:
· LEACH [4]
· OLSR [19]
b) Reactive [13]:
· TEEN [10]
· Ad hoc On-Demand Distance Vector (AODV)
· Dynamic Source Routing [19](DSR)
c) Hybrid :
· APTEEN [10]
· Destination-Sequenced Distance-Vector [20] [19](DSDV)

B. By the way the motes communicate :
 
a) Direct communication:

· SPIN [4] [21]
b)  Flat protocols:

· Rumor Routing
· Gradient Base Routing ( GBR)
· Constrained Anisotropic Diffusion (CAF)

c)  Clustering protocols:

· TEEN

C. By the structure of the network [1]:

a) Hierarchical [2]:

· low-energy adaptive clustering hierarchy [19] [11] (LEACH)
· threshold-Sensitive Energy-Efficient Sensor Network Protocol (TEEN)
· adaptive Periodic Threshold-Sensitive Energy Efficient Sensor Network Protocol (APTEEN)
· Power-Efficient Gathering in Sensor Information Systems (PEGASIS) [10]
· Minimum Energy Consumption Network MECN
· Small Minimum Energy Consumption Network (SMECN)
· Self Organizing Protocol (SOP)
· Sensor Aggregate Routing
· Virtual Grid Architecture Routing
· Hierarchical Power-Aware Routing
· Two-Tier Data Dimension (TTDD)
· 
b) Data centric [2]:

· Flooding and gossiping [11]
· Sensor protocols for information via negotiation (SPIN)
· Directed Diffusion [11]
· Rumor Routing 
· Minimum Cost Forwarding Algorithm (MCFA)
· Gradient-Based Routing (GBR)
· COUGAR
· Energy-Aware Routing

c) Location based [2]: 

· Geographical and Energy-Aware Routing Protocol (GEAR)
· Geographic Adaptive Fidelity (GAF)
· Greedy Other Adaptive Face Routing (GOAFR)
· SPAN


From The above presented Routing protocols, the author chose for this project two reactive Routing Protocols Ad hoc On-Demand Distance Vector (AODV) [7] [13] [22]and Dynamic Source Routing (DSR) [7] [13].
1.1 [bookmark: _Toc513211517]Ad hoc On-Demand Distance Vector (AODV)

AODV is a reactive Routing Protocol [23] which allows dynamic routing, self starting and multi-hop communication between sensors. The sensors receive fast the information about the path to destination. In AODV, when a link between sensors is broken, the affected sensors transmit the information about the broken link only to the interested sensors so they will cancel the routes that include the broken link [24]. In the Routing Table exists a path for each destination. In order to discover a path, AODV uses broadcast route discovery [8].

The protocol is composed of two stages [25]:

a) Route Discovery
When a mote wants to send data to a destination that is not present in the Routing table, initiate a route discovery. The mote sends, via broadcast, a route request (RREQ) [20]packet to its neighbours. To control the broadcast, the mote will add a time to live (TTL) [5] value to the packet. When an intermediate mote will forward the RREQ packet [26], it will store the address from the neighbour from which the first packet was received in order to allow reverse path. When RREQ reaches destination mote, it replies, via unicast, route reply (RREP) towards the source mote. While RREP traverse intermediate mote towards source mote, path entries are added to the routing table in order to establish a route from source to destination. 

b) Route Maintenance

The route between source and destination is maintained as long as it is needed by the source.
If the source moves to a different location it can initiate a new route discovery.
If the intermediate mote or destination mote moves, the neighbours that  was connected to the destination or to the intermediate mote, which is no longer available, send a route error message (RERR) to the affected neighbours [5] [18]. These, using reverse path, will send the packet to the source mote which will decide if it will stop sending data or send a new RREQ [26]. 

1.1.1 [bookmark: _Toc513211518]Advantages of AODV

The advantages of AODV are [14]:
· Communication via Unicast, Broadcast and Multicast
· Route established only when needed and because of that the delays are low
· Efficient repair of link breakage
· Sequence number prevents loop and helps tracking of data
· Keeps information only about the next hop and not the entire route
· Use Hello packets to periodically track neighbours


1.1.2 [bookmark: _Toc513211519]Disadvantages of AODV

The disadvantages of AODV are [14]: 
· Broadcast communication requires node to detect communication already in the medium
· Large Overhead because of the reverse path information carried by the returning RREQ
· Vulnerable to attacks
· Doesn`t support high bandwidth links
· High latency for route discovery


1.2 [bookmark: _Toc513211520]Dynamic Source Routing Protocol (DSR)

DSR is a reactive protocol which uses source routing [21]. The motes have complete route to destination, stored in a route cache. While using DSR the network is self-organizing, self-configuring and does not need any infrastructure or administration [24]. Similar to AODV, DSR is composed of two stages as well :
a) Route Discovery
DSR uses flooding for route discovery. Source floods route request packets (RREQ) to its neighbour, which, if they are not the destination or if they don`t have a route to destination, will rebroadcast the RREQ to its neighbours and so on. The destination mote or a more that has the destination stored in its routing table will send a route reply (RREP) to the source and when it will arrive there, it will create and store in the cache, a route path for future use [21].

b) Route Maintenance

Periodic routing updates are sent through the network. If a link is broken, the source mote will receive a route error packet (RRER). The source mote will then remove all the routes entries, that use the broken link, from the routing table. When that route is needed, a route discovery process will be enabled [21].
1.2.1 [bookmark: _Toc513211521]Advantages of DSR

The advantages of DSR are [19]:
· Doesn`t need to periodically flood the network with table update message
· Less overhead because of the cache usage

1.2.2 [bookmark: _Toc513211522]Disadvantages of DSR

The disadvantages of DSR are [19]:
· The broken links are not repaired locally
· Higher delay because of the cache



This paper will analyse the behaviour of chosen routing protocols [23] [26]in given scenarios with the purpose of finding an optimal solution to be implemented in monitoring projects of building (smart building, smart campus with office environment). The analysis will take in consideration the number of sensors deployed in the building, the throughput, number of error packets and the delay in the Wireless Sensor Network (future monitoring projects that will be implemented in the UWTSD campus will benefit from this paper).
The paper will be split in six sections. First section will offer a detailed description of Wireless Sensor Network and will justify the chosen routing protocols (AODV and DSR) presenting the advantages and disadvantages of these protocols in different situation.
The second section will present the problem that is analysed and solved in this paper.
The third section will be a literature review of previous work related to this problem and a discussion on this work.
The forth section will show how the problem will be solved.
The fifth section will present the resources required for the project completion. 
The sixth section will present the proposed timescale for this project.






2. [bookmark: _Toc513211523]Problem Overview

A big problem [3] in Wireless Sensor Networks is the fact that with the increasing of the motes, network issues appear (congestion, data loss, delay and others). One of the way to solve that is to choose the optimal routing protocol in the given scenario with an exact number of motes. It is hard to do that as there are many existing routing protocols and there aren`t any labels available to tell a user for this situation this routing protocol would be optimal and for that situation another routing protocol should be used or for this number of motes in this environment it`s optimal to use this routing protocol. For that, there are needed test and simulation that can give exact numbers, values, advantages or disadvantages that can make you determine which routing protocol is the best for your given situation and for the number of motes that will be deployed in the given project. The author thinks that this paper will improve campus building environment and student`s life in it, offering  a strong and researched option in choosing used protocols future Wireless Sensor Network projects in campuses.







3. [bookmark: _Toc513211524]Literature Review

3.1 [bookmark: _Toc513211525]Wireless Sensor Network

Being a hot topic [4], Wireless Sensor Networks, it benefits of a lot of present and future research with the goal of improving it [3]. The biggest issues to be tackled by future research are [27] [16]:

· The life span increase of Wireless Sensor Networks
· Building an intelligent system for data collecting
· Fast changing topology
· Motes use broadcast communication while most network use point to point communication
· Motes are limited at energy, computation power and memory [15]
· Motes are more likely to fail [18]
· When in high numbers collision and congestion appear. To avoid this, motes must take turns to communicate.
· Ad-hoc deployment require that the system identify and support distribution and connection between nodes
· The dynamic environment, in which the motes runs, forces the network to adapt fast to the modification that appear in topology and at the different external factors 

Many of the above mentioned issues are directly influenced by the routing protocols [16]. Because of that , a lot of researches have been done and will be done in the future this is why the routing protocols developed fast either improving older protocols, either combining two or more older protocols to result a better one, either developing new ones.
3.2 [bookmark: _Toc513211526]Related work 
A lot of research has been done in this field analysing and developing routing protocols. Similar subject papers are:

· Evaluation of AODV and DSR Routing Protocols of Wireless Sensor Networks for Monitoring Applications [16]
· Performance evaluation of DSR, AODV, ZRP, and OLSR Routing Protocols for unreliable and dynamically changing Wireless Sensor Networks [28]

3.2.1 [bookmark: _Toc513211527]Evaluation of AODV and DSR Routing Protocols of Wireless Sensor Networks for Monitoring Applications


In this paper Ali and Akbar [16] try to establish the better routing protocol, between AODV and DSR, for monitoring applications. This paper is split in five chapters.
In the first chapter a brief introduction of WSN is presented, problem definition, research, methodology and goal of the project.
The second chapter will present a more in depth evaluation of Wireless Sensor Networks and a comparison between WSN and MANET.
The third chapter covers Routing Protocols.
In the forth chapter, the authors present the network design for the project and the simulation tool. The routing protocols are implemented in the simulation tool.
In the final chapter the results are compared and presented. Here a final analysis will decide which protocol works better in which scenario.

The simulation area is 500 meters x 500 meters under high network load. The duration of simulation is 1800 seconds. The type of application that will run on base station and nodes is FTP. The packet size will be 512 byte. The authors choose in this project mobile nodes with a mobility of 10 meter/second. There are three scenarios with different number of sensors and all of them will analyse the delay and the throughput of the network for the chosen routing protocols (AODV and DSR). In the first scenario there will be deployed 10 sensors, in the second one 20 sensors and in the third one 35 sensors.
The result from the two protocols will be analysed and compared for each scenario.
For Delay the results shows that for lower number of sensors DSR performs better than AODV but as the number of sensors increases AODV`s performance improves in comparison with DSR.
For throughput AODV performs better than DSR in all scenarios.
The analysis provide good information but the graphs could have been labelled better as the reader can`t tell which is for DSR and which is for AODV and the authors name a network of 10 sensors a small network, a network of 20 sensors a large network and a network of 35 sensors a very large network which might lead to false conclusion the reader. Other than that the work is very helpful for and will influence future work in this area.

3.2.2 [bookmark: _Toc513211528]Performance evaluation of DSR, AODV, ZRP, and OLSR Routing Protocols for unreliable and dynamically changing Wireless Sensor Networks

In this paper Sing and Kaur [28] analyse the performance of DSR, AODV, ZRP and OLSR Routing Protocols. The authors explained how each routing protocol works. After that, with the help of Tetcos Netsim Simulator they carried out simulations. In simulations, the authors used a 200 meters x 200 meters area to deploy 30 sensor nodes , a sink node and a mobile agent. The analysis was done on energy consumption, total number of packets collided, total number of error packets and total overhead transmission. There are information about the simulation missing in each analysis . At energy consumption, the duration of the simulation is not presented. At the other analyses the authors don’t state the number of packets sent. All the analysis and the charts presented lack information  of the results are not clear. The number of simulation run or the environment chosen are not specified either. This paper compare the given routing protocol in a singular given scenario so the results are not conclusive but even so this paper inspired in choosing suitable routing protocols for future simulations.





4. [bookmark: _Toc513211529]Research and testing methods

The methodologies used in this project are:
· Philosophy – positivism
· Approach – deductive
· Strategies – experiment
Testing methods will include measuring and comparing values for the throughput, number of error packets and the delay in the Wireless Sensor Network while increasing the number of motes.




5. [bookmark: _Toc513211530]Resources

The resources needed for this project are people, software, the knowledge to use the software and the hardware needed to run the software on.
The people involved in this project are:
· George Cristian Petrescu (Author / Project Leader)
· Carlene Campbell (Project Supervisor)
· Simon Downes (Project Supervisor Assistant)
 The software used in this project will be:
· NetSim
· Windows 10
· NS3- [29]
· Linux OS
· MatLab
· Microsoft Word
· Microsoft Excel
· Microsoft Access
· Microsoft Visio

Access to room 509 will be needed from July 2018 to December 2018.


















6. [bookmark: _Toc513211531]Planning


Planning is explained with the help of GANT Chart [30] produced, with the help of 2-plan [31], a free Gant chart tool. The plan breaks down in six separate phases to allow review after each phase. 



1 Gant Chart

Each section includes extra days for contingency. For this project has been allocated 405 days from the 01.03.2018 to its completion in 26.04.2019.
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