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ABSTRACT 

Wireless sensor networks (WSN) is a very important and exciting new technology with 

great potential for several current applications in medication, transportation, agriculture, 

industrial process control, and also the military as well as creating new revolutionary 

systems in areas like global-scale environmental monitoring, precision agriculture, home 

and assisted living medical care, smart buildings and cities, and numerous future military 

applications. In fact, it is difficult to consider any major application area that cannot 

benefit from WSN technology. Typically, WSN are composed of enormous numbers of 

minimal capacity sensing, computing, and communicating devices and various sort of 

actuators. To date, analysis and real-world implementations have made several wonderful 

low level mechanisms and protocols to gather, transport, perform sensor fusion of this 

data and react with control actions. In the harsh working environments, channel fading, 

interference, and radio irregularity further pose challenges on the design of such scheme. 

Our focus is on reliable data transmission WSNs. As multiple- input–multiple-output 

(MIMO) technology has the potential to dramatically increase the reliability or reduce 

transmission energy consumption in fading channels, So for reliable communication in 

WSN MIMO technology is a possible option. But applying multiple antenna techniques 

directly to sensor network is impractical because of the limited size of a sensor node 

usually supports a single antenna. So the MIMO transmission in wireless sensor 

networks must be operated in a cooperative way, which means multiple sensor nodes 

with single-antenna in each of them, form MIMO link. 
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Chapter 1                                                                                                                                    

Introduction   

1.1 Background 

Since the primary remote broadcast was developed by Guglielmo Marconi in 1901, remote 

analogy addition has created for over one century and was the foremost dynamic zone in 

interchanges and systems administration. From the end-to-end message transmission to media, 

substantial volumes of data stream and there is huge connection between systems in the current 

society. Large of remote items, for example, cell cellular telephone system, satellite TV 

administrations, remote web, and so forth, are rolling out large enhancement to our day by day 

life. Remote ways moreover, their applications in numerous form of systems, which might 

bolster higher data rate, higher correspondence unwavering quality, the key fascinating problems 

in these days' analysis all over the world. The exploration focus of this postulation is remote 

sensor system (WSN). WSN sensor network (WSNs) have emerged as one of the dominant 

technology trends of this decade [3]. Massachusetts institute of technology (MIT) Enterprise 

Technology Review [4] predicted that wireless sensor would be one out of ten emerging 

technologies that will change the world and affect the way we live and work.  

It’s a self-sorted out system created out of thickly sent sensing element. It has been from the 

beginning projected by the examination bunch in Carnegie Mellon University in 1978 for 

military utilization. As of late, its application has been grownup into common utilization. There 

are numerous analysis compassed concerning wireless sensor systems since nineties, for 

instance, SIM (sensor information modernization), WINS (remote consolidated system sensors), 

Smart Dust, AMPS (smaller scale versatile multi-area power-mindful sensors), Sea Web, and so 

on.Not quite the constant as totally different remote corresponding organizes, the foremost 

essential basis in configuration of wireless sensor networks is vitality proficiency in lightweight 

of the very fact that sensor nodes are usually deployed in an exceedingly immense territory and 

work utilizing non-rechargeable battery. 
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1.2 Motivation 

Wireless sensor network (WSN) comprises of hundreds to thousands of small nodes employed in 

a wide range of data gathering applications such as military, environmental monitoring and other 

fields [1][2]. Due to limited energy and difficulty in recharging a large number of sensor nodes, 

energy efficiency and maximizing network lifetime have been the most important design goals 

for the network. However, channel fading and radio interference pose a big challenge in design 

of energy efficient communication protocols for WSN. In harsh environments, sensor nodes must 

be provided with reliable communication links. As we know MIMO technology can increase the 

channel capacity because of spatial multiplexing and communication reliability because of the 

spatial diversity so Multi- input Multi-output (MIMO) schemes when incorporated in wireless 

senor network (WSN) can significantly improve the communication performance. But applying 

multiple antenna techniques directly to sensor network is impractical because of the limited size 

of a sensor node usually supports a single antenna. So the MIMO transmission in wireless 

sensor networks must be operated in a cooperative way, which means multiple sensor nodes with 

single-antenna in each of them, form MIMO link. In this way we can achieve the diversity gain 

in WSN. 

1.3 Dissertation Overview 

This dissertation examines the use and performance of cooperative MIMO communication 

mechanism in WSNs with reliability as the main focus. Chapter2 examine existing traditional 

MIMO communication system. Chapter 3 studies existing fundamental Intelligent WSN. Chapter 

.4 studies basics of cooperative diversity. Chapter 5 includes simulation results. Chapter 6 

concludes the dissertation.   
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Chapter 2 

MIMO Technology 

In this chapter, some basic ideas for wireless attenuation channels square measure introduced 

initial. Then the background of MIMO communication and wireless device network introduced., 

accentuation the benefits of MIMO over the normal technologies and also the specialties of 

WSNs. Supported this, the need and feasibleness of mixing such two analysis fields are often 

clear, that collectively explains the inventory of this subject and also the aim of this thesis. The 

literature review of recent cooperative MIMO technique in WSNs is additionally explicit to 

clarify the contributions of the work.  

 

 

2.1 wireless fading channels 
 
The wireless environment is very unstable and fading is cause due to multipath propagation. 

Multipath propagation results in fast inconstancy of the phase and amplitude of the signal. The 

presence of obstructions in the wireless environment ambient a transmitter and receiver create 

multiple paths that a transmitted signal can pass through. As a result, the base station receives the 

multiple copies of the transmitted signal, each pass through a different path and suffers different 

fading. Each signal copy can suffers deviation in attenuation, delay and phase shift when 

transmitted from the transmitter to the receiver. This can end in either constructive or destructive 

interference, at the receiver signal gets amplifying or attenuate. There are three basic 

mechanisms that impact signal propagation in a mobile communication system. They are 

reflection, diffraction, and scattering [11]. 

 

Reflection: occurs when a propagating electromagnetic wave impinges on a smooth surface with 

very large dimensions compared to the RF signal wavelength (λ). 
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Diffraction: occurs when the radio path between the transmitter and receiver is obstructed by a 

dense body with large dimensions compared to λ, causing secondary waves to be formed behind 

the obstructing body. Diffraction is a phenomenon that accounts for RF energy traveling from 

transmitter to receiver without a line-of-sight path between the two. It is often termed shadowing 

because the diffracted field can reach the receiver even when shadowed by an impenetrable 

obstruction. 

Scattering: Scattering occurs when a radio wave impinges on either a large rough surface or any 

surface whose dimensions are on the order of λ or less, causing the reflected energy to spread out 

(scatter) in all directions. In an urban environment, typical signal obstructions that yield 

scattering are lampposts, street signs, and foliage. 

 

Figure 2.1 Reflection, Diffraction, Scattering 

Fading can be further categories as large scale fading or small scale fading [13]. Supported 

multipath time delay spread small scale fading is classified as flat fading and frequency selective 

fading. If information measure of the signal is smaller than bandwidth of the channel and delay 

spread is smaller than relative symbol period then flat fading occurs whereas if bandwidth of the 

signal is greater than bandwidth of the channel and delay spread is greater than relative symbol 

period then frequency selective fading happens. Based on Doppler spread small scale fading may 

be fast fading or slow fading. Slow fading occurs when the coherence time of the channel is 

relatively large to the delay constraint of the channel. The amplitude and phase change 

obligatory by the channel may be considered roughly constant over the period of use. Slow 

fading may be caused by events like shadowing, wherever a large obstruction like a hill or 

massive building comes within the main signal path between the transmitter and the receiver.  
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Fast fading is occurs due the coherence time of the channel is relatively less to the delay 

constraint of the channel. The amplitude and phase change obligatory by the channel varies 

significantly over the period of use. In a fast fading, the user can take advantage of the variations 

in the channel conditions using time diversity to assists increase robustness of the 

communication. Multipath propagation phenomenon is shown as in figure 2.2 

 

 
 
 
 

 

 
 
           

 

 

 

     

 

 

 

Figure2.2 Multipath Propagation Mechanism: Ref (49) 

The signal which is directly received at the receiver is called line-of-sight (LOS) path. Other 

Multiple copies can also reach to the receiver because of multipath propagation mainly caused by 

reflection, diffraction, and scattering. Then at the receiver side (Rx), amplification or attenuation 

of the signal power is seen because of superposition. The worst situation is so called  deep fading 

which means a temporary failure of communication between Transmitter and Receiver due to a 

severe drop of signal- to-noise ratio (SNR).  
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2.1.1 Small-Scale Fading 

Electromagnetic waves that radiate from a transmitting antenna strike obstacles during their 

propagation toward the receiving antenna[10]. Depending on the nature of those obstructions, the 

waves experience reflection, diffraction, or scattering, and finally, multiple waves which 

propagate via different paths (multipath propagation) impinge on the receiver. Those scattering, 

reflected waves superimpose constructively or destructively depending on their phase shifts and 

time delay. If consider the scenario where mobile users present or uncertainty in the 

environment, results in different multi-paths and thus reduced the received signal to-noise ratios 

(SNRs). Indeed, deep fades, i.e., locations where the received signals are below the noise level 

and assume as of error free receptions are only separated by some fraction of the wavelength of 

the carrier frequency. Communicating nodes also suffer from fading effects even when they do 

not move, which reveals the time variance of the channel caused by changes in the environment.   

Small-scale fading is also called Rayleigh fading because if the multiple reflective paths are large 

in number and there is no line-of-sight signal component, the envelope of the received signal is 

statistically described by a Rayleigh PDF. When there is a dominant non fading signal 

component present, such as a line-of-sight propagation path, the small scale fading envelope is 

described by a Rician PDF.. A mobile radio roaming over a large area must process signals that 

experience both types of fading: small-scale fading superimposed on large-scale fading 

 

2.1.2 Large Scale Fading 

This phenomenon is affected by prominent terrain contours (hills, cliffs, forests, billboards, 

clumps of buildings, etc.) between the source and destination. The receiver is generally 

represented as being “shadowed” by such eminence. The details of large-scale fading provide a 

way of computing an estimate of path loss as a function of distance. This is described in terms of 

a path loss (nth-power law) and a log-normally distributed variation about the mean.  

 

2.1.3 Rayleigh Fading 

For a wireless channel, the envelope of the channel response is modeled to have a Rayleigh 

distribution. Rayleigh Fading is a reasonable model when there are many objects in the 
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environment that scatter the radio signal before it reaches the destination. The delays related with 

different signal paths in a multipath fading channel change in an unpredictable manner and can only be 

characterized statistically. When there are a large number of channel paths, the central limit theorem can 

be applicable to model the time-variant impulse response or channel response of the channel as a 

complex-valued Gaussian random process. When the impulse response is formed as a zero mean 

complex-valued Gaussian process, the channel is said to be a Rayleigh fading channel.  

 

2.2 Introduction to MIMO  

MIMO (Multiple-Input Multiple-Output) technology is a significant development in wireless 

communication and intelligent antenna research. The earliest ideas in this field can be traced 

back to the begin work during 1970s and 1980s by A.R. Kaye, D.A. George, W.van Etten, and 

Jack Winters, etc [23]. MIMO technology first explored from the antenna array used for military 

purposes. It aimed to provide enhanced diversity gain by employing more space dimensions and 

to overcome co-channel interference and noise in fading channels. Recently, some effort has also  

made to introduce MIMO technology into emerging communication standards, including the 

high data rate downlink packet access (HSDPA) mode of third generation cellular networks, 

IEEE 802.11n for next-generation wireless local-area networks (WLAN), and IEEE 802.16 for 

outdoor fixed/nomadic wireless wide-area networks (WWAN) [17]. Its application has increases 

to our daily life, such as 3G mobile phones, and internet wireless accessing for our laptops, and 

promises to play an important role in the future. 

 

2.2.1 Design of MIMO System 

Different from the common single-transmitter single-receiver system, so-called SISO (single-

input single-output), in MIMO [24] technology multiple antennas at both the transmitter and the 

receiver side are deployed to improve transmission communication performance. 

 There are some other class which are derived from MIMO, known as SIMO, MISO. Diagrams 

depict SISO, SIMO, MISO and MIMO [23-25]are shown in Figure2-3 
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2.3 Figure of SISO, SIMO, MISO, MIMO system 

 

2.2.2 Subcategories of MIMO System 

There are different sub-categories for MIMO[23] system depending on the formation of number 

of antennas and number of users, such as single-user MIMO, multi-user MIMO (MU-MIMO),  

and cooperative MIMO (CO-MIMO). 

 

 

Single user MIMO 

A transmitter which consists of more than one antenna at transmitter side and communicate only 

with one receiver that has multiple antennas, shown as figure 2.3(a)  

 

 

 

SISO                                                                                   

    

 SIMO                                                                                

                

 MISO                                                                                

         

   MI MO                                                                            
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Figure 2.3(a) Single User MIMO: Ref[46] 

Multi-user MIMO 

A transmitter having more than one antenna communicating with multiple antennas at the  

receiver side (figure 2-3(b)) 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3(b) Multi User MIMO System 
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Cooperative MIMO 

 

Different users are used as a individual antennas and form a virtual MIMO link at both transmit 
and receiving sides. 

 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 

 

Figure 2.3(c) cooperative MIMO system 

 

 
2.3 Spatial Diversity 
 
Spatial diversity is achieved by the use of multiple antennas or nodes at either end or at each 

ends of the MIMO communication link. The separation in-between the antennas should be quite 

more than half a wavelength through a regular scattering environment. Spatial diversity gains 

increase data rate that’s lead to higher information throughputs and vital improvement in 

information transmission reliability. These advantages are achieved without any enlargement of 

bandwidth or higher transmit power that this methodology terribly applicable to be enforced in 

energy constrained WSNs. Diversity techniques will be combined to realize greater enhancement 

in reliability and possible transmission rates. Perhaps the foremost popular combination 

technique is between space diversity and time diversity by exploitation channel coding. The 

combination yields the space-time coding (STC) scheme. The variants of the STC scheme rely 

on the channel coding being used. For example, space-time block coding (STBC) [27] schemes  

 

TRANSMIT ANTENNA                     MIMO CHANNEL                        RECEIVE 

ANTENNA 
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are based on block coding and space-time trellis coding scheme (STTC) schemes are based on 

trellis coded modulation. Multiple antennas or nodes are going to be exploited in many ways in 

which   at every ends of the MIMO communication link. 

 

2.4 Spatial Multiplexing 

Spatially multiplexed MIMO (SM-MIMO)[14] systems will transmit information at a far better 

speed than MIMO systems exploitation antenna diversity techniques. Spatial multiplexing splits 

a high rate signal into multiple independent lower rate streams and each is emitted from a 

transmit antenna within the same frequency channel. In associate Nt  Nr system, where  NT and 

NR represent the number of transmit and receive antennas severally, the utmost spatial 

multiplexing order (capacity gain) is NS =  min(NT ,NR ). 

 

 

 

 

 

 

  

                        

 

 

 

 

 

 

 

 

 

Figure 2.4 Multiple Antenna Technique: Ref [47] 
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2.5 Beamforming 

 
Beamforming may be a signal processing technique used to control the directionality of the 

transmission and reception of radio signals. The fore most effective variety of beamforming is 

dynamic digital beamforming this kind of beamforming uses a complicated on chip digital signal 

process rule to achieve complete management over Wi-Fi signals. By forming many several 

independent paths to optimally focus radio energy to and from client server on a per packet, 

performance is dramatically enhanced. With in the case of two stream configuration, this makes 

it doable to steer the energy of the antenna array within the independent spatial directions    

associated with both data streams, whereas at the same time avoiding interference.  

  

                    

Figure 2.5 Beamforming: Ref [47] 

 

2.6 Pre-coding  
 

Pre-coding can be considered to be any spatial processing operations at the transmitter side. 

Throughout a single- layer system (MISO), beam-forming is used to send the recurrent signal 

from every antenna with applicable weight such the signal power is maximized at the receiver 

input. Once there are more than one antennas at the receiver aspect, that could be a MIMO 

system, pre-coding of multi- layer beam-forming at the identical time maximize the magnitude in 

any respect of the receive antennas [18]. Some examples of pre-coding method are singular value 

decomposition (SVD) [19] for single-user MIMO, linear pre-coding of minimum mean square  
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error (MMSE), zero-forcing (ZF) and therefore the nonlinear precoding of dirty paper coding 

(DPC) for multi-user MIMO systems [20]. All these method need information of channel state 

information (CSI), full or restricted, at the transmitter.  

 

2.7 Alamouti code 

Alamouti[15][17] offers a simple method for achieving spatial diversity with two transmit 

antennas. 

we take into account, that we have a transmission sequence, for example(x1 and x2).  

 Two Transmit  antenna – 1 Receive antenna 

 

 

 

 

 

 

 

 

 

 

 

 

                                   Figure 2.4 Alamouti coding 

  

Figure 2.6 Alamouti Scheme: Ref [48] 

 

In traditional transmission, we will be sending x1 within the first time slot, x2 in the second time 

slot. However, Alamouti advised that we tend to group the symbols into groups of two. In the 
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first time interval, send x1 and x2 from the primary and second antenna. In the second time 

interval sends -x2* and x1* from the primary and second antenna. Notice that although we tend  

 

to grouping two symbols, we tend to still need two time slots to send two symbols. Hence, there 

is no amendment within the rate. 

An STBC [29] will be described as a matrix, with every row representing a time interval and 

every column representing one antenna’s transmission over time [34]. A block codeword with T 

time slots is called T length coding. If associate STBC block encodes k symbols of a signal, then 

the code rate can be expressed as [29].  

                                               
 

 
 

It is used to measure how many symbols this coding transmits per time slot on average. Then the 

system data rate is the product of symbol rate multiplying by the code rate. 

 

                          

 

 

 

 

 

 

 

 

Figure 2.7 Alamouti Transmission 
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In the first time slot, the received signal is,                    

                                                     
  

  
                                      (1) 

In the second time slot, the received signal is,                    

                                      
      

             
  

 

  
                                (2) 

Where, 

 Y1 and Y2 is the received symbol on the first and second time slot respectively. 

 h1 is the channel from first transmit antenna to receive antenna.  

 h2 is the channel from 2nd transmit antenna to receive antenna.  

 X1 and X2 are the transmitted symbol and n1 and n2 is the noise on time slots. 

 

                                       
     

    
   

  

  
    

                                                     (3) 

By combining 2 received signal we get,  

                                         
  

  
    

    

  
    

   
  

  
   

  

  
                                         (4) 

W1 and W2 are the weighting coefficient multiply with the received signal at the receiver to 

detect X1 and X2. 

Where W1 and W2 are given as, 

                                              
  

   
       

  

   
                                                   (5) 

 

In matrix form we can write the weighting coefficient as: 

                                              

  

   

  
 

   

            

  

   

   
 

   

                                                  (6) 
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                               (7) 

                                                     
            

                                                   (8) 

Similarly we can obtain symbol X2 by multiplying W2 with the received vector Y2. 

 

                                                      
            

                                                  (9) 

 

 

 

2.8 Properties of Alamouti codes 

Unitary: The product of channel matrix with its Hermitian transpose is equal to the       

identity matrix. 

Linearity: transmitted symbol in Alamouti code is linear.  

Full rate complex code: is the only complex space time block code with unity code rate.  

Optimality of capacity: for two transmit antennas and a single receive antenna, the alamouti 

code is the only optimal space time block code  in terms of capacity.  
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Chapter 3 

Fundamentals of Intelligent Wireless Sensor Networks 

 
In recent years, together with the event of computing, telecommunication, automation, artificial 

intelligence, and micro-electro-mechanism system (MEMS), a brand new reasonably observation 

network, wireless sensor network (WSN), has been paid more and additional attention and 

becomes one in all the recent topics in IT research field [34].  Completely Different from other 

computer and wireless communication networks, WSN has some specific options and its own 

criterion for style. In the section, we will provide a fundamental introduction of its structure and 

a few vital techniques for its operation. 

 

3.1 Basic structure for wireless sensor networks 

 
A wireless sensor network is consists of a large number of sensor nodes that are densely and 

randomly deployed in specific terrains, like battlefields or inaccessible environments, for 

observation [34]. The position of sensor nodes need not be designed or preset and even 

throughout its period, the topology of the network still keeps on dynamical. Communication 

takes place in WSN in two modes 1) node to node communication and other one is cluster to 

cluster communication. The sketch of a sensor network and its basic operat ing mode are shown 

in Figure 3.1 

 

 

 

 

 

 
 

 
 

 
 

Figure 3.1 A Wireless Sensor Network: ref[43] 
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3.2 Sensor Node Architecture 

Sensor Node Architecture mainly consists of 4 unit components and some additional application 

specification components are: 

 Sensing Unit 

  Processing Unit  

 Transceiver Unit  

 Power Unit 

 Location finding system 

 Power Generator 

 Mobilizer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                               Figure3.2 Hardware Architecture of a Sensor Node: Ref [45] 
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Sensing unit 

Sensing units are generally composed of two subunits : sensors analog to digital converters 

(ADCs). The analogue signals created by the sensors are converted to digital signals by the ADC 

so fed into processing unit.  

Processing unit 

The processing unit is generally related to a small storage unit and it will manage the procedures 

that create the sensor node collaborate with the other nodes to carry out the allotted sensing 

tasks. The signal received from the ADC is further processed using the processor unit. All the 

signal processing tasks are run by this unit. It also takes care of algorithms and communication 

protocols related to the actual application. Every sensor node needs memory to store the 

information concerning to a specific task, such as process values, data or packets. The processor 

unit works in co-ordination with the memory unit to achieve the required response.  

Transceiver Unit  
 
This unit helps the sensor nodes to communicate with one other or with the BS. The 

communication often established in any range of frequencies i.e. either in infrared or optical or in 

radio frequency (RF) range. Just in case of RF transmission the bit stream is converted into a RF 

waves and is then transmitted, which are then recovered back at the other end.  

 

Power Unit  
 
Power unit is one amongst the important components of the sensor node. It provides the power 

needed to run every component in the sensor node, typically battery is employed as a power 

source. As the power is limited, therefore it is needed to use it in an efficient manner to enhance 

the lifetime of a node. An ideal power source must have features like high capacity, low cost, 

small size, light weight etc.  
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Location Finding System 
 

This is one amongst the extra units mounted on the sensor node counting on the need of the 

application or task. As some applications or tasks need the knowledge of physical location of a  

sensor so as to route data or to sense a specific event in a region, therefore sensor nodes needs a 

location finding system to seek out its position within the physical environment. GPS are often 

utilized in location finding system, however it may increase the d imension and cost related to the 

sensor node. However, location finding algorithms also can be used to find the location of a 

specific sensor. 

 

Power Generator  

As the whole operation of the sensor node is carried out using a battery, so it becomes necessary 

to use it in an efficient manner to prolong the network lifetime. Sometimes the sensor nodes 

which are deployed in external environments can use solar cells to generate power for the 

functioning. 

 

Mobilizer  

The sensor nodes in a network are typically static in nature, however sometimes movement of 

sensor nodes is important so as to meet the tasks related to the actual application. So, a mobilizer 

is needed to move the sensor nodes within the network.  

 

3.3 Communication Model 

3.3.1 Node to Node communication 
 

The simplest and most ancient transmission mode in WSNs is point-to-point. Data gathered from 

the source node is transmitted to the sink node or BS directly without any relay. Solely the 

combine of communication ends are activated whereas the other nodes within the network keep 

on sleeping to avoid waste energy. The fundamental structure of a single-hop SISO system in a 

WSN is shown in fig, 3.3 
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Figure 3.3 Node to Node Communication :Ref [50] 

 3.3.2 Cluster based communication 

When a wireless sensor network is composed of clusters, the transmission mode is cluster-based 

[89]. All the sensor nodes within the network are classified into clusters and there might or might 

not be a cluster-head for every of them, counting on the cluster forming algorithm or routing 

protocol. The node-based sleep scheduling strategy then turns to cluster-based one. Clusters not 

concerned in the communication stay in sleep mode [90]. A typical one-hop cluster-based 

cooperative transmission mode is displayed within in the following figure 2.9 

 

                    

  

 

                                                     Figure2.8 cluster to cluster communicat ion 

 

 

 

 

 

 

 

 
Figure 3.4 Cluster to Cluster Communication: Ref [51] 
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3.4 Factors influencing sensor network design 
  
In order to design a wireless sensor network one requires a great knowledge in the fields of 

software, digital signal processing, embedded systems, networking and wireless communication. 

There are many factors which influence the design of any typical wireless sensor network e.g. 

scalability, hardware constraints, fault tolerance, production cost, sensor network topology, 

transmission media and power consumption [30]  

 
Fault Tolerance  
 
The sensor nodes in a network may die due to lack of power or can get damaged during their 

deployment in harsh environments. The failure of sensor nodes within the network should not 

affect the coverage and connectivity of the entire network. The protocols and algorithms should 

be designed in accordance with the application or with the environment in which they are 

deployed. Some applications such as household can work fine with low fault tolerance protocols 

but for the applications such as military the fault tolerance of the protocols designed should be 

high as the sensor nodes are more prone to failures as they can get damaged due to the hostile 

actions.  

 

 Scalability  
 

The sensor nodes deployed over a particular task can be large in number. In order to monitor a 

physical phenomenon the node density may vary from few hundreds to thousands [16, 17]. The 

new protocols designed should be able to deal with such high density of nodes in an efficient 

manner. In particular, node density depends on the task or event which had to be monitored by 

sensor nodes.  

 

 Hardware Constraints  
 

A typical sensor node constitutes of four basic units viz. sensing unit, processing unit, transceiver 

and power unit. All these units must be of small size so that they can be fitted inside a module 

not larger than a size of a matchbox. Along with that it must consume very low power for its  
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operation, should have low production cost, must be able to operate in harsh environments or if 

left unattended for a long period of time [21, 22, 23].  

 

 Production Cost  
 

As the wireless sensor network consists of high density nodes, so the cost of one node should be 

kept low in order to minimize the cost of entire network. Typically a sensor node consists of 

different subunits and also requires some additional units depending on the application, so it is a 

tedious task to keep the cost of a sensor node less than a dollar [24].  

 

3.5 Wireless Sensor Network OSI Layers 

The sensor are usually scattered in a sensor field. Each of these scattered sensor nodes has the 

capabilities to collect data and route data back to the sink and the end user[13]s. Data are routed 

back to the end user by a multi- hop infrastructure less architecture through the sink. The sink 

may communication with the task via internet or satellite.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.5 OSI Layer Model: Ref(44) 
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I. Physical layer 

Physical Layer can offer an interface to transmit a stream of bits over physical medium. This 

layer is responsible for frequency selection, carrier frequency generation, signal detection, 

Modulation and encoding. 

 

II. Data link layer 

Responsible for multiplexing information streams, data frame detection, MAC, and error 

management, guarantee reliability of point–point or point– multipoint. Errors or unreliability 

comes from: 

• Co- channel interference at the MAC layer and this problem is resolved by MAC protocols. 

Multipath fading and shadowing at the physical layer and this drawback is solved by forward 

error correction (FEC) and automatic repeat request (ARQ). 

ARQ: not widespread in WSN because of extra re-transmission cost and overhead. ARQ is not 

economical to frame error detection therefore all the frame has to retransmitted if there is a single 

bit error.  

FEC: decreases the number of retransmission by adding redundant information on every 

information packet therefore the receiver will detect and correct errors. By that we will avoid re-

transmission and wait for ACK. 

 

III. Network layer 

The major responsibility of this layer is routing. This layer encompasses a ton of challenges 

counting on the application however apparently, the main challenges related with power saving, 

restricted memory and buffers, sensor doesn’t have a world ID and need to be compelled to be 

self organized. The fundamental idea of the routing protocol is to stipulate a reliable path and 

redundant paths according to a precise scale referred to as metric, which differs from protocol to 

protocol. There’s plenty of routing protocols available for this layer, they will be categories as; 

flat routing (for example, direct diffusion) and hierarchal routing (for example, LEACH) or is 

divided into time driven, question driven and event driven. In continuous time driven protocol,  
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the data is distributed sporadically and time driven for applications that needed a periodic    

observation. Data aggregation and data fusion: so as to produce a complete coverage for a 

particular area, even after we have a failure, we have to deploy redundant sensors.  

 

IV. Transport layer 

The responsibility of this layer is to provide reliability improvement and congestion avoidance.  

Providing a reliable hop by hop is lot of energy efficient than end to end and which is one of the 

reason why TCP is not preferred for WSN. Some-times the link from base station to node is 

taken into account as downstream link for multicast transmission and UDP traffic owing to the 

restricted memory and overhead avoiding. In general, Transport protocols can be classified as:  

a) Packet driven: in this protocol all packets sent by source should reach destination. 

 b) Event driven: in the event protocol, protocol should be detected, however it is enough that 

one notification message reaches the base station. 

 

V. Application layer 

Responsible for traffic management and provide software for different applications that translate 

the information in an understandable form or send queries to get bound information. Sensor 

networks deployed in numerous applications in numerous fields, for example; military, medical, 

environment, agriculture fields. 
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Chapter 4 

Introduction to Cooperative Diversity  

4.1 Cooperative diversity 

Cooperative diversity [28-29] is a promising technique that addresses the disadvantage of 

exploitation multiple antennas. The main idea is that neighboring nodes collaborate by sharing 

their antennas to realize spatial diversity. A single node does not require multiple antennas nor 

sophisticated receiver hardware to find out from diversity effects. The increasing node density 

ensures the existence of multiple neighbors which might nearly share their antennas among each 

other. 

 

                                         

                                                 Figure: 4.1 Cooperative Relaying 

 

 Basic idea 

The basic plan of cooperative diversity is shown in figure 2.10.  Source node S tries to transmit a 

information to destination node D. Due to the broadcast nature of the wireless medium, all nodes  

 

in transmission range of S can basically overhear this data exchange. This comes with none  

further except the energy consumed for receiving the information. Due to presence of obstacles 

in the channel, node D may not receive or may not correctly decode the packet from S. In such 

situations, a retransmission from Source S could make depending on the coherence time of the 

channel. Thus, it might be beneficial to exploit a common neighbor. 
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In the simplest form of cooperative diversity, a single node or relay in the depicted example 

denoted by R overhears the transmission from S and retransmit it to D afterwards. Hence, this 

node is called relay. We observe that a communication achieve using cooperative diversity has at 

least two phases. In the first phase or time slot, the direct transmission from S to D takes place. 

During this slot, R also overhears this data transmission. We refer to this phase from now o n as 

direct transmission phase. In the second phase, R forward/retransmit the packet to D. We denote 

this phase cooperative transmission phase. Since the packet from S reaches D via two 

independent paths, diversity is achieved by combining two received signal by using MRC 

technique. Furthermore, we observe that cooperative diversity exploits both spatial and time 

diversity. 

 

4.1.1 Characteristics of Nodes 

 Source node 

Source information transmits to the destination either directly or by using relay. The source node 

needs to be known about that its transmission is retransmitted by a relaying node. Since the 

relaying happens only after the transmission from the source, the destination may not 

acknowledge the packet transmission from the source until the information reception from the 

relay. 

 

Relay node 

Relays can basically operate in three ways which are called Amplify and Forward (AF), Decode 

and Forward (DF), and Compress and Forward (CF). Relays working in AF mode act as 

regenerative repeater. They do not demodulate and interpret received packets. Instead, they 

receive noisy information and amplify it and forward received signals. Since the relay 

regenerates the received signal without decoding, it also amplifies the received noise. AF 

provides the destination with all the information the relay was able to observe leaving the 

decision to the destination. Nevertheless, if the SNR of the overheard signal is too low, no useful 

data can be forwarded and the time as well as the energy spent for the cooperative transmission 

is wasted. 
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In Decode and Forward, relays decode the overheard information which receive from source 

node before forwarding it to the intended destination. Cooperation fails whenever the relaying 

node is not able to accurately decode the packet from the source. In this context, AF performs 

better, since for the destination it is better to have additional information that is up to a certain 

level unreliable than having no additional information at all. The great advantage of DF is that 

having decoded information enables the relay to further increase the reliability of the 

communication by applying special channel coding.  

In schemes applying Compress and Forward relay only forward a compressed version of the 

signal they have received from the source. The original data cannot be reconstructed solely based 

on the compressed information. However, given that the destination collects information about 

the compressed data it can fully reconstruct the original information source coding. The 

destination has to collect the necessary information from the source transmission and/or 

transmissions of other relays. 

 

Destination node 

Basically, the destination can try to decode the packet after the reception from the source or also 

wait until it has received the data from source and relay. In the former case, the destination could 

inform the source and the relay whether a cooperative transmission is necessary after the 

reception from the source (incremental relaying). In case of a successful direct transmission, the 

time and energy needed for the cooperative transmission is spared. In case of cooperative 

transmission, the destination has to combine the received signals from source and relay. 

Obviously, this combination also depends on the operation mode of the relay. I f no special 

coding is used at the relay, the destination could apply the same methods as used in traditional 

diversity techniques to combine the signals received via different paths on the physical layer.  

 

4.2 Cooperative MIMO In WSN 

The concept of cooperative MIMO [27] was introduced in WSNs by utilizing the collaborative 

nature of dense sensor nodes with the broadcast wireless medium to provide reliable  

communication links in order to reduce the total energy consumption for each sensor node.  
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Therefore, instead of using multiple antennas attached to one node or device such in the  

traditional MIMO concept,  

 

cooperative MIMO presents the concept of multiple sensor nodes cooperating to transmit and/or 

receive signals. Multiple sensor nodes are physically grouped together to cooperatively transmit 

and/or receive. Within a group, sensor nodes can communicate with relatively low power as 

compared to inter-group communication. Furthermore, by using this cooperative MIMO concept, 

we can provide the advantages of traditional MIMO systems to WSNs, particularly in terms of 

energy efficient operation. 

The MIMO term originally describes the use of the multiple antennas concept or exploitation of 

spatial diversity techniques. In early research work, the MIMO [28] concept was proposed to 

fulfill the demand for providing reliable high-speed wireless communication links in harsh 

environments. Subsequently, MIMO technology has been proposed to be used  in wireless local 

area networks and cellular networks (Proakis, 2001), particularly at the base station and access 

point sides to tackle the challenges of low transmission rates and low reliability with no 

constraints on energy efficiency. In contrast, WSNs have to deal with energy constraints due to 

the fact that each sensor node depends on its battery for its operation. In harsh environments, 

sensor nodes must be provided with reliable communication links. However, current WSN 

design requirements do not require high transmission rates. 

Spatial diversity is achieved by the use of multiple antennas or nodes at either end or at both ends 

of the MIMO communication link. The separation between the antennas or nodes has to be more 

than half a wavelength in a uniform scattering environment. Systems with multiple antennas are 

also referred to as MIMO systems. Therefore we can refer to systems with multiple nodes as 

cooperative MIMO systems. Spatial diversity gains increase channel capacity which leads to 

higher data throughputs and significant improvement in data transmission reliability. These 

advantages are achieved without any expansion of bandwidth or higher transmit power which 

makes this technique very suitable to be implemented in energy constrained WSNs. 

 

4.3 Different MIMO Scheme in Wireless Sensor Networks 

Three major MIMO [29] schemes in both synchronous and asynchronous scenarios and their 

practicality in WSNs. Synchronous operation assumes perfect synchronization between 
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cooperating transmitting nodes and asynchronous operation refers to scenarios where imperfect 

synchronization occurs. The three MIMO schemes are: 

 

4.3.1 SIMO System 

Perhaps the first technique in diversity particularly related to spatial utilization is the receive 

diversity (SIMO) technique. At the receiver side, more than one antenna or node must be used to 

gain spatial diversity which leads to higher reliability by increasing the average signal-to-noise 

ratio (SNR) and lowering the bit error rate (BER).  

          

 

 

 

 

 

 

 

 

 

 

Figure 4.2 SIMO System in WSN 

4.3.2 MISO system 

The main motivation for using of multiple antennas at the transmitter is to reduce the required 

processing power and complexity at the receiver which leads to lower power consumption, lower 

size and lower cost. However, the MISO concept is not easy to exploit and to implement (Naquib 

and Calder bank, 2000). Additional signal processing is required at both the transmitters and 

receiver in order to correctly decode the received signals another challenge is that the transmitter 

does not know the channel conditions unless channel information is fed back by the receiver to 

the transmitter. 
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Figure 4.3 MISO System in WSN 

4.3.3 MIMO system  

By using a transmission method, where the number of receive antennas must be equal or greater  

than the number of transmit antennas (N ≥ M) in order to separate and detect the M transmitted 

signals. The separation process involves a combination of interference suppression and 

cancellation. 

 

 

 

 

 

 

 

 

Figure 4.4 MIMO System in WSN 
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4.4 Optimum Position of the Relay 

The position of a fixed relaying node has obviously great impact on the performance of 

cooperative diversity destination. The best performance is achieved when the relay is closer to 

the destination. However, multi-hop routing outperforms cooperative diversity when the 

intermediate hop has equal distances to source and destination. For D&F with fixed relaying, the 

relay needs to be closer to the destination. Only when the relay can decode the packet from the 

source without error the transmission to the destination is successful.  

 

4.5 Related work 

To reduce energy consumption in WSNs, many techniques and protocols have been explore 

using different approaches, such as reducing transmit power or compact data for transmission or 

the combination of the two. By creating spatial diversity using the multi- input–multi-output 

(MIMO) technique in a wireless network, small transmit power is required than that in a single-

input–single-output (SISO) system under the same bit-error-rate and throughput performance 

requirements [37]. A sensible wireless sensor network is realized, however, important challenges 

should be overcome.  Multiple input, multiple output (MIMO) communication 

guarantees performance enhancements over standard single input, single output (SISO) 

technology for an equivalent radiated power. If leveraged in a sensor network, MIMO could also 

be ready to offer significant network performance enhancement in power consumption, latency, 

and network robustness. MIMO provides improvement to wireless sensor networks, significantly 

those that have low to midrange node densities [41]. A cluster-based cooperative multiple- input-

multiple-output (MIMO) scheme is proposed to reduce the fading, interference impacts caused 

by radio irregularity in multi-hop wireless sensor networks. This scheme enhanced the LEACH 

protocol to exploit the multi-hop transmissions between clusters by incorporating a cooperative 

MIMO scheme into hop-by-hop transmissions. Through the adaptive selection of cooperative 

nodes and the coordination between multi-hop routing and cooperative MIMO transmissions, the 

scheme can achieve effective performance improvement in terms of efficient communication 

performance. Based on the energy consumption model developed, the optimal parameters such  
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as the number of clusters and the number of cooperative nodes to minimize the overall energy 

consumption are found [27]. 

A comparison study of 3 schemes, cooperative MIMO, beam forming (BF), STBC and spatial 

multiplexing (SM) where only transmission energy and circuit energies are considered. Wireless 

sensor network operating in quasi- static Rayleigh fading channels with M cooperating transmit 

nodes and N cooperative receive nodes. The single in single output (SISO) scheme is more 

energy efficient and has lower packet latency at higher regions of transmission power. While the 

three schemes are more energy – efficient and cooperative MIMO outperform than the SISO 

scheme at the lower regions.  Maximize the network life span, a virtual MIMO transmission 

scheme coupled with multi-hop transmission. In our cross- layer style, the transmission rate, the 

number of clusters and therefore the number of virtual antenna nodes are jointly optimized. In 

contrast to the existing work that is mostly based on Alamouti scheme, the proposed 

transmission scheme does not need transmitter-side cooperation (joint STBC 

encoding/decoding), making it additional appropriate for application in real 

wireless sensor networks. Energy efficient cooperative diversity protocol which combats 

attenuation introducing in WSN by multipath propagation. The underlying techniques build upon 

the classical relay channel and related work and exploit space diversity offered at distributed 

antennas through coordinated transmission and process by cooperating radios. Energy antennas 

through coordinated transmission and process by cooperating nodes transmit to each other and 

may be help by an Amplify and Forward relay node. It is not necessary that relaying is always  

more energy efficient than direct transmission. Cooperative-diversity networks use the relay 

nodes to help the source by sending the source information to the destination for achieving 

spatial diversity. Regular cooperative-diversity networks build an inadequate use of 

the channels as a result of relays always forward the source signal to the destination regardless of 

the channel conditions. Incremental-relaying cooperative-diversity has been proposed to save the 

channels by restricting the relaying method to the poor channel conditions solely. Incremental-

relaying cooperative-diversity networks exploit restricted feedback from the destination terminal, 

for example, a single bit indicating the success or failure of the direct transmission. If the 

destination provides a negative acknowledgment via feedback, during this case only, the relay  
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will retransmits the source signal in an attempt to exploit spatial diversity by combining the 

signals received at the destination from the source and also the relay [40]. 
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Chapter 5 

Proposed work  

 
This dissertation mainly focuses on increasing the reliability in WSN. . The project aims to 

exploit advantage of MIMO technology in WSN.STBC coding technique is used to transmit 

multiple copies of data across the number of sensor nodes and exploit the various received data 

at the base station to improve reliability. 

5.1 Comparison between cooperative and non-cooperative communication 

Compare the performance of direct transmission (non-cooperative) and normal relaying 

networks. 

System model 

Consider a cooperative communication dual hop network where information is transmitted from 

source user S to destination D with the help of relay user R as shown if Figure1.We assumed that 

all signals are transmit using time division multiplexing (TDM). 

 

     

           

                            

   

 

 

 

 

 

Figure 5.1 cooperative communication 

 

 

The information source(S) and destination (D) communicate over a channel with Rayleigh fading 

coefficient (  , ). A relay terminal participates by providing the destination with a second copy  
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Of original signal through two hop- link with Rayleigh fading coefficient (  ,) and (  ,).All 

channel coefficient are independent of each other. Assuming TDM so in the first time slot, the 

source sends its signal. Both relay and destination receive faded noisy version of the original 

signal. In the second time slot relay send the signal which it received from the source. Then 

Combine the received signal which comes from the relay and directly from the source. The 

signal which are received from source at the destination and at the receiver it can be written as 

 

 

                                                                                                                               (4.1) 

 

                                                                                                                               (4.2) 

 

Where, Ea = transmitted signal energy 

a(t)= transmitted signal 

  , ( ),   ,( )= noise terms 

The received signal at the destination from the relay is given by  

                                                                                                                             (4.3) 

 

Where,  r( ) is the transmitted signal from the relay with unit energy. Or signal received from 

relay to destination also be written as in terms of amplification gain given by   

                                                                                                                               (4.4) 

Where A is the amplification gain and can be given as  

  
 

        
                                                              (4.5) 

Where, ( ) is the transmitted signal from the relay with unit energy. By using combining 

technique (MRC) [8] combined receive signal can be written as,  

 

                                                                     
    
        

    
      

 
    
        

    
     

                                       (4.6) 
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By comparing equation (1) and (6) we compare the  cooperative and non-cooperative 

communication. Equation (1) shows that direct received signal where equation (6) shows the 

Cooperative signal which is coming from both relay and destination.  

 

5.2 Simulation 

In our simulation result shows that when we use cooperation reduction in BER can be achieve . 

In case of cooperative communication at SNR 12 dB BER is around 1.9*10^-4 where in case of 

direct transmission BER is around 2.9*10^-3. 
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5.2 .1 MISO Link Formation  

 

Figure 5.2 MISO Link Formation in WSN 

Firstly the whole sensor network is organized in the cluster form by using LEACH clustering 

algorithm. All the sensor nodes inside a cluster sense the data and transmit collected data to the 

cluster head CH1 associated with that cluster. Then cluster head CH1 aggregate the received data 

which comes from all the sensor nodes and distribute aggregated data to the cooperative nodes. 

Then cooperative nodes forward the data to the other cluster.  
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5.2.3 MIMO Link Formation Between  

Figure 

5.3 MIMO Link Formation in WSN 

 

 

In MIMO link formation all sensor nodes sense the data and transmit it to the cluster head 

associated with that cluster. Then cluster head aggregate the received data and transmit it to the 

cooperative nodes. These cooperative nodes take part in data transmission between two clusters. 
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5.3 Reliability Analysis Using STBC Codes in WSN 

The cluster based cooperative MIMO transmission scheme can only be achieved maximum 

throughput when uses STBC with code rate 1. So firstly Alamouti scheme is investigated in 

MISO system (2 transmit antenna and 1 receive antenna) between 2 cluster using Rayleigh 

fading channel. For simplicity we assume no code modulation is perform in intra-cluster 

communication in all the simulation. Figure 4.4, 4.5 shows the relationship between SNR and 

BER using Alamouti scheme. The y-axis represents the bit error rate and x-axis represents the 

signal to noise ratio. In figure 4.5 Alamouti scheme is investigated with two transmit antenna and 

two receive antenna (MIMO system) in Rayleigh fading channel.  

 

      

Figure 5.5  SNR versus BER 
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Figure 5.6 SNR versus BER  

With the help of simulation we can conclude the when using cooperative scheme in WSN we can 

achieve reliable communication. Cooperative MIMO link perform much better than the 

cooperative MISO link in WSN. At SNR 12 db MISO system reduce the BER around 2.9*10^-3 

while in case of MIMO system at the same SNR it reduces the BER approximately 3*10^-5. 
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Figure 5.7 Comparison between 2*2 MIMO and 2*1 MISO 
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Chapter 6 

Conclusion 

 
Ensuring energy efficiency and reliable transmission of information in resource constrained 

WSN is one of the primary concern to achieve high degree of efficiency monitoring. 

Retransmission technique is used in WSN to achieve reliability but retransmission scheme might 

be results in additional transmission overhead that not only increase the energy consumption but 

also make the network congested that in turns affects the reliable transmission of data.  

Cooperative MIMO in WSN is one of the hot topics in research. Cooperative MIMO approach 

seems better than the traditional SISO technique.  This dissertation investigated two transmission 

modes in WSN and produces a intense understanding of cooperative MIMO technology 

compared with cooperative MISO in respect of reliable communication.  

Results in chapter 4 shows that cooperative MIMO system provides reliability in WSN and as 

well as reduce energy consumption. Cooperative MIMO system is more energy efficient when 

transmission distances is large and perform better than cooperative MISO sys tem.   

Future work 

The cooperative transmission mode considered in the mode switching framework is mainly    

  and      transmit and receive antennas. When considering more antennas at both transmitter/ 

receiver sides more problems will be take forward, such as: 

1) The selection of more corporative nodes in transmitting cluster.  

2)  The information exchange phase in the relaying cluster and its cluster-head selection 

mechanism. 

3)  The differences of energy consumption of relaying nodes working in AF and DF ways 

need to be investigated. 

4) Uses Space time trellis codes. 
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