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Abstract 
With the advancement of technology the usage of wireless sensor network are increasing day by day. There 

are two types of sensor networks: Single tiered and multi-tiered [5]. In single tired sensor network there is one sink 

and multiple sources and in multi-tiered sensor network there are multiple sources and multiple destination. For the 

proper transmission of data we need to place relay nodes in source and destination if distance of source and destination 

is large than range of wireless sensor node. In this paper an optimal placement of relay node in multi-pair co-operative 

network has been presented so as to increase the system capacity. 
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Introduction
In today’s era, everything is to be done by using 

sensor. The sensors application can range from 

securing home to military applications, and then from 

mobile phones to toys [1]. Wireless sensor network 

consist of several nodes where each node is connected 

to one or more sensor. These nodes perform the 

sensing and tracking tasks. Despite of small size and 

limited energy of sensor nodes, these are used in very 

vast fields and everything is needed to be done 

attentively.  Wireless sensor network is a part of ad-

hoc network which is a network having mobile nodes 

[3]. But the difference between ad-hoc network and 

sensor network is  

 The number of nodes in sensor network is 

more than in ad-hoc network. 

 Sensor network are densely deployed. 

 Sensor nodes are prone to failures. 

 The topology of a sensor network can be 

changed frequently. 

 Ad-hoc network send message point to point 

but sensor network broadcast message. 

 Sensor node is limited in size, power 

computation capacities and memory. 

 There is no global identification of sensor 

nodes. 

 

Sensor 

A sensor is an electromechanical device which can 

sense any physical, motion, contact, presence/absence, 

bio-chemical and identification properties of any real 

object [2]. It is actually a Transducer in the concept of 

electronics which converts any sensed properties of 

object into equivalent electrical signal. 

 

Sensor Node 

Sensor Node are use to create Sensor network. A 

Sensor node generates raw data by sensing the several 

properties of object transmit to the Sink via other 

sensor node or relay node, so It has capacity to receive 

data of other Sensor [9] .Typical Sensor  node have 

following components  

 

a) Sensor.  

b) Analog to digital Converter.  

c) Processor 

d) Storage 

e) Transceiver 

f) Power Unit 

g) Antenna 

 

 
 

Figure 1: A schematic diagram of Sensor Node [8] 

Relay Node 

Relay based communication is supported by wireless 

networks, in which source node sends message to 

destination which is received by relay node. Relay 

node processes the message and forward it to its 
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intended destination node [13]. Relaying will be 

especially beneficial when there is no line-of-sight 

path between the source and the destination exists. 

Relay node act as an amplifier that amplifies the signal 

and transmit it to its destination node. Relay node is 

placed between source and destination so as to 

increase the capacity of the network. 

 
Figure 2: Relay Nodes location with source and Sink [6]  

Multi-pair network architecture is considered in the 

study as shown in Figure 3, which consists of three 

network entities: the Base station (BS), the Relay 

station (RS), and the fixed Sensor station (SS) [12]. 

The BS serves as a central controller/coordinator and 

handles all the routing and signaling issued in the cell. 

The RSs are liable for relaying data between the BS 

and the associated SSs based on the given cooperative 

relaying strategy. The RSs have no direct connections 

to the core network and are eligible to be deployed at 

certain outdoor candidate positions (CPs) where 

uninterrupted power supply can be provided.  

 

The SS may stand for a hotspot or a building at which 

a large amount of traffic load generated by user 

terminals (UTs) are aggregated at the corresponding 

SS. For a certain degree the network design and 

deployment depends on the geographical distribution 

of traffic load. Based on the statistical study of data for 

traffic measurement and monitoring as well as the 

anticipation of traffic load growth [10], the mean and 

peak traffic load demand of each SS can be estimated 

for the network planning. For the sake of long-term 

network deployment, upgrading and extensions, for 

this research work the geographical distribution of 

peak traffic load demands at SSs as a known input in 

this study. 

 
Figure 3: A relay-based broadband wireless access 

network architecture. 

The BS can be multiple accessed simultaneously by 

different SSs at their assigned frequency band with the 

Orthogonal Frequency-Division Multiple Access 

(OFDMA) technique. In other words, each 

transmission between the BS and an SS is inherently 

an instance of the basic “BS-RS-SS” three-node relay 

model, where the three wireless links, BS-SS, BS-RS 

and RS-SS links, are assigned a common frequency 

spectrum [11]. In addition, due to the consideration 

regarding transmission delay, only two-hop 

cooperative relaying is assumed in this study. The 

COST231-Hata model is adopted as the radio 

propagation model which is applicable to the 

transmissions inside an urban environment. Small 

scale fading is not explicitly included in the system 

model since a long-term planning and design is 

targeted. 

 

Network structure 
In multi-pair cooperative network there are 

multiple sources and multiple destinations. Consider 

set of n sources and destinations such that source 

nodes are S= {s1, s2, s3...sn}. Similarly destination 

nodes are D= {d1, d2, d…dn}. There are m relay nodes 

such that R= {r1, r2, r3…rn}. It is assumed that at most 

one relay node can be placed between source and 

destination pair. Distance between source (si) and 

destination (dj) is 𝔻𝑖,𝑗. Relay node placed between 

source si and destination dj is represented as ℛ(𝑠𝑖). 
When transmission of signal from node i to node j is 

done with power Pi then signal to noise ratio is 

represented by [4] 

                             𝛾𝑖,𝑗 ≜
𝑃𝑖𝔻𝑖,𝑗

−𝛼

𝑁0
                            (1)    

Here, 𝛼 is pass loss exponent and N0 is spectral density 

of additive Gaussian white noise. Band width of all 

channels is assumed to be W. 
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Transmission types 
Relay node can be of two types: Amplify-and-Forward 

(AF) and Decode-and-Forward (DF). Hence there are 

three types of transmission: 

1) Direct transmission: It is the transmission in 

which no relay node is present between 

source and destination. It is represented by 

TDT. Equation to calculate transmission 

capacity between pair <si, dj> in direct 

transmission is[4] 

𝑇𝐷𝑇(𝑠𝑖 , 𝑑𝑗) = 𝑊 log2(1 + 𝛾𝑠𝑖,𝑑𝑗
)      (2) 

 

2) AF transmission: It is the transmission in 

which there is a relay node of type Amplify-

and-Forward. It is represented by TAF. 

Equation to calculate transmission capacity 

between pair <si , dj> with relay node  ℛ(𝑠𝑖)   
in AF mode transmission is[4] 

TAF(ℛ(si) ) =
W

2
log2(1 + 𝛾𝑠𝑖,𝑑𝑗

+
𝛾𝑠𝑖,ℛ(𝑠𝑖)𝛾𝑠𝑖,𝑑𝑗

𝛾𝑠𝑖,ℛ(𝑠𝑖)+𝛾ℛ(𝑠𝑖),𝑑𝑗+1
)     (3) 

 

3) DF transmission: It is the transmission in 

which there is a relay node of type Decode-

and Forward. It is represented by TDF. 

Equation to calculate transmission capacity 

between pair <si, dj> with relay node  ℛ(𝑠𝑖)   
in DF mode transmission is[4] 

𝑻𝑫𝑭(ℛ(si)) =
W

2
min{ log2(1 +

𝛾𝑠𝑖,ℛ(𝑠𝑖)) , log2(1 + 𝛾𝑠𝑖,𝑑𝑗
+ 𝛾ℛ(𝑠𝑖),𝑑𝑗)}    (4) 

 

Consider 𝛿 which is 0 it relay node is not present and 

1 if relay node is present. Then system capacity is: 

𝕊 = ∑ δi. TCC(ℛ(si)) + (1 − δi)𝑇𝐷𝑇(𝑠𝑖 , 𝑑𝑗)i=n
i=1  

Where, n is number of sources and destinations. 

 

Modified work of Optimal Relay Node 

Placement Algorithm 
In traditional optimal relay node placement in 

multi-pair co-operative network to source and its 

destination minimum source distance pair is found out 

for first source then second and so on. Instead of that 

we can choose minimum distance then can assign 

source and distance pair associated with it. It will 

increase the system capacity. Flow chart of algorithm 

is as shown in figure 

 
Flowchart 1: Flowchart of algorithm. 

To test the work done take an example in which there 

are 10 source and destination nodes which are shown 

in table 1 and table 2.  
Table 1: Source nodes 

1 50 50 

2 80 50 

3 110 60 

4 130 55 

5 150 65 

6 170 60 

7 190 55 

8 215 65 

9 235 50 

10 255 70 

Table 2: Destination nodes 

1 50 150 

2 89 160 

3 60 155 

4 136 150 

5 145 155 

6 177 150 

7 190 165 

8 230 180 
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9 270 200 

10 250 165 

 

 The output of the program is shown in Figure 4. 

 
Figure 4: Output of program to calculate system capacity 

The graph generated showing source, destination and 

relay nodes is shown in Figure 5. 

 
Figure 5: Graph of source, destination and relay nodes. 

In this graph blue nodes represent sources, red node 

represents destinations and yellow nodes represent 

relay nodes. 

The comparison of previous work and modified work 

in case place relay node optimally in multi-pair co-

operative environment is shown in Table 3. 
Table 3: System capacity by previous and modified work 

 Previous Work Modified 

Work 

System 

capacity 

38.87 40.6 

 

The graphical representation of above mentioned table 

is shown in Figure 6. 

 
Figure 6: System capacity of traditional and modified 

technique. 

 
Conclusion and future work 

As it has been concluded that the presence of 

relay node is very important of better signal 

transmission. Also by placing relay nodes optimally 

system’s capacity can be increased. As it can be  seen 

from Table 4 that modified technique give more 

system capacity than previous technique. So it can be 

said that modified technique is better than previous 

technique. In future more work on multi-pair network 

can be done to further improve system’s capacity. 
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