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ABSTRACT 
Wireless sensor network (WSN) is a new research area in modern communications networks. Composed by many stationary or 
mobile sensor nodes, it constitutes a wireless network through self-organizing and multi-hop way. A sensor network system 
includes sensor node (end device), sink node (sink) and coordinator node (coordinator). The routing protocol of WSN is to find 
the optimal route between the source node and destination node. Its primary goal is to improve the quality of network service 
and achieve a fair and rational use of resources such as network bandwidth for various network nodes and terminals. The work 
focused on the typical and successful representative in the introduction of hierarchical routing protocol to data fusion 
technology LEACH protocol. The optimization processes in mathematics, computer science and economics are solving 
effectively by choosing the best element from set of available alternatives elements. The most important and successful 
applications in the optimization refers to transportation problem (TP), that is a special class of the linear programming (LP) in 
the operation research (OR). The main objective of transportation problem solution methods is to minimize the cost or the time 
of transportation. Most of the currently used methods for solving transportation problems are trying to reach the optimal 
Solution, whereby, most of these methods are considered complex and very expansive in term of the execution time. In this 
study we use the best solution using LEACH protocol. In which the key idea is to minimize the combinations of the solution by 
choosing the best solution to reach the optimal solution.  
Keywords: OR, transportation problem, linear programming, optimization problems, transportation model, Vogel’s 
approximation method, optimal solution, solving optimization, and 
Objective function. 

1. INTRODUCTION 
In recent years, wireless communication has experienced exponential growth caused by the need for connectivity. 
Wireless sensor networking is a broad research area, and many researchers have done research in the area of power 
efficiency to extend network lifetime. In order to achieve high energy efficiency and increase the network scalability, 
sensor nodes can be organized into clusters [1]. This type of networking very useful in industrial, agricultural, 
vehicular, residential, medical sensors and actuators have more relaxed throughput requirements [2]. This type of 
network consists of a group of nodes and each node has limited battery power. There may be many possible routes 
available between two nodes over which data can flow. Assume that each node sensed and generated some information 
and this information needs to be delivered to set of destination nodes. A node can easily transmit data to a distance 
node, if it has sufficient battery power. A node transmits its data to other node without any interference, if node lies in 
its vicinity. A large battery power is required to transmit the data to a node which is situated far from source node. 
After few transmissions a node reaches to its threshold battery level and it may exclude from network path and there 
will come a condition that no node is available for the data transmission and overall lifetime of network will decrease. 
Whereas network lifetime is define as the time until the first node in the network dies. For maximizing the lifetime of 
network, the data should be forwarded such that energy consumption is balanced among the nodes in proportion to 
their energy reserved, instead of routing to minimize consumed power.  

2.RELATED WORK 
In this study, we proposed a new solving method for transportation problems by using LEACH protocol. Low Energy 
Adaptive Clustering Hierarchy (LEACH) is a TDMA (Time Division Multiple Access) based MAC protocol which is 
integrated with clustering and a simple routing protocol in wireless (WSNs). The goal of LEACH is to lower the energy 
consumption required to create and maintain clusters in order to improve the life time of a wireless sensor network. 
LEACH is a hierarchical protocol in which most nodes transmit to cluster heads, and the cluster heads aggregate and 
compress the data and forward it to the base station (sink). Each node uses a transportation algorithm at each round to 
determine whether it will become a cluster head in this round. LEACH assumes that each node has a radio powerful 
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enough to directly reach the base station or the nearest cluster head, but that using this radio at full power all the time 
would waste energy. 

Nodes that have been cluster heads cannot become cluster heads again for P rounds, where P is the desired percentage 
of cluster heads. Thereafter, each node has a 1/P probability of becoming a cluster head in each round. At the end of 
each round, each node that is not a cluster head selects the closest cluster head and joins that cluster. The cluster head 
then creates a schedule for each node in its cluster to transmit its data. All nodes that are not cluster heads only 
communicate with the cluster head according to the schedule created by the cluster head. They do so using the 
minimum energy needed to reach the cluster head, and only need to keep their radios on during their time slot.  

LEACH also uses (Code – Division Multiple Access) CDMA so that each cluster uses a different set of CDMA codes, 
to minimize interference between clusters. 

3.PROPERTIES 

1. Cluster based 
2. Random cluster head selection each round with rotation. Or cluster head selection based on sensor having highest 
energy 
3. Cluster membership adaptive 
4. Data aggregation at cluster head 
5. Cluster head communicate directly with sink or user 
6. Communication done with cluster head via CDMA 

4.TRANSPORTATION MODEL 
 In a transportation problem, we are focusing on the original points. These points may represent factories to produce 
items, and to supply a required quantity of the products to a certain number of destinations. This process must be done 
successfully in such a way as to maximize the profit or minimize the cost transportation. Therefore, the places of 
production and supply are collected as the original points and the destinations respectively. Sometimes the original and 
destinations points are also termed as sources and sinks. However, to illustrate a typical transportation model, suppose 
that m factories supply certain items to n warehouses. As well as, let factory i (i = 1, 2, …, m) produces ai units, and the 
warehouse j (j = 1, 2, …, n) requires bj units. Furthermore, suppose the cost of transportation from factory i to 
warehouse j is cij. The decision variables xij is being the transported amount from the factory i to the warehouse j. 
typically, our objective is to find the transportation pattern that will minimize the total of the transportation cost. 

5.VOGEL’S APPROXIMATION METHOD (VAM) ALGORITHMS 
Generally, VAM can be summarized by the following three main steps  
i. The result of subtracting the smallest unit cost element in the row/column (cell) from the immediate next smallest 
unit cost element in the same row/column is determining a penalty 
Measure for the target row/column. 
ii. This step includes the following sub-steps: 
a. Identify the row or the column that includes the largest penalty. 
b. Break ties arbitrarily. 
c. As much as possible, the lowest cost row/column (cell) in the row or column should be allocated with the highest 
difference. 
d. Adjust the supply and demand, and then cross out the satisfied row or column. 
e. If a row and column are satisfied simultaneously, then only one of them is crossed out, as well the remains rows or 
columns are assigned to supply as zero (demand). 
iii. Finally, the result should be computed as follows: 
a. If a row or a column is assigned as zero supply, or demand remains uncrossed out, then stop the process. 
b. If one row/column with positive supply (demand) remains uncrossed out, then determine the basic variables in the 
row/column by the lowest cost method, and then stop. 
c. If all the uncrossed out rows and columns have (remaining) zero supply and demand then determine the zero basic 
variables by the lowest cost method and stop. 
d. Otherwise, go to step (i). 

6.SIMULATION 
We simulated our proposed system in Ns2.34, and we analyzed various parameters with different environment. In our 
simulation, we made the different environment like different number of nodes, different speed, different pause time, 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 4, Issue 6, June 2015              ISSN 2319 - 4847 
 

Volume 4, Issue 6, June 2015                                                                                            Page 192 

different data rate, and number of source and destinations. And we analyzed various parameters like energy, 
throughput, Packet delivery ratio, delay, overhead and loss. 

7.ENERGY COMPARISON PART 
Our ultimate aim is to avoid unnecessary node failure due to energy loss at the same time we aimed to make the 
common energy level in all the cases and minimize the cost or the time of transportation.  
Packet Delivery Ratio 
Packet Delivery Fraction (PDF): The ratio of the number of packets generated by the sources to the number of packets 
received by the destinations. 
PDF=Number of packets received/ Number of packets sent)* 100. 
The packet delivery rate of EHEER is higher than HEER [8] due to less link breaks, in EHEER, the events 1 and 2 will 
never occur, only event 3 occurs. If this occurs immediately node-disjoint alternative path is chosen without delay. 
Hence, the probability of a link to get break is reduced. Where as in the In HEER, three events may occur; solution is 
immediately alternative path is chosen without delay. The probability of link failure in the EHEER is less than the 
probability of link failure in the HEER. As the speed of the nodes increases, the probability of link failure increases and 
hence the number of packet drops also increases. The EHEER has much higher packet delivery ratio than HEER. More 
than 90% of data packets of EHEER are delivered to specified destinations in all of mobility conditions. 
End-To-End Delay 
Average end-to-end delay: The delay of data propagation, transfer and the delays caused by buffering, queuing and 
retransmitting data packets. The delay of each packet is computed as the time of received data packets minus the time 
of sent this data packet. The average end to end delay is then computed as:  
Average delay =Total delay of each data packets /total data packets received.Generally, there are three factors affecting 
end-to-end delay of a packet: (i) Route discovery time, which causes packets to wait in the queue before a route path is 
found. (ii) Buffering waiting time, which causes packets to wait in the queue before they can be transmitted. (iii) The 
length of routing path. 
The more number of hops a data packet has to go through, the more time it takes to reach its destination node. Fig.7 
depicts the variation of the average end-to-end delay as a function of mobility of nodes. It can be seen that the general 
trend of all curves is an increase in delay with the increase of velocity of nodes. The reason is mainly that high mobility 
of nodes results in an increased probability of link failure that causes an increase in the number of routing rediscovery 
processes. This makes data packets have to wait more time in its queue until a new routing path is found. In EHEER 
routes are selected based on load, bandwidth and energy at intermediate nodes but in HEER routes are selected without 
considering load, bandwidth and energy at intermediate nodes.   
Routing Overhead 
It is equal to the number of routing packets transmitted per data packet delivered at destination. Each hop-wise 
transmission of a routing packet is counted as one transmission.  

NRL=Number of routing packets/number of received packets 
The routing overhead is an important metric to compare the performance of different protocols since it gives a measure 
of the efficiency of protocols, especially in a low bandwidth with congested wireless environments. Protocols that 
transmit a large number of packets can also increase the probability of packet collisions and waiting time of data 
packets in transmission buffer queues. Fig.8.shows the number of control packets Vs speed. 
At low mobility; single path routing generates less overhead than multipath. At high mobility, frequently links failure, 
so the route discovery is repeatedly performed by the sources to find new routes due to overhead increases. It has shown 
that the normalized routing load in EHEER performs much better than that of both HEER when speed increases. The 
normalized routing load in HEER increases more quickly than that in EHEER with the increase of mobility. There are 
three reasons for this: The EHEER finds multiple link-disjoint paths in a route discovery process, so the protocol 
decreases tremendously the number of route rediscovery process. On the contrary, since HEER encounter more link 
failures with the increase in mobility, they have to trigger more new route discovery processes which cause more 
routing control packets to be sent to the whole networks. In EHEER, it generates less overhead due the following 
reason, while during route discovery itself, it eliminates the some paths if they don’t support QoS by using broadcast 
with low overhead approach, this result in an increased packet delivery ratio, decreasing end-to-end delays for data 
packets, lower control overhead, and fewer collisions of packets. 
Energy Efficiency 
Energy Efficiency (EE)=Total Received Data (bytes) / Total consumed energy (Joules). 
If battery capacity of node reaches zero then node will die. The network lifetime can be defined in many ways: 
 It may be defined as the time taken for K% of the nodes in a network to die  
 It might be the time taken for the first node to die. 
 It can also be the time for all nodes in the network to die.  
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The comparison of energy consumption is shown. It depends on overhead and load, the path failure mainly depends on 
due to lack energy of any one node on selected path. It is eliminated in EHEER. The EHEER consumes less energy. In 
EHEER, to maximize the lifetime of network, each node maintains minimum energy level. 
RESULTS ANALYSIS 
Here in this paper we used NS 2.34 software to simulate our proposed system. Main advantage of NS 2 is we can show 
output in 2 ways. One is Animation and other one is Graph. Animation is done by NAM software; analyzing graph is 
done by X-graph software. Animation part is given below; from NAM window console we can open animation part. 
(See fig 1) 
 

      
 

Fig 1: NAM console 
 

 
Fig 2: 25 Node Environments 

We create a network with various no of nodes such as 25 node, 50 and 100 nodes. Fig 2 shows 25 node environment 
and fig 3 shows data transmission part.   
        

 
Fig 3: 25 Node Data Transmission 

In fig 3 there are the 3 source nodes making the communication to 3 destination nodes.                       
ANALYSIS 
Network performance refers to the service quality of a communications product as seen by the customer. There are 
many different ways to measure the performance of a network, as each network is different in nature and design. 
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1) Packet delivery function. 
a. PDF is the term used to measure the network performance. PDF defines the how much packet delivered correctly 
over total number of packet sent 
2) Packet loss. 
a. Packet loss is defined as how much packet dropped over total number of packet sent   
3) Packet delay. 
a. End-to-end delay refers to the time taken for a packet to be transmitted across a network from source to destination 
4) Overhead. 
a. Overhead is the one important concept to analyze network performance. Overhead is defined as number of routing 
and control packet is requiring transferring the data. 

 
Fig 4: Packet delivery function of Existing model for 25 nodes  

 
In our project we mainly concentrated on the Packet delivery function and overhead analyzing. The fig.4 shows that the 
graph which is for 25 node data transmission part. The node can transfer the data while destination is next to source 
node, so in this graph we got the result as continuous data transmission, without fall of packet delivery rate.  
 

 
Fig 5: time Vs overhead for 25 nodes 

 
Fig.5 shows that the overhead for 25 nodes data transmission, in this graph we can see the ups and down because of 
periodic hello message sharing nature of LEACH protocol.   
 

 
Fig 6: 50 Node Environments 
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We simulated our project with 50 node environments which is shown in fig 6 and fig 7, there are the 3 source nodes 
making the communication to 3 destination nodes.  
 

 
Fig 7: 50 Node Data Transmission 

 
Fig 8: time Vs overhead for 50 nodes 

  

 
Fig 9: packet delivery function for 50 nodes 

 
The Fig.9 shows that the graph which is for 50 node data transmission part. The node can transfer the data while 
destination is fair away from source node, so in this graph we got the result as data transmission with some link failure.  

 
Fig 10: 100 node environment 
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Fig 11: data transmission in 100 node 

 
Fig 12: time Vs overhead 100 node environment 

 
Fig 13: Packet delivery function 100 nodes 

 
Fig  14 :Packet delivery function comparison for 25 nodes 
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Fig  15 : Packet delivery function comparison for 50 nodes 

 

 
Fig 16: Packet delivery function comparison for 100 nodes 

 
Fig 17: Overhead comparison for 25 nodes 

 
Fig18: Overhead comparison for 50 nodes 

 
Fig 19: Overhead comparison for 100 nodes 
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Fig. 20: No of node VS throughput 

 
We analyze our proposed system with various environments, our method mostly providing high throughput and 
PDF compare than existing model (see 21 and 22)  

 
Fig. 21 No of node Vs PDF 

 
Most of the environment our proposed method providing less delay compares than existing model (fig) 

 
Fig. 22 No of node Vs Delay 

 
8.CONCLUSIONS 
This paper presents the optimal solution of transportation forwarding probability for EHEER and LEACH protocol 
which is designed for WSN. In general, the proposed protocol EHEER and LEACH provides high delivery ratio and 
spends less energy consumption if the optimal solution of transportation forwarding is used. In this paper we have 
checked and evaluated existing methods to present a routing method that is better than existing methods in latency, 
energy consumption and packet delivery ratio. 
The LEACH supports QOS by using efficient bandwidth estimation technique which in turn induces only little bit 
overhead and does not take any extra time. The EHEER significantly reduces the total number of RREQ packets, is 
increased packet delivery ratio, decreasing end-to-end delays for the data packets, lower control overhead. It reduces 
collisions of packets, supporting reliability. The route-request carries bandwidth requirement and LEACH to carry the 
cumulative load, so very little bit overhead is increased but it is negligible. In EHEER, at MAC layer, we have chosen 
IEEE 802.11 standard. Supports quality of service by introducing priority mechanism. Applying the LEACH in the 
proposed method obtains the best initial feasible solution to a transportation problem and performs faster than the 
existing methods with a minimal computation time and less complexity. The proposed method is therefore an attractive 
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alternative to traditional problem solution methods. The LEACH can be used successfully to solve different business 
problems of distribution products that are commonly referred to transportation problems.   
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