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Abstract- Wireless sensor networks are composed of large numbers up to thousands of tiny radio-equipped sensors. Every 
sensor has a small microprocessor with enough power to allow the sensors to autonomously form networks through which 
sensor information is gathered. It makes it possible to monitor places like nuclear disaster areas or volcano craters without 
requiring humans to be immediately present. Bringing TCP/IP to wireless sensor networks is a challenging task, how- ever. 
First, because of their limited physical size and low cost, sensors are severely constrained in terms of memory and processing 
power. Traditionally, these constraints have been considered too limiting for a sensor to be able to use the TCP/IP protocols. 
In this project we are trying to study the performance of TCP over WSN considering energy, throughput, delay. 
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I. INTRODUCTION 
 
Wireless sensor networks are composed of large 
numbers of tiny sensing and computing devices. Each 
of these devices, called motes, has very limited 
communication, processing, and energy resources. 
Often they are implemented at uncontrolled physical 
environments, these networks require distributed 
algorithms for efficient data processing, while 
individual motes require highly concurrent and 
reactive behavior for efficient   operation. These 
networks face many problems that do not arise in other 
types of networks. Power constraints, limited 
hardware, decreased reliability, and a typically higher 
density and number of nodes than those found in 
conventional networks are few of the problems that 
have to be considered when developing protocols for 
use in sensor networks. 
 
The growing integration of Wireless Sensor Networks 
(WSN) in industries and critical infrastructures 
requires capabilities beyond the limits of the existing 
development tools. The performance of WSN needs to 
be evaluated before deployment, either by on-site 
experiments or simulation. The on-site performance 
evaluation is time and cost consuming, cannot easily 
cover the full range of expected operational 
conditions, and is not repeatable with real sensor 
nodes. Simulations, therefore, are the only efficient 
means to evaluate the performance of wireless 
networks. 
 
It is important to Study the performance of TCP when 
it is used as transport layer protocol in WSN because 
TCP was originally designed for wired networks, so 
the implementation limitations of TCP should be 
studied when its working on time critical environment 
where WSN works. 

Analyzing performance of TCP over wireless sensor 
network help us implement better wireless sensor 
network by overcoming the performance barriers of 
TCP in wireless sensor network. There is no authentic 
study is performed on evaluating the performance of 
TCP over wireless sensor network. The paper will 
demonstrate results from conducting heterogeneous 
simulations for it considering the various parameters 
delay, energy, packet-loss,    throughput. 
 
II. RELATED PRIOR WORKS 
 
TCP, the most widely used transport layer protocol is 
studied extensively. Performance of TCP is studied at 
wired and also at wireless network. Survey of existing 
techniques for improving TCP Performance through 
loss detection, performance limitations of IEEE 
802.11 networks and potential enhancements, TCP 
performance optimizations for wireless sensor 
networks have practical interest to this study. 
 
Several techniques have been proposed to mitigate the 
effects of non-congestion related losses on TCPs 
performance. They may be classified as end-to-end 
(TCP-Reno, New-Reno, and SACK), link layer 
(Snoop-TCP and TCP packet control algorithm), and 
split- connection (M-TCP and I-TCP) approaches. 
Comparative analysis of these approaches indicates 
that link layer techniques are most effective in 
improving TCP performance in wireless networks, 
while split- connection based methods sometimes lead 
to poor end-to-end throughput due to shielding the 
wireless from the wired section of the network. 
End-to-end schemes, although less effective than link 
layer based techniques, are the most promising 
because they achieve significant performance gain 
without requiring expensive changes in the 
intermediate nodes. 
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Wireless networks are becoming increasingly popular 
due to the growing use of mobile access to network 
services. As a consequence, significant efforts have 
been devoted to providing reliable data delivery for a 
wide variety of applications over a variety of wireless 
infrastructures. In this scenario, the IEEE 802.11 
standard and its extensions have gained world- wide 
diffusion, providing reasonable performance with 
reduced infrastructure and deployment costs. 
 
However, performance bounds and limitations of 
802.11 WLANs exist. From the analysis of existing 
improvements to the IEEE 802.11 standards, it is clear 
that there is no single best solution for all deployment 
scenarios.  Link layer solutions work on the wireless 
link without affecting higher-level protocols, but they 
increase the complexity of the base station and require 
the modification of the MAC protocol on the wireless 
link (usually implemented in the hardware). 
Transport layer solutions aim at adapting the transport 
protocol to the characteristics of the wireless network, 
thus implying modification of the transport protocol in 
the protocol stack at both the sender and receiver ends. 
An alternate novel approach is represented by 
cross-layer solutions, which establish interdependence 
and collaboration between protocols in different layers 
of the stack. 
 
Distributed TCP Caching for WSNs (DTC) proposes 
to locally cache TCP segments on sensor nodes in 
between two TCP end points in order to perform local 
retransmissions by the intermediate nodes to recover 
from random packet loss. DTC can be seen as a 
generalization of Snoop .Each intermediate node 
maintains a cache for buffering TCP segments, and 
continuously updates a round- trip-time (RTT) 
estimation for each TCP connection. If it takes 
considerably more time for a TCP ACK to arrive, 
intermediate nodes consider it to be lost, regenerate 
the TCP segment and forward it again. DTC further 
relies on implicit acknowledgements by continuously 
overhearing neighboring nodes transmissions, and 
hence relies on having energy-unconstrained CSMA 
on the MAC layer. The simulation-based evaluation 
using in claims a significantly reduced amount of 
transmissions and an overall throughput increase by 
450 scenario with a 10 percentage overall packet loss 
rate. 
 
III. SIMULATION ENVIRONMENT 
 
The heterogeneous simulations are performed on 
network sinulator-3.18 on ubuntu platform. Ns3 is an 
open source discrete event simulator for networking 
research and education. ns3 is written entirely in C++. 
User code protocols and scenarios also in C++ Python 
wrappers for user code also exist. Ns-3 uses waf build 
system instead of auto tools Waf is a Python based 

framework for configuring, compiling and installing 
information. Ns-3 is used for protocol design, large 
scale systems studies, prototyping, education. The 
Setup-ed WSN consist of 100s of nodes with node 
movement is selected as random way point. 
Bandwidth is set to 1 Mbps. The routing protocol 
selected for study is OSLR, The wifi model selected for 
study WIFI-PHY-STANDARD-80211b with data link 
types are radio. Simulation is performed on fixed 
delay model. To evaluate the performance of various 
network parameters, the simulation consists of 200 
homogeneous nodes with initial energy of 5 Joule, 
scattered randomly within a 800x600 m sensor field. 
The sink node is located at corner position so that the 
source nodes sends packet of size 512 bits for 
communicating with sink node. The energy 
consumption due to communication will be calculated 
using the first order energy model. We assume that 
each sensor node generates one data packet per time 
unit to be transmitted to the sink node. Unit of time is 
selected as seconds. During the simulation process,  
every  sources will be allowed randomly at each round 
to send their data to the sink node. Transmission and 
sensing range are 500 m .Animations are obtained by 
network animator netanim. 
 
IV. MATHEMATICAL FORMULATIONS 
 
1. Network Delay 
This performance metric is used to measure the 
average end-to-end delay of data packet transmission. 
The end-to-end delay implies the average time taken 
between a packet initially sent by the source, and the 
time for successfully receiving the message at the 
destination. Measuring this delay takes into account 
the queuing and the propagation delay of the packets. 
delay= ((sum of delay between source nodes and sink 
node /no of received packets)/total flow in the 
network) 
 
2. Network Throughput 
The end-to-end network throughput measures the 
number of packets per second received at the 
destination. It is considered here as an external 
measure of the effectiveness of a protocol. 
Throughput= ((time for received packets in bits/time 
for last received packet- time for last transmitted 
packet)/total flow in the network) 
 
3. Energy  Consumption 
The energy consumption is the sum of used energy of 
all the nodes in the network, where the used energy of 
a node is the sum of the energy used for 
communication, including transmitting (Pt), 
receiving (Pr), and idling (Pi). Assuming each 
transmission consumes an energy unit, the total 
energy consumption is equivalent to the total number 
of packets sent in the network. 
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4. Network Lifetime 
It is considered as the time until message loss rate is 
above a given threshold. The more complete definition 
for the lifetime of the network is time to network 
partition. Network partition occurs when there is a 
cut-set in the network. It will be introduced as a new 
metric, which will use energy variance. 
 
Network lifetime = E (Uavg + square root of energy 
variance) 
Uavg=Sum of Ui/Number of nodes,N 
Variance=Square (Ui-Uavg)/N         
                  
V. EXPERIMENTAL OBSERVATIONS 
 
1. Observations on Delay 
The graph bellow shows plot between number of nodes 
vs delay obtained .The simulations shows that the 
network have a peak delay at the point where network 
have nearly 80-100 nodes when simulating with 200 
nodes. This value depends on the number of nodes in 
the simulation environment. 

 

 
 
2. Observations on Throughput 
The graph bellow shows plot between number of nodes 
vs  packet-loss ratio obtained. The simulations shows 
that packet-loss increases steeply with as number of 
nodes increases at attains a saturation level when it 
reaches nearly 150-200 nodes. The value depends on 
the number of nodes in the simulation environment 
,packet size, mobility model of nodes. 

 

 
 
3. Observations on Packet Loss 
The graph bellow shows plot between number of nodes 
vs throughput obtained. The simulations shows that 
throughput continuously decreases with as the number 
of node increases. The value depends on the number of 
nodes in the simulation environment. 

 
 
VI. ANALYSIS AND FINDING 
 
Compared to DTSN networks and other IEEE 80.211 
networks throughput is expected to be decreases as 
number of node increases. The hop distance has 
significant impact on the throughput. In case Wireless 
Sensor Networks, similar observations can be 
obtained. Sine node moment is random, and energy 
can be increased higher than a threshold only solution 
is to segment the network with number of sinks in the 
whole network. Expected number of nodes is nearly 50 
in above said simulations conditions. 
 
Unlike other 802.11 networks delay have entirely 
different behavior in Wireless Sensor Networks. It 
shows that delay reaches a peak value when we using a 
particular number of nodes in the network and than 
after it start decreasing. So finding the peak delay in 
the network and segment the network according to the 
suitable value of delay needed in the network is the one 
of the possible solution. It should be remembered 
delay depends on entire network parameters rather 
than only number of nodes. 
 
Packet loss is one of the major factor that accounts the 
reliability of the network. Implementing TCP on 
wireless sensor networks with large number of nodes 
shows that packet loss ratio approaches nearly to 1. 
This means that TCP has poor performance in the 
WSN networks for large networks. Performance 
improvement can be obtained by making relatively 
smaller. The plot shows that the packet loss become 
saturated after 40 nodes. 
 
CONCLUSION 
 
Wireless Sensor Networks works where human 
interaction is relatively small.So the performance of 
WSN have much importance in each every design step 
of WSN. Simulation study on transport layer of WSN 
shows that the protocol TCP performs poorly in very 
large sensor networks. The performance depends on 
packet size , energy, area, routing protocol, mobility 
model of nodes. Based on the observations ands 
findings one of the possible suggestion to improve the 
performance of TCP is that divide net work in to 
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smaller segments so that very large network contain 
number of sink nodes. The division criteria depends 
on trade of between the performance of various 
network parameters. For packet size of 512 bits, data 
rate of 1 Mbps, random way point moving nodes of 
nearly 5J energy for a area of 800*600 possible 
division is in the range of nearly 50 nodes for total 
nodes of 200. 
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