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Abstract -- Many advances have been made in sensor technologies which are as varied as the applications and many more 
are in progress. It has been reasonable to design and develop small size sensor nodes of low cost and low power. Wireless 
sensor networks (WSNs) are large networks made of a numerous number of sensor nodes with sensing, computation, and 
wireless communication capabilities. The reasons for using wireless network are cost effectiveness of network deployment 
and its applicability to environments where wiring is not possible or it is preferable solution compared with wired 
networks. The software tool Network is used for the evaluation and comparison of selected Flat Routing Protocols of 
wireless networks on the basis of certain metrics with different network sizes. 
 
Index Terms -- Delay, Packet loss, Routing protocols, Scalability, Sensors, Simulation, Throughput, Wireless sensor 
networks. 
 
I. INTRODUCTION 
 
A Wireless Sensor Network (WSN) is a set of 
hundreds or thousands of micro sensor nodes that 
have capabilities of sensing, establishing wireless 
communication between each other and doing 
computational and processing operations 
[1]. Sensor networks have a wide variety of 
applications and systems with vastly varying 
requirements and characteristics. The sensor 
networks can be used in Military environment, 
Disaster management, Habitat monitoring, Medical 
and health care, Industrial fields, Home networks, 
detecting chemical, biological, radiological, nuclear, 
and material etc. Deployment of a sensor network in 
these applications can be in random fashion or can 
be planted by locating manually. 
 
II. WIRELESS SENSOR NETWORK 
 
The main entities that build up the architecture of 
WSN as shown in Fig. 1., redrawn from [1], are  

1. The Sensor nodes that form the sensor 
network. Their main objectives are making 
discrete, local measurement about 
phenomenon surrounding these sensors, 
forming a wireless network by 
communicating over a wireless medium, and 
collect data and route data back to the user 
via sink (Base Station). 
2. The Sink (Base Station) communicates 
with the user via internet or satellite 
communication. It is located near the sensor 
field or well-equipped nodes of the sensor 
network. Collected data from the sensor field 
routed back to the sink by a multi-hop infra-
structure less architecture. 

3. Phenomenon which is an entity of interest to 
the user to collect measurements about. This  

 
phenomenon is sensed and analyzed by the 
sensor nodes. 

4. The User who is interested in obtaining 
information about specific phenomenon to 
measure/monitor its behavior.  
 

 
Fig. 1. Sensor nodes scattered in a sensor field and the 

Components of a single sensor node 
 
Need for routing protocol 
Routing in sensor networks is very challenging due 
to several characteristics [2] that distinguish them 
from contemporary communication and wireless ad-
hoc networks. First of all, it is not possible to build a 
global addressing scheme for the deployment of 
sheer number of sensor nodes. Therefore, classical 
IP-based protocols cannot be applied to sensor 
networks. Second, in contrary to typical 
communication networks almost all applications of 
sensor networks require the flow of sensed data from 
multiple regions (sources) to a particular sink. Third, 
generated data traffic has significant redundancy in 
it since multiple sensors may generate same data 
within the vicinity of a phenomenon. Such 
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redundancy needs to be exploited by the routing 
protocols to improve energy and bandwidth 
utilization. Fourth, sensor nodes are tightly 
constrained in terms of transmission power, on-board 
energy, processing capacity and storage and thus 
require careful resource management. Due to such 
differences, many new algorithms have been 
proposed for the problem of routing data in sensor 
networks. These routing mechanisms have 
considered the characteristics of sensor nodes along 
with the application and architecture requirements. 
 
III. CLASSIFICATION OF ROUTING 
PROTOCOLS 
 
There are different ways by which we can classify the 
routing protocols [3]. According to network 
structure, these routing protocols can be classified as 
Flat, Hierarchical and Location-based protocols. In 
Flat-based routing, all nodes are assigned the same 
roles or functionalities. In hierarchical-based routing, 
nodes will play different roles or functionalities, 
aiming at routing techniques clustering the nodes 
with different roles so that the heads of the cluster 
can do some data aggregation in order to save power. 
In location based routing, sensor nodes' positions are 
exploited to route the data to specific regions other 
than the whole network. 
Typical Flat routing algorithm includes Sensor 
Protocols for Information via Negotiation (SPIN), 
Directed Diffusion (DD), Sequential Assignment 
Routing (SAR), Cougar, etc.  
 
A. Sensor Protocols for Information via 
Negotiation (SPIN) 
Sensor Protocols for Information via Negotiations 
(SPIN) [4] is a family of adaptive protocols for 
WSNs. Their design goal is to avoid the drawbacks 
of Flooding protocols mentioned above by utilizing 
data negotiation and resource adaptive algorithms. 
SPIN is designed based on two basic ideas: 

1. To operate efficiently and to conserve energy 
by sending meta-data (i.e., sending data 
about sensor data instead of sending the 
whole data that sensor nodes already have or 
need to obtain) 

2. Nodes in a network must be aware of changes 
in their own energy resources and adapt to 
these changes to extend the operating 
lifetime of the system. 

SPIN has three types of messages as shown in Fig. 
2., redrawn from [3], namely, ADV, REQ, and 
DATA. 
ADV: when a node has data to send, it advertises via 
broadcasting this message containing meta-data (i.e., 
descriptor) to all nodes in the network. 
REQ: an interested node sends this message when it 
wishes to receive some data. 

DATA: Data message contains the actual sensor data 
along with meta-data header. 
SPIN is based on data-centric routing where the 
sensor nodes send ADV message via broadcasting for 
the data they have and wait for REQ messages from 
interested sinks or nodes. The semantics of SPIN's 
meta-data format is application dependent and not 
supported by SPIN. In another words, SPIN uses 
application specific meta-data to name the sensed 
data. 
 
Advantages 

1. Solving the problems associated with classic 
Flooding protocols, and 

2. Topological changes are localized. 
 

Disadvantages 
1. Scalability, SPIN is not scalable 

2. If the sink is interested in too many events, 
this could make the sensor nodes around it 
deplete their energy. 

3. SPIN's data advertisement technique cannot 
guarantee the delivery of data if the 
interested nodes are far away from the source 
node and the nodes in between are not 
interested in that data. 

 
Fig. 2. Data Transmission in SPIN 

 
B. Directed Diffusion 
Directed diffusion is another data dissemination and 
aggregation protocol. It is a data-centric and 
application aware routing protocol for WSNs. It aims 
at naming all data generated by sensor nodes by 
attribute-value pairs [5]. In order to construct the 
route between the sink (inquirer) and the sensors that 
interest to the sink's request, there are four stages as 
shown in Fig. 3., redrawn from[6], as follows 
 

 
Fig. 3. Operation of the directed diffusion protocol 
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Interest propagation: When a sink detects an event, 
it initiates the interest messages and floods them to 
all nodes in the network. These messages are 
exploratory messages indicating the nodes with 
matching data for the specific task. During this 
stage, the sink periodically broadcasts the interest 
message. Once the interest message is received, each 
sensor node saves it in an interest cache. After that, 
the nodes flood this message to the other nodes until 
the node that is interested in this interest message is 
reached as shown in Fig. 3(a)., redrawn from[6]. 
Gradient setup: Based on local rules, different 
techniques are used in gradient setup. For example, 
the nodes with highest remaining energy could be 
chosen when setting up the gradient. During the 
interest propagation through the network, the 
gradients from source back to sink will be setup. A 
node becomes a source node if its observation 
matches the interest message and sends its data 
through the gradient path back to the sink as shown 
in Fig. 3(b)., redrawn from[6]. 
Reinforcement: During the gradient setup phase, 
many paths have formed from the source to the sink. 
This means the source can send the data to the sink 
through multiple routes. However, as shown in Fig. 
3(c)., redrawn from[6], the sink reinforces one 
specific path by resending the same interest through 
the specified path, which is chosen based on many 
rules, like the best link quality, number of packets 
received from a neighbor or lowest delay. Along this 
path, each node just forwards the reinforcement to its 
next hop [4]. Finally, during this phase, the sink 
could select multiple paths in order to provide 
multipath delivery. 
Data delivery: After the reinforcement phase, as 
shown in Fig. 3(d)., redrawn from[6], the route 
between the source and the sink has been constructed 
and the data is ready for transmission. 
 
Advantages 
 

1. Data is named by attributed-value pairs. 
2. Unlike other routing algorithms, in Directed 

Diffusion more than one sink can make 
queries and receive data at the same time; 
hence, simultaneous queries could be handled 
inside a single network. 

3. The interests/queries are issued by the sink not 
by the sources, and only when there is a 
request. Moreover, all communication is 
neighbor-to-neighbor, which removes the need 
for addressing and permits each node to 
aggregate data. As a result, both points 
contribute to reduce energy consumption. 

4. It provides application-dependent routes based 
on the interests of the user. 

 
Disadvantages 

1. An overhead problem occurs at the sensors 
during the matching process for data and 
queries. 

2. Overhead is caused during flooding operation 
of interest propagation phase. 

3. Due to the flooding required to propagate the 
interest on each node, it is not optimized for 
energy efficiency and need high amounts of 
memory to store interest gradients and 
received messages. 

4. It mostly selects the shortest path between the 
source and the destination, which leads to 
quick death of nodes on that path [7], [8]. 

 
C. Cougar 
A data-centric protocol that views the network as a 
huge distributed database system is proposed in [2]. 
The main idea is to use declarative queries in order 
to abstract query processing from the network layer 
functions such as selection of relevant sensors etc. 
and utilize in-network data aggregation to save 
energy. The abstraction is supported through a new 
query layer between the network and application 
layers. Cougar proposes architecture [3] for the 
sensor database system where sensor nodes select a 
leader node to perform aggregation and transmit the 
data to the gateway (sink). The gateway is  
responsible for generating a query plan, which 
specifies the necessary information about the data 
flow and in-network computation for the incoming 
query and send it to the relevant nodes. The query 
plan also describes how to select a leader for the 
query. The architecture provides in-network 
computation ability for all the sensor nodes. Such 
ability ensures energy efficiency especially when the 
number of sensors generating and sending data to the 
leader is huge. 
Consider a long-running query Q to monitor the 
average temperature of an office every t seconds. The 
query Q notifies (i.e., Q generates an output record) 
an administrator  if  the average temperature in the 
office is greater than a user-defined threshold. The 
query plan specifies how to determine the leader of 
this query, a designated node where the computation 
of the average temperature will take place.The leader 
could be a fixed sensor with more remaining power 
and energy, or a randomly selected node by some 
distributed leader election algorithm. Two 
computation plans are produced, one for the leader 
node, and a second plan for the remaining nodes in 
the query region. Fig. 4 redrawn from [3], shows the 
query plan for a non-leader node that participates in 
the query. Non-leader nodes [9] have a scan operator 
to read sensor values periodically and to send them 
to the leader node. In addition, their plan contains an 
aggregation operator to aggregate data from other 
sensors. Fig 5 redrawn from [3], shows the query 
plan for the leader node, which contains an AVG 
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operator to compute the average value over all sensor 
readings received in the last round of the query, and 
a     SELECT operator that checks if the result is 
above the threshold. 

  
Fig.  4  Query plan at a source sensor 

 
Fig. 5 Query plan at a leader node 

 
Although Cougar provides a network-layer 
independent solution for querying the sensors, it has 
some drawbacks: 
First of all, introducing additional query layer on 
each sensor node will bring extra overhead to sensor 
nodes in terms of energy consumption and storage. 
Second, in network data computation from several 
nodes will require synchronization, i.e. a relaying 
node should wait every packet from each incoming 
source, before sending the data to the leader node. 
Third, the leader nodes should be dynamically 
maintained to prevent them from failure. 
 
IV. SYSTEM IMPLEMENTATION 
 
In this study, Evaluation of Flat Routing Protocols 
namely Sensor Protocols For Information Via 
Negotiation(SPIN), Directed Diffusion(DD) and 
Cougar are performed using  Network Simulator 
with the help of important metrics like throughput, 
packet loss ratio and end-to-end delay with different 
no of nodes ranging from 25 to 150 nodes. Table I 
gives the input parameters that are used in our 
simulation scenario[10],[11] along with their range 
values: 

TABLE I 
 SIMULATION PARAMETERS 

 
 

A. Throughput 
Throughput is the rate of successfully delivered data 
per second to individual destinations during network 
simulation. Throughput is associated with the 
efficiency of the protocol. 

 
Throughput=Total no of packets received / 
Simulation time. 
Fig. 6.  shows the throughput against no of nodes. 
 

 
Fig. 6. Throughput Vs No of Nodes 

 
With the increase in no of nodes, redundant data 
increases. In SPIN, meta-data negotiation almost 
halves the redundant data. With the increase in no of 
nodes, redundant data increases. Thus SPIN 
operation will transmit almost zero redundant data 
packet and decrease the operation of sending wasted 
data packets. As the no of nodes increases, the 
throughput starts increasing. In fact, the reduction of 
transmission volume (from data to advertising only) 
in SPIN made it save a lot of unnecessary 
transmissions. Throughput values are less compared 
to other protocols; this is due to the extra messages 
of advertising in SPIN that decreases the throughput 
performance. 
Throughput of DD is acceptable and higher than 
other protocols. With larger sensor nodes, each node 
transmits the same packet multiple times, once to 
each neighbor. Directed Diffusion is less impacted by 
this because it performs in-network suppression of 
identical data.DD delivers 70 to 80 percent more 
packets than SPIN. 
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In Cougar, as the no of nodes increases, sensor fields 
will overlap, so one event will likely trigger multiple 
sensors. All the sensors will report detection to the 
user, but communication can be reduced if this data 
is aggregated as it returns to the user. Thus 
redundancy is reduced effectively in Cougar. 
Showing better throughput performance than SPIN 
due to its query plan.DD delivers 25 to 35 percent 
more packets than SPIN. But overheads due to 
synchronization of many no of sensor nodes to the 
leader exist. 
 
B. Packet Loss 
Packet loss is the failure of one or more transmitted 
packets to arrive at their destination. Packet loss is 
measured as a percentage of packets lost with respect 
to packets sent. 
Packet loss = (No of Packets lost/No of Packets 
sent)* 100. 
Fig. 7.  shows the Packet loss against no of nodes. 

 
Fig. 7. Packet loss Vs No of Nodes 

 
In lossy network models, the probability of losing 
packets accumulates exponentially with the number 
of hops, requiring exponentially increasing work. 
With the increase in no of nodes, packet loss 
increases as more no of connections are formed. 
SPIN's data advertisement mechanism cannot 
guarantee delivery of data. To see this, consider the 
application of intrusion detection where data should 
be reliably reported over periodic intervals, and 
assume that nodes interested in the data are located 
far away from the source node, and the nodes 
between source and destination nodes are not 
interested in that data; such data will not be 
delivered to the destination at all. 
Lossy links not only tend to drop packets; they also 
incur longer delay due to retransmissions. DD would 
not expend energy to find alternate paths. Because 
several reinforced paths are kept alive in normal 
operation. Thus DD does not need to do extra work. 
When the paths from sources to a sink overlap 
significantly, diffusion will suppress duplicates close 
to the sources and event losses nearer the sinks 
cannot be recovered. 

In Cougar, with the increasing no of nodes, many 
duplicate data formed and the intermediate nodes 
suppress these duplicate data by simply not 
propagating it leading to packet losses. Link failures 
in Cougar especially of leader node will result in 
critical condition. 
 
C. End-to-End Delay 
The term end-to-end delay refers to the time taken by 
a packet to be transmitted across a network from 
source node to destination node that includes all 
possible delays caused during route discovery 
latency, queue in data packet transmission, 
retransmission delays, propagation and transfer 
times. 
Fig. 8. shows the Delay against no of nodes.  

 
Fig. 8. Delay Vs No of Nodes 

 
Delay value for SPIN is less because it uses the 
shortest path algorithm. As the no of nodes 
increases, the node links to shortest path increases. 
SPIN operation will transport almost zero redundant 
data packet and decrease the operation of sending 
wasted data packets, because in SPIN, data 
transmission is based on the meta-data negotiation of 
the nodes. SPIN will start with advertise its interest, 
and then waiting for a request from any node before 
start transmitting data again. SPIN nodes negotiate 
with each other before transmitting data. Negotiation 
helps to ensure that only useful information will be 
transferred. 
The shortest path is also the lowest delay path. The 
reinforcement rules of DD find the low delay paths. 
Selecting multiple paths of better link quality and 
minimum delay leads to load balancing and efficient 
utilization of the wireless spectrum, and hence 
achieves higher throughput and much better 
performance than other protocols. Delay is lower for 
smaller networks as compared with other protocols. 
With the increase in no of nodes, Overhead- during 
the matching process for data and queries and 
Latency due to flooding during interest propagation 
also increases, resulting in increase in delay. But not 
delayed because of failure of links. 



International Journal of Advanced Computational Engineering and Networking, ISSN: 2320-2106,  Volume-3, Issue-10, Oct.-2015 

Comparison Of Flat Routing Protocols Of Wireless Sensor Network 
 

53 

In Cougar, dynamic selection of aggregation points 
minimizes overall data movement. The nested query 
localizes data traffic near the triggered event rather 
than sending it to the sink, thus reducing network 
traffic and latency. Data aggregation reduces the no 
of transmissions. Due to the In-network suppression, 
latency is reduced and showing better performance 
than SPIN. 
 
CONCLUSION 
 
Routing in sensor networks is a new area of research. 
Since sensor networks are designed for specific 
applications, designing efficient routing protocols for 
sensor networks is very important. In this paper,  the 
evaluation of the Flat routing protocols with their 
responses to network scalability with respect to their 
packet end-to-end delay, throughput and packet loss 
as their performance metrics has been done. 
SPIN protocol is simple and efficiently disseminates 
data and well suited for an environment where the 
sensors are mobile because forwarding decisions are 
based on local neighborhood information. SPIN's 
data advertisement technique cannot guarantee the 
delivery of data. 
But Directed diffusion (DD) overcomes the problem 
of SPIN of reliable delivery. SPIN protocol is not 
scalable because if the sink is not interested in too 
many events, this could make the sensor nodes 
around it reduce their energy. But DD is more 
scalable than SPIN. Directed diffusion have better 
throughput in comparison of SPIN because it has 
good reliable delivery. 
Cougar shows better performance than SPIN and is 
more scalable than SPIN. Cougar will be a better 
protocol for larger sensor fields because of its in-
network aggregation, query plan and leader 
selection. There is extra overhead of formation and 
maintaining of aggregate leader. 
Thus Directed Diffusion outperforms other protocols 
on the basis of selected performance metrics. On 
selected protocols, from the conducted study it is 
concluded that overall performance of one protocol is 
superior to other protocols. One protocol may be far 
better in performance than other protocol in terms of 
delay and throughput. SPIN and Cougar has its own 
effectiveness in terms of consistency. So selection of 

a particular routing protocol will depend on 
application type and intended use of network. 
 
ACKNOWLEDGMENT 
 
With great pleasure, I avail this opportunity to 
express my deep sense of gratitude to my guide, Prof. 
Poornima Talwai, for her spirited guidance and 
inspiration. I have deep sense of admiration for her 
innate goodness and inexhaustible enthusiasm. It 
helped me to work in right direction to attain desired 
objective. 
 
REFERENCES 
 
[1] Yazeed Al-Obaisat and Robin Braun," On Wireless Sensor 

Networks: Architectures, Protocols, Applications, and 
Management", Institute of Information and Communication 
Technologies University of Technology, Sydney. 

[2] Neha Singh, Prof.Rajeshwar Lal Dua and Vinita Mathur, 
"Wireless Sensor Networks: Architecture, Protocols, Simulator 
Tool", International Journal of Advanced Research in 
Computer Science and Software Engineering, May 2012. 

[3] Jamal N. Al-Karaki Ahmed E. Kamal, "Routing Techniques in 
Wireless Sensor Networks: A Survey", Iowa State University, 
Ames, Iowa. 

[4] Tatiana Bokareva, Nirupama Bulusu and Sanjay Jha," A 
Performance Comparison of Data Dissemination Protocols for 
Wireless Sensor Networks”, University of New South Wales, 
2005. 

[5] Joanna Kulik, Wendi Rabiner Hienzelman and Hari 
Balakrishnan, "Negotiation-based Protocols for Disseminating 
Information in Wireless Sensor networks", ACM Wireless 
Networks, 2002. 

[6] C. Intanagonwiwat, R. Govindan, D. Estrin, J. Heidemann, and 
F. Silva, "Directed Diffusion for Wireless Sensor Networking", 
IEEE/ACM Transactions on Networking, 2003. 

[7] Laiali Almazaydeh, Eman Abdelfattah, Manal Al- Bzoor, and 
Amer Al- Rahayfeh, "Performance Evaluation Of Routing 
Protocols In Wireless Sensor Networks", International Journal 
of Computer Science and Information Technology, Volume 2, 
April 2010. 

[8] Rajashree.V.Biradar, V.C.Patil, Dr. S.R. Sawant and Dr. R.R. 
Mudholkar, "Classification and Comparison of Routing 
Protocols in Wireless Sensor Networks", Special Issue on 
Ubiquitous Computing Security Systems. 

[9] Almargni Ezreik and Abdalla Gheryani," Design and 
Simulation of Wireless Network using NS-2", 2nd International 
Conference on Computer Science and Information Technology, 
Singapore, April 2012. 

[10] Teerawat Issariyakul and Ekram Hussain, "Introduction to 
Network Simulator NS-2", 2009. 

[11] Kristoffer Clyde Magsino and H. Srikanth Kamath," 
Simulations of Routing Protocols of Wireless Sensor 
Networks", World Academy of Science, Engineering and 
Technology, 2009. 

 
 
 
 

 


