
Abstract 
Wireless network is composed of sensor nodes. Sensor nodes 
are deployed in harsh physical environment to gather data and 
deliver the data to the remote base station. Since sensor nodes 
have energy source they have limited computation capability. The 
sensed information is difficult to operate the sensor network for 
a long period of time in an energy efficiency manner. The data 
collection problem is described in a round of communication; each 
sensor node has a packet to be sent to the distant base station. If 
each node transmits its sensed data directly to the base station 
then it will deplete its power quickly. The LEACH protocol is 
a chic solution to this data collection problem, where a small 
number of clusters are formed to fuse data and then sending to 
the base station. It chooses the cluster head to transmit the base 
station. A factor of 8 perfection is attained compared to the direct 
approach by LEACH before the first node dies. In this paper it 
proposes an improved protocol called PEGASIS (Power Efficient 
Gathering in Sensor Information Systems) which is a chain based 
protocol that is an improvement over LEACH. The PEGASIS in 
which form a chain among the sensor nodes so that each node will 
receive from and transmit to a close neighbour. By this protocol 
the amount of energy reduce per round while collecting data. 
It shows the performance by simulation result how it performs 
better than LEACH. General Terms : Wireless sensor network, 
data gathering
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I. Introduction 
Micro Electro-Mechanical System (MEMS) have made remarkable 
advances in recent years. Wireless Sensor Networks (WSNs) have 
also grown rapidly due to the development of low power wireless 
communications and data processing. To create these type of 
applications, wireless sensor networks need a huge number of 
cost, low power, low volume, and short-distance transmitting 
nodes [1].
Wireless sensor network is web of tiny power units or rechargeable 
source. These sensors are deployed to collect useful information 
such as environment and agricultural monitoring, security 
monitoring, industrial control and monitoring, home automation 
and defence. It is also used to collect information from remote 
places which are hard to reach where each deployed sensor nodes 
collect information and sends back information to base station. 
When placed in harsh physical environment it is impossible to 
charge or replace the sensor nodes. Therefore it is desirable to 
design communication network protocol such that energy is used 
efficiently to maximize the life time of the network and reduce 
bandwidth consumption by using local collaboration among 
the nodes and tolerate node failure. Another delivery time by 
sensor nodes is also important, especially in battle field, medical, 
or security monitoring system where minimum delay is also 
desirable[3].Since wireless communication consume significant 
amount of battery power, sensor node should spend as little energy 

as possible receiving and transmitting data [3,11].
Fig.1 shows a 100-node sensor network in a play field of size 
50m x 50m. A typical application in a sensor web is gathering of 
sensed data at a distant base station (BS) [2]. Each sensor node has 
power control and the ability to transmit data to any other sensor 
node or directly to the BS [4, 5]. We assume that all nodes have 
location information about all other nodes. However, if this were 
not the case, our scheme would still work. Nodes would have to 
expend some extra energy to find their close neighbours. They 
could do this by sending with enough power to signal a node, and 
then gradually reduce its power to find which neighbour is closest 
to it. In this paper, our model sensor network has the following 
properties:
• The BS is fixed at a far distance from the sensor nodes. 
• The sensor nodes are homogeneous and energy constrained 

with uniform energy. 
• No mobility of sensor nodes. 

Fig.1 : Random 100-node topology for a 50m x 50m network. BS 
is located at (50, 300), which is at least 100m

In each round of this data-gathering application, all data from all 
nodes need to be collected and transmitted to the BS, where the 
end-user can access the data. A simple approach to accomplish 
this task is for each node to transmit its data directly to the BS. 
Since the BS is located far away, the cost to transmit to the BS 
from any node is high and nodes will die very quickly. Therefore, 
an improved approach is to use as few transmissions as possible to 
the BS and minimize the amount of data that must be transmitted 
to the BS.
In sensor networks, data fusion helps to reduce the amount of 
data transmitted between sensor nodes and the BS. Data fusion 
combines one or more data packets from different sensor 
measurements to produce a single packet as described in [2]. The 
LEACH protocol presented in [2] is an elegant solution to this data 
collection problem, where a small number of clusters are formed in 
a self-organized manner. A designated node in each cluster collects 
and fuses data from nodes in its cluster and transmits the result 
to the BS. LEACH uses randomization to rotate the cluster heads 
and achieves a factor of 8 improvement compared to the direct 
approach, before the first node dies. Further improvements can be 
obtained if each node communicates only with close neighbours, 
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and only one designated node sends the combined data to the BS 
in each round.
In this paper we present an improved protocol called PEGASIS 
(Power-Efficient Gathering in Sensor Information Systems), 
which is near optimal for this data gathering application in sensor 
networks. The key idea in PEGASIS is to form a chain among the 
sensor nodes so that each node will receive from and transmit to 
a close neighbour. Gathered data moves from node to node, get 
fused, and eventually a designated node transmits to the BS. Nodes 
take turns transmitting to the BS so that the average energy spent by 
each node per round is reduced. Building a chain to minimize the 
total length is similar to the travelling salesman problem, which is 
known to be intractable. However, with the radio communication 
energy parameters, a simple chain built with a greedy approach 
performs quite well. The PEGASIS protocol achieves between 
100 to 300% improvement when 1%, 20%, 50% and 100% of 
nodes node die compared to the LEACH protocol.
Our scheme can be modified appropriately if some of the stated 
assumptions about sensor nodes are not valid. If nodes are not 
within transmission range of each other, then alternative, possibly 
multi-hop transmission paths will have to be used. In fact, our 
chain based schemes will not be affected that much as each node 
communicates only with a local neighbour and we can use a multi-
hop path to transmit to the BS. We need to make some adjustments 
in the chain construction procedure to ensure that no node is left 
out. The s LEACH protocol relies on direct reachability to function 
correctly. To ensure balanced energy dissipation in the network, 
an additional parameter could be considered to compensate for 
nodes that must do more work every round. If the sensor nodes 
have different initial energy levels, then we could consider the 
remaining energy level for each node in addition to the energy 
cost of the transmissions. The assumption of location information 
is not critical. The BS can determine the locations and transmit 
to all nodes, or the nodes can determine this through received 
signal strengths. For example, nodes could transmit progressively 
reduced signal strengths to find a close neighbour to exchange 
data. This would require the nodes to consume some energy when 
trying to find local neighbours; however, this is only a fixed initial 
energy cost when constructing the chain. 

II. First Order Radio Model for PAGASIS
Currently, there is a great deal of research in the area of low-energy 
radios. Different assumptions about the radio characteristics, 
including energy dissipation in the transmit and receive modes, 
will change the advantages of different protocols. In our work, we 
assume a simple model where the radio dissipates Eelec = 50 nJ/bit 
to run the transmitter or receiver circuitry and €amp = 100 pJ/bit/
m2 for the transmit amplifier to achieve an acceptable  (see fig. 2 
and Table 1). These parameters are slightly better than the current 
state-of-the-art in radio design1. We also assume an r2 energy loss 
due to channel transmission. Thus, to transmit a k-bit message a 
distance d using our radio model, the radio expands:

ETx (k,d) = ETx-elec (k) + ETx-amp (k,d)
     ETx (k,d) = Eelec * k + €amp * k * d2  (1)
And to receive this message, the radio expends:

ERx (k) = ERx-elec (k)
   ERx (k) = Eelec * k    (2)

Fig. 2 : First Order Radio Model

Table 1. Radio Characteristics

Operation Energy Dissipated

Transmitter Electronics(ETx-elec)
Receiver Electronics(ERx-elec)
(ETx-elec=ERx-elec=Eelec )    

50nJ/bit

Transmit Amplifier(Eamp) 100pJ/bit/m2

For these parameter values, receiving a message is not a low cost 
operation; the protocols should thus try to minimize not only the 
transmit distances but also the number of transmit and receive 
operations for each message.

We make the assumption that the radio channel is sym-metric 
such that the energy required to transmit a message from node A 
to node B is the same as the energy required to transmit a message 
from node B to node A for a given SNR. For our experiments, we 
also assume that all sensors are sensing the environment at a fixed 
rate and thus always have data to send to the end-user. For future 
versions of our protocol, we will implement an ”event-driven” 
simulation, where sensors only transmit data if some event occurs 
in the environment.

III. Related Work
 Routing in sensor networks is different from the traditional wireless 
ad hoc networks due to the unique requirements of sensor networks 
[6].  Considering the energy awareness and time complexity for 
periodic data collection application, hierarchical routing protocols 
perform better than other solutions [7]. Among the hierarchical 
category Low-Energy Adaptive Clustering Hierarchy (LEACH) 
[9].Simple approach to collect data from sensor nodes is direct 
approach where each sensor nodes transmit the data directly to the 
base station (BS) which is located far away. Cost to transmit data 
from each sensor node to BS is very high, thus nodes die quickly 
and hence reducing the lifetime of the network. Therefore to utilize 
energy efficiently goal is to use as few transmissions as possible. 
LEACH Protocol is designed where sensor nodes are organized to 
form local cluster with one node in cluster selected as cluster head. 
Sensor nodes from one cluster send data to its cluster head where 
data is aggregated and fused data is transmitted to BS. Cluster 
heads are chosen randomly and achieve a factor of 8 improvements 
compared to direct approach. Although LEACH protocol reduces 
energy consumption by factor 8, energy is consumed is forming 
cluster. In LEACH 5% of the nodes are the head nodes at the same 
time that also amounts to energy consumption [2]. The linear 
chain was proposed and applied to broadcast in wireless sensor 
networks with urban model (d2 transmission energy where d is 
the distance). A linear chain connects all the sensor nodes within 
the network. Data is transmitted from one end of the chain to the 
other end. Each node attaches its own data to the received data 
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to form a larger packet and sends it to the next node. When data 
finally reaches the end of the chain, the same procedure starts from 
that end back to the beginning node. It is useful to distribute the 
energy usage among nodes to prevent nodes form being unwisely 
overused. Using this scheme, nodes die randomly [8].

IV. Proposed Improved Protocol 

A. PEGASIS (Power-Efficient Gathering in Sensor 
Information System)
PEGASIS is the improved protocol where only one node is chosen 
a head node which sends the fused data to the BS per round. This 
achieves factor of 2 improvement compared to LEACH protocol 
[2]. PEGASIS protocol requires formation of chain which is 
achieved in two steps: 

1 Chain construction
To construct the chain we start from the furthest node from the BS 
and then greedy approach is used to construct the chain.

Fig. 3 :  Graph showing construction  of chain in  PEGASIS using 
Greedy approach.

In fig.3, node c0 lies furthest from the base station, chain 
construction start from node c0 which connects to node c1, node 
c1 connects to node c2, node c2 connects to node c3, and node 
c3 connects to node c4, node c4 connect to c5.
A.2 Gathering data: Leader of each round is selected randomly. 
Randomly selecting head node also provides benefit as it is more 
likely for nodes to die at random locations thus providing robust 
network. When a node dies chain is reconstructed to bypass the 
dead node [9].

Fig. 4 :  Describing data fusion at the head node and transmitting 
it to BS.

After the leader is selected it passes token to initiate data gathering 
process. Passing token also requires energy consumption but cost 
of passing token is very small because token size is very small. In 
fig.4 node c3 is selected as head node for particular round. Node 
c5 passes the data to c3 along the chain. c0 passes the data to 
c3 along the chain. c3 receives the data, fuses all the data it has 
received and transmit to the base station.

V. Experimental Results
We used simulation to perform PEGASIS and LEACH with 
several random 100 node networks. The fig.1 shows a random 
100 node network. The BS is located at (50,300) in a 100m x 100m 
field. We ran the simulations to determine the number of rounds 
of communication when 1%, 20%, 50% and 100% of the nodes 
die using direct transmission, LEACH, and PEGASIS with each 
node having the same initial energy level. Once a node dies it is 
considered dead for the rest of the simulation. Our simulations 
show that PEGASIS achieves:

• approximately 2x the number of rounds compared to LEACH 
when 1%, 20%, 50%, and 100% of nodes die for a 50m x 
50m network. 

• approximately 3x the number of rounds compared to LEACH 
when 1%, 20%, 50%, and 100% nodes die for a 100m x 
100m network. 

• balanced energy dissipation among the sensor nodes to have 
full use of the complete sensor network. 

• in close proximity to optimal performance. 

Table 2 summarizes the results with initial energy per node of 
0.25J, .5J, and 1.0J for the 100m x 100m networks. The nodes 
begin to die at a more uniform rate after about 25% nodes         die. 
This is because the distances between the nodes become greater, 
and nodes have to become leaders more often causing the energy 
to drain rapidly. As can be expected, the number of rounds doubles 
as the energy/node doubles for a given size of the network. 

Table 2. Number of rounds when 1%, 20%, 50%, and 100% nodes 
die. The table represents a 100m x 100m network.

Energy Protocol 1% 25% 50% 100%

J/Node

.25

Direct 14 16 20 30

LEACH 166 210 232 308

PEGASIS 335 634 684 779

.5

Direct 28 32 40 61

LEACH 339 418 461 576

PEGASIS 675 1265 1362 1544

1.0

Direct 56 66 80 122

LEACH 690 824 911 1077

PEGASIS 1346 2509 2720 3076

Fig.5 shows the number of rounds until 1%, 20%, 50%, 100% 
nodes die for a 100m x 100m network. PEGASIS is approximately 
2x better than LEACH in all cases for a 50m x 50m network. 
The initial energy value for nodes is 0.25J in Figure 5. As the 
energy level doubles the number of rounds also doubles for all 
cases. For a 100m x 100m network, PEGASIS performs about 
3x better than LEACH.
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Fig. 5 : Performance results for a 100m x 100m network with 
initial energy .25J/node.

VI. Conclusion 
In this paper, the PEGASIS is greedy chain protocol that is close 
proximity to optimal for a data gathering problem in sensor 
networks. The PEGASIS has been proposed which surpasses 
LEACH by eliminating the overhead of dynamic cluster formation, 
limiting the number of transmissions and receives among all nodes, 
and using only one transmission to the BS per round. It balances 
the energy depletion in the network and preserves robustness of 
the sensor web as nodes die at random locations when nodes take 
turns to transmit the fused data to the BS per round. The PEGASIS 
which provides increasing the lifetime and quality of the network 
by distributing the energy load among the nodes and shows an 
improvement as the size of the network increases. Based on the 
simulations result it expects that PEGASIS outperforms the other 
two protocols in terms of system lifetime and the quality of the 
network as well as increase the lifetime of the network by any 
other method or protocols.
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