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Energy efficient Data Aggregation Scheduling is essential in Ubiquitous sensor
networks. Optimal communication distances between the nodes and the base station
improves the network lifetime. Clustering improves the efficiency of the data aggregation
problem. Many clustering techniques exist to find the optimal number of clusters in the
network. The computation complexity of the methods to obtain optimal number of clusters
is fair when genetic approaches are employed instead of the classical approaches. Since
nodes in USN are dynamic, finding data aggregation schedules is difficult in a USN.
Concurrent transmissions improve the throughput of the network, but the SINR perceived
at the receiver should be greater than or equal to a certain threshold value for a
successful transmission. Also the cluster heads and the member nodes dissipate energy.
This power dissipation is more when there are more number of cluster heads. The noise
and the power dissipation play a major role in decreasing the network life time. Hence in
this paper we designed an efficient energy dissipation algorithm for data aggregation
scheduling using the principles of Genetic algorithm and SINR. Since the battery power
and bandwidth are the limited resources for the nodes in the USN our data aggregation
scheduling algorithm gives equal priority for all of the following while electing a node as
a cluster head. They are (a) Total power dissipation from all cluster heads in the USN, (b)
The total power dissipation from the nodes at each cluster heads, (c) The SINR perceived
at the cluster head should be more than a threshold value at each cluster head for the
transmission to be successful, (d) The optimal schedule for the nodes in the USN so that
all the nodes transmits their data finally to the base station quickly.
With the application of the genetic methods our algorithm proved to be efficient when
compared with the existing algorithms in obtaining maximum network life time with
minimum number of clusters.
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1. Introduction
In [1] we proposed a DDPA dynamic distributed power adaptive protocol with optimal
node degree and energy-efficient. In this paper we wanted to apply genetic approach for
solving the data aggregation problem. A GA will typically have: (1) a representation of a
chromosome, (2) an initial pool of chromosomes, (3) a fitness function, (4) a selection
function and (5) a crossover operator and (6) a mutation operator [19]. Several algorithm
like LEACH, SPAN, ASCENT and STEM were proposed earlier which are used for
topology control. C. Zhang, F. Liu and N. Wu, proposed a Distributed Energy-efficient
Unequal Clustering Routing Protocol for Wireless Sensor Networks in 2014. Hyunjo Lee,
Miyoung Jang, and Jae-Woo Chang proposed a New Energy-Efficient Cluster-Based
Routing Protocol Using a Representative Path in Wireless Sensor Networks in 2014.
Sanjeev Kumar Gupta, Neeraj Jian, Poonam Sinha, proposed a Clustering Protocols in
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Wireless Sensor Networks: A Survey in 2013. W. Liu and L. Wang proposed an
improved algorithm based on LEACH protocol in 2013. M. Wu, proposed an EnergyEfficient Routing Protocols in Heterogeneous Wireless Sensor Networks in 2012. T. D.
Singh studied on the analysis of Low Energy Adaptive Clustering Hierarchy (LEACH)
protocol”, in 2011. Y. Ha, H. Kim, and Y. Byun, proposed Energy-efficient fire
monitoring over cluster-based wireless sensor networks in 2012. R. Halke and V. A.
Kulkarni, proposed a En-LEACH Routing Protocol for Wireless Sensor Network in 2012.
J. S. Brunda, B. S. Manjunath, B. R. Savitha and P. Ullas proposed energy aware
threshold based efficient clustering (EATEC) for Wireless Sensor Network in 2012.We
compare our results with work done in previous protocols [18]. We assume the simple
model as assumed in [18].
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2. Proposed Efficient Energy Dissipation Ubiquitous Sensor Network
Model
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Consider a ubiquitous sensor network with n arbitrarily distributed ubiquitous nodes.
Let a directed graph G = (V, E) denote a ubiquitous network where V = {v0, v1 … vn-1}
and E = {e0, e1, … en−1}. Vi denotes ubiquitous node i, and ei denotes the edge between two
ubiquitous nodes. The minimum Euclidean distance between a pair of nodes is 1. Each
node can act as a cluster head and is adaptive by adjusting the transmission powers based
on the communication distances.
A node is elected as a cluster head using the following constraints.
1. SINR rule. Let Vj denote a node that can transmit concurrently with node Vi as
the head. For a successful transmission the SINR perceived at the receiver should be

ps

greater than or equal to β i.e.

d s
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Where Ps and Pr denote the transmission powers of sender and receiver nodes
respectively. ds is the distance between the sender and the receiver nodes and dj is the
distance between a concurrent transmitter and the receiver. α is the path loss ratio, which
has a typical value between 2 and 4. N0 is the ambient noise. β is the threshold for a
successful transmission.
2. Optimal Energy dissipation rule[18]
To transmit a k-bit message of a distance d, the radio expends
2

kEelec  E0 kd , d  d 0 
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And to receive this message, the radio expends:

Erecv (k )  Erecvelec (k )  kEelec

Where

d0 

E0

Emp

Denotes the threshold distance and the electronics energy

Assume that there are N nodes randomly distributed in an M×M region. K is the
number of bits in each data message, di- to BS is the distance between the ith CH node and
the BS, and perfect data aggregation is assumed. From [18] we obtain
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2

kEelec pi  kEDA ( pi  1)  kEelec  E fs kditoBS , d itoBS d0 

EHead (i, k , d )  

4

kEelecmi  kEDA (mi  1)  kEelec  Emp kdi toBS , d i toBS d0 


Each member node only needs to transmit its sensed data to the ith CH once during a
frame. Thus, the energy dissipated in each member node is given by following equation
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The dissipation energy in communication process is the main parameter to be
minimized. Minimum number of clusters results in energy savings hence GA is used to
determine optimal number of CHs and their locations
3. Optimal Concurrent transmissions. Finding optimal schedules is difficult because
the USN is dynamic in nature. Since two or more number of nodes are transmitting
concurrently, all the nodes will be able to finally send data to their base station and frame
length decreases. Two or more nodes can transmit at the same time using either
CDMA/FDMA . If a node X is not within the current transmission range of Y then the
node X cannot be the neighbor of a node Y and it is deselected for considering to increase
its degree by node Y. The node adjusts its power in such a way that it would be able to
communicate directly with more number of nodes perceiving the SINR constraint also.
4. Minimum frame length. The frame length decreases with the increase of the
indegree of the cluster head node. And hence the throughput of the USN increases. Hence
to achieve maximum throughput optimal schedules needs to be constructed which
requires the power adjustments at the node to be adaptive
Generally time is slotted to intervals where L denotes the length of the interval. All non
interfering nodes ui are scheduled to send their aggregated data to any of their neighbors,
vi.
Construct a set of schedules from which an optimal schedule is founded and it includes
a. When head nodes should transmit,
b. How the head nodes gathers data from its neighbors.
The optimal schedule satisfies the following conditions.
a. Each active node may be scheduled more than once but must be scheduled at least
once.
b. A node cannot act as a transmitter and a receiver in the same time slot, in order to
avoid the primary interference [4].
c. A Head node vi transmits to the Base station only after all its neighbors have been
scheduled [6].
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3. Proposed Egsda Algorithm
A Genetic Algorithm is used to select the best population. Fitness determines the
quality of the individual on the basis of the defined criteria.
EGSDA is executed in rounds. There are two phases like
1. Cluster election phase
2. Data transmission phase.
During cluster election phase the network is organized into a set of clusters by electing
the cluster heads. Each member of the clusters gets a slot in the data aggregation
scheduling for transmitting to its cluster head. An optimal schedule is found in the
election phase.
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During the data transmission phase the member nodes transmits to the cluster heads as
agreed in the schedule. The network is reconstructed with the set of cluster heads acting
as the member nodes.
These two phases are repeatedly executed until a stopping criterion is reached.
A GA optimizes the number of clusters and sensor connections for an arbitrary
network. Each node in a network is either a cluster-head or a “member“of a cluster-head.
Each regular node can only belong to one cluster-head. Each cluster-head collects data
from all sensors within its cluster. If for any node the base station is nearest to any other
node in the network then it by itself becomes the cluster head with no members and can
directly transit data to the base station.
Chromosome representation and Population Generation: The USN nodes are
represented as bits of a chromosome. A chromosome can be a binary string. Each
chromosome is a sequence of 0s or 1s. The initial set of the population is a randomly
generated set of individuals. Head and member nodes are represented as 1s and 0s,
respectively.
Sensors are represented by a sensor set S = {s1,s2,s3,s4…sn}
The initial chromosome (X) is represented as follows. Let us assume there are 10
sensors in the network.
Then
Sensors set S
S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
Chromosome set X
1
0
0
0
0
1
1
1
0
0
Fitness: In a GA, fitness is evaluated by the function defining the problem. The
chances of survival are higher for better fitness values.
The fitness of a chromosome is determined by
a. Aggregate energy dissipation from all the cluster heads and at an individual
cluster head ,
b. SINR perceived at the receiver node ,
c. Optimal concurrent transmitters ,
d. Minimum frame lengths
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The dissipation energy in communication process is the main parameter to be
minimized. It can be controlled by achieving minimum number of cluster heads. GA is
used to determine optimal number of CHs and their locations by minimizing the
following objective function F(X).
3) Selection: The selection function decides which chromosomes will participate in the
evolution stage of the genetic algorithm made up by the crossover and mutation operators
[18]. These new chromosomes join the existing population. The individuals
(chromosomes) with better fitness values have better chances of selection. RouletteWheel selection, Rank selection and Tournament selection are a few selection algorithms.
In two chromosomes are chosen at random from the population. First, for a predefined
probability p, the more fit of these two is selected and with the probability (1-p) the other
chromosome with less fitness is selected [18].
4) Crossover [18]: Crossover and mutation are two basic operators of GA.
Performance of GA depend on them. There are several crossovers operators like single
point, multipoint, uniform and arithmetic crossover operators form. The outcome of
crossover heavily depends on the selection of chromosomes made from the population.
In single-point crossover whereby a point is chosen at random and the two parent
chromosomes exchange information after that point. An example of crossover is shown
as follows
Chromosome 1 . . . 100000 | 001000 . . .
Chromosome 2 . . . 000100 | 000001 . . .
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Off-spring 1 . . . 100000 | 000001 . . .
Off-spring 2 . . . 000100 | 001000 . ...
5. Mutation. Mutation alters one or more gene values in a chromosome from its initial
state. In mutation, the solution may change entirely from the previous solution. Hence GA
can come to better solution by using mutation. Mutation occurs during evolution
according to a user-definable mutation probability. This probability should be set low. If it
is set too high, the search will turn into a primitive random search. There is different type
of mutation operators like bit, flip bit, boundary, non uniform, uniform, Gaussian. It
prevents the GA approach from premature convergence. It is used to search the solution
from a whole new place instead of searching for the current better ones:
↓ Mutation
. . . 00010001 . . ..
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. . . 10001000 . . .

O
m nl
ad in
e eV
by e
th rsio
is n
fil O
e
is nly
IL .
LE
G

For comparison purposes like in [18] in this paper also, the proposed GA implements
mutation on a per-bit basis. A chromosome selected for mutation will have a randomly
selected bit changed from 0 to 1, or vice versa.
The effect of mutation on the two offspring created as a result of crossover.
Offspring 1 Offspring 2

Original 1100110110001110 1001001100000110

Mutated 1100110010001110 1001001100000110
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During mutation, the eighth bit of offspring 1 is changed from 1 to 0; however, due to
very low probability of mutation, there is no mutation in offspring 2. The cluster head
should be at a shortest distance to every other node with optimal communication power
required for transition in such as way that the transition is successful so that the SINR
perceived at the cluster head is greater than or equal to a threshold value. And energy
dissipation from all the cluster heads in the network should be optimal
Hence the four constraints for the fitness function is as flows
1. With Min aggregate sum of Pij
2. The power is adjusted at a node in such a way that it will have optimal energy
dissipation.

To transmit a k-bit message a distance d, the radio expends:
2

kEelec  E0 kd , d  d 0 

Esend (k , d )  Esend elec (k )  Esend amp (k , d )  
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and to receive this message, the radio expends:
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Erecv (k )  Erecvelec (k )  kEelec
-2
Where

d0 

E0

Emp

denotes the threshold distance and the electronics energy

2
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With

3. Optimal Indegree. Minimum Aggregate distance to all its memebr nodes and
optimal indegree

ps

d s

conc

N0  
j 1

Pr



d j

4. And Optimal schedule Optimal schedule is the one which maximizes the
throughput and minimises the frame length.
A node which satisfies these critieris ais elected as a Cluster head. A set of all possible
schedules are prepared with the cluster heads elected. The network is rebuilt where
cluster heads acts as the nodes in the USN. The cluster heads are again elected. The
member nodes transmit to the cluster heads. The process repeats until the network cannot
be further clustered and finally the cluster heads forwards aggregated data to the base
station. The algorithm can be stopped when there is no significant changes in the
objective functions or we have met the maximum number of iterations.
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The steps of the EGSDA protocol can be summarized as follows:
Construction of the data aggregations schedule consists of the following
1. Construction of a set of schedules which consists of
a.
Election of Cluster heads
b.
Finding which two cluster heads can transmit concurrently.
2. Find finding optimal schedule form them
3. Rebuild the network with cluster heads as the nodes.
4. If all nodes are transmitted then goto step 5 otherwise goto step 1.
5. Stop
Construction of Schedules .
Step 1: as in [18] the network is initialized by defining the parameters of the energy
model, N, Eo, k, sink location and sensor field size, the parameters such as p s, pc, pm and
Maxgen , gen are initialized; then set rounds counter to zero.
Cluster heads are selected as follows
Step 3 Apply GA by setting randomly ps initial ( ) bits binary chromosome
Step 4 Calculate the objective function F(X) for all CHs chromosomes.
Step 5. Find data aggregation schedules. And find the optimal schedule from them.
Step 6: Increase the counter of generations by one (gen=gen+1).
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Step 7: Select the best CHs chromosomes based on the fitness value (1/F(X)) using
roulette wheel selection.
Step 8: From each pair of CHs parents, apply crossover operation based on the
crossover rate pc.
Step 9: Apply mutation to all genes of each child based on probability of mutation pm.
Step 10: Calculate the objective function F(X) for new CHs chromosomes .
Step 11: Select best ps chromosomes from parents and children to be population pool
for the next generation.
Step 12: if the stopping condition is met then go to step 13. Otherwise, return to step 6
step 13. stop

3. Results
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In [18] the authors assumed 100 homogeneous nodes with initial energy of 0.5J,
scattered randomly within a 100x100 m2 sensor field. The BS was positioned at point
(50, 300) m and the packets sent were 2000 bit plus 50 bit control packets. The GA
parameters are set as ps= 50, pm= 0.11, pc=0.7, weighting factor w is 0.95 and maximum
number of generation (Maxgen) is 150.
They noticed that the first died after 364 rounds and all nodes died after 739 rounds in
LEACH and in GAEEP protocol, first node died after 1017.7 rounds and all nodes died
after 1175 rounds. Where as in our proposed protocol EGSDA we found that the first
node died after 1184 rounds and all nodes died after 1592 rounds. The number of selected
CHs in each round using LEACH protocol changes from 0 to 11 CHs, and in GAEEP
protocol, number of CHs is approximately uniform and changes from 1 to 7 CHs. Where
as in the proposed protocol EGSDA the number of cluster heads changes from 1 to 5.
The proposed protocol EGSDA prolongs the network lifetime than the LEACH
protocol and GAEEP protocol. This due to that our protocol always considered four
constraints with priority while selecting the CHs. Hence our proposed algorithm
outperforms the above results than obtained from LEECH and GAEEP.

5. Conclusion
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In this paper we proposed EGSDA which is an extension to our earlier protocol
implemented in [1]. We used the principles of the genetic algorithm for implementing the
EGSDA. The fitness function considers the parameters like total energy dissipation,
dissipation at the cluster head, SINR perceived at the receiver and optimal schedules as
the criterion to be satisfied by a node to be elected as a cluster head. The results proved
that this new fitness function improved the network life time and satiability period. The
number of cluster heads are also minimum in EGSDA when compared to the LEACH and
GAEEP. Hence our protocol outperforms about 10% of the protocol proposed in [18].
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