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Abstract— Within the field of Wireless Sensor Networks, one
problem area is the limited energy supplies of the sensor nodes.
In most situations, it is infeasible to replace the energy supply
in each individual node. Thus it becomes important to minimize
the energy expenditure of the sensor nodes, to get the maximum
performance possible. There have been numerous algorithms to
find the data routing schedule that maximizes the amount of
time a network lasts. In this paper we propose an alternate
algorithm for maximizing the network lifetime, that gives near-
optimal results, with a quick running time.

I. INTRODUCTION

The primary focus of this research paper is to explain
the concepts behind this new algorithm, named Quick Bal-
ance(QB). The QB algorithm is evaluated by comparing it to
both the MLDA algorithm presented in [4], and the CMLDA
algorithm shown in [1].

An explanation of the QB algorithm is given in section II,
then the results of the comparison experiments in section III.
Finally, we give our conclusions in section IV.

II. QB: QUICK BALANCE ALGORITHM

The previous works in [2][3][5][6] aimed to reduce the
energy spent while gathering data. This algorithm aims to
reduce the energy used while transferring the data that has
been gathered.

The energy conserving method of CMLDA presented in [1]
serves as the base for the QB algorithm. The energy conserving
method seeks to balance the energy remaining in the nodes,
to increase the lifetime of each individual node. This should,
in turn, increase the overall lifetime of the network.

This energy conserving method uses the concept of resid-
ual energy to find which connections should be used. The
residual energy of a pair of nodes is the energy of the
node in the pair that would have the least energy remaining
after the transfer. Every pairing of nodes which connects an
unconnected source node to a previously connected destination
node is considered. The pairing with the highest residual
energy is used, the energy of the nodes is updated, and
this process is repeated until the connected nodes form an
aggregation tree. This entire process is repeated until the first
node runs out of energy.

The QB algorithm works to increase the lifetime of the
network by both maximizing the residual energy in the nodes

(maximizing individual node lifetime), and minimizing the
energy used in transmissions (maximizing network lifetime).
To enable overall energy usage reduction, the concept of
a save factor has been added. As node connections are
compared to find the connection that maximizes the residual
energy, an additional calculation is made. The total energy
cost of the transmission is multiplied by the save factor. If
this new amount is less then the energy cost chosen via the
residual energy calculations, this connection is used instead.
This process is shown in Figure 1.

The QB algorithm is run multiple times, changing the value
of the save factor. The resulting solution is the highest lifetime
found by the calculations using various save factors.

The running time of the QB algorithm is O(n3). To find
a pair of nodes to connect, each possible pairing much be
examined, which is roughly n2 comparisons. This must be
repeated until all n nodes are connected, thus the total running
time is O(n3). This process must be repeated until the first
node dies, the number of repetitions being the lifetime of the
network, which is a linear amount.

The running time of the mentioned algorithms are:

• MLDA: O(n15log(n))
• CMLDA: O(m15log(m) + n3), m = cluster count
• QB: O(n3)

III. EXPERIMENTS

The implementation of the MLDA algorithm used for these
experiments was coded using Maple 10 software. The CMLDA
implementation being used is calculated with a combination
of Maple 10 and Java. The clustering of nodes is done in the
same manner as the experiments in [1].

The QB implementation used has been configured to use 10
different save factors. These save factors are configured to be
valued at s = 1,2,3, . . . ,10, primarily. However, the average
energy cost difference ratio is also calculated. This is the
average of the ratios found by comparing the connection cost
of each edge to the connection cost of every other edge. If this
is less than 10, the save factors range from 1. . . (ratio value +
1). The implementation was done in Java.

Common to all experiments, each node is assumed to start
with 1J of energy, and the size of the packets being transferred
are 1000 bits each.



BUILD-TREES(Base Station t, Save Factor s)
Initialize S = ∅, T = 0
While all nodes have energy

Initialize A = (V,E) such that V = {t} and E = ∅
While V does not contain all nodes

Find an edge (src, des) such that src /∈ V and des ∈ V , that:
a. Maximizes the residual energy OR
b. Uses less than 1

s of the energy used by maximal residual energy pairing
E ∪ {(src, des)} → E, V ∪ src → V
Esrc = Esrc - Txsrc,des

Edes = Edes - Rxdes

S ∪ A → S
Add 1 to T

Return S

Fig. 1. Constructing a schedule S consisting of multiple aggregation trees A with lifetime T .

n MLDA CMLDA CMLDA CMLDA QB
c = 2 c = 4 c = 6

5 2390 1865 1645 X 2370
10 3872 2611 2571 3144 3763
15 4977 3310 3783 3817 4900

TABLE I

50M BY 50M FIELD SIZE LIFETIME RESULTS

n CMLDA CMLDA QB
c = 10 c = 25

50 1829 2328 3367
100 3121 3050 4712
150 3575 3820 5334

TABLE II

250M BY 250M FIELD SIZE LIFETIME RESULTS

For the first series of experiments, the number of nodes, n,
is varied to be 5, 10, and 15. The algorithms being compared
to QB are MLDA and CMLDA, with various cluster sizes
c = 2, 4, and 6. For these tests, the nodes are randomly
distributed within a 50m by 50m field, with the base station
being located at position (25m,150m). The maximum lifetime
of the network, T , is calculated by each algorithm, and the
results are presented in Table I.

For the second series of experiments, we use much larger
values of n. MLDA is no longer used to compare, since the
running time for such values of n would be too great. Since
CMLDA uses MLDA on it’s clusters, the number of clusters
is minimized to reduce running time. The cluster sizes chosen
for comparison are c = 10 and 25. The values of n are chosen
to be 50, 100, and 150. The nodes are randomly distributed
within a 250m by 250m field, with the base station at position
(125m,350m). The results are shown in Table II.

Over all experiments, the lifetime results of QB far exceed
those of CMLDA, and give an accurate approximation of the

optimal results, given by MLDA. The running time of QB is
significantly faster than both CMLDA and MLDA.

IV. CONCLUSION

In this paper, we introduced a quick and near-optimal
algorithm (QB) for finding a data routing schedule between
sensor nodes, that maximizes the lifetime of the network.
We have shown that not only is this algorithm much faster
than both MLDA and CMLDA, but that the results far exceed
those of CMLDA, and are very close to the optimal results of
MLDA.

The assumptions made in our QB algorithm are the same as
those made in the MLDA and CMLDA algorithms. Namely,
that any sensor can transmit to any other node, and each
node can aggregate it’s data with the data of any other node,
resulting in a packet of standard size.

Possible further research could include removing these
assumptions to make the algorithm apply to real-life situa-
tions more realistically. Further work could be done on the
calculation of saving factors to be used by the algorithm.
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