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a b s t r a c t

Large scale dense wireless sensor networks (WSNs) will be increasingly deployed in differ-
ent classes of applications for accurate monitoring. Due to this high density of nodes, it is
very likely that both spatially correlated information and redundant data can be detected
by several nearby nodes, which can be exploited to save energy. In this work we consider
the problem of constructing a spatial correlation aware dynamic and scalable routing
structure for data collection and aggregation in WSNs. Although there are some solutions
for data aggregation in WSNs, most of them build their structures based on the order of
event occurrence. This can lead to both low quality routing trees and a lack of load balanc-
ing support, since the same tree is used throughout the network lifetime. To tackle these
challenges we propose a novel algorithm called dYnamic and scalablE tree Aware of Spatial
correlaTion (YEAST). Results show that the routing tree built by YEAST provides the best
aggregation quality compared with other evaluated algorithms. With YEAST an event
can be sensed with 97% accuracy, and 75% of the nodes’ residual energy can be saved
within the phenomena area when compared with the classical approach for data collection.

� 2011 Elsevier B.V. All rights reserved.

1. Introduction

Wireless sensor networks (WSNs) [1,2] are composed of
a large number of sensor nodes that cooperatively monitor
physical or environmental conditions and transmit col-
lected data to the sink node. This type of network has
become popular due to its applicability that includes sev-
eral areas such as environment, homeland security, indus-
try, domestics, agriculture, meteorology, health, space,
military and many other applications that can be critical

to save lives and assets [3–5]. Several physical properties
can be monitored, including temperature, humidity, pres-
sure, ambient light, sound, vibration, and motion.

Sensor nodes are energy-constrained devices. Energy
consumption is generally associated with communication,
which is often the most expensive activity in terms of en-
ergy. A simple solution to this problem could be the peri-
odic replacement of the node battery. However, this
solution is not feasible due to the large number of nodes
in the network or because the sensor nodes may be inac-
cessible in some applications such as monitoring volcanoes
or space exploration. For that reason, algorithms and pro-
tocols designed for WSNs should consider the energy con-
sumption in their conception [6,7]. The density of sensor
nodes in the interested area may vary spatially and tempo-
rally depending on the application requirements [8]. In
case of a high density of nodes, the sensing process is likely
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to produce a large amount of redundant or spatially corre-
lated data. In this case, nodes spatially close tend to collect
similar information. Since the reduction of energy con-
sumption is a key issue to increase the lifetime of the net-
work, spatial correlation can be exploited to manage the
set of nodes that collect redundant/similar data. The next
issue is how to select a subset of these nodes to report
the data without losing much accuracy.

For more efficient data gathering with a minimum use
of limited resources, sensors should be configured to report
data more intelligently by making local decisions. Data
aggregation and spatial correlation are possible techniques
for local decision-making. Such strategies help to maxi-
mize energy conservation in an application-specific sensor
network [9–11].

A possible strategy to cope with data redundancy is to
explore spatial correlation. This technique has been ex-
plored in the literature [12–16] but none of these studies
focus on the selection of appropriate representative nodes
according to their residual energy. A representative node
reports event information of a given area on behalf of a
group of nodes that collects similar readings in the same
area. This is an interesting strategy since no node will be
penalized by sending all notifications regarding the de-
tected event. In doing so, the node consumes more energy
than the other nodes, which also detected the same event.
The Energy-Efficient Data Collection (EEDC) algorithm [17]
proposes a similar strategy of considering the energy of the
nodes but it is based on an impractical assumption that
nodes can directly communicate with the sink in single
hop.

In this work, we go further and present the dYnamic
and scalablE tree Aware of Spatial correlaTion (YEAST)
algorithm. Based on the notion of correlated region, which
is the region sensor nodes collect similar readings, the pro-
posed algorithm maximizes data aggregation along the
communication route, and decreases the costs in the route
discovery. A hybrid routing approach composed of proac-
tive and reactive parts is proposed. The proactive part is
responsible for discovering the positions of both the neigh-
bors and the sink used later to construct the routing infra-
structure and the routing itself. The reactive part is
responsible for clustering nodes aware of spatial correla-
tion and constructing data aggregation aware routes to
transmit the collected data. Finally, the YEAST algorithm
uses dynamic routes to ensure load balancing in the deliv-
ery of data.

The YEAST algorithm uses spatial correlation and a hy-
brid approach to overcome most of the drawbacks of the
already proposed solutions. The main contributions of
our solution are: (i) the created routes do not depend on
the order of events and are not held fixed during the occur-
rence of events as in static routing approaches [18,19]; (ii)
it has low communication overhead, which improves the
quality of the routing tree and maximizes data aggregation
along the communication route by creating a routing tree
with a small number of nodes; (iii) it balances the residual
energy of sensor nodes, reducing energy consumption by
eliminating redundant notifications; and (iv) it dynami-
cally adjusts the number of representative nodes, i.e., it ad-
justs the size of the correlated region in the event

according to the application requirements and event
characteristics.

In the YEAST approach, nodes that detected the same
event are grouped in correlated regions and are responsi-
ble for applying the spatial correlation mechanism to select
the representative node in each correlation region. The
sink node, following the current application characteris-
tics, defines the correlated region in which only one read-
ing is sufficient and representative for the event reading
precision. Note, however, that the size of the correlated re-
gion can be changed dynamically in order to achieve the
required accuracy of the sensed information. The entire re-
gion of sensors per event is effectively a set of representa-
tive nodes performing the task of data collection and
aggregation.

This paper is organized as follows. Section 2 provides an
overview of the existing approaches exploiting spatial cor-
relation. Section 3 discusses in-network data aggregation
and presents the related work. Section 4 shows our newly
proposed YEAST algorithm. The performance evaluation of
the algorithm is described in Section 5. The applicability of
the YEAST algorithm is discussed in Section 6 and, finally,
Section 7 presents our conclusions and future work.

2. Exploiting spatial correlation in WSNs

In this section, we present the benefits of exploiting
spatial data correlation in WSNs. We also discuss some of
the existing approaches and algorithms that take advan-
tage of spatial correlation in WSNs. As an initial motiva-
tion, Fig. 1 presents the energy consumption in the
process of data collection in a WSN of two different routing
approaches when the sink node, located at position (0,0),
receives data from a detected event that has a radius of
70 m and is located at position (600,600). The first ap-
proach (Fig. 1a) is a simple method for data collection
where all nodes that detected the event send the sensed
data toward the sink node. The second approach (Fig. 1b)
is a more sophisticated strategy that uses spatial correla-
tion to save energy. In this case, only a subset of nodes that
detected the event sends sensory data to the sink node. In
both scenarios, the notification of the detected event was
performed at each second, and the event duration was of
only 10 m. The first approach (Fig. 1a) sends 32,157 notifi-
cations, whereas the second approach (Fig. 1b) sends only
5667 notifications.

The difference between the two approaches is notable
and, by using spatial correlation, the second approach
was able to save a large amount of energy, extending the
overall network lifetime.

A WSN may remain idle until the occurrence of an
event, when it reacts and builds a routing infrastructure
to deliver the sensed data. This is known as a reactive rout-
ing strategy since the infrastructure is built only when nec-
essary. Reactive routing can save energy during idle
periods in an event-driven WSN [20]. In proactive routing,
on the other hand, a routing infrastructure is built and
maintained even in the absence of events, which can in-
crease the energy consumption but has the advantage of
decreasing latency. Since both approaches have their pros
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