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Abstract—Wireless Sensor Networks (WSNs) are often densely
deployed to monitor a physical phenomenon, whose nature often
exhibits temporal correlation in sequential readings. Such a
dense deployment results in high correlation of sensing data in
the space domain. Since WSNs suffer from sever resource
constraints, temporal, spatial and spatio-temporal correlation
among sensor data can be exploited to find an optimal sampling
strategy, which reduces the number of sampling nodes and/or
sampling rates while maintaining high data quality. In this study,
we investigate the impact of the data correlation on sampling
strategies, by taking both data quality and energy consumption
into account.

I. INTRODUCTION

IRELESS sensor networks (WSNs) are new
revolutionary monitoring platforms. Their high
dynamicity and sever resource constrains require optimal
resource management policy, as such a policy dictates the
quality and quantity of sensor data and tasks executed by
sensor nodes. Dealing with sampling policies is one of the
possible approaches for resource management. Determining
which sensor nodes and how often should collect data in such
a way that application’s data quality requirement is met is the
challenge faced by resource management solutions. Data
quality implies representativeness of the data collected at the
base station compared with the real situation of the
phenomena being monitored. Usually, ensuring data quality
comes at the expense of energy expenditure [1]. In order to
capture dynamic changes of the monitored phenomena, on the
one hand, and to save energy, on the other, having fixed
sampling plans should be avoided. This requires having an
adaptive sampling strategy in place, which can adapt to the
dynamicity observed.

Our objective is to find the best sampling nodes and the best
sampling frequency in order to achieve high data equality and
minimum energy consumption for a given application. To this
end, we study the impact of different sampling plans on both
data quality and energy consumption. We do so by changing
the number of sampling nodes and sampling frequency
according to correlation exhibited in sensor data and exploring
impacts of utilization of temporal, spatial, and spatio-temporal
data correlations on a given dataset [5].

II. MODELS

We consider a network composed of N stationary nodes and
C cluster heads. The location of sensor nodes, cluster heads
and the base station are fixed and are known a priori. All

sensor nodes are homogenecous but cluster heads, which are
more powerful than sensor nodes are of different type. Each
sensor node belongs to only one cluster and it is assumed that
each node is able to communicate only with its cluster. Each
sensor node has a set of possible sampling rates denoted by
SRSet={sry, sry,..., S }.

To be able to leverage the benefit of data correlation, some

models are necessary to have prediction about samples based
on correlation that exist between sensor readings. These
models can be temporal, spatial, or spatio-temporal. To model
temporal correlation between sensor readings and predict
future readings based on this temporal correlation, we apply
Auto- Regressive Moving Average model (ARMA) [2]. To
model spatial correlation among sensor data and to predict
future samples based on this spatial correlation, utilize Multi-
variable Normal (MVN) distribution model [3]. It is often
preferable to combine the two previously mentioned models
together to leverage the benefit from each. By doing so, the
optimal combination of sampling nodes and their proper
sampling frequency can be identified through utilization of
both spatial and temporal correlations.
Energy consumption has direct relation with the number of
sampling sensor nodes active in the sampling process and their
sampling frequency. In order to find out this cost, we use the
energy model discussed in [4]. To be able to well quantify
data quality parameter, we use Err(X)=|X-R|, where X
represents the predicted value using a prediction model and R
represents the real observation. If this error is less than a
defined error threshold, it means that environmental
conditions cannot be covered by the current sampling rate or
number of sampling nodes.

III. IMPACT ANALYSIS OF DATA CORRELATION MODELS
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models, we use a
real dataset [5] containing temperature readings collected for a
period of two months. Fig. 1 illustrates the data for one day. It
can be seen from the figure that data changes frequently
between 400 and 700 minutes as well as 800 and 1200
minutes, while in some other time intervals such as time
intervals 1-400, 700-800 and 1200-1400 minutes, it exhibits
more stability. We focus on one cluster which consists of five
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sensor nodes. The available rates  are
SRSet={1,2,5,10,12,15,25,50).

The rate at which the temperature is sampled at each sensor
node influences the network performance in terms of
energy*error. Using higher sampling rates leads to more
samples, higher data resolution and better quality, which
comes in the expense of higher energy consumption.
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conditions. This means that the time intervals in which we
face highly dynamic changes in the area conditions, demand
higher sampling rates while more stable or slowly changing
conditions can be covered by lower sampling rates. Fig. 2
shows more clearly how well different sampling rates impact
energy*error value for one sensor node. Studying data
readings during the times between 1 and 800 or 1200 and 1400
minutes, shown in Fig. 1, illustrates slow changes in the
temperature readings. Therefore, using higher sampling rates
on those periods consumes energy without improving the data
quality substantially. In fact, results of Fig. 2 prove that the
higher sampling rates are not appropriate. High fluctuation in
temperature readings during the times between 800 and 1200
minutes leads to low temporal correlation among sensor
readings. In such cases, since the temporal correlation among
sensor readings is low, using lower sampling rates results in
high error rates. Thus higher sampling rates need to be used.
Analyzing the effects of different combination of sampling
nodes on energy*error can helps in finding which nodes
should sample for different time intervals. In case of dense
sensor networks, using more sampling nodes leads to more
measurements and higher energy consumption but it does not
always improve the data quality. There are some time intervals
in which environmental conditions change in such a way that
correlation among sensor data is low. In these time intervals, it
is necessary to use all sensor nodes with the maximum
sampling rates. =
Fig. 3 shows
how well
different number
of sampling
nodes impact
energy *error
parameter for
different time intervals for the given dataset. In early time
intervals (1 till 400 minutes), high degree of correlation exists
among sensor data. In this case, increasing number of
sampling nodes increases energy consumption. However,
during 700-800 minutes and 1200-1400 minutes intervals,
when high fluctuations exist, it is necessary to use more
sampling nodes to cover for the correlation level degradation.
Fig. 3 shows that the higher number of sampling nodes for
these time intervals leads to better performance. Considering
readings of different sensor nodes in 400 till 700 minutes
interval and 800 till 1200 minutes interval, one can see the
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Therefore, it is necessary to use all sensor nodes. The best
number and combination of sampling nodes for each time
interval minimizing energy* error, is illustrated in Fig. 4.
The "“ Fig.5

impact of
taking both
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temporal
correlations
into
account on
our dataset is depicted in Fig. 5. One can see that during the
time 400-700 minutes and between 800-1200 minutes, the
correlation level among sensing data in both time and space
domain is low. Therefore, for these time intervals, no
combination of sampling nodes and sampling frequency can
best satisfy the required data quality level. Therefore, these
time intervals do not have any candidate for sampling nodes.
This implies that max1mum sampling frequency and all sensor
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