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Abstract
Wireless Sensor Network is an emerging technology deals with 
many applications like environmental monitoring, health system, 
military applications, agriculture etc. Dealing with huge amount 
of data transmission is a serious issue of WSN and thus we to 
introduce data prediction based reduction in Wireless Sensor 
Network because of energy consumption is main limitation of 
WSN when transmit a data from source node to sink node. In this 
paper, we proposed our framework named NBP (Naive Bayes 
Prediction) model for WSN to reduce the data as well as saving 
the energy of network.
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I. Introduction
Data mining in Wireless Sensor Network is a broad area for 
research in current scenario because of data integrity and 
Data redundancy occurs when dealing with processing and 
transmission. Wireless Sensor Network are devices having 
sensing, processing and communication (for data transmission) 
capabilities [1]. Wireless Sensor Networks (WSNs) are 
communication networks that interconnect several sensor 
devices usually deployed in large numbers in environments [2]. It 
consists homogeneous or heterogeneous network with low cost, 
spatially distributed, autonomous sensor nodes that are organized 
in single-hop and multi-hop topology. Generally, all nodes are 
equipped with memory, processor, power supply, radio and an 
actuator. Different sensors can be attached further in network to 
measure properties of the environment. To achieve robust WSN, 
it is necessary to place these sensors in a collaborative manner 
to achieve a collective objective and such design gives rise to 
the well-researched WSN.

Mostly limitations of WSN design associated with energy 
resources in real time applications like environment monitoring, 
Medical environment, Agriculture etc. Lifetime of WSN relies 
on implementation of power efficient techniques for acquisition, 
data storage, data aggregation and data transmission [3] because 
replacement of each sensor node is not an easy task in WSN 
architecture. 

Sensor network gains more energy while transmitting data 
from source node to sink. Data reduction strategy is one of 
the data pre-processing techniques which are used to remove 
unnecessary data and increase the life of network by saving the 
energy of sensor nodes. Data reduction aims to remove data 
redundancy and saves the energy of sensor nodes and used when 
the case of unnecessary data samples in WSN. Typically, data 
reduction techniques are used for mining large data warehouses 
and datasets. We surveyed various data reduction techniques for 
WSN in [4]. Data Prediction is a technique in which it predicts 
the value sensed by sensor nodes within certain error bound 
and then transmits the data to the sink node or base station. 

It can be divided into three parts: stochastic approaches, time 
series forecasting and algorithmic approaches. Data prediction 
has been proposed in several works to be used as an efficient 
strategy to reduce the data traffic in WSNs. A simple approach to 
developing a predictor in sensor networks is simply transmitting 
the data from all sensor nodes towards the sink node, which has 
been found in [5] [6]. But energy consumption is high while 
transmitting the data to the sink and also occurs high latency.

Our objectives are to remove data redundancy in WSN, increase 
life of network and save energy of WSN. Hence we apply here 
data reduction and WSN for our proposed work. We introduce 
classification based NBP (Naive Bayes Prediction) model with 
data pre-processing to improve data prediction in WSN. In 
normal transmission sensor data have lots of redundancy in case 
of repeated values and furthermore sensor data are uncertain in 
real life. It also consists some missing values and anomalies. 
Such redundant data can be avoided using data pre-processing 
and after that we apply data prediction in WSN.

The remainder of the paper is organized as follows. We highlight 
previous research related to data mining in WSN described in the 
related work section and introduce our method in the proposed 
work. We collect data and conduct experiments to quantitatively 
evaluate our method in the data description and experiments and 
result sections. Finally, we conclude the paper.

II. Related Work
Silberstein in [7] proposed the data-drivenprocessing in WSN 
to provide continuous data transmission without rebooting. For 
this, they developed a suppression strategy that uses models for 
optimization of data collection method. Hussain and Matin [8] 
develop extended version of LEACH to a hierarchical clustering-
based routing technique. 

Kuhn et al. [9] Proposed a probabilistic technique to select cluster 
heads in which the probability is dependent on the node degree. 
Goel and Imielinski [10] proposed a prediction-based monitoring 
mechanism for wireless sensor network.

McConnell and Skillicorn [11] found that each sensor transmits 
to the base station the predicted values that are in a class instead 
of entire raw data. Chu [12] proposed a robust approximate 
technique that uses prediction models to reduce communication 
overhead from sensor nodes to the base station.

Since independent features are assumed in machine learning 
approaches, anadvantage of the Naïve Bayes classifier is that 
it only requires a less amount of training data to evaluate the 
parameters of a classification model. However, the performance 
degradation of Naive Bayes is reported in [13-14]. Lim et al. 
found that the main reason for the performance of number of 
classifiers including Naïve Bayes is the lack of the feature 
discretization process [15].
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Naive Bayes and Feed Forward Neural Networks (FFNNs) 
describes in [16], decision trees for data classification mentioned 
in [17] and Support Vector Machines (SVM) in [18] have been 
proposed to detect events locally on individual sensor nodes. While 
in [19-20] the detailed study of the classification of uncertain data 
using the support vector model and in [21] the authors perform 
classification using decision trees.

Rests of sections are as follows: Section III contains the proposed 
work, Section IV contains Experimental result, and Section V 
contains the conclusion and future scope. 

III. Proposed System 
In this section, we mention our proposed work including 
architecture of wireless sensor network and data prediction method 
in wireless sensor network. First, we introduce data prediction 
framework in WSN. 

A. Data Prediction in WSN
Sensor data contains so much redundancy and data uncertainty in 
real life scenario so before we required data mining for this purpose 
to ensure that only relevant data should be passed at base station 
or sink node. Our approach is mainly focused on this area. We 
applied data mining approach to remove redundancy and efficient 
data transmission from sensor node to sink node. We consider 
here one data prediction approach called Naive Bayes Prediction 
(NBP) model and apply it on every sensor node for efficient data 
transmission towards the sink node. 

B. System Architecture
Normally, wireless sensor network contains the sensor nodes and 
sink node in architecture and here we build our architecture based 
on several assumptions. We deploy here at least 10 sensor nodes 
and one sink node assumed that sensor nodes are homogeneous 
single-hop network, Energy of all nodes is measured in terms of 
joule. Here, we take standard parameters of weather sensor node 
to evaluate the energy consumption in wireless sensor network. 
System architecture is denoted in fig. 1.

C. Create Network
Our Wireless Sensor Network created based on certain assumptions. 
Our system contains the homogeneous sensor nodes which equally 
has amount of energy, we consider a single-hop network in which 
each sensor node will transmit the data to the sink node, Energy 
of sensor defines in terms of Joule (J) and energy of sensing, 
processing and transmission are to be considered in terms of mJ. 
We assume the sensor’s sensing energy, processing energy and 
transmission energy as per weather sensor standard mentioned in 
[23]. We deploy our network in the area of 500 * 500 meters and 
in our system we deploy at least ten sensor nodes and one sink. 
Furthermore all sensor nodes contain the same level of buffer 
capacity and range apart from sink node. The proposed system 
flow depicted in fig. 2.

D. Simple Data Transmission (SDT)
In normal scenario, we apply our data on every sensor node and 
after that, it simply transmitted to the sink node by datagram 
protocol and we calculate the energy consumption of every node 
and also observed the amount of data redundancy occurred in 
normal transmission from sensor to sink node. Here, we also 
noticed the how much data records are transmitted on every 

seconds during normal scenario and how much energy consumed 
by all sensor nodes.

Fig. 1: Proposed System Architecture

Fig. 2: System Flow

E. Data Pre-processing
First we apply pre-processing on sensor data to remove unwanted 
data like anomalies, noise, data duplication etc. Data pre-processing 
occurs when amount of data gathered by each sensor node and we 
make the data clean and generate training data for data mining 
purpose.
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F. Data Transmission with NBP Model
NBP states for Naive Bayes Prediction model in which data are 
predicted by using historical data of sensor nodes. It uses the Bayes 
Theorem for the prediction. We consider here WSN application of 
weather forecasting to predict the current outlook and considered 
the attribute values are sunny, rainy and overcast. So, here we 
required a sensor prediction for which class should be predicted 
for given attribute values and indicates that weather is sunny, rainy 
or overcast.Bayes theorem is applied on sensor node as follows: 
Using Bayes approach, equation of basic classification is,

  (1)

   (2)

Where, P (c|x) is the posterior probability of class (target) given 
predictor (attribute), P(c) is the prior probability of class, P (x|c) 
is the likelihood which is the probability of predictor given class, 
and P (x) is the prior probability of predictor. Equation (1) denotes 
that energy consumption by classification of sensor data is greater 
than energy consumption without applying classification if and 
only if

    (3)

Where,  is predicted class of every ith node and c is normal class 
and E is attribute value. With the use of NBP model we reduced 
the amount of data that are necessary for the transmission and 
sink node received only predicted data values such that amount 
of data redundancy is removed using NBP model.

G. Dataset Design 
Here, standard sensor data is used in our system which is collected 
from 54 sensors deployed in the Intel Berkeley Research lab 
sensors with weather boards collected time stamped topology 
information, along with humidity, temperature, light and voltage 
values once every second. In our proposed system, we use only 
two attributes named temperature and humidity and predict the 
class attribute named outlook. 
Intel Lab data found from [22] in format of .txt format. Here, we 
use machine learning approach of data mining in WSN. So that 
we make conversion of .txt file into Attribute Related File Format 
(ARFF) for data mining tool. 

H. Experimental Setup
For wireless sensor network design, we take several assumptions 
such as we consider here, single-hop scenario with at least 10 
number of sensor nodes and one sink node in network, all nodes 
are homogeneous and energy specification of every nodes are 
same, distance from each sensor node and sink node is same. 
Here, we deploy ten sensor nodes and one sink node with consists 
of energy (J), duration, memory buffer and range kinds of sensor 
parameters and observed the energy consumption of all sensor 
nodes. We calculate the energy consumption of every node during 
normal transmission using equation 4.

   (4)

Where, x is no. of data record, Es = amount of energy to read 
the data, Ep = amount of energy required to process the data, Et 
= amount of energy required to transmit the data. Furthermore 
after applying NBP model on sensor node, we calculate the energy 

consumption using equation 5. The total energy consumption of 
every sensor node is calculated using equation 6.

 (5)
For all sensor nodes,

   (6)

Where, Etotali is total energy of sensor nodes(all nodes), i = No. 
of sensor node such that i > 0 and, i ∈n, x = No. of data bytes, Ts 
=  Time required to sense (read) the data, Es = Amount of energy 
required to sense (read) the data, Ep = Amount of energy required 
to process the data, Tp = Time required to process the data, y is 
predicted data record, Tt = time required to transmit the data, Et = 
amount of energy required to transmit the data from sensor node 
to sink node. We consider wireless sensor network simulation 
using JAVA  with JUNG framework and for data mining we use 
Weka tool and the purpose of database we use MySQL and jdbc 
properties.

IV. Experimental Results
We consider here weather forecasting application of wireless sensor 
network and consist 10 nodes of sensors with port id and deployed 
it in 500* 500 meters of area of JUNG framework. Predicted data 
records are received by sink node.Table 1 contains the energy 
consumption of various sensor nodes during SDT (Simple Data 
Transmission) with the epoch time duration of 5 seconds (i.e. after 
every 5 seconds our prediction model is applied on every sensor 
node) and sensor activation time is 30 minutes. Table 2 contains 
same scenario with NBP transmission.

Table 1: Energy Consumption with Simple Data Transmission

Sensor id Available 
Energy(J)

Required 
Energy(J)

Remaining 
Energy(J)

S1(3003) 1000 221.886 778.111
S2(3007) 1000 221.886 778.111
S3(3012) 1000 221.886 778.111
S4(3018) 1000 221.886 778.111
S5(3025) 1000 221.886 778.111
S6(3033) 1000 221.886 778.111
S7(3042) 1000 221.886 778.111
S8(3052) 1000 221.886 778.111
S9(3063) 1000 221.886 778.111
S10(3075) 1000 221.886 778.111

Table 2: NBP Based Transmission

Sensor id Available 
Energy(J)

Required 
Energy(J)

Remaining 
Energy(J)

S1(3003) 778.111 146.45 631.66
S2(3007) 778.111 146.55 631.55
S3(3012) 778.111 146.57 631.53
S4(3018) 778.111 146.36 631.74
S5(3025) 778.111 146.48 631.62
S6(3033) 778.111 146.69 631.41
S7(3042) 778.111 146.57 631.53
S8(3052) 778.111 146.46 631.64
S9(3063) 778.111 146.47 631.63
S10(3075) 778.111 146.62 631.48
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Fig. 3: Energy Consumption (J) With Normal Transmission After 
5 Seconds of Data Interval

Now, We take the sensor activation time is 30 minutes and duration 
or block size is 15 seconds such that after 15 Data records, NBP 
model is applied on sensor network. Energy consumption on this 
scenario is denoted in fig. 4.We run our sensor nodes at the time 
of 30 minutes and observe the energy consumed by all nodes 
with NBP transmission and noticed that energy consumed using 
data prediction approach is depend on block size or an epoch of 
data interval and it is directly related with consumed energy. The 
energy consumption graph is depicted in fig. 5.

So, here using NBP model in Wireless Sensor Network is applied 
on the base of data rate interval. 

Fig. 4: Energy Consumption (J) with NBP Model After 5 Seconds 
of Data Interval

Fig. 5: Data Reduction

We observed that during SDT(Simple Data Transmission) the 
amount of energy consumed is 22% in case all nodes are active 
upto half-an-hour and during NBP based transmission, the amount 
of energy consumed (with 5,10 and 15 seconds data interval) is 
18.35 %, 10.89%, 8.35% respectively. So, we can say that using 
NBP model on WSN with we can save energy upto 6.72% of 
every hour and it indicates that it will increase the overall life of 
sensor network.

Fig. 6: Comparison of NBP Model With Normal Transmission

V. Conclusion and Future Scope
Here, we can say that after using NBP model on Wireless Sensor 
Network the amount of data is reduced (approximately up to 
36%)and such that energy consumption of overall network is 
less (approx. 12%-13%)as compared to Simple Data Transmission 
(SDT). Now, in this case we used single-hop network and sensor 
nodes are homogeneous manner. Efficient usage of NBP model on 
sensor nodes can leads more energy saving of sensor nodes and 
for that purpose our current framework is depending on network 
type. In future, we will consider the multi-hop WSN and will take 
more attributes of sensor data and can observe the energy saving 
of all sensor nodes and furthermore we will also take various 
WSN applications based on prediction. 
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