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Abstract— Energy consumption by sensor node in Wireless Network is one of the important factors in Air Pollution 
Monitoring System. The paper aims to compare energy consumption with and without Recursive Converging Quartiles (RCQ) 
Data Aggregation Algorithm. Wireless Sensor Network (WSN) is a developing technology which performs: sensing, 
gathering, measuring, transferring, etc. data to the database from the real world. The study emphasizes implementation, 
design and evaluation on WSN of Air Pollution Monitoring System to reduce energy consumption using Matlab tool.  
 
Keywords—Wireless Sensor Network, Recursive Converging Quartiles, Duplicate Elimination, and Matlab tool 
 
 
I. INTRODUCTION 
 
Wireless Sensor Network is a part of Wireless 
Network. Wireless Network stands for defining a 
technology in which two or more systems 
communicate with each other without wired 
connection. Here when it refers to systems means that 
system consisting for processing unit, transmitter unit 
and receiver unit. Wireless Network can be broadly 
classified by popular method, depending on the size, 
namely Wireless - Wide Area Network (W-WAN), 
Wireless - Local Area Network (W-LAN), Wireless - 
Metropolitan Area Network (W-MAN) and Wireless - 
Personal Area Network (W-PAN). The table no.1 
below shows different types of Wireless Network and 
their distinguishing features based on: IEEE 
Standard, Range, Power Consumption and 
Applications.  

 
Table No.1: Comparison on different Wireless Network 

 
The table below mentions that Bluetooth, Zigbee, 
Wireless Sensor Network (WSN) and Ultra Wide 
Band (UWB) falls under the category WPAN. Now, 
WSN falls under the category WPAN, which is having 
range of 10m. Sensor The real world consists many 
number of changes, happening, actions, etc. which 
affects in one or other manner. In order to achieve 
knowledge from the real world which can capture low 
data rate and has low transmission power the term  

 
Sensor came into existence. Sensor consists of five 
main components namely, a microcontroller, a sensor 
unit, a power unit, a memory unit and a transceiver 
unit [6], shown in fig. no.1.  

 
Fig. No.1: Block Diagram of Sensor. 

 
Sensor is a tiny device but proves important when it 
comes to topic of communication. Communication is 
one of the crucial factors in the real world and sensors 
are helping hand for the same. However the existing 
disadvantages of sensor are: 
 
Low Processing Power, 
Limited Battery Life, 
Low Data Rate, 
Small Memory. 
 
Since one of the Sensor disadvantage is “Limited 
Battery Life”, one or many approaches should be made 
on how to cope with the same. There can be many 
ways which may resolve the issue. The paper aims at 
implementation of how to increase the energy 
efficiency in WSN for Air Pollution Monitoring 
System using Matlab tool. The Matlab tool is highly 
efficient and very hands on calculus interface between 
user and his/ her work. 
 
II. INCREASED ENERGY EFFICIENT 

SYSTEM 
 

A. Introduction: 
Wireless Sensor Network consists of many sensors 
that work to gather information from the real world. 
Since the sensors are deployed in the surrounding that 
works in wireless environment, need to carry energy 
in their pocket. Energy conservation is of prime 
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consideration in sensor network protocols in order to 
maximize the network’s operational lifetime [4]. The 
energy consumption hence is crucial issue. The RCQ 
Data Aggregation Algorithm in WSN monitoring air 
pollution works in following manner as shown in 
flowchart Fig. No.2 

 
           Fig. No.2. Increases Energy Efficient flowchart 

 
The above flowchart explains: 

a. Sensor Nodes sense, collect and transmit data to 
the Cluster Head. 

b. The Cluster Head collects data and performs two 
computational operations (explained further). 

c. The result obtained by the computational 
operation is then transmitted to the Sink. 

d. The Sink collects the data and forwards to 
Database, which sends the data to Application. 

 
B. Operation Performed in the Cluster Head 

The Cluster Head is one of the nodes in WSN. There 
are three types of activities that take up the majority of 
the power in a sensor node: sensing, computation, and 
radio operations such as receiving and transmitting 
[2]. Here the Cluster Head performs the operation of 
RCQ Data Aggregation using two techniques as:  
 

i. Remove Duplicate Method 
ii. Recursive Quartile Method 

 
 i. Remove Duplicate Method: 
The Sensor Nodes initially senses the data and then 
collects data. The collected data is send to the Cluster 
Head. The Cluster Head accepts and removes 
duplicate data. Why Cluster head removes the 

duplicate data? The Cluster Head receives data from 
many nodes. The data obtained is in form of packet 
which has data and node id as shown below in Fig. 
No.2. The received data is collected and checked in 
with node id and data. If same data and node id is 
obtained the only one packet is mentioned and rest all 
eliminated as being duplicate. The task carried out in 
the Cluster Head shown in table no 2 and final result is 
mentioned in next table no 3. 
 
 
    
 

Fig. No.3. Representation of the Packet 
 

Table No. 2: Representing collection and operation in the 
Cluster Head 

 
The above table minimizes if and duplicate data is 
obtained in the Cluster Head. The resultant data is 
then carried for the next computation technique. 
 

Table No. 3: Representation of data after Remove    Duplicate 
Technique 

 
ii. Recursive Quartile Method: 
The Recursive itself suggests the meaning repetitive.  
The word means Quartile: A statistical term 
describing a division of observations into four defined 
intervals based upon the values of the data and how 
they compare to the entire set of observations [8]. The 
Quartile is divided in four categories namely, Median, 

Data                   Node 
                           ID 
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Lower Quartile, Upper Quartile, Interquartile. The 
Quartile method works in the following manner: 
Step1: Arrange the data set of values in an ascending 
order of their magnitude. 
Step2:  Apply Quartile formula on the data set of 
values, mentioned as, 
 
I) Median: Middle Value of the data set. 
II) Lower Quartile: Median of lower half of the data 
set 
III) Upper Quartile: Median of upper half of data set 
IV) Interquartile: difference between the third and the 
first quartiles in descriptive statistics [9]. 
 
Here, n as total number of data values in the data set 
 
Median: Q2 = ½ (n+1) value; 
Lower Quartile: Q1 = ¼ (n+1) value; 
Upper Quartile: Q3 = ¾ (n+1) value; 
Interquartile: IQR = Q3 - Q1  
 
Considering the values in table no. 3, Recursive 
Quartile Method is implemented as follows:  
 
Given: 23, 21, 16, 24, 20, 19, 25, 15, 22, 17 
Hence n = 10 
Step1: 15, 16, 17, 19, 20, 21, 22, 23, 24, 25 
Step2: 
 
Q2 = ½ (10+1) value = 5.5 value 
The obtained Q2 value is 5.5, which means that Q2 
lies in between 5th and 6th value. 
Therefore, we take average of 5th and 6th value. 
 
We get, Q2 = (20+21) / 2 = 20.5 
 
Q1 = ¼ (10+1) value = 2.75 value =~3rd value = 17 
 
Q3 = ¾ (10+1) value = 8.25 value =~8th value = 23 
 
IQR = 23 – 17 = 6 
 
The obtained values Q1, Q2 and Q3 are 17, 20.5, and 
23 respectively. 
 
The values which are nothing but data 17, 20.5, 23 
will be sent by the Cluster Head to Sink. The Sink 
performs the work of collection of data from all 
Cluster Heads. The Sink after gathering data forwards 
it to the Gateway. Later, Gateway collects the data 
from the entire Sink and transfers it to database, which 
is forwarded to the application. 
 
C. Advantage of Operation Performed in Cluster 
Head 
The Cluster Head performs data collection, processing 
data to minimized form and then transmit it to Sink. 
Here in the Cluster Head when data is processed, still 

contain same information in reduced format by data 
quartile method. This leads in low transmission of 
data from Cluster Head to Sink and ahead till it 
reaches the Application. The data reduction proves 
beneficial as the energy consumption reduces during 
transmission. Also the time required diminishes as 
fewer amounts of data are transmitted.   
 
III. IMPLEMENTATION USING MATLAB  
 
The WSN for Air Pollution Monitoring System 
implements RCQ Data Aggregation Algorithm using 
Matlab tool R2011a.  The implementation and result 
in image no. 1 and 2 respectively. The image no. 1 
consists of five node named as Node1, Node2, Node3, 
Node4 and Node5. Also Pulse Generator, Constant, 
Integrator, Gain, Demux, Scope and their 
functionality are mentioned as below: 
  
i) Pulse Generator: Use the Pulse type parameter to 
specify whether the block's output is time-based or 
sample-based. If you select sample-based, the block 
computes its outputs at fixed intervals that you specify. 
If you select time-based, Simulink software computes 
the block's outputs only at times when the output 
actually changes 
ii) Constant: The Constant block generates a real or 
complex constant value 
iii) Matlab Function Block: The MATLAB function 
you create executes for simulation and generates code 
for a Simulink Coder target 
iv) Integrator: The Integrator block outputs the 
integral of its input at the current time step. 
v) Gain: The Gain block multiplies the input by a 
constant value (gain). The input and the gain can each 
be a scalar, vector, or matrix 
vi) Demux: The Demux block extracts the components 
of an input signal and outputs the components as 
separate signals. The output signals are ordered from 
top to bottom output port 
 
vii) Scope: The Scope block displays its input with 
respect to simulation time. 

 
Image No.1: Results of Simulation showing energy consumption  
The above image no.1 shows calculated energy 
consumption using Recursive Quartile Method is 
26.41 Amp. and without Recursive Quartile Method 
(Existing System) is 30.24 Amp. Also energy 
consumption by all five nodes is 4.775 Amp 
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Image No.2: Results of comparison of Energy 
Consumption with and without RCQ Data 
Aggregation Algorithm  
The image no. 2 shows X-axis as time in sec and 
Y-axis as energy consumption in Amp. 
 
CONCLUSION 
 
WSN for Air Pollution Monitoring System is based on 
wireless technology, sensor and networking. The 
system of any kind proves more beneficial when the 
system is cost effective and consumes less power while 
transmitting data also. The implantation of RCQ Data 
Aggregation Algorithm promises in true manner how 
WSN can work with minimum power. This also helps 
in decreasing implementation cost of the WSN 
system. Also one of the disadvantages of Sensor: 
Limited Power Supply can be minimized.                              
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

REFERENCES 
 

[1] International Journal of Wireless & Mobile Networks (IJWMN), 
Vol.2,No.2,May2010, A Wireless Sensor Network Air Pollution 
Monitoring System, Kavi K Khedo, Rajiv Perseedos and Avinash 
Mungur. 

[2] Charalambos Sergiou and Vasos Vassiliou (2012). Efficient 
Node Placement for Congestion Control in Wireless Sensor 
Networks, Wireless Sensor Networks - Technology and 
Applications, Dr. Mohammad Matin (Ed.), ISBN: 
978-953-51-0676-0, InTech, DOI: 10.5772/48201.  

[3] International Journal of Wireless & Mobile Networks (IJWMN) 
Vol. 5, No. 2, April 2013 DOI : 10.5121/ijwmn.2013.5204 47, 
ENERGY CONSUMPTION IN WIRELESS SENSOR 
NETWORKS USING DATA FUSION ASSURANCE,S. Kami 
Makki1, Matthew Stangl2 and Niki Pissinou31Computer 
Science Dept., Lamar University, Beaumont, 
TX,kami.makki@lamar.edu, 2Computer Science Dept.,  
Southwestern Oklahoma State University, Oklahoma, OK 
stanglm@student.swosu.edu, 3Computer Science Dept., Florida 
International University, Miami, FL pissinou@fiu.edu 

[4] A Sensor Network Data Aggregation Technique, Mohamed 
Watfa 1, William Daher 2 and Hisham Al Azar 3, International 
Journal of Computer Theory and Engineering, Vol. 1, No. 1, 
April 2009, 1793-821X 

[5]    Wireless Sensor Networks F. L. LEWIS Associate Director for 
Research Head, Advanced Controls, Sensors, and MEMS Group 
Automation and Robotics Research Institute The University of 
Texas at Arlington 7300 Jack Newell Blvd. S  Ft. Worth, Texas 
76118-7115 email lewis@uta.edu, http://arri.uta.edu/acs 

[6]  Wireless Sensor Network in environmental monitoring: existing 
applications and basic guidelines, Thessalonoki2012 

[7] http://www.cs.wustl.edu/~jain/cse574-06/ftp/wimax/ 
[8] http://www.investopedia.com/terms/q/quartile.asp 
[9] http://easycalculation.com/statistics/inter-quartile-range.php 
[10] Matlab tool (R2011a) Help Menu  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


