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Abstract— In order to sense large area of network, huge 

number of sensor nodes is required. In this kind of 

arrangement, sensors which are nearby often sense similar 

readings due to their temporal and spatial correlation. In this 

paper, an in-network query processing model called as AQP 

(autonomous query processing) which handles both spatial 

and value based queries has been proposed. This protocol 

uses repositories which are sensors and acts as data storage 

by storing set of information from cluster heads. For query 

processing, only repositories need to be contacted to respond 

to queries. AQP is autonomous since it doesn’t depend on any 

central node neither for managing data and nor for query 

processing. This protocol has been implemented using NS 

2.33 and gradual increase in its efficiency with existing 

method is shown in result graph. 
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I. INTRODUCTION 

Wireless sensor networks (WSN), also called as wireless 

sensor and actuator networks (WSAN) are considered as 

spatially distributed autonomous sensors in order to monitor 

environmental or physical conditions and to pass their 

requested data through the network to a main location. This 

kind of wireless sensor networks development was motivated 

by military applications like battlefield surveillance. The 

WSN is built of "nodes" from a few to several hundreds or 

even thousands, where each node is connected to one sensor. 

A wireless network is any sort of computer network 

that uses wireless data connections to plug network nodes. In 

which wireless sensor network (WSN) includes hundreds to 

a large number of low-power multifunctional sensor nodes, 

operating within the unattended environment, and having 

sensing, computation, processing power, energy, low 

bandwidth and communication capabilities. These are fitted 

with limitations in memory, energy and processing capacity. 

A wide range of applications evolved in various fields like 

environmental monitoring, military surveillance and health 

care through infrastructure provided by Wireless sensor 

networks (WSNs). The arrangement of sensor nodes in 

wireless sensor network is shown in the figure 1. A sensor 

node, also known as a mote, is a node in a sensor network that 

is capable of gathering sensory information, performing some 

processing and capable of communicating to other nodes in 

the network. 

 
Fig. 1: Arrangement of sensor nodes in 

A. Query Processing 

The query processing is termed as the retrieval of data from 

a database according to a set of criteria, in which database 

itself remaining unchanged. In the context of a specific query 

language, the technique of converting the retrieval criteria 

specified using the language in to more primitive database-

access software, including a selection among different 

methods to choose the most efficient in the particular 

circumstances. 

Among query processing, In-Network query 

processing reduces energy consumption and also increases 

lifetime of sensor network. Improving this query processing 

by storing sensing data within the network minimizes query 

processing delays and update. Improving this query 

processing in this way reduces communication overhead in 

the network. Typical query processing in WSN using BSC 

and MSC is shown in figure 2. 

In case of urban monitoring, due to the atmosphere’s 

irregular topography, variations of pollutant concentration 

differ even on opposite sides of the street. Thus, monitoring 

such complex environments requires deployment of dense 

WSNs. Moreover, sensor devices may store the monitored 

data which enables applications to execute queries in the 

network, without relying on a central server. In particular, for 

large-scale WSNs, keeping the whole data centralized for 

further processing increase communication costs and is less 

scalable than decentralized approaches. 

In addition to explore spatio-temporal similarity, a 

suitable data storage strategy can be a key feature for reducing 

energy consumption and minimizing query processing delay. 

 
Fig. 2: Typical query processing in WSN using BSC and 

MSC 

In general, sensor readings can be locally stored in 

the sensor itself, in an external database or in distributed 

repositories within the network. Although the best strategy 

depends on the application context it has been noticed that the 

repository approach offers an interesting trade-off between 

query and storage costs. In such approach, communication 

costs depend on repositories placement, aiming at minimizing 

update and query processing delays. 

http://www.encyclopedia.com/science-and-technology/computers-and-electrical-engineering/computers-and-computing/databases#1O11database
http://www.encyclopedia.com/computing/dictionaries-thesauruses-pictures-and-press-releases/query-language
http://www.encyclopedia.com/computing/dictionaries-thesauruses-pictures-and-press-releases/query-language


A Hierarchical and Distributed in-Network Query Processing Model for Wireless Sensor Network 

 (IJSRD/Vol. 5/Issue 06/2017/104) 

 

 All rights reserved by www.ijsrd.com 418 

The rest of paper is organised as follows, section 2 

includes literature survey, section 3 includes proposed work, 

section 4 includes simulation settings, section 5 includes 

comparative analysis and section 6 includes conclusion and 

future enhancement. 

II. RELATED WORK 

Querying is the process of detecting the existence of a static 

event. The term tracking refers to continuously monitoring a 

mobile event. In a centralized querying/tracking approach, 

query messages are routed to a base station to retrieve event 

data. It is inefficient to use a central base station for all queries 

to be resolved. In addition, using a base station for data 

storage and retrieval leads to a communication bottleneck. 

Therefore, in-network querying/tracking solutions are 

employed by discovering short paths between querying units 

and events. In the concept of in-network data processing, 

sensor nodes interact with their neighbour nodes for 

disseminating data. [1] 

There are two types of queries such as spatial query 

and value-based query. Spatial query is also known as spatial 

Analysis. A statement or logical expression that selects 

geographic features based on location or spatial relationship. 

For example, a spatial query might find which points are 

contained within a polygon or set of polygons. 

A peer-to-peer indexing structure, namely peer-tree 

has been proposed to address the problem of energy and time 

efficient execution of spatial queries in sensor networks. 

Using peer-tree as a building block, a peer-to-peer query 

processing model has been presented where a query can be 

posed in any node of the network without the need of a central 

server. This model uses the concept of Nearest neighbour 

(NN) query which is defined as , given a set of data objects 

among which find the data object from the data set which is 

closer to a given query object than any other object in the data 

set. The tree, which consists of minimum bounding rectangles 

(MBR), is traversed and several of the MBRs are pruned if 

they are guaranteed not to have the closest data point(s). Only 

nodes that can lead to a possible nearest neighbour are further 

considered, while the remaining nodes and corresponding sub 

trees are pruned out of the search space. [2] 

In-network query processing and data aggregation 

are widely used to save energy, increase scalability, and 

reduce computation in many monitoring applications of 

WSN. By leveraging this spatial property of sensor data, a 

scheme called Clustered Aggregation (CAG) has been 

proposed to improve in-network aggregation mechanisms. 

CAG forms clusters of the sensor nodes sensing similar 

values and transmits only a single value per cluster as 

opposed to a single value per node in TAG like schemes. 

CAG is extended to operate in two modes such as interactive 

mode and streaming mode. The interactive mode alternates 

query and response phases. This is appropriate for scenarios 

where the environment changes dynamically. On the other 

hand, in the streaming mode, the cluster head keep 

transmitting streams of response for a query that is issued just 

once. This mode of operation is appropriate when the 

environment does not change as frequently and the query 

remains valid for a certain period of time. The disadvantage 

in interactive mode is for each query different cluster and 

cluster head (CH) is formed. This mode produces query 

broadcast overhead per query and when data is not normally 

distributed, it is not accurate. [3] 

The data redundancy due to the spatial correlation 

between sensor observations inspires the research of in-

network data aggregation. Here, an α-local spatial clustering 

algorithm for sensor  networks is proposed by measuring the 

spatial correlation between data sampled by different sensors, 

the algorithm constructs a dominating set as the sensor 

network backbone used to realize the data aggregation based 

on the information description/summarization performance 

of the dominators. 

Data storage in wireless sensor networks is 

addressed in either tree structure or mesh network topologies. 

Tree structures feature only one consumer, usually the base 

station at the root and multiple producers and do not take 

geographical location information into account when 

determining data storage placement. In contrast, a mesh 

network involves multiple producers and consumers yet the 

dominant approach in the design of data storage to minimize 

communication overhead has been given to emphasize 

geographical locations with little attention to the data rates. 

[4] 

The tree structure offers a range of data storage 

strategies. Data can be stored and processed in a centralized 

server or in a distributed manner. In centralized data storage 

(CDS) approaches such as COUGAR and TinyDB, all sensor 

nodes feed their data to the base station at the root of the tree. 

Scoop which is a system that follows repository-based 

approach for storing sensing data and it collects statistics 

about data, queries, and network conditions and uses them to 

dynamically change an in-network storage policy. However, 

it collects these statistics only periodically and uses a greedy 

algorithm to compute the optimal storage position. Such a try-

and-test greedy algorithm is tremendously complex, making 

it infeasible for a large-scale sensor network. [5] 

One difficult with existing store-and-query sensor 

networks is that they fail to take data and query rates or 

network topology information into account. This leads to 

costly communication overhead that decreases the lifetime of 

battery-powered sensor networks. Scoop reduces this 

overhead by vigorously creating and adapting an in-network 

storage policy based on numbers it collects about queries, 

data, and network conditions. Whereas present in-network 

storage methods are often at the extreme ends of the storage 

policy spectrum, Scoop’s storage policy allows it to adjust 

between these limits depending on the situation. The 

perception behind this scheme is that data should be stored 

close to where it is needed, if it is needed. If query rates are 

high relative to the rate of data production, Scoop familiarizes 

its storage policy to store data nearer to the source of queries. 

If query rates are low, the policy adapts to store data closer to 

its source. Sensor networks have recently produced a great 

deal of research awareness within the physical and computer 

sciences, and their use for the scientific monitoring of remote 

environments is gradually common-place. More recent 

sensor networks naturally make current data available 

through the internet, and thus, are increasingly being used for 

the real-time monitoring of environmental events such as 

storm or floods events. Such real-time access to sensor data 

is also a feature of pervasive sensor systems in which sensors 

are owned and maintained by multiple stakeholders are 

universally positioned within urban environments and make 



A Hierarchical and Distributed in-Network Query Processing Model for Wireless Sensor Network 

 (IJSRD/Vol. 5/Issue 06/2017/104) 

 

 All rights reserved by www.ijsrd.com 419 

their information accessible to multiple users directly through 

standard web interfaces. Society is seeking to use such 

networks to provide situational awareness support to first 

responders at the scene of a large scale incident. [6] 

Wireless sensor networks (WSNs) have arisen as a 

proficient solution for various applications due to their low 

cost and easy deployment. Normally, their limited power 

capability, i.e., battery powered, make WSNs meet the 

challenge of extension of network lifetime. Many hierarchical 

protocols show better ability of energy efficiency in the 

literature. Also, data reduction based on the correlation of 

sensed readings can efficiently decrease the amount of 

required transmissions. Therefore, we use a sub-clustering 

procedure based on spatial data correlation to further separate 

the hierarchical (clustered) architecture of a WSN. The 

proposed algorithm (2TC-cor) is composed of two 

procedures, the prediction model construction procedure and 

the sub-clustering procedure. The energy conservation 

benefits by the reduced transmissions, which are dependent 

on the prediction model. Also, the energy can be further 

conserved because of the typical mechanism of sub-

clustering. [7] 

III. PROPOSED WORK 

An autonomic query processing model for wireless sensor 

network is proposed in this project. There are two modules, 

first is creation of network and second is Query processing 

model. The first model has three different levels, sensor level, 

cluster level repository level. Hence, AQPM is considered as 

a three tier hierarchical model that consists of a sensor level 

s, a cluster level h to which s belongs to (CH(s)) and a 

repository level that stores information on h(R(h)). At the 

lowest level, each sensor node keeps locally the gathered data 

and in addition sensor nodes calculate their data correlation 

and organize themselves in to clusters. At the cluster level, a 

node named as cluster head (CH) is elected and served as 

group representative for its cluster members. At the 

repository level, specific nodes are selected as repositories 

and they serves as data repository by storing data transmitted 

from different cluster levels. 

The main goal of repository is to decrease the 

number of CHs communicated during query processing by 

observing information of clusters with intersecting 

boundaries in a single location. 

This model supports both spatial queries and value 

based queries. Spatial queries are used to obtain readings on 

a given geographical location, and value based queries are 

used for retrieving the location information of sensors along 

with readings in a given range. Hence autonomic query 

processing model (AQPM) is considered as a hierarchical and 

distributed in-network model for answering both spatial 

based and value based queries. In brief, AQPM organizes 

sensors in to clusters by exploiting the spatial data similarity 

of their readings. Once clusters are defined, some sensors are 

selected as repositories and they store information of distinct 

clusters. Here, cluster heads represent sensing data for every 

cluster member and repository can act as a data centre to 

answer queries referring to any of the clusters that compose 

it. 

A. The creation of Network module 

1) At sensor level 

A wireless sensor network (WSN) is represented as a graph 

G = (V, L), where V = {s1,….,sn} is a set of sensors spread 

over a monitored area and L is a set of links such that (si, sj) is 

in L if si and sj are within the radio communication range of 

each other. Here, it is considered that the distance between si 

and sj is one-hop and that si and sj are neighbours. 

Communication between two arbitrary sensors requires the 

existence of links {(s1, s2), (s2,s3),….(sn-1,sn)} such that s1 is the 

sensor that originates the message and Sn  is the final 

destination. In AQPM model, it is assumed that sensor nodes 

are static and aware about their location, thus have a fixed 

geographic coordinate (position (si)). It is also assumed that 

each sensor is responsible for monitoring a multidimensional 

measurement from the environment. The readings of sensor s 

is denoted as a tuple X= (x1, x2, …. xn), where each xi 

corresponds to reading. In this model, spatially close sensors 

are grouped in to clusters based on measuring their spatial 

correlation. 

2) At cluster level 

Every cluster has one sensor that serves as cluster head (CH). 

Data sampled within each cluster have very high spatial 

correlation among its members. Based on this, this model 

considers only CH information is relevant for answering 

queries. Thus clustering approach reduces the intracluster 

communication overhead. CH selection is inspired by spatial 

correlation clustering algorithm. The clustering algorithm 

works as follows, 

1) Each sensor s requests its neighbours to send their 

readings in order to calculate its spatial correlated weight 

(w(s)). If w(s) is above the user defined threshold value 

then it announces itself as leader (CH) and broadcast the 

decision to its neighbours. 

2) Nodes with low weight maintain a set structure candidate 

CHs for storing each announced leader. Later, these node 

members join the cluster with the most similar readings 

among all CHs stored in candidate CHs and send an ACK 

message to the chosen CH with its coordinate. 

3) Finally, each CH maintains the geographical position of 

its cluster members, and can compute its minimum 

bounding rectangle (MBR). 

4) If a cluster head (CH) does not receive any ACK, it 

updates its role as an isolated cluster head. 

The weight of sensor nodes w (si) is calculated as 

follows,  

Let X= (x1, x2,.…,xn ) be the readings of sensor si and 

Y=( y1,y2,….,yn) be the readings of sensor sj and N(i) be the set 

of neighbours within one-hop of sensor si. The algorithm uses 

a weight-based clustering algorithm which is divided in to 

four steps. 

1) Step 1: The Euclidean distance between two sensor 

measurements, dij is computed as 

dij =   √|𝑋𝑖 − 𝑋𝑗|
2
+ |𝑌𝑖 − 𝑌𝑗|

2
 

2) Step 2: Based on all neighbours of a sensor si, its mean 

value di and average absolute deviation D (dij) are 

computed by the following equations, 

𝑑�̅� =
1

|𝑁(𝑖)|
∑ 𝑑𝑗𝜖𝑁(𝑖) ij 

3) Step 3: D (dij) is computed as follows,  

D (dij) = 
1

|N(i)|
∑ (dij − di̅)

2
jϵN(i)  
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4) Step 4: The spatial correlated weight w (si) (0≤w (si) ≤1) 

of node si is given by, 

 
According to the above equation, each sensor 

calculates its weight w (si) that determines the degree of 

correlation among measurements of si and its neighbours 

N(i). 

A value close to 1 indicates that readings of si and 

nearby sensors are highly correlated. In this model, a sensor 

is selected as CH if its correlated weight is above a user-

defined threshold. The flow chart of Clustering algorithm is 

shown in figure below. 

 
Fig. 3: Flowchart of clustering algorithm 

At the repository level, a repository placement 

algorithm is used which aims at minimizing the number of 

hops during query processing by storing information of 

nearby CHs, such that only repositories have to be contacted 

in order to answer queries. In order to concentrate maximum 

number of clusters in their neighbourhood a repository sensor 

is selected in the border region. 

The repository placement algorithm works as 

follows, 

1) A sensor node broadcast a repository announcement 

message if the number of neighbour nodes in distinct 

clusters exceeds a user defined threshold. 

2) Sensors that play the role of cluster heads or repositories 

that receive an announcement message maintain a set 

structure KnownRepo for storing each announced 

repository and re-broadcast this message if the distance 

to the new repository is smaller than the distance to all 

others. It guarantees stop criteria for the repository 

announcement broadcast. 

3) Then each CH joins the closest repository candidate and 

sends an Acknowledgement (ACK) informing its 

readings and cluster members positions. Repositories 

store this information and calculate their MBR, which is 

then sending to its neighbour repositories recorded in 

KnownRepo. 

4) At the end of this process, each repository contains 

information of its neighbour repositories and their MBR, 

besides the cluster readings. 

B. The Query Processing Module 

AQPM in-network query processing mechanism supports 

both spatial and value based queries, which can be injected at 

any node in the wireless sensor network. Without relying on 

a single entry point, a single query parameter defining the 

range of the query is given as input. 

 For Value-based queries, the range is an interval, and the 

result consists of the sensors in the monitored area with 

values within the range. 

 For Spatial queries, the range is a rectangular region, and 

the result consists of the readings of sensors located in 

the area of interest. 

The algorithm steps are as follows, 

1) Each query is assigned to a unique identifier qryId. 

2) The algorithm collects the results sent from different 

repositories in a variable qryRes [qryId]. 

3) An entry point sensor node receives a query and forwards 

spatial queries to the region of interest and value based 

queries to its cluster head (CH). 

4) Spatial queries follows AQPM hierarchy only after the 

first sensor in the region is reached. In the region, query 

is forwarded to a cluster head, and then to its 

corresponding repository. 

IV. SIMULATION SETTINGS 

A network has been created in which 50 sensor nodes were 

randomly placed which are static in nature. The radio range 

of every sensor on the field was set to 250 meters. The 

simulation duration time is 175 seconds. For running the 

simulation, first algorithms for cluster head and repository 

selection were executed. Then, a query was made to inject at 

any node of user choice. 

The simulation has conducted in 2 steps, in the first 

step i analyzed the AQP model by determining the number of 

cluster heads, repositories generated by respective 

algorithms. For each simulation, different cluster heads and 

repositories are selected based on source node selected. In the 

second step, a query is sent from source node to cluster head 

and then forwarded to repository node in case of value based 

queries and in case of spatial queries, a query is forwarded to 

region of request then to corresponding cluster head and 

repository. Finally, response will be sent from cluster head to 

source node. 

V. COMPARATIVE ANALYSIS 

A comparison has been made with a non-clustering and non-

repository method which clearly shows increase in 

throughput and reduction in bit error rate. 
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Fig. 4: Throughput 

 
Fig. 5: Bit error rate 

VI. CONCLUSION 

AQPM meets the requirements of scalability and autonomy 

to support the storage of data sensed in WSNs, as well as an 

effective query processing. It considers both spatial query and 

value based query. Moreover, AQPM focuses on improving 

the query processing by storing sensing data on data 

repositories in the network. Based on simulations, we are 

showing that the data placement strategy can specifically 

reduce the number of messages required for query processing. 

In the future, we intend to analyse the impact of sensor nodes 

under mobility and hidden sensor nodes on AQPM data 

model maintenance. 

REFERENCES 

[1] Zuhal Can*, Murat Demirbas, “A survey on in-network 

querying and tracking services for WSN”, Department of 

Computer Science and Engineering, Adhoc Networks, 

Vol. 11, No.1, 2013. 

[2] Alexandru.Coman, Joerg Sander, Mario A.Nascimento, 

“Adaptive processing of historical spatial range queries 

in peer-to-peer sensor networks”, Department of 

computer science, University of Alberta, Canada, Distrib 

Parallel Databases – 2007. 

[3] Sunhee Yoon and Cyrus Shahabi, “An experimental 

Study of the Effectiveness of Clustered AGgregation 

(CAG) Leveraging Spatial and Temporal Correlations in 

Wireless Sensor Networks”, Department of Computer 

Science, ACM Transactions on Sensor 

Networks(TOSN), Vol. 3, No.1, 2013. 

[4] Yajje Ma, Yike Guo, Xiangehuan Tian, and Moustafa 

Ghanem,”Distributed Clustering-Based Aggregation 

Algorithm for Spatial Correlated Sensor Networks”, 

IEEE Sensors Journal, Vol.11, No.3, 2014. 

[5] Zhaochun Yu, Bin Xiao, Shuigeng Zhou,”Achieving 

optimal data storage position in wireless sensor 

networks”, Computer Communications 33, 2015. 

[6] Thomer. M.Gil, Samuel Madden, “A hybrid, adaptive 

storage policy for sensor networks”, CSAIL, 

Massachusetts Institute of Technology 2005 

[7] Ming-Hui Tsai and Yueh-Min Huang  “A Sub-Clustering 

Algorithm Based on Spatial Data Correlation for Energy 

Conservation in Wireless Sensor Networks”, 

Department of Engineering Science, National Cheng-

Kung University, No.1, University Road, Tainan City 

701, Taiwan, Published: 18 November 2014 . 


