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Abstract— Location-based service  is a typical application 

for mobile ad hoc networks. In an LBS, it is common for a 

node to issue k nearest neighbor (knn) queries, which search 

the information on the k nearest neighbors (knns) from the 

specified location (querypoint). In these methods, the query-

issuing node first forwards a kNN query using geo-routing 

to the nearest node from the point specified by the query 

(query point). Then, the nearest node from the query point 

forwards the query to other nodes close to the query point, 

and each node receiving the query replies with the 

information on itself. In this process, there are two different 

approaches: the Explosion (EXP) method and the Spiral 

(SPI) method. In the EXPmethod, the nearest node from the 

query point floods the query to nodes within a specific 

circular region, and each node receiving the query replies 

with information on itself. In the SPI method, the nearest 

node from the query point forwards the query to other nodes 

in a spiral manner, and the node that collects a satisfactory 

kNN result transmits the result to the query-issuing node. In 

this project, we propose enhanced KNN query processing 

method for reducing traffic and maintaining high energy 

efficiency in mobile ad hoc networks. Enhance the current 

KNN query algorithm by using Autonomous clustering and 

Hierarchal Routing Algorithm. The cluster consists of one 

cluster head (CH), one or more gateways (GW), and cluster 

members. When a node in a cluster queries with a node in its 

neighboring cluster, packets are forwarded through only the 

GWs. Cluster head works to manage the cluster. Gateway 

works to get the information of a neighboring cluster. The 

entire network is divided into multiple clusters. The cluster 

size is managed by the number of nodes in the cluster 

(Upper bound and Lower bound). 

Key words:  KNN, Explosion Method, Spiral Method, 

Autonomous Clustering           

I. INTRODUCTION 

A wireless ad hoc network is a decentralized type of 

wireless network. The network is ad hoc because it does not 

rely on a pre existing infrastructure, such as routers in wired 

networks or access points in managed (infrastructure) 

wireless networks. Instead, each node participates in routing 

by forwarding data for other nodes, so the determination of 

which nodes forward data is made dynamically on the basis 

of network connectivity. in addition to the classic routing, ad 

hoc networks  can use flooding for forwarding data. A 

mobile ad hoc network (MANET) is a continuously self-

configuring, infrastructure-less network of mobile devices 

connected without wires. Each device in a MANET is free 

to move independently in any direction, and will therefore 

change its links to other devices frequently. Each must 

forward traffic unrelated to its own use, and therefore be a 

router. The primary challenge in building a MANET is 

equipping each device to continuously maintain the 

information required to properly route traffic. Location-

based service (LBS) is a typical application for mobile ad 

hoc networks (MANETs). In an LBS, it is common for a 

node to issue k Nearest Neighbor queries  which search the 

information on the k nearest neighbors   from the specified 

location (query point). The K-Nearest Neighbors (KNN) 

query has been of significant interest in many studies and 

has become one of the most important spatial queries in 

mobile sensor networks. Applications of KNN queries may 

include vehicle navigation, wildlife social discovery, and 

squad/platoon searching on the battlefields. Many in-

network processing techniques for kNN queries have been 

proposed for wireless sensor networks (WSNs). 

Infrastructure-free kNN query processing methods, which 

are efficient in retrieving kNN information with low 

message overhead (traffic) since they do not require the 

maintenance of network infrastructures. In these methods, 

nodes must exchange messages including node information 

(e.g., 1-hop beacon messages including the location of the 

sender). 

In this paper, we enhanced two beacon-less kNN 

query processing methods for reducing traffic and 

maintaining high accuracy of the query result in MANETs. 

In these methods, the query-issuing node first forwards a 

kNN query using geo-routing to the nearest node from the 

query point. Then, the nearest node from the query point 

forwards the query to other nodes close to the query point, 

and each node receiving the query replies with the 

information on itself. In this process, we adopt two different 

approaches: the Explosion (EXP) method and the Spiral 

(SPI) method. 

Since these methods do not require flooding of a 

kNN query over the entire network, beacon messages 

between nodes, or network infrastructure, they can solve 

problems faced by the naive and existing approaches, caused 

by bandwidth limitations and dynamic network topology 

change. 

The contributions of this paper are as follows: 

 In MANETs, it is highly important to minimize 

unnecessary query messages and replies (i.e., 

traffic).In this paper, we propose effective kNN 

query processing methods for reducing traffic and 

improving energy efficiency. 

 We enhanced the two different methods using 

autonomous clustering, the Explosion (EXP) 

method and the Spiral (SPI) method. The 

performance of these methods is affected by 

several factors, such as the number of nodes (node 

density),movement speed, and k. 

II. EXISTING SYSTEM 

Location-based service is a typical application for mobile ad 

hoc networks (manets). In an lbs, it is common for a node to 
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issue k nearest neighbor (knn) queries which search the 

information on the k nearest neighbors (knns) from the 

specified location (querypoint). Beacon-less knn query 

processing methods for reducing traffic and maintaining 

high accuracy of the query result in mobile ad hoc networks 

(manets). In these methods, the query-issuing node first 

forwards a knn query using geo-routing to the nearest node 

from the point specified by the query (query point). Then, 

the nearest node from the query point forwards the query to 

other nodes close to the query point, and each node 

receiving the query replies with the information on itself. In 

this process, we adopt two different approaches: the 

explosion (exp) method and the spiral (spi) method. In the 

exp method, the nearest node from the query point floods 

the query to nodes within a specific circular region, and each 

node receiving the query replies with information on itself. 

In the spi method, the nearest node from the query point 

forwards the query to other nodes in a spiral manner, and the 

node that collects a satisfactory knn result transmits the 

result to the query-issuing node. 

A. EXP Method: 

In the EXP method the global coordinator floods the kNN 

query to nodes within a specific circular region centered on 

the query point, resembling an „explosion‟ of the query 

message from the global coordinator. The size of the 

circular region is determined based on the density of nodes 

in the entire area. Each node receiving the query replies to 

the global coordinator with the information on itself. In the 

EXP method each node receiving a query message replies 

when the waiting time, which is based on the distance 

between the query point and its location, has passed, and the 

farther nodes set a lesser waiting time. By doing so, the 

intermediate nodes can aggregate replies from farther nodes. 

 
Fig. 2.1: EXP Method 

B. Spiral Method: 

In the SPI method, the entire area is dynamically partitioned 

into a set of hexagonal cells whose size is determined based 

on the communication range of the mobile nodes, with the 

query point at the center of a hexagonal cell. The global 

coordinator begins forwarding the kNN query, in a spiral 

manner, to the nodes located nearest the central point of the 

respective hexagons (local coordinator). Each local 

coordinator collects the information on all nodes in its 

hexagonal cell, and then forwards the query, including this 

collected information, to the next hexagon in the spiral. 

 
Fig. 2.2: Spiral Method 

In the SPI method, each node is aware of the 

hexagon to which it belongs, solely based on the 

information in the query (i.e., the query point) and its 

location. The local coordinator can both acquire the 

information on nodes within the same hexagon, and 

determine the next node to which to transmit the query, 

using the same query. In both methods, a designated node 

aggregates the information in the received replies, and thus 

unnecessary information is not sent in reply through a long 

path to the query-issuing node. In these ways, unnecessary 

transmissions of queries and replies can be reduced. 

III. DISADVANTAGES OF EXISTING SYSTEM 

1) In the exp method the nearest node from the query 

point floods the query to nodes with in a specific 

circular region, in this approach many unnecessary 

replies, not included in the result of the kNN query 

(kNN result), are sent back to the query-issuing 

node, and thus traffic increases.  

2) Energy efficiency is low because of flooding the 

packets. 

3) In spiral method if a query-relaying node 

disappears during query processing, the acquired 

result may be lost. 

IV. PROPOSED SYSTEM 

Enhance the current KNN query algorithm by using 

Autonomous clustering and Hierarchal Routing Algorithm. 

A. Autonomous Clustering: 

The cluster consists of one clusterhead (CH), one or more 

gateways (GW), and cluster members. When a node in a 

cluster communicates with a node in its neighboring cluster, 

packets are forwarded through only the GWs. 

 
Fig. 4.1: Autonomous Clustering 
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Let the ad hoc network be denoted by an undirected 

graph G = (V, E). A node  vi∈ V represents a node with 

node ID i and it is simply called node vi after-wards. An 

edge  (vi, vj) ∈ E represents a wireless link between nodes i, 

j and then node vj is called the neigh-boring node of node vi. 

A cluster Ci is a subset of  V .Ci consists of Cluster head vi 

and some cluster members. We define a node which 

manages and belongs to a cluster as a clusterhead and a node 

which has a cluster ID as a clustermember. A clusterhead 

manages the number of cluster members in the cluster. A 

cluster satisfies the two following conditions. One is that all 

clustermembers must be connected with the clustermember 

through other clustermembers which have identical cluster 

ID. The other is that the number of cluster members (Ci) 

which the clusterhead has is bounded by the two constants, 

the upper bound (U ) and lower bound (L). If the number of 

clustermembers which a clusterhead has is less than L, the 

clusterhead tries to merge with one of neighboring clusters. 

On the contrary, if the number of cluster members which a 

clusterhead has is greater than U, the clusterhead tries to 

divide the cluster which the clusterhead manages into two 

clusters. 

Finally, we define a node which has a neighboring 

node with different cluster ID‟s as a gateway. A clusterhead 

can communicate with the neighboring cluster through the 

gateway. In addition to cluster ID, a node holds a state rep-

resenting the role of the node, that is clusterhead, gate-way 

and clustermember. The cluster ID and the state which each 

node holds are changed according to node movement in the 

ad hoc network. 

B. Query Processing: 

The behavior of the query-issuing node, Ms, and of mobile 

nodes receiving the query message, is as follows.Ms 

specifies the requested number of kNNs, k, and the query 

point. Then Ms determines the radius of the estimated kNN 

circle, R, based on the entire area size, the total number of 

nodes in the area, and k, by the following equation: 

  √      

   
 

Where n is the total number of nodes in the entire 

network, and area is the area size.Ms transmits a kNN query 

message to the nearest node from the global coordinator, 

using the georouting method. In the query message, the 

query-issuing node‟s ID and location are set as Ms and its 

location, respectively, the requested number of kNN is set as 

k, the radius of the estimated kNN circle is set as R, and the 

query point is set as the location specified by the query. 

Then, Mp broadcasts a local query message to its 

neighboring mobile nodes. In the message, the requested 

number of kNNs is set as k, the radius of the estimated kNN 

circle is set as R, the query point is set as that in the received 

query message, and the global coordinator‟s ID and location 

are set as Mp and its location, respectively. 

  Each mobile node, Mq, that initially receives the 

local query message stores the identifier of the source node, 

Mp, as its EXP parent. If Mq is within the estimated kNN 

circle, it sets the waiting time, Wait Time (WT), for sending 

a reply, according the following equation: 

                                      (
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Where a is the distance between Mp and Mq, b is 

the distance between the query point and Mp, β is a 

parameter specified by a system designer to avoid message 

collision, and r is the communication range. 

WT decreases as the distance between Mp and Mq 

increases. At the same time (without waiting WT), Mq 

broadcasts a local query message to its neighboring mobile 

nodes. If Mq has already received a local query message, or 

is not within the estimated kNN circle, it discards the 

message and does nothing.The node that has set the least 

WT begins to transmit a reply message (after waiting WT) 

with the information on itself, including its location, to its 

EXP parent. This attached information is called the tentative 

kNN result. Each node that receives the reply message (from 

its EXP child) updates the tentative kNN result included in 

the reply message, by adding the information on itself. If the 

number of nodes whose information is included in the 

tentative kNN result exceeds k, the information on the node 

farthest from the query point is removed from the tentative 

Knn result. When WT has passed, if the node is not the 

global coordinator, it transmits a reply message, including 

the updated tentative kNN result, to its EXP parent, and the 

procedure returns. If the respective node is the global 

coordinator, the procedure goes on.When WT has passed, 

Mp replies, with the updated entative kNN result as the final 

kNN result, to the query-issuing node, along the same path 

through which the query message was sent from the query 

issuing node to Mp. If a link disconnection occurs along the 

path, the node that detects the disconnection transmits the 

reply using the geo-routing method. 

 
Fig. 4.2: Query Processing 

When M5 receives a local query message from M1, 

it stores M1‟s ID as its EXP parent, and broadcasts a local 

query message to its neighboring nodes because it is within 

the estimated kNN circle. In the same way, on receiving the 

query message, M6 stores M5‟s ID as its EXP parent, and 

broadcasts a local query message to its neighboring nodes. 

In contrast, M7, on receiving the query message, discards 

the message because it is not within the estimated kNN 

circle. When WT has passed at M6, M6 transmits a reply 

message, including M6‟s information, to M5. On receiving 

this message, M5 transmits a reply message, including both 

its and M6‟s information, when WT has passed. Such 

procedures are performed throughoutthe entire MANET, 

until finally M1 acquires the information on all nodes within 
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the estimated kNN circle. When WT has passed at M1, it 

transmits the kNN result to the query-issuing node. 

V. RESULT 

In this section, we discuss the results of simulation 

experiments evaluating the performance of our proposed 

methods. For the simulation experiments, we used the 

network simulator. 

A. Improved EXP Method: 

We have created 50 nodes in network simulator and the 

entire network is divided into clusters using autonomous 

clustering. 

 

Fig. 5.5: Cluster Formation. 
After clustering we started query processing,the node 5 has 

a query so it send its query to the clusterhead 1. 

Fig. 5.1: Query Requesting 
Clusterhead 1 send the query to every node inside the cluster 

and collect the replies. 

 
Fig. 5.2: Query Processing 

Clusterhead 1 send the query replay to query node 5 

 

 
Fig. 5.3: Query Replay 

B. Residual Energy: 

Initial energy 100juls is given to every node,then the energy 

loss to perform the query processing in clustering method is 

calculated. 

1) Compression between EXP and Clustering Method: 

Energy level comparison between exp and clustering 

method is given below. 

 
Fig. 5.4: Residual Energy 

C. Improved Spiral Method: 

The query node sends the query to the cluster head 1. Its 

sends the query to every node inside the cluster and collect 

the replies.If the replies dosent satisfy the qos it forms then 

Gateway inorder to send the query to next cluster. 

 
Fig. 5.5: Query Requesting 
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If the repliest satisfy the qos the clusterhead sends the query 

result to query node. 

 
Fig. 5.6: Query Replay 

Energy level comparision  between exp and spiral method is 

given below. 

 
Fig. 5.7: Residual Energy 

VI. CONCLUSION AND FUTURE WORK 

In this paper, we have proposed kNN query methods for 

reducing traffic and maintaining high energy efficiency of 

the query result in MANETs. In our methods, the query-

issuing node first forwards a kNN query using geo-routing 

to the nearest node from the query point. Then, the nearest 

node from the query point forwards the query to other nodes 

close to the query point, and each node that receives the 

query replies with the information on itself. In this process, 

we adopt two different approaches: the Explosion (EXP) 

and Spiral (SPI) methods. The experimental results show 

that our proposed methods both reduce the traffic required 

and improve energy efficiency, in comparison with naive 

and existing methods using beacons, and achieve high 

energy efficiency of  the query processing. Performance 

evaluation in an environment with skewed node distribution 

will figure in our future work.  
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