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ABSTRACT 

 
The number of services obtainable by wireless network has been improved for recent years. It motivates to 
the improvement of new wireless technologies. New technologies are required to satisfy the requirements 
or necessitated of the users regarding wireless services. The newly developed wireless technology with 
mesh topology is known as wireless mesh networks (WMN). Routing is one of the most significant 
problems handled by every WMN technologies during data transmission .In Wireless Mesh Networks 
(WMN), the Multi-path routing is one of the mainly significant problems occurred throughout data 
transmission process based on their ability of the link for multiple paths. To overcome the problem of the 
multipath routing earlier work presents a Dijkstra’s Algorithm (DA) for route setup and ant colony based 
optimization (ACO) algorithm for route examination. But the algorithm  used for route examination have 
lower meeting time in ACO and worst-case running time in DA for route setup .In order to solve the above 
mentioned issues in this work presents an Filter-Kruskal algorithm for first route setup from source to 
destination path . The multiple routes path are examined and maintained based on the hybrid artificial bee 
colony (HABC) algorithm. The routes explored for data transmission are chosen based on their expected 
honey bee values. If any failure occurs in this HBAC route examination step it is forwarded to route 
maintenance system. Proposed FKAWMNet efficiently solves multipath routing problem in wireless mesh 
networks (WMN).  The simulation results of the proposed FKAWMNet show that proposed work achieves 
a higher packet delivery ratio, lesser end to end delay and lesser routing overhead than the existing routing 
protocols such as DAWMNet and AntHocNet. So the proposed FKAWMNet achieves highly reliable 
communication, assurance of load balancing and easily applicable to topological changes without node 
failure.  

Keywords: Multi-path routing, Industrial wireless mesh networks, Filter-Kruskal algorithm (FKA), Hybrid 

Artificial Bee Colony (HABC) 
 

1. INTRODUCTION  

 
Wireless mesh network technology is one of the 

most normally used [1-3] technology in recent 
years. Recently several numbers of developments 
have been performed for these types of Networks 
based on the category of WMN and interesting 
technology to solve numerous problems based on 
broadband access to networks [4].  In WMN, each 
other and every node in the networks are easily 
connected to each other in wireless mode by using 
existing technologies. Conventional networks such 
as WSN, MANET and etc, provides only low 
number of access points for each communication 
between the users in the network .It becomes major 

problem in traditional networks. This problem is 
solved by using WMN, since it offers more number 
of access points to each communication between 
users in the WMN. The every node in the wireless 
mesh networks (WMN) is linked to each other in 
larger area. The illustration of the WMN is shown 
in Figure 1. In WMN consists of set of static mesh 
routers .Using the static mesh routers, we extend 
the reach of precise internet gateway results for 
each mobile users in the WMN. Multi-hop routes 
are dynamically formed by using static mesh 
routers among mobile client and the internet 
gateway is illustrated in Figure 1.In generally mesh 
routers perform two types of interaction ,one for 
performing broadcast communication among  mesh 
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clients and other one of communication among 
mesh routers . 

 
Figure. 1. Wireless Mesh Network Architecture 

In WMN include set of static mesh routers that 
perform multihop transmission, communication 
between mobile clients. Mobile client may be 
anything such as WiFi card, WiFi phone, WiFi 
connected devices etc. In WMN mesh nodes have 
two combinations of connections such as wired and 
wireless connections. If the nodes in the network 
include wired connections, it straightforwardly 
connects to the internet and provide as gateways to 
the mesh clients. Generally WMN takes less time to 
installation and protection cost, because of the self 
regulation process ability and offers dependable 
services [5]. WMNs have been implemented to 
several number of academic and industrial 
operation, such as Champaign-Urbana Community 
Wireless Network (CUWiN) [6], SMesh [7], Solar 
MESH [8], Wireless Mesh Network for Next 
Generation Internet (WING) project [9] etc. It is 
also easily applicable to small and larger number of 
several areas such as university campuses, and 
health care organization, where Ethernet installation 
is cost-effectively prohibitive. 

Several number of routing algorithm have been 
developed in previous work for WSN, it can be 
categorized into three ways such as proactive 
algorithm [10], reactive algorithm [11], and hybrid 
algorithm [12]. However, this method becomes not 
easy task to resolve the difficulty of multiple path 
route selection for mobile nodes.  

The above mentioned problem is solved via 
using multipath route routing algorithm. In earlier 
work several numbers of multi-path routing 
algorithms have been proposed to solve the 
difficulty of multipath route selection. Some of the 
multipath routing algorithm developed in earlier 

works are  multi-path dynamic source routing [13], 
split multi-path routing [14], and ad hoc on-demand 
multi-path distance vector (AOMDV) [15].These 
types of routing algorithms is named as shortest 
path algorithms. Solving the multipath route 
selection difficulty along with the concern about the 
quality of service (QoS) for WSN becomes more 
challenging issue. 

In order to overcome the problem of WSN, 
WMN provide a Multi-hop broadcast 
communication to mesh clients and thus satisfy 
QOS requirements such as End-to-end delay, 
Packet delivery ratio and number of packets over 
headed in WMN. The main objective of the 
proposed routing algorithm is to decrease the 
communication delay and achieves extremely 
reliable communication without elevated flooding. 

In this paper presents a novel multipath routing 
algorithm for WMN named as FKAWMNet (Filter-
Kruskal algorithm wireless mesh networks).In the 
proposed hybrid multipath routing algorithm be the 
combination of two major algorithms such as Filter-
Kruskal algorithm (FKA) and the Hybrid Artificial 
Bee Colony (HABC) algorithm. Route setup results 
are achieved by applying the Filter-Kruskal 
algorithm, route setups results are examined and 
maintain by using swarm intelligence based HABC 
algorithm in WMN. An FKAWMNet aim is to 
decrease the communication delay and achieves 
extremely reliable communication without elevated 
flooding. Simulation results of the proposed 
FKAWMNet extremely performs well when 
compare existing DAWMNet (Dijikstras algorithm 
wireless mesh networks ) and  AntHocNet(Ant 
colony based mobile adhoc networks ) in terms of 
measuring the results of end-to-end delay, packet 
delivery ratio, and routing overhead in number of 
packets.  

2. LITERATURE SURVEY 

In earlier years, several numbers of works have 
been carried out for solving the routing problem in 
wireless adhoc networks and wireless mesh 
network, each and every one of the methods use a 
specific routing algorithm to solve the routing 
problem. Routing algorithm based on the wireless 
adhoc network is different from routing algorithm 
based on wireless mesh networks, but each of the 
routing algorithms solves single path, multipath 
routing problems .Before preceding the work first 
need to study the existing routing algorithm to 
solve routing problem.  In earlier work many of the 
research papers suggest an efficient routing 
protocol for solving the problem of routing in 
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adhoc network, that may  directly operate the 
network multipath freely without consideration of 
performance of the network [16] .Alternating path 
also suggested by another routing protocol  ,but 
without maintaining of accurate process (e.g. [17]). 

Several number of work use a route coupling 
[18] based measure for solving routing problem  in 
adhoc networks .In route coupling assess the routes 
of adhoc networks  with less coupling value. In 
routing coupling measure each and every route is 
dependent to every other router in the network and 
it doesn’t solve the cost maintenance difficulty for 
low-coupled rate results in an on-demand protocol. 
Most of the existing route coupling methods uses 
link-state pro-active protocols. 

Most of the existing multipath routing methods 
discussed above solves multipath routing problem 
on adhoc networks, but these methods number of 
routes to small number, normally two or three to 
send and receive packets, in efficient manner .In 
order to overcome the problem of existing routing 
protocols methods, in previous M. Marina et al [19] 
develop an on demand routing protocol named as 
Ad hoc On-demand Multipath Distance Vector 
(AODV)AOMDV, which permit k number of 
multipath for every routes with k link-disjoint 
Route Reply (RREPs).In this method the current 
best route path is selected quickly and other one of 
the path are selected based on the results from k 
link disjoint Route Request(RREQ) in mobile 
adhoc networks (MANET).This methods is 
particularly appropriate for solving the difficulty of 
multipath  route selection rather than single path  
route selection  based on the calculation of Loop 
freedom. Loop freedom is measured based on the 
hop count values of the broadcasting 
communication. Link–disjointness route is 
computed for multipath routing based on the 
property of the flooding. 

The extension of the multipath routing method is 
also developed in earlier by consideration of  Split 
multipath routing [20] .In this methods creates two 
paths based on  the reply request (RREQ) for 
particular period of the time (duration of the session 
) and selects most highest disjointless property 
results from first path .It is particularly developed 
to solve the bandwidth restriction problem in 
mobile wireless adhoc network to achieve highest 
accuracy and efficiency with less bandwidth usage .  
In existing multiple path routing methods uses a 
link-state routing methods or distance based vector 
methods to solve the problem of routing along with 
satisfaction of QOS requirements, these methods 
are not well-matched for ad hoc networks. In order 

to overcome this problem SMR was proposed by 
S.-J. Lee et.al [20], it creates multiple paths and 
makes use of numerous disjoint paths. By finding 
multiple route paths it reduces route recovery 
process and control message overhead problem. In 
this work the protocol uses a packet based 
allocation method to allocate data packets into 
numerous paths of active sessions. 

Due to the developments of usages of wireless 
sensor networks, it requires a quick access of the 
broadband communication between one access 
points to another access point; WMN is one of the 
most suitable methods for solving the problem of 
path selection and providing quicker access of the 
networks. In Laurent Paquereau et.al [21] 
developed an ant colony based multipath routing 
method for WMN ,the recorded  internet gateway 
information are considered as ants and it is named 
as  pheromone trails consequently, information of 
ant is updated simultaneously.  

In earlier work several numbers of works uses an 
ant colony system for solving routing problem such 
as ant-based dynamic routing algorithm [22] and 
ant routing algorithm (ARA) [23], to Wireless 
Sensor Networks (WSN). But the major difficulty 
of the ACO algorithm is that slow convergence 
rapidity when compare to other optimization 
algorithm and it is also same for solving route 
finding problem, these problems are solved by 
using other route finding and optimization methods 
in this work. The proposed ,method  attains  higher 
convergence rapidity for route finding based on 
Filter-Kruskal algorithm (FKA) and, HABC 
algorithm is responsible for route investigation. 

3. METHODOLOGY  

In WMN, nodes in the network generally consist 
of lesser battery power, lesser memory 
consumption, based on this information the routing 
algorithm have expanded the WMN into a larger 
area with no transmission communication support 
[24]. In order to meet extremely demand 
requirements for reliable communication in routing 
algorithm, in this work presents a hybrid multi-path 
routing algorithm for WMN is called as 
FKAWMNet, combines the Filter Kruskal 
Algorithm (FKA) and HABC algorithm. The route 
setups are achieved by applying Filter Kruskal 
Algorithm (FKA), examination and maintenance of 
the route setups are performed by applying HABC 
algorithm. Before applying route setup algorithm to 
find the shortest path in the WMN, initially first 
performs the initialization process of  WMN, then  
applying Filter Kruskal Algorithm (FKA) in 
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network manager stage to find shortest paths to 
each end node. After that the shortest path routes 
are examined by using HABC in the route 
examination stage during transmission of data 
between mesh clients. Multipath routing 
information from one node to other nodes is stored 
in the routing tables and data transmission is carried 
out based on this routing table information for each 
node in the WMN.  All the nodes in the WMN 
maintain a group of routing table to manage the 
data transmission communications between nodes. 
Some of the additional tables required to gather 
information of nodes during communication those 
tables are neighbor table and graph table. Path 
exploration table update examined information food 
sources results from HABC for all nodes in WMN. 

(1) Neighbor table. This table maintains 
information of all nodes which is possible to make 
straight communication among nodes .The 
neighbor table for each nodes is created after the 
initialization of the Wireless Mesh Network 
(WMN). 

(2) Graph table. Graph in the networks are used 
to find route messages from source to destination 
nodes in the WMNs. Each and every node in the 
graph doesn’t contain information of entire route, 
but it contains information of earlier and next node 
to reach destination for broadcasting a packet. Data 
communication among one to another nodes is 
performed based on the graph ID for each nodes is 
mentioned in the graph table. The regular bee path 
exploration updated results for routes in graph table 
are used as the important key factor for best route 
selection results in WMN. 

(3) Path exploration table: In path exploration 
table stores the food sources information from 

source node �	 to reach destination node all the way 

through intermediate node �. It also contains 
information about the middle nodes in the route 
(path) selected results from FKA and calculate 

regular fitness value (����
��	 to each node in the 

route setup results or a Probability value��	
�
�. 

The fitness value results for each node is used to 
approximate the accurate path route setup values of 
each node in WMN and to decides which route 
setup results is optimal for data transmission 
process .  The fitness value of each node in the 
route is bootstrapped continuously based nearest 
neighbor nodes information during route 
examination stage in HBAC. The bootstrapped 
value of the each node is temporarily stored in path 
exploration table and updates each iteration in 
HABC. The goodness value of each route is 
calculated based on the cost value is considered as 

fitness value for route path results from FKA. In 
this work the cost of the each route is calculated 
based on the calculation distance value between 
nodes in the WMN (graph structure). The cost of a 
route setup (Fitness value) for nodes in the WMN is 
expressed using the following equation: 

����
� � ��

� � �
�
 (1) 

where c�
�
 	denotes the cost of route value 

results from source node i	to middle node  j in the 

WMN, d�
�
 is the distance between nodes i	and j. 

3.1 First Route Setup by Filter -Kruskal 

Algorithm 

In WMN all the nodes in the network may send 
their data from source to destination. Finding the 
exact route path for data transmission to meet QOS 
requirements becomes one of the challenging 
issues, in order to perform route setup process, in 
this work presents a Filter –Kruskal algorithm 
(FKA), it finds shortest route path results in WMN. 
In filter Kruskal algorithm (FKA) nodes which 
don’t under the shortest path in MST or already 
selected edges in the graph structure is filtered 
initial stage itself. 

Nodes in the Wireless mesh network is 

represented as graph � � ��, ��.In this work the 
minimum spanning tree(MST) of a graph is used to 

represent WMN , G	 � 	 �V, E� where �	and 

�	represents the group of  vertices and the group of 
edges, correspondingly. The MST shortest path 
route results are founded based on their minimum 
weight values of edges in the graph .The weight 
values of the edges in the graph are calculated 
based on their distance between two nodes in the 
WMN (G). E � �u, v� denotes the different set of 

edge values in the graph � that fall within 

minimum weight value range �  , the results of the 
shortest paths edges ��, � be the safe state. If the 
range of the weight value is exceeding to minimum 

weight value range �	then the system is unsafe state 
the edges in the network not taken for shortest path 
estimation. To store so far best results in the MST 
Kruskal method in this work additionally adds a 
Union-Find operation which combines two 
different edges results. The procedure of the 
Filtering Kruskal algorithm [25] , is represented 
below .Initially the weight values of the edges are 
sorted using quick sort algorithm and their move 
path from one node to another node by increasing 
the weight values starts from small to high. 
Filtering removes the edges whose weight values 
are fall with the same component of the route same 
component of the T. This procedure is repeated 
until the all edges in the nodes within the minimum 
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weight constraint is achieved so far without 
formation of cycle in the MST for WMN. 

Procedure   

Kruskal 

��, �:	�"	#	"$#%%�%&	��''		�	(�%�(�(	)'�&*� 

)��*	+',�'%�'		�	'&'	, �: -%�	%	��%�	 
sort E by increasing edge weight  

for each ��, � 	∈ 	� do 

if �, �	are in different components of P then 

add edge ��, �  to	� 

join the partitions of � and � in � 

Procedure 

Filter 

Kruskal(�, � ∶
	+',�'%�'		�	�&', �: -%�	%	0�%� 

if (	 1 	2��"2#3	�*�'"*	3�%, |�|, |�	|� then 

Kruskal��, �, �� 

else 

pick a pivot $	 ∈ 	� 

�� ≔	〈' ∈ �: ' 1 $〉 
�� ≔	 〈' ∈ �: ' 1 $〉 
Filter Kruskal(E>, T, P) 

Function Filter��, � ∶ 	-%�	%0�%� 

Return 

〈�u, v ∈ E, u, v	are	in	different	components	of	P〉 
Once the shortest route path is established from 

source to destination node in FKA results, then the 
path exploration table of all nodes of the selected 
route path and the graph table of the source node 

�	are created to all nodes in WMN.  The Cost of the 
route is calculated based on the fitness 

function	�
���
��	 for a route in the WMN and this 

route setup path is added to graph table for data 
transmission 

BF��
� ← ϕ��fit��

� G H1 J ϕ��K�c�
��	
                                 

(2) 

where L�� regularization parameter to speed the 

ABC algorithm for route examination L��	 is 

maintained at 0.7 and c�
�
is defined as shown in 

Equation (1).The route examination process is 
completed; the network manager holds information 
regarding shortest path route and sends routing 
information to remaining nodes in the WMN 
occupy their individual graph ID place in the graph 
table  to reach destination nodes and neighboring 
nodes. This procedure is called as target way query. 
Based on the individual Graph ID in the graph table 
identification of exact direction becomes easy when 
compare to other methods thus reduces the memory 

capability of every one of the node, thus avoiding 
unnecessary multi-hop exploration progression. 

3.2 Route Exploration By Hybrid Artificial 

Bee Colony Optimization (HABC) 

 
Multiple unnecessary or unusual paths in 

the WMN for data transmission is avoided in this 
route examination and maintenance stage .This 
process is applied or extended from route setup 
stage in FKA. Route examination stage consists 
two major steps to examine routes in WMN such as 
namely Route examination and Path exploration 
table update. On route exploration stage the main 
objective is to extend the existing route nodes 
information (food source information) into the 
network through using “keep-alive” messages. Path 
exploration table update the current path (food 
source information) by using HABC. In this work 
the highest probability value of the bees (nodes) for 
shortest routes are examined; it is then terminated if 
it is less than earlier shortest path examination 
results or if it is higher than is selected as best 
examined route path results ,thus updates path 
exploration table . Then cycle is formed based on 
this route examination results, then next cycle is 
activated based on the topological changes or timer. 

3.2.1. “Keep-alive” message 

 

In WMN each nodes in the network exchanges 
their multi-path route discovery information to their 
adjacent nodes by using “keep-alive” messages. 
The major objective of this keep alive message is to 
explore a new silent links, determine new adjacent 
nodes by continuing time synchronization. 
Messages are constantly sent to node once per 
miniature only and thus avoid power utilization 
problem in WMN. In route examination stage once 
the existing nodes obtains new route information 
regarding routes to reach destination nodes in the 
WMN  , keep alive message are automatically sent 
to their nearest (adjacent ) nodes . It should take 
more than one seconds to perform this message 
sending process during data transmission. Each one 
of the keep alive message carries five routes 
information to destination path almost. The 
procedures of sending keep alive messages are 
stooped in the WMN once it reaches to their default 
configuration. 

3.2.2. Route exploration  

In route examination stage nodes in the route 
setup results are considered as input to the route 
examination process to reach destination node in 
WMN .During this process fitness value of the each 
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nodes is calculated based on the node i receives a 
“keep-alive” message from network manager and 

move towards intermediate node j, best 

bootstrapped cost values are stored  PQR��
 , in 

Equation (3). It indicates that the best route value 

results from node i	to node j	are determined and the 
cost value of the route from node i to node j is also 
calculated. The resultant value of these two factors 

are named as bootstrapped value PS��
 , to update 

best route examination position in HABC phase. 
The accurate formula to calculate the bootstrapped 

value PS��
	 is specified in Equation (4). 

T0+��
� � �����

� �����
�

����∈��
������

� �
                            (3) 

T-��
� � U�T0+��

��	
 G �1 J V���	
��
�W	
              (4) 

In this work presents a Hybrid Artificial Bee 
Colony (HABC) for route examination based on 
their updated food source information (route node 
information) and their corresponding location of 
each node in the route. In order to improve the 
speed of the ABC method, in this work presents an 
orthogonal initialization [26] for initialization of the 
population that is the initialization of route setup 
results from FKA in WMN, to improve the speed of 
the ABC method. The HABC algorithm optimally 
examines the route setup path results for WMN 
points. In generally ABC algorithm , the major 
category of bees are presented to find the optimal 
results such as  employed bees, onlooker bees and 
scout bees. Employee bees are responsible to utilize 
the information of all nodes in the route setup path 
food source and selected route setup path 
information are sended to onlooker bees about the 
quality of the optimal route exploration food source 
sites. Onlooker bees choose the best route 
exploration results based on the calculation of the 
probability value and food source information 
results from employee bees. If none of the route 
exploration results are not found in onlooker bee 
phase then scout bee randomly selects a new route 
setup path from FKA and searches new route 
exploration food source information find a new 
route exploration food source .The number of nodes 
in the route setup path discovered from FKA is 
equal to the number of food source. The location of 
a route exploration food source represents the 
optimal route path exploration results, and the 
nectar quantity of a route exploration results are 
calculated based on the fitness function. Denote the 

route exploration	SN, the location of the ith (nodes) 

route exploration food source as x� �i	 � 	1, . . . , SN�. 
In this step the Bee’s route exploration are founded 

based on their updated bee values using T-��
� 		, then 

velocity of their selected route nodes bee values are 
updated using the equation (5).A candidate nodes 
route examination food source position is generated 
based on the earliest route examination food source 
results  in the  memory ,it can be generated as 
follows , 

��� � [�� G V���[�� J [�� 	� (5) 

where 2	 ∈ 	 �1, 2, . . . , +] � �1,…�_`�  
represents the graph IDs to each node in the WMN 

.	2 ai and �	 ∈ 	 �1, 2, . . . , `  be the randomly 
selected number with D dimensional space, 

V�� ∈ UJ1,1W	. An onlooker bee (Nodes in the 

WMN) decide a route exploration results based on 
their calculation of probability value to each nodes 
in the route, which is given by, 

��	
�
� �

�����
�

∑ �����
���

��


 
(6) 

where cde��
�  is the fitness value of the i

th node 

route exploration  in HABC. In onlooker bee stage 
if the above selected route examination is abounded 
then scout bee selects a new route examination food 
source according to the following equation, 

[�� � [�
��� G �#%�0,1��[�

��� J [�
���� (7) 

Where x���  and x�
��� be the lower and upper 

estimated nodes values in the jth dimension space. 
The major problem of the ABC algorithm are 
slower convergence rapidity, because of the random 
initialization of the bees population, in order to 
overcome these problem in this work presents a 
hybrid artificial bee colony algorithm for route 
exploration. 

3.3 Orthogonal Initialization 

 

In this work initialization of population consists 
of number of nodes with path discovered results 
from FKA. Each and every route discovered from 
FKA is considered as input for ABC population. 
Orthogonal propose is one of the most best suitable 
methods for solving initialization problems. Here, 
generates initial population for route setup results 
from FKA by using the orthogonal initialization 
method. Orthogonal initialization methods is based 
on two major methods such as orthogonal array and 
quantization technique, which is detail mentioned 
in [25].In orthogonal initialization steps differential 
evolution (DE) is one of the most significant 
technique to resolve initialization population 
problem, it creates new population for each route 
setup individuals by calculation of vector 
differences value among randomly selected route 
path setup population members. Based on the DE 
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property the results of the ABC algorithm with 
newly initialized route path setup, bee examine the 
route exploration results based on the following 
equation, 

��� � [�� G V��H[�� J [!�,�K G f���[!�,� J [!	,�� (

8) 

where �
, �#	#%	�$ be the randomly chosen 
integer values for initial population �1, 2, . . . , +]  
generation , ϕ��, ψ�� ∈ UJ1,1W are random number. 

As shown in (8), the  route exploration food source 
candidate solution results of current route setup 
results is different from earliest one ,but the major 
problem of this step is that the accuracy of the 
system is not increased ,in order  to increase the 
accuracy of the route examination results ,the above 
mentioned equation (8) is altered in the following 
form .   

��,� � [�,� G V�,�H[�,� J [!�,�K

G f�,�H[!�,� J [!	,�K�9� 

 

Hybrid artificial bee colony algorithm 

Input: Initialize the route exploration food sources 
by orthogonal initialization, and evaluate the 

population, ��#�3� 		� 	0, ��	 � 	1, . . . , +]�, �i�3' �
1  
Repeat  

Step 1: Search the new route exploration food 
source for employed bees according to (5) and 
evaluate its quality. Step 2: Apply a greedy 
selection process and select the better route 
exploration solution between the new route path 
food source and the old route path one.  
Step 3: If solution of the current route exploration 

doesn’t improve ��#�3� 	� 	��#�3� 				G 	1, otherwise 

��#�3� � 0	  
Step 4: Calculate the probability according to (6) 
and apply roulette wheel selection scheme to 
choose a route exploration food source for onlooker 
bees.  
Step 5: Search the new route exploration food 
source for onlooker bees according to (9) and 
evaluate its quality.  
Step 6: Apply a greedy selection process and select 
the better route exploration solution between the 
new route path food source and the old route path 
one.  
Step 7: If solution of the current route exploration 

doesn’t improve ��#�3� 	� 	��#�3� 				G 	1, otherwise 

��#�3� � 0	 .  
Step 8: if (#[���#�3�� 	j 	3�(��, replace this 
current route path food source with a new randomly 
produced route path food source by (7). Memorize 

the best route exploration solution achieved so far. 

�i�3' � �i�3' G 1.  

Until��i�3' � k#[�(�(	li�3'	]�(
'��  

In data transmission all the examined routes are not 
used, nodes with highest route examination 
probability values based route are used for data 
transmission along with graph ID(GID) from the 
graph table . 
 

3.2.3. Route maintenance for topological changes 

Topological changes are made based on their 
number of fault nodes presents in the WMN or 
environmental factors which doesn’t match to the 
current WMN. Maintaining of the route in the 
topological network plays major significant roles in 
the WMN, since any of the changes made in the 
network effects the route examination results .In 
generally changes made in the network topologies 
are adding a new node in the network, removing 
fault node in the network,  moving path from one to 
another node etc,.. To adjust to this 
abovementioned process in route maintenance 
stage, each one of the steps is performed separately 
based on their different topological changes. 

Joining of new nodes 

If the nodes want to add or joined to the existing 
WMN, it should apply to join the network based on 
their information collected from “Advertise” 
messages .The advertise messages are sended  by 
other nodes which is not in the part of route path. 
After the new nodes are added to WMN then 
Connection establishment is performed to one node 
to another node, if the distance value of the nodes 
not exceeded within communication range. The 
route information of the newly added node is 
examined by using route examination stage in 
HABC.  From these results, the network manager 
selects several numbers of routes to transmit their 
data from source node to a destination node in 
WMN. 

Nodes moving 

If the nodes moves from one place to another 
place, keep alive messages are sended to all nodes 
to update the position of the nearest nodes in 
moving stage. In this stage the network manager 
perform route examination stage based on their 
network conditions specified by user. If the 
particular node moved with smallest distance value 
there is no need for route examination stage, or else 
if the node moves to long distance there is a need 
for route examination and route examination is 
performed by applying HBAC, since the distance 
between the node and adjacent nodes is modified. If 
any of the broken is occurred in this stage then 
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network manager is triggered to route maintenance 
stage. 

(1) Select some other route which is already 

available in the Path exploration table, then 

the alternatively selected routes is 

automatically added to the graph table. 

(2) If the no other routes are presented for path 

exploration table then route examination is 

performed again. If any of link failure occurs 

in the route examination stage, it is  also 

affects  bee values for route examination 

process ,  thus, the possibility of route 

maintenance depend on the precise 

conditions 

Node failure 

If the particular node doesn’t receive message 
from adjacent node and it exceeds time keep alive 
interval, then Alarm graph route failed message 
command are automatically sended to network 
manager .Then the network manager updates their 
failure node information to all nodes in the WMN. 
If any of the broken is occurred in this stage then 
network manager is triggered to route maintenance 
stage, the procedure of the route maintenance is 
same as like in node moving stage.  

4. RESULTS AND DISCUSSIONS 

The performance of the proposed FKAWMNet is 
estimated by performing the model experimentation 
using Ns2 simulator. In order to perform simulation 
experimentation nodes are randomly selected 
within the range 100, 200, 300, and 400 nodes in a 
square area with area distance end to end of 10 
units. Data transmission communication is 
performed among two nodes based on their distance 

values which may be less than or equal to √2 units. 
The following parameters are mostly used to 
analysis the results of the algorithm in WMN are 
given below.  

1. End-to-end delay measure the delay time taken 

for sending packets from source to destination 

during data transmission communication path.  

2. Packet delivery ratio is defined as number of 

packets which is effectively received at the 

destination without loss of any packets or 

failure, if the packet delivered ratio of the 

system is high it becomes more secure and 

highly efficient  

3. Overhead in number of packets is defined as 

the association among the number of packets 

controlled throughout data transmission 

communication and the totally delivered 

packets at the receiver side. 

The above mentioned three metrics are used to 
analysis the results of methods for comparison. The 
performances comparison results of the end to end 
delay between the methods such as FKAWMNet, 
DAWMnet and AntHocNet is illustrated in Figure 
2a, it shows that the proposed FKAWMNet, has  
less  end-to-end delay than the other approaches 
DAWMNet and AntHocNet  

 

Figure 2.(a) Average end to end delay 

The packet delivery ratio of the proposed 
FKAWMNet and existing DAWMnet and 
AntHocNet results are illustrated in Figure 2b. It 
shows that the proposed FKAWMNet has high 
packet delivery ratio when compare to existing 
approaches DAWMNet and AntHocNet. 

 

Figure 2.(b) Packet delivery ratio  

The Overhead in number of packets of the 
proposed FKAWMNet and existing DAWMnet and 
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AntHocNet results are illustrated in Figure 2c. It 
shows that the proposed FKAWMNet has less 
Overhead in number of packets when compare to 
existing approaches DAWMNet and AntHocNet. 

 

 

Figure 2.(c) Overhead in number of packets. 

5. CONCLUSION AND FUTURE WORK 

In this paper presents a hybrid multipath routing 
algorithm for WMN. The WMN becomes more 
consistent by using mesh connections between 
nodes, it achieves less cost estimation for on-
demand path discovery results over multiple links 
in WMN. Proposed works two major steps is 
carried out ,one for multipath route routing based 
on Filter Kruskal Algorithm(FKA) and route 
exploration based on the Hybrid Artificial Bee 
Colony(HABC) for best route maintenance also 
developed .The enhanced FKAWMnet and HABC 
achieves higher route setup results and enhances the 
route examination results by removing redundant 
routes . The simulation results of the proposed 
FKAWMNet show that proposed work achieves a 
higher packet delivery ratio, lesser end to end delay 
and lesser routing overhead than the existing 
routing protocols such as DAWMNet and 
AntHocNet. So the proposed FKAWMNet achieves 
highly reliable communication, assurance of load 
balancing and easily applicable to topological 
changes without node failure. 
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