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 Background: A vehicular ad hoc network (VANET) is a subclass of mobile ad hoc 

networks, considered as one of the most important approach of intelligent transportation 
systems (ITS). It allows inter-vehicle communication in which their movement is 

restricted by a VANET mobility model and supported by some roadside base stations as 

fixed infrastructures. Multicasting provides different traffic information to a limited 
number of vehicle drivers by a parallel transmission. However, it represents a very 

important challenge in the application of vehicular ad hoc networks especially, in the 

case of the network scalability. In the applications of this sensitive field, it is very 
essential to transmit correct data anywhere and at any time. Consequently, the VANET 

routing protocols should be adapted appropriately and meet effectively the quality of 

service (QoS) requirements in an optimized multicast routing. Objective: Hybrid BLA 
is applied to solve QoS-MRP with four objectives which are cost, delay, jitter, and 

bandwidth. It is also submitted to three constraints which are maximum allowed delay, 
maximum allowed jitter and minimum requested bandwidth. Methods Used: In this 

work, propose a novel hybrid Bee Life Algorithm (BLA) applied to solve the quality of 

service multicast routing problem (QoS-MRP) for vehicular ad hoc networks as NP-
Complete problem with multiple constraints. This proposed algorithm (hybrid Bee Ant 

Colony algorithm) is a combination of two dynamic algorithms:  Ant Colony 

Optimization and Bees Life algorithm. Ant Colony algorithm is used in this hybrid Bee 
Ant Colony algorithm to solve collision and congestion issues whiles the Bees Life 

algorithm is used for optimization of path discovery in VANET. In this present work, 

an intelligent route identification approach is deployed in case of collision and 
congestion occurrence for V2V communication. The intelligent vehicles are been 

defined respective to distance, direction and speed analysis. If some congestion and 

collision over the network occurs, the neighbor node information flow will be 
performed to perform the route analysis. In this work a bio inspired V2V 

communication approach is been suggested to identify the safe path over the network.  

Conclusion: The Comparisons of the experimental results show that the proposed 
algorithm outperformed in an efficient, has promising performance in multicast traffic 

engineering and for evaluating the route stability in VANET.  
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INTRODUCTION 

 

Vehicular Ad hoc Networks (VANETs) are 

special kind of Mobile Ad Hoc Networks (MANETs) 

that are formed between moving vehicles on an as-

needed basis. VANET is an emerging technology, 

which enables a wide range of applications, 

including road safety, passenger convenience, 

infotainment and intelligent transportation 

(Venkatesh et al., 2012). They help to create safer 

roads by disseminating information regarding the 

road conditions and traffic scenario among the 

participating vehicles in a timely manner. Along with 

the safety applications, VANETs disseminate 

valuable, real-time information to the users such as 

transit systems, weather information, mobile e-

commerce, internet access and other multimedia 

applications. VANETs enable automated highway 

applications, where the vehicles are able to cruise 

without the help of their drivers, even though such 

applications have not yet become realistic (Andrei 

Furda et al., 2011). VANETs inherit some of the 

characteristics such as mobile nodes and self-

organizing behavior from MANETs. However, 

VANETs possess certain unique characteristics such 

as high mobility of nodes, time varying density of 
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nodes, frequent disconnections, highly partitioned 

network and dynamically changing topology, which 

makes them more challenging (S S Manvi et al., 

2008). It is a challenge to construct networks 

between vehicles and ensure reliable, continuous and 

secure communication among the vehicles in motion. 

Routing in VANETs is a key issue. A Vehicular Ad-

Hoc Network, or (Baraa et al., 2014, Oliveira et al., 

2013), is subclass of Ad-hoc network, to afford 

transportations among nearby vehicles and between 

vehicles (V2V) and vehicle to infrastructure (V2I), it 

is described as roadside unit. The VANET used to 

provide safety and comfort for user, and it contains 

miniature electronic devices, that offer Ad-hoc 

Network connectivity for the users inside the vehicle. 

Using this device operating the network does not 

require complicated connection and server dispatch. 

All vehicles are armed with a device, that act as a 

node in the Ad-hoc network and it accept and 

transmit the messages over the wireless network. 

Vehicular Ad-hoc network uses dissimilar ad-hoc 

networking technologies such as WiFi IEEE 802.11 

b/g, WiMAX IEEE 802.16, Bluetooth, IRA, ZigBee 

for easy, precise, active as well as modest medium 

which provides vehicles a run time movement. This 

medium explores how well the routing occurs in the 

network. Vehicular routing in ad-hoc networks is 

categorized into three types; they are Unicast, 

Multicast and broadcast. Unicast routing is a 

elementary process for vehicle to generate a source-

to-destination routing, Multicast is well distinct by 

distributing the packets from a one source to all 

multicast associates through multi-phase medium, 

Broadcast protocol transmit a advertisement message 

from one sender to N-receivers in the vehicular 

networks. The VANET core transmission is 

performed with the help of routing protocol, which 

discover the efficient routes between the nodes and 

allow the active interchange of data packets. To deals 

with this concept, optimization techniques are used 

in routing protocol. 

In this paper, the multicast routing problem with 

quality of service (QoS-MRP) for vehicular ad hoc 

networks is studied as combinatorial optimization 

belongs to the NP-Complete class. The main goal is 

to find the optimal tree called multicast tree from the 

source to the destinations (multicast group nodes) 

with the minimum cost, the reduced delay, the 

decreased jitter and the maximum bandwidth as four 

objectives. Besides, the expected tree should respect 

three QoS constraints requested by the transmission 

applications which are an allowed delay and jitter 

and a minimum of bandwidth. To solve this problem, 

a new Hybrid BLA (HBLA) is proposed. HBLA can 

provide stable and reliable routes between the source 

node and the destination node with an optimal 

distance, reduced delay, increased packet delivery 

ratio and low routing overheads. The congestion and 

collision avoidance based routing is performed using 

HBLA.    

The remaining part of this paper is organized as 

follows: Section 2 presents a background of the used 

methods; Section 3 describes proposed HBLA with 

collision and congestion avoidance method. Section 

4 gives the implementation results and analysis. 

Finally, Section 5 contains the conclusion remarks.  

 

Related Works: 

Mobile networks have long been used in 

telecommunication systems and ad hoc networking 

has been used for a variety of applications that a 

conventional network can not cover. This section 

highlights work in this area and relates that work to 

its suitability for use in VANETs. Mase et al., 2000 

described a vision of a next generation ad hoc 

network, which is termed a universal ad hoc network. 

The paper presents several flooding based schemes 

such as gateway forwarding and selected gateway 

forwarding. These schemes rely heavily on a cluster 

formation of nodes. The control packets required for 

clustering consume bandwidth, and this overhead 

increases with node mobility because the clustering 

cycle must be kept small so that the clustering is 

properly reconfigured. The clustering technique is 

thus adequate for networks with relatively low 

mobility.  

Niculescu et al., 2001 have presented an ad hoc 

positioning system (APS) based on a distributed hop 

by hop positioning algorithm. The algorithm extends 

the capabilities of GPS to non-GPS enabled nodes. 

The positioning is based on a hybrid method 

combining distance vector like propagation and GPS 

triangulation to estimate a location in the presence of 

errors in signal strength measurements. The 

algorithm is loop free because the packet is dropped 

if all the neighbors fail to satisfy the forwarding 

criteria. The mobility of the node is also not 

explicitly considered, and the APS is designed for 

networks with limited changes in topology.  

KO et al., 2002 use a variation of multicasting, 

called geocasting. Geocasting is useful for sending a 

message that is likely to be of interest to everyone in 

a specified area. The basis for the algorithm is 

derived from Location Aided Routing for unicasting. 

It also assumes that each node periodically 

broadcasts its position information in control packets 

throughout the network to maintain a location 

database that is utilized for the delivery of 

geographic messaging. The proactive updating and 

maintenance of position information in a high 

mobility ad hoc network may prove very costly and 

hence be unsuitable.  

Kuhn et al., 2003 developed a new geometric 

routing algorithm named GOAF R+ pronounced as 

‟gopher-plus‟. The algorithm assumes that the 

destination position is known and proposes a method 

for routing around voids that is both asymptotically 

worst case optimal as well as average case efficient. 

Geographic routing is scalable because nodes keep 

state only for their neighbors, and it supports a fully 
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general any-to-any communication pattern without 

explicit route establishment. However, knowledge of 

the destination location node may be a natural 

assumption in some settings (e.g., sensornet nodes 

with GPS devices), there are many settings where 

such destination location information is unavailable.  

Gerla et al., 2003 produced a comparative study 

of efficient flooding based protocols. Efficient 

flooding is possible when the topology or 

neighborhood information is available thereby 

restricting the number of nodes to which the packet is 

forwarded as opposed to blind flooding in which all 

nodes forward the received packet. The study shows 

that the collection of accurate neighborhood 

information is very hard in ad hoc networks due to 

node mobility, unreliable packet delivery, and low 

bandwidth.  

Santos et al., 2004 have presented a location 

based routing algorithm with cluster based flooding 

for vehicle to vehicle communication. The nodes are 

clustered, and each cluster head maintains a cluster 

table. The cluster table contains the addresses and 

geographic locations of both member and gateway 

nodes. Y. Liu et al., 2004 have proposed a protocol 

that dynamically creates a prerouting region between 

each source-destination pair and limits the 

propagation of route request packets to this region. 

All qualified nodes inside the pre-routing region are 

required to relay route requests in order to ensure the 

discovery of the optimal route within the region. The 

other nodes do not retransmit the route requests.  

Mir et al., 2004 have presented an algorithm that 

combines a zone based location service and restricted 

directional flooding for geocasting to a particular 

location. The initial geocasting region is assumed to 

be known and as such the purpose is simple 

geocasting. The algorithm does not seem well suited 

for VANETs that have discourse capability. J. 

Lipman et al., 2004 developed a reliable minimum 

spanning tree based flooding algorithm for packet 

delivery, however, their algorithm does not take into 

account mobility of the nodes and hence is unsuitable 

for application in VANETs.  

Avramopoulos et al., 2004 have presented 

flooding based protocols that guarantee packet 

delivery based on the assumption that the source 

router is connected to the destination router by at 

least one non-faulty path. This scheme basically tries 

to form a loose cluster of nodes and then attempts to 

find the optimal route between them. L. 

Briesemeister et al., 2000 explored the concept of 

waiting times in the retransmission of messages by 

the nodes in the vicinity of the source node. The 

delay in the retransmission time prevents peak load 

conditions in the network system because the nodes 

are forced to wait.  

Feng et al., 2004 have presented a forwarding 

scheme based on the relative velocity between the 

intended forwarding node and the destination node. 

The scheme then uses motion predictive models to 

predict the location of the destination. In this section, 

a brief summary of the existing protocols in the area 

of VANETs have been reviewed. Besides listing the 

salient features of well known protocols such as 

LAR, GLS and GPSR, some of the other techniques 

avail-able in the literature were also presented along 

with their shortcomings. In the following chapter the 

guidelines for designing a VANET specific protocol 

are identified and discussed in detail. 

 

The Proposed Method Hybrid Bee Life Algorithm: 

In this section, Hybrid Bee Life Algorithm 

(HBLA) is proposed to solve the multicast routing 

problem with quality of service (QoS-MRP) in 

VANET. No one has published any work on actual 

large scale recording of vehicle movements. In order 

to enable analysis on this scale, a new VANET 

simulator has developed which handles more vehicle 

than ns2. This work is focused on the development of 

a collision and congestion avoidance algorithm based 

on the target approach and relying only on the 

position knowledge of the vehicles in the operative 

frameworks, to be integrated with the route 

optimization approach. The target approach offers a 

simple and robust methodology to achieve the 

collision avoidance task and congestion avoidance 

task only on the basis of the position knowledge of 

the vehicles involved in the cooperation. The 

proposed block diagram is given as follows in Fig.1.
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Fig. 1: Block Diagram for Proposed Work 

 

Problem Definition: 

The VANET is represented by a weighted graph 

𝐺 = (𝑉, 𝐸) where 𝑉 denotes the set of nodes and 

𝐸 denotes the set of links connecting these nodes. 

Each link can be measured by four QoS items: cost, 

delay, jitter and bandwidth. They represent the link 

transmission cost, the real delay during the link 

transmission, the real link transmission delay 

variation (jitter) and the estimated link bandwidth, 

respectively. For any link (𝑒 ∈ 𝐸), can define some 

QoS metrics: 

  

𝑑𝑒𝑙𝑎𝑦 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛: 𝐷𝑒𝑙𝑎𝑦 𝑒 : 𝐸 → 𝑅+, 𝑐𝑜𝑠𝑡 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛: 𝐶𝑜𝑠𝑡 𝑒 : 𝐸 → 𝑅+, 𝑗𝑖𝑡𝑡𝑒𝑟 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛: 𝐽𝑖𝑡𝑡𝑒𝑟 𝑒 : 𝐸 →
𝑅+and 𝑏𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛: 𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ(𝑒): 𝐸 → 𝑅+  

This problem is subjected to the following QoS constraints: 

𝐷𝑒𝑙𝑎𝑦 𝑐𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡: 𝐷𝑒𝑙𝑎𝑦 𝑝 𝑠, 𝑇   ≤ 𝑄𝐷 ,   𝐽𝑖𝑡𝑡𝑒𝑟 𝑐𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡: 𝐽𝑖𝑡𝑡𝑒𝑟 𝑝 𝑠, 𝑇  𝑄𝐽    

And  𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ 𝑐𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡: 𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ 𝑝  𝑠, 𝑇  ≥ 𝑄𝐵   

So, the quality of service multicast routing 

problem with constraints represents a minimization 

problem, where their fitness function is to find a 

multicast tree 𝑇(𝑠, 𝑀) which minimizes the weighted 

combination: cost, delay, jitter and bandwidth after 

satisfying the above mentioned constraints.  Thus the 

problem is formulated as follows: 

  

𝑀𝑖𝑛 𝑓 𝑇 𝑠, 𝑀  = 𝑤1𝑓𝑐 + 𝑤2𝑓𝑑 + 𝑤3𝑓𝑗 + 𝑤4𝑓𝑏   

Where, 𝑓𝑐 = 𝐶𝑜𝑠𝑡  𝑇 𝑠, 𝑀  , 𝑓𝑑 = 𝑀𝑎𝑥  𝐷𝑒𝑙𝑎𝑦 (𝑝 𝑠, 𝑡 )𝑡∈𝑇  ≤ 𝑄𝐷 , 𝑓𝑗 = 𝑀𝑎𝑥  𝑗𝑖𝑡𝑡𝑒𝑟 (𝑝 𝑠, 𝑡 )𝑡∈𝑇  ≤

𝑄𝐽  𝑎𝑛𝑑 𝑓𝑏 = 𝑀𝑖𝑛
𝑡∈𝑇

   𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ (𝑝 𝑠, 𝑡 )𝑡∈𝑇  ≤ 𝑄𝐵  Note that 𝑤1 , 𝑤2 , 𝑤3  & 𝑤4 are the objective weighting 

coefficients used to evaluate the problem relating to the importance of these four objectives. 

 

Bee Life Algorithm: 

Bees life algorithm starts with bee population 

initialization step which contains N bees 

(individuals) chosen at a random in the search space. 

The population fitness is evaluated in the second 

Step. A bee population contains 1queen, 𝐷 drones 

and 𝑊 workers in which the fittest bee represents the 

queen, the 𝐷 fittest following bees represent the 

drones and the remaining bees are the workers. 

Consequently, the sum of the different bee 

individuals (1, 𝐷 & 𝑊) equal to the population 

size (𝑁). 𝐷 and 𝑊 are considered as a two user 

defined parameters. Each cycle of a bee population 

life consists of two bee behaviors: reproduction and 

food foraging, respectively.  The reproduction 

behaviors are started in the space by mating-fight 

between the queen and the drones using crossover 

and mutation operators.  

Next, queen starts breeding N broods. Then the 

evaluation of the brood fitness is performed. If the 

fittest considered as the new queen for the next brood 

is fitter than the queen, it will be population. 

Moreover, 𝐷 fittest following broods and the current 

population to form the drones of the next population. 

After that, 𝑊 best bee individual search among the 

W fittest remaining broods and the workers of the 

current population to ensure the food forging. The 𝑊 

workers search food source in 𝑊 regions of flowers. 

To consider that each worker represents one region 

and there are other bees for each region. They are 

recruited and employed to search the best food 

source among the population. The evaluation of the 

new population fitness is executed. If the stopping 

criterion is not satisfied, a new bee life cycle is 

Input nodes in 

VANET  
Individual and population 

representation in tree form 

Implementing Qos-MRP and 
finding path using Hybrid BLA  

 

 Collision and Congestion 

Avoidance route finding 

 

 
 

Route Discovery 
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performed then, rerun the third step and so on. The 

step by step algorithm of BLA is given below. 

 Step1: Initialize population (N bees) at random. 

 Step2: Evaluate fitness of population (fittest 

bee is the queen, D fittest following bees are drones, 

W fittest remaining bees are workers). 

 Step3: While stopping criteria are not satisfied 

(Forming new population) /* reproduction behavior 

*/. 

 Step4: Generate N broods by crossover and 

mutation. 

 Step5: Evaluate fitness of broods. 

 Step6: If the fittest brood is fitter than the 

queen then replace the queen for the next generation. 

 Step7: Choose D best bees among D fittest 

following broods and drones of current population 

(Forming next generation drones). 

 Step8: Choose W best bees among W fittest 

remaining broods and workers of current population 

(to ensure food foraging) /* food foraging behavior 

*/. 

 Step9: Search of food source in W regions by 

W workers. 

 Step10: Recruit bees for each region for 

neighborhood search (more bees for the best B 

regions). 

 Step11: Select the fittest bee from each region. 

 Step12: Evaluate fitness of population (fittest 

bee is the queen, D fittest following bees are drones, 

W fittest remaining bees are workers).  

Step13: End while 

 

Ant Colony Optimization: 

The proposed algorithm considers some 

important issues-unpredictable behavior, unreliable 

communication links, changing topology and 

frequent disconnection. In our scheme we are 

applying ant colony optimization (ACO) to AODV to 

establish the route and apply repair algorithm in case 

of route failure. The algorithm considers two events-

route establishment and route repair (in case of 

failure). For this following data structure is used:  

1. Routing Table-this table is usual vector 

distance table but with pheromone entry added. This 

value P defines the most desirable value of choosing 

next node.  

2. Pheromone Table-this table defines the 

probabilistic routing policy at any node. It stores a 

pheromone value that expresses the goodness of 

choosing next node. 

 

Route discovery: 

When the packet arrives from a new neighbor, 

update the routing table and pheromone table with 

the initial pheromone value of 0.  

Route request- To find the route forward ant 

agents are sent to the destination. If the active 

neighbor with highest pheromone value exists then 

send the forward ant to that neighbor otherwise 

broadcast the ants to all available active neighbor.  

Route reply-Backward ant agents are sent to 

inform the source with a route to destination, 

pheromone value is calculated from the formula:  

𝑃 =
𝑁𝑛

𝑁ℎ

+
𝐿𝑐

100
+

1

𝑇
 

P-pheromone value from source to destination. 

𝑁𝑛 -no of nodes in the network. 𝑁ℎ -no of hops from 

source to destination, 𝐿𝑐 -link capacity, 𝑇-trip time of 

ants between src to dest. If the route to destination 

exists then update the value of pheromone using 

formula: 

𝑃𝑛 = 𝛼 ∗ 𝑃𝑜 + 𝛽 ∗ 𝑃𝑛  

Where P is from formula1, 𝑃𝑜  is old pheromone 

value and 𝑃𝑛  is new, α and β are weights of old and 

current pheromone values. Find the highest 

pheromone neighbor and update the routing table to 

make the node forward the packet to that neighbor.  

 

Route Repair: 

In VANETs routing path breaks very frequently 

due to high mobility. According to ACO, if the 

connection loss occurs, the routing table entry is 

removed and pheromone value is reset to 0. But as 

vanets very important feature is its nodes‟ highly 

dynamic behavior, we can‟t waste maximum time in 

updating the table entries. ACO is a Meta heuristic 

search that performs well in adhoc network. 

 

Proposed HBLA for QoS-MRP and Route 

Optimization: 

In this section, the application of HBLA to the 

QoS-MRP and route optimization is presented. First, 

the individual and population representations are 

introduced. Second, ABLA initialization and fitness 

function are initiated and explained. It is used to 

evaluate the individual and/or the population. Third 

the integration of Ant Colony Optimization is 

presented. Next, the iterations stopping criterion and 

final a complexity analysis of HBLA is provided. 

Here the hybrid method of ACO is rapidly increases 

the exploitation of good solutions thus speeding up 

converges and also prevents the population from 

getting stuck in most cases. The flowchart is shown 

in Fig.7. 

 
The Pseudo code for the HBLA is given below. 

1. Initialize 

population  

N bees initialised at randomly. 

2. Evaluate fitness 

of population 

Evaluate Fitness (Q,D,W) 

While (𝑖 < 𝑀𝑎𝑥𝐼𝑇) 
Do reproduction (D) 

Generate N broods 𝑝𝑐  (𝑁), 𝑃𝑚 (𝑁)       

Evaluate fitness (broods) by using 𝑀𝑖𝑛 𝑓(𝑇(𝑠, 𝑀) ) = 𝑤1𝑓𝑐 + 𝑤2 𝑓𝑑 + 𝑤3  𝑓𝑗 + 𝑤4  𝑓𝑏    
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If 𝑓𝑖𝑡_𝑏𝑟𝑜𝑜𝑑 > 𝑄    
Cycle=cycle+1 

Choose  best one(D) /* reproduction behaviour */ 

Else 
Choose best one(W)  /* food foraging behaviour */   

End if      

neighbourhood Search 𝑓𝑜𝑜𝑑_𝑠𝑜𝑢𝑟𝑐𝑒(W) 

Recruit 𝑏𝑒𝑠𝑡_𝑏𝑒𝑒𝑠 (W) 
Fittest bee (D,W) 

3. Find Alive Path 
Using Priority 

Criteria 

Find Priority of Nodes P(V) 

If P(𝑉1 > 𝑉2 ) 

Then Choose 𝑉1→ Master Node 
Else 

If 𝑉1 fails to maintain less execution time and less storage capacity  

 (Master Node Criteria) 
Then select alternative Node → Master Node 

Else 

Use BLA protocol to get alive message from V 
Select alive paths with QoS constraint 

4. Find Shortest 

Path Using ACO 

For each Node V do 

Compute the route with the maximum pheromone value from source to network node 
Compute the route with the maximum pheromone value from network node to destination 

Selecting the best rout according to Min 𝑓(𝑇(𝑠, 𝑀) ) = 𝑤1𝑓𝑐 + 𝑤2  𝑓𝑑 + 𝑤3 𝑓𝑗 + 𝑤4  𝑓𝑏        

For each Node V (Source to destination (M)) do   

If QoS Min 𝑓(𝑇(𝑠, 𝑀) ) ≥ 𝑀𝑎𝑥𝑃ℎ𝑒𝑟𝑚    
Then return result 
i=i+1 

Until i=MinIT 

End while      

 

Individual and Population Representation:  

This phase represents the first step in the 

algorithm. Starting with the studied network, the 

individual is represented as single solution which is 

multicast tree contains the different paths from 

source node to each multicast group members 

(destinations) via set of intermediate nodes. Path is 

encoded using string expressed by order on node 

path numbers. An individual is represented by tree 

structure contains its different paths. Fig.2. is the 

example having the rear twenty (20) vehicles or 

mobile (nodes) in the VANET. The nodes are 

represented by circles and their links are shown using 

a line between two nodes. 

For example, there is link between node 0 and 

node1 with link cost=220, delay=124 ms, jitter=1.8 

ms and bandwidth=797.54kbit/s. Note that cost is 

functions of the link distance measured in meter 

which a reconsidered equal in the experimentation.  

If consider the source node 𝑠 is node 0, and the 

multicast group members (destination nodes) are 

𝑛𝑜𝑑𝑒𝑠 = {4,9,14,19} then, the individual can be 

chosen as the tree shown in Fig.3. This tree contains 

four paths each one is string of nodes, from the 

source 𝑠  𝑛𝑜𝑑𝑒: 0  to one of each 

destination (𝑛𝑜𝑑𝑒𝑠: 4,9,14,19). The four paths are:  

 0 − 1 − 2 − 4 ,  0 − 1 − 2 − 4 − 5 − 7 − 8 − 9 , 
 0 − 1 − 2 − 4 − 5 − 7 − 8 − 10 − 11 − 14 , 
(0 − 1 −  2 − 4 − 5 − 6 − 18 − 19), Note that the 

populations collect a set of individuals where their 

number is a user parameter. 

  

 

                                               
 

Fig. 2: Explanatory and theoretical VANET 
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Fig. 3: An example having the rear twenty (20) vehicles (nodes) in the VANET 

 

Initialization and Reproduction: 

Vehicular adhoc network could be represented 

by its different topology data such as nodes number, 

their locations and their locations and their different 

links. Besides, cost, delay, jitter and bandwidth 

between two adjacent nodes specify each link. They 

define the search space of the QoS-MRP problem 

from which 𝑁 individuals (solutions) are randomly 

generated to construct the initial population. Each 

individual is represented by tree which contains 

𝑀 paths from source node to 𝑀 destinations. Note 

that 𝑀 is the number of multicast group and the 

source node is the root of the tree representing the 

individual. To evaluate the individual, the weighted 

aggregation (WA) method is applied. 

It is an intuitive way for Multiobjective 

optimization carried out especially when only one 

solution should be obtained as the case in QoS-MRP 

Problem. This is more adequate in this context than 

Pare to approach. In the WA approach, different 

objectives are weighted and summed up to a single 

objective which is the fitness function. The 

population fitness is the sum of the individuals‟ 

fitness.  In the reproduction part of the ABLA, two 

major operators are applied: crossover and mutation. 

However, in the foraging part, neighborhood search 

approach is executed. In this subsection, their 

application to generate new individuals is explained. 

 

Crossover: 

It is a binary operator in which the queen is 

selected and one drone is randomly chosen to 

generate two new individuals. This process is 

repeated until reaching 𝑁 individuals with crossover 

probability of 𝑝𝑐 . The following crossover operator 

for this tree representation as two-point crossover is 

proposed. For both parents, two paths for two 

destinations of the population is in by observing the 

two objective characteristics namely fitness value of 

the best member 𝑓𝑚𝑎𝑥  and average fitness 𝑓 of the set 

of solution both assigned to current generation. The 

resulting value of 𝑓𝑚𝑎𝑥  − 𝑓   is likely to be less for 

population that has converged than for a population 

scattered in the solution space. However, without 

proper scaling mechanism this can be vary 

significantly from case to case, because adjusting the 

values of fitness to have similar relations regardless 

of the problem under consideration.  

To avoid this problem the normalized expression 

is used in determining the degree of population 

diversity: 𝑓𝑚𝑎𝑥  − 𝑓 /𝑓𝑚𝑎𝑥 . In this to exploit the 

degree of population diversity the correlation 

technique is performed in each generation. If the new 

value is greater than the old one, the value of the 

variable is then replaced with new one. If it is lower, 

the adaptive mechanism takes effect. The choice of 

the solutions to be crossed is done by calculating 

their indexes in the following manner; 𝑖 = 𝑁. 𝑟𝑒𝑥𝑝  

where 𝑁 is the population size, 𝑖 is the index of the 

member to participate in crossover and 𝑟 a randomly 

generated number between 0 and 1. The best number 

is assigned number 1 and worst N. If 𝑒𝑥𝑝 equal to 1, 

the chromosomes are picked uniformly; if 𝑒𝑥𝑝 is 

greater than 1, index 𝑖 is lower and „better‟ solutions 

are favored. The parameter 𝑒𝑥𝑝 is evaluated as 

follows: 𝑒𝑥𝑝 = 𝑘1 + 𝑘2 .  
𝑝

𝑐𝑜𝑟𝑟
 

2

where 𝑝 is the 

current generation and 𝑐𝑜𝑟𝑟 for the value stored in 

the static variable. Before calculating 𝑒𝑥𝑝 the 

algorithm compares the 𝑝 and 𝑐𝑜𝑟𝑟 and replaces the 

𝑐𝑜𝑟𝑟 with new value if𝑝 > 𝑐𝑜𝑟𝑟. In this algorithm 

the values assigned for 𝑘1&𝑘2 is assigned as 

𝑘1 = 0.0 and𝑘2 = 3.0. The result will be replaced by 

the towpaths towards the same destinations for the 

second parent and vice versa. The crossover is 

illustrated in Fig.4. 
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Fig. 4: Cross-over operator. 

 

Mutation: 

It is a unitary operator in which the offspring has 

the chance to be mutated according to the mutation 

probability of 𝑝𝑚 . The following mutation operator is 

proposed. To mutate an offspring, two paths towards 

two destinations randomly chosen are selected. For 

the former, an intermediate node is selected and the 

same node I s searched in the Second path by 

adaptive strategy. Here the mutation is adapted with 

different way: the method only varies the number of 

mutations to be done. Number of mutations 𝑛 is 

calculated as follows: 𝑛 = 𝑘3 ∙ 𝑁 ∙
(𝑐𝑜𝑟𝑟 −𝑝)

𝑐𝑜𝑟𝑟
 where 𝑁 

is population size. The constant 𝑘3 assigned value 

of 2.0. If 𝑝 is lower than 𝑐𝑜𝑟𝑟, which corresponds to 

a more homogeneous population, the number of 

mutations increases linearly. If the same node is 

found in the second paths (mutation2-points), the 

second part of the second path is added to the first 

part of the first path and vice versa .If the chosen 

intermediate node is not found, this process is 

repeated until success. This function is illustrated in 

Fig.5.

 

 

                                           
 

Fig. 5: Mutation Operator. 

 

Neighborhood Search Approach: 

Neighborhood search in the foraging part of 

ABLA is used to reach neighbor individual from the 

original individual. Greedy approach is proposed to 

generate neighbor individual propose. In this 

approach, one individual path is randomly selected 

and replaced by another path towards the same 

destination as the first one. It should contain at least 

one common intermediate node. Neighborhood 

search approach is illustrated in Fig.6. 

 

 

0 

4 

9 

14 

19 

Offspring  

0 

4 

9 

14 

19 

Mutated offspring  

Mutation points  

0 

0 

14 

9 

19 

Queen 
4 

14 

9 

19 

4 

14 

9 

19 

4 

0 

0 

Offsprin
g 1 

Offsprin
g 2  

Drone  

After 

crossove
r  

Before 

crossove

r  

2-points   

0 

4 

14 

9 

19 

2-points   



612                                                          K.R. Jothi and Dr. A. Ebenezer Jeyakumar, 2015 

Australian Journal of Basic and Applied Sciences, 9(23) July 2015, Pages: 604-617 

                                       
 

Fig. 6: Neighborhood search approach 

 

Shortest Path Finding Using ACO: 

In ACO, source node starts by broadcasting a 

Request Ant (RQANT) to its neighboring nodes. 

These RQANTs traverse the vehicular network and 

mark their routes with an amount of pheromone 

calculated according to ∆𝜏𝑖𝑗
𝐴𝑘  𝑡 =  𝑇𝑝

𝐵𝑡  𝑙 

𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡 ℎ
   +

 
𝐷𝑒𝑙𝑎𝑦

𝑑𝑡 𝑙 
   +  

𝐽𝑖𝑡𝑡𝑒𝑟

𝑗𝑡  𝑙 
   , which reflects the quality of the 

routes. Thus, when ACO runs for the first time, all 

network nodes are visited by RQANTs. At each 

node, a RQANT can only proceed if the route 

travelled so far satisfies the QoS constraints defined 

in problem definition section, if QoS tolerance is 

allowed. Once de is reached, a Request Ant 

(RPANT) is generated to traverse back to source 

following the trail of the computed route. Later on, 

the next generation of RQANTs is attracted by 

pheromone levels deposited along the computed 

feasible routes, so they continue the quest for good 

solutions. However, the relative importance of 

exploitation versus exploration determines the next 

node a RQANT is going to traverse as described. At 

each node, the pheromone table 𝑃𝑇𝑖  maintains 

pheromone levels of the node‟s communication links 

to its neighboring nodes. Once all the ants, i.e., 

RQANTs and RPANTs, have finished their tours, the 

set of all routes that satisfy the QoS constraints. As 

mentioned earlier, the ACO routing algorithm starts 

data transmission once a route that satisfies the 

defined QoS constraints is established in order to 

accelerate the convergence rate. Later on, for each 

new established route calculates the corresponding 

objective function value. The best route among the 

established routes is then selected based. In this way, 

the ACO routing algorithm ensures that every 

possible route connecting source and destination is 

discovered and evaluated against the QoS constraints 

required by the data type. 

 

Stopping Criterion: 

A dynamic stopping criterion is fixed as 

threshold. The ABLA iterations are carried out and 

stopped only when the population fitness does not 

change MinIT times; it is the stagnation state. Note 

that the iterations     number is constrained by a 

maximum threshold MaxIT of iterations. The 

numbers MinIT and MaxIT are user parameters. 

 

Collision Avoidance: 

A practical problem that arises when two or 

more autonomous vehicle are cooperating within the 

same framework, is that, due to initial conditions, 

kinematic and dynamic constraints, required task and 

etc, the vehicles can come to collide. The simplest 

operative case that can be taken as an example is the 

one with the two vehicles following a straight path 

and maintaining a certain desired distance 𝐷 = 𝐷 ; at 

a certain time, the user requires the vehicles to 

exchange their positions, i.e. simply changing the 

sign of the desired distance, 𝐷 = −𝐷 . The effect is 

that the vehicle in the frontward position will slow 

down its speed, while the backward one will increase 

its surge, to converge both to the new desired 

positions. The effect of such operation is that, being 

the coordination guidance system only acts on the 

surge speed and, moreover, having no other shared 

information regarding for instance the position of the 

vehicles, there is no way of avoiding the collision 

between the vehicles. For such a reason, to make the 

overall coordination guidance law intrinsically robust 

and safe, a basic cooperative collision avoidance 

algorithm has to be integrated within the route 

optimization approach. The basic idea is to share 𝑥 

and 𝑦 positions between the vehicles, using such 

information to induce an avoidance reaction, if one 

vehicle is close to the other. A virtual safety circle is 

built around each vehicle and if a circle is intruded 

by another vehicle, such circle is used as a path 

reference for the intruding vehicle. 

Thus the intruding vehicle will locally follow the 

collision-avoiding circle path until its intrusion in the 

circle will be zeroed and its way to the original 

reference path will be free of collisions. A generic 

collision avoidance situation is assumed that 

Vehicle-1 is not intruding the safety circle of 

Vehicle-2; it tracks the path through the ABLA route 

optimization technique. The “intrusion” is defined as 

2𝑅  –  𝑃1  – 𝑃2  where 𝑅  is the user-defined radius 

safety circle, 𝑃1and 𝑃2 are the position vectors of the 

vehicles with respect to a world fixed frame. If 

Vehicle-1 intrudes the safety circle of Vehicle-2, a 

local  target is switched on the safety circle of 

Vehicle-2, forcing Vehicle-1 to turn in order to 

converge to the circle tangent, at the point given by: 

𝑃𝑙𝑡 = 𝑃2 + 𝑅  
cos 𝛼
sin 𝛼

  with 𝛼 = atan 2  𝑃2𝑦
− 𝑃1𝑦
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𝑃1𝑥 . The local reference tangent is then chosen 

between the two angles 𝜃1 = 𝛼 −
𝜋

2
 and 𝜃2 = 𝛼 +

𝜋

2
 

as, 𝜃𝑙𝑡 = 𝑚𝑖𝑛  𝜃𝑒 − 𝜃1 ,  𝜃𝑒 − 𝜃2   where 𝜃𝑒  is the 

direction of motion of Vehicle-1. Such tangent 

selection means to choose the closest direction to 

avoid the collision. Vehicle-1 is then forced to track 

the safety circle while its “obstruction” is detected 

inside the safety circle. 

The obstruction is defined as the intersection 

between the circle and the original approach line, 

computed by ABLA, connecting Vehicle-1 and its 

target on the reference path, as if no collisions had to 

be avoided. The obstruction value can be easily 

computed posing 𝑑 =  [𝑐𝑜𝑠( 𝛾) 𝑠𝑖𝑛(𝛾)] 𝑇 , where 𝛾 

is the angle of the original approach line; then, 

defining 𝐸 =  𝑃1  – 𝑃2 , the discriminant for the 

calculation of the intersection can be computed 

by ∆ =  (𝑑𝑇𝐸) 2  − 𝑑𝑇𝑑(𝐸𝑇𝐸 − 𝑅 2), and if  ∆ >  0 

the two intersections are given by 𝑡1,2 =
−𝑑𝑇  𝐸 ±  ∆

𝑑𝑇  𝑑
. 

The obstruction value is evaluated as maximum 

intersection value greater than zero 𝑡 =
 𝑚𝑎𝑥(0, 𝑡1 , 𝑡2). When the obstruction value is 

zeroed, i.e. Vehicle-1 has a free driving space, the 

virtual target is switched back on the original 

reference path Practically the condition can be 

relaxed to avoid numerical chattering (due to position 

measurement errors), posing the obstruction to be 

lower than a predefined threshold to exit from the 

collision avoidance procedure, 𝑡 < 𝑡 . Moreover, it is 

worth noticing that, being the collision avoidance 

routine integrated with the guidance system of all the 

vehicles belonging to the multi-agent framework, 

each vehicle cooperates in the avoidance collision. 

 

Load balancing and congestion-avoidance: 

In this work, the robust communications in the 

VANETs are established by constructing a load 

balancing and congestion-avoidance routing path for 

packets transmitted through HBLA strategy. The 

packet traffic is classified as either real-time or non 

real-time traffic in this work. When a vehicle submits 

a real-time transmission request, the vehicle will first 

attempt to connect directly with the base station 

within its transmission range. The base station 

permits the connection request if the required 

bandwidth of the real-time request is less than or 

equal to the bandwidth provided by the base station. 

The allocable BDJ (bandwidth, Delay, Jitter) at the 

base station is defined by, 

 

𝐵𝐷𝐽𝑎 = 𝐵𝐷𝐽𝑢𝑛𝑢 𝑠𝑒𝑑 +   𝐵𝐷𝐽𝑖 ,𝑛𝑜𝑛 −𝑟𝑡 − 𝐵𝐷𝐽𝑖 ,𝑚𝑖𝑛  − 𝐵𝐷𝐽𝑒
𝑖

−  𝐵𝐷𝐽𝑗 ,𝑟𝑡

𝑗

 

where 𝐵𝐷𝐽𝑢𝑛𝑢𝑠𝑒𝑑  denotes the unused BDJ at the 

base station, 𝐵𝐷𝐽𝑖 ,𝑛𝑜𝑛 −𝑟𝑡  represents the BDJ 

currently allocated for the non-real-time traffic with 

index 𝑖, 𝐵𝐷𝐽𝑖 ,𝑚𝑖𝑛  stands for the minimum BDJ 

required for the non real-time traffic with index 𝑖, 
𝐵𝐷𝐽𝑒  is the BDJ reserved for transmission of 

emergency events, and 𝐵𝐷𝐽𝑗 ,𝑟𝑡  is the BDJ currently 

allocated for the real-time traffic with index 𝑗. In case 

no base station can be found or QoS requirement of 

its request cannot be satisfied by the closest base 

station, the vehicle will attempt to find a route along 

the way to the destination via the HBLA. The source 

vehicle first broadcasts a packet to find a route to the 

destination through HBLA method. Each vehicle on 

the way to the destination is asked to reply to the 

source vehicle whether it is appropriate for 

forwarding the real-time packets to the destination. 

The appropriateness of each intermediate node along 

the way to the destination is determined by HBLA at 

each vehicle. After the broadcast packet reaches 

either the destination itself or the closest base station 

on the route to the destination, a routing path is then 

constructed by selecting the most appropriate node to 

forward the packets at each road segment along the 

way to the destination or the closest base station. If 

no routing path can be found, the non-real-time 

request will be placed in the queue at the source 

vehicle until a preset time-out is reached. Fig.7 

shows an example of the routing process.

 

                                    
Fig. 7: An example of short range communications through routing process 

 

Here the radius of the coverage area of each 

vehicle is assumed to be identical to the length of a 
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road segment. The request is denied if there exist any 

road segments at which no intermediate node can be 

arranged to forward the packets. 

 

RESULTS AND DISCUSSION 

 

When one node aims to find the optimal 

multicast tree, it instantly executes HBLA. For this 

reason, the second 85 as an instant of 

experimentation have chosen. They are extracted 

from simulation scenario execution. We have also 

extracted the four metrics values of links between 

each two nodes using trace file generated by NS2. In 

this part we show preliminary results comparing 

between GPSR, ABLA and HBLA. Performance is 

taken for the parameters packet delivery ratio, end to-

end delay, normalized routing overhead of GPSR, 

ABLA and HBLA. The network was selected with 

the 25, 35 & 50 number of nodes.  

 

Fitness Vs Generation: 

Fig.8 shows the best multicast trees reached by 

BLA, ABLA and HBLA, respectively. To 

demonstrate the performance of ABLA in terms of 

computation time for fitness is compared to BLA the 

average rounded values of ten (10) best fitness 

obtained in each test for different algorithms are 

calculated. This figure illustrates the stagnation of 

the best solution fitness for each population with 

time consumed by each algorithm. One can note that 

BLA algorithm reached the best fitness (26,969.80) 

in the BLA generation (12th generation). This proved 

its low time complexity compared to the others 

approaches. This practical analysis showed that 

HBLA converge to the optimal solution better than 

BLA, ABLA with the least generation times. They 

confirm the reliability and efficiency of HBLA to 

solve the QoS-MRP with a minimum time compared 

to other approaches. 

 

 

 
 

Fig. 8: Sample Best solution fitness in generations (iteration times) 

 

Packet Delivery Ratio vs. Number of Nodes: 

In order to evaluate the performance of vehicular 

ad hoc network routing protocols, the following 

metric is considered. The ratio of the packets that 

successfully reach destination referred as Packet 

delivery ratio (PDR): 

𝑃𝐷𝑅 =
𝑇𝑜𝑡𝑎𝑙  𝑛𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑝𝑎𝑐𝑘𝑒𝑡𝑠  𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑

𝑇𝑜𝑡𝑎𝑙  𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑝𝑎𝑐𝑘𝑒𝑡𝑠  𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑟𝑒𝑑
× 100. In 

this section, the packet delivery ratio with number of 

nodes is compared and it is shown in Fig.9. Initially 

the packet delivery ratio is less for GPSR, ABLA and 

HBLA. When the number of node increases, then 

packet delivery for all routing algorithms increases. 

More nodes in network will provide more 

opportunities to find some suitable node for 

forwarding of packet. However, when no node 

available, GPSR switches to perimeter mode and it 

increases delay of packet transmission, which results 

in lower packet delivery ratio. In ABLA, the next 

hop selection is done by considering the optimal 

route detection. By using ABLA, the packet loss is 

minimized considerably and the packet delivery ratio 

is improved for about 17%. In HBLA, the packet loss 

is minimized considerably and the packet delivery 

ratio is improved for about 12% and 15% in 

comparison with GPSR, ABLA with the increase in 

number of vehicles. 
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Fig. 9: Packet Deliver Ratio s Number of Nodes  
 

Table1: Tabulation Packet Deliver Ratio s Number of Nodes. 

NUMBER OF 

NODES 

GPSR (%) ABLA ROUTING PROTOCOL 

(%) 

HBLA ROUTING PROTOCOL 

(%) 

15 24 38 42 

30 29 43 49 

45 38 52 56 

60 49 62 69 

75 59 76 79 

90 72 89 93 

 

End-to-End Delay vs. Number of Nodes: 

In End-to-End Delay: The time taken by the data 

packets to be delivered from source to destination is 

known as End-to-End Delay. Therefore, the time at 

which the first data packet is received by destination 

deducted from the time at which the first packet 

transmitted by the source.  The Average End-to-End 

delay value implies the time consumed for all 

possible delays. Fig.10. illustrates the Average End-

to-End delay diagram associated with mentioned 

routing protocols. As shown in Figure, HBLA 

achieve a much lower end–to-end delay than GPSR, 

ABLA in all configurations. This is because in 

HBLA, the number of hops involved to deliver 

packets is reduced due to the hybrid route 

optimization strategy used to forward packets 

through the optimized path, and also because ABLA 

does not need to keep track of an end-to-end route 

before sending data packets: the route is discovered 

progressively when relaying data packets from 

source to destination. Delay of GPSR, ABLA is 

higher than HBLA because packets whose delivery 

was suspended are stored in the buffer for longer 

time.

 

 

 
 

Fig. 10: End-to-End Delay vs. Number of Nodes 
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Table2: Tabulation End-to-End Delay vs. Number of Nodes. 

NUMBER OF 

NODES 

GPSR (%) ABLA ROUTING PROTOCOL 

(%) 

HBLA ROUTING PROTOCOL 

(%) 

15 1.2 0.9 0.8 

30 2.5 1.8 1.2 

45 3.6 2.7 1.69 

60 4.8 3.9 2.56 

75 6.2 5.4 3.89 

90 8.1 6.9 4.95 

 

Routing Overhead vs. Number of Nodes: 

In Fig.11 the routing overhead of the protocols 

such as HBLA, ABLA and GPSR are evaluated as 

function of data sending rate and vehicle density.  It 

is observed that the increase in the vehicle density 

leads to an increase in the routing overhead since the 

rate of control messages depends on the number of 

nodes. As shown in Figure, HBLA achieve a much 

routing overhead than GPSR, ABLA in all 

configurations. This is because in HBLA, chooses 

the best routing path with the help of ACO, in 

addition with collision and congestion is avoided 

while finding the routing path effectively.

 

 

 
 

Fig. 11: Routing Overhead vs. Number of Nodes 

 
Table3: Tabulation Routing Overhead vs. Number of Nodes. 

NUMBER OF 

NODES 

GPSR (%) ABLA ROUTING PROTOCOL 

(%) 

HBLA ROUTING PROTOCOL 

(%) 

10 10 8.2 7.5 

20 12.2 9.4 8.36 

30 13.4 10.4 9.45 

40 13.9 10.8 10.24 

50 14.2 11.24 10.56 

60 14.9 12.2 11.25 

 

Conclusion: 

In this work, the quality of service multicast 

routing problem for vehicular ad hoc networks has 

been studied as multi-objective optimization problem 

with constraints. The objectives are: transmission 

cost, delay, jitter and bandwidth. To achieve this 

goal, a novel hybrid algorithm called Hybrid Bees 

Life Algorithm which is an integration of BLA and 

ACO. In order to prove the reliability and the 

efficiency of this proposal, a VANET simulation 

model has been carried out which is based on the 

routing protocol that includes the implemented 

HBLA. The proposed virtual target based approach 

provides a simple methodology to manage the task of 

co-operating a set of vehicles and, at the same time, a 

simple and suitable collision avoidance and 

congestion avoidance module can be developed and 

integrated with the HBLA system, only relying on 

the knowledge of other vehicles‟ positions.  Also this 

paper provides the simulation performance result of 

GPSR, ABLA and HBLA considering the parameters 

packet delivery ratio, end-to-end delay, normalized 

routing overhead which represented in graphical 

form. In future, with security in mind, the HBLA 

routing algorithm will be designed to give significant 

advantages to the security mechanisms that aim to 

protect multi-constrained QoS routing process from 

external and internal adversaries. 
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