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ABSTRACT 

The path planning of mobile robot is an important issue in the 

field of robotics. Many algorithms have been designed to 

solve the path planning problem, including classical as well as 

intelligent approaches. The main aim of path planning is to 

construct collision free path from a specified start position to 

the target position. Moreover, the path should be optimal in 

some context such as distance, time or processing. This paper 

presents an efficient algorithm which is a variation of artificial 

bee colony algorithm. The environment modelled is in the 

form of grid consisting of obstacles. The algorithm works on 

two problems- the first problem is to find collision free path in 

the presence of static obstacles and the second problem is to 

determine shortest collision free path in the presence of 

dynamic obstacles. 
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1. INTRODUCTION 
Robots are now serving almost every field ranging from 

domestic assistance to robot-assisted surgery and are taking 

place of human beings especially for accomplishing various 

hazardous tasks such as bomb diffusion, manufacturing 

processes, mining etc. Earlier, the path planning problem used 

to be studied in the field of robotics but today it has gained 

importance in other fields such as simulation, computer 

graphics, geographic information systems, very large scale 

integrated (VLSI) designing and games. This field remains the 

core area in many of the robotic applications such as 

autonomous vehicle designing and perceptive systems. The 

scope of path planning can be categorized into various 

streams depending on the problem statement, environment 

modeled, and types of sensor [1].  The path planning problem 

can be solved to attain various optimization goals such as 

minimizing distance travelled, maintaining smooth trajectory 

or satisfying the clearance requirements [2]. Path planning 

problem can be solved off-line or off-line. In the first case, the 

environment and the positions of obstacles are known before 

determining the feasible path and global view of the 

environment is analyzed beforehand. In the latter case, local 

view of the environment and the obstacles is obtained and the 

path planning is performed using the local information 

obtained with the help of some sensing device. The traditional 

algorithms used for path planning have certain limitations 

such as low search efficiency, complex search paths, large 

convergence time and trap into local maxima[3-8]. So the 

interest of researchers switched to intelligent algorithms 

which are proven to be much better than classical approaches. 

Many philosophers and researchers have been working for 

centuries on the problem of social choice. The main interest is 

to study how different creatures in nature work together in a 

group to accomplish a task. A branch of nature inspired 

algorithms which are known as swarm intelligence is focused 

on insect behavior so as to develop some meta-heuristics 

which can imitate the way insects used to solve their problems 

[10-16]. Swarm intelligence consists of many algorithms such 

as ant colony optimization, particle swarm optimization, wasp 

nets and fish schools. 

Swarm intelligence approaches imitate nature‘s way to find 

optimal solution. These approaches generate population of 

solutions for every iteration. All population based approaches 

follow a strategy that generates variations in the solutions. 

This strategy may employ greedy criterion or non-greedy 

criterion to decide which solution to retain. This method 

selects a solution which increases the value of objective 

function (assuming the objective function is maximization 

function). 

 

2. PROBLEM FORMULATION 
The proposed algorithm works on two-dimensional 

environment which is modelled in the form of grid. The grid 

is discretized in the way that each cell (called as node) is 

assigned a number so as to simplify the representation of the 

path. The source and destination positions are chosen by the 

user. The user is free to place the static and dynamic obstacles 

and their number is determined by the grid size. The robot is 

considered to have constant speed in order to determine 

shortest path [17]. The proposed work in this paper considers 

following assumptions: 

i. Static obstacles have pre specified shape. 

ii. Moving obstacles have same speed and their 

trajectories are in linear direction. 

iii. The robot has been considered as a point object to 

keep the minimum safety distance from the robot to 

the obstacles.  

The proposed work aims to determine the shortest collision 

free path from the specified source position to the destination 

position. Each solution generated is termed as path and each 

path is composed of nodes. The number of nodes in a path is 

kept fixed for simplification purposes.  
 

3. BEES’ BEHAVIOUR IN NATURE 
There are many examples which show perfect coordination 

and decision making in an animal group. A striking example 

is the swarm of bees which consists of about 10,000 honey 

bees. The process involves finding a better nesting site which 

is performed by dozens of bees together. This process has 

been studied widely, investigated and examined thoroughly 

and the conclusion drawn is that this group intelligence is a 

product of disagreement and contest and not consensus or 
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compromise. Bees dwell in colonies that extend over very 

long distances. They explore multiple directions in order to 

exploit food sources. The flower patches containing large 

amount of nectar that can be extracted with minimum 

difficulty are visited by most of the bees while the nectar 

sources with less amount of nectar are discarded. The foraging 

process begins by scout bees which are sent to collect nectar. 

The search starts randomly by the scout bees from one patch 

to another. On reaching the hive, scout bees, deposit the 

amount collected and go to the dance floor to perform the 

waggle’ dance. 

This type of dance is the sole medium of communicating the 

information about the most promising nectar source to all 

other bees in the hive. This mysterious dance contains three 

pieces of information about flower patch: direction in which it 

is found, distance from the hive and the quality of nectar. 

When the food source exists at a distance less than 50 meters, 

then the scout bees perform round dance. On the other hand, if 

the food source exists at a distance greater than 50 meters, 

then the bees perform waggle dance. 

After watching the waggle dance, unemployed bees (onlooker 

bees) follow the scout bee to the promising nectar source to 

collect nectar. This process helps all the bees to collect nectar 

in efficient and faster way. The quality of food source is 

continuously monitored by the bees so as to propagate this 

information in the next waggle dance. Thus the natural bee 

system consists of following components: 

i. Food sources: The value of food source depends on 

certain parameters such as proximity of the source 

from the hive, richness of nectar and ease of 

extracting nectar.  

ii. Foragers: If a bee has no knowledge about the food 

source initially then it is said to be an unemployed 

forager. It may start searching according the 

following possibilities as: 

a. Scout bee: If a bee starts searching 

randomly for a food source without any 

prior knowledge, then it will be a scout 

bee. The percentage varies from 5% to 30 

% depending on the food source 

information in the hive. 

b. Onlooker bee: If a bee watches waggle 

dance done by another bee then it starts 

searching according to the information 

obtained from waggle dance. 

iii. Employed foragers: When the onlooker bee finds 

and exploits the food source then it becomes    

employed forager who memorizes the food location. 

After bringing the nectar to the hive, there are three 

possibilities for an employed bee to do: 

a. If the nectar amount decreased to low 

level, then the employed bee rejects the 

food source and becomes an unemployed 

bee.  

b. If the nectar amount is up to sufficient 

amount then it starts exploiting the food 

source itself without informing to the 

other bees.  

c. Otherwise it goes to the dance floor of the 

hive and performs waggle dance in order 

to inform other bees about the food 

source.  

These specialized bees try to maximize nectar amount in their 

hive using efficient division of labor and self-organization. 

Artificial Bee Colony optimization is a population based 

optimization technique which was first proposed by Karaboga 

in 2005. It is an algorithm which imitates the foraging 

behavior of bees to solve unconstrained optimization 

problems with continuous valued domains. Half of the colony 

bees become employed bees and the other half comprises of 

onlooker bees. 

 

4. PROPOSED WORK 
The proposed algorithm for path planning in dynamic 

environment is based on artificial bee colony algorithm 

hybridized with some new operators in order to obtain 

collision-free efficient paths. The path planning is performed 

in two stages- path planning in static environment and path 

planning in dynamic environment. Figure 1 shows a snapshot 

depicting our grid environment in which the white grids 

indicate the static obstacles and the line segments indicate the 

trajectory of dynamic obstacles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1: Grid environment used in simulation 

 

4.1 Path Planning in Static Environment 
The algorithm initializes the population size of the bees and 

the value of maximum cycles. The population size consists of 

an equal number of employed bees and onlooker bees. Assign 

the number of food sources as: 

 FoodNum= Population Size/2                               (1) 

FoodNum paths are generated randomly in the initial stage. 

The objective function is calculated for each generated path. 

The objective function value is equal to the distance between 

two corresponding nodes and a defined penalty is added in it 

for collision with static obstacle. For each path generated 

path, fitness function is calculated according to the equation: 

fitnessi = 1/Fi                  (2) 

where Fi is the objective function value for path i. Based on 

the fitness value, employed bees are send to improve the path 

further. The nodes containing the obstacles in the path are the 

source of food which needs to be improved. In order to 

improve this path, new nodes are generated using the 8-

neighbour rule. Then new path is constructed replacing the 

existing node and objective function is calculated again. If the 

new path is better than the existing path then the path is 

updated otherwise trial value of the path is incremented by 

1.This process continues for all food sources. Two new 

operators nodeDelete and segmentRepair have been used to 

obtain the shortest final paths If the trial value exceeds a 

certain limit, then that path is abandoned and its employed bee 

becomes a scout bee. The employed bees whose paths are 

abandoned become scout bees and start searching a new path 

randomly and the whole process is carried out until the 

stopping criterion is met. 

 

4.2 Path Planning in Dynamic Environment 
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All the paths generated in stage 1 are arranged in the 

decreasing order of fitness value and the onlooker bees are 

assigned to each path accordingly. Now the cost of best paths 

is evaluated by considering the dynamic obstacles. Each 

onlooker bee attempts to improve the path by generating 

random values and assigning fitness value to each path 

generated. If the trial value for a particular path exceeds the 

limit then that path is abandoned and random search for a new 

path is started.  

4.3 Operators Hybridized with Artificial 

Bee Colony Algorithm 
The operator nodeDelete is applied to both feasible and 

infeasible path. This operator randomly choose one node, 

check its two adjacent nodes, and connected segments, if the 

deletion of the chosen node is beneficial (turn the infeasible to 

the feasible or reduce the cost), then it deletes the node as 

shown in Figure 2.  

                     
(a)    (b) 

Figure 2: Working of nodeDelete operator. (a) shows the 

scenario where some unnecessary nodes are present in 

path (b) shows the path after applying nodeDelete 

operator 

Another operator segmentRepair is used to repair an infeasible 

line segment by inserting a suitable node between the two 

nodes of the segment as shown in figure 3. Again, to locate a 

best node, similar local search is applied in the all of 

neighboring grids of the intersected obstacle. 

                   
                   (a)    (b) 

Figure 3: Working of segmentRepair operator. (a) shows 

the scenario where path is consisting of some part of 

obstacle  (b) showing final path after applying 

segmentRepair operator 

 

5. SIMULATION RESULTS 
The simulation is performed in C language and the results 

have been taken out in the grid environment where user can 

mark the source and destination positions. The user is also 

free to mark the static obstacles and dynamic obstacles. The 

simulation results shown in figure 4 are taken under the same 

grid size with source and destination positions and population 

size similar in each case. The figure 5 shows that if the 

population size increases the proposed algorithm can give 

better results as compared to original bee colony algorithm. In 

this case, the source position, destination position and the 

number of obstacles have been kept same. 

 
Figure 4: Comparison between ABC algorithm and 

proposed algorithm on the basis of number of obstacles 

 

 

 
Figure 5: Comparison between ABC algorithm and 

proposed algorithm on the basis of population size 
 

6. CONCLUSION 
The proposed work has been implemented in dynamic 

environment and the original Artificial Bee Colony Algorithm 

has been hybridized with two operators so as to improve the 

final paths obtained. The simulation results have shown that 

the proposed algorithm generates shorter paths even in the 

presence of many obstacles. Moreover, if the population size 

is increased then better results can be obtained as compared to 

original bee colony algorithm. 
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