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ABSTRACT

Pathfinding is essential and necessary for agent movement used in computer games 

and many other applications. Generally, the pathfinding algorithm searches the 

feasible shortest path from start to end locations. This task is computationally 

expensive and consumes large memory, particularly in a large map size. Obstacle 

avoidance in the game environment increases the complexity to find a new path in the 

search space. A huge number of algorithms, including heuristic and metaheuristics 

approaches, have been proposed to overcome the pathfinding problem. Artificial Bee 

Colony (ABC) is a metaheuristic algorithm that is robust, has fast convergence, high 

flexibility, and fewer control parameters. However, the best solution founded by the 

onlooker bee in the presence of constraints is still insufficient and not always 

satisfactory. A number of variant ABC algorithms have been proposed to achieve the 

optimal solution. However, it is difficult to simultaneously achieve the optimal 

solution. Alternatively, Flower Pollination Algorithm (FPA) is one of promising 

algorithms in optimising problems. The algorithm is easier to implement and faster to 

reach an optimum solution. Thus, this research proposed Artificial Bee Colony -  

Flower Pollination Algorithm to solve the pathfinding problem in games, in terms of 

path cost, computing time, and memory. The result showed that ABC-FPA improved 

the path cost result by 81.68% and reduced time by 97.84% as compared to the ABC 

algorithm, which led to a better pathfinding result. This performance indicated that 

ABC-FPA pathfinding gave better quality pathfinding results.
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ABSTRAK

Pencarian laluan ialah satu algoritma yang penting dan diperlukan dalam pergerakan 

agen yang digunakan dalam permainan komputer dan lain-lain aplikasi. Secara 

umumnya, algoritma pencarian laluan bertujuan untuk mencari laluan terpendek yang 

sesuai dari titik permulaan permainan hingga akhir. Pencarian laluan ini dikira mahal 

dan menggunakan ingatan yang besar, terutamanya dalam saiz peta yang besar. 

Strategi mengelak halangan dalam persekitaran permainan meningkatkan kerumitan 

untuk mencari laluan baru dalam ruang carian. Sebilangan besar algoritma termasuk 

pendekatan heuristik dan metaheuristik telah dicadangkan untuk mengatasi masalah 

pencarian laluan. Artificial Bee Colony (ABC) merupakan algoritma metaheuristik 

yang teguh, mempunyai penumpuan yang cepat, fleksibiliti yang tinggi, dan parameter 

kawalan yang kurang. Walau bagaimanapun, penyelesaian terbaik yang diasaskan oleh 

lebah pemerhati (onlooker bee) dalam persekitaran yang ada kekangan masih tidak 

mencukupi dan tidak memuaskan.Pelbagai algoritma ABC telah dicadangkan untuk 

mencapai penyelesaian optimum. Namun, penyelesaian yang optimum masih sukar 

dicapai. Sebagai alternatif, Flower Pollination Algorithm (FPA) adalah salah satu 

algoritma bagi mengoptimumkan masalah. Algoritma ini lebih mudah untuk 

dilaksanakan dan lebih cepat mencapai penyelesaian optimum. Oleh itu, kajian ini 

telah mencadangkan Artificial Bee Colony (ABC) -  Flower Pollination Algorithm 

(FPA) untuk menyelesaikan masalah pencarian laluan dalam permainan komputer dari 

segi kos laluan, masa pengiraan dan ingatan. Hasil kajian menunjukkan bahawa ABC- 

FPA telah meningkatkan hasil kos laluan sebanyak 81.68% dan mengurangkan masa 

sebanyak 97.84% berbanding dengan algoritma ABC. Algoritma cadangan ini 

membawa kepada hasil laluan yang lebih baik. Prestasi ini menunjukkan bahawa 

pencarian laluan ABC-FPA telah memberikan kualiti yang lebih baik.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

This chapter is an overview of the research conducted. Problem background, 

problem statement, aim of the research study, objectives of research study, and scopes 

of research study and the significant of study are discussed in this chapter.

1.2 Research Overview

Pathfinding is an indispensable part in many domains for instance video games, 

robotic and global positioning system (GPS) (Algfoor et al., 2015). Fundamentally, 

the similar issues in using pathfinding in these domains are to find a traversable path 

for a unit or agent from the starting location to the end location. However, different 

application may address different constraints and requirements of pathfinding 

problem. In GPS application for example, pathfinding problem seeks for the most 

safest and shortest path to the goal. On the other hand, in robotic or video games, apart 

from finding the shortest path, obstacles and optimal path are often placed as 

constraints and requirements of the pathfinding problem as shown in Figure 1.1. This 

has resulted the pathfinding algorithm prioritizes different value and appears in many 

forms and sizes.
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Figure 1.1: An illustration of pathfinding in games 

(http://theory.stanford.edu/~amitp, 1997).

Generally, there are two significant steps in pathfinding which are the graph 

generation and a pathfinding algorithm (Algfoor et al., 2015). The complexity of the 

graph generation much depends on the terrain topology, for example 2D or 3D 

topology and the base of the layout or map of the game world. The graph generation 

provides a search space to plan a path to any destination via pathfinding algorithm. 

The graph usually consists of nodes that represent possible traversal points available 

in such game world. The nodes will be kept in the memory during the generation of 

the path. Simple search space will indicate the least number of nodes in the graph to 

be visited by the pathfinding algorithm. Therefore, the pathfinding algorithm runs 

faster in simple search space since least nodes to be inspected and less memory to be 

used to keep these nodes. Thus, the performance of pathfinding algorithm has a 

correlation to the graph generation. There are various ways to represent a search space 

including a rectangular grid, quad tree, convex polygon, point of visibility and 

generalised cylinder. These various search spaces contributes to the complexity 

processes in finding the path (Mehta et al., 2015.) In today’s fast paced games world, 

the environment becomes more complex, regardless of the map size and the number 

of units (Algfoor et al., 2015; Graham et al., 2015). Large size of game environment 

will require more searching time for the desirable path and consume large of memory 

which has further increased the complexity of problem in finding the path.

http://theory.stanford.edu/~amitp
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The existence of obstacles and dynamic games environment increase the 

complexity of pathfinding problem and contribute to the performance of the algorithm. 

Agents need to seek the optimal path while avoiding the obstacles (Cui et al., 2011; 

Botea et al., 2013; Mathew et al., 2015; Barnouti et al., 2016). Most of the games are 

inefficient to handle dynamic environment, which lead to consume large of memory 

and CPU resources (Graham et al., 2003; Bjornsson et al., 2006; Bulitko et al., 2011; 

Lawrence et al., 2013). Games in dynamic environment are computationally expensive 

to calculate the new path. The sophistication of games was limited due to the time 

required to find a path (Graham et al., 2004; Bulitko et al., 2011; Kelman, 2017).

Therefore, over the past decades researcher include optimization approach in 

pathfinding algorithm to deal with the increasing trend of games complexity. This 

thesis attempt to develop a hybrid pathfinding algorithm by exploiting of the ABC and 

FPA algorithm potential to solve to optimization problem, to generate a shortest path 

in 2D games environment.

1.3 Problem Background

The interaction between game environment and search process are important 

in pathfinding games. An overlay map with cost information is required (Davis, 2000; 

Tozour, 2002; Champandard, 2009; Cui et al., 2011). There are many ways to 

differentiate type of search graph such as navigation mesh, waypoint and grid-based 

graph. Each map representation has its own advantages and disadvantages. Typically, 

grid-based environment is used to speed up the pathing search (Harabor, 2014; 

Andreychuk et al., 2018). It is easy to understand and apply to the map. Thus, the 

simpler graph makes memory become more efficient (only one bit of storage is 

required per grid cell), but it is not guarantee that the cost is accurately optimal. 

However, the distance of the grid is small, it may need many steps to be taken before 

it reaches the target.

Generally all pathfinding algorithm aims to minimize the cost and find the 

shortest path from the start to the end point. One of the earliest pathfinding algorithm
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and become the base of many pathfinding algorithm is Dijkstra. Dijkstra works by 

visiting and evaluating the nodes in the graph one after another from the initial point. 

Thus, it usually end up with exploring all nodes and make the searching process 

become more slower since extra time and memory required to inspects all the nodes 

(Lester, 2005; Cui et al., 2011; Vinther et al., 2015).To improve the situation, 

researcher has introduced A* algorithm which is an extension of Dijkstra but it 

includes heuristic function that estimates the cost to the goal upon inspection the nodes 

in the graph. A* algorithm is one of the most renowned pathfinding algorithm used in 

video games (Bjornsson et al., 2006; Xu, 2011; Bulitko et al., 2011; Mathew et al., 

2015; Barnouti et al, 2016; Kelman, 2017). However, it also has it’s drawback since 

A* is not always optimal in dynamic environment due to excessive memory usage that 

lead to inefficient computational time (Cazenave, 2006; Mapaila, 2012; Algfoor et al., 

2015; Hagelback, 2016).

Extensive work has been done to modify A* algorithm to speed up search 

through better memory organization and execution of time (Botea et al., 2004; Lester, 

2005; Bjornsson et al. 2006; Cazenave, 2006; Xiau, 2011; Mapaila, 2012; Reddy, 

2013). As for instance, Jump Point Search (JPS) managed to reduce number of 

explored nodes but the running time is not improved over A* (Lester, 2005). 

Sturtevant (2005) has combining hierarchical abstraction with fast partial path 

refinement in Partial Refinement A* (PRA*) by mapping small connected regions. 

The process decreases the number of nodes by doing multiple refinements. 

Hierarchical Pathfinding A* (HPA*) and PRA* are combined to decrease the memory 

used for abstraction (Sturtevant, 2007). However, these variants of A* stored nodes 

information and end up uses more memory and not efficient at all (Botea et al., 2004; 

Sturtevant, 2007; Halldorsson, 2015). Leigh et al, developed hybrid A* with GA and 

expected to outperform standard A* (Leigh et al., 2007). Yet, it resulted more 

expanded nodes to be needed thus slower the performances of A* and the different in 

win ratio is small for simple map environment (Petereit, 2012; Hagelback, 2012; 

Hagelback, 2016). In short, the current study carried by the researcher generally 

attempt to optimize the use of memory and reducing the time by improving the number 

of visited nodes in the graph.
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Metaheuristic algorithm has become popular due to its success in obtaining 

optimal solutions for complex problem in engineering and industry (Salnon et al., 

2006; Mocholi et al., 2010; Mora et al., 2012; Mohanty et al., 2013; Koceski et al., 

2014;Pandey et al. 2017; Saad et al., 2017), especially in games and robotic. Generally, 

metaheuristic improves the search strategy through random and multi-agent approach 

search strategies. In recent years, several new search metaheuristic have been proposed 

including Artificial Bee Colony (Karaboga et al., 2007), Firefly Algorithm (Yang, 

2008), Cuckoo Search (Yang et al., 2009), Bat Inspired Algorithm (Yang, 2010) and 

Flower Pollination Algorithm (Yang, 2012). These algorithms have potential to solve 

complex problem especially when the number of iterations are limited. They also have 

shared many similarities in general. As for instance, they pick a set of random solution 

and operate a fitness value to evaluate the population. They update the population and 

randomly search for the optimum. The sharing information mechanism is used to find 

the best solution. However, among these algorithm, ABC was chosen because of its 

criteria that significant to the current research which help in optimizing the resources 

and obtain the shortest path in pathfinding games.

Recently, Artificial Bee Colony (ABC) is seen to be more competitive to others 

metaheuristic algorithm in term of optimization performance. Due to its high 

efficiency, many development and improvement have made to be utilized for different 

purposes (Zhu et al., 2010; Banharnsakun et al., 2011; Gao et al., 2012; Li et al., 2012; 

Xiang et al., 2013; Garg et al., 2013; Li et al., 2016). ABC is better than others 

metaheuristic algorithm in many problems because of strong robustness, fast 

convergence and high flexibility and fewer control parameters (Karaboga, 2007; Yan, 

2011; Saad et al., 2017). However, the best solution founded by onlooker bee in 

presence of constraints is still insufficient and not always satisfactory (Mezura-Montes 

et al., 2010; Yan, 2011; Stanarevic et al., 2011; Banharnsakun et al., 2011).

In relation to that, Flower Pollination Algorithm (FPA) is more convenient in 

optimizing the solution in terms of time and memory. FPA is one of the nature-inspired 

algorithms developed by Yang et al. (2012) for engineering tasks. The efficiency of 

this algorithm is proven to be outperforming even for the evolutionary based 

algorithms (Prathiba et al., 2014; Yang et al, 2014; Abdel-Raouf et al., 2014; Wang et 

al., 2014; Lukasik et al., 2015). The algorithm with less number of operators can be
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easily implemented in any algorithm. Since FPA is simple and easy, the outcome was 

very efficient with almost exponential convergence rate. Therefore, in order to 

improve the accuracy of optimal solution and obtain the fine convergence ability of 

ABC, FPA search method was recommended to solve this problem.

1.4 Problem Statement

Researchers in the past had developed various solutions in tackling pathfinding 

problems and provide optimal solution with regard to the given constraints. Based on 

the background of the problem, the improvement aspect is mainly focuses on using the 

new approach by implementing FPA into ABC pathfinding in games. The focuses are 

indicated as below:

FPA helps ABC in finding optimal path for pathfinding in 2D dynamic game 

environment.

Implementation of FPA is used to improve computational time and memory.

One of the significant approaches to handle the pathfinding problem is through 

the implementation of hybrid algorithm. The proposed algorithm exploits good 

properties of Artificial Bee Colony (ABC) algorithm and Flower Pollination algorithm 

(FPA) in order to develop a new algorithm which is more efficient than the original 

algorithms. Hence, this study, proposed ABC algorithm by implementing FPA to find 

the optimal path pathfinding in grid-based games environment.

From reviewing the problem statement of this research study, three research 

questions were highlighted as follows:

1 How to obtain the optimal solution in pathfinding problem?

2 How can ABC and FPA be hybrid and get the optimal solution?

3 Can this hybrid ABC-FPA for pathfinding solve the pathfinding problem?
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1.5 Aim

This study aims to develop hybrid algorithm to obtain optimal path in grid- 

based games environment.

1.6 Objective

This study highlights the three main objectives in order to answer the research 

questions, which are:

4 To develop pathfinding in games using ABC algorithm.

5 To propose hybrid ABC-FPA pathfinding for optimal path.

6 To validate the proposed solution of time complexity, memory and best cost of

the hybrid ABC-FPA.

1.7 Scope

The limitation of this research study are listed as follows:

1 This study only focuses on single player with 2D movement.

2 The obstacles are placed randomly in grid environment.

3 This study will be conducted by using MATLAB R2013a.

4 The size maps are setup in 200x200, 500x500 and 1000x1000.
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