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ABSTRACT 

In this research a comparative analysis and implementation of Simultaneous 

Localization and Mapping (SLAM) algorithms for indoor mobile robots has been 

conducted, the purpose of which was to identify a possible area of improvement for 

future implementations. Robot are widely being used for daily tasks and as such require 

a technique to be able to easily navigate indoor environments, specifically small maps 

for helper robots, however simple methods such as dead reckoning and wireless beacons 

are unreliable. To resolve this problem a new method is being researched upon which 

is SLAM. SLAM algorithms which are commonly known, accepted by experts in 

robotics and are compatible with the Robot Operating System (ROS) have been selected 

for this study. They are GMapping, Hector SLAM and Karto SLAM. Each method is 

comparatively analysed with various parameters such as computational complexity 

which is a measure of how complex the algorithm is with respect to the amount of steps 

and calculations needed, Central Processing Unit (CPU) usage load which measures 

how much the processor is being used and scenario-based efficiency which takes into 

account the performance based on different scenarios such as different speeds, map 

sizes and obstacles. Additionally, the analysis and selection is based on validation 

techniques such as Corner Detection & Matching, K-Nearest Neighbours and Map 

Completeness conducted on simulated data. Based on the comparative analysis 

performed via MATLAB, Hector SLAM was found to be the most appropriate 

technique for indoor robots in small maps. This technique was implemented on the robot 

platform and real-world tests conducted. The chosen method i.e. Hector SLAM 

managed to successfully generate fully visible maps in small indoor locations with 

numerous features. However, maps with larger sizes or smoother features were not as 

efficient. 
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 خلاصة البحث 

 
 

رزميات  خوا وتطبيق  مقارن  تحليل  ء  إجرا لبحث  ا هذا  في  تم  منين   لقد  زا لمت ا لتخطيط  وا تعريب  ل ا من 
 (SLAM  محتمل مجال  تحديد  هو  منها  لغرض  ا وكان  ة،  ي لداخل ا ة  ئ ي ب ل ا في  قلة  ن ت لم ا لروبوتات  ل  )

ة، وعلى   يومي ل لروبوت على نطاق واسع للأمور ا م ا تم استخدا ة. ي ي ل قب يقات المست تطب ل نات ل لتحسي ل
ئط   ة، وخاصة خرا ي لداخل ئات ا ي ب ل ة في ا نقل بسهول ت ل تكون قادرة على ا يات؛ ل قن لنحو يتطلب ت هذا ا

لوصول    صغيرة  ليب بسيطة مثل أماكن وإشارات لاسلكية لا يمكن ا لروبوتات المساعدة، ولكن أسا ل
وهي   طريقة جديدة  لبحث عن  ا تم  المعضلة  هذه  يها، ولحل  ل قبل    SLAMإ من  ومعروف  )مقبول 

ا لمتغيرات   ي قة نسب تم تحليل كل طري لروبات، ي بسطه تشغل ا ،  هيكتور   SLAM وكارتو   SLAMا
GMapping   .دارسة ل إلى    ا ة  نسب بال ة  الخوارزمي ة  لمدى صعوب مقياس  وهو  الحسابات  ة  مثل صعوب

ار   ب الاعت في  ويأخذ  ة.  المركزي لمعالجة  ا وحدة  م  استخدا حمل  المطلوبة،  والحسابات  الخطوات  ر  مقدا
فة   عقبات. بالإضا ل لفة وأحجام الخريطة وا المخت لسرعات  لفة مثل ا اريوهات مخت ن ءً على سي ا ن ب ء  الأدا

عتمد  ا    إلى ذلك، ي دً ا ن ة. است وي زا ل لتحقق من خدمتها مثل كشف ا يات ا قن ار على ت ي يل والاخت تحل ل ا
يات   قن ت ل ا ر  أكث يكون  ل هيكتور    SLAMإلى؛  على  عثور  ل ا لمقارن  MATLABتم  ا يل  تحل ل ا  ،

على   ة  ي قن ت ل ا هذه  يق  تطب تم  لصغيرة.  ا ئط  الخرا في  ية  لداخل ا لروبوتات  ل ملاءمة  عبر  إجراؤه  تم  لذي  ا
ب  لروبوت واخت ة  منصة ا ي قع داخل ة بالكامل في موا ي ئط مرئ نشاء خرا عالم الحقيقي تمكنت من إ ل ارات ا
Hector SLAM    .بنجاح زات  لمي ا من  لعديد  ا مع  صغيرة  مثل  رة،  ا المخت قة  لطري ا أجريت  لتي  ا

 . ة ل لميزات الأكثر سلاسة لم تكن فعا ا لكبيرة أو  م ا ئط ذات الأحجا  ومع ذلك فإن الخرا
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CHAPTER ONE  

 INTRODUCTION 

1.1 OVERVIEW 

Progress in technological development usually comes about when there is a demand, 

need or desire to make life simpler and easier than it currently is. One of the most 

common requirements is a robot which can complete tasks that are menial and time 

consuming. To cater to these demands mobile robots are developed and equipped with 

various components and sensors which allow them to work as required.  

A mobile robot is an automatic machine that is capable of locomotion. These 

robots would normally have to move around in indoor environments, and to accomplish 

this a system is needed which would allow the robot to understand its position/location 

inside an indoor environment. It is important for a robot to know where it is in any 

environment so that it can successfully execute its assigned task.  

GPS coordinates can easily be used to track the location of a robot while 

operating in outdoor environments, however within indoor locations GPS signals aren’t 

very accurate, thus a need for indoor localization and mapping techniques. To navigate 

reliably within indoor environments, a mobile robot must know where it is and where 

it needs to move. Thus, reliable position estimation is a key problem in mobile robotics, 

as location information is essential for planning and decision-making processes. 

Numerous approaches to localization and mapping have been researched; including 

using laser scanners, vision and wireless strength. These techniques will be discussed 

next along with their advantages and disadvantages. Additionally, an optimal solution 

for the SLAM problem will be proposed. Whereby a mobile robot may reliably map its 
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environment and perform accurate localisation and pose estimates. This will take the 

form of Hector SLAM using ROS where a Laser Distance Scanner will be used to map 

the environment.  

Since indoor mobile robots are now being used in a multitude of tasks, ranging 

from simple vacuum robots to assistant robots, the problem being faced is to accurately 

navigate in such environments. A large variety of techniques have been employed for 

this purpose. Some of the techniques which are being used for indoor localization are 

RSSI measurements, Odometery, Dead Reckoning, Ultra sonic positioning, Visual 

tracking etc. These techniques are discussed in a later section. 

1.2 MOTIVATION 

The motivation behind doing this lies in the fact that mobile robots are increasingly 

becoming an important device in our daily lives. During my undergraduate years I was 

working on an assistant robot for disabled people described by (Younas, Akbar, Motan, 

Ali, & Atif, 2017). The biggest problem that I faced was that of localisation and 

navigation in an indoor unknown environment. The robot that I built, used a line 

following algorithm and could only follow marked paths and in case of any unknown 

variables, the robot would not even be able to complete this task. Another problem was 

that the start and end point of the robot had to be fixed with markers to identify its 

position and orientation. This became a huge challenge if the robot had to change its 

route while traversing the path. During this transition period, the robot could not 

determine how far it was from the goal and at what trajectory would it reach the goal in 

the shortest time possible. I realised that this was a highly inefficient method for an 

indoor mobile robot. If a robot was to be used for disabled people as an assistant, then 

I needed to devise or implement a technique which would reduce the time a robot would 
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take to localise itself and map its environment, so it could efficiently reach its goals 

effectively. After conducting some further research work and studies it was concluded 

that SLAM Algorithms are best suited for the desired task. This motivation forms the 

crux of my postgraduate research, which focuses on analysing SLAM methods and 

applying various validation techniques to determine a highly effective Algorithm. In 

addition to the above my research also involves identifying areas of improvement for 

the selected Algorithm to make it more efficient and reliable. 

1.3 PROBLEM STATEMENT 

This section covers the issues faced with the individual sensor systems in robot 

localization. Localization and mapping techniques relying on simple sensor systems, 

face issues such as sensor drift, signal propagation interference, excessive processing 

power and time delays. Thus, a system or algorithm is required which is free of these 

issues or at the very least minimizes them as much as possible. Such a system should 

consist of a number of different sensors, and an algorithm which allows them to 

complement and support each other. A possible proposed system would be using sensor 

fusion along with ROS to combine two different sensors to get a reliable and detailed 

map as well as location and pose estimates by employing a SLAM technique. 

1.4 OBJECTIVES  

• To comparatively analyse the SLAM techniques based on performance 

parameters. 

• To select and implement a SLAM algorithm which meets the following criteria: 

o good performance in small indoor maps with <5% error in measurements 

o low hardware requirements 
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o Simple and less CPU intensive. 

•  To design and build a mobile robot capable of moving in indoor locations. 

• To generate indoor maps which can be used for future path planning on any 

platform. 

1.5 RESEARCH METHODOLOGY 

In this paper the following methodology has been used. First various techniques on the 

localisation and mapping of robots will be discussed along with their flaws and 

shortcomings. Next improved techniques based on Sensor Fusion will be explained, 

these will include a few results from some of the fusion algorithms. The next step is 

designing a robot to be used for indoor SLAM this section will also include an analysis 

of difference indoor SLAM algorithms. After analysing each algorithm along with its 

mathematical model, the hardware and software components are discussed. To 

determine how the robot will perform, a simulation technique will be discussed, and the 

simulated results will be validated using two different methods which will provide us 

with a good estimate of the algorithms efficiency. This step will allow us to select which 

algorithm is suitable and can be implemented on the robot. The robot will be tested in 

four ways this will allow us to determine its performance in different scenarios and 

finally the project will be concluded by defining redefining the objectives and 

discussing future work for the algorithm improvement. These steps are summarised in 

the flowchart in Figure 1.1 
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Figure 1.1 Research Methodology Flowchart 

1.6 STRUCTURE OF THESIS 

This study proposes a SLAM algorithm for indoor mobile robot localisation and 

mapping. 

Chapter 1 is an introduction to the work being carried out. Here the need for this work 

is detailed by describing the issues faced with simple conventional methods. This 

provides a solid background by describing the problem statement and objectives for this 

work. 

Chapter 2 presents the literature review of Indoor SLAM for mobile robots including 

sensor fusion techniques as well as SLAM Algorithms. Also, a strong review of current 

relevant research in recent years is also presented  
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Chapter 3 focuses on the proposed algorithms with a detailed analysis. Also, a 

methodology for designing the robot and implementing the proposed algorithm is 

discussed along with the process flow of data as well as the parameters and hardware. 

Chapter 4 gives a detailed method for performing the simulations along with a 

validation technique with an analysis and discussion on the best suited algorithm 

Chapter 5 has an in-depth review of how the real-world experiment is set up. It then 

shows the results in different scenarios to compare it to the simulation results. After 

which a short discussion follows where the results are analysed 

Chapter 6 concludes this project by highlighting the outcome of this research. This 

chapter also discusses the limitation of this work by giving recommendation for future 

work. 

1.7 SUMMARY 

In this chapter the background of the study has been discussed. It explained why 

localization and mapping are vital to indoor mobile robots, additionally, the problem 

statement was discussed. This study was conducted to analyse methods by which a robot 

can simultaneously locate itself and map its environment in the most efficient manner. 

This chapter also presented the research objectives and the methodology which was 

followed.  
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CHAPTER TWO 

 LITERATURE REVIEW 

2.1 MOBILE ROBOTS  

2.1.1 Background  

Recent developments in robotics have seen success in industrialised applications for 

example, the robot arm can perform monotonous tasks in a factory move with high 

levels of precision and accuracy to. However, these robots face a disadvantage in the 

mobility aspect. A stationary manipulator has a restricted range and can’t perform any 

action beyond its working area. “In comparison, a mobile robot would be able to 

navigate all over the factory, adaptably applying its abilities wherever it is most 

effective.” (Siegwart & Nourbakhsh, 2004). Mobile robots can travel everywhere in a 

physical location. Mobile robots are commonly controlled by software and use sensors 

and other equipment to detect their surroundings. They make use of Artificial 

Intelligence along with robotic principles which permits them to traverse their 

environments. 

2.1.2 Types of mobile robots 

The 2 basic kinds of robots are Legged and Wheeled robots. (Ghassaei, Choi, & 

Whitaker, 2011) describe walking robots as “those which mimic human or animal 

motion, as a replacement for wheeled motion.” Legged motion makes it possible to 

negotiate irregular surfaces, steps, and other regions which are beyond the capabilities 

of wheeled motion. Figure 2.1 shows a four-legged robot as an example. 
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Figure 2.1 Four Legged Robot 

Wheeled robots are those that travel on the ground using a combination of 

wheels. This design is commonly favoured since it is simpler than legged designs, 

additionally the manufacturing and programming for such robots is easier. Another plus 

point of wheeled robots is that they are easier to manoeuvre than other robot types. 

These robots can be categorised into 2 categories; Holonomic and Non-Holonomic. 

Nonholonomic 

Nonholonomic types as defined by (Lynch & Park, 2017) “are governed by the type of 

wheels they utilise. Nonholonomic mobile robots employ standard wheels, like those 

on a car: the wheel rotates about an axis aligned perpendicular to the plane of the robot 

and it can be steered by rotating it about an axis which is perpendicular to the ground 

plane.” The wheel rolls without being able slip or slide in either side. This restriction is 

what makes the vehicle Non-Holonomic. Figure 2.2 shows an example of a 

Nonholonomic robot and Figure 2.3 gives its 2D model. 
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Figure 2.2: 4 Wheeled Non-Holonomic Robot 

 

Figure 2.3: 2D Model of a 4 Wheeled Non-Holonomic Robot 

Holonomic 

A robot that is not hindered by these above mentioned restrictions is capable of 

omnidirectional movement. (Li & Zell, 2009) describes such motion as a vehicle that 

can travel in any direction under any positioning.” In many cases where mobile robots 

are put into action, especially in cramped or crowded spaces, omnidirectional movement 

allows for easier access. It permits the root to move accurately at a faster rate. An 

example of such a robot with its 2D model are shown in Figures 2.4 and Figure 2.5 


