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ABSTRACT 

 
    Simultaneous Localization and mapping are one of the relevant problems in our era 

especially, in auto-navigation of vehicles. This capstone project revolves around 

implementing a SLAM algorithm to a two wheeled robot which is equipped with a camera 

and sensors. To accomplish such task, we opt for using Robot Operating System, known as 

ROS, to simulate our robot in the real world. 

 

Extended Kalman Filter (EKF)-based Slam was adopted, as the core algorithm to our SLAM. 

The decision to transfer the virtual simulation to the real world, is based on results 

accomplished during the simulation and the availability of the hardware. 

 

The configuration of our robot was studied detailedly, on ROS using Gmaping packages. 

From the configuration studied, we believe that the combination of Kinect and sensors, will 

be the best candidate to our SLAM, which is backed by empirical evidence. 

 

 

      Keywords: SLAM, Navigation, Unknown Area, Mapping, EKF. 
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 INTRODUCTION 

 

      A vehicle being put in an unknown environment. The vehicle could navigate through the 

environment, while being aware simultaneously of its Location, and creating the map of the 

environment. Such behavior has long been a hot topic in robotics. Many attempts were taken 

during the last decade, to improve the hardware and the algorithms used for simultaneously 

localizing and mapping the environment, from EKF to FastSlam. 

 
Until now, humanity have achieved the possibility of making semi-autonomous cars, after 

years of trials to automate vehicles. Due to the rapid improvement of technology and its 

achievements, it is believed that fully autonomous cars, will become a reality soon. One the 

constraints that the attainment of autonomous vehicles poses, is its possibility of localizing and 

navigating through an unknown area which is known as SLAM (simultaneous Localization and 

mapping). 

 

The main intent of this project is to create a robot that can localize itself and map an 

unknown environment simultaneously. We will attempt to transfer it to a real robot if there is 

enough hardware at our disposal. 

 
Many architectures come into play, when deciding to simulate SLAM such as ROS, ORCA, 

or OpenRDK. Certain criteria for determining the best architecture for such project was carried 

out by Anti Maula (1). Based on Anti Maula, four distinct criteria are involved. First, the 

architectural features, which provide us with the means to communicate between different part 

of the hardware in our Robot. Second, Scalability which refers to the easiness of adding new 

features to our system without any serious complication on the pre-existing ones. Third, 

documentation which refers to the fact of having enough resources and references on how to 

use the operating system for your robot. Finally, is the size of the community using such 

operating system, which indicates the sustainability of the OS used. 

 
Upon revising the above criteria, the best option for our use case was the Robot Operating 

system (ROS). Even though certain complications were faced during integrating ROS with the 

newest Linux version, but that is another topic that will be embarked in next chapters. 
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Several algorithms-based SLAMs were at our disposal; However, we opt for the Extended. 
 

Kalman based SLAM which is implemented in the ROS Gmapping package. 

 
 

Our simulation will be presented on the Gazebo which has our two wheeled robots equipped 

with a camera and sensors. On the other hand, the RVIZ GUI will simultaneously create the map 

of the environment as our robot moves and localizes it. In the figure below is an example of 

how our robot should look like: 

 

                                                  Figure I: Navigation Robot 

 
Our priority in this project, is to map the environment in a static environment, meaning there 

are no dynamic objects. The latter behavior would be addressed in future work. 

 

             Application of SLAM: 

       The SLAM solution could be a valuable tool for many mapping possibilities, where the 

human reach is nearly impossible. We could map areas that are inaccessible or far away such as 

space station, planted or deep-sea environment. 

 

Moreover, SLAM could help us in localizations since placing beacons would be expensive, 

since we should place multiple in a specific range for an accurate localization. Also, GPS is 

accurate only in one half meter meaning once we super pass that the accuracy drops 

significantly, therefore, a solution to SLAM would be very valuable for us. 
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             History of SLAM: 

 

SLAM is a very important subfield in robotics. In the mid-1980s, Smith and Durrant-Whyte 

constructed a precise representation of uncertainty in feature location. The latter helped us in 

finding a real-world solution to the robot navigation. After, a paper that was based on a research 

carried out by Smith and Durrant-Whyte about the ways to deal with errors, proved the intersection 

between location errors that are generated by an object motion.  This was the final stage in 

establishing the SLAM problem in its current form. We could still go in details about the history of 

SLAM, but we prefer to keep it concise and only mention the important figure that contributed to 

the birth of SLAM. 

                Background Studies: 

         Cartography is a science that focuses on creating and studying environmental maps. maps 

of the natural world These maps could be geographical, geological, or other types of maps. 

They can be displayed in 2D, such as road network maps, but they can also be shown in 3D. In 

the second scenario, the map depicts the area in considerably higher detail, and autonomous 

cars frequently use this form of map. 

In order for an autonomous car to drive in the real world, it need sensors that provide it with 

a sense of the environment in which it is evolving, as well as a map. This map enables the 

creation of a path and, as a result, the fixation of a goal-oriented point. By employing reference 

points, it is also possible to eliminate mistakes caused by localization (GPS, for example). As a 

result, mapping entails the building of a model of the environment. It can take a variety of forms. 

It might be in the form of raw data or be based on geometric primitive mathematical models. 

Autonomous cars are thus equipped with 3D mapping of their surroundings, allowing them 

to forecast their journey ahead of time. Furthermore, thanks to the numerous sensors that they 

carry, the cars can compare what they see with the data that has been provided to them. 

Simultaneous localization and mapping are the term for this. This technique, known as SLAM 

(Simultaneous Localization and Mapping), is a mechanism that allows an autonomous object 

(vehicle or robot) to create and evolve a map of its surroundings. It also allows cars to find their 

way around. As a result, if we want cartography to evolve in a permanent and direct manner, it 

must be localized. 

 

 

 

  In fact, SLAM is influenced by the type of environment, and the data received is influenced 
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by the type of sensor employed. Furthermore, the type of environment can make mapping more 

difficult to implement. It is difficult to set up. The number of specific points is reduced in an 

open area (countryside), but the use of GPS is powerful because it is more precise, whereas in 

a more enclosed urban area, the number of special points (windows, cars, signs) is considerably 

higher, and the map formed by SLAM technology delivers more detail. The estimated 

investment in autonomous cars is represented by the figure below:  

 

 

                           Figure II: The estimated investment in autonomous car technology. 

To use SLAM, you must choose a modeling method that alters but does not change the 

technology's concept. This decision is based on various factors, including the sorts of sensors 

employed, the type of environment, and the mapping goal. 
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1. PROBLEM DEFINITION 
     Because any robot in autonomous mode must know its autonomous mode, any robot must know its               

position, localization is a major issue in the field of robotics. Because of the usage of GPS, this       problem 

is less of an issue outside, but it still exists indoors and in aquatic conditions, for example.      One method 

for allowing a robot to locate itself is to employ a system of artificial markers or active      devices such 

as beacons to allow the robot to locate itself in relation to them. Another option is to      employ algorithms 

to accomplish this work. We shall adopt the second option in our instance because the first requires setups 

at the customer’s site. The SLAM algorithm is one of the methods that does not require prior knowledge 

about the surroundings. Simultaneous Localization and Mapping (SLAM) is the process of making an 

accurate map of a location and then locating itself within that map. Its goal is for the robot to be totally 

self-contained.  That is to say, if a robot is placed in an unknown location, it must be able to determine its 

location in the map it is creating using the data collected by the sensors it incorporates.  It is simple to 

tackle the mapping and localization problems and localization concerns independently. However, the 

problem of SLAM is to be able to perform both jobs simultaneously, as they are interdependent in SLAM. 

SLAM is primarily dependent on statistical relationships between items measured by sensors. 

1.2 MATHEMATICAL BACKGROUND 
 

       To model our SLAM, we need to map it with the probability world to get an exact 

understanding. The robot uses its visual sensors and lasers to get aware of the surroundings, due 

to its lack of knowledge about the environment. As a result, uncertainty of the mapping and self-

localization is inevitable from the sensors. 

First, self-localization can be done in two ways, visual sensors or odometry data. Odometry data 

predicts the position based on previous position and most the recent movements. Vision sensors, 

provide landmarks position in the environment, which can be used for self-localization. To 

predict the position of the robot we use probability distribution behind the scenes which is 

defined as P (xk, m|z0−k, u0−k, x0) Where, 

➢ X0 defines its initial position. 

➢ m is the group of landmarks locations. 

➢ z0−k the set of all landmarks and data that is visible with the current position of our 

 

robot. 

➢ u0−k is the set of odometry data sent. 

 

Given the observed landmark readings and sensors data during the robot's navigation. The latter 
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equation determines the probability distribution of the robot state in the environment. 

Note: detailed explanation of theory will come in the later chapters 

 

The probabilistic version of the SLAM issue necessitates the calculation of the probability quantity at 

each time k: 

                                              𝑃(𝑥𝑘, 𝑚|𝑍0: 𝑘, 𝑈0: 𝑘, 𝑥0) 
 

This calculation is usually performed recursively. We start with the probability 𝑃(𝑥𝑘 −
1, 𝑚|𝑍0: 𝑘 − 1, 𝑈0: 𝑘 − 1), then we use Bayes' theorem to deduce the quantity 𝑃(𝑥𝑘, 𝑚|𝑍0: 𝑘, 𝑈0: 𝑘) 

from zk and uk. 

 

 In order to make this deduction, we need to know 𝑃(𝑥𝑘|𝑥𝑘 − 1, 𝑢𝑘) and 𝑃(𝑧𝑘|𝑥𝑘, 𝑚). The term 

𝑃(𝑧𝑘|𝑥𝑘, 𝑚) refers to the observation model. It denotes the probability of having a measure zk knowing 

the vehicle state xk and a map of the environment m.  

The term 𝑃(𝑥𝑘|𝑥𝑘 − 1, 𝑢𝑘) denotes the transition model (motion model of the robotic vehicle). It 

allows to predict the state xk of the system, which depends only on the previous state xk-1 and the control 

command applied. In this case, the transition process between the states of the system xk is called 

Markovian 

We therefore denote the SLAM problem in two parts by equations 2.1 and 2.2 : 

 

➢ A part of updating the position: 

 
➢ A part of updating the observation: 

 
As a result: 

 
Knowing that 𝜂 =  1/𝑃(𝑧𝑘|𝑍0: 𝑘 − 1, 𝑈0: 𝑘) is a normalization constant depending on the observation 

model and the transition model. This SLAM structure is shown in the diagram in figure 2.4. On this 

diagram, the grey circles represent the known data, while the white circles designate the quantities to be 

estimated. 
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                                                  Figure III: SLAM Problem Representation 

 

               1.2    Different Slam Algorithms 

 

   There are various methods for creating a SLAM, which vary according on the type of sensor used, the     

type of sensor utilized, and the type of card to be produced. Regarding the type of sensors, the most 

used are distance sensors such as laser. Their algorithms only require a modest amount of memory, 

making them simple to implement in embedded systems. However, with the advent of digital cameras 

and computers in the 2000s, camera-based SLAM, also known as visual SLAM or vision-based SLAM, 

has emerged. 
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                                               Figure III.I:  Different Types of Algorithms 

 

                       1.3 Chosen Algorithm 

The SLAM method we plan to utilize for the rest of the project is mostly determined by the 

robot's sensors, which include a camera and infrared sensors. This is why a Monocular Visual 

SLAM, which uses only one camera, is the obvious choice. 

 

                         Figure IV.I: Comparison between SLAM Algorithms 
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Visual SLAM entails creating a representation of the video stream's visuals in order to extract 

relevant information known as primitives such as colors, textures, points of interest, and so on. points of 

interest, and so on. These primitives can then be compared to one another, and the distances between 

points of interest can also be compared. 

The actual trajectory is represented by the orange color, and EKF-SLAM is the algorithm that 

best follows it. This trajectory is so well followed by the EKF-SLAM that these spots are virtually 

mistaken with it. As a result, we chose to employ the EKF-SLAM technique, despite the fact that it 

takes a little longer to execute.
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1.4 THEORITICAL SOLUTION ADOPTED 

 
 

Hjelmare and Rangsjö proposed a solution to the SLAM by specifying the following essential 

steps: 

➢ Data Acquisition: Received data from our visual sensors and laser that are put in our 

robot. 

➢ Feature extraction: Choosing distinctive points and data from the processed data we 

received from our sensors. 

➢ Feature association: Previous measurements' keypoints and features are linked to the most 

recent measurements' keypoints and features. 

➢ Pose estimation: previous state and new state of our robot is used for posing estimation. 

➢ Map adjustment: The map is modified accordingly with the change of position or state of 

our robot in the environment. 

 

These five steps will be repeated simultaneously as our robot map the environment. 

 
 

Once you have completed the landmark extraction and data association, you can move on to 

the next step, which is pinpointing the position of the robot as it moves. By pinpointing the 

position, we can hit two birds with one stone. In other words, we will know the map of the 

environment accordingly as it moves. In our case we adopted the EKF estimation process. 

By using the odometry data output we can know the location of our robot regarding the unknown 

environment. The EKF estimates the state of our two wheeled robot. The only problem with our 

EKF is that it lacks the map update needed when using EKF for SLAM. 

The process of the EKF goes as follows: 

➢ Updating the state of the robot using the odometry data. 

➢ Once we re-observe a landmark, we update the state. 

➢ Once a new landmark is observed, add it to the queue state. 

 
The first point of the EKF process can be accomplished by simply adding the previous 

calculations of the state to our new one taking account the rotation of the wheels for more accuracy. 
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The second point in the process includes the re-observed landmarks. The landmarks will be 

estimated using the current position of our robot. We will discuss in detail the algorithm we used for 

landmarks extractions. 

Inaccuracies and uncertainties of any landmark observation will be changed in the second stage of 

the process. 

The final stage of the EKF will be about mapping the world and new observations will be added 

to our state. We combine the data gathered about the new and the old observed landmarks and our current 

state to draw the final map. 

 

 

 

 

                                                                                    

 
 

     Figure IV: EKF activity diagram and update State. 

             1.4.1 Landmarks 
 

The landmarks are what distinguishes between different environments. They will help us in 

guiding the robot to successfully navigate through. 
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The way we will extract these landmarks is by using RNASAC. This method calculates laser scan 

irregularities and by that it knows that an object should be in the way. Also, our visual sensors will clearly 

notice if there is something along the way that will form an obstacle to our robot. 

 

           1.4.2 Data Association 
 

In data Association, we might face 3 problems especially in landmark extraction. 

➢ The landmarks might not always be seen in the environment which will be hard for the 

robot to localize itself. 

➢ You might see a landmark but never detect it again, resulting in irregularities in 

localizing the robot own self. 

➢ Confusing previous seen with newly seen landmarks if they resemble to each other. 

Such problems will pose a significant irregularity in mapping and localizing the 

environment. The algorithm we will use for data association is the following: 

 
 

Figure V: Data analysis Association 

With this way, we will locate landmarks that are very close to the very last seen landmark in 

our environment. 

 
 1.5 DETAILED HARDWARE SOLUTION 

 

In short, the need for measurement devices is inevitable for SLAM especially when its lack of 
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knowledge about the environment is significant. A two wheeled indoor or outdoor robot, was our first 

best option. 

 
A simple robot and software implementation was our most feasible solution for environment testing. 

In this section we will present all the parts of hardware we used and their measurements. 

 

 

 
 

   Figure V: SLAM System 
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                  1.5.1 ROBOT 

The robot that we used in ROS, has two important key points, simplicity/intuitivity of use and 

odometry accuracy. In a linear motion, our robot does not have more than 1cm of error in every 2 meters 

motion. In a rotational motion, our robot does not have more than 1° error in every 50° moved. The 

position of the robot successfully and accordingly report its own (x,y) position to the output window, 

which is in our case RVIZ. 

                 1.5.2 MEASUREMENT DEVICES 

In terms of measurements devices, we used vision sensors, (Kinect), and a laser scanner, for an 

accurate landmark extraction. Moreover, the reason why we used Kinect along with the laser scanner, 

was for the inability of the laser scanner to output accurate data in the presence of certain surfaces such 

as water or glass. 

 
On the other hand, the use of visual sensors was computationally expensive especially when 

integrating it with ROS. Also, the lack of light in a certain environment will certainly affect the 

accuracy of the data output sent from our camera. Therefore, we used both sensors as a combination 

for environment awareness. 

          

                                                           Figure VI: Kinect Camera 

 
Note: the laser used have +- 20mm error range. 

                        1.5.2.1 Laser  

The data about our surroundings will be received from both, Kinect, and the laser, but we will 

embark the laser first. The laser that is equipped by the ROS packages has different settings, but I have 

set it up to get measurements from an angle of 180°. The output we will receive will be in the range of 

meters. Our laser can get the measures of an area which is 1.0° wide. Sometimes our laser will not be 

able to get the measurements from certain surfaces, therefore, we will rely on the use of Kinect. The 
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way we know if our laser cannot get the measurement is when the value returned is high, in which we 

set its threshold to 8.0. The outputted data from the laser will be returned in a fast pace, but that it is 

internally handled by our ROS software. 

                          1.5.2.2 Odometry output 

Odometry data will help us know the exact position of our robot in the environment which is 

determined by wheel’s movement and previous recent positions. The way we get the odometry data, 

is by using the built-in functionalities on ROS. The laser data will be of no use if there is a latency in 

receiving the odometry data. It will certainly result in inaccuracies which will come as an obstacle to 

our final goal. This problem is handled already by the software, the only time where this could make 

a problem for us is if we implement it with real hardware. But that is just a matter of using efficient 

sensors. 
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2. FEASIBILITY STUDY 
2.1 TECHNICAL FEASIBILITY 

                    2.1.1 RESOURCES 
In terms of technical resources, all the technologies I will be using are open source 

and the testing will be carried out using my personal computer. On the other, the 

possibility of a hardware presence in addition to the simulation will depend highly on 

its availability. Therefore, the simulation is a must in our project, and it is certainly 

feasible in terms of resources. 

 

The ROS community is large enough, meaning the technology is still supported, 

and references are at our disposal in case we face any technical problem throughout 

the project. 

                    2.1.2 IMPLEMENTATION 

In the implementation we will use the following open-source libraries and Frameworks: 

• Robot Operating System (ROS) Noetic/ Python/XML 

• Gmapping 

• Python 

• RVIZ and 

Gazeboo 

• Ubuntu 20.04 

The current version of Ubuntu is still not adaptable to ROS Noetic, but due to 

personal experience, the possibility of hardcoding certain packages, is feasible. 

2.2 FINANCIAL FEASIBILITY 

All the software used, and frameworks will be free of charge and open source. The question 

of financial feasibility gets posed to us when we are on the hardware side, due to the 

unavailability of some hardware component and their price, it would be tough to realize such 

system in real life, but since our main aim is to get the simulation up and running, the main 

objective is attainable financially. 

 
➔The project is feasible in terms of finance since; our focus will be the simulation. 

2.3 TIME FEASIBILITY 

Due to my inexperience in robot technologies, it is inevitable for me to put a significant 

amount of time in learning the new technologies such as ROS, RVIZ, etc. to be able to deliver 
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the simulation in due time. Realistically, due to the time bound, efforts need to be doubled to 

ensure a successful end of the project. On the other hand, due to my experience with the 

languages integrated in ROS, the learning experience will be smoother. 

➔Therefore, this project is feasible given the time bound proposed. 
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3 STEEPLE ANALYSIS 

 
 

3.1 ECONOMICAL IMPACT 

Developing SLAM will help in improving autonomous vehicles operations. Doing so, we will 

save costs from less accidents, increased fuel quality, and improved transportation connectivity. 

 
3.2 ETHICAL IMPACT 

All data was obtained from ethical sources and procedures, and the privacy of 

those involved was respected. 

3.3 ECOLOGICAL IMPACT 

Automated vehicles will have a major environmental impact by selecting the most fuel- 

efficient routes. 

 
3.4 TECHNOLOGICAL IMPACT 

It will enable humans to navigate and get sense of the environments that are too far or 

too dangerous to reach. 

 
3.5 SOCIAL IMPACT 

If SLAM is used in an autonomous vehicle, it will make it move quicker and 

more efficiently and safely than a human-driven vehicle, reducing traffic 

congestion. 

 
3.6 LEGAL IMPACT 

To which side would the law fall if an autonomous car drove over a motorcycle or kill 

a human? Realizing such system, might change the whole landscape of law and how it is 

conducted. 

 
3.7 POLITICAL IMPACT 

The only political impact is if our technology will be based in some military based solutions 
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4 REQUIREMENT SPECIFICATION 

4.1 FUNCTIONAL REQUIREMENTS 

• The robot should be able to move around the environment flawlessly. 

• The robot should be able to get its relative position, using wheel odometry method. 

• The robot should be able to get its absolute position, using lasers. 

• The robot should be able to perform obstacle avoidance for static objects, using visual 

sensors, and laser scanning. 

• The robot should be able to map the area, using occupancy grid. 

• The robot should be able to detect obstacles while discovering the unknown 

environment accordingly. 

• The robot should be able to move through the map after its creation, autonomously. 

4.2 NON-FUNCTIONAL REQUIREMENTS 

Performance: 

- The robot should be able to navigate and map the environment simultaneously, without a 

latency in time. 

- The robot should be accurate in mapping the area and its position. 

 

Security: 

-The data generated and received, should be original and not stolen. 

- The data received from the sensors should be protected from external use. 

 

Compatibility/Portability: 

-Our program should be compatible with all Linux version for a successful simulation. 

 

Robustness: 

- The robot has to avoid unexpected crashes, irregularities in data. 

- The robot should be updated continuously, to avoid any future crashes due to version 

incompatibility. 

Usability: 

- Our source code, is documented and easy to deploy, putting it in a place where it can 

be usable. 

Scalability: 
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- The code should not be hardcoded, allowing a room for new features to get added, 

without an effect on performance. 
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5 REQUIREMENT VALIDATION 
5.1 FUNCTIONAL REQUIREMENTS 

Requirements Status 

The robot should be able to move around the 

environment flawlessly. 

Fulfilled 

The robot should be able to get its relative 

position, using wheel odometry method. 

Fulfilled 

The robot should be able to get its absolute 

position, using lasers. 

Fulfilled 

The robot should be able to perform obstacle 

avoidance for static objects, using visual 

sensors, and laser scanning. 

Fulfilled 

The robot should be able to map the area, 

using occupancy grid. 

Fulfilled 

The robot should be able to detect obstacles 

while discovering the unknown environment 

accordingly. 

Fulfilled 

The robot should be able to move through the 

map after its creation, autonomously. 

Fulfilled 

5.2 NON-FUNCTIONAL REQUIREMENTS 

  

The robot should be able to navigate and map 

the environment simultaneously, without a 

latency in time. 

Fulfilled with some 3 seconds latency, but that 

is due to the Robot Operating System. 
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The robot should be accurate in mapping the 

area and its position. 

Fulfilled 

The data generated and received, should be 

authentic and not corrupted. 

Fulfilled 

The data received from the sensors should be 

protected from external use. 

Fulfilled 

The data received from the sensors should be 

protected from external use. 

Fulfilled 

Our program should be compatible with all 

Linux version for a successful simulation. 

Fulfilled: There was incompatibility with the 

current version of Ubuntu, but it was resolved 

successfully by hardcoding some 

packages manually. 

The robot must avoid unexpected crashes, 

irregularities in data. 

Fulfilled 

Our source code, is documented and easy to 

deploy, putting it in a place where it can be 

usable. 

Fulfilled: A full READ.me documentation 

will be sourced in the document 

The code should not be hardcoded, allowing 

a room for new features to get added, without 

an effect on performance 

Fulfilled 
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6 SYSTEM ARCHITECTURE 

 
As the first milestone to our project, we opt to choose the Robot Operating System as 

our simulation software based on Anti Maula criteria mentioned above. 

 
ROS was developed by the willow garage in 2007 to be used for robotics projects. The latter was 

under BSD license and has steadily caught the attention of many experts to help with its 

implementation. ROS became open source since 2013 and it became common among the robotics 

community. 

There are three different level concepts that constitutes the ROS structure as follows: 

- Filesystem Configuration 

- Computational Graph Configuration 

- Community Level 

The filesystem configuration constitutes the minimum level for creating the essential 

building blocks for ROS functions to operate. ROS functions are a set of files and packages that 

goes into the process of getting the software up and running. 

 
Figure VII: Filesystem Structure 

 

 
Packages: In ROS, the packages contain the minimum number of files to get a simple 

simulation up and running 

Manifests: A manifest contains the important details of the packages, like, dependencies,. 

Stacks: The combination of multiple packages 

Stack Manifest: it provides the essential information to the stack. 

Message Types: constitutes the type of message. Services: 

data structures definitions for requests. 
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Second, comes the Computation Graph level which constitute the connection between 

various systems in ROS. The most basic structure contains Nodes, master, parameter server, 

utilities, topics. 

 
 

Figure VIII: ROS computation Graph 

 

The final stage is Community. It contains respiratories, wikis, code explanations, forums 

which helps configuring the ROS environment and put it up and running. 
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7DESIGN 
7.1 Activity Diagram 

 
 

Figure VIX: Simple SLAM Process 

 

 
7.2 USE CASE DIAGRAM 

 

 
 

      Figure X: Use case of SLAM robot 
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8 TECHNOLOGY ENABLERS 
8.1 NAVIGATION STACK 

After having a clear understanding of the ROS layout, a detailed description of the technology 

enablers to our project is essential. In ROS, auto-navigation is implemented and coded in the 

navigation stack, which has multiple building block to compute and reach the desired goal 

successfully. 

Figure XI: Navigation Stack Structure 

 

 

Here, we will understand the constitution of the of the navigation stack block by block. The 

figure above is presented in 3 different colors. The white color is the already implemented 

package on ROS for autonomous navigation. The blue refers to the code that need be 

implemented to adapt to the requirements of our system in the ROS Software. The gray color is 

the files that are responsible for self-localization. 

 
To get more detailed concerning the building blocks of our file’s architecture (which are 

responsible for our SLAM implementation), we will explain them in plain English in the 

following paragraphs. 

 
➢ To know the position of the robot, wheels are defined on the tf (Transform 

Frames). The latter provides information of all the coordinates of our robot and 

its current state. 

 
➢ The results of the visual sensors and laser are published on 

sor_msgs/LaserScan as a form of messages to the navigation stack. 
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➢ The odometry data is used to provide the absolute location of our constantly 

moving robot. The latter is published on the odometry sources files. 

 
➢ The base controller is responsible for the robot movement throughout the 

environment. 

 

➢ Finally, the map server is responsible for creating the map while navigating 

through the area, but we did not use this tool, we rather used GMAPPING which 

will be discussed right after. 

 

8.2 GMAPPING STACK 

 

We opt to choose the Gmapping Stack for map creation since it is accurate. The Gmapping 

Stack provides the map of the environment in a 2D format based on the visual/odometry data 

received.
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8.3 Gazebo Simulator 

Gazebo is a ROS-integrated simulation program that offers a 3D dynamic simulator of the 

real world. The latter offers us the possibility to test the activity of our robot in a complex 

dynamic indoor and outdoor environment in an efficient way. Gazebo is commonly used to 

evaluate robotics algorithms, robot designs, and test its execution in practical scenarios. 

The below picture represents a gazebo simulator where we created an environment by putting 

those object surrounding our robot. 

 

Figure XII: Gazebo Simulator 

8.4 RVIZ 

Rviz is a 3D visualization application that makes it simple to see data from hi-fi cameras, 

3D lasers, and Kinect sensors. In a different expression, Rviz helps us to visualize the sensors 

and their output in a simulated environment. 

 

 

 

 

 

 

 

 

 

 

 

 
  Figure XIII: RVIZ simulation
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9 IMPLEMENTATION 

 
My implementation was split up into three parts, ROS installation, Object detection, and 

simulation. 

9.1 ROS installation 

ROS was run on Ubuntu 20.04 which is still unstable for ROS use, but I hardcoded some 

packages for successful completion. We installed ROS Noetic which is the newest version and 

the closest in terms of compatibility to my Linux version. 

 
The installation was simple and done through the terminal by running the following command: 

 

Through the installation the 3D simulation software, navigation stacks, 3D visualization 

RVIZ were installed automatically along the packages. 

The complicated part was when we tried to set up the environment, and that is due to the 

uncleanness of the source package. 

I had to add manually the following code "source /opt/ros/noetic/setup.bashrc" to the. 

bashrc file. 

After the installation, we had to create our ROS environment for our project. To create our 

environment, we had to run the following commands: 

 

 

 
The catkin_make does set up our file architecture which is explained in the technology 

enablers and the navigation stack. Again, we sourced the path of our workspace on the 

.bashrc folder. 

 

The launch of the ROS, was done automatically since we sourced it permanently on the 

.bashrc file. 



30 
 

To test our ROS installation, we installed the turtleBot simulation. The current Ubuntu 

version is compatible with tutlebot3 which is implemented python3. Therefore, I had to change 

python3 coded packages to python in the turtleBot implementation. 

 
We then launched the turtleBot simulation on Gazebo and watched the output on the RVIZ 

window. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure XIV: Gazebo simulation with the turtleBot inside. 

 

 

After our environment was created, we launched our robot on the RVIZ simulator, we can see 

our robot in black in the below picture, the borders created so far for our environment 
 

 

 

 

Figure XV: Rviz Simulation 
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We pinpointed a location of where we want the robot to go in the simulation. 
 
 

Figure XVI: Robot Navigation to the destination point. 

After giving the robot an estimated position and pushing it to a target point, the robot began to 

navigate and arrived at the destination point. 



32 
 

 
 
 

9.2 Object Detection 

 

The object detection was done in TensorFlow by using YOLO V3. The latter uses 

conventional neural networks to detect objects. For such task we used TensorFlow, NumPy and 

Pillow for image processing. 

Our program was coded in python instead of C++ for an easy integration in the ROS 

environment and for the fact that I am more comfortable with python than C++. Moreover, the 

documentation was easy to find in terms of python, and many models were executed using 

python. The model was developed using googleColab. 

9.3 Training the dataset. 

We opt for dividing our data into batches of (50,50). To reduce variance, lower its 

possibility to be prone to noise and for fast training we relied on batch normalization. 

 

 

 

 

 

Figure XVII: Setting up out model. 

In details, the batchNormDecay represents the momentum to compute the moving 

average. We used the Leaky ReLu to prevent our neurons to die when the activation number 

becomes 0. 

Anchors are the one responsible for the bounding box when detecting an object in 

the environment. 

 
9.4 Our Model 
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After the batch normalization we performed, we used Darknet-53 for feature extraction. The 

Darknet-53 was trained on the ImageNet dataset. 

Darknet-53 allowed further flow of the data through our pipeline. Since we just need the 

features, we took off the SoftMax. 

 

 

 

 

 

 

 

 

 

 

 
Figure XVIII: Feature Extraction 

 
 

We used a detection layer to detect the features of an object for successful obstacle avoidance. 
 
 

Figure XIX: Detection Layer 
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Due to the fact that our model might be prone to errors and produce may boxes for one 

object we will use the Non-Max suppression. The latter will help us in neglecting the boxes 

which has low confidence scores. 

 

 

 

 

 

 
Figure XX: Non-Max Suppression 

The previous layers will constitute our final model for object detection. We then worked on 

the loading function which will load images as a NumPy array to out model. 

 

 

 

 

 

 
Figure XXI: Loading image function 
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10 Simulation 

Upon Installing our ROS environment, testing it, and building our neural network model, 

the simulation stage came into play. 

Our project has the following file structure: 
 

Figure XXII: Project file structure 

- Rviz constitutes the entire robot structure it defines the links and joints, and the model 

can be launched in RVIZ. 

- launch is where the model is launched in the gazebo setting and includes many 

simulation worlds. 

- Scripts is where our model is created, and object avoidance is implemented. 

 
Mybot_world file is responsible for the environment creation that our robot will 

navigate through. In here we used the ground plane and the willow garage for our 

simulation 
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Figure XXIII: Mybot world file 

In the URDF directory contains mybot.xarco file which specify how our robot will look 

like, how the wheels will look like and the estimation of the size of every part in the robot. 

 

Figure XXIV: Robot specification 

The mybot.gazebo file is the responsible for moving the robot around, it is an xml file 
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that will communicate between the nodes, to specify how the robot will move. 

 

 
Figure XXV: Gazebo file
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The RVIZ folder had to be manually changed to be compatible with our ubuntu 20.04. 

the latter file is responsible for launching the outputted results of our robot state and its 

navigation. 

 

Figure XXVI: RVIZ file 

So far, our ROS nodes look like the following: 
 

 

 

Figure XXVII: ROS node connection 

 

After we set up how our robot will look like and the measurements of all the parts included 

in our robot, we must add a camera and a sensor. The reason why combined both is to not be 

accurate when executing obstacle avoidance, since our neural model had some decrease in its 

accuracy when integrating with ROS which I could not figure out why. 

We started by setting up the camera in the mybot.xarco file using the following code: 
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Figure XXVIII: Camera Specification 

 
Then we set up our sensors by adding the following code to our hoyoku.dae file in the URDF 

folder: 

 
                    Figure XXIX: sensor specification 
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The sensor uses a 180° range of scan to cover more area in the environment. 

For the mapping of the environment and the ease of navigation we added the ROS navigation 

stack which helped us to map our environment simultaneously by including the Gmapping file 

in our folder architecture. 

The gmapping file code look as follows: 

 

                       Figure XXX: Mapping the environment 
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11 Achieved Results 

Once we set up all the environment for our robot, we integrated our deep learning model 

for obstacle detection, and incorporated the robot movement based on the detected landmarks 

in the unknown environment. We run our simulation and achieve the following results. 

The robot which is orange starts navigating the area that we put our object in. 

 
Figure XXXI: Gazebo simulation of our robot 
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Simultaneously, on our output GUI the robot is represented in Red and is navigating and mapping the 

along the way. The grey lines represents the landmarks detected so far. 

 

Figure XXXII: Mapping and localizing in the environment simultaneously. 
 

Our RVIZ output, we can notice that the camera on the left can detect the obstacle and 

objects along the way and map them in the environment. The grey color is the beginning of the 

map creation of our unknown environment. 

Our final generated map looked something like this: 

 

Figure XXXIII: Final Created Map
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The video for the full simulation can be found here : 

https://www.mediafire.com/file/uz2navqgcpvmwzg/Final_simulation.mp4/file 

https://www.mediafire.com/file/uz2navqgcpvmwzg/Final_simulation.mp4/file
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12 CONSLUSION 

 
 
The EKF algorithm for slam was of a great serve to our problem since it is reliable especially in 

outputting an accurate map of the environment. Even though, we faced hardware problems for a real-

world implementation but, the simulation gives us a concise idea on how our system will act in a real 

unknown environment. 

 
The SLAM we discussed and implemented in this capstone is an intermediate SLAM which can still 

be improved in the future on many levels. For instance, closing loop is one of the problems that our 

robot suffers from with certain environment. The closing loop, is basically, roaming through the same 

area without getting aware that there is no new exploration executed. Moreover, our robot, has a 

memory, meaning whenever it is lost, it goes to the recent explored area and start again exploring 

other new areas of the map. The RVIZ uses an occupation grid which is comprehensible by humans. 

If the robot tried all the areas and none of them returns any new information to our bucket of data, we 

abort the exploration and a message is sent to our Terminal. 

 
Our map gets formed when our laser and visual sensors send the data to the map_server and the 

Gmapping package that we defined in previous chapters. In a nutshell, our simulation has three main 

steps. First, our robot along with the environment created gets launched in the Gazebo. Second, The 

RVIZ simulation get launched, which is the main source of output to our Gazebo simulation. Third, 

the map gets drawn while the robot roams through the area. 

 
To make a precis to our overall project, the resulting map of our unknown environment was certainly 

accurate and a real reflection of the real world. The only problem that could be determined in our 

project was the closing loop which only happened in one environment, but that will be addressed in 

future work as there is multiple standard algorithms for solving such issue. Moreover, we did not get 

the opportunity to implement the FastSlam and test it but based on research carried out by R. 

Naminski the EKF is most accurate and faster than FastSlam. 
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APPENDIX A: ROS Simulation & Code 

                                               Compile Function : 

 
                                    Simulation Runner : 

 
                                 Robot Specification: 
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APPENDIX B: SCHEMATICS 

 

 

 


