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Abstract 

Mobile robots have been globally growing in popularity since the mid-to-late 1990s. 

They are utilized in a wide range of industries, including space, retail, transport, and 

telecommunications. Despite their growth in popularity, mobile robots still struggle in terms 

of pathfinding and obstacle avoidance mechanisms. Nonetheless, extensive research has been 

conducted in the field since the mid-to-late 2000s. Consequently, mobile robots are gradually 

becoming more accustomed to moving in specific pathway points and simultaneously avoiding 

obstacles. Pathfinding is an essential part of robotic navigation. There are two types of 

navigation: local navigation and global navigation. Our research will pertain to both local and 

global navigation. Numerous distinct methods have been formulated for global navigation 

issues, including Dijkstra's algorithm, Voronoi graph, artificial potential field method, grids, 

and cell decomposition method. Within the local navigation field, modern researchers 

frequently utilize control methods such as fuzzy logic, neural network, neuro-fuzzy, and 

simulated annealing algorithm. Additionally, within the local navigation field, mobile robots 

can autonomously control their motion and orientation using equipped sensors, including an 

ultrasonic range finder, sharp infrared range, and vision. Our research will predominantly focus 

on the comparative implementation of various obstacle avoidance algorithms in conjunction 

with pathfinding mechanisms. Furthermore, our research aims to emphasize pathfinding 

algorithms in static environments. Accordingly, we will construct a mobile robot that runs the 

implemented algorithm. The proposed algorithm will analyze various directions in order to find 

suitable open spaces; the algorithm will subsequently pick the most suitable open directions 

while simultaneously moving the mobile robot towards its final destination. 

 

Key Words: Algorithm, Navigation, Obstacle Avoidance, Pathfinding, Programming, 

Robotics. 
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1 CHAPTER 1: INTRODUCTION 

1.1 Introduction   

The chapter introduces relevant background information regarding the background of 

pathfinding and obstacle avoidance in section 1.1, followed by section 1.2, which is the 

problem statement section that entails details regarding the project. Moreover, section 1.3 and 

section 1.4 discuss the project’s aims and objectives, respectively. Section 1.5 describes the 

significance of our project. Lastly, section 1.6 includes an outline of the remaining chapters of 

the project, and section 1.7 ends this chapter with a conclusion.  

1.2 Background  

Mobile robots have steadily grown in popularity since the latter half of the 1990s. They 

are utilized in a wide range of industries, including transport, retail, and telecommunications. 

Moreover, the traditional scholarly consensus has been that mobile robots are dominating 

various economic fields at the expense of human workers. Globally, the main rationale behind 

developing robotics is financial profit and convenience, including usage in remote areas and 

industry fields unsuitable for human labor. These industry fields include mine exploration, 

space exploration, underwater deep-sea exploration, and flammable oil and gas. Although these 

industries are exceptionally unsafe, they are pivotally important for the advancement of human 

civilization. As a result, mobile robots can potentially replace all human workers in risky 

industry fields. Nonetheless, mobile robots must have adept pathfinding skills on par with their 

human counterparts. 

Our capstone project predominantly focuses on the pathfinding and obstacle avoidance 

mechanisms within mobile robots. The main purpose of our project is the comparative 

implementation and testing of various algorithms within one mobile robot in order to identify 

the most efficient pathfinding algorithm. Pathfinding is a form of motion planning. Pathfinding 

is defined as the generation of feasible paths from point A to point B.  

Mobile robots are frequently programmed to exhibit a high degree of autonomy, albeit 

they are not sentient beings; therefore, pathfinding and obstacle avoidance remains a persistent 

issue in robotic navigation. There will always be certain limitations regarding the extent at 

which mobile robots are able to identify paths and counter obstacles. Within the R&D 

community, the general consensus is that mobile robots are currently unable to reach the level 

of human beings in autonomous movement because modern technology is not sufficiently 

developed enough to facilitate the full autonomy and sentiency of mobile robots. Furthermore, 
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there are social concerns pertaining to the sentiency and autonomy of mobile robots because 

human worker unions and ethicists oppose the technological advancement of mobile robots at 

the expense of human labor employment. We were initially interested in the research proposal 

because of its emphasis on research as opposed to an application like most other capstone 

projects. 

1.3 Problem Statement  

Pathfinding is an essential part of robotic navigation. There are two types of navigation: 

local navigation and global navigation. Since the early twenty-first century, the issue of 

pathfinding and obstacle avoidance has increasingly become a focal point in scientific research. 

Consequently, mobile robots are gradually becoming more accustomed to moving in specific 

pathway points while simultaneously avoiding obstacles.  

Nevertheless, robotic navigation remains an area of concern to modern researchers who 

still cannot facilitate the advancement of robots to the level of humans despite extensive 

research and heavy funding since the mid-to-late 2000s. Mobile robots remain fundamentally 

behind humans in terms of autonomous movement and navigation. Our research entails 

comparing various algorithms within three mobile robots in order to determine the most 

successful algorithm in relation to pathfinding and obstacle avoidance. 

Various methods have been formulated for global navigation issues, including Dijkstra's 

algorithm, Voronoi graph, artificial potential field method, and cell decomposition method. It 

must be noted that each pathfinding and obstacle avoidance technique is suitable for different 

scenarios. For instance, Dijkstra’s algorithm is most suitable for pathfinding rather than 

obstacle avoidance. The Voronoi graph is most suitable for countering obstacles in mobile 

robots with long-range sensors rather than short-range sensors. The artificial potential field 

method is most notable for its pathfinding prowess in static real-time environments. Within the 

local navigation field, modern researchers utilize control methods such as fuzzy logic, neural 

network, neuro-fuzzy, and simulated annealing algorithm. Mobile robots can autonomously 

control their motion and orientation using equipped sensors such as ultrasonic range finder, 

sharp infrared range, and machine vision. Neural networks are most frequently utilized in 

machine vision sensors because of its lack of dependence on human knowledge and expertise 

(unlike fuzzy logic).  
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1.4 Aims of the Project  

At the final stages of the capstone design course, the team has finalized the aims as shown 

below: 

• Collaboratively implement the design and construction of a mobile robot that can 

operate on the basis of path planning and obstacle avoidance algorithmic techniques.  

• Compare the algorithmic performance of the mobile robot in a static environment 

under the same conditions.   

• Ensure the efficacy of the mobile robot’s autonomy in relation to pathfinding and 

obstacle avoidance mechanisms.  

• Determine the most efficient path planning and obstacle avoidance algorithmic 

techniques.  

1.5 Objectives of the Project  

At the final stages of the capstone design course, the team has finalized the tentative 

objectives as shown below: 

• Investigate and research various pathfinding algorithms. 

• Execute the design and development of the pathfinding robot. 

• Design pathfinding and obstacle avoidance algorithms based on the key traditional 

pathfinding techniques (e.g., Dijkstra’s algorithm, artificial potential field). 

• Establish a user-friendly interface between the robotic system and the human user(s). 

• Utilize diverse sensors within the mobile robot. 

• Test each component and prototype to ensure the functionality of the pathfinding 

robot. 

1.6 Significance, Scope, and Definitions  

The significance of path planning with obstacle avoidance is evident and plain innovation 

for path finding and can be used in different fields that can lead the technology into manifesting 

itself into the physical world. Every individual user of the system is able to use it in different 

forms that can expand user’s experience in using various systems. The main scope of the project 

is to have a programmable path as well as obstacle avoidance that can be applied to the concept 

of the presented idea. The implementation of the project is defined as hardware that connects 

the user and the physical field.  



21 

 

1.7 SWOT Analysis  

The SWOT analysis is utilized for planning projects, thereby enabling their facilitation 

from ideation to implementation. The SWOT stands for strength, weakness, opportunities, and 

threats. Table 1.1 demonstrates the SWOT analysis for the project. 

Table 1.1: SWOT Analysis 

Strengths Weaknesses  

 Availability of open-source software 

platforms  

 Formulating unique algorithms 

 Comparatively testing and monitoring 

the performance of algorithms and 

corresponding sensors 

 Ease in usage 

 Comparably easy to implement 

compared to other capstone ideas 

 Arduino microcontroller is low-cost and 

easy to program 

 Pathfinding and obstacle avoidance 

possible for both static and dynamic 

environments 

 Can be used in many diverse industries, 

including space exploration and mine 

exploration 

 Does not cause emissions from 

pollution (environment friendly) 

 Research rather than application 

 Limited knowledge in the field of 

robotics 

 Difficulty in designing the robot in two-

dimensional and three-dimensional 

formats 

 Acquiring new skills and exploring new 

techniques which require extensive 

practice and a high level of 

concentration 

 Local market is limited in terms of 

robotics and their corresponding 

components therefore, we must order 

many components from abroad 

 Risky nature of overseas shipments and 

delivery of components 

 Limitations in teamwork and 

collaboration due to the current 

situation of the COVID-19 pandemic 

 Miscommunication among members 

 Misunderstanding between the team 

members regarding the ideation and 

implementation 

Opportunities  Threats  

 Opportunity to research and discover 

new ideas 

 Additional features can be added for 

more efficient performance 

 Products are portable 

 Diverse field with abundant innovative 

ideas and many areas of interest worth 

exploring  

 Part of a niche market that provides to a 

small portion of the general population 

(mainly R&D) 

 Opportunity to collaboratively research 

 Improving the team’s skills in various 

diverse fields, including Arduino 

hardware and software programming 

 

 International and local competitors 

 Potential late shipment of the 

components ordered from abroad 

 Possibility of component failure to 

function due to hysteresis  

 Potential usage of repetitive ideas and 

similar algorithms from prior projects  

 Time constraints 

 Financial constraints 

 Cultural constraints  

 Gender-based constraints  

 Familial obligations 

 Limited group size 

 

 



22 

 

1.8 Report Outline  

The upcoming chapters outline the necessary information required to complete the 

project, starting with the first chapter, which is the literature survey outlining comparisons 

between different pathfinding and obstacle avoidance algorithms, followed by the 

methodology and design in chapter three. Furthermore, chapter four entails the details 

pertaining to the implementation of the hardware and software components. Additionally, the 

testing and evaluation are covered in chapter five. Lastly, chapter six presents the potential 

future work and conclusion.   

1.9 Conclusion  

Pathfinding with obstacle avoidance constitutes a contentious topic in research. The aim 

of the path finding with obstacle avoidance project is to compare and test various pathfinding 

and obstacle avoidance algorithms within mobile robots. The project’s initial stages concern 

investigating and researching pathfinding algorithms in order to identify the most efficient 

algorithm which operates in conjunction with obstacle avoidance mechanisms in a static indoor 

environment. Consequently, we will create, test, and implement various algorithms and 

compare the performance of each algorithm under the same conditions. It is noteworthy that 

many pathfinding and obstacle avoidance algorithms were created, tested, and implemented in 

the past; their similarities and differences are set to be highlighted in the following chapter. 
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2 CHAPTER 2: LITERATURE REVIEW 

2.1 Introduction   

The literature survey is predominantly conducted in order to research similar ideas and 

investigate their theoretical and practical approaches. The main aim of our literature survey is 

to identify six distinct pathfinding and obstacle avoidance techniques in robotic navigation, 

namely Dijkstra's algorithm, Voronoi graph, cell decomposition, artificial potential field, fuzzy 

logic, and neural network. Moreover, the chapter documents the varying features of each 

approach to highlight their main contrasts. It is noteworthy that our capstone project 

predominantly focuses on testing and comparing different algorithms in pathfinding and 

obstacle avoidance mechanisms. The focus of our literature review will be on algorithms 

associated with pathfinding and obstacle avoidance.    

2.2 Researched Articles  

 Dijkstra’s Algorithm  

Dijkstra's algorithm is one of the most prominent algorithms in pathfinding and obstacle 

avoidance. Based on the work presented in [1], Dijkstra's algorithm is a graph-based algorithm 

that is utilized to identify the shortest path from the source node to all the remaining nodes in 

the graph, as shown in Figure 2.1.  

 

Figure 2.1: Example of the standard graphical form of Dijkstra's algorithm  

In terms of optimal solutions in pathfinding problems, all algorithms must be able to 

handle three cases: the first case is when an optimal solution exists, the second case is when no 

optimal solution exists, and the third case is when an optimal solution exists simply because of 

unbounded length. The main advantage of Dijkstra's algorithm is that it can identify the least 

weight path to all the permanently labelled nodes in the graph. Moreover, human users do not 
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need a new diagram for each pass and the algorithm has an order of n2. Therefore, it is useful 

for all moderately large problems. The major disadvantage is its implementation of blind 

searches, which consume significant amounts of time and wastes resources. Additionally, the 

algorithm cannot handle negative edges. This results in acyclic graphs, which most often cannot 

identify the correct shortest path. Dijkstra's algorithm was further supplemented to create more 

advanced pathfinding algorithms such as the A* algorithm which is widely considered as the 

most advanced algorithm in pathfinding and obstacle avoidance. 

 Voronoi Graph  

According to work presented in [2], Voronoi graphs are used in robotics as problem-

solving methods for countering detected obstacles. There are numerous types of Voronoi 

diagrams which are computed by several algorithms, as shown in Figure 2.2. The Voronoi 

method typically decomposes objects to a range of polygonal partitions of different colors. Its 

main advantage is its easy constructability with computer software and the fact it can be easily 

read and understood. Additionally, its main disadvantage is its difficult computation in higher 

dimensions and non-polygonal worlds. However, approximate algorithms exist to counter the 

issue. The Voronoi method is not the most heuristic method as it can lead to restrictive paths; 

nonetheless, it is useful for robots who are simply attempting to divert from obstacles. 

Moreover, another disadvantage is the Voronoi graph’s counterproductive attraction to open 

space. The Voronoi method is also known to be potentially unstable because small changes in 

obstacle configuration can result in significant changes in the Voronoi diagrams. It is 

noteworthy that Voronoi diagrams are typically discrete forms; therefore, data becomes 

discretized, the discretization of data can result in less accuracy, which can negatively impact 

the display resolution of Voronoi diagrams.   

 

Figure 2.2: Example of the Voronoi graph 

The Voronoi method is particularly useful for mobile robots with long-range sensors 

because of its executability advantage over most other obstacle avoidance techniques. The 

pathfinding algorithm enables mobile robots to sense, detect and localize objects in the 
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environment and the long-range sensors enable the robots to sense the objects despite the large 

distance. Alternatively, the Voronoi method is largely unsuitable for mobile robots with short-

range sensors because the pathfinding algorithm maximizes the distance between the robot and 

objects in the environment; therefore, robotic navigation can be potentially cumbersome. 

 Cell Decomposition  

According to the authors in [3], the cell decomposition method can be used in cooperative 

path planning and obstacle avoidance in mobile robots via disjunctive programming, as shown 

in Figure 2.3. The cell decomposition method determines the path between the initial 

configuration and the goal configuration by splitting the free space of the robot's configuration 

into smaller zones called cells.  

 

Figure 2.3: Illustration of the cell decomposition method [3] 

The main advantage of cell decomposition is that it guarantees collision avoidance 

between a robot with any discrete geometry and obstacles of any shape which are not always 

convex. Conversely, the cell decomposition method's main disadvantage is the fact it is 

computationally intensive in high-dimensional configuration spaces such as robot 

manipulators. Moreover, the method does not usually permit human users to incorporate other 

motion constraints, such as nonholonomic dynamics and communication constraints. 

 Artificial Potential Field  

The artificial potential field is a type of potential field method, particularly in static real-

time environments. The authors in [4] focused on the potential field method in pathfinding and 

obstacle avoidance. The potential field method subdues unknown scenarios by focusing on the 

realities of the current environment.  
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               Figure 2.4: Illustration of the artificial field potential method 

The method is derived from the popular theoretical scientific theory of the same 

namesake and functions accordingly on the basis of attractive forces and repulsive forces 

(generated by obstacles), as shown in Figure 2.4. Although the potential field potential method 

is particularly advantageous due to its simplicity and elegance, the authors note that the method 

has inherent limitations within mobile robots. The authors identified four distinct 

disadvantages: they trap situations due to local minima, prevent the passage between near 

obstacles, and trigger oscillations in the presence of obstacles and additionally within narrow 

passages. The aforementioned disadvantages are inherent to the potential field method 

regardless of implementation. 

 Fuzzy Logic  

Fuzzy logic is a type of control method used in robotic pathfinding and obstacle 

avoidance, and it is based on a mathematical logic system that analyzes analog input values in 

continuous form between 0 and 1. There are two conditions in the system: true and false. The 

true condition can be any number of values less than 1 and more than 0. 

 

            Figure 2.5: Example of fuzzy logic compared to Boolean logic 
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 The method is most similar to human thinking because of its recognition of partial 

values, as shown in Figure 2.5. Consequently, the algorithms can make decisions based on a 

diverse range of data points instead of merely one discrete data point. According to the military 

research paper [5], the fuzzy logic control system has many advantages, including the 

necessitation of little memory, usage of simple sensors, and the algorithms tend to be simple 

and understandable. On the other hand, the fuzzy logic system has a series of disadvantages, 

including difficulty in proof of characterization, its complete dependency on human knowledge 

and expertise (unlike neural networks), and inaccuracies in the fuzzy logic rationale. 

Additionally, a high degree of testing is required in the implementation of fuzzy logic 

frameworks in the equipment. Therefore, the setting of accurate guidelines and capacities can 

be potentially problematic.  

 Neural Network  

Neural networks represent control methods which are frequently used in robotic 

navigation and pathfinding, as shown in Figure 2.6. They are loosely derived from the human 

brain; therefore, they interpret data through sensory machine perception. The author in [6] 

highlighted the neural method’s main advantages, including its parallel processing ability, high 

degree of fault tolerance, and its ability to detect complex nonlinear relationships and all 

possible interactions between variables.  

 

Figure 2.6: Example of a four-layered neural network (obstacle avoidance) 

Furthermore, the neural method can utilize incomplete information and large amounts of 

data which ultimately improves its performance as a method. Nonetheless, the method has 

several disadvantages, including its “black box” nature, extensive computational burden, 

overfitting susceptibility, and a large number of hyperparameters.  
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2.3 Comparative Analysis  

It is pertinent for team members to review various pathfinding and obstacle avoidance 

techniques prior to the development of the capstone project. The comparison table is shown 

below in Table 2.1.  

Table 2.1: Comparative Analysis 

Reference 

Number 

Technique Fault 

tolerance 

Simple  Long-

range 

Little 

memory 

Accurate for 

shortest path 

Efficient 

[1] Dijkstra’s 

algorithm 

- - - -   

[2] Voronoi -   - - - 

[3] Cell 

decomposition 

-  - - -  

[4] Artificial 

potential field 

-   - - - 

[5] Fuzzy logic -  - - -  

[6] Neural network  - -  - - 

 

In capstone 480, we decided that our project will encompass the following pathfinding 

and obstacle avoidance techniques: artificial potential field and Dijkstra’s algorithm.  

2.4 Conclusion  

In conclusion, our project entails comparing and testing various pathfinding and obstacle 

avoidance algorithms derived from existing theory and literature. In the chapter, we explored 

the advantages and disadvantages of several key pathfinding and obstacle avoidance 

techniques. For instance, the artificial potential field method is most particularly useful in static 

real-time environments, whereas the Voronoi method is a problem-solving method for 

countering obstacles which are particularly useful for mobile robots with long-range sensors. 

Some algorithms are most suitable for pathfinding rather than countering obstacles; for 

example, Dijkstra’s algorithm is most notable for its pathfinding prowess. In the following 
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chapters, we will investigate the design, methodology, implementation, and analysis of the 

path-planning and obstacle avoidance robot.  
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3 CHAPTER 3: METHODOLOGY, DESIGN, AND ANALYSIS  

 

3.1 Introduction   

The chapter begins with identifying the methodology which will be utilized in designing 

and implementing the project in section 3.2. The design components and alternatives are 

identified in section 3.3. Additionally, the architectural overview is presented to clarify the 

vision of the project in section 3.4. The project’s ethics and limitations are presented in section 

3.5. The environment design is presented in section 3.6. The budget of the project is presented 

in section 3.7. The conclusion is presented in section 3.8.    

3.2 Methodology  

The methodology is the approach utilized to identify, simplify, and complete the project’s 

tasks in a time-appropriate manner. In addition, it is essential to note that the methodology used 

can potentially determine the end outcome of the project.  

 

Figure 3.1: The Agile methodology 

As a result, identifying the most appropriate approach increases the chance of project 

development in the most efficient way. Our project requires gradual modifications using 

incremental-based approaches due to its extensive size and scope. Consequently, our project’s 

dominant methodology is the incremental Agile model, as shown in Figure 3.1. 
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The advantages and disadvantages of the Agile model approach are outlined 

in Table 3.1: 

 

Table 3.1: Advantages and disadvantages of the Agile methodology 

Advantages  Disadvantages  

• Continual improvements.  

• Flexibility.  

• Encourages collaborative teamwork.  

• No fixed budget (open ended). 

• Rapid delivery.  

• Test plan evaluated after each sprint.  

• Easy to manage.  

• Decentralized management.  

• Prone to changes and adaptation.  

• Not very useful in small development projects.  

• Financial cost is generally higher than other 

methodologies.  

• Requires full understanding of the project before 

dividing tasks.  

• Requires clear outcomes otherwise weak 

implementation.  

  

   

3.3 Design Components and Alternatives  

 Microcontroller/Microcomputer Device  

3.3.1.1 Bluno Mega 2560  

The Bluno Mega 2560 is an Arduino-compatible hardware solution which specifically 

integrates Bluetooth 4.0 (BLE). The Bluno board is designed for makers, educators, and 

developers; Bluno has enabled the development of many famous prototypes from the ideation 

stages.  
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              Figure 3.2: Bluno Mega 2560 Microcontroller [7] 

Bluno Mega 2560 includes a large number of ports and the resources from the original 

Mega series and additionally includes Bluetooth 4.0 wireless communication functions, as 

shown in Figure 3.2. The Bluno Mega 2560 has 54 digital input/output ports (15 of which can 

be used as PWM outputs), 16 analog inputs, 4 UART hardware serial ports, and utilizes 16 

MHz imported crystal oscillators. Most importantly, it includes a bootloader for providing 

additional RAM, flash, or EEPROM memories which can directly download programs via USB 

without external flashing devices. The board also has an extensively large memory space. The 

Bluno Mega 2560 has two power supply system options, including a USB power supply and 

an external power supply. In addition, the Bluno Mega additionally integrates a TI CC2540 BT 

4.0 chip. The board provides wireless programming via BLE and supports Bluetooth HID. 

Moreover, the board supports the AT command for the configuration of BLE and easy upgrade 

of BLE firmware. The Bluno Mega 2560 is based on Arduino microcontrollers. In addition, 

the Bluno Mega 2560 board is compatible with Arduino Mega 2560 and Bluetooth 4.0. 

3.3.1.2 Raspberry Pi  

Raspberry Pi is a possible alternative to Arduino-based microcontrollers because it is a 

small single-board computer (SBC) with similar features and functions. The Raspberry Pi is 

widely viewed as an affordable small computer that is small enough to fit the palm of a human 

hand, as shown in Figure 3.3.  

 

          Figure 3.3: Raspberry Pi Board [8] 
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Moreover, the Raspberry Pi enables users with options to edit Scratch of Python 

programming languages and runs on the Linux operating system. In addition, the Raspberry Pi 

single-held computer (SBC) has greater amounts of computing and processing power than 

Arduino microcontrollers because Raspberry Pi single-held computers are microprocessors 

(not microcontrollers). On the other hand, the Raspberry Pi’s additional processing power is 

unnecessary for the operation of vibration motors. 

3.3.1.3 Latte Panda  

Like Raspberry Pi, Latte Panda is a single-board computer (SBC) rather than a 

microcontroller. It can fit the palm of a human hand due to its small size, as shown in Figure 

3.4.  

 

 

            Figure 3.4: Latte Panda single-board computer [9] 

Moreover, Latte Panda is widely considered a high-performance single-board computer 

with low power consumption. It runs on full Windows 10 or Linux operating systems. Latte 

Panda includes an integrated Arduino-compatible coprocessor. It is particularly suitable for 

Wi-Fi and Bluetooth applications. However, it is comparatively more expensive than 

Raspberry Pi and Arduino-based microcontrollers.  

3.3.1.4 Team’s Decision  

We concluded that an Arduino-based microcontroller is the most suitable option for our 

mobile robot; therefore, we decided to use the Bluno Mega 2560. The alternative options were 

Raspberry Pi and LattePanda, and the latter is suitable for WiFi/Bluetooth applications while 

the former is slow and constantly lags. On the other hand, LattePanda is more expensive than 

Arduino-based microcontrollers. It must be noted that Bluno Mega 2560 is a microcontroller 

while Raspberry Pi and LattePanda are single-board computers (SBC). Single-board computers 

(SBC) are alternatively known as microcomputers. A microcontroller like Bluno Mega 2560 is 
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more suitable for our project because it has no extra components. Consequently, it is smaller 

and more simple than single-board computers like Raspberry Pi and Latte Panda. 

 Device Software  

3.3.2.1 Arduino IDE 

Arduino IDE can program a wide range of Arduino boards, and there are large amounts 

of code examples available in its library resources. Moreover, Arduino IDE is simple and easy 

to use for beginners and non-STEM students. On the other hand, Arduino IDE has several 

limitations, including its limited ability to manage larger projects. However, it is noteworthy 

that Arduino IDE is technically free.  

 

Figure 3.5: Arduino IDE software 

3.3.2.2 Programino IDE for Arduino  

Programino IDE for Arduino is an alternative to Arduino IDE, which enables Arduino 

users to code in C/C++ languages instead of the standard Arduino coding language. Programino 

IDE allows users to write their own codes on the Arduino boards and enables users to have 

access to more tools, thereby allowing users to have more freedom in writing their codes.  
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          Figure 3.6: Programino IDE software [10] 

However, Programino IDE has some limitations particularly in comparison to Arduino 

IDE. Since Arduino IDE is the standard software for Arduino boards, Programino IDE lacks 

the technical and hardware support to compete with Arduino IDE. For instance, Programino 

IDE outside of the box can only send codes to older and more official Arduino boards. 

Therefore, the Programino IDE is unsuitable for more recent Arduino board versions.   

3.3.2.3 Team’s Decision  

Finally, we chose to use the standard Arduino IDE software because the Programino IDE 

software lacks hardware support, especially in the case of unexpected emergencies; there are 

no external outlets to help us navigate through emergencies which limits our ability to 

implement the capstone project. Moreover, the Arduino IDE is free of cost, whereas the 

Programino has a fixed price.  

 Mobile Robot Platform  

3.3.3.1 HCR Mobile Robot Platform Kit  

The HCR Mobile Robot Kit is a two-wheel-drive mobile robot platform that contains 

three levels, as shown in Figure 3.7. The levels are detachable; therefore, we can make the 

robot operate in the form of two levels and even one level. The kit consists of two motors, two 

wheels, an omnidirectional wheel, and hardware accessories, including metal plates. Its support 

structure includes servos and sensors alongside interfaces for a mini ITX motherboard. The kit 

consists of six ultrasonic sensors, which give the robot six directions in terms of surveillance.  
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Figure 3.7: HCR mobile robot platform [11] 

The kit's DC motor has high torque, an integrated encoder, and quietly operates without 

unnecessary noises. It satisfies the general requirements of PID speed controllers. The HCR 

mobile robot platform's size is 33 x 33 x 65 cm (13 x 13 x 25.6 inches). Moreover, the wheel 

size is 13 cm (5.1") in diameter, and the payload is 10 kg. It is made of an orange-coated 

aluminum finish. The HCR mobile robot kit most notably contains a 12 V DC motor which 

will be discussed in detail in the upcoming subsection.  

3.3.3.2 Devastator Tank Mobile Robot Platform  

The Devastator tank mobile robot platform is a small-sized mobile robot platform 

constructed from aluminum alloys; therefore, the platform is immensely durable and robust in 

structure, as shown in Figure 3.8. Its small body shape enables quick and simple construction, 

which accommodates more modules (compared to previous editions). Additionally, it has 

modular wiring therefore, no soldering iron is required. The platform is an updated version 

with durable V1 plastic motors and durable metal-gear motors.  

 

Figure 3.8: Devastator tank mobile robot platform [12] 
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In addition, the platform's updated version enables improvements in speed, torque, and 

load capacity from 1.5 kilograms to 3 kilograms. The mobile robot platform enables large 

levels of performance suspension for the navigation of difficult terrains. The robot platform 

has various mounting holes which enable the addition of many sensors, servos, turntables and 

controllers. The mobile robot platform is completely compatible with common 

microcontrollers including Arduino, Raspberry Pi, Intel Edison, and Latte Panda. Need length 

vs width vs measurements.  

3.3.3.3 Team’s Decision  

We ultimately decided to use the HCR mobile robot platform kit because it has better 

quality including higher levels of durability and robustness. Consequently, the external 

physical appearance of the mobile robots is more professional. The HCR mobile robot platform 

kit also contains more diverse range of sensors than the Devastator tank mobile robot platform. 

Although the HCR mobile robot platform kit is much more expensive than the Devastator tank 

mobile robot platform, we ultimately rejected the latter due to its lower quality.  

 Ultrasonic Sensor  

3.3.4.1 URM06 Pulse  

The URM06 PULSE is an ultrasonic component available at DF Robot. It is the most 

advanced product in the market in terms of short-range to long-range detection from 20 

centimeters to 10 meters.  

 

Figure 3.9: URM06 ultrasonic sensor [13] 

Conversely, the URM06 is also less economically feasible, especially in comparison to 

other ultrasonic sensor products in the market. However, it has a high level of camera 

resolution, and it is well-known for its accuracy and multifunctional usage.  

3.3.4.2 URM04 Pulse  

The URM04 Ultrasonic sensor enables the simultaneous usage of multiple sensors within 

the same robot. The ultrasonic sensor enables users to determine the exact distance of an 

obstacle in the sonar field.  
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Figure 3.10: URM04 ultrasonic sensor [14] 

The URM04 sensor is considered very accurate, and its accuracy has been compared to 

the natural ultrasonic sensors within bats and other wild animals. Additionally, the URM04 

sensor allows users to control motors according to the obstacle's distance. However, the 

URM04 sensor requires an interface (RS485); therefore, it cannot be directly connected to an 

Arduino board.  

3.3.4.3 Team’s Decision  

We ultimately chose the URM04 ultrasonic sensor instead of the URM06 sensor because 

the URM04 is much less expensive and offers a wider level of accuracy. Although the URM06 

is the most advanced product in the market, which offers short-range to long-range detection 

from 20cm to 10 m, we simply cannot afford its high price range. 

 Machine Vision Sensor  

3.3.5.1 Husky Lens  

HuskyLens is an innovative new artificially intelligent (AI) machine vision sensor. It was 

originally a start-up idea in KickStarter, and now it is available in the market, as shown in 

Figure 3.11.  

 

Figure 3.11: HuskyLens [15] 

The HuskyLens is equipped with seven built-in functions: face recognition, object 

tracking, object recognition, line tracking, colour recognition, and tag QR code recognition.  
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3.3.5.2 MU Vision Sensor  

The MU vision sensor is an image recognition sensor with a built-in deep learning engine. 

Its small size enables the sensor to adopt a 30W wide-angle lens and many vision algorithms, 

which enables robots to move independently and increases their intelligence. 

 

                Figure 3.12: MU vision sensor [16] 

 Furthermore, the MU vision sensor enables robots to instigate suitable behavioral 

patterns to deal with unexpected events in the environment, as shown in Figure 3.12. 

3.3.5.3 Team’s Decision  

Our final choice was HuskyLens because it has a wider range of features, a higher level 

of accuracy, and a higher camera resolution compared to the MU vision sensor. In addition, it 

is noteworthy that HuskyLens is much less expensive than the MU vision sensor, and it offers 

more hardware support to beginners and inexperienced users.  

 Indoor Positioning System  

3.3.6.1 Pozyx Indoor Positioning System  

 

Figure 3.13: Pozyx creator kit [17] 

The Pozyx creator kit consists of 4 developer tags, 5 creator anchors, 3 power banks (to 

power the tags), 5 power adapters (to power the anchors), 5 Velcro strips (to fix the anchors), 

and 1 micro-USB to USB A cable to connect the master tag with a corresponding computer. 
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The Pozyx system has many advantages, including its ability to simultaneously track multiple 

objects within the same environment and a high level of accuracy in 2D and 3D indoor/outdoor 

positioning. Moreover, the Pozyx system has the ability to provide accurate ranging between 

devices and compatibility with Arduino, Raspberry Pi, and Pozyx companion software.  

3.3.6.2 Wi-Fi Indoor Positioning System by Assystem  

The WiFi indoor positioning system by the company AVSystem is known as Linkyfi 

Location Engine (LLE); it is widely considered a popular WiFi location-based service that 

detects WiFi and BLE devices and determines the exact position of WiFi users, as shown in 

Figure 3.14.  

 

Figure 3.14: Wi-Fi indoor positioning system by Avysystem [18] 

The service utilizes various machine learning algorithms to gather crucial data regarding user 

insights and behaviour patterns to improve the satisfaction of users and guests.  

3.3.6.3 Team’s Decision  

We decided to use the Pozyx indoor positioning system instead of traditional Wi-Fi 

indoor positioning systems because the Pozyx indoor positioning system is more accurate and 

innovative. The Pozyx system is a relatively new system catered towards niche markets and 

warehouse-based industries. Conversely, the Wi-Fi indoor positioning systems are more 

universally popular and can be found in numerous industries. Although the Wi-Fi indoor 

positioning system is economically cheaper and easier to operate than the Pozyx indoor 

positioning system, the Wi-Fi indoor positioning system has many limitations and 

disadvantages particularly in terms of accuracy and security hacking concerns. It must be noted 

that we plan on using the Pozyx system simultaneously alongside traditional ultrasonic sensors 

to circumvent any potential errors derived from the Pozyx indoor positioning system. 
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 Motor  

3.3.7.1 12 VDC Motor  

The 12 V DC motor within the HCR mobile robot kit is customized exclusively by the 

DFRobot company. The customized motor is widely considered a low noise motor with high 

torque output and built-in hall encoder, as shown in Figure 3.15.  

 

           Figure 3.15: 12 V DC motor [19] 

The hall encoder supplies 663 pulse per rotation which is able to sense a degree rotation of 0.54 

from the shaft, therefore the motor is an excellent choice for robotics. Furthermore, the motor 

has a substantial metal casing and gears, which enable obstacle avoidance in rough 

environments. The 12 V DC motor is widely popular and common in pathfinding mobile 

robots. 

3.3.7.2 Stepper Motor (Bipolar 200 Steps/Rev)  

Stepper motors are suitable in robotics because their movement largely consists of 

discrete steps, as shown in Figure 3.16. They convert electrical pulses in limited angular 

movements known as steps. Their main advantage is their high torque and accuracy.   

 

Figure 3.16: Stepper motor [20] 
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The Bipolar 200 Steps/Rev Stepper Motor is popular in mobile robotics due to its high 

level of precision in angular positioning. Additionally, it is ideal for usage in all applications, 

including 3D printers, CNC machines, scanners, and hard disks. 

3.3.7.3 Servo Motor (XL430-w250-T)  

Servo motors are actuators that provide precise angular positioning, velocity, and 

acceleration.  

 

Figure 3.17: Servo motor (XL430-W250-T)  [21] 

The XL430-W250-T servo motor consists of contactless magnetic encoders which 

enable 360° rotation at speeds up to 61 revolutions per minute. Moreover, it has a small weight 

size of 52.7 g, which is ideal for usage in mobile robots.  

3.3.7.4 Team’s Decision  

We decided to use the 12 V DC motor because it is the most appropriate motor for our 

HCR mobile robot platform especially considering the fact that the motor came directly with 

the HCR mobile robot kit; therefore, we did not have to pay any additional financial fees. 

Although the other motor options are good as well (especially the servo motor), they do not 

seem very compatible with the HCR mobile robot platform.  

 Motor Shield (Motor Driver) 

3.3.8.1 12x15A DC Motor Driver  

The 2x15A DC motor driver has a PWM capability of up to 25 kHz and can be utilized 

in a wide range of equipment such as 4WD mobile robot platforms, combat robots, smart car 

competition, drive pumps, electric fans, and conveyors. The 2x15A DC motor driver module 

uses four high-performance and high-current driver chips (BTS7960) with advantageous 

protective functions such as short current, over-temperature, and over voltage.  



45 

 

 

Figure 3.18: 2x15A motor driver [22] 

The 2x15A DC motor driver enables human users to simultaneously control two motors 

with only four digital IO. In the back of the motor driver, there are two AL heat sinks in order 

to sufficiently supply cooling during prolonged high-power working states. More importantly, 

the 2x15A DC motor driver module is directly compatible with Arduino and Arduino-based 

microcontrollers. 2x15A DC motor drivers are frequently used in conjunction with HCR 

mobile robot platforms.  

3.3.8.2 FireBeetle Covers – DC Motor & Stepper Drivers  

The FireBeetle Covers DC motor and stepper driver is a motor shield/driver which 

operates on DC motors, stepper motors, and servo motors. It is designed exclusively for 

FireBeetle microcontrollers, which are low-power microcontrollers tailored for Internet of 

Things development.  

 

Figure 3.19: FireBeetle DC motor driver [23] 

The motor driver covers integrated STM8 as its coprocessor, which controls the motor 

speed and direction. Moreover, the motor driver communicates with the microcontrollers using 

a 12C port. The overall product can function as a four-channel DC motor drive and has a refresh 

rate of up to 1000 Hz. 

3.3.8.3 Team’s Decision  

We decided to use the 2×15A DC motor driver because we are only using a DC motor in 

our mobile robot platform, and we do not plan on using any other motor types. Moreover, the 
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2x15A DC motor driver is more financially feasible than the other motor drivers. Additionally, 

the 2x15A DC motor driver has a higher degree of efficiency, and they are frequently used in 

conjunction with HCR mobile robot platforms.   

 Battery  

3.3.9.1 Li-ion Rechargeable Battery  

The li-ion rechargeable battery is a rechargeable lithium battery that is rechargeable up 

to 500 times. It has a charge time between 2 and 4 hours. 

 

Figure 3.20L Li-ion rechargeable battery [24] 

 Its voltage is 3.7V while its capacity is 3000mAh. However, over-discharging the battery 

can potentially result in damage. It is priced at approximately $3.50 USD.  

3.3.9.2 Varta Rechargeable Battery  

The Varta rechargeable battery has a capacity of 2100mAh, and its overall price is 

$5.7794 USD. It is made of 11% recycled materials and merges all the advantages of self-

discharge and environmentally friendly ready-to-use technology.  It has a low self-discharge 

rate of 70% remaining capacity after 12 months. Moreover, it is compatible with all chargers 

and devices. 

 

Figure 3.21: Varta rechargeable battery [25] 
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3.3.9.3 Team’s Decision  

We picked the li-ion rechargeable battery because it is less expensive than the Varta 

battery and has a higher capacity of 3000mAh compared to the Varta battery’s capacity of 

2100mAh.  

3.4 System Architecture  

 

Figure 3.22: System Architecture 

The implementation of the system initially begins with the hardware arrangement and 

system architecture. After conducting the literature survey, we conclusively decided to use five 

types of sensor devices: Pozyx indoor positioning system, HuskyLens AI machine vision 

sensor (camera), ultrasonic sensor, IR distance sensor, and crash/collision sensor. We also 

decided to use the HCR mobile robot platform alongside its corresponding general mobile robot 

controller to control the circuit. The “brain” of the robot consists of the Bluno Mega 2560 and 

Bluno Nano microcontrollers. The HCR platform’s general mobile robot controller makes 

decisions and commands the motor driver circuit. The motor driver circuit is used to change 

the power level of the controlled signal to drive the motors.  

 

 

 

The system architecture integrates the following features: 
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 Two output 12V DC motors and corresponding 2x15A motor shields/drivers. 

 General mobile robot controller (GRM) represents the integrated circuit board 

which contains the Bluno Mega 2560 and Bluno Nano microcontrollers.  

 Bluno Mega 2560 represents the microcontroller. 

 Bluno Nano to represents the microcontroller.  

 Input sensor system for positioning (Pozyx creator kit containing master tag, 

slave tag, and anchors). 

 Rechargeable Li-ion battery to power the microcontrollers. 

 HuskyLens represents the machine vision input sensor. 

 URM04 ultrasonic sensors represent the input sensors for detecting obstacles. 

 IR distance sensor for measuring the receding object ahead.  

 Crash or collision sensor which is used for detecting the impact of collision 

through vibration.  

3.5 Experiment Design 

The environment space size is 3 meters by 2.36 meters. It is made of cardboard and is 

portable. The obstacles are each 30 cm in diameter. They are made of plastic and are portable. 

We conducted the experiments in both indoor and outdoor environments. 

In order to increase the reliability of the experiment, the repetition of the trial tests is 

necessary to increase the accuracy of measured values. It is also necessary to change only one 

parameter of the experiment at a time, in our case the one parameter which changed is the 

position of the obstacles within the environment space. The Pozyx system's tags and anchors 

were utilized throughout the trial tests. The Pozyx coordinates stayed constant throughout the 

trial tests: 0x7636 (first anchor), 0x7603 (second anchor), 0x765d (third anchor), 0x763d 

(fourth anchor), 0x7678 (master tag from the laptop), and 0x7672 (slave tag within the robot). 
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Figure 3.23: Environment space (3 meters by 2.36 meters) 

 Artificial Potential Field 

Three different paths were utilized for each respective trial test. The distance between 

the obstacles in the first path was approximately 80 cm, in the second path, the distance was 

approximately 85 cm, and in the third path, the distance was approximately 75 cm. This is the 

first path: 

 

Figure 3.24: First Path 
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The second path is shown in the figure below, which is followed by the third path: 

 

Figure 3.25: Second Path 

 

Figure 3.26: Third Path 
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 Dijkstra’s Algorithm 

The exact number of nodes is not very important because the technique and methodology 

remain the same regardless of the number of nodes, but we used 13 nodes in the initial trial 

tests, and the 13 nodes are numbered. The distance between each node is 40 cm (constant). The 

end goal is repositioned (initially, it is located on the right side and then relocated to the left 

side). We also repositioned the obstacle from node 6 to node 7. The first picture shown in 

Figure 3.27 is the environment with no obstacles, and the end sign is on the right side.  

 

Figure 3.27: Environment with no obstacle 

The second picture shown in Figure 3.28 is the environment with no obstacles, and the 

end sign is on the left side. 
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Figure 3.28: Environment with no obstacle 

The third picture in Figure 3.29 is the environment with an obstacle at node 6. 

 

Figure 3.29: Environment with obstacle 

The fourth picture in Figure 3.30 is an environment with an obstacle at node 7.  
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Figure 3.30: Environment with obstacle 

3.6 Ethics and Limitations  

All project engineers should work within high standards in order to uphold and enrich 

the honor of integrity and dignity of the engineering profession and occupation. Moreover, all 

project engineers should essentially ensure the quality and safety of every implemented system 

and product. Consequently, all projects should not affect the general health or welfare of the 

public or system user. Additionally, the system should be environmentally friendly. Thereby 

the system should not cause any type of harm to the physical environment. In addition, users 

must benefit from the implemented system, and the project must meet the general expectations 

of its users and overall customer base.  
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3.7 Budget  

 The following table will summarize the total budget that includes the prices of all the 

components and their quantities. 

Table 3.2: Budget 

Number Description Quantity Total 

1 URM04 Ultrasonic Sensor (RS485)  6 $156.00 

2 Sharp GP2Y0A21 IR Distance Sensor (10-80cm) For Arduino  5 $60.00 

3 JST 4 Holes Female Connector  16 $17.60 

4 2×15A DC Motor Driver  1 $44.95 

6 GMR - General Mobile Robot controller  1 $29.90 

7 Bluno Mega 2560 - Arduino Mega 2560 Compatible - Bluetooth 4.0  1 $29.90 

8 Gravity: HUSKYLENS - An Easy-to-use AI Machine Vision Sensor  1 $44.90 

9 Jumper Wires 9" F/F (10 Pack)  4 $7.00 

10 Breadboard Jumper Cables High Quality (30 Pack)  4 $17.60 

 

12 Bluno Nano - Arduino Nano Compatible - Bluetooth 4.0  3 $70.95 

13 Jumper Wires 7.8" F/M (High Quality 30 Pack)  4 $15.40 

14 Patch Test Hook (10 Pack)  3 $20.10 

15 HCR - Mobile Robot Platform (Support Kinect)  1 $530.00 

16 Pozyx Creator Kit  1 $1285 

17 UltraFire BRC Red 3000mAh 3.7V Li-ion Rechargeable Battery (1-Unit)  4 $14.00 

18 Li-ion 18650 Battery Charger 2x 18650  2 $11.88 

19 4 AA Battery Holder with Switch  1 $1.65 

20 Male to Female Jumper Wires 30cm  1 $2.48 

21 3 Pin Crowtail to Male Splittable Jumper Wire  1 $3.30 

22 3 Pin Crowtail Cable  1 $2.48 

23 Pin Headers Experimental Pack  1 $4.13 

24 Alpha Fry 4 oz. Rosin Core Solder Wire 0.09 in. Dia. Tin/Lead 40/60 1 

pc. 

 1 $7.43 

25 Ace 0.5 in. Dia. x 4 in. L Glue Sticks Clear 24 pk  1 $6.44 

26 Gardner Bender Heat Shrink Tubing Assorted Colors 160 pk  1 $18.00 

27 Duck 1.41"X12Yd Double Sided Duct Tape 8  1 $9.85 

28 Command White Foam Picture Hanging Strips 12 pk  1 $12.71 

29 Gravity: Digital Crash Sensor (Left)  5 $14.5 

30 Nano V3.0 R3 Board CH340G Compatible with Arduino  2 $14.86 
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 Subtotal  $2,818.06 

 

3.8 Conclusion  

In conclusion, chapter three discusses the design and analysis of the project. It included 

the development methodology, components overview, system architecture, and block diagram 

required to implement the prototype of the path planning and obstacle avoidance mobile robot. 

The function of each component was included and specified. Finally, the last three sections 

were related to the environment design, ethics and limitations, and budget pertaining to the 

project.   
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4 CHAPTER 4: IMPLEMENTATION 

 

4.1 Process of Building the Mobile Robot  

 Hardware Implementation for Capstone 475 

In mid-to-late December 2020, we initially began working on developing an early 

prototype, mostly related to the development of hardware and to a lesser extent, software. This 

culminated in the presentation of a short demo video in early January 2021 [26]. Initially, in 

early December 2020, we purchased all the components mainly from the China-based DF 

Robot website and subsequently assembled the HCR mobile robot using the detailed instruction 

manuals available in the product kits and DF Robot website.  

 

      Figure 4.1: HCR mobile robot in the early development stage 

The total hardware setup is mounted on the HCR-mobile platform through the usage of 

the general mobile robot controller. The HCR robot kit contains all the necessary tools to 

assemble the robot. The HCR mobile robot is two-wheeled and three-leveled. However our 

project only uses its first two levels. The robot’s driving wheels function due to two 12V DC 

motors. The two 12V DC motors are powered and controlled by the 2x15A DC motor driver. 

The driver is powered by the battery and receives PWM signals from the controller. The 

controller can enable the motors and change the PWM accordingly. The robot’s outer casing 

in the second level consists of six metal eye-like holes with six internally attached URM04 

ultrasonic sensors, which provide 360-degree distance detection. 
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Figure 4.2: Wire connections in the middle base level 

The HCR mobile robot’s main base in the second level contains the 2x15A DC motor 

drivers along with the Pozyx developer tag and general mobile robot controller, while the outer 

edge contains the HuskyLens camera. The wire connections were implemented using 

information from the detailed instruction manuals provided in the product kits.   

 

Figure 4.3: Bird-eye view of the wiring connections in the middle base level 
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Figure 4.4 represents the general mobile robot controller hardware. The following illustration 

was taken from the instruction manuals in the product kits: 

 

Figure 4.4: Illustration of the general mobile robot controller hardware 

The hardware architecture of the HCR mobile robot platform is demonstrated in Figure 

4.5: 

 

Figure 4.5: Hardware architecture of the HCR mobile robot platform  

The wiring connections between the HCR mobile robot’s general mobile robot controller, 

motors, and motor drivers are visually illustrated in the following diagram taken from the 

instruction manuals of the general mobile robot controller: 
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Figure 4.6: Wiring connections between controller, motors, and motor driver. 

On the other hand, the URM sensors (including URM04) are connected to the general 

mobile robot controller using the following holes: 

 

Figure 4.7: URM sensors' holes in the general mobile robot controller 

The HuskyLens machine vision sensor is placed externally as shown in Figure 4.8: 
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Figure 4.8: HuskyLens machine vision sensor placed externally  

The following diagrams were taken from the HuskyLens instruction manuals in the 

product kits purchased from the DF Robot website: 

 

Figure 4.9: Part of the HuskyLens instruction manual guide 
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The HCR mobile robot’s lower level consists of two 12V DC motors which were already 

represented in the system architecture. Figure 4.10 displays certain aspects of the wire 

connections between the main base and lower level where the motors are located: 

 

 

 

Figure 4.10: Partially built HCR mobile robot with the wire connections displayed 



63 

 

The Pozyx indoor positioning system’s main hardware components consist of anchors 

and tags. The tags are moved along with the HCR mobile robot, whereas the anchors stay fixed 

in place. The anchors are displayed in Figure 4.11: 

 

Figure 4.11: Pozyx anchors and their corresponding power adapter supply. 

 

The Pozyx block diagram is demonstrated below [45]; the Pozyx master tag is 

represented as Pozyx Master whereas the slave tag is represented as tag ID 0xXXXX.  

  

 

       Figure 4.12: The Pozyx block diagram [45] 
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Figure 4.13: Level 0 dataflow diagram explaining the demo video in Capstone 475 

In process 1.0, the Pozyx position sensor creates a 2D map from the Pozyx anchors 

installed around the place and gets the robot position using the Pozyx tag placed on the robot. 

Afterwards, this position is sent to process 3.0 In process 2.0, the ultrasonic sensors send an 

ultrasonic sound wave around the robot (360 degrees) and checks that the wave has bounced 

back. If the sound wave has bounced back, that means it has bounced on an object. Using the 

speed =  distance/time equation, we can calculate the distance of the object from the robot. 

After that, we send the calculated distance to process 3.0. In process 3.0, the information of the 

robot position is collected. Furthermore, information regarding any nearby objects is also 

collected. Afterward, the motor driver will drive the motors accordingly in order to ensure 

obstacle avoidance while additionally ensuring the robot’s arrival at the destination. 

 Hardware Implementation for Capstone 480 

At the beginning of capstone 480, we had to test the functionality of the motor shield, 

which has the ability to control the power, speed, and direction of the motors (wheels). We also 

had to test the functionality of the collision sensors, distance sensors, and ultrasonic sensors.  

Initially, we tested the functionality of the ultrasonic sensors. The ultrasonic sensors 

(eyes) at the front of the mobile robot are typically utilized to estimate the distance of objects 

from the front of the mobile robot. We tested the ultrasonic sensors by placing objects near the 
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robot’s eyes, and consequently, the Arduino IDE successfully demonstrated the functionality 

of the ultrasonic sensors 

 

Figure 4.14: Front sensor 

 

Figure 4.15: Sensor 

 

Figure 4.16: Sensor 
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Figure 4.17: The bumpers represent the crash/collision sensors 

 

Figure 4.18: The crash/collision sensors are attached to the pumpers from behind 

 

Figure 4.19: Connection  

At the beginning of capstone 480, the motors and corresponding wheels were initially 

unable to move because there were several software issues and technical wiring issues. As a 

result, we had to reconfigure the motors/wheels in order to ensure the absolute uniformity of 
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both wheels in terms of speed and direction. We also changed the wires, which resulted in the 

successful uniformity of both wheels: 

 

Figure 4.20: Prototype 

 

Figure 4.21: Prototype 
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Motor wheels moved forward and backward at the same time and under the same speed 

and direction. After that, we had to test the five IR distance sensors  

 

Figure 4.22: Sensors 

 

Figure 4.23: Arduino Code 

This represents the distance from the IR distance sensor (mobile robot) to the wall of 

the room 
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Figure 4.24: Arduino Code 

When we placed a paper book near the mobile robot, the measurements significantly 

declined:  

 

Figure 4.25: Arduino Code 

After that, we had to test the bumpers. When the bumpers are pressed in Arduino, it 

should turn to 0. Prior to pressing the bumpers, it was all 1: 
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Figure 4.26: Arduino Code 

After pressing the middle bumper, the zero number accordingly appeared in the middle:  

 

Figure 4.27: Arduino Code 

After testing the functionality of all the aforementioned components, we were finally 

able to fully assemble the robot and successfully tested its overall functionality: 
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Figure 4.28: Assembled Robot 

 

Figure 4.29: Assembled Robot 

4.2 Theoretical Background  

As previously mentioned, we decided that our project should encompass two 

pathfinding and obstacle avoidance techniques: artificial potential field and Dijkstra’s 

algorithm. The theoretical background is discussed below: 
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 Artificial Potential Field Theory 

 

 

Figure 4.30: Artificial Potential Field Flowchart 

 

 

Potentials (Attractive and Repulsive)  

There are two types of obstacles: attractive and repulsive. The two types of obstacles are 

respectively represented by repulsive potentials (obstacles to be avoided) and attractive 

potentials (target). 

The equations below demonstrate four obstacles (with α=1, µ=1 in the potential) [27]: 

𝐽𝑜𝑏𝑠(�̅�) = 𝛼𝑜 exp (−µ𝑜(�̅� − 𝑟𝑜
−)2) 

and  

𝐽(𝑇)(�̅�) = −𝛼𝑇 exp (−µ𝑇(�̅� − 𝑟𝑜
−)2) 
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The selection criteria for point: 

Points s=1, 2, 3,……n  

Cost functions: 

Distance error 𝑒𝑠
𝑑(𝑡 + 𝑑𝑡) = 𝑑𝑠(𝑡 + 𝑑𝑡) − 𝑑𝑠(𝑡)   < 0 for particle closer to target  

Distance error 𝑒𝑠
𝐽(𝑡 + 𝑑𝑡) = 𝐽(θs(𝑡 + 𝑑𝑡)) − 𝐽(θs(𝑡))   < 0 for particle in attractive zone [27] 

 

Where: 

 𝑡 + 𝑑𝑡  is the artificial particles. 

 𝑡  is the present position of the robot. 

𝑑𝑠(𝑡 + 𝑑𝑡) is distance from the artificial particle to the target. 

 

Cost Function 

The cost function is essentially a repellent-attractive Gaussian function for the obstacle 𝐽𝑜𝑏𝑠 

and 𝐽(𝑇) respectively, and 𝐽 = 𝐽𝑜𝑏𝑠 + 𝐽𝑇. 

After that, the procedure is to move the mobile robot to the best point found viz where the 

distance error is smallest and negative and where the potential cost function is negative [27].  

Algorithm Development  

First of all, we must define the parameters for the robot’s starting position, obstacles, and 

target goal. 

Table 4.1: Coordinates 

 X coordinate Y coordinate 

Robot (Xc, Yc)  4 3 

Obstacle (Xo, Yo) 4.5 4 

Target or Goal (Xt, Yt) or (Xg, Yg)  5 5 

 

Second of all, we must define the step size (the radius for a circle of artificial points) [27]. 



74 

 

CT = 0.4472 i.e. (0.4×Distance between mobile robot (MR) and obstacle) or a fraction 

of sensor range  

Third of all, we must think of the cost function parameters [27] 

Table 4.2: Cost Function parameters 

 alpha (α) 

(height/depth of 

repellent/attractant) 

mew (µ) 

(Width of repellent/attractant) 

Obstacle 1 4 

Target or Goal 1 4 

 

Fourth of all, we must define the number of artificial points and step size in degrees for 

artificial points [27] 

NPTS=6 and stepDeg = 360/NPTS 

After that, we must calculate the potential of the current point (starting point for the first 

iteration) to obstacle and target [27]. 

𝐽𝑜𝑏𝑠𝑇 = exp (−4.0 × ((𝑥𝑐 − 𝑥𝑜(1))
2

+ (𝑦𝑐 − 𝑦𝑜(1))2)) 

𝐽𝑔𝑜𝑎𝑙𝑇 = −exp (−4.0 × ((𝑥𝑐 − 𝑥𝑇)2 + (𝑦𝑐 − 𝑦𝑜𝑇)2)) 

𝐽𝑇 = JobsT + 𝐽𝑔𝑜𝑎𝑙𝑇 

Sixth of all, we must calculate the distance to the goal from the current point [27] 

𝐷𝑇𝐺 = √(𝑥𝑐 − 𝑥𝑇)2 + (𝑦𝑐 − 𝑦𝑇)2 

After that, we must generate the artificial points by generating bacteria at time 𝑡 + 𝑑𝑒𝑙𝑡𝑎 𝑇.  

Then we must calculate the coordinates x and y for the artificial points [27]: 

𝑥(𝑖𝑏) = 𝑥𝑐 + 𝐶𝑡 × cos (𝜋 ×
θib

180
) 

𝑦(𝑖𝑏) = 𝑦𝑐 + 𝐶𝑡 × sin(𝜋 ×
θib

180
) 

 

Where: ib= 1, 2, 3, ……………. NPTS 
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 Subsequently, we must calculate cost function J and distance to the goal of each 

artificial point [27]. Then we must calculate the error of cost function and distance [27]. 

 It must be noted that the error of cost function is basically the difference between J for 

artificial point and present point of robot location, whereas the error of distance is the distance 

from the artificial point, which means it is the distance from the present point of robot location 

[27].  

 After that, we must find the best point selection; therefore, we should identify the best 

artificial point, which is the point where the distance error is negative, and the potential error 

is smallest and negative. In addition, it is also necessary to update the current point to the newly 

identified best artificial point. In the event that no point like that is identified, no additional 

artificial potential field points will be generated anymore [27].  

 The final step is reaching the target position. We basically use the recently selected 

current point from the previous step (finding best point selection), repeat the step that involved 

generating artificial points and all the other steps from that point until the final step. We must 

repeat these steps to ensure that the robot reaches the target position [27].  

 There are various disadvantages to the aforementioned methodology, mainly because 

it works under a set of assumptions (mobile robots are assumed as “points” and their size is 

not put into consideration) [27]. 
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 Dijkstra's Algorithm Theory 

 

 

Figure 4.31: Dijkstra's algorithm theory (example) 

Dijkstra's algorithm is an algorithm which has the ability to find the shortest paths 

between the nodes in a graph. The number of nodes does not significantly matter; however, 

increasing the number of nodes gives us more accuracy, although it takes more time for the 

robot to reach the end goal. In our initial trial tests, there were 13 nodes (albeit in our final 

demo tests, we increased the number of nodes to 16) [28]. Dijkstra’s algorithm is very simple; 

it consists of nodes and one end goal. Between each node, there is a number which is known 

as a cost number. Our software code calculates the cost number for each path between each 

node and then picks the route that has the least cost. 

We started the robot within the environment space. Using Dijkstra’s algorithm, the robot 

was able to find the most suitable nodes necessary to reach the goal the fastest. As the robot 

moves to the goal, there could be an obstacle. If there is an obstacle, the robot reroutes and tries 

to find another node that takes it to the goal; therefore, the robot changes its path. Figure 4.42 

represents an example of a Dijkstra algorithm graph which was inspired by [29]. We gave the 

mobile robot a similar graph to find the shortest path from start to end.  
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In our trial tests, we used the following Dijkstra’s algorithm graph: 

 

Figure 4.32: Dijkstra’s algorithm graph 

 

4.3 Software Implementation  

 Software Implementation for Capstone 475 

Software implementation needs interfacing between the Pozyx positioning system and 

Arduino IDE as the Pozyx positioning will be displaying the path tracking of the HCR in 2D 

space on the screen. In early January 2021, we managed to assemble the mobile robot and 

implement a mini experiment to test the robot’s wheels functionality as demonstrated in the 

demo video [26]. We tested the Pozyx indoor positioning system with the corresponding tag 

and anchors [26]. We tested the indoor positioning system's software and hardware components 

simultaneously [26]. We placed four anchors (the green cross simulated in the software) and 

two tags (the blue circle simulated in the software) [26]. The anchors stay fixed in place [26], 

whereas the position of the tags changes as we moved it via the mobile robot [26]. As the tag 

hardware components moved, the changes in their position were reflected in the Pozyx 

companion software system as demonstrated in the simulation below: 
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Figure 4.33: Pozyx simulation in the demo video [26] 

 Software Implementation for Capstone 480 

4.3.2.1 Artificial Potential Field 

 

Figure 4.34: Matlab graphs of original code prior to Arduino conversio 

The code was originally in the Matlab language [28]. When the Matlab code is run, a 

graph is generated. The graph demonstrates the position of the robot, obstacle, and target 

(goal), as shown in Figure 4.33. The  R symbol in the circle represents the robot and the T 
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symbol represents the target. The purple circles represent the obstacles. The code creates 60 

points around the robot; then the code calculates each point’s potential field. The best point 

picked would be further away from the obstacles but closest to the target. After picking such 

point, it moves the robot to the selected point and the process is repeated until the robot 

reaches the goal.  

 

 

Figure 4.35: Flowchart of the artificial potential field code (Arduino) 

The code was converted from Matlab to Arduino. The Pozyx positioning system gives 

us the coordinates for the robot (via the four anchors and slave tag on the robot), as shown in 

Figure 4.34. The obstacles’ coordinates should be manually entered (the 

distance/ultrasonic/bumper sensors are back ups if the algorithms fail or take too long to 

respond). The code first calculates the potential field using the robot x-y coordinates, the 

obstacle x-y coordinates and the goal’s x-y coordinates; giving us the JT equation which 

consists of the potential fields of the obstacle and goal.  
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Figure 4.36: MATLAB Code 

Then the code calculates the distance to goal (DTG), the distance of the robot and the 

goal using the trigonometry equation 𝑎2  =  𝑏2  + 𝑐2. After that, we create the points around 

the robot calling them bacterial. 

 

Figure 4.37: MATLAB Code 
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The code then scans all 60 points and picks the one that has the least DTG number and 

the lowest JT number (further away from obstacles). 

 

Figure 4.38: MATLAB Code 

Once the point is selected, the robot is turned clockwise or anticlockwise until it is 

facing that point. After facing the selected point, the robot moves striaght towards it. The 

code is repeated until it reaches the goal coordinates. 

4.3.2.2 Dijkstra’s Algorithm 

 

Figure 4.39: Flowchart for the Dijkstra algorithm code. 
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Dijkstra’s algorithm code was derived from [29]. We have the option to select the number 

of the nodes and the spacing between them. These numbers will be based on the space we have 

created and must be changed everytime we have created our own space or if we have to increase 

the number of nodes to give us better results. Our Arduino code in the appendix is based on 16 

nodes. 

The first step involves the creation of the nodes. There must be four spaces corresponding 

to each node. We created 16 nodes using the for-loop function (four spaces each). 

 

Figure 4.40: MATLAB Code 

In the second step, we must find the shortest distance, which depends on the robot 

location and goal: 

 

Figure 4.41: MATLAB Code 
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The third step involves obtaining the number of nodes that must be traced (including 

the number of the nodes), which enables the robot to reach the end goal.  

 

Figure 4.42: MATLAB Code 

In the fourth step, the robot’s direction is determined (north, south, west, or east): 

 

Figure 4.43: MATLAB Code 

In the fifth step, the direction array is returned (keeps going and checking thereby back-

tracing and re-initializing):  
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Figure 4.44: MATLAB Code 

The sixth step involves moving to the shortest path and back to zero (the point starts at 

zero).  

 

Figure 4.45: MATLAB Code 

4.4 Initial Trial Tests 

 Artificial Potential Field 

We conducted several trial tests, including the same environment and one end goal. As 

a reference point, we initially tested the robot in the same environment without any obstacles; 

it took the robot approximately 21.4 seconds to move from its original location to the end 

goal. We then used three different paths (as demonstrated in the videos) [31, 32, 33, 34, 35, 

36] 

In the first path, the distance between the two obstacles was 80 cm. It took 21 seconds 

for the mobile robot to move from its initial location to the end goal. We used one master tag 

and one slave tag. The master tag is connected to the laptop, whereas the slave tag represents 



85 

 

the tag on the mobile robot. The coordinate of the master tag was 0x7636, while the coordinate 

of the slave tag was 0x7672. We used four anchors. The first anchor (outside the environment) 

had a coordinate of 0x7636, the second anchor was 0x7603, the third anchor was 0x765d, and 

the fourth anchor was 0x763d. [32] 

 

Figure 4.46: Pozyx (real-time) 

 

Figure 4.47: Paths 
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Figure 4.48: Paths 

 

Figure 4.49: Paths 
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Figure 4.50: Paths 

 

Figure 4.51: Paths 

In the second path, the distance between obstacles 85 cm. It took 23 seconds for the 

mobile robot to move from its initial location to the end goal. The coordinates were as followed: 
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0x7636 (first anchor), 0x7603 (second anchor), 0x765d (third anchor), 0x763d (fourth anchor), 

0x7678 (master tag), and 0x7672 (slave tag). [33] 

 

Figure 4.52: Pozyx (real-time) 

 

Figure 4.53: Paths 
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Figure 4.54: Paths 

 

Figure 4.55: Paths 
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In the third path, the distance between the obstacles was approximately 75 cm. It took 26 

seconds for the mobile robot to move from its initial location to the end goal. The coordinates 

were as followed: 0x7636 (first anchor), 0x7603 (second anchor), 0x765d (third anchor), 

0x763d (fourth anchor), 0x7678 (master tag), and 0x7672 (slave tag). [34] 

 

Figure 4.56: Pozyx (real-time) 

 

Figure 4.57: Paths 
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Figure 4.58: Paths 

 

 Dijkstra’s Algorithm  

Initially, there was no obstacle in the environment. It took 21 seconds for the mobile 

robot to move from its original location to the end goal. The coordinates were as followed: 

0x7636 (first anchor), 0x7603 (second anchor), 0x765d (third anchor), 0x763d (fourth anchor), 

0x7678 (master tag), and 0x7672 (slave tag). [37] 

 

Figure 4.59: Pozyx with no obstacle [38] 
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In the second video, the environment had one obstacle, which was located in node 6. It 

took 32 seconds for the mobile robot to move from its original location to the end goal. The 

coordinates were as followed: 0x7636 (first anchor), 0x7603 (second anchor), 0x765d (third 

anchor), 0x763d (fourth anchor), 0x7678 (master tag), and 0x7672 (slave tag). [39] 

 

Figure 4.60: Paths 

 

Figure 4.61: Pozyx with obstacle node 6 [40] 

In the third trial test, the environment had one obstacle, which was located in node 7. It 

took 37 seconds for the mobile robot to move from its original location to the end goal. The 
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coordinates were as followed: 0x7636 (first anchor), 0x7603 (second anchor), 0x765d (third 

anchor), 0x763d (fourth anchor), 0x7678 (master tag), and 0x7672 (slave tag).  

 

Figure 4.62: Paths [41] 

 

Figure 4.63: Pozyx with obstacle node 7 [42] 

 

4.5 Final Results 

After conducting the trial test experiments, we were able to reach the conclusion that the 

artificial potential field technique is better than Dijkstra’s algorithm in terms of simultaneous 

pathfinding and obstacle avoidance because it is quicker and has less errors. The artificial 
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potential field technique is approximately 2-3 seconds quicker than Dijkstra’s algorithm. In 

Dijkstra’s algorithm, if there is a node blocked by the obstacle the robot takes time to reroute 

which makes the algorithm less beneficial than the artificial potential field. On the other hand, 

Dijkstra’s algorithm is slightly better than artificial potential field in terms of sole pathfinding 

because it is slightly quicker as the robot moves based on the most suitable nodes in the 

environment.  

It is noteworthy that in the trial test videos, the Pozyx system is not 100% accurate 

because it is getting readings every 500 milliseconds. As a result, we can see fluctuations in 

the visual software model albeit the Pozyx is accurate in the codes because it is taking the 

average readings.  

In our mobile robot system, we used five different types of sensor devices (Pozyx, 

HuskyLens, crash/collision sensors, ultrasound sensors, and IR distance sensors). The sensors 

function properly but our calculations and codes do not depend on the sensors; they are 

additional devices which give us more accuracy and function as back-up devices in case the 

algorithms fail or take too long to respond.  

4.6 IEEE Standards  

The importance of IEEE regulatory standards affects the way engineers perceive 

technology; the following standards are taken into consideration [30]:   

 To hold paramount the safety, health, and welfare of the public, to strive to comply with 

ethical design and sustainable development practices and to disclose promptly factors 

that might endanger the public or the environment.  

 To avoid real or perceived conflicts of interest whenever possible and to disclose them 

to affected parties when they do exist.  

 To be honest and realistic in stating claims or estimates based on available data.    

 To reject bribery in all its forms.    

 To improve the understanding by individuals and society of the capabilities and societal 

implications of conventional and emerging technologies, including intelligent systems.   

 To maintain and improve our technical competence and to undertake technological 

tasks for others only if qualified by training or experience or after full disclosure of 

pertinent limitations.    
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 To seek, accept, and offer honest criticism of technical work, to acknowledge and 

correct errors, and to credit the contributions of others properly.    

 To treat fairly all persons and to not engage in acts of discrimination based on race, 

religion, gender, disability, age, national origin, sexual orientation, gender identity, or 

gender expression.  

 To avoid injuring others, their property, reputation, or employment by false or 

malicious action.    

 To assist colleagues and co-workers in their professional development and to support 

them in following this code of ethics.  

4.7 Conclusion  

In conclusion, chapter four discussed the implementation of the project for both the 

hardware and software execution. Furthermore, the chapter includes initial trial testing of the 

project’s early prototype model, which further enabled the final implementation of the project’s 

aims and objectives as outlined in chapter one.  
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5 CHAPTER 5: EVALUATION   

 

5.1 Project Evaluation: Survey  

In capstone 475, the team conducted an online survey to increase our knowledge 

regarding the proposed pathfinding and obstacle avoidance mobile robot. The survey is 

available in the popular survey website SurveyMonkey. The primary aim of the guided survey 

is to gather as much information as possible. The online survey included seven main questions 

and was sampled to a sixty-four people of various backgrounds. Our survey received sixty-four 

responses, albeit we can only access forty responses because our SurveyMonkey membership 

level is free. The seven questions were further explained as follows:  

 

Figure 5.1: First survey question 
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In Figure 5.1, 60% of responses were Dijkstra’s algorithm while only 2.50% were cell 

decomposition. This is likely because Dijkstra’s algorithm is the most popular algorithm in 

general popular culture. It is the most widely studied in university-level courses.  

 

Figure 5.2: Second survey question 

In the second question of our online survey as shown in Figure 49, the question was about 

the best microcontroller or single-board computer for path planning users. The moderate 

majority of the respondents picked Bluno Mega as the best microcontroller (55%), followed by 

Arduino (27.50%). 
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Figure 5.3: Third survey question 

 The third question was regarding the best obstacle avoidance algorithm. There is a 

difference between pathfinding and obstacle avoidance, therefore it is only natural that the best 

pathfinding algorithm may not necessarily be the best obstacle avoidance algorithm. It is 

noteworthy that none of the answer choices received a majority of votes. The largest group is 

the artificial potential field at 37.50%, followed by a shared tie between Dijkstra’s algorithm 

and cell decomposition at 32.50% respectively. Interestingly, 17.50% of respondents believe 

that the best pathfinding algorithm is the same as the best obstacle avoidance algorithm. 

However, in our research we struggled to find an appropriate obstacle avoidance algorithm to 

implement along with the sensor components. This is one of the important reasons we still have 

not picked the pathfinding and obstacle avoidance algorithmic techniques.  
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Figure 5.4: Fourth survey question 

 The fourth question was about the best sensor for path planning and obstacle avoidance 

robots. Once again, none of the answer choices received a majority share of votes. Instead, 

each choice received a minority percentage share. The largest group was the combination of 

various sensors at 30.77%, followed by the ultrasonic sensor at 28.21% and the machine vision 

sensor at 20.51%. 
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Figure 5.5: Fifth survey question 

The fifth question of the survey is regarding the best environment to test the path-

planning mobile robot. Since we still have not conclusively picked the environment, we are 

still considering various options as demonstrated in the given answer choices. The majority of 

respondents chose the open room space (indoor) option as the best environment. We currently 

have some doubts regarding the open room space environment because we would not be able 

to demonstrate the project at university in case classes resume on-site in Spring 2021. The 

maze-like contained indoor environment seems like an easier option because of its portability. 
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Figure 5.6: Sixth survey question 

The sixth question was about the age group of the respondents. The largest group was 

18-40 at 50% which is reflective of the diverse age range of university students in Kuwait 

particularly graduates of the vocational technical colleges who are pursuing higher education 

in their 30s and 40s.  
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Figure 5.7: Seventh survey question 

The seventh survey question was purely for statistical reasons. Full time students 

constitute the largest group of respondents at 30% followed by part-time students at 20% who 

are likely mature students in their 30s and 40s.  

5.2 Project Analysis  

 Business Aspect  

The business model canvas (BMC) provides a detailed overview of the business viability 

and structure of the project. In addition, the BMC lists the significant elements and factors of 

a business idea in a visual diagrammatic layout, as shown In Figure 5.8.  

 

 

 

 



104 

 

 

 

      Figure 5.8: Business Model Canvas 

The value proposition is the central element of the BMC as it defines the unique value 

the project would potentially add to the market. The key partners section represents the parties 

which the project needs in order to continue its operations. The key activities section represents 

the key operations which the mobile robot should provide. The key resources section lists the 

essential assets needed for the project’s development and growth. Additionally, the channels 

section details the means of communication between the customer and mobile robot product 

owner. The customer segments section represents the users and customers of the mobile robot 

product. The customer relationships section lists the necessary actions needed to ensure a 

satisfactory customer experience. The cost structure section breaks down the different expenses 

needed to build and maintain the project. Lastly, the revenue streams section defines the ways 

in which financial profit should be generated. 

 Economic Aspect  

The HCR mobile robot platform kit costs approximately $530.00 (the kit includes 

motors). The Pozyx creator kit costs $1,285 and it includes four developer tags, five creator 

anchors, three power banks, and five power adapters. The tags, anchors, powers banks, and 

adapters can be purchased individually but have a higher cost as individual components. The 

HuskyLens AI camera costs $44.90. The Pozyx kit and HuskyLens camera are considered 
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unique products because they are recent to the market and limited in quantity. They initially 

emerged as Kickstarter projects.  

Students and researchers can rent our project to conduct experiments. Because of its 

software-based nature, the project has a lower maintenance cost than many other projects of 

comparable price ranges, which ultimately saves the money and time of potential customers. 

In the short-term, customers have the ability to rent our Pozyx creator kit to utilize its hardware 

and software features. They can also rent the individual components within the kit. Moreover, 

people can rent the project's other components such as the HCR mobile robot or the HuskyLens 

camera. In the long-term, they can also purchase the project or any of the project's major 

component features. 

 Ethical Aspect  

The project has an ethical responsibility on the basis of IEEE standards in order to 

combat and minimize any potential safety hazards while complying to the IEEE regulations. 

The IEEE code of conduct serves as the basis of ethical and regulatory guidance for all 

engineering projects. Additionally, the IEEE code of conduct states that all humans must adhere 

to the intellectual property rights thereby avoiding plagiarism. Moreover, the credibility and 

validity of all references must be taken into consideration in order to obey the IEEE code of 

conduct. The project must be in the interest of the public rather than personal benefits. This in 

turn ensures that high quality is delivered to customers on the basis of professionalism and 

integrity.  

 Social Aspect  

The path-planning and obstacle avoidance mobile robot can be utilized in a wide range 

of fields including social services to help the elderly navigate through the external environment. 

The robot can be repurposed to serve many useful purposes to benefit society in the social 

sense. For instance, it can even be repurposed to help blind people in their everyday routines 

and enable their safety and protection.  

 Environmental Aspect  

The path-planning and obstacle avoidance mobile robot has a minimal environmental 

impact because it a small-sized robot which does not produce a wide range of carbon dioxide 

emissions. Moreover, several components used in the project are environmentally friendly such 

as the rechargeable battery. 
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5.3 Conclusion  

In conclusion, a sample of sixty-four people answered the online survey regarding our 

path-planning and obstacle avoidance robots. Moreover, the business, economic, ethical, 

social, and environmental aspects are discussed in the second section. 
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6 CHAPTER 6: CONCLUSION 

6.1 Project Timeline  

Table 6.1 and Table 6.2 demonstrate the timeline for both the Capstone Design Course 475 and 

480.  

Table 6.1: Timeline for CPEG/ELEG 475 

 

Table 6.2: Timeline for CPEG/ELEG 480 

 

The project’s overall time frame was approximately eight months (encompassing two 

academic semesters).  
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6.2 Future Work  

At the end of capstone 480, we created a prototype rather than a final product. For the future 

work of our system, there are three main aspects which should be put into consideration:  

1. Design  

The overall design of the robot should be enhanced in order to make the robot smaller in 

size and lighter in weight. The HCR mobile robot  is made of metal materials, consequently; 

its heavy weight makes the power consumption increase (which wastes resources).  

2. Efficiency  

Efficiency should be enhanced in order to produce more accurate results and save resources 

(including time, money, components, and effort).   

3. Technical  

For the technical aspect, the coding can be programmed in a different way in order to affect 

the overall system’s result. The Pozyx positioning system demonstrated fluctuations as 

evidenced in the initial trial test videos; the Pozyx system was not 100% accurate because 

at the end of the day we are creating tests and protypes. The Pozyx system’s fluctuations 

were largely derived from noise, thereby data smoothing is necessary to produce more 

accurate readings. In potential future work, the Pozyx positioning system should be 

gradually become more accurate in terms of real-time view.  

Three pathfinding and obstacle avoidance techniques were originally planned but there 

was not enough time available therefore we settled with just two techniques (artificial 

potential field and Dijkstra’s algorithm). The third technique was supposed to be a line 

following algorithm, which could have been potentially enabled by the line tracking built-

in feature in the HuskyLens camera. In capstone 480, we mainly utilized the HuskyLens as 

a back-up device in case the codes lag or hysteresis occurs within the interior of the HCR 

mobile robot. In Djkestra's algorithm, the HuskyLens has the ability to detect the nodes. 

Originally, HuskyLens was supposed to play a far greater role in our project. HuskyLens 

have many useful features albeit we could not utilize its many features. Due to its line 

tracking features, the HuskyLens camera has the ability to automatically detect lines.  
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Figure 6.1: HuskyLens line tracking feature 

6.3 Challenges  

In all complex projects, obstacles and challenges are unavoidable. The biggest obstacles 

and challenges we faced in the project are listed below: 

1. The artificial potential field code was originally in the Matlab language, therefore we 

had to convert it to Arduino. The conversion process was incredibly difficult, it took the 

group a long team because there are significant differences between the two languages 

(especially in terms of sine/cosine in Matlab which cannot be easily translated into 

Arduino). 

2. We could not find nor formulate algorithms which implement pathfinding and obstacle 

avoidance techniques; thereby the available options were limited to Matlab conversions. 

This obviously hindered our project as previously mentioned. It would have been much 

easier if we could create codes from scratch without having to convert from Matlab to 

Arduino (particularly in the case of the artificial potential field).  

2. The Pozyx indoor positioning system is good but it requires smoothing of the values to 

give more accurate readings; the raw real-time Pozyx values contain too much noise 

therefore they need to be smoothed.  

3. We purchased a large range of components which had a lot of potential and many 

interesting multi-purpose uses; albeit we could not utilize many of their features because 

of time limitations in capstone 480.  
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6.4 Conclusion  

 The project's success hinged on the objectives outlined at the start of the report. The 

successful interface and connection with the software between hardware devices achieved the 

objectives. A review of the literature reveals the parallels and differences between the various 

pathfinding and obstacle avoidance techniques. The software and hardware components were 

also thoroughly examined. An online survey was conducted to improve the project concept. 

Pathfinding and obstacle avoidance robots have been considered in a variety of contexts, 

including business. Finally, towards the conclusion of the report, future work was explored to 

improve the project’s concept. 
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APPENDIX A 

      (Potential Field Bot Code) 

// Please read the ready-to-localize tuturial together with this example. 

// https://www.pozyx.io/Documentation/Tutorials/ready_to_localize 

/** 

  The Pozyx ready to localize tutorial (c) Pozyx Labs 

 

  Please read the tutorial that accompanies this sketch: 

https://www.pozyx.io/Documentation/Tutorials/ready_to_localize/Arduino 

 

  This tutorial requires at least the contents of the Pozyx Ready to Localize kit. It demonstrates the positioning 

capabilities of the Pozyx device both locally and remotely. Follow the steps to correctly set up your environment 

in the link, change the parameters and upload this sketch. Watch the coordinates change as you move your device 

around! 

*/ 

#include <Pozyx.h> 

#include <Pozyx_definitions.h> 

#include <Wire.h> 

 

//////////////////////////////////////////////// 

////////////////// PARAMETERS ////////////////// 

//////////////////////////////////////////////// 

 

uint16_t remote_id = 0x6000;                            // set this to the ID of the remote device 

bool remote = false;                                    // set this to true to use the remote ID 

 

boolean use_processing = false;                         // set this to true to output data for the processing sketch 

 

const uint8_t num_anchors = 4;                                    // the number of anchors 

uint16_t anchors[num_anchors] = {0x1156, 0x256B, 0x3325, 0x4244};     // the network id of the anchors: 

change these to the network ids of your anchors. 
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int32_t anchors_x[num_anchors] = {0, 4500, 500, 4450};               // anchor x-coorindates in mm 

int32_t anchors_y[num_anchors] = {0, 0, 3300, 3500};                  // anchor y-coordinates in mm 

int32_t heights[num_anchors] = {1500, 1800, 1100, 2000};              // anchor z-coordinates in mm 

 

uint8_t algorithm = POZYX_POS_ALG_UWB_ONLY;             // positioning algorithm to use. try 

POZYX_POS_ALG_TRACKING for fast moving objects. 

uint8_t dimension = POZYX_3D;                           // positioning dimension 

int32_t height = 1000;                                  // height of device, required in 2.5D positioning 

 

 

//////////////////////////////////////////////// 

 

#include <Wire.h> 

#include <EasyTransferI2C.h> 

 

int E1 = 9;     //M1 Speed Control 

int E2 = 10;     //M2 Speed Control 

int M1 = 8;     //M1 Direction Control 

int M2 = 11;     //M1 Direction Control 

 

//create object 

EasyTransferI2C ET; 

 

struct RECEIVE_DATA_STRUCTURE{ 

  //put your variable definitions here for the data you want to receive 

  //THIS MUST BE EXACTLY THE SAME ON THE OTHER ARDUINO 

  int16_t BumperValue; 

  int16_t BumperValue2; 

  int16_t BumperValue3; 

  int16_t range; 
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  int16_t range2; 

  int16_t range3; 

  int16_t range4; 

  int16_t range5; 

}; 

 

RECEIVE_DATA_STRUCTURE mydata; 

 

//define slave i2c address 

#define I2C_SLAVE_ADDRESS 9 

 

 

void stop(void)                    //Stop 

{ 

  digitalWrite(E1,0); 

  digitalWrite(M1,LOW); 

  digitalWrite(E2,0); 

  digitalWrite(M2,LOW); 

} 

void advance(char a,char b)          //Move forward 

{ 

  analogWrite (E1,a);      //PWM Speed Control 

  digitalWrite(M1,HIGH); 

  analogWrite (E2,b); 

  digitalWrite(M2,HIGH); 

} 

void back_off (char a,char b)          //Move backward 

{ 

  analogWrite (E1,a); 

  digitalWrite(M1,HIGH); 
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  analogWrite (E2,b); 

  digitalWrite(M2,HIGH); 

} 

void turn_L (char a,char b)             //Turn Left 

{ 

  analogWrite (E1,a); 

  digitalWrite(M1,LOW); 

  analogWrite (E2,b); 

  digitalWrite(M2,HIGH); 

} 

void turn_R (char a,char b)             //Turn Right 

{ 

  analogWrite (E1,a); 

  digitalWrite(M1,HIGH); 

  analogWrite (E2,b); 

  digitalWrite(M2,LOW); 

} 

 

 

void setup(){ 

  Serial.begin(115200); 

  int i; 

  for(i=4;i<=7;i++) 

   pinMode(i, OUTPUT); 

  Serial.println("Run keyboard control"); 

  digitalWrite(E1,LOW); 

  digitalWrite(E2,LOW); 

  pinMode(2,INPUT); 

  pinMode(3,INPUT); 
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  if(Pozyx.begin() == POZYX_FAILURE){ 

    Serial.println(F("ERROR: Unable to connect to POZYX shield")); 

    Serial.println(F("Reset required")); 

    delay(100); 

    abort(); 

  } 

 

  if(!remote){ 

    remote_id = NULL; 

  } 

 

  Serial.println(F("----------POZYX POSITIONING V1.1----------")); 

  Serial.println(F("NOTES:")); 

  Serial.println(F("- No parameters required.")); 

  Serial.println(); 

  Serial.println(F("- System will auto start anchor configuration")); 

  Serial.println(); 

  Serial.println(F("- System will auto start positioning")); 

  Serial.println(F("----------POZYX POSITIONING V1.1----------")); 

  Serial.println(); 

  Serial.println(F("Performing manual anchor configuration:")); 

 

  // clear all previous devices in the device list 

  Pozyx.clearDevices(remote_id); 

  // sets the anchor manually 

  setAnchorsManual(); 

  // sets the positioning algorithm 

  Pozyx.setPositionAlgorithm(algorithm, dimension, remote_id); 

 

  printCalibrationResult(); 
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  delay(2000); 

 

  Serial.println(F("Starting positioning: ")); 

} 

 

int bot_x = coor.x; 

int bot_y = coor.y; 

 

int obst1_x = 0; 

int obst1_y = 0; 

 

 

int obst2_x = 0; 

int obst2_y = 0; 

 

int goal_x = 0; 

int goal_y = 0; 

 

 

//.........................Potential Calculations....................... 

double  J_ObstT = 0; 

double J_GoalT = 0; 

double   JT = 0; 

double  DTG =0; 

int baterica_x = [60]; 

int baterica_y = [60]; 

int theta= [180]; 

 

int J_ObstT_Bacteria = [60]; 

int J_GoalT_Bacteria = [60]; 
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int JT_Bacteria = [60]; 

int DTG_Bacteria = [60]; 

 

int err_J   = [60]; 

int err_DTG = [60]; 

int Fitness = [60]; 

 

  void Potential_Calc() 

  { 

    J_ObstT = obst1_x*exp(-obst1_y*((bot_x)^2+(bot_y-obst1_y)^2)); 

    J_ObstT = J_ObstT + obst1_x*exp(-obst1_y*((bot_x-obst2_x))^2+(bot_y-bst2_y)^2)); 

    J_GoalT = -goal_x*exp(-goal_y*((bot_x-goal_x))^2+(bot_y-goal_y)^2)); 

    JT = J_ObstT + J_GoalT; 

  } 

  void distance_to_goal() 

{ 

DTG = sqrt((bot_x-goal_x))^2+(goal_y-goal_y)^2) 

 

} 

 

  void Artificial_Points() 

  { 

    for(int i, i<61, i++) 

    { 

     Bacteria_x[i] = bot_x + (Step_Size*cos(pi*Theta[i]/180)); 

     Bacteria_y[i] = bot_y + (Step_Size*sin(pi*Theta[i]/180)); 

    } 

  } 

 

void Cost_Function_Distance_Artificial_Point() 
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    { 

    for(int i, i<61, i++) 

      { 

          J_ObstT_Bacteria[i] = obst1_x*exp(-obst1_y*((Bacteria_x[i]-obst1_x)^2+(Bacteria_y[i]-obst1_y)^2)); 

          J_ObstT_Bacteria[i] = J_ObstT_Bacteria[i] + obst1_x*exp(-obst1_y*((Bacteria_x(i)-

obst2_y)^2+(Bacteria_y[i]-obst2_y)^2)); 

          J_GoalT_Bacteria[i] = -goal_x*exp(-goal_y*((Bacteria_x[i]-goal_x)^2+(Bacteria_y(i)-goal_y)^2)); 

          JT_Bacteria[i] = J_ObstT_Bacteria]i] + J_GoalT_Bacteria[i]; 

          DTG_Bacteria[i] = sqrt((Bacteria_x[i]-goal_x)^2+(Bacteria_y[i]-goal_y)^2);    

      }    

    } 

 

void Error_Cost_Function_Distance() 

{ 

      for(int i, i<61, i++) 

      { 

        err_J[i]   = JT_Bacteria[i]   - JT; 

        err_DTG[i] = DTG_Bacteria[i]  - DTG; 

        Fitness[i] = -err_DTG[i]; 

      } 

} 

 

void Best_Point_Selection() 

{ 

     for(int i, i<61, i++) 

      { 

        int k = fitness[i]; 

        if (err_J[k] < 0) 

          { 

            if (err_DTG[k]<0) 
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            { 

            if(  sensor_raw.angular_vel > err_DTG[k])  

              { 

                turn_L (100,100); 

              } 

            if(  sensor_raw.angular_vel > err_DTG[k])  

              { 

                turn_R (100,100); 

              } 

             if(  sensor_raw.angular_vel == err_DTG[k])  

              { 

                advance (95,100); 

                bot_x = Bacteria_x[k]; 

                bot_y = Bacteria_y[k]; 

                DTG = sqrt((bot_x-goal_x)^2+(bot_y-goal_y)^2); 

              } 

            } 

          } 

      } 

} 

 

 

   

void loop(){ 

 

   Potential_Calc(); 

   distance_to_goal(); 

   Artificial_Points(); 

   Cost_Function_Distance_Artificial_Point(); 

   Error_Cost_Function_Distance(); 
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   Best_Point_Selection(); 

    

  coordinates_t position; 

  int status; 

  if(remote){ 

    status = Pozyx.doRemotePositioning(remote_id, &position, dimension, height, algorithm); 

  }else{ 

    status = Pozyx.doPositioning(&position, dimension, height, algorithm); 

  } 

 

  if (status == POZYX_SUCCESS){ 

    // prints out the result 

    printCoordinates(position); 

  }else{ 

    // prints out the error code 

    printErrorCode("positioning"); 

  } 

} 

 

// prints the coordinates for either humans or for processing 

void printCoordinates(coordinates_t coor){ 

  uint16_t network_id = remote_id; 

  if (network_id == NULL){ 

    network_id = 0; 

  } 

  if(!use_processing){ 

    Serial.print("POS ID 0x"); 

    Serial.print(network_id, HEX); 

    Serial.print(", x(mm): "); 

    Serial.print(coor.x); 
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    Serial.print(", y(mm): "); 

    Serial.print(coor.y); 

    Serial.print(", z(mm): "); 

    Serial.println(coor.z); 

  }else{ 

    Serial.print("POS,0x"); 

    Serial.print(network_id,HEX); 

    Serial.print(","); 

    Serial.print(coor.x); 

    Serial.print(","); 

    Serial.print(coor.y); 

    Serial.print(","); 

    Serial.println(coor.z); 

  } 

} 

 

// error printing function for debugging 

void printErrorCode(String operation){ 

  uint8_t error_code; 

  if (remote_id == NULL){ 

    Pozyx.getErrorCode(&error_code); 

    Serial.print("ERROR "); 

    Serial.print(operation); 

    Serial.print(", local error code: 0x"); 

    Serial.println(error_code, HEX); 

    return; 

  } 

  int status = Pozyx.getErrorCode(&error_code, remote_id); 

  if(status == POZYX_SUCCESS){ 

    Serial.print("ERROR "); 
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    Serial.print(operation); 

    Serial.print(" on ID 0x"); 

    Serial.print(remote_id, HEX); 

    Serial.print(", error code: 0x"); 

    Serial.println(error_code, HEX); 

  }else{ 

    Pozyx.getErrorCode(&error_code); 

    Serial.print("ERROR "); 

    Serial.print(operation); 

    Serial.print(", couldn't retrieve remote error code, local error: 0x"); 

    Serial.println(error_code, HEX); 

  } 

} 

 

// print out the anchor coordinates (also required for the processing sketch) 

void printCalibrationResult(){ 

  uint8_t list_size; 

  int status; 

 

  status = Pozyx.getDeviceListSize(&list_size, remote_id); 

  Serial.print("list size: "); 

  Serial.println(status*list_size); 

 

  if(list_size == 0){ 

    printErrorCode("configuration"); 

    return; 

  } 

 

  uint16_t device_ids[list_size]; 

  status &= Pozyx.getDeviceIds(device_ids, list_size, remote_id); 
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  Serial.println(F("Calibration result:")); 

  Serial.print(F("Anchors found: ")); 

  Serial.println(list_size); 

 

  coordinates_t anchor_coor; 

  for(int i = 0; i < list_size; i++) 

  { 

    Serial.print("ANCHOR,"); 

    Serial.print("0x"); 

    Serial.print(device_ids[i], HEX); 

    Serial.print(","); 

    Pozyx.getDeviceCoordinates(device_ids[i], &anchor_coor, remote_id); 

    Serial.print(anchor_coor.x); 

    Serial.print(","); 

    Serial.print(anchor_coor.y); 

    Serial.print(","); 

    Serial.println(anchor_coor.z); 

  } 

} 

// function to manually set the anchor coordinates 

void setAnchorsManual(){ 

  for(int i = 0; i < num_anchors; i++){ 

    device_coordinates_t anchor; 

    anchor.network_id = anchors[i]; 

    anchor.flag = 0x1; 

    anchor.pos.x = anchors_x[i]; 

    anchor.pos.y = anchors_y[i]; 

    anchor.pos.z = heights[i]; 

    Pozyx.addDevice(anchor, remote_id); 
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  } 

  if (num_anchors > 4){ 

    Pozyx.setSelectionOfAnchors(POZYX_ANCHOR_SEL_AUTO, num_anchors, remote_id); 

  } 

} 

 

 

 

 

 

 

 

 

 

 

APPENDIX B 

      (Dijkstra’s Algorithm Mobile Bot Code) 

#include <Pozyx.h> 

#include <Pozyx_definitions.h> 

#include <Wire.h> 

#define LF 0 

#define RT 1 

int E1 = 9;     //M1 Speed Control 

int E2 = 10;     //M2 Speed Control 

int M1 = 8;     //M1 Direction Control 

int M2 = 11;     //M1 Direction Control 

int a; 

int b; 

int counter=0; 
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#include "Arduino.h" 

 

int BumperR_pin; 

int BumperL_pin; 

int BumperC_pin; 

byte BumperValue; 

boolean blocked = false; 

void OpenBumper(int,int,int); 

void bumperRead(); 

 

 

EasyTransferI2C ET; 

 

struct RECEIVE_DATA_STRUCTURE{ 

  //put your variable definitions here for the data you want to receive 

  //THIS MUST BE EXACTLY THE SAME ON THE OTHER ARDUINO 

  int16_t BumperValue; 

  int16_t BumperValue2; 

  int16_t BumperValue3; 

  int16_t range; 

  int16_t range2; 

  int16_t range3; 

  int16_t range4; 

  int16_t range5; 

}; 

 

//give a name to the group of data 

RECEIVE_DATA_STRUCTURE mydata; 



132 

 

 

//define slave i2c address 

#define I2C_SLAVE_ADDRESS 9 

 

 

void stop(void)                    //Stop 

{ 

  digitalWrite(E1,0); 

  digitalWrite(M1,LOW); 

  digitalWrite(E2,0); 

  digitalWrite(M2,LOW); 

} 

void advance(char a,char b)          //Move forward 

{ 

  analogWrite (E1,a);      //PWM Speed Control 

  digitalWrite(M1,HIGH); 

  analogWrite (E2,b); 

  digitalWrite(M2,HIGH); 

} 

void back_off (char a,char b)          //Move backward 

{ 

  analogWrite (E1,a); 

  digitalWrite(M1,HIGH); 

  analogWrite (E2,b); 

  digitalWrite(M2,HIGH); 

} 

void turn_L (char a,char b)             //Turn Left 

{ 

  analogWrite (E1,a); 

  digitalWrite(M1,LOW); 
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  analogWrite (E2,b); 

  digitalWrite(M2,HIGH); 

} 

void turn_R (char a,char b)             //Turn Right 

{ 

  analogWrite (E1,a); 

  digitalWrite(M1,HIGH); 

  analogWrite (E2,b); 

  digitalWrite(M2,LOW); 

} 

 

/*************************** Details *****************************/ 

 

 

void OpenBumper(int LIO,int CIO,int RIO) 

{ 

  BumperL_pin = LIO; 

  BumperC_pin = CIO; 

  BumperR_pin = RIO; 

 

  pinMode(BumperL_pin,INPUT); 

  pinMode(BumperC_pin,INPUT); 

  pinMode(BumperR_pin,INPUT); 

} 

/*************************************************Bumper Sensor 

Status***********************************/ 

void bumperRead() 

{ 

  BumperValue = 0x07; 

  BumperValue=digitalRead(BumperL_pin)<<2; 
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  BumperValue|=digitalRead(BumperC_pin)<<1; 

  BumperValue|=digitalRead(BumperR_pin); 

//  Serial.println(BumperValue,BIN); 

} 

 

 

/********************** IR sensor ***********************/ 

void IRreader()//detect distance on both sides 

{ 

  static float IRdata[IrNumber] = { 

    80,80,80,80,80                  }; 

  for(int h=0;h<IrNumber-2;h++) 

  { 

    float volts = analogRead(h + 1); 

    _iR[h] = (6787 / (volts - 3)) - 4; 

    if(_iR[h]<10)   _iR[h] = 80; 

    _iR[h] = min(_iR[h],80); 

    _iR[h] = max(_iR[h],12); 

  } 

    for(int h=5;h<7;h++) 

    { 

      float volts = analogRead(h-4); 

      _iR[h] = (6787 / (volts - 3)) - 4; 

      if(_iR[h]<10) _iR[h] = 80; 

      _iR[h] = min(_iR[h],80); 

      _iR[h] = max(_iR[h],12); 

    } 

  for(int h = 0 ; h < 5 ; h++) 

  { 

    _iR[h] = smooth(_iR[h],0.9,IRdata[h]); 
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    IRdata[h] = _iR[h]; 

  } 

} 

float smooth(float newdata, float filterVal, float smoothedVal) 

{ 

  if (filterVal > 1) 

    filterVal = .99; 

  else if (filterVal <= 0) 

    filterVal = 0; 

  smoothedVal = (newdata * (1 - filterVal)) + (smoothedVal  *  filterVal); 

  return smoothedVal; 

} 

//////////////////////////////////////////////// 

////////////////// PARAMETERS ////////////////// 

//////////////////////////////////////////////// 

 

uint16_t remote_id = 0x6000;                            // set this to the ID of the remote device 

bool remote = false;                                    // set this to true to use the remote ID 

 

boolean use_processing = false;                         // set this to true to output data for the processing sketch 

 

const uint8_t num_anchors = 4;                                    // the number of anchors 

uint16_t anchors[num_anchors] = {0x1156, 0x256B, 0x3325, 0x4244};     // the network id of the anchors: 

change these to the network ids of your anchors. 

int32_t anchors_x[num_anchors] = {0, 4500, 500, 4450};               // anchor x-coorindates in mm 

int32_t anchors_y[num_anchors] = {0, 0, 3300, 3500};                  // anchor y-coordinates in mm 

int32_t heights[num_anchors] = {1500, 1800, 1100, 2000};              // anchor z-coordinates in mm 

 

uint8_t algorithm = POZYX_POS_ALG_UWB_ONLY;             // positioning algorithm to use. try 

POZYX_POS_ALG_TRACKING for fast moving objects. 

uint8_t dimension = POZYX_3D;                           // positioning dimension 
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int32_t height = 1000;                                  // height of device, required in 2.5D positioning 

 

 

//////////////////////////////////////////////// 

 

#define NORTH 1 

#define EAST 2 

#define SOUTH 3 

#define WEST 4 

 

bool inSPT; 

int pointID; 

int distance; //record the distance of all the points 

Point * prev; 

int northNeighbor; 

int rightNeightbor; 

int leftNeighbor; 

int southNeighbor; 

 

 

void initialize_points_for_16_nodes(Point * points){ 

    for (int i = 0; i <  NUM_NODES; i ++){ 

        points[i].northNeighbor = i + 4; 

        points[i].southNeighbor = i -4; 

        points[i].leftNeighbor = i -1; 

        points[i].rightNeightbor = i+1; 

        if ( i>= 12 && i <=15){ 

            points[i].northNeighbor = -1; 

        } 

        if (i >=0 && i <= 3){ 



137 

 

            points[i].southNeighbor = -1; 

        } 

        if (i %4 == 0){ 

            points[i].leftNeighbor= -1; 

        } 

        if (i %4 == 3){ 

            points[i].rightNeightbor = -1; 

        } 

    } 

} 

 

 

int findShortestDistanceInGraph(Point * points){ 

    int min= INT_MAX; 

    int shortestPathPt = 0; 

    for (int i = 0; i < NUM_NODES; i++){ 

//        int distance = points[i].distance; 

//        bool inSpt = points[i].inSPT; 

        if (points[i].inSPT == false && points[i].distance < min){ 

            shortestPathPt = i; 

            min = points[i].distance; 

        } 

    } 

    return shortestPathPt; 

} 

int numberOfNodesToBeTraced = 0; 

 

 

 

void getNumNodesToBeTraced(Point * points,int size, int * nodes, int source, int dest){ 
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    int j = dest; 

    int i = size - 1; 

    while (j != source && j >=0 && i >= 0){ 

        nodes[i] = points[j].pointID; 

        j = points[j].prev->pointID; 

        i --; 

    } 

    nodes[0] = source; 

} 

 

int getDirection (Point * points, int firstPoint, int secondPoint){ 

    //use norht 

    if (points[firstPoint].leftNeighbor == points[secondPoint].pointID){ 

       turn_L (100,100); 

        return WEST; 

    } 

    if (points[firstPoint].rightNeightbor == points[secondPoint].pointID){ 

      turn_R (100,100); 

    } 

        return EAST; 

    } 

    if (points[firstPoint].northNeighbor == points[secondPoint].pointID){ 

      advance (95,100); 

        return NORTH; 

    } 

    if (points[firstPoint].southNeighbor == points[secondPoint].pointID){ 

      back_off (150,150); 

        return SOUTH; 

    } 

    return -1; 
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} 

 

 

//directionarray will be returned 

void backtrace(Point * points, int * nodes, int size, int * directionArray, int directionArraySize){ 

    for (int i = 0; i < directionArraySize; i ++){ 

        int direction = getDirection(points, nodes[i], nodes[i+1]); 

        if (direction == -1){fprintf(stderr, "error in backtrace");} 

        directionArray[i] = direction; 

    } 

} 

 

void backtrace(Point * points, int * nodes, int size, int * directionArray, int directionArraySize){ 

    for (int i = 0; i < directionArraySize; i ++){ 

        int direction = getDirection(points, nodes[i], nodes[i+1]); 

        if (direction == -1){fprintf(stderr, "error in backtrace");} 

        directionArray[i] = direction; 

    } 

} 

 

//points start at 0 --> 

void shortestPath(int graph[16][16], int source, int dest, int initialDirection){ 

    //create an array of points so that we can keep track of previous points for backtrace 

    Point points [NUM_NODES]; 

    for (int i = 0; i < NUM_NODES; i++){ 

        points[i].pointID = i; 

        points[i].distance = INT_MAX; //set all the distances initially to INFINITY 

        points[i].prev = NULL; 

        points[i].inSPT = false; 

    } 
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    initialize_points_for_16_nodes(points); 

    points[source].distance = 0; //set the distance equal to 0 for the source 

     

    for (int i = 0; i < NUM_NODES && points[dest].inSPT == false; i++){ 

        //take the shortest distance in the graph and update its neighbors, using the matrix 

        int minPt = findShortestDistanceInGraph(points); 

        //set as in inSPT 

        points[minPt].inSPT = true; 

        //update the neighbors 

        //u is the min pt 

        for (int j = 0; j < NUM_NODES; j++){ 

            if (points[j].inSPT == false && graph[minPt][j] && points[minPt].distance != INT_MAX && 

points[minPt].distance+ graph[minPt][j]< points[j].distance){ 

                //set the previous pointer 

                points[j].prev = &points[minPt]; 

                points[j].distance = points[minPt].distance + graph[j][minPt]; 

            } 

        } 

    } 

 

void setup(){ 

  Serial.begin(115200); 

 

  if(Pozyx.begin() == POZYX_FAILURE){ 

    Serial.println(F("ERROR: Unable to connect to POZYX shield")); 

    Serial.println(F("Reset required")); 

    delay(100); 

    abort(); 

  } 
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  if(!remote){ 

    remote_id = NULL; 

  } 

 

  Serial.println(F("----------POZYX POSITIONING V1.1----------")); 

  Serial.println(F("NOTES:")); 

  Serial.println(F("- No parameters required.")); 

  Serial.println(); 

  Serial.println(F("- System will auto start anchor configuration")); 

  Serial.println(); 

  Serial.println(F("- System will auto start positioning")); 

  Serial.println(F("----------POZYX POSITIONING V1.1----------")); 

  Serial.println(); 

  Serial.println(F("Performing manual anchor configuration:")); 

 

  // clear all previous devices in the device list 

  Pozyx.clearDevices(remote_id); 

  // sets the anchor manually 

  setAnchorsManual(); 

  // sets the positioning algorithm 

  Pozyx.setPositionAlgorithm(algorithm, dimension, remote_id); 

 

  printCalibrationResult(); 

  delay(2000); 

 

  Serial.println(F("Starting positioning: ")); 

} 

 

void loop(){ 

  coordinates_t position; 
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  int status; 

  if(remote){ 

    status = Pozyx.doRemotePositioning(remote_id, &position, dimension, height, algorithm); 

  }else{ 

    status = Pozyx.doPositioning(&position, dimension, height, algorithm); 

  } 

 

  if (status == POZYX_SUCCESS){ 

    // prints out the result 

    printCoordinates(position); 

  }else{ 

    // prints out the error code 

    printErrorCode("positioning"); 

  } 

} 

 

// prints the coordinates for either humans or for processing 

void printCoordinates(coordinates_t coor){ 

  uint16_t network_id = remote_id; 

  if (network_id == NULL){ 

    network_id = 0; 

  } 

  if(!use_processing){ 

    Serial.print("POS ID 0x"); 

    Serial.print(network_id, HEX); 

    Serial.print(", x(mm): "); 

    Serial.print(coor.x); 

    Serial.print(", y(mm): "); 

    Serial.print(coor.y); 

    Serial.print(", z(mm): "); 
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    Serial.println(coor.z); 

  }else{ 

    Serial.print("POS,0x"); 

    Serial.print(network_id,HEX); 

    Serial.print(","); 

    Serial.print(coor.x); 

    Serial.print(","); 

    Serial.print(coor.y); 

    Serial.print(","); 

    Serial.println(coor.z); 

  } 

} 

 

// error printing function for debugging 

void printErrorCode(String operation){ 

  uint8_t error_code; 

  if (remote_id == NULL){ 

    Pozyx.getErrorCode(&error_code); 

    Serial.print("ERROR "); 

    Serial.print(operation); 

    Serial.print(", local error code: 0x"); 

    Serial.println(error_code, HEX); 

    return; 

  } 

  int status = Pozyx.getErrorCode(&error_code, remote_id); 

  if(status == POZYX_SUCCESS){ 

    Serial.print("ERROR "); 

    Serial.print(operation); 

    Serial.print(" on ID 0x"); 

    Serial.print(remote_id, HEX); 
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    Serial.print(", error code: 0x"); 

    Serial.println(error_code, HEX); 

  }else{ 

    Pozyx.getErrorCode(&error_code); 

    Serial.print("ERROR "); 

    Serial.print(operation); 

    Serial.print(", couldn't retrieve remote error code, local error: 0x"); 

    Serial.println(error_code, HEX); 

  } 

} 

 

// print out the anchor coordinates (also required for the processing sketch) 

void printCalibrationResult(){ 

  uint8_t list_size; 

  int status; 

 

  status = Pozyx.getDeviceListSize(&list_size, remote_id); 

  Serial.print("list size: "); 

  Serial.println(status*list_size); 

 

  if(list_size == 0){ 

    printErrorCode("configuration"); 

    return; 

  } 

 

  uint16_t device_ids[list_size]; 

  status &= Pozyx.getDeviceIds(device_ids, list_size, remote_id); 

 

  Serial.println(F("Calibration result:")); 

  Serial.print(F("Anchors found: ")); 
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  Serial.println(list_size); 

 

  coordinates_t anchor_coor; 

  for(int i = 0; i < list_size; i++) 

  { 

    Serial.print("ANCHOR,"); 

    Serial.print("0x"); 

    Serial.print(device_ids[i], HEX); 

    Serial.print(","); 

    Pozyx.getDeviceCoordinates(device_ids[i], &anchor_coor, remote_id); 

    Serial.print(anchor_coor.x); 

    Serial.print(","); 

    Serial.print(anchor_coor.y); 

    Serial.print(","); 

    Serial.println(anchor_coor.z); 

  } 

} 

 

// function to manually set the anchor coordinates 

void setAnchorsManual(){ 

  for(int i = 0; i < num_anchors; i++){ 

    device_coordinates_t anchor; 

    anchor.network_id = anchors[i]; 

    anchor.flag = 0x1; 

    anchor.pos.x = anchors_x[i]; 

    anchor.pos.y = anchors_y[i]; 

    anchor.pos.z = heights[i]; 

    Pozyx.addDevice(anchor, remote_id); 

  } 

  if (num_anchors > 4){ 
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    Pozyx.setSelectionOfAnchors(POZYX_ANCHOR_SEL_AUTO, num_anchors, remote_id); 

  } 

} 
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