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Abstract: 

 
      Moroccan universities face a difficult task in offering several flexible transportation 

alternatives that allow for overall campus mobility while also providing safe, quick, and 

efficient access to items navigation facilities and enabling future campus expansion. 

Autonomous vehicles (AVs) are just one example of a cutting-edge invention, redefining 

campus life. These cars use navigational technologies and internal sensors to drive themselves 

from point A to point B in "autopilot" mode. AVs are one approach that might fulfil the demands 

prompted by student expectations for integrated mobility while also alleviating the 

consequences of traffic congestion on campus (students using their cars to move belongings to 

different rooms for example).  

       This capstone aims to design and develop a self-service electric prototype, dedicated to 

students who are willing to carry or move their belongings to different destinations without 

worrying about the weight. The prototype will be able to carry a specific load from point A, 

(departure), to point (B), most residential buildings or proximity nods. This project should solve 

common logistical issues and challenges faced within the campus, where users can manipulate 

and transship various items by themselves and without the help of any staff member (self-

service). 
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Abstrait : 
 

 
         Les universités marocaines sont confrontées à la tâche difficile d'offrir un certain nombre 

d'alternatives de transport flexibles qui permettent la mobilité globale au campus tout en offrant un 

accès sûr, rapide et efficace aux installations de navigation des articles et permettant l'expansion 

future du campus. Les véhicules autonomes (VA) ne sont qu'un exemple d'une invention de pointe 

qui redéfinit la vie sur les campus. Ces voitures utilisent des technologies de navigation et des 

capteurs internes pour se conduire d'un point A à un point B en mode "pilote automatique". Les 

véhicules autonomes sont une approche qui pourrait répondre aux demandes suscitées par les attentes 

des étudiants en matière de mobilité intégrée tout en atténuant les conséquences de la congestion du 

trafic sur le campus (les étudiants utilisant leur voiture pour déplacer leurs effets personnels dans 

différentes pièces, par exemple).  

       Ce projet vise à concevoir et développer un prototype électrique en libre-service sur les routes 

du campus, dédié aux étudiants qui souhaitent transporter ou déplacer leurs affaires vers différentes 

destinations sans se soucier du poids. Le prototype pourra transporter une charge spécifique d'un 

point A (départ) à un point (B), la plupart des bâtiments résidentiels ou des nœuds de proximité. Ce 

projet devrait résoudre les problèmes logistiques communs et les défis rencontrés au sein du campus, 

où les utilisateurs peuvent manipuler et transporter divers articles par eux-mêmes et sans l'aide d'un 

membre du personnel (libre-service).  
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Introduction:  
 

 
      Robots have been developed tremendously in recent years. The enhancement of the robotic field 

came to serve the industry and military purposes at first where the majority of robotic outcomes have 

been utilized in fully industrial or military applications. These robots had restricted capacities in 

terms of technological operations. However, recent robots are mostly equipped with the most  

advanced human innovative technology. Intelligent robots came not only to solve industrial and 

military issues only,  

but implement numerous strategies and techniques to perform advanced tasks and serve the 

individual's purpose. Autonomous navigation robots can provide great assistance to human beings 

in a variety of scenarios. They can also monitor data concerning the human subject. Carrying and 

transporting heavy loads instead of individuals, operating in hospitals or manufacturing chains and 

airports are doable applications today thanks to autonomous robots. Electric carriers are a 

professional alternative to thermal vehicles in restricted mobility areas such as industrial platforms 

and areas with pedestrian activities. In addition to alleviating human workforce and effort, 

autonomous robots are highly scalable and can perform different required duties at the same time 

while using different sensors. The line following feature is an essential tool to replace risky human 

tasks, carrying radioactive products, sharp items and heavy loads inside a factory. All these things 

are considered daily risk employees face every day. As an added value, restaurant owners can also 

benefit from its serving abilities. 
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Field study: 

 
Alakhawayn University is located in a strategic site of Ifrane, on a higher altitude compared to the 

downtown, due to its mountainous terrain. (Figure 1) shows the Aui campus map. The main gate is 

nearly 500 meters far from campus buildings with a 1% elevation. On the right of the globe, heading 

to building 33, the tar is slightly degraded with distorted pits. The first checkpoint (building 33) is 

located 50 meters from the globe. As we move forward, elevation increases gradually from 1% to 

3%. The next closest residential checkpoint is building 29 can be accessed from the curvy road that 

appears on the map (18% elevation from the ground). 15 meters away from building 29 is the 3rd 

checkpoint that will allocate buildings (30,31 and 32). On the way to the next checkpoint, the robot 

will cross an 18% curvature (recuperation phase) and stops at building 26. 17 meters away, will be 

located the 5th checkpoint at building 25 (applies for 23,35 and 22 residents) with 2% elevation. 20 

meters away will stop the carrier for building 24,34 and 27 residents. After 47 meters and a 3% 

incline, the robot will stop at the roundabout and serve residents from 37,18,19,36,21 and 20 

buildings. According to the structure of the prototype, campus bumps, curves and road state should 

not affect the circulation of the vehicle in dry conditions. 

 

 

 

- 

 

 

 

 

 

 

 

 

 

 

 

 
Figure1: Al Akhawayn University Campus Map 
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Industry 4.0: 

 
Since The beginning of the nineteen century, the robotic field had witnessed three industrial 

revolutions with the creation of computers, printing machines, thermic engines etc… The significant 

transition from traditional to developed industry regarding different fields have emerged new 

technologies and implemented different strategies to cope with the worldwide competition to arming 

during world war I and II. Nowadays, the robotics industry came to its fourth revolution. Each year, 

the number of active robots raises to 15% and new features are created. Industry 4.0 aims to increase 

the productivity and efficiency of industrial platforms. Based on artificial intelligence, fourth-

generation robots are expected to increase labor productivity by 41% in ten years. This vision truly 

alleviates the dysfunctionalities and weaknesses of human labor within the workplace by replacing 

and correcting human errors and reducing time gaps (assure a 24/7 operation in large manufacturing 

platforms with fewer costs) [1]. However, this unbounded army of robots will never take the human 

role since AI still face challenges to offer 100% automated robots. Robots are only designed to 

perform repetitive tasks and execute algorithms. Another economical fact not to be denied is the 

logistical boost that manufacturers will benefit from with the implementation of industry 4.0. Goods 

and products can be moved and inventoried properly with higher fluidity in warehouses offering a 

delivery possibility taking into account the role of AI in determining the least costly route and space 

optimization. Robots will also be able to determine innovative strategies to prevent the expiration of 

products. (Automated system to organize and align rows of products with shortest expiration dates 

using image processing). Industry 4.0 is represented as the ability to connect automated prototypes 

with loT (the internet of things), lloT (The industrial internet of things) and CPS (cyber-physical 

systems) [2] ...  to exchange data within manufacturing industries and analyze the production process 

based on wireless connectivity that enables the machines to interfere autonomously. 
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Hardware Architecture: 

 
This robot can recognize and follow a painted line on the floor. The path is usually set and can be 

visible, such as a black line on a white surface with a high contrast hue, or invisible, such as a 

magnetic field absorbed by the infrared sensors that send signals to the microprocessor that 

manipulates and regulates power for each wheel. Commands will be generated on python codes 

from raspberry pi and sent to the Arduino for execution. 

 
Figure2: sensor circuit diagram 

 

 

-Two 36V controllers are employed for the simulation. The two independently mounted motors are 

responsible for the movement of the complete robot body. In addition to these wheels, a castor wheel 

is added to the robot's center for static and dynamic balancing, and it aligns itself with the other two 

wheels (figure2).
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STEEPLE ANALYSIS: 

 

 

-Social  

 
This car can add to students' convenience and comfort on campus. The primary priority is to 

assist students in carrying their large bags from main gates to buildings.  

Furthermore, these vehicles may be integrated into vast logistical platforms, allowing agents to 

simply transfer items and commodities over short distances while maintaining their physical 

health.  

The majority of manufacturing defects are generated by processing errors committed by 

employees who fail to follow operational schedules and instructions, which often occur when 

businesses fail to fix a set of regulations. These robots alleviate the pressure on workers and 

logistics employers enabling them to be in charge of more delicate tasks to increase productivity 

and performance. 

 

-Ethical 

The prototype is made of harmless and ungradable materials. However, the 18650 lithium 

battery, which is reputed for being explosive when exposed to heat and high electrical torrent, 

is equipped with a battery management system (BMS). Its role is to balance current delivered to 

each sell and detect any disturbance when charging prevents 90% of overheating, fire or 

explosion cases. Safety measures are strictly taken into consideration for a smooth daily use. 

-Environmental 

The prototype will be powered by a lithium battery, which generates far less CO2 than gasoline. 

Moving to green driving provides an opportunity for AUI to reduce the number of gas-powered 
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vehicles on campus. Electric cars are an important step toward sustainable mobility because they 

are a more environmentally friendly option. Electric vehicles, which are noted for their 

efficiency, are a perfect alternative to thermal energy, and the development of this field 

convinces consumers to use less thermal vehicles. 

 

-Economic 

 Electric mobility is the futuristic alternative to thermic transportation because oil availability is 

reducing (dramatically by the year 2050). This feature allows oil dealers to raise the price of 

fuel due to a scarcity of this material, leading us to believe that thermic mobility is becoming 

exponentially less viable. Using the prototype on campus can eliminate the need for maintenance 

and security vans and trucks to transport students and their belongings, resulting in significant 

cost savings. 

 

-Technological: 

The project will necessitate a thorough understanding of mechanical and electrical engineering 

principles, as well as the implementation of precise and efficient measurement specifications, 

as well as a thorough examination of the various technologies used to design the prototype 

(Arduino, path memory, and obstacles detection.). 

Furthermore, understanding of a specific programming language (python) that interacts with the 

computer used to manipulate the car is required for this project. 

Finally, most of the tools and electronic gadgets required to run this project on campus can be 

found in AUI's lab or the local market. 
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-Political and Legal:  

The Moroccan government has no limitations with robotic policies. Indeed, the robotics field 

consider one of the most strategic pillars regarding the research and development visions of 

Moroccan. Besides the fact that Morocco is enthusiastic about implementing new technologies 

in the industrial market, a special care is given to the sustainability sector. Our prototype is fully 

electric, leading to a 100% environment preservation and Morocco encourages sustainable 

activities. (Solar panels and electrical components manufacturers in Morocco benefit from a 

total tax exemption for every item produced, according to the Finance Bill of 2022).     

 

Objective tree: 

 

 
The objective tree shown below is a fundamental engineering tool, that helps us evaluating and 

graphically breaking down the project numerous objectives into smaller, more achievable pieces 

(figure3). 
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Figure3: Objective Tree 

 

Designing a self-service 

campus item carrier  

Cost Objectives  

Durability 

Objectives  

Performance 

Objectives  

Appearance 

Objectives  

Technology  

Environmental 

Objectives  

The robot must be 

affordable  

The robot should be 

able to carry up to 

20Kg loads and 

withstand road 

degradation 

The robot should be 

user-friendly  

Has low 

dysfunctionality rate  

Keep track of the line 

accurately and stop 

when exposed to 

obstacles   

The dimensions should 

be well respected  

A proper power delivery 

should be monitored to 

perform optimally in full 

capacity  

Should be harmless to 

the environment  
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System requirements  

 
Requirements are critical because they set the foundation for a product's scope, vision, timing, and 

cost. Finally, they should focus on the quality and performance of the final product. Requirements 

benefit a variety of stakeholders, including electrical engineering, marketing, software 

engineering, and mechanical engineering. Each stakeholder has realistic expectations after 

learning about the end product's requirements. There should be no surprises in the final product in 

terms of functionality or design, leading in a profitable and successful product launch. To help 

clarify the project requirements, I made a hierarchical deconstruction of my robot, as seen below 

(figure4). 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 
Figure4: Hierarchical decomposition of the robot   
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36 battery 
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Chassis   Wheels  
Carrying 

plate  

Arduino/Raspberry pi  
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Literature Review: 
 

 

Design of the chassis:  

 

 The mobile prototype is held on a hoverboard original aluminum plate (figure5), to assure 

flexibility in terms of space management. The plate is significantly rigid and comes with 60 holes 

either empty or closed to fit with long, short, thin and thick screws. The middle juncture separating 

the two sub-plates allows a slight rotation. The initial purpose was to send a signal to the base 

gyroscopes to determine the speed and direction. It was meant not to weld the middle section to 

enforce the chassis to assure a suspension elongation back and forth taking into account the load 

and ground degradation..  

Figure5: Aluminum alloy frame for Hoverboard 
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Table1: chassis’ technical specifications 

 

 

Material Aluminum 

Weight 5.8Kg 

Maximum load capacity 100Kg 

Dimensions 46x17.5 

 

           

 

Wheel handles:  
 

 

Figure6: Motor Wheel Clamp Bracket 

 

The supports were taken from the original board (figure6). Made of Magnesium alloys, these 

handles represent a proof stress range from 75 to 200MPa, a tensile strength of 133-284MPa and 

an 8% elongation. To fix and minimize wheel friction the handle pushes the wheel axle again the 

inferior square to adjust the high and inclination of the motors. [3]  
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Frame:  

To carry loads up to 15Kg, 20x20mm aluminum bars (figure7) were used as the primary frame of 

the prototype. These bars are characterized by a light weight and reliable rigidity. The middle 

sections of bars are designed empty from the inside for users to hook external supports. For our 

case, drilling the bars to make junctures, was plan B since the bolts do not reach the other extremity 

of the bars, and an external hook will be needed. This operation will cause the bolts to loosen due 

to unstable weights and exposure to holes and speed bumps. Specific triangular corners (figure8) 

were used to assemble the bars. These corners were manufactured especially for this type of bar. 

No drilling is needed, and the frame's initial shape and dimensions are preserved. The items are 

carried on a 1.11x0.76m wooden plate maintained over the aluminum chassis using 4mm long 

bolts fixed with large washers and fitting nuts.  

   

 
    Figure7:20x20mm aluminum bars                               Figure8: 20x20mm corner fitting angles                                                                     
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Figure9: Assembly of the Aluminum Frame  

 

Figure10: Assembly of the wooden plate on frame 
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Brushless DC Motors: 
 

 

-The vehicle is powered by two 250W brushless DC motors (figure11) to deliver the appropriate 

voltage for different fields and loads. BLDCs assure high efficiency and give users variant 

controllability. Compared to the DC regular motors, BLDCs are more economic. 

 

 

 

 

 

 

Figure 11: Hoverboard Brushless DC motor 
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Table2: Technical specifications of the BLDC 

 

 

 

 

 

-BLDC working principle:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure12: Operation of the brushless DC motor  

Range  {14-21km} 

Maximum Speed  13km/h 

Self-Weight 11kg 

Maximum weight to 

carry 

125kg 

Gross weight  14kg 

Size 61*20*18cm 

Maximum incline  16° 

Tire size  6.5 inches 

Compatible Battery  Samsung Battery, 36v,4,4Ah,158Wh 

Electrical supply  36V,250W 

Charging duration {2-3hours } 

Charger capacity AC 110-220V/50-60HZ 

Chassis elevation 4cm 

Temperature 

capacity range 

{-10°C – 40°C} 
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-In regular DC brushed motors, electric current is delivered through coils. The Magnetic field is 

generated in coils that rotate when pushed towards the positive coil and pulled against the 

negative one. We can reverse the direction of the rotation just by reversing the current. 

However, In BLDCs, a permanent rotor acts as a magnet and the electromagnets are located in the 

stator (figure12) enabling the wheel to rotate fully. The Hoverboard motor is driven in three 

phases: A,B and C. AC powered. A certain number of coils, depending on the size and power of 

the motor is associated with a phase. A magnetic field is flowing through each phase with flipped 

polarities. When the magnetic field is changed, a current is moved then inside the rotor and lags 

the stator’s field to consequently create a pulling force on the rotor (figure13). [4]  

Figure13: Working principle of a three-phase induction motor 

 

 

Electrical power delivered to homes is through only one current conductor additional to the 

neural and ground connection. BLDCs are composed of three conductors located at a phase of 

120° from one another (figure14).  
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Figure14: Three-phase electrical power with 120° phase shift between each phase 

 

 

-The passing current in conductors generates a magnetic field that varies proportionally with 

the altering the current amplitude. By coupling the electric field’s curl to the magnetic flux’s 

rate of change in time [5], expressed as the mathematic formula (Maxwell’s third equation):  

 

  

-BLDC fails to achieve asynchronous rotations with the attempt to align with the stator’s 

rotating magnetic field resulting in a motor speed lag with the rotating magnetic field speed. 

This phenomenon called slip enables the motor to spin continuously as lag occurs constantly: 

Nr is the rotor speed and Ns expresses the synchronous speed of the rotating field in the  

stator. [6]  
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-In regular DC brushed motors, electric current is delivered through coils. The Magnetic field is 

generated in coils that rotate when pushed towards the positive coil and pulled against the 

negative one. We can reverse the direction of the rotation just by reversing the current. 

However, In BLDCs, a permanent rotor acts as a magnet and the electromagnets are located in 

the stator enabling the wheel to rotate fully. The Hoverboard motor is driven in three phases: 

A,B and C. AC powered. A certain number of coils, depending on the size and power of the 

motor is associated with a phase. A magnetic field is flowing through each phase with flipped 

polarities. When the magnetic field is changed, a current is moved then inside the rotor and lags 

the stator’s field to consequently create a pulling force on the rotor. [4] [7] 

 

-Microprocessing boards:  

 
Arduino Mega 2560: 

 

 

Figure15: Arduino Mega 2560 
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-This Arduino board runs under the ATmega 2560 micro-processor (figure15). With 54 digital 

pins, tremendous features are supported and greater sensors capacity is supported without the use 

of a breadboard, this advantage prevents us from using an external breadboard and managing space 

properly. Of the 54 pins, 15 are dedicated to pulse width modulation (PWM), which sets values 

of frequency in a range from LOW to HIGH, therefore, no need to manually determine 

frequencies to be delivered. Not all the pins support PWM depending on the board model: 

 

Table3: PWM frequency pins on different Arduino boards 

 

 

 

-Frequencies vary depending on each pin. As an example, the delivered frequency in Pin 3, 9, 10 

and 11 is 490Hz and 980Hz in pins 5 and 6 (Table 3).   

-Analog input pins are 16 from A0 to A15, there main function consists of reading analog sensors.  

-The board contains four hardware serial ports UARTs [8] (Universal Asynchronous Receiver 

Transmitter) responsible of transmitting Data from Arduino to hardware Receiver (Computer, 

GPS, Bluetooth modules and microcontrollers…) As binary digits 0 and 1.  

-16MHz crystal oscillator, USB port, a power jack, In-circuit Serial Programming header that acts 

as a bootloader, and a reset button.  

Arduino model  PWM pins 

Uno, Nano, Pro Mini 3, 5, 6, 9, 10, and 11 

Mega From 2 to 13 and from 44 to 46 

Leonardo 3, 5, 6, 9, 10, 11 and 13 

Due From 2 to 13 

Zero From 2 to 13  
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-Raspberry pi 3 B+: 

-Along with the Arduino, Raspberry Pi (figure16) completes more performant tasks serving the 

autonomous navigation of the prototype. This tiny computer has the ability to complete practical 

projects similar to a regular computer. The Raspberry pi is distinguished by its powerful 

multimedia tools and considerable 3D graphical abilities compared to the modern video games 

consoles [9]. This board is reputed for its tremendous advantages confirmed through the 

conception process of our project. The version integrated in our prototype is raspberry pi 3B+ to 

implement Image Processing features such as obstacle avoidance, signal panels and mobile objects 

detection within  

campus.  

 

Figure16: general composition of Raspberry pi 3 B+ 
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Table 4: Technical specifications of Raspberry pi 3B+ 

 

 

 

 

 
 

 

 

 

 

PROCESSOR  Broadcom BCM2837B0, Cortex-A53 (ARMv8) 64-bit SoC @ 1.4GHz 

RAM 1GB LPDDR2 SD RAM 

WIRELESS 

MODULES 

2.4GHz and 5GHz IEEE 802.11.b/g/n/ac wireless LAN, Bluetooth 4.2, BLE 

ETHERNET Ethernet Gigabit over USB 2.0 (maximum throughput 300 Mbps) 

PINS GPIO header with an extra 40 pins 

USB 4 USB 2.0 ports 

CAMERA A Raspberry Pi camera can be connected to the CSI camera port. 

DISPLAY A Raspberry Pi touchscreen display can be connected to the DSI display 

port. 

VIDEO Composite video port with 4-pole stereo output 

SD CART  Micro SD slot for installing and storing your operating system and data 

POWER 

SUPPLY 

5V/2.5A DC power input 

ETHERNET 

SUPPORT 

Support for Power-over-Ethernet (PoE) (requires separate PoE HAT) 



32 
 

 

 

-Sensors:  

 
-Infrared sensors:  

 

Infrared technology nowadays offers tremendous wireless applications in which the most 

commons are object detection and remote controlling. In an environment, IR sensors (figure17) 

detect objects by emitting light. IR have also the ability to sense motion and measure heat. The 

thermal radiation items emit enters the infrared range. These radiations are invisible to human 

beings sight, but infrared sensors are designed to detect them. In our project, Arduino compatible 

IR sensors are used to detect trajectory and send signals to the motor. A high adjustment feature 

is available in the used model which gives us the possibility to lower damage risks after crossing 

speed bumps. (Infrared sensors are placed in the front lower part of the vehicle (figure18).)  

 

 

 

 

 

 

 

 

 

 

 

                 

Figure17: Infrared sensor                                        Figure18: Infrared sensor position  

 On the robot  
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IR working principle:  

 

Infrared transmitters are classified according to the output power, wavelengths and response 

time. Our Infrared sensor is composed of two fundamental operators, the IR LED and 

Photodiode, referring to Optocoupler when combined together [10].  

IR LED or transmitter emits infrared radiations invisible to human sight and received by the 

photodiode. The LED radiations are reflected on objects and some to the IR receiver, which will 

then determine the intensity of the reception and classified as numerical output, usually, “33” 

value is for white light and “36” for dark one (figure19).  

 

Figure19:IR sensor working principle diagram 
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-Ultrasonic sensor HC-SR04: 

 
 

-Ultrasonic sensors (figure20) are designed to measure distance following an emission and 

reception process. A 40KHz ultrasound is emitted to interfere with an obstacle on its path. The 

obstacle will then bounce the signal and send it back to the ultrasonic sensor receiver. The distance 

is then calculated based on the travel time-lapse and the magnitude of the soundwave. This sensor 

is linked to Arduino via four pins VCC, TRIG, ECHO, and GND, operational on a 5V power 

supply. The sensor is placed on a 32 cm elevation from the two IR sensors (figure21) to adhere to 

a large range of obstacles and decrease the error percentage that can occur after signal interference 

with micro processing board and the remaining sensors.  

 

 

 Figure20: Ultrasonic sensor HC-SR04                      Figure21: Position of the ultrasonic                  

                                                                                                          sensor on the robot 
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-For the ultrasound to be generated, the TRIG pin (trigger) should be set to 10 microseconds as 

a minimum. For this time -apse, an 8-cycle sonic burst is generated to travel at a speed of 

sound and be received immediately by the ECHO pin. This Pin will be then responsible for 

calculating the travel time in microseconds (figure22). [11]  

 

Figure22: Ultrasonic HC-SR04 module Timing Diagram  

 

-For example, if the obstacle is located 20cm away from the ultrasonic sensor. The emitted sound    

coming out of the trigger pin should travel at a speed of approximately 589 microseconds knowing 

that the speed of sound is 340m/s or 0.034cm/s. The ECHO pin will then output the double the 

distance as the wave navigates forward and backwards. The data will be processed then to the 
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Arduino. To determine the distance manually, the received travel time should be multiplied by 

0.034 and divided by two (figure23). 

Figure23: Distance measurement example of the ultrasonic sensor  

 

-Motor Drivers:  

-Motor drivers (figure24) are fundamental in the use of autonomous robots and embedded 

circuits. They are integrated circuit ships that manipulate and command motor or wheels to move 

in accordance with the desired configurations or input (LOW, HIGH). Low voltage is taken 

from the Arduino (processor) and transmitted to the motor (wheel) which requires higher voltage 

input). The motor driver is responsible for controlling the motor speed, direction and frequency 

depending on the desired instructions given by the user.  
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Figure24: 12-36v 500W brushless motor driver  

 

 

 

 

Table 5: Technical specifications of the motor driver  

 

 

Voltage 

Range  

12-36 (V) 

Current 

Capacity  

15 (A) 

Power 

capacity 

500 (W) 

Width 43 (mm) 

Length  64 (mm) 

Weight  31 (g) 

Dimensions  11x6x2 (cm) 

Height  17 (mm) 

Protection Overload, locked-rotor and over-current protection 

Temperature 

capacity 

-40 to 85°C 
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-The Brushless Motor driver DC 12-36V 500W PWM was initially designed for high-

performance quadcopters and multirotor. This motor driver assures a fast and efficient rotation 

speed control compared to regular electronic speed controls (ESC).  

This driver handles our three-phase motor efficiently since the testing phase demonstrated a 

completely controlled within the range output result (wheels spin with no lags) and speed control 

varies specifically under the exact value entered in the code. To achieve an optimal circulation 

effect, this motor driver gives the user the opportunity to adjust the resistance and capacitance 

of the driver board.  

 

 

-BLDC-MOTOR-DRIVER-ARDUINO working principle: 

 

Figure25: Hoverboard three phase wiring classification  
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Two power hubs are designed on the board for variant current supply torrent. The right side of the 

board is dedicated to the lower power handling (0-5v) range separated into Hall and Set sensors 

(figure25).  

-Hall sensors: Link the Brushless DC motor with the motor driver on 5 connections. The VCC 

pin supplies the wheel with the required input. The GND ground connection and three phases of 

wires. A blue thin wire is directly connected to the phase A sensor on the driver, the blue wire of 

the wheel is connected to phase B and finally the green wire is set for the C phase.  

-Set sensors: Link the motor driver to the Arduino through six pins. The first is the internal output 

voltage limited to 5v. A signal pin to set the speed pulse signal output and the enabler pin that 

should be connected to the 5v. The main controlling pins are Z/F and VR which alter the rotational 

direction of the wheel (when supplied with 5v, the motor moves forward, and 0v or ground 

connected spins the wheel backwards) and controls the speed respectively. (A linear analog 

frequency is set under a power range of (0,1-5v) and a resistance of 20 KOhms satisfied only 

when GND is connected (wheel does not stop at 0 appointed to speed only if the ground pin is 

connected in the Arduino board. [12] 

-The left side of the motor driver represents 5 connections, 2 of them responsible for receiving 

high power input and 3 others deliver a pulse to the 3 phase motor asynchronously according to 

the initial configuration of the frequency.  

-The challenges faced during the testing phase of the motor driver were accentuated in enabling 

the two wheels to spin in the same direction with the same speed while taking into account the 

association with external sensors. As a first trial, the two motors were connected to the same motor 

driver, worked correctly, but were limited to spin only in the same direction as a single wheel 

rotating which makes controlling the prototype circulation, unfeasible. The second phase of trial 
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consisted of integrating a second motor driver associated with the other three-phase motor to 

control each wheel independently. Each driver was supplied with its own 36v battery and rotations 

speed was different for both wheels since battery capacities and charging levels were not the same. 

As a third challenge, linking both controllers to a single power supply was not an easy task to 

achieve. The battery is not placed in the center of the chassis which makes it close to the first driver 

and farther from the other. A wire extension was necessary to connect both VCCs with the battery 

positive input and GNDs to a regular switch linked directly to the negative terminal in order to 

avoid sudden electric shocks that often damage the wires and shortens battery life (figure27). A 

proper and reinforced welding of the wires was required to avoid any dysfunctionality of cut during 

the operation phase. Each wire was insulated and well preserved for better water resistance 

(figure26).  

 

Figure26: Wires position on the robot  
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Figure27: Sensors circuit Diagram  

 

 

-Line following working principle:  

 
Along with the robot operation, the used sensors are fundamental for autonomous functionality. 

The Vehicle is prevented from colliding with obstructions thanks to the ultrasonic sensor. The 

infrared sensors are meant to target and identify objects recognized as a color code. To simulate a 

collision, we set detectable objects on the traced trajectory by altering the height. At a radius of 5 

meters and a 90° angle, the ultrasonic sensor is still able to send wavelength with measures 

subjected to a 3% error percentage. The user can set the detection distance as desired.  

In different fields and dark environments, the robot detects the drawn white line on a darker surface 

or the black line drawn on a brighter surface. The Infrared sensors placed 7 centimeters above the 

line will send a wavelength to detect the line. The left ray sensor will then receive the information 

and process data to the microcontroller.  

The algorithm behind manipulating the robot operates under three cases (figure28): 
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Case1: The line is detected by only one sensor, either the left one or the right one. In our case, the 

left sensor is connected to pin 11 and the right sensor is connected to pin 12. The robot must then 

turn towards the sensor within the line. For example, if the left sensor is outside the line, the vehicle 

should turn to the opposite direction (right) in order for that sensor to detect the line again.  

Case 2: Both infrared sensors are above the line and both motors keep rotating forwards in the 

same direction and with the same speed.  

Case3: None of the sensors detects the line. The wheels will then stop rotating forwards. This 

means that the trip is completed, or a first checkpoint is reached. 

.  

Figure28: Line Following algorithm  
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Image Processing:  

 
-Modern robot industrial technology relies extensively on image processing techniques. 

Autonomous robots nowadays are required to make observations about the object in the 

environment. Indeed, cameras are fundamental parts of image processing. The camera sensors 

often send pixels as an array. The image processing role comes then to applying algorithms. With 

image processing, users are allowed to extract data from an existing image and create an upgraded 

one.  

A concrete example of image processing implementation would be presented in modern cars with 

advanced technological features. Identifying items 200 meters away from the car’s distance 

sensors and recognizing pedestrians on the road implies the use of image processing techniques. 

The simplest manipulations of image processing would rely on measuring only physical attributes 

often identified as distance, reflectance and angles. However, modern robots equipped with 

enhanced image processing technologies are able to perform more sophisticated activities that 

often require a complete data gathering about the environment and its surroundings, especially 

when the robot is designed to operate autonomously in a new environment. As human beings, the 

most accurate way for us to sense our surroundings is through vision. Our vision system takes 

approximately the third of our brain’s capacity, which is affirmed by our ability to instantly 

distinguish between a moving car and a fox crossing the road to consequently have a very quick 

response action to prevent a collision. For less than two decades, humans have had the privilege 

to record images using different built cameras, either with or without colors. However, interpreting 

those images was not a possible task to perform until the invention of computers. Computer science 

and engineering fields are intensely focused on the digital image processing field, and by the digital 

image, we categorize (Satellites captures of the weather maps, X-rays,CT and MRI scans and 
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ultrasound images) including the regular pictures that we often take with our smartphones. On 

cameras, the lens role consists of focusing light on a sensor. The captured light from the lens is 

proportional to the diameter of the lens, the larger the lens, the lighter it can capture, for this reason, 

cameras dedicated to operating in darker environments are designed with a larger lens. To have a 

high magnification, it is important to increase the focal length (distance between the sensor and 

the lens) [13]. For robotics applications, magnification is not a major standard to be taken into 

account since the analyzed date can be processed with a low magnification. At first, pictures were 

captured traditionally. Through chemical reactions, images were appearing on a plastic film. In 

digital cameras, pictures are taken based on a more sophisticated process. Semiconductors devices 

are placed to capture light and transform it into pixels. Those devices are known as charge-coupled 

device (CCD) (figure29).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure29: Charge-coupled device (CCD) 
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-The working principle of the charge-coupled device consists of creating pixels as an array after 

light-sensitive areas are captured by a silicon surface on the ship, Photons then are absorbed and 

transformed into electrons. The charge-coupled device sensor process the image elements into 

pixels, (the smallest units of an image that can be displayed on a digital device). In each pixel, 

we can determine the intensity of light absorbed by measuring the density of electrons placed. 

Having a high number of pixels in an image or video results in higher resolution. In fact, high-

resolution pictures are not easy to analyze. To store high-resolution images, large memory is 

required (2MB) per image [14]. A regular computer can easily analyze a high-resolution picture, 

but this is not the case for a mobile autonomous robot since it should process sever pictures per 

second. The image processing algorithms are done individually on every single pixel. For long 

term operations like weather satellite images analysis, is not a concern, but a running electric 

smart vehicle on a highway should interact instantaneously to process images. The human vision 

system is capable of detecting a limited range of wavelengths. Our eyes can only detect visible 

light often categorized as red for long-wavelength lights and violet for shorter ones for example. 

Millions of unlabeled colors can be detected by human sight and it is, in fact, the only tool an 

individual use to identify objects. Robots however are equipped with sensors that identify 

objects. Sensors can measure lights out of the human range mentioned before. If long-

wavelength lights were identified are red for humans and shorter ones as violet, robots categorize 

them as infrared and ultraviolet respectively. A concrete example to visualize infrared light is 

the thermal camera that captures hot objects such as animals and engines as bright infrared light. 

In terms of storage, colored images require larger memory to be stored. Colored pictures take a 

variance of the three essential colors: green, red and blue. For an equivalent resolution of 
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1920x1080 pixels, a colored image would require approximately 7MB to be stored and three 

times longer to be processed [15]. Color is processed as a stack of three vector functions 

representing red, blue and green colors.  

r               red 

b               blue 

g               green 

 

 

Image enhancement: 

Images captured by robots are represented as rectangular arrays containing pixels. Indeed, robots 

are still able to recognize objects in the environment and act according to their stable and mobile 

placement just like a human: dodge missiles, pick garbage from the floor and even brake a 

speeding car when a fox is crossing the road. But, how could a robot process random ordinary 

pixels into real-life objects?  

Each image contains noise resulting from electronics and optic sensors. We can notice that every 

picture is composed of a variety of brightness and colors. Image enhancement takes care of 

removing noise from the picture by filtering. Filtering consists of replacing a certain pixel with 

its surrounding pixels, brightness and contrast are then modified through histogram 

manipulation [16]. Robots’ image processing algorithms identify objects as curves and lines. 

For example, a table is visualized as four edges of a certain rectangle. A traffic sign is 

distinguished as a bright disk with letters of symbols inside. The lines and edges are also 

determined by image processing as a set of pixels, this operation is called segmentation or 

feature extraction.  
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Lidar technology: 

Autonomous robots rely on a variety of sensors and process hundreds of algorithms in a very short 

time. These operations require an advanced measuring system that allows a complete recognition 

of the environment, LIDAR (figure30) provides a similar performant operating technology.  

LIDAR or light detection and ranging is a light-sensing device that measures distances using a 

pulsed laser. The emitted light pulses from the LIDAR are capable of generating accurate, detailed 

3D data about the earth's shape and its surface. Three main components allow the LIDAR to 

operate, a laser, a GPS receiver and a scanner. Depending on the model, LIDAR can be 

omnidirectional, with a frequency of 5.6 Hz, it can scan and sample around 360 points in each 

round in a clockwise direction [17]. Lidar most models are equipped with adaptive systems and 

speed detection. The scanning frequency of the LIDAR can be modified depending on the speed 

of the LIDAR motor.  

 

Figure30: Lidar system connection 
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Operating principle: 

 

 

Based on the laser triangular ranging principle, the distance measurement strategy depends on 

variable angles. To determine a certain distance from LIDAR to object X, the implemented 

LIDAR sensor will project a laser spot onto object X. The laser is then projected back to the 

receiving element of the LIDAR. Based on the distance of objected X, the received light will be 

processed at a certain angle. The distance to object X is calculated in the sensor using the light 

spot position on the receiving element and the distance from the emitting to the receiving 

elements. Regarding the speed of processing, LIDAR is capable of measuring the distance data 

more than 2000 times per second [18]. Similar to the ultrasonic sensors’ principle, the LIDAR 

implements angular calculations (figure31) with extremely enhanced operation processing.  

Figure31: Laser triangulation measurement on LIDAR systems   
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LIDAR implementation:  

 
 

-Our prototype is equipped with conventional sensors enabling it to detect paths and obstacles, 

but they have certain limitations when it comes to distance measurement, spatial resolution and 

the complexity of processing. The light detection and ranging device would prevent numerous 

dysfunctionalities within the campus field. In terms of obstacle and traffic sign detection, 

LIDAR is the best alternative to be taken into consideration. Lidar can build a static virtual 

environment of AUI’s campus and circulate while recognizing various moving obstacles such 

as cars, pedestrians, traffic signs, speed bumps and also buildings with their numbers. The 

controlling commands of the LIDAR on the running prototype are determined based on the 

distance where the surrounding objects are located. The LIDAR attributes a color code to every 

object according to its wavelength (for example, objects 2 meters far from the sensor will be 

processed as green and 4 meters farther will be processed as blue…) For an angle range between 

0 and 90 degrees and a 1-meter distance, the LIDAR will send a signal to the Raspberry pi 

microprocessor and assign the PWM a higher frequency on the right side motor until the distance 

becomes 0.4 meters, and the obstacle will be avoided from the side expected to be in a collision. 

In normal conditions (where there is no close obstacle, the wheels will be rotating at maximum 

speed Vmax ). However, when an obstacle is detected (distance < 1 meter) A specific algorithm 

will be placed in order to adjust the wheels spinning speed instantaneously and independently. 

The representative formulas to control the speed based on distance are the following [20]. 
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Table 6: LIDAR speed adjustment formula’s terminology  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 

Xbox 360 Kinect v1 implementation: 

 
-Kinect cameras have the same properties as LIDAR. Kinect is not a regular digital camera only; 

it is designed to produce depth maps in addition to normal colored picture captures. Similarly, 

to the LIDAR, the device can also measure the distance from built-in sensors to destination 

independent pixels. This camera can also perform image processing features including 

autonomous navigation. However, Kinect has limited capacity in terms of range and accuracy. 

VL The linear velocity of the left motor. 

VR The linear velocity of the right motor. 

 

Vmax The maximum speed, when the PMS is at full capacity. 

 

WL The value of the Lidar sensor to adjust the left motor speed. 

 

WR The value of the Lidar sensor to adjust the right motor speed. 

 

d Actual distance 

 

dmin Minimum distance value (0.4 meters for our case) 

dmax Maximum distance value (1 meter for our case) 
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Kinect can only operate within a distance of 5 meters when LIDAR can process a significantly 

higher number of images in around 70 meters of range. 

Kinect gathers data from real–life moving items and analyzes motion using artificial intelligence 

algorithms. This data serves as capturing individuals of different heights and weights and 

reading their gestures. To accomplish these features, the Kinect relies on three fundamental 

components. A multi-array microphone, red, green and blue VGA video camera and a depth 

sensor. With a resolution of 640x480 pixels, Kinect captures RGB items such as the human 

body. The depth sensor projects a 3D environment using the CMOS (complementary metal-

oxide-semiconductor) similar to the CCD technology but more performant since they differ in 

terms of the manufacturing process [19]. The infrared projector is responsible for measuring the 

distance between the standing player and the console. The microphone prevents noise 

interference to receive smooth and net vocal commands sent from the user. 

Figure32: General part composition of the Kinect v1 
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-Similar to the LIDAR, Kinect v1 and v2 can detect obstacles, and therefore, satisfy the 

environment monitoring theory within the campus. For a smaller range, Kinect identifies 

moving objects and communicates data to raspberry pi using different software and interfaces 

such as OpenCv and Linux operating platforms designed to support Kinect enhanced images  

like ROS.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Kinect Sensor 

Depth Image  

Segmenting foreground of depth image by mean-

shift algorithm 

Calculating each pixel point’s gradient in 

foreground 

Edge detection processing 

Morphological processing 

Marking edge information 

Infrared Image 

Edge detection based on infrared 

image  

Morphological processing 

Marking edge information 

Removing inaccurate detected objects  

Marking detected obstacles 

Determining the distance of the obstacles 

Figure33: Kinect v1 distance measurement diagram  
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                                  Figure 34: Traffic signs image on campus captured  

by regular digital camera 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

                                        Figure 35: Traffic signs image on campus  

processed by Kinect v1 (depth sensor) 
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Figure36: Main gate to central entrance drawn line   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                      Figure37: Line detection processed by kinect v1 
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Images of the prototype: 

 
 

Front side: 

 

 
Figure37: Final design picture taken from the front 
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Lateral Side: 

 

 

Figure39: Final design picture taken from the side 

 

 

The pictures were taken during the testing phase. The robot is able to perform smoothly in 

normal conditions (Lab flood, no inclines and light load. Additional tests in real-life situations 

are required for more adjustments and processing settings. It is normal that the robot will face 

some difficulties once on the campus field due to unexpected conditions (degraded road, deep 

holes and high inclines, wet conditions), each case should be treated individually to assure 

smooth navigation.  
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Conclusion and future Work: 

 

Robots are gradually impacting the world's everyday life and economy. The demand for robots 

is increasing in an extremely wide range of applications, especially for manufacturing, medical, 

service and basic consumer purposes. Today, I feel pleased because this capstone project did 

not only solve a common problem among AUI students but gave me the opportunity to immerse 

myself in the electrical and robotic field and acquire technical skills that will probably help me 

solve numerous problems in the future. During the engineering process, I was subjected to facing 

different challenges that made me put my actual engineering skills into action by innovating and 

creating alternative solutions to the current problems.    

Among the challenges, I faced while implementing the Line following technology was the 

reverse engineering part. A normal regular hoverboard was completely emptied and different 

incompatible parts such as not only one but two motor drivers were to be monitoring the wheels 

independently. The three-phase motors are totally different from the normal dc motors in terms 

of application. Research and further testing were required to couple the three-phase motors with 

the Arduino and merge the line following the algorithm. This process lacks resources and 

previous tutorials on the actual research platforms which lead me to innovate and improvise out 

of the box.  

This project is still far from being completed as the body is still missing aesthetic details. A rigid 

body frame is still required to increase rigidity and the Kinect processing feature should be 

realizable since few difficulties were faced while importing operating libraries. The Kinect 

version used is quite old and the recent operating system does not support its simulation 

interfaces. 
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APPENDIX  

 

Operation code: 

void setup() { 

  // put your setup code here, to run once: 

pinMode(11,INPUT); 

pinMode(12,INPUT); 

pinMode(2,OUTPUT); 

pinMode(7,OUTPUT); 

#define ultrasonicTrigger 11 

#define ultrasonicEcho 12 

} 

// Max distance read by ultrasonic sensor 

const int maxDistance = 400; 

NewPing ultrasonic(ultrasonicTrigger, ultrasonicEcho, 

maxDistance); 

void loop() { 

  // put your main code here, to run repeatedly: 

int distance = sonar.ping_cm(); 

if (distance == 0) { 

  distance = 30; 

} 

if(distance <=15) { 

  Stop(); 
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int ls=digitalRead(11); 

int rs=digitalRead(12); 

if(ls==HIGH && rs==HIGH) 

//Move forward, Both motors are on full capacity.  

{ 

 analogWrite(2,13); 

  analogWrite(7,12); 

} 

// turn to the right, right motor is on full capacity and left 

motor stops 

if(ls==LOW && rs==HIGH) 

{ analogWrite(2,13); 

analogWrite (7,0); 

} 

// turn to the right, right motor stops and left motor is on 

full capacity 

if(ls==HIGH && rs==LOW) 

{analogWrite(2,0); 

analogWrite (7,12); 

} 

 //Stop both Motors 

if(ls==LOW && rs==LOW) 

{ analogWrite(2,0); 

analogWrite (7,0); 

}} 
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