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 Abstract 

This project presents the design and implementation of an 

omnidirectional wheel mobile robot with an integrated robotic arm, 

focusing on the development of control algorithms using MATLAB. The 

primary objectives of this work include achieving precise control of both 

the robot's omnidirectional motion and the arm's end-effector position 

through inverse kinematics and Jacobian matrix calculations. 

The omnidirectional wheel system is designed to provide 

exceptional maneuverability, enabling the robot to move in any direction 

with ease. By incorporating inverse kinematics, Developed algorithms that 

translate desired end-effector positions into joint angles for the robotic 

arm, allowing for precise control over the arm's movements. Additionally, 

the Jacobian matrix is used to establish a relationship between joint 

velocities and end-effector velocities, enabling coordinated motion of the 

arm. 

It also designed and implemented an omnidirectional wheel mobile 

robot equipped with an integrated robotic arm, controlled through a 

smartphone application. The primary objective is to provide a user-friendly 

interface for the remote operation of both the omnidirectional motion of 

the robot and the precise positioning of the robotic arm using a smartphone 

app. 

The implementation leverages the capabilities of modern 

smartphones, integrating Bluetooth or Wi-Fi connectivity to establish a 

seamless link between the user's commands and the robot's actions.
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Chapter one 

INTRODUCTION 

1.1 Introduction 

  

Moving arm robots cut down on the number of tasks and activities that an 

employee or worker needs to complete because, in addition to being effective 

and precise at work, they save time and effort. Each of these mechanical 

vehicles and robots is programmed to carry out a specific function. Depending 

on the kind of design, the programming mechanism, the nature of the task, and 

the scope of its implementation, it is also possible to develop them for 

additional tasks. The robot could unreservedly recognize the obstructions before 

it and pick the activity and get to know it intently through photography, and 

recognize it by video reconnaissance[1]. Due to the enormous industrial 

development implemented by factories and laboratories in a variety of medical, 

military, service, and civil fields, as well as a variety of device industries, the 

robotics industry has experienced tremendous growth over the past three 

decades. By looking at the most recent and important studies, references, and 

scientific literature on the topic of controlling mobile robots with moving arms, 

this study. Numerous studies have been presented, particularly those focusing 

on the mechanisms for controlling robots with moving arms and the 

classification of mobile phone control and self-programming methods[2]. By 

contrasting their various benefits and applications, the various types of mobile 

robotic driving technologies like WiFi, IOT, Arduino UNO, and 

microcontrollers have been examined. Despite actively avoiding obstacles 

through sensors, the robot may advance openly based on the drives that are 

connected to it via the phone. Consequently, a variety of sensors are positioned 

in the robot car's direction[3]. The robot may move toward the IOT platform 

when an obstacle is identified. This mission's objective is to develop a system of 

a cell-control robot car that uses more device landings than previously thought 
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to maintain a highly robust and adaptable robot[4]. The Arduino UNO is used as 

the center of the project, connecting a wide range of different components. A 

Wi-Fi module is used to remotely control the planned vehicle from a mobile 

phone. 

A notification is sent to the phone when the robot detects an obstruction. 

Additionally, the robot uses an automated arm attached to the vehicle to 

perform pick-and-place tasks. A combination of temperature, gas, and fire 

sensors is used for blast detection[5]. and a bell indicates the location of a blast-

prone area. In addition, a live reconnaissance is conducted to monitor each 

vehicle development[6]. The robot will save a lot of lives by spotting blast-

prone areas and flagging something resembling a phone. It may be useful in 

identifying a variety of mishaps in which the environment poses a significant 

risk to individuals, such as working near radioactive or poisonous materials or 

an exploding propane tank. The robot could be used for reconnaissance because 

it can quickly cover areas that people can't reach and then automatically carry 

out its functions when there are obstacles. A typical robot car with a cloud-

controlled system is depicted in figure) 1.1(. 
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Fig 1.1: Standard robot car with cloud controlled system[4]. 

1.2 Literature Review 

The important articles and papers which have discussed the work of 

robots that use motion sensors by using inverse kinetics have been collected and 

reviewed in the following paragraphs. 

S. Gómez et al. 2015 [7] The paper describes the mechanical design of a 4-DOF 

robot manipulator with optimized algorithm for inverse kinematics. The robot 

has four degrees of freedom (DOF) and is designed to position points within a 

space in 3D. The first DOF has a rotational joint at the base, allowing 

movement in 360 degrees to increase the workspace, followed by three 

rotational joints. The mathematical equations that describe the inverse and 

direct kinematics are also obtained. The inverse kinematics algorithm used is a 

combination of numerical and geometric methods, which is used to make more 

efficient and accurate resolution of angles of each joint. The results show that 

the algorithm has appropriate performance with a relatively short processing 

time.. 
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Panchanand jha. 2015 [8]  This paper describes the methodology used for 

kinematic analysis of various configurations of robot manipulators. The 

conventional techniques like algebra, analytical method, iterative method, 

numerical method, geometric method, homogeneous matrix, DH algorithm, and 

quaternion algebra are presented. Additionally, different methodologies to solve 

the inverse kinematic problem are discussed in brief, including structural 

analysis of mechanisms, conventional methods for kinematics, intelligent or 

soft-computing approach, and optimization approach. The chapter also provides 

a table of adopted materials and methods for the research work, including 

conventional and intelligent approaches and various types of robots and 

structures.. 

Hong Zhao et al. 2017 [9] This paper discussing the kinematics of a four-

degree-of-freedom manipulator. The paper explains the difference between 

forward and inverse kinematics and the importance of inverse kinematics in 

robot kinematics analysis, motion space, offline programming, and trajectory 

planning. The paper also discusses the two methods of solving inverse 

kinematics, closed-form solution, and numerical solution, and the three types of 

closed-form solutions, iterative, algebraic, and geometric. The paper then 

focuses on the algebraic and geometric methods and presents a simplified 

derivation process for solving inverse kinematics. The paper concludes with a 

simulation of the manipulator's kinematics and inverse kinematics using the 

Robotics Toolbox, which verifies the effectiveness of the modeling and 

simulation method and the correctness and feasibility of the inverse kinematics 

algorithm. 

Květoslav Belda  et al. 2017[10] This is a technical paper discussing the 

control objectives of mobile robotic systems with articulated robot arms. The 

paper outlines two main objectives for motion control: global and local. The 

global objective is the absolute motion of the mobile robotic system within its 
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workplace, while the local objective is the relative motion of the robot arm end-

effector with respect to the mobile underframe of the system. The paper focuses 

on the local objective and proposes a model predictive control (MPC) design for 

local motion control of the robot arm. The paper also discusses suitable 

mathematical models for control design and provides a simulation of a 5 

degrees of freedom robot arm. The proposed solution represents a suitable 

energy-optimal centralized control that takes into account the robot arm motion 

as one complex task. 

Handry Khoswanto et al. 2019 [11]  The article is a research paper that 

discusses the development of an application software for simulating the 

movement of robot manipulators. The software was designed using Unity 

engine and C# language and can simulate the movement of robot manipulators 

with 2 or 3 degrees of freedom. The aim of the research is to develop an 

application that can help students learn about robotics more effectively. The 

software was tested and compared to a similar application called RoboAnalyzer, 

and the results showed that the mathematical calculations were accurate. The 

article also provides information about robot manipulators and the components 

that make them up. The Unity engine is described as a useful tool for 

developing high-quality applications. 

Tahseen F. Abaas et al. 2020 [12]The paper discusses the inverse kinematics 

analysis of a 5 DOF robotic arm using MATLAB and the Denavit-Hartenberg 

(D-H) parameters. The paper explains the importance of forward and inverse 

kinematics in determining the position and orientation of the end-effector of the 

robotic arm. The paper also presents a geometric approach to solve the inverse 

kinematics problem and divide the path of the robotic arm into successive lines 

to accomplish the required tasks. The paper includes a simulation of the robotic 

arm movement using MATLAB Graphical User Interface (GUI). The paper 

concludes that this method can be adopted for engineering applications. 
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Dhiya Uddin Rijalusalam et al. 2021[13] This is a research paper on the 

implementation of kinematic modeling and odometry in the trajectory planning 

of an omnidirectional robot. The paper explains the architectural control system 

consisting of track planning, motion control, and the overall system 

architecture. The results of testing the robot movement are also discussed. The 

paper concludes that the use of odometric sensors produces better movement 

results when compared to using only kinematic control. The paper also provides 

a graphical user interface of the application being made. 

María José et al. 2023  [14] This is a research article that discusses the 

importance of studying robotics, analytics, artificial intelligence, 

nanotechnology, and IoT in the new industrial revolution. The article focuses on 

the mathematical modeling of an omnidirectional mobile manipulator robot and 

its implementation in simulation software. The study aims to develop control 

algorithms for the robot that are accurate, autonomous, and stable. The article 

discusses the direct and inverse kinematic problems that arise in the 

construction of robots and how a Jacobian matrix can help solve these 

problems. The article also discusses the importance of kinematic modeling, 

control, planning, and simulation in the design of robots. The article concludes 

by discussing the results of the simulation tests and the importance of 

developing mathematical models for mobile manipulator robots that meet the 

requirements of accuracy, autonomy, and stability 
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1.3   Problem Statement 

      This study identified the essential problems and effective obstacles by 

reviewing the latest research papers on the subject of mobile robots with a 

vehicles using a moving arm as follows: 

1. Inconveniences of robot vehicles Network safety influences robot 

vehicles, the vehicle's PC may be hacked, and the correspondence 

framework between the vehicles could likewise be the primary deterrent, 

controlling their activity. 

2. The need for precise guidance by increasing the programming effort and 

preparing the appropriate software to describe the movement of the robot 

accurately and efficiently and to control the directives accurately. 

3. The high cost of design, in addition to the cost of control and continuous 

maintenance, to ensure the efficient performance of the mobile robots’ 

work correctly and with the lowest error rate. 

 

1.4 Aims of the Thesis 

      Acoording to the previous studies available in literature reviewing, the 

objectives of this thesis might be summarize as follows: 

1) Reviewing of the most apdated available multipurpose robotic studies 

based on microcontroller and wireless technology. 

2) Propose a robust strategies that early predict and trying to minimize the 

consequences of  multipurpose robotic based on microcontroller and 

wireless technology. 

3) Proposing an efficient controlling modeling approach for the 

multipurpose robotic to produce minimal error effect and mistakes 

elimination.  
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1.5 Thesis Organization 

Chapter one: This chapter provided an introduction, problem statements, and 

objectives of to the thesis.  

Chapter two:  This chapter introduces the basic concepts of the theoretical 

backgrounds of multi-purpose robotics and will be presented with mathematical 

equations and architectural modeling of the most typically applied controllers. 

Chapter three: This chapter provides a simulation for the designed system 

using the MATLAB program. 

Chapter four: This chapter provides simulation results for the designed system 

using the MATLAB program. 

Chapter five: This chapter presents the details of the proposed improved  

structure for multipurpose robotic based on microcontroller and wireless 

technology. 

Chapter six: This chapter contains the conclusions and the future research 

direction. 
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CHAPTER TWO 

BACKGROUND AND THEORETICAL CONCEPTS 

2.1  Introduction 

In this chapter, the subject of a mobile robotic car with a movable arm 

will be discussed in detail. Theoretical aspects of a moving robotic car with a 

moving arm will be presented with a review of mathematical equations and 

theoretical principles in addition to illustrations and diagonal diagrams. In this 

chapter, aspects of control and transmission of control signals through IOT units 

and Wi-Fi controllers for the moving arm and for the moving vehicle are also 

explained in detail. 

The principles of kinematics versus reverse kinematics principles for 

precise control of each part of the moving arm will also be studied, as well as on 

the units of connecting wheels and the transmission of movement to and from 

the moving parts in a balanced manner through sending and receiving control 

signals, which will also be discussed and demonstrated in a full discussion. 

2.2  Moving Robot Arm Structure 

A moving robot arm, often referred to as a robotic manipulator or simply 

a robot arm, is a mechanical structure designed to mimic the movement 

capabilities of a human arm. These robot arms are commonly used in various 

applications such as manufacturing, assembly, material handling, medical 

surgery, and more. The structure of a moving robot arm typically consists of 

several key components[15]: 

1- Base: The base is the stationary part of the robot arm that is usually 

mounted to a fixed surface, such as a floor or a robotic work cell. It 

provides stability and serves as the anchor point for the rest of the arm. 2-
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2- Joints: Robot arms typically consist of multiple joints, which are the 

movable connections between different segments of the arm. There are 

various types of joints used in robot arms, including:[16]. 

 Revolute Joints (also known as rotary joints): These joints allow 

rotation around an axis, much like the human elbow or wrist 

joint[17]. 

 Prismatic Joints (also known as linear joints): These joints allow 

linear motion along a single axis, similar to the motion of a sliding 

piston. 

  Spherical Joints: These joints provide three degrees of rotational 

freedom and are often used at the wrist of a robot arm to provide 

orientation control. 

 Cylindrical Joints: These joints combine both revolute and 

prismatic motions, offering a combination of rotation and linear 

movement.  

 Planar Joints: These joints restrict motion to a two-dimensional 

plane, often used in simpler robotic arms. 

 

3- Links: Links are the rigid segments that connect the joints. The number 

and length of links can vary, and they determine the reach and flexibility 

of the robot arm. Each link is usually connected to two joints. 

4- End-Effector: The end-effector is the tool or device attached to the last 

link of the robot arm. It is responsible for performing the specific task the 

robot is designed for, such as gripping, welding, painting, or other 

operations. The end-effector can be interchangeable to accommodate 

different tasks. 

5-  Actuators: Actuators are the components responsible for driving the 

motion of the robot arm's joints. They can be electric motors, hydraulic 
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cylinders, pneumatic cylinders, or a combination of these, depending on 

the design and application requirements.  

6- Sensors: Robot arms are often equipped with sensors to provide feedback 

on their position, orientation, and the objects they interact with. Common 

sensors include encoders, accelerometers, force/torque sensors, and vision 

systems.  

7- Control System: The control system includes the hardware and software 

responsible for controlling the robot arm's movements and ensuring 

precise and accurate operation. It interprets input commands, processes 

sensor data, and calculates the necessary joint angles or positions to 

achieve the desired end-effector motion.  

8- Programming Interface: Users can program robot arms through various 

interfaces, including teach pendants, computer software, or programming 

languages designed for robotics, such as Robot Operating System (ROS) 

or proprietary programming languages. 

The specific design and configuration of a moving robot arm depend on the 

intended application, payload capacity, reach requirements, and other factors. 

Robot arms can range from small, lightweight units used in precision tasks as 

shown in figure (2.1) to large, heavy-duty industrial robots capable of lifting 

and manipulating heavy objects. 
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Fig 2.1: A typical practical real view of the moving electromechanical robotic 

arm[18]. 

2.3    Kinematics and Inverse Kinematics Definition 

2.3.1 Kinematics Definition 

Forward kinematics is a mathematical approach used to determine the position 

and orientation (pose) of the end-effector (tool or tip) of a robotic arm in three-

dimensional space based on the known joint angles or joint positions of the 

arm's individual segments (links). The Denavit-Hartenberg (DH) parameters are 

commonly used in the context of forward kinematics to model the relationships 

between these joint angles, link lengths, and other geometric properties of the 

arm. Below, I'll explain how forward kinematics and DH parameters work 

together. 

 Forward kinematics is primarily concerned with calculating the transformation 

matrix that describes the pose of the end-effector relative to a fixed reference 
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frame, typically the base of the robot. This transformation matrix represents 

both the position and orientation of the end-effector in 3D space. 

The transformation matrix is calculated by successively applying transformation 

matrices for each joint-link pair along the robotic arm. These matrices are 

typically based on the DH parameters[19]. 

 

The forward kinematics equations for each joint can be expressed using these 

transformation matrices. Here is a simplified representation for a serial 

manipulator (a robot with joints in series): 

   be the transformation matrix representing the base frame (usually the robot's 

reference frame). 

  ,   , ...,    be the transformation matrices representing each joint's 

transformation with respect to the previous joint. 

T_end-effector be the transformation matrix representing the end-effector 

frame. The forward kinematics equations can be expressed as[20]. 

 

              =  *  *  …..*                                                  (2.1) 

Each    matrix represents the transformation due to the ith joint's 

movement, and by multiplying them together, you obtain the transformation of 

the end-effector relative to the base frame[21]. 

The DH parameters are a standardized set of parameters used to describe the 

geometric properties and relationships between joints and links in a robotic arm. 

These parameters include link lengths (a), link twists (α), link offsets (d), and 

joint angles (θ) as shown in figure(2.3). 

 

The DH parameters help establish a coordinate frame at each joint, defining the 

position and orientation of the coordinate axes. These coordinate frames are 

crucial for calculating the transformation matrices that relate adjacent joints. 
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Each joint-link pair is assigned a set of DH parameters, and these 

parameters are used to construct the transformation matrix that represents the 

relative pose between two consecutive joints[21]. 

In summary, forward kinematics uses the DH parameters to calculate the 

transformation matrices that describe the position and orientation of the end-

effector based on the joint angles or positions. The DH parameters provide a 

systematic and standardized way to model the kinematics of robotic arms, 

making it easier to perform accurate forward kinematics calculations for various 

robot configurations kinematics actions are illustrated in figure (2.4). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2.3: Examples of kinematics movement actions[22]. 
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Fig 2.4: Examples of kinematics motion [23] 

. 

2.3.2  Inverse Kinematics Definition 

          is a fundamental concept in robotics and mathematics that deals with 

finding the joint angles or positions of a robotic system to achieve a desired 

end-effector position and orientation (pose) in three-dimensional space. It is 

essentially the reverse problem of Forward Kinematics, where you know the 

joint angles and want to determine the end-effector's position and 

orientation[24]. 

 

Here are the key points and components of Inverse Kinematics: 

 End-Effector Goal: In Inverse Kinematics, you start with a specific 

desired position and orientation (pose) for the robot's end-effector. This 

could represent the desired position of a robot's hand, tool, or any other 

part of the robot. 
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 Unknown Joint Values: The goal is to find the joint angles or joint 

positions that will allow the robot to achieve the desired end-effector 

pose. These joint values are unknown initially. 

 

 Robot Geometry: To solve Inverse Kinematics problems, you need a 

thorough understanding of the robot's geometry, including the lengths of 

its links, the locations of its joints, and any constraints on joint motion. 

 

 Inverse Kinematics Solver: An Inverse Kinematics solver is a 

mathematical algorithm or process used to calculate the joint values that 

satisfy the desired end-effector pose. There are various methods to solve 

Inverse Kinematics problems, ranging from closed-form solutions for 

simple cases to numerical optimization techniques for more complex and 

high-dimensional robots. 

 

 Constraints: Real-world robots often have physical limitations and 

constraints on their joint motion, such as joint limits, joint velocity limits, 

or obstacles to avoid. These constraints must be taken into account when 

solving Inverse Kinematics problems. 

 

 Applications: Inverse Kinematics is used in robotics for tasks such as 

robot control, motion planning, trajectory generation, and programming. 

It is essential for applications where precise positioning and control of the 

robot's end-effector are required, such as pick-and-place tasks, 

manipulation, and industrial automation[25]. 

 

Solving Inverse Kinematics problems can be challenging, especially for 

robots with complex kinematic structures and multiple degrees of freedom. 

Researchers and engineers use a variety of mathematical techniques and 

computational methods to find solutions, making it possible for robots to 
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perform tasks with accuracy and dexterity in real-world scenarios. Figure (2.5) 

displays a diagram demonstrating the forward versus the inverse kinematics . 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2.5: Demonstrating of the forward versus the inverse kinematics 

problem[26]. 

 

2.4  Robot Object Movement Planning 

Robot object movement planning, often referred to as motion planning or 

path planning, is a critical component of robotics that involves determining how 

a robot should move to reach its desired goal while avoiding obstacles and 

adhering to various constraints. This process is essential for enabling robots to 

perform tasks autonomously and safely in dynamic environments. Here are the 

key aspects of robot object movement planning:[27]. 

 Goal Definition: The first step in movement planning is to define the 

robot's goal. This can be the desired position and orientation (pose) for 
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the robot's end-effector (e.g., a robotic arm's gripper) or any other specific 

objective, such as reaching a target location.  

 Environment Modeling: The robot needs a representation of its 

environment, including the locations and shapes of obstacles, the robot's 

own kinematic and dynamic constraints, and any other relevant 

information. This representation can be in the form of a map, point cloud 

data, or other sensor inputs. 

 Path Planning: Path planning is the process of finding a collision-free 

path from the robot's current position to its goal. This can involve 

algorithms that search through the environment's representation to 

determine the optimal or feasible path, considering factors like distance, 

clearance from obstacles, and kinematic constraints. 

 Trajectory Generation: Once a path is planned, the next step is to 

generate a smooth trajectory that the robot can follow to move from its 

current position to the goal. Trajectory generation considers the robot's 

dynamics, velocity limits, and acceleration limits to ensure a feasible and 

safe motion. 

 Safety: Ensuring the safety of both the robot and its surroundings is 

paramount. Safety measures, including emergency stop mechanisms and 

collision detection systems, are integrated into the planning and control 

systems. 

 Optimization: In some cases, optimization techniques are used to find 

the most efficient or optimal path or trajectory while satisfying various 

constraints. These optimizations can minimize energy consumption, time, 

or other relevant criteria. 

Effective planning algorithms and techniques are essential for enabling robots to 

navigate and manipulate their environments effectively and autonomously.[28].  
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2.4.1  Kinds of Robotic Movements 

There are three essential kinds of robotic movements which a robot 

system utilizes to step around the physical world: linear, articulated, and 

circular motions. While the goal of all such movements is the same - to obtain 

along point A to point B - the direction which the robot catchs along the path is 

the basic limiting factor for every kind of movement [29]  .  

A)  Linear Motion 

Linear motion refers to the movement of a robot or a robotic component 

along a straight-line path from one point to another. This type of movement is 

fundamental for tasks such as precise positioning, pick-and-place operations, 

and material handling. Linear motion is crucial in applications where the robot 

needs to move in a straight line, either in one, two, or three dimensions. An 

example of the linear robotic motion is displayed in figure (2.6). 

 

 

 

 

 

 

 

 

 

 

 

Fig 2.6: Linear robotic motion example[29]. 
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B)  Articulation Movement 

The Articulated Mobility and Deformable Objects (AMDO) is a 

demanding domain of investigation which concentrateson the automatic 

planning of complicated objects, just like the human body, which present long 

variables in particulars of spatio-temporal paths. The arm is fixed to a base with 

a rotation joint. The arm itself might feature anywhere along two revolving 

joints up to ten rotating joints operating as axes, against every further joint or 

pivot permitting a greater movement degree. Only four or six axis in maximum 

accounthave been utilized by the articulated robots[30]. Figure (2.7) presents an 

example of 6 axis articulated robots motion. 

 

 

 

 

Fig 2.7: An example of 6 axis articulated robots motion[30]. 

C)  Circular Motion 

The rotational movement of the robot is compatible with the rest of the 

other movements, the linear movement and the axial movement to be 

complementary to them in coordinating the entire movement of the robot. The 

rotational movement runs parallel to the area of the movement plane and at a 

full 360-degree rotation angle. 

 The rotational motion must also act according to the same kinemitic 

relations in accordance with the rest of the equations of other linear and axial 
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movements so that the final movement is integrated and consistent with each 

other, as well as with the general scheme of the robot’s movement path . 

Typical robot circular motion is illustrated in figure (2.8).  

In the displayed figure (2.8), it is obvious the various types of circular 

robotic motions employed by this example of typical robotic arm model. 

Actually, for  each loint in the arm, the circular movement might be applied 

with different angle degree of freedom. In fact, The moving angle degree of 

freedom will depend mainly upon the task type of the specified joint action. 

 

 

 

 

 

 

Fig 2.8: Demonstration of typical robot circular motion[31]. 

2.4.2  Robot Car 

Robot cars, like other types of vehicles, can be classified based on the 

number of wheels they have. The number of wheels often corresponds to their 

design and intended use. Here are some classifications of robot cars based on 

the number of wheels: 
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A)  Two-Wheel Robot Cars 

The two "Wheel Mobile Robot" ("WMR") type is controlled by two DC (direct 

current) motors and every wheel is connected with one encoder for measuring 

the rotating velocity and direction which are based on differential drive mode 

(DDM). The two WMR type have left and right wheels which are independent 

of every other in motion. In the two WMR type, there is often an additional 

ineffective wheel at the front of the robot is attached to make the robot’s motion 

smoother. Several autonomous navigation research projects have been extended 

to various forms of "mobile robots."[32]. The wheeled "mobile robot" (WMR) 

of The schematic scheme is presented in figure (2.9). 

 

 

 

 

 

 

 

 

  

Fig 2.9: Designing a useful schema which represents the "mobile robot"[33]. 

The kinematic model of a non-homonymic "mobile robot" is provided as 

succeeds[34]. 
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Based on the computational angular velocity ω, the "robot" right and left wheel 

speeds could be calculated as succeeds[35]. 

      
 

 
    ,                                                                  (2.5) 

     
 

 
 L   ,                                                                  (2.6) 

Where ω angular velocity ,   and    right and left wheel speeds and L 

The distance between wheels. 

 The assuming a moving "object" located at a beginning location (S) 

which is needed to catch a final location (G) in a certain counter. Many stable 

restrictions are suggested for occurring in the versatile "object" work area. The 

goal of a" path planning problem" is to search a perfect or close-maximal way 

(shortest, safest also smoothest) beyond smashing beside an issue, part of the 

postulates made in here enquire must be formed obvious[36].  Early: The 

restrictions are expressed as circular patterns. "Besides: The mobile object is a 

natural object; hence, to consider the true extent of the moving object, the 

obstructions are extended by the mobile robot (MR) diameter, hence the mobile 

robot might be represented as a mark. Thirdly there are no kinematic conditions 

which disturb the mobile robot motion[37] The alone active supply is the 

obstacles movement.  

B)  Four-Wheel Robot Cars 

The journey of the four-wheel robot car began with a shared dream – a 

vision of a world where vehicles could navigate our bustling urban landscapes 

safely, efficiently, and autonomously. As the problems of traffic congestion, 

accidents, and pollution intensified, a need arose for a smarter and more 

sustainable approach to transportation. 
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The fundamental concept behind these four-wheeled marvels is autonomy. 

Equipped with an array of sensors, from cameras and LiDAR to radar and 

ultrasonic devices, these cars continually gather data about their surroundings. 

Coupled with advanced artificial intelligence and machine learning algorithms, 

they can analyze this data to make real-time decisions, navigate complex traffic 

situations, and respond to unexpected obstacles. 

The development of four-wheel robot cars began with the pioneering work of 

companies like Google's Waymo, which introduced the world to the concept of 

fully autonomous vehicles. These cars were not just self-driving; they could do 

so with remarkable precision, safely transporting passengers from point A to 

point B. 

As these four-wheel robot cars evolved, they became more than just 

autonomous vehicles; they represented a shift in the way we think about 

transportation. No longer was driving solely a manual task; it was something 

that could be delegated to a machine, allowing humans to reclaim valuable time 

for work, relaxation, or leisure during their commutes. 

Four-wheel robot cars also promised safer roads. With the potential to reduce 

human error, a leading cause of accidents, these vehicles had the potential to 

save countless lives. Their strict adherence to traffic rules, impeccable reaction 

times, and lack of distractions made them safer than the average human driver. 

The development and deployment of four-wheel robot cars have not just been 

about technology but a profound shift in our relationship with mobility. These 

vehicles are redefining urban landscapes, reducing traffic congestion, lowering 

emissions, and reshaping city planning. They are making the dream of a more 

efficient, sustainable, and accessible transportation future a reality. 
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C) Omnidirectional Robot Cars 

Compact vehicle with a futuristic design as shown in figure. At its base, 

it's equipped with unique wheels that set it apart from traditional cars. These 

wheels are usually omni-wheels, Mecanum wheels, or a similar specialized 

wheel design that allows for omnidirectional movement. 

 Omni-Wheels: Omni-wheels are wheels with multiple rollers mounted at 

angles around the wheel's circumference. These rollers allow the wheel to 

move not only forward and backward but also laterally (sideways) and 

rotate freely. 

 Mecanum Wheels: Mecanum wheels are equipped with rollers set at 

specific angles to the wheel's axis, allowing the vehicle to move in any 

direction and even diagonally by spinning the wheels in different 

directions. 

On top of this base, there's often a payload or cargo area, depending on the 

vehicle's purpose. It might be equipped with sensors such as cameras, lidar, and 

ultrasonic devices to perceive its environment and obstacles. Advanced control 

systems and artificial intelligence algorithms process this sensor data and 

calculate the precise wheel movements needed for the vehicle to move in the 

desired direction. 

These vehicles can move forward, backward, sideways, and rotate effortlessly, 

offering exceptional agility and precision in confined spaces. They are often 

used in settings like factories, warehouses, hospitals, and other environments 

where precise navigation and maneuverability are essential. 
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Fig 2.10: Omnidirectional Robot Cars. 

 

2.4.3  Performance Criteria                                                    

Minimal Length: Of the path planning field, ―Shortest Distance‖ defines 

reducing the way distance within the beginning as well  destination points. For  

either repetition, the mark 𝑝𝑗 ( ) is chosen as the favorite one when it has more 

concise length to the final mark 𝑝(𝑁) in which[38].  

  (𝑥 𝑦)   (𝑝 ( ),𝑝(𝑁))                                                  (2.7) 

is smallest, whereas d (.,.) is the "Euclidean Length". The "Shortest Path 

Length" ("SPL") is the addition of every paths among "mid-points" 

(𝑝𝑗(2)⋯𝑝𝑗(𝑁−1)) created by the" path planning algorithm" among the beginning 

mark (S) 𝑝(1) also the final Goal Point (G) 𝑝(𝑁), obtained by[39].   
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SPL=∑  (𝑝 ( ) 𝑝 
   
   (   ))  ∑   

   
                                   (2.8) 

So that j is the symbol of the finest evaluation created by the "HGWO-PSO" 

situated "path planning algorithm"[40]. 

  =√(   (   )     ( ))  (   (   )     ( ))         (2.9) 

Figure (2.11) illustrate the shortest distance idea between the current and the 

next position. 

 

 

 

 

 

 

 

 

Fig 2.11: Current and next position of the i
th
 "object"[40]. 

 

Path Smoothness: As shown in figure (2.12), is involved reducing the 

inequality of the inclines among the solid traces ("objective-present marks with 

proposed-present marks "), and obtained by[41]. 

  (𝑥, 𝑦) =∑  𝜃(𝑝( ) 𝑝(   ))  𝜃(𝑝( ) 𝑝(𝑁))    
                   (2.10) 
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Fig 2.12: Summing Angles Errors: The  Path Smoothness[41]. 

                           

    Where, 

𝜃 (𝑝 ( ), 𝑝(𝑁))= arc tan 
   ( )    ( )

   ( )   ( )
                                    (2.11) 

Where the  𝜃1, 𝜃2, and 𝜃3 are the thetas among line segment (𝑝( ), 𝑝(𝑁)) and 

(𝑝( ), 𝑝1( +1)),( 𝑝( ), 𝑝2( +1)),( 𝑝( ), 𝑝3( +1)) respectively. The 𝜃2 has a 

minimum angle among the competing points (𝑝1, 𝑝2, 𝑝3). 

The weighted sum of the two goals above is the final "multi-objective 

optimization": 

  (𝑥, 𝑦) =𝑤1   (𝑥, 𝑦) +𝑤2  (𝑥, 𝑦)                                      (2.12) 

Where 𝑤1 and 𝑤2 the two goals have varying degrees of significance. Their 

ideals shall meet the following requirements: 

𝑤1+𝑤2=1                                                                         (2.13) 

The total shape formula is computed as follows: 

  𝑡𝑛𝑒𝑠𝑠 = 
 

 (   )  
                                                            (2.14) 
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Where   is a very small value (  =0.001) using to avert zero division in 

some situations. The mechanism of choosing the finest clarification along 

challenging suitable privileges in every repetition trusts in upon the adjust 

among the double actions purposes stated in (2.12) as well (2.14) for every 

possible clarifications. In figure (2.13), the finest mark along six challenging 

marks is mark 𝑝3 for the   repetition, also mark 𝑝5 in the ( +1) emphasis, 

otherwise in the ( +2) repetition, marks 𝑝2 as well 𝑝3 provide less separation 

yet longer variation inclines, in variance, to mark 𝑝1 that gives a symmetry 

among the two standards; therefore, mark 𝑝1 is chosen. Such action is remained 

up to meeting G. 

 

 

 

 

 

 

 

 

 

 

 

Fig 2.13: For multi-objective route planning, choosing midpoints is 

essential[42]. 

 

 

Also, figure (2.14) illustrates the Selection of (xi′, yi′) along (xi,yi ) avoiding a 

collision with another obstacle. 
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Fig 2.14: To stop colliding with an obstacle, choose (xi′, yi′) along (xi, yi)[42]. 

 

2.5 Microcontroller with AI Techniques  

Artificial Intelligence (AI) refers to the simulation of human intelligence 

processes by machines, particularly computer systems. It involves the 

development of algorithms, models, and systems that enable machines to 

perform tasks that typically require human intelligence. AI encompasses a broad 

range of techniques and technologies, including machine learning, natural 

language processing, computer vision, robotics, and more. Here are some key 

aspects of artificial intelligence[43]. 

 Machine Learning: Machine learning is a subset of AI that focuses on 

the development of algorithms and models that allow computers to learn 

and make predictions or decisions based on data. Supervised learning, 

unsupervised learning, and reinforcement learning are common types of 

machine learning. 
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 Deep Learning: Deep learning is a subset of machine learning that uses 

artificial neural networks with many layers (deep neural networks) to 

process and learn from data. It has been particularly successful in tasks 

like image and speech recognition.[44].  

 Computer Vision: Computer vision involves teaching machines to 

interpret and understand visual information from the world, including 

images and videos. It is used in facial recognition, object detection, 

autonomous vehicles, and medical image analysis. 

 Robotics: AI plays a critical role in robotics, enabling robots to perceive 

their environment, make decisions, and perform tasks autonomously. 

Robotic applications range from manufacturing and healthcare to 

exploration and entertainment[45]. 

 AI in Healthcare: AI is used in healthcare for tasks like disease 

diagnosis, drug discovery, personalized medicine, and patient 

monitoring. It can analyze medical images, electronic health records, and 

genomic data. 

 AI in Finance: In the financial industry, AI is used for fraud detection, 

algorithmic trading, credit risk assessment, and customer service 

chatbots. 

 AI in Autonomous Vehicles: Autonomous vehicles (self-driving cars 

and drones) rely on AI technologies such as computer vision, sensor 

fusion, and machine learning to navigate and make decisions. 

 Ethical and Social Considerations: As AI technology advances, there 

are ethical and social considerations, including issues related to bias in 

AI algorithms, privacy concerns, and the impact of AI on employment 

and society[46]. 
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AI is a rapidly evolving field with the potential to revolutionize various 

industries and domains. It continues to advance and find applications in new 

areas, making it a topic of significant interest and research. Natural Language 

Processing (NLP): NLP is a branch of AI that focuses on the interaction 

between computers and human language. It enables machines to understand, 

interpret, and generate human language. NLP is used in applications like 

chatbots, language translation, and sentiment analysis[47].  

2.5.1  AI Applications and Future Technology   

Artificial intelligence is pervasive and isn't simply restricted to software 

engineering be that as it may, has advanced to incorporate different regions like 

wellbeing, security, instruction, music, workmanship, also, business 

implementation[48].  

Various AI implementations are completely inserted in the bases of every 

plants. Man-made brilliance is expected, in a couple of years, to contact 

essentially all the enterprises furthermore, there are a lot of approaches AI is 

also might alter certain ventures. Computer based intelligence is at present 

being utilized for a wide scope of exercises containing clinical finding, 

electronic exchanging stages, robot control, and distant detecting. It has been 

utilized to create and advance various fields and ventures, containing money, 

medical care, training, transportation, and mechanical technology[49].  

Man-made intelligence analysts have made numerous devices to explain 

the most troublesome issues in software engineering and different fields. The 

current AI execution ranges between sub-human, ideal, what's more, super-

human presentation. A wide scope of assignments might be understood by AI 

implementations containing facial acknowledgment, discourse acknowledgment 

, object acknowledgment, pictures characterization and outperforming human-

level knowledge in The Game of Go, Chess. Another focal point of AI 
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advancements lies between the regions of medical services and protection with 

the headway of unified learning and security seeing AI[50] 

Artificial intelligence is utilized as a clinical choice emotionally supportive 

networks for clinical findings, PC-assisted translation of clinical pictures, and 

partner robots. It can even create music usable in a clinical setting PC-created 

music for stress and relief along with discomfort. Besides, activities like Google 

Magenta , directed by the Google Brain group, need to search out if AI can be 

fit for creating convincing craftsmanship and music. One further AI research 

dynamic domain is the implementation of AI to compose another AI. Such an 

approach will merge Google's AutoML task to advance other neural 

organization geographies. along advanced structures with Override presentation 

of all recently distributed regions ImageNet execution[51]. 

2.5.2  Opportunities, limitations and Ethics of AI  

Assuming the sensational climb of interest in AI, huge assessments have 

started the impact of AI on society, not simply in that frame of mind 

furthermore in authentic, and moral areas. This also consolidates the speculation 

that autonomous super AI may ultimately displace the mental abilities of 

individuals. This future circumstance is known as the "man-made intelligence 

SINGULARITY", portrayed as the limit of machines to gather better machines 

without help along any other person. Force AI experts are more revolved around 

making structures that are perfect at tasks in a tight reach of purposes. This 

middle is at chances with the chance of the interest of fake general 

understanding (AGI) that could reflect all uncommon mental limits related to 

human knowledge for instance, care and excited data. Current AI progression 

and the situation with our power as the most cunning species on the planet, 

further social worries are raised. Regardless, AI propels really confined to very 

specific executions. One hindrance of AI is the shortfall of "ordinary sense" the 
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capacity to condemn information past its acquired data. Artificial intelligence is 

moreover limited similar to enthusiastic information[52]. 

Artificial intelligence can simply perceive fundamental human energetic 

states like shock, satisfaction, feel sorry for, stress, anguish, fear, and 

unprejudiced nature. Excited information is one of the accompanying edges of 

additional huge degrees of personalization. The software designing guidelines 

driving AI forward, are rapidly advancing and assessing its influence, along a 

creative point as well as along a social, moral and real viewpoint is basic[53]. 

2.6  Kinds of AI Strategies Applied in Track Planning 

2.6.1 Problem Demonstration 

In the approach, arranging of present day robots, the direction orientation 

arranging of the robots is a significant part of the cycle. In robot technique 

arranging, car method issue is likewise evolved with the improvement of robot 

method arranging. Toward the start of the advancement of robot method 

arranging, the issue of vehicle planning around then centered around fixed data 

vehicle planning for the workshop[54]. The entire cycle of booking control is 

exceptionally basic, simply thinking about planning along the viewpoint of 

operational exploration. With the advancement of robot approach arranging, the 

focal point of robot approach arranging is continuously confronted with more 

noteworthy transportation limit interest. Hence, with the change of robot 

approach arranging strategy, a huge territorial place is set up in numerous 

metropolitan transportation center points to meet the interest of vehicle planning 

for various areas[55]. The fundamental administration aim is to understand the 

greatest robot bearing orientation prerequisites by utilizing more limited 

mileage and a smaller amount vehicle assets. In the practical robot approach 

arranging, the relating augmentation of various issues is slowly framed[56].  
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To finish the model conversation of the above real circumstance, the 

accompanying circumstances are set up:  

(1) the robots direction orientation focus arranging data is the equivalent. 

(2) every sending point in city is known. 

(3) the quantity of data of every beneficiary is known. 

(4) the real distance between every accepting site and the hub is 

recognized. 

(5) all interest focuses in city must be covered. 

(6) the check and stacking of the robot bearing reference car must be 

carefully controlled. 

(7) there is a foreordained maximum cutoff on the complete season of 

sending the vehicle  

(8) must arrangement on schedule  

To summarize, the difficult model is the means by which to apportion 

restricted arranging vehicle assets under the above requirements, how to design 

a sensible course for the arranging vehicle, and complete the comparing 

conveyance interest with the base time and transportation cost[57].  

2.6.2  Problem Analysis  

In the depiction portrayed in the past area, the approach factor of the issue 

can be characterized appropriately, beginning along the arranging hub. The 

succession of sending focuses came to by finishing other sending necessities is 

known as the real sub method, while the relating crossing method does exclude 

the arrangement of a few real sub methods of continued arranging focuses[58]. 

In this streamlining model, we add some virtual arranging hubs and relate with 

arranging vehicles. On this premise, all courses are coordinated into a few 

significant courses, and just one arranging network is set for the entire course. A 

sending vehicle can't pass at least two courses. For instance, a arranging hub 
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(number 0) necessities to convey data to the excess number 1,2... N sending 

focuses, M vehicles are accessible, and m-1 virtual arranging hub is set (really a 

similar arranging hub, number is N+1,N+2,... ,N+ m-1), and set the distance 

network as indicated by the genuine importance. In this method, we turn the 

CMTSP issue into the (N+M) point TSP issue[59]. 

2.6.3  Optimization Of The Artificial Intelligence Algorithm  

2.6.3.1 Robot Reference System Design of Artificial Intelligence Algorithm  

In the day by day project of the arranging framework, the primary 

examination project is the key exploration substance of the street arranging. In 

this cycle, it is important to locate the most brief course, which is additionally 

the most brief method. All in all, the method arranging and the most brief 

approach configuration can be mutually investigated. The issue of arranging 

approach most brief truly is that there are numerous practical constraints to be 

investigated, containing time , different components, domain, expense and 

estimation surface. The most brief approach issue is employed to the bear signal 

connection of the robot. There is no rejecting that this is an impression of the 

exhibition of explicit investigation, yet the activity of the calculation in the 

particular examination measure is a typical highlight, and its differential 

substance is primarily reflected in various bends with various loads. In the event 

that the most brief length is to be discovered, the weight might be planned as the 

genuine length in the way. In the event that it is to be planned as the vehicle 

time, it is important to plan it as the quickest distance in the way. Now is the 

ideal time furthermore, distance are relative to one another, so significant 

activity impact can be accomplished through the count of the calculation, which 

is additionally to guarantee that it can accomplish most extreme monetary 

expense execution and construct the ideal approach at one time[60].  
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2.6.3.2  Robot Direction Scheme Structuring and Optimization  

To start with, investigating the relating future transmitting locations as 

per the main realized transmitting marks, decide if the obtained length 

information is the most brief thought, and afterward sum the important 

limitation of time limit. At that point if isn't the best approach is resolved, the 

likelihood estimation, in the following approaches as per the transmition, the 

directions of focuses provided locations, discover the transmitting mark nearest 

to the street, also as indicated by the distance and speed estimation inside a 

recommended period all might being arrived at the following point, get these 

sent probably the most brief approach, here for the most limited approach in 

street distance for weight, Dijkstra calculation has been end up being one of the 

most ideal calculation might get the most brief approach. 

  By the calculation portrayed over, the cycle of the calculation is created 

of a huge cycle, the external circle run n - 1, internal circle for 2, are running n - 

1, so the time multifaceted nature of the calculation above to amount to is O (n) 

+ O (1) + O (n) + O (n ^ 2) = O (n ^ 2). Man-made consciousness calculation is 

applied to the neighborhood the guide. In light of the calculation, the likelihood 

of the most brief method that can be reached at a getting point is determined as 

follows[61]. 

   =∏   (       
) 

  
   (       )                                           (2.15) 

Such that, m addresses the MTH vehicle of the provincial web-based 

store's vehicle source, n signifies the comparing convergence point as point n, 

and way r indicates {S1, S2... For the blend of SNr} series of areas, Nr alludes 

to the quantity of crossing focuses for the way r, Si and Si+1 separately address 

the segments ceaselessly passing on the way r. The average probability of all 

paths is[62]. 
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∑    

  
                                                                             (2.16) 

Where Np speaks to all sending areas inside 3 minutes, PR speaks to the 

likelihood of relating methods inside a specific timeframe. At long last, the 

model reconciliation is done for the information of all vehicles of the vehicle 

source in the network, in which the weight is instated, which is set as the most 

elevated on the initial not many days of the week, followed by working days or 

ends of the week, and the rest is the base. Since this article plan execution 

measure, comprehending the disconnected likelihood and without utilizing 

Hadoop group to acknowledge, so the cycle to accomplish the necessary time is 

too since quite a while ago, since it's getting late requirements, for the 

accompanying equation P at the hour of the test highlight illuminate the 

likelihood, set to 0, which contains just the direction arranging vehicle 

proportion, if the genuine determined estimations of P, will undoubtedly 

additionally upgrade the determining model to tackle the exactness of the 

likelihood[63]. 

 

    
 

 
.∑ (   (       ) (   )) 

                                 (2.17) 

M as the examination on the quantity of vehicles, W m is comparing to each 

vehicle arranging data measure of weight (comparative with the far off regions, 

metropolitan region inside the extent of purpose of the vehicle's weight is set 

higher), alpha is a weighted boundaries, if how much data in the full reach, is 

set to 0 to 1, generally set to 0, P (2) that the above equation in computing the 

likelihood; Preal corresponds to the proportion of the conveyance load pace of a 
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specific vehicle in verifiable information and the general conveyance amount, 

and the computation recipe is as per the succeeding: 

      
     

    
                                                                           (2.18) 

 

Such that, the Call is the aggregate sum of all the data that may be conveyed 

inside the predetermined time, and the Class is the quantity of vehicles that have 

really finished the conveyance inside the predefined time. As per the likelihood 

worth of the latest portion determination, each briefest way might be obtained.  
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 CHAPTER THREE 

THE PROPOSED METHODOLOGY 

3.1  Introduction 

  In this chapter,  an efficient AI multipurpose robotic system will be 

proposed based on a microcontroller and wireless technology as a suggested 

structure.  The suggested robotic system system has been divided into several 

sections which are necessary for operating, monitoring, and controlling the 

proposed block diagram system. as illustrated in figure (3.1). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.1: Block diagram of  the suggested robotic system. 
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3.2  The Suggested System Details 

The proposed system for this proposition was proposed to execute a 

versatile robot with four wheels, with the chance of controlling the development 

of the arm and wheels through movement facilitates planned by the mission 

relegated to it. Figure )3.2( shows the general plan of the proposed plan system 

of a four-wheeled portable robot. 

 

 

 

 

 

 

Fig 3.2: A general scheme of the proposed design system of a four-wheeled 

mobile robot with arm. 

 

The detailed parameters and design specifications of the system displayed 

in figure (3.2) have been shownin Table (3.1). 
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Table 3.1: The detailed parameters and design specifications of the Suggested 

system. 

 

 Actually, the suggested mobile robot car with arm consist of the 

following main sections:  

1) The Car_Body and Car_Weels_ Section. 

2) The Arm Section, and 

3) The Control Section. 

3.2.1 The Car_Weels_ Subsystem 

Preparation of the design controls for the mobile robot cart takes place in 

this section. where the fundamental components and parameters required to 

create the ideal image of the robot cart carrying the movable arm are provided. 

As a result, in accordance with the project's design, this cart has a rectangular 

parallelepiped base whose dimensions are set by using the built-in functions for 

ready-made MATLAB2022b m. files, as depicted in figure (3.3). 
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Fig 3.3: Structure of the designed mobile robot 4-weel car. 

The wagon unit consists of four wheels with two axles, each axle 

connected to two wheels opposite the axle in a cylindrical shape. It is formed in 

a circular motion, and all shapes of these parts are chosen from parts of the 

built-in m.files utilities provided by MATLAB. The inverse kinematics 

equations of the mobile 4-weel car motion are listed as below: 

   𝑥  𝑥 ,                                                            (3.1) 

   𝑦  𝑦 ,                                                            (3.2) 

   𝑥      𝑠 ,                                                     (3.3) 

   𝑦    𝑠 𝑛 ,                                                      (3.4) 

Where 𝑥   𝑛  𝑦 , are the coordinates of the start point of the mobile 

robot car, while, 𝑥   and 𝑦 , are the coordinates of the point of the distination 

that the robot car will travel. Also,     represents the x-axis component of the 

resulting displacement of the mobile robot car direction, whereas,   , denotes 

the y-axis component of this resulting displacement that is indicated by  (𝑥 𝑦). 
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Furthermore,    denotes the phase angle of the mobile robote car 

resulting displacement from the x-axis, and  , is the length of this resulting 

displacement. All units in meters of that parameters in meter. 

Now applying the kinematic equations, which figure (3.3) refers to it. 

Firstly, it must be known that the car moves at two velocities. The first velocity 

is the front velocity, and the second velocity is the lateral velocity.  

after that, it must be found the derivation of equations (3.3) and (3.4). the 

derivation of the first term in each equation becomes from dividing each 

velocity into two components, which are given as follows: 

                                                                                          (3.5) 

𝑦     𝑢 𝑠 𝑛                                                                              (3.6) 

𝑥     𝑢 𝑠 𝑛                                                                               (3.7) 

𝑦     𝑢   𝑠                                                                               (3.8) 

Where      is the horizantal component of the front velocity, 𝑦    is the 

vertical component of the front velocity, 𝑥    is the horizantal component of the 

lateral velocity, 𝑦    is the vertical component of the lateral velocity, 𝑢  is the 

front velocity, and 𝑢  represent the lateral velocity in m/s. Also it will be 

defined  ̇ as the angular velocity of the mobile robote car in rad/s. Based on 

this, the derivation of equations 3.3 and 3.4 are given as follows:  

  ̇  𝑢   𝑠  𝑢 𝑠 𝑛     𝑠 𝑛 ,                           (3.9) 

  ̇  𝑢 𝑠 𝑛  𝑢   𝑠       𝑠 ,                           (3.10) 

 ̇   ,                                                                          (3.11) 
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where   ̇   and   ̇, are the the velocities of the horizontal and vertical 

displacements of the mobile robot car direction. Next, the previous kinematics 

equations of the mobile robot car might be expressed in matrix: 

[

  ̇

  ̇

 ̇

]  [
  𝑠  𝑠 𝑛   𝑠 𝑛  
𝑠 𝑛        𝑠          𝑠 
                                        

] [
𝑢 

𝑢 

 
],                          (3.12) 

3.2.2  The Robot Arm Section 

 In this section, the details of the forward kinamatic equations and 

inverse kinamatic equations concerning the motion of the robotic arm will be 

presented and discussed in details.  The robotic arm will be constructed of two 

sub arms and thus divided in to two sub sections called shafts, the first moving 

shaft, and the second moving shaft. These two shafts will construct the complete 

robotic arm in which, each shaft will have lemgth of l1, and l2 resprctivrely. The 

robotic arm will have two types of motions, the first movement will be up and 

down in londitudonal action for the two arm shats, and the second movement 

will be in rotaitional way in which the base carrying the robotic arm will rotate 

360
o
 around its center. All these motions will be discussed and demonstrated 

with comprehensive inverse kinamatic equations and forward kinamatic 

equations. 

  Firstly, it will be write the necessary kinematic equations of the first 

movement of the robotic arm. The method that depends here to find these 

equations is the same it in the car section. Therefore, and basing the figure (3.4) 

the necessary kinematic equations of the first movement of the robotic arm can 

be given as follow: 

   𝑥  𝑥 ,                                                             (3.13) 

     𝑧  𝑧 ,                                                        (3.14) 

       𝑠       𝑠(     ),                                (3.15) 
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       𝑠 𝑛     𝑠 𝑛(     ),                          (3.16) 

Where,     𝑛    , are the horizontal and vertical displacements of the 

first robotic arm motion respectively. Also, 𝑥  𝑧   are the first joint coordinates, 

and 𝑥  𝑧   are the second joint coordinates of the first robotic arm shaft. 

Further, b, is the altitude of the robotic arm base from the ground. All these 

values are measured in meters. At last,      𝑛      will denote the angles of the 

robotic arm first and second shafts respectively. 

 

 

 

 

 

 

 

 

Fig 3.4: The first longitudonal movement of the robitic arm. 

 Completing the derivations of the kinematics equations of the first 

longitudinal robotic arm motion, and depending on Eqs. (3.13) to (3.16), the 

velocity of the horizontal and vertical displacements of the first robotic arm 

motion will be as follows: 

  ̇  (   𝑠 𝑛     𝑠 𝑛(     ))  ̇  (   𝑠 𝑛(     ))  ̇,         (3.17) 

  ̇  (    𝑠       𝑠(     ))  ̇  (    𝑠(     ))  ̇,              (3.18) 
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 In which,   ̇   and   ̇, are the the velocities of the horizontal and vertical 

displacements of the first robotic arm motion respectively. Next, it can also 

represent the above equations in matrix form as succeeded: 

[
  ̇

  ̇

]  [
(   𝑠 𝑛 

 
   𝑠 𝑛( 

 
  

 
))    𝑠 𝑛( 

 
  

 
)

    𝑠 
 
     𝑠( 

 
  

 
))  (    𝑠( 

 
  

 
))

] [
 

 ̇

 
 ̇

],                (3.19) 

 

 Now, concerning with the second rotational movement of the robotic 

arm along the base center which has been displayed in figure (3.5). Firstly, it 

will be write the necessary kinematic equations of the second movement of the 

robotic arm.: 

 

 

 

 

 

 

 

Fig 3.5: The second rotational movement of the robotic arm along the base 

center. 

   𝑥 ,                                                                   (3.20) 

   𝑦 ,                                                                   (3.21) 

     𝑧 ,                                                             (3.22) 

       𝑠    𝑠  ,                                                 (3.23) 
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       𝑠  𝑠 𝑛  ,                                                 (3.24) 

       𝑠 𝑛  ,                                                    (3.25) 

Where now,        and     are the x,y,z coordinates of the robotic arm 

terminal catcher handle location all in meters. Also,   , is the angle of 

horizontal robotic arm rotation , and     is the angle of the vertical robotic arm 

elivation from ground all in degree. Furthermore,     is the length of the two 

shafis sections for the total robote arm in meters. 

 Hence, completing the derivations of the kinematics equations of the 

second rotational robotic arm motion, and depending on Eqs. (3.20) to (3.25), 

the velocities  the x , y , and z displacements of the second robotic arm motion 

will be as follows: 

  ̇   (    𝑠 
 
𝑠 𝑛 

 
) 

 ̇
 (     𝑠 

 
𝑠 𝑛 

 
) 

 ̇
,                 (3.22) 

  ̇  (    𝑠 
 
  𝑠 

 
) 

 ̇
 (   𝑠 𝑛 

 
𝑠 𝑛 

 
) 

 ̇
,                  (3.23) 

  ̇      𝑠 
 
 

 ̇
,                                                             (3.24) 

 

Where   ̇    ̇   and   ̇  are x,y, and z, rotaitonal velocities, of the second 

robotic arm motion in m/s. Similarly, the last kinematics equations of the 

mobile robot arm secon motion might be expressed in matrix form as follows: 

[

  ̇

  ̇

  ̇

]  [

     𝑠 
 
𝑠 𝑛 

 
         𝑠 

 
𝑠 𝑛 

 

    𝑠 
 
  𝑠 

 
        𝑠 𝑛 

 
𝑠 𝑛 

 

                                    𝑠 
 
       

] [
 

 ̇

 
 ̇

],                        (3.25) 
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 Finally, it will be write the necessary inverse kinematic equations of the 

movements of the robotic arm. The shut structure arrangement technique 

including mathematical and arithmetical arrangements is utilized to display the 

robot arm's opposite kinematic. In light of figure (3.6), the arrangement is 

separated into two cycles. The first step is to calculate the angle of joint 1 as the 

first step. The development of the robot arm on the x − y surface relies just upon 

the point of joint 1. Hence, and from figure (3.7) , the plot for joint 1 can be 

determined as follows: 

q1=      (
  

  
)                                           (3.26) 

 

 

Fig 3.6: Joints of robotic arm. 
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Fig 3.7: Calculated the angle for joint 1. 

Since (q1) is the rotational plot for the robot arm's base, the point range is 

somewhere in the range of −180◦ and 180◦.  𝑥 and    are the situations on the 

x and y hub separately. The quadrant for (q1) is distinguished to decide the sign 

for each geometrical proportion in a given quadrant. In each quadrant, the signs 

for the trigonometric ratio are shown in the table. 

Table 3.2: Signs for the Trigonometric Ratio in Each Quadrant 

Px Py Quarter angle (q1) 

+ + 1 q1 

- + 2 q1+180 

- - 3 q1-180 

+ - 4 q1 

 

In addition, Calculating the angles for joints 2 and 3 (q2 and q3) is the 

second step. For getting the answer for q1 and q2 the 3-layered (3D) space 

which is comprising of the x, y, and z coordinate tomahawks, is streamlined to a 

2-layered (2D) surface. The x and y-hub are converged as another pivot and 
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known as the r-hub, as displayed in figure (3.8) . Using the Pythagorean 

equation, the end-effector's x- and y-coordinates are combined to form the r-

coordinate 

   √ 𝑥   𝑦                             (3.27) 

 

Where    is the resultant from the axes X and Y. 

 

Fig 3.8: Merged the X and Y-axis as a new axis and defend as the r-axis. 

 

From the figure formed a group of triangles such as (abc, ahc, and hec)  

 (abc) 

  √(𝑝   )                                                                               (3.28) 

       (
    

 
)                                                                                  (3.29) 
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 (ahc), And from cos low 

     
    

          (      )                                             (3.30) 

     
    

          (  )                                                        (3.31) 

   (  )   
     

    
 

     
                                                                           (3.32) 

        (
     

    
 

     
)                                                                              (3.33) 

 (aec) and  ( 𝑒 ) 

       (
       

          
)                                                                         (3.34) 

                                                                                                 (3.35) 

Moreover, the inverse kinematic method it can be modeled as a 

flowchart, which is given in the following figure: 

 

 

 

 

 

 

 

 

 

 

  

 

Fig 3.9: flowchart of inverse kinematic method.  
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3.2.3  The trajectory determination 

This part is considered one of the most important sections of making and 

representing the movement of the robot, as it can be considered as the 

controlling mind of the robot, through which it is possible to control all the 

movements of its parts and to determine the directions, speed, acceleration, 

forces and moments necessary for the smooth functioning of the robot. This is 

done by describing an action plan or a robot's movement map and specifying the 

values and amounts of all variables according to the movement path specified in 

the work plan or map. In this study, a plan or a map to move the robot according 

to the task assigned to it is drawn and translated into numbers and values as 

inputs to the control unit, which works to distribute tasks to all parts of the 

robot. To facilitate and organize this task, the control and control unit was 

divided into two parts, so that the first part is responsible for regulating the 

movement of the wheels, while the second part controls the transmission of 

commands to the robot’s limbs. Figure (3.10) presents the details of the map 

plan area specified to control the movement of the robot.  

 

 

 

 

 

 

 

 

 

Fig 3.10: MATLAB simulation details of the map plan area specified to control 

the movement of the robot. 
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As it is clear from the previous figure 3.6, that the plan area map 

specified for the robot motion is designed to have x-axis and y-axis ranges from 

(-3 to 3) meters, while the z-axis range has designed with range from (0 to 1.5) 

meters. Thus, these dimensions will determine the area of motion that the 

designed robot will travel within and might be called the robot motion area 

limitations. Hence, and in order to complete the design requirements, it must 

consider the robot as a trajectory and calculate the desired trajectory equations 

as below: 

          𝑠(   𝑡)  ( 𝑥 ),                                                    (3.36) 

        𝑠 𝑛(   𝑡)  ( 𝑦
 
),                                                    (3.37) 

            (      (𝑡  ))  ( 𝑧 )     ,                          (3.38) 

Such that,      is the desired trajectory of the (x-axis) in meters,      is 

the desired trajectory in the (y-axis) in meters, and      is the desired trajectory  

(z-axis) also in meters. Therefore, in order to find the controller relations, it will 

be evaluated two necessary measures, first the motion error, and second, the 

Jacobean matrix. 

A)  The Trajectory Motion Error 

The mobile robot trajectory motion error equations might be expressed as 

follows: 

   (𝑡)     (𝑡)    (𝑡),                                                    (3.39) 

   (𝑡)     (𝑡)    (𝑡),                                                    (3.40) 

   (𝑡)     (𝑡)    (𝑡),                                                              (3.41) 

Where,    (𝑡)     (𝑡)  and    (𝑡) are the x , y , and  z coordinates of the 

robot trajectory motion error components. Also,    (𝑡)     (𝑡)  and    (𝑡) are 

the  x , y , and z coordinates of the desired robot trajectory displacement. 
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Furthermore,   (𝑡)     (𝑡)  and   (𝑡) are the the x, y, and z coordinates of the 

robot trajectory instantaneous motion displacement. Moreover, the final 

resulting error vector might be represented by the next expression: 

       (𝑡)    (𝑡)    (𝑡)]                                                             (3.42) 

B)  Jacobean matrix 

Firstly, it must be write the equations of   ( )     ( )  and   ( ). These 

equations are written based on the figurer (3.11) as follows: 

 𝑥   𝑥(   )       𝑠(  )    𝑠(    )       𝑠(     )  

  𝑠(    )                                                                                      (3.43) 

 𝑦   𝑦(   )       𝑠(  )  𝑠 𝑛(    )       𝑠(     )  

𝑠 𝑛(    )                                                                                             (3.44) 

 𝑧       𝑠 𝑛(  )     𝑠 𝑛(     )                                     (3.45) 

Fig 3.11: The robotic arm on the three-axis. 
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Now regarding the Jacobean matrix that is necessary to complete the 

control calculations and might be written as follows: 

      𝑠                                                                                         (3.46) 

     𝑠 𝑛                                                                                       (3.47) 

      𝑠 𝑛      𝑠      (    )      𝑠 (     )     (    )           

(3.48) 

                    𝑠      (    )      𝑠 (     )     (    )           (3.49) 

       𝑠 𝑛      (    )    𝑠 𝑛 (     )    (    )       (3.50) 

          (     )     (    )                                             (3.51) 

    𝑠 𝑛                                                                                         (3.52) 

      𝑠                                                                                                        (3.53) 

       𝑠      𝑠     (    )      𝑠 (     )    (    )                 

(3.54) 

        𝑠     (    )      𝑠 (     )    (    )            (3.55) 

       𝑠 𝑛      (    )    𝑠 𝑛 (     )     (    )      (3.56) 

           (     )    (    )                                             (3.57) 

                                                                                                   (3.58) 

                                                                                                   (3.59) 

                                                                                                   (3.60) 

                                                                                                   (3.61) 

        𝑠       𝑠 (     )                                                      (3.62) 

          (     )                                                                     (3.63) 
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Jacobian matrix =[

                  

                  

                  

] 

 

Where,   ,   , are the lengths of the robot arm first and second shafts 

respectively measured in meters. Also, here         and    are the angular 

positions angles of the robotic arm two motions measured in radian. Also, It 

should be noted that the angle   was combined with the angle    in order to 

make the cart and the arm in the same direction. 

Finally finding the torque relations of the robot arm motion as follows: 

    𝑣                                                                              (3.64) 

Such that, T, is the estimated torque in N.m units, M, is the suggested 

robotic mass in Kg, and 𝑣, is the velocity of the robot motion in m/sec. now, 

assuming standard robot body mass of M=50 Kg, the three robot equations of 

torque will be calculated for the three obtained robotic motion speeds, 

            as below: 

     𝑢                                                                              (3.65) 

     𝑢                                                                               (3.66) 

                                                                                    (3.67) 

Where,   , is the front torque,   , is the lateral torque, and   , is the angular 

torque in N.m. units.  

 

 

 

https://en.wikipedia.org/wiki/Jacobian_matrix_and_determinant
https://en.wikipedia.org/wiki/Jacobian_matrix_and_determinant
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 CHAPTER FOUR 

RESULT AND DISCUSSION 

4.1 Implementation Results 

In this study, the proposed four-wheeled mobile robot with arm system 

displayed in Chapter 3 has been simulated and implemented using 

MATLAB2022b m. files codes with the help of the built in functions and the 

design structure presented previousely in figure (3.2) is repeated as shown in 

figure (4.1). 

 

 

 

 

 

 

 

 

 

Fig 4.1: MATLAB simulation diagram of the modefied proposed system of a 

four-wheeled mobile robot with arm. 
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 The proposed system illustrated in figure (4.1) has been implemented 

with the design parameters and specifications as displayed in Table 4.1.  

 

Table 4.1: The detailed parameters and design specifications of the proposed 

system. 

 

Robot 

Paramett

ers 

 

Distance 

to 

interest 

point 

(m) 
 

 

Resultant 

Robot 

Car 

Distance 

c 

(m) 

 

Height 

of Car 

from 

Land b 

(m) 

 

1
st
 Shaft 

Arm 

Length 

l1 

(m) 

 

2
nd

 Shaft 

Arm 

Length 

l2 

(m) 

 

Distance 

between 

wheels 

d(m) 

 

Wheel 

Radius 

R(m) 
 

 

Values 

 

0.1 

 

0.25 

 

0.25 

 

0.5 

 

0.55 

 

0.5 

 

0.1 

 

 Firstly, it will be showed how the robot is able to catch something. Then 

it will be offered how the robot is able to draw a sign (∞). Finally, it will be 

observed how the robot is able to draw the sin wave. In all these parts it will be 

shown the results of motion, errors, car velocities, joints velocity, and torque.    

 

A. Catch Something 

 The implementation of the proposed four-wheeled mobile robot with 

arm system has been accomplished with the planned area of motion having [-

3,3] x,y dimentions displayed in figure (4.2). 
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Fig 4.2: The implementation of the proposed four-wheeled mobile robot with 

arm system with operating area with [-3,3] x, y dimensions. 

 

 It can be observed from figure (4.2), the implementation of the m. file 

program displayed the system in two dimentional configuration with possibility 

of rotation in three dimemtional viewing. The robot motion has been 

successfully operated in smooth  and soft action which indicates the high 

stability and smoothness of the movement provided by the efficient design 

controlling equations  and simulators. 

  

 Similarly, the implementation of the proposed system is again run with 

three dimentional viewing as illustrated in figure (4.3). 
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Fig 4.3: The implementation of the proposed four-wheeled mobile robot with 

arm system with rotation in three dimensional viewing. 

  

 In fact, it can be seen from Figure (4.3), the implementation of the 

inverse kinamitic equations of the fout-weels mobile robot car section with the 

moving arm section have been successfully implemented according to the 

specified user defined motion coordinates.  

 Furthermore, the robot trajectory error signals have been computed 

using error equations demonstrated previousely in Chapter 3 and the results 

presented in figure (4.4). 
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Fig 4.4: Robot arm motion trajectory error signals of the proposed system. 

 

 Figure (4.4), displays the proposed robot arm motion error signals in 

x,y, and z coordinates. It is clear from the past figure (4.4), that the error signals 

started with small values at the beginning time of robot action, and fastly 

reduced to zero values within very small amount of time. Actually, throughout 

the total 80 sec of operation period, the error signals are minimized to zero 

values within less than 5 seconds.  

 Next, the motion control speeds Uf, Ul, and  , of the moving robot car 

have been computed from implementing their equations presented and 

discussed in Chapter 3, and displayed in figure (4.5). 
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Fig 4.5: The motion control speeds Uf, Ul, and  , of the moving robot car. 
 

 By observing the signals obtained in figure (4.5), it can be seen that the 

motion control speeds are starting at different values at time t=0, then decreased 

with various shapes for each one untl reached to zero values at time instant t=10 

sec along the total motion time t=80 sec. this is normal and maps the action of 

the mobile robot car with arm from user defined starting point to the end point. 

Moreover, the response of the robot arm joint angles for separate action control 

q1, q2, and q3  have been extracted and demonstrated in figure (4.6).  

 

 

 

 

 



 Chapter Four              Result And Discussion 
 

64 

 

 

 

 

 

 

 

 

Fig 4.6: The robot arm joint angles for separate action control q1, q2, and q3 . 

 Similarly, by reffering to the signals achieved in figure (4.6), it can be 

also observed that the robot arm joint angles for separate action control q1, q2, 

and q3 are starting at various amounts at time t=0, then reduced with different 

features for every one untl approached to zero a at time instant t=10 sec along 

the total motion time t=80 sec. this is also natural and maps the motion of the 

mobile robot car with arm from user defined starting point to the terminated 

point.  

 

 Now, by continuing the analysis and program simulation of our project, 

the angular positioning angles of the robot arm q1, q2, and q3 have been 

implemented and obtained from the design equations presented previousely in 

Chapter 3 and displayed in figure (4.7). 
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Fig 4.7: The angular positioning angles of the robot arm q1, q2, and q3. 

 

 In fact, and from noting the signals of the robot arm angular positions 

q1, q2, and q3 , it is visible that each angle will vary according to the specified 

motion of the arm joints. These variations will determine the motion of the 

robot arm to reach and catch the target placed at the end point of the robot 

motion. Actually, such parameters illustrated from Figures (4.5, 4.6, and 4.7) 

have been obtained by solving the Jackobian matrix of robot position equations 

discussed previousely in Chapter 3.  

 

 Finally, the torque values of the robot motion have been computed and 

shown in figure (4.8).  
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Fig 4.8: The torque signals values of the robot motion. 

 

 In fact, and as it is obvious from the torque signals illustrated in figure 

(4.8), the effective torque values are existing from the robot motion starting 

time t=0 sec and remain to the final robot car stopped at time t=10 sec, which 

are very regular results since represented the actual robot action. Such values 

have been evaluated according to the torque equations and assuming overall 

robot mass of m=50 Kg. 
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B. Draw  Sign (∞) 

 In this subsection the results of the implementation of the proposed four-

wheeled when it draws a sign (∞) will be offered, figure (4.9) showed the 

motion of the robot during the drawing. 

 

 

 

 

 

 

 

 

Fig 4.9: The motion of the robot during the draw of sign (∞). 

 

 The above figure shows that the robot draw the sign in a simple form, 

where the red track shows the chosen sign and the blue track shows the sign 

made by the robot. Also, it can be seen that there is notice a mismatch between 

the lines in the beginning because of the initial place of the robot.  

 

 Furthermore, the robot trajectory error signals  results of the mobile 

robot during the draw of sign (∞) presented in figure (4.10). 
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Fig4.10: The error signals motion of the robot during the draw of sign (∞). 

 The suggested robot arm motion error signals are shown in x, y, and z 

coordinates in figure (4.10) The previous Figure makes it evident that the error 

signals initially had low values at the commencement of the robot activity and 

quickly decreased to zero values in a very short period of time. Actually, within 

less than 5 seconds of beginning the 100-second operation period, the error 

signals are minimized to zero values. The reason of not arrive the signals to zero 

in starting is the initial position of the mobile robot. 

 

 Now, the motion control speeds Uf, Ul, and   of the moving robot car 

and the response of the robot arm joint angles for separate action control q1, q2, 

and q3  have been extracted and demonstrateed in figure (4.11).  
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Fig 4.11: The motion control speeds Uf, Ul, and ω of the moving robot car and 

the response of the robot arm joint angles for separate action control during the 

draw of sign (∞). 

 

 It can be seen from the signals given in figure (4.11) that the motion 

control velocities start at different values at time t = 0. These signals are then 

repeated at t = 65 s due to the continuity of motion of the car. Also, the above 

figure proves that the robot upon more on the joint q1 during the draw of sign 

(∞). While the joints q2 and q3 are starting at various amounts at time t=0, then 

reduced with different features for every one untl approached to zero a at time 

instant t=5 sec along the total motion time t=100 sec 
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C. Sine Wave 

 In this subsection the outcomes of the operation of the proposed four-

wheeled when it draws a sin wave will be offered, figure (4.12) showed the 

motion of the robot during the drawing. 

 

 

 

 

 

 

 

 

Fig 4.12: The motion of the robot during the draw of sin wave. 

 

 The above figure shows that the robot draw the sin wave in a simple 

form, where the red track shows the chosen sign and the blue track shows the 

sign made by the robot. Also, it can be seen that there is notice a mismatch 

between the lines in the beginning because of the initial place of the robot. 

 

 Moreover, the robot trajectory error signals results of the mobile robot 

during the draw of sin wave presented in figure (4.13). 
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Fig 4.13: The error signals motion of the robot during the draw of sin wave. 

 Figure (4.13) displays the suggested robot arm motion error signals in x, 

y, and z axes. According to the previous Figure, the error signals started off 

with low values at the start of the robot activity and swiftly dropped to zero 

values in a very short amount of time. Actually, the error signals are minimized 

to zero values fewer than 5 seconds after the 100-second operation period starts. 

The initial position of the mobile robot is what causes the signals to not arrive at 

zero in starting. 

 

 Figure (4.14) now shows the motion control speeds Uf, Ul, and of the 

driving robot car as well as the reaction of the robot arm joint angles for each 

individual action control q1, q2, and q3. 
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Fig 4.14: The motion control speeds Uf, Ul, and ω of the moving robot car and 

the response of the robot arm joint angles for separate action control during the 

draw of sin wave. 

 

 The signals shown in figure (4.14) demonstrate that the motion control 

velocities start at various values at time t = 0. Then, because of the car's 

continuous travel, these signals are repeated at t = 65 s. Additionally, the 

aforementioned image demonstrates that the robot relies more on joint q1 when 

drawing the symbol (). While the joints q2 and q3 are first reduced with 

separate characteristics for each other till they reach zero at time instant t=5 sec 

along the whole motion time t=100 sec. 
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 Finally, in the case of drawing the sin wave, it will be added an 

additional figure, which is the torques of the car. these signals are displayed in 

figure (4.15). 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.15: The torque signals values of the robot motion during the draw of sin 

wave. 

 

 The above figure (4.15)  proves that the car does not exert strong torque 

in drawing functions. Where the drawing process requires accuracy more than 

strength, and the greatest effort falls on the joints of the arm, especially the first 

joint. 
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D. Coordinate Error 

In this section, it will be offered the motion, errors, car velocities, and joints 

velocity when the final Coordinates are outside the limitations (3,-3,1.5). Figure 

(4.16) pictures the motion of the robot at (4,-4,2). 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.16: The implementation of the proposed four-wheeled mobile robot with 

arm system with rotation in three dimensional viewing (4,-4,2). 

The above figure shows that the  robot motion on the three dimensional in 

a randomly form. In other words, the robot cannot set the final destination to be 

reached. The reason for this is that the coordinates are outside the range 

programmed to the robot. 
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 Now, , the robot trajectory error signals results of the mobile robot 

during the motion at (4,-4,2) presented in figure (4.17). 

 

 

 

 

 

 

 

 

 

 

Fig 4.17: The error signals motion of the robot during the motion at (4,-4,2). 

 

The above figure is self-explanatory, as it can be seen that the error rate 

on each axis is high. In other words, the error rate in each axis touches zero at 

times, then returns and rises at other times, and this indicates the randomness 

that the robot suffers from during its movement. 

 

Moreover, the motion control speeds Uf, Ul, and ω, of the moving robot 

car at (4,-4,2)  and displayed in figure (4.18). 
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Fig 4.18: The motion control speeds Uf, Ul, and  , of the moving robot car at 

(4,-4,2). 

 

 

The simplest thing that can be seen from the above figure is that the car 

makes a random movement at a random speed because it is unable to determine 

the final destination. Also, it can display the velocities of joints that make the 

arm, which is shown in figure (4.19). this figure also proves that the joints 

suffer from randomness because of the error coordinates. 

 

 

 

 

 



 Chapter Four              Result And Discussion 
 

77 

 

 

 

 

 

 

 

 

 

 

Fig 4.19: The robot arm joint angles for separate action control q1, q2, and q3  at 

(4,-4,2) 
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CHAPTER  FIVE 

PROTOTYPE IMPLEMENTATION 

 

5.1   Introduction 

           The Omnidirectional Mobile Manipulator Robot with an arm is a 

remarkable robotic system that combines the unique capabilities of 

omnidirectional mobility and robotic manipulation into a single, versatile 

platform. This advanced robot represents a groundbreaking fusion of mobility 

and dexterity, providing solutions to a wide array of complex tasks and 

applications. 

At its core, this robot boasts omnidirectional mobility, a remarkable feature that 

sets it apart from conventional robots. Equipped with specialized wheels or 

holonomic drive systems, it has the extraordinary ability to move in any 

direction effortlessly. This includes gliding forward, backward, sideways, and 

performing precise rotations without cumbersome turns. This level of agility 

and maneuverability is a game-changer, allowing the robot to operate 

effectively in confined and intricate spaces. 

What makes this robot exceptional is its robotic arm. This arm is equipped end-

effector and 6degree of freedom, granting the robot the capacity to interact with 

its environment and execute a multitude of tasks with remarkable precision and 

adaptability. Whether it's object manipulation, or other intricate operations, the 

robotic arm empowers the robot to tackle a wide variety of challenges. 
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5.2  Robot Construction  

Creating a fabrication robot using a 3D printer is a fascinating project that 

combines the advantages of additive manufacturing with robotics. Such a robot 

can be designed to build, assemble, or maintain structures autonomously, 

making it a valuable asset in various industries. Here's an overview of how to 

fabricate a robot using a 3D printer:  

 

5.2.1  Design of the Robot 

 

Start by designing the robot's structure and components. This involves 

creating a 3D model of the robot using computer-aided design software.  

Use a 3D printer to fabricate the individual components of the robot. Depending 

on the complexity of the design, this may involve printing multiple parts, such 

as the chassis, arms, joints, and specialized components . 

Ensure that the design is optimized for 3D printing, taking into account 

structural integrity and assembly. as shown in figure (5.1). 

 

5.2.2 3D Printer 

 

Selecting the "best" 3D printer for robot parts can depend on your 

specific requirements, such as budget, materials, and precision. However, a 3D 

printer that is widely recognized for its quality and versatility is the CREALITY 

K1 (or its newer versions like the K1 MAX). 

Reasons for choosing this model( Print Quality,Autocalibration etc) 

Remember that the "best" 3D printer can vary depending on your specific needs 

and budget. It's essential to consider factors like the size of your prints, the type 
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of materials you intend to use, the level of precision required, and any specific 

features important for your robot project. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5.1: Omni-directional mobile robot with a moving arm. 

 

5.2.3  3D Printer Materials 

 

         The choice of appropriate 3D printing materials is based on your robot's 

requirements as durability, weight, and temperature resistance . Common 

options include PLA, ABS, PETG, and nylon.  

The best one for print the robot part is PLA as is easy to work with, 

environmentally friendly, and has low printing temperatures 
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5.2.4 Assembly 

After all the 3D-printed parts are ready as shown in figure (5.2), the 

assembly process begins.  need additional hardware, such as screws, nuts, bolts, 

motors, and a control unit. 

 

 

 

 

 

 

 

 

 

Fig 5.2 : Robot parts during assembly. 

 

 

The figure (5.3), represents the robotic arm mounted on the chassis. The chassis 

is supported for the displacement of the robotic arm by four Omni wheels. The 

robotic arm implemented has six degrees of freedom. 
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Fig 5.3 : Implemented project model. 
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5.3   Robot Components  

Selecting components for a robot depends on the robot's purpose and 

design. Different types of robots may require different components. Here's a list 

of components used : 

5.3.1  Microcontroller 

Using an Arduino Mega for a robot is a common choice, especially since the 

robot project requires a lot of I/O pins, memory, and processing power as shown 

in the figure (5.4). The Arduino Mega is one of the more powerful and versatile 

boards in the Arduino family due to its numerous digital and analog I/O pins, 

larger flash memory, and greater computational capability. Here are some 

considerations when using an Arduino Mega for a robot: 

 I/O Pins: The Arduino Mega has a significant number of digital and analog 

pins (54 digital and 16 analog). This is especially useful if your robot project 

involves multiple sensors, motors, or other peripherals. 

 Processing Power: The Arduino Mega typically requires a voltage supply 

between 7V and 12V, and you can power it via USB, an external power 

supply, or batteries, following the specified voltage and current requirements 

in the board's documentation. 

 Memory: The Mega offers 256KB of flash memory and 8KB of SRAM, 

which is considerably more than the smaller Arduino boards. This extra 

memory is helpful when your robot project requires storing and processing a 

lot of data. 
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 Fig 5.4 : Arduino Mega 2560 Rev3. 

5.3.2  Motors 

Robot motors are the key components responsible for controlling motion and 

movement in robots. These motors provide the mechanical power needed for the 

robot to perform tasks and navigate its environment. There are various types of 

motors used in robotics, including: 

 Servo Motors: Servo motors are known for their precision and feedback 

control. They are often used in robotic arms and mechanisms where accurate 

positioning and control are essential. 

 Stepper Motors: Stepper motors move in discrete steps, making them 

suitable for applications that require precise positioning without the need for 

feedback systems. 
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The choice of motor for a robot depends on factors like the robot's intended 

application, the required precision, speed, torque, and budget. Different types of 

motors are suitable for different tasks within a robot, such as driving wheels, 

moving arms, or controlling various mechanisms. 

Both types of motors were chosen depending on the type of movement, as 

shown in the figure(5.5). 

The most important characteristics of motors are shown in the table (5.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig 5.5 : The motors used in an Omni-directional mobile robot. 

 

 

 

 

 

NEMA 17 –Stepper Motor  

MG996R Servo Motor 

SG90 Micro Servo Motor 
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Table 5.1 : Characteristics of Motors. 
 

Property NEMA 17 MG996R SG90 
Type Stepper Motor Analog Servo Motor Analog Micro 

Servo 
Size NEMA 17 (42mm x 

42mm) 
Standard-sized servo Mini-sized servo 

 
Step Angle Typically 1.8 degrees ـــــــــــــــــــ ـــــــــــــــــــ 

Torque Variable, 0.4-0.6 Nm High, 10-15 kg/cm Approx. 2.5 
kg/cm 

Speed Variable Moderate to high Moderate 

Voltage 2.8V to 4.2V 4.8V to 6.0V 4.8V to 6.0V 

Gears ـــــــــــــــــــ Metal gears Plastic gears 

Control Stepper Driver PWM Control PWM Control 

Feedback No feedback Typically analog, may 
require external 
feedback 

Typically analog, 
may require 
external feedback 

Use Cases 3D printers, CNC, 
robotics 

Various robotics, 
automation 

Micro-robotics, 
RC models 

 

5.3.3   Electronics Assembly 

Electronic assembly is a critical phase in the construction of robots. It 

involves carefully integrating various electronic components into the robot's 

structure to ensure it functions as intended as the shown in figure (5.6). 

At the heart of the assembly is the microcontroller,  an Arduino or Raspberry Pi, 

which serves as the robot's "brain." 

Motor drivers or control boards are introduced to manage the robot's 

movements, connecting to motors that drive wheels or joints. Power is supplied 

through batteries or power sources, with voltage regulation and distribution 

considered to keep everything running smoothly. 

Wiring, connectors, and cables are laid out with precision, ensuring that 

communication is seamless between components As shown in the figure(5.7) . 
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 Fig 5.6 : Assembling electronic components. 

 

 

 

 

 

 

 

 

 

 

 

 

    Fig 5.7 : Electrical wiring diagram. 
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5.4  Programming 

        Write and upload the software that controls the robot's behavior. This may 

involve coding for tasks like navigation . 

5.4.1  Arduino programming  

         Programming an Arduino to control a robot via a mobile app is a 

captivating fusion of hardware and software. This endeavor involves the 

creation of code for both the Arduino and the mobile app to enable seamless 

communication and remote operation. On the Arduino side, you craft code to 

receive commands from the mobile app, interpreting them as specific actions 

like forward motion, turning, or stopping. Safety features, such as emergency 

stops, are integrated to ensure the robot's well-being. 

Simultaneously, delve into mobile app development, designing an interface with 

buttons or controls that convey your intentions to the robot. The app's code 

establishes a connection with the Arduino via Bluetooth, transmitting 

commands swiftly and efficiently. This opens a world of possibilities, from 

guiding your robot through explorations to executing tasks from a distance. 

The code can be expressed as a diagram in the figure(5.8). 
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 Fig 5.8 : Flowchart of Control System . 

 

5.4.2 Phone application 

Creating a complete app for controlling a robot with omnidirectional 

wheels and a robot arm in MIT App Inventor is a complex project that involves 

both hardware and software components.  requires a significant amount of time 

and effort. maybe provide with a basic outline of the steps involved. 

Here are the general steps: 
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 Design the User Interface: Use MIT App Inventor to design the user 

interface of the app. can create buttons, sliders, or other UI elements to 

control the robot's movement and arm.  

as shown in the figure (5.9). 

 

 

 

 

 

 

 

 

 

 

 

 Fig 5.9 : user interface of the application. 

 Connect to Hardware: Depending on the robot's hardware, need to 

establish a connection between the app and the robot. This might involve 

Bluetooth, Wi-Fi, or other communication methods. MIT App Inventor 

has components for Bluetooth and Wi-Fi communication. 
 

 Control the Omnidirectional Wheels: Implement the logic to control 

the robot's omnidirectional wheels.  send commands from mobile 

(forward, backward, left, right, etc.) to the robot bas on the user's input 

through the app. 

Figure (5.10),(5.11) indicates the operating process of the Omnidirectional 

Wheels. 
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Fig5.10 : MIT APP Inventor programming block (for forward and backward 

movement) . 

 

f) Left Forward e) Right Forward 

d) Forward c) Backward 

b) Left Backward a) Right Backward 
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Fig 5.11 : MIT APP Inventor programming block (for side and rotate 

movement) . 

 

 

 

a) Right  b)Left  

c)Rotate Left  d)Rotate Right  

f) Speed platform  
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 Control the Robot Arm: Create UI elements to control the robot arm 

movement. Depending on the robot arm design must send specific 

commands, angles, or positions to control it 

    Figure (5.12) indicates the operating process of the robot arm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5.12 : MIT APP Inventor programming block (for Arm movement).  

 

g) Joint 1  f) Joint 2  e) Joint 3 

d) Joint 4 c) Joint 5 a) Grabber 

b) Speed Arm 
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CHAPTER  SIX 

CONCLUSIONS  AND  FUTURE RESEARCH DIRECTIONS 

 

6.1   Conclusions  

           By observing the results of the robot motion control signals provided by 

the inverse kinematics mathematical equations of motion and the Jacobi matrix, 

we may conclude that the motion of the wheel is approximately constant for all 

four wheels as it must move at the same speed, direction and angle to be able to 

transmit torque to a fixed base and the body of the robot to move in a fully 

coordinated and synchronized manner. The movement of the robot cart is a 

uniform movement of all wheels, also, by looking at the movement of the robot 

arm shown in the results, we may conclude that the movements of the upper 

arm and forearm are identical and take the same specific path for the movement 

of the cart to reach the target point through the arm control signals. Referring to 

the obtained results, we can observe the control waves, the error, and the 

amount of movement angles for all the moving axes that receive transmission 

signals through the design equations in the control structures completely for all 

parts of the proposed system of the robotic arm vehicle. Through these readings, 

researchers can know the actual areas of influence in the proposed system and 

identify transmission axes with better accuracy and clarity. 

 

By reviewing the simulation results obtained from implementing the 

proposed moving robot programming with arm structure, we may make 

important observations to discuss these results. The robot movement was 

successfully operated with a smooth and smooth movement, which indicates the 

high stability and smoothness of the movements provided by the effective 

counter motion equations that control the execution of the movement of the cart 
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and the arm towards the target point specified by the inputs. Further, by 

observing the consequences of the robot motion control signals that, we can 

assume that the motion of the wheel is practically constant for each of the four 

tires as they must move at similar speed, direction and angle uniformly to have 

the option to deliver force to the appropriate base and the body of the robot to 

move in an orderly manner And completely synchronized with the movement of 

the arm.  

6.2 Future Research Directions 

As suggestions for further research and study in this topic,  it might be 

proposed to implement the suggested robotic system in cooperation with a 

supportive company for its practical implementation. It mifgt also be proposed 

to include smart sensors in the robotic arm and body to estimate distances and 

displacement and translate them into speeds, moments and angles calculations 

and signals which are fed through control devices to the various transmissions 

and axes in the proposed system of the mobile robot.  
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 الخلاصت

ٌقذً ىزا اىَششًع حصٌٍَ ًحنفٍز سًبٌث ٍخحشك ٍخؼذد الاحجاىاث ٍضًد بزساع آىٍت ٍخناٍيت، ٍغ اىخشمٍض 

. حشَو الأىذاف الأساسٍت ىيزا اىؼَو ححقٍق MATLABػيى حطٌٌش خٌاسصٍٍاث اىخحنٌ باسخخذاً 

ع ٍن خلاه اىخحنٌ اىذقٍق فً مو ٍن حشمت اىشًبٌث ٍخؼذدة الاحجاىاث ًٌٍضغ اىَؤثش اىنيائً ىيزسا

 اىحشمٍت اىؼنسٍت ًحساباث اىَصفٌفت اىٍؼقٌبٍت.

حٌ حصٌٍَ نظاً اىؼجلاث ٍخؼذد الاحجاىاث ىخٌفٍش قذسة اسخثنائٍت ػيى اىَناًسة، ٍَا ٌَنّن اىشًبٌث ٍن 

اىخحشك فً أي احجاه بسيٌىت. ٍن خلاه دٍج اىحشمٍت اىؼنسٍت، حٌ حطٌٌش خٌاسصٍٍاث حخشجٌ ٌٍاقغ 

ٌبت إىى صًاٌا ٍشخشمت ىيزساع اَىً، ٍَا ٌسَح باىخحنٌ اىذقٍق فً حشماث اىزساع. اىَؤثش اىنيائً اىَطي

بالإضافت إىى رىل، ٌخٌ اسخخذاً ٍصفٌفت جامٌبً لإنشاء ػلاقت بٍن سشػاث اىَفاصو ًسشػاث اىَؤثش 

 اىنيائً، ٍَا ٌخٍح اىحشمت اىَنسقت ىيزساع.

ٍضًد بزساع آىٍت ٍخناٍيت، ٌخٌ اىخحنٌ فٍو ٍن  مَا قاٍج بخصٌٍَ ًحنفٍز سًبٌث ٍخنقو ٍخؼذد الاحجاىاث

خلاه حطبٍق ػيى اىياحف اىزمً. اىيذف الأساسً ىٌ حٌفٍش ًاجيت سييت الاسخخذاً ىيخشغٍو ػن بؼذ ىنو 

 ٍن اىحشمت اىشاٍيت ىيشًبٌث ًححذٌذ اىٌَقغ اىذقٍق ىيزساع اَىً باسخخذاً حطبٍق اىياحف اىزمً.

لإنشاء سابط  Wi-Fiأً  Bluetoothًٌسخفٍذ اىخنفٍز ٍن قذساث اىيٌاحف اىزمٍت اىحذٌثت، ًٌذٍج احصاه 

سيس بٍن أًاٍش اىَسخخذً ًإجشاءاث اىشًبٌث.
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