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Abstract. In this paper, we will discuss the topic of the kinematics and modeling of industrial 

robots. Modeling industrial robots plays a significant role in modern manufacturing and 

automation. We will also delve into the kinematics calculations of forward kinematics (FK) and 

inverse kinematics (IK) in this paper, as well as how to compute them and what the difference 

between them is. We will also propose a 3D model done, using Autodesk Inventor, of a robot 

with its respective printed circuit board (PCB) carefully designed, using KiCAD, to match the 

robot’s requirements. Furthermore, with an increasing demand for precision, flexibility, and 

efficiency, models of robotic systems are essential for optimizing performance and ensuring 

reliability. Generally, industrial robots are complex with multiple degrees of freedom systems 

that require precision control. Hence the importance of modeling a robot is very important and 

is one of the most important steps in robot design.  

1. Introduction 

Virtual design of robots has become an important factor in modern industrial robotics. It refers to the 

process of creating detailed, accurate 3D models and simulations of robots before they are physically 

built. This approach allows engineers to evaluate the stress, performance, control strategies, and the 

kinematics of a robot prior to manufacturing in a virtual environment. Thus, making it easier to identify 

and solve design issues early in the development process. Moreover, virtual design is especially 

important due to the high demand for precision, reliability, and efficiency in manufacturing processes. 

By leveraging both KiCAD and Autodesk Inventor, we can be able to simulate real-world tasks without 

the need for costly and time-consuming physical prototypes.  

 
Figure 1. Process of 3D model to entity flow chart [1] 



 
 
 
 
 
 

As seen in Figure 1, the process from having a 3D model to finally an entity model is strictly consecutive 

and there is no way to undo the process. However, prior to preprocessing, it is possible to make 

modifications to the 3D model. This is a great advantage since it enhances the flexibility and adaptability 

in industrial robots. As industries continue to evolve and require more versatile robotic systems, the 

more engineers get to test different configurations, trajectories, and control algorithms. Hence, ensuring 

that robots perform in diverse and dynamic environments.  

2. Kinematics 

Regardless of the application of a robot, the ultimate goal of any robotic system is achieved through its 

motion understanding (kinematics) [2]. Kinematics is the study of motion relative to all the linkages of 

a robot [3]. Forward kinematics (FK) and inverse kinematics (IK) are fundamental concept in robotics 

that determine how robotic arms move and interact with their environments.  

 
Figure 2. Forward and inverse kinematics difference [4] 

The major difference between FK and IK seen in Figure 2, is that FK computes the position and 

orientation when joint angles and actuator lengths are given. However, IK finds the joint angles when 

the position and orientation are given [5]. In other words, the difference between them is the direction 

in which the computation is occurring. Meaning that each direction generates a solution: Cartesian space, 

also known as the world coordinates, to Joint space (IK), or vice versa (FK). 

2.1. Forward Kinematics 

 

FK calculations are very straightforward and direct. The main concept of is to compute the kinematic 

linkages through the length of the linkages and the joint angles given. To do so, we use the Denavit-

Hartenberg (DH) parameters.  

1. Denavit-Haternberg parameters 

DH parameters help us with both kinematic calculations. These parameters help us to form the 

homogenous transformation matrix that aids us compute the kinematic calculations. They are first 

assigned to each joint, and each joint consists of 4 parameters associated with a manner for attaching 

reference frames to links of a spatial kinematic chain [6] [7]: 

2. d: offset from the center of the previous joint to the center of the current joint measured from 

𝑧𝑖−1.    

3. θ: angle needed to rotate the joint around 𝑧𝑖−1 until axis 𝑥𝑖−1 is aligned to 𝑥𝑖. 

4. a: offset from center of the previous joint to the center of the current joint measured from 𝑥𝑖 axis. 

5. 𝛼: angle needed to rotate the joint around 𝑥𝑖 axis until axis 𝑧𝑖 is aligned to 𝑧𝑖−1. 

2.2. Inverse Kinematics 

IK is far more difficult than FK for many reasons including the fact that there are many possible 

outcomes for an IK solution as compared to FK which has a single, direct solution. However, there are 

a multitude of methods to use to obtain an IK solution which include analytical and numerical. The 

analytical approach is much faster and real-time capable as compared to the numerical, in addition, the 

analytical method involves solving the first 3 rotary joints IK problem in closed-form expressions 



 
 
 
 
 
 

based on the structure of the robotic arm [9] [10]. Most numerical IK solution methods use the 

Newton-Raphson algorithm or a similar algorithm to iterate until they find a solution [11]. Steps for 

the Newton-Raphson method involve initialization, calculation, obtaining a new valuation, and 

continuing the iteration and generating new joint angle values [12]. 

3. Design principles 

This chapter focuses on the design and development of the 3D model of a robot including the key 

principles and parameters that guide its development. We will explore the maximum range of 

workspace and structural components. Additionally, this chapter outlines the step-by-step process in 

which the model and assembly of the robot has been created. Moreover, we will also cover the topic 

and decision making upon the PCB that was made to fit the robot’s needs. Through this, the 

foundational elements of the robot’s 3D model will be clearly defined, laying the groundwork for its 

real-world implementation.  

3.1. 3D design of robot 

The first steps that need to be taken into consideration when designing a robot are the robot type, 

degrees of freedom, and finally the workspace. Furthermore, we decide afterwards the components 

necessary to assemble the robot.  

3.1.1. Components 

After deciding on the robot type, the components had to be designed separately before assembling them 

altogether.  

3.1.2. Exploded View 

 
Figure 3. Exploded View of robotic arm assembly [done by author] 

3.2. Printed Circuit Board 

The PCB serves as a center for the robot's control system, connecting its sensors, actuators, and power 

components. In this section, we will explore the design principles behind the PCB we developed for this 

robot, focusing on its layout and component selection. The PCB plays a crucial role in executing precise 

movements and coordinating feedback from sensors, making its design a critical aspect of the overall 

robotic system. Making sure the performance is optimal to meet the specific requirements of this project.  

The PCB’s main design included an ATmega328P based controller to control the robotic arm, used a 

CH340G USB-UART converter that allowed for communication and programmability via USB. 

Moreover, it also included an ISP programming port (standard AVR 2x3 pin connector). The circuit also 



 
 
 
 
 
 

had 2 power inputs (an external: power connector and an internal: USB), which had to be disconnected 

from one another so that only one of them supplies power to the microcontroller at a time.  

3.2.1. Schematic 

The schematic of the PCB can be seen in Figure 4. After creating the schematic and running all electric 

rule checkers, we head onto the footprint assignments where we decide the dimensions, sizes, and 

manner in which all components will look on the PCB. 

 
Figure 4. Schematic of the PCB [done by author] 

We then finally begin with the final step which is wiring the PCB which can be seen in Figure 5. While 

wiring, some challenges were faced due to many rules being applied to components such as galvanic 

isolation, polarity protection, differential routing, avoiding too many wires from crossing the crystal, 

thickening wires due to too much power going through the wires, and avoiding too many wires crossing 

the microcontroller. 

 
Figure 5. PCB board editor [done by author] 

4. Summary  

This paper has outlined the complete process of creating a 3D model of an industrial robot, from 

conceptual design to a virtual assembly. It begins by establishing the robot’s design requirements. 



 
 
 
 
 
 

Afterwards, the model was developed using Autodesk Inventor, with attention to joint configurations 

and the integration of a personalized PCB. Kinematic analysis and simulations were conducted to ensure 

precise movement, addressing both forward and inverse kinematics. The virtual testing verified the 

robot’s free movement without restrictions, with final adjustments made to optimize functionality. These 

steps provide a comprehensive guide for transitioning the virtual model into future physical prototyping. 
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