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Abstract  
The manipulator kinematics analysis is an area that requires solid mathematical and physical bases 
on the part of the students, however, for their better understanding it is required that the obtained 
theoretical results can be contrasted with practical applications. 

Simulation tools have proven to be an important tool for teaching in the field of industrial robotics. In 
this paper, the results obtained during the development of a Virtual Laboratory as a pedagogical tool 
for learning related topics for a robotics course in undergraduate students based on the Simscape 
Multibody ™ library of the Matlab® / Simulink® program. 

The proposed methodology is based primarily on the development of three -dimensional models of 
manipulators in the SolidWorks® program that satisfy certain pedagogical characteristics for the 
subjects analyzed, and then they are exported to the simulation environment of the Simscape 
Multibody ™ library in Simulink®. The methodology is validated by addressing the topics of the 
position and orientation of a rigid body, the transformation between reference systems and the 
obtaining of direct kinematics by applying the Denavit-Hartenberg method. 

The topics are dealt with in the traditional way, the teacher provides the student with an explanation of 
the topic, later, they are exemplified through exercises, ending with an evaluation of this first stage. 
Subsequently, a reinforcement of previously acquired knowledge is performed by analyzing the topics 
using the manipulator models in the simulation platform, where the theory is analyzed with tools and 
finally, a second evaluation is performed. 

The study carried out as a final result, reinforces the assumption that the knowledge through the 
simulation platform was better than without the aid of the platform; in this particular case, students 
were evaluated through an exercise in which they have to obtain the direct kinematics of a 4-DOF 
manipulator; about 50% of the total of the students, solved correctly the integrative exercise with the 
support of the simulation platform compared to the first evaluation in which none of the students 
reached a correct result. 

This allows us to conclude that the methodology developed with the help of the simulation platform is 
a very useful tool that reinforces the understanding of the fundamental concepts in robotics because it 
is a feedback mechanism for students to detect the possible deviations made in their theoretical 
analyzes when they implement and contrast them through the proposed platform. Keywords: Robotics, 
undergraduate, simulation, platform. 
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1 INTRODUCTION  
Throughout history engineering students have studied in a way that teaching is conceptual and 
procedural, but as shown in [1], there are several ways in which students understand, either visually, 
reflective, kinesthetic, reasoning logically or intuitively, memorizing, visualizing and drawing analogies, 
as well as constructing mathematical models, therefore, exist a great variety of learning methods. On 
the other hand, teachers mainly emphasize reading, demonstrations, discussions, principles and 
applications; in this way, the level of classroom learning is determined in part by the innate ability and 
prior preparation but also by their compatibility of their learning style with the teaching style of the 
teacher. 
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Engineering is a field of applied sciences that rests fundamentally on the bases of mathematics and 
physics; To the effect that the engineering works respond to the needs of the society, its professionals 
must have a clear understanding of its concepts besides an adequate mastery of practical skills [2]. 
For this reason, at the moment in which abstract concepts in engineering without direct physical 
representations are seen are difficult to conceptualize by the lack of understanding. So in addition to 
all of the above, when the student tends to see abstract concepts is difficult for him, he is bored, does 
not attend class, is poor at exams, grades in general, are discouraged and may even change career or 
dropping out of school. Like in [3] said: "We observe that efforts to improve the learning outcomes of 
such students have included a substantial increase in the use of visual models for abstract concepts in 
textbooks, DVDs, and online resources, so visual models help engineering students better understand 
abstract concepts especially in the areas of industrial engineering, engineering management, and 
systems engineering " 

However, learning through visualization, whether for abstract concepts or not, has not yet been 
studied or implemented, which should be, since as shown in studies in articles such as the 
aforementioned, visual models help students to understand these, as well as improving their self-
efficacy. 

As mentioned in [4]: "Motivation is a key to keeping the process of learning, of experiential learning 
active. To increase the students self-motivation to deal with teaching topics in their own and with 
enthusiasm, teachers have to grow into a new role being not so much a classical lecturer but more to 
trainer and partner of the students by coaching their approach to the teaching topics and moderating 
or modulating the process of learning ". That is why there is the intention of some professors from hard 
engineering areas to develop platforms to address and / or facilitate the understanding of some 
difficult subjects of biomedical engineering, "The results of our work indicate that forward looking 
platforms will facilitate early validation and verification of biomedical devices, and enable the 
development of more efficient and effective experimental biomedical systems "[5]. 

There are teachers who decide to focus on the analysis of the issues that historically have caused 
difficulties in students and from there, generate multimedia material to support their learning as is the 
case of videos of tutorials, with which help students to study difficult concepts to understand. So there 
are currently several platforms such as the robotic toolbox for Matlab developed by Peter Corke that 
pretends to be a tool that allows students and teachers to better understand the theoretical concepts 
of classical robotics and computer vision to simulate robots up to 6 degrees of freedom in a simple 
and intuitive way [6] [7]. 

2 METHODOLOGY 

2.1 Description of the platform 
First of all, three-dimensional models of manipulators are made in SolidWorks®, which are exported to 
the library, Simscape Multi Body ™, of Matlab-Simulink® 

Figure 1 shows a 3-dimensional model of a manipulator of 1 degree of freedom of rotational type in 
Matlab-Simulink. 
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Figure 1. The 3-dimensional model in Matlab-Simulink 

Figure 2 shows the user environment from Matlab-Simulink, where there are (on the right) the 
parameters that are obtained directly from the robot, such as the rotation matrix and the position 
vector. It is important to mention that the user can introduce (via script) his homogeneous 
transformation matrix and compare it with the values from the 3-D robot. 

 
Figure 2. Matlab-Simulink environment  

On the other hand, Figure 3 shows an example of how the interaction with the program is given 
dynamically; that is, from the definition of a desired position the system dynamically calculates the 
parameters of the system; in the right part shows the movement made by the robot. 
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Figure 3. Simulink window and the Mechanics-Explorer 

2.2 Intervention in a group of students 
The intervention in a robotics group for undergraduate level consisted on the following activities: 

1 Explanation of the topic of direct kinematics of manipulators using the Denavit-Hartenberg 
methodology with examples of manipulators of two degrees of freedom. 

2 Simulation activities with some models of two degrees of freedom in Matlab-Simulink. 

3 Evaluation (quiz) with an exercise of a manipulator of 4 degrees of freedom (before platform). 
The teacher recorded the results obtained by each student. 

4 Verification of results using the simulation of the model of the manipulator. 

3 RESULTS 
Figure 4 shows the performance of students without using the platform. 

 
Figure 4. Individual performance before Simulation Activities 
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On the other hand, figure 5 shows the results when the platform was allowed to verify its analytical 
results  

 
Figure 5. Individual performance after Simulation Activities 

As it can be noted, half of the students reached the correct results, and this outcome is simply 
fantastic showing the benefits of well defined and guided simulation activities. 

4 CONCLUSIONS 
The accomplishment of this work was very satisfactory, mainly in difficult subjects to understand and 
to visualize, that is why the proposed simulation activities are very pertinent for the student to contrast 
its results with what would happen with a physical manipulator. 
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