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Abstract 

 

This article presents the development and 

application of a web system that allows the 

registration of data from small businesses, in 

order to publicize their products and services, as 

well as their opening hours, type of payment 

received, location, social networks and 

telephone. There are three types of users: the 

administrator, the business owner, and the 

customer. The SCRUM methodology is applied 

for its development. Only the Execution and 

Adaptation phases will be presented in this 

article. In addition, its improvements and 

application in businesses in the San Martín 

Texmelucan región are visualized, an MVC 

architecture (Model-View-Controller) and free 

development technologies were used. 

 

System, Web, Economic 

Resumen 

 

Este artículo presenta el desarrollo y la 

aplicación de un sistema web que permite el 

registro de datos de pequeños negocios, con el 

fin de dar a conocer sus productos y servicios, 

así como sus horarios de apertura, tipo de pago 

recibido, ubicación, redes sociales y teléfono. 

Hay tres tipos de usuarios: el administrador, el 

propietario del negocio y el cliente. Para su 

desarrollo se aplica la metodología SCRUM. En 

este artículo sólo se presentarán las fases de 

Ejecución y Adaptación. Además, se visualizan 

sus mejoras y aplicación en los negocios de la 

región de San Martín Texmelucan, se utilizó una 

arquitectura MVC (Modelo-Vista-Controlador) 

y tecnologías de desarrollo libre. 
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Introducción 

 

The COVID-19 pandemic caused many in the 

way we live in Mexico and in the world, 

affecting various sectors, but mainly the 

economic one, since most business or trade 

changes closed a request from the corresponding 

authorities, in order to avoid further contagion 

between people. (TecNM, 2020) 

 

From this, the need arises to create a web 

system, in which businesses that offer a product 

or service can register their address, hours, social 

networks, means of contact, forms of payment, 

etc. Based on this, that anyone with internet 

access and a mobile device with a web browser 

can access the system and consult the businesses 

based on their needs. 

 

Methodology 

 

Scrum is structured to help teams adapt naturally 

to changing conditions and user requirements, 

with shifting priorities built into the process and 

short release cycles so your team can constantly 

learn and improve (SCRUM, sf). 

 

The SCRUM methodology for software 

development (Web system) includes the phases: 

Planning (planning of activities to be developed 

in the realization of the system), Execution 

(development of planned activities) and 

Adaptation (System development). But in this 

article we will only talk about the last two. 

 

Execution Phase 

 

In this phase, the work team develops its 

activities, including the development of the 

database, of the hi-fi screens, presented in 

Sprints, which are shown to the client for their 

feedback. The database was developed in Mysql, 

the high-fidelity screens use the boostrap 

framework, the php language, javascript and the 

Ajax, Jquery and Json plugins. 

 

Adaptation Phase 

 

6 Sprints were developed, in the first sprint the 

platform design was presented. See figure 1. 

 

 
 
Figure 1 initial view 

 

In the second sprint, the first hi-fi screens 

and the development of the database were 

presented (see figure 2). 

 

 

Figure 2 System database with its tables 

 

In the third sprint it includes the 

connection with the database and user 

management. To prevent unauthorized users, 

without logging in or any other person from 

being able to access a module other than theirs 

(owners module or administrator module) via 

URL, the decision was made to establish a series 

of conditions when accessing the pages with 

those that the web system has. 

 

Said conditions are the following: 

 

If you try to access the owners or administrator 

module without first logging in, you will be 

automatically redirected to the home page where 

you must enter a username and password to 

access the respective module. If there is already 

an active session and an attempt is made to 

access a foreign module to which said user 

belongs or wants to return to the home page of 

the system, it will always return to the 

corresponding module of the user. (see figure 3) 

 

 
 

Figure 3 Session Identification 
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In the fourth sprint, the administrator 

user session is contemplated as shown in figure 

4, the values of the login form are obtained and 

through an Ajax request, it is checked if the user 

and password entered are correct. (see figure 5). 

 

 
 
Figure 4 Administrator user session 

 

 
 
Figure 5 login 

 

In the fifth sprint, the business owner user 

interfaces are shown. 

 

 
 
Figura 6 Business owner user session 

 

And finally, in the sixth sprint, the 

feedback from the platform is presented. The 

SEPOMEX API was implemented, currently 

API COPOMEX, which is an independent 

project, which allows consulting the information 

of the postal codes of Mexico.  (API COPOMEX, 

2021). 

 

The information is obtained through an 

API, which returns the records in JSON format, 

in order to extract the settlement, neighborhood, 

municipality and state. (see figure 7) 

 
 
Figure 7 Form with postal code and settlements 

 

Implement registration of more than one 

business per user. Initially, it was only planned 

that users (owners) could register a single 

business, but due to the analysis carried out in 

the institute, results were produced which 

showed that some of the people interested in the 

project had more than one business, which 

meant that a username and password had to be 

assigned for each of these. Figure 8 shows a list 

of the money orders to which the businesses 

registered in the system belong, whether they are 

products or services that they offer, the idg field 

-corresponds to the registration number, n_giro - 

is the name of the money order, d_giro - is the 

description of the turn, c_giro- is the type. 

However, the system is adapted to be able to 

register any type of micro-business, whether it 

offers products or services of any kind. 

 

 
 
Figure 8 List of turns registered in the system 

 

In this way, this functionality was 

implemented, so it was necessary to instantiate 

the Ajax request methods, since in the database 

models the function of adding a new business 

associating it to a user already existed. (See 

figure 9) 
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Figure 9 Insert business function 

 

Results 

 

With this project we work to promote the 

economic development of the San Martín 

Texmelucan region and with the support of 

students and teachers; so far, 400 businesses 

registered on the platform are supported. Stress 

and performance tests were carried out on the 

System with the JMeter software with the 

information presented in Table 1, where the 

requests simulate the number of users who enter 

the System, together with the time it takes to 

make the requests. 

 
No. 

Test 

No. 

Requests 

Time 

(sec) 

Performance 

(%) 

1 800 1 57.30 

2 800 3 40.90 

3 800 5 39.70 

4 900 1 49.60 

5 900 3 52.70 

6 900 5 45.30 

7 1000 1 78.40 

8 1000 3 67.40 

9 1000 5 87.70 

 
Table 1 Requests executed to obtain the % performance 

 

Conclusions 

 

The System has been of great help to publicize 

small businesses in the San Martín Texmelucan 

region, and according to the survey conducted on 

October 12, 2021 to business owners, their sales 

have increased by 35 years. 50%, after 

registering your business on the platform. 
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Abstract 

 

The objective of this article is to develop virtual tours in 

three dimensions (3D) of the Chemistry laboratories of the 

Technological University of the Southeast of Veracruz 

(UTSV). For its progress, it was carried out: analysis, 

selection, training, design, development and integration of 

software and hardware tools. The same ones that were 

necessary for the development of virtual reality on 3D 

modeling of the General Chemistry, Instrumental Analysis 

and Chemical Plants laboratories, achieving a product that 

would allow university students to be approached 

virtually, and thus be able to know the spaces and devices 

located in each laboratory, where it presents the 

description of the operation of each of the equipment, by 

means of multimedia effects accompanied by an avatar 

within the virtual tour. Finally, the final result was 

evaluated with a group of students with the support of the 

Chemistry teachers and knowledgeable about the 

laboratory spaces, where the degree of acceptance and 

perception was obtained as a consequence through a 

survey carried out. 

 

 

Virtual Tour, 3D Modeling, Chemistry Labs  

 

Resumen 

 

El presente artículo tiene como objetivo desarrollar 

recorridos virtuales en tercera dimensión (3D) de los 

laboratorios de Química de la Universidad Tecnológica 

del Sureste de Veracruz (UTSV). Para su progreso se 

realizó: análisis, selección, capacitación, diseño, 

desarrollo e integración de las herramientas de software y 

hardware; mismos que fueron necesarios para el desarrollo 

de la realidad virtual sobre modelados 3D de los 

laboratorios de Química General, Análisis Instrumental y 

Plantas Químicas, logrando un producto que permitiera 

aproximar de manera virtual a los estudiantes 

universitarios, y así poder conocer los espacios y aparatos 

ubicados en cada laboratorio, en donde presenta la 

descripción del funcionamiento de cada uno de los 

equipos,  por medio de efectos multimedia acompañados 

de un avatar dentro del recorrido virtual. Por último, se 

evaluó el resultado final con un grupo de estudiantes con 

apoyo de los docentes de Química y conocedores de los 

espacios de los laboratorios, en donde se obtuvo como 

consecuencia el grado de aceptación y percepción 

mediante una encuesta realizada. 
 

Recorrido Virtual, Modelado 3D, Laboratorios de 

Química 

 

 

 
Citation: GOMEZ-MANUEL, Esbeidy, DOMINGUEZ-CAMPOMANES, Margarita, ORTIZ-HERNÁNDEZ, Elena and 

KATT-MORALES, Luz Alondra. Development and evaluation of 3D virtual tours as a cognitive basis of Chemistry 

laboratories at UTSV. Journal of Computational Systems and ICTs. 2021. 7-20: 5-9 
 

 

 
*Correspondence to Author (e-mail: esbeidy.gomez@utsv.edu.mx) 

† Researcher contributing as first author. 

 

 
 

 

 

 

 

 

©ECORFAN-Spain                                                                                                                   www.ecorfan.org/spain



GOMEZ-MANUEL, Esbeidy, DOMINGUEZ-CAMPOMANES, 
Margarita, ORTIZ-HERNÁNDEZ, Elena and KATT-MORALES, Luz 
Alondra. Development and evaluation of 3D virtual tours as a cognitive 

basis of Chemistry laboratories at UTSV. Journal of Computational 

Systems and ICTs. 2021 

ISSN-2444-5002 

ECORFAN® All rights reserved 

6 

Article                                                                    Journal of Computational Systems and ICTs 
 December, 2021 Vol.7 No.20 5-9 

 

 

Introduction 

 

Every day new challenges arise when 

transmitting the knowledge of different areas, 

having the task of looking for digital means to 

develop and apply new information technologies 

(IT). Rodríguez, AM, Marín, C., and Munévar 

Molina RA (2013) Indicates that for this reason 

advanced education on par with technology, and 

takes advantage of the elements that it offers to 

bring man closer to a similar reality in which he 

lives , thereby achieving a better understanding 

of the knowing subject and in some cases a 

transformation and interpretation of it. Araque, 

I., Montilla, L., Meleán, R., Arrieta, X. (2018) 

Describes that, with the appearance of ICT 

(Information and Communication 

Technologies), various strategies are included 

that combine methods, techniques and means 

available to the teacher, who has the 

responsibility to design and implement in favor 

of learning.  

 

Resulting in the development of different 

virtual learning environments, having as an 

inclination in the construction and acquisition of 

competences through teaching-learning. Martín-

Gutiérrez, J., Mora, CE, Añorbe-Díaz, B. and 

González-Marrero, A. (2017) Mentions that the 

construction and visualization of alternative 

realities requires hardware and software 

powerful enough to create an immersive 

experience realistic. Posada Calderón, S., 

Monsalve Suárez, Y., & Mateus Santiago, S. P. 

(2019) Refers that Virtual Reality is conceived 

as a simulated reality, which is built with 

computer systems through the use of digital 

formats. The present work aims to develop a 3D 

virtual tour of the Chemistry laboratories of the 

UTSV, which serves as a support for a digital 

approach without many walls that prevent 

knowing the area chosen for their professional 

training 

 

Methodology to be developed 

 

In the development of the 3D virtual tour, it was 

based on the Scrum agile development 

methodology, allowing assigning tasks to 

elaborate and deliver in short times, measuring 

its progress with the end user. Likewise, to have 

the information of the 3D objects presented from 

the laboratories, it was necessary to carry out the 

field investigation. 

 

 

 

The materials favor the presentation of 

the contents in a different, striking, non-linear 

and motivating way, which facilitates the 

integration of text with images, video, audio, 

animations and software elements, and offers a 

range of more creative actions, combined with 

innovation in the way of its description or 

approach, elements that when combined can 

impact the learning process of students. The 

steps that were carried out for the 3D virtual tour 

of the Chemistry laboratories of the UTSV are 

presented. 

 

A. Development of the virtual tour 

 

1. 3D modeling 

 

To start with the edition of the virtual tour, it was 

necessary to have the 3D designs of the 

Chemistry laboratories with their respective 

instruments. Each object was modeled in 

SketchUp software. 

 

2. Recording 3D tour scenes 

 

Scenes were obtained in the software where the 

designs of the 3D objects were made, then they 

were saved and later exported to the official 

Kubity website to convert it into Virtual Reality 

(VR) and record the route. 

 

3. Avatar Design and Animation 

 

In the first instance, a sketch of the avatars (male 

and female version) was made considering that 

they were to the liking of the users. With the use 

of basic design tools, in this case it was Paint, the 

respective corrections were applied, adding and 

removing various details from the initial 

drawing to result in a base on which a color 

palette can be applied. The different movements 

of the speaking and blinking gestures were then 

illustrated. At the end of the editions of the 

images, they were exported to the Animated Gif 

Maker program, where it allows us to dock them 

to create the gif, and assign a duration time to 

each image and raise the resolution quality of the 

same to obtain a result of more fluid animation. 

 

4. Video introduction (intro) design 

 

In this process, images, sound, text and 

animation were used, in order to create a 

material that when reproduced is attractive to 

viewers.  

 

 



GOMEZ-MANUEL, Esbeidy, DOMINGUEZ-CAMPOMANES, 
Margarita, ORTIZ-HERNÁNDEZ, Elena and KATT-MORALES, Luz 
Alondra. Development and evaluation of 3D virtual tours as a cognitive 

basis of Chemistry laboratories at UTSV. Journal of Computational 

Systems and ICTs. 2021 

ISSN-2444-5002 

ECORFAN® All rights reserved 

7 

Article                                                                    Journal of Computational Systems and ICTs 
 December, 2021 Vol.7 No.20 5-9 

 

 

The color tones were combined and the 

corresponding texts were added, using them as 

transparent images, to make it easier to place a 

presentation and exit animation on each text. 

Likewise, a fragment of the videos and 

promotional music of the UTSV was used. 

 

5. Dialogue recording 

 

The names and the functionality of each object 

modeled in 3D from the Chemistry laboratories 

was investigated, obtaining a guide. Thus, the 

voices with a suitable tone for the listener were 

also selected, to later act as the voice of each 

avatar, either female or male, ending with the 

recording depending on the object to be 

described. 

 

6. Video editing 

 

The video editing process was selected an 

appropriate open access software. Then it began 

with the selection of what was created 

previously: recording of scenes of the tour, the 

gifs of the avatars, intro of the video and the 

recording of the dialogues. The first thing was to 

place the created intro and join the video of the 

tour together with the background music. Then 

it was to place the dialogues that were recorded 

for the avatars according to the visualized scene, 

since from these the gifs would be placed to 

know exactly the duration of these in the video. 

This process was repeated in each of the audios 

until reaching the end of the video where the 

credits were later placed and the project was 

saved, exporting the video to an .mp4 format. 

 

B. Video evaluation 

 

The steps for the acceptance test of the 3D 

virtual tour video of the laboratories of the 

Chemistry career. They were the following ones: 

 

 Plan the test: where the steps and times 

to carry out the survey were defined. The 

questions to be asked, the quantity, type 

of instrument and the means to apply it 

were also analyzed. The Likert scale was 

selected to measure the reactions of the 

end users according to the responses. 

Likewise, the group of students and 

teachers of the Chemistry career was 

managed to apply the evaluation of the 

final product. 

 

 

 Design the instrument: once the 

questions had been chosen and a 

response style applied, they proceeded to 

capture them and choose a suitable 

heading design, in this phase the 

platform most used by the students and 

teachers of the UTSV was chosen for the 

design of the instrument to implement. 

 Execute the instrument: The link to the 

survey and the videos was shared with 

the teacher responsible for the groups in 

the Chemistry area, according to the 

dates previously agreed upon during the 

administration. 

 Analysis of the results: Once the online 

evaluation instrument has been applied, 

it is evaluated according to the chosen 

answers, where the results of each 

question are shown. 

 

Results 

 

This section presents the 3D virtual tour, a walk 

where spaces designed in 3D combined with 

multimedia effects are presented, which allow to 

have a vision and approach to live an experience 

of reality, collaborating in the development of 

professional skills. The laboratories that were 

designed with a 3D tour were: General 

Chemistry, Instrumental Analysis and Chemical 

Plants. 
 

 
 

Figure 1 3D Lab.QG Virtual Tour 

Own 

 

 
 

Figure 2 3D Virtual Tour Lab.PQ 

Own 
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Figure 3 3D Lab.AI Virtual Tour 

Own 

 

At the end of viewing the course through 

the videos with a 3D virtual tour, they were 

asked to carry out the survey through an online 

form, where they selected an answer such as: 

totally disagree, disagree, agree and totally 

agree. It was applied to a group with 25 students 

from the Chemistry career and questions 

regarding the context of the content of the tour, 

such as: Is the 3D virtual tour video suitable for 

getting to know the Industrial Chemistry 

laboratories at UTSV for the first time? Is the 

implemented tone of voice adequate and 

acceptable for understanding? Is the information 

presented in the video of the virtual tours of the 

Chemistry laboratories clear, precise and 

understandable? Is the 3D Design displayed in 

the Virtual tour allows you to experience a 

meaningful learning? Do you consider that the 

video would be a support for the learning process 

of the laboratories? The video visualizes 

imagination? The video visualizes creativity? 

The video visualizes design? The quality of the 

tour virtual is generally acceptable? Comments 

or Suggestions. 

 

Focusing attention on the following 

results: 92% of those surveyed believe that the 

3D virtual tour video is suitable for getting to 

know the Industrial Chemistry laboratories at 

UTSV for the first time. 

 

All the respondents believe that the 

information presented in the video of the virtual 

tours of the Chemistry laboratories is clear, 

precise and understandable. 

 

96% of those surveyed consider that the 

virtual tour through 3D Design allows them to 

experience significant learning since it serves as 

support in the learning process of the chemistry 

laboratories of the UTSV. 

 

 

In general, the comments and opinions 

received refer to considering that the tour offers 

a visual field of how the learning will be 

obtained, along with the quality of the service 

when assisting in person in the realization of the 

practices. Another aspect considered is the 

achievement of cognitive development in 

students, since derived from the application of 

virtual reality on 3D modeling, it was possible to 

obtain results that show more interest and the 

possibility of acquiring significant learning 

derived from the conditions that are presented to 

you for understanding the information. On the 

other hand, it allows the teacher to privilege his 

role as a learning facilitator, focusing on the 

interests and possibilities of the student so that 

learning is comprehensive and according to the 

different styles and channels. 

 

Gratitude 
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Chemistry and Information Technologies career, 
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Conclusions 

 

It is concluded that this project will provide 

teachers and students with a support tool in 

teaching and motivation in the classroom, 

improving the quality of learning, being a 

benefit for the institution by applying this 

innovative strategy with quality resources and 

technologies. . Taking into account that there are 

all the necessary technological tools to carry out 

this project, its feasibility is demonstrated, since 

the video enriched with virtual reality and 3D 

modeling is a tool to be used inside and outside 

the classroom, becoming a very useful resource 

to carry out tasks and reinforce the topics taught 

by the teacher, since they not only allow students 

to capture the interest of the students in a new 

way in all kinds of subjects, but also turn the 

hours in the classroom into a more fun 

experience and encourages immersive learning, 

that is, through the experience of each student, 

achieving a greater educational impact. 
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Abstract 

 

The main objective of this work is to show in 

detail the methodology to apply the Linear 

Quadratic Regulator (LQR) for Trajectory 

Tracking in an experimental way in a didactic 

platform which consists of a DC motor, the 

motor model is explained, and how the 

parameters were estimated experimentally and 

the validation thereofs. Results are shown 

applying the LQR control in simulation and 

experimentally. 

 

Resumen 

 

El objetivo principal del presente trabajo es 

mostrar a detalle la metodología para aplicar el 

control LQR para el seguimiento de trayectorias 

de forma experimental en una plataforma 

didáctica la cual consiste en un motor de 

Corriente Directa (CD). Se explica el modelo del 

motor, y como se estimaron los parámetros de 

forma experimental y la validación de estos. Se 

muestran los resultados aplicando el control 

LQR en simulación y de manera experimental. 
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Introduction 

 

The study of automatic control is necessary for 

the training of future engineers, PID control is 

the most common controller in the courses of the 

university and its laboratories have the 

equipment to carry out practices, but in the case 

of modern control, regulation system, optimal 

control, and in particular LQR control the 

practices generally is done in simulation, 

therefore in this work shows a prototype 

experimental to prove to the students how the 

LQR control is applied in DC motor. 

 

 The didactic platform consists of a Data 

Acquisition System (DAQ), a Human Interface 

Machine (HMI), sensor, powers supplies, and 

DC generator-motor, The HMI shows the 

current, angular velocity and the control signal 

of the DC motor, this data’s can be stored for use 

after in Matlab software. The didactic platform 

control a DC motor, We can control torque, 

position, speed, and  acceleration, only varying  

input voltage, for this reason, the design of the 

power stage is easy to design, the DC motor has 

a lot of applications in trains  and electric cars 

(Gupta & Deb, 2012), micro motors, robots 

(Zhou, 2008), mobile robots (Zhou, 2008) or as 

starting devices to drive compressors and 

elevators (Saraswathy, Paul, & Mathew, 2018). 

 

 The PID controller for the DC motor is 

the most common, exist different combination 

for control of the DC (Taut, Chindris, & Pitică, 

2018),  motor for example Neural network with 

PID,  Fuzzy logic with PID (Arulmozhiyal & 

Kandiban, 2012), this type of controller has the 

advantage it's only using the error for controlling 

the DC motor, but they have the disadvantage of 

not optimize of cost function, for example, if we 

wish to use minimum of energy or tracking 

control in settling time minimum, the controller 

PID must be tuned several times and try it in the 

system until the desired  output is reached  

 

 The optimal control can make output 

follow to reference and minimize the cost 

function. The problem of optimal control deals 

with to modify the behavior of the dynamic 

system 𝑥′(𝑡) = 𝑓(𝑡, 𝑥(𝑡), 𝑢(𝑡))  to reach an 

objective through of an control signal 𝑢(𝑡), and 

same time optimize some payoff function 

𝑓0(𝑡, 𝑥(𝑡), 𝑢(𝑡)) which depends on the solution 

of dynamic system 𝑥(𝑡) and 𝑢(𝑡) (Geering, 

2007).  

 

 There are works related to LQR 

controller in DC motor (Howimanporn, 

Chookaew, & Sootkaneung, 2018), (Sahoo, 

Subudhi, & Panda, 2015) y (Dani, Sonawane, 

Ingole, & Patil, 2017) in the which the angular 

velocity of DC is controlled and the performance 

between LQR and PID are compared. 

 

 This work is organized as follows,  in 

section 1. Linear Quadratic Regulator (LQR) for 

Trajectory Tracking of DC motor is presented, 

in section 2 the didactic platform is described, as 

well as, the model of motor, estimation, and 

validation of its parameters, in section 3 the 

simulation and the results of the experiment 

when applying the LQR controller are shown, 

Finally, the conclusions are presented. 

 

1.- LQR control for Trajectory Tracking 

 

The linear dynamic system has the following 

form 

 

𝑥′(𝑡) = 𝐴𝑥(𝑡) + 𝐵𝑢(𝑡)  (1) 

 

The cost function to optimize is 

 

𝐽 (𝑡0, 𝑥, 𝑢) =
1

2
∫ [𝑥𝑇(𝑡)𝑄𝑥(𝑡) +

𝑡1

𝑡0

𝑢𝑇(𝑡)𝑅𝐶𝑢(𝑡)]𝑑𝑡 + 𝑥𝑇(𝑡1)𝑆1𝑥(𝑡1)  
 

(2) 

Where 𝑆1 y 𝑄 they are semi-definite 

positive matrices, whereas, 𝑅𝐶 is positive 

definite matrix.  

 

The optimal control problem consists 

with finding a control 𝑢∗(𝑡) within a control 

compact set 𝑈 such that the cost 𝐽 (𝑡0, 𝑥, 𝑢) is 

minimal (Ogata, 2003) y (Geering, 2007). That 

is, a control is seek 𝑢∗ such that 

 

𝐽∗ (𝑡0, 𝑥) = 𝐽 (𝑡0, 𝑥, 𝑢∗) =
𝑚𝑖𝑛𝑢 𝑒𝑛 𝑈 𝐽 (𝑡0, 𝑥, 𝑢)  

(3) 

 

The function 𝐽∗ (𝑡0, 𝑥) is known the 

value function of optimal control problem, 

where 𝑢∗(𝑡) is the optimal control, the optimal 

strategy for the control problem is 

 

𝑢∗(𝑡) = −𝑅𝐶
−1𝐵𝑇𝑃(𝑡)𝑥(𝑡) 

𝑢∗(𝑡) = −𝐾𝑥(𝑡),   

(4) 

 

where 𝐾 = 𝑅𝐶
−1𝐵𝑇𝑃(𝑡), is the feedback 

gain, and 𝑃(𝑡) is the solution of the Riccati 

differential equation 
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𝑃′(𝑡) + 𝐴𝑇𝑃(𝑡) + 𝑃(𝑡)𝐴 −
𝑃𝑇(𝑡)𝐵𝑅𝐶

−1𝐵𝑇𝑃(𝑡) + 𝑄 = 0  

(5) 

 

The objective of LQR control is to take 

the state of process 𝑥(𝑡) from an initial condition 

𝑥(𝑡0) ≠ 0 to a final state with 𝑥(𝑡1) = 0 with a 

cost minimum of some function that you want to 

minimize. When you want to take the initial state  

𝑥(𝑡0)  to a final state 𝑥(𝑡1) ≠ 0, you need to 

apply the integral action  to the difference of the 

reference signal minus the system output, this  

ensures the error becomes zero and the output is 

equal to reference, this process is described 

below. The system is called augmented because 

one more state is added to the system, the 

solution of the state, 𝜉′(𝑡).  Here 𝜉′(𝑡) 𝑖𝑠 the 

difference between the reference signal minus 

the system output. From the system(1) the output 

is. 

 

𝑦(𝑡) = 𝐶𝑥(𝑡),  (6) 

The signal control is  

 

𝑢(𝑡) = −𝐾𝑥(𝑡) + 𝑘𝐼𝜉(𝑡),  (7) 

Where 

 

𝜉′(𝑡) = 𝑟(𝑡) − 𝑦(𝑡) = 𝑟 − 𝐶𝑥(𝑡).  
 

(8) 

 The system dynamic is described by a 

combination of (1) and (8) resulting in  

 

𝑥′(𝑡) = 𝐴𝑥(𝑡) + 𝐵𝑢(𝑡),     
𝜉′(𝑡) = 𝑟(𝑡) − 𝐶𝑥(𝑡)  

(9) 

 

 In a matrix form 

 

[
𝑥′(𝑡)

𝜉′(𝑡)
] = [

𝐴 0
−𝐶 0

] [
𝑥(𝑡)

𝜉(𝑡)
] + [

𝐵
0

] [𝑢(𝑡)] +

[
0
1

] [𝑟]  

 

 

 the optimal control is calculated as  

 

𝑢∗(𝑡) = −𝑅𝐶
−1�̅�𝑇𝑃(𝑡)�̅�(𝑡)  

𝑢∗(𝑡) = 𝐾(𝑡)�̅�(𝑡)  

(10) 

 

Where �̅� = [
𝑥′(𝑡)

𝜉′(𝑡)
], 𝐾(𝑡) =

−𝑅𝐶
−1�̅�𝑇𝑃(𝑡), and �̅� = [

𝐵
0

]. It is made up  

(𝑡) = [𝑘 𝑘𝑖], and 𝑃(𝑡) the solution of the 

Riccati differential equation  

 

𝑃′(𝑡) + �̅�𝑇𝑃(𝑡) + 𝑃(𝑡)�̅� −
𝑃𝑇(𝑡)�̅�𝑅𝐶

−1�̅�𝑇𝑃(𝑡) + 𝑄 = 0  

(11) 

 

 where �̅� = [
𝐴 0

−𝐶 0
], the LQR control 

makes the states after a time worth zero, if apply 

to LQR to (9) the state 𝜉′(∞) = 0, therefore , we 

obtain: 

 

0 = 𝑟 − 𝑦()   

𝑦() = 𝑟  
 

2. Didactic platform for the LQR Control 

demonstration 

 

The didactic platform shows in the Fig.1, it is 

made up of the following elements: generator-

motor, data acquisition system  (DAQ), source 

voltage and computer,  the DAQ is a compact 

RIO, was programmed using  the LabVIEW 

software. 

 

 
 
Figure 1 Dc motor and DAQ 

 

The DAQ use a NI 9220, which is an analog 

input module for DAQ, each channel provides a 

±10 V measurement range at a 16-bit resolution. 

This module measures the motor voltage and 

voltage in the resistor 1 , with which measure 

the current of the DC motor. NI 9220 measure 

the voltage of the generator coupled to DC 

motor, which is proportional to the angular 

velocity of the DC motor. In the Fig. 2 shows 

electric diagram. 
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Figure 2 Electric diagram and drive control 

 

 The DC motor is coupled to a 

generator which produces a voltage that is 

proportional to the motor angular velocity. The 

DC motor-generator plate data are: 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 =
 30.8 𝑉, 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 =  3 𝐴, 𝑠𝑝𝑒𝑒𝑑 =
 4000 𝑅𝑃𝑀,  𝑡𝑜𝑟𝑞𝑢𝑒 =  1.6 𝑁/𝑚  and 

𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 𝑣𝑜𝑙𝑡𝑎𝑔𝑒  =  7 𝑉/1000 𝑅𝑃𝑀,  the 

DC motor-generator is shows  in the Fig. 3.  

 

  
 
Figure 3 The DC motor-generator 

 

The HMI can control turn on-off of DC 

motor, display the graphics of speed, current, 

DC motor Voltage and  signal control. The HMI 

shows in the Fig. 4. 

 

 
 
Figure 4 Human interface machine 

The LabVIEW program shows in the 

Fig. 5, the program calculates the signal control, 

to do this, the measures of sensors angular 

velocity and motor current are multiplied by the 

gain k, the reference signal is generated and 

calculate the error, the result is multiplied by the 

gain 𝑘𝑖, finally both signals are added to generate 

the control signal 𝑢(𝑡). 
 

 
 
Figure 5 Labview Program 

 

2.1 Modelling of DC motor 

 

The electrical and mechanical diagram shows in  

Fig. 6 , the Table 1 shows the variables that were 

used to model the motor. 

 
Symbol Variable Units 

V DC motor voltage V 

I Dc motor current A 

R Armature resistance  

L Armature inductance H 

 Angular velocity Rad/seg 

J Rotor inertia Nm2 

b Viscous friction coefficient N/ms 

f Friction torque Nm 

 
Tabla 1 DC motor variables 

 

 
 
Figure 6 The electrical and mechanical diagram 
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The rotor of motor moves due to the 

electromagnetic torque 𝜏𝑒 generated by the 

magnetic field that is produced in the stator and 

depend on the current that circulates in the 

armature (Alvarez, 2012), its equation is  

 

𝜏𝑒 = 𝑘𝑚 ∗ 𝐼(𝑡)  (12) 

 

where 𝑘𝑚 is the electromagnetic torque 

constant, the torque caused by friction that 

opposes the movement is 

 

𝜏𝑓 = b ∗ 𝜔(𝑡)  (13) 

 

The motor in its rotary movement moves 

a load generating a resultant torque  𝜏𝑐  which is 

expressed as follows 

 

∑ 𝜏 = 𝜏𝑐 = 𝐽 ∗ 𝛼 = 𝐽 ∗
𝑑𝜔(𝑡)

𝑑𝑡
  (14) 

 

where 𝛼 is the angular acceleration and 

can be expressed as the derivative of the angular 

speed. The sum of torques is as 

 

𝜏𝑐 = 𝜏𝑒 − 𝜏𝑓 − 𝜏𝑠  (15) 

 

where  𝜏𝑠 is a torque that represents the 

losses not considered and are represented by the 

function 𝑚𝑠(𝑡), substituting the equations (12) 

to (14) in (15) 

 

𝑑𝜔(𝑡)

𝑑𝑡
= −

𝑏

𝐽
𝜔(𝑡) +

𝑘

𝐽
𝐼(𝑡) −

1

𝐽
𝑚𝑠(𝑡) 

(16) 

 

By applying a voltage V to the armature, 

a current 𝐼(𝑡) circulates through the rotor, which 

generates force electromotive induced  𝜀 which 

is calculated as 𝜀 = 𝑘𝜔(𝑡), applying Kirchhoff's 

voltage law to the armature, we have 
 

−𝑉(𝑡) + 𝑅𝐼(𝑡) + 𝐿
𝑑𝐼(𝑡)

𝑑𝑡
+ 𝜀 = 0  

 

Substituting the value of 𝜀 

 
𝑑𝐼(𝑡)

𝑑𝑡
= −

𝑘

𝐿
𝜔(𝑡) −

𝑅

𝐿
𝐼(𝑡) +

1

𝐿
𝑉(𝑡)  (17) 

 

The differential equations that describe a 

DC motor are (16) and (17), which can be 

written in a matrix form as.  

 

𝑥′(𝑡) = 𝐴𝑥(𝑡) + 𝐵𝑢(𝑡) + 𝐺𝑤(𝑡)  
 

 

where 𝑥 is the state vector, 𝑢 is the 

control, 𝐴, 𝐵 𝑎𝑛𝑑 G are matrices of the form 

 

𝑥′(𝑡) = [

𝑑𝜔(𝑡)

𝑑𝑡
𝑑𝐼(𝑡)

𝑑𝑡

] , 𝐴 = [
−

𝑏

𝐽

𝑘

𝐽

−
𝑘

𝐿
−

𝑅

𝐿

]  

 

 𝑥(𝑡) = [
𝜔(𝑡)

𝐼(𝑡)
] , 𝐵 = [

0 0

0
1

𝐿

]  

 

 𝑢(𝑡) = [
0

𝑉(𝑡)
] , 𝐺 = [

−
1

𝐽
0

0 0
]  

 

𝑤(𝑡) =  [
𝑚𝑠(𝑡)

0
]  

 

2.2  Estimation of DC motor parameters 

 

To estimate the DC motor parameters, the 

angular velocity 𝜔(𝑡), motor current 𝐼(𝑡) and 

motor voltage 𝑉(𝑡) are considered as variables, 

the parameters are: inductance and resistance, 

which will be measured directly; the parameters 

such as: viscous friction coefficient, moment of 

inertia and the motor constant will be calculated 

with (27), (28), the time constant 𝜏 is obtained 

experimentally. 

 

The resistance and inductance were 

measured using an SKF Static Analyzer Baker 

Dx, the values are shown in table 2. The motor 

constant (k) is determined when the value of the 

current is constant (
𝑑𝐼(𝑡)

𝑑𝑡
= 0), we obtain 

 

0 = −𝑘𝜔(𝑡) − 𝑅𝐼(𝑡) + 𝑉(𝑡),   
 

𝑘 =
𝑉(𝑡)−𝑅𝐼(𝑡)

𝜔(𝑡)
,  

 

the viscous friction coefficient b is 

calculated considering the angular velocity 

constant (
𝑑𝜔(𝑡)

𝑑𝑡
= 0) it is despised 𝑚𝑠. 

Therefore, from (16) the following equation is 

reached 

 

0 = −𝑏𝜔(𝑡) + 𝑘𝐼(𝑡),   

𝑏 =
𝑘𝐼(𝑡)

𝜔(𝑡)
.  

 

The time constant  is obtained by 

measuring the angular velocity (t) of DC motor 

when applying a constant voltage and measuring 

the time when reaches 63.21% of the final value.  
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The angular velocity of the DC  motor is 

shown in Fig. 7, the yellow line represents 3800 

RPM, the blue line represents 63.21% of the 

final speed, therefore 𝜏 = 0.56 𝑠. The moment 

of inertia is calculated as 

 

𝜏 =
𝐽𝑅

𝑘2  

𝐽 =
𝜏𝑘2

𝑅
.  

 

 
 

Figure 7 Angular velocity of DC motor 

 

2.2 Validation of DC motor parameters 

 

To validate the model and verify that the 

parameters, the motor was simulated with the 

parameters in Table 2, with a constant input 

voltage 𝑉𝑖𝑛 = 28 V , the same voltage was 

applied experimentally to the dc motor, in Fig. 8 

the simulated graph and the measured graph of 

the angular velocity are observed. 
 

Variable Valor 

b 33.087 𝜇𝑁𝑠/𝑚 

J 11.414 𝜇𝑁𝑚2 

k 0.0504  
R 12.4522 Ω 

L 2.6 𝑚𝐻 

 
Tabla 2 Parámetros del motor obtenidos 

experimentalmente 
 

 
 

Figure 8 Angular velocity of DC motor in simulation and 

experimental 

3. Experimental and simulation results 

 

The LQR controller for trajectory tracking was 

applied to the didactic prototype in simulation 

with Matlab software and experimentally.  

 

The control signal 𝑢∗(𝑡)  is calculate  

with (10), where the value of Q is a identity 

matrix, 𝑅𝑐 = 100,  𝐾 = [0.07870.0719] y 𝑘𝐼 =
0.1, the reference signal is  𝑟 = 2000 𝑅𝑃𝑀. The 

angular velocity of DC motor is shown in the 

Fig. 9 and it is verified that it follows the 

reference in 0.8 s. The control signal is shown in 

Fig. 10. 

 

 
 
Figure 9 The angular velocity simulated with LQR control 

 

 
 
Figure 10 The control signal 𝑢∗(𝑡)   

 

The Figures 11 and 12 shows the graph’s 

velocity angular, current and voltage of DC 

motor obtained by applying the LQR control to 

the didactic prototype. The reference signal is =
3800 𝑅𝑃𝑀  which is reached in 𝑡 = 0.8 𝑠, the 

current and voltage are below the nominal values 

of the DC motor 
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Figure 11 The angular velocity applying the LQR control 

to the didactic prototype 

 

 
 
Figure 12 a) Voltage and b) Current of DC motor 

 

Conclusions 

 

This work presented the design of a didactic 

platform for the study of LQR control for 

trajectory tracking in a DC motor, the objective 

is to control the angular velocity and bring it to 

a reference position in real time was achieved. 

LQR controllers are generally applied in 

simulation, one of the goals of this work is to 

show the methodology that was used to be able 

to apply the LQR control experimentally in a DC 

motor. 

 

Simulation of the LQR control was 

carried out with Matlab software obtaining 

results similar to those obtained experimentally, 

in both cases it was verified that the angular 

velocity of the dc motor follows the reference 

signal in a finite time and with a control signal 

within the voltage parameters that the motor 

supports.  
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Abstract 

 

The development and implementation process of a computer 

interface for the kinematic analysis of a parallel robot, in delta 

configuration, and its application to a previously formed 

prototype are exposed. Being identified the associated 

equations, and deduced the respective geometric parameters. 

On the other hand, the synthesis of the direct and inverse 

kinematic models, with the Matlab software, guarantees the 

calculation of a specific Cartesian position, in the end effector 

of the robot used, once certain joint values have been assigned 

to it, or vice versa. Finally, a user-friendly graphical interface 

is created, whose functions are: data entry, resolution of the 

models described, issuance of the corresponding results, 

representation of the robot used and its physical 

manipulation. The results obtained in the real location of the 

end effector with respect to the values deduced by the 

interface, are competitive for both models analyzed, even 

though the prototype used operates by means of servomotors. 

An average position error of 0.083 cm per axis and overall of 

0.006 cm is observed during the tests developed. 

 

 

Graphical user interface, Kinematic analysis, Parallel 

robot in delta configuration 

 

Resumen 

 

Se expone el proceso de desarrollo e implementación de una 

interfaz por computadora para el análisis cinemático de un 

robot paralelo, en configuración delta, y su aplicación a un 

prototipo previamente conformado. Siendo identificadas las 

ecuaciones asociadas, y deducidos los parámetros 

geométricos respectivos. Por su parte, la sintetización de los 

modelos cinemáticos directo e inverso, con el software 

Matlab, garantizan el cálculo de una posición cartesiana 

específica, en el efector final del robot utilizado, una vez 

asignados ciertos valores articulares al mismo, o viceversa. 

Finalmente, se constituye una interfaz gráfica de aspecto 

amigable para el usuario, cuyas funciones son: el ingreso de 

datos, la resolución de los modelos descritos, la emisión de 

los resultados correspondientes, la representación del robot 

utilizado y su manipulación física. Los resultados obtenidos 

en la localización real del efector final respecto a los valores 

deducidos por la interfaz, son competitivos para ambos 

modelos analizados, aun pese a que el prototipo empleado 

opera mediante servomotores. Se observa un error de 

posición promedio de 0.083 cm por eje y global de 0.006 cm, 

durante las pruebas desarrolladas. 

 

Interfaz gráfica de usuario, Análisis cinemático, Robot 

paralelo en configuración delta 
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Introduction 

 

In its original conception, a parallel robot in 

delta configuration consists of three kinematic 

chains connected to both a base and a mobile 

platform (Clavel, 1991). Each chain, also called 

extremity, is made up of a set of arm and forearm 

joined by a ball joint, and it is driven from the 

movement generated by motors located on the 

base of the robot itself (Pierrot, Reynaud, & 

Fournier, 1990). Therefore, the adoption of a 

specific location by the mobile platform is 

established by combining the movement of each 

chain, restricting it to remain parallel to the base 

(Codourey, Clavel, & Burckhardt, 1992).  

 

On the other hand, since the mobile 

platform supports the end effector that allows the 

delta robot to perform a specific function, it is 

essential to know its precise position with 

respect to its base (Khorasani, Gholami, & 

Taghirad, 2015). Hence, since each extremity of 

the robot forms a spatial parallelogram (Vischer 

& Clavel, 1998) which restricts the specific 

location of its mobile platform (Idumudi & 

Javed, 2021), the models for the respective 

forward or inverse kinematic analysis are 

defined. Model solution establishes the location 

of the end effector from the movement of each 

actuator or vice versa, respectively (Kuo, 2016). 

 

In particular, the resolution of the direct 

kinematic model lies in determining the location 

of the end effector, in Cartesian space, by 

assigning specific joint values to the actuators of 

the delta robot. Whereas, to solve the inverse 

model, one starts from the proposal of a specific 

position of the end effector, in Cartesian space; 

therefore, it is necessary to find the values of the 

joint variables that ensure said location (López, 

Castillo, García, & Bashir, 2006) (Abele, 

Weigold, & Rothenbücher, 2007) (Peña-Cortés, 

Martínez-Oviedo, & Cárdenas-Herrera, 2011). 

 

From the evolution of computing, the 

development of software interfaces has 

expanded the implementation and exploration of 

algorithms, increasingly sophisticated, based on 

multiple methodologies for the efficient and 

precise analysis of the capabilities of a delta 

robot (Rivas, Galarza, Tumbaco, Quimbita, & 

Galarza, 2015).  

 

 

 

 

 

Among the incorporated functions, the 

solution to the respective kinematic models 

(Poppeova, Uricek, Rejda, & Bulej, 2012), the 

simulation of the robot's operating conditions 

(Hendriko, Nurkhamdi, & Imam, 2018) and the 

reconfiguration of its elements for the 

optimization of its function are distinguished 

(Maya, Castillo, Lomelí, González-Galván, & 

Cárdenas, 2013). Likewise, the application of 

analytical interfaces to enable and manipulate 

physical prototypes is becoming more and more 

common (Huang, Weng, Wei, & Kamruzzaman, 

2021). Such a situation is prompted by the 

simplicity in the use of common communication 

buses, such as USB (Universal Serial Bus), for 

the exchange of information between the 

computer and a peripheral device (Antal, 2018). 

Equally favorable has been the commercial 

availability of widely disseminated electronic 

cards, for their incorporation in academic and 

research projects, because of their low cost, easy 

programming and acceptable processing 

capacity (Villegas, Avizzano, Ruffaldi, & 

Bergamasco, 2015). 

 

Background 

 

Prior to this study, a prototype of a delta-type 

parallel robot was enabled; whose integration 

and commissioning have allowed ensuring 

correct performance in the adoption of the joint 

values designated by the user, from a computer. 

Thus, the continuity in the analysis of this 

implement aims to the development of a 

graphical interface that allows its management. 

Such interface will have to expose with certainty 

the spatial location of the end effector of the 

analyzed robot, since the set points previously 

entered corresponded to the direct movement of 

the actuators, without these being issued as a 

result of a formal calculation process. 

 

Therefore, in order to determine the 

Cartesian coordinates of the end effector of the 

delta robot, from the manipulation of the 

respective joints, or vice versa, the analysis of 

the respective kinematic model and the 

development of an algorithm that synthesizes 

said mathematical process are essential. It is 

worth mentioning that, the establishment of the 

spatial location of the end effector of a robot 

based on a formal methodology, in this case, its 

kinematic modeling, leads to ensure with 

certainty that the data emitted assumes at least 

the restrictions of the movement that due to its 

mechanical structure, a particular robot is able to 

execute. 
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The addition of an interface for the 

management of a delta robot previously 

available strengthens the functionality achieved 

up until to now by it, in order to constitute a test 

equipment that allows characterizing its 

operation with respect to that described by a 

serial configuration. An effort to provide the 

user, in this case, Mechatronics Engineering 

students from the Technological University of 

North Aguascalientes, a friendly environment 

for handling the said robot, will be made. Being 

understandable the deduction of the results of the 

own kinematic models, through their graphical 

presentation, and possible the transfer of such 

values directly to the implement controller, for 

its adoption by it. 

 

Kinematic analysis of the delta robot 

 

Dr. Raymond Clavel proposed the structure of a 

parallel robot with three translational and one 

rotational degrees of freedom, which he called 

the delta configuration, and whose kinematic 

synthesis is based on the study of parallelograms 

(Clavel, 1991). Each robot extremity, made up 

of two links, forms a parallelogram; in this, the 

exit link remains in a fixed orientation with 

respect to the entry link, to which it is held 

together. The use of three parallelograms 

completely restricts the location of the robot’s 

mobile platform, giving it only three degrees of 

translation freedom (Maya, Castillo, Lomelí, 

González-Galván, & Cárdenas, 2013). 

 

 
 
Figure 1 Reference system and geometric parameters of 

the parallel robot in delta configuration 

Source: Own Elaboration, 2021 

For its part, the geometric analysis of the 

delta robot assumes that its three extremities are 

identical in length (Angel & Viola, 2016) (Kuo, 

2016). While the respective geometric 

parameters, shown in figure 5, are defined as the 

length of the actuated link LA, the length of the 

driven link LB, the radius of the fixed platform or 

base RA, the radius of the mobile platform or end 

effector RB, the fixed platform radius angles θi (i 

= 1, 2, 3) and the joint angles that determine each 

extremity configuration φ1i, φ2i, φ3i (i = 1, 2, 3) 

(Laribi, Romdhane, & Zeghloul, 2007) 

(Sánchez, Castillo, González, & Balmaceda, 

2015). 

 

Thereby, given the global reference 

system (X, Y, Z) of the delta robot, represented 

in figure 5, the point P with coordinates (XP, YP, 

ZP) is established at the center of the mobile 

platform. Therefore, in the respective forward 

kinematic model, the unknowns will correspond 

to the location of said point P, once the joint 

angles φ1i, φ2i, φ3i (i = 1, 2, 3) have been 

assigned, through simultaneous resolution of ( 

1); since, i = 1, 2, 3. 

 

(Xi − XP)2 + (Yi − YP)2 + (Zi − 𝑍P)2 = 𝐿B
2  (1) 

 

Where: 

 

Xi = (r + LA  cos φ1i) cos 𝜃𝑖 (2) 

 

Yi = (r + LA  cos φ1i) sin 𝜃𝑖 (3) 

 

Zi = −LA  sin φ1i                                           (4) 

 

Considering r = rA – rB, (1) in its 

individual form represents a sphere with radius 

LB, centered at the point Si = (Xi, Yi, Zi). The 

solution of such a system of equations is 

represented by the point drawn at the 

intersection of the three spheres described by 

each extremity. 

 

On the other hand, for the respective 

inverse kinematic model, the unknowns are the 

joint angles φ1i, φ2i, φ3i (i = 1, 2, 3) to be 

established, given the proposal of a particular 

spatial location for point P; where (5) defined for 

the j–th extremity of the robot can be expressed 

as a function of cosφ1i and sinφ1i. 

 

li cos φ1i + mi sin φ1i = ni (5) 

 

where: 
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li = 2rLA − 2LAXP cos θi −
2LAYP sin θi  (6) 

 

mj = 2LAZP                                                    (7) 

 

nj = 2rXP cos θj − 2rYP sin θj + XP
2 + YP

2 +

ZP
2 + r2 + L𝐴

2 − L𝐵
2   (8) 

 

Moreover, (5) can have a solution if and 

only if: 

 
ni

√li
2+mi

2
≤ 1 ↔ ni

2 − (li
2 + mi

2) ≤ 0  (9) 

 

If a value greater than zero is established 

in (9), it is said that the represented point is 

mechanically unreachable by the end effector of 

the delta robot, causing a singularity condition. 

 

Determination of geometric parameters 

 

As previously analyzed, the geometric 

parameters of a robot are directly associated with 

the mechanical characteristics that lead to 

physically differentiate its structure, with respect 

to some other existing configuration. Hence, in 

order to establish the geometric parameters of 

the delta robot used, it was necessary to identify 

each of the mechanical elements that constitute 

it, as well as to define its particular function 

within the mechanism as a whole. Each element 

described has a specific length that represents it; 

these values are concentrated in table 1. 

 
Geometric parameter Value 

Base radius (RA) 7.5 cm 

End effector radius (RB) 4.5 cm 

Actuated link length (LA) 9.5 cm 

Driven link length (LB) 32 cm 

 

Table 1 Definition of geometric parameters of the delta 

robot used 

Source: Own Elaboration, 2021 

 

The geometric parameters are 

incorporated into the respective kinematic 

models, to determine with great precision the 

position of the end effector or the movement that 

the actuators must execute, as required. 

However, to validate that the real movement, 

performance by each motor, will lead to the 

correct location of the end effector in the 

location designated by the user; the origin of the 

Cartesian reference system is established, at the 

center of the fixed platform of the robot used, 

just on its underside.  

 

The proposed axes and their respective 

orientation can be seen in figure 1. Since a 

previously constituted prototype of a delta robot 

is being used for the present study, it is 

noteworthy that both the motors used to transmit 

movement to each end of the robot, as well as to 

drive the gripper, are servomotors. In this way, 

an easy manipulation of the position that the 

actuators may acquire during the request, by the 

user or the control system, of a specific joint 

movement value or the location of a point 

designated by Cartesian coordinates, with 

respect to the reference system, are guaranteed. 

 

Algorithm programming 
 

For a particular robotic configuration, the 

solution of the associated forward and inverse 

kinematic problems involves deducing the 

spatial position that the end effector must reach, 

by assigning certain values to its joint variables, 

or vice versa, as appropriate. Therefore, after the 

identification of the mathematical equations that 

lead to the solution of both kinematic models, for 

the analyzed delta robot, it was necessary to 

program such expressions, in order that the 

results given, regardless of the forward or 

inverse approach, establish the specific 

movement of the motor that enables each 

extremity of the robot itself. 

 

Thereby, the algorithm for the solution of 

forward kinematics requires by parameters the 

position, in Cartesian coordinates, of the point 

where the end effector will be established in a 

workspace of the respective robot. Thus, it will 

be outputted as a result the amount of radial 

movement, in degrees, that each of the three 

actuators used must adopt, in order to ensure the 

requested position. On the other hand, for the 

solution of the inverse kinematics, the 

parameters entered into the algorithm must be 

the values assigned to each motor, to deduce the 

position, in Cartesian coordinates, of the point 

that the end effector of the delta robot will reach. 

 

It should be highlighted the need for the 

values of the respective geometric parameters to 

be incorporated into the algorithm for the 

solution of the given kinematic models. For this 

case, such values are included as constants in the 

algorithm itself. Hence, the algorithm was 

programmed using Matlab software, through 

generating a script for the solution of each 

proposed kinematic model.  
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The software uses each generated files as 

a function, which the user can call it, if it is 

accompanied by the indicated parameters. Since 

otherwise, such functions could emit an error on 

the way of their use. 

 

Development of the graphical interface 

 

Through a properly constituted user panel, 

whose elements are distributed and identified in 

the graphical environment provided, the entry of 

the parameters for the required calculation 

process, the selection of the operation to be 

performed and the subsequent appreciation of 

the results obtained, are facilitated. It is by 

means of this type of synoptic that the exposed 

values usually provide a better visual 

appreciation than in the case of their simile in 

text mode. Consequently, from a GUI 

(Graphical User Interface) file of the Matlab 

software, the environment for the solution of the 

kinematic models of the analyzed delta robot 

was developed. The created screen is presented 

in figure 2 and its functions are described below. 

 

 
 
Figure 2 Graphical interface for kinematic analysis of the 

delta robot 

Source: Own Elaboration, 2021 

 

The interface is made up of the following 

sections: 

 

1. Forward kinematics. It allows the input 

of the value of each joint variable for 

calculation of the coordinates (X, Y, Z) of 

the position of the robot’s end effector. 

2. Inverse kinematics. It admits the 

Cartesian coordinates of the position that 

the robot’s end effector will adopt, for 

the deduction of the respective values of 

the joint variables. 

 

3. Calculate. By pressing this button, and 

having previously done so with the one 

corresponding to the model to be 

calculated, the results of the Cartesian 

coordinates of the end effector position 

or the respective joint variables of each 

motor are output in the specified places, 

according to the data entered by the user. 

4. Graphical representation of the delta 

robot. It provides a visualization of the 

location of the delta robot elements, 

according to the specified geometric 

parameters and the location that the end 

effector must reach, after the execution 

of a calculation process. 

 

It is worth mentioning that, to ensure the 

operation of the integrated graphical interface, 

the algorithms of the previously developed 

kinematic models are called from its 

programming. In addition, the said interface 

have been configured to run only one kinematic 

model solution at a time. For which, the 

parameters of the model to be solved must be 

entered, the associated button must be pressed 

and pressed the Calculate button either. So, if, 

after solving a specific kinematic model, the user 

decides to execute another calculation, the 

results obtained from the first execution will be 

eliminated, to present the most recent values. 

 

Implementation of joint control 

 

Since the servomotors used to move each robot 

extremity operate exclusively by assigning 

integer values between 0° and 180°, a setting 

was required in the joint values provided by the 

graphical interface. Such joint coupling process 

was incorporated into the programming of the 

interface itself, in order to generate data that the 

robot controller could interpret properly, and 

then transmit the voltage signal associated with 

the correspondent motor. Therefore, in turn, the 

functions for data communication between both 

described systems were added to the same 

interface, as shown in figure 2 itself. 

 

The interaction between the computer 

and the robot controller, in this case an Arduino 

UNO board, is ensured by enabling the USB port 

that allows data transfer between both of them, 

from the interface used. Hence, once the joint 

values have been designated, through the 

graphical interface, and then transmitted to the 

controller, the location that the end effector of 

the robot must reach will be manipulated.  
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So, The voltage signal sent to each 

motor, from the controller, may then correspond 

both to the values entered by the user when 

solving the forward kinematic model, and to the 

results obtained from the solution of the inverse 

kinematic model. 

 

Algorithms operation results 

 

The tests to validate the operation of the 

algorithms developed were executed from the 

proposal of different values, for the management 

of the delta robot used. In this way, it was 

possible to verify the effectiveness in the 

programming of each kinematic model 

described, by obtaining a solution associated 

with the entered data. In this particular case, both 

the call of the function to be used, the input of 

the required parameters and the issuance of the 

respective results, were executed through the 

Matlab Command Window. Next, the sequence 

performed for the verification of both algorithms 

is stated, as well as the results established during 

the execution of a test with specific values. 

 

1. The function calling to solve the forward 

kinematic model, using the values given 

to each motor of the delta robot as 

parameters. In Figure 3, the entry of the 

values 45°, -45° and 5°, respectively, is 

shown. 

2. The exposition of the solution of the 

forward model, in the Cartesian 

coordinates, relative to the location of the 

end effector of the robot, for the joint 

values proposed. In Figure 3, the results 

for the values assigned in the previous 

step are observed. 

 

 
 
Figure 3 Parameters and results of forward kinematic 

model in Matlab software 

Source: Own Elaboration, 2021 

3. The function calling to solve the inverse 

kinematic model, whose parameters 

correspond to the data obtained in the 

preceding step, as shown in Figure 4. 

4. The emission of the solution results for 

the inverse kinematic model, respective 

to the joint values of each robot motor. 

Thus, the results shown in figure 4 

coincide with those entered for the 

forward kinematics function. 

 

 
 
Figure 4 Parameters and results of inverse kinematic 

model in Matlab software 

Source: Own Elaboration, 2021 

 

Graphical interface operation results 

 

In a similar way to how the operation of the 

algorithms previously formulated in Matlab 

were corroborated, it was also necessary to 

verify the effectiveness of the graphical interface 

function developed from the GUI environment. 

Consequently, the parameters used to validate 

the functionality of the constituted programming 

were used again, only this time, starting from 

their entry in the respective spaces within the 

integrated graphical interface. The process 

performed for such validation is detailed below. 

 

1. For the solution of the forward kinematic 

model, the proposed values for the joint 

variables are entered in the spaces 

assigned within the graphical interface. 

In this case, 45°, -45° and 5° were used 

respectively, as shown in figure 5. 

 

2. Press the button associated with the 

application of the forward kinematic 

model, and then press the Calculate 

button to output the Cartesian 

coordinates corresponding to the location 

of the end effector of the delta robot, as 

shown in figure 5. 
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Figure 5 Parameters and results of the graphical interface 

for solution of forward kinematic model 

Source: Own Elaboration, 2021 

 

3. For the solution of the inverse kinematic 

model, the values obtained from the 

previously executed calculation process 

are placed in the spaces assigned for the 

application of the respective model, as 

shown in figure 6. 

 

4. Press the button corresponding to the 

application of the inverse kinematic 

model, and again the Calculate button, to 

return the joint values that the delta robot 

motors must perform, as shown in figure 

6. 

 

 
 
Figure 6 Parameters and results of the graphical interface 

for solution of inverse kinematic model 

Source: Own Elaboration, 2021 

 

In this way, it can be verified the results 

issued during the execution of the tests with the 

algorithms for the solution of the forward and 

inverse kinematic models. Hence, the values 

shown in figures 3 and 4, respectively, can also 

be obtained from the use of the graphical 

interface developed, as corroborated in figures 5 

and 6.  

 

In addition, the graphical representation 

of the delta robot’s condition is of great visual 

support for the user, once the calculation of the 

proposed kinematic models has been completed. 

Through which, the adoption of the respective 

location by the end effector is displayed. 

 

It is worth mentioning that, up to this 

point in the analysis carried out, the position of 

the end effector has been considered at the center 

of the mobile platform of the robot used, as 

indicated in the literature. Such reference 

position shares the same plane and is equidistant 

to all the joints between the mobile platform 

itself and the driven link of each end of the robot. 

However, if later it is desired to grant an 

application to the analyzed robot, it will be 

necessary to adapt the programmed algorithms 

so that they consider the position of the end 

effector in the center of the gripper opening, as 

shown in the figure 7. 

 

 
 
Figure 7 Reference point for end effector 

Source: Own Elaboration, 2021 

 

End effector localization results 

 

To perform the tests of the real location of the 

end effector of the robot used, sets of positions 

deduced from the solution of both kinematic 

models analyzed were evaluated. However, 

since the position given for each servomotor can 

only be indicated in integer degrees, the request 

for a specific movement in distance units implies 

that the actual position reached by the actuator 

will differ with respect to the one requested. It is 

precisely from the analysis of the discrepancy 

between the desired and actual position of the 

end effector, that the effect caused by the use of 

servomotors as robot actuators is verified. 
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In the first case, the solution of the 

forward kinematic model is evaluated; for 

which, joint values: -10.30°, 14.97° and 38.45° 

are assigned through the developed graphical 

interface, as shown in figure 8a. However, the 

set values are sent to each servomotor rounding 

the proposed ones towards the nearest integers, 

that is, -10°, 15° and 38°, correspondingly; 

whose actual positioning is shown in figure 9a. 

Likewise, a comparison is made between the 

results obtained from the proposed values and 

those actually sent to the motors, in Cartesian 

and spherical coordinates, in tables 2 and 3, 

respectively. 

 

 
a) b) 

 

Figure 8 Test result of forward kinematic model in: a) the 

graphical interface and b) the delta robot 

Source: Own Elaboration, 2021 

 

Component 

Desired 

value 

(cm) 

Real 

value 

(cm) 

Difference 

(cm) 

X coordinate 7.154 7.010 0.143 

Y coordinate -12.117 -11.967 0.142 

Z coordinate -29.433 -29.524 0.091 

 

Table 2 Test values of forward kinematic model, in 

Cartesian coordinates 

Source: Own Elaboration, 2021 

 

Component 
Desired 

value 
Real value Difference 

Magnitude r 32.624 cm 32.623 cm 0.001 cm 

Angle θ -59.442° -59.658° 0.216° 

Angle φ 154.449° 154.826° 0.377° 

 

Table 3 Test values of forward kinematic model, in 

spherical coordinates 

Source: Own Elaboration, 2021 

 

In a second case, the results from the 

solution of the inverse kinematic model are 

evaluated.  

 

 

 

So, the coordinates: 7.67, 12.89 and -

25.27, in centimeters, for the spatial location of 

the end effector, were entered into the graphical 

interface; and joint values: 24.0684°, -35.0848° 

and 5.2276° were obtained, as shown in figure 

9a. While to the servomotors were sent 24°, -35° 

and 5°, respectively, according is shown in 

figure 9b. The results of the proposed values and 

the data transferred to the robot controller are 

verified, in tables 4 and 5, corresponding to 

Cartesian and spherical coordinates. 

 

 
a)   b) 

 
Figure 9 Test result of inverse kinematic model in: a) the 

graphical interface and b) the delta robot 

Source: Own Elaboration, 2021 

 

Component 

Desired 

value 

(cm) 

Real 

value 

(cm) 

Difference 

(cm) 

X coordinate 7.670 7.709 0.039 

Y coordinate 12.890 12.836 0.054 

Z coordinate -25.370 -25.397 0.027 

 

Table 4 Test values of inverse kinematic model, in 

Cartesian coordinates  

Source: Own Elaboration, 2021 

 

Component 
Desired 

value 

Real 

value 
Difference 

Magnitude r 29.472cm 29.482cm 0.010cm 

Angle θ 59.246° 59.012° 0.234° 

Angle φ 149.407° 149.478° 0.071° 

 

Table 5 Test values of inverse kinematic model, in 

spherical coordinates 

Source: Own Elaboration, 2021 

 

The results reported from the execution 

of the tests with each analyzed kinematic model 

show an average discrepancy of 0.083 cm in the 

real location of the end effector with respect to 

the values obtained from the calculation process, 

by axis, when representing them in Cartesian 

coordinates.  
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So, it is verified that, despite that the 

movement performed by each servomotor is not 

exact, in reference to the results of the 

calculation, the approximation provided by 

rounding these values toward the nearest integer 

does not determine a large error. Of course, 

depending on the subsequent use given to the 

robot, the proven error could be ignored or limit 

the execution of a specific function. 

 

Likewise, the validation of results by 

converting Cartesian to spherical coordinates 

was included. Using the latter, the absolute 

magnitude that relates the reference system, 

settled on the fixed platform of the delta robot, 

with the location of the end effector is examined. 

In this case, the average difference recorded 

corresponds to 0.006 cm, while in the case of the 

angles that complete the spatial location of the 

end effector, a difference of less than 0.500° is 

established for both cases studied. This analysis 

corroborates the close proximity between the 

results of the model and the values adopted, from 

a different perspective than the previous case. 

 

Conclusions 

 

A particularity of parallel robots and 

specifically, of the delta type, is the analysis of 

kinematic models of greater abstraction to 

provide a solution to the location of their end 

effector, than in the case of their serial similes. 

Thus, from the study of the respective forward 

and inverse kinematic models, the programming 

of algorithms was developed that would 

concentrate and ensure the functionality of both. 

The functionality of these algorithms was 

verified by requesting different locations of the 

robot end effector, both by proposing the 

Cartesian coordinates to reach and by 

designating a specific movement in its actuators. 

 

On the other hand, the integration of the 

graphical interface for the kinematic analysis of 

the delta robot, allowed to provide an improved 

visual aspect both to the data required for the 

execution of a particular model, as well as to the 

results derived from such process. Then, such 

results would be sent to the robot controller 

itself, for the management of the associated 

electrical signals. The real functionality of the 

implemented system was ensured through 

Matlab software in communication with 

Arduino hardware. It should be noted that 

Arduino electronic board, despite being a simple 

to use and low-cost tool, presented high 

performance during the relevant tests. 

Regarding the results achieved, it stands 

out that although the actuators used have limited 

mobility, the location described by the end 

effector does not differ considerably from the 

data determined by the calculation carried out in 

each test performed. It is worth mentioning that 

the results obtained in the respective validation 

process were compared in Cartesian and 

spherical coordinates, in order to analyze the 

disparity between them, both by axis and 

globally. Thus, an average difference of slightly 

less than one millimeter is recorded, in the 

location of the end effector, by axis; while in the 

global space, the discrepancy is even smaller. 

 

In this way, it is possible to verify that 

despite being a test prototype, the implement 

developed, and manipulated from a computer 

interface, provides an adequate procedure in the 

scope of specific positions or joint movements 

requested. Therefore, without a doubt, this is a 

motivation to continue the study, starting with 

the application of the robot used in the 

performance of a particular task. Likewise, it is 

highlighted the fact of having an increasingly 

sophisticated means of testing that allows 

Mechatronics Engineering students from 

Technological University of North 

Aguascalientes to understand the operation of a 

robot whose configuration is different from 

those typically valued in an Industrial Robotics 

course. 
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