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Abstract 

In the field of virtual laboratories, applications are diverse 

ranging from education to field of research and development, 

depending on the complexity and requirements of these labs, 

you can find them with access from web domains to use private 

servers or specialized software for its execution, that is why in 

this work was carried out the design and development of a 

multiplatform system with the purpose of storing and interacting 

with one or more laboratories, both virtual and remote, all under 

a web page available to the public, and using a database for 

control and management, achieving mass education through this 

tool thus decreasing the burden on laboratories physical plant, 

and to achieve control and manage the flow of users through of 

MySQL and PHP. 
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INTRODUCTION 

Virtual labs are intended to amass knowledge using different 

remote resources that exist today, simulating different types of 

laboratories, which give access to a number of practical 

at the same time with the same resources, study, observe and 

investigate remotely the operation of the various components of 

the developed laboratory. That is why over the past years have 

been implemented virtual laboratories (LR) in almost all areas 

of knowledge, as evidenced in [1] where a new tool shown from 

the LR to study the relationship of humans with virtual agents, 

this development allowed to carry out new experiments with the 

possibility of implementing them in real time obtaining data 

with greater precision and in shorter times, among others. 

On the other hand in [2] a virtual laboratory for the purpose of 

promoting research in university graduate students to 

do different types of laboratories including education in 

computer science, rehabilitation engineering they were 

developed was implemented, nanotechnology among others. All 

these laboratories have in common constantly interacting with a 

central server where the information stored and communicated 

constantly acquired with the directors of each laboratory, 

generating a communication tool in real time, adapting to the 

needs of students. 

In a similar way in [3], where a virtual chemistry laboratory, in 

order to improve understanding and interaction of students with 

this branch of science and was implemented [4] where a virtual 

laboratory was designed to analyze magnetic materials at the 

 
 

nanoscale because of the cost of the different teams and tests 

carried out to study these materials, it became clear that through 

the LR is possible to increase the number of studies in laboratory 

tests, expand the scope on the topics to develop, slow processing 

and data acquisition and above all provide means of study, 

research and development for communities and people with low 

income and / or limitations physical, for which as in the previous 

development was vital importance that these systems will be 

developed on a server.  

In [5] a solution to the shortage at the universities of equipment 

and infrastructure for the needs of students and teachers is 

developed, which is the immersion of machine models in a 

virtual environment, with the aim of replacing all the previously 

mentioned components. Similarly, in  [6] application of an 

immersed industrial process in a virtual laboratory, with the 

main focus technical design, development and operation of the 

laboratory in real time, in order to demonstrate educationally 

principles shown industrial automation, as in [7] and [8]  where 

different LV developments are presented, each from different 

programming languages like Java, Matlab, among others, but in 

general all focused on professional education to undergraduate 

level. 

Other of the points in favor [9] where they carried out a study of 

the effect of these LR in attitude and achievements that 

chemistry students can get to get to use them as part of their 

process Training, where the 16 virtual experiments were 

evidenced as the applications that the LR use as learning tools, 

generate a positive effect on the students compared with the 

traditional education methods. In the same way [10] A study was 

conducted to measure the impact or LR in the development of 

conceptual understanding of students and analytical skills and 

research in the field of science, showing that test students 

achieved a higher average scores especially in two cognitive 

levels, and that this group develop better skills analysis and 

research in five specific skills studied. 

Furthermore in [11] a survey in order to assess the acceptability 

and timeliness of virtual laboratories as an alternative or 

complement to traditional physical laboratories in education at 

the graduate level at universities, where he was evident it was 

designed that 55.6% of respondents Their main concept is that 

physical laboratories are not adequate nor do they have 

sufficient capacity to carry out an adequate and effective 

education and research process, and as a main result was 

obtained with a 94.4% voting that the ideal education system It 

would be a hybrid between physical and virtual silver, taking 

advantage of the facilities and tools that each one possesses. As 

evidenced in [12] where by means of a system of data 

acquisition, hosting server and exchange of information, a data 
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server, a website and a system of interaction with (the) 

laboratory (s) virtual (s) "an inexpensive way for schools to have 
access to laboratories of all types of courses and theme through 
a computer lab" is obtained. 

Of all the studies studied, the importance of laboratories in the 

educational sector and the potential they may have in the 

industry is evident, as well as identifying the fundamental 

components of these laboratories and their operation in general. 

It is therefore in this paper the results of the design and 

implementation of a platform for virtual and remote 

laboratories, with the primary purpose of developing an 

interactive tool for different needs educationally shown that 

through a website, and Unity 3D or Aryans us are able to 

explore, study and learn from the different resources available 

to them. 

METHODOLOGY 

In the development of servers there are different solutions in the 

market which are adapted to the different needs of the people, in 

this design a solution was implemented that was familiarized in 

the educational environment of all levels, in which the 

interaction of tools for developing virtual environments such as 

UNITY with databases and web servers. Figure 1 shows the 

communication scheme between virtual environments and the 

server. 

The scheme shown in figure 1 shows the form of communication 

that was implemented with the purpose of increasing the reach 

of virtual and remote laboratories, this interaction is carried out 

in different stages. The first stage is the connection user (s) to 

the website, which directly connects to the web page 

Resources.html, where the main connection is administered to 

the different virtual and / or remote laboratories, all this is done 

by remotely via the internet, so the ability of users depends on 

the application and the hardware characteristics of the server 

itself. 

The second stage is the connection between the user and the 

database, due to the fact that it is required for the use of these 

applications at an educational level to have a record control, and 

in the case of remote laboratories, a user control is limited to one 

user per session, this is why the database was developed in 

MySQL as shown in Figure 2, which has different 

administration tools and information exchange such as PHP, 

where through the TCP / IP communication protocol and using 

port 3306 the control and administration of this database server 

was performed. In order to carry out the connection between 

PHP and MySQL, it was necessary to host MySQL in Windows 

Server that through Internet Information Service (IIS) the 

different PHP protocols were interconnected with the database 

 

 

Figure 1. UNITY 3D Interaction Operation Schema - User (s) 

 

 

Figure 2. Scheme of Connection Database in MySQL 

The third stage is the connection between the web page that 

stores the resources of the laboratories with the manager of the 

database in PHP and with the specific laboratory. To achieve 

this after user verification, an identifier is assigned to determine 

the type of laboratory to be used, which in the case of the virtual 

laboratory does not have a limit on the number of users to 

connect, as in the process of bottling a brewery, which is 

displayed in Figure 3. 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 16 (2018) pp. 12823-12826 

© Research India Publications.  http://www.ripublication.com 

12825 

 

Figure 3. Virtual Environment Beer Bottling 

 

In order to develop the virtual laboratory it is necessary to 

interact with the most important components, depending on the 

complexity and scope of the laboratory, that for the case of Beer 

Bottling, the autoclave (system responsible for sterilizing beer 

bottles) is the most important, for which a mathematical 

representation was obtained with the purpose of controlling it 

and studying its behavior, for which this is considered as an 

electric type furnace, for which, applying a thermodynamic 

analysis, we obtain equation 1 and 2. 

𝐶 =
𝑄

𝑑𝑇
𝑑𝑡⁄

  (1) 

𝑄𝑟 − (𝑄𝑐 + 𝑄𝑝) = 𝑄𝑡 (2) 

It is necessary to take into account the heat generated by the 

electrical resistors (Qr), the temperature of the object introduced 

into the autoclave (Qc) and heat losses through the walls 

thereof (Qs) in order to obtain the heat net of the system (Qt) of 

the autoclave in the operating stage. Then, using equations 1 and 

2 Equation 3 is obtained, as shown below. 

𝑄𝑟 − (𝑄𝑐 + 𝑄𝑝) = 𝐶𝑟
𝑑𝑇𝑟

𝑑𝑡
  (3) 

In order to develop the model of the autoclave it is 

important to determine the individual value Q thus applying 

equation 1 and considering the thermal conductivity of the 

object in the virtual laboratory (bottles), on each of the variables 

is produced by Equations 4, 5 and 6. 

    𝑄𝑟 =
𝑉2

𝑅
                (4) 

𝑄𝑐 = 𝐶𝑐
𝑑𝑇𝑐

𝑑𝑡
=

𝑇𝑎−𝑇𝑐

𝑅𝑡𝑐
  (5) 

𝑄𝑝 = 𝐶𝑎
𝑑𝑇𝑎

𝑑𝑡
   (6) 

 

Bearing in mind that at temperatures higher than 50 ° C it is 

approaching 𝑇𝑟 ⩳  𝑇𝑎 [13], where Tr temperature resistance and 

clearing the value Ta of equation 5, and then replacing equations 

4, 5 and 6 in 2, equation 7 shown below is obtained. 

𝑉2

𝑅
−

𝐶𝑐𝑑𝑇𝑐

𝑑𝑡
= (𝐶𝑟 + 𝐶𝑎)

𝑑

𝑑𝑡
[𝐶𝑐𝑅𝑡𝑝

𝑑𝑇𝑐

𝑑𝑡
+ 𝑇𝑐]    (7) 

As a last step it is stable 𝐶𝑐𝑅𝑡𝑝 = 𝜏 [13], the thermal 

resistivity Rtp being generated between the walls of the 

autoclave with the outside environment and τ as the exposure 

time in hours of quantized object, so that replacing and 

simplifying the result, equation 8 is obtained [13], [14]. 

𝜏
𝑑2𝑇𝑐

𝑑𝑡2 +
(𝐶𝑐+𝐶𝑟+𝐶𝑎)

(𝐶𝑟+𝐶𝑎)

𝑑𝑇𝑐

𝑑𝑡
=

𝑉2

𝑅

1

(𝐶𝑟+𝐶𝑎)
   (8) 

This equation obtained is the mathematical representation of 

the autoclave, so that by using real data that can develop control 

system, which for this laboratory was designed under a PD 

controlled, with predesigned values Kp = 87,207 and Kd = 0.401 

but the possibility of modifying them, thus modifying the time 

of establishment and the response of the system, as can be seen 

in figure 4. 

 

Figure 4. Plant response to different controller values 

 

RESULTS 

Once the server and configured launched was achieved stably 

maintain a connection with equipment 48 while virtual 

laboratory for dispensing beer as can be shown in Figure 5. 

 

Figure 5. Serve features or through MySQL 

 

Figure 5 shows 48 connections with a data traffic of 2.69 KB / 

s, which means that the virtual laboratory developed does not 

require a massive data traffic to work. Additionally, it has a key 

efficiency of 86.7%, demonstrating the speed in the 

identification and transfer of data between the server (Windows 

Server), the database (MySQL) and the web page. On the other 

hand it was possible to obtain optimum performance and 

response Virtual Laboratory from different devices at the same 
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time and in Figure 6 the connection to the laboratory remotely 

from a laptop is evident. 

 

Figure 6. Remote access to the virtual laboratory through 

Windows Server, MySQL and Unity 3D 

In the same way the system is multiplatform, therefore, with the 

correct configuration it can be accessed from an Android cell 

phone as shown in Figure 7. 

 

Figure 7. Remote access to the server through an Android 

device 

 

Therefore, once the laboratory in a multiplatform system with 

different users connected simultaneously tested, it was possible 

to demonstrate the stability of the server being possible to use it 

at all levels of education, be possible under different 

modifications using it as an industrial tool. 

 

CONCLUSIONS 

From the work developed in this article it was possible to 

implement a multiplatform system under the Windows Ser 

standard and Internet Information Service (IIS), capable of 

hosting different virtual laboratories developed in Unity 3D, 

which are managed by a database server through MySQL, able 

to manage more than 48 users at the same time 

making it possible to implement education for the development 

of practices in different races. 

By using 3D Unity is able to implement an affordable virtual 

laboratory from any web browser via JavaScript, so laboratories 

implemented do not require higher technical specifications, so 

with minimal configuration and internet access can access this 

type of resource.  
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