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Abstract. The article presents a virtual environment of a pumping system ori-

ented to training of users that interact with industrial processes. The application 

of it was performed in a graphic engine Unity 3D, where shows two training en-

vironments: i) Electro pumps laboratory, simulates control operations of control 

for manipulating many configurations from centrifugal pumps in individual, serie 

or parallel in order to visualize by an HMI the physical parameters such as: pres-

sure, flow and temperature; ii) Industrial environment the user prepares in a com-

plementary way how to know industrial processes in a practical and realistic way. 

In order for making the virtual application immersive and interactive, the model-

ing of the electrical characteristics of the pumping system was carried out. 

Keywords: Virtual Environment, Pumped System, Unity 3D, Immersive and 

Interactive. 

1 Introduction  

Nowadays, the virtual technology has been implemented in several environments such 

as: education, medicine and especially at industries, this one allows to develop the 

catchment level and with it the understanding of the work environment that all staff in 

the industry must have [1]. The industrial processes always require to get support, cal-

ibration and adjustments of each system’s instrument, where a lot of them are dangerous 

to the operator who doesn’t have enough training [2], in order to avoid that the company 

has required to different alternatives where the process does not represent any danger 

for the operator and machine, e.g., industrial digitalization where the operator can vis-

ualize the behavior of the machine. The use of virtual entertainment results a better 

experience for the operator, duo to the fact that it can interact with elements of the 

system and at the same time to watch all different changes [3]. By opting virtual tech-

nology for information and management of industrial equipment, it presents better re-

sults and reduces costs compared to the use of usual technologies [4]. 

At present induction videos and virtual tours are used by the industry for training all 

the staff, which seems to be very theoretical because It does not do any interaction with 

the other industrial processes, to satisfy the demands, RV and AR technologies are be-

ing developed, those ones allow to improve the training scenarios [5]. Some applica-

tions stand out in the field of design optimization, maintenance, process control and 

operator training e.g., there is a virtual application with focuses on the operator training, 

to simulate experiences in the decision-making that takes place in the field work [6], 
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only focuses on operator training and not on the interaction with the process. The RV 

allows the user to interact with elements of the virtual world with a realistic approach, 

in this sense it can perform training scenarios for the operator’s simulation under spe-

cific conditions [7]. On the other hand, the AR shows in the real world fictitious ele-

ments generated in a virtual way, which one can be used through software [8]. 

Petroleum processes tend to work continuously, with periodic maintenance planning 

and no work stoppages, duo to that it has led to staff training through virtual scenarios 

that sever to evaluate possible cases that can happen with the real equipment, by apply-

ing the RV it is not necessary the presence of the operator in the industry [9]. One if the 

methods of virtual in the pumping system is the extraction of crude oil by means of 

centrifugal pumps from the production wells and displacing them by pipes with the 

objective of the discharge is at ground level [10]. Besides there’s an area of industrial 

maintenance where the operator can manipulate the pitching and receiving traps of the 

pipe scrapers (PIG) in order to strengthen knowledge [11]. The detection of virtual 

modules in existing plant topologies by means of extended search algorithms and the 

definition of functional patterns, it is now possible to identify all virtual modules within 

a plant topology [12]. By the necessity of modernizing the industry’s facilities digital 

models are implemented for simulation in a virtualized environment, which allows to 

automatically convert engineering documents obtained specifically from pipe diagrams 

and instrumentation. The resulting models can serve as a basis to support engineering 

tasks that require simulations [13]. The applications that were mentioned take focus on 

the training of professionals but not the educational field. 

This work presents a virtual application aimed at training users in the pumping sys-

tem, in order to solve this trouble, it has been developed two scenes that allow immer-

sion and interaction through the graphic engine Unity 3D and through mathematical 

models to do the system analysis. i) Electro pump laboratory has disposed of several 

pumping system modules where the user can simulate control operations, supervision 

and data acquisition; how opening or closing of valves to configure VFD parameters, 

perform configurations of centrifugal pumps in individual, serie or parallel, and visual-

ize temperature data in a graphical interface (HMI) that are obtained by modeling the 

electrical characteristics, while in the ii) Industrial environment, allows to know indus-

trial processes  in a practical and realistic way, so that the user is trained to perform 

maintenance practices through didactic instructions, in this method it is able to see the 

risks that can occur when an incorrect maneuver is performed. Finally, to obtain a more 

realistic application is implemented a safety signage, surround sounds and the use of 

external devices to interact with the environment. 

The article is structured in 6 sections including the Introduction. Section 2 describes 

the development of the virtual application using blocks; In Section 3 it is represented 

by stages for the development of the virtual environment. Section 4 shows the behavior 

of the system. Section 5 shows the results obtained in the investigation; to finally, es-

tablish the conclusions in Section 6. 
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2 Problem Formulation  

For the development of the virtual environment of a pumping system, scripts are used, 

those ones are the principal part of the application because they allow to link different 

stages such as the input and output devices, through the use of virtual reality glasses 

and optical controls, the mathematical model of the system is performed in the Matlab 

Software and by using shared memories it’s linked to Unity 3D software for sending 

and receiving data, with it the user will be able to interact with different work scenes 

that contain the virtual environment to establish a greater realism in the interaction and 

immersion between the user and the 3D virtual pumping system. 
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Figure 1. Block diagram of interrelation between components 

Figure 1. Shows different blocks for application’s development. The first section called 

SCENES, represents the content of GAME OBJECTS for the edition of pumping sys-

tem variables. In this phase the interaction between the user and the application is con-

figurated by the Controller Grab Objects which allows to take over and supervise the 

virtual environment behavior. 
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The Scripts block indicates the communication between the Unity 3D AppManager, 

mathematical software and the input and output devices. Through a set of GUI exten-

sions allow the game developer to insert windows, panels, buttons among others to 

visualize the behavior of electrical variables, when interacting with the user. 

The mathematical software covers the mathematical modeling of the electrical char-

acteristics of the pumping system, for which input variables of the frequency inverter 

(speed) and the type of configuration of the hydraulic circuit are used by the centrifugal 

pumps that are controlled through a HMI, where the user can monitor the process, to 

obtain the physical variables of output such as flow, pressure and temperature. Finally, 

the connection between Unity 3D and Matlab is made through shared memories that 

allow sending and receiving data. 

In the entry stage, two devices are considered: i) Oculus SDK, allows the user to 

immerse for the control of movements and the angle of vision. ii) Controller Grab Ob-

ject, is responsible for the control of user functions, while in the output stage the sounds 

that are generated in the virtual environment are emulated when the pumping system 

process starts, it also shows the output variables through an HMI implemented in the 

virtual laboratory, so that the user has a more realistic sensation. 

3 Development 

In Figure 2, it’s shown the pumping process in order to be virtualized, for which the 

instrumentation and pipe diagrams (P&ID) are used, which allow maintenance and 

modification of the process [14]. The P&ID diagram is developed in the AutoCAD 

P&ID software that contains 2D CAD designs of mechanical and electronic compo-

nents such as: centrifugal pumps, tank and measuring equipment that emulate the op-

eration of the pumping system. 

 

Figure 2. P&ID Diagram of pumping system 

In Figure 3, the different stages for the digitization of tools and instrumentation 

equipment are described, those one will be visualized in the virtual environment.  
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Figure 3. Virtualization stages 

Stage 1. In the CAD design phase, AutoCad Plant 3D software is used to design and 

model piping systems for industrial processes, the advantage is that components to be 

implemented are governed by catalog standards. The design of all components of the 

pumping system must be exported with the extension *. FBX, e.g., centrifugal pumps, 

valves, pipes, among others, as shown in Figure 4. 

<  

Figure 4. 3D Pumping system design 

Stage 2. In this stage we used SolidWorks software that allows the creation and as-

sembly of 3D elements, these designs must be exported with the extension. IGS because 

it’s compatible with the 3DS MAX software, this one allows to group or uncouple the 

parts of the model in groups without incurring in the relationships of position and move-

ment  created, finally to export the created file to UNITY 3D with extension FBX, e.g. 

Flow meter, flow sensor, pressure, instrumentation components, laboratory accessories, 
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and others. Figure 5, shows the comparison between the virtualized instruments with 

respect to the real instruments. 

REAL INSTRUMENTS VIRTUAL INSTRUMENTS

BALL VALVE

CONTROL VALVE WITH LINEAR 
ACTUATOR

MANOMETER

FLOW METER

 

Figure 5. Shows the comparison between virtualized instruments with respect to real instru-

ments. 

Stage 3. In the third stage, the virtual environment is developed using the Unity 3D 

Graphic Engine, where the virtual simulation is carried out through different scenes, 

which show the training modes. The configuration of the HTC VIVE and Gear VR 

devices allow a better interaction between the user to explore and interact with the 

pumping system, by a programming in scripts such as e.g., i) Physical Events On Col-

lision (Enter, Stay, Exit) and On Trigger (Enter, Stay, Exit); events that occur when 

colliding and physically interacting with the object. ii) The event controller for the user 

to interact with the environment is imported Package of Steam VR Plugin provided by 

the Asset Store. The user can move around the virtual environment using the HTC tel-

eportation system. In addition, in the main window of Unity is located the Asset in 

which folders are created for animations, scripts, textures and materials to organize each 

event of the pumping system, see Figure 6. 

 

Figure 6. Distribution of parameters for the development of the virtual environment 
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By giving more realism to the virtual environment textures and physical properties 

are added, also, scripts are used for the animation of the process to be carried out e.g., 

the opening and closing of the control valve with linear actuator, as indicated in Figure 

7.  

 

a) Characteristics of textures in virtual instruments

Animation Valve

Any State

Animation_Valve_OFF

Animation_Valve_ON

 

b) Animation of instruments 

Figure 7. Instruments in the Unity 3D editor 

4 System Behavior 

Because of the virtual environment has similarity with reality, the data of the virtual 

laboratory are linked with the data generated in the mathematical processing, where the 

variables and operating conditions that involve the pumping system are specified, at 

this it will be obtained an answer in real time to the variable modifications that made 

some user. 

The interchange of input and output data is done in a distributed way through differ-

ent partitions in a shared memory, duo to the fact that they allow to process more infor-

mation in an orderly and dynamic between the software Matlab and Unity 3D. In Figure 

8. The bidirectional interaction between the pressure (P), flow (Q), temperature (T) 

and valve position (ON / OFF) data is indicated, in order to emulate the behavior of the 
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plant through mathematical processing which varies according to the actions performed 

by the user in the virtual environment. 

 

Figure 8. Data interaction between Unity 3D Software and Matlab 

Mathematical modeling is important because it allows to simulate the interaction 

between the pumping system and the user. This is done using MathWorks Simulink 

software that offers a wide variety of mathematical engineering elements, in this case 

the modeling of a centrifugal pump and valves was obtained, as shown in Figure 9. In 

the Matlab - Simulink software [15]., the frequency inverter (VFD) is programmed to 

modify the electrical parameters of the centrifugal pump such as frequency, nominal 

speed, power, current, and in the same way the configuration of the valves in individual, 

serie and parallel. 

 

Figure 9. Mathematical model of the pumping system 
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5 Results and Discussion 

In this section, the results reached in the virtual application developed are shown, as a 

novel alternative for the training of users in industrial processes, because real laborato-

ries do not emulate large processes due to lack of equipment, instruments, budget or 

infrastructure. The virtual training module in the area of Pumping System allows the 

user to know in a practical way the industrial processes and the consequences when 

performing incorrect maneuvers. 

     The virtual environment shows two training modes that allow user interaction and 

immersion and can be selected according to the need for learning, as shown in Figure 

10. 

 

Figure 10. Scene selection 

Virtual Laboratory Mode, in order to change the conventional teaching methodol-

ogy, additional operating instructions are used in the form of dialog boxes that the user 

can observe during the development of the laboratory practice in the area of pumping 

system. In addition, the laboratory is equipped with electrical and mechanical tools such 

as, e, g., Screwdrivers, wrenches, clamps, centrifugal pumps, frequency inverter, valves 

and measuring equipment that allows to emulate maintenance tasks. In this training 

mode the user can assemble pumping systems according to the configuration of the 

centrifugal pumps, i.e., individual, serie or parallel, see Figure 11. 

 

Figure 11. Virtual lab 
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The virtual application data is obtained from the real pumping system as shown in 

Figure 12, through the LocalHost base that receives the data from the PLC, with the use 

of Xampp software real process information is stored in LocalHost and through MySQL 

manage the data in Unity 3D, with a unidirectional communication. 

 

Figure12. Communication between the physical system and the virtual environment 

To validate the mathematical model, an experimental comparison test was used be-

tween the efficiency curves generated in the Matlab graphical editor and the LocalHost 

database with data generated by the actual pumping system. In Figure 13, the curves 

are shown in a) Individual, b) Serie or c) Parallel, the serie configuration maintains the 

flow while the parallel configuration increases due to the change in the suction and 

discharge pressure of each pump. 

Matlab Real 

 

 

 
a)   Individual 



11 

  
         b)  Serie 

  
                                                                            c)   Parallel 

Figure 13. Efficiency curves of the virtual system 

The curves generated in the real system and in the Matlab software, have similarity 

what allows to verify that the mathematical model applied in the virtual application is 

correct, and allows to interpret the operation of the real system. 

Industrial Environment Mode, the route in the environment does not replace the 

physical training, but it allows to know maintenance tasks that it doesn’t have a plan-

ning of the industry, it is difficult to have access. The virtual application presents a great 

advantage for the training of students and new workers who do not have knowledge in 

real industrial processes, with the implantation of the virtual industrial environment, 

the probability of learning in the area of the pumping system increases. As shown in 

Figure 14. 
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Figure 14. Industrial environment 

In order to avoid that users, suffer any accident both the virtual laboratory and the 

industrial environment, operational, safety and prevention information is implemented 

according to the INEN-ISO 3864-1 standard [16], this one allows to avoid situations of 

risk in any training mode, they are strategically located in different places with the ob-

jective that any user can easily detect them [17], as shown in Figure 15 and 16. 

 

Figure 15. Evacuation plan in the laboratory 

 

Figure 16. Safety signs in the industrial environment 
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In the training modes situations of risks are development that are activated when the 

user does not comply with the operating protocols, in this way, more realism is given 

to the virtual environment. An emergency situation occurs when the user causes acci-

dental changes to the work plan or to perform different instructions in the process e.g., 

i) Serial configuration: valve 3 is closed and causes a pressure rise in the suction pipe, 

ii) Parallel configuration: raises the excess pressure in the suction and discharge pipes 

when valves 3 and 4 are closed. In both situations, if the problem is not controlled, it 

can cause the pipes to explode, mechanical and electrical faults in the centrifugal pump. 

These emergency situations are visualized when the pipe changes to a red color, see 

Figure 17 and 18. 

 

Figure 17. Emergency situation in serial configuration 

 

Figure 18. Emergency situation in parallel configuration 
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The application of this one presents the training modes with the inclusion of an ava-

tar that simulates an assistant who is determined to make instruction to the users in 

specific places into the virtual mode. With this a better immersion is obtained, in order 

that the user can take guided tours for leaning or training in the area of pumping system, 

as indicated in Figure 19.  

 

Figure 19. Virtual assistant 

To determine the efficiency of the virtual application, usability test was used to dif-

ferent users in chairs e.g., Fluid Mechanics, Plant Design, Industrial Instrumentation 

and Process Control to determine the experience in the virtual training environment, as 

indicated in Table 1. 

Table 1. The usability of the virtual application 

QUESTIONS 

1 ¿Have you ever used devices HTC VIVE y GEAR VR that allow to immer-

sion and interact in virtual environments? 

2 ¿The use of the training module is intuitive? 

3 ¿ Does it result easy the management of devices in the virtual environment? 

4 ¿ Are you able to perform the operation given by the virtual assistant?   

5 ¿Could you identify risk conditions and emergency situations in a real in-

dustrial environment? 

6 ¿Are the operating modes in the Pump System clear? 

7 Would you recommend the training module as an additional tool to the the-

oretical training that is given in the educational and industrial field? 

8 ¿Did the virtual application help you understand and improve skills in in-

dustrial processes? 

9 ¿Do the safety signals placed in the virtual environment comply with the 

established standards? 

10 ¿Does the incorporation of new technologies (RV) allow the development 

of practices with problems of real industrial processes? 

 

Figure 20, indicates the standard deviation of the users surveyed for each question, 

these results show that the virtual application is accepted by users as a training module 
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in the Pumping System area, where the achievement of the application is evaluated 

between the range of regular (1) and excellent (5). 

 
Figure 20. User learning level within the virtual environment 

6 Conclusions 

The article presents the development of a virtual application containing pumping 

plants and 3D measurement and control instruments designed in the software AutoCad 

Plant 3D and SolidWorks respectively, the files are exported to the Unity 3D graphics 

engine to give realism to the working environment and through manipulation devices 

such as HTC VIVE and Gear VR allow the user to immerse and interact realistic with 

the pumping process. 
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