
               Автоматизація технологічних і бізнес-процесів Volume 9, Issue 2 /2017               
http://atbp.onaft.edu.ua/ 

52 
 

UDC 004.946 : 631.363.28  
 

DEVELOPMENT OF A VIRTUAL 3D-SIMULATOR OF THE 
FEED PELLETING TECHNOLOGICAL PROCESS 

  
N. Shcherbakov1, F. Trishyn2  
1,2Odessa National Academy of Food Technologies, Odessa, Ukraine  
   
Copyright © 2014 by author and the journal ―Automation technological and business - processesǁ. 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/   
 

    
 
DOI: 10.15673/atbp.v9i2.563 
  

Abstract: The process of developing a virtual 3D simulator of the process of granulation of mixed fodders is considered. 
The consequences of errors in the operation of press granulator operators are considered. The difficulties associated with the 
training of high-tech and expensive equipment operators are described. The necessity and described difficulties of acquiring 
practical skills of working with such equipment at the training stage are substantiated. It is argued the need to introduce 
computer simulators in educational institutions in order to improve the quality of the acquired knowledge, form a complex 
decision-making skill for future operators of technological processes. The results of a survey on improving the efficiency of 
management of technological processes after the introduction of simulators at enterprises are considered. The data of the 
simulator market and its forecasts for 2017 by regions and types of the interface used are presented. The conclusion is drawn 
about the growing popularity of simulators based on the 3D interface. The advantage of using the 3D interface with respect to 
the 2D interface is substantiated. The types of immersion in the learning environment in various simulator interfaces are 
considered. The vulnerabilities of the 3D simulator are noted. The goal is to develop a 3D simulator for a press granulator 
operator. A solution of a set of tasks is proposed to achieve this goal. The plan for creating a simulator was developed. A 
detailed consideration of the development stages of the simulator is given. The possibilities of using the simulator being 
developed are considered. The possibility of developing a simulator of emergency situations is described. The relevance of this 
development is justified. 

Keywords: Computer simulator, virtual simulator, 3D simulator, simulator of technological process of pelleting feed. 
  

Every year the enterprises increases the share of high-tech and expensive equipment, which is characterized by high 
complexity, energy consumption and accident which can cause great economic losses. Such equipment, of course, is the pellet 
mill. Operator errors when working with it can lead to serious consequences: potential accidents, reduce product quality, 
downtime and other economic losses that are comparable in scale with the losses from accidents. To work with such equipment 
need specially trained, skilled operators, which will be responsible for the consequences of their decisions in the process. Thus, 
more pressing is task of training operators in process control system [1]. However, even with a high level of theoretical 
training, the student after graduation is experiencing some difficulties in the transition to practice directly in the enterprise. To 
solve this problem it is necessary during training to acquire practical skills. But within the framework of educational process 
can be a number of reasons that will prevent this such as: 

 the inability of providing students with materials, tools, and other means;  
 the high cost of materials for the practical work, which hinders their mass application; 
 high transience of studied processes that prevent the student effectively capture and reflect the observed results. 

One solution to these problems may be the development of virtual trainer-simulators of technological process. The main 
objective of such trainer-simulators is the formation of the complex skill of decision-making that is based on the ability to 
simulate the dynamic response of the object and the control system on an arbitrary control actions of the operator. Ie in fact, 
the simulators are the same software process modeling in dynamic regime with a mandatory requirement of the provision of 
real time. The interactivity of these simulators allows training in conditions close to real. Application of mathematical models 
of real equipment, processes, various types of emergency and abnormal situations makes it possible to repeatedly reproduce 
certain modes of operation, without any resources of real equipment and without compromising personnel and products. 

Implementation of this approach became possible due to the rapid development and reduction in price of computer 
technology and progress in the field of creation of virtual reality. Based on these technologies developed many simulators for 
military applications, medicine, various industries, etc [2]. 

The effectiveness of simulators has been confirmed by many surveys, one of which was taken in Norway in 2012. During 
the surveys were received 99 responses from enterprises owned by 11 companies. Among the respondents 36% were 
engineers, 31% operators, 20% instructors, 13% managers [2]. 
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From the point of view of the operators, the simulators: 
 improves the understanding of the process and the ability to manage them safely (84%); 
 strengthens the ability to cope with faults (81%); 
 gives confidence and convenience in the daily work (71%); 
 Instructors, engineers and managers; 
 acceleration of start (79%); 
 reduction of operational risks and strengthen the integrity of TP (72%); 
 increasing the productivity of the plants (62%). 

More than 80% of survey participants stated improving the efficiency of operators (marked significant), the average 
improvement is estimated at 31% (tab. 1). 

 
Table 1 – Improving the effectiveness of the training level of operators 

Not increased 
Slightly 

increased  
(<10%) 

Is much 
(10…30%) 

Strongly 
(30…50%) 

Very much 
(50…75%) 

is Extremely 
strong 

(75…100%) 
4% 16% 39% 23% 9% 9% 

 
The need for virtual machines increases more and more. This is evidenced by the forecast of market simulators, 2017 (tab. 

2) [4].  
 

Table 2 – Market forecast of simulators in 2017, with market share by regions 
Region 2012, 

million USA 
2012, % 2017, 

million USA 
2017, % CAGR, % 

Europe, middle East, Africa 172,7 35,6 254,0 33,4 8,0 
North America 163,3 33,6 242,3 31,9 8,2 
Asia 124,8 25,7 227,1 29,9 12,7 
Latin America 24,9 5,1 36,4 4,8 7,8 
In total 458,8 100 759,8 100 9,4 

 
As you can see, the total market volume in 2012 was $458,8 million and in 2017 should reach $759,8 million, with an 

average annual growth of 9.4 %.  
The forecast of growth by type of interface can be seen from tab. 3. 
 

Table 3 – Market forecast of simulators in 2017 by the types of the interface 

 
2012, 

million 
USA 

2012, % 2017, 
million USA 2017, % CAGR, % 

Traditional 2D interfaces 382,4 78,7 548,7 78,3 7,5 
3D interfaces 31,0 6,4 52,8 7,5 11,2 
Virtual reality 25,6 5,3 42,5 6,1 10,7 
Other 46,8 9,6 56,9 8,1 4 

 
As you can see, systems with 3D interfaces and virtual reality will occupy an increasing share of the market. This is due to 

the many advantages of 3D over traditional interface. 3D visualization gives a better sense of immersivness: presence, 
immersion in the environment. According to Ernest Adams, immersion should be distinguished in the following types [5]: 

 tactical – execution of local operations, requiring skill; 
 strategic – more intelligent, due to the solution of mental problems (choosing the right solution among the wide range of 
possibilities); 
 narrative  – deep dive into the script; 
 emotional – experience the emotions caused by involvement in a simulated situation; 
 touch – the sensation of being in a three-dimensional environment; 
 spatial – a sense of dimensions of the space and objects; 
 psychological – operator identified with the actors, who manage the TP. 

Many elements of the immersion already present in the training interfaces. In tab. 4 they are distributed according to the 
dimension and type of presentation. 

To two-dimensional interfaces inherent a fully strategic and tactical immersion. This is due, primarily, with some primitive 
interface, what made, usually in the form of technological schemes, with a possible animation. 3D interfaces allow the operator 
to feel activity on the sensory, spatial, emotional and psychological levels. The possibilities of narrative immersion is limited 
due to the lack of exciting narrative effects. 
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Table 4 – The types of dives in different interfaces of simulators 
Interfaces of simulators Types of dives 

2D  Strategic 
 tactical  
less so: 

 narrative 
3D  tactical 

 strategic  
 emotional 
 touch  
 spatial  
 psychological  
less so: 

 narrative 
 
For all the appeal of a 3D simulator, it should be noted his vulnerable side. Absolute realism and accuracy of the 3D 

interface is controversial. It's just impossible because of the limitations of the approach. There will always be a sense of 
artificiality and, as a consequence, there is a psychological sense of the game situation. Although this gives the student more 
motivation to learn, it reduces the sense of responsibility, is so necessary in the real work place [7]. ]. In addition, a significant 
drawback can be the cost of such equipment. Precision interfaces have bought the huge cost of system development and 
support. However, as noted earlier, work on the creation of such simulators is in full swing and gaining momentum. 

We will consider the development of a 3D simulator of the operator of the press granulator.  
The goal of this project is the improvement of economic efficiency of production of the granulated compound feed by 

improving the professional skills of operators of the press granulator. To achieve this objective, the solution of the complex 
problem: 

 a visual representation of the production facility; 
 providing training and improvement of professional skills of workers without economic risks of the enterprise; 
 the use of interactive industrial machine; 
 simulated abnormal and emergency situations in a virtual environment. 

For the implementation of the simulator was taken a real production facility, was carried out the data collection: technical 
documentation, technological process description, equipment specification. In Fig. 1 shows a diagram of the technology 
development of the simulator. 

Take a closer look at the stages of development. 
1. Statement of the problem. At this stage, is formulated the purpose of the simulator, defined methods of problem solving, 

assesses the effectiveness of the algorithm, describes the requirements for devices that will use software developed 
software. 

2. Analysis the task. Here more details are worked out initial data suggested their implementation in the developed 
simulator. Subsequently created a mathematical model of technological processes and applied equipment using block 
diagrams on a pre-prepared formalized description of different scenarios of operation of the virtual machine. 

3. Development of solution algorithms. The developed application has a large number of scenarios of the press-granulator, 
each of which can be implemented via software in a variety of ways, so at this stage there is the choice of the optimal 
algorithms.  

4. Designing the structure of the program. We develop detailed models of the program containing information about the 
hierarchy of subroutines, and methods of interaction with the user, storing information, etc. 

5. Graphics simulator. At this stage also defines the General style of graphic design of the simulator, are requirements to 
individual elements, taking into account existing control systems of technological processes for more efficient 
assimilation of information, development of 3D models of process units and other elements of the system. For these 
purposes, used 3ds Max and the tools for working with the user interface of graphics engine Unity3d. 

6. Encoding. At this stage is coding the program, using materials obtained in the previous stages. Development 
environment – a program Unity3D, which has a built-in language support high-level programming C#. 

7. The testing and debugging. This step is necessary for finding and eliminating code errors and testing of various 
scenarios of user interaction with the simulator to avoid those situations when the program finds solutions for improper 
use [8].  

The developed simulator will provide the opportunity to teach both students and retaining the already established operators 
of the press granulator. It is intended to develop many of the scenarios applicable for industrial situations: starting, stopping, 
and maintaining the operating mode detection and Troubleshooting. 

In addition, it is planned to develop simulation of emergency situations, which will be a certification test the student all his 
knowledge and skills gained in the implementation of training programs. This simulator, in contrast to training programs must 
have the following features: 

 the absence of any hints on the graphical user interface; 
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Fig. 1 – Development technology of simulator 
 

 emergency randomly generated in each run of the simulator; 
 there is no margin for error. 

The simulator will allow you to test and hone their skills, simulating a real object. The employee who uses the simulator, 
must detect and correct the cause of the problem. Every time faults are randomly generated and can appear after some time 
after starting the simulator. The purpose of this algorithm is to develop the vigilance of the worker, his rational assessment of 
the situation, proper and timely corrective action. In case of an error on the part of the operator of the simulator stops and 
displays information about the current session. It specifies the allowed operator error, a fault in a running session, comments 
on how to fix it. 
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