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ABSTRACT 

Many chemical and physical processes take place in the human body. They have a 

diverse nature, which makes the study of human nature complex, time-consuming 

and requiring specialized technical base, which provide entry to areas and processes 

that are often difficult to access or invisible to the human eye. This leads to the 

necessity to illustrate certain processes in the human body that are significant and 

need their visual presentation. This report shows developed animated actions of 

processes important for human biological organism, which are presented to students 

and specialists in the fields of biology, anatomy, ergonomics, medicine, and 

healthcare, as well as designers working in modern cybernetics, AR and VR. The 

developed 3D biological models give a better understanding of their nature and serve 

to build a digital database.  
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INTRODUCTION 

The development of modern computer systems has increased the possibilities for 

creating virtual reality in order to illustrate certain images, scenes, and details (Nunes 

and Costa, 2008). Studying human anatomy, specialists working and engaged in 

characterizing the various anthropometric parameters, properties, and characteristics 

of different people have encountered a number of obstacles to composing a 

comprehensive concept (Pensieri and Pennacchini, 2014). The needs of modern 

medicine and healthcare require active exchange of experience, joint national and 

transnational collaborations and participation in scientific and academic initiatives 

(Szabó et al., 2021). The various data obtained over the years have been periodically 

published in scientific papers, and over time additional information has been obtained 

gradually, which subsequently proved to be important in the development of new aids 

and medical devices and other important tools for human health (Bergman et al., 

2015). This also applies to the development of modern technologies specializing in 

healthcare (Thimbleby, 2013). The present report focusses on giving a new 

perspective on the understanding of the vital processes taking place in the human 

body. The development aims to illustrate the learning content and is related to 

learning in detail the processes associated with cell division - Mitosis, movement of 

red blood cells in the veins, neuronal impulses, DNA structure. 3D visualization of 

the learning content of invisible to the human eye models of biological processes 

directly related to Education, Science, HealthCare and Medicine (Fig. 1). 

 

 

 

      

 

 

 

Figure 1. 3D visualization of the learning content of invisible to the human eye    models of 

biological processes in practice 

 Education 

Depending on the profile of the school, university specialty, institute, specialized 

health centers or other private schools developing activities in the fields of health and 

medicine, the application of teaching materials characterizing anatomical and 
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physiological features is basic and / or advanced (Przybylska et al., 2014). Learning 

and understanding of the human body is vital when building future professionals 

whose work will be directly or indirectly related to the protection of human health 

and life (Cleary, 1988). Traditional methods of understanding the anatomical 

structures and their connections in the human body are taught in different types of 

educational institutions (Makdoom et al., 2009). This includes books, textbooks, 

manuals, various presentations and more. A modern way to illustrate the educational 

content is the active inclusion of modern 3D technologies, allowing digitization of 

biological forms, cells, tissues and processes Llano et al., 2020). The visualization 

includes conventional computer graphics and animation, as well as virtual reality and 

augmented reality (Ma et al., 2018). This facilitates the understanding through the 

visualized material by the learners, as well as of all stakeholders in need of accessible 

and easily understandable visualization resources (Dovramadjiev et al., 2021). 

 Science 

The creation of a digital 3D database, including illustrated models of biological 

forms, cells, tissues and processes is essential in a number of fields of science (Zoppè 

et. al., 2008). They are suitable for: biomedicine, ergonomics and human factors, 

cybernetics, computer science, related to conventional design and creation of 3D 

digital and real geometry. Access to such resources optimizes the development of 

various applications and contributes to better design of three-dimensional models, as 

well as shortens design time (Sbalzarini, 2013).  

 Medicine  

For the needs of medicine, the 3D visualization of human physics aims to show in 

detail certain elements, geometric characteristics and entire processes occurring in the 

human body (Liang et al., 2011). By receiving visual information, people and 

specialists involved in medicine can in one way or another use the accumulated 

knowledge in follow-up activities. 

 Healthcare  

When it comes to protecting human health, healthcare is the unifying center of 

education, science and medicine (Yang and Lee, 2016). By including these units, the 

3D creation of three-dimensional geometry of biological forms, cells, tissues and 

processes can participate in a variety of supporting ways. In this complex system, the 

importance of advanced visualization technologies, virtual reality and augumented 

reality are of particular importance, but regardless of which of them is applied, it is 

most important to have a set of ready-made three-dimensional digitized models (Le 

et al., 2018). They are subsequently used in one way or another in complete concepts. 
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TECHNICAL REALIZATION OF DIGITALIZATION 

OF THREE-DIMENSIONAL MODELS AND 

ANIMATION OF BIOLOGICAL PROCESSES 

The animation of the biological processes is done by creating in advance 3D models 

of the respective tissues, cells and others. In a computer environment, they are 

compiled in a virtual environment, where the three-dimensional objects and/or the 

texture itself are driven by an appropriate methodology (in accordance with the 

respective software). It is desirable to do this in suitable 3D computer software for 

graphic visualization (Simpson and Stringfellow, 2007). It is often necessary to 

correlate between different 3D software in order to include more technical capabilities 

that are provided by the respective system. Different software has some advantages 

or disadvantages (Bobylev, 2017). It is common practice to include additional 

specialized applications in the main software such as add-ons (for Blender 3D), add-

ins (for SolidWorks), plug-ins (for 3DS Max) and others (Conlan, 2017). For 

realization of the three-dimensional geometry of the models, methods are applied in 

accordance with respectively: 

- 3D polygonal-mesh geometry: Vertices, edges and faces (mainly constituting the 

polygonal-mesh models (Blender, 2021)) are built by gradually upgrading volumes 

based on geometric lines and curves. In certain cases, three-dimensional primitives 

are also used, which are further processed (Chronister, 2017). 

- 3D solid geometry. 2D and 3D sketches are used, and subsequently features are 

applied, through which the three-dimensional geometry is built (Lombard, 2013). 3D 

solid models have the advantage that they are built with mathematical accuracy, they 

can be assigned material, as well as make a number of simulations (Dudareva and 

Zagayko, 2013). 

When the three-dimensional geometry of the basic models is ready, specific 

visualization techniques are applied in accordance with the capabilities of 3D 

software, and in certain cases they can be combined to increase efficiency.  

Modern Technical Means and Leading 3D Software  

The question of choosing the right 3D software (s) is always a dilemma for computer 

designers. In recent years, proven software such as SolidWorks, Cinema 4D, 3DS 

Max and a small number of other high-quality programs have established themselves 

on the international market. In principle, these software have a good reputation and 

they adhere to a paid license policy. These leaders have recently been joined by 

Blender 3D and FreeCAD, which are part of Open Source software (Junk and Kuen, 

2016). Table 1 shows the leading 3D software and the corresponding main supporting 

file formats. 
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Table 1: Main 3D software for creating three-dimensional digital models of 

biological processes and their file extensions. https://fileinfo.com/ 

3D 

software 

type 

Free Working 

supported files / 

extension 

Paid Working 

supported files / 

extension 

Polygonal-

Mesh 

 Blender  

 

 *.blend  Cinema 4D 

 3DS Max 

 Maya 

*.C4D 

*.MAX 

*.MA, *.MB 

 

Solid 

 

 FreeCAD 

 

 *.FCStd 

 

 SolidWorks 

 

 

 Catia 

 SolidEdgе 

 Inventor 

 

*.prt, *.sldprt, 

*.asm, *.sldasm, 

*.drw,       

*.slddrw 

*.CATPart 

*.par, *.asm, *.dft  

*.ipt, *.iam, *.idw 

 
3D Computer Animation of Biological Processes  

3D computer animated are (Figure 2): 
 Deoxyribonucleic acid. The structure of the DNA double helix.: 

https://www.youtube.com/watch?v=KLcBxLsND7A; 

 

 Neuron Impulse. Transmission of a signal to the nervous system of 

biological individuals: https://www.youtube.com/watch?v=T6_847CI8P0 ; 

 

 Vein and red blood cells. Activity and movement of the red blood cells in 

vein: https://www.youtube.com/watch?v=76d57tea_1w ; 

 

 Mitosis. Even division of the genetic material of the mother cell into two 

daughter cells:  https://www.youtube.com/watch?v=4d2Xh2aJvw8 . 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. 3D visualization of the learning content by animating biological processes 
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CONCLUSIONS 

This report presents the advantages of modern technical means that support the visual 

presentation of biological processes through computer animation. This modern 

approach optimizes the educational, scientific and medical fields directly related to 

healthcare. 3D models and biological processes related to human physics of DNA, 

Neuron Impulse, Blood Cells, Veins, and Mitosis have been developed and presented 

publicly. The obtained results support the learners and all stakeholders involved in 

the important issues of studying the biological organism and exploring opportunities 

for improving human health, by searching for new methods and approaches for faster 

presentation of the learning content. 
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