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Abstract: The aim of this article is to point out the needs of the implementation of augmented reality in the educational process in the field of 

computer modelling. This topic addresses issues in the field of mechanical engineering, where it focuses mainly on the needs of education 

using innovative augmented reality approaches. With the help of modern visualization methods, all practical and theoretical knowledge of 

computer aided manufacturing technologies ware applied in a suitable electronic form and thus the pedagogical process was facilitated for 

students. This method of visualization significant supports education. As part of increasing the quality of the educational process through 

augmented reality techniques, the study is more interesting and focuses mainly on the development and creation of conditions for the use of 

such technologies in technical practice. 
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1. Introduction 

The term augmented reality is used to describe an interactive view 

of reality that is augmented with computer-generated objects 

according to user preferences.  In human perception, there are two 

understandings of augmented reality that oppose each other. 

Augmented reality can be understood as a special case of virtual 

reality and generally considered to be an intermediate stage between 

something that is real and something unreal, computer generated. 

Augmented Reality (in short AR) today affects a variety of 

industries from the social, social and cultural life of the average 

user. It transforms the gaming business, sports, healthcare, 

education or the film industry [1]. As it turns out, other industries 

will not avoid this trend. The development of new technologies is 

currently dizzying. The deployment of computer technology and 

electronics in various areas of human activity has significantly 

contributed to this process. 

 

1.1. Augmented reality with use of localization 
One of the most common augmented reality applications is also 

called localization or positional application. This type of augmented 

reality uses a GPS, digital compass, accelerometer or speedometer 

that is built into the user's device [3]. These tools are used to display 

information and content based on location by the user's device, 

which is most often a mobile phone or tablet. The advantage of the 

augmented reality application without the use of markers lies in the 

possibility of precise localization of smartphones and devices in real 

world. This type of AR application is most often used to map 

directions and locate objects near the device. 

 

 
Fig. 1 Example of AR with use of localization [6] 

 
1.2. Marker-based augmented reality systems 
This kind of augmented reality is based on the recognition of 

graphic marks. It uses a camera and a certain type of visual label, 

such as a QR code or 2D barcode. Enriched view can be achieved 

by simply capturing the visual marker by the user. Marker 

recognition applications use a camera on the device that allows 

recognize a well-defined identifying mark that is different from any 

real-world object. Distinctive but simple patterns are used as tags 

because they are easy to recognize [5]. They do not require the high 

performance of a recognition device designed to read these user 

tags. The recognition tag contains information or a specific type of 

content with the exact orientation and position in which augmented 

reality is to be displayed and overlaid the marker. 

  
Fig. 2 AR with use of ThingMark marker 

 
1.3. Augmented reality with use of projection 

technology 
A type of augmented reality operating on the principle of projecting 

the artificial world onto the surface of the real environment. This 

type of augmented reality application allows users to interact with 

virtual data. The light is transmitted to the surface of the real 

environment and then the user's interaction is sensed, or his touch 

disrupting the desired impact of the projected light on the surface. A 

given user interaction can be detected by distinguishing the light 

projection on the surface without interaction and by comparing it 

with the altered light projection caused by the user interaction. One 

of the applications is a projected advertisement on fog which is 

generated by the visualization unit itself. The advantage is that it is 

possible to go through the advertisement without worries, while on 

hot summer days the device will provide a pleasant refreshment. 

 
Fig. 3 Numerical touch control projected on a surface [2] 

 
1.4. Augmented reality with use of superposition  
Augmented reality using the principle of superposition, the original 

view of a certain object in the real environment is partially or 

completely replaced by a view of the same object, which is 

augmented by the device with graphic elements. Object recognition 

plays an important role in this augmented reality application, as the 

application is not able to replace the original image with an image 

enhanced by visual elements without it being possible to clearly 

identify and concretize the object. An example of the use of this 

type of augmented reality application is the utilization by the 
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furniture company IKEA, where users are allowed to scan an object 

or a piece of furniture in a catalog and then virtual graphic 

placement in their own home using augmented reality. 

 
Fig. 4 Example of superposition-based AR [2] 

 

2. Incorporating augmented reality into the 

educational process 
Augmented reality can be used to increase the effectiveness of the 

teaching process and to improve educational activities. Augmented 

reality helps students to better understand the issue, to remember 

new information better than traditional teaching media (book, video, 

etc.). An innovative form of teaching can be used to model objects 

in different environments or in entire scenes and for subsequent 

visualization. It is possible to easily manipulate these models and 

students get immediate feedback with the possibility of 

understanding possible imperfections or errors in the design of the 

model. Augmented reality applications have great potential to 

engage, stimulate and motivate students to explore materials from 

different angles, they can provide a real experience in areas such as 

astronomy or geography. They enrich cooperation between students 

and teachers, support creativity and imagination, help students take 

control of their learning and adapt it to individual pace and 

possibilities. Augmented reality creates an authentic educational 

environment. 

 

3. Teaching with augmented reality in the field 

of computer modeling  
The main benefit of this paper is the application of the PTC 

augmented reality module to create an interactive tool that will 

streamline the teaching process in computer modeling. Drawing 

documentation as a form of presenting a given part or the whole set 

is often not enough, especially if the student comes to study from 

non-technical high schools.  Many times, such a student has not 

even encountered drawing documentation and does not understand 

the transfer and display of the part in individual views and cuts of 

the drawing or has a problem with spatial imagination. 

Advantages of using augmented reality in the educational process:   

 Eye-catching presentations - by integrating augmented 

reality into presentations, it is possible to gain more audience 

attention than with classic presentations, which keeps information 

in memory longer due practical and dynamic demonstrations. [2] 

 Interactive teaching - audience participation in teaching. 

Students have the opportunity to access augmented reality models 

directly on their mobile devices with use of different applications. 

By perceiving augmented reality, students can better understand the 

issue. In this way, students memorize more of the lectures, thanks to 

the application of provided visualization techniques.  

  

3.1. The Creo software environment for creating 

augmented reality 
To create drawing documentation enriched with use of augmented 

reality some software tools are needed. In this case the Creo 

Parametric software from PTC company was used. For applications 

requiring more complex elements and an interactive environment, 

the generated data can be further processed in Creo Illustrate and 

ThingWorx Studio applications, which are developed by PTC, thus 

ensuring mutual compatibility between them. 

The first step lies in the creation of a component body in Creo 

Parametric software. The advantage of using the model created 

directly in this application lies in the fact that when later editing the 

parameters, all changes can be automatically reflected for already 

published bodies without any complicated modifications. The 

following Fig. 5 provides an insight into the working environment 

of the Creo Parametric software, specifically the Part module, 

where in the left part there is a tree with individual actions, thanks 

to which the model was created. 

 
Fig. 5 CAD design in the Creo environment 

 
For later visualization of a virtual body in a real environment, it is 

advisable to precisely define its position in advance. In the main 

toolbar on the Tools tab, Creo in version 8.0.1 offers a choice of 

two basic options:  

- Spatial Target 

- ThingMark 

 

 
Fig. 6 Types of spatial placement methods 

 
The first option allows you to easily place the virtual model on the 

surface at a certain height. Here it is possible to directly define the 

appropriate view with respect to the coordination system in a real 

environment, based on flat surface recognition. The more advanced 

ThingMark allows you to create a graphic marker that, due to its 

graphic uniqueness, provide connection to the publisher server 

space. Basically, five to ten different models can be stored free, 

depending on the license of CREO software used. The user can 

decide which model will be displayed on the client display unit. 

Easy to use is the sharing and distribution of visual data thanks to 

the recognition of the printed graphic mark and subsequent 

scanning, for example, by a mobile phone via the Vuforia View 

application, which provides a connection to the database of 

uploaded models. This mark can be applied to supplement the 

technical drawing or used separately. For more advanced 

visualizations without the need to implement tags, it is possible to 

visualize data based on object recognition. Here, however, it is 

necessary to have a physical model to which the visual experience 

is assigned and correctly oriented in space. 

In the model example, a technical drawing of the part was made 

very quickly based on the CAD design in the Drawing module, 

which is supplemented by the required dimensions and tolerances. 

Such a common technical drawing is then supplemented with 

ThingMark in the appropriate position and orientation, so that 

directly after loading the model, the essential information on the 

drawing does not overlap. The mobile application offers options for 

easy manipulation with a virtual 3D preview of the body, such as 

rotation, resizing the model or hiding individual parts of the 

assembly. 
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Fig. 7 Technical drawing with an integrated marker 

 
These basic features of the virtual model are sufficient for the needs 

of students to support the imagination, as long as they acquire all 

the technical skills and proceed to the creation of more complex 

assemblies. 

 

 
Fig. 8 Visualization of the CAD data using a tablet 

 
Students can use their own mobile phone to view virtual content, 

but the computers in the classroom have been supplemented with 

tablets, with an appropriate camera and with a larger display for 

obvious purposes of educational visualization.  

 

4. Conclusion 
Augmented reality applications, even at a lower level of interaction 

with the environment, significantly help students from non-

technical schools to understand the projected views on the technical 

drawing. Supported visual experience makes it easier for students to 

learn, but it also offers many useful options for professionals. One 

of the applications is product monitoring and transmission of 

collected diagnostic data directly to the virtual model, without the 

need for gradual control of individual sensors and devices. Using 

bridging software such as SteamVR or moreViz, it's easy to transfer 

content from the monitor to almost any HMD device. Immersion 

into a more complex spatial set offers unique opportunities to 

understand the function of the whole, while thanks to spatial 

controls we can not only observe virtual content, but also transform 

and manipulate it even at a complex level of parametric CAD 

modelers. This form of content bridging is required for 

presentations of future products where sensitive content from 

product development is not shared. 
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