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Introduction

VR is a medium composed of interactive computer simulations that determine the position and actions of the participant and replace or extend the feedback to one or more his senses, giving him a sense of immersion or mental presence in the simulation, that is, in the virtual world [START_REF] Sherman | Understanding virtual reality: Interface, application, and design. The Morgan Kaufmann Series in Computer Graphics[END_REF]. The key elements of the ability to experience virtual reality are: virtual world, immersion, sensory feedback on user actions and interactivity [START_REF] Sherman | Understanding virtual reality: Interface, application, and design. The Morgan Kaufmann Series in Computer Graphics[END_REF]. Virtual reality is also a scientific and technical field that uses IT tools and behavioural interfaces to simulate the behaviour of 3D objects in the virtual world so they can interact with each other in real time in pseudo-natural immersion through sensomotor channels.

Augmented reality, unlike virtual reality, includes techniques for adding virtual objects to the real world [START_REF] Mann | Intelligent image processing. Adaptive and learning systems for signal processing, communications, and control[END_REF]. Augmented reality techniques are therefore defined as those which, in real time and in a three-dimensional environment, make it possible to connect the real world with the virtual one [START_REF] Barfield | Fundamentals of wearable computers and augmented reality[END_REF][START_REF] Januszka | Metoda wspomagania procesu projektowania i konstruowania z zastosowaniem poszerzonej rzeczywistości[END_REF]. In other words, the AR system is a system that connects the real world with a computer-generated world.

Virtual Manufacturing (VM) is a concept of planning production activities using virtual models and simulation tools instead of objects and their operations in the real world [START_REF] Fuchs | Virtual reality: Concepts and technologies[END_REF]. The way to implement this concept is a computer system that generates information about the structure, states and behaviour of the manufacturing system as observed in the natural production environment. In other words, the process of virtual production does not involve materials or physical products, but information about them. Virtual manufacturing can therefore be defined as an integrated computer model that represents the physical and logical scheme and behaviour of the actual manufacturing system [START_REF] Keyvani | A Virtual Manufacturing Approach for Integrating Fixture Design with Process Planning[END_REF]. Some scholars define virtual manufacturing in relation to virtual reality by describing this technology as a virtual world for manufacturing at the same time presenting virtual reality as a visualisation tool for virtual manufacturing. With this approach in mind, we can define VM as an application of integrated technologies of simulation, modelling and analysis with the use of models and virtual processes in a virtual reality environment. This integration makes it possible to identify potential problems before the actual production takes place. As a result, it is possible to improve the design of the production system, make decisions and control all stages of this process [START_REF] Barfield | Fundamentals of wearable computers and augmented reality[END_REF]. Thus, the general premise present in most definitions is that "Virtual production is nothing more than production on a computer".

The Virtual Factory (VF) paradigm is the basis for dealing with the problem of implementing methodologies to support the design of production systems, processes, simulation, production control, visualization and other. The ideal implementation of a virtual factory should therefore include the creation of a comprehensive, integral, upgradeable and scalable representation of the actual factory. It should provide a virtual representation of buildings, resources, processes and products. The entire factory should be simulated as a continuous and coherent digital model that can be used throughout the entire product lifecycle -from the product idea to the final disassembly of production plants and buildings [START_REF] Duda | Zarządzanie rozwojem wyrobów w ujęciu systemowym[END_REF].

Interactive product development cycles

A modern company has to cope with the co-evolution of products, processes and production systems through strategic and operational management, promotion of engineering changes depending on market requirements and the dynamics of legislative changes. The essence of these changes is to manage the implementation of development phases based on a common model of product, process and resource data (Product, Process, Resource). Fig. 1.

Fig. 1. Management of development phases based on a common model of product, process and resource data

One way to implement the idea of a virtual factory is to use PLM class systems. They integrate a set of applications supporting product development which include [START_REF] Bharath | Virtual Manufacturing: A Review[END_REF]:

 Product and Portfolio Management (PPM),  Computer-aided technologies (CAx),  Manufacturing Process Management (MPM),  Product Data Management (PDM). Although these systems provide support for most areas related to the planning and design phases, and effectively support product data management and process virtualization, they do not provide certain functionalities relevant to business needs, especially in the area of interoperability [START_REF] Oleszek | Metoda wspomagania projektowania naczyń szklanych z zastosowaniem konfiguratora w środowisku poszerzonej rzeczywistości[END_REF][START_REF] Sharma | Concept of Virtual Manufacturing[END_REF][START_REF] Sherman | Understanding virtual reality: Interface, application, and design. The Morgan Kaufmann Series in Computer Graphics[END_REF]. As a result, the whole process of virtual factory realisation cannot be carried out with the use of PLM systems in a continuous and coherent way. This is particularly visible in the lack of integration between technologies and data model used in the product design and the production systems design phases [START_REF] Ghielmini | Virtual Factory Manager for semantic data handling[END_REF].

One of the important features of the product development process is concurrency. The essence of this process is the implementation of product development phases and the possibility of evaluating possible product, process and system variants in the context of the implementation of subsequent development phases. The achievement of this postulate has been made possible by separating the conceptual and detailed design stages in subsequent development stages [START_REF] Bharath | Virtual Manufacturing: A Review[END_REF]. The assessment of the obtained design solutions, apart from the application of simulation programs, may be supported by the application of VR and AR virtual manufacturing techniques. Assuming that the product development process consists of subsequent stages, where the quality of each stage depends directly on the quality of data from the previous one, the above mentioned approach allows the performance of interactive design cycles using CAx (Comuter Aided x) systems and then testing using DFx (Design for x) systems, AR and VR techniques, using digital data at each individual stage. As a result, it allows to significantly increase the speed of the whole process, and also move the detection and resolution of potential errors or problems to earlier stages. In the virtual environment process, 3D models are created and tested at a very early stage, much earlier than any physical prototypes could be produced and tested. What is more, in a virtual environment we can afford to quickly and relatively inexpensively (without the use of physical raw materials) manufacture and test many variants of both the product and the tools used for its production. We also have the ability to simulate the entire production process using various parameters [START_REF] Mann | Intelligent image processing. Adaptive and learning systems for signal processing, communications, and control[END_REF]. This is schematically shown in Figure 2.

However, effectively designing and integrating VR and AR with Virtual Manufacturing Systems (VMS) in such a way that they can improve production and product development processes, leading to shorter lead times, lower costs, efficiency and quality improvement along with a clean and eco-friendly process, is a major challenge. One of the biggest difficulties to overcome is the absence of system and data interoperability, i.e. the lack of consistency in data transfer between systems (in case of many softwareintegrated system platforms) or between system modules performing different tasks (in case of e.g. PLM systems).

Fig. 2. Interactive product development cycles
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PLM system architecture integrated with the service performing tasks related to VR and AR technologies

Modern PLM systems operate according to the client-server model, and communication between system clients (the client can be a web browser, another system or system component), and the system is based on HTTP protocol, i.e. in requestresponse mode. Thus, it is possible to propose a generalised PLM system architecture integrated with modules performing tasks related to VR or AR technologies. The architectural pattern of WWW application for client-server system in the most general sense assumes organizing the whole system into three layers: database, processing (business) and presentation (client) [START_REF] Lafleur | An Onto-Based Interoperability Framework for the Connection of PLM and Production Capability Tools[END_REF]. At the level of the processing layer, where PLM system services realizing business logic are located, an application performing tasks related to the preparation of data for use in VR or AR environments may be integrated. These tasks may include e.g. conversion of 3D data from native engineering formats (.prt, .CATPart, .sldprt, etc.) to a neutral or lightweight format, which enables easier transfer via HTTP protocol and easier display in mobile multimedia applications. They can also be more complex tasks, i.e. processing and prepar-ing 3D models in such a way that they can be used directly in client applications, e.g. in mobile applications or augmented or virtual reality glasses. Fig. 3. Generalised architecture of the PLM system integrated with the service performing tasks related to VR and AR technologies Response information from the client application, e.g. in the form of metadata, can be sent directly to the PLM system business layer -for further processing -via communication protocol requests. A proposal of a generalized PLM system architecture integrated with the service performing tasks related to VR and AR technologies is presented in Figure 3.
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The proposal of the procedure for technical implementation of PLM system integration with VR and AR techniques

This chapter presents the concept of the procedure for the technical implementation of the integration of the PLM commercial system with the proprietary AR system, where the integration of an advanced CAx class system with a mobile application -in which the AR technology has been applied -was accomplished. This solution enables 3D modeling activities (based on techniques adopted from product configurators) directly in AR environment. Simultaneously, in the CAx system, a parametric 3D model is created in a fully automated way [START_REF] Januszka | Metoda wspomagania procesu projektowania i konstruowania z zastosowaniem poszerzonej rzeczywistości[END_REF]. The AR system consists of three components:

1. A mobile application created in Unity3D environment, in which the Vuforia augmented reality library was used, 2. CAx class system, 3. An integration module in the form of an application created with the use of the CAx system programming interface in VB.net language, the aim of which is to provide communication with the mobile application and control the automated operations of the CAx system. The goal of the presented concept of PLM and AR systems integration is:

 implementation of centralised management of standard elements, which are used in the process of modeling and configuration, based on the principles of standards management in PLM system (permission control, versioning etc.),  integration of the developed configuration method in the AR environment with a consistent product lifecycle management process,  implementation of history tracking, status management and versioning of modeled product concepts during their development,  introducing the possibility of a formalised version approval process for the product created by the customer during the configuration process. According to the authors' intention, an integrated, uniform environment including the PLM and AR systems should allow for all configuration and modelling activities in the AR environment, as developed in [START_REF] Januszka | Metoda wspomagania procesu projektowania i konstruowania z zastosowaniem poszerzonej rzeczywistości[END_REF]. However, all these activities should be performed within a PLM environment. To enable this, it is necessary to automate operations such as:

 establishing a connection between the AR and the PLM systems,  loading elements used in the configuration process from the PLM system standard library,  saving the 3D model developed in the process of configuration to the development container of the PLM system,  management of the lifecycle state of the 3D model developed in the configuration process,  end of session and logout from PLM system. In order to implement the above mentioned actions, the following steps are necessary:

 developing a method of automatic login into the PLM system using credentials (login and password),  creating a standard library of elements used in the configuration process in the PLM system and modifying the AR system to enable loading these elements directly from the created library,  developing a method of automatic saving the 3D model developed in the process of configuration directly to the development container of the PLM system,  developing a method to automatically change the state of the 3D model lifecycle developed during the configuration process (this will also enable version management). The diagram in the BPMN notation of the product configuration process in the AR system with integrated PLM system is shown in Figure 4.

Summary

This paper presents practical definitions of virtual and augmented reality, virtual manufacturing and virtual factory. The authors highlighted that one of the possible, although not perfect, implementations of the virtual factory paradigm is using modern PLM systems. In these systems, AR and VR technologies can be implemented in the presentation layer level. However, this requires the development and integration of additional services with the PLM system, the purpose of which is to carry out tasks related to data conversion and processing in a specific way (depending on the technology and purpose), so that they can be displayed in AR or VR devices.

The paper also proposes a concept of PLM system integration with VR and AR techniques based on generalised PLM system architecture. This concept is based on the assumption that at the level of processing layer integrated with PLM system there is a software service, by means of which tasks related to VR and AR technologies are performed.

The last part of the paper presents the proposal of the procedure of technical realization of integration based on the example of a commercial PLM and a multimodule proprietary AR systems. The aim and benefits of obtaining a uniform PLM and AR environment have been defined and additional functionalities that are possible to achieve (e.g. version control, status management, management of elements used in the configuration process based on the principles of the standards library in the PLM system) have been highlighted. This part of the paper also presents actions that need to be performed in order to create a prototype version of the integration. The authors intend to continue their work in order to implement the concept mentioned and also to examine the functionality and practical usefulness of such a solution. 

Fig. 4 .

 4 Fig. 4. Diagram of the product configuration process in the AR system integrated with the PLM system