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Abstract: The article describes an approach for creation virtual reality scenes of workshops for mechanical processing, using three- 
dimensional models from CAD/CAM and on the basis of "immersion" of the designer in a virtual environment. Applications software and 
hardware resources used to achieve the interaction between CAD/CAM models of the machine tools, equipment and human avatars and 
virtual reality environment are described. Conclusions for the advantages and problems of the proposed approach and guidelines for future 
work also are given. 
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1. Introduction 
Contemporary Computer Aided Design (CAD) systems offer 

large modeling features and functions for development of 3D 
models of machine parts, assemblies and entire products, which 
increase the productivity of the new products design [1, 6]. While 
the geometrical structure of the CAD models is 3D since long time 
ago, the user interaction within this software still remains 
unchanged. At present time the most widely used CAD tools has 
standard - Windows, Icons, Menus, Pointers desktop-based 
Graphical User Interfaces, and the interaction is made through 
standard computer keyboard, mouse and LCD display, which are 
mainly 2D devices. 

In the recent years, Virtual Reality (VR) technology became a 
dynamic field of research that has begun to be used to a certain 
extent in industrial and educational applications. VR provides new 
perspectives for user interaction with CAD tools and models. It 
enhances the immersion feeling and the depth perception of 3D 
objects, providing information with less perceptive ambiguities. 
This opportunity is important for example, when using CAD 
applications for designing of workshops for mechanical processes, 
where users must have a direct and thus better appreciation of 
object shapes and dimensions of the environment. Many research 
activities are currently focused to integrate CAD architecture inside 
VR-systems in order to enhance the immersion feeling and the user 
interaction interface. 

VR is composed usually of an interactive computer simulation, 
which senses the user's state and operation and replaces or augments 
sensory feedback information to one or more senses in a way that 
the user gets a sense of being immersed in the simulation (virtual 
environment). There are four basic elements of VR: the virtual 
environment, virtual presence, sensory feedback (as a response to 
the user's actions) and interactivity [9].  

2. Interaction between CAD/CAM objects and VR 
environment. 

Computer aided design, manufacturing and engineering, called 
CAD / CAE / CAM (Computer Aided Design / Computer Aided 
Engineering / Computer Aided Manufacturing) are the best 
currently existing form of organization of automated design data. 
CAD systems are mainly designed to solve problems to describe the 
geometry of parts, components and products in general (ZD- 
drawings or 3D-models). Over recent years their opportunities 
widened and extended to other non-geometrical features required 
for integration with other subsystems (CAE, CAM, etc.). The goal 
is to avoid the "manual" reformatting data. The result includes 
geometrical, digital and technological data used for description the 
designed products (drawings, results of calculations, materials, etc.), 
production specifications (bill of materials), experimental results 
(e.g. protocols of measurements), and additional text information 

(e.g. technical descriptions, instructions for servicing, maintenance 
and installation). CAM is associated with all tasks concerning the 
management and control of the manufacture or assembling of the 
devices. These systems generate data on the direct control of CNC 
machines, robots, transportation and storage systems. At this stage 
the problems relating to the general organization of production, the 
flow of material, the instrumentation, warehouse, etc., are also 
considered. 

The difference between VR technologies and technologies for 
designing often not understood properly [1]. Many users of CAD 
software for design still believe that VR technology can be used 
only for creation of PC games, 3D movies or attractive 
presentations and they relate CAD systems only with high precision 
engineering geometrical models. In fact, VR and CAD are 
complementary technologies. CAD systems are set up to build 
models and assemblies for VR can be used to display these models 
by "immersion" the designer in the virtual environment. Some CAD 
models now can be viewed in VR through use of special viewing 
helmets or glasses, and software that formats video images to create 
the impression of depth. 

The impression of depth results from seeing two perspective 
views of a three-dimensional object that correspond to the same 
views seen by our left and right eyes [4, 5]. There are two general 
ways to create these views. The approach employed in VR helmets 
is to use two small video screens, one for each eye, and send each 
view to the respective screen. A second method, which is more 
suitable for CAD applications, multiplexes the two images onto the 
sequential video fields of an ordinary monitor (or projector). The 
viewer wears an inexpensive set of glasses that contain an infrared 
receiver and polarized left and right lenses. An infrared transmitter 
synchronized to the alternating video fields sends signals to the 
eyewear which cause each lens to shutter on and off at the 
appropriate time so that each eye sees the corresponding left or right 
view. To track the view provided by the eyewear in space requires a 
special view controller consisting of three ultrasound speakers 
sitting on top of the monitor. They emit signals to microphones 
incorporated in the eyewear. Signals from both the eyewear and 
speaker array go to a control unit. The controller detects phase 
differences in the transmitted and received ultrasound signals, and 
uses the information to track the user's head position. Software 
calculates new perspective views from this information. 

 3. Creation realistic models of mechanical 
workshops in the VR environment. 

Using CAD software intended for design industrial plants 

In recent years, many software companies develops specialized 
in designing of production plants CAD software products, such as 
3D Plant Design (Autodesk), Siemens FactoryCAD™, Smap3D 
Plant Design (CAD Partner GmbH), DELMIA Quest and DELMIA 
Plant Layout (Dassault Systemes), etc. Even though these software 

SCIENTIFIC PROCEEDINGS XII INTERNATIONAL CONGRESS "MACHINES, TECHNOLОGIES, MATERIALS" 2015 ISSN 1310-3946

YEAR XXIII, VOLUME 3, P.P. 48-51 (2015)48



products are designed to help users design, simulate and analyze the 
process flow in 3D factory environment, there are still various 
difficulties to use them as effective tool to creating an immersive 
VR environment. The more significant of them are: The equipment 
libraries usually contains limited 3D templates of machine tools and 
typical processing equipment for mechanical workshops; The user 
interface often is quite difficult to grasp for the beginners such as 
students and course participants, and this required extensive help of 
instructors; Often there are no readily available user tutorials, 
manuals and examples of their usage; Even though the modeling of 
plant or workshop layout is entirely carried out in a 3D 
environment, the user interface remains two-dimensional by using 
ordinary computer displays; Another limiting factor often is the 
price at which these high level CAD software products are offered. 

For these reasons, the main objective of this work is to develop 
an approach and methodology for relatively rapid creation of the 
realistic models of workshops for mechanical processes in the 
environment of the virtual reality, suitable for students, studying in 
the majors of mechanical engineering. 

Using existing 3D models from CAM software, which 
represent the real machine tools 

For more realistic simulations of the machining processes, some 
CAD / CAM systems (for example Delcam family: FeatureCAM, 
PowerMill, but also PEPS, Edgecam, CAMWorks, etc.) enables 
users to choose some previously defined 3D models of the machine 
tools (associated with NC postprocessors), or ability to set their own 
machines kinematics for simulating their specific milling, turning or 
turn-milling machines in action. By using machine simulation the 
operator not only catches part gouges or tool collisions in the work 
piece, they can see the machine components in action and any 
occurrences of axis over-travels and more. For 4th or 5th axis 
programmers can see rotary rewinds, perform machined part 
deviation analysis and even gather the minimum and maximum 
cutting length data which is helpful for shops in the estimating 
process. Examples of two real machine tools 3D models are shown 
on Figure 1 (a, b). Each machine tool is described by its 
mathematical model, which is referred to as the kinematic model of 
the machine. These models contains information used by the 
(Delcam) Postprocessor to transform coordinates received from the 
CLDATA file (model coordinates) into coordinates of a machine 
tool. 

 
 

a) b) 
Fig.l: Realistic 3D models of real CNC machine tools: a) Haas Automation's 
VF-4 vertical machining centre, included in FeatureCAM (Delcam) and b) 
Turn-mill machining centre - CTX gamma 2000 TC 4A / linear (DMG 
MORI), included in PowerMill (Delcam). 

There are more than 100 previously defined 3D models of real 
existing machine tools and robots, available in FeatureCAM and 
PowerMill. The machine models are presented in specific formats, 
called "Machine Design" files with extensions "*.mtd" in 
PowerMILL and "*.md" in FeatureCAM, but they can be exported 
into universal 3D vector formats, like: "*.stl" (Stereolithogrphic), 
"".step" (ISO 10303), "*.x_t" (Parasolid) or "*.iges" (Initial 
Graphics Exchange Specification) and after that imported for 
aditional processing into third-party CAD or other type software for 
3D modeling, animation, and rendering, like: Autodesk 3ds Max, 
Maya, Maxon CINEMA 4D, etc. To accomplish the equipment 
motion, every movable part of the 3D models of machine has to be 

distinct. Otherwise there will be difficulties in properly rendering 
the different parts and animating the typical movements of machine 
parts will not be possible. In addition, the most CAM software’s 
(from medium and high level) usually are equipped with modules, 
that allows users to create their own models of machine tools (and 
also additional equipment such as clamps, vises, tool holders, etc.) 
using standardized CAD methods and techniques, in case they are 
not included in the libraries of the CAM software. These 
peculiarities, and the ability to export to universal 3D formats 
makes this approach preferable in comparison with using 
specialized in designing of production plants CAD software or 
creating trimeric models of different types of machines for 
mechanical workshops from the scratch. 

Based on this, below is described an algorithm for creating 
realistic mechanical workshop (in real dimensions) into VR 
environment of Vizard (WorldViz), including necessary basic 
technological and auxiliary equipment, workshop building and staff. 

4. Short description of the used computer software. 
At the core of the mechanical workshop VR scene creation 

stays Vizard VR Toolkit (WorldViz) [11]. It is a versatile virtual 
reality development interface designed for building and rendering 
virtual worlds with minimum effort. Designed for rapid prototyping, 
the toolkit gets creating fast and provides the resources to deploy 
even the most challenging applications. This software supports 
stereoscopic head-mounted displays, 3D sound and many peripheral 
input devices, including head trackers and game pads. Distributed, 
networked environments are also supported. Vizard is guaranteed to 
support all head-mounted displays, LCD shutter glasses, and several 
other specialty display technologies such as dome projectors and 
auto stereoscopes. Most commercially available tracking devices 
are supported in Vizard. The toolkit also supports numerous other 
devices such as gloves, haptic displays, force-feedback systems, and 
simple Microsoft Direct Input TM compatible gamepads and 
joysticks. There is even built-in support for high-quality 3D sound 
and multi-user networking. VRML and other 3D formats provide 
immediate access to large 3D databases. The open-source language 
Python is free and has an active user community providing a wealth 
of resources for applications. Built-in human face and body models 
and an accompanying morph designer offer a powerful tool to 
almost instantly insert virtual humans into existing environments. 
For custom bodies, 3DMax Character Studio bipeds can be 
imported into Vizard. WorldViz also provides a large selection of 
additional high quality avatars that are available for purchase. 

Solidworks (Dassault Systemes), MS Visio (Microsoft) along 
with SketchUp (Trimble Navigation, Ltd) can be used for creating 
2D layouts of mechanical workshop, rendering the 3D models and 
converting the machine tools files from FeatureCAM in suitable for 
importing in Vizard VR Toolkit file formats. SketchUp is a 3D 
modeling computer program for a wide range of drawing 
applications such as architectural, interior design, civil and 
mechanical engineering, film, and video game design [10]. The free 
version of Google Sketchup can export 3D to .dae and Google 
Earth's .kmz file format. The Pro version extends exporting support 
to include the .3ds, .dwg, .dxf, .fbx, .obj, .xsi, and .wrl file formats, 
which are supported in Vizard VR Toolkit. SketchUp also can save 
elevations or renderings of the model, called "screenshots", as .bmp, 
.png, .jpg, .tif. 3D Warehouse (formerly Google 3D Warehouse), an 
accompanying website for SketchUp, is a free cloud service that 
allows users to search, upload, download and share 3D models, 
which facilitates further development of virtual workshops and 
compiling them with additional (auxiliary) equipment. 

5. Purposed algorithm for creating VR scenes of 
the mechanical workshops by using Vizard VR toolkit. 

The proposed algorithm for creation VR scenes of workshops 
for mechanical processing in the virtual reality environment based 
on existing 3D models of the equipment is illustrated schematically 
in the left side on Figure 2. On the right side in the same figure, 
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graphically examples of the main stages of the algorithm, as well as 
the final outcome of its implementation are also presented. 

For brevity it is assumed that the work on determining the types 
of machines, their number, the pattern of their arrangement within 
the area of the workshop, and the distances between them, and 
between them and the walls, supporting columns of the building, 
and transport routes, have been predefined, using standardized 
methods [2,7,8]. Therefore, at the beginning of the algorithm as an 
inputs are used the specification of the technical equipment (Bill of 
Materials) and the scheme of machines layout in a workshop (or 
factory building), based upon decisions about the type of 
manufacturing process.  

From the postprocessors and models of real machines library in 
FeatureCAM (or Power Mill) are exported those, which are 

included in the specification for further processing. Each exported 
model of Machine from FeatureCAM, during the next phase is 
imported into Solidworks, MS Visio or SketchUP in order to obtain 
2D template (a top view – see Figure 2) for the two-dimensional 
layout of the machines in the workshop, and also maximum close to 
the reality three-dimensional model of the machine for use in VR 
environment. 

Referred software's above are not mandatory, and it is possible 
other CAD-s (with similar functionality) to be used instead. 

The resulting 2D sketches and 3D models of machinery, 
equipment, buildings, etc., stored in appropriate file formats can be 
imported, positioned or scaled (if necessary) in the virtual scene of 
the mechanical workshop in the working environment of Vizard VR 
Toolkit, using commands from Python open-source language. In 

 
Fig.2: An algorithm for creating virtual reality scenes of the machining workshop, using realistic 3D models of machines, avatars and auxiliary equipment. 
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order to make the virtual model as much as possible closer to the 
reality, in front of machines and workplaces can be added "avatars", 
representing the workers or the auxiliary staff, and also specific 
sounds and noises generated of people and equipment in the 
workshop. The word "avatar" here (a Hindi word for the 
embodiment of a deity) is commonly used to describe a virtual 
object that represents a user or real object inside the virtual 
environment. 

As the final step of the algorithm, depending on the existing 
computer hardware and VR peripheral devices used for 
"immersion" the user in the virtual scene, it is necessary to choose 
the method for creating the stereoscopic view of the VR scene. 
Vizard VR Toolkit provides numerous methods (both passive and 
active) for rendering in stereo, such as "Parallel displays", 
"Anaglyphic", "Polarized filters", "Interlacing", "CAVE's" and 
"Powerwalls", etc. 

6. Conclusion and future work 
From the initially proposed objective, and considering the 

obtained approach and algorithm for creating VR scenes of the 
workshops for mechanical processing by using Vizard VR Toolkit it 
is possible to conclude: 

• The proposed approach in this work allows a relatively 
rapid creation of realistic virtual reality scenes of mechanical 
workshops, using 3D models of machines from CAM, auxiliary 
equipment and basic elements of industrial buildings (from 3D 
Warehouse cloud of the SketchUP), and animated avatars 
representing the normal working moves performed the actual 
workers; 

• Suggested for use software resources (such as 
FeatureCAM, MS Visio, Vizard VR Toolkit, etc.) has intuitive and 
easy to learn UI, making them easy to use even by not specifically 
trained users; 

• The training methodology based on virtual reality brings 
numerous benefits for the educational sector compared to the 
traditional methods, and more specifically for the disciplines of 
mechanical engineering field, enabling a greater amount of trainings 
and being a very important option to solve the high cost of training 
problems. 

Along with the above mentioned advantages, the purposed 
approach has some drawbacks, the most important of which are: 

• The Vizard VR Toolkit does not support direct insertion 
of file formats, which store 3D models of machines in the CAM 
software. Even considered universal 3D formats, such as Initial 
Graphics Exchange Specification (IGES), Parasolid, etc., cannot be 
imported directly into the virtual reality environment. This requires 
using third party software (such as Solidworks, MS Visio or 
SketchUP for example) to re-convert from one file format to 
another, implying risks of the occurrence of errors, such as impaired 
geometry of the models, incorrectly rendering or complete loss of 
textures, colors, lights, etc.; 

• In the programming environment of the Vizard VR 
Toolkit, even using intuitive programming language Python for 
building algorithms for optimization analysis, such as effective 
location of the machines in the workshop or shortest path of 
material flows for example, is not that easy as opposed using 
specialized CAD systems that are embedded parameter modules for 
such analyzes.  

During development, several aspects that could be included in 
future work to improve the proposed approach and to apply the 
same concept in other educational fields were identified, these 
include: 

• In order to further increase training opportunities for 
students it is possible to develop and integrate specific library with 
different types of realistic 3D models of real machines, equipment 
and human avatars so that the user can select appropriate models 

and arranges them in the virtual space of the workshop, when 
performing trainings. 

• Increasing the degree of freedom of the user to manipulate 
the objects in the virtual environment and to simulate in real time its 
movement within the workshop by adding new markers or 
integrating it with appropriate tracker devices, so that interactivity 
and realism of the designed mechanical workshops may be 
augmented. 

• Add more scenarios with more specific applications in 
others studied subjects, such as assembly of parts in the mechanical 
engineering industry or other training applications such as 
mechanical processing of work pieces, welding, etc. 
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