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PREFACE

The Proceedings includes the selected Papers and Abstracts presented at The First
International Student Scientific Conference "Multidisciplinary Approach to Contemporary
Research". The Conference was held on 25-26" November 2017. at Central Institute for
Conservation, Belgrade, Serbia, Terazije 26. It was organized by Central Institute for
Conservation, Belgrade and Scientific Association for the Development and Promotion of New
Technologies, Belgrade.

The aim and main idea of the Conference was to present science and scientific way of thinking
and working closer to the students, as they will be able, in the future, when they are employed,
to connect science and industry. For this reason, the right to participate had only undergraduate
and master students, who, with help and monitoring by their teachers and/or colleagues, wrote
and prepared papers and presentations.

The aim of this Conference was, also, to provide a Forum for students and researchers from
various countries to exchange their ideas and achieved results.

The Conference brought together the participants from Universities, Innovation Centres and
Institutes from different countries: Croatia, Romania, Bosnia and Herzegovina, Macedonia,
France, Russia, Montenegro, Spain, Republic Srpska, Slovenia and others.

The aim of the conference was, also, to connect different/various fields of science, because we
can find many common points between different research areas, and by doing that, to open
possibilities of developing new technologies or improving the old ones. Therefore, the
Conference covers various topics from the following fields: mechanical science, transport and
traffic engineering, material science, metallurgy, electrical engineering and other engineering
areas, but all other sciences as well, including for example medical science, which uses
different techniques of experimental examination and testing.

Although, the Conference had multidisciplinary character, the participants had very active
discussion after the presentations and we hope that it will provoke the further cooperation
between them with a new point of view.

The paper presentation was by oral and poster, due to limited time of Conference duration and
traffic conditions of participants. The all papers are reviewed. Considering that this was the
Students Conference and the age and experience of the first authors, the reviewers had
neglected language and textual mistakes which were not provoked the ambiguity of the papers.

We would like to thank all authors who have contributed to this Proceedings and also to the

Scientific Committee, Organizing Committee, reviewers, speakers, chairpersons, and all the
conference participants for their support for a successful scientific meeting.

Editors
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GAME AND CREATION - SPATIAL ABILITY TEST
AIDED BY 3D MODELS AND AR CELL PHONE
APPLICATION

Filip Milenovi¢ !, Mateja Korica !, Valentina Marjanovi¢ !, Stefan Milosavljevi¢ !,
Magdalena Dragovié¢ !, Aleksandar Trifunovi¢ 2

'Faculty of Civil Engineering University of Belgrade, Belgrade, Serbia
2 Faculty of Transportation and Travel University of Belgrade, Belgrade, Serbia

AbstractContemporary computer software tools for 3D modeling opened new possibilities in the design process
of spatial ability tests, which contain geometric solids and their orthographic projections. 3D computer
environment, which enabled drawing, modeling and manipulation with spatial geometric objects, directly affected
visualization processes, very important for all engineering professions. Recently many research topics elaborated
some new aspects concerning spatial abilities: testing and improvements. This paper gives an overview and
analysis of the design process of particular spatial ability test aimed for engineering students (redesign of the
existing test named "Geometry 2D and 3D"). 3D geometric models were created in AutoCAD software. Graphic
images in the test were made due to efficient software tool palettes. Alternative solution for creation of graphic
images was investigated in cell phone AR (augmented reality) application "Augment”. The paper discussed
important issues of the spatial ability test design and offered new application of AR into practice.

Key words: Spatial ability test, 3D AutoCAD geometric models, AR mobile application

INTRODUCTION

Visualization of 3D computer generated models is the topic elaborated in particular courses at
technical faculties, important for engineering professions. Prerequisites for being an engineer
assume the adequate personal spatial ability skills. These skills are being checked by spatial
ability tests, which could be very interesting and fun for consumers varying in age and interests.
The common test, where one can enjoy playing in solving its content, is the one with geometric
entities - solids and their projections (characteristic views). Classical tests were mostly 2D
creations — axonometric views of geometric entities, once drown, without option to make any
changes, but starting drawing from the scratch. The complexity of the tests is varying,
reminding of to computer games' levels. In some cases, adequate pattern (geometric
scheme/grid) is a convenient background for designing of a geometric object (Fig. 1). In such
creation a designer is limited by the pattern and any lack of experience could cause some
accidental mistakes. In fact, very high level of experience and skills is needed to create
satisfactory test (with undoubtable solutions).
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The problem in recognition of geometric concept of a solid object could appear if having only
its axonometric view (representing the visible part of the object from one point of view). Since
some parts of the object are hidden it could happen that there is not enough information about
geometry of a complete structure, and only by elimination system one can tell which solution
in the test is possible.

[ I I I LTS I 1] el
| | |
[ 1] | || ! J I |
| | | 1
ALZADO V. L. LPERFIL) ALZADD V. L LPERTIL) ALZADD VoL (PERFIL)
[ 11 |
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Figure 1: Axonometric view of a geometric object shown in regular greed
http:/1.bp.blogspot.com/-VA37flwJQD4/T5ZBmnkigAI/AAAAAAAACV0/BLAVV8KN-k/s1600/3d+isom+7al 2+RES.JPG

By introducing computer 3D software solutions, and 3D modeling tools, the process of test
design is significantly easier and time efficient. A creator generates model in a virtual space (in
all three dimensions) and by using manipulation tools (in 3D, or 2D environment) sets the task.
Any position of a geometric object can be captured as 2D image in order to be implemented in
the test. The new opportunity, brought by 3D software surrounding, is that orthographic
projections could be connected to adequate 3D model and afterwards hidden in a layer (Fig. 2a-
b). Such possibility minimized mistakes in orthographic views creation.

\

W‘N FRONT v Ewy

Figure 2: 3D model of geometric figure set in coordinate system: a) 3D model with
orthographic projections; b) axonometric view of the model.

The First International Student Scientific Conference
"Multidisciplinary Approach to Contemporary Research"
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Very popular among students and younger population, cell phone applications based on
augmented reality', enlightened from the new point of view visualization of 3D models. In this
paper Augment application [1] possibilities were tested. Similar applications were designed for
commercial purposes, i.e. market advertizing (applications such as IKEA Place, ViewAR, etc.),
where the presentation of goods (piece of furniture) was enabled by photorealistic virtual 3D
models. Virtual 3D models can be "inserted" into real environment (apartment, room or natural
ambient) and visualized through cell phone camera. Application uses a tracker (activated by a
code on Augments web site) original Augments', or created by the user. The example of good
practice with Augment application is the one where the students of mechanical engineering used
the application as efficient help for drawing and comprehension of tasks in technical drawing
course at Harran University in Turkey (Fig. 3). This gave motivation impulse for the attempt to
include augmented reality environment in spatial ability test experiment [2,3].

Figure 3: Combined overview of 3D model and its 2D images (technical drawings)
in Augment application http://www.augment.com/portfolio-items/harran-university/

2. METHODS

Contemporary scientific methods of computer aided geometry here applied are based on 3D
modeling principles in AutoCAD software (Obradovi¢, 2015). Presentation of orthographic
projections is based on Descriptive geometry and Technical drawings knowledge, necessary for
all engineering professions. Actual cell phone applications, as advances in IT, are already
standards for contemporary living style. In this paper Augment application for android
technology based cell phones is applied. Although the application is initially aimed for the other
purposes, the attempt to find some new possibilities for its usage was challenging. Visualization
of 3D models by an AR application (previously generated in an adequate 3D modeler - software
solution), is for sure one of the most interesting and innovative methodologies today. It is
certain fact that such methodologies will find their place in educative process of young
engineers (Veide, 2014; Veide, 2015).

3. RESULTS

The first idea of the paper was to reconstruct the existing test for spatial abilities - Geometry
2D and 3D, available at https://docs.google.com/forms/d/1yWzioXuVMu8okx eVwzVIgImP,
which contained relatively simple geometric models (Fig. 4). Test was created in specific
working environment, containing several interface lacks: colored arrows without clear
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meaning, view directions written around circle and the edges of the object overlapped in
axonometric representation (Fig. 4).

Figure 4: One of the images in the test - 2D and 3D geometry

For the purposes of the experiment, all objects-models from the original test were modelled in
3D AutoCAD’s environment, mostly used by engineers (especially, in civil engineering and
geodetic professions). It is a common solution that AutoCAD was used for education in
Descriptive geometry, or technical drawings courses (Migliari, 2012; Dragovié, 2017).
Software enables creating serious and complex models of structures, along with materialization,
although it is less used than other modelers (3D Max, Maya, Rhinceros, SolidWorks, etc.) for
the photorealistic presentation purposes. 3D models from the experiment used a cube (edge size
was 4 cm) as a modul, which enabled multiplication, "full & empty" combinations,
successiveness in variations of models, often statically non-realistic (common edge of two
neighbor cubes). The examples of 3D models created in AutoCAD software are shown in Fig.
5.

Figure 5: Exemplary 3D models from spatial ability test created in AutoCAD software

For the final visual design of the test, orientation matrix with arrows was created (Fig. 6) and
each 3D model is set in desired position (Fig. 7), in order to recognize the viewers' site direction.

The First International Student Scientific Conference
"Multidisciplinary Approach to Contemporary Research"
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LEFT

FRONT

Figure 6: Orientation matrix Figure 7: 3D model setting inside the matrix

From the orthogonal projections of the models correct questions/answers were created (view
palette tools in AutoCAD). "Print screen” option enabled creation of images, which were
additionally processed in Paint application (Fig. 8), in order to be organized in the final test.
The wrong alternatives were created by rotating/mirroring correct answers and by switching
visibility of the edges. Models are colored, with highlighted edges.

oy B ©

j\ o % TOP BACK

FRONT RIGHT

Figure 8: Representation of the 3D model and its characteristic views
Two types of tasks were given in the test: to recognize projection/orthographic view based on

the axonometric image (Fig. 9a) and vice-versa, to recognize axonometric view based on
projection /orthographic view (Fig. 9b).
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1. Which of the pictures - 2D projection, matches the representation of
the given figure that is composed of five identical cubes if it is viewed
from above?

S

=7

Circle only one of the answers given - 2D pictures from 1 to 4. Keep in mind that the edges that
are not visible are presented with dashed line in 2D picture i.e. projection.

2 3 [4]

Figure 9a: Representation of the task: recognition of image (2D projection) based on its
axonometric view (3D)

The First International Student Scientific Conference
"Multidisciplinary Approach to Contemporary Research"
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2. Which figure of the four given (1-4) fits the 2D picture shown. The
figure is viewed from the left.

Figure 9b: Representation of the task: recognition of axonometric view (3D) based on its
projection (2D)

The second idea was directed to visualization goals. 3D models generated in AutoCAD were
meant to be imported in Augment application and examined the possibilities of an alternative
presentation in the spatial ability test (by taking shoots of the models inside the application).
3D models were saved in appropriate file format (*.stl) in the modeler (AutoCAD) and than
added to the library of models at Augments' web site. Application imports the model into real
space where user can manipulate (rotate, move and scale) and view from different angles (Fig.
10). Photographs taken by cell phone camera could be used just for so-called "spatial" preview,
because camera works in perspective regime. Any trial of getting orthographic projection is
impossible, as shown in Figs.10b-c.

For an adequate usage in the spatial ability test, orientation matrix and the proper tracker was
needed. During trial, the best results appeared when tracker had original Augment's design.
Hence, inside the orientation matrix circular shape of the original tracker was inserted. (Fig.10)
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Figure 10: Photographs of the model in Augment application: a) perspective view, b) back
view and ¢) front view

4. DISCUSSION

During redesign of existing spatial ability test in 3D computer graphic environment and its
processing by contemporary tools and methods, discussion on the question: "What things have
to be considered during design of a spatial ability test?" appeared. Several suggestions regarding
investigation — test design focused attention to:

- graphic information of the software interface : only essential information should be given;

- setting of 3D model in axonometric preview;

a) non coplanar edges of the model should not overlap;

b) invisible parts of the model should not affect the right solution;

c) successive elimination of given solutions should give the right answer — one possible
solution;

- neighbor surfaces should be in different color, or shaded;

- the edges should be accentuated;

- clear and exact instructions should be given in the textual part of the test; if necessary notes
should be added.

5. CONCLUSION

Contemporary software solutions for 3D modeling significantly contributed the ease of spatial
ability test creation. Tools for manipulation and characteristic views — projections enable
efficient setting of 3D models. Simple commands with /ayers (switching off and on) allow
efficient changes of an image appearance. Hence, methods and principles applied in presented
paper could be recommended for future test designs.

The experience of working with Augment cell phone application was valuable and significant
one. Some interventions on legibility of trackers should be done. Although the application is
limited only to perspective views, it should be tested on its' potentials in improvement of
visualization skills, as well as of spatial reasoning. In such context, the presumption is that
adequate 3D library (storage) of geometric models, for educational purposes (especially for
engineering students) could affect better adoption of geometric knowledge.

The First International Student Scientific Conference
"Multidisciplinary Approach to Contemporary Research"



CENTRAL INSTITUTE FOR CONSERVATION, BELGRADE
SCIENTIIFIC ASSOCIATION FOR THIE DEVELOPMENT
AND PROMOTION OF NEW TECHNOLOGIES

REFERENCES

[1] Obradovi¢, M. (2015) Computational geometry with 3D modeling (second extended
edition), Akademska misao, Belgrade — in Serbian

[2] Migliari, R. (2012) Descriptive Geometry: From its past to its future, Nexus Netw J,
vol. 14, 3,pp.555-571.

[3] Dragovi¢, M., Cigevié, S., Cuéakovié, A., Trifunovié, A., Gramié, F. (2017) Positive
impact of 3D CAD models employment in DG education. Int. Conf. Geometry Graphics
Computer (Book of abstracts) Lodz, Poland

[4] Veide, Z., Strozheva, V. (2015) The Visualizations Methods of Geometrical Forms in
Teaching of Civil Engineering Students, in The [0th International Scientific and
Practical Conference, Rezekne, Latvia, 2015, vol.2, pp. 312-316.

[5] Veide, Z., Strozheva, V., Dobelis, M. (2014) Application of Augmented Reality for
teaching Descriptive Geometry and Engineering Graphics Course to First-Year
Students, in Joint International Conference on Engineering Education and
International Conference on Information Technology (ICEE/ICIT-2014), Jun 02-06,
2014, Riga, Latvia, pp. 158-164.

Web references:

AutoCad - https://www.autodesk.com/products/autocad/overview
Augment - http://www.augment.com/

http://www.augment.com/portfolio-items/harran-university/
Geometrija 2D 1 3D - https://docs.google.com/forms/d/1yWzioXuVMu8okx _eVwzVIgImP

—_— e

1
[2
[3
[4

335



CIP- Karanoruzamyja y myOnukanuju
Haponna 6ubnuorexa Cpouje

7.025.3/.4(082)(0.034.2)
6(082)(0.034.2)
66.017/.018(082)(0.034.2)

INTERNATIONAL Students Scientific Conference "Multidisciplinary Approach to
Contemporary Research'" (1 ;2017 ; Beograd)

Proceedings of Selected Papers [Elektronski izvor] / The First International Students Scientific
Conference "Multidisciplinary Approach to Contemporary Research", [25-26. 11 2017., Belgrade] ;
[organizers] Central Institute for Conservation [and] Scientific Association for the Development and
Promotion of New Technologies ; editors Sanja Petroni¢, Suzana Poli¢]. - Belgrade : Central Institute
for Conservation ; Sopot : Scientific Association for the Development and Promotion of New
Technologies, 2017 (Belgrade : Central Institute for Conservation ; Sopot : Scientific Association for
the Development and Promotion of New Technologies). - 1 elektronski opticki disk (CD-ROM) ; 12
cm

Sistemski zahtevi: Nisu navedeni. - Nasl. sa naslovnog ekrana. - Tiraz 50. - Napomene i bibliografske
reference uz radove. - Bibliografija uz ve¢inu radova.

ISBN 978-86-6179-056-0 (CIK)

1. Centralni institut za konzervaciju (Beograd) 2. Nauc¢no drustvo za razvoj i afirmaciju novih
tehnologija (Sopot)

a) Kynrypna no6pa - Konsepsanuja u pecraypaiuja - 300pHHUIIH

b) TexHomnoruja - 360pHHULIH

c¢) Hayka o marepujanuma - 300pHHIIN

COBISS.SR-ID 254690060




