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RECONSTRUCTION OF 3D DATA FROM PHOTOGRAPHIC IMAGES
Daniela Velichova

1. ABSTRACT

Process of analytic reconstruction of 3D real da#tselected objects from photographic images isgmted in the
paper, using software application CamWitt. Algamttfor calculation of real dimensions is based owngetric
principles of photogrammetry. Various solutions impng accuracy of the resulting real data are dlesd, in addition
to 3D visualisation GeoGebra applet for understagdproposed corrections to algorithm and their getdm
interpretation. Methods of underlying principlesepiipolar geometry are presented in brief.

KEYWORDS: photogrammetry, 3D reconstruction, epgp@eometry
2. INTRODUCTION

Results of the project of the Slovak Research aade@pment Agency APVV-1061-12 entitled ,Determioat of

geometric characteristics of objects obtained fosiminological relevant image recordings” are presd in the paper.
Project is coordinated by the Faculty of Mechankagineering, Slovak University of Technology inaBslava, with

partners at the Faculty of Civil Engineering, STl &riminological and Expertise Institute of Mimsbf Defence of
SR. Project aims to development of a correct amtipe algorithms for processing of geometric charatics and
reconstruction of dimensions and position of selécbbjects in three dimensional scenes using ppiei of

photogrammetry.

3. BASIC INFORMATION

Analysis was performed of criminological relevamaige recordings obtained from on purpose instafedle camera
systems with known calibration data. An interactteel CamWitt was developed for filtration of datacordings,

automatic detection of objects in these imagesexadt determination of dimensional and positiomaracteristics that
enabled correct identification of recorded objextd their real dimensions. Used methods are extlgdiested before
they can be applied in the criminological practisegietection of criminal acts, in collection andadysis of proofs of
evidence recorded on images and during identiboatf suspected criminals. Several supportive aigitols were

developed in order to analyze inaccuracy that migicur in the calculations of real dimensions friomage data. One
of them is the 3D visualisation GeoGebra appletderforming two different central projections of ahject from

different centres located in given distance. Basiaciples of epipolar geometry are presented hetbeir geometric
representation, which are underlying the clasgitaitogrammetric methods applied in analytic formhe developed
algorithm, see in Fig. 1.

Fig. 1. Two central projections of a cube from wlfferent centres.

Calculation of real 3D Cartesian coordinates ofnpwidetected from a photographic view is realizgdnteans of
algorithms based on properties of central or lirgaspective, that are projective transformati@mesented in matrix
form. Each central projection or photographic mapgpdefines a particular coordinate system in spaabfied the
camera frame. Its origin is placed at the centngrofection, the principal ray of the camera iszlw®ordinate axis, and
the principal directions in the photography imatgnp serve as andy coordinate axes spanning the vanishing plane of

1 Institute of Mathematics and Physics, Faculty otMaical Engineering, Slovak University of Techgglin Bratislava, Namestie slobody 17, 812
31 Bratislava, Slovakia, e-mail: daniela.velichovst@ba.sk



this central projection. Then the central projettiio homogeneous coordinates denotedXq: x2: X3) = (L: X y: 2) is
expressed as a linear mapping determined by tlz distanced.

=\ 00 o1y [
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Inverse problem, in which coordinates of pointstha real object in space are calculated from pleo@rdinates

detected in the central images of respective pamthe background of the analytic algorithm. Batipn lines from the

two given centres, so called epipolar lines of @ctpn are lines intersecting in the mapped paioated in the space,
see Fig. 1. Image coordinates are detected alwithiscertain errors, due to various reasons (madatd collection,

size of analysed picture and its precision, cohtaasl resolution, etc.), which are reflected irfediént position of

epipolar lines that might be intersecting in poimb$ corresponding to real original points mappethe central images,
from which the views were detected. Lines can ltigeeiintersecting in points inside or outside thepped object, as
can be seen in Fig. 2. and Fig. 3., or in the woes® these two lines can be skew and not intargeaota real point at
all.

For obtained skew lines, when there is no solutibthe inverse problem, additional algorithm hadbéimplemented.
Corresponding point is calculated as the centth@faxis of respective skew lines. This meanslthatperpendicular
to both skew lines and intersecting both of themetermined. Then, centre of symmetry of the twergection points
on skew epipolar lines, i.e. point in the minim@tadnce to both skew lines is determined as theesponding point at
the reconstructed real space object.

Several other attempts to improve precision ofudaton of the real coordinates of points on sedateconstructed
objects were analysed, dealing with informatiorpbotographic images, as e.g. position of the poedgdoint (view of

the centre of projection) in the two images, distanf the two centres of projection, and othergdat on achieved
accuracy of results was analysed, namely relatdnaccurate dimensions in direction of differeabadinate axis. On
the basis of this analysis some further improvemanalgorithm will be introduced.

Fig. 2. Incorrectly meeting epipolar lines insidapped cube.

Fig. 3. Incorrectly meeting epipolar lines outsidapped cube.



CamWitt is a newly developed tool for 3D recondtiut. It is useful for automatic detection of oligdn the

recordings and precise determination of dimensiandl positional characteristics. It enables redidtentification

of depicted objects. In Fig. 4. the user interfafehe CamWitt application is depicted, with twoopdgraphic

images of a real 3D scene. User can manualy detéeast 9 corresponding points in the two windewith images.

Then system automatically calculates the cameribratibn and inner picture calibration and find® timverse

projection matrix. Coordinates of the real poimts3D are calculated from this matrix, while allukts appear in the
pop-up window.
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Fig. 4. CamWitt application interface

The presented methods are to be introduced inrthenological praxis, for investigation of acts afimes. They will
help in collecting and analysis of proofs of evidemecorded on video-cameras or on two stable @aner received
from any other relevant recordings of 3D scene Bsador the aims of identification of criminals andmmitted
criminal acts.

Results of the presented project will be furthemagalised. Project team is now working on developneé algorithms

of videogrammetry, which is a new arising discipl@med on reconstruction of objects detected daosrecords that
are taken from stable camera systems installedrireged areas. Such systems are used for emergessyns in many
public spaces, as e.g. shopping centres, airpoltiyral premises, official buildings as governmentd parliament
buildings, but also in banks and insurance comganie

4. CONCLUSIONS

Analysis and results of the project ,Determinatafrgeometric characteristics of objects obtainednficriminological

relevant image recordings” were presented. Baseghmiogrammetric methods represented in analytim faan

algorithm for calculation of real three dimensiodata of selected objects on two photographic images developed,
aiming to precise reconstruction of object dimensiand position in the space. Several methodsnfprdving the

accuracy of obtained calculation results were miesk together with GeoGebra applet visualising geemetric

background of central mapping of 3D scene to tvifedint planes from two different centres.
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3D MODELLING OF EXISTING BUILDINGS
FROM LASER SCANNER DATA

Modris Dobeli$, Maris Kalinka?, Anatolijs Borodpecs

ABSTRACT

A growing attention to improve the building’s theahperformance has initiated an increasing demdridnmvative
retrofitting solutions for existing houses [1]. Aghcements in contemporary CAD and CNC manufacturing
technologies allow the use of modular prefabricansdlated wood frame panels for this purpose asadrthe possible
solutions. More and more widely used Building Imfation Modelling (BIM) concept with its’ parametrinodelling
capabilities allows to assess the outcomes ofdhalts of preliminary building energy performancalgsis and later
coordinate these complex and complicate processeh masier and cheaper. As one of the key compsrnerthe
solution of this problem is fast and precise adtjais of 3D geometry of the building. A digitallestored 3D model of
existing building serves two purposes. One is apaeon of energy analysis before and after recoctsbn by means
of digital simulation methods when the selectecetgnd/or variant of insulation solution are appli€de use of BIM
concept in building industry allows fast and easgessments of several possible solutions considdgtkih the same
parametric BIM model anfinally choose the most advantageous. The secorgbpe is an elaboration of a subsequent
detailed structural design of the selected optisadlition, which could be streamlined directly fr@AD software to
CNC fabrication.

This research was aimed towards reconstructionligf &mpatible 3D geometric model from laser scandath that
captures the building’s external envelope with mafienings. To capture the existibgildings’ envelope a 3D laser
scanner was used in this study. Laser scanningtisg increasingly wider application in many eregring solutions,
like visual preservation of values of cultural &gee, geospatial and survey industries, architectonining industry,
building infrastructure, archaeology capturing ctiogie plant systems as-build, etc. The presemaret focuses to
the capture of building 3D geometric data in a Bivmpatible format, which later may be used for gpeanalysis
purposes during the renovation project and strattlgsign of insulation systems.

A laser scan data at the building site was postgssed with software to comply with BIM concepttracing of 3D
geometry of building was performed with a pointutlodata as a reference. Manual, semi-automaticutomaatic
processes may be used to trace the external emvefdpe building with required openings. Major dpers of BIM
software, applicable for these tasks are Autod8sntley, and Nemetscheck. More widely used arefitisé two,
therefore, in our study a Revit from Autodesk amd ArchiCAD from Graphisoft were tested for creatiBgv
compatible 3D from the scanned data of two-storijding. A general workflow in both cases is veryngar with
minor variations depending on a performance of faveoe used for this purpose. The paper describesapproach
used in the study, and the assessment of the seshthined.

Keywords: 3D Model, BIM, CAD, 3D Laser Scanning,gegy Analysis
1. INTRODUCTION

3D laser scanning techniques have been developed #ie end of 1990s for 3D digital measuremertugh@ntation
and visualization in many fields of engineering3R-Recent advances in hardware technology anccased BIM

software performance are helping to overpass teva level of scanning application for the buildingdustry. The
leading scanner manufacturers claim that scaneicignblogy is becoming a critical function necessargomplete the
integrated BIM cycle efficiently and provides aalealue-add for the integrated BIM workflow [4].

The captured 3D building model serves two purpo®e® is for energy analysis before and after retcoctson when

the selected type and/or variant of insulation tmfuare applied. The second goal is an elaboratioa detailed
structural design for the selected solution, whazin be later streamlined from CAD software diredtly CNC

fabrication site. Many project subcontractors agy\sophisticated in their ability to create phgsiwork assemblies in
off-site locations and then bring them on-sitearge clusters for rapid installation. Prefabricatadfers many benefits,
but can only be successful when used in conjunctith accurate information about the destinationttod final

installation, which laser scanning can provide miaster [4].

2. CREATING AS-BUILT MODELS

The forming of as-built model is a process of dmratf objects that represent building elements]uiding both
geometric and non-geometric attributes and relaliges. If BIM is modelled on the basis of previgushptured
building information, the preceding data captum@cpssing and recognition methods influence dasditguhrough the
deployed technique and the provided level of d¢Bil

Numerous plug-in or add-on software modules hawenbaeveloped so advanced that it is possible taiitmgnd
process large scanning data file directly into ¢émel user software. In addition, many hardware predtinow are

! Dep. of Computer Aided Engineering Graphics, Rigalihical UniversityKipsalas iela 6A, LV-1048, Riga, Latvia. e-mail: MisdDobelis@rtu.lv

2 Dep. of Geomatics, Riga Technical Universiipsalas iela 6B, LV-1048, Riga, Latvia. e-mail: MaKalinka@rtu.lv

% Inst. Heat, Gas and Water Technology, Riga Techitloaversity,Kipsalas iela 6A, LV-1048, Riga, Latvia. e-mail: Aslig.Borodinecs@rtu.lv
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trying to attract more customers, allowing theiogmietary data formats convert into a neutral or-protected file
format, e.g. ASCII, in order to enable post-prooese many more various platform independent agpions.

To choose an appropriate data export format onailldhoonsider which CAD software will be used in thar

workflow. Most of the popular CAD and BIM softwapackages, e.g. Autodesk AutoCAD, Autodesk Revigphisoft

ArchiCAD, and Bentley AECOsim Building DesignerjoaV direct import from scanners like Faro, Trimlae Leica

using various data formats. They include xyz cawatés of the points, RGB colour, and point intgnslthe only

challenge is to follow the never ending versionraplgs of CAD software, usually every year. Whensaering the
application of special add-on or plug-in produatsnf third party developers it is very important doalyse the
compatibility issues. Sometimes the particular vaelcumented module may not even work with a neweolder

version of end user software for which it was ovadiy developed.

Some registration software, such as Trimble Reak#/dras the capability to create content from withie point cloud
by running special algorithms across the data poamd recognizing surfaces directly from it [4].e&ting objects
within the registration software offers the benefitrapid creation but has some limitations surthng the accuracy
and metadata acceptance of modelled objects. Gneatiobject models using external authoring ajgpiins is slower
with more manual work involved but has the benefitdetailed object representation and increasecdadath

acceptance.

In practice, as-built BIM modelling very often ismk interactively in a time consuming and erroragrprocess [6-8],
e.g. with the BIM compatible software from majornders like Autodesk Revit, Bentley AECOsim, Grapfiis
ArchiCAD, Trimble Tekla Structures or NemetscheKkpkdn. The latest versions of this software provimeverful

features for reverse engineering tasks and prowpssi captured point clouds. Although some allove ttapid

generation of building floor plans or offer BIM @gration, the depicted software solutions are fiayafrom automated
or semi-automated BIM modelling of existing builgs[5].

3. CASE STUDY — APARTMENT HOUSE

A typical two-story residential building was seletttin a pilot study. There are several tools fatding capture such
as tachometry, 2D/3D geometrical drawings, andrlasanning. These tools require strong skilled gramel in order to
model the existing buildings. First step is a réaep of building information with reverse enginegyiprocesses in
terms of “points to BIM” or “scan to BIM” [5].

3.1 Laser scanning and data pre-processing

The building is located in a suburb territory o$raall town @sis in Latvia and there were no concerns about taow
eliminate pedestrian “noise” from the scan datae Bhilding plot is single rectangle with rather plenfacades having
no tiny de-tails. Therefore the number of scaniatato-cations was basically determined only by #raount of
adjacent greenery and interfering objects like @aband etc. The laser scanning of the building peaformed from
nine positions (Figure 1) with phase shift techgglscanner FARO 3D 120. The scanning work wasedwut during
on-site visit on a well-lit day without precipitatis.

s

Figure 1. Nine scanner positions for two-storydeatial house.

Altogether 18 registration marks or spherical refiee targets were used. The average distancesdresoan points on
the walls were 5 mm. The scanning time in eachrsmaposition took about 7 minutes. The actual tgpent on-site
for the equipment setup, calibration and data aitipm from the arrival until the departure in tisitudy was about 6
hours. Information about geo-referencing (orieotatiocation and elevation) of the site along wtite neighbourhood
characteristic (soil type, trees, nearby buildirgs,) required for further energy analyses wasudemted during the
same day visit. All the procedures were performgtim persons.

Some of the metadata may be stored directly ipthiiet cloud file format, or may be linked to theiqtacloud for later
use in BIM models. The existing plan views and isest for the building were collected in an analogaamat
(blueprints) from the available inventory documéntaand then digitalized.
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The data sets with about 400 million points frorh sslanning positions were downloaded from the seanRre-
processed raw scan data as point clouds were quuesitiand oriented in their own coordinate systdviexging or
stitching together all the point clouds in a singleordinate system was performed by Faro Scenava@ton a
network.

Not all the scan points in the data set may be bs®duse of existing noise captured accidentally.tke cleaning
noise points Faro Scene and Leica Cyclone softweai® used. The process took about 4 hours and ixtlddleting
outliers, unifying the scan points to delete doytdénts, unifying the space between the points, @adning off the
noise of neighbouring objects like trees, bushables, etc. All the adjustments in the post prangsstage resulted in
3 mm accuracy with respect to the station. It taakther 4 hours to perform checking the convergdmteeen the
scan positions, checking the conformity of the neiee dimensions for e.g. windows, doors or cormétis different
survey methods (total station, tape measure onr ldstance measuring tool). In the present study ¢hecked
dimensions are between 5-10 mm.

Raw data obtained by laser scanning are referrgmbias cloud, which is a set of vertices in a 3i@bnate system.
These vertices define or digitally represent xyordmates of the points of the external surfacehef building. For
most of the phase-based scanners, the raw scatiaiagire combined as both point and intensityhecorresponding
intensity image in both 2D and 3D can be obtainguch is useful for more detailed documentation atehtification
of objects. Data are stored in *.pts or *.e57 fotsrend examples of this representation are showigure 2.

3.2 Data post-processing

The post-processing using software may be perforimadio different ways — with specially developeafta/are, or
importing into specialized software. The first editated for particular tasks and can process langgunts of scanning
data, and create different results, including supfos a CAD model, mesh-model, cross-section, €te results later
can be exported into other systems, such as CAB, BIM or other user-familiar systems for differapmiplications.

Figure 2. Surface model of a building visualized.@ica Cyclone software.

The most popular surface generation method isaadtilation. For this purpose different type of waite may be used:
post-processing (Farro Scene, Leica Cyclone, 2@ soft-ware (Autodesk, Bentley, etc.) or spazed for surface
generation (MeshLab, Geomagic Studio, 3DReshape}, e

The triangulated surface mesh is quite complexmotlematic for the use in most popular CAD formag¢gause of
model size (>100 MB). It was decided to use add#isoftware and convert the mesh surface modelgatch model
(Geomagic Studio) or SmartSurface model (Bentl€jg software uses other surface interpolation &lyos and after
transformation the obtained surface models are nsimpler and smaller, and easier for analysingdéngations from
the exact geometry.

The existing information captured as point cloutadasually has a higher accuracy than the exiginegconstruction
drawings in blue-print format. Therefore the créa@® surface meshes can be used to create deligsriatthe form of
2D drawings which may be imported into wide ran§e€AD or BIM applications. 3D model deliverablesosid be
created using standard formats, such as *.ifcparmon ex-change formats like *.dxf to allow clietdsretain as much
data intelligence as possible. However, mesh mazigture only the geometric properties of the gdand are not
suitable for direct use as BIM models.

Traditional 2D deliverables (plans, sections, eiews, details, etc.) can be generated directlynftbe point cloud data
by taking virtual sections through the point clamt generating drawings in conventional *.dwg axf.format. The
surface accuracy of point clouds is high, making th superior method for reproducing existing ctods in
comparison to manual measurements.

When the end deliverable of the visualization o #tanned environment is animated in fly-throughtdenaa HD
quality movie files are easy available along withnmed design features added. Using high definipioimt clouds the
detailed 2D elevation drawings may be extracted #ina delivered in *.dwg or *.dxf format or altetieely scaled
ortho photograph elevations of the cleaned scaa. dbm the 3D laser scan data fully rendered limatéons can be
pictured from any viewpoint to provide detailed ghics of existing structures or environments andiooplly
incorporated design elements. The results of thgraphic measurement can be superimposed on thalizegions of
the scanned building [9].

12



3.3 The capture of BIM model

The particular building elements in a BIM model a@&ls, slabs, foundation, roofs, windows, doors] ¢he soil of the
terrain which is in contact with building foundaticelements. None of the deliverables availablehim 3D scan
workflow described above provide a model in a Bldnpatible format which is required for further sesi

Manual, semi-automatic or automatic pro-cessesBidf model creation may be distinguished when cadptuthe

external and/or internal elements of the buildi@p Some third party application designers havestiged tools which
are usable in Revit, ArchiCAD or AECOsim, and efoftware for automation of conversion process. Heewe
according to [10] in practice a 3D model generafitom point cloud data and setup for energy analgsifar is a time-
consuming and labour intensive manual process sigjéo numerous errors.

BIM models in this study were produced directlynfréghe point cloud data. Autodesk Re-Cap freewars uged to
cope with different scan data file formats (*.répcs, *.e57) to share the data with Revit or ACAD software. The
point cloud was adjusted to the zero level of theugd floor and the slab height was referenced wa#pect to the
window sill and corresponding room height dimensiogtrieved during the on-site visit.

An approach of manual BIM model production provedoe the most efficient and fastest workflow as parad to
conventional on-site measurements. This method raisimizes efforts and time spent and cost of pamtk when

finding and fixing errors after automatic BIM modgneration process [11].

Automatic process of BIM model creation has limitegccess due to some practical issues. One isdetat the
foundation settlement which in present study wasoat 13 cm on the 10 m long base. The window oggsnare not
strictly in vertical and horizontal directions angra. Another factor preventing automatic recognii®that in practice
the external walls very often are neither planarstoctly vertical.

The identified cross sections in the point cloudifferent story heights were used for existingeemal wall tracing. To
create a medium fidelity BIM model the interior Vgalvere also included in the model. The existingeirtory plan

drawings were digitally referenced to the BIM modal internal walls were manually traced over. Mdlyucreated
as-is BIM model provides information at the reqdirdement level. They can be summarized by a smatiber of

parameters therefore BIM model has the capabilitgupplement the 3D data with additional intelligand semantic
attributes before sharing it with other stakehadd@ihe prepared BIM model of the building (FigujecBnsists from
parametric building elements with customizable sgingarameters for further analysis.

Figure 3. BIM model of building including terrain helled in ArchiCAD.

Topographic surveys or geographic features suriiogral building are as important as BIM model itskifthe case of
evident relief of the terrain it is possible to dame 3D scan data with existing LIDAR and GPS sysv® pro-vide
topographical contours or other custom datasethisrstudy the terrain was modelled with simplnsfrd tools which
are available either in ArchiCAD (Mesh) or Revitoffosurface). The terrain interfering with the binitgl foundation
also carries physical properties.

4. CONCLUSIONS

A laser scanning is the fastest method of 3D deqaiaition for the existing buildings. The seleatiof the scanner type
and scanning setup depends on the architectureconegtric complexity of the building elements.

The accuracy of the points in the point cloud average spacing between points in the pro-cessed gloud is within
3 mm range. The accuracy of the surface model attoatly generated from the point cloud with standalgorithms
is within 5-10 mm.

The accuracy of a manually traced BIM model of thelding highly depends on the accuracy of poimud, the
experience and skills of the modeller. The testexdlehwas very simple therefore in the case of sdaland more
complex buildings more precise scan data migheheired.
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FUZZY NAVIGATION SYSTEM FOR VIRTUAL ROBOT

Algirdas Sokas

1. ABSTRACT

This is an idealize task that a virtual robot hasdlve seeking to find its way in the drawing witaphical objects
obstacles. The virtual robot uses the five graplseasors system. The fuzzy navigation system obtitree states target,
obstacle and workaround. All states present roksigering angle. Graphical AutoCAD environment witisual Basic
Application programming language enlarges possisliin modelling fuzzy navigation systems. Fuzggtem, example
of virtual robot presented and conclusions made.

KEYWORDS: Fuzzy system, navigation, virtual robsfi€AD.
2. INTRODUCTION

The basic idea of underlying fuzzy logic controfjgasted by Lotfi A. Zadeh [1]. A fuzzy linguistiabdel represented by a
fuzzy number. They is expressed by a fuzzy setzygets capture the ability to handle uncertaintyapproximate
methods. A triangular fuzzy number applied mostiytie fuzzy theories and applications. The firsplementation
presented by Mamdani and Assilian ] connection with the regulation of a steam engivebile robot local path
planning in an unknown environment with uncertastis one of the most challenging problems in ricbotFor
autonomous navigation, the robot should be capabkensing its environment, interpreting the seniséafmation to
obtain the knowledge of its position and the enwinent, planning a route from an initial positiorattarget with obstacle
avoidance, and controlling the robot direction éaah the target [3]. In mobile robot computer paogrthe navigation
procedure is applied iteratively until the roboackes its final destination [4]. The fuzzy logictol applied to mobile
robot navigation and obstacle avoidance has inyestil by several researchers. The control basdtigrtheory with
virtual robots [5] provides satisfying results. AQAD is a program used as operating environmert \dsual Basic for
Application (VBA) is a language used for programgirAuthor presented virtual robot working in theawding
environment.

3. NAVIGATION SYSTEM

In the drawing we draw a rectangle 1234 which wi tb@ robot as it, using its fuzzy navigation gyat will bypass
obstacles and move to the target object (Fig. dlhdRstep is from poird to pointb. It is simply copied from poira and
moved to poinb with the anglex turn presented by the system. Robot-to-targeadésD is known as the program states
points and target coordinates. The robot has gtapkensors. One is the front sensor that mimigeadrawn through the
robot pointsa, b and extending 30 mm; if the intersection pointithwbstacles is found, we have the front senshre/a

= bc (Fig. 1).

b Target

t

y I / O

D

Fig. 1. The virtual robot with sensors system amardinates.

On its right are two sensors, one of which is poaduby a line from poinb to point2 and extending 30 mm; if the
intersection poind with obstacles is found, we have right side sensdue 2d. The other right sensor is equal 1e
distance. Analogously the left sensors distanced$camd3f and4g. This can be done programmatically. A line extensi
performed with SendCommand “lengthen'tperation, and an intersection with an obstacletuad with
object.IntersectWitloperation. We draw a lines between intersectidntpe, d andg, f to the robot axis passing through
a, b and find anglegs, 4 of the tangents, which show the object’s appraaungies to the obstacles. Hence, we have a
whole range of parameters and must decide whatatogrotate the robot in the next step. We will tise fuzzy
navigation system, which has three states: tamjestacle, and workarounds. We are dealing with gheblem of
obtaining fuzzy navigation system. We will analyaezy rules in the next chapter.

4. FUZZY RULES

1 Department of Engineering Graphics, Vilnius GedimsiTechnical University, Sauletekio al. 11, LT-1®%2nius, Lithuania, e-mail:

algirdas.sokas@vgtu.lt
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Fuzzy set fully characterized by the dependencetimms. We will use symmetrical triangular deperwerfunction,
which presents two points on axis(Kig. 2). In the first state the robot moves towards theefrBistance D) to the
target captured and presented in fmembership fuzzy parameters paibot’'s orientation ¢) with respect to target
presented in sevemembershiguzzy parameters paif&ig. 2). The numerical values in the tables are determfreau
programing experiments in the drawing. In the sedcstate the robot detect the obstacle. Side dist@)do the obstacle
captured and presented in fifth membership fuzawmpaters pairgTab. 1). Robot’s front distancé&) with respect to
obstacle presented in third membership fuzzy patens@airgTab. 2).

Table 1. Robot side distancs).( Table 2. Robot front distancE)(
Left Large -10 -5 Left Small 15.0 | 17.5
Left Small -5 0 Left Medium | 15.0 | 20.0
Zero -5 5 Left Large 17.5 | 20.0
Right Small 0 5

Right Large 5 10

In the third state the robot workarounds near alfstd&robot’s tangent angl@)(with respect to obstacle and presented in
fifth membership fuzzy parameters pafiiab. 3). Robot's side distancé) (with respect to obstacle presented in fifth
membership fuzzy parameters pdifab. 4). All this membership fuzzy parametersramed input fuzzy sets.

Table. 3. Robot tangent ang)@ ( Table. 4. Robot side distan& (

Negative Big -60 | -30 Left Large -8 -2
Negative Small| -40 0 Left Small | -4 0
Zero -5 5 Zero -2 2
Positive Small 0 40 Right Small| 0 4
Positive Big 30 60 Right Large| 2 8

We have one output fuzzy set of robot steeringeag! (Fig. 3) with linguistic values of big left (BLjnedium left (ML),
small left (SL), zero (ZE), small right (SR), meniuight (MR), big right (BR).

Fuzzy logic control based on the knowledge baskngtiistic variables and logic control rules. Fuazjes base is a
simple set of rules that describes the relationslgifwveen input and output sets fuzzy sets. Rolst¥sring angled),
which is presented in seven membership fuzzy paes)as determined based on its distaigeand orientation angle
(). The fuzzy rule matrix for steering angle (Tab.ndade according to these three sets, whose colmamed after
distance memberships and rows named after orientatngle memberships, and the matrix filled with &ppropriate
robot steering angle values. This matrix allowprogrammatically automat the entire fuzzificationgess.

a D
ZE DS DM DL
NL | -30 -15 -15 -7.5
NM | -30 -30 -15 -15
4 NS | -30 -15 -15 -7.5
ZE |0 0 0 0
PS |75 15 15 30
PM | 15 15 30 30
PL 7.5 15 15 30

Table 5. Robot steering angiedependent frorD and¢.

Analogically robot’s steering anglex(is determined based on the front distarf€eand side distances). Analogically
robot’s steering angley is determined based on the tangent angileuid side distancéy,

5. PROGRAM

At the beginning, the virtual robot is at the sfaoint and turned by the original angle. The progemulates robot and
cyclically rotates by the specified angle. If thmad is clear, the robot moves the shortest distémdés destination.

Algorithm is presented by a program consistingafrfclasses which manage the robot and its thteatisins. Software
sensors controlled by five module procedures (fodsitance, left and right side distances, left aght side tangents). In
our case, we have the following two initial sequenof fuzzy graphs: distand®)(and orientation anglepf (Tab. 5). The

number of rows in the dependency function matriggsal to the number of linguistic values and thmber of columns
is only two because linguistic values range of atan is fixed in the row. Program functidiu takes variables from
dependency function matrix of distance and spepii@ameterd). The result of the function is a result matrixesRlts of

the function presented in (Fig. 2), where the valaied the linguistic values are serial numberr{gnidar number).
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Fig. 2. Input fuzzy sets of robot distarideand orientation angle.

Mamdani method uses minimum operator as a fuzzjiéatpn operator. We have four values and neegktomone result.
First with the four values, we make four pairs afigbles available and select members with mininahaes (Fig. 3).

~
BL ML SL % ZE SR MR BR
1

Min(0.50, 0.667)=0.50
Min(0.50, 0.20)=0.20
Min(0.167, 0.667)=0.167
Min(0.167, 0.20 )=0.167

30 225 15 7.5 0 75 15 22[5 30

@=235 Angle a

Fig. 3. Output fuzzy set of robot steering angle

Defuzzification is the last phase of this methodgldDefuzzification a reverse action, when the arssomes from fuzzy
set to traditional mathematics numerical value.u2eification procedure operates with existing rutague conclusions

sets to find the perfect expression of the outtier. Simply put fuzzy forced expressive valuestfeeof area (COA)
defuzzification method calculates the significantéhe expression as follows:

Herex; is the centre of dependence functions Andspace is limited function dependency (hatchsaneahe Figure 3).
6. EXAMPLE

Here is example of conduct of the virtual robothe graphical environment. The robot moves fromstast (point S)
towards the target (point T) and is bumps intorelej point A (Fig. 4).

Fig. 4. An example of the virtual robot motion fretdrawing with circles
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In the fifth step distancP < 30 mm runs the Obstacle procedure, the robot fefigbased on the algorithm), and in the
next step it turns to the left even more. The &tsensors show the values and when they be&#&0 mm it starts the
third procedure Workarounds. The robot starts teenwear the obstacle. When the shortest distantte ttarget object is
exposed, the robot turns towards it. How virtudlabacts between several circles on the way towel$arget object. At
first the robot avoids the first circle until theftl lateral sensor shows lower values than thet iagid the robot starts to
bypass the second circle (point B), but the wafyde and a few steps straightens towards the t§pgéait C). The robot
encountered a third circle (point D) and it chandesction. The virtual robot intersecting linesdagircles points are
noted, distances are calculated and tangents &endeed. When the shortest distance to the tasbpct is exposed
(points C, E, G), the robot turns towards it. listxample, the graph exhibits high sensitivityeTbbot behaves as if
intellectual.

7. CONCLUSIONS

e A utility is designed that allows to go deeper ithe decision made by a computer program how atrcdno find a
free route in an unknown environment having seveaahmeters to make the right decision.

e By merely programming we finally learned how toesssthe two charts with four parameters and olaaip one
value. The diagrams are bound by matrices andifumecprovide a definitive answer.

e The virtual robot's behavior depends largely ortladl charts parameters. The smallest change iohhg settings
makes major changes in the virtual robot's behavior
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TEACHING CAD/CAM: EXCHANGING EXPERIENCES FROM BRAZI LIAN AND
LATVIAN COURSES

Silvia Titotto! and Modris Dobelfs
1. ABSTRACT

The paper briefly discusses pedagogical methodéntmrporating computer aided design and manufeciio higher
education engineering based on surveying two usitves: Federal University of ABC, Brazil and Rigachnical
University, Latvia. It seeks to identify strengthsd weaknesses in contemporary teaching practligsjighting
innovative methods that nurture design problemisgltechnical competence, exploration of new niateand dynamic
form generation. The researches concern possibbhiteg strategies for instructing students in tbe of Computer Aided
Design (CAD), through software such as Dassaulteé®yss Solidworks, Autodesk Inventor, Autodesk Aatband Open
source Freecad. Alongside modes of teaching Computed Manufacture (CAM) including additive techagies such
as 3D Printing, alongside digital photo-etching amalvie-making. It is relevant to mention that tledested students had
no previous experience in technical drawing neithign computer aided design.

KEYWORDS: CAD/CAM Education, Teaching experiendédadergrads
2. INTRODUCTION

This paper is the result of a collaborative effufrits two authors, Assistant Professor Silvia fdqFederal University of
ABC, Brazil) and Full Professor Modris Dobelis (Rigechnical University, Latvia).

In December 2016, the authors began the projegtfinrry of optimism and excitement. And now six miles later, they
reflect on the path from initial conversation toyqaeted work.

It aims to investigate pedagogical methods for ipocating computer aided design and manufactureD(CAM) into
higher education interdisciplinary engineering.

In so doing, it seeks to identify strengths and kmeases in contemporary teaching practices; higtitig innovative
methods that nurture design problem-solving skdtsgender technical competence, and encouragepheration of new
materials and dynamic form generation.

The authors started by attending each other’'s &saasd discussing about their daily strategiesthail collection of
articles about CAD/CAM that had been publishedésign journals worldwide.

3. BASIC INFORMATION

The first analysis CAD/CAM technologies were créaby Ivan Sutherland and they first emerged atMlassachusetts
Institute of Technology (MIT) in 1969 in the USA.

Months later Computer Aided Design (CAD) startecb#oseen as the use of computer systems to asdls icreation,

modification, analysis or optimization of a desgmthat there could be productivity gains for tksigners, improvement
of the quality of design, shorten of the designimgcess, improvement of the communication of th&gieidea and the
creation of information for manufacturing.

The 1980s witnessed the introduction of NURBS téingevirtual 3D forms by effectively skinning a éar skeleton,
which could itself be manipulated via control psirthut only in 1982 Autodesk released CAD progréom$BM personal
computers, with early adopters centred on desigreagineering.

The development of programmes such as ACIS, Padas@&@olidWorks and Solid Edge helped to spreadnBidelling

software in the 1990s.

In the last 25 years the use of CAD has been plggmimportant role in engineering. While it magriease the quality of
design idea representation, it can also providdifaek on the feasibility of production through gedtric analyses that
reveal surface errors. CAD software can also expasgdibilities for form generation and thereforekeacquisition of its
skills an imperative for many students.

With the emergence and increased use of digithini@logies the desire to incorporate CAD/CAM intadking curricula
has inevitably accelerated. In some developed cesntfor example, CAD /CAM was introduced in thetinal
Curriculum for Secondary schools in the beginnifithe year 2000 (Fullwood, 2002).

1 CECS - Center of Engineering, Modelling and AppBetial Sciences, Federal University of ABC (UFABC)
2 Faculty of Civil Engineering, Riga Technical Unisigy (RTU).
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4. EXAMPLES OF STUDENTS’ACOMPLISHEMENT

2,3

4,5

6,7

8,9

1.Video: Manufacturing of a doll. Henrique e YasmiriMero, UFABC, 2017.

2.Technical drawings: Manufacturing of a doll. Hemége Yasmin Montero, UFABC, 2017.
3.Technical drawings: Manufacturing of a doll. Herége Yasmin Montero, UFABC, 2017.

4.Video: Doll's boat. Renato Maffei, UFABC, 2017.

5.Assembly: Doll's boat. Renato Maffei, UFABC, 2017.

6.Video: Lego at Star Wars'Aerospace environmentaddpoiato e Marilia, UFABC, 2017.

7.Technical drawings: Lego at Star Wars'Aerospacérenment. Jonas Poiato e Marilia, UFABC, 2017.
8.Video: Lego at Star Wars’Aerospace environmentaddpoiato e Marilia, UFABC, 2017.

20



9.Technical drawings: Lego at Star Wars’Aerospacéreninent. Jonas Poiato e Marilia, UFABC, 2017.
5. MATERIALS AND METHODS

The authors’ experience related to the 24-60 hourses they had been teaching recently. The expesewere focused
on:
« Junior undergraduate course in engineering graphicsise a CAD system as an electronic draftind too

practice engineering graphics knowledge; and
e Senior undergraduate course and junior graduatesean CAD/CAM/CAE: to use a CAD system as a tawl f
engineering design, manufacturing, and analysis.

Certain strategies have been identified to enceusigdent uptake of CAD/CAM, by setting projectsewehthey can
exploit pre-existing skills in Adobe Photoshop adbbe lllustrator to produce better visualizatidrtteeir ideas. The use
of two dimensional vectors in Adobe lllustrator cafffier a pathway to the acquisition of 3D modellisiglls in other
softwares using NURBS; thereby expanding planaigdesnto voluminous pieces.

The main learning outcome of the CAD/CAM courseduded:
« Understanding the role of CAD/CAM in product devaitent;

* Relating CAD/CAM to various industrial applications

* Relating CAD/CAM to traditional rapid prototypingathods;
e Creating 3-dimensional CAD models; and

e Managing team-based projects.

6. CONCLUSIONS

This work introduced our experience of teachingf@ourse in interdisciplinary engineering programs

Three aspects of the CAD knowledge, including cow@pgraphics theory, practice of CAD systems, goplieations of
CAD/CAM in engineering design and manufacturing;liing additive manufacturing, were discussed thase the
requirements for the engineering programs of thalfees.

The various components of a CAD course at botharsities including laboratories, lectures, accumdsignments,
textbooks, and course modelling projects, were namb so that students could learn faster.

In order to try to neutralize some of the disadaget students use to mention in their usage of G2A&M, namely a
reduction in hand skills, the loss of tactile makiend the reduced appreciation of physical dimessithe teaching of
CAD/CAM is best synthesized with traditional moadsiesign and production.

It means, CAD/CAM should ideally become an addittonthe process of form generation, design devetopnand
production through drawing and hand produced modatser than a substitute for them.

When discussing examples of best practice a commoplnion spoken by most students was that a ssfides
combination relies on traditional modelling and ftng skills taught alongside of CAD/CAM skills imrder to
successfully translate tacit knowledge into mordated technological outcomes.

Acknowledgements
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MODEL AND PAPER SPACE
Rein Magt

1. ABSTRACT

There are two distinct working environments, callétbdel space" and "Paper space," in which a desigan work
with objects in a drawing. By default, we start Wing in a limitless 3D drawing area called Modehep.

Another environment “Paper space” enables to opesith 2D-objects, we can use Viewports to watchdelspace
objects.

Although in AutoCAD basically is used Model spatiee Paper space offers also interesting possdslitsuccessful
operating with Model and Paper spaces requiressyehial knowledges and skills from designers astsuof drawing
files.

KEYWORDS: AutoCAD, Model Space, Paper Space
2. INTRODUCTION

Our research [1] found that the most widespreadnam in Estonian Companies is AutoCAD (75%). Thame two
distinct working environments, called "Model spae@t "Paper space,” in which a designer can wotlk @bjects in a
drawing. Model space contains 2D- and 3D-objectPlayper space can include only 2D-objects. Althatighpossible
to use only Model space, the Paper space can aakel seeful opportunities.

To prepare the drawing for printing, it is recommable switch to Paper space. Here we can set tgratit Layouts
with title blocks, dimensions and notes; and onhelaayout, we can create Layout Viewports that digpdifferent
views of Model space.

3. USING MODEL SPACE

By default, we start working in a limitless 3D diiagy area called Model space. We begin by decidihgther one unit
represents one millimeter, one centimeter, one,ionk foot, or whatever unit is most convenient. en draw at 1:1
scale. After creating the content of drawing - esgntations (views, sections etc.), dimensions n&exl to surround
this content with format frame line and the titledk [2].

It is OK, if we can print this drawing in scale 1(Eig. 1a). But using other printing scales, wedé® increase or
decrease the drawing objects (Fig. 1b) or frametidiechblock (Fig. 1c).

280
234
g A8

Fig. 1. a) Drawing of the compression nut in sdaleon format A4.
b) After increase twice the drawing content by caandfScale
c) After decrease twice the frame and title blogicbommandScale

Which is better variant — b) or ¢)? In variant B)ddmension values have become twice biggers ot recommended.
The general rule is “the real object is sacrednaiatouch it!”.

Using recommended variant c) we have to apply ipgrécale 2:1 on format A4 (Fig. 2).

1 Centre of Engineering Graphics, Tallinn UniversifyTechnology , Ehitajate tee 5, Tallinn 19086 o0&, e-mail:rmagi@hot.ee
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Fig. 2. The final drawing on format A4 in scale 2:1

Only in Model space we can create 3-dimensionacihtjefined by x-y-z coordinates (Fig. 3).

z
AN
Fig. 3. 3D-objects (x, y, z) in Model space
But next we can examine specific features of Papace.
4. PAPER SPACE OPPORTUNITIES
The another environment Paper space is only tweedgional (x,y). But Paper space can contain Vietgpwith views

to Model space objects.

It is possible to create only representations (giesections etc.) in Model space (Fig. 4a) andtiaadi (dimensions,
titte block, format frame, notes etc.) place in &appace (Fig. 4b). We can change the contourteofiewports
invisible turning off the Layer according to theFRid. 4c).

On technical drawings we can use only parallelgmipns, because it is only way to show true dingarss

But human vision and photography are based onalgmtojection (perspective) where the center ofgmiion rays is
located in the focus of the eye or the camera. 8thes the perspective view is more realistic andressive than

parallel projection [3].
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Fig. 4. a) Representations of the gunwale post idélepace (scale 1:1) without dimensions.
b) Technical drawing in Paper space with ViewptotModel space objects (in different scales).
Additions (dimensions, title block, format frametes etc.) are located in Paper space.
¢) The final drawing after turn off visibility ofdyer with Viewports contours.
From Paper space we can print this drawing in $date 1:1.

Several methods of constructing perspective viexist,ebut graphically 2D-constructing is quite undortable and
capacious process. More rational is to create akptojection using 3D-modelling in Model space té@AD enables
even to demonstrate various visual styles in differviewports (Fig. 5). Rendered view allows to wsheven the
shadows and texture of materials.

Rendered

Fig. 5. Using various Visual styles in differenteMiports for the same objects shown in perspectaw.v

It is quite comfortable to get perspective viewdrmodelling. In AutoCAD it suits using command
Dview>Points>DistancgFig. 6).
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Figure 6. 3D-object (house) with target-points (T, T2) and camera-points (So, S1, S2; S1L, S1RhHErore showy is to create
stereogram of 3D-objects. Stereo-effect is basevoneye seeing. Images for left (S1L>T1) andri@ilR>T1) eye are different
(Fig. 7).

3 cd
s fereow’siag

a) b)
Figure 7. a) The principle of stereovision; b) 8tgram made by 3D-modelling — Viewports with diéfler Left and Right images.

Using 3D-modelling some problems may occur occadipiid]. For example, Bottom view is rotated 1§61g. 8).

The right solution is to rotate Camefanfsf), not object.
Bottom view Bottom view + Twist 180°
. [=%
[sometric ,_D* Front view Front view
Top wiew Top view
£
51 ~
&
b) C)

a)
Figure 8. a) source 3D-object; b) 3 views with imeot Bottom view; ¢) corrected Bottom vieldjew >Twist>180°). A long-time
AutoCAD problem in 3D-modelling is that the Bottonewi is rotated 180° (all other views are correct).
The right solution isDview >Twist>180°. Do noRotatethe object 180°!

Quite effective is to create 3D-object in Model gpand then to form suitable views in different Wperts to show
true sizes and dimensions of this object. In figBrere can see the original shape of triangle AB@vjvl.) and the
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angle abetween faces ABC and ABDE (view M). CommaBBLVIEWand SOLDRAWallow create auxiliary views

quite comfortably [5].
o L
Isometric view i
Front view K

g’" VAII

-'-,_B“=C" Dll B M

Am|=Bm|

Figure 9. 3D-solid object in Model space and someéliary views in different Viewports enable to shidrue sizes and dimensions
of the same object.

Viewports are like ,security cameras” watching gsme object from different directions (Fig.10). Bvehange in
Model space is observable through Paperspace Vigsv(i€ig.11).

Isometric Botom

Right Front Left Back

Top

Figure 10. Isometric view and 6 general views efsame object in different Viewports.
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Isometric

Right Front Back

Top

Figure 11. Scene on display after addition the abject (sphere).
5. CONCLUSIONS

Although in AutoCAD basically is used Model spatiee Paper space offers also interesting posséslitsuccessful
operating with all spaces requires both specialt@edges and skills from designers and users of itigafiles.
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SLOPING ROOF MODELING FEATURES AND ASPECTS OF SUSTAINABILITY

Birute Juodagalviedt

ABSTRACT

Sustainability is a very broad, all encompassingcept that has implications for every aspect ofetgcincluding people of all ages
and abilities. Houses and their roofs that incoamisustainable design features will derive nunsngoing benefits, including
enhanced values. Slope of the roof planes is forwtgite installing rafters, trusses or beams, hadmgpecific oblique angle. The
paper analyzes the modeling features of roof sesfand their influence on the shape of the buildirgainability.

KEYWORDS: roofs modeling, shaped roofs, sustairgtilf the building.
1. INTRODUCTION

Today more and more people (including ones fromneoty class) are thinking about the A class energy
performance when building their own houses. Sudltings are attractive in several aspects: improngcroclimate
and energy saving intended for thermal insulationproper selection of structures and forms of th@imhouse
partitions (walls and roof) can ruin the plans é&sign the A class house, i.e. sustainable house.

The concept of sustainability is becoming increglsinmportant in different spheres, including thenstruction
industry: design of buildings, new materials, stuwes, technology development and production. Téwesttuction
industry is one of the areas covering all the threén stages of sustainability: environment [1, &jpnomic [3] and
social [3, 4].

Typically, the external shape and orientation of thuilding are determined by the architectural thohs,
functional and space constraints [5]. Qi and Wédjchpve evaluated the shapes of roof slopes anitigmssaccording
to the building orientation in respect to the caadlidirections and have based their impact on tieegy efficiency of
buildings.

While comparing buildings with simple forms and theique design, one can see that costs of the gnerg
consumption of the latter ones are much highe8]7,

The factors that make the physical structure addménsustainable or not are: type, size, shapetigrosbrientation
and location, materials, construction. House slisypeedicated on a number of factors. However #dorule is that a
simple shape is much more sustainable than a carsplgpe. Complex shapes use more materials ancathayot as
energy efficient because they have more surface are

2. ROOFING FORM OF THE SINGLE-FAMILY HOUSES

Selection of architectural-design solutions, dethipe and size of residential houses is influebgeithe climate
characteristics, nation's historical developmenrtufarities and national culture [9]. There is & to preserve the
aesthetics of architectural forms of the buildifiy8] and to deal with contemporary design issud$ yilith the help of
information tools by simulating different roofingtions. The scientific literature mainly focusestba unique shape of
heritage or building groups and their roofs. On dine hand, the roof shape simplicity reduces is,aconstruction
installation and consumable materials. On the oth@nd, overhang of the roof and its shape partsicesd the
thermodynamic effects in the entire house, in a@oldibeing an important aesthetic aspect. Theretheze are separate
function groups for the roof modeling in the buildisimulation programs (Revit Architecture, ArchiBAnd others).
Influence of elements to the sustainability of tiypical single-family houses is not even under agrstion in
practice, because the demand of them is growinglsain all EU countries [12], according to the esaiific literature.

The roof shape is selected only in part accordinipé¢ walls contour in the plan. Roof of even thme contour of
walls’ house can have a different shape (Fig.ri}his case not only number of the slopes may \tauyalso the slope
of the planes and position of insulation materia ¢he thermal insulation material.

Fig. 1. Roof shapesnono-pitchedgable and hip roof

Certain geometric shapes houses are usually desigme built in Lithuania: rectangular, square, ld amoss-
shaped (Fig. 2). It was noted after the evaluatibmany years of experience in building design fhitthed roofs are
the most suitable ones in Lithuanian conditionsictvlare designed according to the principal-tygeestes (Fig. 3).

1 Vilnius Gediminas Technical University, Sauleteial1, LT-10223 Vilnius, Lithuania, e-mabirutej@vgtu.It
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Fig. 2 Shapes of single-family houses

Fig. 3. Principal-type schemes of pitched roof plan

Roof shapes used to be essentially the same faddechbut their structure was constantly changihg change
took place and is taking place now due to the mmed thermodynamic requirements. With changeseohtitmative
value of heat transfer coefficient not only theckimess of the insulation layer is increasing, st ¢he build. In Soviet
times, houses had not been insulated, so roofsensingle-family houses were cold. Today, in mestes, the attics
(warm lofts) are being installed. This choice isdisis one of the ways while achieving the buildingtainability or A-
class energy efficiency.

Like any other element of the building, the rooihche represented in orthogonal (roof plan, facades)
axonometric projections. Not all customers are ablanagine the real picture of the future roof@ding to the roof
plan. Therefore, the system should present thibegonal images near the house model, also (Fig. 4)

e T

b)

d)

Fig. 4. Three projections of the pitched roof cami@) - the gable b) - gable with hip c) - gabighwalf-hip, d) - the four-slope
3. ROOFING MODELING SYSTEM

The customer, thinking about the construction ofjiE-family house, may find on the internet manffedéent
spreadsheets associated with price of the housseats. There is no selection of spreadsheets iatefat geometric
parameters of the elements related to the susilipalf the house. True, there are some spreadsheenks to which
stairs can be simulated in the defined space HiB]the ergonomic aspects here are not indicatedfifiy spreadsheets
have not yet been designed, because there waseddareit. The first test of roofing spreadsheedteyn [14] appeared
on the internet in Lithuania after the change ie #mergy efficiency requirements, which essentialadvertising
products of the company. This article provideseyss principal scheme of shape selection of thehpidl roof and its
impact on the sustainability of the house (Fig. Afer creating the system, there are plans fomigagement and
selection:
shape of the house,
roof shape,
size of pitch,
position of thermal insulation layer,

30



e roofing materials,

e cornice component structures (continuous raftessibrrafters),

e others (other aspects of choice could appear wésling the system).

Most people have already realized that selectioth@fcheapest house materials is not the besttioit should
be proposed the influence of sustainability indextte whole house in addition to the estimate®of elements.

Alternative solutions 3
r—.‘j == -
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Fig. 5. Principal scheme of selection system ofpiiteéhed roof shape

In order to implement the scheme in Figure 5 shthesidea, the project and a working group shouldrfce it
with the manager, developer and construction egp®at far, the project is only deals with ae theory.

4. CONCLUSIONS

With the growing demand for the typical single-famiouses, aspects of their sustainability beconseenand
more important. Shape of the elements (as oneetdtmstituent parts of sustainability) affects aunstbility of the
whole house. The article proposes theoretical motisklection of the pitched roof, which is timelgd informative.
Selection of roof shape and materials and theiuaidtarmony have a major impact not only to theanrbontext of the
house, but also to the customer's psychologicaf@anAfter development of the system, the customiirbe able to
assess the influence of roof shape not only ostis&inability of future house, but on the aesthetage, too.
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DELPHI METHOD APPLICATION FOR THE ROOFING PROJECTS

Daiva Makugniers!, Olga Regina SostakAugustinas Maceika

1. ABSTRACT

The authors of the article carried out feasibititydy of the Delphi method application to improlie tlecision-making
in assessing of the roofs installation projectspligsl methods — there were analysis of scientiferature and other
information sources, analysis of decision suppgstesns, and study of Delphi method applicationdecision support
system for the roofing. The authors and during Bietpethod process interviewed experts had to séhecessential
parameters to be assessed in order to help focusi®mers to choose the desired project. Thesenptees were of
properties: geometric, aesthetic, physical, ecoklgieconomic, durability, efficiency, ecologicasfety, and warranty
for the roof. Selected parameters and their weiglei® used in the decision support system datateassdopment. In
the data base, an individual roofs graphic repitasiem and the projects costs were added to. Rwmtéliation projects
evaluation by points and these projects evaluaésults presentation to the customers is helpfghimosing the right
roof design.

KEYWORDS: Delphi method, decision support system, roof gegmet
2. INTRODUCTION

Roofing projects customers have demand for greégdenlization of the proposed option. They needagphical part of
the project, as well as expert evaluation of thejgmt. Customers wants a number of options whiehdiferent in
designe, price, and fulfilment to be offered. Bsponse to these needs, it is appropriate to ceeadefing projects
database containing the details of the proposefoptions. For decision making, based on databata the Decision
Support System (DSS) is useful. DSS provides oppiits for more effective decisions, but decisiomsst be based
on clear estimation of the necessary parameterssabdparameters, also supported with evaluatioer@i For
selection and estimation of the parameters, iteiseasary to have a vision that can be created ibg tise Delphi
method.

The goal of the work: to provide a research of the Delphi method apptioapossibilities for the roof installation
projects evaluation when for roofing modelling twmplex (DSS) can be used.

3. PROBLEM STATEMENTS

I. Andreescu, A. Keller and M. Mosoarca (2016) §tdued that until mid XIX-th century the roofs wegneduced by
craft guilds, influenced not only by their practidenowledge but also by symbolic and traditionaloktedge
manifested in the choice of peculiar geometricasadut starting with the end of the XIX-th centuthe guild system
vanished along with the symbolic and traditionabmiags, leaving the practical knowledge complebetiependent —
ready to be used for spectacular and aesthetiopesp

According to S. Rahman et gR012) [2] and A. Spanaki et al. (2011) [3] it che said, that the work to improve
information systems in the field of constructiomdsve a great outcome.

According to S. J. Barnes and J. Mattsson (201]6)h first phase of a future study would be toldwin the current
factors to develop an event set that can be usednstruct dynamic scenarios. Such dynamic scenasn be used via
a Delphi study to determine the strongest “if theefationships between events that might fostdreeigood or bad
outcomes, identifying the events that have thenggst negative and positive interactions in briggibout a degree of
collaborative consumption (ranging from nothinget@rything). By focusing upon very specific subsstgh as cars,
we may be able to create a series of specific nsottedt lead to the best understanding for reachingore
comprehensive approach to collaborative consumption

According to J. Cho and J. Lee (2013) [5] the rssaf the FAHP method indicated that marketabityredominant
criterion for the commercialization of technologpgucts. In particular, market potential, customeeds, profitability,
and market competition factors seem to have distiely higher importance, indicating that they #ne key factors for
commercializing technology for new products.

According to C. Okoli and S. D. Pawlowski (2004] g6 Delphi study does not depend on a statistiaede that
attempts to be representative of any populatiois. dt group decision mechanism requiring qualigegerts who have
deep understanding of the issues. Therefore, ottfeeahost critical requirements is the selectiogudlified experts.

J. V. Meijering, and H. Tobi, (2016) [7] study shedvthat agreement among experts in Delphi studées chot
necessarily increase across rounds. In most chses was no significant change in level of agredraerong experts.
According to S. Kermanshachi, B. Dao, J. Shane &ndnderson (2016) [8] The hierarchical list of quexity

! Department of Engineering Graphics, Vilnius Gediasitechnical university, Saitiekio al. 11 Vilnius, 10028 Lithuania, e-mail: de@®vgtu.It
2 Department of Engineering Graphics, Vilnius Gediasitechnical university, Saiékio al. 11 Vilnius, 10028 Lithuania, e-mail: de@®vgtu.lt
3 Department of Mechanical Engineering, Vilnius Gedims technical university, J. Basan&aus str. 28, Vilnius, 03224, Lithuania, e-mail:
augustinas.maceika@vgtu.lt
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indicators and their weights enables owners andractors to approach their project planning andcetien more
precisely and wisely.

4. APPLICATION AREA

The main application area for the research ressilt®of design projects preparation and evaluasiotivities. The
research involved Lithuanian experts of variouddfio participate in the Delphi method for DSS systelements
development and roof installation projects evabratiAfter Delphi method results implementation e tDSS, the
customer of the roof installation project can viawariety of appropriate options, which have beesady evaluated
by the experts, and to decide which one to chdbsmne of the proposed options satisfies the austo then the new
stage for potential new options generating anduataln can be implemented.

5. RESEARCH COURSE AND METHOD USED

The authors had the idea to try to use the Delpdtihod for generating and evaluating projects ofingo For this
purpose, questionnaires were prepared and threelsoof investigation were carried out, in whichtggpated 30
experts as the respondents for roof installatiojeggts evaluation. The process of Delphi methodlieggmon is
presented in the Figure 1.

Delphi process initiation
The aim of the research was formulated, questionnaire form
was prepared and respondents-experts were selected

A

First round
Respondents were asked about the set of parameters and
sub-parameters for evaluation and about its evaluation

A

Second round
Respondents were asked to determine the weights of the
parameters for different categories of the projects. Roof
installation project categories were divided into the extremes
(for very important persons (VIP)), protected by the state,
expensive, mid-price, low-cost items, and other types of roof

A

Third round
Respondents were interviewed and the priority positions of
the parameters were determined, which was done according
to the importance for the successful implementation of roof
installation projects and customer satisfaction (respondents
were asked to identify an order sequence number from 1 to

aan

A
\ 4

Analysis and usage of obtained data
The analysis and evaluation of the obtained data by using an
average value method, correlation regression analysis,
Kendall's coefficient of concordance were made and after the
analysis adequate conclusions were stated, also the
possibilities to use the results in practice were analysed.

Fig. 1. The Delphi method application process
Kendall's coefficient of concordance KW was caltedbas:
n m 1 n m )
123 Qr, - 2

KW — i=1 k:1m2(n3 _I:rili) k=1 : (1)

wherer; is given the rank for the objeicby the judge number k, n — the total number ofdbgcts, and m — the total
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number of the judges. If the KW is 1, all the syrvespondents have assigned the same rank seqieetioe list of
concerns. If KW is 0, then there is no overall tt&fi agreement among the respondents.

Estimation of the separate parameters for eachilpessdternative of the roof installation projectn be accomplished
by the formula, converting them into 0 — 100 po#system from the 1 — 5 points system:

- _10{ V,, - min, j
=100 ————— )
max. - min,

where \,j — evaluation of j parameter for the h project (age points assigned by the experts from 1 to B)¢m
maximum points for W parameter evaluation (in our case 5 points),rminminimum points for \ parameter
evaluation (in our case 1 point).

The total evaluation for each of the possible riosfallation project can be done as a weighed gecod the separate
parameters evaluated by the experts (the 0 — lid@spystem):

thijj
o .
2 Wy

J

A

®3)

where W — is the weight of j parameter for the h projestight of the parameter is positive and commonaibr
valued projects of the selected type of the rodfaas assigned as average of 30 respondents arfawsented from 1
to 5 points).

The final decision about the choice to implemergrapriated variant of the roof installation projectst be done by
the customer.

6. RESULTS

The field study showed that for solving roof engineg problems the respondents offered only a fddit@ns to the
authors proposed parameters and sub-parameters set.

Nevertheless, it was found that in general theayeevaluation points of the individual parametdrsidividual types
of projects, evaluated by the experts in varioages$ of investigation, were correlated. In thisardgin order to
evaluate objectively and to select the best rosigie the options have to rely on few experts’ apinand then it is
good to use their average evaluation as a basfofsible options selection.

After the analysis of received data and applicatbthe Kendall concordance coefficient calculatimathodology it
was found that there is a large difference of tkpeets’ opinion what the parameters should be ariyi The
concordance rate of 0.14 was obtained when thermaxivalue is 1.

During Delphi method investigation, roof instaltatiproject categories were divided into the extrgrpeotected by the
state, expensive, mid-price, low-cost items, arteotypes of roof installation projects. The weglft\My;) of the
parameters were obtained very different for athef selected type of the roof installation projeategories.

For the individual projects assessment, it is nesigsto evaluate parameters of geometric, aesthphygsical,
ecological, economic, durability, efficiency andetg properties, also warranty for the roof, plsiraated project
price (Ph) in €, and the compliance with the noamd standards.

7. CONCLUSIONS

1. The DSS can be efficiently used to collect, gsml and visualize the data and processes, aéfgratte submitted for
the experts and building customer assessment.

2. The analysis of roof designing projects mussingported by the evaluation criteria system. Tater¢his evaluation
criteria system it is necessary to make study ef eélaluation subject, to found options that arearignt for the
customers, engineers designers, builders, and iotteeested groups of influence.

3. After the analysis of received data and appbtcadf the Kendall concordance coefficient caldalatmethodology it
was found that there is a large difference of thpees’ opinion what the parameters should be arityi The
concordance rate of 0.14 was obtained when thermaxivalue is 1 (the minimum value is 0).

4. The average evaluation points of the individpatameters of individual types of the projects,l@st@d by the
experts in various stages of investigation, weneetated. In this regard, in order to evaluate otijely and to select
the best roof design, the options have to relyaam éxperts’ opinion and then it is good to usertheerage evaluation
as a basis for possible options selection.

5. Delphi method opens up new possibilities fordbeelopment and evaluation of the roof designoigtens, but this
method requires special knowledge and survey datzepsing takes quite a long time, in our caseok two months.
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TEACHING CAD WITH A PEDAGOGICAL SYSTEM SPANNING FRO M VIDEOS TO
INDIVIDUAL TUTORING

Claus Piitz

ABSTRACT

This CAD course aims at lifting as many studentspassible to a preferably high and well-definedeleof

competence. At the same time, the teacher's watldbauld be kept within limits that allow him orrhte spend the
majority of his or her capacity on supporting thdividual student. In order to reach this aim iftesppf common
unfavourable teaching conditions a complex pedagbgioncept of individual learning in large groupsieveloped.
This course has already been carried out severastiwith great success and has been further opgtimikey

elements of this concept are the following: the ivadion of students, a knowledge transfer taking imccount the
memory system of the human brain, 150 short videtsting to a hands-on project, the graded exescidee

comprehensive system of support and the teamwaak learning phases.

KEYWORDS: advanced instructions, blended learni@§D education, didactic conception, individual eiag,
learning processes, soft skills

1. INTRODUCTION

Many teachers suffer from time constraints androftettentive students who are either bored or achaged. If

students acquire basic knowledge on their owns ibften fragmentary and left to chance in spiteth&f high

expenditure of time. Consequently, lecturers regmigthave to deal with basics instead of more ackdrsubjects.
Moreover, achievement of the teaching goals apmatake.

This course offers a solution for the transfer a$ib CAD knowledge [4]. It enables students to iobieell-defined

fundamentals within a minimal amount of time. A¢ thnd of the course, the lecturer can be sure stsidéll master
the basics smoothly and reliably. Many of the mdthosed may seem unorthodox at first and requireesadaption
time. Nevertheless, due to the positive outcomey, éher colleagues have adopted this course liio ¢urriculum.

The software used is Autodesk Inventor2017 profesdi

We shall describe a pedagogical concept that enatilelents and teachers to focus successfullyeoasbentials for
a high standard of teaching and learning.

2. BUILDING UP AND MAINTAINING THE STUDENTS” MOTIVATION

Participants will only take full advantage of tieather's input when able to pay undivided attenfitis depends on
various aspects. The more convinced the studenf the importance of the subject matter for him-harself

personally the more focused he or she will be.eBtants made by other lecturers, experienced pomgtis and
graduates often appear more convincing than théskeolecturer in charge. Arguments, however, caly @ver

ensure motivation on a cognitive level. Not untiidents experience their individual competence| paisitive

feelings and evaluations be produced that are guesdly increasing intrinsic motivation. During tbeurse, the
quality of learning increases in proportion to ghedents' sense of achievement and lack of unreagesastrations.
It is therefore essential for the teacher to renaivebstacles, which are of no value concernirggtéaching aim.

3. FAVOURABLE CONDITIONS FOR A SUCCESSFUL TEACHING PERRMANCE

Teaching is successful only if it enhances theigpénts' competence [6]. This requires new powenfeural
networks to be built up in the human brain. Redeandorain science shows that the effective coesitva of neural
networks is proportionally influenced by the degi@&vhich the following criteria are met:
The student
o feels safe
feels part of a social environment
considers subject significant for his or her ovie li
has to apply the new input promptly
has a realistic self-assessment
can adapt the degree of difficulty of the taskigdr her abilities
realizes that he or she him- or herself can infheeims or her learning results
is not distracted by disturbances.

4. KNOWLEDGE TRANSFER ORIENTED AT THE STORAGE SYSTEMFO HE HUMAN BRAIN

The human brain is very effective in connecting apptly useful new information to already storedadasing
multitudinous references [1]. However, it is les@ted to processing new data without prior expexsn Thus, one
should not aim to establish a broad basis fromvérg beginning. Instead, we will start only with attis needed for

! Institute for Geometry and Applied Mathematics, RWSRchen University, 52056 Aachen, Germany, e-rpaiétz@igpm.rwth-aachen.de
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a quick practical implementation (Figure 1a). Exgeces gained through application facilitate théssguent
reception of further information during the nex¢den (Figure 1b-e). Contents will be introducethattime when
needed for the project so that their relevancdigous to students at any time, making time-consigneixplanations
superfluous. Only very few topics will require &tigrer's summary on top of the students' overviaimey by their
own experiences and reflections.

@0 g\ ¢
7 o dr- ) 2

a. lesson 1 b. lesson 2 c. lesson 3 d. lesson 4 . lesson 5

Fig. 1. Content structured in five lessons.
5. HANDS-ON PROJECT FOR THE PRESENTATION OF CONTENTRIAMETHODS

The use of a single demanding project from proteesipractice (Figure 2) throughout the course mssthat at no
time the relevance of the teaching material is goesd. High complexity is reached due to the fénatt four
partners each prepare and compile the single eksnwnthe project. Thus, these really intricatei¢epcan be
practiced and reflected. Hence, this is an attradtisk for both participants and teacher.

Fig. 2. Project pallet truck.
6. USING 150 SHORT VIDEOS TO CONVEY CONTENTS AND METHXS

Contents and methods are being imparted via assefi&50 short videos divided into 5 units. Each ismfollowed
by exercise periods for the application and codsdibn of the skills learnt. Our students use tidees and do the
exercises in class (Figure 3). Each video hasvits topic. It starts with performing constructioregs within the
software accompanied by superordinate explanatiBngphasis is put on enabling students to manadewfalp
exercises independently and without further supp®dd minimize the dependency on supervision eadeowi
concludes with pointing out frequently observedtakes. The shortness of the videos is tailorechéostudents’
attention span (2-10 minutes) while at the same tmabling optimal usage of the storage systerheobtain via
speedy application. The students get access twdkes of the next unit after finishing the prevsane.

Fig. 3. Tutoring via videos in
classroom.
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7. GRADED TASKS FOR DIFFERENT DEMANDS

The solution process of engineering tasks can Yideti into different steps. For this CAD course, veave derived
the following types of tasks with correspondinguiegments and a supplementary video module.
For a structural component the following items giken:
¢ a photograph or sketch: The student defines seitatdasures for the structural component in a skateh
technical drawing (Figure 4d).
e a technical drawing: The student develops the sitring of the necessary construction steps for the
component (Figure 4c).
e a structuring of constructions: The student showat the or she can implement the constructions
independently with CAD software step by step (Fégdib).
e a video presentation with software inputs: The stucicquires knowledge through independent repetaf
the software inputs (Figure 4a) .
During the course students have to be led to thastjgze-oriented process step by step. The resgestiperior
aspects are given in the video as supplementgtedftware inputs. They are then applied in reverder.

a. Video Presentation b. Structuring ¢. Technical Drawing d. Photograph

Fig. 4. System of applications.
8. A GRADED SYSTEM OF EXERCISES FOR BUILDING UP INDIDUAL COMPETENCE

Our system of exercises allows every student tiviehdally adapt his or her learning curve. Studesitst acquiring
knowledge via entering given steps into the progrsvatching the complete video of a unit (Figure Bajore
carrying out the entire step on one's own yieldoptimal learning effect. Working and watching sitaneously
might seem quicker to many students but has a reongtller learning effect. Entering all steps of@sten once again
- now based on the structuring (Figure 4b) withesihg the video - consolidates the acquired knogdedrurther
repetitions will build up routine. A successfulitiag implies a safe transfer by the student: Epahner in the
group will be given different tasks accompanied ibgtructions but without videos. Further exerciseish
construction drawings (Figure 4c) or photographgufe 4d) only will reveal whether the participarie now
completely independent from support. For participdrequently encountering problems it is advisablavest into
building up a certain routine by using our systdraseful repetitions [3].

9. A SYSTEM OF INDIVIDUAL SUPPORT FOR THE STUDENTS

In order to maintain the students' motivation th@iogress should be delayed by problems only pri€ince all
students work on similar tasks, fast solutions edkily be achieved via the following graded syst&he lecturer
emphasizes that watching the complete video inotythe discussion of common mistakes will solve tposblems
(Figure 5a). In addition, the team partners arerofible to assist due to their unbiased view (Eidim). Finally, a
discussion among the members of the learning gvaligolve 95% of the problems arising (Figure 5Eherefore,
the teaching assistant (Figure 5d) has to deal witly few problems and the lecturer can concentoatethe
genuinely individual assistance instead of beingt key predictable questions. The participant, thuli,be swiftly

supported in problems of any degree of difficultgler.

a. Self-help b. Partner c. Learning Group d. Teaching assistant

Fig. 5. Different types of individual support.
10. USING TEAMWORK FOR ALL INDIVIDUAL LEARNING PHASES

Collaborating within a team can have positive @fféo all learning phases [2]. To help freshmeridoup a positive
learning atmosphere they are encouraged to chbegeown partners for groups of four. While watahthe videos
and working at the computer they are sitting clseugh to be able to help one another with questma problems
promptly. Every participant contributes the partsdn she has created during the transfer exertiisése common
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project (Figure 6a-d). At a practical level, thatemembers jointly assemble single files to a comuonuit. Transfer
tasks are at hand to develop and optimize construiteas within the team. Collaboration within team will help
the students to reasonably assess, reflect andisply enhance their own performance at any tiigethe modules
offered. It also pays off for the lecturer to sugpmoperation through his or her own assistance.

a. Pariner | b. Parmer 2 c. Partner 3 d. Partner 4

Fig. 6. Different tasks for each partner.

As quality control of the software competence acgfia final project will be created. Without beigiyen new
contents in videos, the four team members will terea model of the New National Gallery in Berlinthin 90
minutes (Figure 7). Based on the given structuring project will be implemented in four phases inect

cooperation.
v : | b »-"""")’/\\ g =
. “B - I T

Phase | Phase 2 Phase 3 Phase 4

Fig. 7. Final team project: New National Gallery (B8.
11. COURSE FORMATS

This course can be adapted to various circumstamcis maintaining the didactic concept:

In Aachen, we run a compact course for one week 248 students working in parallel in 4 rooms frénto 5.

During these times the students watch the videdsvasrk on the tasks. The students report that thel/looked

after very well even though 32 students have toesbae teaching assistant.

In Géppingen (University of Applied Sciences), thigrofessors run the course on a weekly basis@orstudents
with only 1-2 teaching hours/week. Thus, they hea@uced the size without changing the didactic ephcThe
professors report that their work has been tremesigidacilitated by taking up the course and stisleome up with
better results.

In Munich (Technical University), the course istgimplemented for 1500 students. They preparethiese at the
home with the help of videos and exercises. Everinight they have to work on selected elementthefpallet

truck in the classroom in form of an examination.

The teaching evaluations show that all partiesipfimim switching to the new course.

12.  CONCLUSIONS

Applying the pedagogical concept has shown that ffossible to enable a large group of studenimpdement a
demanding CAD project in a very short time. In ef the high standard, a single lecturer is sigfficto support
250 students very well. By way of future coopenatiaith other colleagues, we will further optimizeykelements of
the concept. Involving other colleagues will redstart-up costs and will provide suggestions fgorowing both the
approach and the material. If colleagues wish pathis course to an alternative engineering sofiwthe service
range for the students can be multiplied with gigantly less effort.
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STUDENT MOTIVATION IN ENGINEERING GRAPHICS LEARNING

Sonata Vdovinskiert

1. ABSTRACT

Student motivation is a particularly important facin the learning efficiency. We can find the giogvnumber of the
articles that mention the importance of motivatiodearning and teaching, but they have not endafgrmation about
the value of motivation in adult learning contdittle is said aboutmprovement opportunities of it. The aim of thecet
is to find theoretical aspects of student motivatamd to give the practical examples of the matiwatn engineering
graphics training.

KEYWORDS: Intrinsic Motivation Extrinsic Motivation,Psychologically Friendly Learning Environment
2. INTRODUCTION

Few teachers would deny that motivated studenteasier to teach, or that students who are intiéstlearning, in fact,
learn more. But not every lecture thinks about lownotivate students working under the rules ofversity. The best
lessons, books and materials in the world won'tsgedents excited about learning and willing to kvbard if they're not
motivated. Motivation is a key factor in the sue$ students at all stages of their education, taadhers can play a
main role in providing and encouraging that mofimatin their students. Every motivated teacherthasndividual task -
to look for effective ways to get his students teatiabout learning. So, first it is important tadiout basic factors of
motivation that could help teachers to discoverhmés$ of encouraging motivation in their students.

Lectures of engineering graphics are also facedoalgm - most of students have low motivation tadgt so it is
necessary to look for stimulation methods of mditorain engineering graphics learning.

3. THEORETICAL ASPECTS OF MOTIVATION

Motivation is atheoretical construaised to explaitvehavior It gives the reasons for people's actions, desied needs.
Motivation can also be defined as one's directiohghavior or what causes a person to want to tepleehavior and vice
versa Elliot and Covington 2001)A motive is what prompts the person to act in daierway, or at least develop an
inclination for specific behavior (Pardee 1990). tMation is a word that is part of the popular ouit as few other
psychological concepts arMéehr and Mayer 1997)t plays the crucial role in student learning. Heee the specific
kind of motivation that is studied in the speciafizsetting of education differs qualitatively frahe more general forms
of motivation studied by psychologists in othetdi®

Motivation in education can have several effectshow students learn and how they behave towardedumatter
(Ormrod 2003). It can:

Direct behavior toward particular goals;

Lead to increased effort and energy;

Increase initiation of, and persistence in, adésgit

Enhance cognitive processing;

Determine what consequences are reinforcing;

. Lead to improved performance.

Generally, motivation is conceptualized as eithéiinsic or extrinsic Intrinsic motivation(internal) occurs when people
are internally motivated to do something becausdlier brings them pleasure, they think it is imigot, or they feel that
what they are learning is significant (Ryan andil2€©0).Extrinsic motivation(external) comes into play when a student
is compelled to do something or act a certain wagabse of factors external to him or her (like nyooegood grades).
Internal motivation - a desire to be efficient amdrk on the same activities; extrinsic motivatiois the aim of external
rewards or the desire to avoid punishment (Harg81) External rewards may even weaken or strengthe intrinsic
motivation - it depends on whether it seeks to mrdr to advice (Myers 2000). According to |. Leanm (2009), “the
motivation profile" develops from genetic assumpsiand childhood experiences. E. Jensen (200Bsstiaat many of
the features of the student motivation are formedeun his home environment, which almost cannomnfiaénced by us.
Motivation definitions are numerous, but they méamsame - it is both internal and external incento do the best in a
chosen job.

ogkrwnpE
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4. FACTORS OF STUDENT MOTIVATION

Learning motivation is a complex and changing plnesmeon depends on many different factors, whichregheenced by
the different specialties.

For example, students of economics specialtieggraze that the greatest influence on the motivaisahe desire to learn
more and become a good professional, and at leegtare encouraged when the work is obligat@iapfere, Merkiere
2014). The most important internal learning moimatfactor for the art students is the inner feglaf satisfaction after
the creative work, and the biggest external legrmiotivation factor is surrounding assessment (iGaité, Zutautier
2007).

The analysis of the relationship between studel#aining process, study success and the naturesstioat the
assessment is not one of the most important matiydtctors and does not reflect the actual quadityeducation
(Asikainenet al 2013). People are most creative when they firsilaare promoted by interest, joy, satisfactidout not
by pressure from the outside, so intrinsic motivatis essential. The mostly identified factors ameriosity, learning
skills, emotions, desires and objectives perceptiorer joy which is accompanied by acquisitiorf-sespect promotion,
emotional and physical security, adequate traiexamples, frequent feedback and variety of learfongs and methods
(Sakauskie&12013).

Adult (student) learning motivation comes when susmmarized four factors: success, voluntary, woess and pleasure
(Knowles 2007).

Lithuanian psychologist Juozaitis (2005) presemsr fbasic principles of preparation the adult leagnprograms:
principle of adaptability, principle of clarity, ipciple of interest and "hidden content" principle.

5. MOTIVATION AND ITS STIMULATION IN ENGINEERING GRAPHICS TRAINING

Lithuanian psychologist Juozaitis (2005) states finst of all lectures have to create a psychatally friendly learning
environment, which is influenced by good knowleddgehe chosen topic, being ready to hear othetsjrprovement,
versatility, attention to details, personal matuand etc. Lectures of engineering graphics mugtgmaattention to these
aspects too.

As hours for this discipline significantly decredsthe task for every lecturer has become verycditf — he has not only
to present and explain the all content of learnmagterials (the basic principles of engineering bieg standards
requirements and computer programs and etc.) sesasstudents’ works on time, but also to looksfonulation methods
of student motivation.

The easiest way to reinforce learning motivatiorofering students to choose themselves the taskewéral of its
variants. It would take a little more time for ctieg extra new tasks, but this opportunity would de of the
psychologically friendly learning environmental fais, which incites a student to trust his inssnas both a teacher's
goodwiill.

One of the most powerful motivation factors is nesthiness. Obviously, creation of interesting amidjinal tasks and
their presentation take a lot of time, but it cieria would provoke students to master the matewith a higher
willingness, especially when the tasks are presehtegames. One of the goals of these games isvelap students’
spatial imagination. The first figure presents éxample of the task game, which requires to guakieh parts and to
combine shapes. The solution is evaluated and mtsidean revise their answers repeatedly until tleemrection
(Gergelitsova, Holan 2008).

Mumber of Atbempts: 2 B
| Weorg weer
=/ Do you mank bo praview the scene?

Mumber ol Previews: 0 fos o

Fig. 1. The task — a game that requires the cosetting of positions of given segments

One of the basic tasks of engineering graphicsdsgnting objects views. The task about the cubeferanation could
be used instead usual standard tasks (Fig. 2 ayfulty colored cube walls would stimulate studémsriosity and
positive emotions and would help students to uridedsthe task.
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Fig. 2. The tasks of presenting objects viewsl{ajsfrated Science 2012/7) and creating develops) (lllustrated Science 2012/9).
One of the most important tasks of engineering lyeEpdiscipline is to create objects developmebfsen the lack of spatial
imagination prevents students to solve this table @&xample (Fig. 2 b) illustrates the unusual aartul task, which with its

playfulness could also be interesting for studants$ could help them understand the essence ofi¢inect

Students learn with satisfaction when they haveodppities to create and express their skills. &efmodeling tasks
obviously prove it.

Fig. 3. The example of the surfaces modeling tagkutocad programm

Despite the lack of time, students do the task \gi#mt interest. They create a topic of the taslecs objects for it by
themselves and creatively carry out the task @igUnfortunately, in most cases this task is remtassary because there is
not enough time for it. Therefore, in order to depestudent intrinsic motivation, it is necessaryidok for opportunities
how to add such tasks to the list of mandatorysaskhow to change them into new and more cresdisies.

One of the ways to encourage students’ creatidtyaking part in exhibitions of students’ works. dddition, such
assessment of the work would include external matibw. Unfortunately, the troubles of organizindhigitions or other
reasons prevent these significant activities fareng motivation.

A very effective way of stimulating both intrinsignd extrinsic motivation is participating in engdn@g graphics
students’ competitions. Students themselves ddoidake part or not. In this way, they understamat their freedom of
choice is related to their responsibilities. Pragathemselves for the contest, students develejp kkarning skills, have
the ability to expand their knowledge, experiengecess and inner joy, strengthen assurednessditioad they could be
able to ask for a teacher help. It also extendptisitive emotions towards a common goal. Unforteliyadue to lack of
time or disbelief competitions efficiency, studémismpetitions are not popular enough in our higdahrools.

Nowadays we can see the rapid development of irfbam and communication technologies, so the digtdaarning
becomes more and more popular. It is different fthetraditional not only in the learning mategpagsentation method,
but also in the learning process control and assasisfeatures. Distance learning is little con&dlby a lecturer, so
students’ learning outcomes depend more on the@rrial motivation. So, this learning method recuiggarticular
attention to intrinsic motivation factors.

Only such a program, which reflects knowledge amdieustanding based on the humanistic values, aanilzote to a new
quality of life (Juozaitis 2005).

6. CONCLUSIONS

e Every teacher who wants to motivate students fiest to create psychologically friendly learning iemvment
and, according to the specific job requirementdjnd out the most appropriate stimulation methotistudent
intrinsic motivation.

e The most effective engineering graphics studenivation factors can be determined only after aitktasurvey
analysis of learners of this discipline.
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THE COMPARISION OF GRAPHIC PROGRAMING LIBRARIES

Ana Usovait!

1. ABSTRACT

At this moment there are two main graphics programgniibraries: Directx12 and OpenGL. These librargre the
powerful programming tools and are widely usedreate graphical applications. It is clear, thebealies are different
manufacturers, but the library has different andilar features. The article compared the graplticalies according to
their functionality and programming capabilities.

KEYWORDS: Graphics programming, Graphics librariesectX and OpenGL capability comparison
2. INTRODUCTION

Microsoft DirectX is a collection of application ggramming interfaces (APIs) for handling applicatiorelated to
multimedia, game programming and video and audargssing, bet only on Microsoft platforms. Directgibe 3D
graphics and other parts API within DirectX) is elg used in the development of video games for doft Windows
and the Xbox products of consoles. Direct3D is aised in CAD/CAM engineering and other softwareliapfions for
processing visualization and graphics tasks. Aed@®D is the most widely used component of DiredtX common to
see the names "DirectX" and "Direct3D" used intargjeably [1, 2, 4].

Open Graphics Library (OpenGL) is a cross-languagess-platform application programming interfaoe frocessing
and rendering 2D and 3D vector graphics and othdtimedia components. The API is typically usedii@ctly interact
with a graphics processing unit (GPU), shaderstamqeérform hardware-accelerated rendering.

OpenGL is the premier environment for developingtqdae, interactive 2D and 3D graphics cross-ptatfapplications
and games for PC and mobile devises. Since itsdattion in 1992, OpenGL has become the industng'st widely used
and supported 2D and 3D graphics application progreng interface, making millions of applications dovariety of
different computer platforms. OpenGL graphics ligraromotes novelty and fast application developinBninclude a
broad set of rendering, texture mapping, soundsciapeffects, and other powerful visualization dtions. Developers
can leverage the power of OpenGL across all popidsktop and workstation platforms, ensuring wigeliaation
deployment.

Created applications have high visual quality areffggmance. Any graphical computing application deding
maximum performance-from 3D animation to CAD toudbk simulation-can operate high-quality, high-perfance
OpenGL capabilities. These capabilities permit tgvers in various markets such as broadcasting, /[CARI/CAE,
entertainment, medical imaging, and virtual real@yproduce and display incredibly irresistible 2bd 3D graphics [3,
5].

The main differences between DirectX and OpenGL:

1) Microsoft is whole and sole company that designgd develops DirectX APIs and not to mention ulyiley drivers.
Whereas OpenGL is maintained by Khronos. Underlydnigers are developed by individual dealers likeidia and
other.

2) Microsoft is a commercial and profit making imtational organization but Khronos is not.

3) OpenGL has a subset known as OpenGL ES targ¢tEchbedded devices. Right now it is the most widelcepted
graphics standard for Embedded devices. OpenGL evies DirectX here.

4) DirectX needs only Windows operating system, i@ple is operation systems independent

5) Talking about graphics performance DirectX wihe race over OpenGL ( why not.microsoft is shgllout so much
money on its products ).

6) Desktop games will be most effective on Winddhan on other operation systems like Linux whicksu®penGL
rendering pipeline.

Except the differences OpenGL and DirectX API halenty of analogy as well. First, both of them gsegramable
graphics pipeline, both support 3D and other ojpmmat Very important, that convert graphics codenfrOpenGL to
DirectX and vice versa should not be a problem.

3. ACOMPARISIONOPENGLVS DIRECTX

The meeting between OpenGL and DirectX is perhapsedl known as the disputes between AMD and igko cards

enthusiasts. This talk has generated the fires arfynflame discuses throughout the years. Bet dois't predict that

changing in length of time. It is clear that realBnnot be excluded than one program.

Presumably the most obvious and main differendias DirectX, as against to OpenGL, is more thast pigraphics

library for API. DirectX possesses tools to invgate with such units and nodes of a game as imgtMdyorking, sound,

music and multimedia. On the other hand, OpenGix&ctly a graphics programing tools or API. S ithe main aspect
of deference between OpenGL and DirectX graphicspmment

1 Vilnius Gediminas Technical University, DepartmehGraphical Systems, Satekio al. 11, LT01132 Vilnius, Lithuania, e-mail:

ana.usovaite@vgtu.lt
45



Can safely say that both APIs rely on the use efttaditional graphics pipeline for images rendgrihhis is the same
pipeline that has been used in computer games #iecearly days of computer graphics. Though itheen changed in
small ways to adapt with progress in computer hardwthe main idea remains inviolate.

Both OpenGL and DirectX characterize vertices asteof data occurring of coordinates in spacedbatribe the vertex
location, colour, normal and any other vertex edatlata. Graphics primitives, such as points, Jia@sl triangles, are
defined as an ordered set of vertices. There iffarehce in how DirectX and OpenGL API attendsngtives how
vertices are composited to form primitives.

There are a variety of differences in the Directid ®penGL APIs, so | will list a few of those Tall¢5]:

Feature: OpenGL DirectX

Vertex Blending N/A Yes

Multiple Operating Systems Yes No

Extension Mechanism Yes Yes
Development Multiple member Boafd Microsoft
Thorough Specification Yes No

Two-sided lighting Yes No

Volume Textures Yes No

Hardware independent Z-buffefs Yes No
Accumulation buffers Yes No

Full-screen Antialiasing Yes Yes

Motion Blur Yes Yes

Depth of field Yes Yes

Stereo Rendering Yes No
Point-size/line-width attributes Yes No

Picking Yes No

Parametric curves and surfaces  Yes No

Cache geometry Display Lists Vertex Buffers
System emulation Hardware not presen Let app mhiter
Interface Procedure calls COM

Updates Yearly Yearly

Source Code Sample SDK Implementation

Table 1 DirectX and OpenGL capability comparison

Now is possible DirectX 12 version. Most recentjeased a new version of the DX, it differs sigrafitly from the
previous version. The new version has the followeatures [1, 2]:

- Only supports Windows and Xbox One
- Massive reconstruct and overhaul of the Direcb&/&rsion
- Developed to Reduce Driver overhead similar toX&Mantle
- Achieve "console-level efficiency, and improveB\& Parallelism
- Only supports Windows and Xbox One
- Closed source
As usual, admitted and analogy VULKAN. It is a siggoroduct. its main characteristics:
- Cross-platform API supports Windows, OSX, Linwe&mOS and mobile/embedded devices
- Derived from and built upon components of AMD'aiMe
- Offers lower overhead, more direct control over GPU and lower CPU usage
- Direct access to the GPU for maximum console-fik6formance

- SPIR-V built into API's core (also in OpenCL 2.Hs native intermediate language, making it edsier
developers to take advantage of multiple shadingdage front-ends

- In the process of being implemented into the mggme engines (Unreal, Crytek, Unity and Source).

- Open source library [3, 5].
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4. CONCLUSIONS

e To promote the development of games on Windowsrddizft needed a uniform API that would be low-lewebuld
work on Windows without loss of performance, andulddbe compatible with various hardware. DirectsXaisingle
API for graphics, sound and input devices.

e OpenGL is an open standard developed by the nahprgfanization Khronos Group with the participatiof the
community. All major manufacturers of GPU (nVid&yID, Intel), one way or another, influenced OpenGlnlike
Direct3D, it is available on a very large numberptHtforms. In particular, OpenGL is the main ABt fnteracting
with GPUs on Linux and Mac OS.
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OVERVIEW OF THE GRAPHIC PROGRAMMING TEACHING EXPERI ENCE
Ana Usovait!

1. ABSTRACT

The graphic programming often taught for informststudents. The course is linked to the graphimany OpenGL or
Directx12 use. In short, this course consists ahgoter graphics-based uptake and programming sKiliss course is
quite challenging. The main reason for this diffigus that the need to reconcile two things: maodgraphics and
programming skill. In the paper described the 1&ry®f teaching experience.

KEYWORDS: Computer Graphics course, DirectX, Moithgj] Graphics programming, obj file format
2. INTRODUCTION

Computer graphics subject is taught in almost all/ersities. This is quite a complicated thing. @r& Technology
evolving very rapidly.

Therefore, the teaching material necessary is @thagd improved too. The author proposes in thehierg of computer
graphics sure to pay attention to such things xsfile of modelling objects understanding and fieucture are C ++
understanding and using.

3. OBJECT MODELLING

or the modelling programs packages usually exponat we will use the .OBJ format as it is easibpd for beginners to
start with and readable in graphics libraries.

The .OBJ exporter in Blender, 3D Max and Maya youstrfirst enable to export your model in the .odmjnfiat. For
example, you must clickWindow, then 'Settings/Preferencésthen 'Plug-in Managet. Scroll down to objExport.mll
and select bothl'baded and "Auto load. In other programs (Blender, 3D Max) it is saffiben you must to export your
model in this format click onFile" in menu, then Export All'. Now at the menu you can seleEilés of type" and scroll
down and select for .obj forma®BJexport. Give it a file name for model in obj format ahd "Export All' and model
will export it to a text file with a .obj extensiofo look at the file you can right click and sel@pen With and choose
any text redactor to look or read the file. Sim#ations in other modelling programs. In the .OB)With model you will
then see something that looks like the following:

This particular .OBJ model file represents a singilecube. It has 8 vertices coordinates (X, y,The 6 sides of cube
made up of 12 triangles or faces and 36 indicesxes in total. Also the cube described by 24 textoordinates and
normal vectors. When analysing the file content) gan disregard, every line unless it starts with'a "vVT", "VN", or
"F". The additional information in the file will ndoe needed for converting .obj to other file fotnaelow described
what each of the important lines means:

1. The "V" lines are for the vertices coordinatesy(, z). The cube is made up of 8 vertices fordfght corners and six
side of the cube. Vertices listed in X, Y, Z comates float format [3]:

v -1.000 -1.000 1.000

v 1.000 -1.000 1.000

v -1.000 1.000 1.000

2. The "VT" lines are for the texture coordinat€he cube has 24 texture coordinates and most af #re duplicated
since it records them for every vertex in evergrtgle in the cone model. They are listed in TU,fibdt format.

vt 0.997 0.00199

vt 0.00199 0.997

vt 0.997 0.997

vt 0.00199 0.00199

3. The "VN" lines are for the normal vectors. Thée has 24 normal vectors and most of them ardcdpd again since
it records them for every vertex in every triangiéthe cube model. They are listed in NX, NY, Nt format.

vn 0.000 0.000 1.000

vn 0.000 1.000 0.000

vn 0.000 0.000 -1.000

vn 0.000 -1.000 0.000

4. The "F" lines are for each triangle (face) ie tube model. The values listed are indexes irgovtrtices, texture
coordinates, and normal vectors. The format of éacé is:

f Vertex1/Texturel/Normall Vertex2/Texture2/Norm&@rtex3/Texture3/Normal3

So a line that says "f f 2/5/17 8/6/18 4/7/19" themslates to "Vertex2/Texture5/Normall7 Vertexd(ire6/Normall8
Vertex4/Texture7/Normall119".

The order the data is listed in the .obj file iswenportant. For example, the first vertex in fhe corresponds to Vertex1
in the face list. This is the same for texture damates and normals as well.

1 Vilnius Gediminas Technical University, DepartmehGraphical Systems, Satékio al. 11, LT01132 Vilnius, Lithuania, e-mail:

ana.usovaite@vgtu.lt
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Looking at the face lines in the .obj file notitet the three index groups per line make an indalidriangle. And in the
case of this cube model the 12 total faces makbeaip sides of the cube that has 2 triangles per[8i

4. C++ PROGRAMMING FOR GRAPHICS

C++ classes (classes descriptions and often fungtiototypes) are normally split up into two filg®ader .h and source
.cpp). The header file has the extension of .h @mtains definitions of class elements and funstidhis typical for
programming, especially in C++. The implementatidithe class or function goes into the .cpp filg.dding this, if your
class functionality implementation doesn’t changentit won't need to be recompiled project. In &ddi program code
is easy readable. As a rule, most IDE’s will dsthr you — they will only recompile the classeatthave changed. Very
impotent, that this is possible when they are dplitwo file up this way, but it isn’t possiblepfogramme code is in one
file (or if the implementation is all part of thedder file). Simple example [1,5]:

Header File: Class.h
class Class

t

private:

int Class;

public:

Class(int n);

int getElement();

3
File: Class.cpp

#include "Class.h"

Class::Class() : Class(0) {}
Class::Class(int n): Class (n) {}
int Class::get Class ()

{

return num;

}

File: main.cpp

#include <iostream>

#include "Class.h"

using namespace std;

int main()

{ Num n(35);

cout << n.getElement () << endl;
return 0;}

Common program structure you can see in Fig. 1.

WinMain
I
SystemClass

InputClas GraphicsClss

|
D3DClas!

Fig. 1. Project structure

WinMain class have Main function to start programin@ut Class processes input date and devices. tNatwe have a
D3DClass member we will start to fill out some cadside the GraphicsClass to initialize and shutddiae D3DClass
object. We will also add calls to D3DClass::Renthethe Render function so that we are now drawmghe window
using Direct3D [2, 4].

In D3DClass class is created objects:device, comi@arue, swapChain,
renderTargetViewHeap, backBufferRenderTarget, baffeBRenderTarget, commandAllocator, commandList,
pipelineState, fence, fenceEvent.

5. CONCLUSION

DirectX is quite complicated graphics library. Reaching computer graphics subject is necessanyemtion with other
subjects.

49



Especially important for modelling and programmingC ++ subjects. Students need to explain .obj structure. In
addition, it is important to understand the progkade division into separate files meaning.
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DESCRIPTIVE GEOMETRY COURSE AND MULTI-CULTURAL ENVI RONMENT

Tea Hunt, Harri Annuk&

ABSTRACT

The article describes an experience of organizidgszriptive geometry course in a multiculturatisgt The target group
is an international community of students with eiént cultural backgrounds and lifestyles enrolledhe “Integrated
Technologies” specialty of the Faculty of EnginegriThe aim of the study was to map and analyzexperience and to
present practical guidelines for developing mofeaive attitudes to learning through the subjdatascriptive geometry.
It should also facilitate the students’ faster atipuent to the ways studies are organized in Tallimversity of
Technology. The recommendations address the ssidectical needs and reflect their suggestiongived through
feedback questionnaires.

KEYWORDS: descriptive geometry, methodologylticultural, supervision, learning guideline
INTRODUCTION

The TTU lecturers of Engineering Graphics have ehyears of experience in teaching students [1] wHoguistic
background, country of origin and even level of @tion vary considerably. Previous education waminaepresented
by secondary schools, colleges and vocational sshdde 97 enrolled students came from four contsieand 25
countries (see Table 1). The language of instraatias English.

The primary aim of the university descriptive getmpeourse has been set as the development ofrggideanual and
computer-aided drawing skills. The course has hesministered by means of all the traditional teaghmethods:
lectures, practice lessons, seminars, group wodependent

Numbe Numbe
r of r of
Country Student Country Student
s S
. The Republic of
Georgia 20 Azerbaijan 1
The United Republic of 11 The United Democratic 1
Nigeria Republic of Ethiopia
Finland 8 Japan 1
Ukraine 8 The Republic of Camerun 1
The Russian Federation 8 The Republic of 1
Kazachstan
The Republic of India 7 The Kyrgyz Republic 1
The United States 5 The French Republic
The Republic of Turkey 5 The Kingdom of Sweden
The Arabian Republic of 4 The United Republic of 1
Egypt Germany
The Republic of Latvia 4 The Slovak Republic 1
The National Republic of The United Republic of
2 . 1
Bangladesh Tansania
The Islamic Republic of > Turkmenistan 1
Iran
The Belarus Republic 1

Tabel 1

learning, and individual supervision, includingdrials. Students’ feedback is collected at the @frttie course.
The course materials along with the WEB supportsistnof study materialslearning guidelines and informative
materials.
The descriptive geometry study materiale presented as modules, each of which can bedaatkas a whole on its own.
The created learning guidelines are topic-based [®marning Guideline No 1); they contain all thatnecessary for
achieving the learning outcome. The learning gingsl comprise:

— the aims of the module, the knowledge and skillse@cquired — i.e. the learning outcomes, - atstemcription

of the topic, the notions and the contents of tioglute

1 Academy of Architecture and Urban Studies, Tallimiversity of Technology, Ehitajate tee 5, 19088iifia, Estonia; e-mail: Tea.Hunt@ttu.ee
2 Academy of Architecture and Urban Studies, Tallimiversity of Technology, Ehitajate tee 5, 19088iffia, Estonia; e-mail: Harri.Annuka@ttu.ee



— problem-solving tasks (exercise book; practiceisasmd independent work)

— independent work guidelines (what is to be read whére it can be found) along with the questiondé¢o
answered

— independent graphic work home assignment (the egder size A3; formatting requirements)
- test.

The action plan provides an overview of the leaggnomocess by linking schedules, course activitiepics, teaching
materials, tasks, and assignments to be submiiteasbessment.

The plan is presented in the form of a table, whicdsents the student’s weekly schedule of attgnidictures, practice
sessions, independent homework, and the list @jrasents to be submitted for assessment.

The three-year average academic achievement afeberiptive geometry course students of integrategineering has
been 49.4%. Better achievers came from vicinityntoeis of the European continent, such as Ukra@te706), Latvia
(66.5%) and the Russian Federation (57.1%).

PROBLEMS

Students, who come to study the hamed specialtyedoom schools of very different regions with venyeven quality
[2] of basic education. The difference is condiéidrby dissimilarity in educational systems andiwdés to work and
studies For example,

— attendance of practice sessions and lectures isomsistent from the very beginning of studies

— students do not begin asking questions and attgridtorials before the second part of the term

— independently found literature sources offer infation which differs from that of Europe

— independent graphic home assignments are not seldnoit time

— the acquired level of English language skills it ambequate for self-expression.

Another problem is that some students arrive witlelay of two to three weeks and assume that teidg tools will be
provided by the university.

The main reasons for students’ drop-out are ggittin the basis of a personal application (10%),dohievement (7.1%)
and absenteeism (4.3%). The rest 29.2% will retheatourse in some other academic year via the Opérersity.

The answers to the feedback questionnaire of thieseaindicate that organizing studies in a multimall environment
requires greater emphasis on supervision.

SUPERVISION

Considering the above an action guideline (see $inguattention — the important factors) and leagrjuideline(see
Learning Guideline No 1. Projection) have been dtedpto facilitate acquiring the subject and adpgtto the new
environment [3]. Both of them perform a guiding agbervising function for the student and are awé on a hard copy
and on the WEB.

(1) FOCUSING ATTENTION — THE IMPORTANT FACTORS

Thinking — creating connections — is based on metid@hat is why it is very important to know exgdthe meaning of
every notion. Descriptive geometry uses the notmhsathematics. Some of them are quite new forl¢heners while
others have already been studied. In case the npahisome formerly studied notion has been foegtit is necessary
to revise its contents independently with the taflp handbook of mathematics.

In the first half of the course, students learidentify and design simple space elements, as agethe ways of solving
space problems. In the second half of the semdxieed on the formerly acquired knowledge, mainijtiple-part tasks
are solved. As the separate parts of the coursentmeonnected, all the subsequent being baseitheprevious, it is
necessary to study the subject regularly, acquitirlgknowledge step by step, in the order it waglia at a lecture,
paying attention, first of all, to understanding ttneaning of the notions, as well as their intenemtions. The study
material that is planned for every week, has tstbdied in due time. Neglecting the schedule ocdégmate acquisition of
some part of the study material will cause problemsoherence in the future.

Some useful tips:

1. Studying descriptive geometry can only be swsfagsif conscious attention is being paid to evpayt of the course
from the point of view of theory, space and drawifige most important issues which should be kephimd are the
following: notion, object imaging and marking, gesleor special case, in other words, - locationhef object in relation
to the screens, its characteristics in a two- antiiee-view image, derivation (there may be maations than one),
possible application (examples).

For example, the smallest object of descriptivengetoy is a space point. Based on the above, géessary to formulate
and answer the following questions: What is a sgamet? How is it possible to show and mark a spao®t in a
drawing? In what situation is the position of aridn relation to the screens considered as a genesspecial case? By
what sign in the drawing a decision can be madelogther the point is in a general or special pmsiiHow to make a
drawing of a given space point? What initial da&r@quired to make a drawing of a space point?Muoestions arise in
case a point is, for example, on some surface. liowlerive the missing projection of a point basedits given
projections?

2. Solving every descriptive geometry task shotidtswvith a thorough analysis of the primary data #actors, in the
course of which, first of all, the location of geetmic objects in space and their position in relatto each other are
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determined, and after that their position in relatio the screens. In other words, based on theinait is necessary to
create in your mind an image of the situation iacgp Such an analysis of the primary data will lyelp to draw up a plan
for solving the task, so you can start drawingdbmestructions.
3. It is imperative to study thoroughly at home rgvegart of the study material before a lecture @ctice session, using,
in addition to your notes, the recommended coltseature. It is advisable that you should copyybyr own hand the
majority of construction drawings given in the caeibook. This will supply you with good feedbackyaur knowledge
and skills, so you will know what you already knemd can and what is still lacking.
4. Remember that that success in designing spacdeachieved only if you devote enough time tottteory of the
topic and to practice. It is advisable that youctice solving tasks, for example, by finding vasaeolutions to several
graphic home tasks before a test. The problemisgiiis descriptive geometry are not limited to at@i® number of tasks.
Comprehensive training for professional work regsiistudying and solving a great variety of probléammany different
situations.
It is recommended that, in addition to independertk, solving problems and formulating the procesBnding answers
to questions should be practiced with group matesather students on the course, referring to amilays of solving
problems described in lecture notes and studyaliiee. In case it is impossible to solve a probiedependently, it is
necessary to consult a lecturer.
5. While studying the theory and solving tasks e$atiptive geometry, it is necessary to try, asdiyvas possible, to
imagine in a room the objects shown in a drawingsd@ircefulness will help, - any simple object aichean be used as a
model. Thus, an open book in the position of atragigle may represent two screens, pencils carsée as straight lines,
a drawing triangle — as a plane. A polyhedron, recor a cylinder can be made of paper. Plasticamebe used to make
more elaborate models with openings and cut-ouats et
The key to understanding the subject of descripge@metry lies in the need for imagination.
In each topic, please, follow the given study athon: learn the meaning of the notion (notions)sigeing and marking
the objectjts characteristic in two- or three-view, positionrélation to the screens — general or special cis@jing and
marking images of the object (there may be more tiree solution) and the possible applications.
In the course, drawing tools are used, which, gtka good working order, make drawing a pleasatividy and are a
prerequisite for producing a precise drawing. Itnigportant to have personal drawing tools in leetuand at practice
sessions.
Recommendations for managing studies
— Do it now!
— Revise it and it will be remembered! Revise thelgd in class on the same day.
— Communicate and discuss the topics of the subjibtgroup mates and other students on the course.
— Try to imagine the situation in space; if necessargke a space model of the situation.
— Train independently. Compare your answers with éhokyour group mates. Ask yourself and answer rothe
students’ questions — deal with the topic.
— Plan real time for studies.
— Recommendation for scheduling the work of a finadty student: calculate the total time for studidd one
third and reserve this time for yourself realidticaFor example, a descriptive geometry coursavasth of 4
ECTS credits. The estimated time consumption isutaled by multiplying the course volume by 26 asait
hours of student work. Thus, 104 academic hoursildhioe planned for studies. In case the subjeds fgeaite
difficult, add one third, i.e. multiply the resudyy 1.3, so it will be reasonable to plan 135.2 acaid hours for
studying the subject.
— Communicate with your lecturer(s) when you havestjoas. Actively use the tutorial time or write @mail.

Communication with a lecturer by e-mail
To communicate with your lecturers in case of nei¢gyou can use an e-mail. A professional e-madutd contain all
the necessary information: title (subject, conteférence), content (a notification/ report/ quasyj the author of the e-
mail (name, student code and student group No).

(2) LEARNING GUIDELINE Nol. PROJECTION

The first chapter explains what projection is, wisateeded to get a projection and what is the gblpacial imagination
in making a drawing.
To exactly understand what is being said, it isessary to know the meaning of the words. In theniag material, such
words are called concepts or notions. The notidrikis chapter, on which the hole descriptive getoyneourse is based,
are the following:
central projection, parallel projection, objectpjecting ray, screen, projection/(image), (typepujections: central and
parallel projection; orthogonal and oblique projea}, distortion factor, inclination angle, quotmordinates of point,
scale (numerical scale, scale bar, comparison )scklads of axonometric projection (orthographicoammetric
projection, oblique axonometric projection; orthayginic isometric projection, standard dimetric petin, oblique
dimetric projection (frontal oblique dimetric proj@n)), axonometric axes and distortion factorsamés, congruent,
parallel, perpendicular, oblique.
The knowledge to be acquired during the course is:

1) ways of deriving object projections,
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2) kinds of projections,
3) basic methods of descriptive geometry.

The skills to be acquired during the whole courge a
1) determining the drawing method by given image,
2) determining the kind/type of projection by givemjection,
3) constructing axonometric axes (orthographic isoimgtrojection, frontal oblique dimetric projectign)
4) deriving the axonometric projection by point cooates.

Read Lecture 0 in OIS. There are slides of thethictory lecture that will take place in the oraitn week.

Work through the slides of Lecture 1, following thetion plan for learning week 1-2, fill in the egise book exercises 1

to 6 and do the independent graphical home assigtsmi is recommended that you also see how diganvame born by

watching the video lectures (you will find the linkthe end of the action plan).

Find the answers to the following revision questierthese will help you to pass the tests andxhmesuccessfully.

What is the first and most important aim of desorgpgeometry?

What is the difference between central and orthabprojection?

What are the types of parallel projection and hoviteese projections differ from each other?

Why can a one-view drawing not determine an objéittout any additional data?

In what case a straight line projection is a point?

In what case a planar object parallel projectioa $traight line?

What is the distortion factor of a straight lingsent?

In what limits may the distortion factor of a sthi line segment become: 1) an orthogonal project®) a

parallel projection?

9. What shape will the circle parallel projection taKet is: 1) parallel to rays 2) parallel to tkereen?

10. How does the length of a straight line segmentagptaphic projection manifest through the line segnangle
and the length of the section?

11. What is the inclination angle of a straight lingisent?

12. To what limits can the value of an acute angle wamyrthogonal projection?

13. Express the length of the line segmantf its length in parallel projectioa’ and the distortion factam are
known.

14. Formulate a sentence about the right angle ortipbigarojection.

15. What requirements should a drawing meet?

16. List the basic methods of creating drawings.

17. What does the concept of "reading the drawing" riean

NGO Rr~WNE

NB! While making drawings it is necessary to follthve formatting rules.
CONCLUSION

Descriptive geometry is a unique subject in whigarg drawing has a special significance — the dngvis the main tool
by which a solution can be found. A graphic soluti® based on two synchronic and simultaneousitiesv the manual
and the intellectual. Success is achieved by stadeimo have mastered both.
Organization of studies in a multicultural envirozmh needs more supervision [4] — written and/ot. drés most relevant
to create a friendly and supportive atmosphereafring to maintain and raise the students’ matimaflo achieve this,
it is necessary to:
— introduce both orally and visually the main poiatshe beginning of the lesson
— facilitate communication between group mates indlassroom while keeping understanding of whatemdp
taught under control
— encourage students to ask questions and takeiwgtia clarifying misunderstandings and difficplints
— give students from a different cultural backgroundre time to articulate their answers /react te<lar group
discussions more time than usual
— explain the new vocabulary
— use examples and analogies comprehensible to popiether cultures
— frequently repeat and explain the main points.
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REPRESENTION FORMS OF PLANNED PRODUCTS FROM THE SEMIOTIC POINT OF
VIEW

Harri Lille!, Aime Ruu$
1. ABSTRACT

The technical engineering idea usually occurs énftéad (ox de). It means that through spatial thinking in theqass of
visualization and implementation of design ideas/tare understood and their function and form &aemed. The design
idea must be unambiguously transmitted (communiBatesing the engineering drawing, or the so-caltezsign

(intercultural) language, which is learned withimetEngineering Graphics course. The developmengngineering

graphics is influenced (besides others theoriesjamiotics (theory of signs). There exist thedwihg signs. The signs
that denote things (icons: in our case, three-dgiseral (3D) drawings (models); symbols: in our esakighly

schematized pictures). The active signs accordingvhiich things are made (indexial symbols: in oase; working

drawings (shape, dimensions, symbols, letters)ciipations (texts and numerals). The report deeith the design
process from semiotic point of view with the aimigprove graphic literacy in engineering education.

KEYWORDS: Engineering Graphics, design idea, fasemiotic aspect, sign, product

2. INTRODUCTION

When a freshmen has experienced, that an imagecoherete natural object or phenomenon can beettdathis/her
mind when reading a novel the images created byeder and by the author may not (always) beahsesMoreover, it
appears that this spatial imagination ability mip de different among readers. As usual, the feahengineering idea
occurs in the head. This idea must be correctipstratted (communicated). To minimize this above tiosed
description, a system of standard of signs, symiadstext, i.e. the co-called intercultural uniadmdesign language (used
across languages and cultures) with two dialectisinvthe frame of orthographic projection has béeweloped1]. These
are The First- angle orthogonal projection andTthigd-angle orthogonal projection, which make ispible to understand
the engineering drawing unambiguously. Enginee@ngphics is taught within the undergraduate engingeurriculum.
It was developed as a practical subject closelgtedl to construction (design aspect) and manufagtiftechnological
aspect), i.e. the co-called design process. Tigineering drawing, as one part of the design pcesves to allow
realization, formalization and logic, in order tanimize errors for communication between engineditse various
schemes of the product design process are presented

3. FORM AND FUNCTION: DESIGN ASPECTS OF THE PLANNEERODUCT

When a certain problem has been identified thegpeed technical idea is often difficult to commuatie in the verbal

form. It can be presented graphically using anirexeging drawing in which the images and the obgret connected

through the same internal structural logitd can be analysed functionally (Figure 1). A técdl engineering idea is the
source of the future planned real object, but hetsiource of only its shapes.

We take it for granted that the design is not ttenihg but the idea that the drawing (always pcatiy) represents [3].
Ideas and concepts and graphics form the so-calleliectual product (indication-recognition, unst@anding, application,
analysis). A form of graphics is applied to analylse relationship between the elements that makarupngineering
drawing in the semiotic aspect.
Taeas
( and
Concepts

vations

Fig. 1. Triangular model of observations, ideas gragphics [2].

In Preice’s model a sign is made up of three p#résrepresentamen, the object and the interpré&gure 2)[4, 5]. It
should be mentioned that interpretant is richer brahder than the interpretation. It also includeton (incorporate
semiotic activities) and feeling.

! Department of Rural Building, Institute of Forgsand Rural Engineering, Estonian University obLSiciences, Fr. R. Kreutzwaldi Street 5, 51014,
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2 Department of Sustainable Technology, Tartu Cell@allinn University of Technology, Puiestee 78)@B,Tartu, Estonia
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\ Object / )
\\7, Engineering Drawing\e’?jéw
Fig. 2. Peirce’s triadic model (edited by Benseleldt al.) for transferring the data of the desigfect [4, 5].

The representamen (sign) designates the meargngsisumed mental drawings, schemes, maps, diagndnict allows
communication by means of signs. There exist tHeviing signs. The signs that denote things (icansur case, three-
dimensional (3D) drawings (models); symbols: ir case, highly schematized pictures). Symbols areventional,
related to the object; they are representationghvhtt through codes and other regularities [Cpnventional graphic
symbols are used in engineering drawings, diagrgtams, maps and other documents of technical pteduhe
symbolic nature of representations requires spetathnical knowledge (hence learning) for thefeipretation6]. An
iconic and symbolic relationship is such where thpresentamen and the object are sometimes ebtblihrough
language and culture and cannot therefore simplysmit a message [7]The active signs according to which things are
made (indexial symbols: in our case, working drasirishape, dimensions, symbols, letters); spetifica (texts and
numerals). Indexial signs usually actualize sonmeioéxistence. The index drectly related to the object through actual
contact, environmental impact or marks of the abjén the other hand, the working drawing is masenplex and has
several semiotic layers, including graphic anduakannotations (dimensions, words, symbols; chehtemposition of
the material; mechanical and physical parameterghef material etc.). An index relationship is sushere the
representamen and the object are established darmgsages and cultures.

The different forms of the representation of anecbpre integrated in the semiotic bundle [8he three forms of signs
are not separate or distinct; a complex sign mpsesent a combination of several kind signs.

Working . ) ) Schemes,
Drawing Indexical Iconic Symbolic Maps,
Diagrams

Fig. 3. The forms of representation as integratettié semiotic bundle [8].

Note that the most appropriate method of learniragvihg rules is repeated hand drawing, in whichitten is activated
by the sensitivity of the fingertipi9]. In their professional life construction engineeosnmonly use freehand-sketches,
which is the quickest and simplest way to convegrtiesign ideas.

4. MATERIAL AND TEHNIQUE: TECHNOLOGICAL ASPECTS OPRODUCT MANUFACTURING

In the present context, working drawings are camstrd marks that stimulate to act, according toctvtlihe process of
manufacturing details from the material by usingoias tools and operations takes place — it issthiealled technological
aspect of design process (Figure 3). Requirementte€hnology (set-up characteristics and parameatethe product)
determine the planned end product [10, Kplart fromthe materials and tools, technologies are of eqigalificance in

achieving desired final properties and characiessif the planned product.
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' Form = = Material

Desigr
Aspects
Techn?)lbgical
Aspects

! Function = = Techniques

Fig. 4. Various design processes: a) triangulagrdia of the problem, tools and media [10] ; b)tgalar diagram of graphics,
materials and tools; c) block diagram of the desigd technological aspects [11]. As one part offsgn process, students learn to
express solutions to engineering problems by argatiawings (models) as messages to be communidawetcessful design helps to
understand the way how the object is constructexider to transmit it’ as a message across languaige cultures. The ability to

spatially visualize an object is an important insient required of engineers in order to ensureuabfiiciency.

5. CONCLUSIONS

A certain problem is identified and it is given aamghic representation, using an engineering drawiag,
manufacture a product.

The graphic representation of an object can taKerdnt forms in consequent interpretations: icassthree-
dimensional (3D) drawings (models) and symbolsraphyc symbols that designate things.

The working drawing is an active indexical sign@ding to which some other things existence isaled - in
our case the product.
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BALTGRAF - ENGINEERING GRAPHICS IN BALTIC STATES
ReinMagit
1. ABSTRACT

The International Association BALTGRAF is createy éngineering graphics departments of Estonia, iaadnd
Lithuania 26 years ago 1991 in Vilnius Technicalivénsity. Regularly every two years are organiz8IBALTGRAF
conferences in Vilnius, Tallinn and Riga. All aléis are peer reviewed.

There are discussed Engineering Graphics problach$rizd to find appropriate solutions. Topic aiesaried - Graphics
Educations, Descriptive Geometry, Engineering DnawCAD in Engineering, Standards of Technical Gregpetc.
During the meeting, exchanged experiences anditepaimaterials that are beneficial to both sides.

The efficient last of BALTGRAF uses to predict tteeme successful continue in future.

KEYWORDS: Engineering Graphics, BALTGRAF, Balticafts
2. INTRODUCTION

26 years ago on 5th November 1991after crash oeSbwion representatives from engineering graptiesartments of
three Baltic States
met in Vilnius Technical University.
Representatives declared, considering:
« changed political status of our states,
e necessity to coordinate our efforts in engineeadgcation,
e necessity to assure concordance of diplomas (bathahd master’'s degree) of our states,
...to found the International Association BALTGRAG engineering graphics departments of Estoniayvidaand
Lithuania.
The aims of BALTGRAF are:
« to coordinate our efforts in methodical and progequipment of departments of engineering graphics,
* to coordinate researches of our departments inrelieengineering and computer graphics,
e to coordinate our efforts in adaptation of inteimadl standards of technical drawings,
e to organize international BALTGRAF conferences reéfeproblems of engineering graphics departments,
e to consolidate our efforts in sphere of named pnuisl with other universities of Baltic region.

ProfessoPetras Audzijonisfrom Vilnius Technical University was selectedtlsfirst president of BALTGRAF .
BALTGRAF conferences are organized regularly imifik, Tallinn and Riga Technical Universities.

3. BALTGRAF CONFERENCES

Thefirst conference of BALTGRAF [1] took place in Vilnius Gediminas €enical University in 1992
* There were 17 presentations — about descriptivengeg, technical drawing and computer graphics
* The introduction of proceedings of the conferenoints out that the main goal of engineering graphi
graphical literacy — ability to create and underdtgechnical drawing
» The serious problem for all participants was distiig of capacity of graphic subjects in technigailversities
and secondary schools.

Thesecond conferencef BALTGRAF [2] took place also in Vilnius Gedinmas Technical University in 1994
« 18 papers were presented
» One of the conference topics was transition from&ds0ST-standards to international 1ISO.

All GOST-standards were absolutely obligatory —earcution of them was even punishalifedp6ronenue crangapra
HpeCenyeTcs 10 3aKOHY).

ISO standards are in principle voluntary to use tbey are obligatory for creating European andonat standards.
Although any standard does not contain detailediragmtations, every requirement should be foundedBan the
conception of any argument can change due todaknical progress.

3rd BALTGRAF conference [3] was organised by Tallinn University of Techngjyoin 1996.
« 18 presentations treated of didactic researché&sniational standards and also present and fufuceraputer
graphics.
e As thesecond presidenbf BALTGRAF was selecteBein Magi from Tallinn University of Technology.

4th BALTGRAF conference [4] took place traditionally in Vilnius Gediminas€hnical University in 1998.
e 22 papers were presented.
e The purpose of some articles is to study speaoffatufres of CAD for making CAD-process not only ntodeut
also comfortable, quick and economic one.

1 Centre of Engineering Graphics, Tallinn UniversifiyTechnology , Ehitajate tee 5, Tallinn 19086 oB&, e-mail:rmagi@hot.ee
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5th BALTGRAF conference (2000) took place in Tallinn University of Techaogy [5].
e There were presented 22 papers — 14 from Lithu@rfimm Estonia and 1 from Latvia.
« Majority of presentations (80 %) were connectechwibmputer graphics.
e Lithuanian technical drawing standards based onu®¢ created.

BALTGRAF-5 decided:
« To contribute to enhance teaching level of engingegraphics disciplines in secondary schools.
* To stop the catastrophic decrease of the numbengiheering graphics lessons in technical univiessit
« To develop the effective trends of more contemponafio-technology - to innovate regularly compuggaphics
software and hardware.

Next conference BALTGRAF-6[6] took place in Riga Technical University in 2002
It was the most numerous one — 44 presentations.
Papers were divided to subsections:
e CAD in Engineering (14 papers).
e Graphics Educations (20).
e Descriptive Geometry and Engineering Drawing (6).
e Standards of Technical Graphics (4).
ProfessoModris Dobelis from Riga Technical University was selectedtlsisd president of BALTGRAF. The new
logo of BALTGRAF was selected (Fig. 1).

&E.'ﬁ':
=)

RAF

Fig. 1. The logo of BALTGRAF

7th BALTGRAF conference [7] was organised by Vilnius Gediminas Technicaiuérsity in 2004.
41 presentations were divided to:
e Theoretical Aspects (8 papers);
« CAD and CAD Applications (12);
e Graphics Education (16);
e Standards in Engineering Graphics (5).
The new trend was-learning of graphical subjects. E-learning will open nevwporunities for lecturers and students due
to wide extension of internet nowadays.

The 8th BALTGRAF conference|[8] took place in Tallinn University of TechnologyUT) in June 2006
37 presentations were divided to :
e Descriptive Geometry (6 papers);
e Technical Drawing (6);
e Engineering Computer Graphics (15);
e Standards of Technical Graphics (3);
e Graphic Education (7).
Quite actual theme was thésualization problem. Visualization in engineering graphics baitter help to understand the
topic.

In the9th BALTGRAF conference [9] (2008) in Riga Technical University there weepresented 43 papers

21 from Lithuania

8 from Estonia

6 from Latvia

6 from Poland

1 from Slovakia
e 1 from Germany

By themes these presentations were divided to :
e Applied Geometry and Graphics (6 papers.)
« Engineering Computer Graphics (15).
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e Engineering Graphics (21).
ProfessorDaiva Makuténiené from Vilnius Gediminas Technical University wadessted asthe fourth president of
BALTGRAF .

The 10th BALTGRAF conference[10] was organized extraordinarily in 2009 in cu#tl capital Vilnius.
Maybe due to economical crisis only 31 papers \peesented:
e 16 from Lithuania
e 5 from Latvia
e 5 from Poland
e 4 from Estonia
¢ 1 from Slovakia
New visualization possibilities have appeared in-rBBdelling. For example simulation of videocameraving by
desirable trajectory.

The nextl1th BALTGRAF conference[11] took place in cultural capital Tallinn in 201
26 papers were presented:

e 9 from Lithuania

e 8 from Estonia (1 coauthor from Germany)

e 6 from Latvia

e 1 from Ukraine

e 1 from Poland

e 1 from Austria.
All participants celebrated the 20th anniversary ofBALTGRAF!

The nextconference BALTGRAF-12 [12] was held in Riga Technical University 2013.
33 papers were presented:
* 9 from Lithuania
e 6 from Latvia (1 coauthor from USA)
» 5 from Estonia
* 4 from Canada
» 3 from Poland
e 2 from Ukraine
e 1 from Serbia, St.Petersburg, Omsk.
New topics of BALTGRAF-12 were varied and interagti
e Geometrical art
* BIM (Building Information Modeling)
« Architecture

Thelast conference BALTGRAF-13 [13] was organised by Vilnius Gediminas Techhidaiversity in 2015.
20 papers were presented:

e 11 from Lithuania

» 3 from Estonia

e 2 from Latvia

« 1 from Slovakia

e 1 from Serbia

e 1 from Germany

e 1 from Japan

Figure 2 can illustrate graphically the historypoévious conferences.

Conference Place - Time Papers

BALTGRAF-1 Vilnius-1992 17 |

BALTGRAF-2 Vilnius-1994 18

BALTGRAF-3 Tallinn-1996 18 !

BALTGRAF-4 Vilnius-1998 22

BALTGRAF-5 Tallinn-2000 22 —L.

BALTGRAF-6 Riga-2002 44 . 4

BALTGRAF-7 Vilnius-2004 41 ~

BALTGRAF-8 Tallinn-2006 37 "

BALTGRAF-9 Riga-2008 43 : —

BALTGRAF-10  Vilnius-2009 31 %

BALTGRAF-11  Tallinn-2011 26 "

BALTGRAF-12 Riga-2013 33

BALTGRAF-13  Vilnius-2015 20 4/1/
Average 28,6 - -

Fig. 2. Graphical history of BALTGRAF conferences
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4. CONCLUSIONS

International Association BALTGRAF, founded 26 y®ago, is like a symbol of the reestablishmennhdépendence in
Lithuania, Latvia and Estonia

Regularly organized conferences enable to meatrkst and specialists of engineering graphicsnedyae the present
situation and to plan new developments for future
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