POLSKIEGO TOWARZYSTWA
GEOMETRII | GRAFIKI INZYNIERSKIEJ




THE JOURNAL
OF POLISH SOCIETY
FOR GEOMETRY AND
ENGINEERING GRAPHICS

VOLUME 30

Gliwice, December 2017



Editorial Board

International Scientific Committee

Anna BLACH, Ted BRANOFF (USA), Modris DOBELIS (Latvia),
Bogustaw JANUSZEWSKI, Natalia KAYGORODTSEVA (Russia),
Cornelie LEOPOLD (Germany), Vsevolod Y. MIKHAILENKO (Ukraine), Jarostaw MIRSKI,
Vidmantas NENORTA (Lithuania), Pavel PECH (Czech Republic), Stefan PRZEWEOCKI,
Leonid SHABEKA (Belarus), Daniela VELICHOVA (Slovakia), Krzysztof WITCZYNSKI

Editor-in-Chief
Edwin KOZNIEWSKI

Associate Editors
Renata GORSKA, Maciej PIEKARSKI, Krzysztof T. TYTKOWSKI

Secretary
Monika SROKA-BIZON

Executive Editors
Danuta BOMBIK (vol. 1-18), Krzysztof T. TYTKOWSKI (vol. 19-30)

English Language Editor
Barbara SKARKA

Marian PALEJ — PTGiGI founder, initiator and the
Editor-in-Chief of BIULETYN between 1996-2001

All the papers in this journal have been reviewed

Editorial office address:
44-100 Gliwice, ul. Krzywoustego 7, POLAND
phone: (+48 32) 237 26 58

Bank account of PTGiGI : Lukas Bank 94 1940 1076 3058 1799 0000 0000

ISSN 1644 - 9363

Publication date: December 2017 Circulation: 100 issues.

Retail price: 15 PLN (4 EU)



The Journal of Polish Society for Geometry and Engineering Graphics

1
CONTENTS
PART I: THEORY (TEORIA)
1 E.Kozniewski, A. Zaba, P. Dudzik: Geometrical Aspects of Attic Management 3
PART II: GRAPHICS EDUCATION (DYDAKTYKA)
1 B. Babaly, A. Boleskei: Analysis and Comparison of Some Spatial Ability Tests 9
2 B. Kotarska-Lewandowska: From a Point Cloud to a 3D Model — an Exercise for Users
of AutoCAD and Revit 17
3 C.Leopold: Discovering Geometric Structures of Built Architecture 23
4 C.Lapinska, A. Ogorzatek: Planes Tangent Simultaneously to Three Spheres 33
5 M. Sinitsky: Pre-service Teachers’ (Mis)-understanding of the Constructions
of Dynamic Geometry Objects 41
6 M. Sroka-Bizon, J. Tofil: Graphics Courses — Discussion on a Modern Syllabus
Development and Implementation 47
PART III: APPLICATIONS (ZASTOSOWANIA)
1 D. Velichova: Analysis of 3D Photogrammetric Reconstruction 59

PART IV: HISTORY OF DESCRIPTIVE GEOMETRY (HISTORIA GEOMETRII WYKRESLNE])
1 T. Wieja: Influence of Spatial Form of Underground Galleries on Geometry and

Structural Design of Old Mine Support Constructions 63
PART V: INFORMATION AND NEWS (WYDARZENIA I INFORMACJE)
1 24™ Conference Geometry Graphics Computer Lédz 3 - 6 VII 2017 16
2 Slovak - Czech Conference on Geometry and Graphics, 11-14 September 2017,
Vrsatec 22
3 Geometrias’17 V International Conference Thinking, Drawing, Modelling. Coimbra
16-18 June 2017 40
4 Reviewers 2017 46
5 A. Blach, M. Sroka-Bizon: Professor Zbigniew Kaczkowski - the Honorary Member
of the Polish Society for Geometry and Engineering Graphics 73

ISSN 1644-9363 / PLN 15.00 © 2017 PTGiGI



The Journal of Polish Society for Geometry and Engineering Graphics
Volume 30 (2017), 59 - 62 59

ANALYSIS OF 3D PHOTOGRAMMETRIC RECONSTRUCTION

Daniela VELICHOVA
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daniela.velichova@stuba.sk

Abstract. Paper brings information about process of analytics reconstruction of 3D real data of
objects selected from photographic images using software application CamWitt.
Reconstruction algorithms are based on classical methods of photogrammetry and principles of
epipolar geometry.
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1 1 Introduction

The paper brings information about process of analytic reconstruction of 3D real data
of selected objects from photographic images using software application CamWitt. This
interactive tool was developed for filtration of data recordings, automatic detection of objects
in the images and exact determination of dimensional and positional characteristics that
enable correct identification of recorded objects and their real dimensions. Algorithm for
calculation of real dimensions is based on geometric principles of photogrammetry and
epipolar geometry. Various solutions improving accuracy of the resulting real data are
described and analysed, and 3D visualisation GeoGebra applet for understanding proposed
corrections to algorithm and their geometric interpretation is presented. Methods
of underlying principles of epipolar geometry are introduced in brief.

Presented facts are results of the project of the Slovak Research and Development
Agency APVV-1061-12 entitled ,,Determination of geometric characteristics of objects
obtained from criminological relevant image recordings® and coordinated by the Slovak
University of Technology in Bratislava. Partners are Criminological and Expertise Institute of
Ministry of Defence of SR. Project aims to development of a correct and precise algorithms
for processing of geometric characteristics and reconstruction of dimensions and position of
selected objects in photographic images of 3D scenes. Its results will be used for practical
applications in criminology, for detection of criminal acts, in collection and analysis of proofs
of evidence recorded on images and during identification of suspected criminals.

2 Description of basic tasks

2.1.1 At many public spaces that have to be under constant surveillance due to various
safety reasons, expensive security camera systems are installed at stable position,
which are used for continuous recording of the 3D space within the camera vision
cone. Obtained recordings have to be thoroughly analysed especially in case of
emergency situation or when a crime has been committed, in order to deduce
the reason of the event and search for proofs of evidence. In majority of situations
these camera systems are of known calibration and therefore classical
photogrammetric methods of reconstruction can be used.

2.1.2 An interactive tool CamWitt was developed during the project life for filtration of
data recordings, automatic detection of objects in these images and exact
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determination of dimensional and positional characteristics that enabled correct

identification of recorded objects and their real dimensions. Used methods are

extensively tested before they can be applied in the criminological practise, in
detection of criminal acts, in collection and analysis of proofs of evidence recorded on
images and during identification of suspected criminals.

User interface of the CamWitt application is presented in Fig. 1, with uploaded two
photographic images of a real 3D scene. Users are supposed to detect manually at least 9 pairs
of corresponding points in the two windows with images taken by a non-calibrated camera
from two different positions. System automatically calculates the camera calibration and inner
picture calibration, and finds the inverse projection matrix, from which coordinates of the real
points in 3D are calculated and appear in the pop-up window. Distances of selected points can
be calculated as well.

B e — T T - W

Bi W pew Qe pew

L=l L ke e =

1. 0000 (8- TR
BOREIAT & 5MPaL 3T
A (R EE ) T
28807 5300 M T et

Yl et Vo & A, RN

Figure 1: CamWitt application interface

3 Theoretical backgrounds

Calculation of real 3D Cartesian coordinates of points detected from photographic view is
realized by means of algorithms based on properties of linear perspective, projective
transformations represented in matrix form. Each central projection or photographic mapping
defines a particular coordinate system in space, called the camera frame. Its origin is placed at
the centre of projection, the principal ray of the camera is the z coordinate axis, and the
principal directions in the photography image plane serve as x and y coordinate axes spanning
the vanishing plane of this central projection. Central projection denoted in homogeneous
coordinates (xp: xj: x2: x3) = (1: x: y: z) is expressed as a linear mapping determined by
the focal distance d.
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Inverse problem, in which coordinates of points on the real object in space are
calculated from plane coordinates detected in the central images of the respective points, is
the background of the analytic algorithm. Projection lines from the two given centres, so
called epipolar lines of projection, are lines intersecting in the mapped points located in the
space, see Fig. 2, on the left. Image coordinates are detected always with certain errors, due to
various reasons (manual data collection, size of analysed picture and its precision, contrast
and resolution, etc.), which are reflected in different position of epipolar lines that might be
intersecting in points not corresponding to real original points mapped in the central images
from which the views were detected. Lines can be either intersecting in points inside or
outside the mapped object, as can be seen in Fig. 2, on the right. In the worst case these two
lines can be skew and not intersecting in a real point at all.

Figure 2 Left:Two central projections of a cube from two different centres. Right: Incorrectly meeting epipolar
lines inside mapped cube.

For obtained skew lines, when there is no solution of the inverse problem, additional
algorithm had to be implemented. Corresponding point is calculated as the centre of the axis
of respective skew lines. This means that line perpendicular to both skew lines and
intersecting both of them is determined, while centre of symmetry of the two intersection
points on skew epipolar lines, i.e. point in the minimal distance to both of them is determined
as the corresponding point at the reconstructed real space object.

Several other attempts to improve precision of calculation of the real coordinates
of points on selected reconstructed objects were analysed, dealing with information on
photographic images, as e.g. position of the principal point (view of the centre of projection)
in the two images, distance of the two centres of projection, and others. Impact on achieved
accuracy of results was analysed, namely relation to inaccurate dimensions in direction
of different coordinated axis. On the basis of this analysis some further improvements to
algorithm will be introduced.

4 Conclusions

Several supportive digital tools were developed in order to analyse inaccuracy that might
occur in the calculations of real dimensions from image data. One of them is the 3D
visualisation GeoGebra applet for performing two different central projections of an object
from different centres located in given distance. Basic principles of epipolar geometry are
presented here in their geometric representation, which are underlying the classical
photogrammetric methods applied in analytic form in the developed algorithm, see in Fig. 2.
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Analysis and results of the project ,Determination of geometric characteristics
of objects obtained from criminological relevant image recordings* were presented. Based on
photogrammetric methods represented in analytic form, an algorithm for calculation of real
three dimensional data of selected objects on two photographic images was developed, aiming
to precise reconstruction of object dimensions and position in the space. Several methods for
improving the accuracy of obtained calculation results were presented.

The described methods are to be introduced in the criminological praxis, for
investigation of acts of crimes, in collecting and analysis of proofs of evidence recorded on
video-cameras or from two stable cameras, and from any other relevant image recordings, for
the aims of identification of criminals and committed criminal acts. Results of project will be
generalised on development of algorithms of videogrammetry, for reconstruction of objects in
video-records for stable camera systems.
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METODA ANALITYCZNA REKONSTRUKCJI
FOTOGRAMMETRYCZNE] 3D

W pracy podano analityczng metod¢ odtwarzania rzeczywistych danych 3D obiektow
wybranych z obrazéw fotograficznych za pomoca aplikacji CamWitt. Algorytmy rekonstrukcji
oparte sg na klasycznych metodach fotogrametrii i zasadach geometrii epipolarne;j.



