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Communication Interfaces

e Author - Application Programmer - GS Author - User
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Eg. OpenGL Workstation

* \What Is interesting for users?
» State Exam Questions?

Dec 9, 2020 video



Five Questions

17. Computer Animation, Basic Concepts, Mathematical Model by Szirmay-Kalos.

Computer Graphics (3)

(Coordinate systems, camera, lights, real-tme and offline animation, motion realism, 4 stages of animation
creation (scenario, objects, keyframes, inbetweens), curve parameterization, 1ISO definition of animation,
animation methods, curve parameterization).

18. Forward Kinematics. Composition of Transformations for Articulated Structures.

Computer Graphics (3)

(3D scene graph, network structure, local and global transformations, their matrix expression and pros and
cons, forward kinematics of articulated structures, interpolation of rotation.)

19. Using Texture to Accelerate Rendering. Panoramas.

Computer Graphics (3)

(Coordinate systems, texture, surface details, procedural textures, texture processing for panoramas and
facades, environment mapping, and other texture transformss, such as multipass, mipmapping, prefiltering
and postfiltering.)

20. Creating Virtual Environments. Cybercity Modeling and Rendering.

Computer Graphics (3)

(Coordinate systems, scene graph, LOD definitions, capturing and modeling of urban environments, terrain,
georeferencing, and application of urban models.)

21. Augmented and Mixed Reality. Reference model by Bimber and Raskar.

Computer Graphics (3)

(Coordinate Systems, Augmrnted Reality and its Reference Model, Three Types of Virtual Environments,
Creation of either GPS Navigation, Computer Game, or Virtual Museum).
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MM Architecture by Stucki 1991 >> Ruzicky 1995, kap. 20,
PREMO 1998, MPEG-4 1998, MPEG-7 2004, MPEG-21 2019
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Standards

Home / Standards

MPEG-7
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Activity status: Open

White papers: [£] MPEG-7 Overview

Parts

Systems

Part number: 1
Specification of a systems layer
read more

Description Definition Language

Part number: 2
Specification of a language to define descriptors
read more

Visual

Part number: 3
Specification of visual descriptors
read more

Audio

Part number: 4
Specification of audio descriptors
read more
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Imaging by CGRM

Interpretation

Image-related
Digital
Information

Synthesis Analysis

Real Sensing i
World — 8 Processing

Presentation

:

Operator

Dec 9, 2020 video
Figure B.1 - Computer imaging model



vstup
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Architecture of VE

Virtual Exhibition Users
(Different versions of VEs for different user groups)

A e

Virtual Exhibition Team

User Profile

| Exhibition Authoring System | Manager
elearning Metadata Presentation
Authoring Management | . . Manager
System 1 System Information Exhibition Presentation (VE generation)
Object Manager Template —_
| Manager Manager Digital Rights
Manager
Learning Database Management System
Management ——| (XML/Relational/Object-Oriented)
System

Learning Object Text
Metadata Metadata

Audio
Metadata

Video
Metadata

Image
Metadata

Exhibition
Metadata

Presentation

Template
Metadata

Animation
Metadata

Virtual Reality
Metadata

Figure 2. Generic system architecture for VE development
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Spatial by CIDOC CRM

Examples

P88 consists of
(forms part of)
0.n

A A
0.1 0.n 0.n
P53 has former or current location

\ \(zs former or current location of)

P87/is identified by

!

0.n (identifies)
P55 had current location
0.,n (cur|rently h olds)
P76 has contact point
(provides access to) /
/ P59 has section
(is located on or|within)
1.1

P58 has section definition
(defines section)

fig. 1 reasoning about spatial information Dec 9, 2020 video



Temporal by CIDOC CRM

P1 is identified by
(identifies)

P86 falls with in
(contains)

P81 ongoing throughout

1.1

P4 has time-span
1 (is time-span of)

1 1.n

P78 is identified|by P82 at some time within
(identifies)

0.n

P7 took place at
(witnessed)

PS5 consists of
(forms part of)

P9 consists of
(forms part of)

O.n

0.n}

P10 falls with in
(contains)

> : : Dec 9, 2020 video
fig. 2 reasoning about temporal information



Interfaces by CGRM

Application

............................... - 2] IO ..
Audit Trail \ nierface
Metafile
Computer Graphics Data Capture
Environments . > Metafiles
A
Operator
....................................................................................................................................... et
- Operator

Figure 1 - External interfaces
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Environments by CGRM

Application
v 4

Construction Environment

v 3

Virtual Environment

v 1

Viewing Environment

SRS,

Logical Environment

v 3

Physical Environment

v

Figure 2 — Computer graphics environments

Operator
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nvironment Model by CGRM

Absorption 2 Emanation
A
h Token -
Store w
Manipulation
<&
Distribution Assembly
A
g
all processes may use or set environment state
\j [J = processing elements
QO =data elements
Figure 3 - Environment model ts
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ISO/IEC DIS 11072 : 199X(E) Computer Graphics Reference Model

W. as GS

Application
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Robert Bohdal :
Univerzita Komenskeho v Bratislave —— —— graphics system activities

Fakulta matematiky, fyziky a informatiky

Bratislava, 2020 T window system activities

Figure C.2 - Windowing as a graphics system
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Science

* Discovery

Initial
observations

1
Conduct
experiments

More systematic
observations

2
o Construct

~ Predictions theory
from theory (model)

Experimental
observations

3
Devise

4
experiments Refine
to test the theory

theory

New predictions

Experimental
observations 5.
Derive
scientific
principles

Figure 1.1 The nature of scientific analysis.
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External
requirements

1

Identify
nature of
requirement

Reguirements
specification

Design |

2
Analyse and
build model
of problem

* |nvention

Functional
specification

3

Functional
Postulate specification
a design
solution

Seek new Mismatches
solution

between model

. and requirement
Designer's q

) model

4

5
| Validate Refine
solution design
solution

Designer's
Design model
‘blueprints’

6
Implement
solution

Figure 1.2 A model of the design process.



Design, MARS, Novotny et al.

e |nvention

Virtual ohject

Augmented reality
display Image of
1he tahle

{secondary contexth

Camera

Ghost layer

Multi-touch table
(Primary context)

Fig. 1. Setup of Multi-touch augmented reality system



Virtual Content

SPATIAL MODEL

Real world model

. B0

Ptapas 5 Michala Gregusa, Batsiova

Computer
Vision

Real time

subsyy

Registration
of
virtual content

Pose tracking
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TEMPORAL MODEL

rendering

%ystem
Situated

Visualization

User input and
camera movement

Human
computer
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Slovensko na Street View'2) [

interaction
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AR @ matfyz/ISO,
Olena MORDAS & Katia BARABASH

Reset Scene

New Object Set

Intersection

|

INTERNATIONAL ORGANISATION FOR STANDARDISATION
ORGANISATION INTERNATIONALE DE NORMALISATION
ISO/IEC JTC1/SC29/WG11
CODING OF MOVING PICTURES AND AUDIO

ISO/IEC JARG MAR J0007
Sapporo, JP, July 2014

ISO/IEC JTC1/SC29/WG11 N14769
Sapporo, JP, July 2014

Source  SC24 WG9 and SC29 WG11
Title  Proposed text for CD of Mixed and Augmented Reality Reference Model

Editors  Gerard J. Kim, Christine Perey, Marius Preda
isonecutc 180000
Date: 2014078
ISO/IEC CD 24-29-1

1SONEC JTC 1

Secretariat

Information technology — Computer graphics, image processing and .
Dec 9, 2020 video

environmental data representation and Coding of audio, picture,
i ia i — Part 1: Mixed and Augmented

and
Reality Reference Model
Infographie, Godage do
Faudio, image, multimédia et hypermécia — Partio 1: Modéle de référence pour a Réalts Augmeniée




Home Sitemap Search

Google Street View

| ] INTERACTIVE Welcome About Us Research Teaching
. MEDIA SYSTEMS

m n . Vienna University of Technelogy

TU Wien » Faculty of Informatics » Insfitute of Visual Computing and Human-Centered Technology
Interactive Media Systems » Projects : Construci3D - An Augmented Reality System for Mathematics and Geometry Education (1999)

Construct3D - An Augmented Reality System for “ConstmesD”
Mathematics and Geometry Education sseareh Frole

Research praject in the area of Virtual and Augmented Reality.

January 1999 to
December 2008.

Keywords: Studierstube, Augmented Reality, Applications.

About this Project

Construct3D is a three dimensional geometric construction tool based on the collaborative augmented reality

\ system "Studierstube”. Our setup uses a stereoscopic head mounted display (HMD) and the Personal

1 Interaction Panel (PIP) - a two-handed 3D interaction tool that simplifies 3D model interaction. Means of

| application in mathematics and geometry education at high school as well as university level are being

| discussed. A pilot study summarizes the strengths and possible extensions of our system. Anecdotal evidence

| supports our claim that the use of Construct3D is easy to learn and encourages experimentation with geemetric
i constructions.

[

|

|

Additional Information
Spatial abilities present an important component of human intelligence. The term spatial abilities covers five
components, spatial perception, spatial visualization, mental rotations, spatial relations and spatial orientation
[Maier 1994]. Generally, one goal of geometry education is to improve these spatial skills. In a long term study
by Gittler and Gliick [1998], the positive effects of geometry education on the improvement of spatial intelligence
have been verified. Various other studies [Osberg 1997; Rizzo et al. 1998] conclude that spatial abilities can
also be improved by virtual reality {(VR) technology. However, little to no work has been done towards systematic
development of VR applications for practical education purposes in this field

Using Augmented Reality in Education

‘ To fill the gap of next-generation virtual reality interfaces for mathematics and geometry education we are
developing a three dimensional geometric construction tool called Construct3D that can be used in high school
and university education. Our system uses Augmented Reality (AR) [Azuma 1997] to provide a natural setting
: . ‘ for face-to-face collaboration of teachers and students. The main advantage of using AR is that students

: - : - actually see three dimensional objects which they until now had to calculate and construct with traditional
Aroad junctlon in Manchester, England’ showing (mostly pen and paper) methods. We speculate that by working directly in 3D space, complex spatial problems
nine different angles and spatial relationships can be comprehended better and faster than with traditional methods

Supporting different learning styles & providing multimodalihybrid hardware setups for classroom use

Initial release May 25, 2007; 13 years ago
For productive use in the classroom, a number of circumstances must be accommodated: Support for a variety

Stable release(s) [z

Android 2.0.0.332819934 / September 25, 2020;
2 months ago!"!

i0S 2.17.2 / July 16, 2020; 4 months ago?!

Online Release 266 (see /ist) / November 30,
2020; 8 days ago

Platform Android, iOS, web
Available in  Multiple languages

Dec 9, 2020 video

Website www.google com/streetview/g




MAR/ISO
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My name is
Dory !

ORGANISATION INTERNATIONALE DE NORMALISATION Virtual Object feal world
ISO/IEC JTC1/SC29/WG11 (Visual/Haptic/Aural) eal wor
CODING OF MOVING PICTURES AND AUDIO Contents Page
ISONEC JARG MAR JOOOT
Sapporo, JP, July 2014 .o o T R |
ISO/IEC JTC1/5C29/WG11 N14769
Sapporo, JP, July 2014 2 DOCUMENT STRUCTURE ......eieeecceeacesissncsssamssnsanssassssnmssssamssasssasmssssanssansnasmnsssansnnssnasmnnnasmnnnss b
3 SYMBOLS AND ABBREVIATED TERIMS .......coieoeenrmecmnrrasrseseessamssmnnmnameamssnssmesnssnmssmssmnssnssasseanes 1

Source SC24 WG9 and SC29 WG11

Title Proposed text for GD of Mixed and Augmented Reality Reference Model 4 MAR DOMAIN AND CONCEPTS......covcsvmmssmssssssssssssssssssssmssssssssmssmsssssssssssssssssssssssssssssssssssssssssseess 3

Editors Gerard J. Kim, Christine Perey, Marius Preda 41 Introduction 3
4.2  MAR Conti 4
ISO/IEC JTC 1 N 0000
5 MAR REFERENCE MODEL USAGE EXAMPLE ... rsns s ssssssssas sas s e B
Date: 2014-07-8
5.1 Designing a MAR application or service 4
ISOI/IEC CD 24-29-1 5.2  Deriving a MAR busi Y R— 5
5.3  Extend existing or create new standards for MAR 5
ISO/IEC JTC 1
Secretariat: 6 MAR TERMINOLOGY ......ooomrmerereneescsssmssmsssasssssssesim i sssansssssmssmsssessesssessssssasessessrnsnsassassassassonss 3
6.1 Mixed Reality Sy 5
6.2 Mixed and Augmented Reality System 5
6.3  Augmented Reality Sy 5
6.4 Augmented Virtuality System 5

Information technology — Computer graphics, image processing and
environmental data representation and Coding of audio, picture, 6.5  Virtual Reality System 5
multimedia and hypermedia information — Part 1: Mixed and Augmented

. 6.6  Physical Reality 6
Reality Reference Model
6.7  Virtual Object 6
Technologie de l'information — Infographie, traitement dimage et données d'environment ET Codage de irtuat Hhyee
l'audio, image, multimédia et hypermédia — Partie 1: Modéle de référence pour la Réalité Augmentée 6.8 Virtual World or Environment 6

6.9 Physical Object .




RPR Cantinninim

GLOBALNA A LOKALNA ZAUJIMAVOST VO VYUCOVANI GEOMETRIE A ROZSIRENEJ REALITY

Meaning | ﬁ > Meaning )
1% Y|

Reset Scene

New Object Set

User

Association ntersection?
Union?

E.g. Move
Cylinder

T

E.g. Cone,
Object Cylinder . "Click"
N
J
~
Application
g
Interaction Devices and Technigues Presentation Authoring >- é—
A :
Tracking and Registration Display Technology Rendering
A

Obr. 2.7: Stavebné bloky AR (Bimber; Raskar, 2005) a priklad tirovni odoziev, rozpoznané

objekty, generované asocidcie, uréenie viznamu a pripadnd interakeia. Hornd éast obrdzkn
schematizuje vytviranie vyznamu Sipkami nahor na favej strane a pripadne premenu
vyznamu, znizornenil dlhou sipkou dolava na interakeiu znazornent sipkami nadol. Hoei
je pouzivatel vyznaceny mimo tychto tokov dit, nad droviiou prezenticie sa odohravaji
v jeho vniitornom svete a do vonkajsieho sveta sa vracia zadanim vstupného ditového

zaznamu, napr. kliknutim.

Dec 9, 2020 video



MR Continuum

Mixed Reality Continuum

E——

Physical Virtual
Reality Augmented Reality Augmented Virtuality Reality
(Phiysical > Virtual): (Physical < Virtual):
“adds” computer-generated ‘adds” real information to
information to the real world acomputer-generated
{Azumaetal. 2001) environment

(Regenbrecht et al 2004)

Figure 3. The Mixed Reality (or Reality-Virtuality) Continuum.

AZUMA 1997, combine real & virtual, interactive in real-time, registered in 3D
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MR Components

Display, Ul

Recognizer

MAR
Simulation and Rendering
Engines

Media External
Assets Services

Dec 9, 2020 video
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REAL

VIRTUAL
ENVIRONMENT MIXED REALITY (MR) ENVIRONMENT
"‘t, i spatial optical
soe-heowh
#i splay
'.,'“" "‘: Tangible User Augmented Augmented Virtual
e [ Interfaces (TUI) Reality (AR) Virtuality (AV) Reality (VR)

ATUI uses real physical objects
1o both represent and interact with
computer-generated information

ond -hedd (Ishii & Utimer, 2001).

mdm?
! Hsela
projector

pml«lm

head attathed band held

spatial

AR ‘adds’ computer-generated
information to the real worid
{Azuma, et al. 2001).

4

Spatial AR
Spatial AR displays project

‘model)area | computer-generated information

directly into a user's

A

‘See-through' AR (either optical or video)

A user wears a head-mounted display, through which
they can see the real world with computer-generated

(Bimber & Raskar, 2005).

Roftand, 2005; Billinghurst, Grasset & Looser, 2005).

AV “adds’ real information 10 a
computer-generated environment
(Regenbrecht, et al. 2004)

on top (Cakmakd, Ha &

&

Semi-immersive VR
A semi-immersive VR display
fills a limited area of a user's

fiold-of-view.

VR refers to completely computer-generated
environments (NI, Schidt, Staadt,
Livingston, Ball, & May, 2006; Burdea &

Coffet 2003)

Immersive VR

Immersive VR, which uses either a head-
mounted-display or a projection-based
system, completely fills the user's field-of-

view.

J

Using physical objects to create a virtual
model (Ichida, Itoh, & Kitamur, 2004). As
a user adds a physical ActiveCube’ 1o the

lent virtual model

The 'Bubble Cosmos' — 'Emerging
Technology’ at SIGGRAPHU6, The
paths of the smoke-filed bubbles
are tracked, and an image is
projected into them as they rise.

See-through AR: the butterfly is ted, and

everything else is real (Fischer, Bartz & Stfaﬂef 2008; Koisch,
Bane, Hollerer, & Turk, 2006).

VR using the Barco
Baron workbench (Drettakis, Roussou,
Tsingos, Reche & Gallo, 2004)

Projection-based immersive VR
The users are fully immersed in the
‘CAVE' (FakeSpace, 2006; Cruz-
Neira, Sandin & DeFanti, 1993)

Terminal/Desktop

of advanced computer interfaces, based on Milgram and Kishino (1994).

Traditional wikipedia.org/wiki/Projection_augmented _modelAR Layers

VR visualization

Real Environment gesss Mixed Reality emmg Virtual Reality

Augmented

Outdoor — ] cality (AR)

Real
Environment

Handheld Virtual

Environment

Ubiquitous Computing Continuum

pervasive  mobile
I(omputers phone  PDA PC |
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one computer ~——— One computer|
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Virtual
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Traditional
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Wearable

Computing
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AR Quality,

https://arbook.icg.tugraz.at/Schmalstieg-2016-AW
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Communication Interfaces >>
AUTHORING

e Author - Application Programmer - GS Author - User

WWW = ieel - [lesi - el

Eg. OpenGL Workstation

« \What Is interesting for users?
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AR Layers

GLOBALNA A LOKALNA ZAUJIMAVOST VO VYUCOVANI GEOMETRIE A ROZSIRENEJ REALITY

CUYLLIU YIWULLGE G U YL UGG LU Gy VUG U UV LUACHULY LI 1LY WL LUy
I. Tvorba virtudlneho prostredia, II. Navrh virtudlnej interakcie (naviga-
cia, kooperacia, interaktivne pribehy). Rozpisat tieto dve etapy mozno do

siedmich krokov:

1. Politika pamati, t.j. identifikicia miery zaujimavosti a rozhodnutie
o tvorbe virtualneho muzea ako virtualizacie svetovo unikatneho stiboru

dat

2. Zber primarnych dat
3

. Spracovanie dat, selekcia a vytvorenie sekundarnych dat na

prezentaciu

4. Navrh a implementacia hardverového a softverového riesenia
5. Organizacia digitalneho obsahu na prezentaciu, t.j. tvorba scendrov
na zaklade predpokladov, dat a vychodisk v krokoch 3. a 4.

6. Integracia, verifikacia a testovanie virtuilneho muzea

7. Instalacia, promécia, publikovanie, distribticia a medializacia, vy-
hodnotenie riesenia

Application
Interaction Devices and Techniques Presentation Authoring
Tracking and Registration Display Technology Rendering

Obr. 2.7: Stavebné bloky AR (Bimber; Raskar, 2005) a priklad trovni odoziev, rozpoznané
objekty, generované asocidcie, uréenie vyznamu a pripadna interakcia. Horna éast obriazku
schematizuje vytviranie vyznamu Sipkami nahor na Tavej strane a pripadne premenu

, . , o . . p P . .
vyznamu, znazorneni dlhou sipkou dolava na interakeciu znazornent sipkami nadol. Hoci
je pouzivatel vyznaceny mimo tychto tokov dit, nad troviiou prezenticie sa odohrivaji
v jeho vnitornom svete a do vonkajsieho sveta sa vracia zadanim vstupného datového

zaznamu, napr. kliknutim.

,/

Computer

Dec 9, 2020 video



Virtual Museum Quality

Lyn Elliot Sherwood navrhla vzorec: Visits/Visitors*Duration.

[. Tvorba virtualneho prostredia, II. Navrh virtudlnej interakcie (naviga-
cia, kooperacia, interaktivne pribehy). Rozpisat tieto dve etapy mozno do
siedmich krokov:

1. Politika pamati, t.j. identifikacia miery zaujimavosti a rozhodnutie

o tvorbe virtualneho muzea ako virtualizacie svetovo unikatneho stiboru

dat

Zber primarnych dat

. Spracovanie dat, selekcia a vytvorenie sekundarnych dat na

prezentaciu

Navrh a implementacia hardveroveho a softverového riesenia

. Organizacia digitalneho obsahu na prezentaciu, t.j. tvorba scenarov
na zaklade predpokladov, dat a vychodisk v krokoch 3. a 4.

6. Integracia, verifikacia a testovanie virtualneho muzea

7. Instalacia. promocia, publikovanie, distribticia a medializacia, vy-

hodnotenie riesenia

bo

L2

S
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Virtualne Brhlovce, R. Svarba

Celkovy cas

n B N e

pocet navstevnikoy

34 &5 67 7-8 a4

&6

23 :
minuty

Obr. 2.8: Jeden z interiérov v projekte Virtualne Brhlovee a celkovy éas navstev

Cielom systematického prieskumu (Hookham et al., 2019), bolo vyriesif
otazku ,,Co je zapojenie (icast, engagement), ako sa pouziva, definuje a
meria v kontexte vzdelavacich hier?*. Cielom bolo zozbierat, vyhodnotit a
analyzovat literatiru v rokoch 1970 az 2015 v roznych odboroch, z identifi-
kovanych 1390 dokumentov vybrali 107 ¢lankov, vratane (Ferko; Cernekova
et al., 2011), opisujuceho aj virtualne mizeum Virtualne Brhlovece s akti-
vizacnou hrou, ktora navrhol hlavny autor, Rastislav Svarba. Mozno si do
virtualneho turistického uzlicka zbierat oznacené objekty ako spomienky,
obr. 2.8. Technicky sa nazyvaju rozsirenia, lebo rozsiruju funkcénost kruho-
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Virtualne Brhlovce 2
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Obr. 2.9: Vyhodnotenie poétu a ¢asu navstev jednotlivych sférickych panoram, oéislovanych
v podoryse
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Obr. 2.10: Dve vitazné ,,spomienky”, pohlad z ,,okna“ a zdhadn4 slamienka



Virtualne Brhlovce 3
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Obr. 2.11: Dve vitazné traiektérie virtualnveh navstev podla zauiimavosti panoram
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Obr. 3.1: 3D model scény
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Chyby chytéky... narazky... rétorika
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Obr. 13: Tri chybné metafory (T). Z najlavsieho vrchola jednoduchého
mnohouhelnika xi hfadame diagonalu do najbliziieho bodu u, v, w pomocou
gkalovania, posunutia a roticie. Skalujeme kruh C, posiivame v smere x
zametaciu priamku L a otacame polpriamku R. Ak by trojuholnik xi-s, xi, xitz
neobsahoval dalsi hraniény bod, hI'adanou diagonalou by bola strana xi-z, xiss.
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