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AgendaAgenda
ll Course Outline Course Outline 
ll Class Assignments Class Assignments ((3D authoring3D authoring)) –– March 15
ll Data Structures and Data FormatsData Structures and Data Formats
ll Parametric Curves and SurfacesParametric Curves and Surfaces
ll ……
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ÚÚvod do PG, vod do PG, MM--MASZMASZ--035035
ll PoPo íítata ovováá grafikagrafika, , defindefinííciacia, , konceptukonceptuáálny lny 

rráámecmec, , histhistóóriaria, , zzáákladnkladnéé problprobléémymy a a ich ich 

rierieššenieenie. . TransformTransformááciecie v v rovinerovine. . ZZááklady klady 
ššpecifikpecifikáácie grafickcie grafickýých systch systéémovmov a a 
noriemnoriem.. GrafickGrafickéé objektyobjekty, , ich vytvich vytvááranieranie, , 
kkóódovaniedovanie, , modifikmodifikááciacia. . RasterizRasterizááciacia. . 
OrezOrezáávanievanie a a prienikyprieniky. . ZZáákladnkladnéé algoritmy algoritmy 
spracovania obrazuspracovania obrazu..



Grafické systémy, vizualizácia a multimédiáFMFI UK Bratislava

2005/2006

GrafickGrafickéé systsystéémymy, , vizualizvizualizááciacia a a 
multimmultiméédidiáá, , 

ll 1. 1. ReferenReferen nnýý model pomodel po íítata ovej grafiky, architektovej grafiky, architektúúra multimedira multimediáálneho systlneho systéému, metodika mu, metodika 
matematickmatematickéého modelovania a vizualizho modelovania a vizualizáácie, aplikacie, aplika nnéé oblasti pooblasti po íítata ovej grafiky, vizualizovej grafiky, vizualizáácie cie 
a multima multiméédidiíí. Medzin. Medzináárodnrodnáá standardizstandardizááciacia (ISO, Web Consortium, EU (ISO, Web Consortium, EU normynormy).). Visual Visual 
computing computing –– strustru nnáá histhistóória, sociria, sociáálne impliklne implikáácie, ekonomickcie, ekonomickéé a autorskopra autorskopráávne aspekty. vne aspekty. 
DuDušševnevnéé vlastnvlastnííctvo. ctvo. 

ll

ll 2. 2. GrafickGrafickáá komunikkomunikááciacia. . GeometrickGeometrickáá modelovaniemodelovanie ((tvorba jednoduchtvorba jednoduchýých objektovch objektov). ). Zaklady Zaklady 
renderingurenderingu. . PouPoužžitieitie API (OpenGL).API (OpenGL).

ll

ll 3. HCI. 3. HCI. Zaklady komunikZaklady komunikáácie cie loveklovek--strojstroj. . Navrh jednoduchNavrh jednoduchéého interaktho interaktíívneho grafickvneho grafickéého ho 
rozhraniarozhrania (GUI).(GUI).

ll

ll 4. 4. FyzickFyzickéé a a logicklogickéé vstupnvstupnéé zariadeniazariadenia. . ProgramovanieProgramovanie GUI. GUI. InteraktInteraktíívne aspekty vne aspekty 
multimedimultimediáálnych systlnych systéémovmov a a komunikkomunikááciecie..

ll

ll 5. 5. KKóódovanie grafickejdovanie grafickej a a multimedimultimediáálnej informacielnej informacie. . PrincPrincííp kompresie dp kompresie dáátt. . FunkFunk nnéé normynormy
pre pre popo íítata ovovúú grafikugrafiku a a spracovanie obrazuspracovanie obrazu. Web consortium. De facto . Web consortium. De facto šštandardytandardy (OpenGL, (OpenGL, 
oknovoknovéé systsystéémymy). ). ŠŠpecifikpecifikáácia funkcia funk nosti graficknosti grafickéého systho systéémumu a GUI.a GUI.
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GrafickGrafickéé systsystéémymy, , vizualizvizualizááciacia a a 
multimmultiméédidiáá

ll 6. S6. Súúradnicovradnicovéé systsystéémy. my. HomogHomogéénne nne ssúúradniceradnice. . AfinnAfinnéé transformtransformááciecie
((šškkáálovanielovanie, rot, rotááciacia, , posunutieposunutie). Implement). Implementáácia jednoduchcia jednoduchéého ho zobrazovacieho zobrazovacieho 
kankanáála. la. OrezOrezáávanievanie. . RasterizRasterizáácia useckycia usecky (DDA, (DDA, Bresenhamov algoritmusBresenhamov algoritmus). ). 

ll

ll 7. 7. ImplementImplementáácia cia zzáákladnkladnýýchch 2D 2D grafickgrafickýýchch výstupnýchvýstupných prvkovprvkov: : lomenlomenáá iaraiara, , 
vvýýplpl ovováá oblasoblas , text. , text. 

ll

ll 8. 8. Hierarchia obrazuHierarchia obrazu a 2D a 2D popo tata ovováá animanimááciacia. . 
ll

ll 9. 9. JednoduchJednoduchéé modely fariebmodely farieb (RGB, CMYK). (RGB, CMYK). KultKultúúrny rny vvýýznam niektorznam niektorýých fariebch farieb. . 
NNáávrhvrh web web strstráánoknok. . PouPoužížívanie textuvanie textu v v obrobráázkochzkoch. Web publishing. . Web publishing. 

ll

ll 10. 10. Ludske vnimanieLudske vnimanie. . AnalogoveAnalogove a a digitalne reprezentaciedigitalne reprezentacie pre multimedia. pre multimedia. 
Spracovanie obrazu Spracovanie obrazu a a zvukuzvuku.  .  

ll

ll 11. 11. Zakladne funkcieZakladne funkcie pre pre vizualizaciuvizualizaciu. . Historia vizualizacieHistoria vizualizacie. . Vizualizacne scenareVizualizacne scenare. . 
Interaktivne multimedialne titulyInteraktivne multimedialne tituly. . 
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GrafickGrafickéé systsystéémymy, , vizualizvizualizááciacia a a 
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ll 12. 12. UvodUvod do 3D do 3D grafikygrafiky. Problem . Problem viditelnostividitelnosti a za z--buffer. buffer. Zdroje svetlaZdroje svetla. . 
Parametre kameryParametre kamery. Graf . Graf scenysceny. Norma VRML. . Norma VRML. 

ll

ll 13. 13. Interakcia svetlaInterakcia svetla a a objektovobjektov. . Lokalny osvetlovaciLokalny osvetlovaci model a model a tienovanietienovanie
((konstatnekonstatne, , GouraudGouraud, , PhongPhong). ). TexturyTextury. . Fotorealisticke zobrazovanieFotorealisticke zobrazovanie. . 

ll

ll 14. 14. ModelovanieModelovanie 3D 3D scenscen. . ParametrickaParametricka a a implicitna reprezentaciaimplicitna reprezentacia. CSG . CSG 
a Ba B--rep. rep. Proceduralne modelovanieProceduralne modelovanie ((fraktalyfraktaly a a casticove systemycasticove systemy).).

ll

ll 15. 15. Pocitacova animaciaPocitacova animacia. . Pocitacove hryPocitacove hry a a virtualna realitavirtualna realita. . SnimanieSnimanie, , 
modelovaniemodelovanie a a zobrazovanie  medicinskych datzobrazovanie  medicinskych dat. . 

ll Lit. Lit. RuRu ava: Sapientia 1995.ava: Sapientia 1995.
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Web Pages via Web Pages via www.www.sccgsccg..sksk/~/~ferkoferko

ll

ll Andrej Ferko: Work Page... Andrej Ferko: Work Page... WELCOME = VITAJTE WELCOME = VITAJTE 

ll Better pages:Better pages:
ll SIGGRAPHSIGGRAPH EGEG SCCGSCCG CESCGCESCG SIGGRAPH2003 SIGGRAPH2003 SIGGRAPH2002 SIGGRAPH2002 CGpapersCGpapers CiteseCitese

erer Helwig's_CalendarHelwig's_Calendar ACM_SIGGRAPH_CalendarACM_SIGGRAPH_Calendar IEEE_CalendarIEEE_Calendar TechexpoTechexpo pg.netgraphipg.netgraphi
cs.skcs.sk PrusinkiewiczPrusinkiewicz WebbyWebby FacedemoFacedemo Helwig's_SmileyDict.Helwig's_SmileyDict. D.Mount's D.Mount's 
BookBook GOOOOOGLEGOOOOOGLE

ll http://www.http://www.cscs..umdumd..eduedu/~mount/427//~mount/427/LectsLects/427lects./427lects.pdfpdf
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Computer Graphics @ CComputer Graphics @ CUU
ll UPG resp. GSVMM Classes UPG resp. GSVMM Classes -- IntroIntro

ll

ll BSc. WorkBSc. Work

ll DiplomaDiploma (MSc.)(MSc.) WorkWork –– Mgr. Mgr. 

ll (rigorosum (rigorosum -- RNDr.)RNDr.)

ll PhDPhD. . 
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Research Activities @ CResearch Activities @ CUU
In the field of Computer GraphicsIn the field of Computer Graphics

ll Virtual EnvironmentsVirtual Environments
–– Virtual CitiesVirtual Cities -- outdooroutdoor
–– Virtual Museum (Žilina, Bratislava)Virtual Museum (Žilina, Bratislava)
–– Others (in progress, too)... (Štiavnica)Others (in progress, too)... (Štiavnica)
–– MDPT: CD versionMDPT: CD version
–– EPUD EPUD 

ll Medical Volume GraphicsMedical Volume Graphics, Rendering, Rendering
––

–– ......
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Virtual Heart of Central EuropeVirtual Heart of Central Europe
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Computer Graphics Computer Graphics MotivationMotivation

•• no no MarxisticMarxistic mass of workers, but the mass of workers, but the technologytechnology

•• three great discoveriesthree great discoveries
•• microprocessormicroprocessor

•• open systemopen system

•• global networkglobal network

•• problemsproblems
•• lack of investmentslack of investments and standards and standards 

•• byrocratic stupiditybyrocratic stupidity

•• low speed bandwithlow speed bandwith

•• enormous data extent...enormous data extent...

•• technology borders, knowledge and/or fantasytechnology borders, knowledge and/or fantasy
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Computer Graphics BibleComputer Graphics Bible



Grafické systémy, vizualizácia a multimédiáFMFI UK Bratislava

2005/2006

Graphics SubGraphics Sub--comunitiescomunities
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Graphics SubGraphics Sub--comunitiescomunities
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Graphics SubGraphics Sub--comunitiescomunities



Hot CG Hot CG EventsEvents
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Conference CalendarsConference Calendars

ll IEEE CalendarIEEE Calendar
ll http://www.computer.org/conferences/calendar.http://www.computer.org/conferences/calendar.htmhtm

ll ACM SIGGRAPH CalendarACM SIGGRAPH Calendar
ll http://www.http://www.siggraphsiggraph.org/calendar/calendar.html.org/calendar/calendar.html
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Compare RealityCompare Reality -- SynthesisSynthesis
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Simulating the Office SceneSimulating the Office Scene
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Difference of polished brass & gold Difference of polished brass & gold 
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Medical VolVisMedical VolVis
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Multiresolution AnalysisMultiresolution Analysis
100 %

5 %

1 %
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WhatWhat meansmeans PhotorealismPhotorealism??
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ll 20012001 -- Final FantasyFinal Fantasy ( The Spirits Within )( The Spirits Within )

–– all characters animated, all characters animated, photorealismphotorealism, hair for millions dollars, hair for millions dollars
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CG Reference ModelCG Reference Model

ll Problem Problem –– Application Program Application Program -- SolutionSolution

AP GS WS

GUI         HVS
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TheThe Graphics PipelineGraphics Pipeline StepsSteps

Modeling

Output

input devices modeler

Rendering

transformations

projection

visibility

rasterization

shading

device drivers output devices

clipping
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TheThe Three BrainsThree Brains//HeadsHeads

Modeling

Output

input devices modeler

Rendering

transformations

projection

visibility

rasterization

shading

device drivers output devices

clipping
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Triple SchizofrenyTriple Schizofreny

Modeling

Output

input devices modeler

Rendering

transformations

projection

visibility

rasterization

shading

device drivers output devices

clipping

Application ProgrammerApplication Programmer

GS authorGS author

User, bonnie, User, bonnie, 
ISO: operator, ISO: operator, 
customer, boss...customer, boss...
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Rendering Rendering PolygonalPolygonal SceneScene
ll 1.1. ExtractExtract polygonspolygons from the databasefrom the database

ll 2.2. TransformTransform to WC and VRCto WC and VRC

ll 3. 3. Backface cullingBackface culling and and visibilityvisibility

ll 4. Clip 4. Clip against the visible volumeagainst the visible volume

ll 5. 5. ProjectionProjection ofof clipped polygonsclipped polygons

ll 6. 6. Shading by incrementalShading by incremental shadershader::
–– 1. 1. RasterizeRasterize, , 

–– 2. 2. DepthDepth and and visibilityvisibility,  (z,  (z--bufferbuffer))

–– 3. 3. Shading Shading ((constantconstant,, GouraudGouraud, , PhongPhong…)…)
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Computer ScienceComputer Science ContextContext

ReferenceReference Models:Models:
–– SimpleSimple

–– ISO (GKS, PHIGS, PREMO, ...)ISO (GKS, PHIGS, PREMO, ...)

–– OthersOthers… (… (OpenGLOpenGL,, DirectXDirectX…)…)

AnalogiesAnalogies::
–– PhotographyPhotography
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ll Analogy: photography & computer graphicsAnalogy: photography & computer graphics

ll ISO: Computer graphics:ISO: Computer graphics: methods & techniques for construction, methods & techniques for construction, 

manipulation, storage and displaying pictures using computer.manipulation, storage and displaying pictures using computer.

Visual 

perception Display

Monitor Computer

Model

Geometric 

representation

Geometry to 

image data

Real world

Object

Visual 

perception
Display Record

CameraMovie or 

snap/photo



Grafické systémy, vizualizácia a multimédiáFMFI UK Bratislava

2005/2006

ESCHERESCHER
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AgendaAgenda

http://www.ritsumei.ac.jp/~akitaoka/saishin-e.html Roli
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CGCG -- ModelingModeling



Data Structures & Data FormatsData Structures & Data Formats

Ways of object representationWays of object representation
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Object RepresentationsObject Representations
ll Curves and SurfacesCurves and Surfaces
ll Solid Solid ModelingModeling

–– Boundary RepresentationBoundary Representation
–– Spatial Enumeration ModelsSpatial Enumeration Models

•• SpatialSpatial--Occupancy Enumeration (Occupancy Enumeration (VoxelVoxel))
•• Binary Space Partitioning (BSP) TreesBinary Space Partitioning (BSP) Trees
•• OctreesOctrees

–– Constructive Solid Geometry (CSG)Constructive Solid Geometry (CSG)
–– Function Representation (FFunction Representation (F--rep)rep)
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CriteriaCriteria
ModelingModeling::

–– Representation PowerRepresentation Power

–– Transformation / CombinationTransformation / Combination

–– Interactivity SupportInteractivity Support

–– Multiple Use, GeneralityMultiple Use, Generality

Rendering:Rendering:
–– Representation PrecisionRepresentation Precision

–– Memory RequirementsMemory Requirements
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Point ListPoint List
–– Element: 3DElement: 3D--

coordinatescoordinates

–– Linked ListsLinked Lists

Face ListsFace Lists
–– Element: Index Element: Index 

List to the 3DList to the 3D--
pointspoints

–– Linked ListsLinked Lists

Boundary Representation, BBoundary Representation, B--rep rep 
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ll ProsPros
–– Simple transformationsSimple transformations

–– General representationGeneral representation

–– Supported by many graphics librariesSupported by many graphics libraries

ll Cons, drawbacksCons, drawbacks
–– Higher memory requirementsHigher memory requirements

–– Combinations necessary and nonCombinations necessary and non--
robustrobust

–– CurvedCurved objects objects –– approximationapproximation

BB--reprep Advantages/DisadvantagesAdvantages/Disadvantages



Grafické systémy, vizualizácia a multimédiáFMFI UK Bratislava

2005/2006

IndexedFaceSetIndexedFaceSet (VRML97)(VRML97)

Shape {

geometry IndexedFaceSet {

coord Coordinate {

point [

x0 y0 z0,    # vertex 0

]

}

coordIndex [

0, 1, 4, 2, -1, # face 0

]

}

}
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Winged Edge Data StructureWinged Edge Data Structure
ll Alternative to hierarchic BAlternative to hierarchic B--Rep.Rep.
ll Central element is the edge:Central element is the edge:

Pstart
Pend

face_cw
face_ccw
pred_cw

succ_ccw
pred_ccw
succ_ccw

edge list

faces x
y
z

1st edge
points

1st edge

Pend Pstart

pred_cwsucc_cw

pred_ccw

face_cw

face_ccw

succ_ccw

edge
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SpatialSpatial--Occupancy EnumerationOccupancy Enumeration

ll Dividing into the regular gridDividing into the regular grid

ll Elements Elements –– equally sized cubes (or equally sized cubes (or 
quadersquaders) ) 

ll Each element has density Each element has density 
((HounsfieldHounsfield))

ll Applications:Applications:
–– Scientific VisualizationScientific Visualization

–– Medical data sets (CT, MR, US, SPECT)Medical data sets (CT, MR, US, SPECT)
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Medical VolVisMedical VolVis
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ll AdvantagesAdvantages
–– Combination simple (in the same grid)Combination simple (in the same grid)

–– Direct utilisation of medical dataDirect utilisation of medical data

–– ......

ll DisadvantagesDisadvantages
–– Extreme memory consumptionExtreme memory consumption

–– Representation necessaryRepresentation necessary

–– Curved object has to be approximatedCurved object has to be approximated

–– ......

VoxelsVoxels Pros/ConsPros/Cons
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BSP TreesBSP Trees

ll Subdivisions in Subdivisions in halfspaceshalfspaces
in/out in/out -- TestTest

ll Generating the binary tree Generating the binary tree 
sequentially sequentially -- from the start polygon from the start polygon 
until all polygons processeduntil all polygons processed

ll Nodes represent polygonsNodes represent polygons
ll Node attributes:Node attributes:

–– Plane equationPlane equation
–– Normal vectorNormal vector
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Generating BSPGenerating BSP--treetree

1. For convex objects trivial 1. For convex objects trivial -- listslists

2. B2. B--Rep traversal:Rep traversal:
–– Polygon search, with least Polygon search, with least points of points of 

intersectionintersection

–– Subdivide the face list: 2 parts (in/out)Subdivide the face list: 2 parts (in/out)

–– Insert polygon into tree, recursive Insert polygon into tree, recursive 
subtreessubtrees processingprocessing
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VisibilityVisibility
Recursion:Recursion:

–– Eye point in positive Eye point in positive halfspacehalfspace (A+)(A+)
•• Output of AOutput of A--
•• Draw ADraw A
•• Output of A+Output of A+

–– Eye point in negative Eye point in negative halfspacehalfspace (A(A--))
•• Output of A+Output of A+
•• Draw ADraw A
•• Output of AOutput of A--

Hint:Hint: BackfaceBackface--Culling possibleCulling possible
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ll ProsPros
–– Easy transformableEasy transformable

–– Fast rendering with correct visibility Fast rendering with correct visibility 

–– Universal like BUniversal like B--RepRep

ll ConsCons
–– Higher memory consumptionHigher memory consumption

–– Curved objects to be approximatedCurved objects to be approximated

BSPBSP--tree Pros/Constree Pros/Cons
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ll ......
ll 7.HOW DO YOU BUILD A BSP TREE? 7.HOW DO YOU BUILD A BSP TREE? 
ll 8.HOW DO YOU PARTITION A POLYGON WITH A PLANE? 8.HOW DO YOU PARTITION A POLYGON WITH A PLANE? 
ll 9.HOW DO YOU REMOVE HIDDEN SURFACES WITH A BSP TREE? 9.HOW DO YOU REMOVE HIDDEN SURFACES WITH A BSP TREE? 
ll 10.HOW DO YOU COMPUTE ANALYTIC VISIBILITY WITH A BSP TREE? 10.HOW DO YOU COMPUTE ANALYTIC VISIBILITY WITH A BSP TREE? 
ll 11.HOW DO YOU ACCELERATE RAY TRACING WITH A BSP TREE? 11.HOW DO YOU ACCELERATE RAY TRACING WITH A BSP TREE? 
ll 12.HOW DO YOU PERFORM BOOLEAN OPERATIONS ON POLYTOPES WITH A BS12.HOW DO YOU PERFORM BOOLEAN OPERATIONS ON POLYTOPES WITH A BSP TREE? P TREE? 
ll 13.HOW DO YOU PERFORM COLLISION DETECTION WITH A BSP TREE? 13.HOW DO YOU PERFORM COLLISION DETECTION WITH A BSP TREE? 
ll 14.HOW DO YOU HANDLE DYNAMIC SCENES WITH A BSP TREE? 14.HOW DO YOU HANDLE DYNAMIC SCENES WITH A BSP TREE? 
ll 15.HOW DO YOU COMPUTE SHADOWS WITH A BSP TREE? 15.HOW DO YOU COMPUTE SHADOWS WITH A BSP TREE? 
ll 16.HOW DO YOU EXTRACT CONNECTIVITY INFORMATION FROM BSP TREES? 16.HOW DO YOU EXTRACT CONNECTIVITY INFORMATION FROM BSP TREES? 
ll 17.HOW ARE BSP TREES USEFUL FOR ROBOT MOTION PLANNING? 17.HOW ARE BSP TREES USEFUL FOR ROBOT MOTION PLANNING? 
ll 18.HOW ARE BSP TREES USED IN DOOM?18.HOW ARE BSP TREES USED IN DOOM?
ll 19.HOW CAN YOU MAKE A BSP TREE MORE ROBUST? 19.HOW CAN YOU MAKE A BSP TREE MORE ROBUST? 
ll 20.HOW EFFICIENT IS A BSP TREE? 20.HOW EFFICIENT IS A BSP TREE? 
ll 21.HOW CAN YOU MAKE A BSP TREE MORE EFFICIENT? 21.HOW CAN YOU MAKE A BSP TREE MORE EFFICIENT? 
ll 22.HOW CAN YOU AVOID RECURSION? 22.HOW CAN YOU AVOID RECURSION? 
ll 23.WHAT IS THE HISTORY OF BSP TREES? 23.WHAT IS THE HISTORY OF BSP TREES? 

ll 24.WHERE CAN YOU FIND SAMPLE CODE AND RELATED ONLINE RESOURCES?24.WHERE CAN YOU FIND SAMPLE CODE AND RELATED ONLINE RESOURCES?

–– ftp://ftp.ftp://ftp.sgisgi.com/other/.com/other/bspfaqbspfaq//faqfaq//bspfaqbspfaq.html#6.txt.html#6.txt

BSP BSP FAQsFAQs
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OctreesOctrees
ll Iterative space subdivisionIterative space subdivision

ll Nodes empty, full, or partial: E, F or PNodes empty, full, or partial: E, F or P

ll Subdivide until the approximation  Subdivide until the approximation  
satisfies required quality 512*512*512 satisfies required quality 512*512*512 

ll Dividing planes Dividing planes notnot object dependent object dependent 
(differs from BSP tree!)(differs from BSP tree!)

ll Analogy in 2D: „Quad Tree“Analogy in 2D: „Quad Tree“
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Visibility and Visibility and OctreesOctrees
Observations:Observations:

–– Topologic structure from data Topologic structure from data strukturestrukture

–– maximum 3 sides of a cube visiblemaximum 3 sides of a cube visible

Algorithm:Algorithm:
–– Identify the rendering order for subIdentify the rendering order for sub--cubes cubes 

for given eye point (camera position)for given eye point (camera position)

–– Recursive rendering of Recursive rendering of octreeoctree with with 
identified sequenceidentified sequence
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Sequence:Sequence:
1. Distant octants (O1. Distant octants (OEE) ) 
2. Each 3 octants having the face with O2. Each 3 octants having the face with OEE

parts parts 
3. Each 3 octants having the face with O3. Each 3 octants having the face with OVV

parts parts 
4. Front4. Front--side octants (Oside octants (OVV) ) 

Rendering:Rendering:
–– Sequence from all nodes usageSequence from all nodes usage
–– Sequence depends only from observer Sequence depends only from observer 

directiondirection
–– There are  8 important sequencesThere are  8 important sequences
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ll AdvantagesAdvantages
–– Simple combinationSimple combination--operatorsoperators

–– Fast renderingFast rendering

–– Spatial queries/search very fastSpatial queries/search very fast

ll DisadvantagesDisadvantages
–– Higher memory consumption for well Higher memory consumption for well 

approximated objectsapproximated objects

–– Limited transformabilityLimited transformability

–– Approximation (criterion)Approximation (criterion)
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Extended Extended OctreesOctrees
Extension by new node types:Extension by new node types:

–– SurfacesSurfaces

–– EdgesEdges

–– Points, verticesPoints, vertices

Generation:Generation:
–– BB--Rep productionRep production

–– Lists in 8 parts subdivisionLists in 8 parts subdivision

–– Processing of additional node typesProcessing of additional node types
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Volume GraphicsVolume Graphics
Gallery at :Gallery at :

ll http://vg.swan.ac.http://vg.swan.ac.ukuk/gallery/index.html/gallery/index.html

Book:Book:
–– Chen et al. London: February 2000Chen et al. London: February 2000

vlibvlib -- GNU library at :GNU library at :

ll http://vg.swan.ac.http://vg.swan.ac.ukuk//
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Constructive Solid GeometryConstructive Solid Geometry

ll Composition of primitivesComposition of primitives
ll Primitives: sphere, cone, cube, Primitives: sphere, cone, cube, 

cylinder, ...cylinder, ...
ll Operations: +, Operations: +, --, , ∩∩, , ∪∪, ..., ...

ll Primitives in the leafs and Primitives in the leafs and 
operations build the rest nodes operations build the rest nodes 
of the CSGof the CSG--tree tree 



Grafické systémy, vizualizácia a multimédiáFMFI UK Bratislava

2005/2006

BooleanBoolean OperationsOperations
UsingUsing 3 3 operatorsoperators enables for enables for all all possiblepossible

combinationscombinations -- notnot uniquelyuniquely

A-B A∩B A∪B
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Regular Boolean OperationsRegular Boolean Operations
BasicBasic--Operations:Operations:

–– Union Union ∪∪**

–– Intersection Intersection ∩∩**

–– Subtraction Subtraction --**

A ∩* BA ∩ B

BA
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∩

∪
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CSG RenderingCSG Rendering

ll Rendering AlgorithmsRendering Algorithms
–– ray casting (tracing)ray casting (tracing)
–– extended depth buffer algorithmextended depth buffer algorithm

ll Evaluation/Conversion AlgorithmsEvaluation/Conversion Algorithms
–– boundary representationboundary representation
–– octreeoctree
–– constructive cubesconstructive cubes
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ll ProsPros
–– LowLow memorymemory consumptionconsumption
–– Simple Simple combiningcombining
–– ExactExact representationrepresentation of of complexcomplex surfacessurfaces
–– 1212 Mantylas operatorsMantylas operators and hisand his proofproof

ll ContrasContras
–– SlowSlow and and difficultdifficult processing processing 

ll ??
–– NotNot unique representation  unique representation  

CSG Pros/ConsCSG Pros/Cons
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CSG Generalisation CSG Generalisation -- FF--reprep
ll HyperFunHyperFun is a simple geometric modeling language. It is is a simple geometric modeling language. It is 

intended for modeling geometric objects described in the intended for modeling geometric objects described in the 
form: form: 

ll F(x1, x2, x3, ..., F(x1, x2, x3, ..., xnxn) >= 0) >= 0
ll This language is applicable to modeling algebraic and This language is applicable to modeling algebraic and 

skeletonskeleton--based "implicit" surfaces, convolution surfaces, based "implicit" surfaces, convolution surfaces, 
distancedistance--based models, based models, voxelvoxel objects, constructive solids, objects, constructive solids, 
and more general Fand more general F--rep objects. rep objects. 

ll The model in The model in HyperFunHyperFun is interpreted by the modeling and is interpreted by the modeling and 
visualization software tools.visualization software tools.
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FF--rep sphererep sphere

ll my_model(x[3], a[1])my_model(x[3], a[1])

ll {{

ll my_model = 5^2 my_model = 5^2 -- (x[1]^2 + x[2]^2 + x[3]^2);(x[1]^2 + x[2]^2 + x[3]^2);

ll }}
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CSG Generalisation CSG Generalisation -- FF--reprep
ll Set theoretic operations are expressed as functions!!!Set theoretic operations are expressed as functions!!!

ll A                               BA                               B

Union(A,B) = max(A,B) 

Intersection(A,B) = min(A,B)
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Spreadsheet Rendering & Spreadsheet Rendering & 
InbetweenInbetween Statues in 2D TimeStatues in 2D Time

-- spreadsheet animation images spreadsheet animation images 
""HomotopicHomotopic Fun in 5D space" areFun in 5D space" are
by E. by E. FausettFausett, A. , A. PaskoPasko, V. , V. AdzhievAdzhiev, see, see
http://http://wwwciswwwcis.k..k.hoseihosei.ac..ac.jpjp/~F/~F--rep/rep/HomotopicHomotopic.html.html

-- inbetweeninbetween statues in the triangle are bystatues in the triangle are by
M. M. KazakovKazakov, A. , A. PaskoPasko, V. , V. AdzhievAdzhiev

FF--rep rep completizationcompletization of CG theory & practiceof CG theory & practice
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Spreadsheet RenderingSpreadsheet Rendering
by Alexander PASKO, www.by Alexander PASKO, www.hyperfunhyperfun.org.org
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Animation Path in tAnimation Path in t11tt22 PlanePlane
by Alexander PASKO, www.by Alexander PASKO, www.hyperfunhyperfun.org.org



Grafické systémy, vizualizácia a multimédiáFMFI UK Bratislava

2005/2006

FF--rep rep Hypertextures Hypertextures 
ll FF--rep rep 

ll Unified language for objects and Unified language for objects and 
attributes,attributes, SchlickSchlick et al. 2001 et al. 2001 

ll This historical value result unifies This historical value result unifies 
different dialects of mathematical different dialects of mathematical 
language for objects, relationships, language for objects, relationships, 
and operations AND and operations AND ATTRIBUTESATTRIBUTES......

ll ... DENSITY, TOO (SIMULATION)... DENSITY, TOO (SIMULATION)

ll WWW.HYPERFUN.ORGWWW.HYPERFUN.ORG
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Constructive Constructive HypervolumeHypervolume TexturingTexturing

by Alexander PASKO, www.by Alexander PASKO, www.hyperfunhyperfun.org.org

implemented by B. Schmittimplemented by B. Schmitt
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FF--rep Importance rep Importance 
ll FF--rep rep 

ll Unified language for both CSG tree Unified language for both CSG tree 
(or scene graph) and subsequent (or scene graph) and subsequent 
primitives primitives 

ll This historical value result unifies This historical value result unifies 
different dialects of mathematical different dialects of mathematical 
language for objects, relationships, language for objects, relationships, 
and operationsand operations

ll ModelingModeling ""esperantoesperanto""
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by Alexander PASKO, www.hyperfun.org
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The Shape in the Triangle Center The Shape in the Triangle Center 
by Alexander PASKO, www.by Alexander PASKO, www.hyperfunhyperfun.org.org
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FF--rep Summary rep Summary 
ll FF--rep (function representation) rep (function representation) 

ll Implicit surfaces using the functional Implicit surfaces using the functional 
form of set operations (union, form of set operations (union, 
intersection, difference)intersection, difference)

ll Discovery by Discovery by RvachevRvachev [Rvac63] thus [Rvac63] thus 
enables for unified language for both enables for unified language for both 
CSG tree (or scene graph) and CSG tree (or scene graph) and 
subsequent primitivessubsequent primitives

ll Problems: costly, interpolationProblems: costly, interpolation
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CriteriaCriteria forfor Data StructureData Structure

ModelingModeling::
–– ComplexityComplexity ofof RepresentationRepresentation

–– Transformation / Transformation / CombinationCombination

–– InteractivityInteractivity

–– ReusabilityReusability......

RenderingRendering::
–– PrecisionPrecision ofof given representationgiven representation

–– Memory RequirementsMemory Requirements, Real, Real--time...time...



Easy Modeling MethodsEasy Modeling Methods
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Easy Modeling MethodsEasy Modeling Methods

Task:Task:
CreateCreate thethe ObjectObject DescriptionDescription forfor laterlater

ProcessingProcessing within thewithin the RenderingRendering-- and and 
OutputOutput--Modul.Modul.

GeneratedGenerated via:via:
–– User InteractionUser Interaction

–– AutomaticallyAutomatically ((egeg „„ObjectObject--Scanner“, Scanner“, 
rangerange imagesimages, ...), ...)
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ll Elementary ObjectsElementary Objects
–– Primitives, Primitives, regular regular 

polyhedrapolyhedra, ..., ...
–– SweepsSweeps
–– FreeFree--formform patchespatches
–– (Super(Super--))QuadricsQuadrics
–– Terrain (DTM, DEM)Terrain (DTM, DEM)
–– Fractal Fractal Mountains Mountains 
–– SoftSoft ObjectsObjects
–– Particle Particle SystemsSystems
–– Natural PhenomenaNatural Phenomena......

ll TransformationsTransformations
–– linearlinear ones ones 
–– twist, twist, blending blending ... ... 

((VerbiegeoperationenVerbiegeoperationen))
–– local operationslocal operations

ll Combining methodsCombining methods
–– Boolean Operations Boolean Operations 

withwith Elementary Elementary 
ObjectsObjects (CSG)(CSG)

–– FF--reprep
–– (Solid (Solid ModelerModeler UI)UI)
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SweepsSweeps
IdeaIdea::

MoveMove a 2Da 2D--ObjectObject ((ContourContour) in ) in thethe spacespace. . 
All All enclosedenclosed pointspoints generate thegenerate the objectobject
sweptswept..

FormsForms::
–– translational sweeptranslational sweep
–– rotational sweeprotational sweep
–– conical sweepconical sweep
–– sphere  sweepsphere  sweep
–– general cylindergeneral cylinder, … , … 
–– NOTE: NOTE: ParametrisationParametrisation



Grafické systémy, vizualizácia a multimédiáFMFI UK Bratislava

2005/2006

Translational SweepTranslational Sweep
MethodMethod::

Define theDefine the objectobject withwith the contourthe contour (2D) (2D) 
and and thethe path.path.
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Rotational SweepRotational Sweep
MethodMethod::

Define the objectDefine the object byby rotatingrotating of of thethe
contourcontour (2D) (2D) with thewith the arbitraryarbitrary axisaxis..
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Conical SweepConical Sweep
MethodMethod::

DefineDefine thethe objectobject byby thethe contourcontour (2D) and a (2D) and a 
3D3D--point (point (toptop of of thethe pyramidepyramide).).
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Sphere SweepSphere Sweep
MethodMethod::

Define the objectDefine the object byby thethe spheresphere withwith thethe
varyingvarying radiusradius and a path.and a path.
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General General CylinderCylinder
MethodMethod::

Define the objectDefine the object byby the setthe set of „of „controlcontrol““--
contourscontours and and byby thethe path.path.
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QuadricsQuadrics

IdeaIdea::
Quadrics areQuadrics are all all objectsobjects, , whichwhich isis possiblepossible

to to describedescribe usingusing quadraticquadratic functionsfunctions
((polynomialspolynomials).).

Definition:Definition:
–– explicitlyexplicitly ::

–– parametricparametric::
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Quadrics Quadrics ((examplesexamples))
ll SphereSphere::

ll CylinderCylinder::

ll ConicConic::

ll TorusTorus::
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TerrainTerrain
Definition:Definition:

–– Given the equidistant grid Given the equidistant grid in in the the plane plane 
and in and in gridpoints thegridpoints the heigthsheigths (Z(Z--
coordinatescoordinates). ). DEMDEM (digital (digital elevationelevation
modelmodel, , fieldfield of of heightsheights).).

Extension:Extension:
–– MoreMore propertiesproperties givengiven forfor thethe terrainterrain

surfacesurface ((egeg ColorColor), ), thethe DEM DEM enriched by enriched by 
texturingtexturing DTMDTM (digital (digital terrainterrain modelmodel).).
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Note on 2.5D Note on 2.5D ObjectsObjects
Definition:Definition:

–– If the surfaceIf the surface of of terrainterrain oror sweepedsweeped solid solid 
cancan bebe adressedadressed byby 2 2 parametersparameters, , wewe speakspeak
aboutabout 2.5D 2.5D objectsobjects..

QuestionQuestion::
–– WhichWhich solidssolids areare 2.5D 2.5D onesones??
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FractalFractal MountainsMountains

FractalFractal -- Koch‘s Koch‘s CurveCurve::
–– Initiator: Start Initiator: Start with the polygonwith the polygon..

–– Generator: Generator: Replace eachReplace each lineline segmentsegment..

FractalFractal Mountains:Mountains:
–– Generator noGenerator no moremore regularregular, , butbut randomrandom

oneone within the given borderswithin the given borders Grenzen.Grenzen.

–– Initiator:Initiator: 1 1 triangletriangle ((oror 2)2)

–– Generator:Generator: eacheach egdeegde divide by divide by a a 
randomlyrandomly generatedgenerated point.point.
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FractalFractal Mountains Mountains ((algorithmalgorithm))

EachEach StepStep::
fromfrom 1 1 triangle triangle 

generategenerate 4 4 newnew
onesones..

SubdivideSubdivide untiluntil thethe
Quality sufficesQuality suffices..
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Multiresolution, Multiresolution, AreaArea SubdivisionSubdivision
OscarOscar Winning AnimationsWinning Animations 100 %

5 %

1 %
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ExampleExample
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TaperingTapering
Position Position dependent functions workdependent functions work like like 

the scaling factorsthe scaling factors..
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TwistTwist
Position Position dependent functionsdependent functions workwork forfor

twistingtwisting of of thethe objectobject, , tootoo. . 
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BendBend
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Note onNote on valid solidsvalid solids
Definition:Definition: The validThe valid solidsolid surface is surface is 

locally topological equivalent with locally topological equivalent with 
the Euclideanthe Euclidean plane. plane. 

QuestionQuestion::
–– WhichWhich solidssolids areare notnot validvalid??

HintsHints::
–– Sphere is equivalent with theSphere is equivalent with the plane. plane. 

ZeroZero thickness isthickness is invalid. invalid. 
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SolidSolid Modeling SummaryModeling Summary
ll Elementary ObjectsElementary Objects

–– SweepsSweeps, , QuadricsQuadrics,Terrain, Soft,Terrain, Soft ObjectsObjects, ..., ...

ll TransformationsTransformations

ll Combining Objects Combining Objects (CSG, F(CSG, F--reprep))

ll Volume RepresentationVolume Representation andand othersothers

ll Rendering Summary Rendering Summary (Polygonal (Polygonal CaseCase))

ll FutureFuture workwork: transparent : transparent objectsobjects, , bumpy bumpy 
surfacessurfaces, , texturestextures, global , global illuminationillumination, , 
animationanimation......
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Data Formats in CGData Formats in CG
ll Normalised CAD data formatsNormalised CAD data formats

–– IGESIGES

–– AutoCAD DXF, ...AutoCAD DXF, ...

ll Data formats for image/document exchangeData formats for image/document exchange
–– CGM, PNG, Postscript, ...CGM, PNG, Postscript, ...

–– HyperODAHyperODA, SGML: HTML, XML, ..., SGML: HTML, XML, ...

ll Data formats of 3D graphicsData formats of 3D graphics
–– SEDRIS, VRML SEDRIS, VRML -- www.www.sedrissedris.org, www.w3c.org.org, www.w3c.org

–– RenderManRenderMan InterfaceInterface

–– MGF (Radiance), POV (POVMGF (Radiance), POV (POV--Ray), ...Ray), ...

–– ISO, EUN, ANSI, MIME... ISO, EUN, ANSI, MIME... http://www.w3.org/http://www.w3.org/AmayaAmaya//

–– ..aviavi, .qt, .mpg, … , .qt, .mpg, … DivXDivX… … 
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Contents OverviewContents Overview
1. Introduction and Motivation 1. Introduction and Motivation -- OKOK
2. Data Structures & Data Formats 2. Data Structures & Data Formats –– OK OK 
3. Parametric Curves & Surfaces3. Parametric Curves & Surfaces
4. 4. ColorColor
5. Light5. Light--Material InteractionMaterial Interaction

–– Local Illumination ModelsLocal Illumination Models
–– AntialiasingAntialiasing
–– Shadow Generation…Shadow Generation…
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3. Free3. Free--form Curves/Surfacesform Curves/Surfaces
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ll 20012001 -- Final FantasyFinal Fantasy ( The Spirits Within )( The Spirits Within )

–– all characters animated, all characters animated, photorealismphotorealism, , hair hair for millions dollarsfor millions dollars
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ContentContent
3. Parametric representation of 3. Parametric representation of 

curves and surfacescurves and surfaces
–– FreeFree--form curvesform curves

•• BBéézierzier--curvescurves
•• Rational BRational Béézierzier--curvescurves
•• BB--SplinesSplines
•• NURBS NURBS -- industrial standard, Maya...industrial standard, Maya...

–– FreeFree--form surfacesform surfaces
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MotivationMotivation
ll Construction, CAGD, CAD/CAMConstruction, CAGD, CAD/CAM

–– ModelingModeling of ship hulls, terminologyof ship hulls, terminology

–– Design of cars and airplanesDesign of cars and airplanes

ll Computer GraphicsComputer Graphics
–– Simple Simple modelingmodeling of smooth surfaces  of smooth surfaces  

and solidsand solids

–– Definition of motion trajectories for Definition of motion trajectories for 
animated objectsanimated objects
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Three forms of expressionThree forms of expression

ll Analytic Analytic y = sqrt(r2-x2) 

ll Implicit Implicit x2 + y2 = r2

ll Parametric Parametric x = cos t; y = sin t; t ∈<0,2π>
travel along the curvetravel along the curve
–– continuity continuity -- geometric G, parametric Cgeometric G, parametric C
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Parametric BlendingParametric Blending
ll NumbersNumbers, a, b, 0.5*(a + b), a, b, 0.5*(a + b)
ll PointsPoints A, B, 0.3*A + 0.7*BA, B, 0.3*A + 0.7*B
ll RotationsRotations, 4, 4--tuplestuples,, quaternionsquaternions
ll Curve construction Curve construction as weighted sumas weighted sum ofof pointspoints

ll SurfacesSurfaces
ll Images… brightness, contrast, saturation, Images… brightness, contrast, saturation, 

sharpening… image analogies, sharpening… image analogies, SIGGRAPH 2001SIGGRAPH 2001

ll …… MorphingMorphing,, CaricaturesCaricatures …… state spacesstate spaces
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PG.PG.NetGraphicsNetGraphics..sksk and other appletsand other applets

ll ParabolaParabola
ll Cubic Cubic BézierBézier curvecurve
ll BB--splinespline (basis (basis splinespline))
ll Surface editingSurface editing

ll Free, © Free, © JurajJuraj STUGELSTUGEL



Grafické systémy, vizualizácia a multimédiáFMFI UK Bratislava

2005/2006

ParametricallyParametrically rep.rep. curvescurves
ll EuclideanEuclidean plane/plane/spacespace EE22, E, E33 {O, x, y, z}{O, x, y, z}

ll Parametric representationParametric representation of a of a curvecurve in Ein E3 3 ::

TangentaTangenta hashas direction vectordirection vector::

ll CurvatureCurvature: : 
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LagrangeLagrange InterpolationInterpolation

GivenGiven:: PointPoint setset {a{a00, ... a, ... ann} and} and
appropriate parameter valuesappropriate parameter values {t{t00 < ... << ... < ttnn}}

Task:Task: CurveCurve through athrough aii forfor tti i 

1.1. solutionsolution::

LagrangeLagrange --PolynomialPolynomial::
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r
…

rr
+=

( ) ( )( ) ( )( ) ( )
( )( ) ( )( ) ( )ni1i1i1i0i

n1110
i

tttttttttt

tttttttttt
tf

−−−−−
−−−−−

=
+−

+−

……

……

ii

ii



Grafické systémy, vizualizácia a multimédiáFMFI UK Bratislava

2005/2006

BernsteinBernstein PolynomialsPolynomials

ll

ll PropertiesProperties::
–– PolynomialsPolynomials of order of order nn

––
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BernsteinBernstein PolynomialsPolynomials: (C) Ken JOY: (C) Ken JOY
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NextNext PropertiesProperties

––

–– {1, t, ...{1, t, ... ttnn} } isis basisbasis forfor polynomialspolynomials
the samethe same way way isis {B{B00, ..., ... BBnn} } anotheranother basisbasis
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Bézier curveBézier curve
ll Definition:Definition:

ll BasicBasic notionsnotions::
–– BaseBase pointspoints BBii

–– BBi i limited bylimited by basebase
polygon polygon 

–– bbi  i  position vectorposition vector forfor BBii
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PropertiesProperties
ll t = 0:t = 0:

ll t = 1:t = 1:

ll kk--th derivativeth derivative:: dependsdepends on on locationlocation t = 0 t = 0 
onlyonly of knotof knot pointspoints BB00, ... B, ... Bkk . . Analogously  Analogously  
forfor t = 1.t = 1.
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Alternative Alternative RepresentationRepresentation

ll DescriptionDescription withwith Shift operatorShift operator: E: E

ll BézierBézier--curvecurve withwith Shift operatorShift operator::
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DeCasteljauDeCasteljau AlgorithmAlgorithm
ll GivenGiven:: BaseBase pointspoints {b{b00, ... , ... bbnn },  t},  t

ll nn iterations iterations 

ll Version Version using oneusing one--dimensionaldimensional array possible array possible 

[ ]
[ ] ( ) [ ] [ ]
[ ] ( )tx,0q

j1,iqtji,qt11ji,q

bi,0q i

rr

rrr

rr

=

++−=+

=

n

Fig. © by Ken Joy
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ParameterParameter transformationstransformations
ll

partpart ofof thethe originaloriginal curvecurve

ll

originaloriginal curve is the partcurve is the part -- plus plus continuationcontinuation

[ ] 1aa0,t ≤∈

[ ] 1aa0,t >∈
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Spline curveSpline curve

ll DefDef.:.: „„Spline curveSpline curve“ “ consistsconsists of of 
partialpartial segmentssegments ((SubsplinesSubsplines), ), 
combined bycombined by tangential tangential oror
curvature preserving conditions curvature preserving conditions 

ll ExampleExample:: Bézier spline curveBézier spline curve, , 
binded frombinded from 2 2 Bézier curve pieces Bézier curve pieces 
using the continuationusing the continuation..
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Rational Rational Bézier curvesBézier curves
ll IntroductionIntroduction of of weightsweights {w{w00, ..., ... wwnn} } with thewith the base base 

pointspoints

ll New form New form 
ofof thethe base base 
polygonpolygon::

ll RepresentationRepresentation viavia projectionprojection in in thethe image planeimage plane
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PropertiesProperties

ll ww00 = ...= ... wwnn = 1 = 1 --> > standard Bézierstandard Bézier
ll ww00 = ...= ... wwnn <> 0 <> 0 --> rational > rational BézierBézier

ll Changing singleChanging single weightweight::
–– wwi  i  increaseincrease: : the curvethe curve goes closergoes closer
–– wwi  i  decreasedecrease: : the curvethe curve goesgoes farfar

ll ModelingModeling in in higher dimensionshigher dimensions, , followed followed 
byby projectionprojection
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ComputationComputation

ll BBi i from input data computationfrom input data computation

ll Curve points Curve points 

ll ProjectionProjection to v0 =1:to v0 =1:
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SpecialSpecial CaseCase -- CircleCircle
ll Bézier curves cannot representBézier curves cannot represent!!
ll Suitable settingSuitable setting ofof weights works forweights works for

rational rational Bézier curvesBézier curves
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BB--SplinesSplines
ll IdeaIdea:: Constant curvature settingConstant curvature setting of of 

Bézier curvesBézier curves withwith Grad = 3.Grad = 3.

ll GivenGiven:: Basis point bBasis point b00--bb55 definedefine 3 3 Bézier Bézier 
curvescurves withwith n = 3, n = 3, whenwhen the subintervals the subintervals 
are knownare known (Design(Design parameterparameter))

ll ThenThen:: TheThe basis pointsbasis points of partialof partial curvescurves
can be reconstructedcan be reconstructed..
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Curve ComputationCurve Computation
ll DefDef.:.: Giving theGiving the knotknot pointspoints bbii andand

respective subintervals defines the Bézier respective subintervals defines the Bézier 
spline curvespline curve ofof givengiven order in aorder in a uniqueunique way.way.

ll MethodMethod 1:1:
–– FindFind basis pointsbasis points of partialof partial curve curve 

–– PartialPartial curves with DeCasteljau curves with DeCasteljau 

ll MethodMethod 2:2:
–– BothBoth in in shortshort form: Cox /form: Cox / DeBoorDeBoor

–– OwnOwn basis functionsbasis functions NNi,ki,k
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AdditionalAdditional PropertiesProperties

ll „„Local ControlLocal Control“:  “:  Control pointsControl points
influenceinfluence the curvethe curve in in oneone positionposition tt

ll ImplicationImplication::
–– curvecurve cancan be modified using one be modified using one 

controlcontrol pointpoint
–– 2 different2 different tangentstangents in in oneone point point 

possiblepossible!!
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Parameterisation Choice Parameterisation Choice 
ll EquidistantEquidistant::

ll ChordalChordal
parameterisationparameterisation::

ll Centripedal parameterisationCentripedal parameterisation::
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NURBSNURBS
ll GivenGiven::

ll 1) 1) Transform control points Transform control points 

ll 2) B2) B--SplineSpline forfor givengiven knotknot vectorvector evaluationevaluation

ll 3) 3) ProjectionProjection into theinto the plane v0=1plane v0=1

ll NNonon--UUniformniform--RRationalational--BB--SSpline curvespline curves
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Bézier SurfacesBézier Surfaces

ll BasisBasis pointspoints::

ll Bézier surfaceBézier surface for givenfor given base pointsbase points::
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Rational Rational BézierBézier--SurfacesSurfaces, , 
BB--SplineSpline SurfacesSurfaces

ll Transformation Transformation intointo 4D 4D spacespace, , compute compute 
therethere andand project backwardsproject backwards, invariant!, invariant!

ll Rotational surfacesRotational surfaces parametricparametric exactlyexactly
representablerepresentable

ll Advantage:Advantage: RepresentationRepresentation forfor generalgeneral
surfacessurfaces and and surfacessurfaces ofof revolutionrevolution
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Representation of FFC/FFS etc. Representation of FFC/FFS etc. 
ll Watt…Watt…

ll Farin… and Web Notes by Ken JOY:Farin… and Web Notes by Ken JOY:

ll http://http://muldoonmuldoon..cipiccipic..ucdavisucdavis..eduedu/~joy//~joy/

ll Famous Curves Index: Famous Curves Index: http://wwwhttp://www--groups.groups.dcsdcs..stst--

and.ac.and.ac.ukuk/~history/Curves/Curves.html/~history/Curves/Curves.html -- AstroidAstroid, Bicorn, , Bicorn, 
CardioidCardioid, Cartesian Oval, , Cartesian Oval, CassinianCassinian Ovals, Ovals, CatenaryCatenary, , 
Cayley'sCayley's SexticSextic, Circle, , Circle, CissoidCissoid of of DioclesDiocles, , CochleoidCochleoid
ConchoidConchoid, , ConchoidConchoid of de of de SluzeSluze, Cycloid, Devil's Curve, , Cycloid, Devil's Curve, 
Double Folium, Double Folium, Dürer'sDürer's Shell Curves, Eight Curve, Ellipse, Shell Curves, Eight Curve, Ellipse, 
EpicycloidEpicycloid,  ,  EpitrochoidEpitrochoid, Equiangular Spiral, … Newton's , Equiangular Spiral, … Newton's 
Parabolas,Parabola… Witch of Parabolas,Parabola… Witch of AgnesiAgnesi
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Math Language RupturesMath Language Ruptures

•• Elementary Elementary ArithmeticsArithmetics
•• Synthetic GeometrySynthetic Geometry

•• AlgebraAlgebra
•• Analytic GeometryAnalytic Geometry

•• Infinitesimal CalculusInfinitesimal Calculus
•• Iterative GeometryIterative Geometry

•• Predicate CalculusPredicate Calculus
•• Set TheorySet Theory

•• (based on (based on KvaszKvasz´s ´s epistemologicepistemologic research, 1996)research, 1996)
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Analytic GeometryAnalytic Geometry
ll Rene Descartes discovered the method how to assign to Rene Descartes discovered the method how to assign to 

a given algebraic formula a given algebraic formula THE SHAPE.THE SHAPE.
ll This visualization was so important that this new This visualization was so important that this new 

language was given a new name: analytic geometry. language was given a new name: analytic geometry. 
ll Constructive geometry using ruler and compass was Constructive geometry using ruler and compass was 

difficult difficult -- for any object requires a for any object requires a specialisedspecialised method method 
and is limited to quadrics. and is limited to quadrics. 

ll Descartes method deconstructed each shape to points Descartes method deconstructed each shape to points 
and enables us for constructing any shape POINT BY and enables us for constructing any shape POINT BY 
POINT. POINT. 

ll Therefore the curves are UNIVERSAL MODELING TOOL: Therefore the curves are UNIVERSAL MODELING TOOL: 
car industry, flight simulations, caustics... Never ending car industry, flight simulations, caustics... Never ending 
story of applications. story of applications. 

•• (based on (based on KvaszKvasz´s ´s epistemologic epistemologic research, 1996)research, 1996)
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Contents ReviewContents Review
1. Introduction and Motivation 1. Introduction and Motivation -- OKOK

2. Data Structures & Data Formats 2. Data Structures & Data Formats -- OKOK

3. Parametric Curves & Surfaces 3. Parametric Curves & Surfaces -- OKOK

4. 4. ColorColor

5. Light5. Light--Material Interaction Material Interaction 

6. etc. 6. etc. 
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Thank You...Thank You...

… for Your attention.… for Your attention.
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