Graphical systems:
iIntroduction




Example process

Program Monitor

3D model, 2D shape, Printer, projector, plotter, movie
animation, CT scan.... file, picture file, stereolitograph..

Platf PC Win, PC Lin, Mac, SGil...
atiorm  ps xBoX. Wii. ...
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CG reference model

4 ) 4 )

Application Graphical
program :> system :>

J N J

Inside the boxes — standards
Between the boxes — standard interfaces
Separate modeling and rendering

Separate device-dependent and
device-independent parts
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Reference model — detailed 1IN

Application program
» Graphical data

— Models, textures, description, mapping...
* Animation

— Scripted, procedural (physics), interactive
* Application logic

Data sources
* Modeling, capturing, simulation...
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Reference model — detailed 1IN

Graphical system

» Data processing (input, conversion)
Transformations
Projection

Clipping, visibility, lighting
Rasterization
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Reference model — detailed 1IN

Output device
* Device driver
* Physical device
* Output format
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Advantages of CGRM 11

Device-independent application development

Application-independent device development

Standard interface GS < device
— Hardware acceleration, optimization

Standard interface APP «— GS
— Rapid development, transferrable code
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CG reference model

-

N

Application
program

N

-

/

Graphical systems, visualiza

N

Graphical
system

N

/

tion and multimedia

Output
device




Digital imagery
fundamentals




Visual stimuli

 Geometry
» Color
* Motion
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‘Geometry i

« Continuous (analog) v. Discrete (digital)
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Discrete representation 11

* Pixel = picture element

* Image resolution = digital size : physical size
— DPI, PPI (dots per inch, points per inch)
— 72 — 130 dpi (monitors)
— 150 — 600 dpi (print)
— 600 — 1200 dpi (scanners)
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Devices close-up

‘w‘; &

PRINTER
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Pixel values
0
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Digital color representation 1111}

 R-G-B
— e.g. palette mode (remember GlFs ?)

— e.g. 24 bit colors, each pixel = 8 x 8 x 8 bits =
= 0..255 red, 0..255 green, 0..255 blue

. C-M-Y-K

* Other color models: HSV, YUV
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« Continuous (analog) v. Discrete (digital)

Visible Spectrum

CYAMN RED
TELLU‘ BLUE ‘ GREEN

Red Orange Yellow Grean Blue Indigo Violet
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Motion

« Continuous (analog) v. Discrete (digital)

Eadweard Muybridge — The Horse in Motion (1878)
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Limits in numbers (examples) 111}

* Image size
— 128x176 (mobiles) — 1920x1080 fullHD
— 1600x1200 (2mpix), 2480x3508 (A4@300dpi)

» Color depth

— 1 bit (black/white), 8bit (256 colors)
16bit (65536), 24bit (16.7 milion)

 Framerate, refresh rate
— 15fps, 24fps, 30fps
— 50hz, 60hz, 100hz, 120hz
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Limits in numbers (examples) 11}

« 29 595 009 024 000 possible pictures
— 1680 x 1050 x 24bit
— 37 years of movies @ 25 fps

* 640 x 480 x 256 (grayscale) = 78 643 200

— 874 hours ~ 550 movies

* flickr.com =~ 4 000 000 000 photos

— 5 years of movies
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CG reference model
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Graphical information
and rendering




Our focus

» 3D objects in geometry space
— some concepts explained in 2D, then extended

* Object representation (inside APP, GS)
* Object rendering (GS — Output device)

é ) é N

Application :> Graphical :> Output
program system device

N / N /
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Geometry space

¢ Scene
— Virtual representation of world
* Objects
— Visible objects
(“real world”)

— Invisible objects
(e.g. lights,
cameras, efc.)
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Dimensionality

2D
— Shapes, images
2.9D

— Surfaces, terrains

3D

— Objects, scenes

4D

— Animation

Graphical systems, visualization and multimedia
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Full scene definition

* Objects

— What objects, where, how transformed
* To be discussed early during course

— How they look — color, material, texture...
* To be discussed later during course

« Camera
— Position, target, camera parameters
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Coordinate system

« Cartesian coordinates in 2D
— Origin
— X axis
— Yy axis

y-axis
; ke
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Coordinate systems

Global
—e.g. 48.160038,17.065397

Local
—e.g. 9" floor, room #7

Camera
(Window)
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Global/local/camera coords. 1IN
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Rendering pipeline

* Model transformation
— local — global coordinates
Viewport transformation
— global — camera
Clipping
Rasterization
Texturing
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Transformations




Transformations — rotate 1111
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Transformations — rotate 1

P(XIY) — P’ (X’ rY')
X' = xXx.cos ¢ - y.sin ¢

y’ = y.cos ¢ + xXx.s1n ¢

Matrix notation:
(cosp sing 0)

(x',y' . )=(x,p,l)f —sinp cosep 0
. 0 0 1,
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Transformations — scale 1

factor s




Transformations — scale

P(XIY) - P’ (X’ rY')
X' = X.8,

y' = y.sy

Matrix notation:

(x', D) =(x,p,1)
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Transformations — translate 111}

vector
t(t,.t,)
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Transformations — translate [}

y’=y+ty

Matrix notation:

(x', D) =(x,p,1)
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Problem: local rotation
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Transformation composition 1}l

1. translate rotation center to origin: t(tx,ty)
2. rotate by ¢
3. inverse translate by t’(-tx,-ty)

Matrix notation:

(1 0 0) cosp sing 0)
(x',y' . D)=(xpy1)l 0 1 0| —-sing cosep 0

GRS 0 1,

Graphical systems, visualization and multimedia



3D transformations

e rotate

(1

0
0
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sin @,
0

0
—sin g,
COS P,
0

0)
0
0

1)

translate

[ cosg,
—sin g,
0
0

sin @,
COS @,
0
0




3D coordinate systems 1111

* Right-handed coordinate system
» Left-handed coordinate system

A A
¥ ¥

Z

e rotation direction
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Projection




Viewing transformation 1

1. rotate scene so that camera lies in z-axis
2. projection transformation
3. viewport transformation
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Stage 1 —translate P—P° 11}l

alization and multimedia



Stage 2 — rotate P—P”"—P”” 1lll
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Rotated scene
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Orthogonal projection 11

projection

alization and multimedia



Orthogonal projection 11

Xp—X

° yp — y’”

 Matrix notation

(xP,yP,ijl) — (x'”,y'H,Z'H,l)
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Perspective projection 11

projection
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Perspective projection 11
-xp=?
o yp = 7

 Matrix notation

(XP,yP,Zp,l) Z(X'”,y”',Z”',l) .
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Viewport transformation
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Viewport transformation 11

* Sy, S, — scale factors

XV ax xvmin

m

XC ax X Cmin

m

 Matrix notation

:

('xvﬂy\ﬂl) — (xpﬂypﬂl)
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Welcome to the matrix! 1

1. local — global coordinates
— translate, rotate, scale, translate

2. global — camera
— ftranslate, rotate, rotate, project

3. camera — viewport
— translate, scale, translate

* Transformation combine = matrix multiply

Graphical systems, visualization and multimedia



Readings

* Ruzicky, Ferko — PocCitaCcova
grafika a spracovanie obrazu Poc RGOS

EUGEN RUZICKY
ONYAd [FAANY

« Zara a kol. — Moderni pocitadova
grafika

moderni

« http://pg.netgraphics.sk/ posiacous
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Next week:

Rasterization, culling, clipping





<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages false

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.00000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.00000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages true

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 150

  /MonoImageDepth 8

  /MonoImageDownsampleThreshold 1.00000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /PDFX1a:2003

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [300 300]

  /PageSize [790.866 595.276]

>> setpagedevice



