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"A Trip Down the Graphics Pipeline"

= Input:
= Geometric model: description of all »
objects, surfaces,

= Transformations

= Lighting model: Computational
description of object and light properties,
interaction (e.qg., reflection)

= Synthetic Viewpoint (or Camera): Eye
position and viewing frustum

= Raster Viewport (Frame Buffer): Pixel grid
onto which image plane is mapped

= Qutput:

= Colors / Intensities suitable for

framebuffer display (for example, ‘
24 Bits RGB values at each pixel)
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Model Transformation (model-to-world)

= 3D Modell wird im eigenen
Koordinatensystem definiert (object
space)

= Model Transformation positioniert die

Objekte in einem allg.
Koordinatensystem (world space)

A S

/
Object spaces World space
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lllumination (Beleuchtung, Schattierung)

= Beleuchten von Polygonen (fur Model
Schattierung und Highlights) gemaR der Transformation

Material-Eigenschaften, Oberflachen- _
eigenschaften und Lichtquellen

Viewing Transformation
(Perspective / Orthographic)

= Lokale Beleuchtungsmodelle (kein
Lichttransport von einem Obj zum

anderen) Clipping

Projektion
(in Screen Space)

Scan Conversion
(Rasterization)

Visibility / Display
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U Viewing Transformation

= Umwandeln von Welt-Koord. nach
Kamera-Koord.

= Bestimme Transformation fur komplette
Szene so, dald Betrachter-Position in
den Ursprung verschoben wird und
Blickrichtung entlang (-Z)-Achse ist

V4

world space
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Clipping

= Abschneiden
der Polygone, die
aulerhalb des
sichtbaren

Bereiches

liegen ﬁ\/\L

(view frustum)

= Dazu: transformiere Szene in
normalisierte Koordinaten (NDC)

T # SPR—
z
"""" eye
far near
eye space NDC
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w Projektion

= Das Objekt wird nach 2D projiziert und Modell
raumlich diskretisiert (screen space) Transformation
p ~ \]v lllumination
> | .y (Shading)

Viewing Transformation
(Perspective / Orthographic)

s\,
o

NA

NDC Screen Space
0 width Cllppmg

— 0
top-

re Scan Conversion
bottom T (Rasterization)
'R' - . : height
/L’ff eye space near sScreen space o .
‘ right Visibility / Display
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wj Scan Conversion (Rasterisierung) 0

= Rasterisierung der Polygone in Pixel Modell

, : Transformation
= Ecken-Werte interpolieren (Farbe,

Tiefenwert, ...) lllumination
(Shading)
FA* KR Viewing Transformation
+ | «8 il o il fa (Perspective / Orthographic)
+ |+ + |+ |+ |+
+ | + +|+|+ |+
+ | + + |+ |+ |+ Cllpplng
+ |+ +|+|+ |+
+ | + + |+ |+ |+ . .
1 P P Projektion
s N (in Screen Space)
+ f'D |+ | F
+ | + &+ |+
+ | + . Ea- +
+ |+ |+

Visibility / Display
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W  Visibility (Sichtbarkeit) u.a. Tests

= Verdeckungen bestimmen

= Evtl. weitere Pixel-Operationen:

= Blending mit vorhandenem Frame-Buffer-
Inhalt

= Maskierung (z.B. wegen Verdeckung
durch andere Fenster)

= Farb-Transfer
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U  Beispiel zur Betrachtung des Datenflul3es Bl

Err— JR[=TE

glClearColor(l, 1, 1, 1); // white ‘

glClear (GL COLOR BUFFER BIT);
glLoadIdentity() ;

glOrtho (0, 100, O, 100, -1, 1);

glBegin (GL_ POLYGON) ; // not efficient
glColoxr3£(0, 0.5, 0); // dark green
glVertex2f£(11.0, 31.0);
glVertex2£f (37.0, 71.0);
glColor3£(0.5, 0, 0); // dark red
glVertex2£f(65.0, 71.0);
glVertex2f£(91.0, 38.0);

glEnd() ;

glFlush() ; // force completion
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W  The Pipeline with Regards to Data Flow § ol

= Force input to canonical format

= Convert to internal representation

= E.g., X, y to float

struct { [ :>

Application

Vertex assembly

float x,y,z,w;

= |nitialize unspecified values  float r,g,b,a;

= E.g.,z=0, w=1
= |nsert current modal state
= E.g., colorto (0, 0.5, 0, 1)

= |n our example:
struct {
float x,y,z,w;
float r,g,b,a;
} vertex;
struct {
float x,y,z,w;
float r,g,b,a;
} vertex;

G. Zachmann Computergraphik 1

float normal[3];
} vertex;

// 11, 31, 0, 1
// 0, 0.5, 0, 1

// 37, 71, 0, 1
// 0, 0.5, 0, 1

WS October 2015

Vertex operations

v

Primitive assembly

v

Primitive operations

v

Rasterization

v

Fragment operations

vl

Framebuffer )

v
Display
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" Transform coordinates

= 4x4 matrix arithmetic
= Compute (per-vertex) lighting

= Compute texture coordinates, if auto-
generated by OpenGL
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Application
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Vertex operations
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v

Primitive operations

v
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= Group vertices into primitives: points, lines,

or triangles

= Decompose polygons to triangles

= Duplicate vertices in strips or fans

= |[n our example:

= Create two triangles
out of the polygon

1 2
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Application
v

Vertex assembly

v

Vertex operations

—>

Primitive assembly

struct {
vertex vO,vl,v2;
} triangle;
or
struct {
vertex vO0,vl;
} line;
or
struct {
vertex vO0;
} point;
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Primitive operations

v

Rasterization

v

Fragment operations

vl

Framebuffer )

v
Display
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= Clip to the window boundaries

= Perform back-face / front-face ops

= Backface culling

= Color assignment for 2-side lighting

= |[n our example: nothing happens

G. Zachmann
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Application
v

Vertex assembly

v

Vertex operations

v

Primitive assembly

Primitive operations

Rasterization

v

Fragment operations

vl

Framebuffer

)

v
Display
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G. Zachmann

= Determine which pixels are included in the
primitive
= Generate a fragment for each such pixel

= Assign attributes (e.g., color) to each
fragment

= |[n our example:

W

7. cc

VR =

Application
v

Vertex assembly

v

Vertex operations

v

Primitive assembly

v

Primitive operations

Rasterization

struct {
int x,y;

} fragment;
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—>

Fragment operations

float depth;

vl

float r,qg,b,a;

( Framebuffer )

v
Display
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G. Zachmann

7. cc
VR

Texture mapping Applliatlon
Fog Vertex assembly
. v
Scissor test Vertex operations
Alpha test v
Depth testing (aka z-buffering) Primitive f ssembly
Color blending Primitive operations
v
Rasterization

In our example: nothing

Computergraphik 1

WS

Fragment operations

—>

struct {
int depth; Framebuffer )
byte r,g,b,a; v

} pixel; .
P Display
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. . g
Y Programmer specifies operation modes # oo

= Per vertex: App“jatlon
= Transformation Vertex assembly

= Lighting

Vertex operations

= Per primitive:

= Back-face culling Primitive assembly

= Double-sided lighting

Primitive operations

= Per fragment:

Rasterization

= Texture filtering

= Depth testing

Fragment operations

= Blending with framebuffer

[ Framebuffer )

v
Display
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http://cgvr.cs.uni-bremen.de/teaching/cg_literatur/excel_3d_engine/
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