Graphics Programming

527970-1
2019 71235t7|
9/9/2019
Ch=CHstn 94l

Coordinate Systems
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2D Cartesian Coordinate Systems

3D Cartesian Coordinate Systems

o Cartesian Coordination Systems
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~___— Two axes: x-axis and y-axis,
— two straight lines
perpendicular to each other,
both pass through origin
and extends infinitely in two
— opposite directions
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o Screen coordinate
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o 1 unit = 1 pixel

O OpenGL2 RLEE
ZtEA (Right-
handed coordinate

o0 OpenGLO|A = 7t 2t7F 28| 2| S ZtH(drawing
coordinates)2| ¥ (origin)0il YIX|SIH z- o2

ot QUL

o &=
Ol bk

Ly
o

-1, -1, -1)

2 X|HSHA| Y=L, CIEEE 2x2x2
42| viewing volume=S AR $HCE

(right, fop, far)

(t.1mn

o & £ F (Orthographic parallel projection)
Ortho(left, right, bottom, top, zNear, zFar);
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Perspective Viewing

o A2 £ F (Perspective projection)
m Frustum(left, right, bottom, top, zNear, zFar);

= Perspective(fovy, aspect, zNear, zFar); - &5IX242
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Viewport Functions

O FXEE (Viewport)
» AER LYRO 2- 37k 2|77 REE YR = HoHE.
o glViewport(x, y, width, height)

» AERE NS WY W MM =0 siH5t= A
REEER 4% 0|ECt X2 JYS REEE 4T
glViewport() AtE. LHIMOoZ =2 MHE HEER
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_{-Graphics window

Clipping window

Transformations and Viewing

o OpenGLOA projection matrix (transformation)&
AH83H0] projections +8&
o Transformation 8= EtEA BHEHS 2[5 ALESIRAS
o 12{L} OpenGL 3.0 O] transformation &+E2
deprecated (5 O|& AFESHX| QfZ H1Th
o 37hX| A EH
= Application code
= GLSL functions
= GLM (OpenGL Mathematics) vector, matrix

Conventional OpenGL Rendering Pipeline
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o Modified Phong lllumination Model2t X| 5t= 17 &
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Extending OpenGL

Programmable Pipeline
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OpenGL Shader

Vertex Shader Applications

o 7|2 Shaders
= Vertex shader
= Fragment shader

o Moving vertices
= Morphing
= Wave motion
» Fractals
o Lighting
m More realistic models
m Cartoon shaders




Fragment Shader Applications

Fragment Shader Applications

o Per-fragment lighting calculations

per vertex lighting per fragment lighting

o Texture mapping

Smooth shading Environment mapping Bump mapping

Simple Vertex Shader

Execution Model

in vec4 vPosition;
void main(void)

{

gl_Position = vPosition;

Vertex data
Shader Program

GPU
Application Vertex Primitive
Efogram > Shader ] Assembly

glDrawArrays Vertex




Simple Fragment Program

void main(void)

Execution Model

{

gl_FragColor = vec4(1.0, 0.0, 0.0, 1.0); Application
) Shader Program

Rasterizer ——> Frsar?arggpt —> Frame Buffer
Fragment Fragment
Color

GLSL Data Types GLSL Pointers
o C types: int, float, bool o GLSLO|&= pointer 7HE0| Sl&
o Vectors: H E o C A0l L&A (struct)2 O|8SHM B2 SALSHA

» float vec2, vec3, vecd
= £S5 int (ivec)2} boolean (bvec)
O Matrices mat2, mat3, mat4 & &
m &€ (columns) M2 7
- 0II:||-I‘| O| Xl-XI:II-Alo m[rOW][COIUmn]
o Texture Sampler: BIAKX H 20| 7tsot ME2 EtY
= sampler1D, sampler2D, sampler3D, samplerCube
m sampler1DShadow, sampler2DShadow
o C++ style constructors
= vec3 a = vec3(1.0, 2.0, 3.0)
= vec2 b = vec2(a)

AMNEIts
O MatricesLt Vectors & 7|2 & (basic types)2 2 GLSL
ot=0f mi2tHEH LHOILt Bzt S SHOE A8 7ts

mat3 func(mat3 a)




GLSL Qualifiers

Example: Vertex Shader
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- M9 H0|0, FEOICH HHE = U1, OpenGL
Z 20| AM Vertex ShaderZ2 gf2 BA% O] B7IXHE Vertex

o M= HIEX} (Variable Qualifiers)

= #Hge. 0

ShaderOf M2t ALEE. HO|EHOM= 817 HE

Built-in vertex attribute: gl_Position
User-defined vertex attribute: in vec3 velocity

" - MY HZ=0|, PrimitiveOtCt HFE 4= QU 71,
OpenGL Z2IZHOM #0|HZ ¢S BEe. O] B7HAt=
Vertex Shader?t Fragment Shader2 50| Al AFE7ts.
HOIEH O M O] = o=,

. - Vertex ShaderO| A Fragment Shader2 M EE|&=
<=, Vertex ShaderO M= M 7|7} S8 £|X| 2, Fragment
Shader0| M= 217| ©&.

Z[ M0 M= Vertex Shader0O|A] out 2 M1, Fragment
ShaderOf| A in2 2 AtE
User-defined varying variable: out vec4 color;

const vec4 red = vec4(1.0, 0.0, 0.0, 1.0);
out vec3 color_out;
void main(void)
{
gl_Position = vPosition;
color_out = red;

}

Required Fragment Shader

GLSL Operators and Functions

in vec3 color_out;
void main(void)
{
gl_FragColor = color_out;
}
// in latest version use form
// out vec4 fragcolor;
// fragcolor = color_out;

o EENel C &

= Trigonometric
= Arithmetic
m Normalize, reflect, length
o Overloading of vector and matrix types
mat4 a;
vecd b, ¢, d;
¢ = b*a; // a column vector stored as a 1d array
d = a*b; // a row vector stored as a 1d array




GLSL Constructor

GLSL Swizzling and Selection
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A X} (Constructor)
M=o X7|3h= Cr+ WHAL LA S 0|8
vec3 n = vec3(0.0, 1.0, 0.0);
WEx= 27|39 o AME AHE 7S
greenColor = myColor + vec3(0.0, 1.0, 0.0);
HE{Ol| StLES| AZretgh S XSt HEo| B E 240 2H
ivec4 whiteColor = ivec4(255);
AZietet HE, S MEXF oM =gs] Ar8Y &= A1,
22l 8*7f UAe EF HHE
vecd v = vecd(x, vec2(y, z), w);

HES ¥ oMo TMED, T AU IS XWHE B2
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mat2 m = mat2(1.0, 0.0, 0.0, 1.0);
mat2 m = mat2(1.0);

o2 WEXE SHMT Tts
float j = 4.7; int i = int());

o [] £= () operatorE ARESIO] HIE Sl HE 40 E2
m X, y, ,
mrgba
s tpq
= vec3 a = vec3(0.0, 0.0, 1.0); a[2], a.b, a.z, apE ZF Lt ZS
= mat3 m = mat3(1.0); float element21 = m[2][1]; // 0.0

= mat3 m = mat3(1.0); vec3 column1 = m[0]; // (1, O, 0)
R MEEXLE 0|85t HIX| & =X 7t
m vec3 myZYX = s.zyx;
0 24 MERIS AL} HEl A2 @40 £ Ths
m vecd a; a.yz = vec2(1.0, 2.0);

()

L

SL Passing Values
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= in (default)

= const in

= out

® inout (deprecated)

It 7120 Bl 24
HAZE A A ME F2 7Y Tt FEjo] B3
B Ol |inear primitivesE A
= Point, vertex

= Line segments

= Polygon

m Polyhedron




OpenGL Geometry Primitives

OpenGL Attributes

GL_POINTS GL_LINES GL_LINE_STRIP GL_LINE_LOOP
I. = / /
s =2 i =
GL_TRIANGLES GL_TRIANGLE_STRIP GL_TRIANGLE_FAN

DA DK

o 2t 7|51stY 7|29 4 (geometry primitive)= £8S
2030 QICh £42 7|2 QA7 B0 LIEFE & Sl
YRS M OfSHLt.
= Color
= Line thickness

Line styles

Polygon patterns

do| FHL A Chzbs) mA|g

OpenGL Attributes

Color Triangle

o OpenGL Color Model
m RGB (Red Green Blue) or RGBA(Red Green Blue Alpha)
= RGB MO| [}Z 22|=HAM framebuffer®] HZ|0f US.

Grees Yellow
Cyan White
Black H
Blu Magenta

const float vertexColor[] = { 1.0f, 0.0f, 0.0f, 1.0f, 0.0f,

1.0f, 0.0f, 1.0f, 0.0f, 0.0f, 1.0f, 1.0f };
const float vertexPositions[] = { -0.75f, -0.75f, 0.0f, 1.0f,
0.75f, -0.75f, 0.0f, 1.0f, 0.75f, 0.75f, 0.0f, 1.0f };
void SetData() {
glGenVertexArrays(1, &vao); // vao
glBindVertexArray(vao); |
glGenBuffers(2, &vbol0]); // vbo
gIBindBuffer(GL_ARRAY_BUFFER, vbo[0]); // vertex position

glBufferData(GL_ARRAY_BUFFER, 12*sizeof(GLfloat), vertexPositions, GL_STATIC_DRAW);
glVertexAttribPointer(0, 4, GL_FLOAT, GL_FALSE, 0, 0);

glEnableVertexAttribArray(0);

glBindBuffer(GL_ARRAY_BUFFER, vbol[1]); // vertex color
glBufferData(GL_ARRAY_BUFFER, 12*sizeof(GLfloat), vertexColor, GL_STATIC_DRAW);
glVertexAttribPointer(1, 4, GL_FLOAT, GL_FALSE, 0, 0);

glEnableVertexAttribArray(1);

glBindVertexArray(0);




