Graphics Programming

Sierpinski Gasket
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o A sample problem of drawing of the Sierpinski gasket
1. Pick an initial point at random inside the triangle, PO

Select one of the 3 vertices at random, v1

Find the point halfway, P1

Display this new point

Replace the initial point with this new point
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Return to step 2

ierpinski Gasket (2D)
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Sierpinski Gasket (2D)

/* recursive subdivision of triangle to form Sierpinski gasket*/ void display()

#include "Angel.h”
/* initial triangle */

vec2 v[3]={vec2(-1.0, -0.58), vec2(1.0, -0.58), vec2(0.0, 1.15)};

const int NumTimesToSubdivide = 5;
const int NumTriangles = 243; // 375
const int NumVertices = 3 * NumTriangles;
vec2 points[numVertices];

int Index = 0;

void triangle(vec2& a, vec2& b, vec2& c)
{ /* specify one triangle */
points(Index++] = a;
points(Index++] = b;
points(Index++] = ¢

void divide_triangle(vec2& a, vec2& b, vec2& ¢, int count)
{ /* triangle subdivision using vertex numbers */
if(count>0)
{
vec2 v0=(a+b)/2;
vec2 vl=(a+c)/2;
vec2 v2=(b+0)/2;
divide_triangle(a, v0, v1, count-1);
divide_triangle(c, v1, v2, count-1);
divide_triangle(b, v2, vO, count-1);
}
else triangle(a,b,c); /* draw triangle at end of recursion */

}

glClear(GL_COLOR_BUFFER_BIT);
glDrawArrays(GL_TRIANGLES, 0, NumVertices);
glFlush();

}

void init()

divide_triangle(v[0], v[1], v[2], NumTimesToSubdivide);
// VAO & VBO .. 7+t
// init the vertex position attribute from the vertex shader
GLuint loc = glGetAttribLocation(program, “vPosition”);
glEnableAttribPointer(loc, 2, GL_FLOAT, GL_FALSE, 0, 0);
glClearColor (1.0, 1.0, 1.0, 1.0);

}

int main(int argc, char **argv)

{
glutlnit(&argc, argv);
glutinitDisplayMode(GLUT_SINGLE | GLUT_RGB);
glutInitWindowsSize(500, 500);
glutCreateWindow("Sierpinski Gasket");
glewlnit();
init();
glutDisplayFunc(display);
glutMainLoop();

}
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3D Gasket

/* recursive subdivision of a tetrahedron to form 3D
Sierpinski gasket */

#include "Angle.h”

/* initial tetrahedron */

vec3 v[4]={vec3(0.0, 0.0, -1.0), vec3(0.0, 0.9428, 0.3333),

vec3(-0.8165, -0.4714, 0.3333), vec3(0.8165, -0.4714, 0.3333)};

vec3 base[4] = {vec3(1, 0, 0), vec3(0, 1, 0),
vec3(0, 0, 1), vec3(0, 0, 0)};

const int NumTimesToSubdivide = 5;

const int NumTetrahedrons = 1024; // 475
const int NumTriangles = 4*NumTetrahedrons;
const int NumVertices = 3 * NumTriangles;
vec3 points[numVertices];

vec3 colors[numVertices];

int Index = 0;

void triangle(vec3& a, vec3& b, vec3& ¢, int color)

{ /* specify one triangle */
points[Index]=a; colors[Index]=base[color]; Index++;
pointsIndex]=b; colors[Index]=base[color]; Index++;
pointsIndex]=c; colors[Index]=base[color]; Index++;

void tetra(vec3& a, vec3& b, vec3& ¢, vec3& d)
{
triangle(a, b, ¢, 0
triangle(a, ¢, d, 1
triangle(a,
triangle(b

)
)i

, d, b, 2);
. d ¢ 3);

void divide_tetra(vec3& a, vec3& b, vec3& c, vec3& d, int count)
{
if(count>0)
{
/* compute six midpoints */
vec3 V0 = (a+b)/2

vec3 vl = (a+c)/2
vec3 v2 = (a+d)/2,
vec3 v3 = (b+c)/2
vec3 v4 = (c+d)/2
vec3 v5 = (b+d)

/* create 4 tetrahedrons by subdivision */
divide_tetra(a, vO, v1, v2, count-1);
divide_tetra(v0, b, v3, v5, count-1);
divide_tetra(vl, v3, ¢, v4, count-1);
divide_tetra(v2, v4, d, v5, count-1);
}
else(tetra(a,b,c,d)); /* draw tetrahedron at end of recursion */

}

void display()
{

glClear(GL_COLOR_BUFFER_BIT:| GL_DEPTH_BUFFER_BIT);
glDrawArrays(GL_TRIANGLES, 0; NUAiVérticés);
glFlush();

}

void init()

{
divide_tetra(v[0], v[1], v[2], v[3], NumTimesToSubdivide);
// VAO & VBO .. &A%
// init the vertex position attribute from the vertex shader
GLuint loc = glGetAttribLocation(program, “vPosition”);
glEnableAttribPointer(loc, 3, GL_FLOAT, GL_FALSE, 0, BUFFER_OFFSET(0));
// init the vertex color attribute from the vertex shader
GLuint col = glGetAttribLocation(program, “vColor”);
glEnableAttribPointer(col, 3, GL_FLOAT, GL_FALSE, 0, BUFFER_OFFSET(sizeof(points)));
glEnable(GL_DEPTH_TEST);
glCiearColor (1.0, T.0; 1.0, 1°0);

}

int main(int argc, char **argv)
{
glutlnit(&argc, argv);
glutinitDisplayMode(GLUT_SINGLE | GLUT_RGB } GLUT_DEPTH);
glutnitWindowsSize(500, 500);
glutCreateWindow("3D Gasket");
glewlnit();
init();
glutDisplayFunc(display);
glutMainLoop();
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Using the Z-buffer

o 2™ X7 (Hidden surface removal)
m Z10| B (Z-buffer, depth buffer) ¢12|&
o R Z T[St 2 K| (geometry)Q| z (Z0]) 40| 7HEH 22 HHO|
WS J80h Y 20| FE (depth value)E XEdt= 70| BT}
2ag
o Z-buffer 12|
= 70| HIHE 27|39}
glutlnitDisplayMode(GLUT_SINGLE | GLUT_RGB | GLUT_DEPTH)
= 70| E HAE 23}
glEnable(GL_DEPTH_TEST);
m display callbackO| Ao Z10| HIH E X|&
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT)

Geometric Primitives

Angles, Degrees, and Radians

Trignometry

o YBEE Ol math library @t radians2 A%t
O 360 degrees(®) = 1 full circle = 2 mradians
o 1 radian = 180.0/m degree =~ 57.29578 degree
or 1 degree = 1/180.0 radian = 0.01745329 radian

#ifndef M_PI

#define M_PI 3.141592654f

#endif

#define DegreesToRadians(degree) ((degree) * (M_PI / 180.0f))
#define RadiansToDegrees(radian) ((radian) * (180.0f / M_PI))

1 o sinB = a/h
cosO = b/h
tanB = a/b

O b = h*cosO
a = h*sinB

o+ ye =1

X = cosO

y = sin®

y/x = sinB/cosb = tan®
"o x = distance * cos@
y = distance * sin®




Trignometry

Trignometric Identity

o Multiplicative inverse:
cscO = 1/sinB
secO = 1/cosB
cotb = 1/tanB = cosB/sin® = x/y
o Inverse:
arcsin(x)= sin-(x)
where y=arcsin(x) x:[-1, 1]-> y:[-1/2, /2]
arccos(x) = cos1(x)
where y=arccos(x) x:[-1, 1]-> y:[0, ]
arctan(x) = tan-1(x)
where y=arctan(x) x:[-oo, 00]-> y:[-T1/2, T1/2]

O sin%0 + cos?0 =1
1 + tan?0 = sec?0
1 + cot?0 = csc?6
O sin(rt/2 - 6) = cosO
cos(rt/2 - B) = sinB
tan(m/2 - B) = cotB
O sin(Xx+y) = sinx cosy + COSX siny
sin(x-y) = sinx COSy - COSX siny
COs(x+y) = COSX COsy - sinx siny
COS(X-y) = COsx cosy + sinx siny
O sin20 = 2sinBcosBb
€0s20 = cos20 - sin20 = 2co0s26 — 1 = 1 — 2sin20

Law of Sines and Law of Cosines

Geometric Primitives

o Law of sines
a_ _ b _¢C 5
sinA sinB sinC

o Law of cosines
a®=b*+c®—2bccos A
b® =a®+c?—2accos B
c’=a’+b*—-2abcosC

o 7tgel EME Bost=0H AN 7HE 7|20 = /24
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M3 Z2|0|E|E (Linear Primitives)& At2
Point
Line, Line Segment, Ray
Sphere, Cylinder, Cone
Cube (Box)
Triangle
Polygon, ...
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2 Triangles

o Draw 2 triangles

(using color buffer or not)
= GL_TRIANGLES
void setTriangles()

Square

o Draw a square using Index Buffer

& glDrawElements(...)
m  GL_LINE_LOOP & GL_TRIANGLES
void setSquare() {

{ unsigned int Indices[6] = {0, 1, 2,0, 2, 3 };
std:vector<glm:vec4> vertexColors; std:vector<glm:vec4> vertexColors;
std::vector<glm::vec4 > vertexPositions; std::vector<glm::vec4 > vertexPositions;
vertexColors.push_back(glm:vec4(1, 0, 0, 1)); // first triangle color vertexColors.push_back(glm:vec4(1, 0, 0, 1)); // square vertex color
vertexColors.push_back(glm:vec4(0, 1, 0, 1)); vertexColors.push_back(glm:vec4(0, 1, 0, 1));
vertexColors.push_back(glm:vec4(0, 0, 1, 1)); vertexColors.push_back(glm:vec4(0, 0, 1, 1));
vertexPositions.push_back(glm:vec4(-0.9, -0.5, 0, 1)); // first triangle vertexColors.push_back(glm:vec4(0, O, O, 1));
vertexPositions.push_back(glm::vec4(0, -0.5, O, 1)); vertexPositions.push_back(glm::vec4(-0.75, -0.75, 0, 1)); // position
vertexPositions.push_back(glm::vec4(-0.45, 0.5, 1, 1)); vertexPositions.push_back(glm:vec4(0.75, -0.75, 0, 1));
vertexPositions.push_back(glm::vec4(0, -0.5, O, 1)); // second triangle vertexPositions.push_back(glm:vec4(0.75, 0.75, 1, 1));
vertexPositions.push_back(glm::vec4(0.9, -0.5, O, 1)); vertexPositions.push_back(glm::vec4(-0.75, 0.75, 0, 1));
vertexPositions.push_back(glm::vec4(0.45, 0.5, 1, 1)); }
} glDrawElements(GL_TRIANGLES, 6, GL_UNSIGNED_INT, 0);
Square Square

o Draw a square (2 triangles) using Vertex buffer

Vertex buffer
(-1, -1) | first=0
1 -1)
1 1)
(-1, -1)
L1
(-1, 1)

count=6

311 2(1, 1)
trianglel

triangle0
0 (-1, -1) 1@ -1

v A W N P O

glDrawArrays(GL_TRIANGLES, 0, 6);

o Draw a square (2 triangles) using Vertex buffer & Index
buffer
Index buffer Vertex buffer

3(-1.1) 2(1, 1)

i 0] O (-1, -1)
triangle3 1 ] 11
2| 2 L1
triangle0 3 0 1 -1)

0(1-1) 11 4] 2

5| 3

count=6

glDrawElements(GL_TRIANGLES, 6, GL_UNSIGNED_INT, 0);




Circle

o Draw a wireframe circle
= GL_LINE_LOOP

o Draw a solid circle
= GL_TRIANGLE_FAN

std:vector<glm:vec4> circleVertices;

Cylinder

o Draw a wireframe cylinder
= glPolygonMode(GL_FRONT_AND_BACK, GL_LINE)
o Draw a solid cylinder

= glPolygonMode(GL_FRONT_AND_BACK, GL_FILL)
std:vector<glm:vec4> cylinderVertices;
void setCylinder(float h, float r, int step)

. . T {
void setCircle(float radius, int step) float theta = (float) (2*M_Pl/step);
{ _ for (int i=0; i<=step; i++) {
float x, y, theta; float x = r * cos(theta * i);
theta = (float) (2*M_PI/step); float y = -h/2;
for (int i:0,'. i<step; i++) { . float z = r * sin(theta * i);
x = radius * cos(theta * i); cylinderVertices.push_back(gim:vec4(x, y, z, 1)
y = radius * sin(theta * i); y = h/2:
} circleVertices.push_back(gim:vec4(x, y, 0, 1)); cylinderVertices.push_back(glm:vec4(x, y, z, 1));
}
) )
Sphere Sphere

o Draw a wireframe sphere
= GL_LINE_STRIP

o Draw a solid sphere
=  GL_TRIANGLE_STRIP

std::vector<glm:vec4 > sphereVertices;
void drawSphere(float radius, int stacks, int slices) 3
{
float lonstep = M_PI/stacks; float latstep = M_Pl/slices;
for (lon = 0.0; lon<=2*M_PL; lon+= (lonstep)) { Y
for (lat=0.0; lat<=M_PI+latstep; lat += (latstep)) { 3
x = cosf(lon)*sinf(lat)*radius; L
y = sinf(lon)*sinf(lat)*radius; N
z = cosf(lat)*radius;
sphereVertices.push_back(glm:vec4(x, y, z, 1));
x = cosf(lon+lonstep)*sinf(lat)*radius; o 2
y = sinf(lon+lonstep)*sinf(lat)*radius;
z = cosf(lat)*radius;
sphereVertices.push_back(glm:vec4(x, y, z, 1));

} } g%(lon)frlE(lat)

} X = cosp *cosO
y = sin@
z = sing * cos®
where 0 < @ < 2m, -1/2 <6< /2




o Draw a wireframe cube
GL_LINE_LOOP

o Draw a solid cube
GL_QUADS

(0, 0, 1) front

O OpenGL ZZ 0 O| K| E & 0510 37| O|&to| AH7Z4O|
Qe &3 02(7| (M, 42, Az, 27k, 2elo|
A EH)E PR

primitives.cpp O KOl A A|ZSH=F SHCH.
JI2E g EE Q HES F2H Z2 0| SRS}
7|2E SPACEBAR HHES 28, =¥ (, &4, A4,

o

24Y) 2 HH =5 o
M - (-1.0, 0.0) (1.0, 0.0)

A2 - (-0.8, -0.8), (0.0, 0.8), (0.8, -0.8)

Atz - (-0.8, -0.8), (0.8, -0.8), (0.8, 0.8), (-0.8, 0.8)

22} - (0.0, 0.75), (0.75, 0.15), (045, -0.65), (-0.45, -0.65), (-
0.75, 0.15)

R o ==
% 9 L& 55

b




