Geometric Objects
and Transformation

RHS Coordinate Systems
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o Right Hand Coordinate System (RHS) — z+ coming
out of the screen

o Counter clockwise rotation
o If X-axis rotation,

Y->Z rotation is positive y
o If Y-axis rotation,
Z->X rotation is positive N
o If Z-axis rotation, ( X

X->Y rotation is positive

Matrix Operations

o OpenGL Matrix
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Translation

o Translation
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glm:mat4 T = glm:translate(gim:mat4(1.0f), glm:vec3(0.5f, -0.2f, 0));
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Rotation

O Rotation
m 9|9 = axis (x,y,2)0 sl 2= angle (OpenGL2 degree
AHE)EHE 2| A

m 2XHE 2| H2 z-F (0, 0, DE ALETiCt

glm:mat4 Rx = glm:rotate(glm:mat4(1.0f), 30.0f, glm:vec3(l, 0, 0);
glm:mat4 Ry = glm:rotate(gim:mat4(1.0f), 60.0f, glm:vec3(0, 1, 0);
glm:mat4 Rz = glm:rotate(glm:mat4(1.0f), 45.0f, glm:vec3(0, O, 1);
glm:mat4 Ra = glm:rotate(glm:mat4(1.0f), 45.0f, glm:vec3(1, 1, 1);
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Scale

O Scale
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glm:mat4 S = glm:scale(glm:mat4(1.0f), gim:vec3(0.25f, 0.5, 1.0f));
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Transformation Order
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glm:mat4 Tx = glm:translate(glm:mat4(1.0f), glm:

glm:mat4 Rz =glm:rotate(glm:mat4(1.0f), 45, glm;

glm:mat4 TR = Tx * Rz; // rotateg] HX|, translate L

drawTriangle(TR);
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vec3(0.5, 0, 0));
vec3(0, 0, 1));

I= M=T*R
p'=Mp

glm:zmat4 RT = Rz * Tx; // transle?te MK, rotate L
drawTriangle(RT);
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Transformation Order

glm:mat4 T = glm:translate(gim:mat4(1.0f), glm:vec3(1.5f, 0.0f, 0.0f));
glm:mat4 R = glm:rotate(glm:mat4(1.0f), 45.0f, glm::vec3(0.0f, 0.0f, 1.0f));
glm:mat4 S = glm:scale(gim:mat4(1.0f), glm:vec3(0.5f, 0.7f, 1.0f));

drawCube();

glm:mat4d RT=R*T,//p'=R*T*p (red)

y
drawCube(); @

glm:mat4d TR =T*R; //p'= T*R* p (green)
drawCube();

gm:mat4d TRS=T*R*S;//p'=T*R*S*p (blue)
drawCube();

Hierarchical Transformations
o A 3} (hierarchical transformation)2 3t HztS CIE
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= Apply body transformation
= Draw body
Save state
Apply front wheel transformation
Draw wheel
Restore saved state
Apply rear wheel transformation
Draw wheel
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Hierarchical Transformations
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Example: Car

bodyTransform = glm:translate(glm:mat4(1.0f), position); // car position

wheelMatrix = MVP * bodyTransform;
body.draw();

wheelTransform[0] = glm:translate(glm:mat4(1.0f), glm::vec3(-0.5f, 0.0f, -0.5f)) *
glm:rotate(glm:mat4(1.0f), angle, glm:vec3(0.0f, 0.0f, 1.0f));

wheelMatrix = MVP * bodyTransform * wheelTransform[0];

wheel.draw();

wheelTransform[1] = glm:translate(glm:mat4(1.0f), glm::vec3(-0.5f, 0.0f, 0.5f)) *
glm:rotate(glm:mat4(1.0f), angle, glm:vec3(0.0f, 0.0f, 1.0f));

wheelMatrix = MVP * bodyTransform * wheelTransform[1];

wheel.draw();

wheelTransform[2] = glm:translate(glm:mat4(1.0f), glm::vec3( 0.5f, 0.0f, -0.5f)) *
glm:rotate(glm:mat4(1.0f), angle, glm:vec3(0.0f, 0.0f, 1.0f));

wheelMatrix = MVP * bodyTransform * wheelTransform[2];

wheel.draw();

wheelTransform[3] = glm:translate(glm:mat4(1.0f), glm::vec3( 0.5f, 0.0f, 0.5f)) *
glm:rotate(glm:mat4(1.0f), angle, glm:vec3(0.0f, 0.0f, 1.0f));

wheelMatrix = MVP * bodyTransform * wheelTransform[3];

wheel.draw();




Transformation Hierarchy
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Example: Robot

void SimpleRobot:draw(gim:mat4 MVP)
{
// base
glm:mat4 baseMatrix =
MVP * baseTransform;
base.draw();

UpperArm

LowerArm

// lowerArm

glm:mat4 lowerArmMatrix =
MVP * baseTransform * lowerArmTransform;

arm.draw();

// upperArm

glm:mat4 upperArmMatrix =
MVP * baseTransform * lowerArmTransform

arm.draw();

}

* upperArmTransform;

Example: Robot

SimpleRobot::SimpleRobot(Program* p_) {
theta = 0.0f; phi = 0.0f, psi = 0.0f; // base, lower/upper arm rotation
base = Cylinder(2.0f, 3.0f, 16);
arm = Parallelpiped(glm:vec3(-0.25f, 0.0f, -0.25f), glm:vec3(0.5f, 0.0f,

0.0f), glm::vec3(0.0f, 0.0f, 0.5f), glm::vec3(0.0f, 3.0f, 0.0f));

!

bool SimpleRobot::update(float deltaTime) {
baseTransform = glm:translate(glm:mat4(1.0f), glm:vec3(0.0f, -1.5f,
0.0f)) * glm:rotate(glm:mat4(1.0f), theta, glm:vec3(0.0f, 1.0f, 0.0f));
lowerArmTransform = glm:translate(glm:mat4(1.0f), glm:vec3(0.0f,
1.5f, 0.0f)) * glm:rotate(glm::mat4(1.0f), phi, glm:vec3(0.0f, 0.0f, 1.0f));
upperArmTransform = glm:translate(glm::mat4(1.0f), gim:vec3(0.0f,
3.0f, 0.0f)) * glm:scale(glm:mat4(1.0f), glm:vec3(1.0f, 0.5f, 1.0f)) *
glm:rotate(glm:mat4(1.0f), psi, glm:vec3(0.0f, 0.0f, 1.0f));

return true;

}

Example: Solar

const float SimpleSolar:SunRadius = 4.0f;

const float SimpleSolar:EarthRadius = 1.0f;

const float SimpleSolar:MoonRadius = 0.5f;

const float SimpleSolar:EarthDistanceFromSun = 10.0f;
const float SimpleSolar:MoonDistanceFromEarth = 2.0f;

SimpleSolar:SimpleSolar(Program* p_)
{ p=p2
sunSpin = 0.0f;// sun spin
earthSpin = 0.0f;// earth spin
earthOrbit = 0.0f;// earth orbit around the sun
moonSpin = 0.0f;// moon spin
moonOrbit = 0.0f;// moon orbit around the earth
sun = Sphere(SunRadius, 16, 16);
earth = Sphere(EarthRadius, 16, 16);
moon = Sphere(MoonRadius, 16, 16);




Example: Solar

Example: Solar

bool SimpleSolar:update(float deltaTime)

{

// The Sun spins by rotating it about y-axis
sunSpin += (float) (deltaTime) * 0.01f;

sunTransform = glm::rotate(glm::mat4(1.0f), sunSpin, glm:vec3(0.0f, 1.0f,
0.0f));

// The Earth spins on its own axis and orbits the Sun

earthSpin += (float) (deltaTime) * 0.05f;

earthOrbit += (float) (deltaTime) * 0.01f;

earthTransform = glm:rotate(glm::mat4(1.0f), earthOrbit, glm::vec3(0.0f,
1.0f, 0.0f))

* glm::translate(glm::mat4(1.0f), gim::vec3(0.0f, 0.0f,
EarthDistanceFromSun))

* glm::rotate(glm::mat4(1.0f), earthSpin, glm::vec3(0.0f, 1.0f, 0.0f));

// The Moon spins on its own axis and orbits the Earth (that orbits the Sun)
moonSpin += (float) (deltaTime) * 0.07f;
moonOrbit += (float) (deltaTime) * 0.08f;

moonTransform = glm::rotate(glm::mat4(1.0f), earthOrbit, gim::vec3(0.0f,
1.0f, 0.0f))

* glm::translate(glm::mat4(1.0f), gim::vec3(0.0f, 0.0f,
EarthDistanceFromSun))

* glm:rotate(glm::mat4(1.0f), moonOrbit, glm::vec3(0.0f, 1.0f, 0.0f))

* glm::translate(glm::mat4(1.0f), gim::vec3(0.0f, 0.0f,
MoonDistanceFromEarth))

* glm::rotate(glm::mat4(1.0f), moonSpin, gim::vec3(0.0f, 1.0f, 0.0f));

return true;

}

Example: Solar

Modeling a Cube

void SimpleSolar:draw(glm::mat4 MVP) {
glm:mat4 sunMatrix = MVP * sunTransform;
p->useProgram();
p->setUniform("gMVP", sunMatrix);
glVertexAttrib3f(1, 1, 1, 0); // yellow - sun
sun.draw();
glm:mat4 earthMatrix = MVP * earthTransform;
p->useProgram();
p->setUniform("gMVP", earthMatrix);
glVertexAttrib3f(1, 0, 1, 0); // green - earth
earth.draw();
glm:mat4 moonMatrix = MVP * moonTransform;
p->useProgram();
p->setUniform("gMVP", moonMatrix);
glVertexAttrib3f(1, 0.5, 0.5, 0.5); // gray - moon
moon.draw();
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Modeling a Cube

O Vertex list?} Index list& AFE3510] cubeE 1ZIC}

Modeling a Cube

GLint cubelndices[] = {

4,5,6,4,6,7, // front
GLfloat cubeVertices[][3] = { (1) 2 3 (1) i § Z chfk
{-1.0,-1.0,-1.03, {1.0,-1.0,-1.0}, 51,25 2 6 // right 3 2
{1.0, 1.0,-1.0}, {-1.0, 1.0,-1.0}, 3 7,6,2,7,2 3 // top
{-1.0,-1.0, 1.0}, {1.0,-1.0, 1.0}, e A A
{10,10, 10}, {-10, 1.0, 1.0} \ 0.1,5,0,5,4 /7 bottom 6
|3 7 6
GLfloat cubeNormals[][3] = { 0 1
{00, 00, 1.0}, // front 0
{0.0, 0.0, -1.0}, // back
{-1.0, 0.0, 0.0}, // left 4 5
{10, 0.0, 0.0}, // right 4 5
(0.0, 1.0, 0.0}, //top Nt (0, 0, 1) front
{00, -1.0, 0.0}, // bottom (0,0, 1) front
%
Model Files Wavefront OBJ Files
o 3XH 22 R o OBJ file2 Ut HAE molz FH (vertices) L2
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= Wavefront (.obj) MHEE Tstsla QIC}
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= VRML / X3D ||ne°|7(| i EZ (token)2 2 A|AFSHCE
= 3D Studio (.3ds) mVX)yZz
= OpenFlight (flt) Vertex position
= VN XYz
...
i Vertex normal
O 3XHY A ZE2 of2fet 22 dEE Egsta Ut = Vtuv
= Geometry data — vertex positions, faces texture coordinate
m fvivZv3..

Colors/material properties
Textures

Transformations

Face (list of vertex numbers)
Mtllib file. mt/

File containing material descriptions
Usemtl name

Current material to apply to geometry




