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Transformations

e Two basic types of transformations
o Manipulate 3D-coordinates
m Translation, Rotation, Scaling
o Alternate between coordinate systems
e We describe transformations with matrices (column major)
o glm::mat4, matd4 (GLSL)

glm::mat4 T(1.f);

glm::vec4 column® = T[0O];

glm::vec4 columnl = glm::column(T, 1);
glm::vec4 rowl = glm::row(T, 1);

float elem = T[O][1];



Transformations

e Two basic types of transformations
o Manipulate 3D-coordinates
m Translation, Rotation, Scaling
o Alternate between coordinate systems
e We describe transformations with matrices (column major)
o glm::mat4, matd4 (GLSL)
e We apply transformations with matrix-vector multiplications

glm::mat4 T = glm:: (glm::mat4(1.f), glm::vec3(1.f, 0.f, 0.F));
glm::vec4 pos(2.f, 0.f, 0.f, 1.f);
glm::vecd4 newPos = T * pos;



Transformations

e Two basic types of transformations
o Manipulate 3D-coordinates
m Translation, Rotation, Scaling
o Alternate between coordinate systems
e We describe transformations with matrices (column major)
o glm::mat4, matd4 (GLSL)
e We apply transformations with matrix-vector multiplications
e Stack multiple transformations

glm::mat4 T1 = glm:: (glm::mat4(1.f), glm::vec3(1.f, 0.f, 0.1));
glm::mat4 T2 = glm:: (glm::mat4(1.f), glm::vec3(0.f, 1.f, 0.f));
glm::mat4 T3 = glm:: (glm::mat4(1.f), glm::vec3(0.f, 0.f, 1.1));

glm::vec4 pos(2.f, 0.f, 0.f, 1.f);
glm::vec4 newPos = T3 * T2 * T1 * pos;



Transformations
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glm::
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Two basic types of transformations
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Manipulate 3D-coordinates
m Translation, Rotation, Scaling
Alternate between coordinate systems

We describe transformations with matrices (column major)

©)

glm: :mat4, mat4 (GLSL)

We apply transformations with matrix-vector multiplications
Stack multiple transformations
Invert to prior states
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T1 = glm:: (glm::mat4(1.f), glm::vec3(1.
T2 = glm:: (glm::mat4(1.f), glm::vec3(0O.
T3 = glm:: (glm::mat4(1.f), glm::vec3(0O.
pos(2.f, 0.f, 0.f, 1.f);

newPos = T3 * T2 * Tl * pos;
oldPosl = glm:: (T1) * glm:: (T2) * glm
oldPos2 = glm:: (T3 * T2 * T1) * newPos;
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Transformations

e Two basic types of transformations
o Manipulate 3D-coordinates
m Translation, Rotation, Scaling
o Alternate between coordinate systems
e We describe transformations with matrices (column major)
o glm::mat4, matd4 (GLSL)
e We apply transformations with matrix-vector multiplications
e Stack multiple transformations
e Invert to prior states

glm::mat4 T1 = glm:: (glm::mat4(1.f), glm::vec3(1.f, 0.f, 0.1));

glm::mat4 T2 = glm:: (glm::mat4(1.f), glm::vec3(0.f, 1.f, 0.f));

glm::mat4 T3 = glm:: (glm::mat4(1.f), glm::vec3(0.f, 0.f, 1.1));

glm::vec4 pos(2.f, 0.f, 0.f, 1.f);

glm::vec4 newPos = T3 * T2 * T1 * pos;

glm::vec4 oldPosl = glm:: (T1) * glm:: (T2) * glm:: (T3) * newPos;

glm::vec4 oldPos2 = glm:: (T3 * T2 * T1) * newPos;
glUniformMatrix4fv(glGetUniformLocation(program, "uniform_matrix"); // the uniform location
1, // number of matrices 4x4
GL_FALSE, // apply transpose op.
glm:: (T3)); // pointer to the first element



Transformations

Object space

e A geometric object consist of primitives (triangles)
o Primitives consist of vertices
e Every object has each own local coordinate system
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Transformations

e Each object defines a model matrix
o  Object -> World transformation
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Transformations

Object space

e Each object defines a model matrix Model matrix
o  Object -> World transformation T-R-8 v, Vv € V

e Translate, Rotate, Scale each object
World space

glm::mat4 T = glm::translate(glm::mat4(1.f),
vec3(4.f, 0.f, 0.f)); // units to translate

glm::mat4 R = glm::rotate(glm::mat4(1.f),
glm::radians(-90.f), // radians to rotate [0, 2pi]
vec3(e.f, 1.f, 0.f)); // rotation axis

glm::mat4 S = glm::scale(glm::mat4(1.f),
vec3(0.5f, 0.5f, 0.5f)); // scaling factor for each axis




Transformations

e Each object defines a model matrix
o  Object -> World transformation

e Translate, Rotate, Scale each object

e Aglobal coordinate system world space
o Manipulate scene as a whole
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Transformations

Object space

e The observer has each own coordinate system
o  World -> View transformation

View coordinates
y

World coordinates
y

Model matrix
T-R-S v, Vv €V
World space
World matrix
View matrix
View space




Transformations

e The observer has each own coordinate system
o  World -> View transformation

glm::vec3 camera_position = glm::vec3(0.f, 5.f, 6.f);
glm::vec3 camera_target = glm::vec3(0.f, 0.f, 0.f);
glm::vec3 camera_up_vector = glm::vec3(0.f, 1.f, 0.f);

glm::matd view_matrix = glm::lookAt(
camera_position,
camera_target,
camera_up_vector);

glm: :mat4 model_to_view_space = view_matrix * world_matrix * model_matrix;
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Transformations

e The observer has each own coordinate system
o  World -> View transformation
e Defines a frustum

far plane

near plane
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Transformations

e The observer has each own coordinate system
o  World -> View transformation

e Defines a frustum

float FoV = glm::radians(45.f);

float aspect_ratio = width / (float) height;

float near_plane = 0.1f;
float far_plane = 10.f;

glm::mat4 proj_matrix = glm::perspective(
fov,
aspect_ratio,
near_plane, far_plane);

glm: :mat4 model_to_proj_space =

proj_matrix * view_matrix * world_matrix * model_matrix;
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Transformations

e The observer has each own coordinate system
o  World -> View transformation
e Defines a frustum
e Primitives are clipped
o against the frustum planes
o back facing triangles are discarded (optional)
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Transformations

Object space

e Clipped primitives are projected onto the image plane Model matrix
o Space bounds [-1, -1] x [1, 1] T -R-S-v, Vv, € V
World space
World matrix
(1, 1)
View matrix
View space
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Transformations

Object space

e Rescaled to raster/image space Model matrix
o Space bounds [0, 0] x [width, height] T -R-S-v, Vv, € V
World space
World matrix
(width, height)
View matrix
View space
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Projection matrix

Normalized space

Screen space

(0, 0)
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Examples

glm:

glm::
:mat4 ST
:mat4 TS
:vec4 pos(1, 1, 1, 1);
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glm:

STv

TSv

matd T

glm::
glm::
S *T;
T*S;

mat4 S
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(glm::mat4(1.f), glm::vec3(3, 2, 1));
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(glm::matd4(1.f), glm::vec3(4, 4, 4));
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Examples

glm::mat4 R = glm::rotate(glm::mat4(1.f),
glm::radians(-90.f),
vec3(0.f, 1.f, 0.f));

>_____.




Examples

bowmin - [«'L'min, Ymin, zmin]

bOX max = [xma.xa Ymax Zmaﬂﬁ]

» center = %(boxmin + boTmax)

(0, 0, 0)

d = [0, 0, 0] — center



Examples

glm::mat4 T1 = glm::translate(glm::mat4(1.f), -aabb.center);

' v

glm::mat4 R = glm::rotate(glm::mat4(1.f),
glm::radians(-90.f),
vec3(0.f, 1.f, 0.f));

./
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glm::mat4 T2 = glm::translate(glm::mat4(1.f), aabb.center);
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Examples
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glm::mat4 R = glm::rotate(glm::mat4(1.f),
A glm::radians(-90.f),
vec3(0.f, 0.f, 1.f)); A
' D




Examples

glm::mat4 T1 = glm::translate(glm::mat4(1.f), -aabb.center);

' v

glm::mat4 R = glm::rotate(glm::mat4(1.f),
glm::radians(-90.f),
vec3(0.f, 0.f, 1.f));

< ]

glm::mat4 T2 = glm::translate(glm::mat4(1.f), aabb.center);

N .




Task

e Construct a first-person camera using :
o Translations transformations for button movements
o Rotations transformations for mouse motion movements
m  Optionally, derive an exact calculation for the radians parameter



