
CSE160 – Transformations
• How can I move objects?
• Transforms in 2D
• Matrix: Transforms in 2D
• 2D homogeneous coordinates
• Matrix order matters
• 3D transforms
• Hierarchical transforms
• Assignment 1
• Administrative
• Q&A



How can I move objects?



Transformations
void drawHouse() {
glBegin(GL_QUADS);

glVertex2d(0,0);
glVertex2d(0,1);
glVertex2d(1,1);
glVertex2d(1,0);

glEnd();
// …. Lots more stuff
}

void main() {
// Draw house at origin
drawHouse();

// Draw house somewhere else
????
}











Exercise: Find the function()
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Transforms in 2D





















Matrix: Transforms in 2D
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(x’,y’)













• Translate then rotate then translate then scale?

• S(R(p+T)+T)

• Not very clean or compressible, homogeneous 
coordinates are a clever trick to turn this into:

• STRT*p = M*p

matrix

How do we compose transformations?



2D homogeneous coordinates















Q on 2D transforms
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Q on 2D transforms
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Also check out this matrix app 
from past student in the class:

http://demipixel.com/matrix/

Participation Survey

http://demipixel.com/matrix/


Matrix order matters





Multiply matrices in which order?

p’   =           [R]                 [T]          p

first
second

first
second



OpenGL Right multiplies matrices

p’=[T][R]p p’=[R][T]p

Matrix M;
M.translate();
M.rotate();
draw();

Matrix M;
M.rotate();
M.translate();
draw();

first
second

first
second



http://www.cs.brown.edu/exploratories/freeSoftware/repository/edu/brown/cs/exploratories/applets/transformationGame/transformation_game_java_browser.html

You need to download the .jar file and run locally

http://www.cs.brown.edu/exploratories/freeSoftware/repository/edu/brown/cs/exploratories/applets/transformationGame/transformation_game_java_browser.html


2.  What is the matrix necessary to perform the following 2D transformation? 
(You don’t need to actually solve the math, just set up far enough that I would 
get an actual matrix result if the math was completed.)



Exercise: Find the function()
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3D Transformations







Euler angles and gimble lock







Gimble Lock – lose a degree of freedom

Gimbal locked airplane. When the pitch (green) and yaw (magenta) gimbals 
become aligned, changes to roll (blue) and yaw apply the same rotation to the 
airplane. (from Wikipedia)



Alternate rotation : axis-angle

• glRotate(angle, x,y,z);



Alternate rotation: Quaternions

wikipedia

Not in this clas
s



Heirarchical Transforms









WebGL transforms



Vertex shader: add a matrix

P’ = [M]p



Javascript: Pass the matrix in a Uniform

Rotatio
n matrix

Send to GPU

Draw



[M] = identityMatrix

Send to GPU

Draw

[M] = [R]

[M] = [R][T]

Composing multiple matric
es, 

but still ju
st one in vert

ex shader



Administrative



Q&A



End


