
CS 4204 Computer Graphics 



Transformations 



Translation 

xnew = xold + tx; ynew = yold + ty 
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Scaling 

sx=wnew/wold  sy=hnew/hold 
xnew = sxxold  ynew = syyold 

wold wnew 

hold 
hnew 



Rotation about the origin 

x’=x cos θ –y sin θ	

y’ = x sin θ + y cos θ	


x = r cos φ	

y = r sin φ	


x’ = r cos (φ + θ)	

y’ = r sin (φ + θ)	




Rotation about the origin (cont.) 

From the double angle formulas: 	
	

	
 	
 	
	

	
 	
 	
sin (A + B) = sinAcosB + cosAsinB 
   cos (A+B ) = cosAcosB - sinAsinB 



Transformations as matrices 
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Homogeneous Coordinates 



Composite Transformations 

Remember: 
•  Matrix multiplication is associative, not commutative! 
•  Transform matrices must be pre-multiplied 
•  The first transformation you want to perform will be at the far
 right, just before the point 



Composite Transformations -
 Scaling 
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Composite Transforms -
 Scaling (cont.) 

(0,0) is known as a fixed point for the basic scaling transformation. 
 We can use composite transformations to create a scale
 transformation with  different fixed points. 
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Fixed Point Scaling 
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Example of 2D transformation 
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Rotate around an arbitraty point 
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Rotate around an arbitraty point 
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So what do we do? 
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Transform it to a known case 
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Second step: Rotation 
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Final: Put everything back 
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Rotation about arbitrary point 
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Rotation about arbitrary point 



Shears 



Reflections 



More Reflections 
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Transformations as a change in
 coordinate system 



Transforming the CS - examples 

Translate(4,4) 

Rotate(180°) 



Why transform the CS? 

(2,2) 



Drawing in transformed CS 

House drawn in a CS 
that’s been translated, 
rotated, and scaled 

M = Sx,y Rd Tx,y 



Mapping between systems 



Mapping example 

Translate(4,4) 

Point P is at (0,0) in the transformed CS 
(CS2). Where is it in CS1? 

Answer: (4,4) 

*Note: (4,4) = T4,4 P 

P 



Mapping rule 



Another example 

Translate(4,4), then 
Scale(0.5, 0.5) 

Where is P in CS3?   (2,2) 
Where is P in CS2?   S0.5,0.5 (2,2) = (1,1) 
Where is P in CS1?   T4,4 (1,1) = (5,5) 

*Note: to go directly from CS3 to CS1 we can 
calculate T4,4 S0.5,0.5 (2,2) = (5,5)  

P 



General mapping rule 



Exercises 

What is the position of
 point P with respect to
 three coordinate
 system O, A, and B? 

In frame O, (3, 1) 

In frame A, (1, 0.5) 

In frame B, (0.5, -0.5) 



Exercises 
What is the
 transformation matrix
 that transform system
 O to A? 

Translate(2, 0), 
Scale (2, 2), 
Sheerx(-1). 
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OpenGL Transformations 



OpenGL Matrices 



Current Transformation Matrix
 (CTM) 

CTM vertices vertices 
p p’=Cp 

C 



CTM operations 

Load an identity matrix: C ← I 
Load an arbitrary matrix: C ← M 

Load a translation matrix: C ← T 
Load a rotation matrix: C ← R 
Load a scaling matrix: C ← S 

Postmultiply by an arbitrary matrix: C ← CM 
Postmultiply by a translation matrix: C ← CT 
Postmultiply by a rotation matrix: C ← C R 
Postmultiply by a scaling matrix: C ← C S 



Rotation about a Fixed Point 



Reversing the Order 



CTM in OpenGL  



Rotation, Translation, Scaling 

Load an identity matrix: 

Multiply on right: 

theta in degrees, (vx, vy, vz) define axis of rotation 

Each has a float (f) and double (d) format (glScaled) 



Example 

glMatrixMode(GL_MODELVIEW); 
glLoadIdentity(); 
glTranslatef(1.0, 2.0, 3.0); 
glRotatef(30.0, 0.0, 0.0, 1.0); 
glTranslatef(-1.0, -2.0, -3.0); 



Arbitrary Matrices 

glLoadMatrixf(m) 
glMultMatrixf(m) 



Transformations in OpenGL 



OpenGL transformation example 
drawHouse(){ 

 glBegin(GL_LINE_LOOP); 

 glVertex2i(0,0); 

 glVertex2i(0,2); 

  ... 

 glEnd(); 

} 

Draws basic house Draws transformed house 



Matrix Stacks 

glPushMatrix() 
glPopMatrix() 



OpenGL matrix stack
 example 

room 

table rug 

chair1 chair2 

M1 M2 

M4 M3 

M0 

M0 

M0*M1 

M0*M1*M4 

glLoadMatrixf(m0);!
glPushMatrix();!
glMultMatrixf(m1);!
glPushMatrix();!
glMultMatrixf(m4);!
render chair2;!
glPopMatrix();!
glPushMatrix();!
glMultMatrixf(m3);!
render chair1;!
glPopMatrix();!
render table;!
glPopMatrix();!
glPushMatrix();!
glMultMatrixf(m2);!
render rug;!
glPopMatrix()!
render room;!


