Transforming from world space to normalized device co-ordinates

Example 1.  Imagine you wanted to place the camera at (0,5,5) looking at point (0,0,0). 

This is equivalent to:-
1.	A rotation around  the world x-axis by -45 degrees followed by
2.	A translation of +5 along  the y axis and +5 along the world* z axis 
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But really we leave the camera where it is and move the world in the reverse way which is
1. A translation of -5 along  z axis and -5 along the y axis
2.  (
y
)A rotation around the world** x-axis by +45 degrees
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That is, our transformation is:-  RxT  and a vertex, v will be transformed by the multiplication v’= RxTv 
The matrix multiplication, RxT  is shown here.

1   0   0     0          1   0   0    0            1   0     0           0
0   -  0         0    1  0    -5     =    0   -    (  -)
0      0         0    0   1   -5           0         (  + )
0    0   0    1         0    0   0    1            0    0   0             1  

         1    0     0       0          
        0     -     0         
=      0        
         0    0    0       1
* Note that if we are thinking in OpenGL local co-ordinate systems then this is equivalent to translation of (0,+5,+5) then a rotation about the camera’s local co-ordinates.
** and equally, if we are still thinking in OpenGL local co-ordinate systems then this is equivalent to rotation about the object’s local co-ordinates then a translation of (0,-5,-5) along the object’s local co-ordinate system.
Example 2.
Assuming the camera has been positioned as in example 1, show the matrix operations that will result in a further translation of a point v=(1,1,1) by (3,0,-1) in the object’s local co-ordinate system followed by a rotation of 45 degrees about the object’s local x axis (i.e. use the matrix multiplication order as used in OpenGL).
Assuming our transformation is already RxT  as before, then a further translation of a point is achieved by composing the transform RxT T1. A subsequent rotation about the local co-ordinate x axis is then achieved with the transformation RxT T1 R1 where: 

         1     0      0     3          
         0    1           0         
T1=   0    0      1    -1
         0    0      0     1
and
         1    0      0      0          
         0     -     0         
R1=   0          0
         0    0     0       1

Let A=T1R1.
         1    0      0      3                                                  1    0      0       0          1    0      0      3    
         0     -     0                                                  0     -     0          0     -     0       
A =   0         -1            and let M = RxTA.  M=     0           .     0         -1
         0    0     0       1                                                   0    0     0      1           0    0    0       1                                        
 
          1    0      0       3         
         0    0     -1              
M=   0    1      0     
         0    0     0       1

The point  v will be transformed by the multiplication Mv. Therefore the transformed (including the camera transformation of example one is) point is at:-
 
   1+3           1    0      0       3         1
 -1+         0    0     -1             1
 1+  =   0    1      0            1
      1           0    0     0       1          1
Example 3.
Apply the perspective projection used by OpenGL’s  gluPerspective() function to the point calculated in example 2. Use the following parameters: field of view = 40 degrees, aspect ratio =1.0, near = 1, far = 25. Now apply the perspective divide to the result.
gluPerspective uses the same projection matrix as the one we developed in class. It is repeated here for convenience.
 (
Where:-
near
 specifies the distance from the viewer to the near clipping plane (always positive). 
f
ar
 s
pecifies the distance from the viewer to the far clipping plane (always positive). 
)
         f/a   0     0      0                          A=(far+near)/(near-far).  
P=     0    f      0       0                          B=(2*far*near)/(near-far)
         0    0      A       B                          f=cotangent(field of view/2)
         0    0     -1      0                           a= aspect ratio

f =  cotan(40/2) = 2.75,  A = 26/24;   B =50/24
V’=Pv
   11                   2.75   0     0       0           4             
 -0.81              0    2.75    0       0       -1+           
 -5.26     =         0       0               1+
  6.78             0        0       -1      0         1             


And now divide x,y, z and w by 6.78
1.623
-0.118   =   V’
-0.776
1
Q: Is this point, V’ going to be displayed after transforming to the viewport window?
 A: Well, since the normalized device co-ordinates range from -1 to +1 for x and -1 to +1for y and z is not used for the  moment, then it will NOT since the x value is > +1.
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