     DCT: Discrete Cosine Transform

Nov.2002 Daldosch Johannes < http://www.daldosch.at| >; mailto://office@daldosch.at

The Discrete Cosine Transform is used in Videocoding .

For example MPEG 2 Videocoding  uses it.

Blocks of 8x8 Pixels are transformed into a frequency spectrum .

It is performed by a signal processor which is a lot faster than my TI89.

Here is an example of the transformation:

A 2x2 Matrix  with assumed gray scale values of : S00.. value10

                                                                                S01...value10

                                                                                S01...value10

                                                                                S01...value10
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Matrix size: N = M =2

Another example :

Matrix size 4x4
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 Here`s the calculation of the spectral value of  C(p,q) = C(0,2) = 118

                                                           and for  C(p,q) = C2,3)  =  -84

This calculation was one by hand . Notice that this calculates only a single value of a 4x4 Matrix.

   C(0,2) =           

 0.5*(10*Cos[0 *(0 + 0.5)*[Pi]/4]*Cos[2 (0 + 0.5)*[Pi]/4] +222*Cos[0 *(1 + 0.5)*[Pi]/4]*Cos[2 (0 + 0.5)*[Pi]/4] + 

    13*Cos[0 *(2 + 0.5)*[Pi]/4]*Cos[2 (0 + 0.5)*[Pi]/4] +4*Cos[0 *(3 + 0.5)*[Pi]/4]*Cos[2 (0 + 0.5)*[Pi]/4] +  

    5*Cos[0 *(0 + 0.5)*[Pi]/4]*Cos[2 (1 + 0.5)*[Pi]/4] +60*Cos[0 *(1 + 0.5)*[Pi]/4]*Cos[2 (1 + 0.5)*[Pi]/4] + 

    17*Cos[0 *(2 + 0.5)*[Pi]/4]*Cos[2 (1 + 0.5)*[Pi]/4] +98*Cos[0 *(3 + 0.5)*[Pi]/4]*Cos[2 (1 + 0.5)*[Pi]/4] + 

    9*Cos[0 *(0 + 0.5)*[Pi]/4]*Cos[2 (2 + 0.5)*[Pi]/4] +100*Cos[0 *(1 + 0.5)*[Pi]/4]*Cos[2 (2 + 0.5)*[Pi]/4] + 

    11*Cos[0 *(2 + 0.5)*[Pi]/4]*Cos[2 (2 + 0.5)*[Pi]/4] +12*Cos[0 *(3 + 0.5)*[Pi]/4]*Cos[2 (2 + 0.5)*[Pi]/4] + 

    113*Cos[0 *(0 + 0.5)*[Pi]/4]*Cos[2 (3 + 0.5)*[Pi]/4] +124*Cos[0 *(1 + 0.5)*[Pi]/4]*Cos[2 (3 + 0.5)*[Pi]/4] +     

   15*Cos[0 *(2 + 0.5)*[Pi]/4]*Cos[2 (3 + 0.5)*[Pi]/4] +146*Cos[0 *(3 + 0.5)*[Pi]/4]*Cos[2 (3 + 0.5)*[Pi]/4] )= 118.4
      C(2,3) =

    0.5*(10*Cos[2 (0 + 0.5)*[Pi]/4]*Cos[3 (0 + 0.5)*[Pi]/4] +222*Cos[2 (1 + 0.5)*[Pi]/4]*Cos[3 (0 + 0.5)*[Pi]/4] + 

    13*Cos[2 (2 + 0.5)*[Pi]/4]*Cos[3 (0 + 0.5)*[Pi]/4] +  4*Cos[2 (3 + 0.5)*[Pi]/4]*Cos[3 (0 + 0.5)*[Pi]/4] +  

    5*Cos[2 (0 + 0.5)*[Pi]/4]*Cos[3 (1 + 0.5)*[Pi]/4] + 60*Cos[2 (1 + 0.5)*[Pi]/4]*Cos[3 (1 + 0.5)*[Pi]/4] +  

    17*Cos[2 (2 + 0.5)*[Pi]/4]*Cos[3 (1 + 0.5)*[Pi]/4] +98*Cos[2 (3 + 0.5)*[Pi]/4]*Cos[3 (1 + 0.5)*[Pi]/4] + 

    9*Cos[2 (0 + 0.5)*[Pi]/4]*Cos[3 (2 + 0.5)*[Pi]/4] +  100*Cos[2 (1 + 0.5)*[Pi]/4]*Cos[3 (2 + 0.5)*[Pi]/4] + 

    11*Cos[2 (2 + 0.5)*[Pi]/4]*Cos[3 (2 + 0.5)*[Pi]/4] +12*Cos[2 (3 + 0.5)*[Pi]/4]*Cos[3 (2 + 0.5)*[Pi]/4] +  

    113*Cos[2 (0 + 0.5)*[Pi]/4]*Cos[3 (3 + 0.5)*[Pi]/4] + 124*Cos[2 (1 + 0.5)*[Pi]/4]*Cos[3 (3 + 0.5)*[Pi]/4] + 

  15*Cos[2 (2 + 0.5)*[Pi]/4]*Cos[3 (3 + 0.5)*[Pi]/4] + 146*Cos[2 (3 + 0.5)*[Pi]/4]*Cos[3(3 + 0.5)*[Pi]/4] )= - 84
Testsetup:  

        -------------------------------------> n

   |       S00...  10,    S10... 5,    S20...    9,  S30...  113,            Input:
   |                                                                                             discret

   |       S01...222,   S11...60,    S21...100,   S31... 124,            gray values 0-255

   m     S02... 13,    S12...17,    S22...  11,   S32...   15

           S03...  4,     S13...98,    S23...   12,  S33... 146

       ----------------------------------------->p 

    |     

    |   C00...  479,   C10... 29,    C20... -58,   C30...  -231
    |                                                                                            Calculated

        C01...  -59,    C11... 15,    C21... -95,     C31...  -34         spectral-

                                                                                                 frequency values 

    q   C02... 118,   C12... 47,    C22...   -9,     C32...  -51          

        C03...  -50,    C13... 60,    C23... -84,     C33...  -18
The transformation output figures C(p,q) are rounded . 

TI89 screenshots of the DCT  programm:

Screenshot 1: 

Input .

Matix size and grayscale values.

Screenshot 2:

Conversion results.
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