CS 323 – Programming Languages

FORTRAN Programming Project

[image: image4..pict]The two dimensional Discrete Cosine Transform (2D-DCT) is a mathematical transformation of much interest in data transmission (see refs. 1,2).  In fact, 2D-DCT is central to the JPEG image compression scheme (see ref. 3,4).  In JPEG compression, an image is decomposed into tiny 8(8 blocks of pixels, each of which are subjected the 2D-DCT.  Consider, for example, the image of a woman’s eye shown here.

The red square in the center of the eye surrounds an 8(8 

sub-image that, upon further zooming, shows the grayscale intensity of the individual pixels.  This zoomed view is shown below, along with the grayscale codes that are assigned to each individual pixel in the image.
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Image(i,j) = 
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Grayscale values (8 bit depth)

The 2D-DCT transformation produces a new 8(8 array, Transform(i,j) =
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that is usually next “quantized” by dividing all values by a certain predetermined number, rounding the results. The Inverse DCT (IDCT) transformation allows the regeneration of the original image. If the quantizing step is omitted then the original image can be reproduced without error (lossless compression); however, if quantizing was used, the new image will probably suffer some loss of fidelity compared to the original image (lossy compression).  

The 2D-DCT formula to transform an 8(8 array, A, of real numbers, with indices in the range of 1 to 8 inclusive, into an 8(8 array, T, of real numbers, with indices in the range of 1 to 8 inclusive, is

[image: image1.wmf]
for all i, j in the range of 0 to 7, where cn is defined as

[image: image2.wmf]
The inverse of this computation, IDCT, is 

[image: image3.wmf]
for all x, y in the range of 0 to 7.  In this project, you will create a FORTRAN program to compute the 2D-DCT of a given input array as well as to restore the array using IDCT.

Project requirements

1. Expected level (40 points maximum)

Create a FORTRAN program to compute the DCT and inverse DCT.  At this level, your program will have hard-wired data via variable initializations.  Therefore, in order to compute the DCT for a new array of original values the program would need to be recompiled.

Your program will do the following:


1. Display initial array of real numbers, A 


2. Compute T = DCT(A)


3. Display transformed array of real numbers, T


4. Compute A’ = IDCT(T) 


5. Display resultant array, A’ (which should be the same as the original at this level)

2. Bonus level (50 points maximum)

In addition to the expected requirements, your program will also:

· Divide each entry in T by 8, rounding the result to the nearest integer, giving the quantized transformation array, Qij = round(Tij / 8) 

· Compute A’  = IDCT(Q * 8), then display the resultant image data as it appears after lossy compression

3. Master level (60 points maximum)

In addition to the bonus requirements, your program will also include:

· Data input and output from/to external disk files DCT.IN and DCT.OUT

· Compute the absolute error in each element of A’ by comparing each value in A’ to its expected value in A, abs(A’ij  - Aij) .  Compute the average error by summing the individual errors over all values and dividing by the total number of values in the array.  Report the average value of the data in the array and the average absolute error.

· Display all image array results as integer values in the range of 0 to 255 (note:  transformation arrays will usually include important values outside these limits)

· Optional study of your own choosing. For example, what type of data compresses most easily with the least average error?  What type compresses least easily?  Other methods used for quantizing the DCT data? etc. (Be creative!)

· Optional features of your own choosing.  Be sure to describe them in the comments.

COMMON REQUIREMENTS FOR ALL LEVELS AND ALL STUDENTS ON DUE DATE

1. Each team submits one stapled packet, including, in this order,

a. source code with names of authors as the first comment

b. screen capture demonstrating program performance

2.  Each team e-mails  Irv.Levy@gordon.edu the SOURCE code of the project. For example,


$ MAIL MY-PROJECT.FOR “smtp%Irv.Levy@gordon.edu”

3.  Each person submits a Language Evaluation Essay following the rubrics for evaluating a programming language as presented in class

IMPORTANT NOTE

In order to receive full credit for the level that your team achieves, your program must not only execute correctly but must show a level of reasonable proficiency in the style of the language including, but not limited to,

· Use of comments to describe code and to divide segments of the program

· Use of indentation to show logical organization of statements in the program

· Use of modular features of the language (e.g. FUNCTION and SUBROUTINE)

· Use of uppercase character set only and of reasonably short identifiers

· Use of the control structures of the language (e.g. IF, DO, CONTINUE, CALL)

· Use of FORMAT control for aesthetically appealing output

· Use of appropriate intrinsic functions provided by the language (see ref. 5)
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APPENDIX I – Base code for the program

        PROGRAM DCT

        REAL A(8,8), T(8,8), APRIME(8,8)

C

C       SOME SAMPLE DATA THAT I PLAYED WITH

C

        DATA A/120,120,120,121,120,119,122,120,

     -         119,117,117,217,218,217,117,219,

     -         118,116,116,212,212,216,116,119,

     -         118,115,114,110,110,215,118,219,

     -         118,112,112,  5,  4,  2,212,119,

     -         118,112,112,  6,  8,  9,211,120,

     -         119,118,116,212,211,214,116,219,

     -         120,120,121,221,221,221,222,221/

C

C       WRITE THE INITIAL IMAGE ARRAY, A

C

C       COMPUTE DISCRETE COSINE TRANSFORM, T = DCT(A) 

C           (HINT: NESTED LOOPING!)

C

C       WRITE THE TRANSFORMATION ARRAY, T

C

C
 COMPUTE INVERSE DCT, APRIME = IDCT(T)

C

C
 WRITE THE RECONSTRUCTED IMAGE ARRAY, APRIME

C


 END

C

C-------------------------------------------------------

C

C       FUNCTIONS, AS APPROPRIATE

C

C-------------------------------------------------------

C

C       SUBROUTINES, AS APPROPRIATE

C

C-------------------------------------------------------

APPENDIX II – Sample output from the program

INITIAL ARRAY, A:

   120     119     118     118     118     118     119     120

   120     117     116     115     112     112     118     120

   120     117     116     114     112     112     116     121

   121     217     212     110       5       6     212     221

   120     218     212     110       4       8     211     221

   119     217     216     215       2       9     214     221

   122     117     116     118     212     211     116     222

   120     219     119     219     119     120     219     221

TRANSFORMED ARRAY, T = DCT(A):

  1102     -18     153    -209     -44      30     -79     -17

  -143      47     -35      76      -6       4      45      39

    18     -59    -135     172      78     -54      29     -43

     0      22      26     -66     -15      25       7       9

    26      19      82     -83     -51      26     -61       6

     3     -33     -28      55      23     -50      55      18

     3      37       2     -56      -8      61     -51     -32

   -26     -32     -46      99      26     -56      52      16

RECONSTRUCTED ARRAY, APRIME = IDCT(T):

   120     119     118     118     118     118     119     120

   120     117     116     115     112     112     118     120

   120     117     116     114     112     112     116     121

   121     217     212     110       5       6     212     221

   120     218     212     110       4       8     211     221

   119     217     216     215       2       9     214     221

   122     117     116     118     212     211     116     222

   120     219     119     219     119     120     219     221

