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Objective: 

Implement a baseline image encoding and decoding system with DCT. 

 

Steps to implement: 

1. Write functions to read and write image data (done in class3). 

2. Write a function to measure PSNR between two images. The images are stored in 

files or in the memory (done in class3). 

3. Write functions for DCT and IDCT at block and image levels. 

4. Write functions for Quantization and inverse quantization at block and image 

levels. 

5. Training: 

a. DC: 10-bit binary representation. (No prediction!) 

b. AC: (run, size) + magnitude representation. Run: [0 15], size: [0 10]. 

c. Collect statistics on (run, size), and design a Huffman code table 

6. Encoding: look up the Huffman table; count the number of bits of encoding. 

7. Plot the rate-distortion curve by varying the quantization step size. 
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Methodology 

 

The complete system diagram implemented in this project is the following: 

 
I will work the system diagram by parts: 

1. Read and write blocks. 

2. PSNR block 

3. DCT/IDCT blocks 

4. Quantization/Inverse Quantization blocks 

5. Image Coding/Image Decoding blocks 

 

1. Image Coding/Image Decoding blocks 

 

Zig-zag algorithm: the quantized DCT coefficients in every 8x8 block are represented 

and encoded in H.263 with the zig-zag algorithm (the quantized DCT coefficients are 

scanned in zigzag configuration to form a vector with the DC value at the beginning and 

the AC values ordered from low to high frequency). The zig-zag order is shown in the 

next figure. 

 

 
 

Read 

img DCT Q COD DEC 

PSNR 

IDCT 
Write 

img IQ 

coeffs   Huff   coef Huff 
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In order to do the Image Coding, I implemented first a zig-zag scan function 

(fblockzigzag.m) and tested it with a 8x8 value test matrix (mtestblockzigz.m). The dual 

function (fblockizigzag.m) is implemented and tested as well. 

 

The algorithm (fimagzzag.m/ fimagizzag.m) to zig-zag all 8x8 blocks in a 512x512 image 

is implemented as well. It is tested with the Matlab script (mtestimgzz.m) 

 

Encoding: after the zig-zag, the 64 element column vector is encoded as follows: they 

are coded using three-dimensional run-length VLC table, representing the scheme 

(LAST, RUN, LEVEL) where LAST is the flag to represent the last coefficient in the 

coded block. RUN is the zero run, or number of zeros before LEVEL. LEVEL being the 

amplitude value after the RUN number of zeros. 

 

The DC value is supposed to be limited from -1023 to 1023. It is encoded with its size 

and amplitude using the Baseline Entropy Coding table. The result size and amplitude is 

stored in integer format in the first and second position of the pre-encoded vector. The 

AC values are stored with zero run, size and amplitude position representation. The 

maximum value for the run is 15. Therefore we had to take into account a new size for 

the value “0”. The Baseline Entropy Coding table [1] was generated with the Matlab 

script (mcreatebec.m) and stored as a look up table. 

 

First, is implemented a function findintdccode.m that generates the size and amplitude 

position of any number from -1023 to 1023. This is used to encode the DC value and also 

the AC values after the zero run. 

 

Second, is implemented a function fencodeblock that reads the 64 element column vector 

from the zigzag algorithm and encode the DC value (with findintdccode.m) and the AC 

value creating the pre-encoded vector. The AC values after the zero run are encoded as 

well with findintdccode.m to find their size and amplitude position. 

 

The format of the data is the following: 

 
DC  

size 

DC  

amp pos 
Z  

run 1 

Size  

1 

Amp  

pos 1 
Z  

run 2 

Size  

2 

Amp  

pos 2 

… Z  

run 3 

Size  

N 

Amp  

pos N 

1 2 3 4 5 6 7 8  3N 3N+1  

 
1 3 and 4  (3*1 and 3*1+1) 

2 6 and 7 (3*2 and 3*2+1) 
3 9 and 10 (3*3 and 3*3+1) 

N  (3N and 3N+1) 

 

The dual functions findintdcamp.m which finds the DC value from a size and amplitude 

position; and the fdecodeblock which retrieves the 64 element column vector are 

implemented as well. 

 

To test these blocks I used the Matlab script mtestblockenc.m which reads a 64 element 

vector (as if it were the output of the zigzag algorithm) then code it and decode it, 

comparing the results. 

 



Your name here# xxxxxxx  4/26/2011 

your@emailhere.com   

Page 5 of 31 

This part answer Step to implement #5 a-b 

 

Now we have to collect statistics on (run, size) of the AC values, and design a Huffman 

code table. 

 

In order to do so, I implemented a Matlab script mtestfindhuffmansymbols.m which reads 

five images, performs the DCT and quantization. After that, performs the zigzag 

algorithm for each image and finds the (run, size) values of the AC values per 8x8 block. 

Finally store all the occurrences per symbol in a Matlab variable (symba.mat). 

 

The positions to encode with the Huffman algorithm are (look table above to find the AC 

size and amp position): (3,4),(6,7),(9,10),(3n,3n+1)…etc. Each pair is codified as a single 

symbol. 

 

The possible 176 symbols are (some of them): 

 
Zrun Size Zrun Size  Zrun Size 

0 0 1 0  15 0 

0 1 1 1  15 1 

0 2 1 2  15 2 

0 3 1 3  15 3 

0 4 1 4  15 4 

0 5 1 5  15 5 

0 6 1 6  15 6 

0 7 1 7  15 7 

0 8 1 8  15 8 

0 9 1 9  15 9 

0 10 1 1  15 10 

 

The histogram of each symbol is shown in next figure: 
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We can notice that only a few of the symbols have high occurrence. The Huffman code 

found is shown in the following table. A Matlab script mcreatehistcode.m was 

implemented to create above figure and next table (saved at mcell.mat). First, I will 

assign an ASCII symbol to each AC (size and amp position) symbol. Therefore we can 

reuse the Project Phase I code to find the Huffman code (fhuffman2.m). 

 
Zrun Size Sym Ocurr Prob Code Hex Length 
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0 0 '!' [  830] [     0.0033] '111111000' '00001F8' [ 9] 

0 1 '"' [51929] [     0.2068] '01' '0000001' [ 2] 

0 2 '#' [31105] [     0.1239] '100' '0000004' [ 3] 

0 3 '$' [16632] [     0.0662] '1011' '000000B' [ 4] 

0 4 '%' [ 8208] [     0.0327] '11000' '0000018' [ 5] 

0 5 '&' [ 2864] [     0.0114] '1101111' '000006F' [ 7] 

0 6 ''' [  487] [     0.0019] '1111110111' '00003F7' [10] 

0 7 '(' [    0] [          0] '11111101101101010000110010' '3F6D432' [26] 

0 8 ')' [    0] [          0] '11111101101101010000110011' '3F6D433' [26] 

0 9 '*' [    0] [          0] '11111101101101010000110100' '3F6D434' [26] 

0 10 '+' [    0] [          0] '11111101101101010000110101' '3F6D435' [26] 

1 0 ',' [  698] [     0.0028] '111100000' '00001E0' [ 9] 

1 1 '-' [15665] [     0.0624] '1010' '000000A' [ 4] 

1 2 '.' [ 4948] [     0.0197] '110101' '0000035' [ 6] 

1 3 '/' [ 1364] [     0.0054] '11011010' '00000DA' [ 8] 

1 4 '0' [  408] [     0.0016] '1111011011' '00003DB' [10] 

1 5 '1' [   58] [2.3095e-004] '1111110110101' '0001FB5' [13] 

1 6 '2' [   21] [8.3621e-005] '11110110100100' '0003DA4' [14] 

1 7 '3' [    0] [          0] '11111101101101010000110110' '3F6D436' [26] 

1 8 '4' [    0] [          0] '11111101101101010000110111' '3F6D437' [26] 

1 9 '5' [    0] [          0] '11111101101101010000111000' '3F6D438' [26] 

1 10 '6' [    0] [          0] '11111101101101010000111001' '3F6D439' [26] 

2 0 '7' [ 1124] [     0.0045] '11010000' '00000D0' [ 8] 

2 1 '8' [ 7098] [     0.0283] '111110' '000003E' [ 6] 

2 2 '9' [ 1466] [     0.0058] '11110001' '00000F1' [ 8] 

2 3 ':' [  284] [     0.0011] '11111111111' '00007FF' [11] 

2 4 ';' [   67] [2.6679e-004] '1111111111001' '0001FF9' [13] 

2 5 '<' [   18] [7.1675e-005] '11011000111000' '0003638' [14] 

2 6 '=' [    0] [          0] '11111101101101010000111010' '3F6D43A' [26] 

2 7 '>' [    0] [          0] '11111101101101010000111011' '3F6D43B' [26] 

2 8 '?' [    0] [          0] '11111101101101010000111100' '3F6D43C' [26] 

2 9 '@' [    0] [          0] '11111101101101010000111101' '3F6D43D' [26] 

2 10 'A' [    0] [          0] '11111101101101010000111110' '3F6D43E' [26] 

3 0 'B' [  903] [     0.0036] '111111010' '00001FA' [ 9] 

3 1 'C' [ 4459] [     0.0178] '110011' '0000033' [ 6] 

3 2 'D' [  748] [     0.0030] '111100001' '00001E1' [ 9] 

3 3 'E' [  153] [6.0924e-004] '11011000110' '00006C6' [11] 

3 4 'F' [   69] [2.7476e-004] '1111111111010' '0001FFA' [13] 

3 5 'G' [   20] [7.9639e-005] '11011000111011' '000363B' [14] 

3 6 'H' [    0] [          0] '11111101101101010000111111' '3F6D43F' [26] 

3 7 'I' [    0] [          0] '11111101101101010001000000' '3F6D440' [26] 

3 8 'J' [    0] [          0] '11111101101101010001000001' '3F6D441' [26] 

3 9 'K' [    0] [          0] '11111101101101010001000010' '3F6D442' [26] 

3 10 'L' [    0] [          0] '11111101101101010001000011' '3F6D443' [26] 

4 0 'M' [  563] [     0.0022] '110110000' '00001B0' [ 9] 

4 1 'N' [ 2971] [     0.0118] '1111001' '0000079' [ 7] 

4 2 'O' [  386] [     0.0015] '1111011000' '00003D8' [10] 

4 3 'P' [   61] [2.4290e-004] '1111110110111' '0001FB7' [13] 

4 4 'Q' [    9] [3.5838e-005] '110110001110100' '0006C74' [15] 

4 5 'R' [    0] [          0] '11111101101101010001000100' '3F6D444' [26] 

4 6 'S' [    0] [          0] '11111101101101010001000101' '3F6D445' [26] 

4 7 'T' [    0] [          0] '11111101101101010001000110' '3F6D446' [26] 

4 8 'U' [    0] [          0] '11111101101101010001000111' '3F6D447' [26] 

4 9 'V' [    0] [          0] '11111101101101010001001000' '3F6D448' [26] 

4 10 'W' [    0] [          0] '11111101101101010001001001' '3F6D449' [26] 

5 0 'X' [ 1510] [     0.0060] '11110101' '00000F5' [ 8] 

5 1 'Y' [ 2046] [     0.0081] '1100100' '0000064' [ 7] 

5 2 'Z' [  214] [8.5214e-004] '11110110101' '00007B5' [11] 

5 3 '[' [   30] [1.1946e-004] '11111111110000' '0003FF0' [14] 

5 4 '\' [   39] [1.5530e-004] '1111011010000' '0001ED0' [13] 

5 5 ']' [    0] [          0] '11111101101101010001001010' '3F6D44A' [26] 

5 6 '^' [    0] [          0] '11111101101101010001001011' '3F6D44B' [26] 

5 7 '_' [    0] [          0] '11111101101101010001001100' '3F6D44C' [26] 

5 8 '`' [    0] [          0] '11111101101101010001001101' '3F6D44D' [26] 

5 9 'a' [    0] [          0] '11111101101101010001001110' '3F6D44E' [26] 

5 10 'b' [    0] [          0] '11111101101101010001001111' '3F6D44F' [26] 

6 0 'c' [ 1957] [     0.0078] '11111110' '00000FE' [ 8] 
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6 1 'd' [ 1445] [     0.0058] '11011101' '00000DD' [ 8] 

6 2 'e' [  141] [5.6146e-004] '11011000100' '00006C4' [11] 

6 3 'f' [   24] [9.5567e-005] '11110110100101' '0003DA5' [14] 

6 4 'g' [    0] [          0] '11111101101101010001010000' '3F6D450' [26] 

6 5 'h' [    0] [          0] '11111101101101010001010001' '3F6D451' [26] 

6 6 'i' [    0] [          0] '11111101101101010001010010' '3F6D452' [26] 

6 7 'j' [    0] [          0] '11111101101101010001010011' '3F6D453' [26] 

6 8 'k' [    0] [          0] '11111101101101010001010100' '3F6D454' [26] 

6 9 'l' [    0] [          0] '11111101101101010001010101' '3F6D455' [26] 

6 10 'm' [    0] [          0] '11111101101101010001010110' '3F6D456' [26] 

7 0 'n' [  938] [     0.0037] '111111110' '00001FE' [ 9] 

7 1 'o' [ 1135] [     0.0045] '11010001' '00000D1' [ 8] 

7 2 'p' [  150] [5.9730e-004] '11011000101' '00006C5' [11] 

7 3 'q' [   57] [2.2697e-004] '1111110110100' '0001FB4' [13] 

7 4 'r' [    5] [1.9910e-005] '11111101101101011' '001FB6B' [17] 

7 5 's' [    0] [          0] '11111101101101010001010111' '3F6D457' [26] 

7 6 't' [    0] [          0] '11111101101101010001011000' '3F6D458' [26] 

7 7 'u' [    0] [          0] '11111101101101010001011001' '3F6D459' [26] 

7 8 'v' [    0] [          0] '11111101101101010001011010' '3F6D45A' [26] 

7 9 'w' [    0] [          0] '11111101101101010001011011' '3F6D45B' [26] 

7 10 'x' [    0] [          0] '11111101101101010001011100' '3F6D45C' [26] 

8 0 'y' [  898] [     0.0036] '111111001' '00001F9' [ 9] 

8 1 'z' [  691] [     0.0028] '110110111' '00001B7' [ 9] 

8 2 '{' [   71] [2.8272e-004] '1111111111011' '0001FFB' [13] 

8 3 '|' [    9] [3.5838e-005] '110110001110101' '0006C75' [15] 

8 4 '}' [    1] [3.9820e-006] '1111110110110101001' '007EDA9' [19] 

8 5 '~' [    0] [          0] '11111101101101010001011101' '3F6D45D' [26] 

8 6 '•' [    0] [          0] '11111101101101010001011110' '3F6D45E' [26] 

8 7 '.' [    0] [          0] '11111101101101010001011111' '3F6D45F' [26] 

8 8 '?' [    0] [          0] '11111101101101010001100000' '3F6D460' [26] 

8 9 '.' [    0] [          0] '11111101101101010001100001' '3F6D461' [26] 

8 10 '.' [    0] [          0] '11111101101101010001100010' '3F6D462' [26] 

9 0 '.' [ 1720] [     0.0068] '11110111' '00000F7' [ 8] 

9 1 '.' [  512] [     0.0020] '1111111110' '00003FE' [10] 

9 2 '.' [   54] [2.1503e-004] '1111011010011' '0001ED3' [13] 

9 3 '.' [   45] [1.7919e-004] '1111011010001' '0001ED1' [13] 

9 4 '.' [    0] [          0] '11111101101101010001100011' '3F6D463' [26] 

9 5 '.' [    0] [          0] '11111101101101010001100100' '3F6D464' [26] 

9 6 '.' [    0] [          0] '11111101101101010001100101' '3F6D465' [26] 

9 7 '.' [    0] [          0] '11111101101101010001100110' '3F6D466' [26] 

9 8 '?' [    0] [          0] '11111101101101010001100111' '3F6D467' [26] 

9 9 '.' [    0] [          0] '11111101101101010001101000' '3F6D468' [26] 

9 10 '?' [    0] [          0] '11111101101101010001101001' '3F6D469' [26] 

10 0 '?' [ 1496] [     0.0060] '11110100' '00000F4' [ 8] 

10 1 '.' [  360] [     0.0014] '1101101101' '000036D' [10] 

10 2 '.' [   18] [7.1675e-005] '11011000111001' '0003639' [14] 

10 3 '.' [    2] [7.9639e-006] '111111011011010101' '003F6D5' [18] 

10 4 '.' [    0] [          0] '11111101101101010001101010' '3F6D46A' [26] 

10 5 '.' [    0] [          0] '11111101101101010001101011' '3F6D46B' [26] 

10 6 '.' [    0] [          0] '11111101101101010001101100' '3F6D46C' [26] 

10 7 '.' [    0] [          0] '11111101101101010001101101' '3F6D46D' [26] 

10 8 '.' [    0] [          0] '11111101101101010001101110' '3F6D46E' [26] 

10 9 '.' [    0] [          0] '11111101101101010001101111' '3F6D46F' [26] 

10 10 '.' [    0] [          0] '11111101101101010001110000' '3F6D470' [26] 

11 0 '.' [ 1330] [     0.0053] '11011001' '00000D9' [ 8] 

11 1 '.' [  392] [     0.0016] '1111011001' '00003D9' [10] 

11 2 '?' [   29] [1.1548e-004] '11111101101100' '0003F6C' [14] 

11 3 '.' [    1] [3.9820e-006] '111111011011010000' '003F6D0' [18] 

11 4 '.' [    0] [          0] '11111101101101010001110001' '3F6D471' [26] 

11 5 '¡' [    0] [          0] '11111101101101010001110010' '3F6D472' [26] 

11 6 '¢' [    0] [          0] '11111101101101010001110011' '3F6D473' [26] 

11 7 '£' [    0] [          0] '11111101101101010001110100' '3F6D474' [26] 

11 8 '¤' [    0] [          0] '11111101101101010001110101' '3F6D475' [26] 

11 9 '¥' [    0] [          0] '11111101101101010001110110' '3F6D476' [26] 

11 10 '¦' [    0] [          0] '11111101101101010001110111' '3F6D477' [26] 

12 0 '§' [ 2247] [     0.0089] '1100101' '0000065' [ 7] 

12 1 '¨' [  322] [     0.0013] '1101101100' '000036C' [10] 
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12 2 '©' [   16] [6.3712e-005] '111111011011011' '0007EDB' [15] 

12 3 'ª' [    0] [          0] '11111101101101010001111000' '3F6D478' [26] 

12 4 '«' [    0] [          0] '11111101101101010001111001' '3F6D479' [26] 

12 5 '¬' [    0] [          0] '11111101101101010001111010' '3F6D47A' [26] 

12 6 '' [    0] [          0] '11111101101101010001111011' '3F6D47B' [26] 

12 7 '®' [    0] [          0] '11111101101101010001111100' '3F6D47C' [26] 

12 8 '¯' [    0] [          0] '11111101101101010001111101' '3F6D47D' [26] 

12 9 '°' [    0] [          0] '11111101101101010001111110' '3F6D47E' [26] 

12 10 '±' [    0] [          0] '11111101101101010001111111' '3F6D47F' [26] 

13 0 '²' [ 1415] [     0.0056] '11011100' '00000DC' [ 8] 

13 1 '³' [  215] [8.5612e-004] '11111101100' '00007EC' [11] 

13 2 '´' [    3] [1.1946e-005] '11111101101101001' '001FB69' [17] 

13 3 'µ' [    0] [          0] '1111110110110101000000000' '1FB6A00' [25] 

13 4 '¶' [    0] [          0] '1111110110110101000000001' '1FB6A01' [25] 

13 5 '·' [    0] [          0] '1111110110110101000000010' '1FB6A02' [25] 

13 6 '¸' [    0] [          0] '1111110110110101000000011' '1FB6A03' [25] 

13 7 '¹' [    0] [          0] '1111110110110101000000100' '1FB6A04' [25] 

13 8 'º' [    0] [          0] '1111110110110101000000101' '1FB6A05' [25] 

13 9 '»' [    0] [          0] '1111110110110101000000110' '1FB6A06' [25] 

13 10 '¼' [    0] [          0] '1111110110110101000000111' '1FB6A07' [25] 

14 0 '½' [ 2305] [     0.0092] '1101001' '0000069' [ 7] 

14 1 '¾' [   80] [3.1856e-004] '110110001111' '0000D8F' [12] 

14 2 '¿' [    1] [3.9820e-006] '111111011011010001' '003F6D1' [18] 

14 3 'À' [    0] [          0] '1111110110110101000001000' '1FB6A08' [25] 

14 4 'Á' [    0] [          0] '1111110110110101000001001' '1FB6A09' [25] 

14 5 'Â' [    0] [          0] '1111110110110101000001010' '1FB6A0A' [25] 

14 6 'Ã' [    0] [          0] '1111110110110101000001011' '1FB6A0B' [25] 

14 7 'Ä' [    0] [          0] '1111110110110101000001100' '1FB6A0C' [25] 

14 8 'Å' [    0] [          0] '1111110110110101000001101' '1FB6A0D' [25] 

14 9 'Æ' [    0] [          0] '1111110110110101000001110' '1FB6A0E' [25] 

14 10 'Ç' [    0] [          0] '1111110110110101000001111' '1FB6A0F' [25] 

15 0 'È' [51078] [     0.2034] '00' '0000000' [ 2] 

16 1 'É' [   34] [1.3539e-004] '11111111110001' '0003FF1' [14] 

17 2 'Ê' [    0] [          0] '1111110110110101000010000' '1FB6A10' [25] 

18 3 'Ë' [    0] [          0] '1111110110110101000010001' '1FB6A11' [25] 

19 4 'Ì' [    0] [          0] '1111110110110101000010010' '1FB6A12' [25] 

20 5 'Í' [    0] [          0] '1111110110110101000010011' '1FB6A13' [25] 

21 6 'Î' [    0] [          0] '1111110110110101000010100' '1FB6A14' [25] 

22 7 'Ï' [    0] [          0] '1111110110110101000010101' '1FB6A15' [25] 

23 8 'Ð' [    0] [          0] '1111110110110101000010110' '1FB6A16' [25] 

24 9 'Ñ' [    0] [          0] '1111110110110101000010111' '1FB6A17' [25] 

25 10 'Ò' [    0] [          0] '1111110110110101000011000' '1FB6A18' [25] 

EOB EOB 'Ó' [20480] [     0.0816] '1110' '000000E' [ 4] 

 

Some other information about this Huffman code is: 

Bit rate or Average Length: 


N

i

iilpL
1

 3.8794 

Entropy: 


N

i i

i
p

pH
1

2

1
log  3.8388 

I have created a look up table with (Zrun,Size) and symbol in order to encode it with the 

Huffman code found. 
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Example of coding a block: the vector to encode is a DCT 8x8 quantized block after the 

zig-zag scanning. The pre-coded vector is written as zero run, size and amplitude position 

representation. The pst-coded vector is the binary representation after Huffman coding. 
Vector to encode: -10 -13   2  -1  -1  -1   0   0  -1   0   0   0   0   0   0   0   0   0   

0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   

0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0 

                  DCs|DCa|AC1z|AC1s|AC1a|AC2z|AC2s|AC2a|.... 

Pre Coded vector: 4   6   0   4   3   0   2   3   0   1   1   0   1   1   0   1   1   2   

1   1  15   0   0  15   0   0  15   0   0   6   0   0 

Pst Coded vector: 010001011100000101001001001001011111000000000001111111001110 

Rec Coded vector: 4   6   0   4   3   0   2   3   0   1   1   0   1   1   0   1   1   2   

1   1  15   0   0  15   0   0  15   0   0   6   0   0 

Vector decoded:   -10 -13   2  -1  -1  -1   0   0  -1   0   0   0   0   0   0   0   0   0   

0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   

0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0 

Vector encoded and decoded successfully 

 

This part answer Step to implement #5 c 

 

Image Encoding 

Now we are in position to encode the whole image and check the binary length. In order 

to do so, I have implemented a function called facmtobinary.m that takes the variable 

length vector output of fencodeblock.m and generates binary strings. These two functions 

are called for each of the 4096 rows resulting of the zig-zag scan (if the image is 512x512 

and each block is 8x8, each image has 64x64 8x8 blocks or 4096 blocks) 

 

The function implemented is called fencodeimage.m and it calls fencodeblock and 

facmtobinary. 

 

The result for the number of bites is the following: 

The number of bites for Image1.512 is 264655 or 64.61 Kbytes 

The number of bites for Image2.512 is 254745 or 62.1936 Kbytes. 

The number of bites for Image3.512 is 281987 or 68.8445 Kbytes. 

The number of bites for Image4.512 is 308238 or 75.2534 Kbytes. 

The number of bites for Image5.512 is 303678 or 74.1401 Kbytes. 

 

This part answer Step to implement #6 

 

Rate Distortion Curve 

 

Now we need to know the Rate Distortion Curve for different values of the Quantizer 

quality factor:  . We run the algorithm for the 5 images and found the result shown in 

next figures and table: 
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  PSNR i1 PSNR i2 PSNR i3 PSNR i4 PSNR i5 

1 36 36 33 33 33 

2 34 34 30 29 31 

3 32 32 29 27 30 

4 31 31 28 26 29 

6 30 29 27 25 27 

8 28 28 26 24 26 

10 27 27 25 23 25 

12 26 26 24 23 24 

14 26 25 24 22 24 

16 25 24 23 22 23 

18 24 23 22 22 23 

20 24 23 22 21 22 

22 23 22 21 21 22 

24 23 22 21 21 21 

26 22 22 21 20 21 

28 22 21 20 20 21 

30 21 20 20 19 20 

32 21 21 19 19 20 

34 21 21 19 19 19 

36 20 20 19 19 19 

38 20 19 19 18 18 

40 19 18 18 18 18 

 

We can see in next figures section than a PSNR of ~36 is acceptable ( 1 ). For values 

of PNSR less than 30 ( 5 ) the image degradation is noticeable. 

 

CONCLUSION 

 

This project has been a very challenging project. The key to the success has been to work 

on blocks and verify that each block worked as designed by using separate test scripts. 

The DCT and Quantization blocks did not give me too much problem. However, the 

encoding blocks have been implemented after serious brainstorms. The choice of format 

to store the symbols and the different problem arisen from the zero run, size and 

amplitude position representation took me more than once to dead end solutions. Also, 

some serious clean up and management of look up tables and variables were needed to 

improve the speed of the algorithm. 

 

In summary I enjoyed doing the project; which has not been short of stressful parts; but 

the joy of overcoming them was a rewarding experience. 

 

FIGURES 
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APPENDIX 1 (Source Code) 

The main script is called mprojII.m. This script read an image, does the DCT, then the 

quantization, the zigzag scan for each block, and encode the image giving us the binary 

code based in a Huffman code. Then do the inverse process to reconstruct the image. The 

code writes out the PSNR as a measure of the quality of reconstruction. It also plots the 

original and reconstructed image, as well as the DCT values before and after 

quantization. 

 

It calls the functions freadimg fimagdct fimagq fimagzzag fencodeimage fimagizzag 

fimagiq fimagidct fpsnr fwriteimg. These functions also call several functions which 

operate down to the block and vector level. 

 

To use this script, please note that it needs a large quantity of custom functions; therefore, 

is advisable that the user unzip all the files at the mprojII.zip file in the Matlab working 

directory beforehand.  

 

Before run the script (by typing at the Matlab working directory mprojII), open the script 

with the Matlab editor and select the image to read, and set the beta parameter that suits 

your needs. 

 

The source code for the main script is the following: 

 
%mprojII 

%Luis M Vicente 945 995  started 4/2/2005 

%script to read files for phase II 

%calls custom functions:  freadimg fimagdct fimagq fimagzzag fencodeimage  

% fimagizzag fimagiq fimagidct fpsnr fwriteimg 

%calls data: image5.512 

 

clear all, close all, clc 

disp(['/////////////////////Project II Main Program/////////////////////']) 

%Name of the image to analyze and the reconstructed image to write to 

strim = 'image1.512'; 

strom = ['rec_',strim]; 

imsize = 512; 

subi = imsize; 

isigd = freadimg(strim,imsize); 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%create a sub image to lesser the processing time COMMENT OUT IF NOT USED 

%This one is good for image5.512 to see the boat 

% subi = 160; 

% xi=170; 

% yi=190; 

% isigd = isigd(xi:xi+subi-1,yi:yi+subi-1); 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%create a sub image to lesser the processing time COMMENT OUT IF NOT USED 

%This one is good for image1.512 to see the face 

% subi = 80; 

% xi=260; 

% yi=260; 

% isigd = isigd(xi:xi+subi-1,yi:yi+subi-1); 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%Do the DCT of the whole image 

tic; 

DCTsigd = fimagdct(isigd); 

disp(['Progress message: DCT done']); 

toc; 
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%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%Do the quantization of the whole DCT image 

beta =10^0; 

disp(['Beta: ', num2str(beta)]); 

 

[qimage]=fimagq(DCTsigd,beta); 

disp(['Progress message: Q done']); 

toc; 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%%%%%%%%%%%%%%%%%%%%%%%%% ENCODING PART %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%Do the zig zag of the whole quantized image 

qzzimage=fimagzzag(qimage); 

disp(['Progress message: ZZ done']); 

toc; 

 

%Save the zigzag-d of the whole quantized image to check its size 

save qzzimage qzzimage 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%Do the encoding of the zig zag of the whole quantized image 

[allsymbl,lsymbl]=fencodeimage(qzzimage); 

disp(['Progress message: Encode Image done']); 

toc; 

 

sumsymbl = sum(lsymbl); 

sumsymbl2 = length(allsymbl); 

disp(['Size in bits of the Encoded Image: ',num2str(sumsymbl)]); 

 

%Save the encoded bits for future use. 

strbin = ['bin',strim(1:6)];  

save(strbin,'allsymbl', 'lsymbl') 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%Do the decoding of the allsymbl binary string 

[qzzimagedecoded]=fdecodeimage(allsymbl,lsymbl); 

disp(['Progress message: Decode Image done']); 

toc; 

 

%test difference between qzzimage and qzzimagedecoded 

if(max(max(abs(qzzimage-qzzimagedecoded)))) 

    disp('ERROR @ mprojII: image was not encoded/decoded right') 

end 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%Do the inverse zig zag of the whole quantized image 

qizzimage=fimagizzag(qzzimagedecoded); 

disp(['Progress message: IZ done']); 

toc; 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%Do the Inverse quantization of the whole image 

[Iqimage]=fimagiq(qizzimage,beta); 

disp(['Progress message: IQ done']); 

toc; 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%Do the IDCT of the whole image 

rsigd = fimagidct(Iqimage); 

disp(['Progress message: IDCT done']); 

toc; 

 

%compare the images 

PSNR = fpsnr(isigd, rsigd); 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%Write the image in a new file for later comparisons 

fwriteimg(strom,rsigd); 
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%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

disp('If you want to see the images, wait one second'); 

pause(1) 

%PLOT SECTION 

%Plot input image 

figure 

subplot(2,2,1) 

imagesc(isigd); 

colormap('gray');zoom on; 

title([strim, ' (', num2str(subi),'x',num2str(subi),')']); 

 

%Plot DCT image 

subplot(2,2,2) 

imagesc(DCTsigd); 

colormap('gray');zoom on; 

title(['DCT coefficients']) 

 

%Plot Quantized DCT image 

subplot(2,2,3) 

imagesc(qimage); 

colormap('gray');zoom on; 

title(['DCT Q. coeff. Beta: ',num2str(beta)]) 

 

%Plot reconstructed image 

subplot(2,2,4) 

imagesc(rsigd); 

colormap('gray');zoom on; 

title(['Reconstr. ',strim, ' (', num2str(subi),'x',... 

    num2str(subi),')']) 

xlabel(['PSNR: ',num2str(PSNR)]) 

 

disp(['/////////////////////Project II End of Main Program/////////////////////']) 

 

Next, the function used in this script: 

 
%freadimg 

%Function to read an image 

 

function [isigd]=freadimg(strim,imsize) 

fid = fopen(strim,'rb'); 

isigc = fread(fid,[imsize,imsize],'uchar'); 

isigd = double(isigc)'; 

fclose(fid); 

 
%fimagdct 

%Function to create the dct of a 512x512 image 

%calls custom functions: fblockdct 

 

function [oimage]=fimagdct(iimage) 

 

[rowb,colb] = size(iimage); 

 

%load the dct coefficients stored in mat file 

load dctcoeff 

 

%I have to divide the image in 8x8 blocks 

for rowblock=1:8:rowb 

    for colblock=1:8:colb 

        %disp(['row: ', num2str(rowblock),' col: ', num2str(colblock)]); 

        %select a block 

        iblock=iimage(rowblock:rowblock+7,colblock:colblock+7); 

        %performthe dct 

        oblock=fblockdct(iblock,lut); 

        %store in the output DCT image 

        oimage(rowblock:rowblock+7,colblock:colblock+7)=oblock; 

    end 

end 



Your name here# xxxxxxx  4/26/2011 

your@emailhere.com   

Page 19 of 31 

 
%fblockdct 

%Function to create the dct of a 8*8 block 

%calls custom functions: fdct 

 

function [oblock]=fblockdct(iblock,lut) 

 

[rowb,colb] = size(iblock); 

 

%For each row make the dct 

for ir = 1:rowb 

    xsignal=iblock(ir,:); 

    Stemp(ir,:)=fdct(xsignal,lut); 

end 

 

%For each column make the dct 

for ic = 1:colb 

    %transpose to create a row vector 

    xsignal=Stemp(:,ic)'; 

    %transpose the output of fdct to store in a column 

    oblock(:,ic)=fdct(xsignal,lut)'; 

end 

 
%fdct 

%Function to calculate the DCT of a 8x8 vector 

%calls data: dctcoeff.mat 

 

function [S]=fdct(xsignal,lut) 

 

% %load the dct coefficients stored in mat file 

% load dctcoeff 

slut = size(lut); 

n = slut(1,1); 

 

%remember in Matlab indexes start at 1 

C = ones(1,n); 

C(1) = 2^(-1/2); 

 

%Find the DCT of an input signal 

for u=0:n-1 

    uin=u+1; 

 

    %matrix multiplication of the signal with the DCT coefficients 

    mmsdct = xsignal*lut(uin,:)'; 

 

    %DCT coefficient 

    S(uin)=sqrt(2/n)*C(uin)*mmsdct; 

end 

 
%fimagq 

%Function to create the dct of a ???x??? image 

%calls custom functions: fblockq 

 

function [qimage]=fimagq(iimage,beta) 

 

[rowb,colb] = size(iimage); 

 

%load quantization look up table 

load qcoef 

 

%I have to divide the image in 8x8 blocks 

for rowblock=1:8:rowb 

    for colblock=1:8:colb 

        %disp(['row: ', num2str(rowblock),' col: ', num2str(colblock)]); 

        %select a block 

        iblock=iimage(rowblock:rowblock+7,colblock:colblock+7); 

        %perform the block quantization 

        oblock=fblockq(iblock,beta,qcoeff); 

        %store in the output Quantized image 
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        qimage(rowblock:rowblock+7,colblock:colblock+7)=oblock; 

    end 

end 

 
%fblockq 

%Function to quantize the dct of a 8*8 block 

%calls custom data: qcoef.mat 

 

function [qblock]=fblockq(iblock,beta,qcoeff) 

 

%load quantization look up table 

% load qcoef 

 

%multiply the scaling parameter 

qij = beta.*qcoeff; 

 

qblock = round(iblock./qij); 

 
%fimagzzag 

%Function to create the zigzag of a ???x??? image 

%calls custom functions: fblockzigzag 

 

function [zzimage]=fimagzzag(iimage) 

 

[rowb,colb] = size(iimage); 

 

%I have to divide the image in 8x8 blocks 

zzrow = 0; 

for rowblock=1:8:rowb 

    for colblock=1:8:colb 

        zzrow = zzrow +1; 

        %disp(['row: ', num2str(rowblock),' col: ', num2str(colblock)]); 

        %select a block 

        iblock=iimage(rowblock:rowblock+7,colblock:colblock+7); 

        %perform the block zig zag 

        azz = fblockzigzag(iblock); 

        %store in the zig zagged vector as a row of a big matrix 

        zzimage(zzrow,:)=azz'; 

    end 

end 

 
%fblockzigzag 

%Function to create a zigzag scan of an 8x8 block image 

%the output is a column vector 

 

function [azz] = fblockzigzag(a) 

azz = [ 

    a(1,1) a(1,2) ... 

    a(2,1) a(3,1) a(2,2) a(1,3) a(1,4) a(2,3) a(3,2)... 

    a(4,1) a(5,1) a(4,2) a(3,3) a(2,4) a(1,5) a(1,6) a(2,5) a(3,4) a(4,3)... 

    a(5,2) a(6,1) a(7,1) a(6,2) a(5,3) a(4,4) a(3,5) a(2,6) a(1,7) a(1,8)... 

    a(2,7) a(3,6) a(4,5) a(5,4) a(6,3) a(7,2) a(8,1) a(8,2) a(7,3)... 

    a(6,4) a(5,5) a(4,6) a(3,7) a(2,8) a(3,8) a(4,7) a(5,6) a(6,5) a(7,4)... 

    a(8,3) a(8,4) a(7,5) a(6,6) a(5,7) a(4,8) a(5,8) a(6,7) a(7,6) a(8,5)... 

    a(8,6) a(7,7) a(6,8) a(7,8) a(8,7) a(8,8)]; 

azz=azz'; 

 
%fencodeimage.m 

%this function gets all the rows from a zigzag image and find out the 

%coded binary string based on a Huffman code. it also gives out the size of 

%each variablelength code string per each zigzagged row. 

%Calls functions: fencodeblock, facmtobinary 

 

function [allsymbl,lsymbl]=fencodeimage(qzzimage) 

 

%AC is stored with its symol (z,s) by look up table and then the amplitude 

load symblutc 
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load bec; 

 

 

[rowizz,colizz] = size(qzzimage); 

 

%Now for each row of qzzimage encode it. 

totallength = 0; 

allsymbl = []; 

for irow = 1:rowizz 

    %Find the run level representation of each zig zag block 

    acm = fencodeblock(qzzimage(irow,:)',bec); 

     

    %create binary string 

    symbl = facmtobinary(acm,symblutc); 

     

    %concatenate the binary code 

    allsymbl = [allsymbl symbl]; 

     

    %Store its size in a vector for when we wanted to recover the acm 

    lsymbl(irow)=length(symbl); 

    totallength =totallength +lsymbl(irow); 

    %disp(['Encoded row: ',num2str(irow)]); 

end 

 

%%function to encode a block 

%this function encode a 8x8 block 

%calls functions: findintdccode 

 

function [acm] = fencodeblock(a,bec); 

 

%read DC coefficient 

inda = 1; 

dc = a(inda,1); %one column vector 

 

%find int code custom function 

[r,c]=findintdccode(dc,bec); 

 

%concatenate in to the code string 

acm = [r,c]; 

 

%Encode the AC values.  

%read zeros until we get a nonzero value 

izrun = 2; 

inda = 2; 

while(inda<=64) 

    zerorun = 0; 

    while(a(inda,1)==0 && inda<64 && zerorun<15) 

        inda=inda+1; 

        zerorun = zerorun+1; 

    end 

    izrun = izrun +1; 

    %Store zerorun and ENCODED number 

    [ra,ca]=findintdccode(a(inda,1),bec); 

    acm(izrun) = zerorun; 

    acm(izrun+1) = ra; 

    acm(izrun+2) = ca; 

    izrun = izrun +2; 

    inda=inda+1; 

end 

 
%findintdccode 

%function to find the dc code from an amplitude 

%calls data: bec.mat 

 

 

function [r,c]=findintdccode(amp,bec) 

 

%account for amplitude zero 

if amp==0 

    r=0; 
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    c=0; 

else 

    [r,c]=find(bec==amp); 

    if(min(size(r))==0) 

        disp(['Error, amplitude ',num2str(amp),' Not coded']); 

    end 

end 

 

%%facmtobinary 

%this function gets the acm vector (from fencodeblock) and give us a vlc 

%binary string. 

%This new version adds the EOB symbol. 

%call functions:  

 

function [symbl]=facmtobinary(acm,symblutc) 

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%Symbolize the block IN BINARY STRING. 

%DC is stored differently 

%size is converted in BIN number from 0 to 1010 and stored in the FOUR  

%first bites of the symbolized block 

dcsize = acm(1,1); 

dcbin4 = dec2bin(dcsize); 

ldcbin4 = length(dcbin4); 

 

%zeropad so the total number of binary digits is 4 

if ldcbin4==1 

    dcbin4=['000' dcbin4]; 

elseif ldcbin4==2 

    dcbin4=['00' dcbin4]; 

elseif ldcbin4==3 

    dcbin4=['0' dcbin4]; 

elseif ldcbin4==0 

    disp('Error Error dcbin4 has not length') 

end 

 

%APPEND DC SIZE 

symbl(1:4) = dcbin4; 

%disp(['Pst Coded vector DC: ',symbl]); 

 

%amplitude position is stored as well. The number of bits is its size. 

 

if (dcsize>0) 

    camp = dec2bin(acm(1,2)-1); %>>>THE AMPLITUDE IS ZERO BASED, TAKE OUT ONE 

else 

    camp = '0'; %When Size is zero, the amplitude is zero as well 

    dcsize = 1; %set size to one, since we have to allocate a symbol 

end 

%APPEND DC AMP POSITION 

%In the case that camp has less digits than dcsize we have to append zeros 

%to the left 

lcamp = length(camp); 

if (lcamp==dcsize) 

    symbl(5:dcsize+4)=camp; 

elseif(lcamp<dcsize) 

    zzst = []; 

    for i=lcamp:dcsize-1 

        zzst = [zzst,'0']; 

    end 

    camp = [zzst,camp]; 

    symbl(5:dcsize+4)=camp; 

else 

    if camp ~= '0' 

        disp('ERROR @ facmtobinary the dc size is smaller than the amplitude') 

        camp 

        lcamp 

        dcsize 

    end 

end 

%disp(['Pst Coded vector AM: ',symbl]); 
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%Now we will work in blocks of 3 elements, the first two are the zrun and 

%size, the third is the amplitude. 

%the Zrun and Size are encoded with Huffman. the Amp is stored in binary. 

%This goes until the end of the vector acm 

lacm = length(acm); 

%start at the third element (AC1Zrun) 

i=3; 

while(i<=lacm-2) 

    zrun = acm(1,i); 

    asize = acm(1,i+1); 

    complexn = zrun+j*asize; 

    %Find its position in the look up table 

    posfound = find(cell2mat(symblutc(:,1))==complexn); 

     

    %Find the codeword at the third column 

    codefound = char(symblutc(posfound,3)); 

     

    %APPEND the codeword to the encoded vector 

    symbl = [symbl codefound]; 

    %disp([num2str(i),' Pst Coded vector HU: ',codefound,' from ',num2str(complexn)]); 

 

    %Now encode in binary the amplitude position of the AC 

    amppos = acm(1,i+2); 

    if (amppos>0) 

        camp = dec2bin(amppos-1); %>>>THE AMPLITUDE IS ZERO BASED, TAKE OUT ONE 

    else 

        camp = '0'; %When Size is zero, the amplitude is zero as well 

        %disp('Warning size is zero') 

    end 

 

    %In the case that camp has less digits than size we have to append zeros 

    %to the left 

    lcamp = length(camp); 

    if(lcamp<asize) 

        zzst = []; 

        for i2=lcamp:asize-1 

            zzst = [zzst,'0']; 

        end 

        camp = [zzst,camp]; 

    elseif(lcamp>asize) 

        if camp ~= '0' 

            disp('ERROR @ facmtobinary the dc size is smaller than the amplitude') 

            lcamp 

            asize 

        end 

    end 

 

    %APPEND the encoded amplitude position 

    symbl = [symbl camp]; 

    %disp([num2str(i+2),' Pst Coded vector AM: ',symbl]); 

    i = i+3; 

     

end 

 

%Now I have to append the EOB code which is at the last position of 

%symblutc 

[EOBplace coln]= size(symblutc); 

EOBcode = char(symblutc(EOBplace,3)); 

 

%Append it 

symbl = [symbl EOBcode]; 

 
% fdecodeimage.m 

%this function gets the coded binary string based on a Huffman code and 

%gives out the zigzaged image in rows 

%Calls functions: fbinarytoacmr, fdecodeblock 

 

function [qzzimage]=fdecodeimage(allsymbl,lsymbl) 

 

%AC is stored with its symbol (z,s) by look up table and then the amplitude 
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load symblutc 

load bec; 

 

%find the number of rows 

lenlsy = length(lsymbl); 

 

%Now for each row of qzzimage decode it. 

for irow = 1:lenlsy 

     

    %Find the variable length code for a row 

    vlength = lsymbl(irow); 

     

    %Find the binary string of that length 

    clear symblrow 

    symblrow = allsymbl(1:vlength); 

     

    %take out the string from the whole binary 

    allsymbl = allsymbl(vlength+1:length(allsymbl)); 

     

    %Decode it find the acmrecovered string 

    acmr=fbinarytoacmr(symblrow,symblutc); 

     

    %find the dct zigzagged string of length 64 

    qzzimage(irow,:) = fdecodeblock(acmr,bec)'; 

     

    %disp(['Decoded row: ',num2str(irow)]); 

end 

 
%this function decode a 8x8 block 

%calls functions: findintdcamp 

function [adecoded] = fdecodeblock(acm,bec) 

 

%first, decode the amplitude 

ampfound=findintdcamp(acm(1),acm(2),bec); 

 

%Test point commented 

%disp(['DC amplitude decoded: ',num2str(ampfound)]); 

 

adecoded(1,1)=ampfound; 

 

%Decode the AC values.  

%read zeros until we get a nonzero value 

inda = 2;   %index of the output vector 

inm = 3;    %index of the ac code matrix 

while(inda<=64) 

    %read zerorun 

    zrun = acm(inm); 

    inm=inm+1; 

    %create zeros 

    for iz = 1:zrun 

        adecoded(inda,1)=0; 

        inda = inda+1; 

    end 

    %read coded number 

    size = acm(inm); 

    apmpos = acm(inm+1); 

    ampfound=findintdcamp(size,apmpos,bec); 

    adecoded(inda,1) = ampfound; 

    inda = inda+1; 

    inm=inm+2; 

end 

 
%fbinarytoacmr 

%this function gets the acm vector (from fencodeblock) and give us a vlc 

%binary string. 

%call functions:  

 

function [acmr]=fbinarytoacmr(symbl,symblutc) 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
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%From the symbolized binary string get the acm 

%we know the EOB is the last piece of code of symbl Therefore lets find it 

%first and then decode the other part 

 

%Find the EOB code which is at the last position of symblutc 

[EOBplace coln]= size(symblutc); 

EOBcode = char(symblutc(EOBplace,3)); 

%Find its length 

EOBcodelength = length(EOBcode); 

 

%Find the length of the symbol array 

lensymbl = length(symbl); 

 

%verify is the same code 

if(~strcmp(EOBcode,symbl(lensymbl-EOBcodelength+1:lensymbl))) 

    disp('ERROR @ fbinarytoacmr, EOB not found in code') 

end 

 

%Take it out from the symbl 

symbl=symbl(1:lensymbl-EOBcodelength); 

 

%Find the length of the new symbol array 

lensymbl = length(symbl); 

 

%Get the first four bites to find the DC size 

pointsy = 4; 

dcsize = symbl(1:pointsy); 

 

%Dc size is binary code 

dccsize = bin2dec(dcsize); 

acmr(1,1) = dccsize; 

 

%If size is 0 change to 1 because we need a space to put the '0' 

if (dccsize == 0) 

    dccsizereal = 1; 

else 

    dccsizereal = dccsize; 

end 

%disp(['PST recov vector DC size: ',num2str(dcsize),' : ',num2str(acmr(1,1))]); 

%Get the next size bits and generate the amplitude position 

pointsy= pointsy+dccsizereal; 

ampos = symbl(5:pointsy); 

 

%add one to the amp position if size is >0 

if (dccsize >0) 

    dampos = bin2dec(ampos)+1; %I HAVE TO PUT THE ONE TAKEN BEFORE 

    acmr(1,2) = dampos; 

else %if size is zero theamplitude position should be zero as well. 

    dampos = bin2dec(ampos); 

    acmr(1,2) = dampos; 

    disp('Warning dc size is zero') 

end 

%disp(['PST recov vector DC amp : ',num2str(ampos),' : ',num2str(dampos)]); 

 

accounter = 3; 

while(pointsy < lensymbl-2) 

    %GET THE HUFFMAN CODE (WE DONOT KNOW THE SIZE OF THE NEXT CODEWORD, WE 

    %HAVE TO FIND IT FROM THE LOOK UP TABLE BIT BY BIT) 

    pointsy= pointsy+1; 

    off = pointsy; 

    lfind = 3; 

    while(lfind>1) 

        codetofind = symbl(pointsy:off); 

        match = strmatch(codetofind,symblutc(:,3)); 

        lfind = length(match); 

        off= off+1; 

    end 

    hcomplex = cell2mat(symblutc(match,1)); 

    zrun = real(hcomplex); %This is the zero run 

    acmr(1,accounter) = zrun; 

    accounter = accounter +1; 
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    acsize = imag(hcomplex); %This is the size. 

    acmr(1,accounter) = acsize; 

 

    %now I have to read the amp position, I know the size though. 

    pointsy = off; %get back the pointer 

    %Advance to read the size 

    %If size is 0 in fact it is 1 because we need a space to put the '0' 

    if (acsize == 0) 

        acsizereal = 1; 

    else 

        acsizereal = acsize; 

    end 

    pointsy = pointsy + acsizereal-1; 

    ampos = symbl(off:pointsy); 

    accounter = accounter +1; 

         

    %add one to the amp position if size is >0 

    if (acsize >0) 

        dampos = bin2dec(ampos)+1; %I HAVE TO PUT THE ONE TAKEN BEFORE 

        acmr(1,accounter) = dampos; 

    else 

        dampos = bin2dec(ampos); 

        acmr(1,accounter) = dampos; 

        %disp('Warning ac size is zero') 

    end 

     

%     disp(['PST recov vector AC Zr size apos: ',num2str(codetofind), ... 

%         ' ',num2str(ampos),' : ',num2str(zrun),' (', ... 

%         num2str(acsize),' ',num2str(dampos),')']); 

    %disp(['Pre Coded vector: ',num2str(acm)]); 

    %disp(['Rec Coded vector: ',num2str(acmr)]); 

 

    %Now go back and find the others 

    accounter = accounter +1; 

end 

 

 
% fimagizzag 

%Function to create the inverse zigzag of a ???x??? image 

%calls custom functions: fblockzigzag 

 

function[qizzimage]=fimagizzag(qzzimage); 

 

 

%The rows represent the number of blocks. The columns are always 64. 

[rowizz,colizz] = size(qzzimage); 

rowb = sqrt(rowizz*colizz); 

colb = rowb; %this is only valid for square images 

 

%I have to divide the image in 8x8 blocks 

zzrow = 0; 

for rowblock=1:8:rowb 

    for colblock=1:8:colb 

        zzrow = zzrow +1; 

        block = fblockizigzag(qzzimage(zzrow,:)); 

        qizzimage(rowblock:rowblock+7, ... 

            colblock:colblock+7)=block; 

    end 

end 

 
%fblockizigzag 

%Function to create 8x8 block image from zigzag scan. 

%the output is a column vector 

 

function [a] = fblockizigzag(azz) 

a(1,1) = azz(1); 

a(1,2) = azz(2); 

a(2,1) = azz(3); 

a(3,1) = azz(4); 
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a(2,2) = azz(5); 

a(1,3) = azz(6); 

a(1,4) = azz(7); 

a(2,3) = azz(8); 

a(3,2) = azz(9); 

 

a(4,1)= azz(10); 

a(5,1)= azz(11); 

a(4,2)= azz(12); 

a(3,3)= azz(13); 

a(2,4)= azz(14); 

a(1,5)= azz(15); 

a(1,6)= azz(16); 

a(2,5)= azz(17); 

a(3,4)= azz(18); 

a(4,3)= azz(19); 

 

a(5,2)= azz(20); 

a(6,1)= azz(21); 

a(7,1)= azz(22); 

a(6,2)= azz(23); 

a(5,3)= azz(24); 

a(4,4)= azz(25); 

a(3,5)= azz(26); 

a(2,6)= azz(27); 

a(1,7)= azz(28); 

a(1,8)= azz(29); 

 

a(2,7)= azz(30); 

a(3,6)= azz(31); 

a(4,5)= azz(32); 

a(5,4)= azz(33); 

a(6,3)= azz(34); 

a(7,2)= azz(35); 

a(8,1)= azz(36); 

a(8,2)= azz(37); 

a(7,3)= azz(38); 

 

a(6,4)= azz(39); 

a(5,5)= azz(40); 

a(4,6)= azz(41); 

a(3,7)= azz(42); 

a(2,8)= azz(43); 

a(3,8)= azz(44); 

a(4,7)= azz(45); 

a(5,6)= azz(46); 

a(6,5)= azz(47); 

a(7,4)= azz(48); 

 

a(8,3)= azz(49); 

a(8,4)= azz(50); 

a(7,5)= azz(51); 

a(6,6)= azz(52); 

a(5,7)= azz(53); 

a(4,8)= azz(54); 

a(5,8)= azz(55); 

a(6,7)= azz(56); 

a(7,6)= azz(57); 

a(8,5)= azz(58); 

 

a(8,6)= azz(59); 

a(7,7)= azz(60); 

a(6,8)= azz(61); 

a(7,8)= azz(62); 

a(8,7)= azz(63); 

a(8,8)= azz(64); 

 
%fimagiq 

%Function to create the dct of a ???x??? image 

%calls custom functions: fblockiq 
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function [iqimage]=fimagiq(qimage,beta,qcoeff) 

 

[rowb,colb] = size(qimage); 

 

%load quantization look up table 

load qcoef 

 

%I have to divide the image in 8x8 blocks 

for rowblock=1:8:rowb 

    for colblock=1:8:colb 

        %disp(['row: ', num2str(rowblock),' col: ', num2str(colblock)]); 

        %select a block 

        qiblock=qimage(rowblock:rowblock+7,colblock:colblock+7); 

        %perform the block Inverse quantization 

        oblock=fblockiq(qiblock,beta,qcoeff); 

        %store in the output Quantized image 

        iqimage(rowblock:rowblock+7,colblock:colblock+7)=oblock; 

    end 

end 

 
%fblockiq 

%Function to inverse quantize the dct of a 8*8 block 

%calls custom data: qcoef.mat 

 

function [oblockiq]=fblockiq(Qxij,beta,qcoeff) 

 

%load quantization look up table 

% load qcoef 

 

%multiply the scaling parameter 

qij = beta.*qcoeff; 

 

oblockiq = Qxij.*qij; 

 
%fimagidct 

%Function to create the Idct of a 512x512 image 

%calls custom functions: fblockidct 

 

function [oimage]=fimagidct(iimage) 

 

[rowb,colb] = size(iimage); 

 

%load the idct coefficients stored in mat file 

load idct8 

 

%I have to divide the image in 8x8 blocks 

for rowblock=1:8:rowb 

    for colblock=1:8:colb 

        %disp(['row: ', num2str(rowblock),' col: ', num2str(colblock)]); 

        %select a block 

        iblock=iimage(rowblock:rowblock+7,colblock:colblock+7); 

        %performthe dct 

        oblock=fblockidct(iblock,liut); 

        %store in the output DCT image 

        oimage(rowblock:rowblock+7,colblock:colblock+7)=oblock; 

    end 

end 

 
%fblockidct 

%Function to create the dct of a 8*8 block 

%calls custom functions: fidct  

 

function [oblock]=fblockidct(iblock,liut) 

 

[rowb,colb] = size(iblock); 

 

%For each row make the dct 
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for ir = 1:rowb 

    Ssignal=iblock(ir,:); 

    xtemp(ir,:)=fidct(Ssignal,liut); 

end 

 

%For each column make the dct 

for ic = 1:colb 

    %transpose to create a row vector 

    Ssignal=xtemp(:,ic)'; 

    %transpose the output of fdct to store in a column 

    oblock(:,ic)=fidct(Ssignal,liut)'; 

end 

 
%fidct 

%Function to calculate the IDCT of a 8x8 vector 

%calls data: dctcoeff.mat 

function [xsignal]=fidct(S,liut) 

 

%load the idct coefficients stored in mat file 

% load idct8 

sliut = size(liut); 

n = sliut(1,1); 

 

%Find the IDCT of an input signal 

for u=0:n-1 

    uin=u+1; 

 

    %IDCT coefficient 

    xsignal(uin) = S*liut(uin,:)'; 

 

end 

 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

%function PSNR process 

 

function [PSNR]=fpsnr(image1, image2) 

 

%substract one image from another 

%dij = abs(image1 - image2); 

dij = (image1 - image2); 

%get the mean 

% mdij = mean(mean(dij)) 

mdij = mean(dij(:)); 

%mdij2 = sum(sum(dij))/prod(size(dij)) 

 

%square without the mean 

teee =(dij-mdij).^2; 

 

%find the mean square error 

MSE = abs(sum(sum(teee))/prod(size(dij))); 

 

 

%when MSE is small. 

if(MSE < 6.5025e-006) 

    MSE = 6.5025e-006; 

    disp(['Achieved higher Limit of PSNR. The images are the same']) 

end 

%find the inverse multiplied by the peak value of pixel 

IMSE = 255^2/MSE; 

 

%find the PSNR 

PSNR = 10*log10(IMSE); 

% disp(['MSE: ',num2str(MSE)]) 

disp(['PSNR: ',num2str(PSNR)]) 

 
%fwriteimg 

%Function to write an image 
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function []=fwriteimg(strim,rsigd) 

rsigd = round(rsigd'); 

rsigc = char(rsigd); 

fid = fopen(strim,'wb'); 

isigc = fwrite(fid,rsigc,'uchar'); 

fclose(fid); 

 

Screenshot 
/////////////////////Project II Main Program///////////////////// 

Progress message: DCT done 

Elapsed time is 16.504000 seconds. 

Beta: 1 

Progress message: Q done 

Elapsed time is 17.465000 seconds. 

Progress message: ZZ done 

Elapsed time is 39.106000 seconds. 

Progress message: Encode Image done 

Elapsed time is 256.259000 seconds. 

Size in bits of the Encoded Image: 264655 

Progress message: Decode Image done 

Elapsed time is 494.651000 seconds. 

Progress message: IZ done 

Elapsed time is 495.763000 seconds. 

Progress message: IQ done 

Elapsed time is 496.664000 seconds. 

Progress message: IDCT done 

Elapsed time is 508.201000 seconds. 

PSNR: 35.805 

If you want to see the images, wait one second 

/////////////////////Project II End of Main Program///////////////////// 

 

To see the testing functions source code and the lookup table and coefficients creator, 

please refer to the file attached mprojII.zip 
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