Lossless and Lossy Compression

There are two kinds of compression method; lossless and lossy

compression. Both methods save storage space but have different results.
The term “lossless” means that the compressed file can be reconstructed to
match the original, while the latter “lossy” means that there is some loss of
information in the reconstructed image, where the loss of small amounts of data
does not reduce the perceived over all quality of the output naturally.

There are many kinds of lossless compression technique such as
Huffman coding , Arithmetic coding, Run Length Encoding (RLE), and Welsh
(LZW) coding. Each one of these techniques is useful for both image and data
compression. Also, There are many kinds of lossy compression technique, such
as Vector Quantization, JPEG, MPEG. Each one of these techniques is useful
for image compression, and is often based on the special transform such as
Fourier transform, Fast Fourier Transform (FFT), Discrete Cosine transform
(DCT), and Wavelet transform.

Arithmetic Coding

Arithmetic coding is a variable-length source encoding technique. In
traditional entropy encoding techniques such as Huffman coding, each input
symbol in a message is substituted by a specific code specified by an integer
number of bits.

Arithmetic coding deviates from this paradigm. In arithmetic coding, a
sequence of input symbols is represented by an interval of real numbers
between 0.0 and 1.0 (i.e a sequence of source symbols (or message) is assigned
a single arithmetic code word. The code word itself defines an interval of real
numbers between 0 and 1).

For example we consider a four symbol alphabet A={a,b,c,d} with the
fixed symbol probabilities p(a)=0.3 p(b)=0.2 p(c)=0.4 and p(d)=0.1
respectively. The symbol probabilities can be expressed in terms of partition of
the half-open range [0.0, 1.0] as shown in the following table.

Source symbol  Probability Range (initial subinterval)
a 0.3 0.0-0.3
b 0.2 0.3-0.5
c 0.4 05-0.9
d 0.1 09-1.0

Probability model
Example: Use arithmetic coding algorithm to encode CLASS

Symbol probability range
A 1/5 0.2 0.0-0.2
C 1/5 0.2 02-04
L 1/5 0.2 0.4-0.6
S 2/5 0.4 06-1.0



Coding
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0.2

0.4*%0.2+0.2=0.28
0.0*0.2*0.2+0.28=0.28
0.6*%0.2*0.2*0.2+0.28=0.2848
0.6*0.4*0.2*0.2*0.2+0.2848= 0.28672
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Example: Use arithmetic encoding to encode "KING HENRY™

Symbol Probability Range

Space 1/10 0.1 0.0-0.1

E 1/10 0.1 0.1-0.2

G 1/10 0.1 0.2-0.3

H 1/10 0.1 0.3-04

| 1/10 0.1 0.4-05

K 1/10 0.1 0.5-0.6

N 2/10 0.2 0.6-0.8

R 1/10 0.1 0.8-0.9

Y 1/10 0.1 0.9-1.0

Coding

Newchar Arithmetic code

0.1 K 0.5
0.1 | 0.4*0.1+0.5=0.54
0.2 N 0.6*0.1*0.1+0.54=0.546
0.1 G 0.2*0.2*0.1*0.1+0.546=0.5464
0.1 Space 0.0*0.1*0.2*0.1*0.1+0.5464=0.5464
0.1 H 0.3*0.1*0.1*0.2*0.1*0.1+0.5464=0.546406
0.1 E 0.1*0.1*0.1*0.1*0.2*0.1*0.1+0.546406=0.5464062
0.2 N 0.6*0.1*0.1*0.1*0.1*0.2*0.1*0.1+0.5464062=0.54640632
0.1 R 0.8*0.2*0.1*0.1*0.1*0.1*0.2*0.1*0.1+0.54640632=0.546406352
0.1 Y 0.9*0.1*0.2*0.1*0.1*0.1*0.1*0.2*0.1*0.1+0.546406352=0.5464063556

Decoding

K 0.5464063556 - 05 = 0.1

| 0 a54063558 0.4 0.1

N 0.64063556 - 0.6 = 0.2

<)

G 0.2031778 - 0.2 = 0.1

)

Space 0.031778 - 0.0 = 0.1

H 0.31778 - 03 +01

E 0.0778 0.1 0.1

N 0.778 - 0.6 = 0.2
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R 0.89 - 0.8 = 0.1
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Y 0.9 - 0.9 0
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LZW Coding

LZW coding is conceptually very simple. At the onset of the coding
process, a codebook or "dictionary” containing the source symbols to be
coded is constructed. For 8-bit monochrome images the first 256 words of
the dictionary are assigned to the gray values 0, 1, 2, ..... , 255. As the
encoder sequentially examines the images pixels graylevel sequences that
are not in the dictionary are placed in algorithmically determined (e.g. the
next unused) locations. If the first two pixels of the image are white, for
instance, sequence "255-255" might be assigned to location 256 the address
following the locations reserved for graylevels 0 through 255 the next time
that two consecutive white pixels are encountered, code word 256, the
address of the location containing sequence 255-255 is used to represent
them. If a 9-bit , 512 word dictionary is employed in the coding process, the
original (8+8) bits that were used to represent the two pixels are replaced
by a single 9-bit code word. Cleary, the size of the dictionary is an
Important system parameter. If it is too small, the detection of matching
gray-level sequences will be less likely, if it is too large the size of the code
words will adversely affect compression performance.

Example: Consider the following 4*4, 8-bit image (256 gray)
39 39 126 126
39 39 126 126
39 39 126 126
39 39 126 126
Explain details the steps involved in coding its 16 pixels.

Dictionary Location Entry
0 0
1 1

A 512 word
dictionary with the
following starting

content is assumed: 255 255
256 - Location 256
through 511 are
initially unused
511 -

The image is encoded by processing its pixels in a left to right, top to bottom
manner. Each successive graylevel value is concatenated.



Pixel being Encoded Dictionary Dictionary
Processed Output Location Entry
39 -

39 T 39 256 39-39

126\ 39 257 39-126

126 Qm 258 126-126
126 259 126-39

\

126 256 260 39-39-126
126 }\ -

39 258 261 126-126-39
39 -

126 \ ;

126 260 262 39-39-126-126
39 }\ -

39 259 263 126-39-39

126 \ 257 264 39-126-126
126



Example: Use LZW algorithm to encode the following message " BET BE
BEE BED BEG"

Step Char  Code output New Code of Dictionary
1 Space already exist

2 B \ Space SpaceB 256

3 E _— B BE 257

4 T R E ET 258

5 Space T TSpace 259

6 B } -

7 E SpaceB SpaceBE 260

8 Space\‘ E ESpace 261

9 B } nothing

10 E \nothing

11 E SpaceBE SpaceBEE 262

12 Space} nothing

13 ESpace ESpaceB 263

14 }\nothing BE already exitin table
15 BE BED 264

16 Space D DSpace 265

17 } nothing SpaceB already exist
18 nothing SpaceBE already exist
19 SpaceBE SpaceBEG 266

20 End



