
Image compression

1

Digital Image Processing

Lecture 9+10 – Image Compression

Lecturer: Ha Dai Duong
Faculty of Information Technology

Digital Image Processing 2

1. Introduction

Image compression 
To Solve the problem of reduncing the amount of data 
required to represent a digital image

Why do we need compression?
Data storage
Data transmission
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1. Introduction

Image compression techniques fall into two broad 
categories:

Information preserving: These methods allow an 
image to be compressed and decompressed without 
lossing information.
Information lossing: These methods provide higher 
levels of data reduction but the result in a less than 
perfect reproduction of original image. 
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1. Introduction

How can we implement Compresion
Coding redundancy:  Most 2-D intensity arrays 
contain more bits than are needed to represent the 
intensities
Spatial and temporal redundancy: Pixels of most 2-
D intensity arrays are correlated spatially and video 
sequences are temporally correlated
Irrelevant information:  Most 2-D intensity arrays 
contain information that is ignored by the human visual 
system
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2. Fundamentals

Data Redundancy
Let b and b’ denote the number of bits in two 
representations of the same information, the relative 
data redundancy R is

R = 1-1/C
C is called the compression ratio, defined as

C=b/b’
For example, C = 10, the corresponding relative data 
redundancy of the larger representation is 0.9, 
indicating that 90% of its data is redundant
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2. Fundamentals

Assume that a discrete random variable rk in the interval [0,1] 
represents the grays of an image and that each rk occurs with 
probability pk(rk)

If number of bits used to represent each value of rk is l(rk), then 
average number of bits required to represent each pixel is
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2. Fundamentals

Examples of redundancy
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2. Fundamentals

Coding Redundancy
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2. Fundamentals

Spatial and Temporal Redundancy

1. All 256 intensities are equally probable. 
2. The pixels along each line are identical.
3. The intensity of each line was selected randomly.
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2. Fundamentals

Spatial and Temporal Redundancy

Run-length pair specifies the start of a new intensity and the 
number of consecutive pixels that have that intensity.
Each 256-pixel line of the original representation is replaced
by a single 8-bit intensity value and length 256 in the run-length
representation.

The compression ratio is 
256 256 8 128 :1

(256 256) 8
× ×

=
+ ×
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2. Fundamentals

Irrelevant information

256 256 8 / 8
65536 :1
× ×

=
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2. Fundamentals

The previous example shown that image data 
can be redunced!
The question that naturally arises is
How few data actually are needed to represent an 
image?
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2. Fundamentals

Measuring (Image) Information
A random event E that occurs with probability P(E) is said to 
containt:

(1)    

units of information
The quantity I(E) often is called the self-information of E
If P(E)=1, the event E always occurs, I(E) =0 -> No information is 
attributed to it.
The base of logarithm determines the unit used to measure 
information. If the base 2 is selected the resulting unit of 
information is called a bit.
For example, if P(E)=1/2, I(E)= - log2(1/2) =1. That means, 1 bit 
is the amount of Information to describe event E.
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2. Fundamentals

Measuring (Image) Information 
Give a source of statistically independent random 
events from a discrete set possible events {a1, a2, .., 
aJ} with associated probabilities {P(a1), P(a2), .., P(aJ)}, 
the average information per source output, called the 
entropy of the source

(2)
aj is called source symbols. Because they are 
statistically independent, the source called zero-
memory source
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2. Fundamentals

Measuring (Image) Information 
If an image is considered to be the output of an 
imaginary zero-memory “Intensity source”, we can use 
the histogram of the observed image to estimate the 
symbol probabilities of the source. The intensity 
source’s entropy becames

(3)
Pr(rk) the normalized histogram
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2. Fundamentals

For example
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3. Image Compression models
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3. Image Compression models

Some standards
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3. Image Compression 
models

Some standards
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3. Image Compression 
models

Some standards
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3. Image Compression 
models

Some standards
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4. Huffman Coding
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4. Huffman Coding

The average length of this code is
  0.4*1 0.3*2 0.1*3 0.1*4 0.06*5 0.04*5

       = 2.2 bits/pixel
avgL = + + + + +
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5. Arithmetic Coding

=> 0.068 can be a code 
word for a1a2a3a3a4
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5. Arithmetic Coding

1.0

0.8

0.4

0.2

0.8

0.72

0.56

0.48

0.40.0

0.72

0.688

0.624

0.592

0.592

0.5856

0.5728

0.5664

0.5728

0.57152

056896

0.56768

0.56 0.56 0.5664

Decode 0.572. 
The length of the 
message is 5 ?

Since 0.8>code word 
> 0.4, the first symbol 
should be a3.

Therefore, the 
message is 
a3a3a1a2a4

a1

a2

a3

a4
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6. LZW Coding

LZW (Lempel-Ziv-Welch) coding, assigns fixed-
length code words to variable length sequences 
of source symbols
Requires no a priori knowledge of the probability 
of the source symbols. 
LZW  was formulated in 1984
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6. LZW Coding

The ideas
A codebook or “dictionary” containing the source 
symbols is constructed
For 8-bit monochrome images, the first 256 words 
of the dictionary are assigned to the gray levels 0-
255
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6. LZW Coding

Important features
The dictionary is created while the data are being 
encoded. So encoding can be done “on the fly”
The dictionary is not required to be transmitted. The 
dictionary will be built up in the decoding
If the dictionary “overflows” then we have to 
reinitialize the dictionary and add a bit to each one 
of the code words.
Choosing a large dictionary size avoids overflow, 
but spoils compressions
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6. LZW Coding

Example
Initial Dictionary

Image

39   39 126   126

39   39 126   126

39   39 126   126

39   39 126   126
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6. LZW Coding

39 39 126 126
39 39 126 126
39 39 126 126
39 39 126 126
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6. LZW Coding

Decoding LZW
Let the bit stream received be: 
39 - 39 - 126 – 126 - 256 - 258 - 260 - 259 - 257 - 126

In LZW, the dictionary which was used for encoding need not 
be sent with the image. A separate dictionary is built by the 
decoder, on the “fly”, as it reads the received code words.
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6. LZW Coding
Recognized Encoded value pixels Dic. address Dic. entry

39 39
39 39 39 256 39-39
39 126 126 257 39-126
126 126 126 258 126-126
126 256 39-39 259 126-39
256 258 126-126 260 39-39-126

258 260 39-39-126 261 126-126-39

260 259 126-39 262 39-39-126-126

259 257 39-126 263 126-39-39
257 126 126 264 39-126-126
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7. Run-Length Coding

1. Run-length Encoding, or RLE is a technique used to 
reduce the size of a repeating string of characters

2. This repeating string is called a run, typically RLE 
encodes a run of symbols into two bytes , a count and a 
symbol.

3. RLE can compress any type of data
4. RLE cannot achieve high compression ratios compared 

to other compression methods
5. It is easy to implement and is quick to execute
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7. Run-Length Coding

Example

WWWWWWWWWWWWBWWWWWWWWWWWWBB
BWWWWWWWWWWWWWWWWWWWWWWWWB
WWWWWWWWWWWWWW 

RLE coding:

12W1B12W3B24W1B14W
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8. Symbol - Based Coding

In symbol- or token-based coding, an image is    
represented as a collection of frequently 
occurring sub-images, called symbols
Each symbol is stored in a symbol dictionary
Image is coded as a set of triplets

{(x1,y1,t1), (x2, y2, t2), …}
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8. Symbol - Based Coding
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9. Bit-Plane Coding

An m-bit gray scale image can be converted into m 
binary images by bit-plane slicing;
Encode each bit-plane by using one of mentioned 
methods, RLC, for example.
However, a small difference in the gray level of adjacent 
pixels can cause a disruption of the run of zeroes or ones

For example: Assume that, one pixel has a gray level of 127 and 
the next pixel has a gray level of 128.
In binary: 127 = 01111111

& 128 = 10000000

Therefore a small change in gray level has decreased 
the run-lengths in all the bit-planes
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9. Bit-Plane Coding

Gray code
Images are free of this problem which affects  images which are 
in binary format
In gray code the representation of adjacent gray levels will differ 
only in one bit (unlike binary format where all the bits can change
Let gm-1…….g1g0 represent the gray code representation of a 
binary number.
Then:

In gray code: 127 = 01000000
128 = 11000000

11
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9. Bit-Plane Coding

To convert a binary number b1b2b3..bn-1bn to 
its corresponding binary reflected Gray code, 
do some step as follows:

Start at the right with the digit  bn.  If the bn-1 is 1, 
replace bn by 1-bn ; otherwise, leave it unchanged. 
Then proceed to bn-1

Continue up to the first digit b1, which is kept the same 
since  it is assumed to be a b0 =0
The resulting number is the reflected binary Gray code
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9. Bit-Plane Coding

For instance:

Decode:

Dec            Gray                Binary

0                 000                 000
1                 001                 001
2                 011                 010 
3                 010                 011 
4                 110                 100 
5                 111                 101 
6                 101                 110 
7                 100                 111

11
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10. JPEG Compression (Transform)

JPEG stands for Joint Photographic Experts Group

JPEG coder and decoder

Source 
Image DCT Quantizer

Entropy 
Encoder

Compressed 
Image Data

Compressed 
Image Data

Entropy 
Encoder

Dequantizer Inverse 
DCT

Uncompressed 
Image
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10. JPEG Compression

JPEG compression consists basic steps:
1. Input the source dark - gray image I.
2. Partition image into 8 x 8 pixel blocks and perform 

the DCT on each block.
3. Quantize resulting DCT coefficients.
4. Entropy code the reduced coefficients.
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10. JPEG Compression

The second step consists of separating image 
components are:

Broken into arrays or "tiles" of 8 x 8 pixels. 
The elements within the tiles are converted to signed 
integers (for pixels in the range of 0 to 255, subtract 128).
These tiles are then transformed into the spatial frequency 
domain via the forward DCT. 
Element (0,0) of the 8 x 8 block is referred to as DC, DC is the
average value of the 8 x 8 original pixel values.
The 63 other elements are referred to as ACYX, where x and y 
are the position of the element in the array. 
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10. JPEG Compression

For example

F - A 8x8 block extracted F - Signed block

-128
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10. JPEG Compression

DCT of image block F as matrix G:

where  u = 0, 1, ..,7; v = 0, 1, ..,7 

and

( ) ( )∑∑
= =

++=
7

0

7

0
8/)2/1(cos8/)2/1(cos),()()(),(
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vyuxyxFvuvuG ππαα
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10. JPEG Compression

For example

G = DTC of  F

DTC

F - Signed block
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10. JPEG Compression

Quantization
The human eye is good at seeing small differences in brightness
over a relatively large area, but not so good at distinguishing the 
exact strength of a high frequency brightness variation. This 
allows one to greatly reduce the amount of information in the high 
frequency components. 
This is done by simply dividing each component in the frequency 
domain by a constant for that component, and then rounding to 
the nearest integer. 
This is the main lossy operation in the whole process. As a result 
of this, it is typically the case that many of the higher frequency 
components are rounded to zero, and many of the rest become 
small positive or negative numbers, which take many fewer bits to 
store.
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10. JPEG Compression

Quantization
A typical quantization matrix, as specified in the original 
JPEG Standard Q is

Q   =

7...,,1,0,for

,
),(
),(round),(

=

⎟⎟
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⎞
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⎝

⎛
=

yx
yxQ
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10. JPEG Compression

For example

G = DTC of  F

Quantization

B - Quantization of G
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10. JPEG Compression

For example
Zigzag

B - Quantization of G

The coefficients in B are reordered in accordance with the 
zigzag ordering: B(0,0), B(0,1), B(1,0), B(2,0), B(1,1), B(1,2),...

{-28, -2, -1, -1,-1,-3, 0, -3, 0, -2, 0, 0, 2, 0, 1, 0, 0, 0, 1, 0, -1, EOB} 
Where the EOB symbol denotes the end-of-block condition. 
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10. JPEG Compression

The Zero Run Length Coding (ZRLC)
Let's consider the 63 vector (it's the 64 vector without the first 
coefficient). Say that we have -2, -1, -1,-1,-3, 0, -3, 0, -2, 0, 0, 2, 0, 
1, 0, 0, 0, 1, 0, -1, 0 , 0 ,0 , only 0,..,0. Here it is how the RLC 
JPEG compression is done for this example :

(0,-2), (0,-1), (0,-1), (0,-1), (0,-3), (1,-3), (1,-2), (2, 2), (1,1), (3,1), (1,-1), EOB

ACTUALLY, EOB has as an equivalent (0,0) and it will be (later) 
Huffman coded like (0,0). So we'll encode :

(0,-2), (0,-1), (0,-1), (0,-1), (0,-3), (1,-3), (1,-2), (2, 2), (1,1), (3,1), (1,-1),  (0,0)
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10. JPEG Compression

Huffman coding
JPEG standard 
stores the minimum 
size in bits in which 
keep that value (it's 
called the category 
of that value) and 
then a bit-coded 
representation of 
that value like this: 
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10. JPEG Compression

Huffman coding
In consequence for the previous example: 
(0,-2), (0,-1), (0,-1), (0,-1), (0,-3), (1,-3), (1,-2), (2, 2), (1,1), (3,1), (1,-1),  
(0,0)
let's encode ONLY the right value of these pairs, except the pairs that 
are special markers like (0,0)

(0,2)01,   (0,1)0,   (0,1)0,   (0,1)0,   (0,2)00,   (1,2)00,   (1,2)01,  (2,2)10,   
(1,1)1,  (3,1)1,  (1,1)0, (0,0)

Digital Image Processing 54

10. JPEG Compression

Huffman coding
(0,2) 01,   (0,1)0,   (0,1)0,   (0,1)0,   (0,2)00,   (1,2)00,   
(1,2)01,  (2,2)10,   (1,1)1,  (3,1)1,  (1,1)0, (0,0)

The pairs of 2 values enclosed in bracket 
parenthesis, can be represented on a byte. In this 
byte, the high nibble represents the number of 
previous 0s, and the lower nibble is the category 
of the new value different by 0 

The FINAL step of the encoding consists in 
Huffman encoding this byte, and then writing in 
the JPG file, as a stream of bits, the Huffman 
code of this byte, followed by the remaining bit-
representation of that number. The final stream of 
bits written in the JPG file on disk for the previous 
example
(01)01   (00)0  (00)0  (00)0  (01)00  (111001)00   
(111001)01  (11111000)10  (1100)1  (111010)1   
(1100)0  (1010) 
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10. JPEG Compression

Huffman coding
The encoding of the DC coefficient 

DC is the coefficient in the quantized vector corresponding to 
the lowest frequency in the image (it's the 0 frequency) , and 
(before quantization) is mathematically = (the sum of 8x8 image 
samples) / 8 .
The authors of the JPEG standard noticed that there's a very 
close connection between the DC coefficient of consecutive 
blocks, so they've decided to encode in the JPG file the 
difference between the DCs of consecutive 8x8 blocks:

Diff = DC(i)  - DC(i-1)
And in JPG decoding you will start from 0 -- you consider that 
the first DC(0)=0
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10. JPEG Compression

Huffman coding
The encoding of the DC coefficient 

Diff = (category, bit-coded representation). For example, if Diff is 
equal to -511 , then Diff  corresponds to  (9, 000000000). Say that 9 
has a Huffman code = 1111110.  (In the JPG file, there are 2 Huffman 
tables for an image component: one for DC (and one for AC).  In the 
JPG file, the bits corresponding to the DC coefficient will be: 1111110 
000000000 
And, applied to this example of DC and to the previous example of 
ACs, for this vector with 64 coefficients, THE FINAL STREAM OF 
BITS written in the JPG file will be:
1111110 000000000   (01)01   (00)0  (00)0  (00)0  (01)00  (111001)00   
(111001)01  (11111000)10  (1100)1  (111010)1   (1100)0  (1010)
Note: (In the JPG file , first it's encoded DC then ACs) 
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10. JPEG Compression

JPEG Decoder process
Decoding of Huffman, Decoding of ZRLC of bit stream 
from JPEG file (for a block 8x8) -> {-28, -2, -1, -1,-1,-3, 
0, -3, 0, -2, 0, 0, 2, 0, 1, 0, 0, 0, 1, 0, -1, EOB}
Dequantize the 64 vector : "for (i=0;i<=63;i++) 
vector[i]*=quant[i]“
Re-order from zig-zag the 64 vector into an 8x8 block
Apply the Inverse DCT transform to the 8x8 block 
=> F’
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10. JPEG Compression

Example
Dequantize and Re-order from zig-zag
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10. JPEG Compression

Example
Inverse DTC
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10. JPEG Compression

Example
Unsigned
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11. Homework and Discussion

Is there anything else?


