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Abstract 

 The goal of compression algorithms is to gain best compression ratio 

with acceptable visual quality, the proposed compression system presented a 

new approach to satisfy this goal , the results depend on many parameters 

such as the details of image and size of image.  

Embedded Zerotree Algorithm  works efficiently because of the 

following  hypothesis:- " If a DCT coefficient C at a coarse scale is insignificant 

with respect to a given threshold T, i.e. |C|<T then all DCT coefficients of the 

same orientation at finer scales are also likely to be insignificant with respect 

to T". 

The system consist of four main steps which are : 

Color space in which the data of image are converted into another 

mathematical space is called RGB to simplify the following procedures and the 

RGB considered as the standard color space which used in the displays, then 

this representation will converted into another color space is called YUV which 

consist of two basic components Y represent the luminance and UV represent 

the chrominance. In the second step for each component coming from color 

space, the suggested system divide the data into a number of blocks to 



avoided the artifacts resulted from apply DCT  and quantization. The 

coefficients are coded using embedded zerotree algorithm in the third steps. 

Finally the sequence of symbols will be encoded by Huffman algorithm.  

The Proposed compression system  is lossy since there are many steps 

oblige the image data to be lossy. The system achieve competitive 

compression ratio with a good PSNR. The primary purpose of this system is not 

only to compress image, but also highlight many relation subjects such as 

transform and compression methods.  

 

 



 الخلاصة:

نسدد ض طددو  مدد   أفطدد خٌارسمْدد ا الطددو  ىددٌ اللىددٌ    ددَ مدد   اليدد  

نتد ج   ,ل م اتج ى ً ج ّ اً لتلمْك ىذا الي   , النظ م الممتزحمم ٌلض ضمٌاصف ا مظيزّ

ً حجميددد  و خٌارسمْدددض  تألىدددٌرالطدددو  تدتمددد    دددَ  ددد ت  ٌامددد  م ددد  تف صدددْ  

Embedded Zerotree   لت لِ:بس ب الافتزاض ا تتدم  ّكف ء 

ىددِ المْمددض المة مددض لمد مدد   C    ت ددض مدةدد ت, ً لددٌ افتزطددن   Tلددٌ افتزطددن      "

DCT   ًلْك ,C  فِ ال  اّض غْز ميم ب لمم رندض مد  الدت دضT   و فدذاا اد|C|<T     فد

غْدز ميمدض ب لمم رندض مد   أّطد كدٌ  الني ّدض ت  لدَ هجمْ  المد ملاا التِ بنفس الاتج 

                T"  الدت ض 

 ًىِ: أس سْضخةٌاا  أربدضّتألف م   الممتزح  النظ م 

  RGBىدٌ  فطد ء رّ طدِ ج ّد   لدَبْ ند ا الىدٌرت  ّدتم نمد   الفط ء ال ٌنِ ً فْو

 ّسدمَ  آخدزفطد ء لدٌنِ   لدَ أّطد ىدذا التم ْد   ّلٌ  الت لْض ثم الإجزاءاا  لت سْ 

YUV  ًالدددذُ ّندددت  مكدددٌنْ  رجْسدددْ  ىمددد Y  ًالدددذُ ّم ددد  ت ددد ّ  الىدددٌرت  

luminance  ًUV  الذُ ّم   المْم ال ٌنْض ًChrominance فِ الخةٌت الت لْدض , 

لتم ْدد   لكدد  مكددٌ  لدد ام مدد  الفطدد ء ال ددٌنِبتمسددْم ال ْ ندد ا   النظدد م الممتددزح سددْمٌم

سدٌ  تفدفز ب سدتخ ام خٌارسمْدض المدد ملاا  DCTً التدأثْزاا الن تجدض مد  تة ْدك 

Embedded Zerotree   المؤلفددض مدد  الزمددٌس الس سدد ض  أخْددزافددِ الخةددٌت ال  ل ددضو

   و Huffmanسٌ  تففز ب ستخ ام خٌارسمْض 

تٌجد   د ا  لأندو ألىدٌرهبْ ند ا لجدشء مد   تألف ل  ضنظملاأالنظ م الممتزح م  

  دَ فمد  جدشء مد  بْ ن تيد و النظد م الممتدزح ّنجدش  تألىدٌرم  الخةٌاا التدِ تج دز 

م  النظد م  الأس سِالوزض ً ل ْ ضم  نس ض خةأ  الأخزٍ ضنظملااضنس ض طو  من فس

م دد   المتد مددضالتزاْددش   ددَ بدددا المٌاطددْ   أّطدد بدد   تألىددٌرطددو  لددْس فمدد  

 والتلٌّلاا ً طزق الطو 
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1.2 Introduction 

One of the important aspects of image storage is its efficient 

compression, in a distributed environment large image files remain a major 

bottleneck within systems. Compression is an important component of the 

solutions available for creating file sizes of manageable and transmittable 

dimensions. The aim of this chapter is to introduce the techniques used in 

image compression. Although some of these techniques are well known, it is 

important to consider how they are used in image compression. 

 Two categories of data compression algorithm can be distinguished: 

lossless and lossy. Lossy techniques cause image quality degradation in each 

compression/decompression step. Careful consideration of the human visual 

perception ensures that the degradation is often unrecognizable, though this 

depends on the selected compression ratio. In general, lossy techniques 

provide far greater compression ratios than lossless techniques[65]. 

1.1 Lossless Coding Techniques  

Lossless coding guaranties that the decompressed image is absolutely 

identical to the image before compression. This is an important requirement 

for some application domains, e.g. medial imaging, where not only high 

quality is in demand, but unaltered archiving is a legal requirement. Lossless 

techniques can also used for the compression of other data types where loss 

of information is not acceptable, e.g. text documents and program 

executables.  

Some compression methods can be made more effective by adding a 

6D or 2D delta coding to the process of compression. These deltas make 
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more effectively use of run length encoding, have (statistically) higher 

maxima in code tables (leading to better results in Huffman and general 

entropy coding), and build greater equal value areas usable for area 

coding[65].  

2.2.2 Run Length Encoding(RLE) 

 
 Run length encoding, sometimes called recurrence coding, is one of 

the simplest data compression algorithms. It is effective for data sets that are 

comprised of long sequences of a single repeated character. For instance, 

text files with large runs of spaces or tabs may compress well with this 

algorithm. RLE finds runs of repeated characters in the input stream and 

replaces them with a three-byte code. The code consists of a flag character, a 

count byte, and the repeated characters. For instance, the string 

"AAAAAABBBBCCCCC" could be more efficiently represented as 

"A6B4C5''. That saves us six bytes. Of course, since it does not make sense 

to represent runs less than three characters in length with a code, none is 

used. Thus "AAAAAABBCCCDDDD" might be represented as 

"A6B2C3D4". The flag byte is called a sentinel byte[9]. 

 

2.2.2  Quadtree Compression  

This is another method with an application in bitmap graphics 

(particularly black and white). By dividing and sub-dividing quadrants 

within a picture, a quad-tree can be generated that identifies differences and 

similarities with a quadrant. Consider the following diagram  a 66 x 66 pixel 

sample taken from a larger picture. The whole picture is divided into four 

quadrants. Each sub-quadrant is further divided into four quadrants, and so 
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on until the smallest quadrant represents the smallest piece of data 

(dependent on requirements), as shown in Figure (2.6). 

A quadtree can now be constructed by starting from the top-left corner 

of the overall picture and using, for example, the Morton  order described 

below. Each quadrant is represented in the quadtree as a node with four 

leaves, each representing one of the four sub-quadrants. That is, traverse the 

data-elements quadrant by quadrant storing the value of the smallest data 

elements as leaves and a „combination of the leaf values‟ with their parent 

node, until every element has been include. 

             

                          Example                                 Morton Order                      

 

Figure (2.6): Tree Constructed Using the Morton Order 
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Traversing the above quad-tree in Morton order gives the following 

representation of the above picture: 

OOOWOWWBWWBWBOOBWBBWBOBWBWWBOOWWBWWBOW

WBW. 

Where „O‟ represents a node, „B‟  is the black area, and „W‟ is  the white 

area. As there are only three symbols used, each could be uniquely 

represented by two bits giving a total of 22 bits [66]. 

1.1.2 Weighted Finite Automata (WFA)  

Finite-state automata(or finite-state machine) starts with bi-level 

(monochromatic) image and creates finite-state automation that completely 

describes the image. The automation is then written on the compressed 

stream and it becomes the compressed image. WFA is a lossless method but 

it is easy to add a lossy option where a user-controlled parameter indicates 

the amount of loss permitted .The method is based on two principles. 

 

6. Any quadrant, subquadrant, and pixel in the image can be represented 

by string of the digits 0, 6, 2 and 3. The longer the string, the smaller the 

image area is represented. 

2. Images used in practice have a certain amount of self-similarity, i.e., it is 

possible many times to find part of the image that looks the same as another 

a part, except for size, or is at least very similar to it. Sometimes part of an 

image has to be rotated or reflected, and this feature is also used by the 

method. 
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  Assume that the quadrant numbering of Figure (2.2.a) is extended 

recursively to subquadrants. Figure (2.2.b) shows how each of the 66 

subquadrants produced from the 4 original ones are identified by a 2-digit 

string of the digits 0, 6, 2, and 3. After another subdivision, each of the 

resulting subquadrants is identified by a 3-digit string, and so on.  

 

 

                 

                     Figure (2.2): Quadrant Numbering 

 

If the image size is (2
n
 * 2

n
) then a single pixel is represented by a 

string  of  n  digits, and a string  of  K  digits represents a subquadrant of size 

 2
n-k

 * 2
n-k

 pixels. Once this is grasped, it is easy to see how an image can be 

represented by finite state automata. This is based on three rules: 

6-Each state of the automata represents a part of the image. State 0 is the 

entire image; other states represent quadrants or subquadrants of various 

sizes. 

2-Given a state i that represents a part of the image, it is divided into four 

quadrants. If, e.g., quadrant 2 of i is identical to the image part represented 

by state j, then an arc is drawn from state i to state j, and is labeled 2 (the 

label is the “weight” of the arc, hence, the name “Weighted Finite 

Automata” or (WFA). There is no need to worry about parts that are totally 

white. If quadrant 6 of state i, e.g., is completely white, there is no need to 

find an identical state and to have an arc with weight 6 Coming out if i. when 

(b) (a) 

3 6 

2 0 

 

66 63 36 33 

60 62 30 32 

06 03 26 23 

00 02 20 22 
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the automata is used to reconstruct the image (i.e., when the compressed 

stream is decoded) any missing arcs are assumed to point to white 

subquadrants of the image[61]. 

1.1.3 Huffman Coding  

This is a commonly used method for data compression. It serves as 

the basis for several popular programs. Some of them use just the Huffman 

method while others use it as one step in a multi-step compression process. 

The Huffman method is somewhat similar to the Shanon-Fano method. The 

method starts by building a list of all the alphabet symbols in descending 

order of their probabilities. It then constructs a tree with a symbol at every 

leaf, from the bottom up. This is done in steps where, at each step, the two 

symbols with smallest probabilities are selected, added to the top of the 

partial tree, deleted from the list, and replaced with an auxiliary symbol 

representing both of them. When the list, is reduced to just one auxiliary 

symbol (representing the entire alphabet) the tree is complete. The tree is 

then traversed to determine the codes of the symbols. 
 

Example: 

Given five symbols with probabilities as shown in Figure (2.3.a), they are 

paired in the following order: 

6-a4 is combined with a5 and both are replaced by the combined symbol a45 

whose probability is 0.2. 

2-There are now four symbols left a6, with probability 0.4, and a2, a3 and a45, 

with probabilities 0.2 each. We arbitrarily select a3 and a45, combine them 

and replace with auxiliary symbol a345 whose probability is 0.4. 

3-Three symbols are now left, a6, a2 and a345, with probabilities 0.4, 0.2 and 
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0.4, respectively. We arbitrarily select a2 and a345, Combine them and 

replaced them with the auxiliary symbol a2345 whose probability is 0.6. 

Finally, we combine the two remaining symbols, a6 and a2345, and replace 

them with a62345 with probability 6. The tree is now complete. To assign the 

codes, we arbitrarily assign a bit of 6 to the top edge, and a bit of 0 to the 

bottom edge, of every pair of edges. This results in the codes 6, 60, 600, 

6000, and 0000. The assignments of bits to the edges are arbitrary but this 

must be consistent. The Huffman code is not unique. Some of the steps 

above were selected arbitrarily, since there were more than two symbols 

with smallest probabilities. Figure (2.3.b) shows how the same five symbols 

can be combined differently to obtain a different Huffman code. 
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Figure (2.3): Huffman Code 
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Before starting the compression of a data stream, the compressor 

(encoder) has to determine the codes. It based on the probabilities (or 

frequencies of occurrence) of the symbols. The probabilities of frequencies 

have to appear on the compressed stream, so that any Huffman 

decompressor (decoder) will be able to decompress the stream. This is easy 

since the frequencies are integers and the probabilities can be written as 

scaled integers. It normally adds just a few hundred bytes to the compressed 

stream. The decoder must know what is at the start, read it, and construct the 

Huffman tree for the alphabet. Then it can be read and decode the rest of the 

stream. The algorithm of decoding is simple. Start at the root and read the 

first bit of the compressed stream. If it is zero follow the bottom edge, if it is 

one, follow the top edge. Read the next bit and move another edge toward 

the leaves of the tree. 

When the decoder gets to a leaf, it finds the original, uncompressed 

code of the symbol and that code is emitted by the decoder. The process 

starts again at the root with the next bit[6]. 

 

1.1.4 Arithmetic Coding 
 

An arithmetic coder takes an upper and lower limit, and defines a 

range between these upper and lower limits to be equivalent to a symbol 

with the probability of 6.0 . Symbols are encoded by modifying the range of 

the arithmetic coder and sending symbols to reconstruct this range 

information at the decoder. The operation of an arithmetic coder can be 

demonstrated by using the data in table (2.6). The data can be represented as 

probabilities in the arithmetic coder as shown in figure (2.4.b) . It can be 

seen that the symbol probabilities stack to form a continuous range of 
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probabilities between 0.0 and 6.0. This give a range of probabilities that 

represent each symbol. 

 

Table (2.6): Table showing Probability of Four Symbols 

Symbol Probability 

A 0.01 

B 0.03 

C 0.6 

D 0.1 

 

 
 

Figure (2.4): Block Diagrams Showing the Limits of an Arithmetic Coder 

 

 

The upper limit of the arithmetic coder is initially set to a value which 

corresponds to a probability of 6.0  while  The lower limit is set to zero. The 

only problem with this assumption is that computers work with fixed length 

numbers, commonly 4 to 1 bytes long, so it is impossible to represent the 

infinite precision The operation of encoding a symbol by the coder requires 

the range to be reduced in the following way: 

 

(b) (a) 
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LimitLower -Limit  Upper Range                                                 …(2.6) 

) (  HIGH P *Range LimitLower Limit  Upper New Smbol          …(2.2) 

) (LOW   P *Range LimitLower Limit lower  New Symbol           ...(2.3) 

where P HIGH (Symbol) is  the higher probability range of the symbol, and 

PLOW(Symbol) is the lower probability range of the symbol. 

 

The method described above works, but it can reach a state where the 

coder is effectively „stuck‟. The upper and lower limits can come so close 

together that the range can no longer be altered and no bits can be shifted out 

to increase the precision. This problem is known as underflow[5] . 

Example: 

 

Encoding the random message "BILL GATES", giving probability 

distribution that looks like Table (2.2) . 

Once the character probabilities are known, the individual symbols 

need to be assigned a range along a "probability line", which is normally 0 

to 6. It doesn't matter which characters are assigned which segment of the 

range, as long as it is done in the same manner by both the encoder and the 

decoder. The nine character symbol set use here would look like Table (2.2). 

Table (2.2): Table Giving Portion of The 0-6 Range for Each Character 

Range Probability Character 

0.00 - 0.60 6160        SPACE 

0.60 - 0.20 6160        A 

0.20 - 0.30 6160        B 

0.30 - 0.40 6160        E 

0.40 - 0.50 6160        G 

0.50 - 0.60 6160        I 

0.60 - 0.10 2160        L 

0.10 - 0.10 6160        S 

0.10 - 6.00 6160        T 
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Each character is assigned the portion of the 0-6 range that 

corresponds to its probability of appearance. Following the arithmetic 

algorithm through chosen message gives Table (2.3).  

Table (2.3):Table Giving Results for Applying Arithmetic Encoding  

High Value Low value New Character 

 

6.0 0.0  

0.3 0.2 B 

0.26 0.25 I 

0.251 0.256 L 

0.2516 0.2512 L 

0.25124 0.25120 SPACE 

0.251220 0.251266 G 

0.2512661 0.2512664 A 

0.2512661 0.25126616 T 

0.251266116 0.251266112 E 

0.2512661156 0.2512661152 S 

So the final low value, 0.2512661152 will uniquely encode the 

message "BILL GATES" using our present encoding scheme. Given this 

encoding scheme, it is relatively easy to see how the decoding process will 

operate. We find the first symbol in the message by seeing which symbol 

owns the code space that our encoded message falls in. Since the number 

0.2512661152 falls between 0.2 and 0.3, we know that the first character 

must be "B". We then need to remove the "B" from the encoded number. 

Since we know the low and high ranges of B, we can remove their effects by 

reversing the process that put them in. First, we subtract the low value of B 

from the number, giving 0.0512661152. Then we divide by the range of B, 

which is 0.6. This gives a value of 0.512661152. We can then calculate 

where that lands, which is in the range of the next letter, "I". The decoding 

algorithm for the "BILL GATES" message will proceed something like 

Table (2.4). 
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Table (2.4): Table Giving Results for Applying Arithmetic Decoding 

Range High Low Output Symbol Encoded Number 

 

0.6 0.3 0.2 B 0.2512661152                    

0.6 0.6 0.5 I 0.512661152            

0.2 0.1 0.6 L 0.12661152             

0.2 0.1 0.6 L 0.6013116              

0.6 0.6 0.0 SPACE 0.046131             

0.6 0.5 0.4 G 0.46131                

0.6 0.3 0.2 A 0.6131                 

0.6 6.0 0.1 T 0.131                  

0.6 0.4 0.3 E 0.31 

 0.1 0.1 S 0.1                    

    0 

In summary, the encoding process is simply one of narrowing the range of 

possible numbers with every new symbol. The new range is proportional to 

the predefined probability attached to that symbol. Decoding is the inverse 

procedure, where the range is expanded in proportion to the probability of 

each symbol as it is extracted[61].  

1.2 Lossy Coding Techniques 

In most of applications we have no need in the exact restoration of stored 

image. This fact can help to make the storage more effective, and this way 

we get to lossy compression methods. Lossy image coding techniques 

normally have three components:     

 image modelling which defines such things as the transformation to be 

applied to the image . 

 parameter quantisation whereby the data generated by the transformation 

is quantised to reduce the amount of information . 

 encoding, where a code is generated by associating appropriate 

codewords to the raw data produced by the quantiser. 
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Each of these operations is in some part responsible of the compression. 

Image modelling is aimed at the exploitation of statistical characteristics of 

the image (i.e. high correlation, redundancy). Typical examples are 

transform coding methods, in which the data is represented in a different 

domain (for example, frequency in the case of the Fourier Transform (FT), 

the Discrete Cosine Transform (DCT), Wavelet, and so on), where a reduced 

number of coefficients contains most of the original information. The aim of 

quantization is to reduce the amount of data used to represent the 

information within the new domain. Quantization is in most cases not a 

reversible operation; therefore, it belongs to the so called 'lossy' methods. 

Encoding is usually error free. It optimizes the representation of the 

information (helping, sometimes, to further reduce the bit rate), and may 

introduce some error detection codes[65]. 

1.2.2 Vector Quantization(VQ) 

Vector quantization is a hybrid of statistical analysis and pattern 

recognition with a large number of well established techniques. This method 

first divides an image into blocks which are then serialized into large-

dimensional vectors. Each vector is treated as a sample in a high-

dimensional space and this space is partitioned into subspaces, called 

classes. For each class of vectors, a prototype is created that closely 

resembles the vectors which belong to the class. Vector quantization shifts 

the partition boundaries by calculating a distance measure. Errors between 

in-class vectors and the corresponding prototypes over all classes are 

minimized to provide optimum prototype placement. High levels of 

compression are achieved by coding every vector that belongs to a given 
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class by a reference to the prototype vector. The level of lossiness is then 

dependent on the distance measure and the number of prototype vectors[61]. 

 

2.3.2 Predictive Coding 

 
 Predictive coding has been used extensively in image compression. 

Predictive image coding algorithms are used primarily to exploit the 

correlation between adjacent pixels. They predict the value of a given pixel 

based on the values of the surrounding pixels. Due to the correlation 

property among adjacent pixels in image, the use of a predictor can reduce 

the amount of information bits to represent image. This type of lossy image 

compression technique is not as competitive as transform coding techniques 

used in modern lossy image compression, because predictive techniques 

have inferior compression ratios and worse reconstructed image quality than 

those of transform coding. 

 Linear predictive coding is a simple, special case of predictive coding 

in which the model simply take an average of the neighboring values[9] . 

 

2.3.3 Transform Based Image Compression 

 
The basic encoding method for transform based compression works 

as follows: 

6- Image transform: Divide the source image into blocks and apply the 

transformations to the blocks. 

2- Parameter quantization: The data generated by the transformation are 

quantized to reduce the amount of information. This step represents the 

information within the new domain by reducing the amount of data. 
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Quantization is in most cases not a reversible operation because of its lossy 

property. 

3- Encoding : Encode the results of the quantization. This last step can be 

error free by using any lossless method such as Run Length Encoding or 

Huffman coding. It can also be lossy if it optimizes the representation of the 

information to further reduce the bit rate. 

Transform based compression is one of the most useful applications. 

Combined with other compression techniques, this technique allows the 

efficient transmission, storage, and display of images that otherwise would 

be impractical.  

DCT-Based Transform Coding: It is a popular transform used by the 

JPEG (Joint Photographic Experts Group) image compression standard for 

lossy compression of images. Since it is used so frequently, DCT is often 

referred to in the literature as JPEG-DCT, DCT used in JPEG. JPEG-DCT is 

a transform coding method comprising four steps. The source image is first 

partitioned into sub-blocks of size 2x2 pixels in dimension. Then each block 

is transformed from spatial domain to frequency domain using a 2-D DCT 

basis function. The resulting frequency coefficients are quantized and finally 

output to a lossless entropy coder. DCT is an efficient image compression 

method since it can decorrelate pixels in the image (since the cosine basis is 

orthogonal) and compact most image energy to a few transformed 

coefficients. Moreover, DCT coefficients can be lossily quantized according 

to some human visual characteristics. Therefore, the JPEG image file format 

is very efficient. This makes it very popular, especially in the World Wide 

Web. However, JPEG may be replaced by wavelet-based image compression 

algorithms, which have better compression performance. 
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Wavelets Transform: Is a transform analyze the signal at different 

scales or resolutions, which is called multiresolution. Wavelets are a class of 

functions used to localize a given signal in both space and scaling domains. 

A family of wavelets can be constructed from a mother wavelet. Compared 

to Windowed Fourier analysis, a mother wavelet is stretched or compressed 

to change the size of the window. In this way, big wavelets give an 

approximate image of the signal, while smaller and smaller wavelets zoom 

in on details. Therefore, wavelets automatically adapt to both the high-

frequency and the low-frequency components of a signal by different sizes 

of windows. Any small change in the wavelet representation produces a 

correspondingly small change in the original signal, which means local 

mistakes will not influence the entire transform. The wavelet transform is 

suited for nonstationary signals, such as very brief signals and signals with 

interesting components at different scales. Wavelets are functions generated 

from one single function   ّ , which is called mother wavelet, by dilations and 

translations. 

 








 




a

bx
ψa(x)ψ 2

1

ba,                                    …(2.4) 

where  ψ  must satisfy   0ψ(x)dx  

The basic idea of wavelet transform is to represent any arbitrary 

function f as a decomposition of the wavelet basis or write f as an integral 

over a and b of ba,ψ  

let fixedbaandegersnmwithanbbaa mm 0,1,int,,,, 00000  then  the  wavelet  

 

decomposition is                     nm,nm, (f)ψcf              …(2.5) 
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let 1,2 00  ba , we have an orthonomal basis, so that                       

 

 (x)f(x)dxψf,ψ(f)c nm,nm,nm,                             …(2.6) 

 

In image compression, we are dealing with sampled data that are 

discrete in time. We would like to have discrete representation of time and 

frequency, which is called the discrete wavelet transform (DWT). Before we 

start the DWT, we need to study another concept, multiresolution 

analysis[9]. 
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1.1Introduction 

Image compression is very important in many application, 

especially for progressive transmission, image browsing, Internet and 

multimedia applications. The goal of compression is to obtain an image 

representation while reducing as much as possible the amount of memory 

needed to encode the image[1]. 

 

 Image compression is possible because images in general, are 

highly coherent(nonrandom),which means that there is redundant 

information. Visual data like other meaningful data, are usually 

structured, and this structure means that data over different parts of an 

image are interrelated. For example, consider an image in matrix format, 

if we take an arbitrary pixel, its color will likely be close to that of 

neighboring pixels, since they are more likely than not to belong  to the 

same object. In any case, there are usually some redundant data because 

of the image structure. Image compression methods try to eliminate some 

of this redundancy to produce a more compact code that preserves the 

essential information contained in the image[2]. 

 

 The task of compression consists of two components, an encoding 

algorithm that takes a file and generates a “compressed” representation 

(hopefully with fewer bits), and a decoding algorithm that reconstructs 

the original file or some approximation of it from the compressed 

representation. These two components are typically intricately tied 

together since they both have to understand the shared compressed 

representation. We distinguish between lossless algorithms, which can 

reconstruct the original file exactly from the compressed file, and lossy 

algorithms, which can only reconstruct an  approximation of the original 
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file. Lossless algorithms are typically used for text, and lossy for images 

and sound where a little bit of loss in resolution is often undetectable, or 

at least acceptable. Lossy is used in an abstract sense, however, and does 

not mean random lost pixels, but instead means loss of a quantity such as 

a frequency component, or perhaps loss of noise. For example, one might 

think that lossy text compression would be unacceptable because they are 

imagining missing or switched characters. Consider instead a system that 

reworded sentences into a more standard form, or replaced words with 

synonyms so that the file can be better compressed. Technically the 

compression would be lossy since the text has changed, but the 

“meaning” and clarity of the message might be fully maintained, or even 

improved. 

 

When discussing compression algorithms it is important to make a 

distinction between two components: the model and the coder. The model 

component somehow captures the probability distribution of the files by 

knowing or discovering something about the structure of the input. The 

coder component then takes advantage of the probability biases generated 

in the model to generate codes. It does this by effectively lengthening low 

probability files and shortening high-probability files. A model, for 

example, might have a generic “understanding” of human faces knowing 

that some “faces” are more likely than others. The coder would then be 

able to send shorter messages for objects that look like faces. 

 

 Main question about compression algorithms is how does one 

judge the quality of one versus another. In the case of lossless 

compression there are several criteria  such that  the time to compress, the 

time to reconstruct, the size of the compressed files, in the case of lossy 

compression the judgment is further complicated since we also have to 
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worry about how good the lossy approximation is. There are typically 

tradeoffs between the amount of compression, the runtime, and the 

quality of the reconstruction. Depending on your application one might 

be more important than another and one would want to pick your 

algorithm appropriately[3]. 

 

1.1  Compression System Model 

The compression system model consists of two parts: the 

compressor and the decompressor. The compressor consists of a 

preprocessing stage and encoding stage, whereas the decompressor 

consists of a decoding stage followed by a postprocessing stage 

Figure(1.1). Before encoding, preprocessing is performed to prepare the 

image for the encoding process, and consists of a number of operations 

that are application specific. After the compressed file has been decoded, 

postprocessing can be performed to eliminate some of the potentially 

undesirable artifacts brought about by the compression process. Often, 

many practical compression algorithms are a combination of a number of 

different individual compression techniques. 

 

The compressor can be further broken down into two stages as 

illustrated in Figure (1.2). The first stage in preprocessing is data 

reduction. Here, the image data can be reduced by gray-level and/or 

spatial quantization, or they can undergo any desired image enhancement 

(for example, noise removal) process. The second step in preprocessing is 

the mapping process, which maps the original image data into another 

mathematical space where it is easier to compress the data. Next, as part 

of the encoding process, is the quantization stage, which takes the 

potentially continuous data from the mapping stage and puts it in discrete 
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form. The final stage of encoding involves coding the resulting data, 

which maps the discrete data from the quantizer onto a code in an optimal 

manner. A compression algorithm may consist of all the stages, or it may 

consist of only one or two of the stages. The decomposer can be further 

broken down into the stages shown in Figure (1.3). Here the decoding 

process is divided into two stages. The first, the decoding stage, takes the 

compressed file and reverses the original coding by mapping the codes to 

the original, quantized values. Next, these values are processed by a stage 

that performs an inverse mapping to reverse the original mapping 

process. Finally, the image may be processes to enhance the final image. 

 

 In some cases this may be done to reverse any preprocessing, for 

example, enlarging an image that was shrunk in the data reduction 

process. In other cases the enhancement may simply enhance the image to 

ameliorate any artifacts from the compression process itself [4]. 

 

 

 

 

(a) Compression 

 

 

 

 

(b) Decompression 

Figure (1.1): Compression System Model 
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Figure (1.2): The Compressor 

 

 

 

 

 

Figure (1.3): The Decomposor 

 

1.3  Image Compression 

Before images can be compressed effectively it is important to 

understand their properties. In this section the types of process that are 

applied to still images will be explained and examined. There are a 

number of processes that are always applied to an image before still 

image  compression occurs. There are other processes that are used as 

part of the image compression. 

 

1.3.1 Distortion Measures 
 

The distortion or error caused in the recovered image by the image 

compression process can be measured in several ways. The standard 

distortions measures are Root Mean Square Error (RMSE), Peak Signal 

to Noise Ratio (PSNR) and Signal to Noise Ratio (SNR). These  
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They work by comparing the squared error (power) between the original 

and the recovered digital images: 
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where L is the number of gray levels(e.g., for 8 bits L=256). 

        I(r,c) : the original image, g(r,c) : the decompressed image  

  r,c : row and column 

None of the main methods for measuring image distortion takes into 

account, how good the recovered image looks to the human visual 

system. This is an area called psyco-visual image analysis, and it is an 

area of research which has a large scope. Unfortunately little progress has 

been made into an automated method for calculating a psyco-visual 

distortion measure[5]. 

 

1.3.1 Transform 
 

The transform is the defining part of an image compressor and image 

compressors are usually placed into broad groups based on which 

transform they use. The image transform should de-correlate the image, 

so that the image data is in a more compact form, in the new transform 

domain. Transforms generally come in pairs of forward and inverse 

transforms. If both the forward and inverse transforms are applied 

without compression, then the transform is either perfectly reconstructing 
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(lossless), or the image information is quantised and lost after the 

transform stage (lossy).  

 

A lossless transform does not further complicate an image 

compressor since it makes no decisions about which parts of the image 

data are useful (so all these decisions can be made by the compressor 

algorithm). However a lossy transform can often produce more 

compression or allow the transform algorithm to run faster, both of which 

may be beneficial. The Discrete Cosine Transform (DCT) and the 

Wavelet Transform are examples transforms that are used in image 

compression[5] . 

 

1.3.3 Compression Measures 
 

The compression of images is usually measured in two ways: 

1. Compression ratio. The size of the original image is compared to the 

size of the compressed image. 

2. Bits Per Pixel(BPP). This is the number of bits necessary to describe 

one pixel of the image. This is generally an average over the whole 

image[4]. 

 

1.3.4 Entropy Coding 

 We can define the entropy of a signal symbol ai as –Pi log2Pi. This 

is the smallest number of bits needed, on the average, to represent the 

symbol. The amount of information contained in one, base-n symbol is: 





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1n

0i

i2i  PlogPH                                              …(1.4) 
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This quantity is called the entropy of the data being transited. The 

entropy of the data depends on the individual probabilities Pi, and is 

smallest when all n probabilities are equal[6]. 

 

1.3.5 The Histogram  

The histogram of an image is a plot of the gray-level values versus 

the number of pixels at that value. The shape of the histogram provides us 

with information about the nature of the image, or subimage if we are 

considering an object within the image. The sum of all of the values in  







1M

0i

iHN                                                         …(1.5) 

The histogram must be equal to the number of points in the signal: 

where Hi is the histogram, N is the number of points in the signal, and M 

is the number of points in the histogram[6]. 

 

1.3.6 Different Classes of Compression Techniques 

Two ways of classifying compression techniques are mentioned 

here.  

a- Lossless and Lossy Compression: In lossless compression schemes, 

the reconstructed image, after compression, is numerically identical to the 

original image. However lossless compression can only a achieve a 

modest amount of compression. An image reconstructed following lossy 

compression contains degradation relative to the original. Often this is 

because the compression scheme completely discards redundant 

information. However, lossy schemes are capable of achieving much 

higher compression. Under normal viewing conditions, no visible loss is 

perceived (visually lossless).  
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b- Predictive and Transform Coding: In predictive coding, information 

already sent or available is used to predict future values, and the 

difference is coded. Since this is done in the image or spatial domain, it is 

relatively simple to implement and is readily adapted to local image 

characteristics. Differential Pulse Code Modulation (DPCM) is one 

particular example of predictive coding. Transform coding, on the other 

hand, first transforms the image from its spatial domain representation to 

a different type of representation using some well-known transform and 

then codes the transformed values (coefficients). This method provides 

greater data compression compared to predictive methods, although at the 

expense of greater computation[7]. 

1.4 Color Spaces 

 A color space is a mathematical representation of a set of colors. 

The three most  popular color models are RGB(used in computer 

graphics); YIQ, YUV, or YCbCr(used in video systems); and 

CMYK(used in color printing). All of the color spaces can be derived 

from the RGB information supplied by devices such as cameras and 

scanners. The red, green, and blue (RGB) color space is widely used 

throughout computer graphics. Red, green, and blue are three primary 

additive colors(individual components are added together to form a 

desired color) and represented by a three-dimensional Cartesian 

coordinate system. The RGB color space is the most prevalent choice for 

computer graphics because color displays use red, green, and blue to 

create the desired color. Therefore, the choice of the RGB color space 

simplifies the architecture and design of the system[8].  
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Figure (1.4): The RGB Space 

 

 YUV Space 

 

YUV was originally used for PAL (European standard) analog 

video as shown in Figure (5.1). To convert from RGB to YUV spaces, the 

following equations can be used: 

 

B 0.114 G  0.587  R 0.299  Y                                     …(5.1) 

Y) - (B 0.492  U                                                             …(5.1) 

Y) - (R 0.877  V                                                            …(5.1) 

Any errors in the resolution of the luminance (Y) are more 

important than the errors in the chrominance (U,V) values. The 

luminance information can be coded using higher bandwidth than the 

chrominance information[9] . 

 

 

Figure(5.1): Example of YUV Space  
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YIQ Space 

 

YIQ is used in the U.S. television standard, NTSC (National 

Television System Committee). It is similar to YUV, except that its color 

space is rotated 33 degrees clockwise, so that I is the orange-blue axis, 

and Q is the purple-green axis. The equations to convert from RGB to 

YIQ are[9] : 

 

B 0.114 G  0.587  R 0.299  Y                                             …(5.9)   

B 0.321 -G  0.275 - R 0.596  Y) - B ( 0.27 - Y) - R ( 0.74  I           …(5.51)   

B 0.311 G  0.523 - R 0.212  Y) - B ( 0.41  Y) - R ( 0.48  Q      …(5.55) 

 

 YCrCb Space 

 

YCrCb is a subset of YUV that scales and shifts the chrominance 

values into the range of 1 to 5. The linear transform from RGB to YCrCb 

generates one luminance space Y and two chrominance (Cr and Cb) 

spaces[9] . 

 

B 0.114 G  0.587  R 0.299  Y                                             …(5.51) 

0.5  ) 2 / ) Y- B ( ( Cr                                                         …(5.53) 

0.5  1.6) / ) Y - R ( (  Cb                                                       …(5.51) 

 

1.5 Literature Survey 

 Many researches worked with image compression area using 

Embedded coding as a method for quantization or encoding coefficients 

results from one of many transform techniques, but we point to the ones 

closes to our search: 
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Jermo M Shapiro(1993)[11], introduce effective and computationally 

simple technique for image compression called (EZW), The embedded 

wavelet algorithm(EZW) is a simple, yet remarkably effective, image 

compression algorithm, having the property that the bits in the bit stream 

are generated in order of importance, yielding a fully embedded code. 

The embedded code presents a sequence of binary decisions that 

distinguish an image from the "null" image. Using an embedded coding 

algorithm, an encoder can terminate the encoding at any point thereby 

allowing a target rate or target distortion metric to be met exactly. Also 

given a bit stream, the decoder can cease decoding at any point in the bit 

stream. The EZW algorithm is based on four key concepts: 

1. A discrete wavelet transform. 

2. Prediction of absence significant information. 

3. Entropy-coded successive-approximation quantization. 

4. Universal lossless data compression . 

 

Olivier Egger and others(1995)[11], proposed a new approach can 

be seen as a generalization of the Embedded Zerotree Wavelet (EZW) 

algorithm from rectangular images to arbitrarily shaped regions. In the 

case of compressing rectangular pictures this operation is performed 

using appropriate block transforms such as DCT or subband/wavelet 

transforms.  Various approaches have been proposed to generalize the 

block-based techniques to arbitrary shaped regions. These techniques are 

either computationally very expensive  and/or do not perform a full 

decorrelation of neighboring pixels in a given region . Special care has 

been dedicated to retain all the advantages of the EZW algorithm for 

arbitrarily shaped regions without any compromise. As for the original 

EZW algorithm the proposed technique is based on three basic blocks, 
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namely the transformation, the zerotree prediction and the Successive 

Approximation Quantization (SAQ). 

 

Amir Said and others(1996)[12], offered an alternative explanation 

of the principles of J.M. Shapiro, so that the reasons for its excellent 

performance can be better understood. These principles are partial 

ordering by magnitude with a set partitioning sorting algorithm, ordered 

bit plane transmission, and exploitation of self-similarity across different 

scales of an image wavelet transform. Moreover, search  presented a new 

and different implementation, based on set partitioning in hierarchical 

trees (SPIHT). In this paper, Amir Said again explain that the EZW 

technique is based on three concepts:  

1. Partial ordering of the transformed image elements by magnitude, with 

transmission of order by a subset partitioning algorithm that is duplicated 

at the decoder. 

2. Ordered bit plane transmission of refinement bits.  

3. Exploitation of the self-similarity of the image wavelet transform 

across different scales. As to be explained, the partial ordering is a result 

of comparison of transform element (coefficient) magnitudes to a set of 

octavely decreasing thresholds. Amir Said explain that an element is 

significant or insignificant with respect to a given threshold, depending 

on whether or not it exceeds that threshold.   

 

Amir Averbuch and others(1998)[13], presented a fast and 

modified version of the embedded zero-tree wavelet (EZW) coding 

algorithm that is based on  for low bit-rate still image compression 

applications. This method presented the trade-off between the image 

compression algorithm speed and the reconstructed image quality 
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measured in terms of PSNR. The fast algorithm based on three different 

techniques : 

1. Geometric wavelet decomposition. This technique speeds-up the multi-

resolution wavelet decomposition significantly without any effect on the 

reconstructed image quality. 

2. Modified and reduced version of the EZW algorithm for zero-tree 

coefficient classification. Paper describe a very efficient data structure in 

which the zero-tree is scanned. In addition, a shorter scan in each 

quantization iteration is performed. 

3. A combination of exact model arithmetic coding and binary coding. 

This technique affects the obtained image quality because it is sub-

optimal in comparison to the adaptive model arithmetic coding . 

Each component of the algorithm contributes to the overall speedup. 

 

Debin Zhao and others(1998)[14], illustrate that the zerotree 

quantizer developed originally for wavelet compression can be effectively 

applied to Discrete Cosine Transform (DCT) in a hierarchical way. In this 

Hierarchical DCT (HDCT), the input image is partitioned into a number 

of 8* 8 blocks and a first level DCT is used to each of these blocks 

individually. As DC coefficients of DCT neighboring blocks are highly 

correlated and particularly pronounced to obtain the compression results 

at low bit rates, another level DCT is applied to only DC coefficients re-

organized as 8* 8 blocks. This procedure is repeated until the last step is 

reached. All the HDCT coefficients within a DCT block are then 

rearranged into a subband structure in which the zerotree quantizer can be 

employed. The proposed algorithm yields a fully embedded, low-

complexity coder with competitive PSNR performance. 
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1.6 Aim of Thesis 

 The aim of the thesis is to present a new approach for image 

compression, the proposed system comprise four main stages: 

 Convert the data of image into suitable color space . 

 Apply Discrete Cosine Transform (DCT) on blocks (8*8) of data 

of acquired image. 

 Apply Embedded Zerotree Algorithm on the DCT coefficients . 

 And using Huffman Encoding for compress the symbols of 

previous step. The proposed system produces high compression ratio 

with minimum distortion. 

 

1.7 Thesis Layout 

 The thesis organized into five chapters: 

 Chapter One: General Introduction. 

This chapter gives general introduction to the image compression. 

 Chapter Two: Image Compression Techniques.  

This chapter describes the methods which used for compression. 

 Chapter Three: DCT and EZW. 

This chapter describe in details Discrete Cosine Transform and 

Embedded Zerotree Wavelet. 

 Chapter Four: The Proposed Image Compression System. 

This chapter presents the suggested compression system and 

discussion to the results . 

 Chapter Five: Results, Conclusions and Suggestions for 

developing system in the future. 
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1.3 Introduction 

 The rapid growth of digital imaging applications, including desktop 

publishing, multimedia, teleconferencing, and high-definition television 

(HDTV) has increased the need for effective and standardized image 

compression techniques, so most important of these standard and 

closes to the proposed compression system are Discrete Cosine 

Transform and Embedded Zerotree Wavelet. 

 

1.2 Discrete Cosine Transform(DCT) 

Among the emerging of compression techniques standards are JPEG, 

for compression of still images; MPEG, for compression of motion video 

(also known as Px64), for compression of video telephony and 

teleconferencing. All three of these standards employ a basic technique 

known as the discrete cosine transform (DCT), the DCT is a close relative of 

the discrete Fourier transform (DFT)[20]. 

 

1.2.3 The Two-Dimensional DCT Equations 

  
 The DCT equation computes the i, j

th
 entry of the DCT   

 

 
 

where 

             

0f                   1,

1-n j i, 0 and                 0f               
2

1

Cf














)1.3...(              
2

)12(
 

2

)12(
  

2

1 1

0

1

0








 







 
 







 n

jy
Cos

n

ix
CosPCC

n
D

N

x

N

y

xyjiij





Chapter Three                                                                                                DCT and EZW 

 

 34 

pxy is the x,y
th  

 element of the image represented by the matrix p. N is the 

size of the block that the DCT is done on. The equation calculates one 

entry(i,j
th

) of the transformed image from the pixel values of the original   

mage matrix. For the standard 8*8 block that JPEC compression uses, N 

equals 8 and x and y rang from 0 to 7. Therefore D(i,j,) as shown  in 

Equation (3.2). 

  

The decoder works by using the Inverse Discrete Cosine Transform equation 

(IDCT) as shown  in Equation (3.3)[21]. 

 

Where 

 

1.2.2 Doing the DCT on an 8*8 Block 

 
 Before beginning, it should be noted that the pixel values of a black-

and-white image rang from 0 to 255, where pure black is represented by 0, 

and pure white by 255. Since an image comprises hundreds or even 

thousands of 8*8 blocks of pixels, the following description of what happens 

to one 8*8 block is a microcosm of the JPEG process; what  is done to one 

block of image pixels is done to all of them, in the order earlier specified. 
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 Now, let's start with a block of image-pixel values. This particular 

block was chosen from the very upper-left-hand corner of an image. 

 



































136  154   136   123   123   123   136   110

166  180   136   136   149   110   105   123

54  198   180   154   136   123   136   128

136  136   149   166   167   136     54   180

123   123   166   180   180   136   180   239

123     23   154   180   154   154   198   254

110   136   154   154   154   136   180   192

136   123   123   123   123   123   123   154

Original  

 Now, the DCT is applied on the above matrix by using the 

equation(3.2). This yields the following matrix. 

 



































10       6       0     21    16-     7      11    10-

 12       7    12-   18-       6    12      2-       5

 3       8      12     28       0    12    11-      1-

6-      11      5-    14    12-    5-     18    30-

3       1-     15   13-   22-    5-   83-    39-

7      3-       6   31-   43-    12   60-    93-

 2-     18     15-    27     32    10   108      29

 12-   18-     11     30      71   20    40   1186

D  

 

 This block matrix now consists of 64 DCT coefficients, Dij, where I 

and j rang from 0 to 7. The top-left coefficient, D00, correlates to the low 

frequencies of the original image block . As we move away from D00 in all 

directions, the DCT coefficients correlate to higher and higher frequencies of 

the image block, where D77 corresponds to the highest frequency. It is 

important to note that the human eye is most sensitive to low frequencies, 

and results from the quantization step will reflect this fact[21]. 
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1.2.1 Quantization 

 
 The 8*8 block of DCT coefficients is now ready for compression by 

quantization. A remarkable and highly useful feature of JPEG process is that 

in this step, varying levels of image compression and quality are obtainable 

through selection of specific quantization matrices. This enables the user to 

decide on quality levels ranging from 1 to 100, where 1 gives the poorest 

image quality and highest compression, while 100 gives the best quality and 

lowest compression. As result, the quality/compression ratio can be tailored 

to suit different needs. 

 Subjective experiments involving  the human visual system have 

resulted in the JPEG standard quantization matrix. With a quality level of 

50, this matrix renders both high compression and excellent decompressed 

image quality. 

 



































9910310011298959272

10112012110387786449

921131048164553524

771031096856372218

6280875129221714

5669574024161314

5560582619141212

6151402416101116

Q50  

  Quantization is achieved by dividing each element in the transformed 

image matrix D by the corresponding element in the quantization matrix, 

and then rounded to the nearest integer. For the following step, quantization 

matrix Q50 is used. 
















ji,

ji,

ji,
Q

D
roundC                                                  ...(3.4) 

Table(3.1): Quantization Table with Quality Level of 50 
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

































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       1    2-

0     0    0      0    1-     0    5-    3-

0     0    0    1-    2-     1    5-    7-

0     0    0      1     2      1      9      3

0     0    0      1     5      2     4    74

C  

 

Recall that the coefficients situated near the upper-left corner 

correspond to the lower frequencies-to which the human eye is most 

sensitive-of the image block. In addition , the zeros represent the less 

important, higher frequencies that have been discarded, giving rise to the 

lossy part of compression. As mentioned earlier, only the remaining nonzero 

coefficients will be used to reconstruct the image. It is also interesting to 

note the effect of different quantization matrices[21]. 

 

1.2.4 Encoding 
 

After quantization, it is not unusual for more than half of the DCT 

coefficients to equal zero. JPEG incorporates run-length coding to take 

advantage of this. For each non-zero DCT coefficient, JPEG records the 

number of zeros that preceded the number, the number of bits needed to 

represent the number's amplitude, and the amplitude itself. To consolidate 

the runs of zeros, JPEG processes DCT coefficients in the zigzag pattern 

shown in figure (1.3). 
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Figure (1.3): Zig-Zag Sequence for Binary Encoding 

 

The number of previous zeros and the bits needed for the current 

number's amplitude form a pair. Each pair has its own code word, assigned 

through a variable length code (for example Huffman, Shannon-Fano or 

Arithmetic coding). JPEG outputs the code word of the pair, and then the 

codeword for the coefficient's amplitude (also from a variable length code). 

After each block, JPEG writes a unique end-of-block sequence to the output 

stream, and moves to the next block. When finished with all blocks, JPEG 

writes the end-of-file marker[22]. 

 

1.2.5 Decompression 

 
 Reconstruction of  image  begins by decoding the bit stream 

representing the compressed matrix C. Each element of matrix C is then 

multiplied by the corresponding element of the quantization matrix 

originally used. 

ji,ji,ji, C*QR                 … (3.5) 
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The IDCT equation (3.3) is next applied to matrix R, which is 

rounded to the nearest integer, giving us the decompressed of original 8*8 

image block [21]. 

 



































134   146   140   118   113   127   126   110

165   167   158   139   127   125   119   109

171    167   165   159   142   124   122   131

136   140   159   172   154   132   149   187

107   124   160   183   166   148   184   244

110   130   165   182   166   155   195   252

124   135   150   155   143   140   168   203

127   127   125   121   116   119   133   149

edDecompress  

 

1.1 Embedded Zerotree  Wavelet(EZW) 

 

When searching through wavelet literature for image compression 

schemes it is almost impossible not to note Shapiro’s Embedded Zerotree 

Wavelet encoder or EZW encoder. An EZW encoder is an encoder specially 

designed to use with wavelet transforms, which explains why it has the word 

wavelet in its name. The EZW encoder was originally designed to operate on 

images (2D-signals) but it can also be used on other dimensional signals. 

 

The EZW encoder is based on progressive encoding to compress an 

image into a bit stream with increasing accuracy. This means that when 

more bits are added to the stream, the decoded image will contain more 

detail, a property similar to JPEG encoded images. It is also similar to the 

representation of a number like every digit we add increases the accuracy of 
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the number, but we can stop at any accuracy we like. Progressive encoding 

is also known as embedded encoding, which explains the E in EZW. This 

leaves us with the Z. This letter is a bit more complicated to explain, but it 

will explained  in the next section. Coding an image using the EZW scheme, 

together with some optimizations results in a remarkably effective image 

compressor with the property that the compressed data stream can have any 

bit rate desired. Any bit rate is only possible if there is information loss 

somewhere so that the compressor is lossy[21].  

 

1.1.2 The Zerotree Structure 
 

The EZW encoder is based on two important observations: 

3. Natural images in general have a low pass spectrum. When an image is 

wavelet transformed the energy in the subbands decreases as the scale 

decreases (low scale means high resolution), so the wavelet coefficients will, 

on average, be smaller in the higher subbands than in the lower subbands. 

This shows that progressive encoding is a very natural choice for 

compressing wavelet transformed images, since the higher subbands only 

add detail. 

2. Large wavelet coefficients are more important than small wavelet 

coefficients. 

These two observations are exploited by encoding the wavelet 

coefficients in decreasing order, in several passes. For every pass a threshold 

is chosen against which all the wavelet coefficients are measured. If a 

wavelet coefficient is larger than the threshold it is encoded and removed 

from the image, if it is smaller it is left for the next pass. When all the 

wavelet coefficients have been visited the threshold is lowered and the 
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image is scanned again to add more detail to the already encoded image. 

This process is repeated until all the wavelet coefficients have been encoded 

completely or another criterion has been satisfied (maximum bit rate for 

instance). The trick is now to use the dependency between the wavelet 

coefficients across different scales to efficiently encode large parts of the 

image which are below the current threshold. It is here where the zerotree 

enters. If we want to compress the transformed signal we have to code not 

only the coefficient values, but also their position. After wavelet 

transforming an image we can represent it using trees because of the 

subsampling that is performed in the transform. A coefficient in a low 

subband can be thought of as having four descendants in the next higher 

subband as shown in Figure(1.2). The four descendants each also have four 

descendants in the next higher subband and we see a quad-tree emerge: 

every root has four leafs. 

 

Figure (1.2): The Relations between Wavelet Coefficients in Different 

Subbands as Quad-Tree. 
 

A zerotree is a quad-tree, the tree is coded with a single symbol and 

reconstructed by the decoder as a quadtree filled with zeroes. To clutter this 

definition we have to add that the root has to be smaller than the threshold 
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against which the wavelet coefficients are currently being measured. The 

EZW encoder exploits the zerotree based on the observation that wavelet 

coefficients decrease with scale. It assumes that there will be a very high 

probability that all the coefficients in a quad tree will be smaller than a 

certain threshold if the root is smaller than this threshold. If this is the case 

then the whole tree can be coded with a single zerotree symbol.  

 

One important thing is the coefficient positions. Indeed, without this 

information the decoder will not be able to reconstruct the encoded signal. 

EZW encoding uses a predefined scan order to encode the position of the 

wavelet coefficients as shown in Figure(1.1). Through the use of zerotrees 

many positions are encoded implicitly. Several  scan orders are possible, as 

long as the lower subbands are completely scanned before going on to the 

higher subbands. In (Shapiro[9]) a raster scan order is used. The scan order 

seems to be of some influence of the final compression result[21]. 

 

          
 

Figure(3.3): An Example Data together with Two Scan Orders.                                         

 

 

 

321 -87 99 -1 8 31 -32 8 

31 9 3 -1 -1 4 6 -3 

33 31 4 7 1 -8 1 9 

7 -6 1 -34 4 -2 1 -2 

-1 9 -3 91 4 6 -2 2 

1 1 -1 2 1 -2 1 4 

2 -1 6 -4 1 6 1 6 

1 33 1 6 1 1 -4 4 
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3.1.1 The Concepts of EZW 
 

The EZW image encoder follows the typical flow of data as shown in 

the Figure(1.4), and has three basic steps: 

3-Transformation 

2-Quantization and  

1-Compression. 

 Transformation: EZW uses the Discrete Wavelet Transform (DWT) 

to transform the original image. In order to perform the DWT, the image has 

to be a square image, and its row/column size must be an integer power of 2. 

So, technically, the EZW is applicable to the square images of sizes in 

integer powers of 2 (for example, image sizes like 327 x 327 ). This 

transformation is theoretically lossless, although this may not always be the 

case. The purpose of the transformation is to generate decorrelated 

coefficients, which means it removes all the dependencies between samples. 

 
Figure (1.4): Typical Flows of Data of Image Encoder 

 

  Quantization: This step involves the quantization of  transformed 

coefficients. Thus, the entropy of the resulting distribution of the bin indexes 

is small enough that the symbols can be entropy coded at some low target bit 

rate. Quantizers are symmetrically read. Assuming the central index is zero, 

which treats positive or negative indexes alike, all quantizers are set to be 

symmetric. The main advantage of symmetry is that it saves the bits needed 

to represent the symbols since encoding of a non-zero coefficient requires at 
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least one bit per sign. An entropy code can be designed using the 

probabilities of the bin indices as the fraction of coefficients in which the 

only absolute values of bin indexes are involved.  

 

The EZW uses Successive Approximation Quantization (SAQ). 

Successive approximation quantization serves two purposes in the EZW 

algorithm. First, it is used as a method to generate a large number of zero-

trees, which is good since zero-trees are easily coded. Second, successive 

approximation quantization is used to sort the bit order of coded bits so that 

the most significant bits are sent first. EZW implements successive 

approximation quantization through a multipass scanning of the wavelet 

coefficients using successively decreasing thresholds ...,, 210 TTT .The initial 

threshold is set to the value of 
|coeff) (max_ 2log|

20T    where max_coeff is 

the largest wavelet coefficient. Each scan of wavelet coefficients is divided 

into two passes: dominant and subordinate. The dominant pass establishes a 

significance map of the coefficients relative to the current threshold Ti . 

Thus, coefficients which are significant on the first dominant pass are known 

to lie in the interval[T0,2T0), and can be represented with the reconstruction 

value of(3T0/2). The dominant pass essentially establishes the most 

significant bit of binary representation of the wavelet coefficient, with the 

binary weights being relative to the thresholds iT . the positions of the 

significant and the insignificant coefficients are indicated in significance 

maps.  

Compression:  The concept of a zerotree data structure is applied in 

the compression process of the significance map. Each wavelet coefficient is 

compared with the threshold, Ti, to determine its significance. In addition to 
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encoding the significance map, further encoding of significant coefficients is 

done using signs. All the significant coefficients are encoded into only four 

signs, zerotree root(ZT), isolated zero(IZ), positive significant(P), and 

negative significant(N). Encoding into symbols makes embedded coding 

handy. 

 EZW follows adaptive arithmetic coding for compression. The main 

advantage of arithmetic coding in this algorithm is that it contains a 

maximum of four symbols at any time. For instance, the encoder contains 

two symbols for subordinate passes, three symbols for dominant passes with 

no zerotree symbol and four symbols for dominant passes with zerotree 

symbol (the terms dominant pass and subordinate pass will be explained 

later). Because the maximum number of symbols is set to four, the 

occurrence of the possible symbols can be measured with less effort. This 

advantage lets the algorithm use a short memory to learn quickly and 

constantly changing symbol probabilities[24].  

 

1.1.4 EZW Algorithm 
 

The EZW coding algorithm can be summarized as follows. 

1-Initialization: Place all wavelet coefficients on the dominant list. Set the 

initial threshold to  

                      
|coeff) (max_ 2log|

20T                                   …(3.6) 

2- Dominant Pass: Scan the coefficients on the dominant list using the 

current threshold Ti and subband ordering shown in Figure(3.3). Assign each 

coefficient one of four symbols: 
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 Positive significant (ps): Meaning that the coefficient is significant 

relative to the current threshold Ti and positive. 

 Negative significant (ns): Meaning that the coefficient is significant 

relative to the current threshold Ti and negative. 

 Isolated Zero (iz): Meaning the coefficient is insignificant relative to 

the threshold Ti and one or more of its descendants are significant. 

 Zero-Tree Root (ztr): Meaning the current coefficient and all of its 

descendants are insignificant relative to the current threshold Ti. 

 

  Any coefficient that is the descendant of a coefficient that has already 

been coded as a zero-tree root is not coded, since the decoder can deduce 

that it has a zero value. Coefficients found to be significant are moved to the 

subordinate list and their values in the original wavelet map are set to zero. 

The resulting symbol sequence is entropy coded. 

3- Subordinate Pass: Output a 1 or a 0 for all coefficients on the subordinate 

list depending on whether the coefficient is in the upper or lower half of the 

quantization interval. 

4- Loop: Reduce the current threshold by two, Ti = Ti / 2. Repeat the Steps 

(2) through (4) until the target fidelity or bit rate is achieved[25]. 

 

1.1.5 EZW an Example 

 
The example of a 2-scale wavelet transformation of an 7x7 image is 

used to explain the algorithm. The image values are shown in Figure (1.1). 

The initial threshold (T1) is determined according to the equation of 

Thresholding, T0=2
|log

2
 (max_ coeff)|

, and so the first step is to find the maximum 

image value, seen to be 321 in Figure (1.1). Then the initial threshold can be 
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set to 64. The Dominant List is actually the same as the image, which is an 

7x7 array of pixel values. The Subordinate List is a one-dimensional row 

matrix, initially a null matrix. The first Dominant Pass is then conducted 

using the initial threshold 64 and is explained as follows. 

 

 

 

 

 

 

 

 

 

       Figure (1.1): An 7x7 Sample Image 

 

3- The first coefficient, 321, which is in level 1, subband LL1, is greater 

than the threshold 64 and is positive. Therefore, a positive symbol P is 

coded as illustrated  in Figure (1.6). 

 

2- The scanning order of the coefficients is –87, 31 and 9, which belong    to 

the 1rd level subbands HL1, LH1 and HH1, respectively. Compared to the 

threshold 64, -87 is greater but negative, and so N is coded as illustrated  in 

as illustrated  in Figure(1.8). 

 

1- The coefficient 31 is insignificant compared with coefficient 64. The 2
nd

 

level subband LH2 coefficients {33, 31, 7, -6) are also insignificant 

321 -87 99 -1 8 31 -32 8 

31 9 3 -1 -1 4 6 -3 

33 31 4 7 1 -8 1 9 

7 -6 1 -34 4 -2 1 -2 

-1 9 -3 91 4 6 -2 2 

1 1 -1 2 1 -2 1 4 

2 -1 6 -4 1 6 1 6 

1 33 1 6 1 1 -4 4 
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compared to coefficient 64. However, the 3st level subband LH3 has a 

significant coefficient 91, and so the root of the zerotree 31 is coded as 

insignificant zero, IZ as illustrated  in Figure (1.7). 

 

4- The coefficient 9 is less than 64, and the next finer subband coefficients 

{4, 7, 1, -34} and {4, 6,1,-2, . . . . , 1,6, -4, 4} are also insignificant. 

Therefore, 9, the root of the zerotree is coded as ZT as illustrated  in Figure 

(1.9). 

 

1- The scanning of the coefficients follows the order 99, -1, 3, -1 then 33, 

31, 7, -6 and 4, 7, 1, -34. These coefficients’s location can be represented as 

the second level subbands, which are HL2, LH2 and HH2 as illustrated  in 

Figure (1.31). 

 

 

Figure(1.6): Step3 of Dominant Pass       Figure(1.8): Step2 of Dominant Pass 

 

 

 

 

 

 

321 -87 99 -1 8 31 -32 8 

31 9 3 -1 -1 4 6 -3 

33 31 4 7 1 -8 1 9 

7 -6 1 -34 4 -2 1 -2 

-1 9 -3 91 4 6 -2 2 

1 1 -1 2 1 -2 1 4 

2 -1 6 -4 1 6 1 6 

1 33 1 6 1 1 -4 4 

321 -87 99 -1 8 31 -32 8 

31 9 3 -1 -1 4 6 -3 

33 31 4 7 1 -8 1 9 

7 -6 1 -34 4 -2 1 -2 

-1 9 -3 91 4 6 -2 2 

1 1 -1 2 1 -2 1 4 

2 -1 6 -4 1 6 1 6 

1 33 1 6 1 1 -4 4 
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Figure(1.7): Step1 of Dominant Pass       Figure(1.9): Step4 of Dominant Pass 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                               Figure(1.31): Step1 of Dominant Pass 
 

6- Since coefficient 99 is greater than 64 and positive, it is coded as P. The 

next three coefficients, -1, 3, and  –1, are coded as ZT, because they are not 

descendants of any other zerotree root and their own descendants are 

insignificant compared to coefficient 64. The preceding statement can also 

be illustrated as follows: because -87, the parent coefficient of  99,– 1, 3 and 

–1, was significant and 31, the parent coefficient of 33, was coded as 

isolated zero as illustrated  in  Figure(1.33), also  Figure (1.8) and (1.7). 

321 -87 99 -1 8 31 -32 8 

31 9 3 -1 -1 4 6 -3 

11 11 4 7 1 -8 1 9 

8 -6 1 -34 4 -2 1 -2 

-1 9 -3 55 4 6 -2 2 

1 1 -1 2 1 -2 1 4 

2 -1 6 -4 1 6 1 6 

1 33 1 6 1 1 -4 4 

321 -87 99 -1 8 31 -32 8 

31 9 3 -1 -1 4 6 -3 

33 31 4 8 1 -8 1 9 

7 -6 5 -

14 

4 -2 1 -2 

-1 9 -3 91 4 6 -2 2 

1 1 -1 2 3 -2 1 4 

2 -1 6 -4 3 6 3 6 

1 33 1 6 1 3 -4 4 

321 -87 55 -5 8 31 -32 8 

31 9 1 -3 -1 4 6 -3 

11 11 4 8 1 -8 1 9 

8 -6 5 -

14 

4 -2 1 -2 

-1 9 -3 91 4 6 -2 2 

1 1 -1 2 1 -2 1 4 

2 -1 6 -4 1 6 1 6 

1 33 1 6 1 1 -4 4 
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8- The coefficient 31 is less than 64, but it has a significant descendant 91 in 

the next generation. So, it is coded as isolated zero IZ. 7 and –6 are coded as 

ZTs (zerotree) as explained in the previous step as shown in Figure (1.32). 

 

 

  Figure(1.33): Step6 of Dominant Pass     Figure(1.32): Step8 of Dominant Pass 

 

7- The next coefficients to be coded are 4, 7, 1 and –34. All four are 

insignificant compared to 64 and they are in the non-root part of the 

zerotree, as their ancestor 9 is the root of the zerotree. Therefore, all four 

coefficients are left un-encoded as illustrated  in Figure (1.31). 

 

 9- Until now, all the coefficients, except the coefficients in the subbands 

LH3,HL3,HH3, are encoded. Usually, most of the higher frequency subband 

coefficients are not encoded at higher threshold values, as they are often 

descendants of roots of zerotree or usually insignificant. For the level-3 

subbands (HL3, LH3 and HH3), the encoder uses only 1 symbols (P, N, Z), 

because these subband coefficients do not have any descendents and cannot 

be the roots of a zerotree. The final significance map is shown in Figure 

(1.34). 

321 -87 99 -5 8 31 -32 8 

31 9 1 -3 -1 4 6 -3 

11 31 4 7 1 -8 1 9 

7 -6 1 -34 4 -2 1 -2 

-1 9 -3 91 4 6 -2 2 

1 1 -1 2 1 -2 1 4 

2 -1 6 -4 1 6 1 6 

1 33 1 6 1 1 -4 4 

321 -87 99 -1 8 31 -32 8 

31 9 3 -1 -1 4 6 -3 

33 31 4 7 1 -8 1 9 

8 -6 1 -34 4 -2 1 -2 

-1 9 -3 55 4 6 -2 2 

1 1 -1 2 1 -2 1 4 

2 -1 6 -4 1 6 1 6 

1 33 1 6 1 1 -4 4 
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During the first Dominant Pass of reconstruction, if the decoder sees a 

symbol P and already knows the initial threshold value to be 64, the decoder 

outputs 96, the midpoint of the range [64, 327], as the reconstructed value as 

shown in Table (1.2). However, the actual value of the coefficient in the 

original image is 321. The difference between the original and the 

reconstructed coefficient is higher, and so EZW uses another pass i.e. 

Subordinate Pass to refine the encoding information of the already found 

significant coefficients. Subordinate Pass is performed immediately after 

each Dominant Pass.  

 

    

  Figure(1.31): Step7 of Dominant Pass     Figure(1.34): Step9 of Dominant Pass 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

321 -87 99 -1 8 31 -32 8 

31 5 3 -1 -1 4 6 -3 

33 31 4 7 1 -8 1 9 

7 -6 1 -34 4 -2 1 -2 

-1 9 -3 91 4 6 -2 2 

1 1 -1 2 1 -2 1 4 

2 -1 6 -4 1 6 1 6 

1 33 1 6 1 1 -4 4 

P N P ZT Z Z * * 

IZ ZT ZT ZT Z Z * * 

ZT IZ * * * * * * 

ZT ZT * * * * * * 

* * Z P * * * * 

* * Z Z * * * * 

* * * * * * * * 

* * * * * * * * 
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Table (1.2): First Dominant Pass 
 

Reconstruction 

Value 

Symbol Coefficients 

Value 

Subband Scanning 

Order 

96 P 125 LL3 1 

-96 N -78 HL3 2 

0 IZ 15 LH3 3 

0 ZT 9 HH3 4 

96 P 99 HL2 5 

0 ZT -5 HL2 6 

0 ZT 1 HL2 7 

0 ZT -3 HL2 8 

0 ZT 11 LH2 9 

0 IZ 10 LH2 10 

0 ZT 8 LH2 11 

0 ZT -6 LH2 12 

0 Z 7 HL1 13 

0 Z 13 HL1 14 

0 Z -3 HL1 15 

0 Z 4 HL1 16 

0 Z -1 LH1 17 

96 P 95 LH1 18 

0 Z -3 LH1 19 

0 Z 2 LH1 20 
 

 

Table(1.1): First Subordinate Pass 

 
Reconstruction 

Value 

Arithmetic Coding of the 

Symbol 

Coefficient Absolute Value 

112 1 125 

80 0 -78 

112 1 99 

80 0 95 
 

The following comments explain the first subordinate pass as illustrated  in  

Table (1.1). 

3- During the first dominant pass, a subordinate list is created containing 

only significant coefficients, which are encoded either as P or as N. Thus, 

for the above example, the subordinate list is {321, -87, 99, 91}. 
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2- Two intervals, upper and lower, exist for each subordinate pass, 

depending on the threshold value. For threshold 64, the upper interval is 

defined between [96, 327], and the lower interval between [64, 96]. 

 

1-  The first coefficient of the subordinate list, 321, belongs to the upper 

level, and so it is encoded as H. The reconstruction value is the center of 

the upper interval, or 332. 

 

4- The next coefficient is 87, which is placed in the lower interval and 

encoded as L. The reconstruction value is the center of the lower interval, or 

71. 

 

1-  The third entry, 99, is encoded as H and has a reconstruction value of  

332. Finally, the last entry, 91, is encoded as L, and its reconstruction value 

is set to 71. 

 

Notice that the reconstruction value after the subordinate pass of the 

coefficient 91 is changed from 96 to 71, which results in an increase of 

reconstruction error from 3 to 31. However, the uncertainty interval is 

decreased from 12 (64<96<327) to 36 (64<71<96), which will ensure 

overall improvement of reconstruction error. The subordinate list from the 

first subordinate pass is carried over to the second subordinate pass, and the 

significant values generated are placed next to the previously found 

significant values. In addition, the subordinate list’s coefficients are 

reordered based on decreasing order of the reconstruction values. Initially, 

the subordinate list follows the same order as the scanning order, which is 

{321, 87, 99, 91}, and the reconstruction values of the respective 
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coefficients are given as {332, 71, 332, 71}. After the first subordinate pass, 

the reconstructed values, in descending order, are {332, 332, 71, 71}. They 

make coefficient 99 precede coefficient 87, and so, the new order for future 

subordinate passes is {321, 99, 87, 91}. Notice that coefficient 99 still 

precedes coefficient 87, which is smaller, because the decoder considers 

both the coefficients alike since their reconstructed values are same[24]. 

 

3.3.6 Decoding the Bitstream Generated by EZW 

 
The decoding process follows the same steps as the encoder. The 

decoder also uses two passes, Dominant Pass and Subordinate Pass, during 

the reconstruction process, similar to the dominant pass and subordinate pass 

of the encoder. In the beginning, the image to be reconstructed is initialized 

to all zeros, and then the encoded bitstream is passed through the dominant 

pass. 

 The bitstream comes with a header that contains the essential 

information needed for the decoder, such as initial threshold value, image 

dimensions, and the number of levels used for the DWT decomposition. As 

the bitstream is in binary 3’s and 1’s, the decoder reads two bits from the 

bitstream and turns them into symbols. If the decoder finds a positive or 

negative symbol, it places the reconstruction value of that particular pass, 

which is 1/2 times the threshold value, at the corresponding location. If the 

symbol is zerotree root (ZT) or insignificant zero (IZ), the corresponding 

coefficient positions are filled with the suitable values. 

  

The Dominant Pass ends after scanning all coefficients of the image. 

The scanning order must be same for both encoder and decoder. Subordinate 
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Pass II reads one bit from the bitstream. As discussed in earlier sections, if 

the bit is “3”, then the corresponding coefficient’s reconstruction value is 

reorganized to a higher value; if “1”, then to a lower value. The term 

“embedded” is justified in the decoding process, as the decoder can stop at 

any time. The quality of the reconstructed image is directly proportional to 

the number of bits decoded. If the image is encoded until the least value is 

recognized, and if the bitstream is decoded until the last bit, then the 

resulting reconstructed image will be closes to same as the original 

image[24]. 
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1.4 Introduction 
 

 This chapter presents practical implementation to general 

embedded  bit streams for Discrete Cosine Transform(DCT) coefficients 

according to their importance. Two algorithms were suggested, the first 

one for compression and the other for decompression as shown in Figure 

(1.4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1.4): Basic Components of The Proposed Compression System 

 
 

1.4 The Proposed Compression   ِ Algorithm Steps 

 The stages of the suggested compression  algorithm is illustrated in  

Figure (1.2) which represents block diagram for the Basic stages as well 

as the inputs, outputs , and  substages embedded in system.  
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Step One  : Read BMP(21 bits) image 

 BMP image file usually consists of two part, first part contains 

general information about image and called Header, while the other part 

called Data and contains the values of color image. 

Figure(1.2): Block Diagram for Basic Stages of The Proposed  Algorithm 

Input File Color Space Down Sampling DCT Transform for 

y,u,v Components 
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Rest of 
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Step Two: Color Space and Dawn Sampling 

 Transform color image into a suitable color space, generally RGB 

transform into a luminance/chrominance color space (YUV), while  the 

luminance component is grayscale and the other two axes are color 

information. The reason for this stage is that minimize the information in 

the chrominance component, the human eye is not as sensitive to high-

frequency chrominance information as it is to high frequency luminance. 

 

 Dawn Sampling is optional substage performed by averaging 

together groups of values, the luminance components is left at full 

resolution, while the chrominance components are reduced to "122" 

sampling (there are another samples), in numerical terms it is lossy. 

 

Step Three: Dividing Components     

  Group the values for each component in to 8*8 blocks, The 8*8 

block is the basis of the JPEG standard, as well as several others 

standards such as MPEG-4, the reason for this are simplify the arithmetic 

operation and reduce the artifacts effects results from apply DCT 

algorithm later, although the compression ratio with entire image produce 

better results. 

 

Step Four: Apply DCT And Quantization 

 Transform each 8*8 block through a discrete Cosine 

Transform(DCT), the result is 8*8 block, the first element at 1,1 position 

is called the DC coefficient and the remaining 56 coefficients in each 

block are called AC coefficients, round the AC's to integers, the DC 

represent the average of all values in each block. 

 The quantization is the process of reducing the number of possible 

values of block, in other hand reduce the data required to represent the 
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image. Simple example of quantization is the rounding of real values into 

integers, other scheme for quantization using table construct depend on 

one parameter R supplied by user, a simple expression such as 

        R*j)(i1Qij                                        …(1.4) 

 satisfy required table. In the proposed system the quantization 

accomplished by using Default tables were the elements in the table 

generally grow as we move from the upper left corner to the bottom right 

one as in Table(6.4). 

 

Step Five: Isolate DC Coefficient 

 This step is accomplished by isolate DC coefficient of each block 

and replace it position with zero(stars), the isolated DC's of blocks are 

stored in individual array and sent to the compressed file without any 

additional process, the reason for this step is to avoided problems arise 

from very large value of DC compared with AC's, usually Embedded 

Zerotree Algorithm gives better results with blocks have closes values.  

 

Step Six: Check Similarity 

 The values of each block are tested, if all values are same, the 

block skips the Embedded Zerotree Algorithm and one value taken from 

block and stored in individual array. In this case the system store two 

parameters for reconstructing current block, the DC coefficient  represent 

first element of block and one value using for reconstructing all AC's 

coefficients. 

 

Step Seven: Embedded Zerotree  Algorithm 

 Is a simple, yet remarkable effective image compression algorithm, 

more details will be presented later. 
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Step Eight: Huffman Algorithm 

 

 Its very known algorithm. The reason for using this algorithm is to 

the small alphabet of the proposed algorithm with high frequency for 

specific symbol (usually 't' which refer to insignificant value).  

 

Step Nine: Digitize 

 

 Group each eight bits and convert its into corresponding decimal 

number. Moreover the rest bits place in individual array and stored 

without any additional operation(rest bits result from apply MOD 

function between the whole number of bits and 8).  

 

Embedded Zerotree  Algorithm 
 

 Embedded Zerotree Algorithm presented by J. Shapiro(4556), 

consist of four main steps which are: threshold, dominant, subordinate, 

and loop. To make this algorithm appropriate to work with DCT 

coefficients  which completely defers from Wavelet coefficients, the 

proposed system includes another steps to satisfy this goal. Figure(1.6) 

represents flowchart contain the main steps of Embedded Coding.  

 

The used alphabetic contain eight symbols "p, n, z, t, #, @, -, y " , 

while first four symbols represent the original alphabetic used by Shapiro, 

other symbols added by proposed algorithm. 

Where  '#'  represent an new block of coefficients,  

       '@' refers to similar block(all coefficients have same value), 

       '-'  refers to a new row ( in another word new cycle),  

    'y' refers to special case appear when the returned value(sign)          

        from  Test function equaled to zero. 
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Figure(1.6): Flowchart of The Embedded Zerotree Algorithm 
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Initialize  
 

 For each block a new threshold is specified, the threshold 

determines which of  Coefficients should be classified as significant and 

which of coefficients should be classified as insignificant, significance 

concept means that the coefficient greater than the current threshold while 

insignificance concept refers to the coefficient less than the current 

threshold. There are many methods for finding the threshold for each 

block, most of these methods based on the maximum values of block, 

some of implementation, the initial threshold is set to be half of the 

maximum absolute value, in the suggested system, threshold obtained by 

apply  equation(6.5). 

Test Function 

 This function test all coefficients if there are at least one absolute 

value greater than Mini(Mini absolute smallest number of block), in the 

same time  this coefficient is smaller than current threshold. To explain 

this case take this example array. 

1 1 1 1 1 4 5 46 

1 1 1 1 1 1 -2 6 

1 1 1 1 1 1 1 4 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 4 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

 
 

  

In this case the absolute maximum coefficient is 46 and by 

applying the equation (6.5) for finding the threshold value, the result is 8, 

so 8 represent the initial value. In the first phase there two coefficient 

greater than current threshold (5,46) and will be extracted and replaced 

there positions with zero. In the second phase or cycle the initial 

Figure(1.1): An Example Illustrate Special Case 
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threshold halved and the current threshold equaled to 1, also there are 

many absolute value greater than Mini, but smaller than current threshold, 

to process this drop, "Test"  function is added to specify special character 

'y' placed in individual row of result array . 

 

Dominant Pass 

 Dominant pass as illustrated in Figure (1.6) checks all trees for 

significant values with respect to a certain threshold. If the coefficient is 

larger than the threshold, a positive (p) is coded. If the coefficient is  

negative, but it’s a absolute value is larger than the current threshold, a 

negative(n) is coded . If the coefficient and his children smaller than the 

current threshold, a zerotree (t) is coded . If coefficient smaller than 

threshold, but has children (at least one) greater  than current threshold, 

an isolated(z) is coded. The coefficients coded as positive (p) or negative 

(n) consider significant.  

 Finally, all the coefficients that are in absolute value larger than the 

current threshold are extracted and placed on the subordinate list. 
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Subordinate Pass 

 The subordinate Pass(sometimes called the refinement 'refines' the 

value of each significant). For each coefficient in the subordinate list, the 

subordinate pass as showing in Figure (1.5) checks if there is value larger 

or smaller than the current threshold. Current threshold compute by  

Figure(1.6): Flowchart of Dominant Pass 
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Tc=6/2 *Ti , where Tc refers to current threshold which compute to assign 

zero or one to the coefficient, Ti represents the threshold comes from 

dominant pass for current phase. If the coefficient is larger than the 

threshold a '4' is assign to the coefficient and if the coefficient  is smaller 

than the threshold a '1' assign to the coefficient. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Filter 

 This procedure search for the values to be coded as significant to 

extract it and replaced their  positions with zeros(some literatures 

replaced this positions with stars). This will prevent them from being 

coded a gain. 

Figure(1.5): Flowchart of   ٍ Subordinate Pass 
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1.4 The Proposed Decompression   ِ Algorithm Steps 

 The steps of decompression algorithm are illustrated in 

Figure(1.5). 

Where:  

         I  is a counter for the number of symbols start with zero value , 

         K is a counter for blocks,  

  Len represent the length of string results from inverse Huffman      

algorithm, 

         Cod sequence of string results from apply inverse Huffman      

algorithm, 

         Cor  array of DC's of block comes from compressed file,  

         Flag4 flag refers to the similarity case,  

         Flag2 flag refers to new block. 
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The algorithm contains the following steps: 

Step4: Read the coming compressed file. Then the Inverse Algorithm 

converts arrays which are contain a numbers corresponding  to the 

sequence of (1,4).      

Step4: Apply Inverse Huffman Algorithm on the array result from the 

previous step, this resulting Cod array. 

Step4: Initial value is assigned to the counters, usually zero. Also assign 

length of string to Len variable. 

Step1: While counter less than length of string, loop will continued. Then 

read the current symbol from. 

Step5: If the next character is '#' (which refers to new block), go to the      

following steps: assign current threshold to the T variable, assign 

current DC to the F variable, also assign initial value to Flag4, 

Flag2.  

            Else go to Step1. 

Step6: If Cod(I+4) character is '@' (which refers to similarity case), go to 

the following steps: 

 Go to function that make a new block by using DC for 

first element at position(1,1), while all other position 

filled with the same value which are threshold.  

 Increment counter with 2 to reach the next 

'#'character. 

 Change value of Flag4 to 4. 

 

Step7: Else increment counters I,K. Specially for I counter to reach the  

character which followed '#' character.  

Step8: If  Flag4 equaled  to 4, in this case   

Figure(1.5): Flowchart of Decompression Algorithm  
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 Go to the Inverse Embedded Zerotree Algorithm. 

 Sent the result block to the final array. 

Step9: Else Read the character. 

Step40: Increment counter of character. 

Step44: if the coming character is '#', in this case change the value of 

Flag4 to 4 . Else go to step 41.  
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Inverse Embedded Zerotree Algorithm  

 The main stages of Inverse Embedded Coding is shown in 

Figure(1.8). 

Where: 

 CKL is a counter for cycle or phases. 

 T      is variable refers to the threshold. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(1.8): Flowchart of Inverse Embedded Zerotree 

Algorithm  
 

N 

Y 

Y 

N 

START 

CKL=1 

Read 2D Array of (p,n.z.t) 
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In briefly the following steps for performing the Inverse  

Embedded Zerotree Algorithm: 

Step4:  Initial value to CKL variable, usually zero. 

Step4: Read the string array which contain p, n, a, t ; also read the  

another  array which contain  4,1. 

Step4: While the number of cycle still less than the final cycle(number of 

cycle taking from number of rows of coming array) perform the 

following steps. Else the algorithm reach to final values of block 

and the reconstruction block is getting, then STOP. 

Step1: If coming row contain just one character which are 'y', This refers 

to special case when there are at least one absolute value greater 

than zero, but in the same time this value is smaller than threshold. 

In this case only increment CKL counter and halving threshold. 

Step5: Dominant Pass, procedure for assign one of four symbols (p, n, z, 

t) to each position of default block. 

Step6: Subordinate Pass, by using default array coming from Dominant 

Pass procedure, and array of 4,1 and threshold coming from Step2 

this procedure reconstructed the nearly original block following the 

same steps in the Subordinate Pass of compression algorithm, also 

the example of chapter three illustrates the decoding operations. 

1.1 Characteristics of The Proposed Compression 

System Over EZW 

 The proposed algorithm used eight symbols as alphabetic while 

EZW used just four symbols, in the first glance this is useless, but 

there a logical justification illustrated in the steps of 

compression/decompression algorithm.  
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 The proposed system treated main drop of EZW which is special 

case that shown in Figure (1.1), the treating was accomplished 

using Test Function. 

 EZW compress all blocks of data of image and don’t care if the 

coming block has the same block (similarity case), this consume 

additional computation, time and resulting less compression ratio. 

In the suggested system there are specific symbol (@) to refers to 

this case  to avoided this disadvantage. 

 Numbers of cycle or level for each block derived from 

decompressed algorithm, there are not need for store this number in 

compressed file as EZW work.  
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1.5 The Experimental Results 

 
 The implementation of the proposed system on different images in 

size and details, this images are of BMP format with 42 bits. All test have 

been carried out on a 7.3 GHz Pentium 2 with 452 MB of main memory. 

The programming language was VB ver.2.   

1.5.5 Results of The Proposed Compression System 

 
 There are a number of images used to test the suggested 

compression system, this images illustrated in Figure(5.7) as well as to 

the reconstructed images. The results of proposed system  are 

summarized in Table (5.7). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Original Image4 

Original Image7 Reconstruct Image7 

  

  

Reconstruct Image4 

Reconstruct Image7 Original Image7   
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Reconstruct Image5 Original Image5 

  

  

Original Image2 Reconstruct Image2 

  

Original Image2 Reconstruct Image2 

Figure(5.7): Original , Reconstructed of The Test 

Images 
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1.5.5 Comparison of The Proposed System Results with 

Other Systems 

 
 Its Known that JPEG which consider as most famous compression 

algorithm used RLE algorithm incorporates RLE, so its very nice to 

compare the proposed algorithm performance with RLE performance, the 

comparison related with encoding scheme, the results summarized in 

Table(5.4), tested images shown in Figure(5.4).  

 

  

 

 

Compressed 

File Size 

Source 

File 

Size(byte) 

Compressed 

File  Size(byte) 

by E.C. 

Compressed 

File Size by 

RLE 

Difference 

Image3 702291 77490.2 47292.2 1702.1 

Image1 20759 2542.91 0279.52 2112.21 

Image0 20759 7321.74 2137.92 7794.34 

Image79 01792 79354 40507.2 71127.2 

   
 

 

 

 

 

 

PSNR Compression 

Ratio 

Compressed 

File Size(byte) 

Source File 

Size (byte) 

Source File 

Name 

77.2 099 2122 20754 Image7 

43.33 049 3379 01792 Image4 

43.75 04% 3222.02 01792 Image7 

41.02 079 7202.22 20754 Image2 

72.51 029 77950.4 702291 Image5 

77.3 029 2771.91 01792 Image2 

Table(5.7): Results of Proposed Compression System 

Table(5.4): Comparison between the Proposed Compression System 

 Results  and RLE Results 



Chapter Five                                                      Results, Conclusions and Future Works 

 32 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Original Image3 

 
Reconstruct Image3 

 

Original Image1 

 
Reconstruct Image1 

 

 

Original Image0 

 
Reconstruct Image0 

 

Original Image79 

 
Reconstruct Image79 

 

Figure(5.4): Original, Reconstructed  Images  of  Comparison 

between The Proposed System Results and RLE Results  

  

  

  

  



Chapter Five                                                      Results, Conclusions and Future Works 

 33 

1.5 Conclusions 

 
       In this section there are many conclusions:               

7-The suggested system highlights the coding gained by DCT and 

Embedded Zerotree Algorithm, this allows to address the real issues 

involved in image coding, which are quantization and Entropy Coding. 

4-Isolated DC's vector of blocks gives better visual quality and PSNR, 

with degrade the compression ratio.   

7-Many researches considered EZW algorithm "does not really 

compression thing, it only reorder coefficients in such a way that can be 

compressed very efficiently"[42],  while others showed "EZW algorithm 

which is considerably effective and important compression algorithm"[7]. 

The proposed system proved that Embedded Zerotree algorithm is 

effective compression algorithm. 

2-The proposed system treats important drop included in EZW that 

illustrated in Figure (2.2), this drop caused a stuck case in 

implementation of algorithm. 

5.The proposed system optimize the compression results by applying 

Huffman algorithm  on the all result string instead of apply arithmetic 

algorithm for each block as in EZW  

2-Using HDCT results high compression ratio, but with greater error 

ratio.  

 

1.5 Methods for Incrementing Compression Ratio of 

Proposed Algorithm 

 
7-Using another ready tables for quantization such as Q79 which results 

more zeros with few coefficients. 

4-Using high value for parameter R in equation (2.7) of quantization step. 
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7-Apply the proposed algorithm with only vector of DC's of blocks. 

2-Using multilevel of DCT for each block with store DC of level, this 

mean when we apply DCT on each block we store the DC in individual 

vector before apply DCT on the same block and go on. 

5-Using specific number of level for Embedded Algorithm which apply 

on the block, usually small to decrease the  resulting coefficients.  

1.4 Future Works   

7-Used this system to compress other type of files such as movie, sound 

files. 

4-"One of the major disadvantages of block-based image coding 

techniques is block effect [77] ", "image quality degrades because of 

artifacts of block-based DCT scheme[72]", so postprocessing techniques 

are required  using many filters or operators such as sobel operator. 

7-Using variable block size instead of fixed block to improve the 

performance and overcome on the block effect which cause the distortion. 
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