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Abstract 

The Haar wavelet is a lossless compression approach, it is applied in several levels, at 

each level the size is reduced by a rate of 75%. This reduction produces degradations in 

the image quality, and consequently the loss of the content of the original image. The 

purpose of this article is to find the optimal level of compression, which means the level of 

compression that produces the smallest compressed image that retains the original image 

content. 

The search for the optimal level of compression will be based on a proposed system, 

this system contains two parts: the first part use the principle of Haar wavelets algorithm 

to produces the compressed images at several levels and the second part use a 

recognition system as a criterion control to detect and recognize the content of images. 
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1. Introduction 

Image treatment is an area which contains several processes like compression. The 

compression is an algorithm which allows the reduction of size and transmission time of 

information (image). It is devised into two types: lossless and lossy. Haar wavelet is an 

example of lossy compressing algorithm which can be applied on several levels. For each 

level, we have a compressed image. This algorithm was attracted the intention of the 

scientific community. P. Bhirud and al [1] did a comparative study of various filters of 

Wavelet Transforms in terms of size and PSNR of images. A. Hazarathaiah and al [2] 

have presented the construction of new lifting based wavelets by a new method of 

calculating lifting coefficients. R. El Ayachi and al [3] have proposed a new method 

based on the Haar wavelet algorithm in order to reduce the computational complexity. 

Since Haar wavelets approach produce compressed images in several levels, the 

optimal level of compression is a level where the resulting compressed image is 

characterized by: the smallest size and conservation of the original image content.  

The research of the optimal level of compression requires tools allowing the control at 

each level of compression. This control will be realized by a comparison between the 

original image and the compressed image. In literature, there are several mathematical 

formulas that can be used, namely: MSE (Mean Square Error), PSNR (peak signal-to-

noise ratio) [4] and SSIM (Structural similarity) [5], but these mathematical formulas 

require the same size for both images.  

The problem of the size is resolved by using the segmentation processing. R. El Ayachi 

and al [6] have adopted the segmentation method as criteria to detect the optimal level of 

compression in which the number of the regions of the compressed image is still the same 
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as in the original image. Sadly, this method is not effective in all cases, it has two 

limitations:  

 The first concerns the shape of the segment, because the successive 

compression generates changes in the shapes of the segments. 

 The second focuses on the minimum size of a segment, because successive 

compressions can produce a segment containing a single pixel, so what is the 

minimum size of a segment? 

To overcome these limitations (shape and size), the solution is to use a recognition 

system that allows to identify the contents of an image, and consequently the control of 

the shape and the size of its partitions. 

So, the purpose of this paper is to develop a system that allows to produce a 

compressed image at an optimal level, this system is based on two approaches: 

 The first approach, called the Haar wavelets, is used for compression on 

several levels. 

 The second approach, called a recognition system, is adopted to control the 

content. 

 

The rest of paper is organized as follows: Section 2 gives a description on the use of 

the Haar wavelet method in image compression. Section 3 is dedicated to the presentation 

of the operating of a recognition system and its components. Section 4 proposes a system 

that produces the optimal compression of an input image. Section 5 is devoted to the 

experimental results obtained. Finally, the conclusion is given in Section 6. 

 

2. Compression Level using the Haar Wavelet Approach 

Haar wavelet is a compressing algorithm that applies in several levels. At each level, 

he divides an input image (original image) into four parts (sub-images) [6]; one part 

contains the compressed image, and the other parts contain detail coefficients for the 

decompression process. The principle of Haar wavelet algorithm is described in Figure 1. 

 

 

Figure 1. Principle of Haar Wavelets Algorithm 

In Figure 1, the description of parameters are: 

 Mh: Image compressed at level h 

 DHh, DVh and DDh: Detail coefficients at level h 

 h: Compressing level 

For each level, the Haar wavelet algorithm uses the following formula: 

                                                         𝑆𝑐ℎ = 𝑡(𝐴ℎ) ∗ 𝑀ℎ−1 ∗ 𝐴ℎ                                        (1) 
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where    

 h: Compression level 

 Sch: Compressed image at level h 

 Ah: Haar wavelet coefficients at level h 

 t(Ah): Transposed of Ah 

 Mh-1: Original image for level h 
 

The Haar wavelet coefficients of A can be computed using the formulas listed below: 
 

  𝐴𝑖𝑗 = 1
2⁄     𝑖𝑓  𝑗 ≤ N

2⁄  and i = 2 ∗ j + 1 or i = 2 ∗ j 

  𝐴𝑖𝑗 = 1
2⁄     𝑖𝑓 N

2⁄ < 𝑗 ≤ N and i = 2 ∗ (j − N
2⁄ ) − 1                                                           

  𝐴𝑖𝑗 = −1
2⁄     𝑖𝑓   N

2⁄ < 𝑗 ≤ N  and   i = 2 ∗ (j − N
2⁄ )                                                     (2) 

  𝐴𝑖𝑗 = 1    𝑖𝑓  i > 𝑁  

  𝐴𝑖𝑗 = 0    𝑒𝑙𝑠𝑒 

 

where 

 N: Number of columns 

 i,j: Positive integers 

 

3. Recognition System 

Pattern recognition is an area that focuses on identifying the information content 

(Image for this paper) [7]. This content can have several forms: text or graphic patterns. It 

has several applications: disease detection [8], biometric recognition [9], signature 

recognition [10], barcode recognition [11], etc. 

Recognition system is a system that interest to detect and recognize the content of input 

information. 

Generally, it contains four components (Figure 2):  

 The first component is named Acquisition; it is used to acquire an image at the 

input of the system. 

 The second component is named Pretreatment; it contains a set of functions 

applied on the input image to produce a clean version that well be available for 

the next steps. 

 The third component is named Extraction; it allows to extract a set of features 

that characterize the image content. 

 The fourth component is named Classification; it focuses on the identification 

of the image content using the features extracted in the previous step. 

 

 

 

 

 

Figure 2. Recognition System 

Acquisition 

Pretreatment 

Extraction 

Classification 
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4. Proposed System 

The proposed system allows to produce the optimal level of compression for an 

original image, it contains two modules (Figure 3): Compression and Control. The first is 

used to generate a compressed image at several levels using Haar wavelets. The second is 

adopted to control and compare the content of both images (compressed image and 

original image) by using the recognition system. 

 

 

Figure 3. Proposed System 

This system has several advantages, namely: 

 The obtaining of a compressed image at an optimal level; the production of the 

smallest image conserving the contents of the original image, this allows a 

reduction of the storage size, the transmission time and the time for a post-

processing. 

 The comparison of two images of different sizes; in the literature there exist 

only the methods allowing a comparison between two images of the same 

sizes. 

 

4.1. Operating of the Proposed System 

The operating of the proposed system follows a set of steps described as follows: 

 Step 1: Acquiring an original image to compress. 

 Step 2: Applying the recognition system to the original image to build the 

reference database that will be used in the control process. 

 Step 3: Computing of the compressed image at level h by using Haar wavelets 

(h=1,2,…). 

 Step 4: Applying the recognition system to the compressed image (obtained in 

step 3) to identify the content. 

 Step 5: Similarity decision of the system  

o Go to Step 3 in case the two contents are similar. 

o Stopping the system in the opposite case, this gives that the optimal 

level of compression is the predecessor level. 

The steps described above are schematized in the following organization chart: 
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Figure 4. Organization Chart of Proposed System 

4.2. Components of the Recognition System 

The recognition system (Figure 5) used in this paper contains the following 

processes: 

 Pretreatment:  

o Binarization: it is a process that converts the picture pixels into two 

colors (white and black), this treatment is used for text image. 

o Normalization: it is a process that eliminate unnecessary areas in a 

picture by using histogram approach [12]. 

o Segmentation: it is a process that separates the picture into 

homogeneous areas by using the method of segmentation by 

thresholding [13]. 

 Extraction: it is a process that extract features from segmented areas, these 

features must be invariant to rotation, translation and scale. In this treatment, 

invariant moments (Hu moments) are used [14]. 

 Classification: it is a process that recognizes the content of segmented areas 

basing on reference database. KNN method (K-Nearest Neighbors) is adopted 

in this step [14]. 

 

 

Figure 5. Components of the Recognition System 
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5. Results 

Haar wavelets is a compression algorithm applied at several levels. Figure 6 shows the 

results for an example of use up to level 8. 

 

 

Original Image 

 

Level 1 

 

Level 2 

 

Level 3 

 

Level 4 
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Level 5 

 

Level 6 

 

Level 7 

 

Level 8 

Figure 6. Application of Haar Wavelets for 7 Levels 

From Figure 6, the following remarks can be made: 

 From level 6, the content of the original image is absent due to the small size 

of the compressed image (a few pixels). 

 From level 6, the compression levels are useless because the original content is 

lost. 

 Level 5 contains an ambiguous information ( or ), so the use of 

segmentation as a control criterion is not enough and it is useless to continue 

compression to the next levels. 

The results presented above show the importance of adding a recognition system to 

control the content, hence obtaining the optimal level of compression. Figure 7 shows the 

results obtaining by using the proposed system composed of two modules: Compression 

and Recognition system. 
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Level 1 

 

Level 2 

 

Level 3 

 

Level 4 

Figure 7. Application of Proposed System 

The figure above shows the multi-level compressed images that are similar to the 

contents of the original image. 

 

 

Figure 8. Result of the Optimal Level of Compression using Proposed 
System 
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Figure 8 shows an example of the application of the proposed system; the displayed 

result means (for the input image) that the optimal level of compression is level 4, this 

level corresponds to the smallest image retaining the content of the original image. 

The proposed system is tested on the database [15] that contains 2175 Tifinagh printed 

characters with different sizes and styles. 

 

6. Conclusion 

Compression is a process that reduces the size of an image. The idea discussed in this 

paper is the search for the smallest image that retains the content of an original image. 

This idea is solved using a proposed system. 

In this work, a proposed system is presented, it allows to compute the optimal level of 

compression. This system is composed of two modules: Compression and Recognition 

system. The first module is used to calculate the compressed images at several levels 

using the principle of Haar wavelets algorithm. But the second module is used as a control 

criterion to survey the content of images. 

The results obtained justify the effectiveness of the system developed and the 

importance of using a recognition system as a tool for controlling the content of images. 
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