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AN APPROACH TO LOSSY IMAGE COMPRESSION USING 1-D WAVELET TRANSFORMS.
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Summary



The rest of the paper is organized as follows. Section 2 presents a review of wavelet theory; Section 3 describes the proposed algorithm for image compression. Simulation results are reported in Section 4. Conclusions are presented in Section 5.



In this paper, an approach to lossy image compression using 1-D wavelet transforms is proposed. The analyzed image is divided in little subimages and each one is decomposed in vectors following a fractal Hilbert curve. A Wavelet Transform is thus applied to each vector and high frequency components are suppressed. The Huffman coding algorithm is then applied in order to reduce image weight. The 64-point vector transforms used in this work allow lower computational time rather than conventional 8x8-matrix transforms. Two different percentages of high frequency coefficients in one and two level wavelet transform are suppressed achieving good compression ratios and SNR. Exploiting the properties of human visual system, simulation results show that image distortion is less appreciated in image sizes 512 by 512 pixels and greater. Keywords – Discrete Wavelet Transform (DWT), Hilbert curve, coefficient suppression, Huffman coding.



2. Wavelet transform The Wavelet Transform (WT) is a mathematical tool that provides building blocks with information in scale and time of a signal [3]. These building blocks are generated from a single fixed function called mother wavelet by translation and dilation operations. The most commonly used mother wavelets are Haar, Daubechies, Mexican Hat, Morlet, and Walsh [3]. The process of wavelet transform of a signal is called analysis, and the inverse process to reconstruct the analyzed signal is called synthesis. The analysis generates different sub-band blocks (multi-resolution analysis MRA [3]), so different levels can be generated as the application requires. This process is also known as sub-band coding [2]. A discrete one dimensional signal and its three levels of decomposition [2] are shown in figure 1.



1. Introduction A very important task of image processing is image compression and manipulation with low distortions. Standardized image compression formats as GIF and JPEG use sub-images decomposition, bidimensional transforms of each one, and coding algorithms [1] [2]. High frequency components are eliminated at different ratios keeping only the greater energy components, and then a codification method is applied. This coefficient suppression generates a lossy image. Many transforms have been proved for this purpose. Some of them include Discrete Fourier Transform, Discrete Cosine Transform, WalshHadamard Transform, Haar Transform, Hartley Transform, and Wavelet Transform, all of these generating different image distortion and compression values [2]. Recently, several approaches have been proposed for image compression based on wavelet decomposition (see e.g. [6], [7], [8]). By using this sub-image coding and spectral transforms, good compression ratios are obtained using wavelets, achieving low image distortion based on imperfections of human visual systems [1].



Figure 1. SubSub-band coding, a) Original signal and each analysis level level,, b) 3-level DWT.
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matrix multiplication of the Haar transform matrix Hl by each transposed row of TE:



The resulting signal consists of four sub-bands. The first one corresponds to the higher frequency contents or image details. Sub-band 4 contains the greatest energy components, which correspond to low frequencies. Sub-bands 2 and 3 represent intermediate frequencies. A 2-D DWT is obtained from the 1-D transform of each row of a matrix and then the same procedure is applied to each column. The resulting matrix contains the information in different sub-bands depending on the analysis level.



TFi = H l * TE Ti , i = 1,2,..., m × n / 64 l = 1,2,3.



where l corresponds to the sub-band coding level. The superscript T indicates transpose. The Haar transform matrixes Hl are defined by H1=W1, H2=W2*W1, and H3=W3*W2*W1



3. Proposed approach to image compression Due to special characteristics on the human visual system, it is possible to distort the image without significant degradation of its quality from the observer’s point of view [1]. Based on that fact, high frequency coefficients can be suppressed achieving good compression performances.



1 1 0 0  0 0  0 0 = W1  1 − 1  0 0 0 0  0 0



The first step of proposed compression process is image decomposition in 8x8 sub-images. Each one is then converted to a 64 point-vector following a scan with the Hilbert fractal curve, as it is shown in Figure 2. The main property of using this fractal curve is to follow a more distributed pattern in order to allow more image definition when coefficients are suppressed. The resultant vectors are located in a new matrix called TE with size pxq, where



       W2 =        



(1)



and q=64. The values m and n in (1) compose the original image dimensions. In order to generate a complete TE matrix, images must be adjusted to a square matrix with 2k points by side, where k is a positive integer. A 1-D Discrete Wavelet Transform is realized to each row of the TE matrix, and a new matrix called TF (2) is obtained. The Wavelet used in this work is based on Haar functions, so it is called the Haar Wavelet. The process of sub-band coding is done by averaging and differentiating, which correspond to a low-pass and high-pass filtering along the signal. The normalized filters are ϕ L = 1 2 , 1 2 and ϕ H = 1 2 ,− 1 2 respectively [2]. This analysis technique is realized by



{



}



{



(3)



where Wn, n=1,2,3, contents the basis Haar filters (lowpass and high-pass) for each of the three different frequency bands and positions [2]. W3*W2*W1 contents all the Haar functions for an 8x8 matrix. The values for Wn are:



Figure 2. Standard scan subsub-image.
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From a two level analysis of TF rows, an entirely sub-band is suppressed for all rows. If sub-band 1 is eliminated, 50% of low frequency coefficients reconstruct the image. Value of 75% suppressed coefficients corresponds to eliminate jointly levels one and two. This elimination could be third-level scaled and sub-bands combined in order to decrease image components and increase image compression; however in this case the image distortion is increased. Mathematically, the coefficient suppression can be seen as (4) TFi (sub - band(s)) = 0



The IDWT process is obtained the same way as the DWT but using the transpose of Hl (see equation (3)):



TE is = H Tl * TFiT , (5) i = 1,2,..., m × n / 64 , l = 1,2,3. s



where TE forms the reconstructed matrix from the suppressed coefficients. Then the 64-point rows of



TE is



reconstruct the correspondent sub-images following the same Hilbert fractal curve, generating the new image, where the dimensions are equal to original image.



i = 1,2,..., m × n / 64 where TFi corresponds to the i-th row of TF matrix. At this step, Huffman coding is used. This codification method is based on symbol probability [4] [5], forming new code-words in order to remove coding redundancy, so the zero columns of the TF matrix allow great compressed data due to the 0 symbol repetition. When encoding the symbols, Huffman coding yields the smallest possible number of code symbols per source symbol [2]. The first step in Huffman coding is to create a series of source reduction by ordering the probabilities of the symbols under consideration [2]. The greatest probability symbol is replaced by a single symbol code. The largest coding symbol corresponds to the lowest probability source symbol. Then a “dictionary” is created from the source data. Using this dictionary, a coding vector is created from the original data. An example of Huffman coding dictionary is shown in Table 1.



4. Simulation results A 256 x 256 pixels image is decomposed in 8x8 sub-images and each one is translated to a TEi vector following the described Hilbert fractal curve. In this case i = 1,2,...,1024 , so a 1024x64 TE matrix is then generated. A 2-level Haar Wavelet transform is applied to each of the TE rows, forming the TF matrix, which is the same size as TE. Coefficients of a TFi sub-band must be all entirely suppressed, so it is called sub-band suppression. An example of a vector with suppressed sub-band 1 is plotted in Figure 3.



Table 1. Huffman coding dictionary.



Symbol



A2 A6 A1 A4 A3 A5 A8 A7



Prob 0.4 0.3 0.1 0.06 0.05 0.05 0.02 0.02



Code 0 10 110 1110 11110 111110 1111110 1111111



Figure 3. Vector ssuppression uppression of subsub-band 1.



Huffman coding algorithm is then applied to the TE matrix in order to achieve a good data compression. Multi-symbol Huffman coding [5] would achieve good results too, due to the large rows and columns of zeros in the TF matrix, the probability of symbols composed only by zeros is clearly high. An improvement in data compression is obtained when Huffman coding algorithm is used to encode only the non sub-band suppressed part of TE matrix. The results shown in this paper are based on this sub-band coding only. The inverse wavelet transform is in charge of forming the rest part of TE matrix allocating columns of zeros where necessary.



If it is assumed a data vector A={A5 A1 A2 A6} the correspondent encoding vector is H=[111110110010]. If An is composed by three bits, it is clearly observed that the new vector is not lower than the source vector, but using high dimension data this encoding algorithm yields great compression values. This coding algorithm is applied to a vector which contains the non suppressed sub-band coefficients. The decoding process is obtained directly, and it is done based on the dictionary codes. To reconstruct the image the inverse process consists on decoding dat from the Huffman algorithm, forming again a TF matrix. The Inverse Discrete Wavelet Transform (IDWT) is applied to each TF row.
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Figure 4. Original image.



Figure 6. Image with subsub-bands 1 & 2 suppressed. Table 2. 2. Numerical results for 256x256 image.



% Coeff 50 25



RC



BPP



3.9 6.8



SNRms



2 1.2



50 27



The mean square signal-to-noise-ratio (SNRms) [2] is obtained by M −1 N −1



SNR ms =



∑∑ fˆ ( x, y )



2



x = 0 y =0



∑∑ [ fˆ ( x, y ) − f ( x, y )]



M −1 N −1



(6)



2



x = 0 y =0



where f ( x, y ) and fˆ ( x, y ) correspond to the original image and resulting image values respectively, x and y are the image coordinates, and M and N are the image matrix dimensions. The BPP (Bits Per Pixel) value is calculated from the compression ratio RC as follows



Figure 5. Image with subsub-band 1 suppressed.



Using an image with clearly distinguished uniform and detailed zones, two cases are presented; suppression of first sub-band, and jointly suppression of first and second sub-bands. The original image is shown in Figure 4. Figures 5 and 6 illustrate the resultant images of the 1, and jointly 1 and 2 suppressed sub-bands respectively. From Figure 6 it is noticeable a great image distortion in more detailed areas. The image contains high changes tone zones, so it generates high frequency components with greater magnitudes in those high slope tones sections (borders of figures). Figures 5 and 6 are reconstructed from 50% and 25% original coefficients respectively. This generates an image with some kind of diffusive border figures. Compression ratio RC and other numerical results for this type of images are shown in Table 2, where BPP denotes Bits per Pixel. A 50% of suppressed coefficients corresponds to sub-band 1 suppressed, and 25% to suppressed jointly sub-bands 1 and 2.



BPP =



8 RC



(7)



Using a greater image (512 x 512) and obtained from a picture (photo), the same cases are presented: suppression of sub-bands 1, and jointly 1 & 2. The original image is shown in Figure 7. Figures 8 and 9 show the resultant images of the mentioned sub-band supression, and Figure 10 shows the error



( fˆ ( x, y ) − f ( x, y )) of



the 25% coefficients reconstructed image. By eliminating sub-band 1, only 50% of the overall original coefficients reconstruct the image. With jointly sub-bands 1 and 2 suppressed, only 25% of the coefficients form the image. However, from Figure 9, it is noticeable a greater image distortion. Numerical results using image from Figure 7 are given in Table 3.
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Figure 7. Original image.



Figure 9. Image with subsub-band 2 suppressed.



Figure 8. Image with subsub-band 1 suppressed.



Figure 10. Reconstructed image error.



Table 3. 3. Compression and SNRms results.



Im size 256x256 512x512 256x256 512x512



% Coeff 50 50 25 25



RC



2.3 2.3 3.7 3.8



BPP 3.5 3.5 2.1 2.1



As it is observed from figure 10, reconstructed image error is concentrated in figure borders. It is shown that the error presents low values, even with a reconstruction from 25% of the original coefficients. If Lempel-Ziv coding algorithm [2] is used instead of Huffman coding, some variations of it can achieve greater compression ratios. Lossy Lempel-Ziv [1] algorithm allows additional compression ratio but it generates greater image distortion. Also adaptively sub-band suppression can be implemented in order to select the sub-band with lower slopes, and suppress it for each row TFi. This can be based on statistic information measurements, as mean and variance, for each TFi row. Lower image distortion may be achieved, and drawing images could also be compressed by using adaptive methods; however, the computational delay time process is increased. The reported results are obtained by using the Haar mother wavelet, which contains the basis Haar functions, but different image distortion and SNR can



SNRms 241 652 140 363



It is clearly seen that in low size images ( 256 × 256 and lower) SNR values decrease considerably, so distortion values increments by applying this sub-band suppression method. So it is advisable to use the proposed approach in images with high qualities and dimensions. Based on human visual system, using pictures (photos) the resulting images are better than using drawing images due to the lower tone slopes that are involved. However, images with differentiated distributed tone zones (as Figure 4) allow greater compression ratios.



5



ITCH - ELECTRO 2007



Octubre 17-19, Chihuahua, México



be generated by applying other discrete wavelet types like Daubechies, Morlet, or Walsh [3]. Analyzed images are composed by 256 grayscale levels (8 bitsper-pixel resolution), so an analysis for color images can be implemented using this method for each of the RGB component matrixes, achieving good compression ratios and SNR values.
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