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One of the advantages of the Discrete Wavelet Transform (DWT) compared to Fourier Transform (e.g. Discrete Cosine Transform DCT) is its ability to provide both spatial and frequency localization of image energy. However, WT coefficients, like DCT coefficients, are defined by magnitude as well as sign. While algorithms exist for the coding of wavelet coefficients magnitude, there are no efficient for coding their sign. In this paper, we propose a new method based on separate entropy coding of sign and magnitude of wavelet coefficients.

The proposed method is applied to the standard color test images Lena, Peppers, and Mandrill. We have shown that sign information of wavelet coefficients as well for the luminance as for the chrominance, and the refinement information of the quantized wavelet coefficients may not be encoded by an estimated probability of 0.5. The proposed method is evaluated; the results obtained are compared to JPEG2000 and SPIHT codec. We have shown that the proposed method has significantly outperformed the JPEG2000 and SPIHT codec as well in terms of PSNR as in subjective quality. We have proved, by an original mathematical analysis of the entropy, that the proposed method uses a minimum bit allocation in the sign information coding.

Introduction

Image compression is necessary for storage and transmission in multimedia applications. In image compression, JPEG (based on DCT) [START_REF] Walace | The jpeg still image compression standard[END_REF] and JPEG2000 [START_REF] Marcellin | An overview JPEG2000[END_REF] (based on DWT technology) are the standards for still image. In DCT, the image is split in blocks of 8 x 8 pixels and the transform is applied to each block as an independent sub-image and Variable Length Coding (VLC) is used to compress the quantized coefficients. The main drawbacks of JPEG are the blocking artifacts at low bit rate. However, in JPEG2000, the image is decomposed in wavelet domain without block splitting; only in the case where image dimensions are large (for example the case of JPEG2000 test images), the standard allows splitting image in tiles for the efficient management of the space memory in DWT computation. A lot of progress has been made in wavelet based image compression [START_REF] Shapiro | Embedded image coding using zerotree of wavelet coefficients[END_REF], [START_REF] Said | A new fast and efficient image codec based on set partitioning in hierarchical trees SPIHT[END_REF][START_REF] Xiong | Space frequency quantization for wavelet image coding[END_REF][START_REF] Xiong | Wavelet packets image coding using space frequency quantization[END_REF][START_REF] Joo | Flexible zerotree coding of wavelet coefficients[END_REF], [START_REF] Marcellin | An overview JPEG2000[END_REF][START_REF] Villasenor | Wavelet filter evaluation for image compression[END_REF], [START_REF] Bigin | Progressive image coding using treillis coded quantization[END_REF][START_REF] Deever | What's your sign: Efficient sign coding for embedded wavelet image coding[END_REF][START_REF] Tion | An embedded image coding system based on tarp filter with classification[END_REF], [START_REF] Zaid | Wavelet image coding with parametric thresholding: Application to JPEG2000[END_REF][START_REF] Wu | Embedded Zerotree runlength wavelet image coding[END_REF][START_REF] Emre | Improvement of JPEG2000 Lossy Compression Performances using Preliminary Non-linear Filtering[END_REF][START_REF] Esakkirajan | Image Compression using Hybrid Vector Quantization[END_REF][START_REF] Esakkirajan | Image Compression using Multi-wavelet and Multi-stage Vector Quantization[END_REF][START_REF] Chen | Design of Optimal Quincunx Filter Banks for Image Coding[END_REF][START_REF] Xu | Design of High Performance Filter Banks for Image Coding[END_REF][START_REF] Kuo | VLSI Implementation of Modified SPIHT Encoder[END_REF][START_REF] Hidd | High Dimensional Lattice Vector Quantizer Design for Generalized Gaussian Distributions[END_REF][START_REF] Sprljan | Modified SPIHT algorithm for wavelet packet image coding[END_REF][START_REF] Wang | An improved algorithm of SPIHT based on the Human Visual Characteristics[END_REF][START_REF] His-Chin Hsin | A Hybrid SPIHT-EBC Image Coder[END_REF][START_REF] Velisavljevic | Space-Frequency Quantization for Image Compression With Directionlets[END_REF], resulting in the realization of the JPEG2000 standard. One of the advantages of the DWT is that it provides both spatial and frequency localization of image energy. The WT coefficients are defined by both magnitude (absolute values of coefficients) and sign. In most current wavelet image coding systems, the inefficient coding of the sign of coefficients is accepted as a trade-off for gains obtained through energy compaction which can not give any information about the sign of the wavelet coefficients. Moreover, in [START_REF] Shapiro | Embedded image coding using zerotree of wavelet coefficients[END_REF], the author states that a quantized coefficient is as much likely to be positive and negative. Only recently have some authors begun to investigate the sign of wavelet coefficients in image coding [START_REF] Deever | What's your sign: Efficient sign coding for embedded wavelet image coding[END_REF][START_REF] Tion | An embedded image coding system based on tarp filter with classification[END_REF]. In [START_REF] Deever | What's your sign: Efficient sign coding for embedded wavelet image coding[END_REF], the authors have combined sign and coefficient extrapolation in their approach. They have proposed the estimation of wavelet coefficient with the probability of the sign being positive or negative. In [START_REF] Tion | An embedded image coding system based on tarp filter with classification[END_REF], the authors have assumed that the sign information bit of wavelet coefficients may be encoded with an estimated probability of 0.5 and the same assumption is done for the refinement information bit. In this paper, we propose a new method based on separate entropy coding of sign and magnitude of wavelet coefficients. The proposed scheme is described in section 2. The experimental results and discussions are presented in section 3. A mathematical analysis of the proposed method is presented in section 4.

Finally, the conclusion is presented in section 5.

Coding of sign and magnitude of wavelet coefficients 2.1 Description of the proposed method

Once the color image is decomposed in wavelet domain, we consider the coefficient as the data which gives two types of information: the sign and the magnitude. Wavelet coefficients are organized as a list of different sub-bands which are horizontal low and vertical low frequencies (LL), horizontal low and vertical high frequencies (LH i ), horizontal high and vertical low frequencies (HL i ), horizontal high and vertical high frequencies (HH i ) where i is the scale level number. The sign may be either negative or positive; the magnitude information is the absolute value of the wavelet coefficient. The magnitude is considered significant if its absolute value is greater or equal to a predefined threshold T, similar to EZW codec. In EZW, this coefficient is encoded respectively with POS or NEG symbol if it is positive or negative. In our method, a single symbol which we call Significant (S) is used to encode the magnitude. We use two other symbols ZT and UZT to encode the Zero Tree root and the UnZero-Tree root respectively. ZT and UZT symbols may be considered as ZTR and IZ symbols in EZW codec. In the finest subbands HL 1 , LH1, and HH 1 where the coefficients have no child, the symbol Zero Coefficient ZC is used to encode the coefficients which are inferior to the threshold. Three types of information are considered in our method:

1)

The magnitude information: a magnitude map containing the symbol S is generated. The presence of the symbol S is indicated by the symbol '1' and its absence by the symbol '0'.

2) The sign information of wavelet coefficients: in our method, the probability of the quantized wavelet coefficients to be positive or negative is calculated bitplane by bit-plane. We have generated a sign map which indicates the presence of a negative or a positive coefficient in HL i , LH i , and HH i sub-bands at scale i. The presence of a positive significant coefficient is indicated by the symbol '0' and the presence of negative significant coefficient is indicated by the symbol '1'.

3) The third information is the refinement of the quantized coefficients (quantization index). Since we have used the scalar quantizer, the quantized wavelet coefficient may be set in the low or in the high interval in the uncertainty 
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in the refinement processing is also calculated bit-plane by bit-plane. If a quantized coefficient is set in the high interval, the symbol '1' is generated; if it is set in the low interval, the symbol '0' is generated. It is important to note these considerations: 1)

The magnitude information of a given wavelet coefficient may be significant or insignificant depending on the current threshold;

2) The refinement information is not unique for the same wavelet coefficient because it may change. Depending on the current threshold, a given quantized coefficient (in the past and in the current bit-planes) may be set in the high interval or in the low interval;

3) The sign information is unique for a given wavelet coefficient since a coefficient is either positive or negative. Since we are in the case of color image compression, the above considerations are applied on the luminance Y, blue chrominance Cb and red chrominance Cr coefficients.

Technical description of the implementation

In each sub-band and depending on the current threshold T, we have developed an algorithm that generates the different symbols described in section 2.1 where each subband is transformed from coefficient matrix to a vector of symbols. Among the symbols described in the section 2.1, only the significance symbol, the sign symbol and the refinement symbol are necessary for the reconstruction of the image. Precisely, the presence of the symbol S informs the decoder to reconstruct the magnitude of a significant coefficient using the value of the current threshold; its absence informs the decoder to reconstruct a tree of zero (symbol ZT) except for few coefficients which are significant in this tree (symbol UZT). In the finest subbands (HL 1 , LH 1 , and HH 1 ), the absence of the symbol S informs the decoder to reconstruct the zeros. To illustrate the execution of the algorithm, we show below the binary data symbols automatically generated for the Lena luminance (component Y), 512 x 512 pixels, decomposed in 5 scales for the first bit plane: 

Experimental results and discussions

To evaluate the proposed method, three standard color test images: Lena, Peppers and Mandrill, all 512 x 512 x 3 pixels are decomposed in the wavelet domain using the biorthogonal 9/7 filter bank of Daubechies [START_REF] Antoni | Image coding using wavelet transform[END_REF]. Five decomposition scales are performed. Magnitude, sign and refinement information as well for the luminance Y as for the blue chrominance Cb and the red chrominance Cr are together entropy encoded using the arithmetic coding [START_REF] Willen | Arithmetic Coding for Data Compression[END_REF]. The interesting behaviors observed are the sign and the refinement information of the luminance and the chrominance components. Fig. 2 to 4 show that the positive and negative sign information of the luminance, the blue chrominance and red chrominance have an equal probability after few bit-plane numbers. From these figures, we can notice that wavelet coefficients are not all equally distributed in the positive and negative domains (particularly for the first bit-plane numbers); this is due to the presence of the approximation sub-band where there is no negative coefficient. However, some coefficients are equally distributed in positive and negative domains after few bit planes and it is due to the contribution of the high frequency sub-band coefficients. The fact that the probabilities to find negative significant and positive significant coefficients are almost equal to 0.5 after few bit-plane numbers may be explained by the generalized Gaussian distribution of the detail sub-bands of photographic images. So, the estimated probability of 0.5 may not be used to encode the sign information for all bit planes contrarily to the work presented in [START_REF] Tion | An embedded image coding system based on tarp filter with classification[END_REF] since the positive sign information is also provided by the approximation sub-band. Fig. 5 to 7 present the probabilities of the quantized wavelet coefficients to be set in the low interval or in the high interval in the refinement processing. It appears that the refinement information bit may not be encoded with an estimated probability of 0.5 such as used in [START_REF] Tion | An embedded image coding system based on tarp filter with classification[END_REF]. In these figures, we see that the probabilities of the quantized wavelet coefficients of the luminance and the chrominance images to be set in the low interval or in the high interval in the refinement processing present symmetry with the probability value of 0.5. So, encoding the refinement information with the probability estimated of 0.5 is not accurate. Some relevant questions may arise: for example these observations are image dependant? In an attempt to answer to this question, we have deal with the other color test images such as Boat, Goldhill, Barbara and we have observed the same behavior. 
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Where H and L are respectively the height and width of the image; I and Î are respectively the original and the decoded images. These results show that our method is competitive with JPEG2000 Tool as well in objective quality as in subjective quality, and significant gains are obtained in terms of PSNR in dB, particularly for the chrominance components. We have also shown that the proposed method gives significant gains in dB compared to some recent published works [START_REF] Kuo | VLSI Implementation of Modified SPIHT Encoder[END_REF][START_REF] Hidd | High Dimensional Lattice Vector Quantizer Design for Generalized Gaussian Distributions[END_REF][START_REF] His-Chin Hsin | A Hybrid SPIHT-EBC Image Coder[END_REF][START_REF] Velisavljevic | Space-Frequency Quantization for Image Compression With Directionlets[END_REF] for Lena in grey scale.

Mathematical analysis of the entropy sign coding 4.1 Analysis of the variations of the sign entropy coding

To explain the performance of the proposed method, we present the analysis of separate coding of sign information. Let us consider x, the probability to find the significant positive coefficient which we call a POS event. A significant negative coefficient is the complementary of the POS event and is called the NEG event. POS and NEG form a set of two events. Let us consider p(POS) and p(NEG) the probabilities of the POS and NEG events respectively. The probability density law allows the equation ( 3).
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In equation ( 4), x = 1 concerns the absence of negative coefficients and x = 0 concerns the absence of positive coefficients. Let us consider the entropy H of the positive or negative sign information:
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In this case (x = 1 or x = 0), the entropy of sign information is equal to zero bit; this case is not interesting. Let us consider the case where x is neither equal to zero nor equal to one, precisely 1 0 < < x ; in this case the POS and NEG invents are both present: it is the case where both the low frequency subbands coefficients and the high frequency subbands coefficients are superior or equal to the current threshold. The entropy of the sign information is given by equation ( 6).
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The entropy H depends of the probability x, we will represent H(x) using the neperian logarithm function and the equation ( 6) is replaced by equation [START_REF] Xiong | Wavelet packets image coding using space frequency quantization[END_REF].
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Let us consider f(x), the first derivative of H(x). This function is given by equation [START_REF] Joo | Flexible zerotree coding of wavelet coefficients[END_REF].
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In equation [START_REF] Joo | Flexible zerotree coding of wavelet coefficients[END_REF], the first derivative of the entropy of the sign information f(x) is such that: 12 Variations of the entropy H(x) Fig. 12 shows the variations of the entropy of the sign information. Fig. 13 is the graphical representation of the entropy H(x) versus the probability x of the sign information for [ ] 99999 . 0 ; 00001 . 0 ∈ x . Fig. 12 shows that the maximum value of the entropy is equal to one bit and for x = 0.5; this means that the coast of the positive and negative sign information coding is at most one bit. Therefore, for x < 0.5 and x > 0.5, the entropy H(x) is less than 1 bit. For example, if x = 0.99999, then H(x) = 0.00018 bit and if x = 0.00001 then H(x) = 0.00018 bit (we may notice the symmetrical behavior of the entropy's curve for x = 0.5). We may also see that Fig. 12 
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. To prove this observation, let us consider g(x) the second derivative of the entropy H(x); this function is given by equation ( 9): -in red curve the experimental result obtained for Lena image; -in blue curve the theoretical result obtained by equation ( 7); -in green curve the model result obtained by equation ( 13). Fig. 14 b shows: -in red curve the experimental result obtained for Boat image; -in blue curve the theoretical result obtained by the equation ( 7); -in green curve the model result obtained by the equation ( 13). This analysis proves that a separate sign information coding requires a minimum bit budget. Consequently, for a same reconstruction quality, the proposed method uses a minimum bit allocation and it explains the performance in terms of PSNR of our method over the JPEG2000 standard and SPIHT codec. Therefore, the observation of figures 2 to 4 is confirmed by this mathematical analysis.
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Conclusion

We have proposed a new method based on separate entropy coding of sign and magnitude of wavelet coefficients. An algorithm is developed and the probabilities of magnitude, sign and refinement information are calculated online, bit-plane by bit-plane for the luminance, blue chrominance, red chrominance and these data are entropy encoded using arithmetic coding. We show that the sign information of wavelet coefficients as well for the luminance as for the chrominance components may not be encoded by an estimated probability of 0.5; the encoding of the sign information of wavelet coefficients using estimated probability of 0.5 may be used only after a few bit planes.

We also show that the refinement information coefficients for the luminance and the chrominance components may not be encoded by the estimated probability of 0.5. In fact, the probabilities of the quantized wavelet coefficients of the luminance and the chrominance components to be set in the low interval or in the high interval in the refinement processing present symmetry with the probability value of 0.5.

All the informations (magnitude, sign and refinement) are encoded using arithmetic coding. Three standard color images are compressed using our method. The JPEG2000 Tool (jpeg2000 J2K-Tool) [START_REF]Compression /Decompression Tool 2 5.1[END_REF] and the SPIHT codec [START_REF] Said | A new fast and efficient image codec based on set partitioning in hierarchical trees SPIHT[END_REF][29] are run for the same test images. The obtained results are compared to JPEG2000 standard tool and SPIHT codec in terms of objective quality (PSNR) for Lena, Peppers, and Mandrill color test images.

The comparison is also done in terms of subjective quality (visual quality) with JPEG2000 standard tool and SPIHT codec for the same standard color test images decoded at 0.08 bpp. We show that the proposed method outperforms the JPEG2000 standard tool and significant gains in terms of PSNR in dB are obtained on JPEG2000. Our method outperforms the SPIHT codec except for the chrominance of Peppers at high bit rate; however in average, significant gains are obtained by our method on SPIHT codec. The proposed method gives also significant gains in dB compared to some recent published works [23, 24, 27, and 28] for Lena in grey scale (the luminance component).

Furthermore, we have proposed an original mathematical analysis which proves that the coast of the sign information requires a minimum bit budget allocation and consequently, explains the performance in terms of PSNR obtained by our method on JPEG2000 and SPIHT codec. Finally, we have shown that it is possible to operate the modeling of the positive and negative signs entropy by a parabolic approximation. 
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 8 to 10 present the PSNR in dB versus bit rate in bit per pixel of Y, Cb and Cr for the three standard color test images: Lena, Peppers and Mandrill. The JPEG2000 (jpeg2000 J2K-Tool)[START_REF]Compression /Decompression Tool 2 5.1[END_REF] and the SPIHT codec[START_REF] Said | A new fast and efficient image codec based on set partitioning in hierarchical trees SPIHT[END_REF][29] are run for the same test images and the results are compared with our results. The PSNR in dB for Y, Cb and Cr is calculated by equation[START_REF] Walace | The jpeg still image compression standard[END_REF] where MSE (Mean Square Error) is defined by equation[START_REF] Grisel | Compression d'images par modélisation des coefficients TCD en lois mélange et quantification adaptative dans l'environnement JPEG[END_REF].
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  Entropy of positive and negative sign information and its model: (a) for Lena, (b) for Boat
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