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Image Compression with Inverse Pyramid

Decomposition over Wavelet Spectrum
Teodora G. Sechkovand Ivo R. Dragandv

Abstract —In this paper a novel approach is presented for  of the image based on partial information transmitted in terms
compression of digital images. It consists of finding the wavelet  of bit-planes. Despite all the novelties in this approach at the
spectrum of an image into certain number of sub-bands after  |eve| of visual objects inside the image some real multi-level
given levels of regular or irregular decomposition. Then each  gehame js thought to be proper for further enhancement.
sub-band s decomposed with the inverse pyramid agorithm Recently a new approach has been proposed for digital

using some linear orthogonal transform such asDCT. Depending . -, . .
on whether a lossless or lossy compression is desired all or only ~ Mages decomposition denoted as inverse pyramid [6]. It

some of the spectral coefficients from the inverse pyramid are  introduces decomposing levels for a single image by dividing
preserved and then entropy coding is applied. Higher it in smaller blocks over which linear orthogonal transform of

compression ratios are achieved at high image quality levels any kind could be applied. Then restoring of the blocks in the

compared to some popular algorithmsfrom the practice. next level is done by using only some of the spectrum
coefficients while the difference between the original and the

Keywords +mage Compression, Wavelet, IPD, DCT. approximated blocks is being preserved and passed to the next
level. This particular decomposition is thought to be very
|. INTRODUCTION efficient and flexible for digital images compression as well as

in the field of pattern recognition for simplified object

During the last three decades a large number of algorithifPresentation and speeding up algorithms. Itis in the base of
weredesigned for digital images compression. Many methoda® Proposed here algorithm along with the advantages given
rely on spectral decorrelation combined with entropy codingy the wavelet transforms. . _

[1]. Historically one of the most popular approaches that had'” the next section detailed description of the_new algonthm_
become a standard and is still in wide use is the JPEE Presented, then in part three some experimental data is
compression algorithm [2]. It can achieve extremely higfVen and then conclusion is made in part four.

compression ratios (over 100 times) at relatively high peak

signal-to-noise ratiosPSNR, in some cases above 30 dB). Il. ALGORITHM DESCRIPTION

Nevertheless some serious disadvantages could be pointed out

for it such as the block effect due to the localizing property of The input image is graysca consisting oN by N pixels

the discrete cosine transform (DCT) and the lack of anyq intensity range from 0 to 255. It is transformed by using
scaling ability apart from the group change of the quantizatiQRe Haar wavelet according to:

matrix coefficients in some more flexible fashion, e.g. some
multilevel or multistage processing. Extension like that could
provide even more opportunities for scalable progressive
transmission of image data over narrowband communication
channels such as far distance satellite links for planetamperel,, is ablock of the image with size 2x2 affd- the

B,,=Tl,,T", 1)

observation. Haar tansform matrix of the same size given by:
Another large group of algorithms for image compression is

based on the spatial-scale decomposition dividing the 1 {1 1 }

information for large and small objects from the image into T=— . (2)

separate bands. The wavelet transforms [3, 4] are the essence \/E 1 -1

of such approaches and naturally led to the well-known JPEG
2000 standard [5] in which the block effect is absent. Here Going throudp all 2x2 blocks of the image and rearranging
some more advanced techniques were introduced at the lewel resulting spectral coefficients from the resulting spectrum
of information redundancy reduction such as the EmbeddBdinto 4 sub-bands the complete 1-level Haar decomposition
Zero-Tree Wavelet (EZW) coding and the Embedded Blodk achieved.
Coding with Optimal Truncation (EBCOT). Another Then each sub-band of the wavelet spectBa(R = 1+4)
advantage is the ability for scalable transmission (restoratiag)dividedto blocks with dimension&"x2" and each of them

is presentedavith Inverse Pyramidal Decomposition (IPD) [6]:

Teodora G. Sechkova is with the Faculty of Telecommunications _
8 Kliment Ohridski Blvd., 1000 Sofia, Bulgaria, E-mail: [Bx( 2")] = [Byr( 2")] +
teoztljoraéselghkova@g.malll.t%ort?] Eatulof Tel at )
vo R. Draganov is wi e Fadylof Telecommunications, ~

Ciment  Ohridski Bivd. 1000  Sofia,  Bulgara, . ail +2 [Epur(2)] +[E0(27)], 3)
idraganov@tu-sofia.bg p=L

143



ICEST 2012 28-30 JUNE, 2012, VELIKO TARNOVO, BULGARIA

where 3 levels are used af, (2")] is the maix of the  Here si»(uy) ae elemets of the transformed block
rosidua! fran the decomposition. In (3) gach matrix is With[skg( 2P)] which is dtaired also by the 2D-DCT:
dimensions2'x2". The first componentB(2")] for the P
level p = 0 isa rough approximation of the blodR{(2"]. It is Ko on-p \] — - Ky e e
obtained byapplying inverse 2D-DCT over the transformed [SpR(2 ) —[Tp(2 ’ )][EP_LR(Z P )][Tp(2 ")l (9)
block in correspondence with the expression:

- L~ ) where [T (2""P)] is a matrixwith dimensions 2°x2™" for

n —_ n = n n -
[BOR(2 )] - [T0(2 )] [SOR( 2 )] [To(2 )] T (4) levelp = 0 by which DCT is applied.

It is possible tarepresent each group of four neighbouring
where [T(2")] * is a matrix with dimension&x2" for the
inverse 2D-ICT.

The matrix is the transform block of the cut 2D-DCT ove
[Br(2"M]. Here my(u,v) are theelements of the binary matrix-
mask My(2")] with the help of which the preserved
coefficiens are being determine[tﬁw( 2")] in accordance to

the equation:

~k .
elementsspFE(u,v) for one and the sameandv in the vay

defined by (10) which allows to gain even higher correlation
between the spectral coefficients since the last three ones for
positions (0,1), (1,0) and (1,1) form differences two by two
and these differences often are zero valued because
neighboring blocks contain almost identical content.:

—k ~k
[Lifgeuy) is retained coefficient, Ge(00)) T2 1 1 17500
My(uv)= - otherwise, (5) Gpr (01 30 4 e Sor (O) 10
dpao)| 4-4 0 4 0 l5pag)| ©0
foruv=0,1.., 2-1. 5';,5(11) 0 0 -4 4 §Fl)<£(11)

The values b the elementsmy(u,v) are chosen by the
condition he retained coefficients to correspond to those with
the highest average energy into the transformed blocks for aliThe inverse ainsform which leads to full restoration of
the blocks to which the image has been divided. Th§k£(uy) is given by:

transformed block fromBg(2")] is found by the 2D-DCT: P
g - kg -
[Sor(2")] = [To( 2[BR(2)I (2], (6) Ska(O*O) 4 -1 -3 -2 {ka(O'O)
§p£(01) _1]4 3 1 2 dp£(01)
where [Ty(2")] is a matrixwith dimension2"x2" for levelp §k£(l0) “ala -1 1 -2 akFE’(J,O) . (11)
= 0 which isused for implementing the DCT. ~pkp 4 -1 1 2 ~pkp
The rest components in decomposition (3) are the | Spr (11) | L dpR(ll)_

approximation matrices fgr = 1, 2. Each of them consists of
sub-matrices with dimension2™x2™ for k,=1,2,.,4
obtained byits quad-tree split. On the other hand each sub-
matrix is calculated by: the sub-matrice [E;k)El,R(Zn_p)] is determied by the

The differene matrix [E_; 5(2"P)] for levelp containing

~K ~ ek B o following equaion:
[EpPiR(2" P =[T(2"P)] l[Splg(zn PNLTR(2"P)] 1(7)
| [Epas(277)] =
]:qourag?tri,ez”i’:)iel:llgge :ﬂ I‘tshte?edggobrr?p:oosfittiroi;b[r%rzczﬁis)]oj-the - {[BR( 2")] '[_BOR(an] —forp=1 (12)
matrix for inverse 2D-DCT; [Sfe(2"?)] - the transformed [Ep2r(27°)] ~[E,p(2")] —forp=2.
block of the cut 2D-DCT of the difference matrix
[Ey(27)]. The elementsggg(u,\/) = mp(u,v).s';;(u,v)

of the matrix[§;§( 2"?)] depend on the elements(u,v) of

Over the coeficients §:,{’(u,v) for all the levels of the

pyramid for @ch sub-band a lossless entropy coding is
applied which includes run-length encoding, Huffman coding

the binarymask M,(2"7)] for u,v = 0,1,.., 2P-1 accading: and arithmetic coding. The resulting values could be stored in
a file which volume determines the compressed image size.
1if S°(uy) - retained coefficiert, A decoder for restoring the compressed images with the
mp(U,\/)={ I S (uv) reain CO_ ' (8) proposed approach should consist of all the opposite
- otherwise. operations to those described by (1)-(12).
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I1l. EXPERIMENTAL RESULTS classical JPEG approach. Here the block effect is much more
suppressed.
Two test images were used with the proposed approach
called Flover and Gargoyl. They are 8 bpp (bits per pixel) I\V. CONCLUSION

grayscale images with size 512x512 pixels shown in Fig. 1.

Lossy compression was applied over them with 3 levels of theIn this ; :

. " paper a new approach is presented for highly
_IPD after the Haar transform with 1 level of decomposﬂmgmeiem image compression using wavelet and inverse
Into 4.dsurl])-b2r:ds —fr?m LL to HH. r?nDeé‘_?h level of they -amid decomposition. The quality and the compression
pyramid the 4 lowest frequencies in the SPectrum Wejgq| of the images could be smoothly controlled by choosing
retained when working with = 4, 3 and 2 respectively, that IS ifferent levels of both the decompositions and the

DCT transform matrix of 16x16 for'Uevel, 8x8 — for the L guantization mask for the pyramid at given level. Progressive

and 4x4 — fothe last one. . . image transmission from level to level is possible which
To compare the obtained results in terms of quality and o< 1o pe very useful in the case of narrow-band
compression levels LuraWave SmartCompress 3 [{L\munication channels

application was used to compress the test images using thFncorporating the advantages of the wavelet decomposition

JPEG2000 standard (in JP2 format). The results are givenV\}Hich minimizes the block effects due to the absence of

Table 1. Lossless compression is also possible by preserviggaizin : ; : ;

; X ' ; g properties with the strong decorrelating properties
the re(s;dual after level 2 in the pyramid but which here i5 yhe orthogonal transforms such as DCT it is possible now to
omitted. ‘have strongly compressed digital images which when restored

In the range between 0,5 and 2 bpp for the compressig e |6 presence of artifacts. As it is obvious from

ratio (CR) there is tangible overweight in tRENR achieved experimental results hi . . .
) gher compression ratios are achieved at
by the proposed approach over the JPEG2000 algorithm frggﬁm image quality levels compared to some popular

ab_out 4 dB for the higher ratios to_around 0,05 d_B' Obvious orithms from the practice such as JPEG2000. This makes
going towards lossless compression both algorithms tend

f h Its th hi d th . it proposed approach a suitable candidate for further
atten the results they achieve. An the opposite, wit til%provement and establishing a new codec design for highly
reduction of the CR the inverse pyramid decomposition OVEKicient image compression
the wavelet spectrum of the image produces higher quality ’

restored images at equal compression levels.
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Fig. 1. Visual test results: a) original Flower image; b) original Gargoyl image; c) IPD 0,5 bpp; d) IPD 1 bpp; e) IPD 2 bpp; f) JP2 0,5
bpp; g) JP2 1 bpp; h) JP2 2 bpp; c) IPD 0,5 bpp; d) IPD 1 bpp; €) IPD 2 bpp; f) P2 0,5 bpp; g) JP2 1 bpp; h) JP2 2 bpp.
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