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ABSTRACT

We propose the method which compresses an image with
regionally different resolution (CRL). A number of image
processings are used to represent the regions of interest
(ROI), which need to be represented effectively [5][6][7][15].
An image is transformed by using lifting scheme in the pro-
posed algorithm. The transformed wavelet coefficients are
divided into a region of interest and a region of less interest
(ROLI). The CRL uses near-lossless compression in ROI,
but uses lossy one in ROLI. Although the bit rates in the
CRL are the same in the conventional compression meth-
ods using wavelet transforms, it makes PSNR of ROI higher
by lowering that of ROLI. Besides, both the boundary be-
tween ROI and ROLI and the boundary of an image can be

reconstructed smoothly by using lifting scheme [1][2].
Keywords— Regionally different resolution, Lifting scheme,

Regions of interest, Regions of less interest.

I. INTRODUCTION

Usually, there are ROI and ROLI in an image, and they
are determined by a user. The opposite in the videocon-
ferencing and the affected parts in medical images can be
ROI [14][15][16]. ROI must be preserved as exactly as possi-
ble, while ROLI need not be preserved perfectly. This idea
of image compression makes it possible to preserve essen-
tial information and additional one at a low cost. Recently,
compression methods such as an object-based wavelet trans-
form (OWT) and a region-based wavelet transform (RWT)
are studied widely [5][6]. They are applied to the arbitrar-
ily shaped object in images. An image can be perfectly
reconstructed by using the inverse transforms of OWT and
RWT. The algorithms are effective in reconstructing ROI.

The lifting scheme is an efficient implementation of
biorthogonal wavelet transforms. It can make the pro-
cessing speed faster and transform an image irrespective
of size and shape. The conventional wavelet transforms are
based on Fourier analysis, while the lifting scheme is not.
The lifting scheme is adopted in the proposed algorithm
[1][2]. Note that the lifting scheme means forward lifting
wavelet transform (FLWT), and inverse wavelet transform
means inverse lifting wavelet transform (ILWT), and the
conventional methods means the image compressions by us-
ing wavelets such as Haar, Daubechies 4 and 6, Coiflet 3,
biorthogonal 3.7, and symlet 4 in this paper.

The lifting scheme is described in section 2 and the pro-
posed algorithm in section 3. Experimental results and the
conclusion are stated in section 4 and 5 respectively.

(SUBMITTED)

II. THE LIFTING SCHEME

We define 1-D signal Ao[m], for m € Z. A_,[m] denotes
that Ao[m] is transformed by using lifting scheme up to the
vth level. The basic idea of the lifting scheme is to remove
the correlation of signals, and its process is divided into
three stages, split, predict, and update.

II-A. Split stage

First stage simply splits Ao[m] into even and odd number
sets. The even set is denoted as A_1[m], and the odd set is
denoted as y—_1[m].

Afl[m] = )\0[2m] (1)
Y-1[m] = Xo[2m +1] (2)

This stage is called lazy wavelet, which does not definitely
decorrelate the signal Ao[m].

II-B. Predict stage

The wavelet coefficients are calculated by subtracting the
predicted odd set from the previous odd set in the predict
stage. For example, Ao[2m +1] is predicted by using Ag[2m]
and Ao[2m+2] . Two even terms used for the prediction are
only Ao[2m] and Ao[2m +2]. Thus, the number of dual van-
ishing moments N = 2 is formed. The higher IV is formed,
the smoother interpolating function becomes. Filter coeffi-
cients used in prediction such as (%, %) are easily calculated
by using Neville’s algorithm [13].

1 1
P{Xo[2m + 1]} = §A0[2m] + 5)\0[2m + 2] 3)
Let’s consider the error set between the previous odd set
Ao[2m + 1] and the predicted odd set P{\o[2m + 1]}:

~y_1[m] = Xo[2m + 1] — P{Xo[2m + 1]} (4)

The error set y—1[m] becomes the wavelet coefficients. In
terms of frequency component, it catches the pseudo high
frequencies of the original signal [1]. The error set y_1[m]
is the failure of the predicted signal which is locally like the
first order polynomial. The predict stage ensures polyno-
mial cancellation in the pseudo high frequency (dual vanish-
ing moments). Also, the same kind of interpolation scheme
can be used for interpolating polynomials of higher order.



II-C. Update stage

The basic principle of the update stage is to find better
A_1[m] so that a certain scalar quantity such as the mean
and the moment can be preserved. To keep the scalar quan-
tity, Ao[2m] is updated by using y_1[m —1] and y—1[m], and
the number of ¢’s is just two in the case. Thus, the number
of real vanishing moments N = 2 is formed. The higher N
is formed, the less aliasing effect is obtained. Lifting coef-
ficients used for updating such as (%, i) can be calculated
by using Crout’s algorithm. U{\o[2m]} is added to Ao[2m]
to preserve the moments of the wavelet function at every
level. This process assures that the moments of the wavelet
function are preserved (real vanishing moments) [1][2].

U{Ao[zm]} Lo afm = 1] + Ty-i[m] (5)
Lifml = Xof2m] 4+ U{Aof2m]} (6)

This process can be performed repeatedly up to the max-
imum decomposition level denoted as MaxzV.

Predict
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Fig. 1. Predict and update stage (MazV =1, N = 2, N= 2).

The lifting scheme is fast because most of it is composed
of addition operator. Besides, the filters of FLWT can be
used as they are in ILWT [1][2].

Fig. 2. FLWT and ILWT (MazV = 2).

For 2-D data, the above-mentioned process can be ap-
plied to row and column-wise, resulting in a tensor product
wavelet transform [1].

III. PROPOSED ALGORITHM
ITI-A. Regionally different image representation

Lossy compression is very useful in making bit rate lower,
but it is apt to have poor quality in an image. How can
we maintain both lower bit rate and more appropriate vi-
sual quality simultaneously? One of the methods of solving
this problem is to alter the bit rate regionally. The idea
of adopting different resolution to different region is pro-
posed in [5][6][7]. They adopt lossy compression in ROLI
and lossless compression in ROI, while the proposed algo-
rithm adopts lossy compression in ROLI and near-lossless
compression in ROL.

If 1-D signal Ao[m] is transformed by using FLWT, its
wavelet coefficients are arranged in accordance with the lift-
ing format described in Fig.3 [1]. They are divided into ROI
and ROLI in the wavelet domain, and they are rearranged
according to the Mallat format. They are analyzed with
multiresolution (MRA) so that they have regionally differ-
ent resolutions [3].

Lifting

Format

Fig. 3. Lifting and Mallat format (MazV = 2,N =2, N = 2).

ITI-B. CRL algorithm

The CRL compresses an image with regionally different
resolutions in ROI and ROLI. It enhances both the bit rate
and PSNR of ROI. To make a bit rate lower, ROLI is com-
pressed with the lowest and a few high frequencies, while
ROI is compressed with the lowest and most of high fre-
quencies. We adopt a circle as the shape of ROI, but the
shape of it can be determined arbitrarily. The centers and
the radii of circles can be determined freely. The proposed
algorithm is divided into 5 stages. The stage 0 means the
original image to be compressed as shown in Fig.4.

e Compression (stage 1 ~ 4)
1: FLWT of the original image.
2: Separate wavelet coefficients into ROI/ROLI(2-1,2-2).
3: MRA of them respectively(3-1,3-2).
4: Synthesize ROI and ROLI(4-1,4-2).
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Fig. 4. The block diagram of CRL.

e Reconstruction (stage 5)
5: ILWT of the synthesized wavelet coefficients.

ITI-C. Smooth boundary

If we adopt an object-oriented image compression, there
will be a difference between PSNR of ROI and that of
ROLI. Thus, this difference of PSNR forms the heteroge-
neous boundary between them. This boundary is visually
undesirable like the blocking effect in DCT. There is a point
to notice in the second stage to remove the defect. Wavelet
coefficients are separated into ROI and ROLI in the wavelet
domain as they are in the spatial domain. It means that
there is a loss of information of the wavelet coefficients near
the boundary between ROI and ROLI. Figure 5 shows the
ROI (or ROLI) of loss information and that of wavelet coef-
ficients for perfect reconstruction. In this figure, we assume
that the shape of ROI is circle, where MazV = 1, N = 2
and N =2 in Fig.5.

(a) Spatial domain (b) Wavelet domain

Fig. 5. ROI (or ROLI) of loss information and that of wavelet
coefficients for perfect reconstruction (MazV = 1,N =2, N =
2).

IV. EXPERIMENTAL RESULTS

The original image used in the simulation is Lena (512
% 512) as shown in Fig.6. It is 256 grey-scale (8 [bpp]) or
RGB (24 [bpp]) color image. A circle is shown as the ROT of
the image. In this case, the center of ROI is (282,289) and
its radius is 98. We use 6 filters such as Haar, Daubechies 4

and 6, Coiflet 3, biorthogonal 3.7, and symlet 4. The pro-
gramming language for the CRL is ANSI C and the one for
the conventional methods is MATLAB Version 5.3.0.10183
(R11) on PCWIN. Especially we use wavemenu.m of the
Wavelet Toolbox Version 1.2 (R11).

Fig. 6. ROI in the original image.

IV-A. The evaluation of CRL

The original image is A\[m, n] and the reconstructed image
is N[m,n],for 0<m<W—-1,0<n< H-1,[m,n] € Z°.
The ROI is p[z,y] € A[m, n] and the reconstructed ROI is
p'[z,y] € N[m,n]. Similarly, the ROLI is p° € A\[m,n] and
the reconstructed ROLI is p°’ € X'[m,n]. The error image
of the whole-region, that of only ROI and that of only ROLI
are defined respectively as,

exlm,n] = Am,n] — X[m,n] (7)
ele,yl = plz,y] = o[z, 9] (8)
€pe = P —p 9)

The PSNR of the whole-region of an image, that of
only ROI and that of only ROLI are defined as PSNRj,
PSNR,, and PSNR, as follows,

PSNRy = 10log,, %m[dzﬂ (10)
PSNR, = 10log, W[w] (11)
PSNR,- =  10logy, %[w] (12)

In the case of the proposed algorithm, every
MAX(A[m,n]), MAX(p[z,y]) and MAX(p°) are 255.
Similarly, bit rate of the whole-region of an image, that
of only ROI, and that of only ROLI are defined as BR,
BR,, and BR,c

BRy= 22223 % BRory[bpp] (13)
M& X BRurg[bpp] (14)

size of p

2ize 0L 2 % BRorg[bpp] (15)

BR,

BR,c =

where the original bit rates (BRo,q) are 8 [bpp] or 24 [bpp]
for grey-scale images and for color ones respectively.



IV-B. Enhancement of the compression ratio

How can we make the compression ratio higher (BRy
gets lower)? Though compression ratio gets higher, we must
keep acceptable PSNR of ROI. To enhance the compression
ratio we keep PSNR of ROI as high as possible, but that
of ROLI as low as possible. We investigate PSNRs of Lena
image with a different bit rate BRx. The bit rates of ROI
are 1.999 [bpp] and those of ROLI change from 0.031 [bpp]
to 8 [bpp] in Fig.7. In this case, we set N =4, N =4, and
MazV = 4.

e - JE Fig. . Comparison with the CRL and the conventional methods.
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Fig. 7. PSNRs and bit rates according to BRj. method PSNR, | PSNR,- | PSNRj
Haar 21.29 23.38 23.08
Daubechies 4 23.05 23.48 23.43
TABLE I Daubechies 6 23.20 23.73 23.67
DATA IN FIG.7. Coiflet 3 23.21 24.10 23.99
Biorthogonal 3.7 23.22 24.17 24.04
Symlet 4 23.18 24.23 24.09
No. | PSNR, | PSNR,: | PSNRy | [unit] CRL 30.99 22.11 22.57
1 29.56 22.13 22.56 [dB] [unit] [dB] [dB] [dB]
2 32.62 25.36 25.79 [dB]
3 33.58 29.37 29.69 [dB]
4 33.76 35.14 34.96 [dB]
5 33.80 63.70 43.16 [dB]

IV-C. Near-lossless compression of ROI

In the conventional methods, the distribution of PSNR
value is uniform, while the proposed algorithm enhances
PSNR of ROI by giving up high PSNR of ROLI. We com-
pare the CRL with the conventional methods by equalizing
BR)’s of them. Fig.8 shows the concept of the bit rate al- (a) CRL (b) Haar (c) Daubechies 4
location in the CRL with that in the conventional methods
in case of BRx = 0.108 [bpp] for the image of Lena.

The results of PSNR,, PSNR,:, and PSNR) of the
conventional methods are almost the same but PSNRs of
CRL are very different in ROIL. In CRL, PSNR) is lower
than that of the others because of decreasing PSNR,c.
That is, PSNR) is 0.5! AL.5 [dB] worse than that of the
conventional methods. However, CRL preserves important (d) Coiflet 3 (d) Biorthogonal 3.7 (d) Symlet 4
information by enhancing PSNR, about 7! A [dB]. The
CPU system used in the experiments is Genuine Intel Pen-
tium(R) IT Processor (333 MHz), Intel MMX(TM) Technol-
ogy is equipped with sufficient memory (191MB) to avoid
paging, and the operating system is Microsoft Windows

Fig. . isual results of CRL and the conventional methods (BR, =
1 bpp).



98(R). We measure the execution time from the stage 1
to 5. The processing time of grey-scale images is about 1
second, and that of color ones is about 3 seconds in the
proposed algorithm.

V. CONCLUSION

We proposed a compression method of image by using
lifting scheme which adopts lossy compression in ROLI but
uses near-lossless one in ROI. The CRL can enhance both
bit rate and visual quality of the reconstructed image. The
bit rate of ROI in CRL is set higher than that of ROI in the
conventional methods. Thus, it is possible to reconstruct
ROIs efficiently in the proposed algorithm. Also, lifting
scheme enables us to adopt arbitrary ROI size and shape
[1]. The CRL compresses an image with regionally differ-
ent resolution in ROI and ROLI. While padding is used to
remove boundary heterogeneous effects in the conventional
methods, the lifting scheme solve the problem by applying
polynomial interpolations. The CRL is considered to be
similar to human visual system. Also, an image is com-
pressed naturally in the CRL. The CRL can be applied to
color images compressing. Compression ratios are the same
and the bit rates and execution time of color images are
three times those of the grey-scale ones.

REFERENCES

[1] W. Sweldens and P. Schroder, Building your
own wavelets at home , Technical Report 199:5,
Industrial Mathematics Initiative, Department of
Mathematics, University of South Carolina, 1995,
(ftp://ftp.math.sc.edu/pub/imi_95 /imi95_5.ps).

[2] G. Fernandez, S.  Periaswamy, and W.
Sweldens, LIFTPAC A Software Package
for Wavelet Transforms using Lifting , Wavelet
Applications in Signal and Image Process-
ing IV, pp. 396-408, Proc. SPIE 2825, 1996,
(http://www.cs.sc.edu/~fernande/liftpack/index.
html).

[3] S. Mallat, A wavelet tour of signal processing , Aca-
demic Press, 1998.

[4] I. Daubechies, Ten lectures on wavelets , CBMS,
SIAM, 61, pp. 271-280, 1994.

[5] H. atata, N. Ito, T. Aono, and H. usao, Object
Wavelet Transform for Coding of Arbitrarily Shaped
Image Segments , IEEE Trans. on Circuits and Sys-
tems for Video Technology, Vol. 7, No. 1, pp.234-237,
February 1997.

[6] .H. im, . Lee, E.S. ang, and S. . o, Region-
Based Wavelet Transform for Image Compression ,
IEEE Trans. on Circuits and Systems II: Analog and
Digital Signal Processing, Vol. 45, No. 8, pp.1137-1140,
August 1998.

[7] . Strom and P.C. Cosman, Medical image compres-
sion with lossless regions of interest , Signal Process-
ing, 59, pp. 155-171, 1997.

[8] A. Aldroubi and M. Unser, Wavelets in Medicine and
Biology , CRC Press, 1996.

[9] N.S. ayant and P. Noll, Digital Coding of Waveforms
- Principles and Applications to Speech and Video ,
Englewood Cliffs, N : Prentice-Hall, 1984.

[10] G.A. Baxes, Digital Image Processing-principles and
applications , ohn Wiley  Sons, Inc., 1994.

[11] T.A. Ramstad, S.O. Aase, and .H. Hus y, Subband
Compression of Images: Principles and Examples ,
Advances in Image Communication Volume 6, Else-
vier, 1995.

[12] R.M. Rao and A.S. Bopardikar, Wavelet Transforms-
Introduction to Theory and Applications , Addison-
Wesley, 1998, (http://www.awl.com/cseng/).

[13] S.A. Teukolsky, W.T. Vetterling, and B.P. Flannery,

Numerical Recipes in C , William H. Press, 1993.

[14] X.P. hang and M.D. Desai, Wavelet Based Auto-
matic Thresholding for Image Segmentation , Proc.
Int. Conf. Image Process., Vol. 1, pp.224-227, 1997.

[15] M.H. ang and N. Ahuja, Detecting Human
Faces in Color Images , In Proceedings of the
1998 IEEE International Conference on Image Pro-
cessing (ICIP 98), pp.127-130, Chicago, October,
1998, (http://uirvli.ai.uiuc.edu/mhyang /facedetec-
tion. html).

[16] .G. Apostolopoulos and .S. Lim, Critically sam-
pled wavelet representations for multidimensional sig-
nals with arbitrary regions of support , Proc. IEEE
ICASSP, Vol. 1998, No. vol.3, pp.1509-1512, 1998.



