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ABSTRACT

Most image compression techniques are based on de-
correlating the 3 color primaries before applying mono-
chrome encoding to each of the resultant 3 components. Re-
cently, however, a new approach to color image compression
based on exploiting the correlations between the color pri-
maries has been introduced. This method, in several cases,
outperforms the common de-correlation approach. In this
work we analyze and compare the two methods in their opti-
mized cases using a Rate-Distortion framework for subband
transform coders. Our goal isto provide theoretical tools to
predict which method yields the best performance for color
image coding. Our results show that both methods outper-
form JPEG. However, theoretically and perceptually, the cor-
relation based technique should be preferred. Our conclu-
sions are instrumental in the decision of which color com-
pression method to select in various applications of limited
bandwidth communication.

1. INTRODUCTION

The De-correlation Based Approach (DBA) to image cod

2. THE DBA AND CBA METHODS
2.1 DBA: De-correlation Based Approach

The DBA approach considers a general color subband trans-
form coder where the image data is pre-processed, subband
transformed and quantized and finally post-processed loss-
lessly [10]. These stages are detailed next.

Pre-processing

A CCT is applied to the RGB color components of the image
to reduce their inter-color correlations and concentratetm

of the image energy in one or two of the components. We de-
note the RGB components in vector formxas [RG B]™ and

the new color components &s= [C; C, C]". Also the 3x 3

size CCT matrix is denoted byl. Then this stage means

X = Mx. Q)

Subband transforming and quantizing

A subband transform, e.g. DCT (Discrete Cosine Transform
[11]) or DWT (Discrete Wavelet Transform), is applied to
each color component. Then the transform coefficients of
each color component are quantized using an independent

ing is widely used for color images. It consists of applying : :
color components transform (CCT) to the RGB color compc?—unlform scalar quantizer for each subband.

nents to reduce their high inter-color correlations [1], [2], Post-processing

[4] and then coding each color component separately. Algo- ) .

rithms employing this approach are, for example, JPEG [5 he quantized coefficients are losslessly coded to redece th
and JPEG2000 [6]. This approach has also been presenteddfts budget they require. Techniques such as run-length cod
[7]in a general framework that allows the optimization a§th INd, Zero trees and entropy coding can be used here.

CCT and quantization stages based on a Rate-Distortion the- The Rate-Distortion model of this algorithm is [7]:

ory for subband transform coders. Another approach, called 1381

Correlation Based Approach (CBA), has been presented ind ({Ry},M) = = Z z anbggiEizefaRbi ((MMT)—1>_“
a general optimization framework in [8]. This approach uti- 3i&1 !

lizes the inter-color correlation of the color componems t (2)
encode two of the components (called the dependent colork)ered is the average MSE distortion of the image in the RGB
as a polynomial approximation of the third in each frequencydomain, &3 is the variance of subbartd (b € {0,1,...,B—
band of the subband transform used. Earlier versions of th&}) of color component€;, Gy is its energy gain [12] and
approach apply a similar approximation of the dependent coRy; is the rate allocated to it. Alsgy, is its sample rate, i.e.,
ors either in each block [9] or in each region [1] of the image the relative part of the number of coefficients in it from the
Considering the two approaches, the question that rises fstal number of samples in the signal. Furthermgtds a
which method is preferred for color image coding? Moreconstant dependent upon the distribution of color compbnen
specifically, what should be preferred: to search for a color anda s a constant equal td122.

components transform that de-correlates the color pramari Optimal rates allocation for the subbands can be found by
and apply a DBA scheme, or on the contrary, attempt to usginimizing the expression of (2) under the rate constraint:
their inter-color correlations by applying an algorithnsbd 3 B

on CBA? In this work we compare the performance of the ai S nuRy =R 3)
two approaches to answer these questions. i; ! b; '
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for a given total image ratB. Here down-sampling factors e
o; are used.a; denotes the factor by which the number of
samples of color componenhas been reduced due to down-
sampling. E.g., if the down-sampling is by a factor of 2 hor-
izontally and vertically then:

o — 1 full component
') 0.25 down-sampled component.

The optimal rates under the rate constraint of (3) as well as
non-negativity constraints are [13]:

2G04 (MMT) 1),

R 1 a
Ry = 3 +a|n Iy
3 ] ((MMT)-1),, 2GMA $ ajg,
= k
(4)

for b € Actj. Act; denotes here the set of non zero (or active)
rates in the color componenti.e.,

Acti = {be [0,B—1]| Ry > 0}. (5)
Also
o
G2 5 m, GMM 2 [T (Geg)5 . ()
beAct; beAct;

Algorithms for finding the active subbands sétet; and
deriving the optimal quantization steps can be found in [7].
Substituting (4) into (2) yields the minimal MSE value for
DBA. For simplicity, we neglect the influence of the non
active subbands and assume that §héerms are constant.
Then this value can be shown to depend only on the term

g2((mmT)y-1), ) Ok - n
Mt k(aik)kk Mbeac (Go Mier (TG0 ™) ™

Thus, for a constant CCT matrix, the smaller the product

3
f({Ga}) = [ (Gh ™ ()

k=1
in each subband, the smaller the MSE.

2.2 CBA: Correlation Based Approach

In the CBA, a general subband transform coder is also con-
sidered. The algorithm can be divided into stages of pre-®
processing, coding and post-processing, however, thegodi
stage is different [8]. A description of the algorithm fails.
e In the pre-processing stage a CCT is applied to the color
primaries with the goal of providing better performance
in the successive coding stage. Since in the coding sta

In the coding stage one of the new color componedis (

C, or Cg) is chosen to be the base color and the other two
(the dependent colors) are approximated as a first order
polynomial function of the base. Prior to the approxima-
tion, a subband transform is applied to each of the col-
ors so that the polynomial coefficients estimation is per-
formed in each subband separately. Mathematically, if
we assume that we haBsubbands and denote the sub-
bandb (b€ {0,1,...,B—1}) coefficients ofC; by yﬁ‘, the
approximation in each subband is according to:

C c
Y5? = Tor-Yp' + Tho

] 8)
Y22 = Bor - Y + Bro.

Here we assume without loss of generality that C1 is the

base and C2 and C3 are the dependent coffjtsiehotes
the approximated coefficients of subbamaf C2, and

similarly for 3@. The termsty;, Ty andfPp1, Beo are the
expansion coefficients for C2 and C3, respectively. They
are calculated according to the least squares (LS) method,
i.e., so that the expression

| (- 5%)" ]~ | (6wt -w) | @

is minimized for C2. Note theE () denotes here statistic
mean. A similar expression is minimized for C3, with
yg3 replacingy(,;2 and 3 replacingt. In this work we
consider a CBA version in which only the following first
order coefficientgy; andfp; are sent:

cov (ygl , ygz)

cov (ygl , yg3)
var (yg*) '

Tp1 = C
var (y*)

and By =
(10)
Prior to sending the coefficients, they are quantized.
After calculating the expansion coefficients (quantized
and reconstructed) the approximation errors are calcu-
lated and coded. In [8] the base color was not coded.
However, it can be coded using any monochromatic com-
pression technique. In this work we extend the CBA
algorithm to perform full image coding as described in
Subsection 2.3. Optimal rates are determined for the
three color components and are used to derive the optimal
guantization steps, passed to the quantizers. An indepen-
dent uniform quantizer is employed in each subband.
The post-processing stage once again employs lossless
techniques to reduce the bit budget required for the quan-
tized subband coefficients by utilizing the intra-subband
and inter-subband correlations.

&3 Extension of CBA to full image coding

(discussed next) high inter-color correlations are preThe CBA algorithm presented in [8] can be extended to full
ferred, it may be argued that the CCT should raise thesinage coding (including the base) by applying a monochro-
correlations. However, raising the correlations is usuall matic subband transform coder to the base color. Thus, the
associated with increasing the condition number of théase color and the approximation errors of the subbands of
CCT (it becomes closer to singular) resulting in greatethe dependent colors are compressed together and the total
amplification of the coding errors when the inverse CCTbit budget has to be split between them. We use the Rate-
is applied. Thus the optimal CCT has to find a compro-Distortion model of (2) to find the optimal subband rates.
mise between these two properties. Of course, this stagehis is done by substituting the variances of the base color
can be described mathematically using (1) as for DBA. and the approximation errors in each subbancﬁﬁprin 4).
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Note that the reconstructed base color should be used fc
the approximation of the dependent colors to achieve bes
performance. However, to derive the optimal rates we nee
the variances of the approximation errors prior to codirgy th
base color. Thus the calculation of the expansion coeffigien
should be done both prior to the calculation of the optimal
rates and after the coding and reconstruction of the base col
component. In practice, the performance does not chang
significantly if the second calculation stage is not carded
Once the optimal rates are determined, the correspondin”
quantization steps are derived using the iterative algorit
in [7]. Using (10), the approximation error variancesQf

(i € {2,3}) in subband can be shown to béog‘i)z =03(1— ot Bears e il Frut

pZ;), Whereg? stands for the variance @ and pyy; is its
correlation with the base cold@; (in subbandb). Clearly,
e\2 _ =2 ; =2 e\2 (~e)?
(08)” < o and referring to (7)f (abl, (08)°, (o8) ) <
f (5@19552,553) in each subband. Thus for the same CCT,The PSNR performance of the DBA algorithm increases by
the CBAis expected to achieve a smaller MSE than the DBAQ-53dB and the PSNR of the CBA by 0.45dB while the
PSPNR increases by 0.69dB and 0.58dB, respectively. It is
interesting that the performance of the DBA algorithm be-
3. COMPARISON OF THE TWO METHODS comes closer to that of the CBA although the CBA is still
In this section we compare the DBA and the CBA methodsslightly better on average. Also JPEG is outperformed by the
as well as the common JPEG algorithm (see below). In ordesther approaches by 1.9-2.0dB PSNR and 1.8-1.9dB PSPNR.
to do so we use the extended CBA algorithm that includes
compression of all the color components according to Sub-

Figure 1: The test images.

section 2.3. For simplicity, we consider the CBA algorithm PSNR [dB]

in the same color space as DBA - that of the DCT [14]. Wher Image | HpADS [ CBADS | JPEG DS| Rt [PPP
no down-sampling is used in either of the algorithms, the ref Peppers| 29.98 30.26 28.15 | 0.912
sults for a group of images are shown in Table 1. We use theLena 30.09 30.53 29.03 | 0.620
Laplacian probability model of the DCT subband transform Goldhill 30.20 30.22 28.05 | 1.839
coefficients [15] in all the algorithms for the estimation of | Jelly 30.68 30.69 29.22 | 0.415
subband rates [13]. The images are those presented in Fig.|1Beans

The PSPNR (Peak Signal to Perceptual Noise Ratio) used |iSTree 29.87 30.15 28.64 | 1.526
as defined in [7] and [8]. As can be seen from the table, the WaterFall  30.29 30.26 25.99 | 1.613
performance of the CBA algorithm is better than that of the Fruit 30.83 30.77 29.46 | 0.562
DBA both in terms of PSNR and PSPNR. The performance Mean 30.28 30.41 28.36

gain is 0.21dB for both measures. However, as we will see
below, the CBA has higher complexity than DBA and some-

times it may be more efficient in terms of run-time to useTable 2: PSNR results for the DBA and the CBA algorithms and
DBA despite this performance loss. JPEG at the same compression rate. All the algorithms use down-
In Tables 2 and 3 we compare the DBA, the CBA and JPEGampling (DS).

with down-sampling for the same images of Fig. 1. When

comparing the results here to Table 1, the performance gains

due to down-sampling of the two algorithms can be observedy 1 visyal Results

A visual comparison of the CBA and the DBA algorithms

with down-sampling and JPEG is given in Figs. 2 and 3 for
Image DITSA\NR [((;jBB,]A SBS:NRégBA] Rate [bpp]|  two images: Tree and Peppers. As can be seen for the Tree
Peppers | 29.65| 29.94 | 38.24 | 38.41 0.912 image the CBA algorithm is superior to DBA. All the algo-
Lena 20561 30.00] 38.15] 38.74| 0.620 rithms introduce color artifacts, for example, in the regio
Goldhill T 29.86 2997 | 40.54 | 40.62 1839 marked with a frame, but the CBA result is more pleasing
Jelly 5966 2987 37.31| 37.49 0.415 to the eyes. A similar result is achieved for the Peppers im-
Beans age - again the CBA has best performance, especially in the
Tree 29.71| 30.00| 39.44| 39.75| 1.526 marked region.
WaterFall| 29.75| 29.79 | 39.53| 39.52 1.613 32 R . .
Fruit 30.04| 30.12| 39.04| 39.19| 0.562 -2 Run-time comparison
M ean 29.75 | 29.96 | 38.89 | 39.10 The average run times of the CBA and the DBA algorithms

as well as JPEG (in Matlab 7.0 environment) are given in
Table 4 for images of size 128128, 256x 256 and 51X

Table 1: PSNR (Peak Signal to Noise Ratio) and PSPNR result$12. All the algorithms considered here use down-sampling.
for the DBA and the CBA algorithms at the same compression ratdt can be concluded from the table that while JPEG has the
Both algorithms do not use down-sampling. shortest run-times for all the image sizes considered amd th
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Figure 2: Tree at 0.839 bpp: original (top left), compressgdPEG with DS (top right, PSNR=26.65dB), compressed by

DBA with DS (bottom left, PSNR=27.50dB) and compressed byA@#th DS (bottom right, PSNR=27.71dB). PSPNR =
35.21dB (JPEG), 36.76dB (DBA), 37.19dB (CBA).
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Figure 3: Peppers (zoomed in) at 1.021 bpp: original (top,lebmpressed by JPEG with DS (top right, PSNR=28.52dB),

compressed by DBA with DS (bottom left, PSNR=30.51dB) andnpeessed by CBA with DS (bottom right,
PSNR=30.76dB). PSPNR = 36.92dB (JPEG), 38.89dB (DBA) antiziB (CBA).
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