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VI. CONCLUSIONS [17]

In this work, a multiscale textual image compression (TIC) method
is introduced. The document image is first decomposed into subifg;
ages using a binary subband decomposition structure. Next, the
locations of the character images in the subband domain are encod&.
In this way, higher compression ratios than regular TIC methods can
be obtained without introducing any visual degradation. [20

Performance of various subband decomposition structures are
experimentally tested, and it is observed that the binary wavelet
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transform and the binary nonlinear subband decomposition structuféy
produce comparable coding results.

A feature of the coding method is that the keyword search
or the creation of the symbol library can be carried out in the
coded bitstream in subbands. Other advantages of the subband
scheme include multiresolution image viewing and computational
efficiency. As a direct consequence of the subband decomposition,
a low-resolution imager;; is obtained and it can be used for fast
preview purposes to decrease the bandwidth usage. The compression
of the textual image is a computationally costly operation. The
multiresolution approach reduces the encoding time as the pattern
matching is carried out in low-resolution images.

On Independent Color Space Transformations
for the Compression of CMYK Images

Ricardo L. de Queiroz

Abstract—Device- and image-independent color space transformations
for the compression of CMYK images were studied. A new transforma-
tion (to a YYCC color space) was developed and compared to known

nes. Several tests were conducted leading to interesting conclusions.
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printing device (PDL stands for page description languages, e.g., postcript). I R — - B
@)
printing system path in which a CMYK image bitmap is generated and Lab —H
. . : - t CIE A
possibly compressed. JPEG [5] is a standard for image compression 1 26 verage|—» SAE
and is widely used. Other compressors such as SPIHT [6] are Lab—ﬁ
becoming very popular, and work is under way to define a new (b)

standard for still-image compression [7]. In this work, we use only ) ) ] )

JPEG for three basic reasons. First, JPEG is a well-known stand5i¢4 - Computation obAE. (a) Computation of filtered CIELAB images.

so we assume the readers are well aware of its performance. Sec HError measure from comparing two CIELAB images. T1 and T2 are color
w .u . w W s p h : sformations, whilé;, andh ¢ are HVS-derived linear filters.

our tests involve comparisons whose results are not likely to change

by replacing the coding mechanism. Last, as a standard, it is the coder ) )

in which most readers would actually use the results of this work. W CIELAB from which AE(m, n) (CIE 76) is measured for every

here study color transformation for compression of CMYK. Similar t§iX€l (2, n). SAE is taken simply as the average of the(im, n).

the way in which RGB images are commonly converted to luminance- 1 "€ Proposed measure is simply the average error in a perceptually

chrominance color spaces such as YCbCr before compression, {orm color space, with the only difference being that the images

would like to understand which transformations would be the bedf€ Prefiltered to remove “invisible” noise, which is the idea of

to apply to CMYK images for the same purpose. Along with colosPatial-CIELAB [10]. We however want to keep the filtering process

transformations, we also discuss the applicability of subsampling 8¢ Simple as possible because of the large number of measurements.
chrominanceplanes. In order to better remove invisible error patterns, one may try to

approximate the human visual system (HVS), whose transfer function
is complex and nonlinear. Linear transfer function approximations of
the HVS have been attempted by several researchers by analyzing the
sensitivity of observers to sinusoidal gratings [12]-[16]. Studies to
A compression mechanism must be evaluated through its raketter comprehend the human sensitivity to chrominance signals are
distortion (RD) tradeoff so we need to define a distortion measure.dtill under way. In reality the one-dimensional (1-D) transfer function
color management, CIE'AE}, [8], [9] is a common error measure of the HVS is a multidimensional function, depending on 1) location
for color patches. (We use the notatidvF as a shorthand t&E7},.)  in the gamut, 2) change direction in the gamut, and 3) frequency and
For natural images the spatial-CIELAB difference metric has beamplitude of the change. In our simplification efforts we employ some
proposed [10], in which linear filtering is applied to luminancead-hoc restrictions: a separable model, filter size (support) of 11,
chrominance color planes and then CIEE7, is computed on a and linear-phase (symmetric) filters. The filters used for luminance
pixel-by-pixel basis forming aerror image. We propose a practicaland chrominance were derived from known HVS transfer curves
simplified variation of [10] and refer to it aSAFE. which were mapped to simpler functions. The luminance model was
CMYK is generally a device color space. One might be able tthosen as [13]
invert the UCR strategy and obtain RGB values, but they still would our \,—0.25f
be device-space RGB values. Those values have little meaning until H(f) = 246(01 +025f)e (1)
they are translated into a standard (reference) space. CIELAB is awtgere f is given in number of cycles per degree (cpd) of visual angle
possible space. Inversion is possible if the image’s ICC profile [1$lbtended and where the peak occurs at 3.75 cpd. The chrominance
or the printer model (for the device for which the CMYK valuesurve is simply
were derived) is available. Several devices, including xerographic H(f) — o 0-205f )
and nonxerographic printers, are considered. Hence, different CMYK ’
images in this work were created from the same image by submittiigs necessary to determine the maximum visible frequency which
the input image (in for example CIELAB) through the device'ss a function of resolution and viewer distance from the image. As
own color correction LUT. Thus, each device is associated to omereference we have chosen a resolution of 300 pixels per inch
printer model LUT (CMYK to CIELAB or to RGB) and to one color (ppi) and a distance of 12 in from the image. By least squares
correction LUT (CIELAB to CMYK), which are hopefully the inversefinite impulse response (FIR) design of separable filters we found
of each other and can be inferred from the device’s ICC profilepproximation filters for luminancéhz(m,n)) and chrominance
For the printer model and color correction tables used in this papéh:(m,n)) which are given in Table I. Not only are shorter filters
the conversion between CIELAB and CMYK, back and forth, yieldfaster to compute, but they also avoid the artificial periodic extension
averageAF below 2.7 for all images and devices. implied when filtering is performed in the discrete Fourier transform
The distortion measureSAFE) between two CMYK images used (DFT) domain. Long periodic filters with very poor spatial resolution,
in this paper is performed in a standard color space and is obtairaten produce localized artifacts. In other words we trade poorer
as in Fig. 2. Each image is mapped to Xerox RGB (D50) frorfrequency selectivity for better space localization.
CMYK through its corresponding printer model LUT. RGB values In any case, the goal of filtering is merely to remove low-visibility
are converted to YCbCr through the popular linear transformatiasmise which interfere with MSE-type error measures. Furthermore, the
from [5]. Next, each luminance channel is filtered with anXd111 reader must have in mind that nowhere in this pape$4sE taken
filter 17, (m, n), while each chrominance channel is filtered with ams an absolute value, but is used to compare different compression
11 x 11 filter he(rm, n). The resulting filtered images are convertednethods. Several of the results in the next sections were also

Il. DEVICE SPACE AND DISTORTION MEASURE
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TABLE |
LumMINANCE (LEFT) AND CHROMINANCE (RIGHT) FILTERS

0 0 1 0 -5 -8 -5 0 1 0 0 0 0 0 1 2 3 2 1 0 0 0
0 1 2 -1 -13 -24 -13 -1 2 1 0 0 0 1 4 8 10 8 4 1 0 0
1 2 3 -1 -27 =51 =27 -1 3 2 1 0 1 5 13 28 38 28 13 5 1 0
o -1 -1 1 11 21 11 1 -1 -1 0 1 4 13 37 77 103 77 37 13 4 1
-5 -13 -27 11 224 418 224 11 -27 -13 -5 2 8 28 77 16l 216 161 77 28 8 2
-8 -24 -51 21 418 780 418 21 -51 -24 -8 3 10 38 103 216 289 216 103 38 10 3
-5 -13 -27 11 224 418 224 11 -27 -13 -5 2 8 28 77 161 216 161 77 28 8 2
0 -1 -1 1 11 2 11 1 -1 -1 0 1 4 13 37 77 103 77 37 13 4 1
1 2 3 -1 -27 -51 -27 -1 3 2 1 0 1 5 13 28 38 28 13 5 1 0
0 1 2 -1 -13 -24 -13 -1 2 1 0 0 0 1 4 8 10 8 4 1 0 0
0 0 1 6 -5 -8 =5 0 1. 0 0 6 0 0 1 2 3 2 1 0 0 0

\
i
i
|
1
i

recomputed with variations in filter design asd\E computation. in each direction. Similar benefits are expected by subsampling Cb
The relative performance of different algorithms was unchanged. and Cr in both YCbCrK and YYCC color spaces. In reality, even

As a comparison, the PSNR between the CMYK images imonochrome images can benefit from subsampling. It is known that
the native device-CMYK spaces were also computed and will lfer higher compression ratios it is preferred to subsample the image
presented as an alternative error measure. first and then apply higher quality JPEG compression [18], than to

simply compress the image with lower quality factor. The same is
true for every color channel. What we need to understand is where
Ill. DATA-INDEPENDENT COLOR TRANSFORMATION the breakpoint lies. We will show that in a 4-D color space there is

Because of the difficulties in converting to and from device?© need to subsample the chrominance channels, except for very high
dependent four-dimensional (4-D) color spaces, the CMYK sep{j“c,gpmpression ratios where the overall quality is compromised.
tions are usually compressed independently. In a JPEG framework he color transformations to YCbCrK and YYCC are said to
this translates into compressing four color channels at full resolutid}€ data-independent because they are not dependent on the image
In a recent standard [17], JPEG defined a file format and several cdtgptents. Other methods such as those based on the KLT devise the
spaces for compression. The options for 4-D color spaces are CMYf@nsformation after computing the input image statistics [19] with
CMY and YCbCrK. CMY is a three-dimensional (3-D) color spacdhe goal of decorrelating the input color planes.
where the ink coverage is fixed. YCbCrK derives from CMYK, in
which CMY is converted to RGB and from there to YCbCr. In this
case, the black channel K remains untouched.

We introduce yet another 4-D device-independent color spaceFor comparison, each method is evaluated through an RD curve
Fig. 3 shows CMYK planes for one of the test images color correctptbt, employing baseline JPEG. In all tests, to maintain a common
for the xerographic printer. For most device calibrations, luminanceference, only the example (default) quantizer and Huffman tables
components are heavily built into the K channel. By invertingvere used and the curves were obtained by scaling the quantizer tables
CMY into RGB and converting to YCbCr, the resulting luminancdéy a common multiplicative (“quality”) factor. The CMYK channels
component Y also contains much of the luminance of the originak well as the luminance in YCbCrK and the transformed luminance
image. The color channels for YCbCr derived from CMY are alsochannels in YYCC were subject to JPEG’s default luminance table,
shown in Fig. 3. We propose to also invert K, obtaining a “whiteivhile channels Cb and Cr were subject to the default chrominance
channel (W= 1 — K). The W channel is then combined with thetables.
luminance of YCbCr. Note that the sharp edges of the luminanceTests were performed for several printers and images. As discussed,
channels are also represented in the W channel [Fig. 3(d)]. Wach printer is associated to its own color correction and printer model
propose to try to remove the extra redundancy between the Y andtéltbles, so that for each printer a different set of CMYK values is
channels mainly in regard to sharp edges. In our proposal, we prodgemerated. A number of transform/compression configurations were
two output channels from Y and W: one (Y contains the average of tested: CMYK, YYCC with and without chrominance subsampling,

Y and W and the other (Y) contains the difference between themYCbCrK with and without chrominance subsampling, KLT-based
We refer to the resulting color space as YYCC, short fartYY_CbCr. using luminance table for all channels, and KLT-based using both
The overall transformation diagram is shown in Fig. 4. Fig. 3(h) andminance and chrominance tables. Distortion was computed as both
(@) shows the Y. and Y_ images, which can be compared to theSAE and peak signal-to-noise ratio (PSNR) between the CMYK
images W and Y in Fig. 3(d) and (g).4Yresembles Y, but the sharpdata. For conciseness, only few representative results are presented
edges in W seem to have been incorporated intoistead of Y_. in condensed form.

Note in Fig. 3 that Y. has characteristics of both luminance and In Fig. 5, we show the RD plots comparing CMYK, YYCC, and
chrominance channels and softer edges. This facilitates compresf@bCrK averaged for all images, with and without subsampling
as sharp edges are more concentrated in one channel. In other wardsgminance planes. Note that subsampling the chrominance is only
compression in YYCC space demands compression of imagesativantageous for very low bit-rates. The breakpoint for subsampling
Fig. 3(e), (f), (h), and (i), while compression in YCbCrK spaceccurs at rates generally below 0.2 b/pel (compression ratio larger
demands compression of images in Fig. 3(d)—(g), and compressiorthan 160:1). Also, YYCC consistently outperforms the others in
the CMYK channels demands compression of images in Fig. 3(a)—(tBrms of S\E and PSNR.

Another issue in the compression of color images is the subsamThe reason for the great advantage of YYCC is the softening of
pling factor for each color plane. It is a common practice to subsamm@dges in W, which has large contrast. Therefore, in situations where
chrominance signals in a YCbCr color space by a factor of twihis scenario does not occur one may expect less or no advantage

IV. COMPARATIVE EVALUATION
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Fig. 3. Color planes of the reference image. (a) Inverse cyan. (b) Inverse magenta. (c) Inverse yellow. (d) Inverse black or “white” (W). Images (e)-(g
correspond to YCbCr channels obtained from transforming images (a)—(c). (e) Cb. (f) Cr. (g) Y+(B) %(Y+W). Y- = %(Y-W).

were averaged over several images, which masks some individual

C R e OB

C%},L—G' T Lo gb but interesting results. For example, for one of the test images
Mﬂi}" Ly n r whose results are shown in Fig. 6(b), the performance of CMYK
Y ’*;,,I,,f; T Sy, ’z independent compression is substantially better than the others for

low compression ratios. This particular test image is scanned printed
Fig. 4. Computation of YYCC. “I” means inversion and T is an RGB-YCbCFnaterial and still has strong halftone artifacts. The more noise the
transformation. lower the correlation among color planes. Tests were repeated for
two other images of similar nature and the results are consistent with
in using YYCC. The lower the correlation between Y and W, théhat of Fig. 6, i.e., there is a breakpoint in compression ratio after
smaller the advantage. Another experiment was made by devisigich it is advantageous not to transform the image.
CMY data for monitors and dye-sublimation printers while using a Fig. 7 shows a comparison of compression in YYCC and CMYK
fixed UCR strategy (80%) to find K. This would result in havingcolor spaces against image-dependent KLT-based transformations.
K (and W) with less contrast and much more noise. The averagétle KLT-based method is presumed to be optimal in the sense
results for several images and for the two devices are showndhdecorrelating the color planes. However, it does not affect the
Fig. 6(a). Note the unimpressive performance of the YYCC spaspatial correlations and there is still the factor of matching the color
because of the decorrelation between Y and W (K). The plots in Figtfansformation to the compression scheme. Fig. 7 shows average
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Fig. 5. RD plots comparing CMYK, YCbCrK and YYCC averaged over several images for a xerographic printer. Tests were made with and without
chrominance subsampling.
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Fig. 6. RD plots for situations where there is little or no advantage in converting the image to YYCC. (a) Fixed UCR strategy for several device spaces
and images. (b) Noisy scanned image for the xerographic device.

RD plots for all images, for the xerographic printer, and using V. CONCLUSIONS
both SAE and PSNR as distortion measures. The two KLT plots The data supports the following preliminary conclusions for the
represent two different compression schemes. In the first, all KLfevices tested.
resulting planes were subject to luminance quantizer tables in JPEGl) YYCC consistently outperforms YCbCrK.
In the second case, the two color planes with the higher energy werey) The higher the noise in the color planes the lower the corre-
subject to luminance quantizer tables while the other two were subject  |ation among planes and the smaller the advantage of color
to chrominance quantizer tables. The results in Fig. 7 indicate that  transformation.
the performance of YYCC comes very close to the image-adapted3) For low compression of noisy halftoned images it is better to
expensive KLT-method which is presumed to be statistically optimal. ~ compress CMYK independently.

The reader is encouraged to reproduce the experiments in thigl) Chrominance subsampling is not desired for most bit-rates of
correspondence. All steps in the transformation to YYCC and in the interest.
computation of AE are straighforward, mostly linear and invertible. 5) The best of YYCC and CMYK is only slightly inferior to KLT
Just the color correction to obtain the CMYK values and the printer  transformations.
model are printer dependent. Such tables can be derived, for exampl&ased on the preliminary conclusions, the main conclusion of this
from the printer's ICC profile. work is that CMYK images can be efficiently compressed using
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Fig. 7. RD plots comparing CMYK, YYCC, and the KLT for a xerographic printer. Results are averaged for all images. The two KLT types correspond to
use only the luminance table for all transformed planes, or both luminance and chrominance tables (two planes for each).

a YYCC color space (without chrominance subsampling), with th@8] B. Zeng and A. Venetsanopoulos, “A JPEG-based interpolative coding
notable exception of low-ratio compression of very active (or noisy) IS_'ChiA"’Le-'lpég%- |m-IC\0/nf- Acggzt-é %IgeeChv Signal Procesdifigneapo-

; ; ; ; i is, MN, , vol. V, pp. 393-396.

images, which may be compressed in their native CMYK color spac[(ig] P. De Neve, W. Philips. K. Denecker, and I. Lemahieu, “Introducing
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