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METHOD AND SYSTEM FOR COLOR
IMAGE COMPRESSION IN CONJUNCTION
WITH COLOR TRANSFORMATION
TECHNIQUES

BACKGROUND

The present invention relates in general to computer
systems. and in particular to peripheral devices used in
computer systems. Still more particularly. the present inven-
tion relates to methods and systems for providing color
mudeling techniques in conjunction with image compres-
5100.

As computing moves into the multimedia era, the days in
which color was an unnesded luxury and monrochrome
monitors were commonplace. have given way to color
image processing being an integral feature used by most
applications. As the commercial demand for colar grew. 50
too did the complexity of the hardware and software which
was designed in response to that demand. Many coler image
processing techniques have been developed to denl with the
issues raised by the integration of color into the computing
paradigm.

Colar transfanmation is one such technique, which is used
when transferring color images and documents between
color deviees, such as monitors, scanners and printers, Color
transfarmation is a useful interface technique because color
devices have different color capabilities, describe color in
different terms ond operate in different color spaces. For
examgple, a color display monitor in a compuler system may
ereate and describe colors in terms of red, green and blue
(“rgh™) values, and s then said to work in the RGB color
space. The rgh values for this display monitor are device
dependent, meaning the rgb velues are particular for that
monitor or brand of monitor. Because the rgb values are
device dependent. colors displayed on different monitors
will probably not be visuslly identical even for the same 1gb
values,

Most printers create and describe colors in device depen-
dent terms differing from monitors. Printers use. for
example, cyan. magenta, yellow and black (“cmyk™) values
to describe colors, and are said to work in the CMYK color
space. Again. because the cmyk values are device
dependent. colors prnted on any given printer will probably
not match colors printed on a different printer for the same
cmyk values,

Furlher complicating color transformation between color
devices is that different color devices have different coler
capahilities. Bvery color device, such as a scanner, printer,
or manitor, has a range of colors that it can prodace. This
range of producible colors is known as a gamut. Those
skilled in the art will recognize that color display monitors
can produce and display hundreds to thousands of colors,
Color printers, however, typically have a smaller number of
printable colors. Conszquently, in most situations the gamut
for a colar display monitor exceeds the gamut for a color
printer. As a result some colors displayed on display moni-
tors cannot be produced by color printers.

Color wansformation models converi colors between
devices while trying to maintain the perceived color appear-
ance. For example, a user might create an original image on
a display monitor. If she o be prints this image without any
color transformation. the color appearance of the printed
image may differ significantly from that of the displayed
image. Using a color transformation model, this change can
be reduced to o perceptionally acceptable level,

Thus. to maintain color fidelity. a color imaging output
system (e.g, a display, a printer, etc.) fransforms the color
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image data before the data is applied to the output apparatus.
a5 is generally illustrated by the block diagram of FIG. 1.
However, most color imaging systems work with an enar-
mous amount of data. Therefore, the storage of colar image
data, and/or the transmission of the color image data, usually
occurs only after data compression has been performed on
the original image dnm., as represented by block 10 of FIG.
2. After compression, the data is expressed in a suitable
intermediate format which is both smaller than the original
volume of data and which can also be expanded into image
data that is exactly the same as, or differs only slightly from.
the original image data,

This compressed data is then either stored in the inter-
mediate format in storage media 20. transmitted in the
intermediate format through a transmission media 30, or
both stored in the storage device 20 and transmitted through
the data transmission media 30, Before being sent to the
output apparatus, the compressed data is decompressed by
applying the inverse of the compression process at biock 40.

Conventional systems which apply both compression and
calor transformation either apply the color transformation
before the compression-decompression, as shown in FIG.
3{a). or apply the color transformation after the
compression-decompression, as shown in FIG. 3(b), Note
that in both FIG. 3(g) and FIG. 3(¥) the compression-
decompression device is treated as an inscparable, contigu-
cus apparatus, as indicated by the dotted boxes 50 and 60 in
the two figures, respectively. The color transformation is
applied cither before the compression, as in FIG. 3{a), or
after the de-compression as, in FIG. 3(b). One problem with
conventional color imaging systems, such as those illus-
trated in FIGS, 3(a) and 3(b). is that the color transformation
process can be very slow taking, for example two minutes or
mare, duzs to the complexity of the matrix caleulations used
in the color models. Accardingly, it would be desirable to
reduce the amount of time needed to perform color tans-
formation without sacrificing perceptional quality.

SUMMARY

The present invention applies color transformation within
the compression-decompression-appuaratus, i.e., by applying
color transformation to the compressed imnge data instead
of applying color transformation to either the original
uncompressed image deta. or the resultant decompressed
data. In this way color transformation is applied to much less
data than jn conventional systems, thereby speeding up the
process significantly. Compression techniques are selected
which maintain color fidelity, so that the color ransforma-
tion is accurate.

BRIEF DESCRIFTION OF THE DRAWINGS

The features believed characteristic of the inveation are
set forth in the appended claims. The invention itself,
however, as well as an cxemplary mode of use. and fuzther
objects and advantnges thercof, will best be uaderstood by
reference to the following detailed description of an illus-
trative embodiment when read in conjunction with the
accompanying drawings, wherein:

FIG. 1 illustrates the role of color transformation in
conventional imaging systems;

FIG. 2 illustrates the role of data compression in conven-
tional image systems;

FIG. 3(a) i5 a block diagram illustrating one conveational
combination of color ransformation and data compression;

FIG. 3{F) is a block dingram illustrating a second con-
ventional combination of color mansformation and data
compression;

Page 9 of 12
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FIG. 4 is an exemplary computer system which can be
used [n conjunction with the present invention;

FIG. § is a block diagram which illustrates the architee-
ture of a color processing system according to the present
invention;

FIG. 6 is a block dingram illustrating an exemplary
embodiment of the present invention;

FIG. 7 is a block dingram illustrating another exemplary
embodiment of the present invention; and

FIGS. 8(a}-8(c) are pixel representations used to describe
yet another exemplary embodimeat of the preseat invention.

DETAILED DESCRIFTION

With reference now to the figures and in particular with
reference to FIG. 4. a computer system is illustrated which
may be used in conjunction with methods and systems for
compressing and transforming color image data according to
the present invention. Computer system 70 includes a com-
puter 72, keyboard 74, a color disploy monitor 76 having a
display screen 78. n cursor control device 80, shown here as
a mouse. and a printer 82. Computer systern 70 may be
impiemented using any suitnble computer, such as a Macin-
tosh Quadra™ computer. a product of Apple Computer.
Incorporated, located in Cupertino. Calif, Printer 82 can be
any color printer, such as a Color Stylewriter Pro™ printer
also a product of Apple Computer, Incorporated.

Refersing to FIG. 5, & block disgram illustrates the
architecture of a color processing system according to an
excrnplary embodiment of the present invention. Calor
processing system 86 may include a plurality of source
devices such as first display monitor 8.8, second display
monitor M), scanner 92, and other device 84, Other device 94
may be ather real or virtual devices. such as n camera or
color composition routines. Each of these source devices is
a color device that can be added to or removed from color
processing system 86. Source devices 88, 80, 92, 94 are
examples of color devices that can provide color informetion
to or receive color information from within colar processing
systern 86 and those skilled in the art will appreciate that any
other such color devices can also be interfaced with color
system 86,

Color processing system 86 may also include a plurality
of destination devices such as third display monitor 96, celor
printer 98, and other device 180. Cther device 40 may be
other real or virmal devices, such as a plotter or coler
composition routines. Like source devices 88, 90, 92. 94,
each of the destination devices s a color device that can be
added to or removed from color processing system 86.
Destination devices 96, 98, 160 are ezxamples of color
devices that can provide color Information to or receive
color information from within color processing system 86,

Block 102 represents a color utility which can include a
set of routines and data structures that enable color process-
ing system 86 to match or transform colors and communi-
catz coler information between the various source and
destination devices, An example of such a utility is the
Apple™ ColorSync™ Utility. Compression and decompres-
sion of the image data can also be provided, for example as
illustrated and described below with respect to FIGS. 6 and
7. Color information is transmitted between devices via a
colar profile. A color profile is a data structure that describes
the basic color characteristics of the device. Color informa-
tion described in a color profile includes data relating to the
device's color space, gamut. tonal reproduction curves. and
the preferred color matching model (CMM).

A CMM is a component of color processing system 86,
Color processing system 86 may have one or more CMMSs.

30
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Blocks 104, 106, 108 represent three different CMMs within
color processing system 86. One of the CMMSs in color
processing system 86 is typically a defauit, for example the
Apple™ Color ransformation Method included with Col-
orSync™, A CMM is where the conversion, or colar
transformation. between differing color gamuts occurs. As
described earlicr. color transformation matches the colors of
the source color profile to the colors of the destination color
profile.

To parform coler ransformation in color processing sys-
tem 86, the utility 102 calls one or more CMMs 104, 106,
108 via component manager 110. The color transformation
process will be described by way of example, Suppose that
a color image displayed on first display monitor 88 is to be
printed on printer 98, and the user waants color transforma-
tion to occur, The application or device driver (not shown)
for first display monitor 88 calls the utility 102 and transmits
the color profile of first display monitor 88. The color profile
for first display monitor 88 is the source color profile. The
utility 102 also obtains the color profile from the device
driver (not shown) for printer 98. The color profile for
printer 98 is the destination color profile.

The utility 102 then transfers the color profiles for first
display monitor 88 and printer 98 to component manager
110. Component munager 110 examines the source and
destination color profiles and calls one or mare CMMs to
perform color transformation, How many CMMSs are called
depends upon whether or not the source color profile and the
destination color profile can use the same CMM for calor
transformation. Once color transformation is completed. the
color image is printed on printer 98,

As mentioned earlizr, according to the present invention
color transformation is performed after the original image
datn is compressed, and before decompression of the com-
pressed datn occurs, to reduce the amount of data to be
transformed. According to exemplary embodiments of the
present invention. the compression techniques which are
selected for integration with the color transformation pro-
cess are those in which the color information of the image
is maintained in the compressed dato. In this way. the same
color transformation process which would be applied to
uncompressed data. can also be used for the purposes of the
present invention for application to compressed data.
Although specific details of color transformation processes
are not germane to the present discussion, the interested
reader is directed to U.S. patent application Ser. No. (8/304,
844, filed on Sep. 13, 1994 entitled *Method and System for
Automatically Generating Printer Profiles” which disclosure
is incorporated here by reference.

FIG. 6 illustrates one exemplary impiementation of the
present invention. Therein. the original image data is first
compressed at block 112. Instead of applying the com-
pressed data directly to the intermediate media, the com-
pressed data is first passed through color transformation
device 114 which. for example, color transforms the com-
pressed data in the same way in which the desired color
transformation would have acted upon uncompressed data ag
described abave.

This compressed, color transformed data is now applicd
to whatever intermediate media 116 that is desired,
examples of which include storage apparatuses, data trans-
mission devices. frame buffers or any combination of the
nbove. The compressed data is later retrieved from the
intermediate media 116 and decompressed at block 118 to
provide uncompressed. color-transformed data to an fmag-
ing device, As an alternative to storage in an intermedinte
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media, the compressed. color-transformed data could be
transmitted. .g.. through a system. over a network, etc.. to
an {maping device where decompression occurs.

FIG. 7 shows another exemplary overview of the present
invention wherein the reference numerals used in FIG. 6 are
re-used to denote similar structures. In this case. the color
transformation 114 is applied after the compressed data has
passed through the intermediate medin 136, Note that the
data is still in compressed form prior to color trapsformation,
tut the transformation is applied after data has been fetched
from the intermediate media or after the data has been
transmitted.

Having described the present invention in general terms,
p more detniled, exemplary embodiment will now be
described to illustrate how the present invention results,
among other advantages, in more rapid color transformation,
This exemplary embodiment is described In terms of com-
pressing image data in the YUV and RGB color spaces.
However, those skifled in the art will sppreciate that the
present invention is applicable to any types of data com-
pression in which there is cither no effect of the compression
technique on the color information. or that effect is known.
so that color transformation can be properly performed. For
example, the compression techniques disclosed in the article
entitted “Two BiliPixel Full Color Encoding™ authored by
Graham Camphell et al.. published In Computer Graphics
Journal, Vol. 20, No, 4, 1986, pp.215-223. could be used to
implement the present invention, which disclosure is incor-
porated here by reference.

For the purpases of the following description. a calor
pixel is a vector which contains more than one component
of color. A color image is a two dimensional object including
a plurality of color pixels. ]

In this exemplary embodiment. a pixel in the color imag
is described by three color components, specifically red,
green nnd blue components. and a destination imsge output
device which also accepts color pixels with the same three
components. red (R). green (G) and bluc (B) is the envi-
sioned reciplent of the decompressed. color-transformed
data. For example, dats input to the system via any one of
davices 88-94 and output via display 96 could be processed
as follows,

For this embodiment. each image pixel is converted from
the RGB color space into the YUV color spece, defined by
the equations:

¥=0.1148+0.587G+0.299R
U=0.493(B-1}
V=08TI(R-)

The YUV colar space is o three component color space
which expresses imnges in terms of one juminance channel
(the Y value) and two chrominance channels (the U and V
values). This color space is used. for example. in image
processing associated with television. Based on user survey
information gathered during the development of television
systems. it became well known to those skilled in the art that
ac much as threequarters of the U and V datn can be
eliminated without perceptibly impacting the resultant
image, Thus, according to this excmplary compression
technique. the full set of YUV values for cach pixel are
preserved for only sbout one-quarter of the pixels in the
image. For the remnining pixels, the exact values are main-
tained only for the luminance channel Y, the U and V valoes
for those remaining pixels are assumed to be the same as

6

those found in their neighboring pixels. This compression
technigue will be described in more detail in conjunction
with FIGS. 8(a)-8(&).

FIG. 8{a) illustrales a block of pixels (1-#) each of which
is represented by a particular YUV value (ie. YIUIVL
Y2U2V2, ete.) which has been determined by inserting the
known rgh values into the above-described equations. Note
that each pixel has its own unique sct of YUV values.

- However, as described above. some of the U and V values

33
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can be dispensed with in order to compress the data. This is
illustrated conceptually in FIG. B(b). Note therein that the
pixel representntions for all but the corner pixels are shown
as having the U and V values dropped. These U and V values
can be assumed to be those found in an adjacent pixel or an
intzrpolation of U and V values in adjacent pixels.

Note that in compressing the data from FIG. 8(a) to FIG.
8(), the color vectors have not been changed. That is. the
color infarmation used to express the pixels. e.g.. pixel 1
(Y1U1V1), remoins unaliered. Instead, data which is not
needed to obtain a visually acceptable reproduction has been
omitted. Thus, when applying color wrapsfermation to the
compressed pixels in FIG. 8(b), the same color transforma-
tion technique can be used on these pixels as could alse be
used on the uncompressed pixels found in FIG, B(a) since
the color vectors remain opchanged. This is illustrated in
FIG. 8(c) wherein the primes denote color-transformed
values.

Also note that the transformations which are performed
for pixels 2. 4. 5. 6 and 8 involve oaly 1 one-dimensional
transformation. since only the Y values remain. Such one
dimensional transformations require far less time than the
three-dimensional transformations which were previously
required in conventional systems that transformed each three
component value for each pixel. According to this exem-
plary embodiment of the present invention, a data compres-
sion ratio of 2:1 is achicved which wanslates inio roughly the
same magnitude increase in the rate of speed of the color
transformation process.

While the foregoing exemplary embodiment has been
described in tems of the YUV color space. those skilled in
the art will appreciate that any color space and compression
technique in which the color vectar is maintained. or at least
the change in enlor vector is understood, can be used to
{mplement the present invention. Morcover, although this
exemplary embodiment is deseribed in terms of a color
space having three components which are used to desaribe
a color pixel, the present invention is also applicable to color
spaces in which more or fewer components are used (o
express a color pixel. .

The preseat invention is nlso applicoble to both image
input devices. such as digital scunners and digital cameras.
as well as digital output devices. Moreover, the present
invention can be applied when transferring digital images
between two digital computers,

The above-described exemplary embodiments are
{ntended to be illustrative in all respects. rather than
restrictive, of the present invention, Thus, the present inven-
tion is capable of many variations In detailed implementa-
tion that can be derived from the description contained
herein by a person skilled in the art. All such variations and
modifications are considered to be within the scope and
spirit of the present invention as defined by the following
claims.

‘What is claimed is:

1. A method for processing color image data comprising
the steps of:

compressing sald color image data to generate com-

pressed color imape data, wherein safd compressed
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color image data can be stored using less stornge space
than said color imege dats, and wherein said com-
pressed color image data retains celer information
associated with said color image data;

color transforming said compressed color image data to
generate compressed, color transformed color image
data; and

decompressing said compressed, color transformed color
image data to generate transformed color image data
suitable for use with a particular color imape rendering
device.

2. The method of claim 1 further comprising the sieps of:

storing said compressed color image data in an interme-

diate media; and

retrieving said compressed coler image data from said

intermedinte media prior to color transforming said
compressed color image data.

3. The method of claim 1 further comprising the steps of:

storing said compressed. color transformed color image

data in an intermediate media; and

retrieving said compressed. color transformed color

imnge data prior to sald step of decompressing said
compressed. color transformed color image data.

4. The method of claim 1, wherein said color image data
is suitable for use with a first particular color image render-
ing device and said transformed color image data is sujtable
for use with a second pasticular celor image rendering
device.

5. The method of claim 4. wherein said first particular
color imnge rendering device is a color moritar and said
second partienlar color image rendering device is a color
printer.

6. The method of claim 1. wherein said step of compress-
Ing said color image data comprises the step of conveting
RGB color image data to YUV color image data.

7. The method of claim 1, wherein said color image data
deseribes a plurality of color image pixels, and wherein said
step of compressing said color image data compriscs the step
of color encoding said color imape data using two bits to
define each of said color image pixels.

8. An apparatus for processing color image data compris-
ing:

means for compressing said color imnge data to generate

compressed color imape data. wherein said compressed
color image data can be stored using less storage space
than said color image data. and wherein said com-
pressed color imape data retains color information
associated with said color image data;

means for coler tapsforming said compressed color

imspe data to generate compressed, color transforrmed
color imnpe datn; and

means for decompressing said compressed, color trans-

formed color image dala to generate transformed color
image datn suitable for use with a particular color
image rendering device,

9. The apparatus of claim 8 further comprising:

means for storing said compressed color imape data in an

intermediate media; and

means for retrieving sald compressed color image data

from said intermediate medin prior to color transform-
ing said compressed color imape data.

10. The apparatus of claim 8 further comprising:

means for storing said compressed, color transfommed

color image data in an intermediate media; and

15

ao

35

63

8

means for retrieving said compressed, color transformed
color image data prior to said step of decompressing
said compressed. color transformed color image data,

11. The apparatus of claim 8, wherein said color image
data describes a pluratity of color imnge pixels. and wherein
said means for compressing said color imape data comprises
means for color encoding said color image data using two
bits to define each of sald color image pixels.

12, The apparatus of clalm 8, wherein said color image
data is suitable for use with a first particular coler image
rendering device and said transformed color image data is
suitable for use with a second particolar color image ren-
dering device.

13. The apparatus of claim 12, wherein said first particular
celor imnpe rendering device is a color menitor and said
second particular color jmnge rendering device is a color
printer.

14. The apparatus of claim 8, wherein said means for
compressing said color image data comprises means for
converting RGB color image data to YUV color image data,

15, A color image processing system comprising:

a color image input device which generates an image
comprising a plurality of pixels;

a compression device which receives said plurality of
pixels and reduces an amount of data used to cxpress
sajd pixels while maintaining color characteristics of
said pixels;

a color transformation device for transforming said com-
pressed data from a color space assoriated with said
color image input device into a colar space associated
with a color imape output device; and

a decompression device for receiving an ontput of said
color transformation device end providing
decompressed, transformed image data to sald color
image output device,

16, The system of claim 15, wherein said compression

device converts RGB image data to YUV image data,

17. The system of claim 15, wherein said color transfor-
mation device performs color matching between said color
image input device and said colar image output device.

18. The system of claim 15, wherein sald color image
input device is onc of a color image scanner and a colar
image digital camern.

19. The system of claim 15. wherein said color image
autput device is one of a color image display monitor and a
color image printer.

20. A method for performing color matching betwesn
color image devices in a computing system. comprising the
steps of:

receiving a first color image which is compatible with a
first color image device;

compressing said first color image to produce a com-
pressed color image, wherein said compressed color
image can be stored using less siorage space than said
first color image, and wherein said compressed color
image includes color information associnted with said
first color image;

ransforming said compressed color image. using a color
matching model associated with a second color image
device. to produce a transfarmed color image; and

decompressing said transformed celor image data to pro-
duce a second color image which is compatible with
said second color image device,
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