4107256 A1 | IO O 0 0 O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Burcau

(43) International Publication Date
9 December 2004 (09.12.2004)

AT O 0 O

(10) International Publication Number

WO 2004/107256 A1l

GO06K 9/00

(51) International Patent Classification’:

(21) International Application Number:
PCT/IL2004/000458

(22) International Filing Date: =~ 27 May 2004 (27.05.2004)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/473,132 27 May 2003 (27.05.2003) US

(71) Applicant (for all designated States except US): TUR-
SIGHT LTD. [IL/IL]; P.O.Box 7920, 31078 Haifa (IL).

(72) Inventor; and
(75) Inventor/Applicant (for US only): SHEFER, Mordechai
[TL/IL]; 35 Givat Downs St., 34349 Haifa (IL).

(74) Agent: FRIEDMAN, Mark; 7 Haomanim St., 67897 Tel
Aviv (IL).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,

CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, HI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI,
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: METHOD OF COLOR COMPRESSION

I

R

& (57) Abstract: A color is encoded by defining the color as a triplet of Cartesian color space (e.g., RGB) (Fig. 1) coordinate values
& and transforming the triplet to spherical coordinates (Fig. 1) to give a transformed triplet of spherical coordinate values (Fig. 1). An
image that includes a plurality of image pixels with Cartesian color space coordinate values is compressed by transforming to spher-
ical coordinates, spatially downsampling with respect to one or more of the spherical coordinates and truncating the wordlengths of
all the values of one or more of the spherical coordinates. A color image compression device includes a processor for so transforming

e
=

and downsampling input image pixels.



10

15

20

25

WO 2004/107256 PCT/IL2004/000458

METHOD OF COLOR COMPRESSION

FIELD AND BACKGROUND OF THE INVENTION

The present invention relates to the digital representation of color and, more
particularly, to a method of compressing color images.

A digital color image is an array of pixels. With each pixel is associated a numerical
representation of that pixel’s color in a color space. For example, the most common color
space for displaying color images on a video monitor is the RGB (Red, Blue, Green) color
space. This color space has three coordinates, R, G and B. The color of a pixel is represented
as a triplet of three numbers: the value of the R coordinate, the value of the G coordinate and
the value of the B coordinate. Typically, each of the three coordinate values is represented as
an eight-bit word, for a total of 24 bits per pixel. This allows the display of 256° = 16,777,216
distinct colors, commonly referred to as “True Color”.

To reduce the digital volume needed to store or transmit an RGB image, the image is
compressed. The conventional compression method is to transform the RGB coordinates to a
different color space, the Luminance/Chrominance (YUV) color space, and to spatially
downsample the resulting transformed value to give a spatially resampied image that
emphasizes the Y coordinate (Brightness or luminance) at the expense of the U and V
coordinates (chrominance coordinates), to take advantage of the fact that the human eye is
more sensitive to spatial changes in brightness than to changes in color. Typically, the spatial
downsampling is effected by merging pairs of pixels with respect to the chrominance
coordinates. Figure 4 illustrates one way of doing this spatial downsampling: “4:2:2
downsampling”. At the top of Figure 4 are four adjacent image pixels 20, 22, 24 and 26, each
with its respective values of the R, G and B coordinates. The transformation to YUV

coordinates gives, for each image pixel, respective values of the Y, U and V coordinates.
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Then, pixels 20 and 22 are merged with respect to their chrominance coordinates into a single

downsampled pixel 28, and pixels 24 and 26 are merged with respect to their chrominance
coordinates to give a single downsampled pixel 30. In this specific example, this is done by
dropping the chrominance coordinate values of image pixels 22 and 26 in favor of the
chrominance coordinate values of image pixels 20 and 24; but it also could be done by
averaging the chrominance coordinates of image pixels 20 and 22 and by averaging the
chrominance coordinates of image pixels 24 and 26. The net result is to replace, for each
group of four image pixels, 96 bits with 64 bits, i.e., 16 bits per image pixel. Unfortunately,
this spatial downsampling also visibly degrades the quality of the resulting image.

There is thus a widely recognized need for, and it would be highly advantageous to
have, a method of downsampling a digital image, e.g. from 24 bits per pixel to 8 bits per pixel,

with no appreciable loss in image quality.

SUMMARY OF THE INVENTION

According to the present invention there is provided a method of encoding a color,
including the steps of: (a) defining the color as a triplet of Cartesian color space coordinate
values; and (b) transforming the triplet to spherical coordinates.

According to the present invention there is provided a method of compressing an image
that includes a plurality of image pixels, each image pixel including a respective triplet, of
Cartesian color space coordinate values, all the coordinate values having a common color
space coordinate wordlength, the method including the steps of: (a) transforming the each
triplet to spherical coordinates, thereby providing a respective transformed triplet of spherical
coordinate values; and (b) spatially downsampling the image pixels with respect to at least one
of the spherical coordinates; thereby producing, for each at least one spherical coordinate, a

plurality of downsampled pixels.
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According to the present invention there is provided a color image compression device,

for compressing an image that includes a plurality of image pixels, each image pixel including
a respective triplet, of Cartesian color space coordinate values, that has a color space
coordinate wordlength, the device including: (a) a processor for: (i) transforming each triplet to
spherical coordinates, thereby providing a respective transformed triplet of spherical coordinate
values, and spatially downsampling the image pixels with respect to at least one of the
spherical coordinates, thereby producing, for each at least one spherical coordinate, a plurality
of downsampled pixels.

One aspect of the present invention is a method of encoding a color by defining the
color as a triplet of Cartesian color space coordinate values and transforming the triplet to
spherical coordinates, thereby producing a transformed triplet of spherical coordinate values.
Preferably, the color space is an RGB color space and the azimuth coordinate of the spherical
coordinates is in either the RG plane of the RGB space or in the RB plane of the RGB space or
in the GB plane of the RGB space.

Preferably, the triplet, as initially defined, has a certain color space coordinate
wordlength, and the method also includes the step of truncating the wordlength of at least one
of the spherical coordinate values to a lower wordlength than the original color space
wordlength.

Another aspect of the present invention is a method of compressing an image. The
image includes a plurality of image pixels. Each image pixel includes a respective triplet of
Cartesian color space coordinate values, all of which have a common color space coordinate
wordlength. As in the first ;spect of the present invention, each ftriplet is transformed to
spherical coordinates, thereby producing, for each triplet, a transformed triplet of spherical

coordinate values. Then the image pixels are spatially downsampled with respect to one or
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more of the spherical coordinates, thereby producing a plurality of downsampled pixels for the

targeted spherical coordinate(s).

Preferably, the downsampling is done with respect to the angular spherical coordinates,
i.e., the azimuth coordinate and the elevation coordinate.

Preferably, the wordlengths of the coordinate values of one or more of the spherical
coordinates are truncated to a lower wordlength than the color space coordinate wordlength.
Preferably, the combination of downsampling and truncation produces an average number of
bits per image pixel that is less than twice the color space coordinate wordlength. Most
preferably, the combination of downsampling and truncation produces an average number of
bits per image pixel that is at most the color space coordinate wordlength.

A color image compression device of the present invention includes a pfocessor for
implementing the second aspect of the present invention. Preferably, the device also includes a
medium for storing the downsampled pixels and/or a transmitter for transmitting the

downsampled pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with reference to the
accompanying drawings, wherein:

FIG. 1 illustrates the transformation of RGB coordinates to Yo coordinates according
to the present invention;

FIGs. 2 and 3 are high-level block diagrams of image compression devices of the
present invention; |

FIG. 4 illustrates 4:2:2 spatial downsampling in the context of the prior art;

FIG. 5 illustrates 4:1:1 spatial downsampling in the context of the present invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is of a method of compressing digital images. Specifically, the
present invention can be used to compress an RGB image 3:1 with no appreciable loss in
image quality.

The principles and operation of image compression according to the present invention
may be better understood with reference to the drawings and the accompanying description.

Referring now to the drawings, Figure 1 illustrates the Ya§ coordinate system of the
present invention. Yof3 is a new color space that bears the same relationship to the RGB color

space as spherical coordinates bear to Cartesian coordinates. Y is the radial coordinate

(Y =JR*+G*+ B> ), a is the elevation coordinate and {3 is the azimuth coordinate. As
defined in Figure 1, B is in the RB plane. In alternate embodiments of the present invention, 3
is in the RG plane or in the GB plane. Y is luminance, as in the YUV color space; but the new
color coordinates o and B do not bear a direct relationship to the U and V coordinates of the
YUV color space. Given a triplet of RGB coordinate values, the corresponding values of the
Y, o and B coordinates together constitute a transformed triplet of spherical coordinate values.
I have found that transforming an image of RGB pixels to Yaf} space, downsampling
the resulting Yof coordinate values with respect to o and B and further truncating the
wordlengths of the Y coordinate values and of the downsampled o and B coordinate values
provides a compressed image that has almost the same visual quality as the original RGB
image but that has only one-third as many bits as the original image. Specifically, starting with
a conventional 24-bit (True Color) RGB image, the RGB coordinates of the image pixels are
transformed to Yof coordinates and downsampled 4:1:1, as illustrated in Figure 5. Then the
wordlengths of the Y-coordinate values are truncated from eight bits to five bits and the

wordlengths of the downsampled o and § coordinate values are truncated from eight bits to six
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bits. The overall compression is from 24 bits (three times the True Color RGB wordlength) per

image pixel to 8 bits (equal to the True Color RGB wordlength) per pixel.

Figure 5 shows all four image pixels 20, 22, 24 and 26 being merged with respect to
their angular coordinates to give a single downsampled pixel 32 that retains only the angular
coordinate values of image pixel 20. Alternatively, the angular coordinates of image pixel 20
could be the angular coordinates of any of the other image pixels 22, 24 or 26, or an average of
all four sets of angular coordinates.

Although the primary intended application of the present invention is to the
compression of RGB images, the principles of the present invention are applicable to images
whose pixels are encoded using other color spaces, for example the HSL (Hue, Saturation,
Luminance) color space.

Figure 2 is a high-level block diagram of an image compression device 10 of the
present invention. Device 10 includes a processor 12 and a digital storage medium 14 such as
a digital video tape or a nonvolatile memory (e.g. a compact disk or a flash disk). Processor 12
receives a stream of digital RGB video images from a vide camera 16, compresses the images
using the method of the present invention, and stores the compressed images, as one truncated-
wordlength value of Y per original image pixel and one truncated-wordlength value of each
angular coordinate o and  per downsampled pixel, on medium 14.

Figure 3 is a high-level block diagram of another image compression device 10° of the
present invention. Device 10’ inpludes processor 12 and, in place of medium 14, a transmitter
18. Processor 12 receives a stream of digital RGB video data from video camera 16,
compresses the images using the method of the present invention, and uses transmitter 18 to

transmit the compressed images, as one truncated-wordlength value of Y per original image
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pixel and one truncated-wordlength value of each angular coordinate o and B per downsampled

pixel, to a remote receiver.

In one preferred embodiment of the present invention, processor 12 is an appropriately
programmed general-purpose processor. In an alternate preferred embodiment of the present
invention, processor 12 is a special-purpose processor that uses dedicated hardware to
implement the method of the present invention.

While the invention has been described with respect to a limited number of
embodiments, it will be appreciated that many variations, modifications and other applications

of the invention may be made.
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WHAT IS CLAIMED IS:

1. A method of encoding a color, comprising the steps of:
(@) defining the color as a triplet of Cartesian color space coordinate
values; and

(b)  transforming said triplet to spherical coordinates.

2. The method of claim 1, wherein said color space is an RGB color

space.

3. The method of claim 2, wherein said spherical coordinates include an

azimuth coordinate in an RG plane.

4, The method of claim 2, wherein said spherical coordinates include an

azimuth coordinate in an RB plane.

5. The method of claim 2, wherein said spherical coordinates include an

azimuth coordinate in a GB plane.

6. The method of claim 1, wherein said triplet has a color space
coordinate wordlength, and wherein said transforming produces a transformed triplet
of spherical coordinate values, the method further comprising the step of:

(© truncating a wordlength of at least one of said spherical coordinate

values to at a lower wordlength than said color space coordinate

wordlength.
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7. A method of compressing an image that includes a plurality of image
pixels, each image pixel including a respective triplet, of Cartesian color space
coordinate values, all said coordinate values having a common color space coordinate
wordlength, the method comprising the steps of:

(a) transforming said each triplet to spherical coordinates, thereby

| providing a respective transformed triplet of spherical coordinate
values; and

(b)  spatially downsampling said image pixels with respect to at least one

of said spherical coordinates; thereby producing, for each said at least

one spherical coordinate, a plurality of downsampled pixels.

8. The method of claim 7, wherein said color space is an RGB color

space.

9. The method of claim 8, wherein said spherical coordinates include an

azimuth coordinate in an RG plane.

10.  The method of claim 8, wherein said spherical coordinates include an

azimuth coordinate in an RB plane.

11.  The method of claim 8, wherein said spherical coordinates include an

azimuth coordinate in a GB plane.

12.  The method of claim 7, wherein said spherical coordinates include an

azimuth coordinate and an elevation coordinate, and wherein said spatial
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downsampling is effected with respect to both said azimuth coordinate and said

elevation coordinate.

13.  The method of claim 8, further comprising the step of:
(¢)  for at least one of said spherical coordinates, truncating a wordlength
of said spherical coordinate values to a lower wordlength than said

color space coordinate wordlength.

14.  The method of claim 12, wherein said spatial downsampling and said
truncating together produce an average number of bits per input pixel that is less than

twice the color space coordinate wordlength.

15.  The method of claim 14, wherein said average number of bits per input

pixel is at most the color space coordinate wordlength.

16. A color image compression device, for compressing an image that
includes a plurality of image pixels, each image pixel including a respective triplet, of
Cartesian color space coordinate values, that has a color space coordinate wordlength,
the device comprising:

(a) a processor for:

) transforming each triplet to spherical coordinates, thereby
providing a respective transformed triplet of spherical
coordinate values, and

(i)  spatially downsampling said image pixels with respect to at

least one of said spherical coordinates, thereby producing, for
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each said at least one spherical coordinate, a plurality of

downsampled pixels.

17. The device of claim 16, further comprising:

(b)  amedium for storing said downsampled pixels.

18.  The device of claim 8, further comprising:

(b)  atransmitter for transmitting said downsampled pixels.

19, The device of claim 16, wherein, for at least one of said spherical
coordinates, said processor also truncates a wordlength of said spherical coordinate

values to a lower wordlength than said color space coordinate wordlength.



WO 2004/107256 PCT/IL2004/000458

Ay
-
S
e



PCT/IL2004/000458

WO 2004/107256

el
‘n%w‘

| Lnlazw

b

et s

9l



WO 2004/107256 PCT/IL2004/000458

PRocesSo

Fle 3




WO 2004/107256 PCT/IL2004/000458

4/5

g | T 21
713/4 , B ) Ric, Gn, B Z/
/{ R ) G, > ‘@7—' / ijé“—; Ié—ll. )}3 21, L :

LY

e (‘{AP/?_IO/Z AR 7)



WO 2004/107256

PCT/IL2004/000458

5/5

IR
2

&. R
’2_.) 'l, "’)’L

4 *.22,"&, )(}tx,)fg‘&.»k

Vu ) /Zg!f 32-




INTERNATIONAL SEARCH REPORT

International application Na.

FIELDS SEARCHED

PCT/IL04/00458
A. CLASSIFICATION OF SUBJECT MATTER
IPC(7) GO6K 9/00
US CL : 382/166
Accgrdmg to International Patent Classification (IPC) or to both national classification and [PC

U.S. : 382/166, 167; 358/518-520, 539

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Please See Continuation Sheet

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category *

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 5,206,918 A (LEVENE) 27 April 1993 (27.04.1993), column 3, lines 40-61, column 8, 12
- line 63 to column 9, line 33 S
Y 35
A US 5,206,918 A (LEVENE) 27 April 1993 (27.04.1993), see entire reference 6-19

D Further documents are listed in the continuation of Box C.

[l

See patent family annex.

* Special categories of cited documents:

“A™  document defining the general state of the art which is not considered to be of

particular relevance

“E"  earlier application or patent published on or after the international filing date

“L"  docurnent which may throw doubts on priority claim(s) or which is cited to
establish the publication date of another citation or other special reason (as
specified)

“Q”  document referring to an oral disclosure, use, exhibition or other means

«p*  document published prior to the international filing date but later than the

priority date claimed

“T” later document published afier the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

“Xr document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is combined
with one or more other such documents, such combination being
obvious to a person skilled in the art

“&" document member of the same patent family

Date of the actual completion of the international search

01 September 2004 (01.09.2004)

Date of mailing of the international search report

97 00T 2000 /)

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US
Commissioner for Patents

P.O. Box 1450
Alexandria, Virginia 22313-1450

Facsimile No. (703) 305-3230

| }VK;]/ Chang

Authorized officer %\,\ﬁ/\n //%

Telephone No. (703)30%-4700

Form PCT/ISA/210 (second sheet) (January 2004)




International application No.

INTERNATIONAL SEARCH REPORT PCT/IL04/00458

Continuation of B. FIELDS SEARCHED Item 3:
EAST
search terms: color, spherical

Form PCT/ISA/210 (extra sheet) (January 2004)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

