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10 For applications such as skin tone adjustment, global color controls cannot be

applied. These applications require local modification of a small subset of colors in the

color space without affecting the other colors.

Local color modifications in display devices can be implemented by a mapping
table that specifies an output color for every input color. This would be feasible if the set
15 of all possible colors was reasonably small. However, a standard 24-bit RGB display
device would need to map approximately 16 million different colors. The map, also
known as a look-up table (LUT), would require 48Mbytes of memory storage.
Considering the cost of a 48Mbyte lookup table implemented either in hardware or in
software, this solution is not practical. Using a luma-chroma color space such as YUV,
20 YPrPD etc. is a better solution because the colors are then represented by a subset of the
components. The standard 8-bit resolution for U and V would require 128Kbytes for the
color map. This is still a very large memory for hardware implementations.

A more practicat solution approximatés the theoretical map by sampling the color

space with a regular grid.

25 Figure 1 is an example of a 4x4 sampling grid 10. The output values at the grid

10 intersections are stored in a table. A specific color will map to a unique coordinate
within the grid. In general, the coordinate will not coincide with a grid vertex. An output

value related to the coordinate is then calculated as an interpolation of the nearest output
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1‘bossi bl e. BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is an exanple of a 4x4
sanmpl i "gmaVIARICOF THR INVENTTION rates a nul ti-resol ution UV col or

structure in accordance wth the present invention. L
An apparatus and method for allowing color adjustments in display devices is

disclosed The apparatus comprises a mulii-resolution structure for providing color
adjustments; and an interpolator for interpolating at least one offset of the multi-
15 resolution structure.

An apparatus and method in accordance with the present invention uses a
combination of color look-up tables with different levels of resolution, followed by
interpolation to provide a display process which has high resolution but utilizes minimal
memory.

20 In so doing, memory is used for high-resolution areas only where needed. The
multi-resolution structure is a very good approximation to the theoretical mapping table
in the areas where it is needed. At the same time, since the high resolution areas are

localized, a significant reduction in memory storage is possible.

25 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is an example of a 4x4 sampling grid 10.
Figure 2 illustrates a multi-resolution UV color structure in accordance with the
present invention.
Figure 3 illustrates a multi-resolution mapping system using a 2-levek, 8-bit UV
30 color space.

Figure 4 is a flow chart which illustrates multi-resolution chroma mapping in an
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15 Definitions
Digital Display Device : An electronic image display device that uses digitized
(sampled and quantized) image data. The input data itself may be analog in nature, and
digitized within the device for final display on a digital display such as an LCD, OLED
or plasma panel. Alternatively, the input data itself may be digital in nature and finally

20 displayed on an analog display such as a CRT.

Pixel : The smallest discrete region on a digital display device that can be
addressed for display.

Luma : The component of the input image data value that is correlated to the
perceived intensity of the displayed data value.

25 Chroma : The component of the input image data value that is correlated to the
perceived color of the displayed data value. In YUV color space, the chroma
component is defined by the U and V data values.

An apparatus and method in accordance with the present invention uses a
combination of color look-up tables with different levels of resolution, followed by

30 interpolation to provide a display process which has high resolution but utilizes minimal

memory.
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Apparatus
Figure 2 illustrates a multi-resolution UV color table 100 in accordance with the

15 present invention. As is seen in this embodiment, a plurality of squares on the grid 200

are of one resolution, as illustrated by squares A, B, C and D, and at least one of the
other squares is of another resolution as illustrated by Figure 4. The apparatus for this
invention is a set of data structures that can be implemented in hardware as memory and

registers or in software as arrays. The primary data structure is used for storing the color

20 LUT at different resolutions. The secondary data structures are used for indexing the

final LUT to be applied.
The data input is a chroma value that is specified with two components — these
may be defined as the UV components of a YUV representation for this description, but

in general are any orthogonal representation of chroma. These components are digital

25 values that are specified with a fixed precision, e.g. 8bits or 10bits.

30

For the description that follows, we assume the following :
1. 8bit UV color space
2. Two levels of resclution

3. One low-resolution table that divides the two-dimensional UV color space
into 16 squares (4 sub-divisions on each axis).

4. Multiple high-resolution tables further divide each low-resolution square
into 16 sub-squares.



may be defined as the.UV conponents of a YUV representation for this
description, but in (g_eneral .are.any orthogonal representation of chrona.
These cwompan@es® are digital values that are specified wdhusesfiissed
precision, e.g. 8bits or 10bits. For the description that follows, we
assunme the followwng : 1. 8bit W coéor space 2. Two levels of resolution
3. One lowresolution table that divides the two-dinensional UV col or space
into 16 squares (4 sub-divisions on each axis). 4. Miltiple high-resolution
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16x16x 3 ' L1z -ution hybrid table with a 4x4
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(4+1) x8No = Thdeavirigssn nicngury dorthe bdms effaties résolatiohiis k@il 4édron Mappi ng
system 200..us] ng&Z é—level . 8-hit UV color sgace. As is seen, there is a
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9 y Figure {liuStrates & m t];—resolu%on mapping system 200 using a 2-level, 8-bit

UV color space. As is seen, there is a low resolution table 202 and two high resolution
tables 204. For a two-level resolution implementation, one secondary data structure 206,
15 which is a one-dimensional tag table with 16 entries. The index to this table identifies a
unique square in the low resolution table. A non-zero tag eniry at this index specifies a
unique high-resolution 204 table to be overlaid on this square in the low-resolution table.
If it is zero, the low-resolution table 202 square is used for the color offset lookup and
interpolation. If non-zero, the corresponding high-resolution table 204 is used for color

20 offset lookup and interpolation. For the above example, an additional 16x3 = 48 bits of
register storage would be required.

The low-resolution and high-resolution UV grids are conceptual representations
only. The only data structures required are the chroma offset LUTs 208 and Tag Lookup
table 206.

25 The location of an input pixel chroma value in UV space is shown as a black dot
in square 9 in the Jow-resolution table. There are two high-resolution tables available
with id 1 and 2 respectively. The high-resolution table with id 2 has been overlaid on
square 9 of the low-resolution table, by specifying its id in the Tag Lookup table.

30 Method

Figure 4 is a flow chart which illustrates multi-resolution chroma mapping in an



uni que high-resolution 204 table to be overlaid on $his square in the
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t hj rt I
overlai 9 g%%lue de%er&meslvgﬂjetger a high-resolution table has been overlaid on this particular

coarse-resolution square, and if so, which table. If the tag is zero, the low-resolution

table should be used. If the tag is non-zero, the value identifies which high-resolution
15 table has been overlaid (step 404)..

3. Low-resolution table interpolation: If the tag is zero, the remaining LSbs of U
and V define the location of the input chroma value with respect to the four vertices of
the surrounding low resolution square. The actual chroma offset to be applied is then
determined by interpolation of the programmed chroma offsets stored at the four vertices

20 using the U and V LSbs as the interpolation weights. The interpolated chroma offset is
added to the input value to generate the output chroma value (steps 408 and 412).

4. High resolution table indexing : If the tag is non-zero, it uniquely identifies
which fine-resolution table must be overlaid. The next 2 MSbs of U and V now are
concatenated to form a 4bit index which uniquely identifies the square in the high

25 resolution table which encloses the input chroma value (steps 414 and 416).

5. High resolution table interpolation : Now the remaining 4LSbs of U and V
define the location of the input chroma value with respect to the surrounding fine
resolution square vertices. The actual chroma offset to be applied is then determined by
interpolation of the programmed chroma offsets stored at the four vertices, using the U

30 and V LSbs as interpolation weights, The interpolated chroma offset is added to the
input value to generate the output chroma value (steps 418 and 412). Figure 5 is an
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For a specific application, such as skin tone adjustment, the high resolution tables
are overlaid only in the low resolution squares that contain skin tone chroma values.

This user-definable localization of high resolution areas in the map provides a very good
approximation to the theoretical full resolution color map in the area of interest, while
20 keeping the overall memory requirements manageable.

The purpose of storing offsets instead of an absolute chroma component is to
reduce the amount of memory storage required. This is possible becanse the amount of
offset applied is relatively small in comparison to the chroma dynamic range and can
therefore be represented with less bits,

25 Although the present invention has been described in accordance with the
embodiments shown, one of ordinary skill in the art will readily recognize that there could
be variations to the embodiments and those variations would be within the spirit and scope
of the present invention. Accordingly, many modifications may be made by one of ordinary

skill in the art without departing from the spirit and scope of the appended claims.
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been described in accordance with the enbodi nents shown, one of ordinary
skill in the art will readily recognize that there could be variations to
the enbodi ner sA spstemifosallowing aon-ghbalhwelbrladjestuientsi contpnisingrthe stepafid scope
of the present invention. cor,dj.ngl man di.f.icati ons_nmay be nmade by
one of &Fa4E? prigggﬂh mip rﬁuﬁfﬁrgsg}p 01%' ¥c?%<ﬁlllp @%W@%Wr‘ﬁ?@f‘ﬁéx@ﬁ%t and
scope ofchidugn wpgnded cl ai ms. WO 03/ 096320 PCT/ US03/ 14984 8 CLAI M5 What is
clainmed is: 1. A nethod for allow ng non-gl obal col or adjustnents
conprising the step of providing a plurality of nmulti-resolutional |ook-up

t abl es whi ch ar sed fo LN chr val ues. . A system for

al | owi ng non-3g|“§%§PP35%“%F°TEZ’;8@E{B%€M?@%F’%§ Ph@lSPﬁﬁ‘ng@ﬁ& SPOPHFBEI di ng a
purality of nultizmeRPledbhnBoRkinkdd@wWiich MLRRs Whlof Yalkg auged for mapping
chroma values. to 3. An apparatus for allow ng color adjustnents in display
devi ces, conpri si rgintegpalaipr for ingenpplating thesealorvalnes basédvpdortbe nuds- col or

val ues; and %]sohﬂfo%rc[faollnator for interpolating the color val ues based upon
the multi- :

4. The apparatus of claim 3 wherein the color adjustment for a specific color is

15 derived from predefined color adjustments for a subset of the colors.

5. The apparatus of claim 3 wherein multi-resolution structure specifies between

higher resolution and lower resolution look-up tables within the chroma space.

20 6. The apparatus of claim 3 wherein a multi-resolution color LUT is constructed

by overlaying separate LUTs.

7. The apparatus of claim 6 wherein a single physical memory area is utilized
for the separate LUTS,
25
8. The apparatus of claim 3 that uses successive most significant bits of the input
pixel data to index a final LUT to be applied.



resolution claim 4. The apparatus of claim3 wherein the col or adjustnent
for a specific color is 15 derived from predefired col or adjustnments for a
subset afobhesssm ors. 5. The apparatus of clai m 3 wherei reamtisosaessol uti on
structure specifies between higher resolution and | ower resol ution |ook-up
tables within the chroma space. 20 6. The apparatus of claim3 wherein a
multi-resolution color LUT is construgt ed by overlaying separate LUTs. 7.
The apparatus of claim6 wherein a single phy5| caI menory area is utilized

f th LUT: t 3t h
ot o ont P RB2 R Bppaaf of faim dShorein cauaty SeolCuatables ald BARE DU te bes
appl i edgp VR, R/ 93285 Rstid 40134 M&f&‘ﬂd 8n thel 18wiPredOudion 881}, The apparatus of

~claim3 vvhereln Separate | ook-up tables are utilized to specify the higher
resolution tables overlaid on the | ower resolution tables. 10. The

t f. cl t. t d f h
or Py 1 ook i ThEeerais oSl 3 iRe 81 feet Bl Bt B ieed R Ga o needs
0 be ag&as8Adok-bh taﬁ@%nt@f’ﬂﬁhéfcﬂt% iPh s&ofdldy %Mﬁf&léh&hﬁtﬂselmeﬁd one tag

bit is storéd in at |east” one separate register or menory
apparatus of claim10 V\/nereln the at |least one tag bit is stored in the

sane nenory e | ook- ta.bl 3. .The a clajm13
wherein the b THE reristat Prciaes o oitin et Bt SRR BLI uiter Traldaty,
YCr CB, afférgDBmg{e@Qigte@bpﬁfeMor domain. 14. The apparatus of claim3
wherein the multi-resolution structure can be wutilized wth analog or

digital displ ays 15. A nethod for color mappl ng for a display device
onprising t sof dln r val thn

BorE - resol ulonitmatetts of bl CopSient ue 3b Rarichs e bl Bames based
upon t hﬁniﬂihkmofy%%%é'ldcﬂt%p table data.

13. The apparatus of claim 13 wherein the multi-resolution structure can be
utilized with RGB, YUV, YCrCB, YPrPb or any other color domain.

15
14. The apparatus of claim 3 wherein the multi-resolution structure can be

utilized with analog or digital displays.

15. A method for color mapping for a display device comprising the steps of:
20 {a) providing color values within a multi-resolution structure; and
(b) interpolating the color values based upon the multi-resolution

structure.

16. The method of claim 15 wherein the interpolator pre-defined adjustments for

25 stored colors.

17. The method of claim 15 wherein the multi-resolution structure specifies

between higher resolution and lower resolution within the chroma space.

30 18. The method of claim 15 wherein the high resolution and low resolution are

provided via look-up tables (LUTs).



structure. 16. The nethgd of claim 15 wherein the ipterpol ator pre-defined
adj ustnents for stored.colors. 17. The nethod of claim 15 wherein the

mul ti-r 800336320 struct ure specifies between hi gher resoPUTIUSH3/BAI8H | ower
resolution within the chroma space. 18. The nmethod of claim 15 wherein the
hi gh resolution and | ow resol ution ar € Pr ovided via | ook-up tables (LUTs).
WD 03/ 096320 PCT/ US03/14984 10 19. The nethod of claim 15 wherein a

mul ti-resolution color LUT is constructed 5 10 15 20 25 by overl ayi ng

separate LUT . |_al: 4 i L ngle . ical .menory

area is util iﬁgéﬁ% e%%?ﬁfgg%?%@e@ﬁégﬂ%gﬁ% %@%@f@?@%ﬁ dt hat

uses sube TS ¢ DUMkI cant bits of the input pixel data to index a
¢ ayngdTseplar,

final LUT to be applied. 22. The nethod of claim 15 wherein separate
| ook-up tables are utilized to specify the higher resolution tables

overlaid on e | l.es, . h of clajim15 wherein
ol east one Pad g iipaeeonthl B8 B0 sifile sl ARbn Hred isfiiltzEg ) 1 o
isndi cat gorithe gepaf@@NUANsy | ook-up table needs to be accessed. 24. The method

of claim23 wherein the at |east one tag bit is stored in at |east one
separate register or nenory. 25. The nethod of claim 23 wherein the at

I bit i N .the | Qok- ble d )
26 The met nglr ape et eEtahl e A uedtSINE ol ieniBirmd Bl oF B, 5
utili zegixel dda REAdeY WVinaVUTRo b¥Bbpleddr any ot her col or domain. 27. The

net hod of claim 15 wherein the nmulti-resolution structure can be utilized
with anal og or digital displays.

10 22. The method of claim 15 wherein separate look-up tables are utilized to

specify the higher resolution tables overlaid on the lower resolution tables.

23. The method of claim 15 wherein at least one tag bit is utilized for each
primary look-up table entry to indicate if a secondary look-up table needs to be accessed.
15
24. The method of claim 23 wherein the at least one tag bit is stored in at least

one separate register or memory.

25. The method of claim 23 wherein the at least one tag bit is stored in the same

20 memory as the look-up table data.

26. The method of claim 15 wherein the multi-resolution structure can be
utilized with RGB, YUV, YCrCB, YPrPb or any other color domain.

25 27. The method of claim 15 wherein the multi-resolution structure can be

utilized with analog or digital displays.



