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GENERATING AND USING A COLOR PALETTE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention concerns generating and 
using a color palette, and more particularly, a color palette 
Which can be used for displaying, storing and transmitting 
color images in a computer or other digital image processing 
device. 

[0003] 2. Description of the Related Art 

[0004] To process or display a color image in a computer 
or other digital image processing device, the color compo 
nent values for each pixel in the image must be speci?ed. For 
example, in the RGB (red, green, blue) color space, a color 
image can be represented by specifying each of the red, 
green and blue intensity levels for each pixel in the image. 
In this regard, 8 bits per color have been found to yield 
visually acceptable results. HoWever, this requires 24 bits 
per pixel Which, given the high resolutions frequently used, 
can mean that a signi?cant amount of data is required to 
represent a single color image. Manipulating such a large 
amount of data requires both a large amount of memory and 
a large amount of processing time. 

[0005] Accordingly, conventional techniques have been 
proposed to use a much smaller set of colors to represent an 
image. Such a set is conventionally knoWn as a color palette, 
and often contains 25 6 different colors. As previously noted, 
each pixel in a color image is ordinarily represented by 24 
bits, Which can de?ne 224 or more than 16.7 million different 
colors. Therefore, by replacing each color in a color image 
With one of the colors in a 256 color palette, each pixel in 
a color image can be represented by an 8 bit index into the 
color palette, rather than 24 bits of color information. 
Moreover, if the palette colors are selected correctly and a 
unique palette is used for a particular image, in many cases 
the image quality is not signi?cantly decreased. 

[0006] One problem then is hoW to appropriately select the 
palette colors. Stated another Way, given that 24-bit color 
image data may have up to 16.7 million colors, the problem 
is hoW to select 25 6 out of those 16.7 million colors that Will 
represent the image Well. 

[0007] Various conventional techniques have been pro 
posed for generating palette colors. HoWever, each has its 
oWn problems. For example, some conventional techniques 
do not in many cases select the palette of colors that Would 
provide good visual results for the subject image. Other 
conventional techniques ignore small isolated colors, even 
though such colors may be important to the overall impres 
sion of the image. Some other conventional techniques are 
very computationally intensive, and consequently result in 
sloW processing speeds. With still other techniques, after the 
palette colors are generated, mapping from the image colors 
to the palette colors is dif?cult. That is, after the palette 
colors have been identi?ed, it is cumbersome to identify for 
each pixel in the input image Which palette color is “closest” 
to the true image color. 

SUMMARY OF THE INVENTION 

[0008] The present invention addresses the foregoing 
problems by generating a color palette for an image by 
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partitioning the color space into a predetermined number of 
cells, Which is less than the number of colors required in the 
palette, selecting at least one color from each cell in Which 
an image color exists, and selecting the remaining palette 
colors based on hoW the remaining image colors are dis 
tributed among the cells. 

[0009] According to one aspect of the invention, to gen 
erate a color palette having m colors (such as 28=25 6 colors) 
from a color image described in a color space, pixel image 
data corresponding to the color image is ?rst obtained. A 
frequency of occurrence for each color in the pixel image 
data is then determined. Each color in the pixel image data 
is assigned to one of a predetermined number (k) of cells 
into Which the color space has been partitioned, Where k<m. 
For instance, each axis of the color space might be divided 
into 6 approximately equal-siZed intervals, resulting in k=6>< 
6><6=216 rectangular box-shaped cells. The most commonly 
occurring color is selected in each cell in Which a color 
exists, so as to obtain n palette colors, With nék. A vote 
value is calculated for each unselected color, the vote value 
being based at least in part on the frequency of occurrence 
of the color in the pixel image and a Weighting factor based 
on a rank of the color in its corresponding cell, the unse 
lected colors being the colors not selected in the ?rst 
selecting step. Thereafter, the remaining m-n palette colors 
are selected as the unselected colors With the highest vote 
values. 

[0010] By virtue of the foregoing arrangement, each and 
every original color in the input color image Will have a 
palette color that is close, regardless of hoW infrequently an 
original color occurs. As a result, even colors having a 
relatively loW frequency of occurrence in the image can be 
closely represented in the palette. Moreover, since each 
palette color is associated With a cell, a structure is inher 
ently provided for organiZing the palette colors, and the 
input image colors can therefore be readily mapped to 
corresponding palette colors. 

[0011] According to a further aspect of the invention, a 
color palette having m colors (such as 256 colors) is gen 
erated from a color image having a number of pixels, each 
pixel described in a color space. The color of each pixel in 
the color image is ?rst quantiZed by Zeroing least signi?cant 
bits of each color component for the pixel. The frequency of 
occurrence of each quantiZed color is counted. Each quan 
tiZed color in the color image is assigned to one of a 
predetermined number (k) of cells into Which the color space 
has been partitioned, Where k<m. For instance, each axis of 
the color space might be divided into 6 approximately 
equal-siZed intervals, resulting in k=6><6><6=216 rectangular 
box-shaped cells. The most commonly occurring quantiZed 
color in each cell in Which a quantiZed color exists is 
selected, based on the count, so as to obtain n palette colors, 
With nék. The unselected colors in each cell are then ranked 
based on their relative frequencies of occurrence, With 
higher ranking colors occurring more frequently than loWer 
ranking colors in the same cell, the unselected colors being 
the quantiZed colors not selected in the ?rst selecting step. 
A Weighting factor is calculated for each unselected color, 
the Weighting factor being based on the rank of the unse 
lected color, With higher ranking colors receiving a greater 
Weighting factor than loWer ranking colors. A vote value is 
assigned to each unselected color, the vote value being based 
at least in part on the frequency of occurrence of the 
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quantized color and the assigned Weighting factor for the 
quantized color. Finally, the remaining m-n palette colors are 
selected as the unselected colors With the highest vote 
values. 

[0012] By virtue of the foregoing, the present invention 
can simultaneously select palette colors so as to produce 
good visual results for a variety of input images, identify the 
palette colors quickly, and provide a structure for organiZing 
the palette colors Which permits fast mapping of the input 
image colors. 

[0013] According to a still further aspect of the invention, 
input colors in a color image described in a color space are 
mapped to a reduced palette of m colors derived by parti 
tioning the color space into a predetermined number of cells, 
there being at least one palette color in each cell that 
includes an input color. The mapping is performed by 
determining in Which cell each input color lies, and mapping 
each input color to the closest palette color from among all 
palette colors in the cell identi?ed for that input color. 

[0014] By virtue of the foregoing arrangement, the pro 
cessing time for mapping of colors in an input color image 
to the selected palette colors can be reduced, since only 
distances to palette colors in the same cell need to be 
calculated. 

[0015] According to more particulariZed aspects of the 
invention, the cell in Which an input color lies is determined 
by ?nding a three-dimensional vector. The vector is deter 
mined for each input color by partitioning each color com 
ponent in the color space into a predetermined number of 
ranges, and determining into Which range each color com 
ponent of the input color falls. 

[0016] The foregoing can permit quick identi?cation of 
the cell in Which an color lies, thereby providing even faster 
mapping of colors in an input color image to the selected 
palette colors. 

[0017] This brief summary has been provided so that the 
nature of the invention may be understood quickly. A more 
complete understanding of the invention can be obtained by 
reference to the folloWing detailed description of the pre 
ferred embodiments thereof in connection With the attached 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a perspective vieW of the outWard appear 
ance of a Workstation embodying the invention. 

[0019] FIG. 2 is a block diagram of the Workstation 
depicted in FIG. 1. 

[0020] FIG. 3 is a How diagram illustrating the processing 
steps for generating and using a color palette according to 
the ?rst embodiment of the invention. 

[0021] FIG. 4 is a How diagram shoWing the processing 
steps for generating a color palette according to the ?rst 
embodiment of the invention. 

[0022] FIG. 5 depicts the RGB color space partitioned 
according to a representative embodiment of the invention. 

[0023] FIGS. 6A and 6B illustrate representative color 
cells in the partitioned color space shoWn in FIG. 5. 
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[0024] FIGS. 7A and 7B illustrate representative frequen 
cies of occurrence for colors in the cells shoWn in FIGS. 6A 
and 6B, respectively. 

[0025] FIGS. 8A and 8B illustrate representative vote 
values for colors in the cells shoWn in FIGS. 6A and 6B, 
respectively. 
[0026] FIG. 9 illustrates ranking of colors by vote value 
according to the invention. 

[0027] FIGS. 10A and 10B shoW color palette tables used 
in a representative embodiment of the invention. 

[0028] FIG. 11 is a How diagram illustrating processing 
steps for mapping colors in an image to identi?ed palette 
colors according to the ?rst embodiment of the invention. 

[0029] FIG. 12 is a black-and-White representation of a 
color image for illustrating advantages of the invention. 

[0030] FIG. 13 is a How diagram illustrating the process 
ing steps for generating and using a color palette according 
to the second embodiment of the invention. 

[0031] FIG. 14 is a How diagram illustrating processing 
steps for mapping colors in an image to identi?ed palette 
colors according to the second embodiment of the invention. 

[0032] FIG. 15 illustrates distributing color mapping 
errors to a surrounding piXel according to the second 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0033] FIG. 1 shoW the outWard appearance of a repre 
sentative embodiment of the present invention. ShoWn in 
FIG. 1 is computing equipment 1, such as a Macintosh or an 
IBM PC-compatible computer having a WindoWing envi 
ronment, such as Microsoft® WindoWs. Provided With com 
puting equipment 1 is display screen 2, such as a color 
monitor, keyboard 4 for entering teXt data and user com 
mands, and pointing device 5, such as a mouse, for pointing 
to and manipulating objects displayed on display screen 2. 

[0034] Computing equipment 1 includes a mass storage 
device, such as computer disk 6, for storing data ?les, Which 
can include Word processing and spreadsheet documents, 
image data in full color or reduced color format, and other 
data ?les, and for storing application programs such as color 
reduction programs, image processing programs, Word and 
spreadsheet processing programs, and other information 
processing programs. Such application programs contain 
stored program instruction sequences by Which computing 
equipment 1 manipulates and stores data ?les on disk 6 and 
presents data in those ?les to an operator via the display 
screen 2. 

[0035] Image data is input from scanner 7 Which scans 
documents or other images and provides bit map images of 
those documents to computing equipment 1. Image data may 
also be input into computing equipment 1 from a variety of 
other sources, either directly or via netWork interface 9. 

[0036] It should be understood that, although program 
mable general-purpose computer equipment is shoWn in 
FIG. 1, a dedicated or stand-alone computer or other types 
of image processing equipment can be used in the practice 
of the present invention. 
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[0037] FIG. 2 is a block diagram showing the internal 
construction of computing equipment 1. As shoWn in FIG. 
2, computing equipment 1 includes a central processing unit 
(CPU) 20 interfaced With computer bus 21. Also interfaced 
With computer bus 21 is scanner interface 22, netWork 
interface 24, display interface 27, keyboard interface 28, 
mouse interface 29, main memory 30 and disk 6. 

[0038] Main memory 30 interfaces With computer bus 21 
so as to provide random access storage for use by CPU 20 
When executing stored program instructions, such as color 
reduction programs, image processing programs, and other 
application programs. More speci?cally, CPU 20 loads those 
programs from disk 6 into main memory 30 and executes 
those stored programs out of main memory 30. 

[0039] Operation of the preferred embodiment of the 
present invention Will noW be described With reference to 
FIG. 3. FIG. 3 is a How diagram shoWing color reduction 
by generating and using a color palette according to the 
present invention. Preferably, the steps shoWn in FIG. 3 
include computer executable process steps Which can be 
initially stored on disk 6, subsequently doWnloaded from 
disk 6 to main memory 30 and then executed out of main 
memory 30. Brie?y, according to FIG. 3, image data is 
input; a color palette is generated for the input image; colors 
in the input image are mapped to codes corresponding to 
colors in the palette; and the generated color palette, together 
With the mapped color pixel data, is stored or transmitted. 

[0040] In more detail, in step S301, image data is input 
into computer equipment 1, such as by scanning a document 
using scanner 7. The image data may also be input from a 
variety of other sources, either directly using other image 
input devices such as a digital camera or indirectly via 
netWork interface 9. In any case, the input image data 
preferably is in bitmap form, With each pixel represented by 
8-bit values for each of the red, green and blue color 
components. HoWever, it should be understood that the 
image data may also be input in other formats, as Well as 
other color spaces. 

[0041] In step S302, a color palette is generated based on 
the input image data. This step is described in more detail 
beloW With reference to the How diagram shoWn in FIG. 4. 

[0042] In step S304, colors in the input image data are 
mapped to codes corresponding to colors in the generated 
palette. This step is described in more detail beloW With 
reference to the How diagram shoWn in FIG. 11. 

[0043] In step S305, the table of palette colors generated 
in step S302 and the palette color codes obtained in step 
S304 are stored or transmitted. For example, in this step the 
palette table and encoded data might be output to color 
monitor 2 for display by color monitor 2. Alternatively, the 
data might be stored, such as in disk 6, or transmitted to a 
remote location via netWork interface 9 for later display. 

[0044] FIG. 4 is a How diagram illustrating the generation 
of a color palette according to the present invention. Brie?y, 
according to FIG. 4, each color component is uniformly 
quantiZed from 8 bits to 5 bits; the frequency of occurrence 
of each quantiZed color is determined; each quantiZed color 
is assigned to a cell in the RGB color space; for each cell 
having at least one quantiZed color, the quantiZed color 
having the highest frequency of occurrence in the cell is 
identi?ed and selected as a palette color; on a cell-by-cell 
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basis, all the unselected colors in the cell are ranked; a 
Weighting function is applied to the unselected quantiZed 
colors in each cell to obtain a vote value for each quantiZed 
color; all the Weighted unselected quantiZed colors are then 
ranked according to their vote values; and ?nally, the 
remainder of the palette colors are selected based on the 
highest vote values. 

[0045] In more detail, in step S401 each color component 
(RGB) is uniformly quantiZed from 8 bits to 5 bits. Prefer 
ably, this step is performed by Zeroing or eliminating the 
three least signi?cant bits, such as by three right shifts. As 
a result, the number of discrete levels for each color com 
ponent is reduced from 256 to 32. It should be noted that this 
step is not strictly necessary to the invention, and if used, 
other degrees of quantiZation could instead be employed. 
HoWever, quantiZation from 8 bits to 5 bits has been found 
to provide good clustering of closely related colors, Which is 
useful in determining frequency of occurrence for such 
closely related colors. 

[0046] In step S402, the frequency of occurrence for each 
quantiZed color is determined. This step is preferably per 
formed by simply counting the number of occurrences for 
each of the 32,768 (i.e., 323) different possible quantiZed 
colors in the image data quantiZed in step S401. 

[0047] In step S404, each color in the image data quan 
tiZed in step S401 is assigned to a cell in the RGB color 
space. In this regard, the RGB color space is preferably 
divided into 216 approximately equal-siZe cells, as shoWn in 
FIG. 5. As can be seen in FIG. 5, each of the RGB color 
components preferably is divided into the folloWing six 
intensity level ranges: 

[0048] range 0:0§><<6 

[0049] range 1:6§><<11 

[0050] range 2:11 i ><<16 

[0051] range 3:16§><<21 

[0052] range 4:21 i ><<26 

[0053] range 5:26 i ><<32 

[0054] Thus, the ?rst and last ranges are each six quan 
tiZed intensity levels Wide and the middle four ranges are 
?ve quantiZation levels Wide. The resulting three-dimen 
sional cells each contain from 125 (i.e., 53) to 216 (i.e., 63) 
quantiZed colors, depending on the dimension of the cell. 
Thus, an interior cell such as cell 51 Will have dimensions 
5><5><5 as shoWn in more detail in FIG. 6A. On the other 
hand, a cell such as cell 52 Will have dimensions 5><5><6, as 
shoWn in more detail in FIG. 6B. Based on this division of 
the RGB color space, each quantiZed color is assigned to the 
cell into Which its RGB values place it. 

[0055] Although the color space is preferably divided into 
a predetermined number of cells having predetermined 
siZes, the precise number and siZe of the cells is not critical 
to the invention. In the preferred embodiment, the ?rst and 
last range for each color component is slightly Wider than the 
others because the human visual system is not as sensitive at 
these extreme dark and extreme light intensity levels. HoW 
ever, other cell shapes, siZes and con?gurations might 
instead be used. For Example, if the input color space is not 
RGB, then it might be desirable to use different shaped cells. 
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[0056] In step S405, each cell is examined separately. If 
the cell contains at least one quantized color, then the 
quantized color having the highest frequency of occurrence 
from among all quantiZed colors in that cell is selected as a 
palette color. As a result, a number n of palette colors is 
selected in this step, n being equal to the number of cells 
containing at least one quantiZed color from the image data. 
Therefore, the value of n in the preferred embodiment can 
range betWeen 1 and 216, leaving 256-n palette colors still 
to be selected. For an image With Well-dispersed color 
values, n Will typically be close to 216; Whereas for an image 
With a narroW color range (e.g., a forest scene) n Will 
typically be substantially less than 216. 

[0057] In step S406, the unselected quantiZed colors are 
ranked on a cell-by-cell basis. In this regard, each of the n 
cells can have Zero or more unselected colors. Thus, assume 

that cell 51 includes 7 quantiZed colors, colors 100 through 
106, as shoWn in FIG. 7A. Color 100 Was selected in step 
S405, leaving siX unselected colors (i.e., colors 101 through 
106) in cell 51. Each of colors 101 through 106 is ranked 
based on its relative frequency of occurrence. Thus, color 
101 has a rank of 1, color 102 has a rank of 2, and so on. 

[0058] Similarly, assume that cell 52 includes three colors, 
as shoWn in FIG. 7B. Color 110 Was selected in step S405 
(even though other unselected colors in cell 51 have higher 
frequencies of occurrence), leaving tWo unselected colors 
(i.e., colors 101 and 102). Color 111 has the higher fre 
quency of occurrence and is therefore assigned a rank of 1, 
With color 112 being assigned a rank of 2. 

[0059] In step S407, a Weighting factor is determined and 
a vote value obtained for each unselected quantiZed color in 
each cell. Preferably, the Weighting function is a monotoni 
cally decreasing function based on the rank of the color 
determined in step S406. More preferably, the Weighting 
function is speci?ed as 

[0060] Where i is the rank of a color in its cell, as 
determined in step S406, and is the Weighting factor 
corresponding to that rank. 

[0061] Avote value is then determined for each unselected 
quantiZed color based on the color’s frequency of occur 
rence and its Weighting factor. Preferably, the vote value is 
calculated by multiplying the color’s frequency of occur 
rence by the Weighting factor corresponding to the color’s 
cell rank. 

[0062] As a result of applying these Weighting factors, the 
vote values for each of the colors shoWn in FIG. 7A are 
shoWn in FIG. 8A, and the vote values for the colors shoWn 
in FIG. 7B are shoWn in FIG. 8B. Comparing FIG. 8A With 
FIG. 7A and FIG. 8B With FIG. 7B, it can be seen that the 
vote values for loWer ranking colors are decreased more, 
relative to their frequencies of occurrence, than are the vote 
values for higher ranking colors. Thus, the vote values for 
colors 101 and 111 are nearly equal to their respective 
frequencies of occurrence. On the other hand, the vote value 
for color 106 is signi?cantly beloW its corresponding fre 
quency of occurrence. 
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[0063] In step S409, all the Weighted unselected colors 
from all cells are grouped together and ranked according to 
their vote values. FIG. 9 depicts one eXample of the ranking 
of the Weighted unselected colors using the colors and 
corresponding vote values from FIGS. 8A and 8B. As 
shoWn in FIG. 9, color 111 has a higher rank than color 104, 
and color 112 has a higher rank than colors 105 and 106, 
even though colors 104, 105 and 106 each have a higher 
frequency of occurrence than each of colors 111 and 112, as 
can be seen by comparing FIGS. 7A and 7B. The ranking 
in this step can be performed by any conventional sorting 
technique, such a bubble sort technique. 

[0064] In step S410, the remainder of the palette colors are 
selected based on the highest vote values of the Weighted 
unselected quantiZed colors. For eXample, if n=201 colors 
Were selected in step S405, then the remaining 55 palette 
colors are selected in this step. Referring again to FIG. 9, the 
colors corresponding to ranks 1 through 55 Will be selected. 
As can be seen from this eXample, certain colors are selected 
from cell 52 even though they have loWer frequencies of 
occurrence than unselected colors from cell 51. Accordingly, 
the present invention can typically achieve more dispersion 
of the selected palette colors than simply selecting palette 
colors based only on frequency of occurrence. 

[0065] In step S411, a table of the selected palette colors 
is generated. An eXample of such a table is shoWn in FIG. 
10A. As shoWn in FIG. 10A, there are 256 palette colors 
represented in the table, such as colors 151, 152 and 154. For 
each color in the table, there is a code entry 161, a cell entry 
162, and RGB color component values 164 to 166, respec 
tively. The code values 161 are preferably numbered 0 to 
255 and can be assigned arbitrarily. HoWever, for compres 
sion purposes it is preferable that the code values 161 be 
assigned based on the relative frequencies of occurrence of 
the palette colors in the image data. 

[0066] Cell value 162 indicates the cell in Which the 
palette color is located. The cell values could be simply 
numbered sequentially, for eXample, from 0 to 215. HoW 
ever, in the preferred embodiment the cells are designated by 
a three digit indeX, With each digit ranging from 0 to 5 and 
corresponding respectively to the range in Which the respec 
tive RGB values of the palette color fall. 

[0067] Finally, the table includes the RGB values for the 
palette color. Corresponding to the original input data, the 
RGB values are each represented by 8 bits, and therefore can 
range betWeen 0 and 255. Since each color component value 
of the input colors Was quantiZed by Zeroing the three least 
signi?cant bits, each RGB component is a multiple of 8. 
Accordingly, it might be preferable to store only the 5 most 
signi?cant bits of the palette color RGB values, thereby 
reducing the required table capacity. 

[0068] The steps for mapping input color image data to the 
palette colors generated in step S302 (i.e., for performing 
step S304) Will noW be described in detail With reference to 
FIG. 11. Brie?y, according to FIG. 11, the table of palette 
colors is rearranged to group palette colors according to their 
respective cells; RGB values are input for a piXel; an indeX 
is determined for the cell in Which the color of the input piXel 
lies; all palette colors in the identi?ed cell are retrieved; the 
distance from the input color to each of the palette colors in 
the identi?ed cell is calculated; the RGB values for the input 
piXel are replaced With a code corresponding to the palette 
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color having the shortest distance to the input color; the 
foregoing steps are repeated for each pixel in the input 
image; and after processing each piXel, the mapped piXel 
data is output. 

[0069] In more detail, in step S1101 the table of palette 
colors generated according to the steps shoWn in FIG. 4 
(such as the table shoWn in FIG. 10A) is rearranged so as to 
group the palette colors according to their corresponding 
cells. The table preferably is rearranged so as to permit quick 
retrieval of all colors in any cell by supplying the cell’s 
indeX. An eXample of a table rearranged according to this 
step is depicted in FIG. 10B, Which lists for each cell the 
number of colors in the cell and the corresponding color 
component values for each such color. This step may be 
omitted if step S411 is implemented so as to generate a table 
having the palette colors already arranged according to their 
respective cells. 

[0070] In step S1102, color component values for a piXel 
are input. In this embodiment, the color components are 
speci?ed as 8-bit RGB values. 

[0071] In step S1103, an indeX (I, J, K) to the one of the 
6><6><6 cells in Which the color of the input piXel lies is 
determined based on the color’s RGB values. In the pre 
ferred embodiment, the (I, J, K) values are determined as 
folloWs: 

[0072] Note that division by 8 (i.e., R/8, G/8 and B/8) 
corresponds to the 5 bit quantization of step S401, and 
similarly can be achieved, e.g., by three right shifts. 

[0073] In step S1104, the rearranged table of palette col 
ors, such as the table shoWn in FIG. 10B, is searched to 
locate the cell 162 corresponding to the indeX determined in 
step S1103. All palette colors in that cell are then immedi 
ately retrieved. In this embodiment, since at least one palette 
color Was selected from each cell containing an input color 
during generation of the palette colors, it is guaranteed that 
this step Will retrieve at least one palette color. 

[0074] In step S1105, the distance betWeen the color of the 
input piXel and each of the palette colors retrieved in step 
S1104 is calculated. Preferably, these distances are calcu 
lated as folloWs: 

[0075] Where D(k) is the distance betWeen the color com 
ponent values (RGB) for the input color and the color 
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component values (RkGkBk) for the k’th palette color in the 
identi?ed cell. HoWever, these distances might also be 
determined using any other conventional technique, such as 
a Euclidean distance. 

[0076] In step S1106, the shortest distance of the distances 
calculated in step S1105 is obtained, and the code value 161 
of the corresponding palette color is identi?ed. That 8-bit 
code value then replaces the 24-bit RGB values of the input 
piXel. 

[0077] In step S1107, it is determined Whether the current 
piXel is the last piXel. If not, processing proceeds to step 
S1102 in order to process the neXt piXel. OtherWise, in step 
S1109 the mapped piXel data is returned. 

[0078] The advantages of the foregoing processing Will 
noW be described With respect to a representative image 
shoWn in FIG. 12. FIG. 12 is a black-and-White represen 
tation of a color image Which includes sand 200, palm trees 
201, sea 202, sky 204, clouds 205, and sail boat 206 having 
sails 207A and 207B. The colors of sand 200 are mostly 
shades of broWn. The colors of palm trees 201 are mostly 
shades of broWns and greens. Sea 202, sky 204 and clouds 
205 are composed mostly of shades of blue, White and light 
gray. Sail 207A is one shade of red and sail 207B is another 
shade of red, and no other reds eXist in the picture. 

[0079] Thus, red piXels make up only a very small per 
centage of the piXels in the picture shoWn in FIG. 12. 
Nevertheless, due to the Way that the palette colors are 
selected at least one palette color Will be selected Which is 
close to the color of sail 207A or 207B, Whichever occurs 
more frequently. It is noted that in the preferred embodiment 
the selected palette color Will not necessarily be identical to 
one of the tWo reds shoWn in FIG. 12 because in the 
preferred embodiment the palette colors are selected from 
among the quantiZed colors, not the original colors. In 
addition, a second red palette color close to the other red 
color in the picture might also be selected. Speci?cally, 
because of the invention’s use of a Weighting function based 
on the rank of a color in its cell, a color close to the second 
red might also be selected even though certain shades of 
blue, broWn or green might occur more frequently in the 
picture. Thus, the invention can preserve infrequently 
appearing colors Which nevertheless are important in the 
picture. 

[0080] The second embodiment of the invention Will noW 
be described With reference to FIG. 13. FIG. 13 is a How 
diagram illustrating the process steps according to the sec 
ond embodiment of the invention. Preferably, the process 
steps shoWn in FIG. 13 are computer-executable, and can be 
initially stored on disk 6, doWnloaded into main memory 30, 
and then eXecuted out of main memory 30. Brie?y according 
to FIG. 13, image data is input; a color palette table is 
generated for the input image; colors in the input image are 
mapped to codes corresponding to the colors in the palette 
table using error diffusion; and the generated color palette 
table, together With the mapped color piXel data, is stored or 
transmitted. 

[0081] In more detail, in Step S1301 image data is input, 
such as described above for step S301. 

[0082] In S1302, a color palette table is generated for the 
input image, such as described above for step S302. 
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[0083] In step S1304, colors in the input image are 
mapped to codes corresponding to palette colors generated 
in step S1302 by using error diffusion. This step is described 
in more detail beloW With reference to the How diagram 
depicted in FIG. 14. 

[0084] In step S1305, the mapped color piXel data gener 
ated in step S304 is stored or transmitted, as described above 
for step S305. 

[0085] Mapping of colors in the input image data in the 
second embodiment of the invention Will noW be described 
With reference to the How diagram in FIG. 14. Brie?y, 
according to FIG. 14, the table of palette colors is rear 
ranged to group palette colors according to their respective 
cells; a color is assigned to each empty cell; color compo 
nent values are input for a pixel; an indeX is determined for 
the cell in Which the color of the input piXel lies; all palette 
colors in the identi?ed cell are retrieved; the distance from 
the input color to each of the palette colors in the cell is 
calculated; the RGB values for the input piXel are replaced 
With a code corresponding to the palette color having the 
shortest distance to the input color; the RGB difference 
values betWeen the input piXel and the selected palette color 
are calculated; those difference values are then distributed to 
a surrounding piXel; the foregoing steps are repeated for 
each piXel in the input image; and the mapped piXel data is 
output. 

[0086] In more detail, in step S1401 the table of palette 
colors is rearranged, such as described above for step S1101. 

[0087] In step S1401A, each empty cell in the rearranged 
table of palette colors is assigned a color. Preferably, the 
color assigned to each empty cell is the palette color having 
the minimum distance to the center of the empty cell. In this 
regard, distance can be measured in any conventional man 
ner, such as by using any of the distance measures described 
above for step S1105. 

[0088] In step S1402, color component values are input 
for a piXel, such as described above for step S1102. 

[0089] In step S1403, the address to the cell in Which the 
input color lies is determined, such as described above for 
step S1103. 

[0090] In step S1404, the rearranged table of palette 
colors, such as the table shoWn in FIG. 10B, is searched to 
locate the cell 162 corresponding to the indeX identi?ed in 
step S1403. All palette colors in,that cell are then immedi 
ately retrieved. In this embodiment, since a palette color Was 
assigned to each previously empty cell in step S1401A, it is 
guaranteed that this step Will retrieve at least one palette 
color. 

[0091] In step S1405, the distances from the input color to 
each of the palette colors in the cell identi?ed in step S1403 
are determined, such as described above for step S1105. 

[0092] In step S1406, the RGB values for the input piXel 
are replaced With the code corresponding to the palette color 
having the shortest distance, such as described above for 
step S1106. 

[0093] In step S1406A, the differences betWeen each of 
the RGB color component values for the input piXel and the 
respective RGB color component value for the palette color 
selected for the piXel in step S1406 are calculated as folloWs: 
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[0094] Where (RiGiBi) are the respective RGB values for 
the input piXel and (RpGpBp) are the respective RGB values 
for the palette color selected for the input piXel. 

[0095] In step S1406B, the difference values calculated in 
step S1406A are distributed to one or more surrounding 
pixels. Preferably, one of four surrounding piXels in ran 
domly selected and the entire error is distributed to the 
selected piXel. More preferably, referring to FIG. 15, if the 
subject piXel is piXel 250 then one of the piXels 252 through 
255 is randomly selected and the error is distributed to that 
piXel as folloWs: 

Rj.=RJ-+DR 
Gj.=GJ-+DG 
Bj.=BJ-+DB 

[0096] Where (RjBjGj) are the RGB values for the ran 
domly selected piXel. HoWever, other conventional methods 
of error distribution may also be used. 

[0097] In step S1407, a determination is made Whether 
this is the last piXel. If so, the mapped piXel data are returned 
in step S1409. OtherWise, the neXt piXel is processed begin 
ning in step S1402. 

[0098] As a result of processing according to the second 
embodiment of the invention, the error Which results When 
mapping the input color of one piXel to a palette color is 
frequently compensated When mapping an adjacent piXel. 

[0099] The invention has been described above With 
respect to particular illustrative embodiments. HoWever, it is 
to be understood that the invention is not limited to the 
above-described embodiments and that various changes and 
modi?cations may be made by those of ordinary skill in the 
art Without departing from the spirit and scope of the 
invention. 

What is claimed is: 
1. Amethod for generating a color palette having m colors 

from a color image described in a color space, comprising: 

obtaining piXel image data corresponding to the color 
image; 

determining a frequency of occurrence for each color in 
the piXel image data; 

assigning each color in the piXel image data to one of a 
predetermined number of cells into Which the color 
space has been partitioned, the predetermined number 
being not greater than m; 

a ?rst selecting step of selecting the most commonly 
occurring color in each cell in Which a color eXists, so 
as to obtain n palette colors; 

calculating a vote value for each unselected color, the vote 
value being based at least in part on the frequency of 
occurrence of the color in the piXel image and a 
Weighting factor based on a rank of the color in its 
corresponding cell, the unselected colors being the 
colors not selected in the ?rst selecting step; and 

a second selecting step of selecting m-n colors as the 
unselected colors With the highest vote values. 










