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Abstract—Palette reindexing is a well-known and very effective approach for improving the compression of color-indexed images. In this letter, we address the reindexing technique proposed
by Zeng et al. and we show how its performance can be improved
through a theoretically motivated choice of parameters. Experimental results show the practical appropriateness of the proposed
modification.
Index Terms—Color-indexed image compression, lossless image
compression, palette reindexing.

I. INTRODUCTION

C

OLOR-INDEXED images are represented by a matrix of
indexes (the index image) and by a color-map or palette.
The indexes in the matrix point to positions in the color-map
and, therefore, establish the colors of the corresponding pixels.
For a particular image, the mapping between index values and
colors (typically, RGB triplets) is not unique—it can be arbitrarily permuted, as long as the corresponding index image is
changed accordingly. However, for most continuous-tone image
coding techniques, such as JPEG-LS [1], [2] or lossless JPEG
2000 [3], [4], these alternative representations are generally not
equivalent, and sometimes have a dramatic impact on the compression performance.
With the aim of minimizing this drawback several techniques have been proposed. Basically, they rely on finding a
suitable reordering of the color-map in such a way that the
corresponding image of indexes becomes more amenable
to compression. Regrettably, the problem of finding the
optimal mapping seems to be computationally intractable
[5], which motivated several suboptimal, lower complexity,
proposals. Among those we find reindexing methods based on
approximated solutions to the traveling salesman problem [6],
[7], methods based on the maximization of the compression
performance through a greedy index assignment [8], methods
based on greedy pairwise merging heuristics [5], or methods as
simple as those based on color reordering by luminance [9].
In this letter, we address Zeng’s approach for color reindexing
of palette-based images [8]. We provide a theoretical analysis
of the technique, leading to a set of parameters that differs from
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perimental evidence of the practical appropriateness of this theoretically motivated modification.
II. ZENG’S METHOD FOR PALETTE REINDEXING
The palette reindexing method proposed by Zeng et al. [8]
is based on a fast and quite efficient one-step lookahead greedy
approach, which aims at increasing the lossless compression efficiency of color-indexed images.
The algorithm starts by finding the symbol that is most frequently located adjacent to other (different) symbols, and the
symbol that is most frequently found adjacent to it. This pair
that will be
of symbols is the starting base of a symbol list
constructed, one symbol at a time, during the operation of the
the symbols already
reindexing algorithm. Let us denote by
those still unassigned.
assigned to the symbol list and by
Therefore, just before starting the iterations,
,
and
form the pair of symbols mentioned above.
where
New symbols can only be attached to the extremities of the
the symbol that satisfies
list. Let us denote by
(1)
where
(2)
and by

the symbol satisfying
(3)

where
(4)
The function
denotes the number of occurrences (measured on the initial index image) corresponding
to pixels with symbol that are spatially adjacent to pixels with
symbol . The weights ’s control the impact of the
on
and
, and the summations are performed over all the
symbols already located in the symbol
.
list
)
The new symbol list will be given by ( ,
or by (
,
)
if
otherwise. Finally, the symbols in the symbol list are relabeled,
. This iterative process concreating
tinues until all symbols are assigned to the symbol list. Then,
the reindexed image is constructed by applying the mapping
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to all image pixels, and changing the color-map accordingly.
In [8], Zeng et al. suggest that a reasonable choice for the
weights ’s is given by

can identify in these relations the weights mentioned in (2) and
(4) as
(7)
For exponentially distributed residuals, i.e., considering
(8)

where
corresponds to the physical distance between the
current left end position of the symbol list and the position of
symbol .
In Section III, we prove that the optimal weights used in the
if
process of choosing the next symbol are given by
an exponential distribution is assumed for the differences between the neighboring pixels (this is a widely accepted model
for the prediction residuals of continuous-tone images [2]). We
also show that the process for determining the correct side of the
list for attaching new symbols requires different weights that decrease linearly with the value of .

(7) reduces to
(9)
Since the are independent of , then they can be all set equal
leads to
,
to one. However,
, which prevents the determination of the correct side of
the symbol list to which the new symbol should be attached.
This drawback can be overcome by noting that the difference in
code length due to choosing the left end-side instead of the right
end-side is given by

III. THEORETICAL ANALYSIS
In the analysis that follows, we consider the entropy of the
absolute differences between the neighboring pixels as an indicator of the degree of compressibility of an image. This seems to
be a reasonable assumption, specially if prediction-based compression methods are intended to be used after the reindexing.
symbols have already been moved to
Let us assume that
. According to
the symbol list, i.e.,
the greedy strategy of Zeng’s algorithm, the next symbol that
should integrate the list is the one that implies the largest increase in code length if its choice is postponed to the next iteration. For a memoryless source, the number of bits required
to represent the occurrence of a given symbol is given by
, where
denotes the probability of occurrence
should maximize
of . Therefore,

(10)
with
(11)
Therefore, we should choose the left end-side if
, otherwise we choose the right end-side.
Assuming an exponential distribution for the residuals, (11)
reduces to
(12)
i.e., the parameter
).

(5)
or

(6)
where
ence of

denotes the probability of occurrence of a differunits between two neighboring pixels. Notice that we

decreases linearly with

(notice that

IV. EXPERIMENTAL RESULTS AND CONCLUSION
To show the practical appropriateness of the theoretical analysis presented in the previous Section, we collected a number
of color-indexed images of various sizes and number of colors,
both from synthetic and natural origins. These images have been
reindexed using Zeng’s original method [8] and using the modification proposed in this letter, being afterward compressed
using a JPEG-LS codec. Table I presents the compression results that have been obtained (both in terms of number of bytes
and bits per pixel), which include the size of the color-maps. For
reference, GIF file sizes are also included.
Analyzing the results presented in Table I, we conclude that
the modification proposed in this letter is indeed effective. In
fact, for all but two of the test images (“pc” and “party8”),
compression improvements have occurred (seven of them
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TABLE I
COMPRESSION RESULTS, USING A JPEG-LS CODEC, OF A NUMBER OF
SYNTHETIC AND NATURAL COLOR-INDEXED IMAGES. THE “ORIGINAL”
VALUES REFER TO THE TECHNIQUE PROPOSED IN [8], WHEREAS “PROPOSED”
REFERS TO THE MODIFICATION PROPOSED IN THIS LETTER. “GAIN” INDICATES
THE PERCENTAGE OF COMPRESSION OF THE “PROPOSED” IN RELATION TO THE
“ORIGINAL” APPROACHES. FOR REFERENCE, GIF FILE SIZES ARE ALSO
INCLUDED. ALL COMPRESSION VALUES INCLUDE THE SIZE OF THE
COLOR-MAP. BEST RESULTS ARE DISPLAYED IN BOLDFACE
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continuous-tone images, the exponential distribution might
not be appropriate for some images. In fact, the differences in
the compression gains among the images and, particularly, the
reduction in compression rate that was verified in images “pc”
and “party8,” might be directly related to the level of matching
attained between the model and the particular image. Further
studies need to be conducted in order to assess this issue.
The experimental results presented also suggest that, in general, the larger the number of colors in the image, the larger
seems to be the compression improvement. This behavior may
indicate that the reindexing technique is less affected by suboptimal parameters when the number of colors to reindex is small.
However, this still remains to be verified.
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