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A Survey on Palette Reordering Methods
for Improving the Compression of

Color-Indexed Images
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Abstract—Palette reordering is a well-known and very effective
approach for improving the compression of color-indexed images.
In this paper, we provide a survey of palette reordering methods,
and we give experimental results comparing the ability of seven
of them in improving the compression efficiency of JPEG-LS
and lossless JPEG 2000. We concluded that the pairwise merging
heuristic proposed by Memon et al. is the most effective, but also
the most computationally demanding. Moreover, we found that
the second most effective method is a modified version of Zeng’s
reordering technique, which was 3%–5% worse than pairwise
merging, but much faster.

Index Terms—Color-indexed images, JPEG 2000, JPEG-LS,
lossless image compression, palette reordering, traveling salesman
problem.

I. INTRODUCTION

THE compression of color-indexed images is a challenging
task to most general purpose continuous-tone image

coding techniques. Despite the existence of specialized ap-
proaches for coding color-indexed images, such as PWC [1],
EIDAC [2], RAPP [3], or the method proposed by Chen et al.
[4], it is nevertheless important to ensure that general purpose
coding techniques, such as JPEG-LS [5], [6] or lossless JPEG
2000 [7], [8], perform appropriately when called to encode this
class of images.

Color-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,
under the condition that the corresponding index image is
changed accordingly. However, for most continuous-tone
image coding techniques, these alternative representations are
far from being equivalent (Fig. 1 illustrates this problem).

Palette reordering is a class of preprocessing methods aiming
at finding a permutation of the color palette, such that the re-
sulting image of indexes is more amenable for compression.
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These preprocessing techniques have the advantage of not re-
quiring post-processing and of being costless in terms of side in-
formation. However, if the optimal configuration is sought, then
the computational complexity involved can be high. In fact, the
number of possible configurations for a table of colors cor-
responds to the number of permutations of objects, which
equals . Clearly, exhaustive search is impractical for most of
the interesting cases, which motivated several suboptimal, lower
complexity proposals.

In this paper, we provide a survey of palette reordering
methods, and we investigate their ability to improve the lossless
compression rates of some general purpose image coding tech-
niques, namely JPEG-LS and JPEG 2000. Our study addresses
two classes of images which we believe do cover a large
percentage of the images usually represented as color-indexed
images: color-quantized natural images, both with dithering
and without dithering, and computer-generated images. To our
knowledge, no previous paper has provided a comparison as
comprehensive as this one, both in terms of the number of
reordering methods and in terms of the number of images used
in the test set.

The paper is organized as follows. In Section II, we give a de-
scription of the palette reordering methods that fall under a class
to which we refer as “color-based methods.” These techniques
are characterized by relying only on the information provided by
the color palette. In Section III, we describe a class of techniques
that we call “index-based methods.” The methods belonging to
this class rely only on the statistical information conveyed by the
index image to perform the reordering operation, independently
of its meaning in terms of color representation. In Section IV, we
provide experimental results comparing seven of the reordering
methods in terms of compression improvement and execution
speed. Finally, in Section V, we draw some conclusions.

II. PALETTE REORDERING: COLOR-BASED METHODS

A. Luminance

Among the methods based only on the information provided
by the color palette, reordering by luminance is the simplest
(in fact, it is the simplest among all methods addressed in this
paper). This method was proposed by Zaccarin et al. [9] in the
context of lossy compression. It relies on the assumption that,
generally, a given pixel has neighbors of similar luminance, and,
therefore, colors with similar luminance should have similar in-
dexes. Reordering is performed by sorting the colors according
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(a) (b)

Fig. 1. (a) (Unordered) Index image obtained after color quantization of the 512 � 512 “Lena” image. (b) Index image of the same color-quantized image, but
after palette reordering using a luminance-based approach. The former index image requires 234 992 bytes for JPEG-LS encoding (241 116 if lossless JPEG 2000
is used), whereas the latter index image only needs 169 158 bytes, i.e., 28% less (174 385 for lossless JPEG 2000, i.e., 27.7% less).

to its luminance (this can be performed in opera-
tions), with the luminance computed according to

where , , and denote the intensities of the red, green and
blue components, respectively. Note that is a weighted
norm in the space, and only the distance to the origin
(according to this norm) matters.

B. Po’s Method

Po et al. [10] proposed a reordering technique, to which they
referred as the “closest pairs ordering,” with the aim of assigning
close indexes to colors that are close in three-dimensional (3-D)
color space. The proposed algorithm starts by assigning index
zero to the color closest to the origin of the color space and then
proceeds by assigning index to the color which is closest to the
color corresponding to index .

The idea of assigning close indexes to colors that are close
in color space was also exploited by Hadenfeldt et al. [11] and
by Spira et al. [12]. Basically, this strategy can be formulated
as the problem of finding the shortest Hamiltonian path in a
complete weighted graph , where each vertex in

corresponds to a palette
color, and , corresponds to the metric
distance (usually Euclidean) measured between the colors
associated with the graph vertices and . We seek to find a
one-to-one mapping satisfying

(1)

The problem of finding in (1) is similar to the well-known
traveling salesman problem (TSP), which is known to be NP
hard [13]. Due to the intractability of the problem, in prac-
tice, exact solutions can only be found for small values of ,
and, therefore, approximate solutions have to be sought. In fact,
the method proposed by Po et al. [10] is known as the nearest
neighbor algorithm for the TSP, which is a simple technique,
but, generally, generates poor solutions [13].

C. Hadenfeldt’s Method

Hadenfeldt et al. [11] proposed two strategies in order to ap-
proximately solve (1). One is similar to that proposed by Po
et al. [10], with the variant of choosing the best starting point
among all possible starting colors. The other strategy relies
on simulated annealing, a stochastic technique for combinato-
rial optimization [14], [15], which aims at finding minimum (or
maximum) values of a cost (or objective) function, usually non-
linear and of many independent variables. This function is used
to represent the appropriateness of the candidate solutions and it
is often characterized by having a great number of local minima.

Generally, the complexity of the cost function renders tech-
niques strictly based on steepest descent approaches useless, and
simulated annealing provides a solution to the problem of get-
ting trapped in local minima. This is possible because it not only
allows the acceptance of solutions that reduce the cost func-
tion, but also of some that increase the cost function, thereby
providing a way to escape local minima. The probability of ac-
cepting one of these solutions is controlled by a cooling proce-
dure: at high temperatures they are frequently accepted, at low
temperatures only sporadically. New solutions are generated by
producing (usually small) perturbations in the current solution.

It can be shown that, depending on certain conditions, where
the cooling strategy plays a key role, the global minimum can
be attained [15], although this may imply a large computing
time. Nevertheless, even in the cases where the global optimum
is missed, reasonable cooling strategies usually lead to good
solutions.

D. Spira’s Method

Spira et al. [12] proposed a reindexing scheme that also falls
under the formulation described in (1). In fact, they concluded
that the colors should be ordered according to the distances be-
tween them in 3-D color space, based on the assumption that
images contain objects and that objects are constructed from
pixels with similar colors. As in [11], the proposed approach re-
lies on finding an approximate solution to the TSP. However, in
this case, they proposed to use the farthest insertion algorithm,
a heuristic for solving the TSP.
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III. PALETTE REORDERING: INDEX-BASED METHODS

The main idea behind index-based methods for palette re-
ordering is that colors that occur frequently close to each other
should have close indexes. Therefore, based on this principle,
the assignment of the indexes is usually guided by some function

measuring the number of occurrences corresponding to
pixels with index that are spatially adjacent to pixels with index
, according to some predefined neighborhood.

A. Waldemar’s Method

In the context of lossy compression of palettized images,
Waldemar et al. [16] proposed a palette sorting algorithm,
to which they referred as “sorting by color correlation.” The
algorithm that they proposed starts by creating a list of indexes
(the sorting list) sorted by their number of occurrences in the
image. Then, it expands the list (creating a second row) by
attaching, to each of the indexes in the first row, the index
most frequently found in its neighborhood (they used an eight-
connected neighborhood for that purpose). Therefore, for each
index in the first row of the sorting list, a pair is formed with
the index satisfying .

They proposed the construction of a weighted graph using a
weighting scheme based on the number of times the most fre-
quently occurring color occurs in a pair and also based on the as-
sumption that a pair of colors is more likely to be visually close
the more frequent is the corresponding index in the first row of
the sorting list. The new ordering of the colors is obtained by
traversing the graph.

Due to the complexity of this algorithm, Waldemar et al. pro-
posed an alternative color correlation sorting algorithm, based
on the creation of color groups, and ensuring that within each
group colors from a pair taken from the sorting list lie close to
each other. These groups are then sorted in order to create the
new palette [16].

B. Memon’s Method

Memon et al. formulated the problem of palette reordering
within the framework of linear predictive coding [17]. In that
context, the objective is to minimize the zero-order entropy of
the prediction residuals. They noticed that, for image data, the
prediction residuals are often well modeled by a Laplacian dis-
tribution and that, in this case, minimizing the absolute sum of
the prediction residuals leads to the minimization of the zero-
order entropy of those residuals. For the case of a first-order
prediction scheme, the absolute sum of the prediction residuals
reduces to

(2)

where, in this case, denotes the number of times index
is used as the predicted value for a pixel whose color is indexed
by .

The problem of finding a palette reordering that mini-
mizes (2) can be formulated as the optimization version of

the linear ordering problem (also known as the minimum
linear arrangement), whose decision version is known to be
NP complete [17]. In fact, if we consider a complete nondi-
rected weighted graph , where each vertex in

corresponds to a palette
color, and corre-
sponds to the weight associated to the edge defined between
vertices and , then the goal is to find an one-to-one map-
ping (permutation) satisfying

(3)

With the aim of seeking approximate solutions for (3),
Memon et al. proposed two heuristics: one based on simulated
annealing, the other, faster to compute, based on a technique
called “pairwise merge.”

Essentially, the pairwise merge heuristic is based on repeat-
edly merging ordered sets of colors until obtaining a single (re-
ordered) set. Initially, each color (graph vertex) is assigned to
a different set. Then, each iteration consists of two steps. First,
the two sets and maximizing

among all possible pairs of ordered sets are chosen. Then, a
number of merging combinations of the sets and are tested
(ideally, all possible combinations), and is chosen the one min-
imizing

where is the combined ordered set under eval-
uation. To alleviate the computational burden involved in se-
lecting the best way of merging the two ordered sets, Memon et
al. proposed to use a reduced number of configurations [17]. If

and are the two ordered sets under
evaluation, and if , , then the following configurations
are considered:

Alternatively, if one of the sets has size one, then the following
configurations are tried (without loss of generality, we consider

):

...
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C. Fojtík’s Method

Fojtík et al. [18] developed a palette reordering technique spe-
cially designed for coding methods working on a bit-plane basis.
In fact, their aim was to find a method to permute the indexes of
the palette such that the resulting binary images representing the
individual bit planes would be as smooth as possible. Most gen-
eral purpose lossless image coding methods, such as JPEG-LS
or lossless JPEG 2000, do not rely on intensity domain bit-plane
coding, and, therefore, do not satisfy the main assumption used
in the design of this reordering technique.

D. Zeng’s Method

The palette reindexing method proposed by Zeng et al. [19] is
based on an one-step look-ahead greedy approach, which aims
at increasing the lossless compression efficiency of color-in-
dexed images.

The algorithm starts by finding the index that is most fre-
quently located adjacent to other (different) indexes, and the
index that is most frequently found adjacent to it. This pair of
indexes is the starting base for an index list that will be con-
structed, one index at a time, during the operation of the rein-
dexing algorithm. We denote by the indexes already assigned
to the index list and by those still unassigned. Therefore, just
before starting the iterations where and form
the pair of indexes mentioned above.

New indexes can only be attached to the left or to the right
extremity of the list. We denote by the index that satisfies

(4)

where

(5)

and by , the index satisfying

(6)

where

(7)

The function denotes the number of occur-
rences (measured on the initial index image) corresponding to
pixels with index that are spatially adjacent to pixels with
index . The are weights controlling the impact of the
on and , and the summations are per-
formed over all the indexes already located in the index list

.
The new index list will be given by if

or by other-
wise. Finally, the indexes in the index list are relabeled, creating

. This iterative process continues

until all indexes are assigned to the index list. Then, the rein-
dexed image is constructed by applying the mapping
to all image pixels, and changing the color-map accordingly.

Zeng et al. [19] suggested that a reasonable choice for the
weights s is given by

where corresponds to the distance between the current left end
position of the index list and the position of index in the index
list.

E. Modified Zeng’s Method

In [20], a theoretical analysis of Zeng’s method for the case
of Laplacian distributed differences of neighboring pixels lead
to a set of parameters that differs from the one originally sug-
gested in [19]. It was found that, under that Laplacian model,
the process of building from should be conducted in
two steps. First, the index satisfying (4) [or, equivalently, (6)]
is determined, where the weights (or ) are all equal
(they can be set to one, for example). Then, the correct side of

to which the new index should be attached is determined
based on the sign of

If , the left-hand side should be chosen, otherwise choose
the right-hand side of .

F. Battiato’s Method

Battiato et al. [21] formulated the reindexing problem as that
of finding the Hamiltonian path of maximum weight in a nondi-
rected weighted graph , where the vertices

represent the palette colors, and
, denotes the weight

associated to the edge connecting vertices and . Function
has the same meaning as that used by Memon et al., i.e.,

denotes the number of times index is used as the predicted
value for a pixel with index . Then, the problem is to find a
permutation satisfying

(8)

which is similar of finding a solution to the TSP. This formula-
tion resembles that of (1), the only difference being the meaning
assigned to the weights: in (1), they represent dis-
tances in color space, whereas in (8), they denote the number
of occurrences of pairs of pixels having a certain color pair.

In order to find a solution to this problem, Battiato et al.
[21] proposed a greedy strategy based on sequentially se-
lecting the best edge still not processed (i.e., the one with the
largest weight). The complexity of the proposed algorithm is
bounded by the edge sorting operation and is, therefore, of
order .
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TABLE I
LOSSLESS COMPRESSION RESULTS, IN BITS PER PIXEL, OBTAINED WITH JPEG-LS APPLIED TO THE

INDEX IMAGES AFTER USING THE PALETTE REORDERING METHODS PRESENTED IN THE PAPER

IV. EXPERIMENTAL RESULTS

In this Section, we present experimental compression results,
based on three sets of images, concerning the efficiency of seven
of the ten palette reordering methods described in this paper:
Luminance, Hadenfeldt, and Spira, regarding color-based
methods, and Memon, Zeng, modified Zeng (mZeng), and Bat-
tiato, regarding index-based methods; for comparison, results
using the unordered index images are also presented.

The first set of images presented in Tables I and II is com-
posed of 18 computer-generated images having different num-
bers of colors and geometries. Color quantization was applied
only to the images originally with a number of colors greater
than 256 (“clegg,” “cwheel,” “frymire,” “house,” and “serrano”).
The set “natural1,” also known as the “kodak” set, is composed

of 23 768 512 natural images.1 The set “natural2” contains
the following twelve popular natural images: “airplane,” “lena,”
“peppers,” “girl,” “baboon,” and “boat” (512 512), “monarch”
and “tulips” (768 512), “anemone” (722 471), “arial” (735

493), “bike3” (781 919), and “house” (256 256).
Color quantization was applied to the images in sets “nat-

ural1” and “natural2,” both with and without Floyd–Steinberg
color dithering, originating images with 256, 128, and 64 colors.
Version 1.2.3 of the “Gimp” program2 was used in order to gen-
erate the color-quantized images. All images used in the exper-
iments can be found at ftp://ftp.ieeta.pt/~ap/images/.

1These images can be obtained from http://www.cipr.rpi.edu/resource/
stills/kodak.html.

2http://www.gimp.org.
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TABLE II
LOSSLESS COMPRESSION RESULTS, IN BITS PER PIXEL, OBTAINED WITH JPEG 2000 APPLIED TO THE

INDEX IMAGES AFTER USING THE PALETTE REORDERING METHODS PRESENTED IN THE PAPER

Software implementations provided by the respective authors
have been used for the Spira, Zeng, and Battiato’s methods. All
other methods have been implemented by us. In what follows,
when we mention Memon’s method we refer to the pairwise
merge technique, and when we mention Hadenfeldt’s method
we refer to the greedy approach, not to the one based on simu-
lated annealing.

Table I shows JPEG-LS3 and Table II shows JPEG 20004 loss-
less compression results, in bits per pixel, of the reordered index
images (the size of the corresponding color- maps are included
in the presented values). The rows in Tables I and II corre-

3Using the SPMG JPEG-LS codec with default parameters (http://spmg.
ece.ubc.ca).

4Using the JasPer 1.600.0 JPEG 2000 codec with default parameters
(http://www.ece.uvic.ca/~mdadams/jasper).

sponding to the “natural1” and “natural2” sets display average
compression results calculated over the particular instance of the
image set (i.e., combination of number of colors and dithering
approach). The rows labeled “Average” provide overall results.

The results presented in Tables I and II show that Memon’s
method provided the highest average compression improvement
amongst all tested methods, both for JPEG-LS and for lossless
JPEG 2000, and for all classes of images addressed in the exper-
iments. The second best technique was the modified version of
Zeng’s method (it was 4%–5% worse for JPEG-LS and 3%–5%
worse for lossless JPEG 2000). Interesting to note is the fact that
luminance based reordering, the fastest amongst all methods,
provided competitive results for natural images, especially for
those with more colors and quantized using dithering (third best
for the majority of the cases).
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Fig. 2. Normalized computing times of the seven reordering methods tested.

Fig. 2 shows normalized computing times of the seven re-
ordering methods that we tested. These times have been ob-
tained using the “kodak” set of images quantized to 32, 64, 128,
and 256 colors. The main aim of this graph is to show how
time increases when the number of colors in the palette
increases. It can also be used to obtain a rough evaluation of the
relative execution times of the several methods, although always
having in mind that most of the implementations have not been
optimized for speed. Nevertheless, we only considered the time
spent on parts of the code directly involved with the reordering
operation.

Fig. 2 allow us to conclude that the luminance based method
is indeed the fastest one and, on the other end, we find Memon’s
method. As can be seen in the graph, Memon’s method is of
time complexity , a relation that can be verified through
the analysis of the underlying algorithm. As mentioned previ-
ously, Spira’s technique is of time complexity , bounded
by the Farthest Insertion Algorithm on which it is based. Also
of complexity are the modified Zeng’s method, Zeng’s
method, and Hadenfeldt’s method. As previously mentioned,
Battiato’s technique has time complexity, which
is bounded by a sorting operation of items.

V. CONCLUSION

Palette reordering is a very effective approach for improving
the compression of color-indexed images. In this paper, we de-
scribed several approaches that have been proposed during the
last decade, and we presented experimental results showing the
compression improvements provided by seven of those palette
reordering methods, when JPEG-LS or lossless JPEG 2000 are
used for compressing the index images associated to the color-
indexed images.

From the experimental results obtained, we conclude that
Memon’s method is the best one in terms of average compres-
sion performance. However, it is also the most computationally
demanding technique, having time complexity. There-
fore, if time is an important aspect, the modified Zeng’s method
shows up as a well balanced approach, within a few percent of
the performance of Memon’s method, but much faster (for 256
colors, it can be almost two orders of magnitude faster).

It is interesting to note that both methods are based on the as-
sumption that the differences of neighboring pixels of well-re-
ordered images should follow a Laplacian distribution. This is
in accordance with the JPEG-LS image coding standard, which
also assumes a Laplacian model for the prediction residuals and,
therefore, may provide a justification for the good performance
of both methods. Nevertheless, the same good performance is
also verified with JPEG 2000, which is an image coding stan-
dard based on different coding principles. This observation sug-
gests that images that comply with the Laplacian model might
be better suited for compression using JPEG 2000 than others
that do not. However, this remains to be proved.

Finally, it is worth noting that, at least for natural color-quan-
tized images, palette reordering by luminance may be an useful
alternative, which is easy to implement and offers moderate, al-
though by no means negligible, bit savings.
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