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ABSTRACT

Off-line histogram packing is a known method which is ca-
pable of producing improvements if applied prior to the loss-
less compression of images having sparse histograms. How-
ever, this technique becomes useless if the image possesses
a quasi-sparse histogram, even if it differs from the strictly
sparse case only by a minimal margin. In this paper, we
present a technique that is able to overcome this drawback
and we present results showing its effectiveness.

1 INTRODUCTION

Off-line histogram packing is a known method capable of
producing improvements if applied prior to the lossless com-
pression of images having sparse histograms. Basically, off-
line histogram packing is produced through the construction
of an one-to-one order-preserving mapping from the image
intensity values to a contiguous subset of the integers. For
constructing this mapping we need to know, a priori, which
intensity values are present in the image. If that is unknown,
which is the most often case, we need to perform a pass
through the image in order to find out those intensity val-
ues. In the latter case, the complete encoding process, i.e.,
histogram packing and lossless image coding, cannot be per-
formed on-line. On-line strategies have been recently pro-
posed, some of them designed specifically for a particular
encoding algorithm [1, 2, 3], some others designed to act as
a pre-processing stage detached from the particular encoding
algorithm that is used [4].

Generally, the off-line histogram packing method is very
effective in images characterized by having sparse his-
tograms. This can be verified using the examples given in
Tables 1 and 2, where compression ratios obtained before
off-line histogram packing (“Normal” column) and after off-
line histogram packing (“Off-line packing” column) are dis-
played. As can be observed, the compression improvement
after off-line histogram packing is very significant for images
having sparse histograms, i.e., the images in the first group
and some of the images in the third group. For images not
belonging to this class, such as those in the second group, a
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slight decrease in compression ratio may be verified, which
is due to the small overhead introduced by the mapping table.
This table is required for later recovery of the original inten-
sity values. The number of different intensity values that was
found in each image is also shown in the “Intensities” col-
umn. However, it is worth noting that this number should be
used only as an indication of potential histogram sparseness.
In fact, an image using only a small, but contiguous, sub-set
of the available intensities cannot be further improved by this
method, because its histogram is already packed.

2 QUASI-SPARSE HISTOGRAMS

One of the major drawbacks of off-line histogram packing is
that if even most of the intensity values appear only once or
just a few number of times in the image, they will be con-
sidered by the off-line histogram packing technique as hav-
ing equal importance as those that occur most frequently. In
other words, images having quasi-sparse histograms cannot
benefit from this method.

Figure 2 shows a 8 bits per pixel, 2,048 � 2,048 image
(“aerial2”) which uses all the 256 intensity values. There-
fore, as can be seen in Tables 1 and 2, off-line histogram
packing does not produce any compression improvement in
this image. However, the analysis of the histogram of this im-
age reveals, for example, that 60 of the intensity values occur
less than 164 times, i.e., less than 1% of the mean number of
occurrences, which is 16,384.

In this paper we present a novel technique that aims over-
coming the lack of appropriateness of off-line histogram
packing regarding the handling of images with quasi-sparse
histograms. The proposed method is also off-line, but works
using a reduced set of symbols. We will refer to it as the
method of “packing with a reduced symbol-set”.

3 PACKING WITH A REDUCED SYMBOL-SET

Let us denote by
�

the set of all different intensity values
used by a given image, and by ����� some pre-defined
value. During the processing of sample 	�
 ,1 which gener-
ates a transformed sample �

 at time instant � , we assume

1We assume that the image samples have been transformed into a sample
sequence, ��� , using some image scanning strategy. In this work we used a
raster-scanning approach.
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Figure 1: Image with a quasi-sparse histogram: “aerial2”.

that a previously constructed subset of
�

,
� 
� , is available:

� 
������������������� �����!� �#" �%$&�('*) � �

Moreover, we assume, without loss of generality, that �,+.-
�0/��213+546/ , and that the following one-to-one, order-preserving
mapping in � � is also available:

7 
 �98:� �<;=?>#�!���@;=BA���� �����!� �#" �C;=D'FEGA�HI�

Sample 	 
 is processed as follows. If 	 
 � � 
� , then � 
 �7 
 8 	3
 H . However, if 	J
LK� � 
� , then �M
 ��' , which is the first
element of � � that does not belong to

7 
 8 � 
�3H . In this case,
the intensity value N��� 	3
 is stored into a file, which is used
for later recovery of the original image intensity values. We
call this file the “recovery file”.

The occurrence of an intensity not belonging to
� 
� also

implies the rearrangement of the mapping, which depends
on whether 'O� � or not. If 'P- � , and assuming that
��+Q- N��-G��+SRT� , then the new mapping is:

7 
 RU� �982���������%+T;=?V!� N�W;=DV2XYA����%+ZRT�C;=?V2X\[
��� �����!� �#" �C;=?']HI�

As can be seen, N� is inserted in the mapping in such a way
that the one-to-one, order-preserving property is maintained.
On the other hand, if 'G� � , in addition to the inclusion of
N� in the mapping, as described above, it is also required the
deletion of one of the members of

� 
� (i.e., the cardinality of
the set is kept equal to � ). Also in this case, the mapping has
to be rearranged in order to obey to the one-to-one, order-
preserving property.

Decoding is performed using a similar strategy as encod-
ing. When decoding sample � 
 , if � 
 - � , then 	 
 �
8 7 
 H " � 8 �

 H . 2 Otherwise, an intensity value, N� , is fetched
from the recovery file and 	J
 � N� . The mapping is always re-
organized following the same procedures as those performed
by the encoder.

2Notation ^S_,�a`cb3d indicates a mapping that is the inverse of _�� .

Until now we left some important issues open, namely, (1)
how the intensity values are stored in the recovery file; (2)
how do we choose which intensity value is deleted from the
mapping when a new value has to be inserted and

� 
� is not
allowed to increase further (i.e., 'e� � ); (3) how do we find
the optimum value of � .

Concerning the first question, i.e., how the values are
stored in the recovery file, for simplicity we store these val-
ues directly, without any kind of compression. This means
that, for 8 bits per pixel images, each intensity value is stored
in one byte. Some approaches using popular entropy cod-
ing methods have been tried, although they are not addressed
here. Nevertheless, all compression results presented in this
paper include the overhead introduced by the size of the re-
covery file.

The second question, i.e., how intensity values are sub-
stituted in

� 
� when 'f� � , lead us to several approaches.
Among them, we just point out two of the most obvious and
simple: one of them calls for the removal of the oldest un-
used intensity; the other relies on the removal of the fewest
used intensity. Both methods have been tested, although only
results using the former one have been included here, since it
provided globally better results on the images used for test-
ing.

Finally, the question regarding finding the optimum
value of � . This image-dependent and also encoding-
method-dependent parameter plays a crucial role in the pre-
processing technique that we describe in this paper. In fact,
depending on the value of � , we may obtain substantial com-
pression improvements or, if incorrectly chosen, we may end
up with a degradation in the compression ratio. Examples of
some curves representing the compressed size of the images
as a function of � can be observed in Fig. 2. We are currently
investigating efficient ways for determining or estimating the
optimum value of � . The results presented in this paper rely
on values of � found by exhaustive search, which, although
appropriate for demonstrating the effectiveness of the algo-
rithm, may not be desirable for some practical applications.
Therefore, this is still a problem that needs further study.

4 EXPERIMENTAL RESULTS

Tables 1 and 2 present compression results using the two
most recent ISO/IEC standards and ITU recommendations
for compressing continuous-tone images: JPEG-LS [5, 6]
and JPEG-2000 [7, 8]. For JPEG-LS encoding, we used the
implementation provided by the Signal Processing & Multi-
media Group at the University of British Columbia (SPMG
/ JPEG-LS V.2.2 codec, ftp://spmg.ece.ubc.ca/
pub/jpeg-ls/ver-2.2/). For JPEG-2000 encoding,
we used a codec implemented by the JJ2000 group (JPEG-
2000 V.3.2.2 codec, http://jj2000.epfl.ch/).

To assess the efficiency of the proposed technique we used
three sets of images. Two of them3 were those used by Yoo
et al. to test the efficiency of EIDAC, an embedded image-
domain adaptive compression technique, specialized in the

3From http://sipi.usc.edu/˜younggap/EIDAC.
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Figure 2: Examples of the dependence of the compressed
size of the images with parameter � . These values have been
obtained with the JPEG-LS encoder. The dots mark the opti-
mum values.

compression of “simple images” 4 [9]. The first set (corre-
sponding to the first group of images in Tables 1 and 2) is a
gray-scale-converted version of a set used by Ausbeck in its
PWC coder [10]. 5

The second set (second group in Tables 1 and 2) comprises
several natural images and has the objective of testing the ro-
bustness of the method in images that are not “simple” (this
set was also used in [9]). The third set (last group of images
in Tables 1 and 2) is composed of five images taken from
the BragZone archive6. This set was recently used to illus-
trate the poor performance of JPEG-LS and CALIC (context-
based, adaptive, lossless image codec) [11] in compressing
this type of images [12].

5 CONCLUSIONS

From the observation of the “Total” rows in Tables 1 and 2,
we can immediately conclude that the proposed method (off-
line packing with a reduced symbol-set) provides globally
better results than the normal off-line packing. Looking at
individual images, we can notice some dramatic improve-
ments. That is the case of image “france”, which gets a
compression improvement of 75% if using the JPEG-2000
codec and 66% if using JPEG-LS. The compression of im-
age “sea dusk” improves 72% (using JPEG-2000) and 58%
(using JPEG-LS). Also, a considerable 19% improvement,
attainable by both compression standards, can be noticed in
the compression of image “aerial2”. This percentages repre-
sent improvements over the normal off-line packing method.

4The expression “simple images” is used by some authors to designate
images with sparse histograms.

5The piecewise-constant image model (PWC) coder has been designed
for compressing palette images, although it can also be used for compressing
“simple” (gray-level) images. We considered only images with at least four
different intensities, due to a restriction in the JPEG-LS coder.

6From http://links.uwaterloo.ca/BragZone.

Other less dramatic but also important improvements can be
observed in other images.

In this paper we proposed a pre-processing technique
which is capable of producing compression improvements on
images that have histograms that, although not strictly sparse,
are quasi-sparse. In this case, the known off-line packing ap-
proach is unsuitable. However, by reducing the size of the
symbol-set used by the packing procedure, we are able to
globally attain better results, being some of them, individu-
ally, quite dramatic.
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Image Intensities Normal Off-line packing Packing with a reduced symbol-set
Size bps Size bps % Size bps % g

benjerry 48 14,076 4.027 9,664 2.765 31.3 6,718 1.922 52.3 4
books 7 43,859 6.164 15,318 2.152 65.1 12,570 1.766 71.3 5
cmpndd 133 114,362 2.326 98,767 2.009 13.6 77,298 1.572 32.4 129
cmpndn 132 107,596 2.189 92,594 1.883 13.9 66,069 1.344 38.6 3
gate 69 32,916 4.323 24,316 3.193 26.1 24,147 3.171 26.6 64
music 8 8,457 5.491 3,180 2.064 62.4 2,944 1.911 65.2 3
netscape 27 30,769 4.022 17,887 2.338 41.9 17,586 2.298 42.8 26
sea dusk 43 8,214 0.417 5,894 0.299 28.2 1,667 0.084 79.7 3
sunset 138 119,031 3.099 106,013 2.760 10.9 103,896 2.705 12.7 125
winaw 10 84,913 2.307 33,757 0.917 60.2 25,059 0.681 70.5 5
yahoo 156 13,782 4.062 13,001 3.832 5.7 8,610 2.537 37.5 3
Total — 577,975 — 420,391 — 27.3 346,564 — 40.0 —

aerial2 256 2,852,576 5.440 2,852,834 5.441 0.0 2,315,638 4.416 18.8 119
bike 220 2,967,668 4.528 2,722,648 4.154 8.3 2,726,023 4.159 8.1 220
bikeh 220 159,116 6.078 150,191 5.737 5.6 150,798 5.760 5.2 220
cafe 220 3,507,488 5.352 3,410,314 5.203 2.8 3,410,937 5.204 2.8 220
goldhill 220 158,411 4.834 158,631 4.841 -0.1 159,801 4.876 -0.9 218
lena 215 141,348 4.313 141,566 4.320 -0.2 142,431 4.346 -0.8 212
woman 220 223,463 5.455 215,073 5.250 3.8 215,423 5.259 3.6 220
Total — 10,010,070 — 9,651,257 — 3.6 9,121,051 — 8.9 —

france 249 84,051 2.017 83,999 2.016 0.1 20,859 0.500 75.2 3
frog 102 241,791 6.254 204,789 5.297 15.3 180,905 4.679 25.2 55
library 221 116,215 5.692 114,259 5.596 1.7 112,430 5.506 3.3 193
mountain 110 257,216 6.698 208,477 5.429 18.9 205,696 5.356 20.0 97
washsat 35 145,105 4.428 73,201 2.233 49.6 73,269 2.235 49.5 35
Total — 844,378 — 684,725 — 18.9 593,159 — 29.8 —

Table 1: Comparison of the compression results (in bits/sample) obtained with JPEG-2000 applied directly to the images (“Nor-
mal”), with JPEG-2000 applied after off-line packing (“Off-line packing”) and with JPEG-2000 applied after using the method
proposed in this paper (“Packing with a reduced symbol-set”). Percentages represent compression gains in relation to the “Nor-
mal” values.

Image Intensities Normal Off-line packing Packing with a reduced symbol-set
Size bps Size bps % Size bps % g

benjerry 48 6,707 1.919 4,881 1.396 27.2 4,784 1.368 28.7 26
books 7 39,859 5.601 13,396 1.882 66.4 11,657 1.638 70.8 5
cmpndd 133 71,469 1.454 62,431 1.270 12.6 61,733 1.255 13.6 108
cmpndn 132 58,639 1.193 51,619 1.050 12.0 51,298 1.043 12.5 106
gate 69 27,656 3.632 20,718 2.721 25.1 21,692 2.848 21.6 64
music 8 4,534 2.943 1,747 1.134 61.5 1,894 1.229 58.2 8
netscape 27 21,249 2.777 13,191 1.724 37.9 12,957 1.693 39.0 26
sea dusk 43 4,061 0.206 3,479 0.176 14.3 1,446 0.073 64.4 3
sunset 138 83,552 2.175 75,412 1.963 9.7 74,761 1.946 10.5 136
winaw 10 48,189 1.309 20,102 0.546 58.3 19,286 0.524 60.0 7
yahoo 156 8,822 2.600 8,401 2.476 4.8 7,382 2.175 16.3 3
Total — 374,737 — 275,377 — 26.5 268,890 — 28.2 —

aerial2 256 2,772,925 5.288 2,773,183 5.289 0.0 2,250,493 4.292 18.8 117
bike 220 2,854,695 4.355 2,600,571 3.968 8.9 2,604,249 3.973 8.8 220
bikeh 220 144,412 5.516 134,535 5.139 6.8 136,167 5.201 5.7 220
cafe 220 3,336,249 5.090 3,238,178 4.941 2.9 3,238,527 4.941 2.9 220
goldhill 220 154,391 4.711 154,637 4.719 -0.2 155,609 4.748 -0.8 204
lena 215 139,106 4.245 139,340 4.252 -0.2 140,146 4.276 -0.7 209
woman 220 220,671 5.387 212,511 5.188 3.7 212,998 5.200 3.5 220
Total — 9,622,449 — 9,252,955 — 3.8 8,738,189 — 9.2 —

france 249 58,792 1.411 58,602 1.406 0.3 19,812 0.475 66.3 3
frog 102 233,831 6.048 200,089 5.175 14.4 176,525 4.566 24.5 11
library 221 104,140 5.100 102,217 5.006 1.8 100,139 4.904 3.8 174
mountain 110 246,604 6.421 201,417 5.245 18.3 198,728 5.175 19.4 95
washsat 35 135,309 4.129 65,734 2.006 51.4 65,767 2.007 51.4 35
Total — 778,676 — 628,059 — 19.3 560,971 — 28.0 —

Table 2: Comparison of the compression results (in bits/sample) obtained with JPEG-LS applied directly to the images (“Nor-
mal”), with JPEG-LS applied after off-line packing (“Off-line packing”) and with JPEG-LS applied after using the method pro-
posed in this paper (“Packing with a reduced symbol-set”). Percentages represent compression gains in relation to the “Normal”
values.
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