Compression of Multispectral Images
Enrico Piazza" and Heung-Kook Choi”

ABSTRACT

This paper is an overview of research contributions by the authors to the use of compression techniques
to handle high resolution, multi-spectral images. Originally developed in the remote sensing context, the
same techniques are here applied to food and medical images. The objective is to point out the potential
of this kind of processing in different contexts such as remote sensing, food monitoring, and medical
imaging and to stimulate new research exploitations. Compression is based on the simple assumption
that it is possible to find out a relationship between pixels close one each other. In multi-spectral images
it translates to the possibility to say that there is a certain degree of correlation within pixels belonging
to the same band in a close neighbourhood. Once found a correlation based on certain coefficient on one
band, the coefficients of this relationship are, in turn, quite probably, similar to the ones calculated in
one of the other bands. Based upon this second observation, an algorithm was developed, able to reduce
the number of bit/pixel from 16 to 4 in satellite remote sensed multispectral images. A comparison is
carried out between different methods about their speed and compression ratio. As reference it was taken
the behaviour of three common algorithms, LZW (Lempel-Ziv-Welch), Huffman and RLE (Run Length
Encoding), as they are used in common graphic format such as GIF, JPEG and PCX. The presented methods
have similar results in both speed and compression ratio to the commonly used programs and are to
be preferred when the decompression must be carried out on line, inside a main program or when there
is the need of a custom made compression algorithm.
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1. Introduction

A 24 bits full-colour image contains definitively
more information than the 8 bits or 12 bits
monochrome image[1-3]. Therefore, the trend of
image acquisition in several fields like, for instance,
microscopy, is changing from grey-level to colour
image. When handling, transmitting, storing and
processing multi-spectral images, especially re—
mote sensed, given the enormous quantity of data
to deal with (just think that a single passage of
the one radiometer flown aboard a polar satellite
often exceeds 100 Mbytes) it appears convenient
to use techniques of compression of data without
loss of information[4]. Originally developed in the
remote sensing context, the same techniques are
here applied to food images. As known the most
efficient compression techniques must be chosen
taking into account the particular class of images
being manipulated. In this case appears convenient
to take advantage of the correlation that exists
between the various bands of one multi-spectral
image.

There are several compression programs avail-
able, both commercial and on the public domain,
with different performances in terms of com-
pression ratio and time employed in their exe-
cution. However, often, it is useful to have a simple
and robust algorithm that, sacrificing its perfor-
mances, is easy to be embedded inside custom
software or directly within the programs for
processing the images. This is the reason for which
it was developed a program that based upon the
local correlation between adjacent pixels, through
a differences algorithm, succeeds to compress the
images by a factor in excess of two with acceptable
times[5).

Evenl6] presents a few compression schemes,
including the Lempel-Ziv solution. Piazza[7] pres-
ents a remote sensed Multi-spectral Images com—
pression algorithm. This work mainly deals with

the compression of remote sensed Images gathered
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from a radiometer flown aboard an environmental
satellite. In this work some NOAA / AVHRRIS]
images have been used with focus on the southern
Europe and the Mediterranean Basin. Larmore{9]
introduces an algorithm for generating length-
limited Huffman codes, to be used in compressing
files. Limiting the codes to a known length is useful
because you can then pack the codes into known
size words. For instance, as given here, you can
guarantee codes <= 16 bits, which means the codes
can be stored in two-byte words. Without such
length limiting, there’s no guarantee that the codes
would fit. The algorithm used is called the
Package-Merge algorithm.

2. Multi-spectral images

Multi-spectral images are images in which
every picture element (pixel) is described by means
of several parameters or spectra. The several
parameters can be the three primary colours of the
visible spectrum or the several channels of a
remote sensing radiometer. A multi-spectral image
can have from one to several tens of components.
At the same time, a three components image in
which every component is coded with 8 bits, can
be regarded as a mono-spectral image with a depth
of 24 bits per pixel. On the other side, a grey scale
image, coded with 8 bits a pixel, can be regarded

as a multi-spectral image with 8 components, each

Fig. 1. The image viewed as three planes. Each
plane is an image itself representing only
one of the components.
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coded with 1 bit. In this case, every component
assumes the name of “bit-plane”.

For example, satellites such as NOAA [8] polar,
Meteosat, DMSP (Defence Meteorological Satellite
Program), Landsat, and others have passive
sensors that detect and measure energy reflected
and/or emitted from the earth’s surface in different
wavelengths of the electromagnetic spectrum. The
portions of the detected spectrum by each
satellite’s sensors are designated by bandwidths,
or bands for short, and each band is assigned
a numerical identifier. Different spectral bands are
used to gain information about various materials
on the earth’s surface such as water, vegetation
and soil. Because each material uniquely absorbs
and reflects energy throughout the spectrum, these
materials produce their own distinct spectral re-

sponses or signatures.

3. Images used to test the presented
algorithms

The Images used to test the algorithms pres-—
ented in this work comes from three different fields
of the imaging technology: satellite remote sensing,
food inspection and microscopy.

The satellite remote sensed images have been
extracted from the 5 bands of a full resolution
digital image sensed by the AVHRR radiometer
flown on board the NOAA-14 polar satellite.
NOAA-16 replaced NOAA-14 on March 20, 2001.
It was launched September 21, 2000. NOAA-14
was launched in December 1994. They represent
a portion of the Mediterranean Sea in the visible
(bands 1-2 of AVHRR) and IR bands (band 3-5
of AVHRR). All the images, for each band, have
dimensions 1306x1319%X16 bits (of which 10
bits/pixel informative). The images have 800 bytes
of header thus they are 3,446,028 bytes in size. The
images were received at the Electronic Engi-
neering Department of the University of Firenze,
where, in the PIN-Centro Studi Ingegneria, Prato

facility, is operative a primary receiving station for

both NOAA HRPT and Meteosat PDUS Images.
Fig. 2 shows one example of a remote sensed
image used for the test. This class of images is
called R in the result section.

The food inspection images have been extracted
from colour images of beef M. Longissimus dorsi
captured by a Sony DCS-D700 camera. The same
exposure and focal distance were used for all
images. Digital colour photography was carried out
with a Hama repro equipment (Germany).

Green colour was used as background and
photographs were taken on one side of the meat.

The meat pieces were enlightened with two
lamps, with two fluorescent tubes each (15 W).
Polaroid filters were used on the lamps and on the
camera. Images are 1344X1024 pixels with a
resolution of 0.13X0.13 mm. The original image
has a dimension of 4 128 768 bytes. These images
were courtesy of Lucia Ballerini at the Centre for
Image Analysis, Uppsala, Sweden. Fig. 3 shows
the image used for the test called “M” in the
result section.

The microscopy images were obtained courtesy
of the School of Information and Computer Engi-
neering, Inje University, Gim-Hae, Korea. Fig. 4
and Fig. 5 show the P1 and P8 cellular images used
for the test respectively.

Fig. 2. One example of a remote sensed image
used for the R test.1306x 1319 pixels, b
bands (R=2, G=3 and B=4 in the printed
image).



Fig. 3. The "M" image used for the test.1344x
1024 pixels, 3 bands (R, G and B).

Fig. 4. The “P1" cellular image used for the test.
2048x 1536 pixels, 3 bands (R, G and B),

file p1010046.tif.

Fig. 5. The “P8" celiular image used for the test.
2048 %1536 pixels, 3 bands (R. G and B),

file p8060001.tif.
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4. Images compression algorithms

In this section are presented the different

compression schemes tested:

- LZW as used in GIF, even if it is the base
for other compression software like PKZIP and
LHA.

~ Huffman as used in the JPEG standard.

- RLE as used in the PCX standard

- A method developed by the authors.

Each one of the well known algorithms, is
introduced by a short summary of pros & cons and
a discussion of the major issues. The authors

method is presented in more details.

4.1. LZW (GIF)

Pros:
- Standard
—- Good Compression;
Cons:
- Need. to build the Colormap
- Medium Easy to implement
- Only 256 colours
- Loss of information due to the limited
number of colours
- Copyright and Patent problems
- Max three components;

‘GIF’ (tm) is CompuServe's standard for
defining generalized colour raster images. This
‘Graphics Interchange Format’ (¢m) allows high-
quality, high-resolution graphics to be displayed on
a variety of graphics hardware and is intended as
an exchange and display mechanism for graphics
images. GIF images are compressed to reduce the
file size. The technique used to compress the image
data is called LZW (after LempelZiv-Welch) and
was first described by Welch[10]. Welch work was
based on the work of Ziv and Lempel [11,12].

The compression is based upon recurring
strings in the input stream in such a way that
frequent long strings are stored with a single code
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word. The code is built dynamically while coding,
and is not passed to the decoder that builds the
same code while decoding. The Variable-Length-
Code LZW Compression is a variation of the
Lempel-Ziv Compression algorithm in which
variable-length codes are used to replace patterns
detected in the original data. The algorithm uses
a code or translation table constructed from the
patterns encountered in the original data; each new
pattern is entered into the table and its index is
used to replace it in the compressed stream. The
compressor takes the data from the input stream
and builds a code or translation table with the
patterns as it encounters them; each new pattern
is entered into the code table and its index is added
to the output stream; when a pattern is encountered
which had been detected since the last code table
refresh, its index from the code table is put on the
output stream, thus achieving the data com-
pression.

Unisys holds a patent on the procedure described -

in the article by Welch[10]. While having the right
to pursue legal action or seek damages against
infringing LZW developers and publishers, Unisys
has so far been very accommodating and fair. GIF
files are not covered of the patent. There is no risk
in distributing GIF files or in using the GIF name.
Only the software employing the LZW algorithm
for writing GIF files is “at risk”. The Unisys patent
includes claims that specifically cover the decom-
pression of LZW-compressed material, so it may
also affect simple GIF readers. Unisys does not
require licensing, or fees to be paid, for non-
commercial, non-profit GIF-based applications,
including those for use on the online services. No
license or license fees are required for non-
commercial, not-for-profit GIF-based applications
or for non—commercial, not—for-profit GIF-freeware,
so long as the LZW capability provided is only for
GIF.

The LZW algorithm used in GIF matches
algorithmically with the standard LZW algorithm
with the following differences:

1. A special Clear code is defined which resets
all compression/decompression parameters and
tables to a start-up state.

2. An End of Information code is defined that
explicitly indicates the end of the image data
stream. LZW processing terminates when this code
is encountered. It must be the last code output by
the encoder for an image.

3. The output codes are of variable length, up
to 12 bits per code. This defines a maximum code
value of 4095. Whenever the LZW code value
would exceed the current code length, the code
length is increased by one. The packing/unpacking
of these codes must then be altered to reflect the

new code length.

Because the LZW compression used for GIF
creates a series of variable length codes, of
between 3 and 12 bits each, these codes must be
reformed into a series of 8-bits bytes that will be
the characters actually stored or transmitted. This

provides additional compression of the image.

4.2 Huffman (Jpeg)

Pros:
- Standard
- Cheap
- Good Compression
- No Copyright or Patent problems (Public
domain under JPEG general license)
- 24 bits images;
Cons:
~ Heavy loss of information
- Difficult to implement
-~ Max three components;

JPEG (pronounced “jay-peg”) is a standardized
compression method for full-colour and grey-scale
images. JPEG is intended for “real-world” scenes;
cartoons and other non-realistic images are not its
strong suit. JPEG is loss, meaning that the output
image is not necessarily identical to the input
image. Hence you should not use JPEG if you have



to have identical output bit. However, on typical
images of real-world scenes, very good compres-
sion levels can be obtained with no visible change,
and amazingly high compression levels can be
obtained if you can tolerate a low-quality image.
A format such as JPEG cannot be used as a
substitute for GIF. Unlike GIF, JPEG was designed
as a “loss” format. This means that it slightly
changes an image as it is compressed. This is
unacceptable for many applications. Also, while
JPEG excels in compressing real world true colour
images, it offers no support for palette-based
images.

The compression is based upon decimating the
coefficients of the 2D Discrete Cosine Transform
of the input image. The file format is called JFIF.
This format has been agreed to by a number of
major commercial JPEG vendors, and is the de
facto standard. For more detail about the JPEG
standard see the work of Wallace[13]. It appears
that the arithmetic coding option of the JPEG spec
i1s covered by patents owned by IBM and AT&T,
as well as a pending Japanese patent of Mitsubishi.
Hence arithmetic coding cannot legally be used
without obtaining one or more licenses. For this
reason, support for arithmetic coding has been
removed from the free JPEG software. Since
arithmetic coding provides only a marginal gain
over the un—-patented Huffman mode, it is unlikely

that very many people will choose to use it.

4.3 RLE (PCX)

Pros:
- Standard
- Fast
- Easy to implement
- 24 bits images,
Cons:

- Medium Compression
- Copyright and Patent problems

- Max three components;
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The image file consists of encoded graphic data.
The encoding method is a simple byte oriented
run-length technique. When more than one colour
plane is stored in the file, each line of the image
is stored by colour plane (generally ordered red,
green, blue, intensity), As shown below:

Scan line 0 RRR..  (Plane 0)
GGG... (Plane 1)
BBB... (Plane 2)
III... (Plane 3)
Scan line 1: RRR..  (Plane 0)
GGG... (Plane 1)
BBB... (Plane 2)
IIL.. (Plane 3)

Basically, the scheme compares adjacent bytes
in one scan-line. If the adjacent bytes are the same,
it the writes out a flag (0XC0) with a count
(actually 0XCO | count). The next byte is the data
byte that is repeated. For example, if five bytes
are the same 01 the PCX output is only two bytes
C5 01, where C5 means special flag (C) with a
count of 5, and the 01 in the next position is the
data byte. If there is no match in the next byte,
PCX files just use the plain data byte (implicit
count of 1). For example, if the byte stream is 01
01 01 01 01 04 01 01 the PCX output is C5 01 04
C2 01.

This PCX format breaks down in two cases: i)
If the byte value is >= 0XCO then the format uses
a Cl and ii) If there are more than 15 bytes the
same, the count makes the 0XC0 become 0XDO0

or higher. PCX only uses counts under 15.

4.4 Piazza 98

Pros:
- Fast
- Easy to implement
- Published Work
- Good compression;
Cons:
- No Standard;
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A remote sensed multi-spectral images com-
pression algorithm was first presented in 1998[14].
This work mainly deal with the compression of
remote sensed images gathered from a radiometer
flown aboard an environmental satellite. In this
work some NOAA / AVHRR image has been used
with focus on the southern Europe and the Med-
iterranean Basin. The deal is to find a compression
algorithm to reduce the memory requirement for
the recording of remote sensed images. In order to
store m bits/pixel (8, 4 or 2 bits/pixel) images out
of the M bit/pixel. That is 8 bits/pixel for digital
camera images or 10 bits/pixel like in the case of
the NOAA-AVHRR. It is possible to find out a
relationship between pixels close one each other in
such a way it is possible to say that there is a
certain degree of correlation within pixels belong-
ing to the same band in a close neighbourhood.

The single band algorithm works line by line as

in the follow:

Given
bl(t);

in where

0 =t < N-1

t pixel index
b1(t) value of t~th pixel of band 1
N  Number of pixels to process

let compute

blc(t); 0 =<t=<N-1

that is the band 1 compressed.

For each row:
The first element of the compressed row is the
full resolution value of the uncompressed one.

blc(0) = bl(0);
old = bl(0)

// stores M bit

then compute the difference between the current
pixel on the row and the old value

d(t) = bl{t) - old.

If the value of d(t) is in the range 2™V-1,
2my (-127, 127 if m = 8 bits), then this value

is stored and the old value is replaced with the

current value:

ble(t) = d(t); // stores m bit

old = bl(t);
else it is stored the key and the full resolution,
M bit, value. As a key it is used the value 2™
(-128 if m = 8) and the old value is not updated

in order to keep the last known "good” value.

ble(t) = key:bI(t); // stores m+M bit

Table 1. Range and key given the length of the

code m.
m range key
2 -1,1 -2
4 -7, 7 -8
8 -127, 127 -128

The multiband algorithm acts as in the

following.

Given
b1(t); 0 <t=N-1
b2(t); 0 <t<N-1

where
t pixel index
bl(t) value of t-th pixel of band 1
b2(t) value of t-th pixel of band 2

N Number of pixels to process
let compute
ble(t);
that is the band 1 compressed on the basis of

band 2.
For each t we find the parabola that pass
through b2(t-1), b2(t) and b2(t+1).

0 <t=N-1

b2t

Fig. 6. The estimation of a parabolic law on the
basis of the band b2.

t-1 t t+1



Placing the zero of the x axis in the t position

we obtain:
b2(t) = ay, + a,,At+ 3, AL’
a,, = b2(t)
being 4t = 1, then the expression became:
b2(t)=ay, +a, +a,

Solving the system, it is possible to explicitly

write the expressions of apz and az.

_ b2(t+1)+b2(t-1)

a, 5 ~b2(t)
D2(t+1)—b2(t-1)
=Ty

then an estimate of bl(t+1) is computed by
applying the same parabola to the just find

coefficients:
a, = bl(t)
bi2(t)=a, +a,1+a,,!’
and the error is finally computed:
diz(t) = ihl2(t) - bl

bi(ty
b12(t+1)

/

d12(t)

t-1 t t+1

Fig. 7. The estimation of the value of the band B1
on the basis of a parabolic law found on
the band b2.

If the value of d12(t) is in the range 2'™ "-1,

2™ Y11 (-127, 127 if m = 8 bits), then this value
is stored, else it is stored the key and the M bit
{m 1)

value. As a key it is used again the value -2
(-128 if m = &)

4.5 How much image information is lost
when using the JPEG compression

This is a very difficult question. Initially the
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Shannon Entropy was considered to measure the
information carried by the images. It turned out
that, sometimes, the original image had a lower
entropy of the one compressed by JPEG. The
entropy is a measure of how many bit are
necessary to code the image. It is expected to be

less than the true color 24 bit used to store it.

p8060001, entropy=14.1563%4, jpg entropy= 14.081643
pRO60002, entropy=14.395470, 1pg entropy= 14.193002
p1010046, entropy=12.864973, jpg entropy= 12917777
$12460m, entropy=13.054569, jpg entropy= 12.807890

It looks like the compression actually adds some
information. In some way it is true. The JPEG
compression acts on the image adding some noise,
which as a first approximation can be considered
white with entropy of 7 to 9 bhit.

p8060001, dif entropy=7.921017
p8060002, dif entropy=9.384736
p1010046, dif entropy=7.524231
s12460m, dif entropy=7.236326

5. Results

The presented methods have been tested on an
Intel Pentium MMX 200 MHz based computer
where they took only few seconds to carry on the
task to compress the whole image. As an example
of result, in the following Table 2 there are reported
the size of the compressed file and the time
employed by the single band algorithms. Alongside
the graphic formats introduced in the previous
section, three compression software, easily avail-
able on the network, have been tested. PKZIP and
LHA use the Lempel-Ziv-Welch (LZW) technique.

The HZIP program and associated files imple-
ments an algorithm for generating length-limited
Huffman codes, to be used in compressing files.
Limiting the codes to a known length is useful
because you can then pack the codes into known
size words. For instance, as given here, you can
guarantee codes <= 16 bits, which means the codes
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Table 2. Remote sensed images. Dimension of
compressed files and the time in
seconds the algorithm took to their
compression.

DIMENSIO | RATIO|  TIME
FILE COMPR

NiByte] | [%] | [s] | [s/MB]
ORIGIN — 17230140 | 100 | 00 | 000
LHA LZW | 7713191 | 0448 |1033| 629
PKZIP LZW | 7466468 | 0433 | 553 | 336
HZIP | HUFFMAN | 10946207 | 064 | 470 | 286
MCOMPRA| PIAZ2 | 5692006 | 033 | 375 | 228

Table 3. Food images. Dimension of compressed
files and the time in seconds the
algorithm took to their compression.

Table 4.

Cellular microscopy images. Dimension
of compressed files and the time in
seconds the algorithm took to their
compression.

FILE COMPR EIMENSIO RATIO TIME
N[BYTE} | 1%} | (3] |[/MBI

ORIGIN — 879,883 1.000 00 | 000
LHA LZW 389,037 0442 | 52 | 619
PKZIP LZW 375,782 0.427 48 | 572
H7ZIP HUFFMAN | 492,125 0.559 13 | 1AM
GIF LZW8hits 294,046 0334 | 59 | 703
JPEG HUFFMAN 78,170 0083 | 11 | 131
PCX RLE 965,977 1.097 19 1 226
MCOMPRA PIA/2 829,071 0942 | 26 | 310

The algorithms were applied to a food quality

set of image [5] (3 bands: R, G and B). The results
obtained were, again, very promising, see Table 3.
The same algorithms were then applied to a set
of cell microscopy images [1] each of 879,883 bytes
and gave slightly worse results. The following

FILE COMPR DIMENSIO | RATIO TIME
NIBYTE! | (%] sl |[s/MBI
ORIGIN — 4303324 1.000 00 0.00
LHA LZW 2444523 | 0568 58 | 629
PKZIP LZW 2,301,068 053% 108 | 263
HZIP | HUFFMAN | 3942383 0916 104 253
GIF LZW8hits 793,659 0.184 02 | 1223
JPEG | HUFFMAN | 122100 0.028 394 960
PCX RLE/24 3,890,841 0.904 184 448
COMPR4 PIA/4 2,187836 0508 6.7 163
COMPR2 PIA/2 1485924 0.345 59 14

can be stored in two-byte words. Without such
length limiting, there’s no guarantee that the codes
would fit. The algorithm used is called the
Package-Merge [9]. A version originally written
by Bryvan Flamig, Azarona Software, Denver, CO.
was used.

The algorithms were applied to a remote sensing
set of image [14] (5 bands) each of 3446028 bytes.
These bands are 10 bit deep and are not suitable
for compression with standard image compression
algorithms. The results obtained with the remote
sensed images were promising, see Table 2, so
other classes of images were tested.

Table 4 shows these results obtained.

Table 5.

Cellular microscopy images. Dimension
of compressed files and the time in
seconds the algorithm took to their
compression (File p10100486).

FLE COMPR DIMENSIO |RATIO TIME

NIBYTE] | [%] | [s] |{s/MB]

ORIGIN — 9451593 | 1.000 0 0.000
LHA LZW | 6706665 | 0.710 | 516 |57.246
PKZIP LZW | 6437062 | 0681 | 233 | 25849
HZIP  |HUFFMAN!| 7676269 | 0812 | 172 |19.082
GIF LZW8bits | 2,665,142 | 0.282 | 701 | 77.770
JPEG HUFFMAN| 467338 | 0049 | 718 | 7965%
PCX RLE 10,075,166 | 1.066 | 280 | 31.064
MCOMPRAC | PIA/4 | 5743429 | 0608 | 142 | 15754
MCOMPR2C | PIA/2 | 5567910 | 0589 | 177 | 19637




Sometimes it happens that being the dynamic
range of the image large enough, the 2 bits
compression actually result in bigger files than the
4 or 8 bits one. The same algorithm was applied
to another couple set of cell microscopy images [1]
each of 9,451,593 bytes and gave just about the
same results of the meat and remote sensed images
results.

The following table shows these results
obtained. More cellular images were then tested,
with a larger size, to see if it was that particular
image or the whole set of images, which led to a
worse performance of the algorithm.

Table 6. Cellular microscopy images. Dimension
of compressed files and the time in
seconds the algorithm took to their
compression (File p8060001).

FLE ‘ COMPR DIMENSIO| RATIO TIME

NIBYTE] | (%] | [S] | [s/MB]

ORIGIN - 9451593 | 1000 | 00 | 0000
LHA LZW 720087 | 0763 | 401 | 44438
PKZIP LZw 7020793 | 0743 | 258 | 28623
HUFF-ZIP | HUFFMAN | 8234745 | 0871 | 15 19415
GIF LZW 2685082 | 0284 | 742 | 8319
JPEG . HUFFMAN | 3%6215 | 0042 | 952 | 106617
PCX RLE 9126384 | 0966 | 202 | 323%
MCOMPRAC |  PIA/4 5482878 | 0580 | 136 { 15.088
MCOMPR2C| PIAZ2 5134279 | 043 | 164 | 181N

In the following Fig. 8 there is a comparison
between the various compression methods by
plotting the results on a size / time chart. The
points in the lower-left corner are the best results,
meaning a small size obtained in a little time. The
points in the upper-right corner, are the worse
results, meaning a large size obtained in a longer
time.

The key to read the figure is: M: meat image;
R: remote sensed image; C: Cellular microscopy

image, P1. cellular microscopy file p1010046; P8:
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Fig. 8. Compression algorithm comparison. M:
meat image: R: remote sensed image; C:
Celliular microscopy image, P1: cellular
microscopy file p1010046; P8: cellular
microscopy file p8060001. JPG and GiF
offer always the best compression ratio at
the price of loss of data and slower
algorithms. Our method offers about the
same compression ratio of LHA or PKZIP
but with a somewhat faster algorithm.

cellular microscopy file p8060001.

As it is possible to see, the bigger the file, the
slower the algorithm. This is a general rule valid
for all the tested methods. Moreover, it is possible
to see that the algorithm has a similar behaviour
in relation one other. JPG and GIF offer always the
best compression ratio at the price of loss of data
and slower algorithms. LHA is always in the top
right corner offering slow algorithm and bigger
compressed files, together with PCX and with
approximately the same compression ratio of
PKZIP but with a slower algorithm. Our method
offers about the same compression ratio but with
a somewhat faster algorithm.

The presented methods have similar results in
both speed and compression ratio to the commonly
used programs and are to be preferred when the
decompression must be carried out on line, inside
a main program or when there is the need of a

custom made compression algorithm.
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