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The article analyzes the possibilities of further improvement of the RLE compression method.
An extended set of code sequences is offered to increase compression. It is proposed to improve
compression by automated search for optimal code parameters for individual pieces of data. Bitmap
encoding packaging methods for 4, 8, 16, and 24 bit per pixel formats are proposed. Experimental
studies based on synthetic tests for compression of high-resolution raster were performed to compare
the proposed coding methods with known implementations of the RLE method.
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1. Introduction

The information compression method called "Run Length Encoding” (RLE) has been known
for a long time. This is a very simple compression method, in which each sequence of identical values
is encoded by a pair (number of repetitions, value). This method has gained wide popularity for
recording images in various file formats. The main known implementations of the RLE method are
the PackBits method used in TIFF, TGA, and other formats [1], as well as a version of the RLE
method for the PCX file format [2].

Despite the age of the RLE method, it continues to be used as an element of solutions in various
fields of data storage and transmission [3].

The main advantages of RLE

— in simple implementations of this method the highest packing speed is achieved;

— simplicity and high speed of unpacking (decoding);

—insimple implementations of the RLE method no additional memory is required (for example,
for a dictionary)

The disadvantage of known implementations of the RLE method is a lower degree of
compression than dictionary LZ-like data compression methods, in particular the LZW method,
which is used in various raster image formats [4].

However, not everything is so clear-cut. if the task is to save images of sufficiently large sizes,
for example, rasters of the order of tens and hundreds of thousands of pixels horizontally and
vertically, then it may be necessary to provide quick direct access to individual image fragments. But
dictionary LZxx methods provide a high degree of compression after the accumulation of previously
found code sequences in the dictionary — therefore when archiving small independent blocks for quick
direct access, the compression may be even lower than in RLE.

One of the advantages of the RLE method over dictionary compression methods is that no
decoding history (dictionary) needs to be accumulated. This allows encoding independent raster
fragments without loss of compression.

The ability to independently encode individual rows, columns, or other blocks creates the
prerequisites for:

— the ability to organize fast direct access to any parts of the image without unpacking previous
blocks;

— parallel (multi-threaded) organization of encoding-decoding.

Such capabilities are useful in applications that can use raster data of significant sizes, in
particular, in geographic information systems [5].
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It would be desirable to find out solution that would allow increasing the degree of RLE
compression while preserving the main advantages of this method. The further search for a solution
for high-speed decoders is considered relevant.

2. Literature review and problem statement

In [6] a modification of RLE coding by modifying codewords is proposed, but this is only for
binary images.

To increase the level of lossless image compression, some authors suggested combining certain
compression methods with Huffman coding [7]. So, in particular, in [8] it is proposed to first use
Huffman coding and then to process the result using the RLE method. However, the increase in
compression was not very significant.

It seems, that may be more effective to use prefix codes instead of RLE code pairs (number of
repetitions, values), which start with a special prefix and then contain codes for the number of
repetitions and a color index.The prefix can take into account the popularity of a certain code
according to Huffman or it can mean the type of code sequence.

For the sake of completeness, several special combinations of the RLE method with other
methods can be pointed out. In [9] proposed combining RLE with adaptive arithmetic coding for
video data compression.

To improve RLE compression, in [5] proposed special prefix codes for representing color
values in raster images, codes for the length of pixel chains, as well as independent encoding of
individual raster fragments with optimal codes for these fragments. This version of the RLE
compression method is called RLE-BP. The developed RLE-BP adaptive coder made it possible to
increase compression by 1.5-2 times compared to PackBits, and PCX implementations while
maintaining a high decompression speed. This made it possible to compete with more powerful
dictionary LZ-like compression methods when implementing a geoinformation system [5].

3. The aim and objectives of the study
The aim of this study is to increase the compression of the RLE method. The main provisions
regarding increasing the degree of compression of image coding by the RLE_BP method were
formulated in [10]. It was recommended to achieve this by automatically adjusting the parameters of
codewords for individual fragments of images, and several methods of encoding with variable
parameters were proposed. And all this for palette images. Let's consider some aspects of coding
images.

4. The study materials and methods research of raster’s packaging
4.1. The object and hypothesis of the study

The object of the proposed research is a modified RLE raster’s packaging.

For a raster format, the main characteristic is the color depth or number of bits per pixel (B),
which ensures the use of a maximum of C = 2B colors. For example, 8 bits per pixel has a maximum
of 256 colors. Palette images are usually images with no more than 256 colors, since a table is created
for them, each row of which contains a triplet of values, for example, RGB. The row number of such
a table is the color index, and such a table itself is called a palette. Sometimes not all colors of the
palette may actually be used in specific images. To take this fact into account, let's denote the number
of bits representing the actual number of used colors by M. Maybe M < B. At the beginning of the
packaging, the RLE_BP encoder sorts the actually used colors of the palette of a particular image in
the order of their popularity. The most popular color gets an index of 0, the next most popular — 1
and so on. Indices of all colors are coded with binary codes — let's denote them as c..c. In addition,
codes for a certain number (C1) of the most popular colors can be separately distinguished — let's call
them the main colors. A simple binary code for the main colors can consist of M1 bits.

Packaging method 1. Three types of codewords are used.

Oc...c (a total of M bits) — for single pixels in which the most significant color bit is 0. Single
pixels of colors 1c...c must be coded already as chains of length 1 using codeword with prefix 11.

The following codewords are used to code pixel chains:
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10n...nc...c — first the prefix (bits 10), then N1 bits of the chain length code (bits n). The
codeword is completed by M1 bits ¢, which means the index of the main color. This codeword is used
for pixel chains of the most popular colors in a given image.

M1 is the number of bits of the main colors and M1 <M. For example, if only one color is used
as the main color, then M1=0, and the codewords for the pixel chains of this color have the form
10n...n

11n...nc...c — first prefix (11), then N2 bits of chain length, and then M bits of color. N2 is the
number of bits of the maximum length of pixel chains of any color.

The parameters of this packing method are the values of M, M1, N1, and N2:

Packaging method 2. Codewords of two types are used. Unlike the previous method, the
coding of single pixels is performed here with no more than (M+1)-bit code regardless of color. This
takes into account the probability of a large number of single pixels of secondary colors.

Oc...c — for single pixels of any color. First, a prefix (0) followed by M color bits.

1c...cnn...n — for main color pixel chains. First the prefix (1), then M1 bits of the index of the
main color (that is, only 2M* of the most popular colors can be encoded this way). The codeword is
completed by the chain length bits (nn...n). Each i-th main color corresponds to its maximum chain
length and Ni number of bits n. Below is an example of encoding the main color chains for M1 = 2.

100nnn — NO = 3 for the most popular color (index cc=00);

101nnnnnnn — N1 = 7 for the main color with index cc=01;

110nnnn — N2 = 4 for the main color with index cc=10;

111nnnnn — N3 =5 for main color with index cc=11.

The characteristics of packaging method 2 are determined by the set of parameters M, M1,
and Ni.

In method 2, the number of initial bits (1c...c) is the same for chain codes of all main colors. In
the following method, it is proposed to encode colors with prefixes of different numbers of bits, and
this number is the inverse of the popularity of the color. It can be said that it is a combination of RLE
and the Huffman method.

Packaging method 3. Codewords of two types are used.

Oc...c — for single pixels of any color. First prefix (0), then M color bits.

1p...pnn...n — for pixel chains. First the prefix (1p...p), then the chain length bits (nn...n). Each
i-th main color corresponds to its own prefix and individual number (Ni) of bits n. Prefixes according
to the Huffman tree in relation to the popularity of the main colors. An example of a set of codewords
for the four main colors (i.e. C1=4)

10nn...n — chain of main color 0 (NO bits n);

110nn...n — chain of main color 1 (N1 bits n);

1110nn...n — chain of main color 2 (N2 n bits);

1111nn...n is a chain of main color 3 (N3 bits of n).

In this example, the length of the chain code for color 0 is shorter than for method 2, however,
for colors 2 and 3, the chain codes are longer. The parameters of packaging method 3 are the M, C1,
and the set of Ni values. The following method provides advanced capabilities for encoding chains
of repeating pixels for a wide range of lengths of such chains.

Packaging method 4. Code sequences of two types are used.

Oc...c — for single pixels of any color. First prefix (0), then M color bits.

1c...cxx...x — for main color pixel chains. First the prefix (1), then M1 bits for the main color
index. The code sequence is completed by the chain length bits (xx...x). Each value of the index of
the main color (bits c...c) corresponds to its format of the chain length code, which is chosen from the
following three formats (a, b, c):

format a:

1c...cnn...n — N1 bits of n chain length (N1 from 0 to 15);

format b:

1c...cOnn...n — N1 bits of n (N1 from 0 to 15),

1c...clnn...n — N2 bits of n (N2 from N1+1 to N1+16);
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format c:

1c...cOnn...n — N1 bits of n (N1 from 0 to 7);

1c...c10nn...n — N2 bits of n (N2 from N1+1 to N1+8);

1c...c11nn...n — N3 bits of n (N3 from N2+1 to N2+8).

The code parameters for method 4 are the values of C1, N1, N2, N3, and the length code format
type.

Theoretically, varieties of code formats in the form of 1c...cy..ynn...n can be developed and
expanded by increasing the number of bits y..y. But in practice, the presence of three formats (a, b,
c) for method 4 may be quite enough to ensure efficient encoding of all possible chains with lengths
of up to tens of thousands of pixels.

For each line (or column) of the raster, the RLE_BP coder finds the optimal values of
parameters C1, and Ni at which the minimum bit of the packed code is reached.

Further development of the RLE_BP method is to provide the ability to encode 4-bit (16 colors),
16-bit (HighColor), and 24-bit (TrueColor) rasters. To provide image compression capabilities in
these formats, it is proposed to add the following packaging methods (5-7) to the set of RLE_BP
methods

Packaging method 5. This packaging method is similar to method 1, but the encoding of single
pixels is slightly different.

Three types of codewords are used:

0 c..c (atotal of 1+B bits) — for single pixels of any color (c..c)

10 n.n c..c (atotal of 2 + N1 + M1 bits) — first the prefix (bits 10), then N1 bits of the chain
length code (bits n). The codeword is completed by M1 bits ¢, which means the index of the main
color. This codeword is used for pixel chains of the most popular colors in a given image.

11 n..n c..c (atotal of 2 + N2 + B bits) — first prefix (11), then N2 bits of chain length, and
then B bits of any color.

Packaging method 6. Two types of codewords are used:

0 c..c (atotal of 1+M1 bits) — for a single pixel of the main color

10 n..n c..c (atotal of 2 + N1 + M1 bits) — first the prefix (bits 10), then N1 bits of the chain
length code (bits n). The codeword is completed by M1 bits ¢, which means the index of the main
color.

11 n..n c..c (atotal of 2 + N2 + B bits) — first prefix (11), then N2 bits of chain length, and
then B bits of any color. For a single pixel N2=0 and the codeword has the form 11 c..c

Packaging method 7. Two types of codewords are used:

0 n..nc..c (atotal of 1+N1+M1) — for a single pixel or chain of pixels of the main color. For a
single pixel, N1=0 and the codeword has the form 0 c..c

1 n..n c..c (atotal of 1+N2+B bits) — for a single pixel or a chain of pixels of any color. For a
single pixel N2=0 and the codeword has the form 1 c..c

For all packaging methods 5-7, the following value ranges are recommended for the code
length parameters B, M1, N1, and N2:

B =4 (16 colors), 16 (HighColor), 24 (TrueColor) — color depth of the raster

M1 = 1...8 — number of bits to represent the main color index

N1 =0...10 —the number of bits to represent the length of the main color chain

N2 = 0...5 — the number of bits to represent the length of a chain of any color

To see further possible areas of improvement, it is necessary to make some generalizations and
create an appropriate model for the analysis of RLE coding.

4.2. The generalized model of the RLE codewords
In general, it seems that for all known varieties of the RLE method, the following coding
structure is used. Suppose that some packed bitstream contains codewords (Fig. 1).
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Single pixel codeword

/ Prefix gingle Code of single pixel or literal

RLE codeword or Pixel chain codeword
\ Prefix cpajn | Pixel chain code

Fig. 1. Simplified traditional RLE codeword structure

The main purpose of the prefixes here is to distinguish between codewords for single pixels and
pixel chain codes. For example, in the RLE PackBits method, both prefixes are single-bit. The first
bit 0 of each codeword is an indication for Prefixsingle and that the code of a single pixel or the codes
of a set of unique pixels (literal) is written next. If the first bit = 1, then it indicates PrefiXchain, and
then there is a chain code of the same pixels.

The RLE PCX method uses two-bit prefixes and their role is a bit more complicated. In some
single pixels, Prefixsingle = 00, 01, 10 simultaneously act as the two uppermost bits of the color code,
and the value of the prefix for the chain codeword Prefixchain = 11.

The RLE_BP method of the current revision uses the one-bit Prefixsingle = 0 for single pixels.
This bit can also identify certain color indices. The value 1 of the first bit of the codeword is a sign
of pixel chain coding. In other words Prefixchain bits = 1p..p. The number of bits ‘p’ can be different
for different codewords of chains. In addition, the lower-order bits of the chain prefix can act as color
index bits.

The code of a single pixel can be a normal binary color code, or it can be in the form of a prefix
code, for example, Huffman. In order not to build a full Huffman tree, the color indices can be divided
into intervals. Accordingly, there can be a combination of prefix and regular codes, for example, this:

0 c...c—ml bits of c (in the 1st interval)

10 c. .. ¢ —m2 bits of ¢ (in the 2nd interval)

110 c...c—m3 bits of ¢ (in the 3rd interval)

1110 c. .. ¢ — m4 bits of c (in the 4th interval)

1111 c. .. c—mb bits of ¢ (in the 5th interval)

where: c. . . ¢ are the bits of the normal binary code of the color indices in the intervals.
It is possible to propose to improve in this way, in particular, the Packaging method 1 considered
above in the part of encoding single pixels — thereby leaving the format of code words for pixel chains.
Let's call it Packaging method 8. Such an improvement of the method allows in certain cases to
slightly improve the RLE compression of images with many single pixels.

Now about the pixel chain codeword formats. Such a codeword must somehow contain bits
identifying the length of the chain (n) and bits of the pixel color (c). For example, for the RLE
PackBits, method the 16-bit pixel string codeword is "Lnnnnnnncccceccc', and for RLE PCX it is
‘11nnnnnncccccccc'. The sequence of elements in the codeword is fixed in the format: (prefix — length
— color). But, as it seems, the sequence of elements can be different, and more flexible. So, for
example, the packaging methods considered above, which are part of RLE_BP, can be described by
at least two types of formats: (prefix — length — color) and also (prefix — color — length). So, for
example, the codeword for packing method 1 has the format 'ppn..nc..c', ‘pc...cnn...n' for method 2,
and ‘1p...pnn...n" for method 3. Moreover, the prefix code bits (p) and the color code bits (c) can be
distributed in the codeword, for example, in the form of ‘pc...cppnn...n" in packing method 4. Also,
the color and/or length codes can, in turn, be represented by prefix codes. This is done, in particular,
in packing method 2 — color indices are represented by prefix codes according to Huffman (Fig. 2).



53 Information, Computing and Intelligent systems N2 4, 2024

RLE codewords

CL format LC format
Single pixel or pixel chain codeword Single pixel or pixel chain codeword
Prefix (p) Color (¢) | Length (n) Prefix (p) Length (n) Color (c)
Color (¢) ——| Simple binary code Length (n) ——| Simple binary code
Huffman code Huffman code
Other Other

Fig. 2. Generalized structure of RLE codewords

Let's make some general estimates about the number of bits needed to encode a particular image.
If each pixel is encoded separately, without taking into account the relationship to some neighboring
pixels, and if all colors are encoded with the same number of bits, then

Bbitmap total =B - Vpixels total, (1)

where B is the number of bits per pixel (color depth), Vpixeis tota 1S the total number of all pixels of the
raster (bitmap). Obviously, Vpixeis total = Width % height of the raster. For example, a 256-color (B = 8)
image with dimensions of 1000x2000 pixels requires 8x1000%x2000 = 16000000 bits.

If pixels of different colors are coded differently, then the total number of bits needed to code
the image (Bcoge) is usually no longer equal to Bpimap in (1)

Beode totat = Z B(c)-V(c), (2)

where B(c) is the number of bits to represent color ¢, V(c) is the number of pixels of this color in a
specific image.

When coding using the RLE method, the total number of code bits in (2) consists of the number
of code bits of all available single pixels (Bsingle tota) and the number of code bits of available chains
(Bchains total) in @ specific image

BRLE total = Bsingle total + Bchains total , (3)

If we clearly distinguish the dependence of the number of bits on colors, then

BRLE total — z Bsingle (C) ) Vsingle (C) + Z Bchain (C) ' Vchain (C); (4)
c c

or, which is identical to the following

BRLE total = z (Bsingle (C) ) Vsingle (C) + Bchain (C) ' Vchain (C))’ (5)

c
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where Bsingle(C) is the number of bits for a single pixel of color ¢, Benain(C) is the number of bits for the
pixel chain code of this color, Vsingle(C) is the number of single pixels, and Vchain(C) is the number of
chains in a particular image.

And now about the sorting of colors (or their indices). If in a certain image, there are more
pixels of some colors than others, then it is advisable to assign values of color indices in the order of
decreasing popularity. For example, assign index O to the most popular color, index 1 to the next less
popular color, and so on — the least popular color in the binary code will receive index cmax. What
does it give? If the color indices are coded with binary codes, in which the number of bits decreases
for indices of more popular colors and (or) increases for indices of less popular ones, the total amount
of the code may decrease if the distribution of pixels by color is significantly uneven. This is the basic
idea of Huffman coding. The RLE PCX method has a somewhat similar approach, which consists in
the fact that single color pixels with indices 00ccccce, Olccecece and 10cceccce are coded with one
byte, and single pixels with color indices 11cccccc are coded with two bytes — as strings of unit length.
In the latter case, color sorting is required to prevent a significant increase (in the worst case by a
factor of two) of the code size when having a two-bit prefix to indicate pixel chain codes. Thus, in
the general case, the functions Bsingle(C) and Behain(C) can vary in a sufficiently wide range depending
on the color index c.

To characterize the methods of encoding single pixels and the presence of such pixels in specific
images, the concept of the average number of bits per single pixel (Bone_single_pixel) Can be introduced

1

Bone single pixel = %
single pixels total

z Bsingle (C) ’ Vsingle (C)’ (6)

where Vsingle pixels total 1S the total number of pixels that are coded exactly as single pixels.
Similarly, the average number of RLE codeword bits per pixel chain can also be considered

1

Bone chain pixel = %
pixels in chains total

Z B hain (c)- Venain (), @)

where Vpixels in chains total 1S the total number of pixels that form chains.
The total number of bits for RLE encoding the entire raster based on such averaging can be
written as follows

BRLE total = Bonesingle pixel 'Vsingle pixels total + Bone chain pixel 'Vpixelsin chains total- (8)
For compression, it is necessary that BriE total<Bbitmap total, 1.€

Bonesingle pixel 'Vsingle pixels total + Bone chain pixel 'Vpixels in chains totaI<B ' Vpixelstotal- (9)

The presence of a prefix in the RLE codeword, which is intended to distinguish single pixel
codes from chain codes, means that the average number of bits per single pixel is usually greater than
the color depth (B).So, for example, when encoding images with 8 bits per pixel using the RLE PCX
Bone single pixel method in the range 8x%(1.2), and for the PackBits method
Bonesingle pixel= 8%(129/128 .. 2). A reduction in the average number of bits per single pixel
Bonesingle pixe!< B may be achieved by Huffman coding, but this can only happen if one color is
significantly more popular than others. But, if the pixels of the most popular colors form chains, then
the main effect of compression is already achieved by methods of encoding the chains themselves.

5. Results of investigations of raster’s packaging
To assess the possible increase in the degree of compression of the proposed methods,
comparative tests were conducted on specific image samples. Both real images and specially
synthesized tests should be used for testing. As the simplest tests for evaluating the capabilities of
different RLE-encoding methods, it is possible to recommend images of chains of pixels of the same
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color compatible with a plurality of single pixels of different colors. Let's consider some of these
tests.

Test 1. A set of pixel chains of the same length for all colors (Fig. 3).

L L L L
A A A A
4 N 7 N I 4 M
\ J \ J \ J \. J
Y Y Y Y
Chain for color 0 Chain for color 1 Chain for color 2 Chain for color 255 (MaxIndex)

Fig. 3. One line raster for Test 1

Next, the software application — the test generator creates sequentially lines of appropriate
length in the range L from 1 to 1000 and encodes these lines by several different methods. The
compression ratio values are shown below in Fig 4.

Compession

116.89
110.00

50.00

40.00

30.00

20.00

10.00

1 64 128 192 256 320 384 448 512 576 640 704 768 832 896 960 1000
L

Fig. 4. Comparison of the degree of compression of known RLE methods (PackBits, PCX) and
the proposed RLE_BP in Test 1

In Test 1, RLE_BP shows higher compression compared to the PackBits method when
processing strings longer than 128 pixels. And compared to PCX, the gains start at chain sizes above
64.

Test 2. Each line contains chains of length from 1 to L. To the left of each chain is a single black
pixel (Fig. 5, 6).

Chain width: 1 2 L 1 2 L 1 2 L
Colorindex: 0 1 0 1 0 1 0 2 0 2 0 2 0 255 0 255 0 255
S I _ N g

~ ~ ~

Chains for color 1 Chains for color 2 Chains for color 255 (MaxIndex)

Fig. 5. One line raster for Test 2.
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Compression

65.10

60.00 RLE-BP
Method 8
50.00
RLE-BP
40.00 Method 1

30.00

20.00

10.00

1 64 128 192 256 320 384 400

Fig. 6. Comparison of the degree of compression of known RLE methods (PackBits, PCX) and
the proposed RLE_BP packaging methods 1 and 8 in Test 2

The execution of Test 2 demonstrates the advantages of RLE_BP packaging methods over
PackBits and PCX in terms of greater perfection in encoding single pixels and chains of different
lengths written together in each line of the raster. So, in particular, the packaging method 8 proposed
in this work demonstrates a further increase in compression not only compared to PackBits and PCX,
but also prevails over the packaging method 1 from the RLE_BP set.

Test 3. This test is similar to test 2, but here single pixels of all colors are present (Fig. 7, 8).

Chain width: 1 2 L 1 2 L 1 2 L
mw ) Wirrrrrrrrye-- Ty - e Ty Tl
Colorindex: 0 1 0 1 0 1 2 2 2 255 255 255

N _/ . _
~ ~ ~

Chains for color 1 Chains for color 2 Chains for color 255 (MaxIndex)

Fig. 7. One line raster for Test 3

Compression

48.52

RLE-BP
Method &

40.00

RLE-BP
Method 1

30.00

20.00

10.00

1 64 128 192 256 320 384 400
L

Fig. 8. Comparison of the degree of compression of known RLE methods (PackBits, PCX) and
the proposed RLE_BP packaging methods 1 and 8 in Test 3
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Test 4. Modeling the uneven distribution of chain lengths for several main colors. In the test,
four chains are formed for each main color: (LW;), (2LWi), (3LWi), (4LW;), where W; is the chain
length coefficient for the i-th main color. Also, in the test, a set of single pixels is added to the chains.
An example of the structure of the test line of the raster for the three main colors (i.e. C1=3) is shown
below in Fig 9.

Chains L Chains 2L Chains 3L Chains 4L
A — —

AL
~ N

LW, LW, LW, 2LW, 2LW, LW, 3LW, LW, 3LW, 4L, 4L, 4LW,

Sigle pixels

Fig. 9. An example of one raster line of the Test 4

When forming such a test, it is possible to take into account to some extent the uneven
distribution of lengths of pixel chains of different colors. So, in particular, the chain of the background
color can have the largest length — then the largest value of the Wicoefficient will be set for this color.
The value of L can mean the overall scale — the resolution of the raster image.

As an example, consider the results of performing such a test for 256 colors of single pixels and
chains for four main colors (C1 = 4) with coefficient parameters Wi = {1, 5, 10, 20} (Fig.10).

Compression

11295

100.00 RLE-BP method 4

90.00
80.00
70.00

RLE-BP method &

60.00

5000 | R[.}-.-H.I‘. method 8
RLE-BP method 4 |

PackBits |

40.00

30.00

20.00

10.00

1 10 20 30 40 50 60 70 80 90 100
L

Fig. 10. Comparison of the degree of compression of known RLE methods (PackBits, PCX) and
the proposed RLE_BP in Test 4. The limits of effective application of packaging methods 4 and 8 in
Test 4 are highlighted

It should be noted that although this test is performed in the L range from 1 to 100, since the
actual length of the chains is multiplied by Wito determine the length, in fact, at L=100, in this test
for the fourth main color with W3z = 20, four chains of lengths are formed (LWi), (2LWi), (3LW)),
(4LW;) that is 2000, 4000, 6000 and 8000 pixels, respectively.

The execution of this test illustrates the feasibility of using both method 4 and method 8 — but
for different resolutions of the raster according to the value (L) of the base width of the chains.

6. Analysis of the obtained results of the raster’s packaging
Even the small number of tests presented here seems to attest to the fact that it is probably
inappropriate to try to use one encoding method for all images.
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The main idea of RLE_BP is that the coder analyzes each specific line of the image and
automatically chooses the coding method among the set of available ones, and moreover, finds such
parameters of the codewords that provide the minimum number of bits of the output stream.

The main field of use of the RLE method is the encoding of raster images such as drawings,
diagrams, and maps. Improving this method by inventing more complex and flexible coding methods,
in particular, RLE_BP in combination with an automatic optimizing encoder allows to somewhat
increase the degree of compression while maintaining the main advantage — high decoding speed and
the convenience of providing direct access to high-resolution rasters.

Further studies may be devoted to the development of RLE_BP regarding the mathematical,
algorithmic and technical aspects of choosing and implementing the optimal organization of saving
raster data in information systems.

7. Conclusion
The problems of improving the method of RLE based on the methods of optimal encoding of
bit sequences of individual fragments of raster images are investigated. The comparative testing of
the realization of the modified method with known versions of RLE implementations is carried out.
As a result of performing several tests, it has been proven that for the proposed RLE_BP coding
methods, an increase in compression is achieved compared to known implementations of the RLE
method.
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JEAKI ACIIEKTH BAOCKOHAJIEHHA METOJA KOAYBAHHA RLE

BikTop Ilopen
HamionanbHuii TeXHIYHUNA YHIBEPCUTET Y KpaiHu
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OO0’ €exTOM JTOCITIPKEHHS, IPEJICTABICHUM Y 111l cTaTi, € MeTol RLE Ta iioro 3acTocyBaHHS IS
KOMIIpECii pacTpOBHX 300paKeHb.

MeTo10 JaHOTO NOCIIPKEHHS € BUHAWIEHHS OUThIN JOCKOHAIUX (POpPMATIB KOJOBHUX CIIIB IS
MaKyBaHHS JIQHIIOXKKIB MOBTOPIOBAHUX IHIKCENIIB CYMICHO 3 KOJYBAHHSIM OJIMHOYHHUX IIKCEJIB
300pakeHHs 33 15 MIBUIICHHS CTyreHs komimpecii metogom RLE.

Jliig Toro, o0 TOCArTH i€l METH, BUKOHAHO y3arajibHEHHsI BIIOMUX (OpMaTIB KOJOBUX CIIIB
y BUTJISIA1 BUIMTOBIHOT CTPYKTYpHOI Moeni. Lle 103Bonio 3HalTH AesIKi HanpsiMKi BJOCKOHAICHHS
RLE xoxyBaHHs. 3anpornoHOBaHO JAEKUIbKAa HOBUX CIIOCOOIB TaKyBaHHS JIAHLIOKKIB ITIKCEIIB pa3oM
3 OJMHOYHUMH IIIKCeIaMHu Ui MiJBUIIEHHS CTyHeHs KoMmIpecii 300pakeHb MOPIBHSHO 3 BXKeE
Bimomumu Bepcisimu RLE. Bkazani HOBITHI ctOcOOM BKITFOUEHO JI0 MHOYKHHH CITOCOOIB YITAKOBKH 3
Ha3Boto RLE BP. Konep RLE BP aBromatnyHoO 1rykae onTUMaibH1 TapaMeTpH KOJOBHX CIIIB 337151
JOCSTHEHHS MIHIMAJIbHO MOXJIMBOTO 00CATY ABIIKOBOTO KOAY JUIsi KOHKPETHOTO 300pakeHHS.

BuxonaHi excriepuMeHTaIbH1 TOCIIPKEHHS KOMITPECii pacTpiB HA OCHOB1 CHHTETHUHHUX TECTIB
JUTsl TIOPIBHSIHHST 3aIPOTIOHOBAHMX CMOCOOIB KOJyBaHHS 3 BLIOMHMH peanizamissmu mMeroga RLE.
3anpornoHoBaHi CocoOu KOTyBaHHS J03BOJISIIOTH JOCITTH OUTBIIOT KOMIIpECii OKpEMUX KaTeropid
pacTpoBuX 300pakeHb BUCOKOT PO3AUILHOT 3/TATHOCTI OPIBHSIHO 3 BITOMUMU.

Pe3ynbrat BUKOHAHOTO JOCTIIKEHHS MOXYTh OyTH BUKOPHUCTaHI I MOOYI0BU HIMPOKOTO
KJIacy MpOorpamMHO-anapaTHUX 3aco0iB.

Knrouoei cnosa: meronu xommpecii, pacTpoBi 300pakeHHs1, KOyBaHHS JOBXKHH IMTOBTOPIB.



