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The article analyzes modifications of the classical method of encoding repeat
lengths for compression of raster data. As a result of the analysis, the usefulness of
constructing optimal code sequences for fragments of raster images is noted. Proposals
for organizing direct access have been made to accelerate the decoding of large-scale
raster data fragments.
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B crarti npoanasizoBani Moaudikarii KITaCHIHOTO METO/Ia KOyBaHHS JTOBXKIH
MOBTOPEHb JJIsI KOMIPECii pacTpoBUX MaHHUX. Y pe3yiabTaTi aHali3y BiJ3HAYA€THCA
KOPHUCHICTh MOOYIyBaHHA ONTHUMAJbHUX KOJOBHX IMOCIIAOBHOCTEH Is (PparMeHTiB
pacTpoBUX 300pa’keHb. 3pOOJICHO MPOMO3MINT MIOJ0 OpTaHi3armii MpPSMOTO IOCTYITY
TS IPUCKOPEHHS JCKOTyBaHHS (DparMeHTIB pacTPOBUX JTaHUX BEITHKUX OOCSATIB.
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Relevance of the research topic. The growth in the amount of information
processed by modern information systems prompts the search for effective forms of
data storage and transmission. The improvement of methods of compression of
information is actual.

Formulation of the problem. For information systems that store large volumes
of information in raster formats, it is necessary to provide both a high degree of
compression and a high decompression rate. To a large extent, these factors are
contradictory.

Actual scientific researches and issues analysis. The method of compressing
information based on encoding repeat lengths (RLE — run length encoding) has been
known for a long time [1]. This is a very simple compression method, according to
which each sequence of identical values is encoded by a pair (number of repetitions,
values). This method has received wide popularity for recording images in a variety of
file formats. The main known implementations of the RLE method are the PackBits
method used in TIFF, TGA and others [2], as well as the version of the RLE method
for the PCX file format [3].
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Advantages of RLE:

- additional memory is not required (for example, for the dictionary)

- simplicity and high speed of unpacking (decoding)

- in simple implementations of the RLE method, the highest packaging speed is
achieved

- the possibility of independent coding of individual lines, or other blocks,
creates prerequisites for:

- possibility of organizing quick direct access to any parts of the image
- parallel (multi-thread) organization of coding-decoding

The disadvantage of known implementations of the RLE method is the small
degree of compression. To increase the compression, some authors, for example [4],
propose to combine the Huffman encoding with RLE [5].

In order to increase the RLE compression, authors [6, 7] proposed special prefix
codes to represent the color values of raster images, as well as independent encoding
of individual raster fragments for the optimal codes for these fragments. Such a
version of the compression method is called RLE-BII. The developed adaptive encoder
RLE-BII made it possible to increase compression by 1.5-2 times compared with the
PackBits, PCX implementations while maintaining high decompression rates. This
allowed it to compete with more powerful vocabulary LZ-like compression methods.

One of the advantages of the RLE method over vocabulary compression
methods is that there is no need to accumulate a predefined decoding (dictionary). This
allows you to encode independent raster fragments without losing compression that
generates the ability to organize fast direct access to the desired parts of the image
without decompressing the previous ones. Such opportunities are useful, in particular,
in geographic information systems [6, 7].

Uninvestigated parts of general matters defining. The aspects of using RLE
method together with methods of efficient bit sequence coding are not investigated.

The research objective. The main tasks are to search for encoding bit
sequences for RLE that can provide both high compression rates and high
decompression speed with minimal memory requirements.

The statement of basic materials. To estimate the number of bits needed to
encode some image, we will write the following formula

Bitsimage = Bitspixel X Npixels ’

where: Bits,ix.1 - number of bits per pixel, Npixls - number of pixels in the image. For
example, for a 256-color image (Bifspixer = 8) of 1000 x 2000 pixels (Npixels =
2000000), you need 8 x 2000000 = 16000000 bits.

You can write such an estimate for RLE encoding

Bits RLE — Mbit single X Nsingle + Mbit chains ><]vchains ’

where: My single - the number of bits needed to represent a single pixel, Ngngi - the
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number of single pixels in the image, My;; chains - the number of bits needed to represent
the pixel chain, Nypains - the number of pixel chains in the image.

For compression it is necessary that Bitspig < BifSimage. The amount of
compression is determined, firstly, by the number of chains of identical pixels in a
particular image, and secondly by the coding of chains and single pixels.

The number of bits per Myi chains = 16 for the PackBits and PCX methods
regardless of the particular image. For the RLE BII method, the value of My chains can
be substantially less than 16 and takes into account the features of a particular image.

The number of bits per single pixel depends on the image. For PCX and
PackBits, the My single Value is in the range of 8 to 16. For the RLE_BII method, the
Myt singie value may be less than 8.

General model structure. In general, it seems that for all known varieties of
the RLE method, the following coding structure is used. Bitstream contains
codewords. The first bit 0 of each codeword of them means that the next is the single
pixel code or the code of the set of unique pixels (literals). If the first bit = 1, then the
code of the chain of the same pixels is contained.

0 | code of single pixel or literal
codeword = {

1 | pixel chain code

Fig. 1. Codeword structure

The single pixel code can be a normal binary code of the color index, or may be
in the form of a prefix code, such as Huffman. There may be a combination of prefix
and common codes used in RLE_BI1, such as:

Oc..c-mObitsc

10c..c-ml bits ¢

110 c...c-m2bits ¢

1110 c...c-m3 bits ¢

1111 c...c-m4bitsc
where: c. . . ¢ is the bits of the usual binary code of color indices. This RLE method
improvement improves the compression of images that have many single pixels.

The pixel chain code must one way or another contain the chain length (n) and
the pixel color index (s). For example, for the PackBits method, the pixel string code
has the form: nnnnnnncccccccce, and for RLE_BII it is usually the color of the bits first
and then the bits of length. One of the moments in improving the code structure in
RLE BII is the different number of bits of the chain code for different lengths of
chains - for short lengths less bits, for longer ones. Some RLE BII submethods use
different versions of prefix codes for different lengths of pixel strings.

Another aspect of improving the RLE method is to control the length of the
codewords using a plurality of encoding parameters. Such parameters can be, for
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example, the number of bits of repeat length, the number of bits of color indices, types
of code formats, etc. This allows each piece of the image to be written down by a code
of minimum length, so that RLE BII provides the highest degree of compression
among known implementations of the RLE method.

Experiments. You can give an example of a specific image of 1125 x 1115, in
which 74% of single pixels, 26% of the pixels in the chains. For him, Bitsimage is
10,003,500. This image is poorly compressed by all known versions of the RLE
method. PCX encoding gives 10,821,000 bits, that is, even more so than Bitsimage.
The value of My singie = 9.43, Myit chains = 16.  Encoding of PackBits gives 9710384 bits
(compression 1S), Myt single = 8.2, My chains = 16. The RLE_BII method gives the
greatest effect: 8590579 bits, Myi single = 7.69, Myit chains = 9.93.

In the following example, the image is better compressed, because the single
pixels have only 8.4% of it, and the rest in the chains. The dimensions are 11680 X
10,000, which means Bitsimage = 934.4 million bits. Encoding PCX gives 192.0
million bits, My singte = 10.32, Myt chains = 16. PackBits encoding gives 188.4 million
bits, Myt single = 9.66, Mt chains = 16. The RLE_BIT method here gives the biggest effect:
151.1 million bits, My singie = 8.37, Mit chains = 12.96.

With regard to tests. For testing, you should use both real images and specially
synthesized tests. As the simplest tests to assess the capabilities of RLE can
recommend the image of vertical bands of different thicknesses of different colors. For
example, the following tests:
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Fig. 2. A set of tests of vertical stripes of different widths

Fig. 2 shows 20 test variants for different maximum bandwidths (L). In each
test, the set of stripes of all 256 colors, each color strip is separated by a black vertical
line. On these tests, different versions of RLE show a significantly different degree of
compression (Fig. 3).

Conclusions. 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 realization of the modified method with
known versions of RLE implementations is carried out.
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Fig. 3. The degree of compression in the tests for the width of the bands L =1. .. 150
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POSIHIUMPEHA AHOTANLISA

B. M. Ilopes

BJAOCKOHAJIEHHA METOJA KOAYBAHHSA JOBKUH ITIOBTOPEHDb

AKTyaJbHICTh TEeMH [I0CHiIKeHHA. 3pocTaHHS o00csriB iHopmarii, sKy
00pobmst0Th cydacHi iH(OpMaIiiiHI CHCTEMH CIIOHYKAa€ IIyKaTH eQeKTHBHI (hopmu
30epiraHHs Ta mepefadi JaHuX. AKTyalbHUM € BIOCKOHAJICHHS METOJIB KOMITpecii
iHpopMmarii.

IMocTanoBka npodaemu. /s inhopManitHUX cUCTEM, sIKi 30€piratoTh BEIHKi
oOcsrn iH(opMarii y pactpoBux (Gopmarax, HEOOXiqHO 3a0e3reuyBaTH SIK BUCOKY
CTYIIHb KOMIpeEcii, Tak 1 BHCOKY IIBHJAKICTh JEKOMIpecii. 3HaYyHOIO Mipoio IIi
(bakTopu Cynepeunnsi.

AHaJi3 ocTaHHIX AocaiaxeHb i mybaikanin. Meton kommpecii iHpopmarii Ha
ocHOBI KomyBaHHs naoBxuH noBTOpeHb (RLE) Bimomuii Bxke npaBno. IHupoky
MOMYJIAPHICTh LEH METOX OTpPUMaB Ui 3alucy 300pakeHb Yy PI3HOMaHITHUX
daiinoBux ¢Gopmarax. Hemomixkom Bimomux peamizamiii meroga RLE e neBemuka
KOMIIpECisi, MPOTe iHTepeC J0 IIbOr0 METOAA HE 3MEHIIY€eThCs. JlOCTHITHNKN IIyKaloTh
MOJKJITUBOCTI MOTO BIOCKOHATUTH, MO0 MiABUIIMTH KOMIIPECit0 1 30€pertu BHCOKY
MIBUIKOIIIO.

BuaijieHHs HeZOCiAKeHHX YACTHH 3arajbHoi mpodJjemu. HemocmimxkeHnMu
€ acmektu BukopucrtanHs wmeroga RLE cminpHO 31 cmocobamu  e(dheKTHBHOTO
KOyBaHHsI OITOBUX TOCIIJOBHOCTEH.

IMocranoBka 3aBaaHHss. OCHOBHMMH 3aBIAHHSMH € TIOUIYK MPOLEAYP
KoayBaHHs OiToBHX mociigoBHocted st RLE, siki 3gaTHi 3a0e3ne4nTl OJJHOYACHO 1
BHUCOKY CTEIiHb KOMMpecii i BHCOKY IIBHIKICTh IEKOMIIPECii MpW MiHIMaJIbHHX
BHUMOrax JI0 Ham'saTi.

Buk/ageHHsI 0OCHOBHOrO MaTepiajy. 3anponoHoBaHoi (GOpMyIy Ul OLIHKH
OCHOBHUX BiacTuBocTe meroga RLE, sky BUKOpHCTaHO AJisi MOPIBHSAHHS PI3HUX
Bepciil pearizaiii boro MeToja. BusHaueHo 3aralibHy MOJIENh, sSIKa OXOIUTIOE BiToMi
pizHOBUIM pearnizarii meroga RLE i qo3Bosisie mpoanaiizyBaTu MOKIMBI MOTu(iKarii
MeTo/a. 3amporoHOBaHI crocobu Moaudikamii MeToga Ha OCHOBI ONTHMAILHOTO
KoayBaHHS OiToBHX mociigoBHOcTe RLE 3 BukoOpucTaHHSAM mnpedikCHUX KOMIB..
Bukonane mopiBHSUIbBHE TECTyBaHHS BiZOMuX Bepciii peamizamiii RLE Ta
3aIpOIIOHOBAHOIO aBTOPOM, sika orpuMaina Ha3By RLE BIIL.

BucHoBku. JlocnimkeHi muTaHHS BIOCKoHajeHHS Merojga RLE Ha ocHOBIi
croco0iB ONTHMAIBHOTO KOJIYBaHHSA OITOBUX IOCIIJOBHOCTEH OKpeMHuX (hparMeHTiB
pacTpoBux  300pakeHb.  BuKOHaHe  TOpIBHAJIBHE  TECTyBaHHA  peasizamii
Mo I(iKOBAaHOTO METO/Ia 3 BITOMUMHU Bepcismu peamizamiii RLE.
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