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Summary - the techniques used to compress data allow a bigger
transfer of information due to the processing that is performed, by
means of numerical and statistical transformations, it is possible to
represent the same information in a smaller space. One of the main
problems that exist in communications systems lies in the use of the
channel. The current studies focus on the study of the characteristics
and effects of the noise present in the channel and the disturbances
generated in the transmitted information. This paper studies the
efficiency of the Run Length Encoding (RLE) compression algorithm
in a wired communication channel, by measuring some parameters it is
possible to determine the efficiency of the use of the channel, using the
RLE algorithm, a methodology is used for the study, which allows
determining the efficiency of the use of the channel, prior to the use of
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the compression algorithm and afterwards, in this way it is possible to
determine the efficiency of the use of the channel, in this work, there is
an increase in the use of the channel due to the RLE compression
algorithm.

Keywords — RLE algorithm, data compression, entropy, BER.

I. INTRODUCTION

In communication systems, the amount of data that is transmitted is
a critical aspect to consider because as more data is sent in the shortest
possible time, the communication channel is used more efficiently.

There are two ways to increase the amount of data sent in a
communications system, the first one is to increase the speed of
transmission and the second one is the coding of the information sent [1].

The speeds used for data transfer are limited by communication
standards, which requires the use of several coding techniques that allow an
increase in the rate of sending information.

Encoding is classified into two types: encryption and compression,
the first 1s intended to provide protection to the information, however, the
encryption process generates longer data frames.

The purpose of compression is to reduce the number of symbols
used in the representation of information, this is done through the
development of statistical processes and mathematical models applied to
the information being compressed [1] [2].

There are two types of compression algorithms, lossless
compression algorithms and lossy compression algorithms, the difference
between these two types of compression lies in the type of processing given
to the information [3] [4].

One of the main advantages of lossless compression algorithms is
the integrity of the information during the coding process that does not
present implementation complexity since their architectures are based on
mathematical models previously demonstrated [5] [6] [7].

Lossless compression methods are classified into two types:
substitutional (or dictionary-based) and methods based on mathematical
transformations. In statistical methods, the coding of a symbol is based on
the context in which it occurs, while substitutional methods group symbols
to create an implicit type of context [8]. A compression system based on a
statistical algorithm achieves better compression ratios than a substitutional
compressor but the computational complexity and memory requirements
for statistical algorithms are much greater than for substitutional
compressors [4] [9] [10] [11].

Currently, the studies that focus on compression algorithms
consider diverse applications of knowledge: medical sciences,
communications systems, image processing, among others [12] [13] [14]
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[15].

The present article describes the study of the efficiency of the RLE
compression algorithm, through the application of a methodology will be
determined the efficiency of the algorithm used in a three-dimensional
scanning system of high precision.

Section II describes the RLE compression algorithm, its
characteristics, advantages and limitations of wuse. In addition, the
programming model that defines the algorithm is studied. Section III
describes the methodology used in the development of the work, defining
the parameters used in the methodology.

Section IV presents the development of the methodology applied to
the RLE compression algorithm, describing the simulations and
experiments performed. In section V the results obtained are discussed and
the conclusions are established in section VI.

II. RLE COMPRESSION ALGORITHM

RLE is an algorithm that bases its operation on the search for
consecutive redundant sequences of characters. When this sequence
appears, it is replaced by a special character, which indicates the
compression and is stored in a byte, then there is the number of characters
that are compressed and stored in another byte [16].

When the dataset arrives at the receiver, it identifies the special
character, which indicates that the compression has been carried out, then it
receives the symbol that indicates how many characters have been
compressed, allowing in this way to reconstruct the original sequence.

The data compression algorithm physically reduces any type of
repeated character sequence once the characters reach a predetermined
level of occurrence.

In the special case where the repeated character is null, the
algorithm works in the same way as the algorithm known as Null
Suppression [5].

Compression is made by scanning the source file for repeated
characters, and usually requires the use of a special character to indicate
that compression is in progress.

When a compression indicator character (SC) is used, it is
accompanied by one of the repetitive characters on which the compression
will be carried out (x) and finally, a numeric type character is added, which
will indicate the frequency of appearance of such character within a string
(CC) [4]1 [17].

The flowchart describing the behaviour of the algorithm (Fig. 1)
describes the behaviour of the algorithm and is characterised by the use of
dynamic memory arrangements to improve data transmission. The principle
of operation lies in the study of the redundancy of the information that
allows a compressed frame to be generated.
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Fig. 1. Compression algorithm RLE
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Because of the architecture of the algorithm, it is possible to
implement it in programmable logic devices because it has iterative control
structures. One of the advantages is that it does not require a previous
analysis of the information because it performs processing in the data while
generating the compression.

The Compression Rate (CR) is defined as:

NCod
NOTi

CR =

x100% (D

In the equation, NCod is the total number of bits in the coded word,
while NOri is the total number of bits in the original word. To get an idea
of the compression ratios produced by RLE, we consider a string of N
characters, which needs to be compressed. It is assumed that the string
contains M repetitions, with an average length of L elements each. Each of
the M repeats, is replaced by 3 characters (code change, counter and data),
so the size of the compressed string (N — M) (L + M)3 = N —

M) (L — 3), and the compression factor is:
N
(N-M)(L-3)

2)

The implementation of the algorithm presents limitations for its
implementation in digital systems with low memory resources, because of
the need to use dynamic memory for the development of the compressed
frame.

III. METHODOLOGY FOR THE STUDY OF EFFICIENCY

The efficiency of a compression algorithm allows obtaining
information regarding the quality after the transmission process of the
compressed information, in this way it is possible to quantitatively
determine the advantages and disadvantages of using the compression
algorithm for a certain application.

The methodology proposed for the study of the efficiency of the
algorithm is divided into five parts:

¢ Development of simulations based on the data to be compressed.

® Measurement of the evaluation criteria of the results obtained in
the simulations.

e Elaboration of hardware experiments.

® Measurement of the evaluation criteria of the results obtained in
the experiments performed.

e Analysis of the results obtained for the formulation of
optimization proposals.

a. COMPRESSION RATIO

The compression algorithms allow reducing the number of symbols
in an information chain, such reduction is measured by mathematical
relations that determine the percentage of reduction obtained by
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compression, this relation is called compression relation or compression
ratio, which is fundamental to quantify the percentage of reduction of
information reached by the compression algorithm RLE, if this is greater
than 1 it is called expansion and is produced for two reasons: the first one is
explained by the fact that the algorithm was not implemented correctly, and
the second one is because the type of information is not adequate for the
implementation carried out. Since the data do not have the same
characteristics in images, text or audio [18] [12].

The compression ratio is defined by the mathematical expression
(3), which is expressed as a function of its specific scalar information [19].

3)

The compression ratio can also be called bit per bit (bpb) since it is
equal to the number of bits needed to represent a symbol in a compressed
string.

In image compression, the term bpp means bits per pixel.
Consequently, the main purpose of data compression is to represent any
data at low bit rates. The term cost per bit refers to the role played by
individual bits in the compressed chain.

b. BIT ERROR RATE

Another parameter that identifies the efficiency of a compression
algorithm is the Bit-Error-Rate (BER), which measures the number of bits
lost in the transmission of a digital system as a result of the noise of the
channel used to transmit the information. [16]

Digital transmission systems have advantages over analogue
systems in terms of the ability to combine and transport data from different
applications, processing power to compress information, and reduction in
channel bandwidth.

One of the disadvantages is the abrupt degradation of the recovered
digital information in front of the reduction of the signal power or increase
of the noise and/or interference, when the received signal is contaminated
with Gaussian noise, the binary error rate can be determined analytically
for systems without coding, when additionally there are interferences
and/or coding for the correction of errors, the process of analytical
determination of the error rate is a complex problem, for this reason it is
usual to resort to computational simulations for the evaluation of the
performance of the transmission systems. [17]

The transmission channel is used as the means by which electrical
signals are transmitted, the relationship between the use of the transmission
channel and a compression algorithm is measured by entropy, and
determines how effective is the channel used by an algorithm is.

¢. ENTROPY

Entropy is a concept that represents the limits of coding, where data

number of data compressed

Ratio =
number uncompressed data
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i1s processed without the need to know the nature of the data. Entropy
denotes the minimum number of bits per symbol needed to represent a
string. It is an index that indicates the amount of information that exists in a
data source. Although the calculation of general entropy cannot be
analysed, in a practical way first-order entropy is usually used as an
approximation. If you have a set of possible events whose probability of
occurrence 1S pq, Py, D3, ---, Pn, these probabilities are known, but that is all
you know about when the event occurs.

If a measure of the quantity of choice is found, for example, H
(p1, P2, -, Pn»), you get the following properties:

1. H must be continuous in p;.

1
2. If all p; are the same, p; = ~ then H must be a monotonous

increasing function of n. With equally probable events there is more
possibility of choice, or uncertainty, when there are more possible events.

3. If the option is split into two successive choices, the original H
must be the weighted sum of the individual values of H. (Fig. 2).
1/2 1/2

1/6

Fig. 2. Decomposition of the possibility of choosing between three
options

DEVELOPMENT

The development of the methodology for the study of the efficiency
of the algorithm contemplates the accomplishment of simulations and
practical experiments that will provide the necessary information to
determine in a quantitative way its efficiency.

In the simulations that were conducted, a numerical and statistical
analysis platform was used, which integrates the tools for the development
of the study considering previous data obtained from the three-dimensional
reconstruction system.

The data used both for the performance of these simulations and for
the practical tests was made on the basis of a sample file, the selection of
the file was made by means of a statistical study that better represents the
entire mean of study whose data represent the samples in a format of
integers without signs with a length of 10 bits.

The arithmetic means of the files and the general average were
compared, and the file was selected whose arithmetic mean approached the
value of the general average, thus ensuring that the results obtained will be
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valid for the whole set of samples.

Chart 1 — Numerical results obtained from the statistical analyses to

the files of the scanned samples

General mean of the samples 394.6791
Size of file 4 394.3826

The simulation of the RLE compression algorithm consisted in the
coding of the flow chart, see Fig.1, the tests applied to the algorithm were
based on the determination of parameters such as uncompressed number of
symbols, compressed number of symbols, data compression ratio, and data
compression percentage, where the following results were obtained:

The compression ratio obtained for the algorithm is presented in, in
order to compare the number of symbols without compression with the
number of symbols after compression, it is observed that the total number
of symbols after compression is less than the total number of symbols to
transmit without compression by a factor of 25.8 %.

The numerical results obtained are shown in and are used in the
study of the efficiency of the algorithm.

Chart 2 — Results obtained from the simulation of the RLE
compression algorithm

Number of uncompressed symbols 3000 symbols
Number of compressed symbols 2226 symbols
Data compression ratio 0.7420
Data compression percentage 25.8000%
BER 0 bits

Total number of symbok

Fig. 1. Results obtained from data compression using the RLE
algorithm

A.EXPERIMENTAL VALIDATION
Practical tests were performed on the algorithm using as input data
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the first 1000 data from file 4.

The tests conducted on the algorithm consisted of the transmission
of previously compressed data over a wire channel, the data were stored in
a plain text file, and subsequent calculations were made on the information
collected.

The calculations performed are the number of uncompressed
symbols, the number of compressed symbols, the data compression ratio,
the BER, and finally the data compression percentage, resulting in the
following results:

The compression ratio obtained for the algorithm is presented in, in
order to compare the number of symbols without compression with the
number of symbols after compression.

1500

1000

500}

Fig. 2. Results obtained from experiments performed using the RLE
algorith

The values obtained to determine the most efficient algorithm are
shown in chart 3.

Chart 3 — Numerical results obtained from the simulation of the
RLE compression algorithm

Number of uncompressed symbols 3000 symbols

Number of compressed symbols 2226 symbols

Data compression ratio 0.7420

Data compression percentage 25.8000%

BER 0 bits
IV.RESULTS

In order to determine the efficiency of the algorithm, a quantitative
evaluation of the results obtained in the simulations as well as in the
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experiments performed was conducted.

Chart 4 — Practical results obtained

Information Results
Criteria Uncompressed | Simulation | Practical
Compression Ratio 0 0.7420 0.7410
Compression Time 15 min 30 sec 30 sec
Entropy 4.2146 4 4
BER 0 bits 0 bits 0 bits

It is observed that the compression achieved is 26%, the
compression time is reduced significantly in consideration of the time
needed for the transmission of uncompressed data, it is observed that the
values of uncompressed entropy and post-compression entropy is reduced
by 25% which translates into increased use of the channel.

Finally, in the Bit Error Rate (BER) criteria, it is observed that no
error was found in the experiments performed because a speed of 9600
bits/second and using a twisted pair cable is obtained robustness in terms of
Gaussian noise and 1/f noise.

According to these results, it can be concluded that the
implementation of the RLE compression algorithm favours the
transmission of information coming from the three-dimensional scanning
system, because it reduces the transmission time of the information, the
transmission channel is used efficiently and there is no loss of information
due to the compression effect or the transmission channel effect.

V. CONCLUSIONS

During the development of this work, a methodology was
implemented to evaluate the performance of the RLE compression
algorithm, which is characterised by belonging to the lossless compression
algorithms. The parameters that were considered for this purpose make it
possible to determine efficiency in a quantifiable manner since the results
can be measured and verified through experimentation.

The information that was considered for the development of the
work comes from a mechatronic scanning system whose purpose is a three-
dimensional reconstruction of solid elements, with a precision of the
mechanical type, the system delivers digital samples of 10 bits, where each
sample represents a pixel of an image of dimensions of 10000 pixels per
side, because of this it was required the design of a specialized dictionary
for the type of information.

The importance of the work lies in the proposal of a methodology
that allows the study of compression algorithms at a deeper level due to the
fact that not only is its design and implementation studied, but the
efficiency is determined from criteria that allow evaluating its performance
in more complex communications system, allowing to obtain specific
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information of the use of the channel, the number of bits lost during the
transmission of the information and the time required for the compression
of the information.

This information can be used to improve future design techniques in
digital communications systems, starting from an approach not only
functional but considering aspects of resource optimization.
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AHAJIN3 DOPEKTUBHOCTHU CXKATUSA JAHHBIX
B TPEXMEPHOI CUCTEME CKAHUPOBAHMUS
C UCITIOJIB3OBAHUEM RLE-AJI'OPUTMA

Murens Xyprtano Manpun, I'peropuo Tpuaunan I'apcus,
Xoce Urano Kopres, Xoce Jlyuc Ameka, @epranga Mepino Cumony,
Ceszap Auronuo Arunap Ponpurec, Auna AnekceeBa, Hatanbs CocHunikas

Annomayusa — MeTOAbI, HCHOJb3yeMble NJIsl CKATHS JTAHHBIX,
o0ecmeyuBalOT OoabIIYI0 mepenadyy HHpopmanum  Ougarogaps
BbINOJIHEHHOW 00padoTke. C MOMONIBIO YHUCJIOBBIX M CTATHCTHYECKHUX
npeo0pa3oBaHMii  BO3MOKHO NPEICTABUTH Ty ke HHPOpMAIUIO B
MeHbIIEM MpocTpaHcTBe. OQHA W3 OCHOBHBIX MNPO0JEM, KOTOpPbIE
CYLIECTBYKOT B CHCTEMax CBfI3H, 3aKJIKYAaeTCd B HCHOJb30BAHHMU
kaHana. Tekymue HMCCIeI0BAHUS COCPEIOTOYEHbI Ha HW3YYeHHUH
XapakTepuCTUK U 3PPeKTOB IymMa, NPUCYTCTBYKIIEro B KaHaje, u
nomMex, co3JaBaeMbIX B nepeaaBaeMoil mHpopmanuu. B 310l crarbe
usyuaercs 3ppexrtuBHocts aaropurma c:xkatus Run Length Encoding
(RLE) B npoBoanom kanaJje cBsi3u. 3mepsii HEeKOTOpbIe NapaMeTphbl,
MOKHO omnpenejuTrb 3(PPEeKTUBHOCTH HCHOJb30BAHUS KaHAJA,
ucnoab3dyss ajaroputm  RLE. Meronosoruss mucnoJb3yercsi A
HCCJICIOBAHNS, KOTOpOe I03BOJIsIeT omnpeneJurb 3¢(PeKTHBHOCTH
HCNOJb30BAHUS KAaHAJIA, [0 HCIOJb30BAHHMS AJTOPUTMA CKATHHA U
nociae. Takum oOpa3oMm MOKHO omnpenegutrb 3PPeKTUBHOCTH
HCI0JIb30BaHMs KaHada. B 3Toil pabdore Hal/01aeTCsl yBeJIMYEeHUE B
HCI0JIb30BAHMH KAHAJIA ¢ TOMOIIbIO ajgroputMma cxatus RLE.
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AHAJII3 EOEKTUBHOCTI CTUCHEHHSA JAHUX

Y TPUBUMIPHIN CUCTEMI CKAHYBAHHSI
3 BUKOPUCTAHHSAM RLE-AJIT'OPUTMY

Mirens Xyptago Maapun, ['peropio Tpuninazg I"apcist, Xoce Itano Kopres,
Xoce Jlyic Ameka, @epuanga Mepio Cimoni, Cezap AHTOHIO Arinap,
['anna AnexkceeBa, Haramist CocHHIIBKA,

AHnomauyisa — MeTOAU, 110 BUKOPUCTOBYIOTHCS JJIsl CTUCHEHHS
JAHUX, JT03BOJISIIOTH 3AIIICHIOBATH OlIblny mnepenady iHdgopmamii 3a
PAXyHOK OOpOOKH, II0 3iiICHIOETHCS 3a JAOMOMOIOK YHCJIOBHX |
CTATUCTUYHUX INepeTBOPeHb. MoXHa NpeacTaBUTH OAHY 1 Ty K
iHpopmaniro B MeHmomy npocropi. OaHa 3 0OCHOBHHMX Hpo0dJeM, 110
icHyIOTh y cucTeMax 3B'SI3Ky, NOJISITA€ Y BHKOPUCTAHHI KaHAJY.
IToTo4Hi MOCHIIKEHHSI CNPAMOBAHI HA BMBYEHHS XaPAKTEPUCTHK i
e(eKTiB HIyMy, NIPUCYTHHOI0 B KAHAJI, | IOPYILIeHb, 10 T€HEPYIOTHCH
B nepenanHiii ingopmanii. B naniii po6oTi gociinkeHo eeKTUBHICTH
aaroputmy ctucHeHHss Run Length Encoding (RLE) y npoBoaHomy
kanaji 3B's3ky. llasixoMm BUMIpIOBaHHS JesIKUX NMapaMeTpiB MOKHA
BU3HAYNTH e(QeKTHBHICTb BUKOPHCTAHHS KaHAJIy, BUKOPHUCTOBYIOUYH
aqroputm  RLE. [ocaigkeHHsi, sike [103BOJII€ BHU3HAYHUTH
e(PeKTUBHICTh BUKOPUCTAHHA KAHAJIY a€ BUKOPHCTAHHS AJTOPUTMY
cTucHeHHs. TakuM 4YHHOM, MOXHA BH3HAYHUTH e(eKTUBHICTH
BHKOPHCTAHHSA KaHAJY 3aBAAKH aJropurmy crucHeHHsi RLE.

Ha mincraBi npoBeaeHnx A0cCiaia:KeHb 0yJjun 3po0JieHI HACTYNHI
BHCHOBKH:

Ilix yac po3po0ku naHoi podoTH 0y/1a BIPOBAIKEeHA METOAUKA
IJIA  OWIHKH mpaune3gatHocti aaroputmy crucHeHHs RLE, saka
XapaKTePU3y€EThCH HAJEKHICTIO 10 AITOPUTMIB CTHCHEHHs 0e3 BTparT.

Indopmania, sxa BpaxoByBajach npuH Ppo3podui podorw,
HAIXOAUTH i3 CHCTEMH MEXaTPOHHOI'0 CKAHYBAHHSI, METOK $IKOI €
TPUBUMIPHA PEKOHCTPYKIisi TBEPAMX e€JEMEHTIB, 3 TOYHICTIO
MEXaHIYHOr0 THUINY cucTeMa aocTaBisie nudponi 3pasku 10 6it, e
KOKeH 3pa30K NpeacTaB/si€e Mmikceasa 300paxenHss posmipamu 10000
mikceJiB  Ha CTOPOHY, 4epe3 me O0yJo NOTPIOHO Ppo3podKka
CreniajgizoBaHOro CJIOBHMKA Jisl TUILY iHGopmairii.

BaxauBicTb po0oTH moJsisira€e B MNPOMO3MIII METOAMKH, KA
A03BOJISIE BUBYATH AJTOPUTMHU CTHCHEHHS Ha OibII rJIMOOKOMY piBHI
yepes Te, 110 He TUILKH BUBYA€THCSA HOro po3poldka Ta peasizauis, ajie
e(peKTHBHICTh BU3HAYAETHCS 32 KPUTEPisIMHU, 110 J03BOJISIIOTh OLIHUTH
Il eekTHBHICTH y OiNbII CKJIAAHY CHCTeMY 3B'SI3KYy, IO A03BOJISIE
OTPUMATH KOHKpeTHY iHGopMalil0 Npo BHKOPHCTAHHSA KaHAJIY,
KUIbKiCTh 0iT, BTpadYeHux mig 4ac mnepegadi indgopmanii, i 4ac,
HeOOXITHUMH )il CTUCHEHHS iH(opManii.



