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AHoOTauUiA

Y crtartTi npeacTasneHi NeBHi CninbHi pesynbTatn poboTn BMKnagadis
ABTOHOMHOro YHisepcutety [Nyebna (Mekcuka) Ta BepasHCLKOro AepKaBHOro
negaroriyHoro yHisepcutety (YkpaiHa) CTOCOBHO HOBOrO anroputMy CTUCHEHHS
JaHnX Ana CUCTEMWU TPUBUMIPHOI PEKOHCTPYKUii. BanusicTb anroputmis
CTUCHEHHS B cucTemMax nepegadi iHdopmadii nos'ssaHa 3 HeobXigHICTIO GinbLu
BUCOKOI LWBWAKOCTI nepegadi iHopmauii 3a AONOMOrol HEBENUKOT KiNbKOCTI
cumBonis abo 6iTie. Y Ui poboTi NpeacTaBneHnn HOBUN anropuTM CTUCHEHHS
JaHnx Ana nepejadi AaHWX B CUCTEMI TPUBUMIPHOI PEKOHCTPYKUIT. Anroputm
XappmaHa BUKOHYETBCS 3 METOI 40CATHEHHS HANKPALLOro CTYMEHIO CTUCHEHHS
Ta MiHIManeHOI KiNbKOCTI  BTpavyeHux OIT Ana  CUCTEMM  TPUBUMIPHOI
pekoHCTpykUil. Lli napameTpn [03BONAKTL BUMIpHOBATM  eeKTUBHICTb
anroputMmy, 4epes Wo HeobxigHO NPOBOAMTM CUMYMSILii, €KCnepUMeEHTanbHi
BunpobyBaHHA Ta BMBYATW pe3ynbTaTu, BM3HaYatu eeKTUMBHICTb. bepyun ao
yBarn U0 iHdopmauio, pesynbrtath uiei poboTM A03BONATH 3anponoHyBaTh
anropuTMn Ta ONTUMAarbHI apXITEKTYPHI pilWeHHA Ana Tuny iHdopmadii, wo
BUKOPUCTOBYETLCS B LA Mporpami.

Knoyoei cnoea: Buwa ocBiTa, 3acobuM KOMM'IOTEPHOI  TEXHIKM,
iHGopMaUiHi TEXHONOTII.

Summary
The importance of compression algorithms in data transfer systems is due
to the need for a higher rate of information transfer using a small number of
symbols or bits. In this work, a new data compression algorithm is presented, in
order to transfer data with a three-dimensional reconstruction system. A Huffman
algorithm is performed, with the purpose of achieving the best compression ratio
and the minimum number of lost bits for a three-dimensional reconstruction
system. These parameters allow to measure the efficiency of the algorithm,
because of this it is necessary to perform simulations, experimental tests and by
studying the results is determined the efficiency considering this information, the
results of this work will allow proposing algorithms and optimal architectures for
the type of information used in this application.
Key words: higher education, computer engineering means, information
technologies.

Introduction. The basic principle of compression algorithms is to encode
data in a communication system for the transmission in a communication
system, this encoding is done by developing mathematical models and
statistical processes applied to the data to be compressed [1] [2].
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There are two types of compression algorithms, algorithms for lossless
compression and lossy compression algorithms, the difference between these
two types of compression lies in the type of processing that is given to the
information.

The lossless compression algorithm is one of the most widely used
because of the advantages presented in contrast to lossy compression
algorithms. One of the main advantages is the integrity of the information
during the coding process and also no present implementation complexity, this
is due to their architectures being based on mathematical models previously
demonstrated.

Currently the study that is performed on compression algorithms provides
applications in various areas of knowledge: medical sciences, communications
systems, image processing and others.

In the area of communications systems a work was performed [3] where
the comparison of different techniques is proposed to store code prefixes
Huffman algorithm, where the problem of space required memory for storing
codes arises prefixes for this algorithm, the proposal raised in this paper are
various techniques for optimizing prefix codes that reduce the memory space
required for storage.

The importance of this work lies in the analysis of compression
algorithms, specifically the Huffman algorithm. The results of this study show
an optimization of space required for storing prefix codes, however, this
reduction leads to an increase in the length of code required to implement
compression, which directly influences the compression factor reducing its
efficiency, this article highlights the importance of design in the dictionary as
this directly influences the compression ratio of the algorithm, this paper
presents a study focusing on the efficiency of the algorithm where a canonical
architecture is contemplated with the design of a dictionary because the data
required to compress have certain statistical characteristics.

In the area of medical sciences a study was done [4] where a
compression technique proposed in real time based on the coupling of a delta
algorithm second order and the compression algorithm Huffman, this
technique will be applied in the plethysmographs, with the purpose of making
medical diagnoses concerning the circulatory system, cardia functions based
on the study of change in blood volume.

Contributions concerning this work are observed in the implementation
of new compression techniques using coupling various techniques for
improving the transmission rate information.

This paper reports a low rate of compression and justified mainly due to
the presence of motion artifacts and non-uniformity of data. This work resumes
the need for a study.

This article describes and characterizes a Huffman algorithm, which is
the development of a methodology proposed for the study of the efficiency. To
validate this methodology, the algorithm is applied in the three-dimensional
reconstruction since it is an application where a transfer of information is
required and necessary compression for performance improvement in data
transmission in a wired channel, also due the type of data calculating required
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arithmetic mean, variance, plus the probability of each element, for the design
and construction of a dictionary for this information.

In section Il of this article describes the main characteristics of a
compression algorithm and presented a Huffman compression algorithm
model. In section Ill the behavior of the transfer of information of a three-
dimensional system is studied and the importance of a Huffman compression
algorithm is shown, also the main parameters of an algorithm for this
application are defined, moreover, it defined a methodology for determining
the efficiency of a Huffman compression algorithm. In section IV a dictionary
for Huffman compression algorithm is developed. Subsequently, a study of the
efficiency of a compression algorithm through simulation and experimental part
is done, in section V a discussion of the results is made and the conclusions of
the study are set out in Section VI.

Il. Huffman compression algorithm

Compression algorithm

Data compression is to process a frame of symbols and by
transformations represent the same message using different codes, in order to
store the signal in a smaller space, some of the applications are in digital
communications, in computer systems is used to reduce data volume [1] [3].

The resolution is imposed by the digital system with which it works and
cannot alter the number of bits arbitrarily; therefore, compression is used to
transmit the same amount of information that would occupy a large resolution
on a lower number of bits, compression is a particular case of coding [2] [5].

The probability of transmission error is reduced, increasing system
benefits, in addition to the ability to recover the original signal based on the
processed signal without loss of information.

A. Huffman algorithm and its importance

The compression algorithm Huffman proposes a method of encoding a
set of messages consisting of a finite number of symbols, in order to obtain a
code of minimum redundancy which is constructed such that the average
number of digits coding message is minimized [1] [6].

The importance of Huffman compression algorithm is observed in various
applications like intercom information systems, medical diagnosis, and
characterization of sensors, among others. In these applications, the
compression of information is of great importance since it allows the transfer of
information in real time [7] [9].

Huffman compression algorithm is defined as a lossless compression
without loss of the statistical type, that is, performs data compression by using
a dictionary replaces redundant information coded by variable-length binary
codes. This dictionary is developed through a preliminary statistical analysis
that identifies redundancy, entropy and probabilities of symbols in the
information, further definitions and statistics restrictions are contemplated,
which must ensure the validity of the analysis and therefore the dictionary. In
Theorem 1, the statistical properties of the information to develop the
dictionary [7] [8] [11].
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Another parameter that identifies the efficiency of a compression
algorithm is the Bit-Error-Rate (BER) relation, which measures the number of
bits that are lost in transmission of a digital system as a result of channel noise
that is used for transmission of information [11].

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

One disadvantage is the abrupt degradation of the digital information
recovered from the decline of the signal strength or increase in noise or
interference, when the received signal is contaminated with Gaussian noise,
the rate of binary error can be determined analytically without coding systems,
when there are further interference or encoding for error correction, the
process of analytical determination of the error rate is a complex problem, for
this reason, is often used computer simulations to evaluate the performance of
systems transmission.

The transmission channel is used as the means by which signals are
transmitted power, the relationship between the use of the transmission
channel and a compression algorithm is measured by entropy. This parameter
determines how effective is the use of the channel used by an algorithm [11].

C. METHODOLOGY FOR EFFICIENT HUFFMAN ALGORITHM

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

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

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

» Development of experiments by developing a system firmware level.

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

IV Development of methodology and experimental validation

The methodology development is performed using a dictionary that is a
database in which each possible value of information is stored, the relative
probability and a unique binary code substitution for each value [2].

The code is obtained by drawing a binary tree, then a grouping of the two
least likely probabilities, assigning the code 1 to the highest probability and O
the lowest, and both values are summed. This process is repeated with all
possible information values, the resulting binary codes are of variable length
for each value of information.

After obtaining binary codes, the implementation of the algorithm is
performed using the canonical architecture [1], which contemplates the use of
the dictionary for processing the data to be compressed.

The development of the methodology for the study of the efficiency of the
algorithm aims to develop practical simulations and experiments that will
provide the necessary information to determine quantitatively efficiency.
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Compression

Entropy 4.2146 5.6 5.6

BER 0O Bits O Bits 0O Bits

It is noted that the compression achieved is 30%, the compression time is
reduced in a significant way in consideration of the time required for
transmission of uncompressed data, also shows that the values of subsequent
entropy uncompressed and after the compression increased by 25% which
results in improved channel use.

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

According to these results it can be concluded that the implementation of
the compression algorithm Huffman favors the transmission of information
from the three-dimensional scanning, because it reduces the transmission time
of the information, the transmission channel is used in an efficient manner and
there is no loss of information due to the compression or effect of the
transmission channel.

Conclusions. This paper proposes a methodology for evaluating the
performance of a compression algorithm, it is characterized by belonging to
the algorithms of lossless compression, the parameters that were considered
for this purpose, allow to determine the efficiency of a quantifiable way,
because the results can be measured and verified by experiment.

The information considered for the development of this work comes from
a system of mechatronic scanning whose purpose is the three-dimensional
reconstruction of solid elements with a mechanical type precision, this system
delivers digital samples of 10 bits, where each sample represents a pixel an
image size of 10,000 pixels per side, for this reason that the design required a
specialized dictionary such information.

According to the results, the methodology can be implemented in other
demanding applications because it has been shown that it can be obtained
compression algorithms more efficient, besides the information presented in
this work, can be used as a tool to obtain better designs in the transfer and
processing of data. Finally, future work can be recommended as resource
optimization methodology.

The importance of this work is the proposal of a methodology for the
study of compression algorithms to a deeper level because not only is studied
the design and implementation, but the efficiency is determined from criteria
for evaluating its performance in a complex communications system, allowing
specific information on the use of compression algorithms. This information
can be used to improve future design techniques in different applications,
based on an approach not only functional but considering aspects of resource
optimization.
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