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CORDINATES

Leonid O. Uryvsky, Anton M. Pieshkin

National technical university of Ukraine “KPI”, Kyiv, Ukraine

Background. Noise immunity codes are widely used in the modern telecommunication systems. The methodology of
properties count of convolutional codes, offered by authors before, to the equivalent parameters of block codes gave the
opportunity to use the known and new methodologies of estimation of noise immunity block codes for the corresponding

estimations of convolutional codes.

Objective. The purpose of this paper is the estimation of maximum possibilities of block and convolutional noise immunity
codes in the reliability co-ordinates on the basis of accordance of their equivalent parameters.

Methods. Based on Plotkin’s and Varshamov-Gilbert’s boundaries usage the lines of theoretic error-correcting boundary of
block and convolutional codes are built in reliability coordinates. The lines allow finding maximum channel probability of
error for which error-correcting code exists that can ensure necessary reliability.

Results. Due to search methodic of convolutional code parameters that are equivalent by correcting abilities to block code
parameters, complex assessment of error-correcting, informational and forming complexity properties is made on different

kinds of error-correcting codes.

Conclusions. For each probability of symbol errors in a communication channel it is possible to estimate the expedience of
the use of block and convolutional codes from the standpoint of the necessary reliability provision, informative efficiency and
complication of encoding. Investigational limits allow defining maximally possible probability of error, at which there is a
code, able to provide necessary authenticity on the output of decoder.

Key words: noise immunity codes; block and convolutional codes; maximum possibilities of error-correcting; Plotkin’s and

Varshamov-Gilbert’s boundaries; error of symbols; necessary reliability.

Introduction

Error-correcting codes that allow information
transfer through the channel with certain reliability are
widely used in modern telecommunication systems.

All plenty of error-correcting code subsets of block
and convolutional codes may be distinguished. The
most widespread convolutional codes are the codes
where Viterbi decoding algorithm is utilized. They are
used in such wireless technologies as IEEE 802.11,
IEEE 802.16, far Space Communications CCSDS,
satellite communications TIA-1008 and others.

Among block codes the most widely spread are
Reed—Solomon and LDPC codes, which are used in
such technologies as DVB-H/T/S, DVB-S2, 802.11n,
802.16e.

According to Shannon’s theorem, if source
productivity is less then channel throughput, there is a
code that can ensure necessary reliability. The theorem
certainly holds for n — co. For finite n there is a
question relating to limits: which input probability of
error p;, of discrete sequence can be transformed to
necessary reliability p, (bit-error) at the decoder output?
It is naturally to assume that limited block length
imposes restrictions on the difference p;, and p, < py,.
Therefore error-correcting capabilities of block codes
are limited.

Until today potential capabilities of block codes
were measured by known Plotkin boundary and

additional to it Varshamov-Gilbert boundary in the
Hemming distance coordinates, but not in reliability
coordinates of discrete sequence at the decoder output
[1-3].

There is no methodic to measure bounds of
convolutional codes.

At [4,5] methodic of convolutional code parameters
recalculation to equivalent block code parameters is
proposed. It allows us to use already known as well as
new techniques of block codes assessment for
corresponding assessments of convolutional codes.

The purpose of this research is the assessment of
boundary capabilities of block and convolutional error-
correcting codes in reliability coordinates based on
corresponding parameters of equivalency.

To achieve the goal the problem of convolutional
and block code parameters comparison is solved. As the
next step the methodic of immunity codes display in
reliability coordinates is designed.

Problem statement

Let’s define main parameters of convolutional and
block codes

Main parameters of block codes are:

- n — block length;

- k — the number of informational bits;

- r = n — k — the number of redundant bits;

-t (n) — correcting ability of the code — the
number of bits, that may be corrected from code block n;
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-d = 2t + 1 — code distance;
-R = S— code rate.

Main parameters of convolutional codes are:

- D — the code length restriction, which
corresponds to the number of bits in the
shift register encoder and describes the
complexity of coding;

- R — code rate.

From the parameters below it is obviously that the
only common parameter of convolutional and block
codes is the coding rate R, which characterizes the
informational effectiveness.

Thus, the intermediate task will be display of
convolutional and block codes in common coordinates.

Suppose that discrete communication channel is given,
which is determined by the probability of error p;,. There
is also a requirement to necessary reliability, which is
characterized by probability of error at the decoder output.
In case considered as an example, p;, <10°.

Using known methodic of synthesis of error-
correcting codes [4,5] equivalent parameters of
convolutional codes in the space of block codes should
be determined.

Based on the technique of block codes display in
reliability coordinates the results are applied to the case
of convolutional codes. The problem of particular
interest is search of probability of error boundary.
According to the Plotkin boundary there is an area
where no codes exist which are able to satisfy necessary
reliability.

Definition of equivalent parameters
of convolutional codes displayed in the space
of block codes

To solve the stated problem error-correcting lines of
convolutional codes should be constructed as the first step.

By using hard bit decision Viterbi algorithm the
lines are upper boundaries which are found based on
weight comparison of transmitted sequence and
possible sequences at the decoder input in case of error
in the communication channel.

Upper probability boundary at the decoder output
is defined from considerations that occurrence
probability of one, two or more errors in the channel is
less than sum of probabilities of events of occurrence
one, tWo or more errors:

Py < Z;?:df Wy - Py, (1

where W, — coefficients of code spectrum, that are
equal to number of errors at the decoder output which
occur when received code sequence differ from
transmitted sequence by distance k = d;

Py, — choice probability of wrong path of k weight,
is defined by the formula:
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where p = p;, — channel probability of error;
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Let’s plot error-correcting lines of convolutional
code — function of probability of error at the decoder

output from channel (input) probability of error
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Fig.1. Error-correcting lines for convolutional codes as
dependency of probability of error p, at the decoder output
from channel (input) probability of error p;, for code rate

R = %, and code length limit D € [2, 3 ... 8] right to left

The second step is to define the channel
probabilities of error for given requirements to

reliability for each convolutional code rate R €
{é ; % ; g; %} An example of channel
definition is shown on the Fig. 2

Thus, the second step result is the sets of code rate,

channel probability and code length restriction [R; pi,; D].

L\
10° I\
-

probabilities

h 4

10
-9 \
10 4 w A

100 10 P, 10 10

Fig.2. Display of search technique of channel (input)
probabilities of error p;, of convolutional codes for given
input reliability p,= 107
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The third step is the construction of found
parameters of convolutional codes in the coordinates
(Pin» R). The coordinates are common for convolutional
and block codes thus block code and Shannon
boundaries can be plotted in the same coordinates for
specified n.

The fourth step is the construction of
convolutional code projection in the area of error-
correcting line of block codes.

The last step sets the parameters compliance
between each convolutional code [R; D] and block code

[n; k; d].

Block codes display in reliability coordinates

Let’s plot dependency of channel probability of
error from block length for given requirements to
reliability (fixed probability of error at the decoder
output P =107%) to estimate boundary corrective
abilities of block codes.

R=1/3
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Fig.3. Display of block codes parameters in reliability
coordinates p(n)|R € {%;%;g;%}

It is proposed to use code length n as the key
parameter of error-correcting codes. For example, to
achieve reliability p,=107® in the channel with
probability of error p;;, = 1073 block code can be used

with rate R = %and length n =15,0rR = %and length
n =60, or R =§ and length n = 115, or R =% and
length n = 210, or the convolutional code can be used
with rate R = % and code length restriction D = 8.

Examples of different error-correcting codes
utilization in the channel with common probability of
error and requirements to reliability are shown in the
table 1.

Table 1. Lengths of codes with different rates that are able to
satisfy common probability of error p;, (p, = 107°)

Pin 1/3 12 2/3 3/4
0,001 15 60 115 210
0,005 50 120 370 800

0,02 120 460 X X
0.05 1000 X X X

According to table 1, the same probability of
error may be fixed by the codes of different rates to
satisfy necessary reliability. The price for better rate
(that is informational effectiveness) is higher
complexity (that is coding speed).

Also it should be mentioned that there are
boundary probabilities of error, when it is impossible to

use codes of high rates (for example R = %) and satisfy
necessary reliability at the same time. In this case code
of lower rate have to be chosen (for example R = %).

This statement illustrated in Table 1. The cases where
no error-correcting code exists are marked by ‘x’. Then
code length restriction #=1000 can be used.

Exceptional interest is the task to search the
boundary of the decoder output error probability, for
that no error-correcting code exists, which can satisfy
given reliability.

The lowest code length restriction » may be
obtained by search of the noise immune code which has
lowest code rate R = 0. This case is depicted on the
Fig.4.
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Fig.4. Theoretical existence boundary of error-correcting
codes

Dependency on the FigFig.4 corresponds with the
intersection point of Plotkin and Varshamov-Gilbert
boundaries
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Error-correcting codes that belong to the depicted
line have the highest error immunity but the code rate
R = 0. Using the dependency it can be stated that there
are no convolutional codes or block codes with block
length 7 < 1000 which can ensure probability of error at
the level of p, = 107° if channel probability of error p;,
> 0,18.

For any code length restriction n, using the
technique below and depicted line Fig.4 it is possible to
find boundary of achievable reliability p, for the worst
channel probability of error p;, when existence of error-
correcting code is guaranteed. There are no error-
correcting codes outside the boundaries.

In the reliability coordinates the boundary
capabilities of error-correcting codes are obtained for
the first time.

Convolutional codes display in reliability
coordinates

Using block codes display technique in reliability
coordinates it is possible to obtain the same result for
the case of convolutional codes. In this case equivalent
parameters of convolutional codes obtained by
Varshamov-Gilbert boundary were used.

ot
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Fig.5. Display of convolutional code parameters in reliability
. 1123
coordinates p(n)lRE{E;E;E;Z}

Fig.5 shows probability boundary for convolutional
codes within which (left) it is possible to improve given
channel probability of error to the level of p, = 107° at

the decoder output. This boundary is plotted through
convolutional codes with the highest D, which have the
greatest noise immunity. To fix errors with higher
probability block codes should be used only, which
have higher block length.

Conclusions

In the research based on known Plotkin and
Varshamov-Gilbert boundaries lines of theoretical
boundary of error-correcting codes are displayed in
reliability coordinates.

Using obtained result for each channel probability of
error it is possible to assess appropriateness of block or
convolutional code usage to achieve given reliability,
informational effectiveness and coding complexity.
Also it is possible to choose alternative error-correcting
code using specified criteria and restrictions [4,6].

Boundaries allow wus to find the maximum
probability of error p;, under which there is still code,
able to satisfy necessary reliability py,.

References

1. Basics of telecommunication theory: Handbook/
Korneyko OV, OV Kuvshinovo etc .. / Ed. M.Y.Ilchenko. -
2010. - ISSZINTU "KPI" - 786 p.

2. Clark and Cain, "Error Correction Coding for Digital
Communications", Plenum 1988

3. Robert H Morelos-Zaragoza. The art of error correcting
coding / R. Morelos-Zaragoza — by Jon Wiley&Sons, 200

4. Uryvsky L. Prokopenko E. Error-correcting block code
choose conditions in the channel with given reliability //
Journal of Engineering Academy of Ukraine.— 2011. — Ne 1. -
p.p- 151-154.

5. Uryvsky L. Pieshkin A. Assessment of boundary
correcting abilities of convolutional codes through equivalent
parameters of block codes. — K.: ITS NTUU “KPI”, VII
International STC «Problems in telecommunicationy,
Sourcebook. — 2013, p.p. 350...353.

6. Uryvsky L. Prokopenko E. Pieshkin A. The
Convolutional Codes Analysis Technique on the Optimum
Block Codes Grounds. — Journal of Information &
Telecommunication Sciences. — Ne 2, 2014. — p.p. 8-13.

Received in final form on November 17, 2015



17 INFORMATION AND TELECOMMUNICATION SCIENCES VOLUME 6 NUMBER 2 JULY — DECEMBER 2015

Ypuecokuii J1. O., Ilewikin A.M.

BinoGpaxenHss napameTpiB 3aBaioCTiliKNX KOAIB B KOOPAUHATAX JOCTOBipHOCTI

Ipo6aemaTnka.B cydacHNX TeleKOMYHIKaLilfHUX CHCTeMax IIMPOKO BHKOPHCTOBYIOTHCS 3aBadOCTilKi kKoau. Panirre
3aMporIOHOBaHa AaBTOPaMHM METOIWKa TepepaxyHKy BIIACTMBOCTEH HeMepepBHUX KOIIB 10 EKBIBAICHTHHX IapameTpiB
OJIOKOBHMX KOIIB Jajia 3MOTY BHUKOPHCTOBYBAaTH BiJIOMi Ta HOBI METOAMKH OILIHKM 3aBaJOCTiHKOCTi OJOKOBHMX KOMIB IJIst
BiZIMOBIAHUX OLIHOK HEMEpepBHUX KOiB.

Merta pocaigxeHb. MeToro 1aHOi poOOTH € OLliHKA TPaHMYHUX MOXJIMBOCTEN 3aBafoCTIMKOCTI OJIOKOBHX Ta HEMEepepBHUX
KOJIiB Y KOOp/AMHATAaX TOCTOBIPHOCTI Ha MiACTaBi BiJMOBIIHOCTI X €KBiBaJIECHTHUX MapaMeTpiB.

Metonuka peanusauii. Ha miactaBi BukopucTaHHA Bimomux rpanuub [lnotkiHa Ta Bapmamosa-I'inbOepra mis
KOPErylouux MOXKJIMBOCTEH OJIOKOBHMX KOJiB B KOOpAMHATaX «BiAcTaHb [ mibbepTa —MIBUIKICTH KOAYBaHHA» 3HiHCHEHO
MoOyIOBY JTiHIM TEOPETHYHOI TPAHWI KOPETYIOUMX MOXJIMBOCTEH OJIOKOBMX Ta HETMEPEepBHUX KOIIB B KOOPAHMHATAX
nocToBipHOCTI. JlocmimKeHi rpaHuLi JO3BOJISIOTh BM3HAYUTH TY MaKCHMaJIbHO MOJKIJIMBY KaHAJIbHY MMOBIPHICTb TMOMWJIKH,
TpY AKiM 1e iCHye Ko, 31aTHNI 3a0e31MeuYnTH HEOOXiTHY TOCTOBIPHICTb.

PesyabTaTi gocaimkeHn. 3aBIsiKkd METOAMKH TOIIYKY MapaMeTpiB HETEpepBHUX KOJiB, €KBIBAJEHTHNX 32 KOPHUTYIOUOIO
3IATHICTIO BiAMOBIZHNM OJIOKOBMM KOJaM, BUKOHYETHCSI KOMIUIEKCHA OL[iHKAa KOPEryIOuMX BJIACTUBOCTEH KOIIB Pi3HUX BHUIIB
pa3oM i3 OIiHKOK iH(pOpMaIiitHOT e)eKTHBHOCTI Ta CKIIAHOCTI KOTyBaHHS.

BucHoBk#. [1714 K0XHOT HMOBIPHOCTI MOMMJIOK CUMBOJIIB Y KaHaJli 3B’A3Ky MOXJIMBO OLIHUTH AOLINBHICT BUKOPUCTAHHA
0JI0KOBOTO 4YM HEMepepBHOr0 KOLYy 3 TOUKM 30py 3abe3neuyeHHs 3ajaHoi JOCTOBIpHOCTI, iH(popMaLiiiHOi e(eKTUBHOCTI Ta
CKJagHocTi KonyBaHHA. JlociiIKeHi IpaHuLli JO3BOJIAIOTH BU3HAYMTH Ty MAKCHMAaJbHO MOXJIMBY HMMOBIpHICTH TOMMIIKH
CUMBOJIIB y KaHaJi 3B’A3Ky, NIPM sKiii 1Ie iCHy€ KoJl, 34aTHU 3a0e31e4YnTH HeoOXiAHy HOCTOBIpHICTh Ha BUXO/I eKojepa.

KunroudoBi cioBa: 3aBamocTiiiki koau; ONOKOBI Ta HemepepBHI KOAW; TPAaHMYHI MOXKIJIMBOCTI KOpEryBaHHS; TIpaHUL
[TnoTkina Ta BapmamoBa—I ins0epTa; MOMWIKY CUMBOJIIB; HEOOXiTHA TOCTOBIPHICTB.

Ypoieckuii JI. A., llewikun A. M.

OTo0paskeHHe NapaMeTPOB MOMEX0YCTOHYHBBIX KOJOB B KOOPAHHATAX J0CTOBEPHOCTH

IIpodaemaTnka. B COBpEMEHHBIX TEIEKOMMYHHKALMOHHBIX CHCTEMAaX MIMPOKO HUCTIOJB3YIOTCS IOMEX0YCTONYMBBIE KOMBI.
PaHnee npennoxxeHHas aBTOpaMy METOJIMKa MepectyeTa CBOMCTB HEMPEPBIBHBIX KOJOB K 9KBUBAJICHTHBIM NMapamMeTpaM OJOYHBIX
KOJIOB Jajia BO3MOKHOCTb HMCITIOJIb30BaTh U3BECTHBIE W HOBbIE METOIMKHM OLIEHKH MOMEXOYCTOWYMBOCTH OJOYHBIX KOMOB IS
COOTBETCTBYIOIINX OLIEHOK HEMPEPBIBHBIX KOJIOB.

Heab uccnenoBanmii. Llenbio manHOi paboTHI SBISIETCS OLEHKA MPENENIbHBIX BO3MOXKHOCTEH MOMEXOYCTOHUYMBOCTH
ONOYHBIX W HENPepBIBHBIX KOJOB B KOOPAMHATAaX MOCTOBEPHOCTH Ha OCHOBAHMM COOTBETCTBHMS WX JKBUBAJIEHTHBIX
napamMeTpoB.

Metoanka peanuszanuu. Ha ocHOBaHMM MCTIONB30BaHWS M3BECTHBIX rpaHul [InoTknHa n Bapmamos-I'mnbbepra mns
KOPPEKTHPYIOMNX BO3MOXKHOCTEW OJIOYHBIX KOJOB B KOOpIMHATAaX «paccrosHue [miabpbepTa - CKOPOCTb KOAMPOBAHUS»
OCYIIECTBJICHO TOCTPOEHWE JIMHUI TEOPEeTHMYECKON I'paHWIBl KOPPEKTUPYIOIIMX BO3MOXHOCTEH OJIOYHBIX M HETPEPBIBHBIX
KOJIOB B KOOpAMHATax IOCTOBEpHOCTH. MccienoBaHHbIE T'PaHULBI MO3BOJSAIOT OMPENENNTh Ty MAaKCUMAJIbHO BO3MOXKHYO
BEPOSITHOCTH OIINOKH CUMBOJIOB B KaHasle CBS3H, MPU KOTOPOIi elle CyHIeCTBYET KO, COCOOHBIN 00eCNeYNTh HEOOXOAUMYIO
JOCTOBEPHOCTb.

PesyabTathl ucciaenoBanuil. brarogaps MeToAWKM TMOWCKa MapaMeTpPOB HENPEPBIBHBIX KOJOB, 3KBHBAJIEHTHBIX 32
KOPPEKTHPYIOIEeil CTOCOOHOCTBIO COOTBETCTBYIOIINX OJIOYHBIX KOJOB, BBITMOIHSIETCS KOMIJIEKCHAs OLIEHKA KOPPEKTUPYIOIINX
CBOIICTB KOJJOB Pa3HbIX BUJOB BMECTE C OLEHKON MH(POPMALMOHHOH 3(h(HPEeKTUBHOCTH U CII0)KHOCTH KOJUPOBAHUS.

BeiBoabl. [ Kaxmol BEpOSTHOCTH OIIMOOK CHMBOJIOB B KaHAlle CBS3M BO3MOXKHO OIIEHUTH LEJIeCO00pa3HOCTh
WCTIONIb30BaHMSA OJIOYHOTO WM HEMpPEphIBHOTO KOAAa C TOYKM 3peHHs oOecrevyeHus 3aJaHHOW IOCTOBEPHOCTH,
nHpopMaunoHHO! >PPEKTUBHOCTH W CIOKHOCTH KOAWpoBaHMA. lccienoBaHHbIE TpaHWIBI TO3BOJSIIOT OMNPENENUTH TY
MaKCHMaJIbHO BO3MOKHYIO BEPOSTHOCTh OLIMOKKM CUMBOJIOB B KaHaJle CBA3KY, ITPH KOTOPO¥i elle CYIIECTBYET KO, CTIOCOOHBIH
obecreuynTbh HEOOXOIMMYIO TOCTOBEPHOCTD Ha BBIXO/IE IeKOaepa.

KiroueBble cj10Ba: TOMEXOYCTONUMBBIE KOABI; OJIOYHbIE ¥ HEMPEPBIBHbIE KOIBI; MpENENIbHbIE BO3MOKHOCTH
KOPPEKTHpOBaHHUs OINMOOK; rpaHuubl [InoTkmHa wn Bapmamosa—Iunbbepra; oOMWMOKM CHUMBOJIOB; HeoOXoauMas
JOCTOBEPHOCTb.



