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Abstract — General methodical approach to a choice of the best
variant of radio-frequency identification (RFID) systems on quality
parameters set is considered.

I. INTRODUCTION

Modern RFID systems constantly become complicated,
to them make inconsistent technical and economic

demands which are characterized by set of indicators
of quality. Now there is final and rather small set of RFID
technologies [1], the final set of components of various
firms for construction of RFID systems is considerable
more, but besides (readers, antennas of readers, radio-
frequency tags (RFT), RFT antennas, the software).
However ready variants of RFID systems for variety of
cases initially do not exist. It is connected by that there is a
set of RFID systems of different function, for example, for
monitoring systems and management of personnel access,
for the safety control on highways, on the railway and many
other things. Thus each RFID system has the specific lines
and features and consequently is in own way unique.

At the big variety of components (hardware-software
means), capable to provide performance of set of the
technical and economic requirements shown to RFID
systems, there is a problem of their rational choice. All
available components are characterized by variety of the
various indicators inherent in each of them which can
influence in the various image system effectiveness RFID
as a whole. Degree of influence of these indicators also is
various. Thereupon there is a problem of a choice of the
most rational variants for construction of RFID systems of
different function. For the decision of this problem
development of the general methodical approach to a choice
of the best variant of RFID system from set of admissible
variants is required.
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II. STATEMENT OF PROBLEM

As starting positions for development of the methodical
approach all set of factors of is standard-legal, technical and
economic character, including documents of federal and
departmental levels should be considered. To their number
the governmental order of the Russian Federation from
28.11.2011 Ne977 «About federal state information systenv»
Uniform system of identification and authentification in an
infrastructure providing information-technological
interaction of information systems, state for granting state
and municipal services in the electronic form belongs, for
example, etc.

The methodical approach includes: a substantiation of

the list of requirements T — {t.}, shown to RFID system
from its customers; definition of set of initial conditions
U={u,} for designing, including possibilities and
tendencies of development of RFID systems; working out
of the general variants of construction and RFID system
functioning, including its formalized representation as the
difficult multicomponent system, allowing to describe its
set of parameters X = {xi}; a choice of set of indicators of

efficiency Q =1(q,,q,,...,q,,) most influencing a

choice of the best variant of RFID system from set of
admissible variants.

RFID system choice represents a multicriterion choice
problem of alternative from some set of admissible
alternatives on the basis of estimations criteria conformity
of the given alternatives of the set of technical and
economic requirements. Thus the main initial stage of a
choice of a variant of RFID system is the proved formation
of set of technical and economic requirements to chosen
system. Then in a general view statement of a problem of a
choice of a variant of RFID system on set of indicators of
quality can be formulated as follows.

Let the choice of a variant of RFID system is made from

set of alternatives A = {A,,1=12,...,n} on the set of
technical
Q=1{q;,j=12,...,m}. It is necessary to choose such

and economic requirements or criteria

alternative which in the best way corresponds to set of
technical and economic requirements (J from admissible
set of RFID systems.



It is necessary to notice, that modern RFID systems are
characterized by set of indicators of technical and economic
character [2]. Thus for various types of systems of degree of
importance of these indicators are various. It is necessary to
note also, what not all indicators can be estimated
quantitatively. The decision of the formulated problem
includes two basic stages: formation of set of admissible
alternative variants of systems; an estimation of alternative
variants and a choice of the best variant.

In practice to find the strict decision of a task in view as
optimizing in a general view it appears the extremely
inconvenient. Therefore at a choice of the best variant of
RFID system it is expedient to use the known hierarchical
approach [2] consisting, first, in decomposition of the
general problem on a number private, secondly, in proved
application of various indicators of efficiency with the
account of features of solved private problems. RFID
system model in this case is represented in the form of
hierarchy of models a component (systems, subsystems,
elements) and models of relations a component. The choice
of an optimum variant of system on model is carried out by
means of consecutive search of optimum variants separate a
component at different levels of hierarchy of system and
their coordination for a finding optimum, from the point of
view of the global purpose of system, combinations of
variants a component. The hierarchy allows describing
RFID system at various levels of abstraction, which is detail
of reflexion of elements, properties and characteristics.
Higher level differs more aggregation of system
descriptions, and more bottom - more detailed elements of
the description

At the description of a tree of subsystems most often use
the functional approach: the general function of system is
divided into the separate minorant functions solving private
problems. Allocation of subsystems, thus, is carried out
according to they should carry out what function. In other
words, what way the subsystem carries out the given
function the description of properties, characteristics of
these elements and the description of signs and properties of
all process is defined by model of a subsystem which
includes the separate elements participating in process.

As root of a tree of subsystems the system of higher
order, than the considered subsystem including also systems
of environment, relevant in relation to chosen system can
act. The tree is formed at the expense of consecutive
decomposition of subsystems on more and more small
subsystems. At decomposition each subsystem generates the
subtotal. The generating subsystem is as though "parent",
and the subsystems making a subtotal, - "affiliated".

Thus, it is possible to present hierarchical model of
RFID system, as set of models of the subtotals connected by
the treelike relation. Formation of any subtotal can be
carried out by means of decomposition operation. The
example of decomposition for RFID system is resulted on
Fig. 1.
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Fig. 1. Hierarchical representation of RFID system

It is obvious, that 1 basic components of RFID system
presented on fig., in turn, by decomposition are represented
by elements of hierarchy of lower level. For example, the
transceiver divides on the receiver and the transmitter, etc.

RFID system consideration on any of hierarchy levels
assumes not only allocation of subsystems, but also
interrelations between them. For example, subsystems can
be compatible among themselves or incompatible.
Therefore besides models of subsystems in hierarchical
model it is necessary to include model of interrelations, for
example, in the form of compatibility model. As at
transition from top levels to bottom the quantity of
subsystems grows, so, the number of interrelations between
subsystems grows also, consideration of all communications
between all subsystems strongly complicates model. To
avoid excessive complexity it is often expedient to consider
only interrelations of subsystems of one subtotal. To each
subtotal we will compare one or several models of relations
of affiliated subsystems. Thus, the subtotal model includes
set of models of affiliated subsystems and model of
relations of subsystems.

III. FORMATION AND CHOICE OF THE BEST VARIANTS OF
RFID SYSTEMS

Formation of alternative variants of RFID systems when
their decomposition on components is set, in a considered
case is carried out by a method of the morphological
analysis [2]. The method of the morphological analysis is
characterized by following features: the strict formulation of
a problem; revealing of as much as possible full list of the
basic functions of system and decomposition on
components to a functional sign; definition of various
alternative ways of realization of each of a component and
all morphological variants of considered system. Each of
system variants as a whole consists of a chain containing on
one way of realization of each subsystem (components).

Let functional decomposition of RFID system on some
final set of subsystems (components) is executed
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In the assumption that there is some set of alternative

ways  of  realization of each  subsystemA,

k=12,...,K, 1=12,...,L, some morphological table
(tab. 1 see) can be set.

TABLE I. THE MORPHOLOGICAL TABLE

Possible methods of
realizations of components
of system

Number of

System components
Y P methods

1. Reader [A”],Alz,...,AlKI Kl
2. RFID tag ALyL[A L Ay 5
3. Antenna reader A31 ,A32 yeon ,[A3K; ] 3

4. Antenna tag

N

K
K
[AulAgn..wAy, K
[AglAg,...Ay, K

5. The software 5

In turn it is possible to present each subsystem of
considered system in the form of the morphological table.
Morphological tables are an effective remedy of
representation of knowledge of RFID system. They allow
systematizing enough great volume of knowledge of
morphology of RFID systems in a compact kind. Working
out of the morphological table gives the chance to formalize
process of ordering of set of prisoners in it of alternative
variants of systems.

The purposes of the morphological approach at the
decision of problems of formation and a choice of a variant
of RFID system are:

1) System research of all possible variants of the
decision of the problem, following from laws of a structure
(morphology) of improved RFID system that allows
considering, except known, unusual variants which at
simple search could be lost sight the designer.

2) Realization of set of operations of search on
morphological set of variants of the description of the
functional systems corresponding to initial requirements,
i.e. problem conditions.

In morphological tab. 1 by a chain of the connected
alternatives in square brackets one of variants of considered
system is shown. The general number of the every possible
variants N forming morphological set, is defined as the
Cartesian product of sets of the alternatives formed in each
line of the morphological table:

L
N=[]K,. 3)
=1

In the resulted expression (3) following designations are
accepted: K - number of ways (alternatives) of realization /-
th functions (components) or the generalized subsystem; L -
number of all functions. The generated variant of system
(subsystem) represents sample of alternatives on one of
every line morphological table and in a general view
registers as follows:

A ={AL AL LAY 4)

where i=12,..
n=12,.. K.

Rules of generation of variants of investigated systems it
is that, that each complete variant differs from any other
variant of considered morphological set at least one
alternative A,. For example, for typical RFID system with
RFT on surface acoustic waves (SAW) known ways of
realization  of  components of system  define
5%3%5%4x3 =900 various variants of construction of
system, i.e. alternatives.

Now in the foreign and domestic markets there is a
considerable quantity of various components for
construction of RFID systems. Saturation of the market by
foreign and domestic element base, the big variety of
conditions in which work RFID systems, specificity of the
requirements, shown to them, reliability and durability
questions, presence of the big number of constructive types
complicate a choice of the best variant of these systems for
concrete conditions of operation. Besides, in practice such
choice very often becomes complicated also because of
impossibility to receive trustworthy information about
indicators of quality of components, for example, or
because of unwillingness of manufacturers to estimate
production on offered indicators of quality, or because of
concealment or deliberate distortion of real indicators for
the purpose of deception of competitors. Therefore in a
considered case a multicriterion choice problem (MC) RFID
system variant to have to solve in the conditions of
uncertainty.

LK

IV. CHOICE OF RFID SYSTEM VARIANTS

For the decision of MC problem of variants of RFID
systems in [2] the complex of the algorithms constructed on
a basis is offered: the modified method of the analysis of
hierarchies (MMAH); theories of indistinct sets (IS); the
modified method of streamlining of preferences through
similarity to the ideal decision (MMSID); estimations of
necessary and possible levels of conformity (MENPLS)
variants to the set requirements.

The basic features of the specified algorithms are
following possibilities: for MMAH algorithm -
simultaneously to work with quantitative, qualitative and
interval criteria; for algorithm on the basis of the IS theory -
use of the accessible expert information on quality of
variants in the form of pair comparisons on Saati scale; for
algorithm on the basis of MMSID - a choice of the
alternative having the shortest distance to the positive ideal
decision (the leader of the market) and the greatest distance
to the negative ideal decision (the outsider of the market);
for algorithm on the basis of MENPLS - an alternative
choice in which decrease in superfluous requirements
occurs at the expense of increase of the requirements
realized not enough.

The  technique of a choice of variants
cucremorexHmdeckux decisions of construction of RFID
systems consists of following basic steps.



Step 1. A substantiation of the list of technical and
economic requirements shown to RFID system by the
customer.

Step 2. Allocation of some typical alternative RFID
technologies V ={V.}, 1=1,2,---,r which are applied
to construction of modern RFID systems.

Step 3. A choice of possible indicators for comparison
purposes technologies.

Step 4. Carrying out of a comparative estimation of
RFID technologies and a choice of the best variant MMAH
[31.

Step 5. For chosen the best for the given concrete case of
a variant of RFID technology sets of alternative components
of various firms - manufacturers are defined.

Step 6. We range components of each class in decreasing
order of preference on set of their indicators of quality, and
then it is deleted the components worst and-or not meeting
set requirements in each class of components.

Step 7. We form the morphological table from remained
alternative a component.

Step 8. We delete from the morphological table
incompatible variants of RFID systems.

Step 9. From all turned out set of variants of RFID

systems set G ={G,}, 1=1,2,...,n such variants
which are capable to provide performance of shown
technical and economic requirements is defined.

Step 10. From all set of the indicators characterizing
chosen variants of RFID systems, a number of technical and

economic indicators Q = {qj}, j = 1,2,..,m is defined

having paramount value at a choice of the best variant [4,
5]

Step 11. We solve a problem of a choice of a variant
from set of admissible alternatives and the best variant [6] is
defined.

The offered approach is used at a choice of variants of
RFID systems on set of indicators of quality.

Thus, at the initial stage of designing of modern RFID
systems there is a problem of a choice of the best variant of
their construction. It is difficult enough system problem, the
important place at which decision occupies a choice of
criteria of efficiency. Such criteria should be clear enough
and allow to carry out unequivocal quantitative and the
quality standard of a system effectiveness reflecting, on the
one hand, degree of performance of problems assigned to it,
and with another - financial expenses on creation,

introduction and system development. As such criteria the
most important indicators of technical and economic
character with which the system should satisfy, as a rule,
are used. For various types of RFID systems in connection
with their specificity such indicators will be various.

Besides, not all indicators give in to a quantitative
estimation.

V. CONCLUSION

The offered approaches to a choice of variants of RFID
systems on set of indicators of quality and the considered
technique of a choice constructed on their basis, allow
enough reasonable with attraction of knowledge of the
qualified experts to solve at the initial stages of designing a
problem of a rational choice of the best variant of these
systems.

Work is executed at support of RFFI grants 12-07-00709-a, 12-
07-13124-ofi._ m_RZHD.

VI. REFERENCES

[1] Yu.V. Gulyaev, V.V. Butenko, A.S. Bagdassarian, G.A. Kashchenko
and R.V. Semenov, “Radio-frequency identification: a modern condition,
scopes and development tendencies”, The Information and security,
Voronezh: the Voronezh state technical university, 2007, Ne2, pp. 199-222.

[2]. A.S. Bagdassarian, A.G. Kaschenko, G.A. Kashchenko, R.V. Semenov
and E.G. Antsiferov, “Technique of indistinct multicriterion choice of
variants of automatic identification systems”, The theory and techniques of
a radio communication, JSC “Concern “Constellation”, Voronezh, 2012,
v.4, pp. 106-118.

[3] Yu.V. Gulyaev, V.I. Belonozhkin, A.S. Bagdassarian, A.G. Kaschenko,
G.A. Kashchenko and R.V. Semenov “The application of radio-frequency
identification technology in systems of antiterrorist protection of crucial
objects, The Information and security, Voronezh: the Voronezh state
technical university, 2010. v. 13, pp. 163-174.

[4] Yu.V. Gulyaev, A.S. Bagdassarian, G.A. Kashchenko, R.V. Semenov,
S.A. Bagdassarian, A.G. Kaschenko, “The modern a condition of problems
of designing of systems of radio-frequency identification with
acoustoelectronic components”, News of Academy of engineering sciences
of A.N. Prokhorov. The anniversary collection devoted to the 20
anniversary of Academy of engineering sciences of the Russian Federation,
Moscow - Nizhniy Novgorod, 2011, pp. 64-84.

[S] Yu.V. Gulyaev, A.S. Bagdassarian, G.A. Kashchenko and R.V.
Semenov, “The system the approach to designing of a complex of means of
radio-frequency identification for protection of crucial objects against non-
authorized access, The theory and techniques of a radio communication,
JSC “Concern “Constellation”, Voronezh, 2011, v.1, pp.5-14.

[6] V.V. Butenko, S.A. Bagdassarian, A.G. Kashchenko, G.A. Kashchenko
and R.V. Semenov, “Choice of a variant of radio-frequency identification
system on the basis of the modified method of the analysis of hierarchies”,
Works of NIIR, FSUE NIIR, Moscow, 2012, v. 4, pp. 3-8.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF00540068006500730065002000730065007400740069006e00670073002000610072006500200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200036002e003000200061006e00640020006d0061007400630068002000740068006500200022005200650071007500690072006500640022002000730065007400740069006e0067002000660069006c0065007300200066006f00720020005000440046002000730070006500630069006600690063006100740069006f006e002000760065007200730069006f006e00200034002e0030002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


