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Solving of distribution networks reliability

used multi-criteria analysis

Streszczenie: (Wyznaczanie niezawodnosci sieci rozdzielczych za pomoca metody analizy wielokryterialnej). Zwiekszenie niezawodnos$ci
sieci elektroenergetycznych, nie tylko $rednich napiec¢, mozna osiagna¢ na przyktad przez zastosowanie nowych urzgdzen wyposazonych w zdalnie
prowadzony nadzér. Taka modernizacja jest jednak kosztowna. Dlatego przywigzuje sie duzg wage do wyboru nowych urzadzen i ich lokalizacji. Do

tego celu przydatna jest metoda analizy wieloKryterialnej.

Abstract. The increase of reliability of electrical networks, not only medium voltage, can be achieved for example by use of new components, above
all remote-controlled elements. That modernization is considerably expensive. Therefore close attention is paid to selection of new components and
place of their position. The use of methods of multi-criteria analysis is suitable for this decision making.

Stowa kluczowe: niezawodnosé, urzadzenia zdalnie kontrolowane, analiza wielokryterialna
Keywords: reliability, remote-controlled elements, multi-criteria analysis.

Introduction
The multi-criteria analysis (MCA), as the name itself
indicates, deals with the evaluation of particular alternatives
according to several criteria. The term “alternative”
designates each of the solutions of the selection report. The
“criterion” is a property that is being evaluated with the
given alternative. To each criterion such as weight is
assigned that expresses the importance of particular criteria
with regard to the others.
Following methods appear as advisable methods for
solution of existing problems:
- WSA method — Weighted Sum Approach
- IPA method — Ideal Points Analysis
- TOPSIS method — Technique for Order Preference by
Similarity to Ideal Solution
- CDA method — Concordance-Discordance Analysis

Multi-criteria analysis [1]

The initial step of each MCA analysis is to form an
evaluating matrix - the elements of it reflect the evaluation
of particular criteria for each alternative. The matrix S
consists then of elements S; where i = 1, .. I alternatives
and; =1, .. J criteria.

The evaluating matrix:

Because particular evaluations are not mostly measured
against the same units, it is necessary to carry out the
standardization of the matrix to the standard condition. For
the case when the higher evaluation of the criterion means
also the better evaluation (i.e. 1 = max, 0 = min), we can
write the standardization as follows:

§; —min; S
@ e=

Y S;; —min; S

max; S; —min; S

In the contrary case, when the higher evaluation means the
worse evaluation (i.e. 1 = min, 0 = max), the standardization
will be as follows:

max; Sij —Sij

3) € = -
max; §; —min; S

Ideal Point Analysis (IPA) [1]

The Ideal Point Analysis rests upon the deviation
between the set of ideal solutions and the set of effective
solutions. Although the ideal solution surely almost does not
exist, it serves as an important reference model. The best
compromise solution is determined as that solution that is
distant least from the ideal one. The increasing distance
from the ideal solution for factors located upper on the scale
of importance induces greater consequences than the
increasing distance from the ideal solution for factors
located lower on the scale of importance. The IPA model
can be described as follows:

Vf-(l ‘ey‘)

M~
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where: d; - the minimum distance from the ideal solution
v; - the j-th weight of criterion

e; - the standardized evaluation

We rank the alternatives according to the growing
distance from ideal solution.

Weighted Sum Approach (WSA) [3]

The Weighted Sum Approach method comes from
principle of maximization of benefit, simplification of this
method is that it is assumed only linear function of benefit.
Process of this method is comfortable to IPA method;
resulting sequence of alternatives is opposite. Benefit of
variant is following:

J
(5) ui:zvj'eij

We rank the alternatives according to the declining value of
benefit.
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Technique for Order Preference by Similarity to Ideal
Solution (TOPSIS) [3]

In case of TOPSIS method there’s the question of
principle of maximization of distance from ideal variant
again. The ideal variant means that all criteria have the best
assessments. Ideal variant is mostly suppositional; the best
of variants is that one which is the least distant from ideal
variant. Vector (H1, Hz, ... , Hy) represents ideal variant,
vector (D1, Do, ..., D)) represents basal variant.

The initial step is the construction of criteria-normalised
matrix R=(r;), following formula is proposed for calculation
of normalised values:

© =

4 I
1/gl(y,-j)2

After this transformation vectors with unit size are in
columns of matrix R.

The next step is calculation of criteria-weighted matrix W
so that each j-th column of criteria-normalised matrix R
multiplies by appropriate weight v;.

Wll W12 e WIJ
W = =
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Now we define the ideal variant (Hi, Ha, ... , H;) and the
basal variant (D1, D2, ..., D;) respecting values of criteria-
weighted matrix:

(8) H,

i= maxi(wzf)

©) D =min;(w;)

The next step is calculation of distance of variants from
ideal variant:

The calculation of relative index of distance of variants
from basal variant is the following:

dr
(12) ¢=—r=o—r
di —d;

We rank the alternatives according to the declining indicator
Ci.

Concordance-Discordance Analysis (CDA) [2]

The Concordance-Discordance Analysis is a method
widely used in MCA. It consists of comparison of
alternatives of pair selection. It measures the degree by
which the alternatives of selection and the weights of
factors prove or disprove the ratio between the alternatives.
The differences in the weights of factors and in the
evaluations of criteria are analysed by means of the
procedures of concordance and discordance separately.

The index of concordance between the alternative 4 and
the alternative B is defined as a proportion of the sum of
weights of those criteria for which the evaluation 4 is
greater than or equal to the evaluation B, and the sum of
weights of all criteria.

The following is valid for the concordance index then:

Zvj for ey > ep

2V

The index of discordance between the alternative 4 and
the alternative B is defined as a proportion, where a
numerator equals to the maximum difference between
weighted evaluations, for which the evaluation 4 is less than
the evaluation B, and the denominator is equal to the
maximum difference between weighted evaluations of all
alternatives for the criterion showing the maximum value of
the numerator defined above. Thus we can write the
discordance index as follows:

(13) Cup =

_ Dl _max; (veg —v;ey; ) fore, <eg

() - D2

DAB

max; v, .e;, — min; v,e;

where: m =jat D1 = max.

The total concordance index of the alternative 4 can be
obtained as a sum of all concordance indexes of the
alternative 4 with regard to all the others:

J
(19) C,=2Cy
J=1

The total discordance index of the alternative 4 can be
obtained as a sum of all discordance indexes of the
alternative 4 with regard to all the others:

J
D, = ZDA.I'

J=1

(16)

Our goal is to rank the particular alternatives according
to the maximum concordance index and the minimum
discordance index. The resultant evaluation of the given
alternative can be obtained in the following way:

(17) CDA;, =1-C; + D;

We rank the alternatives according to the growing CDA

value.

Weights of criteria [2, 3]
We can divide the methods of determination of weights
as follows:
1) methods with nominal information about criteria
2) methods with ordinal information about criteria
3) methods with cardinal information about criteria
a) sequence method
b) spot method
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c) methods of paired comparison
- method of Fuller triangle
- Saaty method
- method of geometric mean of rows
Methods of paired comparison are optimal for solution of
mentioned problems.

Method of Fuller triangle

The principle — for each criterion j = 1, ..J the number of
preferences of this criterion over the others is to be
determined. The first step is the formation of a triangle that
consists of all possible pairs of criteria. After that, of each
pairs that criterion is designated that is considered to be
more significant. For each criterion, we shall determine the
number of preferences over the other criteria; this number
will be designated #;.

The total number of pairs under comparison is as
follows:

_J(J-D)
(1) N=—

The following relation defines the resultant weight v;:

nj
(19) Vj =W
Saaty method
Principle: The calculation of weights consists in
calculation of eigen vector, which comports with maximal
eigen number of matrix of paired comparison 4. The first
step is creation of matrix of paired comparison 4 with
elements 4,,,, where m, n = 1, .. J. Element 4,,, indicates the
ratio of relevance of criterion m to criterion n, i.e. ratio of
weight v,, to weight v,. We select value 4,,, from scale 1 to 9
when criterion m is major criterion n, in opposite case
A,.,= 1/4,,. The next steps are calculation of eigen vector
and eigen number of matrix 4:

(20)  A¥=4_. X

max *

We assign individual weights of criteria:

@1) v, =L

gl
where: j=1, .. J, |)?| =1l2x3 - vector size

Method of geometric mean of rows

This is simple and unassuming method of determination
of criteria weights from matrix of paired comparison 4. It
comes from calculation of geometric mean of each row of
this matrix:

J
22)  gu={I14m

n=1
This is possible manner of standardization for

J
accomplishment of condition )" v, =1 for v, > 0:
=l

where: j,mn=1,..J

Description of MCA7 program

Program MCA7 was developed at Department of
electrical power engineering. It allows calculation of
mentioned methods of multi-criteria analysis:

- WSA method

- IPA method

- TOPSIS method

- CDA method,
and determination of weights of criteria by means of Fuller
triangle method and Saaty method.

Input data
Input data is inserted into table of MS Excel program, as
we can see in following Figure 1.

B Microsoft Excel - MCAF_priklad_Krejci

@_] Ele Edit Wew Insert Format Tools Data  Window Help

NEERO G898 4me ;e
210 - fe A
A B [ ¢ | o [ E [ F 1]
of Criteria |3
of Alternates 4

Criteria 1 Criteria 2 Criteria 3 |Criteria 4 | Criteria &
1 1 1 1 1

o | [ Lo | —
z|=

04 025 02 04 0,05

| 7 |

g

9 |Alternate\Criteria \Cntena 1 Criteria 2 Criteria 3 |Criteria 4 Criteria 5

10 |A 1 20 10 5 150 s
11 (B 70 25 8 230 0,1
112 |C 40 20 2 190 15

13 |D 10 30 4 a0 04

=

m

Fig. 1. Example of input data

Output data

Resulting sequence of alternatives from the best to the
worst is positioned into table, as for example in Figure 2.
Assumed and sequenced tables can be saved again as
MS Excel document.

Weights of criteria
Weights of criteria can be calculated by both Fuller triangle
and Saaty method, as it follows in next Figure 3.

@Mulliknleliﬂlni ananlyza dat - [c:\MCA7_priklad _Krejci.xls]
(9 Fle Windows Citeria weights Language  Helip 18] x]

Inputdats IFA/CDA | wsA ¢ TOPSIS|

MOAT - Multikrilensint analiza dal

Fig. 2. Example of resulting sequence of alternatives
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@Hultikliteriélni ananljpza dat - [Vahy - c:\MCA7 priklad _Krejei zlg]
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=1 %]

Input data

Fuller methad
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[~ Criteria 2

<Back MNext>

Saaty method |

W Mo D% weight allowed

Full

Saved calculation

Cancel

Geometrical mean of matris rows |

Criteria k4

Criteria M

<Beck MNexst

Saaty matrix

09
[ os

Cancel

Fig. 3. Solution of criteria weights

Conclusions

The application of the systems of remote-controlled
components causes acceleration in handling and thus
shortening of duration of a fault in the network. This results
in rising of probability of faultless service and thus the
reliability of electrical energy supply. When deciding where
to apply these components the multi-criteria analysis can be
advantageously used. A weight is assigned to each
criterion. It expresses the importance of particular criteria in
relation to the others. The concordance-discordance
analysis seems to be most objective from above mentioned
methods from our practical experience. IPA, WSA and
TOPSIS methods can be recommended to be used at the
beginning of solving the investment designs. The CDA
method is much more complicated and it is suitable for final
decision-making for this reason with emphasis put on the
objectivity of the final solution. In the course of calculation of
criteria weights the greatest problem is the acquisition of
input data. This data has subjective character caused by
the reviewers; consequently the number of reviewers
should be reasonable and the reviewers should know well
the query.

Mentioned MCA methods will be furthermore analyzed
in wider range for setting in distribution of electrical power
for electrical network reliability increase.

PRZEGLAD ELEKTROTECHNICZNY — KONFERENCIE v.3 1/2005

AMOAT - Multikriteriaglad analvra oal

Acknowledgment
This work is supported by research purpose
MSM - 6198910007.

LITERATURE

[11 Gurecky J.: Optimalizace Fizeni siti vn dalkové ovladanymi
usecniky (Optimisation of HV network management by remote-
controlled section switches), doctoral dissertation, Ostrava
1998

Krej&i P.: Regeni spolehlivosti dodavky elektrické energie
v oblasti s dalkové ovlddanymi prvky v sitich vysokého napéti
(Solving the reliability of electrical energy supply in region with
remote-controlled components in medium voltage networks),
doctoral dissertation, Ostrava 2001

Korviny P.: Aplikace multikriterialni analyzy pfi nasazovani
dalkové fizenych prvkud v distribu€nich sitich vysokého napéti
(Application of multi-criteria analysis by introduction of remote-
controlled components in distribution medium voltage
networks), doctoral dissertation, Ostrava 2003

Hradilek Z., Korviny P.: Methods of solving the reliability
of electrical energy supply, Proceedings City of tomorrow,
Prague 2003

Hradilek Z., Krejé¢i P.: Reliability of electrical energy
supply in high-voltage networks, EPQU, Cracow 2003

(2]

(3]

(4]

(3]

Authors: Prof. Ing Zdenék Hradilek, DrSc.; Ing. Petr Krejéi, Ph.D.;
Ing. Leo$ Jurica, VSB-TU Ostrava, 17. listopadu 15, 708 33
Ostrava-Poruba, Czech Republic; E-mail: zdenek.hradilek@vsb.cz,
petr.krejci@vsb.cz, leos.jurica.fei@vsb.cz.

127


mailto:zdenek.hradilek@vsb.cz
mailto:petr.krejci@vsb.cz
mailto:leos.jurica.fei@vsb.cz

	Zdeněk HRADÍLEK, Petr KREJČÍ, Leoš JUŘICA
	Introduction
	Multi-criteria analysis [1]
	Ideal Point Analysis (IPA) [1]
	Weighted Sum Approach (WSA) [3]
	Technique for Order Preference by Similarity to Ideal Soluti
	Concordance-Discordance Analysis (CDA) [2]
	Weights of criteria [2, 3]
	Method of Fuller triangle
	Saaty method
	Method of geometric mean of rows
	Description of MCA7 program
	Input data
	Output data
	Weights of criteria
	Acknowledgment



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /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 true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>






    /HEB (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /POL <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


