COMPUTER MODELLING & NEW TECHNOLOGIES 2014 18(12C) 361-366 Ruilian Wang, Gao Shengjian

Comprehensive evaluation to distribution network planning
using principal component analysis
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Abstract

This paper proposes a new comprehensive evaluation method by nonlinear principal component analysis in allusion to the problem in
distribution network planning, such as a large number of factors, intense fuzziness and the nonlinear relationship between the factors.
The method is presented for three different processes. Firstly, according to pre-existing achievement and considering long-range
development of distribution network, the comprehensive evaluation index system taking into account the technical, economic, envi-
ronmental and adaptability factors and so on is constructed. Secondly, by disposing all of the factors in the index system using fuzzy
consistent matrix model to get the relative membership degree matrix of every scheme, the initial data matrix in fuzzy nonlinear prin-
cipal component analysis is obtained. Thirdly, the weight of every principal component is acquired by means of the entropy concep-
tion. The superiority of the method in the paper introduced is that the method can dispose the fuzzy problem in complicated planning,
simplify the computation process in comprehensive evaluation, reduce the subjectivity and arbitrariness, and can make the conclusion
more scientific and more reasonable. A combination of a flow diagram based and a concrete example, the algorithm is proved to be
correctly and practically.
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1 Introduction linear combination of more original indexes to obtain the
final conclusion, can simplify the analysis system struc-
Linking power network and users, distribution network ref-  ture, reduce the calculated amount and keep the informa-
lect directly the user’s requirements in the security, relia-  tion of original variables as much as possible [13-14]. But
bility, utility and other aspects. The scientific and rational ~ the method not considering the nonlinear relationship bet-
distribution networks planning play an important role in the ~ ween the original indexes is not accord with the practical
power network construction, improvement and operation. So  engineering.
the comprehensive evaluation in distribution network plan- On the basis of traditional principal component analysis
ning taking into account lots of factors such as technology, =~ method, nonlinear principal component with good develop-
economic, environment and the adaptability to future deve-  pment and application, can reflect the nonlinear relation-
lopment and others, especially in the uncertainty environ-  ship between the original variables, extract the high-orders

ment and adaptability factors, is very difficult. relations from original variables, also can reduce the con-

At present, the comprehensive evaluation methods for ~ clusion dependencies on original variable [15-18]. How-
distribution network planning include AHP, entropy deci-  ever, the principal component analysis is hard to qualitative
sion, group decision-making and data envelopment ana-  indexes with vague language in the complex distribution

lysis and so on, as well as the integrations of two or more ~ network evaluation system, and the weights of every prin-
methods [1-12]. For example, a combination of expert sub-  cipal component using the variance contribution rate can
jective experience and objective entropy to get comprehen-  only reflect the information ratio but the amount carried in
sive weight used for scheme optimization [1-2], preference  the original variables.
order and traditional AHP to establish comprehensive eva- To qualitative indexes with vague language, on the
luation model [3], group decision-making theory and AHP  basis of fuzzy consistent matrix, fuzzy decision method by
to evaluate comprehensively distribute network [4], data  rigorous mathematical calculation can get the relative
envelopment analysis method and AHP to evaluate plan- ~ membership degree can be presented [19-20] and entropy
ning scheme of distribution network [5], all of that methods ~ can quantify information contained in indexes or variables
inseparable from the experts experience are difficult to deal ~ [21-22]. By summarizing the research results, this paper
with the miscellaneous index and for the too high experts ~ constructs distribution network planning indexes system,
experience and technical requirements have large of com-  introduces the relative membership degree and entropy uti-
puting in distribution network planning. lity values to nonlinear principal component analysis, and
Principal components analysis method, by weighting  quickly and accurately evaluate comprehensively distribu-
and synthesizing several less uncorrelated variables thatis  tion network planning.
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2 The basic ideas of fuzzy nonlinear principal
component analysis

Nonlinear principal component analysis (NLPCA) based
on principal component analysis method is a nonlinear
analysis method, including four processes: firstly, the
initial data matrix from the evaluations of every index to
schemes is gotten using fuzzy consistent matrix model,
secondly, nonlinear principal components by handling the
initial data matrix using Aitchison. J logarithmic transfor-
mation to get the covariance matrix and obtain the princi-
pal components from the eigenvalues and eigenvectors of
the covariance matrix, thirdly, the weights of every princi-
pal component using concept of entropy, At last, by a com-
bination of the weight and principal component, decisions
can be made.

Nonlinear principal component analysis, taking into
account the nonlinear relationship between every index in
evaluation system, reducing dimensionality, can settle the
problem about comprehensive evaluation results in direct
proportion to the correlation degree between the original
variables, but to part of the quantitative description indexes
in system, the Acheson logarithmic transformation is
powerless leading to the initial data matrix hard to be esta-
blished. The fuzzy consistent matrix based analysis can
quantify qualitative description indexes using membership,
but it exists defects in fuzzy consistent matrix-based such
as difficult to incarnate the difference between two sche-
mes by the elements in the established fuzzy precedence
relation matrix, poor similarity degree between obtained
fuzzy consistent matrix and fuzzy precedence relation
matrix. In view of advantages and disadvantages in the
principal component and fuzzy consistent matrix analysis,
nonlinear principal component analysis-based total process
is completed after all of the indexes is disposed using the
fuzzy consistent matrix model to get the new initial data
matriX, and the information entropy is introduced in the
analysis to get the weight of every principal component.

3 Calculation process
3.1 CALCULATION PROCESS CHART

The nonlinear principal component analysis calculation
process is shown in Figure 1.

3.2 INITIAL DATA MATRIX

The initial data matrix is constituted by the evaluation of
every index to schemes. To complicated evaluation system,
the initial data matrix from the relative membership degree
matrix by fuzzy consistent matrix model to dispose every
evaluation is presented. Assuming that n schemes expres-
sed inx (i=12,---,n) and m evaluation indexes expressed
in u, (k=12,---,m) constitute a certain system, the initial
data matrix is gotten as follows:

The order of a certain index U, to schemes is expressed
with the natural number, the greater numbers the worse
schemes, the equal numbers the same importance of sche-
mes. Thus the fuzzy precedence relationship matrix is
shown:

C :(c.k

ij

) (k=L2m;i, j=12,,n).
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The evaluation system
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FIGURE 1. Fuzzy nonlinear principal component analysis based
calculation flow chart.

In the formula: cijk are the precedence degree coefficients
about scheme x; and scheme x; to the indexu, . Assuming
that the order of schemeX, to some an index
u (k=12--m) isa(i=12---,n), somfuzzy preference
relation matrixes of mindexes are shown:

M)

k
ij

05x(a-a%) |

ck =(c ) =05+

max a,* —mina*
I=1 I=1
Fuzzy consistent matrixg, :(ruk) (k=1,2,---,m)con-

verted from fuzzy preference relation matrix in the condi-
tion of (maxr*—minr*) <(n-1)is computed by the for-
p=1 p=1

mula:

ij
|

R =Zn:Cuk(J' =12,+,n)
=

In the formula:
and rijk reflect relative superiority degree about scheme
% (i=12;---,n) and x;(j=12,--,n) to the evaluation
indexu, .

The optimization values,* about every scheme x, to
index U, is computed by the formula:

Optimization membership matrix of every index in
evaluation system from the optimization value of single
index is shown:

S= [Sij]nxm .

@

Tk«
vIi-—AT

p=1 p p=1 p
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3.3 NONLINEAR PRINCIPAL COMPONENTS

Optimization membership matrix of every index is the
initial data matrix from the formula (4). Thus the nonlinear
principal components analysis by Acheson logarithmic
center transformation method is presented.

All of the data in the initial data matrix is converted by
Acheson logarithmic transformation shown:

=Ins, ——Zlns

P=

Thus the new data matrix is Y =( y;
Covariance matrix from the new da?a matrix by loga-
rithmic center is gotten, expressed in:

Z,=(),, -
o)

In the formula: z; =
n

®)

(6)

— 1 n _ 1 n
where y, ==%'y and y —=%y .
No= =
The Nonlinear principal components from the formula
Z; =(z )m  are obtained shown:

F= ( fij)n><q = SAT = Snma'r'nq '

In the formula:
Matrix A=(ang) is corresponding eigenvectors of every

positive eigenvalue of matrix Z = (ZJ)

Usually, the positive eigenvalues is fess than all of the
eigenvalues, so the corresponding eigenvectors is less too.
That is to say, the corresponding principal components are
less than the original variables. The dimensionality reduc-
tion is successful.

()

3.4 ENTROPY WEIGHT

Usually, the variance contribution rate of principal compo-
nents is the weight distribution. But the variance contri-
bution rate reflects the relative value of information carried
in every original variables but the actual quantity. Informa-
tion entropy can quantify information, so it is used to deter-
mine the weight of t principal components.

In order to acquire entropy, the possible negative quan-
tity existing in principal component matrix needs nonega-
tive processing. After nonnegative processing, the matrix is
F'

F'=F +g. (8)

In the formula: g is the smallest natural number leading
all of the principal components to positive.

Entropy can display the order degree of information in
variables or indexes. The amount of information is expres-
sedine (t=1, 2, ..., Q):

q
—iZhit Inh, .
Inn

©)
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In the formula:

a

hy =t 'u/Z

=

fr
ij
, where f ', is the data after nonnegative

processing of principal components.

The disperse degree of the g Principal components is

expressed in information avail value d; (t=1, 2,..., q), the
formulais:
d =1-¢ (10)

The data in the g principal component more scattered,
the corresponding data in the d, (t=1, 2,..., q) lager, indi-
cate that the importance degree of the index is higher, on
the contrary, the lower importance degree of the index.
Thus, the weight distribution vectors of principal compo-
nents by normalizing d; (t=1, 2,..., q) are acquired:

o=(o0pn @) =,/ >,

Every principal component weighted and synthesized,
the comprehensive decision model is shown:

).

(1)

Fio +F,0, ++Fo, (1F12,. (12)

4 Planning Scheme Decisions by Fuzzy Nonlinear
Principal Component Analysis
to Distribution Network

4.1 SCHEME COMPREHENSIVE EVALUATION
INDEX SYSTEM OF NETWORK PLANNING.

Network planning involves many factors. The scheme
comprehensive evaluation index system of network plan-
ning is summarized from the [1-4] references, also known
as 24 attribute comprehensive evaluation index set. The
index system can overall reflect network planning scheme.
For some repetitive elements in the evaluation index set, to
specific issues, the appropriate comprehensive evaluation
indexes are chosen.

4.2 SCHEME DECISION-MAKING PROCESS.

After selecting, evaluation index system of distribution
network planning scheme is formed. All of the indexes
data in the evaluation system are converted to number bet-
ween 0 and 1 using the fuzzy consistent matrix decision-
making model. Thus the data between 0 and 1 is the mem-
bership degree of every index to schemes that establishes
initial data matrix of nonlinear principal component
analysis and the nonlinear principal components are obtai-
ned. After the data in principal component matrix is non-
negative processed, entropy utility value of the principal
component is gotten, and by the weight distribution after
normalization and comprehensive decision can be made.

In this paper, the data in the initial data matrix is weigh-
ted nonlinear integration using Acheson logarithmic center
transformation and then the principal component gotten,
that is to say, the principal component is nonlinearity.
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5 Example

A distribution network planning example from the Refe-
rences [1], verify the correctness of the arithmetic descri-
bed in this paper. Long-term planning schemes of high-
voltage distribution network in the planning area proposed

Ruilian Wang, Gao Shengjian

include: scheme 1 (35 kV program), scheme 2 (110 kV
program) and scheme 3 (35 kV and 110 kV hybrid sche-
me). The evaluation index system is simplified, selected
and shown in figure. According to the planning schemes
and comprehensive evaluation indexes system, the evalua-
tion of every index to schemes is shown in Table 1.

Indices set of comprehensive evaluation system to distribution network planning

e

.

Technical indices Economic indices

Environmental indices

Adaptability indices

v \Z

- Number of high Degree of matching

>| Reliability ~ Total voltage station schemes and load | ]
investment growth

S Power supply y :

quality I Impacting on the

Operation costs surrounding of every
substation Scalability <

S Grid structure

FIGURE 2 Indices set of simplified comprehensive evaluation system to distribution network

TABLE1 Evaluation of every index to schemes
Technical indexes Economic indexes Environmental Adaptability Scalability indexes
indexes indexes
Attribute -
elements Power Degree of Extensible
Reliability supply Total Network loss | Number of high matching allowance
quality investment rate(%) voltage station schemes and
(hundred load growth
million yuan)
Scheme 1 Better Better 13.02 0.73 More Middling The most
Scheme 2 Better Better 12.73 0.72 Generic Better More
Scheme 3 Worse The best 13.21 0.68 The least Worse Middling
Data type Qualitative Qualitative quantitative quantitative Qualitative Qualitative Qualitative
By the formula (1), m fuzzy preference relation matri- ~ Network loss rate(%):
xes of mindexes are shown: 05 | 025 | 0
Reliability: 0.75 | 05 | 0.25
e umber of high voltage sation:
05 05 1 umber of high voltage station:
0 0 05 05 | 0.25 0
; 0.75 | 05 | 0.25
Power supply quality :
Pply q y 1 0.75 | 05
05105/ 0 Degree of matching schemes and load growth:
051051 0 05 | 025 | 0.75
1 | 1105 075 | 05 | 1
Total investment (hundred million yuan) : 025| 0 | 05
05 | 025 | 075 Scalability indexes:
075 | 05 1 05 | 0.75 1
0.25 0 0.5 025 | 05 | 0.75
0 025 | 05
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By he formula (2) to (4)the initial data matrix by the
obtained data from the evaluation of every index to sche-
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mes using fuzzy consistent matrix model is shown in
Table2:

Table2 Optimization value of single index
S . Environmental Adaptability Scalability
Technical indexes Economic indexes indexes indexes indexes
Attribute - .
Total investment Network - Degree of matching -
elements Reliability Powi;fit:pply (hundred million | Loss rate ’:l/gm:eg ?t];glc?nh schemes and load Eﬁg%c;'nbgg
quality yuan) (%) g growth
Scheme 1 0.5 0.16667 0.33333 0.08333 0.08333 0.33333 0.58333
Scheme 2 0.5 0.16667 0.58333 0.33333 0.33333 0.58333 0.33333
Scheme 3 0.08333 0.66667 0.08333 0.58333 0.58333 0.08333 0.08333
By the formula (5), the new matrix is in Table3:
TABLE 3 The new data from initial data matrix by Acheson logarithmic transformation shown
A . Environmental Adaptability Scalability
Technical indexes Economic indexes indexes indexes indexes
. . Degree of
Al . - .
eg,::gﬁi Power supply (Th%tg(lj:ggﬁtmieég Network loss Number of high matching Extensible
Reliability quality uan) rate (%) voltage station schemes and load allowance
y growth
Scheme 1 0.762714 ‘ -0.33588 0.357239 -1.02909 -1.02909 0.357239 0.916859
Scheme 2 0.286675 ‘ -0.81192 0.44082 -0.1188 -0.1188 0.44082 -0.1188
Scheme 3 -0.85305 ‘ 1.226433 -0.85305 1.092891 1.092891 -0.85305 -0.85305

By the formula (6), the covariance matrix is :

-0.8756 0.5633 0.6965 |
0.8912 -0.7621 -0.6289
-0.6761 0.5248 0.5014
1.1338 -0.6761 -0.9309 |
1.1338 -0.6761 -0.9309
-0.6761 0.5248 0.5014
-0.9309 0.5014 0.7912 |

-0.8756
0.8912
-0.6761
1.1338
1.1338
-0.6761
-0.9309

[ 0.6958
-0.7676
0.5633
-0.8756
-0.8756
0.5633
0.6965

-0.7676  0.5633
1.1381 -0.7621
-0.7621 0.5248
0.8912 -0.6761
0.8912 -0.6761
-0.7621 0.5248
-0.6289 0.5014

The eigenvalues of matrix:
Z; (Zij )mxm

are -0.000, -0.000, 0.000, 0.000, 0.008, 00.5233 and
5.4%11, that is to say g=3, then the corresponding eigen-
vectors is:

[-0.8117 0.0634  0.3567 |
-0.1073 -0.6641 -0.4095
0.1575 -0.2960 0.2975

A=| 0.0388 -0.2947 -0.4485|"
0.0388 —0.2947 -0.4485
0.1575 -0.2960 0.2975
0.5263 0.4539  0.3548 |

By the formula (7), the principal component matrix is:
[ -0.0053 -0.0387 -0.0238
0.1607 -0.2481 0.0927
0.4406 0.2764 -0.6874

By the formula (8), the natural number g=1, after non-
negative data in the principal component matrix, and by
the formula (9), the entropy e, of the three principal com-
ponent is :

q:(0.999911 0.984817 0.866554)

365

By the formula (10), the entropy utility is :
d, =( 0.0001 0.0152 0.1334)

And by the formula (11), the weight vector is:
@:(0.000672 0.102219 0.897108)

By the formula (12), the comprehensive evaluation
conclusion is:
Oi=(0.4119 1.0579 0.9747)

The scheme-order is scheme 2, scheme 3, scheme 1,
that is to say, the scheme 2 is the optimal scheme.

Table 4 Results of comprehensive evaluation

Different comprehensive evaluation
and the order of every scheme scheme 1 | scheme 2 | scheme 3

Analytic hierarchy process 3 2 1
Analytic Fuzzy process 3 2 1
Cross efficiency methodbased 2 3 1

on SE-DEA
Analysis method described 3 2 1

in this paper

The conclusion consistent with the reference [1], pro-
ves the correctness of the method described in this paper.

6 Conclusions

According to the research results, index system of compre-
hensive evaluation to distribution network planning sche-
me is established. By prioritization of every scheme to
indexes, fuzzy preferred relation matrix is established and
then the fuzzy consistent matrix. By the relative member-
ship degree matrix of every index to schemes, the initial
data matrix in nonlinear principal component analysis is
gotten.

After Acheson logarithmic center conversion to the
initial data matrix, the covariance matrix is obtained.
According to the corresponding eigenvectors of positive
eigenvalues by the covariance matrix and initial data mat-
rix, principal component matrix is gotten. The principal
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component is nonlinear combinations of the initial data
matrix-vector, it is more reasonable than the commonly
linear principal component analysis.

The weight distribution vector of principal component
using normalized entropy utility not cumulative variance
contribution rate, not only unifies the selected standard of
principal components number, but also shows the amount
of variable information carried in principal component
from initial data matrix.

In comprehensive evaluation, the indexes having little
influence on comprehensive evaluation need be reduced,
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