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Abstract. To utilize the objective information of index data and consider the important role of subjective
judgment in the evaluation of distribution automation equipment testing results, a comprehensive evaluation
method based on AHP (Analytic Hierarchy Process) and CRITIC (CRiteria Importance Through
Intercriteria Correlation) method is proposed. Firstly, an evaluation index system of distribution automation
equipment testing results considering seven big indicators and thirty-six small indicators is established.
Secondly, AHP and CRITIC method are adopted to solve a practical evaluation problem of distribution
automation equipment testing results. The subjective weights of each evaluation index are calculated by
AHP, the objective weights of each evaluation index are calculated by the CRITIC method. Then, to achieve
the sorting of distribution automation equipment testing results accurately, the comprehensive weights are
obtained by combining the two weights. Finally, the analysis and comparison of case studies show that the
proposed evaluation index system can accurately reflect the performance of distribution automation
equipment and the comprehensive evaluation method of distribution automation equipment testing results
which comprehensively considers the subjective and objective weights can accurately output the
comprehensive evaluation results.

and fuzzy comprehensive evaluation[6]. When the single
analytic hierarchy process is used to determine the
weight, the weights are only determined by the
subjective factors. The objectivity of the evaluation
results is not enough[5]. Although the fuzzy
comprehensive evaluation method has certain objectivity,
the selection of membership function is also influenced
by subjective factors, and the objectivity and accuracy of
the evaluation results are easily affected by subjective
factors[6].

In order to make full use of the objective information
of index data and the important role of subjective
judgment in the evaluation of distribution automation
equipment testing results. Firstly, an evaluation index
system of distribution automation equipment testing
results considering seven big indicators and thirty-six
small indicators is established. Then, AHP and CRITIC
method are adopted to solve a practical evaluation
problem of distribution automation equipment testing
results. The subjective weights of each evaluation index
are calculated by AHP[7], the objective weights of each
evaluation index are calculated by CRITIC method[8].
Then, to achieve the sorting of distribution automation
equipment testing results accurately, the comprehensive
weights are obtained by combining the two weights.
Finally, the effectiveness of the proposed method is
verified by case studies. The results show that the
accurate and comprehensive evaluation results of

1 Introduction

With the development of smart distribution network, the
distribution automation equipment has also been widely
popularized, and the number of distribution automation
equipment is also increasing[1]. For the safety and
reliability of smart distribution network, the high quality
of the distribution automation equipment must be
guaranteed[2]. At present, there are many problems in
the management of distribution automation equipment:
According to experience in practice, because of the
different qualities in different corporations, there may be
quality mistakes in distribution automation equipment
productions. The quality of the distribution automation
equipment cannot meet the requirements of the technical
specifications[3]. Therefore, it is significant to
reasonably evaluate the distribution automation
equipment in ensuring the safe operation of the energy
system. Both subjective and objective factors are fully
utilized to make the weighting process more reasonable
and output the accurate and comprehensive evaluation
results of distribution automation equipment.

At present, the evaluation of distribution automation
equipment testing results is mainly focused on the project
itself, which has certain limitations[4]. The evaluation
method of distribution automation equipment testing
results generally include analytic hierarchy process[5]
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distribution automation equipment can be obtained by
using the comprehensive weights combining the
subjective weights and the objective weights.

2 Evaluation index system of
distribution automation equipment

Considering that the distribution automation equipment
testing results involve multiple indexes, an evaluation
index system of distribution automation equipment
testing results considering seven big indexes and thirty-
six small indexes is established[9]. The evaluation index
system is shown in Figure 1.
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Figure 1. The evaluation index system of distribution automation equipment testing results

The first level evaluation index system involves
seven big indexes (environmental impact testing, main
function testing, electromagnetic compatibility testing,
basic performance testing, insulation performance testing,
mechanical performance testing, general inspection
testing). The second level evaluation index system
involves thirty-six small indexes. The environmental
impact testing involves high temperature testing, low
temperature testing, dump heat testing. The main
function testing fault detection testing, wave record
function testing, data transmission and storage testing,
control function testing, timing function testing, data
acquisition and processing function testing, maintenance
and display function testing, parameter access and
configuration function testing. The -electromagnetic
compatibility testing involves oscillating wave immunity
testing, power frequency magnetic field immunity testing,
pulse magnetic field immunity testing, radio frequency
electromagnetic field radiation immunity testing, damped
oscillating magnetic field immunity testing, voltage sag
and short-term interruption testing, electrostatic
discharge immunity testing, electrical fast transient pulse
group immunity testing, surge immunity testing. The
basic performance testing involves status quantity testing,
recording performance testing, continuous power-on
stability testing, basic error of ac input analogy quantity
testing, allowable excessive input capacity of power
frequency ac quantity testing, power load capacity testing,
influence of ac analogy input testing, power consumption

testing. The insulation performance testing involves
insulation resistance testing, insulation strength testing,
impulse voltage withstand testing. The structure and
mechanical performance testing involves protection level
testing, mechanical vibration testing. The general
inspection testing involves equipment structure testing,
equipment appearance testing, equipment interface
testing.

3 Calculation of comprehensive weights

3.1Calculation of subjective weights

The AHP (Analytic Hierarchy Process) has been widely
used in the calculation of subjective weights. When the
traditional AHP is used to calculate the subjective
weights, the judgment matrix may not satisfy the
consistency test[S]. In this paper, the improved AHP is
used to solve the above problems[7]. The scale
construction method is used to determine the judgment
matrix, so the judgment matrix satisfies the consistency.
Firstly, according to expert opinions or user
requirements, all the evaluation indexes are compared
with each other, sorted by the undiminished degree of
importance. Then, the index x; is compared with index
xi+1, and the corresponding scale value is denoted as .
Finally, the value of each element in the judgment matrix
which satisfies the consistency can be calculated by the
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transitivity of the indexes importance. The judgment

matrix R is shown in formula (1). The meaning of each
scale value is shown in Table 1.
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Table 1. The meaning of each scale value
scale value meaning
1 equally important
1.2 slightly important
1.4 Strongly important

Based on the obtained judgment matrix, the
subjective weights can be calculated by the formula (10)
which is formulated as follows:

W= )

=1l \ j=1
where, W, is the subjective weight value of the i-th index;

r; is the value of the element in the i-th row and j-th
column of judgment matrix

3.2 Calculation of subjective weights

To fully utilize the objective information of indexes data
in the evaluation of distribution automation equipment
testing results, the CRITIC method is used to determine
the objective weights in this paper[6]. The CRITIC
method not only considers the information of indexes
data but also considers the contrast between different
distribution automation equipment testing results. The
objective weights calculated by the CRITIC method is
more objective and reasonable.

The objective weights are calculated by the CRITIC
method, each index is processed to become of the same
direction. The positive index, bigger is better. The
negative index, bigger is not better. The negative index
can be converted into the positive index by the formula
(3) which is formulated as follows:

B 1
p+max|Xi|+xij

3)

Xij
where, X; is the negative index; xu is the negative index
which is processed to become of the same direction or
the positive index; rnax|Xl| is the maximum value of the
i-th index; p is the coordination coefficient.

The objective weights are calculated by the CRITIC
method, each index is processed to become
dimensionless. In this paper, we make indexes being

dimensionless by the formula (4) which is formulated as
follows:

x”:+ lzlazaan (4)

> ()

j=1
where, x; the index which is processed to become

dimensionless, m is the number of distribution
automation equipment that need to be evaluated

Finally, each index has been processed to become of
the same direction and dimensionless. The objective
weights can be calculated by the formula (5) which is
formulated as follows:

Gi=s[i<1—p[j) i=1,2,-.n 5)
=

2.6

J=1

where, V; is the objective weight value of the i-th index;
n is the total number of indexes; s; is the standard
deviation of the i-th index; p; is The correlation

coefficient between the i-th index and the j-th index; G,
is the information of the i-th index; COV(X X ,) is the
Covariance between the i-th row and the j-th row of
matrix X . It should be noted that when the standard

deviation of the i-th index is zero, the i-th objective
weight cannot be obtained.

3.3 Calculation of comprehensive weights

To achieve the sorting of distribution automation
equipment testing results accurately, the comprehensive
weights are obtained by combining the subjective
weights and the objective weights. the comprehensive
weights can be calculated by the formula (6) which is
formulated as follows:

a =Y (6)

where, ¢;is the comprehensive weight value of the i-th

index. it should be noted that when the standard
deviation of the i-th index is zero, the i-th comprehensive
weight is equal to the i-th subjective weight.

4 Solution methodology

According to the above algorithm, the flow chart of the
comprehensive evaluation method of distribution
automation equipment testing results based on AHP
(Analytic Hierarchy Process) and CRITIC (CRiteria
Importance Through Intercriteria Correlation) method is
shown in Figure 2. The specific operation process
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includes ten steps: (Dbasic data inputting; @calculation
of the judgment matrix; ®calculation of the normalized
test results matrix; @calculation of the subjective
weights; (calculation of the objective weights;
®)calculation of the comprehensive weights; @) the
second level evaluation results matrix outputting;
(8calculation of the judgment matrix; @calculation of
the subjective weights; (Oresults outputting.

C Start )
v

| Evaluation index system of distribution automation equipment constructing |

¥

| Calculate the judgment matrix R1-R7 |

v

| Calculate the normalized test results matrix |

v

[ Calculate the subjective weights W(U,)- W(U-) |

[ Calculate the objective weights V(Uy)- M(Us) |

| Calculate the comprehensive weights A(U,)- A(U7) |

| Output the second level evaluation results matrix B, |

v

| Calculate the judgment matrix R, |

| Calculate the subjective weights W(U) |

| Output the evaluation results B, |

v
( End )

Figure 2. Flow chart of the comprehensive evaluation method
of distribution automation equipment based on AHP and
CRITIC method

5 Results & Discussion

In this paper, the analysis and comparison of case studies
are based on the test results of two power distribution
automation equipment. According to expert opinions or
user requirements, the scale value can be determined. For
judgment matrix R1, the sorting of the importance of the
environmental impact testing indexes: high temperature
testing= low temperature testing™> dump heat testing. For
judgment matrix R2, the sorting of the importance of the
main function testing indexes: fault detection testing =
wave record function testing > data transmission and
storage testing= control function testing= timing function
testing= data acquisition and processing function testing>
maintenance and display function testing= parameter
access and configuration function testing. For judgment

matrix R3, the sorting of the importance of the
electromagnetic compatibility testing indexes: oscillating
wave immunity testing = power frequency magnetic field
immunity testing = pulse magnetic field immunity testing
= radio frequency electromagnetic field radiation
immunity testing = damped oscillating magnetic field
immunity testing > voltage sag and short-term
interruption testing = electrostatic discharge immunity
testing = electrical fast transient pulse group immunity
testing= surge immunity testing. For judgment matrix R4,
the sorting of the importance of the basic performance
testing indexes: status quantity testing = recording
performance testing > continuous power-on stability
testing = basic error of ac input analogy quantity testing
= allowable excessive input capacity of power frequency
ac quantity testing > power load capacity testing >
influence of ac analogy input testing = power
consumption testing. For judgment matrix RS, the
sorting of the importance of the insulation performance
testing indexes: insulation resistance testing = insulation
strength testing > impulse withstand voltage testing. For
judgment matrix R6, the sorting of the importance of the
structure and mechanical performance testing indexes:
protection level testing = mechanical vibration testing.
For judgment matrix R7, the sorting of the importance of
the general inspection testing indexes: equipment
structure testing>equipment appearance
testing=equipment interface testing. If the distribution
automation equipment is used in special situations, the
order of indexes importance should be changed.

Table 2. The scale value of the judgment matrix R1-R7

3‘;?1112 RI | Rl | Rl | Rl | Rl | Rl | RI
tl 1 1 1 1 1 1] 12
2 12 2] 1 | 12] 1 1
3 1 1 1

t4 1 1 1

t5 1|12 ] 12

t6 14| 1 |12

t7 1 1 1

8 1

Based on the corresponding scale value, the judgment
matrix R1~R7 can be calculated by the formula (1).
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08333 0.8333 1.0000 0.8333  0.8333 1.0000 1.0000 1.0000 1.0000 1.4000 1.4000

1.0000 1.0000 1.2000 [1.0000 1.0000 1.0000] [1.0000 1.0000 1.2000 1.2000 1.2000 1.2000 1.6800 1.6800 ]
R, = R, =
0.8333 0.8333 1.0000 1.0000 1.0000 1.0000 1.4000 1.4000

1 1.0000 1.0000 1.0000 |

R, =
110000 1.2000 120007 > |0.8333 0.8333 1.0000 1.0000 1.0000 1.0000 1.4000 1.4000
:[1.0000 1.0000} R, =|0.8333 1.0000 1.0000 0.8333 0.8333 1.0000 1.0000 1.0000 1.0000 1.4000 1.4000
6 0.5952 0.5952 0.7143 0.7143 0.7143 0.7143 1.0000 1.0000
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Based on the obtained judgment matrix R1-R7, the
subjective weights W(U,)-W(U) can be calculated by the
formula (2). W(U)=[0.3529, 0.3529, 0.2941]",
W(U,)=[0.1533, 0.1533, 0.1277, 0.1277, 0.1277, 0.1277,
0.0912, 0.0912]", W(Us)=[0.1200, 0.1200, 0.1200,
0.1200, 0.1200, 0.1000, 0.1000, 0.1000, 0.1000],
W(Us)=[0.1574, 0.1574, 0.1312, 0.1312, 0.1312, 0.1093,
0.0911, 0.0911]%, W(Us)=[0.3333, 0.3333, 0.3333]T,

[0.7410 0.6715] » {0,7071 0.7071}

0.6727 0.7399 =
06872 0.7265) 0.7071 0.7071

x"

X =

[0.6346  0.7729]
X" ={0.7507 0.6606
07250 0.6887 |

Based on the obtained normalized test results matrix
X' -X"", the objective weights ¥ can be calculated by

the formula (5). W(U))=[0.5660, 0.2740, 0.1600]7,
V(Us)=[0.2519, 0.0550, 0.0550, 0.0550, 0.0550, 0.3329,
0.1299, 0.0217, 0.0438]", V(Us)=[0.0394, 0.0394, 0.0394,
0.1705, 0.0827, 0.0808, 0.1024, 0.4453]", V(Us)=[0.6865,
0.2236, 0.09001]".

The comprehensive weights 4(U1)-A(U;) combining
the subjective weights W and the objective weights V'
calculated by the formula (6). A(U;)=[0.4585, 0.3190,
0.2225]1 T, A(U»)=[0.1533, 0.1533, 0.1277, 0.1277,
0.1277, 0.1277, 0.0912, 0.0912] T, A(U5)=[0.1915,
0.0895, 0.0895, 0.0895, 0.0895, 0.2010, 0.1255, 0.0513,
0.0729] T, A(Us=[0.0900, 0.0900, 0.0822, 0.1709,
0.1190, 0.1074, 0.1104, 0.2302] T, A(Us)=[0.5174,
0.2953, 0.1873] T,  A(Ue)=[0.5000, 0.5000] T,
A(U7)=[0.3750, 0.3125, 0.3125]".

Then the second level evaluation results matrix B,
can be calculated by the obtained normalized test results
matrix X' -X"" and the comprehensive weights 4(U)-

AUA).

0.7071 0.7071
X" =/0.7071 0.7071
0.7071 0.7071

[0.7071 0.7071]
0.7071 0.7071
0.7071 0.7071
0.7071 0.7071
0.7071 0.7071
0.7071 0.7071
0.7071 0.7071
10.7071 0.7071]

W(Us)=[0.5000, 0.5000]%, W(U7)=[0.3750, 0.3125,
0.3125]".

Based on the test results of two power distribution
automation equipment, each index is processed to
become dimensionless and of the same direction by the
formula (3) and formula (4). The normalized test results
matrix X"are shown in (8).

[0.7250 0.6887]
0.7250 0.6887
0.7250 0.6887

+ | 0.6585 0.7526

X" = ®

0.7441 0.6680

0.7433  0.6690

0.6783 0.7348

105735 0.8192]

[0.6644 0.7474]
0.7250 0.6887
0.7250 0.6887
0.7250 0.6887
X*" =10.7250 0.6887
0.6501 0.7599
0.6854 0.7282
0.7142  0.6999
107214 0.6925 |

[0.7072  0.7056 |
0.7071 0.7071
0.6925 0.7201
B, =|0.6778 0.7302 9)
0.6858 0.7240
0.7071 0.7071
| 0.7071  0.7071

For The first level evaluation index system judgment
matrix Ry, the sorting of the importance of the
environmental impact testing indexes: (environmental
impact testing=main function testing=electromagnetic
compatibility testing=basic performance testing=electric
pressure insulation performance testing>structure and
mechanical performance testing> general inspection
testing). Then the scale value can be determined. t1=1,
2=1, t3=1, t4=1, t5=1.6, t6=1.8. Based on the
corresponding scale value, the judgment matrix Ry can
be calculated by the formula (1).
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[1.0000 1.0000 1.0000 1.0000

1.0000 1.0000 1.0000 1.0000

1.0000 1.0000 1.0000 1.0000

R, =|1.0000 1.0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000

0.6250 0.6250 0.6250 0.6250
10.3472 0.3472 0.3472 0.3472

Based on the obtained judgment matrix Ry, the
subjective weights W(U) can be calculated by the
formula (2). W(U)=[0.1674, 0.1674, 0.1674, 0.1674,
0.1674, 0.1047, 0.0581]". Then the first level evaluation
results matrix B can be calculated by t he second level
evaluation results matrix B, and the subjective weights
W(U). B;=[0.6962, 0.7157]. The evaluation result of No.
1 distribution automation equipment is equal to 0.6962,
The evaluation result of No. 2 distribution automation
equipment is equal to 0.7157. By contrast, No. 2
distribution automation equipment is better than No. 1
distribution automation equipment. Table 3 shows that
compared with AHP, the proposed method can obtain an
accurate and comprehensive evaluation result. Because
the comprehensive weights calculated by combining the
subjective weights and the objective weights are more
reasonable and scientific, the proposed method has the
advantage that both the objective information of index
data and the important role of subjective judgment are
fully utilized.

Table 3. The meaning of each scale value

No. 1 distribution | No. 2 distribution
Method automation automation
equipment equipment
AHP 0.7044 0.7084
Proposed
method 0.6962 0.7157

6 Conclusion

This paper proposes a comprehensive evaluation method
of distribution automation equipment testing results
based on AHP (Analytic Hierarchy Process) and CRITIC
(CRiteria Importance Through Intercriteria Correlation)
method. AHP (the method of calculating the subjective
weights) and the CRITIC method (the method of
calculating the objective weights) are adopted for the
evaluation of distribution automation equipment testing
results, so both the objective information of index data
and the important role of subjective judgment are fully
utilized. Compared with the subjective weights
calculated by AHP, the comprehensive weights
calculated by combining the subjective weights and the
objective weights are more reasonable and scientific. The
effectiveness of the comprehensive evaluation method of
distribution automation equipment testing results is
verified by the analysis and comparison of case studies.
The results show that the more accurate and
comprehensive evaluation results can be obtained by the
proposed comprehensive evaluation index system and the
proposed evaluation method of distribution automation

1.0000 1.6000 2.8800 |
1.0000 1.6000 2.8800
1.0000 1.6000 2.8800
1.0000 1.6000 2.8800 (10)
1.0000 1.6000 2.8800
0.6250 1.0000 1.8000
0.3472  0.5556 1.0000 |
equipment testing results which comprehensively

consider the subjective and objective weights.
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