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Comprehensive evaluation method of the grid-connected performance of an electric vehicle
charge and discharge station based on an Apriori-ANP

YU Hao', ZHANG Dahai', ZHAO Xuan?, ZHANG Yuanxing®, HE Jinghan'
(1. School of Electrical Engineering, Beijing Jiaotong University, Beijing 100044, China; 2. Beijing Electric
Vehicle Charging/Battery Swap Engineering and Technology Research Center, China Electric
Power Research Institute, Beijing 100192, China)

Abstract: The randomness of EV charging and discharging behavior leads to strong fluctuation of running data and large
difference of weights among indexes, thus it is difficult for traditional methods to evaluate the grid-connected
performance of EV charge and discharge stations comprehensively and accurately. Therefore, a comprehensive evaluation
method for grid-connected performance of EV charge and discharge stations is proposed. First, a comprehensive
evaluation index system including 5 criteria such as safety, adaptability and stability is proposed. Second, the Apriori
algorithm is used to process the correlation between indicators. At the same time, a game idea is introduced to combine
the ANP and CRITIC methods to determine the optimal combination weight of indicators. Based on the optimal
combination weight and the TOPSIS method, an evaluation model is established to quantitatively analyze the
comprehensive performance of grid-connected charge and discharge stations. Finally, the proposed method is verified by
using the operating data of an EV charge and discharge station in a city, and compared with the existing evaluation
methods. The results show that the proposed evaluation system and evaluation method are effective and superior.
This work is supported by the National Natural Science Foundation of China (No. U22B20103).
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Fig. 1 Grid-connected performance evaluation system of electric vehicle charge and discharge station
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Fig. 2 Combined weight calculation flowchart
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Table 1 Standardized matrix of metric values

FEBHLG 1 FEIR AU 2 FETH AL 3 febrbr 5
0.2425 0.9701 0 B
0 0.9701 0.2425 B:
0 0.4175 0.9087 B;
0 0.9536 0.3011 By
0.5927 0 0.8054 Bs
0.4472 0 0.8944 Be
0 0.2223 0.9750 B
0.4171 0.9089 0 Bg
0.5093 0.8606 0 By
0 0.8944 0.447 213 595 Bio
0.8526 0.5226 0 B
0.8575 0.5145 0 Bz
0.3162 0.9487 0 Bis
0 0.9487 0.3162 B4
0.8944 0.4472 0 Bis
0 0.2900 0.9570 Bis
0.3040 0.9527 0 Bi7
0 0.2425 0.9701 Bisg
0 0.9887 0.1498 Big
0.4763 0.8793 0 By
0 0.9070 0.4211 By
0 0.1376 0.9905 B2
0.9487 0.3162 0 By
0.9762 0.2169 0 Bo4
0 0.9059 0.4236 B:s
0.3624 0.9320 0 Bas

*2 5 B, BHEEXRNERER

Table 2 Information indicators that are interrelated with B,,

LXI'T By, KEkFE bR
E, Biav Bisy Basy Bos
E, Biov Bisy Bass Bos
Es Bizv Bigs Bags Basy Bag
Eq Bi2v Biss Basy Bos
Es Bisv Basv Basy Bas

AU Apriori 5% E HE 4L (S} IS k130

&, 1-TIERLIER 3 .
*® 3 SNE 1-E
Table 3 Frequent 1-item set

1-TiE XS HFEEEY%  REIREIE
B Ei. Esv Esv Ey 80 2
Bis Es 10 &
Big Ei Esv Esv Ey 80 Z
Ba E>+ Es. Es 60 P
Bss Ei~ Eyv Esv Es. Es 100 2
Bas Ei- Es» Egv Es 80 &

MRAE R 3 1T LAS 2 B3 X IHRAR 5 By Z A
TR, SCRFEENT 40%, WISCBESERES, Xtk
KR REATH B W 1-T0 5 K 2
MIN ¢ tienceip ) TIME k-T4E (k=2,3,4) , W3k 4
P

F4IME 2, 3. 4E
Table 4 Frequent 2, 3, 4-item set

W kT4 i SR BIEE Y%
Bi2v Bis 4 100
Bi2v B 2 50(5%)
Biav Bos 4 100
Biav B 3 75
Bisv Bos 2 50(5%)
A 2-TiidE Biss Bos 4 100
Bigs Bas 3 75
Basv Bos 3 100
Byss B 2 66.6(%)
Bas. Bas 4 80
Bigs Bos 4 100
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B 3-TiidE
Biav Basy Bas 3 75
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B 4-TidE Bi2v Bisy Basy Bag 3 75

H#* 4 778, B,. B,. B, B, L
MINg, oipy = 40% FIMIN . coonceipgy = 75% 5 FTEA
IEFIORHRR RAFE. A B, B,,, RREB, .
Bis+ By« By 5 By, ZIHMIAH RN R & o BEARAER
BRI AR A BRI SR R A0 3 R

?Hﬂf e IR 4 A B
%2
(e hRAL)

JERNPEA,
Bs—Bui

2GR EA4
Bi7—Bx

FaE A3
B 1 3_B 16

B UFTEAS
BBy

[&] 3 ANP EZEXREME

Fig. 3 ANP connection structure diagram



-128 - B R GARY 524

FEARI) S FEARE] I RIS RN 5 BT o
5 1BFRE BN

Table 5 Rules for correlation between metrics
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Bis Bi7v Bisy Biov B

Bis Bao

By Bi2v Bi7v Bisy Baov Baov Bosy Bog
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Bos Bizv Biss By By
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Table 6 Cloud model of electric vehicle charge and discharge

station under different evaluation methods

under index value change
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0.0092) 0.0115) 0.0085)
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Fig. 9 Normal cloud distribution of each electric vehicle charge

and discharge station under variable index
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Table 7 Cloud models of charge and discharge stations of
electric vehicles with different evaluation methods

under weight change
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