%550 % %531 e HEREP DA Vol.50 No.3
20229 2H 1H Power System Protection and Control Feb. 1, 2022

DOI: 10.19783/j.cnki.pspc.210386

EF CRITIC Fgui# Grey-TOPSIS B RERE R iT 77 5E

ARk, FHae, K¥gag, H WL, EMW

(ddb ) KFEw R 58 F 1450, 7T &2 071003)

TE: Jikm AR E A EE A e, 32 T —F 2T CRITIC FISGE Grey-TOPSIS [ HLRE R &5
TG 7. B, BT RS- RAER 7RG SR, MRS RIS WS 2 4R R BT R R,
LRI AR LG TG TRARA R B TIRIRAIFIE— @ RBOR R, LATERIEMZERE R, WHFEEM
fERH CRITIC WAL, (RIEFRAREAL B . 805, AL Grey-TOPSIS PHARMREAL, 51 NI EICIR FE 0
B[R ICEE B o W BT S 2 A B Ay, MBI e s I, RN A A ARG . R, K F AR R A
SRR NVEASHERE S ARSI AN S 7 51 5 1 PR AU 8] ROIUE B, SeBILnt LR R R S B I AL 0 4
B, B SERREG AT, BNE T TR ITIRRE e B BRSBTS R AT
REJR R BT A

KRR WRRRE GO R IR CRITIC WEGE: Mudk Grey-TOPSIS VP4l /572

Grading evaluation of power quality based on CRITIC and improved Grey-TOPSIS

ZHAO Hongshan, LI Jingxuan, MI Zenggiang, PU Liang, CUI Yangyang
(School of Electrical & Electronic Engineering, North China Electric Power University, Baoding 071003, China)

Abstract: To improve the objectivity and accuracy of power quality evaluation, a grading evaluation model of power
quality based on criteria importance through intercriteria correlation (CRITIC) and an improved grey-technique for order
preference by similarity to an ideal solution (Grey-TOPSIS) method is proposed. First, the evaluation indices are selected
based on the interaction between subsystems in a pressure-state-response (PSR) model, and a comprehensive evaluation
index system is established. Because there is a certain correlation between indices, and considering the differences
between indices, the CRITIC method is used to ensure the objectivity of index weighting based on two aspects of
information. Then, an improved Grey-TOPSIS evaluation model is established, and the Euclidean distance is improved by
introducing grey correlation degree. The new distance measure is constructed by fusing the progress of graph pasting with
spatial position to make up for the defect of the original criterion. Moreover, the power quality grade is added to the
evaluation matrix, and the grading evaluation of power quality is realized by judging the distance between the grade
sequence and the positive ideal solution. The case study indicates that the improved model makes full use of data
information, reduces the impact of subjective factors, and can obtain more accurate and comprehensive power quality
evaluation results.
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Table 1 Grading circumstances of each index of power quality
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Fig. 2 Power quality grading assessment process
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Table 2 Indexes data of monitoring points

. p] i i i i
b A1 2 A3 4 45
LERDETA G 0.833 0.762 0.796 0.740 0.764
BRI 3N1% 1.33 1.53 1.95 1.37 1.58
F (2% 3.21 6.68 4.35 5.33 4.22
R I % 1.72 4.28 2.67 3.36 4.57
FHL R TN A2 /% 47.3 84.7 63.4 82.6 82.8
BN 79.63 15.89 51.56 58.56 48.63
WiHRMZE/Mz 00922 0.1562 01180 0.1787  0.1892
=HIAR
% 0.83 1.36 1.35 1.74 1.83
e 0.832 0.713 0.864 0.684 0.783
=3 EniissE
Table 3 Optimal and worst value of index
Eiztan AR A
BT EEdE 1 0
GENER 27T 0 3
F i 2% 0 7
F R T 1% 0 5
F R A 1% 0 3
BN 1 0
A2 2 Hz 0 0.5
=A% 0 4
JIR 551k 1 0

T b R UK PR 1 e AR T 2R 2RI o). T
i BUARNR, FRAME AR PR R R PRAE, ik
FYetatrim iy 1 TR e bR, HRE
TR R/ MR BRAE, WS HE R SR
Wi ARAE N 0o MHFRFR RN 380 V I, HiHE
WA 5 R N AT 3%, HUERZE AT 7%,
HL R TR AN R I 5%, J I FU AN AN R 4%,
R PR AN L 0.5 Hz,  H b E #3545 1)
B

SRR TR R I 4y AL, oL ST
RS, F A bR o . i Sk PRAE AN 46
PRI P RE T LR G VPN AERE, Rk EE (1) —
@) HATE AR AL B, M EARE LR A VPAL A
fE, ik 4 Fios.

5T CRITIC BGE T 5 BRI E LR A VPN A
AP EFEVAE, BUE A E Y

W = [0.0175, 0.1614, 0.2089, 0.1953, 0.0245, 0.2195
0.0477, 0.0763, 0.0487].

IRIEFE R T SR LR S VA FERE, FIH
HudE Grey-TOPSIS VTR G VEAl, 45 R UER 5 BT o



-6- Y EE X T EE S

x4 R

SZaTHEIE

Table 4 Standardized comprehensive evaluation data
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Fig. 3 Evaluation results of power quality subsystem
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Table 7 Comparison of different evaluation methods
VAL Bt Grey- ZHASIN 1) 25 il BIE

TOPSIS i )
Jii: TOPSIS 2 ) B S B A EH
s 1 I I Il Il
s 2 v \Y, \Y, v
WSR3 1 i i [}
WA 4 v i v v
W5 R 5 v \Y, \Y, v

R 7 a5, SOhR H AT CRITIC At
Grey-TOPSIS ¥ HLRE i & 70 e vPfili 45 IR -5 FA PEAG
TTVE PR 4 R IE A — L, 36 3E T AR A 38 N

7t TOPSIS PEALVEH, e HAE I EE Y,
¥ AR ST A NN S A VPl AR R b, (E IS AT
4 PR ESRGRAFERE . BONZ R
FH oA —BR PR B R N BE BN, TCyEHER I Wi A5 7
i 5 I BB AR A B OC R, AIRE ST EH AR
JER SIS R . SO VAN 5 TN IR ORI
ERRCHE B 456 T OB P& FI4 . Refs BE n 5EHh
ST RHIAGAL B e &R, VPl 4E BR HEndERR. 1E
A5 IF 1) 25 i 2 ) P R R PG kR, SR A
AHP FUGBEH e fabr B, A8 PE & W W
U o AT$h = EAR YEAL 7 v s RO VRN ik,
J& B PR AL IR RS2 R ZRRE . Rk, EaR
JE VAN 65 A — C FE T L3z B R R R, 1
ALV R o FHEREEGEE, KA
CRITIC TRAUFN i Grey-TOPSIS HiAE i 825 2 T
i, PP RS T R RS R, S AR L X
PRI R, 5 R HREM . B RIS
THA T, SCHEBI 5N PSR FRAD I
T, RS BN 52 RN e R RE TR BT R AR IR R
ARAL L RE S B AR

4 #Eip

LA CRITIC g Grey-TOPSIS X Hifig
JREBAT 2 FAT AL . FET PSR AR th = A1 R 45 ]
BRI R, WEJT. IRES w2 4t 52 16 i e
JRELEEVEGTERR, WERIE TR R
JEFRARRIAATAE ZE e, A — @ o,
ORI HEIEE R, T CRITIC VLTS IE AR E,
R TRFRIRAL BN o SR &5 4 K (SR B T it
TOPSIS %, # ik Grey-TOPSIS PEAG#EAL, 77
JIK. TOPSIS ¥ A 8. — W PR P 5 300 P8 o) A7 28 S A4
(PR o R ZE AR IR A N PR o o S S R P A 2
SR VPATAERE,  SEPUKT HLRE T B AT
il o cSE S POABEZRY BRA VP AT & I A PR RE I A

XA TR BARSES, PRAGZE R s, 58
B, FF CRITIC Flgkidt Grey-TOPSIS [1)HLfE
JR B R VPR AR AR 3E R o I X B B eT
AR RE T A TR AR B S S S, FabR L
HRIPEAG 25 S 2 W B . et s R B HULGH
P B W B A, AR T AL A AT SR
HAMERL ) PSR T R G0 MR 15 RS 40 BT SR
P R ATERR R R, NIRRT E KRS
7 1A

SE 3wk

(1] XUFE, P, oA, & B S LRGPP TT AL

BUIR KK BB ). B RGP 511, 2020, 48(4):
167-176.
LIU Yingying, FENG Dandan, LIN Caihua, et al. Current
status and development trend of power quality
comprehensive assessment[J]. Power System Protection
and Control, 2020, 48(4): 167-176.

(2] 220k, PhER, FEPOR, &5, Reli KM ALRe i & 4R

GG D H3Mb 3%, 2016, 36(10): 1-7.
FU Xuegian, SUN Hongbin, GUO Qinglai, et al.
Comprehensive evaluation of energy quality for energy
internet[J]. Electric Power Automation Equipment, 2016,
36(10): 1-7.

[3] KIRANMAI S A, LAXMI A J. Data mining for
classification of power quality problems using WEKA
and the effect of attributes on classification accuracy[J].
Protection and Control of Modern Power Systems, 2018,
3(1): 303-314.

(4] 5Ki%, ZFik, ARRIE, S5, JETARuE A 1 R RE TR 40

AR EITED] B RS A3, 2020, 44(17):
102-110.
ZHANG Yi, LI Ke, SHAO Zhenguo, et al. Standard files
based ontology construction method in power quality
domain[J]. Automation of Electric Power Systems, 2020,
44(17): 102-110.

(6] Bk, RAA, ¥oud EXRBMEBERREESRE

TR IR S B 5774 [0]. B0 B3k i 4%, 2018, 38(5):
241-247.
YIN Yanchao, WU Renjie, CHANG Binlei. Knowledge
cloud evaluation service model and method for power
quality of complex power grid[J]. Electric Power
Automation Equipment, 2018, 38(5): 241-247.

[6] WANG T, LI 'Y, LIN C, et al. Fuzzy comprehensive
evaluation of power quality based on confrontational
cross DEA model[C] // 2019 IEEE Sustainable Power
and Energy Conference (iSPEC), November 21-23, 2019,
Beijing, China: 2595-2599.

(7] REHLE, ZEF, MEE. BEHEZEXR S 2 Hirk
FM G5 A B B SR A TG [J]. HEOR, 2009,
33(19): 113-118.

KANG  Shiwei, PENG Jianchun, HE Yuging.
Comprehensive evaluation of power quality based on the
integration of fuzzy analytic hierarchy process with



Y EE X T EE S

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

multi-objective  decision-making[J]. Power
Technology, 2009, 33(19): 113-118.

Wiz s, BREARR, AIRBE, 5. — A& SRR R 8 X
FLAE R o BB VR T ORI [0 AL AR TR,
2014, 33(2): 63-69.

YANG Jiahao, OUYANG Sen, SHI Yili, et al. Combined
membership function and its application on fuzzy
evaluation of power quality[J]. Advanced Technology of
Electrical Engineering and Energy, 2014, 33(2): 63-69.
SALARVAND A, MIRZAEIAN B, MOALLEM M.
Obtaining a quantitative index for power quality evaluation
in competitive electricity market[J]. IET Generation
Transmission & Distribution, 2010, 4(7): 810-823.
RRFHAR, AHaBL. SodRitud K& e BRI & PG
M) BARSEBME, 2013, 37(21): 156-159, 164.
OUYANG Sen, SHI Yili. A new improved entropy
method and its application in power quality evaluation[J].
Automation of Electric Power Systems, 2013, 37(21):
156-159, 164.

JEK, SRR, SRR AR T R A AR A R RE
LA TSI BMEAR, 2007, 31(7): 32-35.
ZHOU Lin, LI Qiuhua, ZHANG Feng. Application of
genetic projection pursuit interpolation model on power
quality  synthetic  evaluation[J]. Power  System
Technology, 2007, 31(7): 32-35.

Ae, BUISEE, SONEE, 4. JET RAGA-PPM I HiRE

System

B LEE S TIE[]. TR R, 2013, 28(1E T 2):

349-353.

LI Hua, HE Pengju, JING Liting, et al. The method of
power quality comprehensive evaluation based on
RAGA-PPM[J]. Transactions of China Electrotechnical
Society, 2013, 28(S2): 349-353.

ZRRFR, UMK, RN, 25 VDo YE B A
ZiE R RG] B LHEOR R, 2015,
30(12): 383-391.

LI Lingling, LIU Jingjie, LING Yuesheng, et al. Power
quality comprehensive evaluation based on matter-element
theory and evidence theory[J]. Transactions of China
Electrotechnical Society, 2015, 30(12): 383-391.

A ETAIEHEZEMSGE TOPSIS KR AERE G/
RN W0 RS RS 45, 2018, 46(20): 109-115.
LI Jie. Research on evaluation method of power quality
based on cooperative game theory and improved TOPSIS[J].
Power System Protection and Control, 2018, 46(20):
109-115.

ZHANG D, SHEN J, LIU P, et al. Allocation of flood
drainage rights based on the PSR model and Pythagoras
Fuzzy TOPSIS method[J]. International Journal of

Environmental Research and Public Health, 2020, 17(16):

1-19.

R, SCHRTE, T4ED, 55, B Ae R AL S Rt I P
JEA—RE—m R RS E 3k, 2014,
38(2): 23-32.

SONG Qi, WEN Fushuan, WANG Weizhou, et al.
Evaluating social welfare of smart grid development in
Pressure-State-Response framework[J]. Automation of

[17]

[18]

[19]

[20]

[21]

[22]

(23]

Electric Power Systems, 2014, 38(2): 23-32.

FAN L, ZHANG Y. Application of combination weighing
and outranking relation method in evaluation of power
quality[J]. Journal of Information and Computational
Science, 2013, 10(1): 1-7.

R, K, R T. ET RN E
AHP-CRITIC Sy T i X Wb P 52 SR 0], FRL &%
SR 5151, 2020 ,48(14): 1-9.

TANG Min’an, ZHANG Kaiyue, XU Xiyuan. Service
restoration strategy of a distribution network based on
heuristic rules and the AHP-CRITIC algorithm[J]. Power
System Protection and Control, 2020, 48(14): 1-9.
PREtte, fTE1E, K8, 5. TOPSIS VATER A LS
KRN R A AR R AT R R[],
L LAE 23R, 2020, 40(4): 1274-1281, 1418.

CHEN Qihua, HE Yuheng, ZENG Yongzhong, et al.
Application of TOPSIS method in the comprehensive
evaluation of steam-air preheater on waste incineration
boiler[J]. Proceedings of the CSEE, 2020, 40(4):
1274-1281, 1418.

MALGORZATA J K, KATARZYNA A, RYSZARD W,
et al. Application of MICMAC, fuzzy AHP, and fuzzy
TOPSIS for evaluation of the maintenance factors
affecting sustainable manufacturing[J]. Energies, 2021,
14(5): 1436-1446.

BB, BRET, ROCE, & BT 2RI AL
BER ORI AL i o] FEVERE ST 3], O RGO/ 542
], 2021, 49(11): 28-34.

YAO Zhongsheng, QIAN Hong, WU Wenjun, et al.
Research on power supply reliability based on multi-
factor comprehensive evaluation and improved gray
relation[J]. Power System Protection and Control, 2021,
49(11): 28-34.

MBS, Bifs, Eoodl, 5. FTahASm A = e R
HEEN AR ELE G IE]. BMEIAR, 2013, 37(2):
562-567.

LIN Deging, GU Wei, WANG Yuankai, et al. Synthetic
evaluation of power quality based on dynamic time
warping spatial distance measurement[J]. Power System
Technology, 2013, 37(2): 562-567.

N, Mg, T A S EIR N F AR LR A T
fEEAY[I]. W RS E Bk, 2012, 36(1): 66-70.

LI Rugi, SU Haoyi. A synthetic power quality evaluation
model based on extension cloud theory[J]. Automation of
Electric Power Systems, 2012, 36(1): 66-70.

i HER: 2021-04-11;

i&E HEA: 2021-06-29

EEEN:

R (1965—), B, Hd, #it, WA I, i

FEAE N RGBT HEG . L EKERN S KALIE 4
% #F50; E-mail: zhaohshcn@ncepu.edu.cn

F#e (1996—), %, MEFLL, FHLHEMA LR

F iR R R B 4 F 4 S  E-mail: lijingxuansd@163.com

(%4 B 3edm)



