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Real time comprehensive evaluation method of power quality based on state
entropy and dual track TOPSIS
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Taiyuan 030024, China; 2. College of Information Science and Technology, Nanjing Forestry University, Nanjing 210037, China)

Abstract: This paper proposes a comprehensive evaluation method and a global power quality evaluation system to
achieve continuous and real-time evaluation of power quality. The entropy weight method is used to construct a
comparison channel for the data information between each power quality indicator, ensuring the objectivity of the
weighting. State variables are also constructed to dynamically adjust the weights of each point in the calculation unit,
which enhances the time sequence weighting's dynamic characteristics and improves the weight resolution in the time
domain. A dual-track TOPSIS evaluation method is proposed to open up TOPSIS calculation paths for both data and
grades, ensuring the consistency of evaluation standards for each period. The method also merges data into grades to
obtain a comprehensive evaluation of the power quality overall state based on the evaluation grade and a cause analysis of
grade changes based on the state weight. Through case analysis, this evaluation method is verified to be effective for
real-time evaluation and has generality.
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Table 1 Grading of power quality indexes
fRbRETY 1 % 2% 3% 4% 5%
HERE % <28 <56 <98 <126  >126
WFEmzE/Mz  <0.08 <0.16 <0.28 <0.36 >0.36

ZHATH% <08 <1.6 <238 <3.6 >3.6
W /% <1.6 <32 <5.6 <72 >72
LR I3/ % <1.6 <32 <.6 <72 >72
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Fig. 1 Flow chart of multi index power quality evaluation
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Fig. 4 Comprehensive evaluation model of power quality
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Table 2 Single cause measured data sequence

B [5)/s B R A 22 /% B A 22/ Hz ZAASTETE 1% W /% R B/ %
3 0.244 81 -0.014 012 0.228 03 0.161 01 0.001
6 0.243 39 -0.013 9304 0.228 13 0.169 25 0.001
9 0.244 46 -0.013 9589 0.228 25 0.155 74 0.001
12 0.241 41 -0.013 9204 0.229 0.167 64 0.001
15 0.243 58 -0.013 9369 0.226 89 0.187 44 0.001
18 0.2429 -0.013977 4 0.228 61 0.163 36 0.001
21 0.243 48 -0.013993 4 0.228 54 0.152 41 0
24 0.246 65 -0.013 963 0.226 32 0.140 99 0
27 0.241 72 —0.013 953 0.228 41 0.210 54 0
30 0.243 22 -0.013 9572 0.229 67 0.143 95 0
33 0.381 42 -0.0123303 0.51279 2.500 52 -0.221 07
36 0.439 85 -0.013 9702 0.630 93 6.008 37 0
39 0.436 98 -0.013 94 0.631 81 6.009 54 0
42 0.440 75 -0.013 963 8 0.629 25 6.008 8 0
45 0.439 65 -0.0139729 0.629 58 6.008 54 0
48 0.43997 -0.0139811 0.629 34 6.007 15 0
51 0.438 15 -0.014 004 2 0.632 58 6.008 23 0.001
54 0.440 75 -0.0139715 0.631 41 6.007 38 0.001
57 0.439 58 -0.014 016 3 0.630 98 6.011 08 0.001
60 0.439 95 -0.014 001 3 0.628 64 6.008 32 0.001
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Table 3 Multi-factor measured data sequence

I )/ HLBARZE /% B 22/Hz AT /% W R/ % HLIE BB/ %
3 0.440 14 -0.013944 3 0.629 34 6.007 63 0.001
6 0.440 73 -0.013979 4 0.629 17 6.011 13 0.001
9 0.441 12 -0.013 957 0.630 45 6.009 38 0.001
12 0.4401 -0.013 8205 0.630 76 6.009 96 0.001
15 0.437 89 -0.013946 3 0.630 78 6.012 19 0.001
18 0.437 04 -0.013977 8 0.630 22 6.009 59 0.001
21 0.441 68 -0.014 017 0.629 29 6.008 95 0
24 0.437 88 -0.013 949 8 0.628 46 6.01023 0
27 0.438 43 -0.013 9372 0.631 21 6.009 76 0
30 =7.916 36 -0.013 727 4 3.13999 7.148 87 10.018 84
33 -9.577 06 -0.014 009 5 3.63752 6.663 71 0
36 -9.579 45 -0.013 989 3.639 49 6.664 0
39 -9.577 59 -0.013978 5 3.6394 6.663 39 0
42 -9.579 66 -0.014 0103 3.6405 6.666 47 0
45 -9.579 83 -0.013 968 5 3.638 28 6.662 21 0
48 -9.577179 -0.013983 1 3.639 41 6.664 63 0
51 -9.57599 -0.013993 2 3.6387 6.663 06 0.001
54 -9.574 51 -0.013 9259 3.639 33 6.664 54 0.001
57 -9.576 51 -0.013972 1 3.638 12 6.6645 0.001
60 -9.577 12 -0.014 004 6 3.639 35 6.663 75 0.001
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Fig. 6 Time series weight/grade chart
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Fig. 7 Comparison of comprehensive evaluation methods
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Table 4 Validation data sequence

EVEEY TR < R | A /) = S VA4

)
o

F 1% FEMz  CPHEEY%  E/% 31/%
1 0(1) 0(1) 0(1) 0(1) 0(1)
2 2.8(1) 0.08(1) 0.8(1) 1.6(1) 1.6(1)
3 5.6(2) 0.16(2) 1.6(2) 32(2) 3.2(2)
4 9.8(3) 0.28(3) 2.8(3) 5.6(3) 5.6(3)
5 5.6(4) 0.36(4) 3.6(4) 7.2(4) 7.2(4)
6 154(5)  0.44(5) 4.4(5) 8.8(5) 8.8(5)
7 1.8(1) 0.17(3) 1.8(3) 2.6(2) 3.6(3)
8 2.6(1) 0.06(1) 0.6(1) 32(2) 22(2)
9 5.4(2) 0.14(2) 1.4(2) 1.8(2) 1.8(2)
10 1.2(1) 0.12(2) 12(2) 1.4(1) 1.4(1)
11 0.02(1)  0.05(1)  0.18(1)  0.05(1)  0.02(1)
12 0.03(1)  0.07(1)  0.151)  0.67(1)  0.01(1)
13 0.01(1)  0.05(1)  022(1)  0.56(1)  0.15(1)
14 0.02(1)  0203)  0.12(1)  0.75(1)  0.25(1)
15 0.01(1)  0.02(1)  030(1)  0251)  0.18(1)
16 0.01(1)  0.05(1)  050(1)  0.18(1)  0.88(1)
17 0.05(1)  0.203)  0.40(1)  0.88(1)  0.19(1)
18 0.08(1)  0.07(1) 0.8(1) 0.88(1)  0.88(1)
19 0.04(1)  0.05(1) 0.5(1) 0.41(1)  027(1)
20 0.06(1)  0.01(1)  0.14(1)  0.17(1)  0.31(1)

HPE 7 AT DAE H e A0 A 78 oG s — e b oS
HAAXIEIT, 3 BRI A VPl 45 BT — 2
PiBH 5] NS0 1) TOPSIS FXUALH] TOPSIS AH#: T
J54f TOPSIS 15, FIBIEE AL 5L I RE /1%
HRAFEL R AR AR

{E02, YE P AR I e R B — PR bR S ) 5
—ZWAXEIE, 7EJRLG TOPSIS ik T, #IkbT
1 ZeRERFRr S ET AN B, EfEE
BUE ERUNRIZE S, SRATROT T EARE R 2R, 4§
HOMAAESAGEEER 2 L, BUFSEE TR
AR 4, HSEPRE AR IR ZE

SINZE PR Y TOPSIS 78— EfLfE Ffe T
Ji7 46 TOPSIS 41/ LLEL I, HLR &AL 45 3
N1 %, B TOPSIS VEF AR .. (HE*%K 4
FRTR 25 E A 3 R 4 AN 7 s, HIRDNEdE L
RN KT, BUEVE bR UAE R EAR ),
ToiE 9, VPSS RYERr 1 9, 5SLBRIS AT
TEARZE

XU TOPSIS 256 BRI VLRI A, ff ik
ZH A B i) R sl VP AR v T B O ARSR, k
HASK HIT AR E 1 9, i ARSI
FHFT RIS, BERBIRG SRR, $REE
B 225, X487 W ABARSGAVEN 2 9, T
il 25 S H TR -

4 £

1) AR BEE S5 B ALRE N, AL T 1
FRENE B REK R, WEEREMMR T AFRREE
HMECAX 73 4R bR 22 PR el SRR AR BB SE N
WRGES, AL T HE AU & 2] S 3 SRR
RS, RORARTT T I S F) 20 3 55 3 2 i 12
TRPE, AR T I AL R R AR

2) #EH T XU TOPSIS L34 VAl 777200 HL A
JREBAT R G PP, ER LS TOPSIS 41/
BUA L SAk L 3 F58 1 A bR E AR e
A, AR B Bl sl R RAFIIX 7
IEAEAT A B R il il A AT LR, S S B
i,

3) PR VAR E I A R, B TUHRER
RAE N AAIRES, DS SR PP 45 RAE N
SEFNYE, DL TR AR A SIS A R R T
M (B 4E FEANFRARAE L E PP SE R, Mg T — &
I 1] 7> 51 L e o B 2R 5 PP A AR R
S 30k
(1] XURRE, WY, oA, 5. RBER R LR & PG IT



(7]

(8]

W, S FETIRASEIBRUEH] TOPSIS (F) HLBE T B S 45 G 0PAs J7v2: - 113 -
FEHUIR K R [T, A RGP S5, 2020, (10] FE4, WiA, B, 5 TSR
48(4): 167-176. E,uméAE’JEEJJEF TRV L], I RGR

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.

EE. AR B LAa PR TIEAN AL [D]. B I ARR
*%,2019.

LU Cheng. Research on comprehensive evaluation method
of power quality[D]. Jinan: Shandong University, 2019.
By, BRI, mitE, 5. AT 0 AHP-CRITIC 41
B IR TR VPG LAY (O C F 2R S PN T ]
1 RGP S, 2021, 49(16): 86-96.

LUO Ning, HE Molin, GAO Hua, et al. Comprehensive
evaluation method for a distribution network based on
improved AHP-CRITIC combination weighting and an
extension evaluation model[J]. Power System Protection
and Control, 2021, 49(16): 86-96.

P, WRBE. R TS MELE K TOPSIS A4 i) H g
R LA VEE[I]. AR, 2020, 39(3): 20-25.

SUN Jianmei, CHEN Lu. Comprehensive power quality
evaluation of TOPSIS model based on combinatorial
weighting method[J]. Electrotechnical Application, 2020,
39(3): 20-25.

A, PO JET S SORIAUE B R RE R 4R A VR
], B LHA, 2017(3): 1-4.

ERE, &R, iﬁf“& IF-ANP 414
KL RE R VRN [)]. B RG
2021, 33(7): 49-55.

DONG Huifen, JIN Chenyang, SHI Zhibo. Aircraft
electrical power quality evaluation of grey clustering with
IF-ANP combination weight[J]. Proceedings of the CSU-
EPSA, 2021, 33(7): 49-55.

BREHAR, AR, SCbRGE S AE R TR VRl P i
MHA[. ARG AN, 2013, 37(21): 156-159, 164.
OUYANG Sen, SHI Yili.
method and its application in power quality evaluation[J].
Automation of Electric Power Systems, 2013, 37(21):
156-159, 164.

Wi, FET AR OB IR Y L A 4
WEFT[I]. HLEAS B, 2011(24): 232-235.
S, XU’%&Z s, RERIE, . Y)ICEAR AIEYE EI A
S5O R RE T B LA PRAN )], B L EOR AR, 2015,
30(12): 383-391.

LI Lingling, LIU Jingjie, LING Yuesheng, et al. Power

quality comprehensive evaluation based on matter-element

TR PR A e
H AR,

A new improved entropy

ERR LIPS

theory and evidence theory[J]. Transactions of China
Electrotechnical Society, 2015, 30(12): 383-391.

[11]

[12]

[13]

[14]

[15]

[16]

(17]

P51, 2022, 50(21): 167-176.
SHI Yijin, TAN Guisheng, ZHAO Bo, et al. Condition
assessment method for power transformers based on
fuzzy comprehensive evaluation and information fusion[J].
Power System Protection and Control, 2022, 50(21):
167-176.

G, BT W ouhE R 5y AU AR ) H RE T R4
VTR FUD]. AR ZHOK, 2020.

LIU Dangdang. Research on comprehensive evalution
method of power quality based on cloud matter model
and variable fuzzy set[D]. Hefei: Anhui University, 2020.
M4, skik, ARIRE, 5. B THOH DEA (1R
JRPE B B A TR []. BB ERR, 2021, 47(5):
1751-1761.

LIN Caihua, ZHANG Yi, SHAO Zhenguo,

Comprehensive evaluation of power quality on long-time

et al.

scale based on fuzzy DEA[J]. High Voltage Engineering,
2021, 47(5): 1751-1761.

AP, KB, BRI, 55 BT R S
Tt AT JE T R BB B VT AR AT AT (D] A RO 7, 2022,
50(10): 23-29, 52.

YU Hongbo, LIU Yongbo, HUANG Taotao, et al. Power
quality evaluation based on extension cloud model and
fuzzy proximity degree[J]. Smart Power, 2022, 50(10):
23-29, 52.

JAMR, SRR, XM, A RSO 28 o 45 A5 T PR A
BRI =[] = EEJEEUK, 2007, 33(9): 66-69.

ZHOU Lin, LI Qiuhua, LIU Huayong, et al. Evaluation
of power quality by fuzzy artificial neural network[J].
High Voltage Engineering, 2007, 33(9): 66-69.

Mk, Moz, £, % FET GAF SHEME ML
LR BTS04 2K 10]. B R IRA S5, 2021,
49(11): 97-104.

ZHENG Wei, LIN Ruiquan, WANG Jun, et al. Power
quality disturbance classification based on GAF and a
convolutional neural network[J]. Power System Protection
and Control, 2021, 49(11): 97-104.

WEAYE, B0, VL, &5, TSRS i MK A I
L2 M 2% 1) A 2 HR IS 5 B4R b T 0], F 0 i
2021, 42(4): 9-16.

YANG Chaoyun, XIA Shengfeng, JIANG Nan, et al.
Prediction of steady-state indices of voltage quality based
on correlation analysis and long short-term memory
network[J]. Electric Power Construction, 2021, 42(4): 9-16.
XL, 2R, ORISR, & BT CRITIC M Grey-
TOPSIS L AE B PP ITIE[T]. B RG RS



-114 -

W) R GRS B s

[18]

[19]

[20]

[21]

[22]

¥, 2022, 503): 1-8

ZHAO Hongshan, LI Jingxuan, MI Zengqiang, et al.
Grading evaluation of power quality based on CRITIC
and improved Grey-TOPSIS[J]. Power System Protection
and Control, 2022, 50(3): 1-8.

A, HET ARSI TOPSIS I HREIEITAG 7
IEBEFEN]. I RGH RS S, 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.

Mok, R, 2RI, F.OETEEIR-Sk
TOPSIS IHIBE BLA A VFN]. BT IEHA, 2021,
44(16): 50-56.

WEI Yewen, WU Xitao, NIE Junbo, et al. Comprehensive
evaluation of power quality based on BWM-CRITIC-
TOPSIS method[J]. Electronic Measurement Technology,
2021, 44(16): 50-56.

FUEE, RN, RARE, 55 ALAENTE CRITIC-TOPSIS 43
EVHITITIAL]. LS TR AR, 2020, 24(1): 137-144.
LU Zhipeng, WU Ming, SONG Zhenhao, et al.
Comprehensive evaluation of power quality on CRITIC-
TOPSIS method[J]. Electric Machines and Control, 2022,
24(1): 137-144.

ZEK, FEEK, KA, & TR ST %5 %

BE BRI AR B RS A VAR [T]. B EH A, 2021, 49(7):

86-92.
LI Guoxin, ZHU Tangyu, et al

Comprehensive evaluation of power quality based on

LI Guogqing,

variable weight and improved distance method of
superior and inferior solutions[J]. Smart Power, 2021,
49(7): 86-92.

M, WEEE, T, % T Bagging £
WL R G SREAELIIG[T]. "I R GRS 128,
2022, 50(8): 1-10.

[23]

[24]

[25]

ZHAO Dongmei, XIE Jiakang, WANG Chuang, et al.
On-line transient stability assessment of a power system
based on Bagging ensemble learning[J]. Power System
Protection and Control, 2022, 50(8): 1-10.

2, XUVE, SRR, RS AU S 2 R AR E Y
A ot B 2R B VAL DT VA B AT [I]. B L EOR, 2022(23):
41-45, 50.

LI Xin, LIU Yang, TAN Guangang. Research on power
quality comprehensive assessment method based on
similarity and difference features[J]. Electric Engineering,
2022(23): 41-45, 50.

FEE, B, KK%, 5 R ERREGE T
K% D REJF M AR 45 2 H AR AL [I]. K BH g 2% 3k,
2022, 43(11): 515-521.

LI Zhijun, LI Gege, ZHANG lJiaan, et al. Power quality
variable ~ weight comprehensive evaluation and
multiobjective optimization of multifunctional grid-
connected inverter[J]. Acta Energiae Solaris Sinica, 2022,
43(11): 515-521.

PG PRI BN 5 AR R B RE R (IX)——
Y R B R i 5 Weber— Fechner 45VE[T]. M R 40
E¥2%, 1996, 10(3): 12-19.

LI Hongxing. Factor sapces and mathematical frame of
knowledge representation(IX) ——structure of balance
functions and Weber-Fechner’s characteristics[J]. Fuzzy

Systems and Mathematics, 1996, 10(3): 12-19.

fSHER: 2023-03-10;
fE&EN:

FAACA BT EAS,

{&E H&A: 2023-06-30

IEE(1998—), B, MR A, R T G A IR

2 RAE RN ZFAE; E-mail: 1220750582@qq.com

AWA (1981—), %, @EHEH, ., a8, AR
E-mail: bench621@163.com
(%48 2R W)



