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Tab.1 Normalized data of case 1(0.38kV grid)

TF 1) 8 B AR EEL R AR 23 1 K 30 i 45 AR AR L 2R A

& 1 038kV EAlIARELFH R

FEAR WRIREEE /% WIEIRZE/% WRWE/ % —MIRVH/% RIRWD /% WREAR % BIRNAZ /% a5/ % R E5/%
HA 1 0.5827 0.2502 0.409 8 04337 03759 0.367 6 0.3704 0.568 4 0.924 4
FEA 2 0.843 2 0.714 3 0.806 5 1.000 0 0.943 4 0.7813 0.606 1 0.8737 0.7922
FEA 3 0.039 6 0.2759 0.277 8 0.266 7 0.256 4 0.214 1 0.215 1 0.336 8 0.960 0
FEA 4 0.1922 0.188 1 0.2825 0.206 9 0.3650 0.297 6 0.238 1 0.568 4 0.760 0
B 5 0.6922 03727 0.490 2 04337 0.568 2 0.3891 0.6250 0.800 0 0.8700
HA 6 0.347 8 0.2559 0.3623 0.3158 0.299 4 0.3021 0.3030 0.705 3 0.8500
FEA 7 0.195 6 0.253 2 0.3472 0.3303 0.3425 0.358 4 0.3509 0.789 5 0.9344
FEA 8 0.2133 0.193 5 0.268 8 0.268 7 0.318 5 0.246 3 0.263 2 0.326 3 0.774 4

R2 TEBHEANERNERDE
Tab.2 Index weight vectors for different situations

L B B .
MR RE B 2E MR SMAPES RS R R ENAE b RS A

U 0.063 2 0.107 4 0.048 7 0.092 9 0.1879 0.1128 0.164 8 0.176 5 0.0459

\4 0.1513 0.1477 0.1128 0.1293 0.118 5 0.124 5 0.1257 0.065 4 0.024 7

L 0.084 8 0.140 8 0.048 8 0.106 6 0.1977 0.124 7 0.184 0 0.1025 0.0101

124 0.064 8 0.076 9 0.0332 0.073 1 0.1779 0.089 5 0.134 8 0.263 9 0.085 8

|4 0.178 1 0.1187 0.1009 0.1142 0.1152 0.107 2 0.107 0 0.107 8 0.051 1

L 0.098 0 0.1132 0.0379 0.093 0 0.199 0 0.108 1 0.1627 0.169 5 0.018 6
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Fig.1 Comparison between weight vector U and U’
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Fig.3 Comparison between weight vector L and L’
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0.3859 0.284 7]
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Tab.3 Comparison of evaluation results among different methods

ik BRESE
FEAL FEA 2 A3 FEA 4 FEA S A 6 FEAR 7 FEA 8

AHP- W Btk 3.3 1.6 5 3.9 2.1 3.4 3.1 5
VCM- "B BE ik 29 14 5 3.8 22 33 33 4
AR - B Bk 3 1.4 5 3.8 2 3.4 32 5
R[5 ] 1 3 5 4 2 3 3 4
SCHE[8] 3 2 4 4 2 3 3 4
SCHk[10] 3 2 5 4 2 3 3 5
SCHR[11] 2 4 5 4 2 3 3 4
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Tab.4 Normalized data of case 2(110kV grid)
A BIEERE /% BIEME/ % WEE/ % AT/ % WKW /% EEEER/ 9% WIENZE/ % anEtt % W58/ %
1 0.7352 0 1 0.836 9 0.693 6 0.6529 0.752 1 0.5 0.666 6
2 0.846 3 0.0050 1 0 0.5590 0.437 1 0.753 2 0 0
3 0.694 8 0.1010 0 1.000 0 0.504 1 0.8210 0.5800 0.5 0.666 6
4 0.763 5 1.000 0 0 0.699 0 0.4409 1.000 0 0.466 0 1.0 0.3333
5 0.901 2 0.129 1 0 0.730 4 0 0.865 8 0 0.5 0.666 6
6 0.593 8 0.273 4 1 0.282'1 1.000 0 0.584 4 1.000 0 0 0
7 0.7351 0.775 1 0 0.783 6 0.844 7 0.8123 0.876 0 1.0 0.666 6
8 0.668 9 0.520 4 0 0.4858 09107 0 0.922 1 0.5 0.666 6
K5 8N EHEMITEER
Tab.5 Evaluation results for eight substations
ik BRLEES
AFu 1 AFREE 2 RS 3 ABMui 4 AFHuF s ABAHuie RN 7 RIS
AHP- B Bt ik 2.6 3.5 3.0 2.4 3.7 2.8 1.8 2.9
VCM- KBt ik 2.4 3.1 3.0 2.5 34 2.5 2.2 3.0
A A WA - — B B ik 2.6 3.3 2.9 2.4 3.6 2.6 1.8 2.8

xo6 BEMBHEZUENNEEETHLENRHEXE

Tab.6 Sensitivity interval of different index attribute variation and index weight variation

R X i)

X 1] — = S o .
HURERE  dRM2E  BUR2E SMARPME RURMEE) RdimER RN R TR IR R b
[ ] [-0.1956, (-0.2400, [-0.3472, (-0.2860, (-0.1337, (-0.2461, (-0.1635, (-0.1569, [-0.9344,
S 0.804 4] 0.764 8 | 0.652 8] 0.669 7 0.657 5] 0.641 6] 0.649 1] 0.2105] 0.065 6 |
[0,,0.] [-0.0980, [-0.1132, [-0.0379, (0.5720, [-0.1990, [-0.1081, [-0.1627, [-0.1695, [-0.0186,
W Wa 0.174 8) 0.886 8] 0.962 1] 0.907 0] 0.801 0] 0.8919] 0.837 3] 0.8305] 0.981 4]
4 gdn:.i/e B ,2011,31(12):86-90.

a. AR SCHET T BOA I AL B B VAR R 2
B s e T HA R | BB RO I B — AL AR
BIRRIIA AR FE0 5 08 T T R A5 R e T
WA PR IE R B

b. FLRE AL 4 R AU e — A e Ak
Rt | A% SO d i T i B AIASURE B B4 1 R 2 R AU
Prod B e T 5808 2 8000 SRAEE X 8] 1 58 2261
R AL RE PR IR AR S RN R BUE S T S5 M

c. RIS PPAG R E M 1 BER AR SO FL BE T
FEARE ZORMEAT T 5 Pl IFBEE TR B R U
150 (L Y00 PR, P o )] o SR A I (RDR 23 M 8 AR 2 5
FAFE XS PR A PR B B — R iR

SE WK

(1] Tk, Bekil A DCAF. IR 5 AL ol il BT ik 4 1 4 S G4 ) S mis
[J]. EEHL TR ,2006,26(8):33-38.

DING Hongfa,DUAN Xianzhong,ZHU Qingchun. A hybrid pow-
er quality conditioner and its control strategy [J]. Proceedings of
the CSEE,2006,26(8):33-38.

FERTE BEA R W AR ZE S5, IET Profibus 1Y HL BB BT % S I W5 )

—
[\
—

ROBT[)]. A S, 2011,31(5):117-120.
JIAO Dongsheng, LU Dongliang, YING Junhao,et al. Real-time
power quality monitoring system based on Profibus[J]. Electric
Power Automation Equipment,2011,31(5):117-120.

[3] kM, XU KI. EEMD 1 L 85Tt P A i b g iz 1 1], w0 A

ZHANG Yang,LIU Zhigang.
quality disturbance detection[J]. Electric Power Automation Equip-
ment,2011,31(12):86-90.

A R AR A T R O B Y o R R R
A7), W AR ,2011,31(8):77-80.
GUAN Chun,ZHOU Luowei,LU Weiguo,et al.
data compression based on image smoothing algorithm[J]. Electric
Power Automation Equipment,2011,31(8):77-80.

(5] P BERAE 4R 55 A RSO o 22 0 265 A5 80 DT A vl RE o
[J]. ®HEH A 2007,33(9) :67-68.

ZHOU Lin,LI Qiuhua,LIU Huayong,et al. Evaluation of power
quality by fuzzy artificial neural network[]]. High Voltage Engi-
neering,2007,33(9) :67-68.

AEHEGS WEAN e SF . 2 A R T L R T RO 25 51T
Bre R[], o RS A 3116 ,2007,31(4) :56-60.

LI Lianjie,YAO Jiangang, LONG Libo,et al.

combination weighing method in fuzzy synthetic

Application of EEMD in power

ﬁ
~
fa

Power quality

[6

[l

Application of
evaluation of

power quality[J]. Automation of Electric Power Systems,2007,

31(4):56-60.

YR AT IE A, AR AT A Y L RE I i 2R

W4 AR ,2009,33(6) :55-61.

LI Nana,HE Zhengyou. Power quality comprehensive evaluation

AR ]

—
~
[

combining subjective weight with objective weight[J]. Power Sys-
tem Technology,2009,33(6):55-61.

(8] BAFE, BXNG T B1F5 05 45, BTl Z8 SCEE i L il 0T 2 BRI 27 5 3
#r[J]. AR 2005,29(6):11-14.
ZHAO Xia,ZHAO Chengyong,JIA Xiufang,et al. Fuzzy synthetic
evaluation of power quality based on changeable weightJ]. Pow-

er System Technology,2005,29(6):11-14.



(67) ® 0 8 & iR B

8335

(9] VLM, B2 FR KR F 45, B FAER G A % f AR v R 0 o
A A ST ()], IR Rl AR, 2003,30(1)
66-70.
JIANG Hui,PENG Jianchun,OU Yaping,et al. Power quality
unitary quantification and evaluation based on probability and
vector algebra[J]. Journal of Hunan University:Natural Sciences,
2003,30(1) :66-70.

(107 JEIbK, ZEBKAE KRN, 38 % 5 52 B 4l B0 280 7 v R 0 Ak 545 3

flir BRI [ ]. A 2007,31(7):32-35.
ZHOU Lin,LI Qiuhua,ZHANG Feng. Application of genetic
projection pursuit interpolation model on power quality syn-
thetic evaluation [J]. Power System Technology,2007,31(7):
32-35.

[11] 880 bk SRS 55 e T4 o0 43 BT BRIR 1 H BB 0T i 258 5 1T
4??[ } TR R F 4R A AR, 2007,30(6) :25-30.
HUANG Jian,ZHOU Lin,LI Qiuhua,et al. Evaluation of power
quality based on the method of matter-element[J]. Journal
of Chongqing University : Natural Science Edition,2007,30(6):
25-30.

[12] T2, B 7505 BT, 5. JE Tl il B B sk 25 &3P (7).

H 7 H 3L ,2007,27(12) :44-48.

DING Li,JIA Xiufang,ZHAO Chengyong,et al. Synthetic evalua-

tion of power quality based on extenics[]].

Automation Equipment,2007,27(12):44-48.

W 5D A. IR R 7 L BRI R 25 5 AN T R (T ).

W) H A4 ,2009,29(11) :62-65.

LEI Gang,GU Wei,YUAN Xiaodong. Application of gray theo-

ry in power quality comprehensive evaluation[J]. Electric Power

Automation Equipment,2009,29(11):62-65.

K OBV R A 2 R AR ST R 5 VA O vk 1 43 BT L AL

[J]. B RS AL ,2008,32(21) :37-41.

ZHANG Man,LIN Tao,CAO Jian,et al. A comparative study

on two methods for synthetic evaluation of power quality[]].

Automation of Electric Power Systems,2008,32(21):37-41.

[15] XVZ%. X bR B MEA R b 5 B 0 —Fh SR T 5 (]]. RE TR
L5588 ,1999,19(2) : 54-57.

LIU Jiaxue. A decision making method that has favouritism

Electric  Power

[13

[

(14

[

information for the index attribute[J ].

Theory and Practice,1999,19(2) :54-57.
[16] Brfek. ZI@MERHrh I T8 2 e R H AT ()], &

e TR 5 HL TR 2004,26(2):194-197.

CHEN Huayou. Combination determining weights method for

Systems Engineering

multiple attribute decision making based on maximizing devia-

tions[J]. Systems Engineering and Electronics,2004,26(2) :
194-197.

[17] ML, 2R 4 & A (b 77k ()], 8% 58 81,
2006,15(16) :40-43.
JIANG Wengqi. Optimizing method of combination weighting of
multi-attribute  decision-making[J]. Operations Research and
Management Science,2006,15(16):40-43.

(18] #hRiFEK, WA EEL T Z Hirg sk ik arod(J]. R LRM

2552k, 2002,22(1) :43-47.
XU Zeshui. One method for multi-objective decision-making
with partial weight information[J]. Systems Engineering Theory
and Practice,2002,22(1):43-47.

[19] #E4EL. FEbRACE 09 Z B BEWAE BILR T[], e is 2 B
%41 ,2003,24(2) : 168-171.
HUANG Weizhong. Two-step weighting method of criterion and
its application[J]. Journal of Shanghai Marine University,2003,24
(2):168-171.

[20] PRy SCAREE WS E. 2RS35 b 18 AR (E AR AR AU 1 R
B HT[)]. R RS A FE,2009,33(9) :20-25.
LIN Zhenzhi, WEN Fushuan,XUE Yusheng. Sensitivity analysis
on the values and weights of indices in power system black-
start decision making[J]. Automation of Electric Power Systems,
2009,33(9):20-25 .

[21] B36F JURE k4. 208 Ik e 3 vb 6 T A AE Yy J Pk 1 R
UL T[], ZRACR =M. B ARBF,2002,23 (1) - 83-88.
FAN  Zhiping,YOU Tianhui,ZHANG Quan. The sensitivity
analysis to attribute values based on the additive weighting
model in multiple attribute decision making[J]. Journal of

Northeastern University:Natural Science,2002,23(1):83-88.

Vetligly | Ty sC, o 5 BT RIS B R I i 25 A T A

[J]. BAORGEMS 5HH,2012,40(7) :106-109.

JIANG Delong, WANG Kewen, YANG Ping,et al. Power quality

[22

[}

comprehensive evaluation based on the clustering method [J].

Power System Protection and Control ,2012,40(7):106-109.

EZE® T

FIME(1975-), %, TaAIALA 8 %4 W HRF
A AT ) R RARACHR] Ao 12 4T (E-mail : zxjing@scut .
edu.cn);

B 4=(1989-), B L@ EEBA ALHE A R T
AR A T B FEAELAHX F0iE 4T (E-mail :huren0618 @
qq.com) .

Power quality evaluation based on two-stage method and its sensitivity analysis
JING Zhaoxia,HU Ren
(School of Electric Power,South China University of Technology,Guangzhou 510641, China)

Abstract .

A power quality evaluation model based on two-stage method is developed,which calculates the

initial weight of different indexes by different weighting approaches respectively,estimates the expected index

weights by considering the preference information of each alternative,applies the least square method to

establish the optimization model of index weight to determine the final index weights,and sorts the

calculated comprehensive evaluative values. The index sensitivity is calculated based on simple weighting

model. Results of case analysis verify the effectiveness of the proposed model.
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