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Fig.1 Flowchart of association rule mining
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Table 4 Results of characteristic variable discretization
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Table 5 Comparison of data mining results,
including bad data

T Bt Ak PE  RANEEE /%
1 28 91.58
2 _ 26 89.51
Apriori
3 31 86.01
4 28 91.58
1 36 79.55
2 . 33 76.74
MSApriori
3 42 75.76
4 36 79.55
1 16 83.69
2 MSApriori + 16 83.69
3 kule #E0] 16 83.69
4 16 83.69
() FRAI %5 1,

a. A A HL I T8 7E X 17D (0,0.800) B, A& A= 4y
2L W B AN L ) AR R 77.52 %

b. 405 2 AH HL I V% 76 X [H] (0,0.800) FH Pk i
AH HL IS A R VK FE (0.809,192.302) B |, & A 43 4k
VT 26 A e b 55 R ) A B R 92.59 %

c. A HL I V& 7 X TH] (0,0.800) | FH Pk B
AH HL 3 AE Ak R P& FE X 8] (0.809,192.302) Bt A8 it s
AR R 95 76 X 0] (0,0.487 ) B, & A 40 S 4R Wk A %
b ) B B 100 %,

(OIRFEFN T 2,

a. 24 C AR R A FL P A Ak R VK X TH] (0.980,
150.175) B, 2 Az 43 52 45 Wi 4 N 2 b ke o £%) 4
83.69 %,

b. 4 e A% i B AH FE 3 A8 Ak SR VK AE X TH] (0.980,
150.175) ECARE S AH H V5 78 X 1] (0434,0.732)
e M S SR W RS 4 b R 1 B A N 87.89 %,

c. Y c AR kB AH FR O AR b R 5 7E X [E] (0.980,
150.175) | Be A% A BB A oL e 95 76 X 7] (0.434,0.732) |
e A% S e A R U AR Ak R V% 7E X ] (0.826,52.473)
BF, A S 4R T 2 R b B ) B AR N 92.59%

d. 4 AR R A H O AR Ak R VK A X [E] (0980,
150.175) . Fie A% A 4 B A H e 7% 78 X 1] (0.434,0.732) |
e A2 S e e AH PR UL AR Ab R P AE X 1] (0.826,52.473) .
Tt £ AH HL I 75 76 X R (0,0.800 ) i, A& A2 43 3 4k B 4k
ANHEH B Y B F N 100%

44 EEHHMEXR

FIIFH MSApriori B3 7 A5 1 12 W A0 00 x5 0 3 2
) I8 1 S 2R A7 T 25 B 0 4k v ) 8B S
H Fi i fL A5 B R G RE NS R A B A S 0 5t
W5 03 1) Bl B S R L AR R AT G B AR A
BB | B R A TR 5 A TR 2 ) 2k PR R AR A
R AR R AR A AR AR O G2 N Dk 2 R B AR

FRAE& , 2Wigs LT,

(HIZWIZE R 1,

a. FC AR BB AE L AR fE 2l 66.516 67, B AZ HE
A LR R 0,677

b. JEEEFLIN . 43 57 26 Wi 48 AN 422 M e 1) B A
1 87.89 %,

c. IWIgh R o TR W A2 B 2 T IR

() ILWiZE R 2,

a. AL A 0.391 842, FH 7 e e A HRL AL AR
b3k 24.04971,

b. SRR . 43 57 28 W7 48 AN 42 M i e 71 B A
4 92.59%,

c. BWIEEA oy SR | 12 B IE

(3) LW 3,

a. P78 SR AR R AR AL RN 110.646 7, B AR E
A B AH L AR AR R 51.07875,

b. SRR . 43 57 28 W7 4 AN 422 M ik e A1) B A
H7.81%,

c. BWIgh R oy SR W A BB 2 WA IR

LWigE R 4—19 B,

(20)1ZWi45 2+ 20,

a. FCAZ BB AR AR AL 2Rl 61.743 33, B A2 HE
W B A L IR AR TR 2R R 76.019 71, e A% 3F e s AH L e
41 0.44003,

b. SRR . 43 57 26 W7 48 AN 422 M i e 1) A
H 87.89 %,

c. BIWIEE R o LW B AR B R 2 W I

H 2 W4 5 3 BT 2 S B B0 SR SR AN 4 i)
K12 IR A A A 2 37 B AR K R i) | PR I 7 4R i R 4R
() 30 0 PR IR A PR S BB

T ST B0 SR 4R E B 1 LA b 7E 42 W
S5 R W2 W HL () D i SRR B 90 9% LA I I BLAE
AL Wik BB R A7 B 1050 BEAR PR o S 5 A5 al
SRR s AT LCR IR T B Oy ik 4R
e R D) G P R[] R SR 2 T ) BT 2k e
RN T] LLAE LR IR T W 2 R R A2 B | A A 2R 1)
FUUFZE AT 2.3 s, W L 7ELRA2 W (14 2 B 225K | 7F
Pk IOk & TR R (W & IR SR WE AR €/ e (S
S B 1) 25 E T IR R (A8 02 Wi 2 | AR S
() 77 2% 385 P 1 S B R 2 B A2 B, BT LA Sk L I B A T
N B RR BRI R e 4 it 2 %
5 #ig

FE R A BT 2 AN 42 i A B R ) 2 3 S 4 i e il e
J& , W TR R A AR AR B RN | ORI B A BT
SVE  JE AN BRI B E A BRI AR SCHE s T —
T R T P F i =2 ) DG G 2R AT DG IR AU DU 47



® ® 0 8 & iR B

F£37%

1) 3 S 24 VI 28 A 2 b i 532 W7 3 g I 8 I P O
P, R G A 728 A 450 AE DA — ol S8 1 0 A X 9 A O
I 0] £ 1) Oy =X B O ) LA AR Ry A B 32 47 A B
WL SRR Y 2 5 ARG, 456 QIR FIL ) 5303k AT
FH AR B R G s R oSl DA 3 AN
P TSR e

a. e S5 (R4 AIE B A0 55 AH A AF AR AR KRR I
SN B 2N AL iR 5 7 ) RELIEF 5307
VE LA A AL M (R R

b. ¥ % 2 RURRAE B AT A R B B S AT G
IR D) 43 AT | LA I A5 810 %) 0 D R o o ) b 3 38 1 1
g 24 AR 5 R I (R 6 AR

c. i R MSApriori HiE 7/ F I8 T )E
AR AIE BT RAIG DRL L BB A2 i 31 A 8K
32 Wi FL)

D B AR FW gk Bk 3 R 58 38 5 A9
RS W RS B R HL AT B AR R

HREBFTFEFEEUT 2 54,

a. F1 T BT 4 e R A R O A ) R R
BN, R R BHRAT R A0SR A A A EOR
RENZ 12 W7 110 e e A X A 22 | D42 4 381) 174 O E0C 0 D) ek
HER

b. FCHE S0 ik — A RN RO A AR 2
2 S A e AR AR A B T R R T B | 42
BRI | G R B 8 22 8T 45 i A R AC | A RT
PAREAT 37 04 53047

SE .

[1] RFSF skAerh  EIER A5, T/ i 25 000 265 P AH D97 22 i i 2t
LAENL[]]. BRG] ,2011,39(4) . 12-17.
ZHU Lingling, ZHANG Huazhong, WANG Zhenggang,et al. Single-
phase open-line fault selection and location based on wavelet
neural networks[J]. Power System Protection and Control,2011,
39(4):12-17.
(2] JU%&, XA B 55, T 0067 I AY 10k V 2878 2k B AH T 2k
AR MR KSR RE ()] BT RGO S HE R, 2012,40(19)
144-149.
YOU Yi,LIU Dong,LI Liang,et al. Detection method based on
load monitoring for 10 kV overhead line single-phase ungrounded
open fault area[J]. Power System Protection and Control,2012,
40(19):144-149.
JEW 2R B, TCH 0 42 2R TR SRR E AL () ). B H A bk
#%,2005,25(12) :35-38.
QU Gang,LI Changkai. Fault locating of non-grounding line

—
W
—

break in distribution network[J]. Electric Power Automation E-
quipment,2005,25(12):35-38.

A EBE Bk AR A WA MR AT I BE AT (). H AN
JH,2015,34(3):121-125.

YU Enke,XUE Yongduan,LI Shiqgiang,et al. Analysis of fault
traveling wave fault location[J]. Engineering Design,2015,34

(3):121-125.

—
~
fa

(5] ZR 0 2Rk i, 2R ki, 4. TR) T L [l £ U 2 e s 52 45 ) 199 3
1), ARG A 1K ,2010,34(9) :76-80.
LI Botong,LI Yongli,LI Hongbo,et al. New method for break-con-
ductor fault analysis on double-circuit transmission lines based on
interconnection of sequence networks[J]. Automation of Electric
Power Systems,2010,34(9) :76-80.
R PRI A IR AR TR AR A2 0 e TR 2 W T Tk
[J]. PR THARER,2010,30(10) :16-22.
LI Zaihua,BAI Xiaomin,ZHOU Ziguan,et al. Method of power
erid fault diagnosis based on feature mining[J]. Proceedings of
the CSEE,2010,30(10):16-22.
(7] Al S, w25, BT Q106 ML U B0 425 15 A 1 el Do g B2 02 T 7).
ML RGP 51, 2009,37(9) :8-14,19.
NIE Qianwen,GAO Wei. A power network fault diagnosis method

[6

[l

based on data mining association rules[]J]. Power System Pro-
tection and Control,2009,37(9).8-14,19.
(8] M TTIZ  FhA B, A6 | A5 A e 5 0 BRI B T {5 8 A9 O 3R R )
S]], m L EEOR [ 2012,38(1) :82-88.
ZHENG Yuanbing,SUN Caixin,LlI Jian,et al. Association rule
analysis on confidence of features for transformer faults[J]. High
Voltage Enigneering,2012,38(1):82-88.

(9] WHRT 2588 FE 5T 5. MG 50T 43 T R DG IBEAIL U Fr) 718 s 2 i i
Wik (1], T E AL T2 ,2015,35(2) . 277-286.
XIE Longjun,LI Li,CHENG Yong,et al. A fault diagnosis method
of power transformers by integrated set pair analysis and asso-
ciation rules[J]. Proceedings of the CSEE,2015,35(2):277-286.

[10] Lhi%. 10 kV M il 2k B W 2k B 45 5 2 B 52 (D], B e < 1l
AR ,2013.

MA Teng. Line-break fault detection and location of 10 kV
distribution line[D]. Ji’nan:Shandong University,2013.

(1] PR  PRAEVL  EWUEL A%, 10 kV 48725 2R R b I 4 e o ry

PRI FE ()], BMEAR 2011,35(1):117-121.
SHEN Haibin,CHEN Weijiang, WANG Songyu,et al. Simulation
tests on lightning stroke-caused wire-breakage of 10kV overhead
transmission line[J]. Power System Technology,2011,35 (1):
117-121.

[12] skulid SR A7 T g, 8 A5 i 5C B AR AR SR K2 o2 > Jr

1] RS ASIME,2014,38(18) :72-78.
ZHANG Peichao,TAN Xiaofeng, YANG Peixin. Critical feature
identification and meta-learning method for islanding detection
[J]. Automation of Electric Power Systems,2014,38 (18):72-
78.

[13] 5R/ANFI. 2 d5 /N SOHF B IR FL A2 48 9 R 9 S NI (D], 5% .
PEdE R4 ,2005.

ZHANG Xiaoli. Researches and applications on association rules
mining with multiple minimum supports[D]. Xi’an:Northwest
University,2005.

[14] SUN Y,LI J. lterative RELIEF for feature weighting[C ] //Pro-
ceedings of the 23rd International Conference on Machine
Learning. [S.1.]:ACM,2006:913-920.

[15] FRLLHE. Bl v oy o a7 i e (). 5 B4R ,2008,10(5)
99-101.

LIANG Honggqi. Research on the discretization methods for nu-
merical attributes [J]. Information Technology,2008,10 (5):99-
101.

[16] MAHIN (L WS | 2 D i, 45, — ol oo 0000 32 0 8 1P g Al B v

[J]. R LB S8FHA,2009,31(1):195-199.



%78

RFT,AF LT IO Hh O G IR A rh T H TR T 2 A2 W D i @

ZHAO Jingxian,NI Chunpeng,ZHAN Yuanrui,et al. Efficient
discretization algorithm for continuous attributes [J]. Systems
Engineering and Electronics,2009,31(1):195-199.

[17] 2520 X0 B ok 4R9E 45 JE T8O 1248 19 s uli i 47 A Ak 1
FIBFZE[T]. A HL TR 244 ,2006,26/(20) : 118-123.
Ll Jianqiang,LIU Jizhen,ZHANG Luanying,et al. Rule mining
in power plant operation optimization[J]. Proceedings of the
CSEE,2006,26(20) :118-123.

(18] FBICLL  PhNA B, 2281 | 45, 8 F 5 5 e A5 A1 5 AT {5 88 1) SC I A1
Wsr ()], AR EOAR ,2012,38(1) :82-88.
ZHENG Yuanbing,SUN Caixin,LI Jian,et al. Association rule
analysis on confidence of features for transformer faults[]].
High Voltage Engineering,2012,38(1):82-88.

minimum supports [C]//Proceedings of the fifth ACM SIGKDD
International Conference on Knowledge Discovery and Data
Mining. [S.1.]:ACM,1999.337-341.

[21] 4B, E %, B B2 A5, v J 98 5 B dR 12 98 Ab B )5 v ey BT
L)), ANBURITF LR S8 ,2003,24(6) : 1054-1057.
Z0U Xiang, WANG Qingyi,XIAO Mingjun,et al. Research on
post-processing of data mining for electric power dispatching

[J]. Mini-micro Systems,2003,24(6):1054-1057.

EZ® .
FEFR(1991 —), %), ©HF LA AL
BER A ERFR T 6N RIEILE LW RS
By P 9 & A (E-mail : wusuwo26@163.com) ;

(197 MBI ZIRA A a R, SCIRALMZ IR Apriori FEILLEIE[]]. M (1958 —), K GRS TEA

IEI»—‘A'L:MJ 7&‘,‘—‘4 . -70. . . 5 N . .
Pl pii %B)r?%ﬂl(ﬁ 7ﬂl%ﬁ)):(),.20.1.1,24(1)..6670 N B M ERE AT WL 2 BHE SR
ZHAO Hongying,CAl Lecai,Ll Xianjie. Overview of association . o )

/ WA RBRAR A RRTERE KEES
of Science & Engineering (Natural Science Edition),2011,24 ZEK T
(1) :66-70. '7]#: 11’:.(]987*),%,1—1—1?3:\{%‘)”/\,—1%5
0B, ERR G QAN R A A BN W B AT,

rules apriori mining algorithm[J]. Journal of Sichuan University

[20] LIU B,HSU W,MA Y. Mining association rules with multiple

Open-line fault diagnosis based on data association of MV distribution network
WU Suwo',ZHANG Yan',SU Yun’
(1. Department of Electrical Engineering,Shanghai Jiao Tong University,Shanghai 200240, China;
2. State Grid Shanghai Municipal Electric Power Company,Shanghai 200437, China)

Abstract: A method based on the data of its power distribution information system and the association
rules is proposed for diagnosing the non-grounding open-line faults of MV distribution network. The correlated
data of the electric power distribution information system are analyzed and a method of association rule
mining based on the data feature selection is proposed. Chi square splitting algorithm is applied to convert
the continuous features into Boolean features,the MSApriori algorithm is applied to solve the rare item
problem of fault information,and kulc principle is adopted to eliminate the redundant rules and form a
reduced rule family. A practical analysis is carried out based on the historical data of a regional power
distribution information system in East China,which shows that,since the invalid data mining is greatly
reduced and the efficiency and accuracy are significantly enhanced,the proposed method is suitable for the
on-line diagnosis of open-line faults of MV distribution network.

Key words: distribution network; data association; feature selection; Boolean discretization; open-line

fault diagnosis



