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CHEN Guangyu', ZHANG Shengjie', YANG Li?>, HUANG Wenhao®, NAN Yu*, ZHANG Yangfei', HAO Sipeng'
(1. School of Electric Power Engineering, Nanjing Institute of Technology, Nanjing 211167, China; 2. State Grid Fujian
Electric Power Company, Fuzhou 361004, China; 3. Sanming Power Supply Company, State Grid Fujian
Electric Power Co., Ltd., Sanming 365000, China; 4. Kaifeng Power Supply Company, State Grid
Henan Electric Power Company, Kaifeng 475000, China)

Abstract: There is a difficulty in identifying station line loss rate anomalies and tracking associated users accurately. Thus
a method of station line loss rate anomaly research and tracking associated users based on multi-dimensional scene
division is proposed. First, a data preprocessing strategy based on the improved complete EEMD with adaptive noise
(ICEEMDAN) algorithm is proposed. By analyzing the changing trend of the historical line loss rate curve of the station
area, the extensive scene set of the station line loss rate is constructed. On this basis, the SVM clustering algorithm is used
to make further quadratic partition to scene set, thus to establish multi-dimensional scene set. Secondly, an interval
dynamic translation strategy based on the number of cluster cases is proposed to determine the interval range of the line
loss rate standard library in different scenarios. Also an interval overlap rate strategy is used to merge the isolated intervals
in the division, so as to realize the complete division of the line loss rate standard library in the station area. Finally, an
abnormal line loss tracking method based on correlation analysis is given. This determines the strong correlation factors
of abnormal line loss through grey correlation analysis, and quantitatively analyzes the internal correlation degree
between each factor and station users based on an improved Adtributor algorithm to improve the tracking accuracy of
abnormal line loss rate users. Cases are simulated and analyzed by using real data in station area. The simulation results
show that the proposed method is effective and practical.
This work is supported by the National Natural Science Foundation of China (No. 52107098).
Key words: station; grey correlation; multi-dimensional scene set; line loss ratio standard library; accurate tracking

EEWH: BRAAFFELTAR K8 (52107098)



BT, 5%

ST 2 Y TR > 1) 6 XRS5 H A ORI s HEIB B U5 7 - 163 -

0 38

KHALLR, & B 5T R HFE SR 1 B4 S it
5 X RIS 2 A BRI RSO S R IR, T REREAR
TAEREE T BB, B, SXEMERE.
F P o7 S R R s AT, HHRA A £ 2K s
e N S5 AT HIW, IXAMERKHLIE N s 4E
NG TARRREE, T Hak s I 7 i e LUK IR 5
FEERK . I, @ SE & f X R 7
B Re AR 2R FF H DA oA SR At bR RN At b 3R 210
FCE DX 2G40 53 i [P R P A3 2 AR 2%

HAET, EPWAMIFFN GO 2o R i it 50 2 5
SRR 1 PR i T I, T A X 2k
1156 7 BRI S B R AR ) AN B DI Je . SCHR[S)
T —FhIET “RAN” AR SRR ) [R) 3 2 35
S BARIREEHRR TR, EESN o BE THE LA
RS o N B BRETFRE T, MR T E XA
(i) 3 70 S 5 e R PR 11 ) A SCHR[O %
A RHFRE T H I, HEHREGXTE
SEEHE, PR —FRIE T IR K-means IR AL 7
WHRRTIE, RS RERZ AR KA E L
PTG eR45 7 i FR R 7 VEATAE () A TN J PR A
), SR DA B SCHRX £ X 2640 56 e 5 ) il b AT 1
ST IS TR, IR AP
R SH P Z NIRRT, XGRS X 2475 7
W [ P s = 20 (R SR 4 #T

BEAh, AR & XRS5 L T A
JEHF TIHRNIETE, FFREA DR . SCHR[10) A5
JEFRH ) ARl E AR A R, RHIET
K 149 Je 8 S AR R B3 1) S P R A M A 7R
AR S BEHE T SRR P, e
FUHBES, WS R IZ ke w20k
E3CERI10IANFI R, SCRRILLIAIR BE 27 21 () 4 5 L
Ko VHR T AEH R AR R I AR 2 5
S 0] SN RS 1) 8, SR KR 2
#%(long short-term memory, LSTM)# R HE4T ¢ 51 45
TEEREL, 456 2 2 B 28 SEIN e  FH H
PEIRT I s SCER12)02E T H AT AR RBREE, 42
T —Fh S P AR S MR A, H — i
FIEVEAE S T AT NAR S E R A MR, SR B
TSRS R HEA I AR LR FE LA . 53¢
BR[8-91 B = s ANA],  DA_E STk oK 22 AR PR #
R, EEA A T 6 X P A A R
B, ARFFRAA W P R A X R R
AN FESCER, A 8 B o 1 4 R AU

SCHR[13EE AT 27 LA P 2R e i, $2H 1K

F Rk (euclidean distance, ED). 5% F4E X #H 251t
S A e it 26 5 S IR 2R R it 2R AR AL,
TR A7 /N G7 HFH P I HE A S [l s SCRR[14] D0 M2
S M BRERRIAEE K, FH KRG R
#((Pearson correlation coefficient, PCCs)& %K il
AHRAESE, ST 7% 3% L RER H P I HERIE 15
PA_E 73540 B MR VR AR S o U A J2 1 F T
WA, TRIT T L4525 A0 = A7 a7 2 [a) B 5 R 5000
R, JEHUS TR IBCR, ARERRTS & X e
RN RIS L, AT AR B AL R IE B S
F P AIAFAE — € () A T

B LN ) H & 52 2% DR 6 IX Al A R 4 Ak
EHEORWR S, —J7H, HTREEXAZ,
ANFE G X TP R Rt aa 25, KRS
fegi “—J1917 & X LA AR LS &
X2 e RS A ) S — T, AT EG
X 2R 451 30 S 5 1R SR DR FH P ) Rkt A R B 5 77 AT
ek, X T LB E R G X, AR,
TR H SR R AR A2 A . DRI i
(RIE R TR 75 EE ek, LA W B4 22 (A T
BGt, BRZRIRTE, TP AR B,
X EIR AR, ASCHE PR IRE) & X%
e R REEA ORI PR HEIB R T . B, $2
H —Fh T ot 52 AR A A 50 IR S 43 i (improved
complete EEMD with adaptive noise, ICEEMDAN)
W&, i e X SRR th &L KRB iE S, I
M & XA RN =5, R FRA S
¢ [7) 8 J 5 (support vector clustering, SVC) &k idt—
WX S AR AT ORI oy, BT e G X 2 4
WML ik, gt — P T ERA R EH
RIX A ZhAF 2 0, FH TR E AR 5T &%
TR P DX TRJ S Bl SR P X 1) 45 8 SR 0 &l 4 v
IS IX (BT &, SEBN & X 2840 26 bn it 1)
eI, IEEETARAEE 58 R & [X G dhi 26 7 1
a5 e, KRkt Adtributor 5i%5E
B PTEARE A PR A ERBEE, KB & X
LA ORI P ARG HEIB B . 451 DAL TC L )
A G X B RS P S AR HR AT ]
N, SRR, RSO bR AE R RS B s
B X Z4El 5 N REIRFARAE, SN & X R
LRAMFR IR BT R T 0 B R SR RS A LA
GORER AL R S A R R I AT BEF -, PR A

1 AREMEFEEREMFIESR
£ XA e o R RERIT B AR ME SR AN & 1 B



- 164 -

W) &Gk B

N, B 4N, BRI

By BTSRRI X EREL
Y37 R o KW

B, EEX R REM LR L, R
ICEEMDAN B3EHTYIE AR B, KBRMh&
“CR B MR B, SERCEE AL K,
PR LRI R i e AR AR L %4, KA K-means++7J7
TR TAC L S5 (26 R BT R M, WD
B 5 B SR SVC Sk T — IRk,
SN 6 X 22 43 S RS R 4y

B2 E: BT EX 24k o055 R e
£ X LR AR bR U (A

B, RIS TR E R AR T R R
N, VARG XEPHURFRIERE; HR, $RH—
FhIE TR REH X sh &Pk, B IERYE
JE X TR R 73 45 SR, 1t — S0 SR EUbR e PR B | R PR
B, g —Fh X A B S R B B SR A S X
[EJBEAT A IEAN L, SEEl £ it 5 R A X R bniE
FEIR 2

B3 BT A XA R bR AL S & X 4R
% 5 R REE A

PLFRUEZE g FER, @It LA 7T & X 24

|
SRR |

_________________
PAY ALY
I v

ZYES ST HET G DX AAR bR 1 2 1 573 e

KRB HE AT B X LR
B BRAE P R — Ukl )

X ELAFRIE AR B X R
TEAMBRET S

PR — P X RIS A TR 58
3 X LA bR PR ) — R 4

ST A I A
ARSI

e X 1) HE 7 MR e B

PR X 5 AR EBITA

BEAGES - ———— —— — L — '
HTE A 51 A Aduributor SV s 7 SLAT ASE R
e Ll - |

1 BX&MEREEEMFIIER
Fig. 1 Framework of intelligent research and judgment of

abnormal line loss rate of substation area

RICSFFRAETERS, BT 8405 570 I [ N 2 4 3
A, SCUURE HAHE .

54 HINETREREEX, LIaX R
R P RS HEIB R

B, BRI G X & TS RHIE,
PERU W PR L R X s Hik, 5IAK
BRI ATIEFNSHE Adtributor 592, SRAEFEIZ I
WA BB BJa, BlUEsE REH -,
SEHLRE B B

2 ETHERELZENEXEMES Y
=X 57 R

T & DX 248 2 10 37 5 40 R 22 AT 5 Al
E MG —bRAEBUS 4EN 1 B B 250 AT 300 T,
LB 5 T L RIS R, 6 X R4 % S g i
THOLH SR, (EGIABZbr A N\ T2 50 2
DA 2 LD A R 75 K

R, A T REHERRIEAR & X R B 2R Y S L,
T e TR & X LA A & P L AR AT e,
Pt & XA I & A 55, FE DU At
HEZAY R TG XM EIREES. B24HT
Z UL 5K 53 WS 1) LR AR

LA (K LA

|

[

| B b £
|

HRAEAS b B AT K -means+ BT

v

WITERREER, MHFESH ERRE

BET b SEmg

|
|
| 2 ‘
| dsdloy
|
|
|
|

KHAISVCERENT 4 i K H TR HEAT
ZIREES T
v
AEIRFEES AN RS

SEMA X B e 5
Bl 2 B4R RXI 0 REE R E

Fig. 2 Architecture of multi-dimensional scene

partitioning strategy

2.1 FIRTAL IR RS

HE g e g A R i 2 A,
I 2 BT iR 46 B A0 e B AT e N b B . AR SR b
TR R 3-0 Mkl Nk B el &
I 1 A5 /) fif (empirical mode decomposition, EMD)!'”!
&, XUTVRIE— B L RETH BRI T, (EX)
G A R TR 5| RS ) B A g P AT A RS AN VR S 5 ) it



BT, 5%

ST 2 Y TR > 1) 6 XRS5 H A ORI s HEIB B U5 7

- 165 -

IR BEE I s v o Nk, A& — AT
ICEEMDAN S532 [  [X 4 451 26 ol 2 93 ik PR SR
TR &am = th 2 b i) T 8dE, BRu .
oG, PRIE X R ZI R EdE, 15 2 AH B
2, KJH ICEEMDAN 5L AR k AL B
#((intrinsic mode function, IMF);
HIK, EX RS2 IMF 708, 5INH—1k
H #H ¢ B& %1 (normalized autocorrelation function,
NARYWENE SN bR, 1HRE SR 6 X4
ESEEANPRIELE
i, BCEBME ST, TG H S AR IMF
BESG, JIFRIMESTRIA S E, e EM
AR, AR BTG & X R 4.
SRR 3 s
ViRl
!

IR A X SRR LA R Hh 2%

i<— ICEEMDANZT %

I3 fAE AN IME 43

bﬁ NAF

THELERI(= D) /NME S =5 5 G
H 28 11 K BA

&—wmmp
A~

RTRRT B

VR T
RIBE SR A

v

BINEATFHITABL

v

PR FiAb B J A A1 28 i 2%

|

S5

[ 3 #TF ICEEMDAN HI$ 1B TRAbIE SR %
Fig. 3 Data preprocessing strategy based on ICEEMDAN

(=]
—_—> i=i+1

2.1.1 ICEEMDAN % fd 4

ICEEMDAN & Colominas %5 A\ #& Hi it — F gk
Bene syl SOAR 7454 EMD ik E SRR
B IMF 7=/ 8ikm, BeA 2155 IMF 2 & 15k
R, MGEL G TP O S AR AR S
B, AN EME SR, BeiE T Y46 HE
AT P B, N SRR AT R SRS L

BREAFE—E T X(@), MIE— BRI
B E [0 (O] KIS S, =),

X"t =X (1) + a,E[0" (1)) (1

A X' () AARSCHIERTINEEE 5 o, AT

TREIEFE AR UEZE | NN o (0) NS
TR

X'"(t) 4 ICEEMDAN A %, IMF 4 & 1) BAR R
FEWAE 1.

#£1 X'(r) £ ICEEMDAN 4 i IMF 92312

Table 1 Progress of X' (¢) generating IMF
component through ICEEMDAN

X'(t) 4 ICEEMDAN 4 %, IMF 43 f: 3 fE -
Step 1 iHEANME(E S X' (1) id EMD A5 — Mk Ao &,

i) = (M @)

Step 2 KARFE—H IMF 738 F (1) -
F @) =X@®)-n@)
Step 3 HHATRELIEAR, TWEHEE k NMRRDE 1) .

() = (M@, () + o E [0 (0)])

Hodr, o NS kUK EMD T8 IVRERR P AR 22 o
Step 4 SRAFEE k B IMF 435 F,(¢) -
F () =r,0)=-n()

2.1.2 IMF fre B )

k% ICEEMDAN [ IMF 73&, 2HEES
X' 5% IMF &AM, $2EE X7 @)
FHORFRERRIER 4y, 3E T 58 FAH SRS () EEL A
PE R RRAE SR AR % . A SO B NAF AE NS5 4
M VAN FR AR R 7 I A& JRAR S S HRFIE R IMF

ot

NAF W T [F)—A{5 5 7 SIEA RN 25 e 2 [A]
FRMEM G, BRI R Q) B,

i D Ry (4,1)R(1,,1,)

i=0 t,t,eN

pt.t,) = P
\/z Z RIZMF,.(tptz) z Rz(tptz) 2)

i=0 t,theN t,lbeN

1 (i (i
R(t,0)=— > X)X (,)

K p,t) BREES X0 5%M IMF 52
FIMRREG Ry (4.0) FRIEES X0 5
By IMF 4355 k3278 IMF (8 ¢ Al e, RoRBEAL
Zl; R(t,,t,) FREES X0 @) &K IMF 4 &
HIKEE; NERESES.
2.2 ETREREIIFRERIS5E

K A% 40 1 5 2 SRS 34T K1) o it 2 HH A
B & MR LRI I, B 4a)gs TR A
K-means++ 58 25PN i o) B — £ 451 26 i 28 TR 2K 10




- 166 - B R GARY 524

Zik. WE 4@ LEH, R4l RRES
R AIER AR AR/, BAEHZEAKR, HEE
£ CERT B, SECRICRHIEAME, HE
FAETRRER IOl N T R IRAE LA L 1 i1
A, AR HE DX I S R SEREAT IR IR )
T, BEEE] SVC A P AT R IR i 72,
RO B AR e AT BAS B B I R3S, Al A
B K-means++H1 SVC FiEMHRL G LG X
WS 7y, BAAOD BRUTN Brid .

(b) A SR 4 45 3
B 4 TRIBERBIIGRYSERTEE
Fig. 4 Schematic diagram of scene division results of

different clustering strategies

IR 1. SRS KR 2R, SR 2.1 15 pTie
f) ICEEMDAN SHyEGIBr b & iy “Efil” #4s,
BE e XA ES.

W 2 RIEEEEHIT K-means++F K0
T, W€ D S AR B IR I, R 2E s EERER,
WE 4@)FRGs5 1 st 2), B ihh R [E
A, PEFRREHE

W 3. (BP0 2 (RAE E, SR SVC Hikdt
SRR B I R R Wk T RS, Wl S By
N, RN, Z5RENETREAE 6 XE
M. . AE%, FNESHETFT. FFk
TRHERE; B A — s, HE6—R
RRTRI s, AT B INRS 4 ) SRR A7 5t
X143, WK 40)Fira5 3 235 6).

IR 4. XSl R.

MHE @R 4oyt el LA H, @il
GRS R BEX o H Rl 5t , TRk Bk TR
AT LRI 4 A, S5 R IR AN .

-3
F -9
XA E/pu.

0.2
0.4

7 0s
BIx Beat 1 08

é‘z/p u 1.0
E5 ZEMHAEXR ARLERER
Fig. 5 Schematic diagram of secondary clustering of

multi-attribute substation area

3 ETERXRGMEMEENEREZENR
FI SRS

FR 48 15 X 280 26 1) o bR FH T B — T 107
B, AHZITE RS T AN G X PN & R R R
ZE5r, MELLE N H 28 E 2810 6 X et 8 7 0 F5
N T REASHE R R AR, ATESX 24
SRR L, AT 2 Y T BRI R bR,
HET S0 6 X 24156 S i [ RE b, ELAR A
Kl 6 s
3.1 AT RSN EIREIREE—RX 57

MR 37 5 Xl 73 45 FMAH R 37 5 T I 2R P 2R A7 T
ERI—8E W, o, WA RS LI 1 5 A i
o GRS ITIER A W, P R G 1474
Fr, B/ MEVE A XA R R, KR A XA ERR,
W] 7 st 2 B PR ) X3k

G TR T AR SEEE, 28 T AR
S B R A R R, T S BRI RS EEAS AL
DRI, AT 45 H— i T SR AT I e i S v
— Ky skeg, BARDIRAE k.

IR 1 ARSI R B B T AR
3N, BhAEEREEE, ol Ea— R
Xof N fi %6 JBR 22 #(silhouette coefficient, SC)*, 3T
fif e AR R EH K.

W 2. RTPE 1 MIrESER, XA
K-means++i# AT R B M1, FHRIANAZBERZ M
B C (B 7 PR s HE)



BT, 5%

ST 2 Y TR > 1) 6 XRS5 H A ORI s HEIB B U5 7

- 167 -

YR 3 I C, R ITER I/ MEAE N IX ] R ER
BNEAE XA ERR, A5 3] — k) o) Ja B Zedit
FERRE P DX 1] (P 7 o C 2 B PR A ) X 08

Tl
|
¥ v
U BRI R + £ L%

KRR 5N VARBRAABAE R — S & i

Vg k(s bW i oN ]
S AMEAE X IR ) E R R

1
E v S A A AR |
i g | ETSCHERHERIHNH 3IMERCHC Z5 0
| i Z
! e |
| ogr A WA AR B HHRCRCHMTCl g || %
1 foz AT BT ks i 1 :‘u
I e rxtanen b
| BRHE EHOANR R TS S
: ZQJ C I A5 T 25 St i EH
I| — ¢ |
{7 ¢ l KI5 i/"t
I I
i l

ST BRAAEPE X (7]
|

TR 5 R AR AR 2R A X 1) 2 A sim(4,B)

v
K FHOTSUS % B B & M B o

| y k-

|

sim(4,B)>a

v R
TR A, HEIS AR T & K A kb

SR P S £ X i S N

v

£V

B 6 ETEX&MEMEENSTEMRFIRIEE
Fig. 6 Flow chart of anomaly detection based on line loss rate

standard library of the substation area

®

»
¢

=

* ¥ * %
i T v %] &

7 TREXI5 R TR EEXE REE
Fig. 7 Schematic diagram of standard reservoir areas under

different partitioning strategies

3.2 ETXEENZS A LIRRITERE IR 5

3.1 LRI T Koy S, (EZ S KA
PRI REH AT R R, HACERE TN
Ha e 2 WIREE, B0 T A SRBR B> IRRFEAS,
HEAORUERI DAS L o it ek B iR, A3 —
PSRN B H I X R Zh A PRk, kK]

S RIRRE B X 18] R ) e 7 o A i 2 0 R 5s ,  HLh
JE— 2 IHER R 75K

ERA X A& PR R ER, [ ihR
HHRZM 3 AMEE, ATETUH, kR
AR AE N EE T RIKN(C,,C,.C;} - XTAIZ)
BVREIE I RS B R AT .

1 MMAZHG R TERMEREZR
K-means++E R4 MM K Mg, REANZEHEHERS
[RIf%C, o

AR 2: BERRKC, AN RBENTIRKC, .
A REE 508 20 3 MiEK C M C,, A
T C R E, HEMG)RA DR,

m.
AC, = L. — 3)
AC, =L, & )
" n

A AC, MNAC, 3R #HIE C, M C, HXE Ti%
KC MwtsE: L, ML, 3HINERC MC, X
A m Aom, 3 5NFRIE C, M C A3
n NEFARE.

WHR 3 AR 2 PRI RS ELAE R, K
FARFE SRR IR, ()P

[Viowers Yupper ] = [Cimin = AC;, G + AC ] ®)
T Yioer T Vopper 77 FZR KI5 SRR HE X 1]
MIRERA LR ¢, MC, 2 RRREC ATER
B/MEAR A E -
3.3 ETXREBRNGXIREREH KR

T 6 XA R LR L, HEhthilg
REBNIL. EBARLHENDIREZNE XL
RASHEPEIX A IR RS, KB E R BE S AR
HEPEIX (X G BEAN T, SE N AR GEWERI ], 5 T
TERCR. B8 dith T AR st &R,
H XECERI R, Y HOVABERIRHEX ], fE 8
BURIA 243 S X R &R . 757 1 A5 3 [
X)L AR, T AKE P A3 ST &

M8 HRTLLE Y, 55 1 Ay 3 lEE&X
MR, BRI, O T3 ek b £ (X 2t 4 b P 5
B, RRIBGEN G TARRER, RIS M TIX
[ L 3 R A P F) X [R) £ 3G, 32— 2D
BB FRATA . IEPI R ERRE S WA
BRFIAHEXE, W 4. BIIXIHESFERRN

L(4B) ©)
L(A)+ L(B) - L(AN B)

sim(4,B) =



- 168 - B R GARY 524

B X LR bR X /%
IS

N
75 3|

1- -

0 1 1 1 1 >

4 .
6F Yy b %m

4- -

3 Hibmst

1_ -

0 1 1 1 1 »

1 2 4 .
3 R

El 8 ZHIGR TR LREREENEEREE

Fig. 8 Overlapping schematic of partial line loss standard

5 X e i 2 X /%

library in multi-dimensional scenarios

s L ZRMHNXIEKE; ANBE R A B
#ESXE. H, sim(4,B)e€[0,1].

NORUEFRHE PE R B RE 6], A5 R OTSU &
FEE XA ESRYE AN EENEE o, 8o
oy FIREUR S8 77 ZAE N1 e br, Bk an=X(7)
Prom e

5 =w1WQ(ul—uz)2 (7

Kp: SPARMETZE; w M ow, 7 HFRR[0,a) Fl
Lo, 1] PB4 BT o5 AT LA 5 a0, 0wy 0 00 B — 3B 7
BRI AME

SR 67 B R X LI A A A e A o,
HRESERTET a,,, IPRHEE X 8] 52 48 7 )
HATEI, RZWAEIF.
3.4 ETEXREENLMERE BFI5REE

3.3 Wenth 7 24 RN B X AR R HEPE )
WEETTE, AT T 2 YERRUE PEXT & X 45 € I [A]
BON AR 2 e W S DLEAT B ShBIEA, BARGRE
Kl 9 s

1. FARHAREGXEMETY (P}

HPR2: RIUFH (P} ) & X G- AN )
W, AR s o 85 R e HoN B3, IR EL

\ %Aﬁﬂ%%é&ﬁﬁ%ﬁﬂm}‘

v

‘ i B AR S ‘

(PR
FRAERE WA ?

A 4

45 5E I B Y A € 0 AP
IEH HEET
T« ]
gk

9 ETaX&MEMEENREBMFIREZE
Fig. 9 Automatic anomaly detection flow chart based on line

loss rate standard library of the substation area

FHR IR AEE W5

AYR 3. MRS (P R EAEIRHEE W N, 4
TERNDIR S, BN NP 4,

AR 4. HENBHNEXEIMFERE, KR
WRAANESR T;

WHRS: BEMNBNGXAMEBIESE, 4

4 BREMERFEXKAFBERERSE

DL a3 AT 7 2 T FR 1 B B 2R 40 R S R T
%, RS XA 1) T I A 2 R R G R
5 G 3 T BE B T 56 R H0E Y TR I8 B g
TEE 50 FIMPRRBR R AE, EEXAH 82
TGOLT, EARRER PN SEE X ZHUR 75 1)
FH P MR, TR TSR TR) R R 7 T R AR
i, Wags FIrESRAE—ERE, HEGH
(138 B3 45 R 2 FE I R R B S — ) BA b ),
AL G NIRRTk e Adtributor 5
% WA AR FE B P T IB B
4.1 IRBXBESHE

KO ITE RO RGBT I — N EEHR
BBy, FLIHEAS AR R AR A h 2 ) LA FEEIR R AR A
FEFE SR AW A B RS 2 B R 2 B 5%, W
B ZR B A R EE, K G R, &
Z GRS o THE R RIS (1) SR R BRI G R
xRN

min min

1 4

Xo. =X |+ pmaxmax|x,. —x,

iz

7(x0z’xiz) =

sz - xiz

iz

+ pmax m?x|x02 - X,

®)



T, & T 24750016 X &R 5w A KOG P RS HER B 7 vk - 169 -
IS oy BRIREATHE.
Yo = ¥ oro X ©) S s G AR I 1 B, A% Adiributor

K y(x,.,x.) N i DNILE 2z B2 B RS X,
M x, NH— B S E; x,. NZFE T 2 I ZI
Bl x NS i MR 2 ZIMEE; p AR
B, —MHEL0.55 y, NE i DICEMIRERE; nRIR
N ZI K

4.2 Adtributor %

B0k S 24P %, Aditributor BVEPTRT TSR AR
FH2HE H i B A HREE I - o RIS ST, 20
J B = AMAEAE (surprise, S) Flfi# FE B 71 1E (explanatory
power, EP) N Z & 1H5H

S AR A KW (10) .

S, (m) = 0.5 plog(—2-) + glog(—4)]  (10)
p+q p+q
K S, (m) FoRHHTFPS i S 75 j 2 8
ML p RoRTIIMER ; ¢ RN HMER; m £
AR o

p A q BIAE FH & i S o) 21 (PR A
T IR o A 2 (Al 22 AR B, B LLAR p F ¢
M2, A BT R & X P& 5 75

Hrb, WREEE p Mt E AR WA DR,

p, (my =2 (an
! F(m)
FLSEMEE g it E AR (12) R,
4, (m)
q;(m) =m (12)
EP i 1) HE A X A3) s .
E, (m)= ﬂ (13)
’ A(m) — F(m)

Kb p,; om) FoRAHTFA i S j 2 IR
WA g, (m) ZoR AR i MBHEFH j 2 H)
PSR B, (m) % MR i IS5 j 2 1)
MR A, RN MRSl F 3R IEW
TN A(m) « F(m)2 308 A F, HEA
4.3 Adtributor EERIB i

SERRER AR, T S s SR M sh
BRI AE L, T Adtributor o3 K 2 K
RREERSE, AN, AR ARMA I [A] 3 514
AU COT3G AR 2 e B 1) A FE 8 F0 %055, ISRk SR
HGiH) Adtributor HIZR T BGEU(3)H F) IR

SRR, TSR DR, ™ 3 R 58 P P

S BT AR 34T it o 35S R ) Lagrange 4
(B VR REUR A TS, 7E— B R L RSl
FRLANE R B, IR B TSR . B 10 45
T 3T Lagrange i (4 5 7 o Filfli s 1A

NN I 1] AN

10 £F Lagrange {HERNZEMEREMERER
Fig. 10 Schematic diagram of line loss rate anomaly prediction

based on Lagrange interpolation

BT ik o

SRR 1 B TRt P B0 th e 401 2 S5 (B (B o
A(m)[X 1),

PR 2. SRR H I (A BN 2 R, R
H Lagrange i85 >R fig 5 5 = i A (B F(m)
X 3);

T 2 4 A i 26 7E X ] [x,, x, 1U [, x, ] B A
FO), s f(x,) BRI, x ] 2R E R B
1B £, B 2 K (14).

Pw= 3 o) [[ —2 a4

$=0,s¢[i,k] j=0,j=s Xy —X;

X P RREEZHA; s MEBEEEARLIE
HET AL .

IR 3 SEEB R 1 A2 HRR RN A(m) B F(m)
B, MR413) 5ok /5 1) EP 8.
4.4 RINFEZEKRIKAPEEBER

SEEPRUE R 3T 6 X 2401 0 S 5 RO N (1) B A e
AN LI, S X LR 75 A
FUHLE R R 2 S, WU B S M O AR
X ANR] S B TEAS T A SRERHEAT IR AT 5, A
ImAR AN 11 fros.

R 1 FETEE 3 W AERIIARHEEERAT B X 57
WL, FRMAIRETEE, BT E .

AR 2 WHEE XM EMERER S E, HE
REKTRME 0™, & 5 KT 0, NREEATEEM
%, FRRH LKA EANES T R, H
NIEH .

X—X




- 170 -

W) &Gk B

R 3 THE R EEH P AT HLE EP H, K
R RTBME 0. %5 EP KT 0, MI{FEALET 48
FEFs Rz, FINIER.

IR 4. THEATEEH (D EP > 0 )X M) S A
S, R R HES], BERTRER .

iRl

%?%Ea‘%ﬂ%ﬁ*)ﬁ?ﬁi&ﬁ?ﬁﬁfﬁﬁii

il AR S
[iGESESES

A S I:':]

X

T DX SR 5 (R R S

v

s=>0
i
MR IFAEN T B8

v
AT B S P

v

EPAT0

|

SERTAT R 4R

v

T RT R 0 I SR AR

o
Adtributor
Bk

<
e N ER A

S RAVEL R K 2 D 5 T

v
Lok

B 11 BREREREXHKR B EEERRIEE
Fig. 11 Flow chart of accurate positioning associated with

abnormal line loss rate user of the substation area
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Table 2 The original line loss rate and the NAF calculation

results of each IMF component

IMF NAF IMF NAF
1 0.023 4 0.236
2 0.035 5 0.571
3 0.187 6 0.609
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Fig. 13 Comparison of line loss curves for decomposition and

reconstruction of different modal algorithms
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Table 3 Line loss standard library of the substation area

under multidimensional scene

Y PR R BR /% PR e 1 BR/%
1 2.4981 2.5195
2 1.6026 2.0008
3 2.1945 2.4674
4 2.1532 2421
5 2423 2.5068
6 5.0625 5.2969
7 5.3787 7.1306
8 2.6944 4.8396
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Fig. 18 Overlap rate between standard libraries

in different scenarios
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Table 5 Results of grey correlation coefficients of factors

in 8 scenarios

47, =L SZ A JIN\AR INAR
1 0.837 0.841 0.513 0.653 0.641
2 0.859 0.846 0.544 0.608 0.639
3 0.845 0.852 0.551 0.642 0.647
4 0.861 0.877 0.598 0.615 0.622
5 0.889 0.884 0.715 0.677 0.669
6 0.863 0.875 0.729 0.650 0.653
7 0.849 0.831 0.671 0.604 0.602
8 0.846 0.840 0.505 0.636 0.640
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Table 6 Calculation results of S value of partial

users’ electric quantity

I 45

1 2 3 4 5 6
3H14H 0 0 0 0 0 0
3H15H 0 0.03 0 0 0 0
3H16H 0.02 0 0.01 0 0.01 0
3AH1TH 0.03 0 0.06 0 0.02 0
3H18H 0 0 0 0 0.33 0
3H19H 0 0 0 0 0.48 0
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Table 7 Calculation result of the EP value of the collection

electric quantity of the suspect user

T s

1 2 3 5
3314 H - - - -
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Sy3 = ey = 0.06 (15)

Ses = Sepasws + Sepase =048 +0.33=0.81
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Fig. 22 Results of multidimensional scene partition
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Fig. 23 Judgment result of abnormal line loss rate of

substation area
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Fig. 24 Tracking results of abnormal line loss rate

associated with user
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Table 8 Screening results of a station in Shandong province
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Fig. 25 Line loss estimation accuracy of four standard libraries
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Fig. 26 Line loss estimation accuracy of four standard

libraries under fusion strategy
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