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ABSTRACT: Historical load data is the basis of medium- and
long-term load forecasting, thus the abnormal historical data
and historical data missing seriously affect the accuracy and
effectiveness of load forecasting. To remedy the insufficiency
of traditional methods for abnormal data identification and data
filling, a method for missing data filling, which is based on
both T? ellipse map to identify abnormal data and least square
support vector machine (LSSVM), is proposed. The principal
component of historical data is extracted by partial least square
(PLS) to compute the accumulative contribution rate (ACR) of
historical data to principal component and draw T ellipse,
thereby the abnormal historical data that possesses too high
contribution rate can be identified; the variation trend of
historical data is fitted by LSSVM, thus the missing data can be
filled. Results of calculation example show that the T ellipse
map can effectively identify the abnormal samples in historical
data and LSSVM possesses good data filling performance,

therefore the proposed method is practicable.

KEY WORDS: abnormal data; data missing; accumulative
contribution rate (ACR); T? ellipse map; least square support
vector machine (LSSVM); load forcast
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Tab. 1 Social economic factors and annual electric load of
some Hunan county from 1990 to 2005

Ay (e o
. o prI—— — FH Y
T B B A # kW-h

JiJt JiT5 JiT5 G

1990 32221 14733 17229 948 12211
1991 33017 16 161 18043 989 13985
1992 35414 17972 20 660 1086 16024
1993 45265 24343 25076 1385 17622
1994 62507 31783 33 364 1860 20407
1995 79166 43670 47671 2471 25216
1996 91329 56248 58407 2985 21377
1997 93813 70 764 70 601 3408 21276
1998 96279 79775 79289 3627 21778
1999 96184 84517 86434 3883 22558
2000 98461 87816 95667 4098 21979
2001 105418 101 059 109202 5214 22774
2002 107900 114 134 124721 5705 29607
2003 121423*  131384* 141570  6458* 29387*
2004 157550*  157363*  168336*  7904* 30 584*
2005 172931*  191988*  189333*  9244* 34 139*

PR 1 BB, R D ik T H
PR R, SR NE 2, B w w5l
PR 1 BRI R 2 RS o I BUR AT, FF 1990
—2002 F 1 M7 LI IR TN 1~13.

£2 EFHD u. n, OIHEER

Tab.2 Results of components #; and u,

VB ST h s u) u,
1 —1.788 5 -0.696 1
2 —1.406 9 -0.3393
3 —0.968 2 0.042 2
4 -0.624 4 0.207 2
5 -0.0252 0.5192
6 1.009 4 1.191 3
7 0.183 5 0.066 3
8 0.161 8 -0.1889
9 0.269 8 -0.2333
10 0.437 6 -0.168 9
11 0.3130 -0.4125
12 0.484 0 -0.602 3
13 1.954 1 0.614 8
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AR 1, FaC@)THHA D SRR AR 73 1 5
FR DTk % (accumulative contribution rate, ACR), I
® 3.

£3 BREHAIERH ACR
Tab.3 ACR of historical load data

N 1 2 3 4 5 6 7
T; 04105 0.1991 0.0786 0.0452 0.0801 0.5064  0.0041
N 8 9 10 11 12 13 —

7; 0.0128 0.0222 0.0244 0.0587 0.1273 04305 —

e 3 a4, FEA 1. 6. 13(1990 4E. 1995 4F
H12002 F 545 1) BARvTRRZE 73704 0.410 5.0.506 4
104305, B K TR LA

FRPE D7 S, B E K ek 0.15, R,
A7)V TR D R, B
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7 02828

FRPER 2 220 g A wp RO, IFAERE B2

FIH A9 T MR, nE 1 iR,

=5.004 (19)
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1 RIAH EHURR T2 HEE

Fig. 1 T? ellipse map of original historical data
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Fig. 2 T ellipse map of historical data after verifying
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Tab. 4 Identification results of T ellipse and
traditional method
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e 4t e /N Tl AT Sy

£i(x)=8329.87+0.165 8x, — 0.433 4x, +
0.231 5x3+3.623 9x4 Q1)
AR Q)M LR PR R, £33 (1 A% it 1]
VP AR 2 Ky
f(x)=10102+0.112 5x,—0.121 2x, +
0.006x3 +2.774 Txy (22)
KLEDHER2)F: AR LR S E; X,
Xov 3l xg 2 RS —. BB BBk {E AN



152 B PRI G U ) 5 A A R i Ok K b 2

Vol. 34 No. 7

A¥J GDP.
FIH(21)(22)43 54 2003—2005 414 fhx
PR BEAT I, SRR 5.
®5 ETRNIFREFREISIZEE)IRE
EEIBTRITERES
Tab. S5 Forecasting results based on
least square regression model and robust regression model

FEf SBRET kWb A)TRINE T KWh A)TIIME/ T kW-h

2003 29 387 27 697 26 607
2004 30 584 33 864 31695
2005 34139 31124 33073

PIZE 5 Bdl M SEal, BLLAX TR ZEVE N UL B
2 PR PPN R AR, IR SR m AR Y (13
FRARZE 4 2750.92 5 kW-h; Fafed [ A0 {14 5 AR
RZEN 1834.89 J7 kW-h, IX 15 HH I i X S 5 B304 T
HEARAE, RS (R 57 AT PRSI, T A
AT
3.2 HREREUEIEAESG

WA R 1996—2005 FEAES LUK ETRFR
KAt HEEILE 6. RHPEE 1999 4A1 2003
SE AL S R EVRE, H “—” FoR.

R 6 HEARET 1996—2005 Fit SZFIEIR
ket fABE
Tab. 6 Social economic factors and annual electric load of
a city in Hunan province from 1996 to 2005

P Sk Fmopel =l MY
Jioa Jioa Jioa J1 kWh
1996 784 300 693 500 657 200 282138
1997 842200 795 700 772 700 283 818
1998 904 300 913 000 908 500 304 062
1999 971 100 1047 600 1068 200 —
2000 1042 800 1201900 1256 200 344 625
2001 1048 500 1363 500 1450 200 378 816
2002 1020 000 1335100 1626 000 415165
2003 1051 400 1573 400 1829 800 —
2004 1360 200 1947 500 2104 600 544120
2005 1497 100 2273500 2130800 603 652

DLEE—. . =/ EN LSSVM A, LA
bR AR, EE A A
X; —maxx;

xy = (23)
' maxx;—minx

A x, ARS8 ) ARl x A
% x,; FTERIER j 41, max Al min 43 5 AR IR AR
/M

4% In) K5 PR i (radial basis function, RBF)ELEAT
D5 0 R i e e I A e o iz, T AR AR
If) 3 bR A0/ LSSVM A% R 8

A1 f5 B H R 1998 411 2003 4 LASMPH 4R

8RR N INZRFEA, X LSSVM HEATINZR, JF
FIVNZREF AT 1999 £ 2003 £E () HI H BEEAT
AT, EEERIE T,

%7 XM LSSVM BRI EER
Tab. 7 Fitting results by LSSVM

FEA HSET kWh A7 kW-h HRIRZE/%
1996 282138 282105 -0.011 4
1997 283 818 283924 0.0373
1998 304 062 303983 -0.025 8
1999 — 327462 —
2000 344 625 34 466 0.0108
2001 378 816 378 819 0.000 9
2002 415 165 415 144 —0.004 9
2003 — 454 163 —
2004 544120 544123 0.000 7
2005 603 652 603 632 -0.003 2

& 7 AT, LSSVM XJ Ik s g fur AT 1R
UL ROR, il LSSVM Xt 1999 4EF1 2003
A S I H B AT SRR, JERR R 45 5 20
M 327462 Fil 454163 J7 kW-ho b3k 2 4E 1952 k5
HIL 205104 307 772 1 481841 J kW-h, HHAMEAH
X ZE A N 6.4% R 5.7%, 1K UL
LSSVM A7 R Uf (FISANI R -

4 Zhig

1) ARSCRIF T2 A 150 Il K80 7 00 o 1
SH DT B TR T, X A SRAR ST YA
B A S S RS A BT A TN R, i L
LSSVM X 7 LA R IR A BEAT 1 38Ah o B
L5 AT AR T A1 Pt [ S B A ACR AT
PRAEL,  REAT R Y i D Se Bl PR K SRR A R
FH R Ak [ V1 3 7 iy 000 A5 23 AL 5 A i 5
Wi, $EETRNRE . LSSVM BAT RUFIRZ A PERE,
XHRRBAEAT BT AN o

2) AT VAR SAR B, RIAE 20t iR
BRSNS A, Al AR G A2 i iy A
if Bt B EHZ R, REAT R S AR R AL
PEirAh, 24 A IR A

B2 3k
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