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Abstract; Gray model is widely used in mid-long term electricity demand forecasting, but the model fits
exponentially increasing data more precisely. Due to China’s economic growth rate fluctuations, the in-
crease in electricity consumption is slowing down, and electricity varies stochastically. So it is necessary to
propose a new model to reflect the new situation. To solve the problem of the poor anti-interference ability
of grey model, this paper proposes a model with Fourier series and Markov theory residual error correction
based on grey model. This model applies Fourier series method to optimize electricity changing rate, and
Markov chain method to embed the random property in gray forecasting model for doubly correcting the re-
sidual error, which can improve the adaptability and flexibility. The proposed model is verified by actual
load data, and it indeed improves the forecasting accuracy.
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Tab.1 Electricity consumption of whole society
from 2000 to 2010 in China

Mo M
i /({2 kW + h) Fh /(2 kW + h)
2000 13 472 2006 28588
2001 14 663 2007 32 712
2002 16 331 2008 34 541
2003 19 032 2009 37032
2004 21971 2010 41 934
2005 24 940
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Tab.2 Preliminary prediction result

By ShRRbLE GM BN U X R 22 20
2000 13 472 13 472,000 0.000 0 0.00
2001 14 663 15 483. 206 —820. 206 5 —5.59
2002 16 331 17 367.403 —1036.403 —6.35
2003 19 032 19 480.893 —448.893 4 —2.36
2004 21 971 21 851.580 119.419 68 0. 54
2005 24 940 24 510.763 129. 236 88 1.72
2006 28 588 27 493.550 1094. 450 3 3.83
2007 32712 30 839. 320 1872.679 8 5.72
2008 34 541 34 592. 247 —51.247 4 —0.15
2009 37 032 38 801. 879 —1769.879 —4.78
2010 41 934 43 523.794 * —1589.794 % —3.79
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Tab.5 Comparison of forecasting model

0 52 By e, GM T (A R 2% X2 GM-FM il R 2% AT 5 22 %6
2000 13 472 13 472. 000 0. 000 0 0. 00 13 472.00 0. 000 0 0. 00
2001 14 663 15 483. 206 —820.206 5 —5.99 14 506. 95 156. 053 8 1. 06
2002 16 331 17 367.403 —1 036.403 —6.35 16 504.76 —173.761 —1.06
2003 19 032 19 480. 893 —448.893 4 —2.36 18 861. 49 170. 509 4 0. 89
2004 21971 21 851.580 119.419 68 0.54 22 117.69 —146.692 —0.67
2005 24 940 24 510,763 429. 236 88 1.72 24 834.82 105. 1817 0.42
2006 28 588 27 493.550 1 094.450 3 3.83 28 638.98 —50.984 7 —0.18
2007 32 712 30 839. 320 1872.679 8 5.72 32 721. 36 —9.3617 —0.02
2008 34 541 34 592. 247 —51. 247 4 —0.15 34 472. 42 68.578 97 0. 20
2009 37 032 38 801. 879 —1 769. 879 —4.78 37 151.52 —119.525 0.32
2010 41 934 43 523.794 —1 589. 794 —3.79 42 114. 66 —180. 66 —0.43
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Fig. 1 Forecasting results of GM(1.1) and GM-FM
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Tab. 6 Load forecasting results by GM-FM of Shijiazhuang
Ay BEHE/(TW - b GM T il {8 Fourier f&1E GM-FM i il {& W/ N
1979 20. 47 20.470 0 0.000 0 0. 000 00 20.470 0 0. 000 00
1980 21.39 20.602 61 0.787 4 0.554 028 21.156 64 0.233 36
1981 22.04 21.956 93 0.083 0 0.379 221 22.336 15 —0.296 15
1982 23. 36 23.400 28 —0.040 3 —0.363 5 23.036 78 0.323 22
1983 24.06 24.938 5 —0.878 5 —0.567 19 24.371 31 —0.311 31
1984 26.51 26.577 84 —0.067 8 —0.329 68 26.248 16 0.261 84
1985 27.98 28.324 94 —0.344 9 —0.164 15 28.160 8 —0. 180 80
1986 30. 4 30. 186 89 0.213 1 0.135 16 30. 322 05 0.077 94
1987 32.48 32.171 24 0.308 8 0.274 453 32.445 69 0.034 31
1988 34.42 34.286 03 0.134 0 0.276 397 34.562 42 —0.142 42
1989 37.56 36.539 83 1.020 2 0.554 028 37.115 46 0. 444 54
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Fig. 3 Wavelet decomposition series



5 10 34

ZEFRRAF < R0 H T A (o B - By RRE SR B IR AR 69

HT AT AT L 5 o i O B4 0 ARL 31 A B A Y 4
FEA A A A Y e 9 AR e Bl A2 2% L AR R AR AR R
1 JET OO b s B L Ao 53 3k ) 00 5 325 2 AR ) — RO
S BETUARAG AT 2% o LA R AL I 110 00 4 2R M A
FAAENLEE b iR 22 . SO A — FR A - 28 AT b /s
U PR i Ao U B8 G it o A 2 5 R R
PEFEA ] B R 22, ML Z T AR SO
DL BER T 22 b A [ A5 280 4 201 45 0 4 B
B B 015 5 R AL 25 AT S0 AE IE L B R B
HOR KA

JR A 5 TR B A 3t TN v 4 S R L {E R
394 1 A I DR AT I T AT T 2 TR R 1 B PR
M o P P 0 TR 0 40 5 8l LA 4 P — 45 B0
RS AL 10 e A7) 3 AN SR AR S 23 A E A S
(19 5% 22 508 M) A L G JOR By IR B RAR SR
BT OS5 R AT T A R T K AR
XA AS AR 02 Bl 3 I R T A R Y R L i L A T
N S BB LA R B ML I IV P S R B R
T TPNORS BE LG A X 2010 4 [ Ak 25 (9 T R DL
e Aq 5 1989 4F 14 45 FL it K04l 2 47 100 23 M » 36 ik
TZAE R HER P ELE A X Ll R A5 R 4
LT BUAT 1 — JBe 4 i ] 5 IR BE R A8 IR 5% 22 1Y
Ik

2% 3k

(1] A&EIJe. KO RGHIEIM]. BRI A R4 R L 1990,
DENG Ju-long. Grey system theorg[ M]. Wuhan ; Huazhong Univer-
sity of Science Technology Press,1990. (In Chinese)

[2] BOX G P, JENKINS G M. Time series analysis: forecasting and con-
troll M. San Francisco, CA; Holden-Day InC. 1976.

[3] fRRE. RUWR, WA, M) R G 6 S 800 VR 2 50 Fi

FRIBIELT]. Aoy A Sk BiAr . 2006,26(7):10—12.
REN Zhen, WU Min-dong, HUANG Wen-ying. Rolling prediction
and residual error revise of original reliability parameter of power sys-
tem[J]. Electric Power Automation Equipment, 2006,26(7) ;10—
12. (In Chinese)

[4] ERg, INRE, ik, 55, SR 22 b6 TR 7E 64 T o
PN ILY . W R R Sk, 2006,18(1) :86—89.
WANG Cui-ru, SUN Chen-jun, YANG Jing, et al. Application of
modified residual error gray prediction model in power load forecasting
[J]. Proceedings of the CSU-EPSA, 2006, 18(1): 86—89. (In Chi-
nese)

[5] ®@fe, ik, FTHE. % DRBHERINETE TR0 6 )
Rz L. ) R e KR A F k24, 2011,23(5) : 131—136.
HUANG Yin-hua, PENG Jian-chun, LI Chang-chun, et al. Appli-
cation of markov theory in mid-long term load forecasting[ J]. Pro-
ceedings of the CSU-EPSA, 2011, 23(5): 131—136. (In Chinese)

(6] &0, Jrfli. BT B o L I AR 0 5% 2 16 1 119 By A7 T000 52
RO, ) A b4y, 20138,33(9):105—112.

HUANG Yuan-sheng, FANG Wei. Power load forecasting model
with residual error correction based on gray Fourier transform[J]. E-
lectric Power Automation Equipment, 2013,33(9):105—112. (In
Chinese)

[7] TAN C L, CHANG S. Residual correction method of fourier series
to GM(1,1) model[ C]. Proceedings of the National Conforence of
Grey Theory and Application, Kaohsiung, Taiwan :1996:93—101.

[8] XU¥E. Wrfeist, EEER. T RO RGEAIG WA B 57K 5
FrS Lyl W K24 B SRR, 2005, 32(5): 7T1—74.
LIU Yang, CHEN Chuan-bo, WANG Guo-xia, et al. Power system
stabilizer based on grey prediction and extension control[ J]. Journal
of Hunan University: Natural Sciences, 2005,32(5); 71— 74, (In
Chinese)

(9] BREEMN, RERA. I FH G i 6 GMCL, DRERIEAT K 1 i ) 75 5K
BMLIL. ARG A3k, 1993,17(7) 20— 24.

CHEN Zhang-chao, XIONG Gang. Long-term load forecasting for
pudong new area of shanghai using grey theory[ ] ]. Automation of E-
lectric Power Systems, 1993, 17(7): 20—24. (In Chinese)

[10] HmE, ke, XIWIE 4. BT B A4 i 5 R T 2 24 5%

ZBIERRIT]. ARE LA R 240 BRI R 2009.32(6) :806
—8]10.
GAN Li-zhen, ZHANG Ming-xin, LIU Ming-zhou, et al. Research
on the dynamic model of error amendment for quality prediction based
on Fourier transform[ J]. Journal of Hefei University of Technology :

Natural Sciences, 2009, 32(6): 806—810. (In Chinese)

(11 Mie s, BTMENE. 13 T 28 A8 Ak vy g SR Sk T ] iy
A% A3k, 2011,35(20):74—177.

LIU Huan-zhang, JIA Xiao-hui. Adaptive variation relay and its
fourier agorithm[J]. Automation of Electric Power Systems, 2011,
35(20): 74—77. (In Chinese)

[12] g, povk, REBES, 55, B T dR /N Z 3 2% R A5 5 718 46 19 34

/I A L) ], W TR 244, 2011,26(10):1—7.
CAO Jian, LIN Tao, XU Xia-ling, et al. Monitoring of power sys-
tem harmonic/inter-harmonics based on least squares algorithm and
time frequency transform[ J]. Transactions of China Electrotechnical

Society, 2011, 26(10); 1—7. (In Chinese)

[13] SU Shun-feng , LIN Chan-ben, HSU Yen-tseng. A high precision
global prediction approach based on local prediction approaches[ ]].
IEEE Transactions on Systems, man, and Cybernetic-part C: Appli-
cations and Reviews,2002,32(4) ;416—425.

[14] KAVACAN E, ULUTASI B, KAVNAK O. Grey system theory-
based models in time series prediction[ J]. Expert Systems with Ap-
plications, 2010,37(2):1784—1789.

[15] &30, Momdy. XeR 45, i s St rrAl i RSS Jrikaf
FELT] W K2R BARREM, 2011,38(4) :47—50.

LU Wen-jun, CHEN Yuan-yang, LIU Jue-min, et al. Research of
RSS in power equipment reliability evaluation[J]. Journal of Hunan
University: Natural Sciences, 2011,38(4):47—50. (In Chinese)

[16] FRHERN, FRAEE, BRI B B T rh i 3iE T4k 2
JrEFELT]. A ER T, 2018.46(10) 111114,

ZHENG Ya-nan, SHAN Bao-guo, GU Yu-gui, et al. Data prepro-
cessing for grey model of medium-long term load forecasting[ J]. E-

lectric Power, 2013, 46(10): 111—114. (In Chinese)



