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Power data forecasting method based on adaptive hybrid optimization

ZENG Zhao-hui'!, ZHAO Hui-yong', LUO En-tao®, ZHANG Ying-hao', YANG Yang', YAN Yi-tai

(1. Key Laboratory of Intelligent Computing and Information Processing of Ministry of Education, Xiangtan University,
Xiangtan 411105, Cihna; 2. School of Information Engineering, Hunan University of Science and Technology, Yongzhou,
425099, China)

Abstract: Power data are easily affected by climate, seasons, holidays and other factors, with different fluctuation
characteristics. Aiming at the problems of low prediction accuracy of power data with different characteristics and weak
generalization ability of prediction methods, a power data prediction method based on adaptive hybrid optimization is
proposed. By using wavelet transform and stability analysis, the power data is adaptively decomposed into non-stationary
series and multiple stationary series containing trend, season and periodic information. The state transition algorithm
is used to optimize the long and short term memory deep learning network and autoregressive moving average model,
respectively, to fit and predict the non-stationary and stationary series. Finally, the predicted sequences are reconstructed
to obtain the final prediction results. Compared with other methods, the proposed method not only has higher prediction
accuracy, but also has strong generalization ability.

Keywords: power data forecast; long and short term memory deep learning network; autoregressive moving average
model; wavelet decomposition; state transition algorithm
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data3 600 855.1 13749  1109.3 115 0.02 —0.18

w2 RS RERFRMES O FEFR TR

%&%gﬁ% Dl D2 DS D4 D5 DG Cl CZ CS C4 CS CG

data 1 1 1.1 1 0 0 0O O O O 0 O
data?2 1 1.1 1 1 0 0O O O O 0 O
data3 1 1.1 1 1 0 0O O O O 0 O

3.2 FERE

BT SR80 R A T 3 8, S 1 AT R R X L,
DL 56 I A T 0 A5 R 1 AR E , e 5 3 T MR 1 22 (root
P 35 45 % 1% Z (mean
I 4% H 43 iR ZE (mean

mean square error, RMSE).

absolute error, MAE).

absolute percent error, MAPE) £ P4/ b i, H

NS VR

1 n
MAE = — i — Y5, 24
n;Jy | (24)
MAPE = 1 § M (25)
n - Yi
i=1

33 AR50
3.3.1 STA 5PSOfiikitfexttt

4% 2 (22) WA B BR EU(E 9 PSO Hv% . STA
BOEARAL B H b ek B 3T A 1 R EE R, B3 A
) BHE SR AE AR AT /N AR e BT 0 JE 46 B s . STA B
%5 PSO S IE . FE bR O AR A it 22, X T
data 1, PSO BIEAEE AR 2 IR G, 38 N E R A 00 850 R
R A AR Ak, T STA S92 B A — - 4 4R K0 (1) A A
R PSO IS, 1ELFE A& 12 A K 186 n, 548 31 1) 4
1B R — IR b — VKA, 35 2838 . FEE bR 251 A A A5 B PSO
FEAK. 7F data2 5 data 3 W, STA VL — 415 2 T
EL PSO S92 50 A A9 B AL A, BRI B 4 364 0k B3y 1
T, PR AN B39 8 AE AN W 5 48 S I IR AR A A, (H R 4
STA i FHRIMAAE U5 /N, BT BLAG H, STA 5
VAT DL LRI e 381 v o E K AR /ME

3.000e-02
— datal-STA-LSTM
N datal-PSO-LSTM
& 1.790e-02 k)
=
i
Bl 1.745¢-02 |
2l
1.700e-02 | 3 3 7 9
LA TEL
(a) HFEDKIIRH
3.000e-03 =
— data2-STA-LSTM
N data2-PSO-LSTM
% 1.790e-03 |
15
i
Z 1.745¢-03
" T
1.700¢-03 ; 3 3 7 9
LA EL
(b) K )G
5.844¢-03
T 5.133e-03 ¢ ’
S N
& | —
m 4.422¢-03
b
v 3.711e-03 | — data3-STA-LSTM
------ data3-PSO-LSTM
3.000e-03 | 3 5 7 9
LA EL

(c) EEFEILL Iy fifi
B3 STAS5PSOffifikitgEXTEE
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332 MERBREEE

P 4 data 1 % P52 (1) 356 20 L& B, BB AF
F ARIMA  F 452, 45 B 280 4 Tf b 220 1) 250 40 1) g
B AH R TR K A Lk A8 BEAR, ] Q0 7E e 2
U5 B A iR 2R 55T, 1T ARTMA 578 7 $1 2 ) iy
LI BER, N TR s A0 A A 2 fE B A
A G E. B LSTM W 4% B4R T LAFEL & S8
A A AFF T A W TN ZE PR AR OK. AT 4
HH B2 T S UL IR LSTM [ 48 404 H 1) il 2R 5 o e i,
TR BN ™ L A B AR L M AL X A Y 8
Z I B 5. 3 T 04k 1) PSO-LSTM il STA-LSTM £
5 B — LSTM AR L A5, B4R R UL & 38R A — e 4
T, BEAR 1 R 20 Hidl i 5 B S 2 2 ) i) 22 3. %2
1l H B it 4 e BE AR MR IR AN, EH B 4 AR
I, S 4 H i 1) th 28 47 A £, 1 PSO-LSTM F1 STA-
LSTM A5 8% T-3X 46 s Ab 3 5 LSTM Bk AR — 3, K
4 3 P0G HAE AR LAl 2 T B i)
JBL A0 il $E A S AN 8. STA-LSTM 5 PSO-LSTM [X
BTET STA R L 5 PSO HLH L e E i — D s
KB B 5 A A 55T 20 i 1) WD-ARMA-
LSTM V& & 158 1 ¢ I 18 () ARIMA. LSTM. PSO-
LSTM. STA-LSTM Ifi] 5, fit 5 #E A 1 40L& £ 4fs Uk
BT LA S WU 4 B BT I ). AR T4y
il PR VRS 5 A 2R T v A A Y R A e L (R 2
il TR 50 W B S H R PR, 23 520 2 7 51 WA 1Y)
THIRE BE . A SCEE B R AR AL 1Y) WD-STA-ARMA-
LSTM Vi & J7 7255 Bdis (1 404 68 1A BOR I T+, 151
Wt = 49 &b (B4 T8ORAL), A ST #7714 R 08 K 1 b
A SR LG EE, 153 7 R T HAR T 2 I RCR.

B XT data 2. data 3 LA 45 SR 34T X EE A AT,
A L7355 data 1 L4516,
4.650e+02
4.222e+02
3.794e+02
3.367e+02
2.939e+02 |
2.511e+02
2.083e+02 F
1.656e+02

1.228e+02 1
8.000&:+010

2.600e+02
2.500e+02
2.400e+02
2.300e+02

KHE/TWh

t/' A
— SZfRfli  —— WD-STA-ARMA-LSTM
— WD-ARMA-LSTM STA-LSTM
— PSO-LSTM --- LSTM --- ARIMA

4 data | HIEHE

333 TR LE
5(a) 7 T A SC T $E 7 75 WD-STA-ARMA-
LSTM % data 1 I 70 25 5 % 3% 3 Fros vEAN vk

1.400e+03 }
< 4
E 1.200e+03 |
o~ Lo
I#  1.000e+03} /"
fee
&g .000e+02}
3 + 1 ‘~' 1 1 1
6.000e+02 5 5 10 15 20 25
t/A
— bR — WD-STA-ARMA-LSTM
— WD-ARMA-LSTM STA-LSTM
— PSO-LSTM --- LSTM --- ARIMA
(a) KSR E TR
1.300e+07 }
<=
Z  1.200e+07 | .
o [
&
& 1.100e+07
3 + . 1 1 1 1
1.000e+07 5 5 10 15 20 25
IS
— 52fR{li  —— WD-STA-ARMA-LSTM
— WD-ARMA-LSTM STA-LSTM
— PSO-LSTM --- LSTM --- ARIMA
(b) & [E H Jy b gy T
1.250e+03
=
Z 11500103},
E 3
2 \
+\m_If
# 1.050e+03 |
g
.500e+ : ' ' '
9:500e+02 5 5 10 15 20 25
t/h
— SBRE —— WD-STA-ARMA-LSTM
— WD-ARMA-LSTM STA-LSTM
— PSO-LSTM --- LSTM --- ARIMA

ONSETE L]
5 3LAFIETUN

BT B & BRI L B T 2 ik
Mo oA 7325, BB 5(a) HR TN &5 R AT LA BUR
25t

1) FET B — R [ ARTMA 570 35 0 55 9 1 98
BN, AN eI g b TR0 S E ) B B R RRAE,
XL EEAE R B O AR 26 PR AN R T R, LSTM 45 A B2 I
Tk HCHE ek A AT LK SR, 15 R A E s e E 1
T Al 22 58 K. 2R 3 { o, X T 2R PRI 8] 77 51 A 2
ARIMA {41112 2 $6 50 (RMSE. MAE. MAPE) [{J{
231N 262.715. 233,466 22.96 Yo, F FHAR FE 2 > W 2%
R LSTM HOMH R P& %2 104.556, 89.953,9.216, £ 4



%12 87

BHE £ AT A& mRA RN ) BIETN 77 3497

P F bR (T 25 N 24 60 To. 6 I % FE 2% 2] P 2%
XHAELNE S AP R S A R4 T rg

*3 JREFTUMRE

KA 's R RMSE

MAE MAPE/%

WD-STA-ARMA-LSTM  30.301 21.805 2.106

STA-LSTM 74.659 56.993 5.583

data 1 PSO-LSTM 79.954  62.1293  5.777
WD-ARMA-LSTM 115.836  86.603 8.660

LSTM 104.556  89.953 9.216

ARIMA 262715 233.466  22.96
WD-STA-ARMA-LSTM  98857.9 80362.91 0.681
STA-LSTM 99711.7 86207.8  0.726

data 2 PSO-LSTM 122861.6 103028 0.876
WD-ARMA-LSTM  537961.8 398246.5 3.319

LSTM 379753.2 206590.3  1.665

ARIMA 10612345 709164  5.661
WD-STA-ARMA-LSTM 10.7331  8.4382 0.766
STA-LSTM 13.0167  9.70601 0.895

data3 PSO-LSTM 14.0138 11.6719  1.050

WD-ARMA-LSTM 20.4144  17.5819 1.600
LSTM 232863 19.5196 1.749
ARIMA 741312  64.5895 5.921

2) Tk i STA-LSTM. PSO-LSTM %44 1]
ToU i # 5 LSTM A AT 8L, 15 51— 45284 () LSTM AH
Eb, STA-LSTM. PSO-LSTM HJ DL 5 K 3543 B4 o5
f4) U6 1 T30 BE 77, STA-LSTM B 4R 75 B30 T 0 77 34
YL g 38 T PSO-LSTM, {H B =& 7l 25 HUn iR, STA
PR AL LSTM % 4 ifh 28 1k 2 38 2 00 s s i 26, BAR
STA By A1 PSO Sy 1 DL X LSTM (1) Tl 4% & A5
— 58 [ 0, {E A7 78 35 5 B8 O sh 4 5 40 98 AN i
DA K Sk B0 Ut 0 8 45 TR FE A it — b R A
I #51. PSO-LSTM #% 7 £ LSTM #5784 fy 3 fitth 22 |-, %
TRPEA Fi5 A5 BAE 1 35 R B 2 30 %, T STA-LSTM 1£
PSO-LSTM b & TUpF A 4R AR R 2 — 20 % T 24
6.03 %o. M AN T 56 41F T LSTM 2 %5 1) ¥% B B4 52 i
LSTM R Y {1 F50 K5 B A1 STA B3t LSTM AL AL fig
J18F PSO 5i:.

3) T [ 5 3 )2 /3 ## ) WD-ARMA-LSTM {E &
R, JH A R ) Bl B — A TR R AR A A Y, 7 T AT
1, TR 20 1] H R 1R T, SR AT T A A
A R 3 TR0 A5 5 R, AR ()2 Ak B8 1 BT
559, FE A iR 1) WD-ARMA-LSTM J& & #5578 () % 15
Fa b BARAS 3 T 40 B PSO-LSTM.  STA-LSTM
BERY AH & TR AR A0 T 5 — A, 1 B 43 R A
THEE R RS

4) BT HE ROR A A I E B TR g ik R
A AT DU RO 5 1)U s S By, 4T AR

KGR, ASCTTVEAER I R I STA-LSTM #4Y | &
TR ARt — 20 P35 T B 29 61 %. 18I BB W 2L
B VPN FR#ERE— B0 UE T AT 751 R 4F (1) i
Mse

5) 43 #7data2. data3 [T 25 SR, 40 5(b) Al
5(c) fito, il LAfS 2 5 data 1 B0 EE 8. X5 25 T/
AT R EAE 3 A [EL DR 51, 0 0l R FH LSTM Bty
SR TRREVAZY AN Y VLN R o 98 I R E |

o FL D TR R T

6) SCHR [15] 18 FH Btk b 7 S 1L LSTM 3
o B, g 47 14T RN, SF 14 3% 22 MAPE 9 2.59 %. A<
SCHE L3 AN TR L ) R e B a8 — 213095 1) MAPE
1 b SCHR [15] 1. STk [17] A R R 7 B 59 A 4k
ELM, Tl & 5K 3h ) H 7 G, 000 25 £ 7 25,
MAPE 4 1.170 8 %. A% 3L T 25 % Ky 24 25, data 2 Fl
data 3 ¥ 41 5045 5 MAPE $8 bR B B4 T SCRik [17).
4 4 @

B 1 B 0 28 G 50008 IO BB 8 S v 7 R e 5
PEALHER 1080 S H, G B T4 L RGN T S
AR M. ASCHR T — M EET HERIR A AL
P, 0 TR0 715, 5 F A 7 VA Ll B e T R T
FEPE . AL F ST R

1) GG /N TR S U 45 31 K HE ) R G5
I T LA i, 19 38 2 A FRadn 1 1 e S A — AR
R AL 741,

2) FIFH ARMA ARG A0 i e 4 A ) A 4

ARMA Z A TR
3) 12 H LSTM 5 8 6 A 00 45 A~ A i 40 & 4%

AT LSTM B, 550 KRR B B AL 1 IR 5 O 48 A 1) B
B,

4) ¥ H STA B4 LSTM 2 %1, ARMA fr #5145
AT,
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