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Abstract

One of several energy resources is electricity, which plays a significant role in driving the economic growth
of Thailand and has been increasingly used in past decades continuously. In order to gain a reliable and efficient
system of power supply handling, the future peak electricity demand, which is inevitably uncertain, will play a
crucial role. Therefore, the peak electricity demand has to be predicted by using the most appropriate forecasting
models. In this research, a hybrid model of the Support Vector Machine (SVM) and Genetic Algorithm (GA)
is proposed in order to forecast future peak demand. The motivation of the proposed model was to develop a
complex model that takes advantage of the capability of the SVM model to formulate a predictive complex
model. Even though the SVM model is more attractive in terms of forecasting, its performance relies heavily
on the appropriate selection of the SVM hyper-parameters. In this regard, the GA was introduced to search for
the optimal hyper-parameters of the SVM model. In order to evaluate the performance of the proposed model,
it was compared with traditional single forecasting models (i.e., ARIMA and SVM) based on six measures of
forecast accuracy. The empirical results indicated that the proposed model outperforms those compared models.
Furthermore, the proposed model is able to reduce the errors of the ARIMA model and the SVM model at at
least 7.78% and 5.72%, respectively.

Keywords: Hybrid Model, Optimal Parameter Selection Technique, Machine Learning, Support Vector Machine,
Genetic Algorithm

Please cite this article as: T. Sujjaviriyasup, “Hybrid model of support vector machine and genetic algorithm for forecasting the annual
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1. ALadg840NUARIALAREUFNYTOL (Mean
Absolute Error: MAE) MIFUNTN )

MAE = mean (|e, |) )

2. MINNRBIVBIANLARLANNARIALARDURRS
&89 (Root Mean Squared Error: RMSE) AIFUNIIN (10)

RMSE = ,/mean (¢ ) (10)

3. AU U aSTUAVIANNARNIALARD
SF ugmf (Mean Absolute Percentage Error: MAPE) a9
gUN13N (11)

MAPE :mean(|pl|) (11)
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AMNHANIINNNTUAUAILDUNEINTIANI
Alaviaualuiuidon tNawsinsaidSunanny
ﬁaanwawﬁamu“ﬁhgmqﬂgﬂmLauaﬁdgﬂﬂ 3
MINLINTUAILAIUL ARIMA N&E1QUAN 9
o v v s 6 & . ni 7
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wneiad
30,000

28,000 —e— Avtual value --m--ARIMA — SVM(3) --e- SVM(3)-GA
26,000 |

24,000
22,000
20,000

18,000
16,000 |

14,000
12,000 4

10,000 T T T T T T T T g
2538 2540 2542 2544 2546 2548 2550 2552 2554 2556 2558

gﬂﬁ 3 ANEINTIVAILAREAILULLAZANDTIVDY
ﬂ’%mmmwﬁaamﬂﬂﬁwg\a a9

ARIMA (2,2,2) 1 1e+20
ARIMA (0,2,0) : 322.3362
ARIMA (1,2,0) : 321.3614
ARIMA (0,2, 1) : 322.1375
ARIMA (2,2,0) : 323.7797
ARIMA (1,2,1) : 323.8669
ARIMA (2,2,1) : 326.5718
ARIMA (1,2,0) : 321.3614

Best model: ARIMA(1,2,0)
Series: data
ARIMA(1,2,0)
Coefficients:
arl
0.5428
s.e. 0.2747

sigma”2 estimated as 18413: log likelihood=-158.41
AIC=320.82 AICc=321.36 BIC=323.25
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ARIMA (2,2,2) 1 le+20
ARIMA (0,2,0) 1 357.5619
ARIMA (1,2,0) : 357.1477
ARIMA (0,2,1) : 357.1463
ARIMA (1,2,1) : 359.6159
ARIMA (0,2,2) : 359.6076
ARIMA (1,2,2) : 358.7398
ARIMA (0,2,1) 1 357.1463

Best model: ARIMA(0,2,1)
Series: data
ARIMA (0,2,1)

Coefficients:
mal

-0.3043

s.e. 0.1637

sigmaa? estimated as 27433: log likelihood=-176.32
AIC=356.65 AICc=357.15 BIC=359.24
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SVM(3)-GA fildWartuinasinauuuiauguass o
lﬁmﬁaﬂﬁqﬂlunﬂmmﬁﬂiuﬁu las@winiaes
MmanzanvastnnaTaNaasuuTdu fa C iny
0.187529
NaagﬂmaumﬁﬂﬁxLﬁuﬂizaﬂ%mwmauﬁaLLUU
WenTolan 9 aauaasluaned 1 uas 2

A13519N 1 a1n15U i ndse/NTATNUIA LU

WenTaleng g
. AMULNLINTDE
LtnawNnNII
Usziiin ARIMA SVM@3) | SVM@3)-GA
MAE 831.73 667.82 626.91
RMSE 1000.98 889.03 838.18
MAPE 436% 3.65% 3.37%
MJAPE 3.90% 2.39% 221%
RMSPE 5.40% 5.44% 4.98%
R-Squared 0.951 0.963 0.967
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30000

28000 -

lagnWuaadnavadfn R-Squared VaIaILLUY
wenIoidnd g pnibuaualugui 6, 8, uaz 10
dl dl L ™
ﬁ]'mﬂi'rvmgml,a@ﬂugﬂﬂ 6 ANBWUSNINIZANLN
1 1 1 a é ] U
maomwmnmfaaﬂmwmmanmaguumumo
1 v A 1 = a v
ADUTNINTN TIANANULUITUT IRV BIAIMU UL TILFUATI
o A A
maa‘g@magamghgﬂw 6 Qmm@ﬂugﬂ WULBIFNANT
VIRUMINANALLTILTUATI A93LN 7
mﬂwamﬁLﬂﬂ:ﬁt,%aLﬁuﬁgmmm‘[ugﬂﬁ 7@
& . a A v o fo o ~
WEINITDLAZAIIIINANNFNNUIAUS08R 95.1 wazl
AN TIwUaI@ LD (Mean Square Error: MSE)
@ 4 & =< o
WiNAU 1,107,192 S94A1HLUEAININITNIZANLAIVD
AwennTaNL D u9LUnINAIDI
NN BUSANURUNUTVDIFNNENNTDMRZANTII
ﬁgmmmlugﬂﬁ 8 UANWULTILFUATI NMITIATIEH

L AUVUNENTDE 2600 1
A1V 1 2_
ARIMA SVM@3) | SVM(@3)-GA “ R*=0.9509
22000
13,310.90 14,141.97 13,373.97 13,373.97 61939 20000 -
14,506.30 14,353.90 14,820.65 14,497.80 18000 4
14,179.90 15,685.70 16,012.36 15,578.28 1 .
14000 -{
13,712.40 14,628.36 15,899.36 15,775.09 o *
14,918.30 13,244.90 14,857.91 14,986.18 10000 i i i ‘ ‘ i ‘ i i
10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000
16,126.40 16,055.32 15,648.06 15,396.13 fmpnnsat
16,681.10 16,749.43 16,867.44 16,858.17 4 , o
51" 6 en R-Squared PDINILLUY ARIMA
18,121.40 17,258.35 17,594.65 17,711.75 o
19,325.80 19,438.31 18,781.61 18,730.77
20,537.50 20,164.52 20,045.94 20,087.12 Call:
Im(formula = Y - X, data = data)
21,064.00 21,604.48 21,252.50 21,274.34
Residuals:
22,586.10 21,784.17 21,970.95 22,087.01 Min 10 Median 30 Max
-1528.41 -830.13 -70.08  654.74 1940.55
22,568.20 23,885.01 23,083.19 23,092.35
Coefficients:
22,044.90 23,363.06 23,607.10 23,750.03 Estimate Std. Error t value Pr(>|t])
(Intercept) 3.302e+02 1.103e+03  0.299 0.768
24,009.90 22,173.98 23,143.72 23,318.79 X 9.804e-01 5.405e-02 18.140 1.47e-12 ***
23,900.21 24,833.29 24,176.04 24,127.61 Signif. codes: 0 “***7 0,001 “**/ 0.01 ‘*/ 0.05 ‘.’ 0.1 ‘'’ 1
26,121.10 24,563.71 24,921.09 24,940.32 Residual standard error: 1052 on 17 degrees of freedom
Multiple R-squared: 0.9509, Adjusted R-squared: 0.948
26,598.14 27,032.34 26,212.55 26,027.36 F-statistic: 329 on 1 and 17 DF, p-value: 1.467e-12
26,942.10 27,440.39 27,337.80 27,281.66 > sum(fit$residuals”®2)/(19-2)

[1] 1107192

35U 7 nMsliezdanuduAusIziduaTizasdn
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Taoaz 96.34 uazianuulsUsuueIniInizangan
yasarwgnsalMdosiuneanana1939raAy
825,590 %dgmmmiugﬂﬁ 9
FRIUMINATEZANNURUANUTLTILTUATIVD
mwmﬂmﬁmzmﬁﬁwaagﬂﬁ 10 Qmm@ﬂugﬂﬁ' 11
nnuaansnleuaasliiinindwensoiila
NndvuNaNdanlnaldesnualassuInnInved
Fauuunensalaassnuun ownsinil Fedanal
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31]1?; 10 ¢i1 R-Squared 28402UUL SVM(3)-GA

Call:
Im(formula = Y ~ X, data = data)

Residuals:
Min 10 Median 30 Max
-1878.7 -436.7 227.5 685.5 1100.3

Coefficients:

Estimate Std. Error t value Pr(>|t]|
(Intercept) -1.027e+03 1.009e+03 -1.018 0.323
X 1.045e+00 4.943e-02 21.144 1.2e-13 ***

Signif. codes: 0 “***/ 0.001 “**’ 0.01 ‘*’ 0.05 *.” 0.1 ‘" 1
Residual standard error: 908.6 on 17 degrees of freedom
Multiple R-squared: 0.9634, Adjusted R-squared: 0.9612
F-statistic: 447.1 on 1 and 17 DF, p-value: 1.203e-13

> sum(fit$residuals”2)/(19-2)

Call:
Im(formula = Y ~ X, data = data)

Residuals:
Min 1Q Median 30 Max
-1832.2 -396.5 250.5 552.4 1094.2

Coefficients:

Estimate Std. Error t value Pr(>|t]|
(Intercept) -776.20494 951.07058 -0.816 0.426
X 1.03459 0.04664 22.184 5.47e-14 ***

Signif. codes: 0 “***/ 0.001 “**/ 0.01 ‘*’ 0.05 *.” 0.1 ‘" 1
Residual standard error: 867.5 on 17 degrees of freedom
Multiple R-squared: 0.9666, Adjusted R-squared: 0.9646
F-statistic: 492.1 on 1 and 17 DF, p-value: 5.465e-14

> sum (fit$Sresidualsa”™)/ (19-2)

[1] 825590.4 [1] 752513.8
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nnmsdssilindszaninwaasanuunensal  Mwindeesesainuy SVM(3) waz SVM(3)-GA
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