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Short-Term Electrical Load Forecasting using Neuro—Fuzzy Models

Kook 8o ETE E O™
(Young-Jin Park - Hyun-Jeong Shim - Bo—Hyeun Wang)

Abstract - This paper proposes a systematic method to develop short-term electrical load forecasting systems using
neuro—fuzzy models. The primary goal of the proposed method is to improve the performance of the prediction model in
terms of accuracy and reliability. For this, the proposed method explores the advantages of the structure learning of the
neuro-fuzzy model. The proposed load forecasting system first builds an initial structure off-line for each hour of four
day types and then stores the resultant initial structures in the initial structure bank. Whenever a prediction needs to be
made, the proposed system initializes the neuro-fuzzy model with the appropriate initial structure stored and trains the
initialized model. In order to demonstrate the viability of the proposed method, we develop an one hour ahead load
forecasting system by using the real load data collected during 1993 and 1994 at KEPCO. Simulation results reveal that
the prediction system developed in this paper can achieve a remarkable improvement on both accuracy and reliability
compared with the prediction systems based on multilayer perceptrons, radial basis function networks, and neuro-fuzzy
models without the structure learning.
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Table 3 Training data set for the initial structure bank
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Table 4 Number of fuzzy rules and training error of the
initial structures determined

P He 29 ga 22y
— — — —
A ::i T ;:% o 2_;; o gi:g
1 8 1.2582 9 0.9897 7 1.3847 8 1.2378
2 6 0.8089 6 0.7645 4 0.7896 9 0.9639
3 4 0.5557 2 0.6395 3 0.8809 2 0.6884
4 5 0.6315 2 0.8007 4 0.7444 2 0.7166
5 5 0.6820 2 0.5954 2 0.8382 3 0.8900
6 4 0721 4 0.7487 4 0.9651 4 0.8921
7 5 0.8559 4 0.7261 5 0.8691 3 0.9783
8 3 0.8273 4 0.8178 7 0.7855 8 0.8748
9 6 0.9157 7 0.9653 9 1.0917 3 1.1178
10 7 0.1121 9 1.2079 4 0.9249 8 1.7299
1 2 0.7997 6 0.9108 4 0.9033 3 0.7286
12 4 0.9319 2 0.6221 2 0.6873 3 0.8684
13 4 0.6496 2 0.8143 2 0.9319 3 0,9864
w | 4 |osa| 2 |oeses| 2 |o0g4| 2 |ossm
15 4 0.8047 2 0.7157 2 0.765Z 3 0.9360
16 4 0.6539 2 0.5706 2 0.6450 3 0.8166
17 4 0.6266 2 0.739%6 2 0.9059 3 0.7557
18 5 1.2510 5 1.1429 7 1.0665 3 0.9330
19 4 0.8850 8 0.9734 7 0.9658 3 0.7172
20 3 0.8649 4 0.9954 4 0.7873 3 0.8237
21 7 0.8892 8 0.8825 4 0.7869 3 0.9274
22 3 0.7370 2 0.5825 4 0.6499 3 0.9078
23 4 0.7579 4 0.8775 4 0.7866 6 0.6816
24 4 0.8678 2 0.9472 6 0.9880 4 0.6868
bk 45 0.8300 42 0.8204 4.2 0.8778 40 0.9046
4 d= Z2HE 2938 T 594 & F A R 2o
dze Aol YAz @ A ¥el WY £a8 43

o aFEHE 2489 1%AE £Foldch &Y, 397
499 o= ZAxrt 193 299 o & FAoxc MAPES H
37 MAPE®] E&UA oM 2% $53%th X 69
89y o ARES 4HEYE 489Uy dade] vE 8¢
B} o & 5ol £x @A eyt AE 45 ARE
B A (829 923 HIAIZHIBAL, 1941, 204)°]
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Table 5 Simulation results (Month by month analysis)

o 15 | 28 | 3m | 4

Hotel e Ave 1.18 122 0.86 0.90
(Tr = 50) Std 0.94 148 0.83 0.96
MLP Ave 1.89 198 1.26 152
(Tr =3 Std 1.56 237 1.29 128
MLP Ave 143 1.69 0.89 0.88
(Tr = 50) Std 230 236 0.99 093
RBFN Ave 157 192 1.01 0.99
(Tr = 50) Std 2.18 288 1.10 1.10

Tre shgo| ARS8t tlolele

E 6 29 4 Za (2ddY 24)

Table 6 Simulation results (Day by day analysis)

2| 8 | &% | & | = | 2 | & | 4
Morsl ww| Ave | 119 083 081 08 08 0% 155
Sid | 112 075 074 075 075 078 1.8
(Tr=50 [ mMax | 583 360 364 424 521 499 1187
Ave | 161 128 110 124 130 121 303
Sid | 145 104 090 098 149 093 254
(Tr=3) [Max | 687 498 410 513 752 416 1423
Ave | 148 120 090 08 094 090 173
Sid | 261 173 08t 082 114 08 216
(Tr=50) [ Max | 3607 1741 605 739 1385 605 1273
Ave | 170 155 104 099 119 097 148
Sid | 228 232 112 131 214 094 179
(Tr=50) | Max | 1992 1958 728 1199 2472 629 16.17

E 7 2o 48 @I (A2 BA)

Table 7 Simulation results (Hour by hour analysis)

289 | Merel W (=500 MLP (Tr = 3) MLP (Tr = 50} RBFN (Tr = 50)

M| Ave | Std | Max | Ave | Std | Max | Ave | Std | Max | Ave | Sid | Max

1 114 {102 521 {133} 124} 664 | 181 { 404 | 3607 331 | 392 | 2472
2 076 {059 | 308 |132|128| 687 | 107 | 099 | 742 | .15 | 1.48 | 1043

3 064 |058| 320 [ 134 [135] 675 | 086 | 077 | 476 | 073 | 069 } 337
4 060 |o061 | 352 130|133 603 | 092|096 | 509 | 075 | 075 | 395
5 066 |063| 330 | 137 | 127| 643 [ 087 | 081 | 431 | 1.05 | 123 | 574
[} 075 |071| 469 {122 |123] 685 | 097 | 092 558 | 113 [ 140 | 8.19
7
8
9

112 {092) 583 [ 132 [ 116| 653 | 110} 092 | 548 | 140 § 236 | 192
139 [ 119 705 | 149|132 760 | 124 | 097 | 405 | 196 | 248 | 1757
187 | 139| 884 [ 145|150 ] 1083 | 134 | 156 | 1033 ] 206 | 222 | 1476
10 098 | 137 1187 | 158 | 188 { 1295 | 1.52 | 239 | 1741 | 221 | 267 | 1633
" 084 | 131 128 | 171 [210) 1423 | 1.22 ) 1.91 | 1204} 1.08 | 206 | 16.17
12 073 {103 933 | 175|216 | 1349 | 1.00 | 163 [ 1145] 0.70 | 085 | 472
13 088 | 081 | 661 | 181|180 1113 1092|093 {672 | 106 | 1.37 | 852
14 080 | 089 761 | 184|196 1193 1087 ] 123|724 079|087 | 674
15 064 |093| 858 | 188|189 1216 | 091 | 121 | 673 | 081 | 097 | 627
16 075 [093| 804 | 182180} 1108 [ 083 ] 108|808 | 0.74 | 087 | 675
17 076 |096 858 | 191|173 ] 1037 | 099 | 1.83 [ 11481 093 | 092 | 527
18 158 | 125 579 |205|162| 770 | 200 | 222 {11.55] 204 | 235 | 1958

19 107 088 | 483 | 210 | 157{ 654 | 1.11 | 1.01 | 510 | 138 | 131 | 955
20 225 [ 134 767 | 144 [122| 744 148 | 1.09 | 573 | 114 | 142 | 7.7
21 071 {072 443 | 132|120} 744 | 191 | 155 [ 1273 098 | 102 | 689
2 092 |09} 535 | 118 | 125] 751 | 092 | 091 | 657 | 0.67 | 046 | 1.97
23 o9 |o9s| 593 | 141|113 682 | 114 | 118 [ 559 | 107 { 092 | 495

24 141 | 100 494 [ 123|133 585 | 110 ] 1.30 | 882 | 096 | 0.76 | 356
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Table 8 Prediction performance of the neuro—fuzzy mode!
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