504 11 ). 4902-4914 e FLE AR Vol.50, No.11: 4902-4914
2024 % 11 H 30 H High Voltage Engineering November 30, 2024

DOI: 10.13336/j.1003-6520.hve.20231081

EF Hyperopt-Light GBM {9 2 57 En B8 W 4G HA £ 1
froleE =

ghimak 2, BEAR #H O, BREAK oA
(1. BRIy & AR NG ZFFAFRE, & FKE 050022;
2. BM ALY & A RS, & RE 050035)

WO AT RS A P S o T A I S e, SR T — TR S HR Ak (hyperparameter op-
timization, Hyperopt)-$% & R4 FF 2 F-Hl.(light gradient machine, LightGBM)f) %5 & &7 i e 75 FINAR RS . 5%, LA
W R BRI PN 5, AT 4 F 0 IR SR AR 2 05 I sk 00 (e S 2 BR1 30) B AR DG 1k, 38 I 4 AH DG
ORI R AR N, B TR R LA TG, MR i G e PO A 1 SR e . RS, Rk
T Hyperopt-LightGBM [+ i B AT HL P9 48 1 7 Af TN AL R, sl Y R0~ ST 94 s B ) o ik, E— P4y
FEHA S Gl TR 14 s @I Hyperopot 328 Hi@RiME, RN LIRS HH. &5, ETHEREICBEME 4 Fii
fif B B0 E T R RS A 2, AN E TR T 4 Fh g (RSP BN R 22 50 50l <L6%(Fi i fly), <2.1%(HRKR
FREESEFNUETY), <2%(BENTARAMAE T FN<4.1%(BE B TR R SRR T ) A RIS LL T BB A B T e e 14:>95%,
B¥sFAeaEi, FolReh R BBy S s e S . Pt K B @ R LT .

KR PR EREC M R FEARRERS . GBS HMAL: RETE RN

Hyperopt-LightGBM-based Noise-resistant Forecasting of Short-term Loads in the DC Dis-
tribution Network
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(1. Economic and Technology Research Institute of State Grid Hebei Electric Power Co., Ltd., Shijiazhuang 050022, China;
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Abstract: In order to improve the accuracy and noise-immunity of short-term load forecasting in the direct current (DC)
distribution network, this paper proposes a short-term load forecasting model for the DC distribution network based on
light gradient boosting machine (LightGBM) with hyperparameter optimization (Hyperopt). Firstly, based on the
ring-shaped medium voltage DC distribution network, the basic characteristics of four kinds of loads and their correlation
with factors are analyzed. To improve the training efficiency of the forecasting model and avoid over-fitting, the factors
with higher correlation are selected as inputs. Secondly, a short-term load forecasting model is constructed based on the
Hyperopt-LightGBM, which can enhance the tolerance of the model to sample noise by training a strong learner and fur-
ther improve the accuracy of load forecasting. To reduce the burden of manual parameter tuning and improve the
adaptability of the model, the Hyperopt is used to obtain the optimal LightGBM model. Finally, four kinds of load simula-
tion data of the DC distribution network are used to verify the effectiveness of the proposed model. The average
prediction errors of different prediction models under the four kinds of loads are less than 1.6% (the proposed model), less
than 2.1%(eXtreme gradient boosting based model), less than 3.2%(random forest based model), and less than
4.1%(gradient boosting decision tree based model), respectively. In addition, the prediction accuracy of the proposed
model is always higher than 95%, and it is also higher than other models under different noise ratios. The results verify
that the proposed prediction model has better performance in accuracy, noise immunity, and adaptability. Hence, the pro-
posed model can be applied for high-accuracy and noise-resistant load forecasting of short-term loads in the DC
distribution network.

Key words: MVDC distribution network; short-term load forecasting; sample noise; hyperparameter optimization; light

gradient boosting machine
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Fig.1 Medium DC power distribution network structure
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Table 1 Forecasting performance comparison of different models under different windows
fifi % [ GBDT RF XGBoost AT AR

HA eS| RMSE/% N 1A/ RMSE/% I fél/s RMSE/% I8/ RMSE/% ik ) /s
w1 4.821 0.958 3.540 739.817 1515 21.770 1.298 13.283

W2 4.634 0.992 3.433 742.922 1432 21912 1.232 13.382

w3 4.587 0.998 3.417 743.075 1.404 22.367 1.231 14.423

Tolkfa i W 4 4.197 1.125 3.278 745.381 1350 23.025 1212 14.821
@S 3.665 1333 2.974 749.966 1.122 23.372 1.112 15.029

w6 3.352 1.400 2.554 753.868 1.035 25.110 0.943 16.193

“FEME 4.087 1.170 3.131 747.042 1.269 23.157 1.146 14.770

w1 3.515 0.952 2.842 726.072 1.373 22.108 1.228 12.098

w2 3.439 0.991 2.736 734.488 2.748 22919 1.174 12.494

w3 3.423 0.991 2.702 742.546 2.727 23.135 1.123 13.198

[7el X £ i I 4 3.112 1.262 2.689 744.783 2.301 24.020 1.117 13.276
HHOS 2.890 1.514 2.635 745.215 1.730 24.494 1.117 15.082

%6 2442 1.763 2532 746.449 1.166 24531 0.997 15.209

P 3.061 1.304 2.659 742.696 2.008 23.820 1.106 13.852

WAl 4335 1.057 2.167 882.216 1.915 27.157 1.919 12.490

W2 4.170 1.133 2.161 883.458 1.834 27.961 1.842 13.067

W3 4.068 1.189 2.158 884.612 1.755 28.145 1.754 13.250

& R A EI4 3.981 1.275 2.062 887.246 1.649 28.542 1.582 13.457
wHS 3.845 1.566 1.943 891.544 1.532 29.462 1.559 13.603

%6 3.783 1.743 1.845 893.740 1.465 30.043 1.254 13.735

PRI 3.969 1.381 2.034 888.120 1.647 28.831 1.598 13.422

WAl 3.302 1.104 2.961 757.305 1.550 23.732 1512 12.306

W2 3.171 1.157 2.853 785.972 1.534 24.070 1.569 13.398

N ) W3 3.058 1.186 2.796 793.642 1.477 24.452 1.440 13.763
ﬁﬁ;” W4 2.775 1.422 2.547 822.075 1.498 24.624 1.465 13.870
wHS 2.546 1.571 2122 841.595 1215 25.336 1.174 13.916

%6 2.030 1.745 1.812 859.119 1.113 25.653 1.074 14.142

SEHME 2716 1.416 2.426 820.481 1.367 24.827 1.344 13.818
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Fig.9 Forecasting accuracy under different noise rates
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Table A1 Controllable unit parameters of MVDC network
T Tha ER/MW DZ R /MW
MMCI1 9 1
MMC2 9 1
MMC3 7.5 1
EV1 0 -2
EV2 0 -2
EV3 7 -7
PV 9 0
WT 3.8 0
LD -11.4 -21.8
F A2 PEERE ML RS
Table A2 Line parameters of MVDC network
S S /km SRR K /km % S /km
1-2 4.1 9-10 5.7 9-17 0.5
2-3 4.8 1-10 6.3 10-18 1.1
3-4 5.1 2-11 1.1 10-19 2.7
4-5 7.8 3-12 0.8 19-20 1.8
5-6 12.3 5-13 0.8 19-21 2.4
6-7 113 5-14 1.1 19-22 2.0
7-8 3.8 6-15 1.2
8-9 6.8 7-16 0.8
F A3 BV RHMELER
Table A3 Contract of EV
& [E ) EVI/MWh EV2/MWh
00:00—08:00 9.6 8
08:00—15:00 7 9.8
15:00—22:00 9.8 11.2
22:00—08:00(D2) 11.6 10.4
® A4 FEHESHRERL
Table A4 Parameters of different load forecasting models
R S
i 'bagging_fraction": 0.6, 'num_threads": 1, feature fraction": 0.123, 'max_depth": 10, 'lambda_11": 0.00011, 'lambda_12": 0.0584,
e 'learning_rate": 0.0576, 'num_leaves": 20, min_ data_in_leaf": 10, 'num_trees': 445, min_sum_hessian_ in_leaf": 0.0584
XGBoost 'alpha': 0.0511, 'learning_rate': 0.0510, min_child weight" 5, 'n_estimators': 417, 'max_depth': 16, 'subsample: 0.59,
008
‘num_threads": 2, 'gamma': 0.0, 'lambda': 0.0511
GBDT 'alpha’: 0.9, 'min_samples_leaf': 57, 'max_depth": 7, 'learning_rate": 0.01, 'min_samples_split": 200, 'subsample’: 0.8,
'n_estimators': 100, 'random_state': 10, 'tol': 0.0001, 'validation_fraction": 0.1
RF 'n_estimators': 600, 'min_samples leaf': 4, 'min_samples_split": 10, 'max_depth": 100
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Fig.B2 Park microgrid load forecasting results
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Fig.B4 Data center load forecasting results
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