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Harmonic emission level estimation method based on an improved bald eagle search
optimized extreme learning machine

XIA Yankun, ZHU Zhaoqing, TANG Wenzhang, REN Junjie, ZHANG Yifan
(School of Electrical Engineering and Electronic Information, Xihua University, Chengdu 610039, China)

Abstract: A harmonic emission level estimation method based on an improved bald eagle search (IBES) optimized extreme
learning machine (ELM) is proposed to address the problem that it is difficult to measure that level directly. First, the Tent
chaotic mapping and the Cauchy variant operator are introduced into the traditional bald eagle search algorithm, and the input
weights and thresholds of the ELM model are optimized using the IBES algorithm. Second, the harmonic voltage and current
at the point of common coupling (PCC) are input and substituted into the IBES-ELM model to estimate the customer-side
and system-side harmonic emission levels. Finally, simulations and engineering examples are analyzed and the estimation
results are compared with those of other algorithms. The results show that the estimation accuracy of the proposed
IBES-ELM method is better than that of long short-term memory (LSTM), convolution neural network (CNN), the back
propagation neural network (BP) and CNN-LSTM algorithm models. This verifies the effectiveness and stability of the
method.
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Table 2 Comparison statistics of prediction result
MAE/V WL LST™M CNN CNN-LSTM BP ELM BES-ELM IBES-ELM
3 YGE B 88.3221 45.1745 18.3232 30.2967 0.2222 0.0504 0.0004
e 5 KIS 255.1835 137.1545 82.8347 1.5103 1.6048 0.2134 0.0021
7 YGE B 306.6313 112.7149 60.6555 49.7868 0.5560 0.2864 0.0016
L 11 I8 146.0065 87.4548 67.8802 0.7128 0.7754 0.1023 0.0001
3 KB 69.5116 44.1728 66.4394 34.3610 0.1310 0.0769 0.0002
N 5 KIS 288.5752 150.9949 62.2108 40.1395 1.8131 0.2190 0.0016
i 7 KIS 351.2189 135.8533 66.7478 40.4451 0.9772 0.2130 0.0013
11 R 174.6922 101.4266 77.2811 25.5502 0.8203 0.0676 0.0001
3 YGOEB 78.8403 36.1247 20.9373 20.6991 0.2690 0.0342 0.0002
- 5 KB 288.2629 164.2641 89.7836 4.8483 2.0492 0.2009 0.0015
TIREIE 320.3695 119.9269 41.8791 444756 0.6051 0.2859 0.0018
P 11 KB 150.8606 113.0692 86.9670 0.3391 1.0385 0.1027 0.0002
3 YGE B 103.5527 34.3109 52.0655 21.5223 0.1993 0.0456 0.0002
- 5 YOEB 291.9477 154.4956 76.1015 47.5170 1.8679 0.2529 0.0018
7 KIS 370.3564 184.7081 52.2583 53.8647 0.9883 0.2623 0.0020
11 & 190.5042 127.0752 97.5416 30.9213 0.8185 0.0650 0.0001
RMSE/V W LSTM CNN CNN-LSTM BP ELM BES-ELM IBES-ELM
3 KIS 159.8064 60.8788 36.6992 35.6468 0.3738 0.0829 0.0008
s 5 YGE B 481.0866 195.0455 108.4349 1.7688 3.5663 0.4890 0.0053
S 7 YAE B 500.2979 140.4943 116.9292 57.6473 1.4712 0.5432 0.0046
L 11 I8 227.2673 115.0642 84.6845 0.9185 1.7902 0.2089 0.0004
3 KB 127.5337 59.6722 68.6955 40.3820 0.2685 0.1249 0.0005
N 5 KIS 523.0378 222.6076 943132 46.9546 3.9943 0.4639 0.0044
i 7 YGE B 625.0510 202.4948 86.5036 46.8325 2.4371 0.5778 0.0038
11 I8 342.8867 134.2394 101.2550 32.8965 1.7165 0.1412 0.0001
3 YGEB 118.0688 49.7452 31.1899 24.0881 0.4673 0.0579 0.0003
- 5 KB 524.0121 223.1569 112.9851 5.6628 4.5664 0.4578 0.0034
7 KIS 594.5463 156.6523 110.7520 51.4965 1.5654 0.6038 0.0058
P 11 R 279.4025 159.4435 105.1903 0.4336 2.3882 0.2084 0.0004
3 YOE B 136.5978 44.1690 55.9589 25.0219 0.3926 0.0815 0.0005
. 5 YOE B 546.8665 209.3715 112.1705 55.5388 4.1966 0.5407 0.0039
7 KIS 651.5879 286.4927 79.3196 62.3663 2.5411 0.6875 0.0090
11 R8s 398.1865 189.7471 127.3498 39.7995 1.7090 0.1523 0.0001
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