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Abstract; The final carbon content is the key factor in determining the quality of steel,and is one of the core varia-
bles to be controlled in the process of converter steel-making. Based on the Levy whale optimization algorithm ( LWOA)
and least squares support vector machine (LSSVM) ,a comprehensive prediction model of carbon content at the end of the
steel-making process is established. When the random selection of the parameters of the traditional whale optimization algo-
rithm (WOA) is replaced with the Levy flight algorithm , the ability to jump out of the local optimum is optimized. Chan-
ging the method of coefficient vector convergence results in improvements to the generalization ability, prediction precision
and convergence speed of the WOA. Data simulation results show that the proposed LWOA-LSSVM forecasting model not
only overcomes the local optimization to obtain the global optimal solution, but also achieves faster convergence speed and
higher prediction accuracy. Prediction results of the model, concerning root mean square error, mean absolute error,and mean
absolute percentage error, show noticeable improvements when compared to those of the genetic algorithm and back propaga-
tion (BP) neural network, the genetic algorithm and LSSVM, and the traditional WOA and LSSVM. At the same time,
through adjustments of the target hit ratio and the number of training sample entries, the prediction model is proven to be
more robust than the aforementioned algorithms.
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tor machine ; Levy flight
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Item Dim
Mean S. D. Mean S. D. Mean S. D. Mean S. D.
10 |5.667x107% [ 1.582x107° |1.641 x10 "% |1.539 x10 "% 0 0 0 0
F, 30 [3.402x107% [ 1.821 x1072 | 1.032 x10~° | 2.891 x 10 ~° 0 0 0 0
50 |2.925x107!' 1 9.021 x107% | 6.618 x 107> | 4.039 x 10> 0 0 0 0
10 |2.061 x107* {3.205x107% |1.372 x10 "¢ |2. 114 x 10 7' 0 0 0 0
F, 30 1118 x 10" |5.761 x107" [2.952 1077 | 1.481 x 10~ 0 0 0 0
50 5.446 x10' | 1.891 x10' |7.379 x10"* [ 2.198 x10~* 0 0 0 0
10 |3.672x1079(8.053x107° | 3.042x10" | 1.374 x10" | 1.973 x10* | 1.806 x10* | 1.260 x 10* 1. 587 x 10*
Fy 30 1.921 x 10" | 8.048 x10~" | 1.902 x10* | 2.518 x10° | 1.308 x10* | 6.465 x10* | 4.340 x 10* 4.007 x 10*
50 4.182 x10" | 1.674 x10' | 6.612x10* | 6.421 x10° | 9.296 x10* | 2.548 x10* | 7.372 x10* 5. 846 x 10*
10 [7.208x107% [ 6.632x107* | 2.308 x107* | 1.288 x10~* | 3.239 x10% | 3.876 x10° | 2.121 x10? 8.232 x 10!
F, 300 [9.937x107" [5.264 x107" | 4.332x10" |2.965x10""' | 5.287 x10* | 3.165 x10* | 3.425 x 10’ 2.342 x 10?
50 3.581 x 10" [9.328 x107" | 2.197 x10' | 2.096 x 10" | 7.469 x10' | 2.367 x10*> | 4.864 x 10! 6.748 x 10!
10 -1.608 x10° | 1.731 x10* | —4.189 x10* [1.729 x10 "% | =3.897 x10* | 6. 108 x 10* -3396. 1 5.548 x 10%
Fy 30 -2.811 x10% | 3.466 x10* | —1.246 x10* | 2.535x10" | -1.236 x10* | 1.768 x10° | —1.328 x10*| 1.604 x 10°
50 -3.780 x 10% | 5.446 x10* | —1.949 x10* | 1.649 x10> | —=1.917 x10* | 1.218 x10° | —1.951 x10*| 2.811 x10°
10 9.502 x 10" | 4.038 x10" [9.832x1072 |2.212x102 0 0 0 0
Fy 30 3.242 x10" | 8.795x10" |8.031 x107% | 2.494 x 102 0 0 0 0
50 5.665 x10" | 1.159 x10" |7.461 x10~" | 2.804 x 10! 0 0 0 0
10 1.922 x 10" | 1.009 x 10" [2.558 x 10 ™1 |3.235 x 10714 |2. 134 x 10 75 | 1.452 x 1015 0 0
Fiy 30 4.052 x10" | 8.892x10 7" {4.208 x107° [2.369 x10 7% |3.675 x10 "1 |2.281 x10~" 0 0
50 5.446 x 10" [ 8.172x107" [ 1.546 x 107> | 4.467 x10~* |3.329 x 10~ | 1. 368 x 1015 0 0
10 4.749 x 10" | 1.443 x10' | 1.021 x10°7 [3.708 x 107 | 1.831 x1072 | 7.632 x10 72 | 8.773 x10 > | 3.212x102
Fyy 30 2.606 x 10" | 3.232x10" [2.558 x107% |5.211 x107% | 3.537 x1073 | 1.296 x 10> | 2.928 x10 ™3 | 1.731 x10 3
50 4.954 x10" | 5.056 x10' |2.908 x10~* [ 1.235x107* | 1.326 x10 3 | 2.312x 107 | 9.215x10~* | 6.121 x10 3
Fy, 10 1.097 x 10" | 3.061 x10~" [9.980 x 10" [1.365 x1071° | 1.564 x10' | 1.926 x10' | 1.494 x 10 0. 859 x 10*
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Model RMSE MAE MAPE

BP-GA 1.266 x107% | 1.218 x1073 | 3.288 x 102

LSSVM-GA 9.979 x10* | 8.066 x10~* | 2.168 x10 2

LSSVM-WOA 5.266 x10™* | 4.418 x10™* | 1.191 x 102

LSSVM-LWOA | 5.073 x10 ™% | 4.324 x107* | 1.164 x10 2
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14 5 o 1.

RS MMERETEEETH R LR
Model 0.02 0.025 0.03
BP-GA 28% 36% 44%
LSSVM-GA 52% 60% 68%
LSSVM-WOA 76% 92% 100%
LSSVM-LWOA 80% 100% 100%
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Training sample 20 50 100 150
BP-GA 26% 34% 46% 48%
LSSVM-GA 38% 40% 66% 70%
LSSVM-WOA 44% 60% 90% 100%
LSSVM-LWOA 40% 72% 929% 100%
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