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Hybrid whale optimization algorithm and genetic algorithm
for optimization of GRNN for predicting stayed cable icing thickness
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Abstract: In order to estimate the icing growth characteristics of stay cables in the ice prone area in winter,
the grey correlation analysis method is used to analyze the correlation effects of inclination angle,
temperature, humidity, wind speed, rainfall and air pressure on the icing thickness of stay cables, and the
correlation of each influential factor is determined. Then, the genetic algorithm (GA) and the whale

algorithm (WQOA) are combined to select the optimal smoothing factor, and a WOA-GA Optimized
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Generalized Regression Neural Network (GRNN) method is proposed to predict the icing thickness of stay
cables. Its characteristic is to take the mean square deviation of output value and actual value as fitness
function, and to calculate the fitness value of each particle; introducing the crossover and mutation operator
of GA algorithm into WOA algorithm; meanwhile, via weight update strategy, the capacity of global
optimization is improved, to prevent the WOA algorithm falling into local optimal; finally, through
iterative optimization, the smooth factor corresponding to the minimum fitness value was output, and the
GRNN pre optimization model was built. The results show that the correlation of ambient temperature is
the highest, followed by dip angle, precipitation, wind speed and relative humidity, and the correlation of
atmospheric pressure is the lowest; compared with the traditional GRNN, WOA-GRNN and PSO-GA-
GRNN models, the proposed GRNN model has high accuracy, with the average mean absolute percentage
error of 3. 58% and root mean square error of 0. 58 mm; The sensitivity analysis method is used to evaluate
the impact of the influential factors on the accuracy of the model. It is found that the temperature has the
greatest influence on the model, followed by the cable inclination.

Keywords: stayed cable; icing prediction; whale optimization algorithm; genetic algorithm; generalized

regression neural network (GRNN)
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Table 1 Experimental data of icing thickness
it - i/ BUKE || g i foiff/  BKIE
= ) B /mm | % () J& /mm
1 18:00 0 0.0 19 3:00 30 12.0
2 18:30 10 0.5 20 3:30 45 11.5
3 19:00 20 1.0 21 4:00 0 15.5
4 19:30 30 1.4 22 4:30 10 15.0
5 20:00 45 1.6 23 5:00 20 14. 8
6  20:30 0 3.3 24 5:30 30 14.3
7 21:00 10 3.7 25  6:00 45 13.5
8§ 21:30 20 4.2 26 6:30 0 17.5
9 22.00 30 4.5 27 7:00 10 17.1
10 22.:30 45 5.1 28 7:30 20 16. 5
11 23:00 0 7.7 29 8:00 30 15.8
12 23:30 10 8.0 30 8:30 45 14.7
13 24.00 20 8.6 31 9:00 0 19. 3
14 0:30 30 8.8 32 9:30 10 18. 4
15 1:00 45 8.9 33 10:00 20 17.9
16 1:30 0 11.9 34 10:30 30 16. 8
17 2:00 10 11.9 35 11:00 45 15.3
18 2:30 20 12. 4
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Table 3 Evaluation table of prediction effect of four models
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y o
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27 15.48 9.47 16. 00 6. 43 16. 33 4.45 16. 62 2. 81 17.1
28 14.79 10. 30 15. 69 4.90 15.78 4.36 16. 01 2.96 16.5
29 14. 69 7.02 14. 60 7.59 14.48 8.35 15.08 4,54 15.8
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RMSE 1. 61 mm 1. 11 mm 0. 95 mm 0. 58 mm
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