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panels. Different from the current technology that uses simulation data, this paper for the first time
proposes a technical route that uses data generated under controlled conditions to train the model,
optimizes the model predictive neural network by combining a linear model with an improved
evolutionary algorithm, and then applies it to predict the energy harvesting efficiency of curved metal
solar panels. Through parameter measurement experiments specifically designed on a solar panel
simulation test bench — including curvature, metal materials, temperature, radiation, and angle
the effects of curvature, metal materials, radiation, and angle on energy harvesting efficiency are
studied. Test results show that curvature has a significant and nonlinear impact, while the effects of
radiation and angle on energy harvesting efficiency attenuate very obviously with the change of angle.
Its coefficient of determination (R?) has increased by approximately 6% compared to the traditional
baseline model, while the test mean squared error (MSE) has significantly decreased by about 48%,
and the mean absolute error (MAE) has decreased by approximately 26%. Visualized graphs of the
model's prediction results show the significance of each parameter's impact on the model and the
accuracy of the model's prediction results. The test results have direct guiding significance for the
development of solar cell application technology, and can also be used to analyze the parameter
significance and accuracy of other applications in practical environments, thus having broad practical
significance for renewable energy applications. Experimental results indicate that the improved

evolutionary model still maintains high—accuracy prediction capability in noisy test environments.
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This paper proposes a technical route for the design optimization of mechanized metal-bent solar
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