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Position soft-sensing of variable speed
pump-controlled differential cylinder system based on BP-Adaboost
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Abstract; Aiming at a series of shortcomings of traditional position sensors in measuring the hydraulic
cylinders’ position and the nonlinear characteristics of the variable speed pump-controlled differential cylinder
system, a position soft-sensing method based on the combination of adaptive boosting algorithm and back
propagation neural network ( BP-Adaboost) is adopted. Firstly, a model consisting of a variable speed pump-
controlled differential cylinder system and a mechanical boom is built with MATLAB/Simulink, and its
accuracy is proved by comparison with the test results. Secondly, the BP neural network position soft-sensing
model and the BP-Adaboost position neural network soft-sensing model are constructed based on the soft-
sensing principle respectively; the verified pump-controlled cylinder model is coupled with the mechanical
model of a 20-ton hydraulic excavator, and the loading and unloading of different materials in the bucket of
this excavator is taken as an example. The data set is obtained through batch simulation. Finally, the results of
the bucket position soft-sensing of the two neural network models are compared and analyzed. Results show that
the average and maximum errors of the BP-Adaboost neural network are 0.9 mm and 9.6 mm for the position
soft-sensing over a stroke of about 800 mm, which are 47.1% and 50.8% lower than those of the BP,
respectively, and the robustness of the prediction and generalization are improved.
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Fig.1 Schematics of variable speed pump-controlled

system
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Fig.2 Combined model of variable speed pump-controlled system and mechanical boom
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Fig.6 Schematics of BP-Adaboost position soft-sensing
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Tab.2 Maximum bucket loads for different materials
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Fig.7 Piston position under different loads
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Fig.8 Prediction results by BP neural networks
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Tab.3 Errors of different soft-sensing models
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