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Neural Network Embedded Learning Control for Nonlinear System With

Unknown Dynamics and Disturbance

MA Le' YAN Yi-Ming' XU Dong-Fu' LI Zhi-Wei"? SUN Ling-Fang'

Abstract To address the problem of controlling performance optimization for the nonlinear uncertain system with
disturbance, a neural network embedded learning control scheme is proposed in this paper. This method works on a
common formal derivative of Lyapunov function, in which a neural network controller is integrated with a bench-
mark controller that is stable for the system. The main contribution of our work lies in that the benchmark control-
ler is improved to a new one with tunable parameters under Lyapunov stability condition, and the new controller
can be online optimized by using frontier technology of neural network. Hence an equivalent objective function
based on tracking errors is characterized in this paper, avoiding identification to the relations between inputs and
outputs of system. We use a value adaptive method for estimating equivalent term composed of unknown nonlinear
function and disturbance, and the benchmark controller is designed based on this method. Some baseline methods
are employed for comparison with the proposed method, which contain adaptive control based on RBF
(Radial basis function)-backstepping, sliding mode control based on convolutional neural network and deep rein-
forcement learning control. And for verifying the effectiveness of our method we test some numerical and physical
nonlinear model simulations, which contain trigonometric function saturation and dead zone nonlinearities. And vir-
tual experiments of robot arm controlling of upper limb rehabilitation to be tested to verify the practicability of our
method. These results show that the method proposed is able to optimize control performance of benchmark con-
troller with Lyapunov stability. And the results of comparisons of tests show our method is efficient and advanced.
Key words Neural network embedded, optimized control, deep learning technology, unknown nonlinear dynamics,
uncertainty and disturbance
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Table 1  The comparison for control statistical
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The architecture of neural network of learning
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