40 % oW (O I - SO Vol. 40 No. 9
201949 A Chinese Journal of Scientific Instrument Sep. 2019

DOI: 10. 19650/j.cnki.cjsi.J1905313

— M E T Lyapunov AR FEIIEF FERNMNA

(AL TR A TR B Hlas ARFTERT  &pk 132012)

 EARTHEL M R GRS BT A, B — R LT Lyapunov 2@ MR AR I 2 S R M 8 T T R AE SR WL 5
R A R T S AR MR I 40 IRl AU A DRy LA 1 #4 JA SR A 0, Lyapunov A2 2514 0 £ s S AR AL IR, 3R AL T —Fh 425K A
SRR MR R RS R A . BORESL T LRGN B AR B S LA Lyapunov F8UE 45148 2009 e DAL IR0 8, 2 3 45
BT — BTN ML SEERRY PID S5 & it il 3R R S5 i R i T = I SRR 2 R DGR B 2 S BR
VIRTER AR T . et SRt R HK 5 —GUie e (B Sr BB S0 50 32 W I 4 Oy vk LA D i 8 IR 2 4ol i
- ELATK I (S5 A s FE AT Bl W7 S BOA M S P RIS [ 108 005X SR 1 4 108 S 2B 2 0o Ll i & 5 2% I T 4 O v i
Pesh 5 B SR Gl 6E 1, R 2= I3 A S IZLRE 1 o ZE2F V-Rep (14— S0E 4% (31 57 2240 5 DU i L o 42 o S 4
SRS R BOUE T BT 0 Yy B R G o )RR v 4 A B S SR Re

LR HAE RS ; Lyapunoy 205 32 SIH I IR T2 ST R

hE4#S . TH861 TP273+.1 MXEARIREE: A EXRREFERISEKRE: 510.80

A framework of learning controller with Lyapunov-based
constraint and application

Ma Le, Liu Yuefeng, Li Zhiwei, Xu Dongfu, Zhang Yulong

(Robotics Technology Lab, School of Automation and Engineering, Northeast Electric Power University, Jilin 132012, China)

Abstract:In this paper, the direct way of designing a stable controller for nonlinear system is studied. A framework of learning controller
with Lyapunov-based constraint is proposed, which transforms design and analysis of a controller to straightforward way by solving an
optimization item with the Lyapunov constraint. A novel way of the global stability guaranteed controller is realized directly. Firstly, the
optimization problem subject to Lyapunov-based constraints is formulated, in which the tracking error is the objective function to be
minimized. Secondly, the controller combines with PID and feedforward is given in form of neural networks. Finally, the optimization
solution of the controller method is analyzed and solved, in which some deep learning technologies are used to enhance the capability of
solution. Test results of two simulations of 2 order linear and nonlinear systems demonstrate that the proposed method has high
performance in speed of convergence, tracking error and smoothness and amplitude of control output. Results of comparison simulation
with backstepping control to the nonlinear system with disturbance, noise, uncertainty of parameters and the difference of reference
output demonstrate that the proposed method has high performance in terms of robustness and generalization. Results of simulated
physical experiment of one-stage rotary inverted pendulum based on V-Rep and physical testing of single-axis controlling for quadrotor
prove that the method proposed is capable of high precision control and strong disturbance rejection.
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