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Abstract: To address complex nonlinearity and signal input delay during the operation of a steering
gear servo system, which reduce system accuracy and even cause system instability in serious
cases, a command filter-based adaptive output feedback control strategy considering input delay is
proposed. Firstly, the input delay in the system is considered as delay in the controller signal
input, the equation of state for the servo system is given, and the delay estimation law designed
using the gradient descent method is employed to estimate the unknown delay. Secondly, the
complex nonlinearities in the system are unified as disturbances, and an extended state observer
(ESO) is utilized to estimate these disturbances. The observed system state values are then used
to design control variables to achieve output feedback control. Thirdly, a command filter is employed to

transform the higher derivation process into an integration one, achieving signal filtering to suppress
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differential noise. Lastly, the controller’s ability to achieve bounded stability of the system is proven

based on the Lyapunov-Krasovskii functional stability theorem. Simulation and experimental results

show that the proposed control method improves the response time by 92%, 88%, and 51%, and the

tracking accuracy by 90%, 84%, and 26%, respectively, compared with the traditional methods of

backstepping control, active disturbance rejection control, and PID control.

Keywords: steering gear servo system; input delay; output feedback; instruction filtering
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Fig. 1 Servo system structure diagram
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Table 3 Motor parameters
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AL/ (Nem- A 4. 406
AL R B (r » min™!) 500
AL IR KRR/ V 240

F, LA S SRR T HL T/ V 230
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