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Smith prediction and active disturbance rejection control for first-order in-
ertial systems with long time-delay
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(1. College of Computer and Control Engineering, Nankai University, Tianjin 300350, China; 2. Key Laboratory of Intelligent Robot-
ics of Tianjin, Tianjin 300350, China)

Abstract: A system with long time-delay is a typical difficulty experienced in industrial process control. When an ad-
vanced control method is applied to such a system, an ideal control effect can be obtained only by combining it with a
traditional Smith predictor. In this paper, we address first-order inertial systems with long time-delay, investigate the
combined design of a Smith predictor with the linear active disturbance rejection control (LADRC) technique, and dis-
cuss the system stability conditions and parameter perturbations. We prove that the closed-loop control system is stable
when the parameters of the controlled object are identical to the Smith predictor parameters. Moreover, we deduce a suf-
ficient condition for maintaining the stability of the control system when these parameters differ. In addition, using nu-
merical simulation, we analyze the impacts of perturbation of the system and control parameters on the transient per-
formance, stability margin, and disturbance rejection ability. These results can be used to tune the parameters of the

Smith predictor and LADRC controller.
Keywords: systems with long time-delay; first-order inertial systems; LADRC; Smith predictor; stability margin; Routh
criterion; stability analysis; stable region
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Table 7 Performance index when w. changes

w, 0.001 0.01 0.1 1 10
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DM/s 2110 1900 1800 1800 1800

PR _— —4
FHHR (<107) 487 537 578 581 5.82
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