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Abstract: A predictive control system based on a nonlinear autoregressive with exogenous input and
active learning (NARX-AL) model is proposed to address the issues of control lag in steam regulating
valves caused by factors such as batch differences in Chinese herbal materials and steam pressure fluctua-
tions in traditional Chinese medicine (TCM) production, as well as the pain points of traditional control
methods that struggle to balance product quality and energy consumption. Based on real-time data of criti-
cal quality attributes (CQA)D , active learning strategies are employed to efficiently reconstruct limited
batch data, a NARX dynamic predictive model is constructed, and a model predictive controller (MPC)
is designed to optimize the regulating valve opening under the constraints of opening, rate of change, and
CQA range. Taking the ethanol extraction process of Xinkeshu Tablets as the object, verification experi-
ments are conducted on the ZQ-100N TCM extraction and concentration equipment. The results show
that the NARX-Al-based model predictive control system is able to stabilize the CQA content within a
preset range, outperforming fixed parameter control and PID control. Steam energy consumption is
reduced by more than 10% compared to fixed parameter control, and the entire process is shown to meet
regulatory requirements. The method proposed in this paper provides a feasible technical path for refined
and intelligent control and energy consumption optimization in TCM production processes.

Key words: traditional Chinese medicine production; steam regulating valve; model predictive control;

active learning; NARX model
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