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Abstract

Fundamentals of Control Engineering serves as a pivotal bridge connecting mathematical founda-
tions, control theory, and specialized robotics courses within the Robotics Engineering curriculum.
It provides essential support for developing students’ competencies in system modeling, control
analysis, and engineering practice. China’s New Engineering Education initiative calls for engineer-
ing education to respond proactively to the evolving demands of emerging industries, technologies,
and economic paradigms. Meanwhile, Outcome-Based Education (OBE) advocates the backward de-
sign of course objectives, teaching and learning activities, and assessment methods based on in-
tended learning outcomes, with subsequent studies further clarifying its underlying implementa-
tion logic. To address persistent limitations in conventional instruction—including the abstract
presentation of theoretical concepts, insufficient integration of robotics-specific applications, lim-
ited depth of practical activities, and an overemphasis on knowledge-based assessment—this study
proposes a reform model for Fundamentals of Control Engineering organized around representa-
tive robotic control systems. Building on existing research into the reform of control-related
courses, the proposed model establishes a framework characterized by “system-centered continu-
ity, task-driven learning, progressively structured practice, and closed-loop assessment.” Repre-
sentative systems, including robotic joint servo systems, mobile-robot velocity control systems, and
heading control systems, are incorporated throughout the modules on system modeling, time-do-
main analysis, stability analysis, frequency-domain analysis, and controller design. Progressive
practical tasks are structured around modeling, analysis, design, and validation, while multidimen-
sional assessment is employed to facilitate the attainment of course learning outcomes. Evidence
from classroom implementation indicates that the proposed reform enhances students’ abilities in
system modeling, control analysis, controller design, and engineering validation, thereby providing
a transferable approach to reforming foundational control courses in Robotics Engineering pro-
grams.
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Figure 1. Course teaching reform framework driven by typical robot control objects
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Figure 2. Mapping between typical robot control objects and course knowledge modules
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Figure 3. Progressive practical teaching task chain of “Modeling - Analysis - Design - Verification”
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