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Abstract

To address the excessive emphasis on verification-oriented activities, insufficient industrial con-
text, and subjective assessment of engineering competence in traditional “Machine Vision” laboratory
courses, this study develops an Al-empowered teaching model driven by industry-education integration,
using intelligent perception of flotation froth as the project carrier. Drawing on project-based learning,
problem-based learning, and situated learning, the course follows the chain of “industrial problem in-
troduction-data construction-model practice-engineering optimization-evaluation and feedback” and
integrates image acquisition, data annotation, instance segmentation, model evaluation, and tiered ex-
tension tasks. A competency-based rubric is used for anonymous dual-rater assessment of project arti-
facts from a reform class and a traditional class, supplemented by student questionnaires and multi-
stakeholder feedback. The results showed that the reform class achieved a higher overall compe-
tency assessment score than the traditional class, with the main advantages observed in data con-
struction and quality control, result analysis and metric interpretation, and engineering adaptation
and decision-making. The study provides a replicable reference for industry-oriented universities
to transform authentic enterprise tasks into assessable Al laboratory projects.
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Figure 1. Field installation of the flotation froth image acquisition device
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Figure 2. Framework for project-based Al-empowered machine-vision experimental teaching
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Table 1. Schedule, mentor interaction, and learning artifacts
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Table 2. Requirements and assessment criteria for tiered extension tasks
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