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Abstract

This paper proposes Al-Assisted Engineering, a structured Al-supported implementation method-
ology for industrial AloT systems built on a hybrid microcontroller-edge-cloud architecture. The
method supports the coordinated development of embedded software, RTOS customization, sensor
information models, communication protocols, lightweight edge learning algorithms, cloud proto-
cols, and data mining, and is intended to address the limitations of prompt-first “vibe coding.” Using
the Project Velocity prototype system (STM32, RK3588, and ThingsBoard) as a reference implemen-
tation, the paper presents an end-to-end software development process that starts from bare hard-
ware and is completed with Al assistance. In the proposed architecture, signal acquisition, prepro-
cessing, and fail-safe behaviors are assigned to microcontroller-based sensor nodes; protocol trans-
lation, context fusion, local inference, data buffering, lightweight machine learning, and human-ma-
chine interaction are handled by the edge gateway; while data analytics, model registration, con-
trolled over-the-air (OTA) updates, and system management are deployed in the cloud. To mitigate
common issues in Al-prompt-driven embedded development—particularly missing hardware map-
pings, unclear timing constraints, cross-layer inconsistencies, and unsafe outputs—the paper intro-
duces a three-file prompting strategy for Zephyr RTOS, requiring Al-generated deliverables to in-
clude a hardware overlay file (.overlay/.dts), a project configuration file (prj.conf), and an applica-
tion source file (main.c). This strategy establishes a closed loop between hardware definition, sys-
tem configuration, and application logic. The paper further presents a standardized workflow cov-
ering requirements, implementation, verification, documentation, and deployment, reinforced by
human review, regression testing, hardware-in-the-loop validation, security scanning, and controlled
rolling release. Finally, a predictive maintenance use case and a multi-dimensional evaluation frame-
work are discussed to support practical deployment and future large-scale validation.
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Table 1. Comparison between “Vibe Coding” and Al-assisted engineering for embedded systems
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Figure 1. Composition of the “Project Velocity” prototype system
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Figure 2. MCU (STM32) - edge (RK3588) - cloud (ThingsBoard) hybrid architecture
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Figure 4. RK3588 edge gateway architecture diagram
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Figure 6. Overall hybrid MCU-Edge-cloud industrial AloT architecture of “Project Velocity”
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Figure 7. “Three-File” prompting strategy and context injection method
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Table 3. Evaluation dimensions and representative metrics of Project Velocity
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