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Abstract: To address industry pain points such as weak visual recognition adaptability, high false detection rates, significant
computational power consumption in dynamic scenes, and insufficient accuracy in traditional vending machines, this paper
integrates deep learning and edge computing technologies to design and implement an integrated hardware and software
intelligent vending machine product detection system based on HarmonyOS. system constructs a four-layer architecture,
integrating hardware modules such as image acquisition, weight sensing, electronic locks, and temperature/humidity
monitoring, and relies on 5G networks to achieve edge-cloud collaborative, effectively compensating for the computational
power deficiencies of embedded terminals. At the algorithmic level, it fuses the advantages of YOLOVS5 and EfficientNetv2
networks to build a two- "detection first, classification later" recognition model. Through video preprocessing strategies such
as door-opening detection and keyframe filtering, it reduces invalid computational power consumption, and combines theCF
algorithm to achieve precise gesture trajectory tracking, determining user product retrieval and placement behaviors. An
information entropy-weighted fusion algorithm is introduced, which, combined with the national standard weight error,
constructs a loss prevention module to achieve complementary verification between visual and weight data. An Al detection

test platform is developed based on Qt, fully implementing the entire process of scanning code selection intelligent
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recognition, and seamless settlement. Test results show that the system has high recognition accuracy, good real-time
performance, and strong operational stability, effectively solving problems such as superficial recognition settlement
deviations in unmanned retail scenarios, providing a reliable engineering practical solution for the intelligent upgrading of
smart vending equipment.

Keywords: Commodity detection; HarmonyOS; KCF algorithm; information entropy weighted fusion algorithm; AI

detection platform
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Fig. 1 Hardware block diagram of unmanned vending machine
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Fig. 3 video preprocessing workflow
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Fig. S Flowchart of the algorithm for obtaining the keyframe buffer
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Fig. 8 Before keyframe algorithm processing (223 frames)
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Fig. 9 After keyframe algorithm processing (87 frames)
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Table 3 Three scenarios of gesture recognition algorithms
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  H ( x ) = −   ∑  j = 1 k   p j ( x )  log 2   p j ( x )
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