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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
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Fig. 1 Hardware block diagram of unmanned vending machine
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Fig. 2 Operating logic of smart vending machines
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Fig. 3 video preprocessing workflow
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Fig. 4 Door opening action detection
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Fig. 5 Flowchart of the algorithm for obtaining the keyframe buffer
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Fig. 8 Before keyframe algorithm processing (223 frames)

— ] el i led -‘E ;‘Es E-QE ‘,‘E -.45 ‘05
000000 PEG 000007 PEC

-
000001.9EG 000002IPEG 0000031PEG 000004.IPEG D005 IPEG 000006 IPEC Q00008 PEG CO0000. PEG

e R GV d R d R SR d SN BNl SN
000N OPEG 00001 1.PEG 00O 2UPEG 00001 3UPEG MO TIPEG OO18IPEG 000019JPEG D00020IPEG Q00021 PEG 0000 {3
- b ! il R N i i i d o d o ! - !
03, PE 000030.PEG D00031.IPEG 000032 IPEG 000033.IPEG 000034 JPEG 000035 JPEG 00036.J7€ 2000370766 0003BFE
- 5 e e e N d R d CWd S ed ed A
00003 € 00002 PE 000043, JPEG DO00SL IPEG D000&3.) P8 &) IPEG 47 JPE D000L8 IPE: Q00045 7€ Q00050 FE
e e e Gad Ed d d d Sd eed
051.PEG 0052 L 000U53.JPE D00USLIPEG DO00ES.IPEG ™ 1P 00071 IPEG 0072 J5E 00073 K 074 P
— J - .A - J - A - 4 - J -— A — .4 - .A - 4
0 f 000 t DOOOT?.PE DOO0TE. M oSTsS MG 00.1PE DO0ORT PR 5 000N t QOOOSE FPEC XI005a =2t

B 9 REMEELELE (87 1D
Fig. 9 After keyframe algorithm processing (87 frames)
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Table 3 Three scenarios of gesture recognition algorithms
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