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Design and implementation of apiary digital twin system based on Unity3D
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[ Abstract] With the rapid development of smart agriculture and digital twin technology, the traditional apiary
management mode relying on manual inspection and decentralized recording can no longer meet the demands for
visualization, real-time monitoring and intelligence. This paper designs and implements an apiary digital twin virtual
simulation system based on the Unity3D game engine. Taking a real apiary as the prototype, the system constructs a
3D virtual scene including a management center, study center, smart hive area and bee colony breeding center. UGUI
is used to visualize bee colony status, environmental parameters, yield statistics and revenue information. MySQL
database is adopted for unified management of apiary business data, and JSON data parsing and Gaode Map API are
integrated to expand data sources. At present, the data mainly comes from database presets and manual entry, and the
interface data is updated synchronously through refresh operations. In addition, interactive functions such as scene
roaming, weather and time simulation, and remote video surveillance are integrated. Tests show that the average
frame rate exceeds 60 FPS under no-load conditions, all functional modules operate stably, and the design objectives
are achieved, providing a feasible technical reference for digital management and popular science exhibition of small
and medium-sized apiaries, as well as a visualization framework for subsequently accessing real sensor data and
building a complete real-time data collection chain.
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