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Abstract

With the continuous upgrading of 5G/6G communication systems to high frequency and low latency requirements, antenna
design has become a key breakthrough point for optimizing wireless communication performance. This article focuses on the
collaborative optimization mechanism between antenna structure and communication performance, and systematically elaborates
on the improvement path of spectrum utilization and anti-interference ability through multi band antennas, metasurfaces, and
reconfigurable technologies. By constructing a correlation model between radiation efficiency, impedance matching, and channel
capacity, the dynamic coupling law between antenna physical parameters and communication indicators is revealed. Further research
combining geological exploration and vehicle networking scenarios has shown that the optimized antenna system can increase the
signal coverage radius by 35% and reduce the bit error rate to the order of 10, In the future, with the deep integration of intelligent
algorithms and photonic crystal technology, antenna design will evolve towards adaptive environmental perception, providing
underlying hardware support for the integrated communication network of space, sky, and earth.
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