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Radio Frequency Identification (RFID) technology has become an essential
automatic identification and tracking in industrial, logistics, and supply chain applications.
the deployment of passive UHF RFID tags on metallic objects remains a major challenge due to the
severe degradation of antenna performance caused by metallic surfaces, leading to impedance
mismatch, reduced radiation efficiency, and limited reading range. This thesis addresses these
challenges through the design and optimization of novel UHF RFID tag antennas specifically intended
for metallic environments.

The research begins with a comprehensive investigation of the electromagnetic behavior of
conventional RFID tag antennas in the presence of metallic surfaces. Numerical simulations are
performed to analyze the mechanisms responsible for impedance detuning, radiation pattern distortion,
and efficiency degradation. This study identifies the most influential geometrical and material
parameters affecting the performance of RFID tag antennas mounted on metallic objects.

Based on these findings, two compact and low-cost UHF RFID tag antenna configurations are
proposed. The first design consists of a capacitively coupled loaded dipole integrated with a metallic
patch, providing efficient conjugate impedance matching with the RFID microchip without the need
for vias or shorting walls. This simple structure significantly reduces fabrication complexity while
maintaining excellent electrical performance. The proposed antenna has been designed, optimized,
fabricated, and experimentally characterized. Measurement results demonstrate a reading range of
approximately 7 m in free space and up to 10.5 m when mounted directly on a metallic surface, while
preserving stable frequency characteristics. These results confirm the suitability of the proposed
antenna for reliable RFID operation in both metallic and non-metallic industrial environments.

To further improve compactness, a second antenna configuration is introduced by reducing the
size of the radiating metallic patch while maintaining satisfactory impedance matching and radiation
characteristics. The proposed miniaturized structure offers a significant size reduction without
compromising the overall RFID performance, making it particularly attractive for applications
involving space-constrained metallic assets.

The proposed antenna designs provide robust, compact, and cost-effective solutions for
passive UHF RFID systems operating in challenging metallic environments, thereby extending the
applicability of RFID technology in modern industrial and logistics applications.
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