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[Abstract] With the rapid advancement of sensor technology, military equipment is facing increasingly
severe challenges in detection and surveillance, and the exposure risk of non—stealth platforms in
contested environments is significantly rising. Consequently, there is an urgent need to develop tunable
electromagnetic technologies to reduce radar signatures and enhance stealth performance. Traditional
wave—absorbing structures, due to their fixed response characteristics, are limited in adaptability. In
response, the introduction of real—time and reversibly tunable material structures has emerged as a
research focus for achieving dynamic regulation. As one of the primary forms of electromagnetic
scattering, the specular reflection characteristics of radar waves in material structures play a crucial role in
shaping the radar signature of a target. This paper reviews recent advances in the mechanism studies of
real—time tuning of radar wave specular reflection characteristics, including approaches based on
electrical tuning, mechanical modulation, and reconfigurable materials. Real—time tunable materials for
radar wave specular reflection can serve as foundational modules for intelligent radar signature
management systems. Leveraging artificial intelligence and big data technologies, such systems can
significantly enhance the radar camouflage and countermeasure capabilities of modern platforms.
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