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This study proposes a multilayered communication
architecture that converges low Earth orbit satellite
constellations, free-space optical communication,
quantum cryptography and navigation, and flying ad
hoc networks to overcome the limitations of
conventional line-of-sight radar-based mid-course
guidance for guided weapons. In particular, we present
intelligent compensation algorithms and conformal
array antenna application methods to resolve physical
challenges such as plasma blackout, massive Doppler
shifts, and aerodynamic heating during hypersonic
maneuvers, thereby exploring directions to maximize
the survivability and strike precision of guided
weapons in future multidomain warfare environments.

QEBT|Z7|]E(Mid-Course Guidance),
HHE 722 YHY(LEO Constellation),
2927 ZEA(FSO Communication),
Qfat shH & 25 (Quantum Navigation and
Cryptography),

SZt SE QAN QL (Conformal AESA)
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Innovation of Mid-Course Guidance
Communication Architecture for Guided Weapons
in Future Battlefield Environments: Focusing on
Low Earth Orbit Satellites and Quantum-Optical
Communication Convergence Technologies
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Table 1. Comparison of conventional GEO/ground radar systems and LEO constellation—-based datalinks (NDSA)

Conventional GEO Satellites & Ground Radar LEO

Characteristics / Parameters

Networks

Constellation-based Datalink (NDSA)

Operating Altitude & Coverage

~35,786 km (GEO) / Within Radar Horizon
(Ground Radar)

300 ~ 1,000 km / Global Coverage

Communication Latency

250 ~ 600 ms (GEO)

Under 20 ~ 50 ms

ASAT Survivability

Critical system failure upon single high-value
satellite destruction

Enhanced resilience via multi-node and
multi-layered architecture

Missile Guidance Communication Application

Limited to static/low-speed target updates

Real-time mid-course guidance updates for
high-maneuver/hypersonic missiles
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Table 2. Extreme flight environment factors and engineering mitigation strategies for high-speed vehicles

Extreme

Environment Factor

Causes and
Technical Issues

Engineering Mitigation and Compensation
Methods

Plasma Sheath

Communication disruption caused by air
ionization during Mach 5+ maneuvers

1550 nm optical communication laser
transmission, metamaterial application

Doppler Shift

Degradation of OFDMA orthogonality due to  Orbit data—-based frequency offset prediction
extreme relative velocity

and hybrid compensation

Aerodynamic Drag & Heating

Aerodynamic structure damage and high heat
generation when using protruding antennas

Multi-band conformal active electronically
scanned array (Conformal AESA) antenna
based on CNN optimization
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