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This study presents an advanced guidance and control strategy for flying
vehicles engaged in target interception, employing an adaptive higher-
order continuous sliding mode controller (HOSMC) in a three-
dimensional operational framework. The approach enhances overall
accuracy and performance by integrating guidance and control
subsystems while reducing system design complexity and associated
costs. Three higher-order sliding mode controller variants are introduced:
guasi-continuous (QSMC), continuous (HOSMC), and adaptive
continuous (ACHOSMC), each tailored to address specific interception
challenges. The core innovation lies in the adaptive continuous
controller, which dynamically tunes two key parameters in real time to
accommodate evolving environmental conditions and target dynamics.
Simulation results confirm the superior performance of the proposed
controller over conventional PID methods, demonstrating increased
missile range and reduced time-to-interception. The method further
improves mission success by optimizing trajectory planning, increasing
energy efficiency, and minimizing fuel consumption. Robustness against
external disturbances and dynamic uncertainties is validated through
simulation under variable conditions. This work underscores the
controller’s applicability in both military and civilian aerospace systems,
where precision, adaptability, and reliability are essential. The proposed
controller offers strong potential for deployment in air defense missions
involving fast-moving, unpredictable threats requiring high-speed, high-
accuracy interception.
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Table 1. PID Controller Parameters.

Type of Gain Gain Value
Proportional Gain (K,) 0.732
Integral Gain (K;) 0.417
Derivative Gain (K,) 1. 669
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Fig. 19. Missile control input—advanced continuous high-order
sliding mode controller (ACHOSMC).
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Fig. 20. Trajectory of missile and target — advanced continuous
high-order sliding mode controller (ACHOSMC).
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Table 2. Comparison of different controller parameters.

Type of Flight Time Missile Altitude
Controller (s) (m)
PID 49.66 310
SMC 33.3 823
QCSMC 16.1 1056
CHOSMC 9.85 1260
ACHOSMC 5.12 2230
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