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This study focuses on the design and simulation of an adaptive higher-order
continuous sliding mode hybrid controller, enhanced with a neural network,
for surface-to-air missile systems. The objective is to reduce both the flight
time and miss distance in two-dimensional interception scenarios. A baseline
sliding mode controller is initially developed, followed by the
implementation of a higher-order adaptive continuous variant. The proposed
hybrid controller integrates a neural network within the guidance and control
loop to dynamically compensate for modeling uncertainties and improve
tracking precision. Simulation results confirm that the integrated approach
significantly enhances system responsiveness and target acquisition
accuracy. Compared to the conventional sliding mode controller, the hybrid
method achieves an 87% reduction in time-to-hit, demonstrating substantial
improvement in interception performance.
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Table 1. Missile parameters [17].

Parameter Value Unit
kg m?
lyy 1000 g
S
M 100 kg
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Fig. 3. Block diagram of the neural network control method [18].
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Fig. 4. Relative distance between missile and target — SMC
controller.
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Fig. 5. Missile control input — SMC controller.
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Table 2. Aerodynamic coefficients [17].

Parameter Value Unit
S 0.7854 m?
Cn, 0.11 -
Cwm, -0.01 -
(YR -0.015 -
Cw -0.001 -
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Table 3. Control command dynamic parameters [17].

Parameter Value Unit
8max Ty Deg
S max +600 Deg /s
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Table 4. Initial missile conditions [17].

Parameter Value Unit
a(0) 0 Deg
A(0) 20 Deg
(0) 4 Km
(0) 500 m

Ymu(0) 10 Dseg

V] Goaa sl iy - Jgan

Table 5. Target parameters [17].
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Fig. 10. Relative distance between missile and target —
ACHOSMC-NN controller.
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Fig. 11. Missile control input — ACHOSMC-NN controller.
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Fig. 12. Missile and target trajectory — ACHOSMC-NN
controller.
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Fig. 8. Missile control input — ACHOSMC controller.
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