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Variations in flight parameters and inherent uncertainties in aerodynamic
systems have a profound effect on the performance and stability of missile
autopilot systems. The main objective of this research is to improve the
performance of the autopilot under parametric uncertainties and varying
flight conditions. To achieve this, a multiple-model adaptive control
(MMAC) approach is proposed, whose main innovation lies in the
simultaneous integration of switching and adaptive adjustment mechanisms
within an model bank. This method, while maintaining system stability,
allows for rapid selection of a model close to the actual behavior of the
system, and by updating control parameters in real time, it provides faster
response, less error, and higher stability than classical adaptive methods.
This structure enables the controller to automatically select the most
appropriate model by continuously comparing the model responses with the
actual system behavior and retuning the control parameters accordingly. As
a result, system stability against rapid parameter variations and nonlinear
flight dynamics is significantly enhanced, while maintaining adaptability
over a wide range of operational conditions. For validation, the proposed
control method is compared with the model reference adaptive control
(MRAC) strategy in a MATLAB/Simulink environment. Simulation results
indicate that the proposed MMAC reduces settling time by approximately
70%, minimizes the steady-state error to nearly zero, and decreases the
RMSE value by over 50% compared to MRAC. These improvements clearly
demonstrate the superiority of the proposed design in terms of convergence
speed, robustness, and tracking accuracy, particularly under rapidly
changing or highly maneuvering flight conditions.
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Fig. 1. Pressure contours on the missile body at an angle of
attack of 5° and Mach 2.05.
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Table 1. Specifications of the studied missile [24].

Mass 450 Kg
Length 4m
Diameter 38 cm
Warhead weight 61 Kg
Wing span 91 cm
Operational range 160 Km
Flight ceiling 30 Km
Flight altitude 24 Km
Maximum speed 5 Mach
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Fig. 2. Engagement geometry of the missile and target in the plane, considering the single-axis gimbal seeker.
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Table 2. Amount and percentage of changes in the pitch channel autopilot parameters.
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20-30 10 0.413 300 1.00 —-3.00 +33% 4.92 +33%
30-40 15 0.194 295 1.02 -3.10 +38% 5.10 +38%
40-50 20 0.088 295 1.02 -3.15 +40% 5.18 +40%
& g 5w s & sl 43,5 ploxl 5 &0 (53l 015 S b )

Jold e (glg g2 )lw Jloz (sl bgjlwand (i ol
8 piel)ly Sl gy liw (olod y3 ansl 485 plosil (cuwgines yg5lo
5,Sdoe o 03> puuws Lo 4l 03 ya (Flo dae o K glas))
& Sas o yadli Deh ol by umel ply jd 0aiS J s
olej Gl ploj Jols (Ji8 lagiass (b)) > edlitul 3550
Oy B (6399 Jlos ! dlaod I s 45 395 g0 4 Sloj ioay
ol O o o5 ol oy gmo oo 23 1 355 ol ke
Sl g 2bee Gl 2l jlade 10y A BV 2905 Sl gt
Comd Gl (92 225l0k Ol (i ol Gl gl sy
ol ol 5l ehoyd Sygots Yoare 9 ol Cgllae ol jlaie

b gl gl 18 JB 0 Sdge Kol s las Jso bl ()

(lsg05t0 ¢ parols (gl ol )l Ul yuss 0dgate 4y v b s (Y
00,5 bl b Jie SSb 50 odisles (sl Jdo

aoie mb) 0 ,Slee (23ls 5l edlawl b ¢ Sloj p8 ya 0 (¥
@ Jho 5S35 {2 s b olid slas e

wb oy ek 86l Seme b Jie obl I e (F
el bl Gjgody oS S glayiel)ly gl
ER W

o5 5 lojer el § Stz piolSe b J les (0
B e Gl 4 2l sl el 5 <ol la s ]



G5 Ao g (ool Lo ple

oS J S & o &Sz Jao 2025 JS 5 Cgllan S
0liS JyS 93 y Colpd o My ol a4t g3y Jdo SuoMS
SeMS g, Ll o 1)Ko LAl 3,90 5 @2 yo jlade 4 Culed
ol Buile clls glad 35 (o)lMde puisred g dLily (6508 Gl

Gl aseiio ¥ oojleds Jgdo jd &S

Time Series Plot:

T T T
———c_c_mrac}

_C

40 . . . . . . . . .
0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
Time [Sec]

2y Jde SewdS e oaisS” IS 3 obsy ol —Y JKUS

Fig. 7. Tracking error in the classical adaptive reference model
controller.
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controller.
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Fig. 6. Comparison of the requested acceleration tracking for
the missile and the obtained acceleration using two controllers:
classical reference model and multiple model.
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Table 3. Comparison of performance parameters in two controllers used during various target maneuvers

Performance parameters
Ts Rt Mp Control method Maneuver
RMSE ess
®) (ms) (%)
6.1213 0.0021 2.3 120 56% MRAC
Scenario 1
2.7408 0.0000035 0.65 13 19% MMAC
6.1256 0.0023 2.37 125 58% MRAC
Scenario 2
2.7387 0.0000039 0.69 13 17% MMAC
6.1501 0.0021 2.6 121 41% MRAC
Scenario 3
2.7477 0.0000031 0.72 14 7% MMAC
6.0546 0.002 2.5 125 66% MRAC
Scenario 4
2.7334 0.000003 0.7 12 33% MMAC
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Fig. 10. Comparison of desired acceleration tracking for the
missile and the achieved acceleration considering parametric
variations every 10 seconds in scenario 1.

Fig. 9. Missile and target trajectory (scenario 1).
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Fig. 12. Comparison of desired acceleration tracking for the

missile and the achieved acceleration considering parametric
variations every 10 seconds in scenario 2.
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Fig. 13. Missile and target trajectory (scenario 3).
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Fig. 14. Comparison of desired acceleration tracking for the

missile and the achieved acceleration considering parametric
variations every 10 seconds in Scenario 3.
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