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Intelligent Learning Control for Fighter Maneuvers at High Angle of Attack

YU Mu-Hang! WANG Xia’> YANG Lin"? Xu Bin'

Abstract Considering the strong nonlinearity, aerodynamic uncertainty and channel coupling characteristics of
fighter dynamics at high angle of attack, an adaptive maneuver tracking control is proposed based on intelligent
learning. By taking the channel coupling into a part of the total disturbance, the model is decomposed into the
angle of attack subsystem, the sideslip angle subsystem and the roll angle rate subsystem. Neural networks are used
to estimate aerodynamic uncertainties, and the controllers using tracking error feedback and total disturbance es-
timation feed-forward are designed to obtain the desired control torque. Then the aerodynamic surface deflection
and thrust vector deflection are calculated based on daisy chain method. For the neural network weight update, the
prediction error is constructed to reflect the estimation performance of the total disturbance, and the composite
learning update law is designed combining with the tracking error. The uniformly ultimate boundedness of the
closed-loop system is proved based on the Lyapunov method. Simulation and anti-disturbance parameter deviation
tests are carried out for the Cobra and Herbst maneuvers, and the results show that the proposed method presents
high tracking accuracy and more robust performance.
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Fig.2  Angle of attack tracking under Cobra maneuver
((a) Command tracking; (b) Tracking error)

AR REAL BN 48 TCHLEE AN I A RS Y
[ B AL B ¥ 2 3 50 3R L Sk T 1) B — AL sl 75 =K.
AT R AL BT 4 4 P 200 A SR B R R 2 i 2R R S
AHRL ) PR R R 22 AN ] 5. B 6 s, B0 45 3]
RN, TR B R A AR T ik A AR B AR
RRERRZ )L PN 0, I BEEATGH S, W4T 15
IFHINLBN i 2 BRER I S BOR . SL ) AT RS AR
N 7. B 8 Frow, KATHEEE HAIAG 90 m/s PR
B|7 40 m/s fifq, 7£ 40 m/s ~ 60 m/s Z [A] KHLEE
R LMIEAT IR A RO A IR B 2E 1 10 s
Je s TR A ST PR AR E s FENLB) L R rp ik
TR T 180° A4k, SR 1 RAT I R B
INFIPROEEE 25 | 325 242/ T 70 m, =L AR
T 400 m.

“s-0.2f

0.2
(U ﬂ,{;/’/;wm
«s 02} \\ ’/,”
ol e %
odr NN
_0.6 I
0 1 2 3 4 5 6
t/s
b)

3

t/s

()

K3 HREEHLEN fo MMETHE ((2) 22T NN-CL 1] fa ;
(b) =T NN 1 fo; (c) fTHRZE)

Fig.3 Estimation of f, under Cobra maneuver ((a) fo
under NN-CL; (b) fo under NN; (c) Estimation error)
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Fig.4  Control surface deflection under Cobra maneuver
((a) Elevator; (b) Pitch thrust vector deflection angle)
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Fig.5 Angle of attack tracking under Herbst maneuver
((a) Command tracking; (b) Tracking error)
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Fig.6 Roll angle rate tracking under Herbst maneuver
((a) Command tracking; (b) Tracking error)
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Fig.7 Flight states under Herbst maneuver ((a) Sideslip
angle; (b) Speed; (c) Flight path azimuth angle)
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Fig.9 Aerodynamic control surfaces deflection under
Herbst maneuver ((a) Elevator; (b) Aileron; (¢) Rudder)

K10 AMARREBLEHE ) R B ((a) SREEHET N A1
(b) RATHER M A ; (c) M i F )

Fig.10  Thrust vector nozzles deflection under Herbst
maneuver ((a) Roll thrust vector deflection angle;
(b) Yaw thrust vector deflection angle;

(c) Pitch thrust vector deflection angle)
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Fig.11 Estimation of f, under Herbst maneuver ((a)
fo under NN-CL; (b) f, under NN;
(c) Estimation error)
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Fig.12 Estimation of f;, under Herbst maneuver ((a)
fq under NN-CL; (b) f; under NN; (c) Estimation error)
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Fig.13  Estimation of f, under Herbst maneuver ((a)
fr under NN-CL; (b) f, under NN; (c) Estimation error)
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Fig.14 Estimation of f, under Herbst maneuver ((a)
fp under NN-CL; (b) f, under NN; (c) Estimation error)
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