F23% F114
2016 £ 11 H

oot 5 &

Electronics Optics & Control

Vol.23 No. 11
Nov. 2016

doi:10. 3969/j. issn. 1671 —637X.2016. 11. 002

£ TR AWE M 0EE E B R TR BN

I W, AL, #4F, 4 F
(1. B SURZS R K2 A SL2ERE B 50 2100162, B & el R st 211156)

B E: AT ARAERARTRAAEHELAFELD BB T —HELRBENFTE, RiTEKBERAMEE R
BEFHA, FRLETHN R LT, RET 25009850, R, AL AKX AL AETEMENTIREEGR
ERAM AEAPBRNL AR BBERAOTHER, AAF T ERRBEEREATHEMNAN EHEHERERE
R IFIEERA—HHERE PR THHBERAKNERENA, RE HASREAN T HF R0 H R,
KER: AESNEME,; THECHFE; RTEH; FHER

RES>HES: TP183 TERRERRD: A XEHS: 1671 -637X(2016)11 —0006 - 03

Design of a Robust Adaptive Flight Controller Based
on Hybrid Neural Network
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Abstract; A novel nonlinear robust control scheme is proposed for a morphing vehicle with unknown
uncertainties and external disturbance. An online adaptive compensation algorithm is designed for
approaching the disturbance item, and the parameter updating law is used for providing automatic
disturbance rejection ability in real time, which improves the robusiness of the system. Then, by adaptively
adjusting the weighting parameters of the hidden layer of neural network, the output of the neural network is
made to approach the uncertain item. It is proved by using the Lyapunov stabilization theory that the robust

controller can make the tracking error asymptotically stable. An online updating law is also designed for

parameters of the controller. Simulation results show the effectiveness and feasibility of the approach.
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Fig.1 The ICE morphing aircraft
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Fig.2 Structure of closed-loop control system
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Fig.4 Responses of system state tracking

4 #ZHig

FHXT RGBT E I SRR R B R R S
TR, 30T T ETHEMEH BEAMEE M HER
AHERM TR RARERKERE, HTRERE
B BOTRIETH SR AR A& N8B R SRR E
IS H RN IREE

(T#Z 61 W)



GPS THAIIE =Xt FMS FAL L 2 PER M g 04 61

H11H LhfL I .
EH1ETE L,
2 % ik
(1] E& % RAWHSRRSERS Zetiit(T].

(2]

[3]

(4]

[5]

fiia= Bl F R, 2014 (8) . 27-33. (WANG Y, YANG H.
Airworthiness and safty design for civil aircraft airborne
equipment [ J ]. Aeronautical Science & Technology, 2014
(8):27-33.)

CA Organization. ICAO Doc 9613 Performance based navi-
gation(PBN) manual[ S].3rd ed. Montréal ;: ICAO, 2008.
AIBERT A, CRAMER M, ETAL T N. Analysis of advanced
flight management systems (FMS), flight management com-
puter ( FMC) field observations trials; area navigation
(RNAV) holding patterns[ C]//IEEE 30th Digital Avionics
Systems Conference( DASCON), 2011.4A1-4A17.

Bz, XIEAK, a5 GPS T A R Hpr B AT].
SEr AR b FH,2004,19(5) :44-46. (LU Y,LIU J Y,
ZENG ]. GPS jamming technolog yand simulation applica-
tion [ J ]. Eelcto-Optic Techonlogy Application, 2004, 19
(5):44-46. )

tRi, BV B R T YN GPS & (K5 B M #2 W
[J]. i F 25,2007 (3) :30-33. (XU B, HUO L P. In-
fluence of GPS positioning precision for reradiation jam-

ming[ J]. Aero Weaponry, 2007 (3) ;:30-33. )

[6]

[7]

(8]

[9]

[10]

RTCA. RTCA DO-236B Minimum aviation system perform-
ance standards; required navigation performance for area
navigation[ S]. Washington DC;RTCA Inc, 2003.
U. S. Terminal and En Route Area Navigation (RNAV) Op-
erations. AC 90-100A Terminal and En Route Area Naviga-
tion(RNAV) operations [ S]. Springfield; U. S. Department of
Transportation Federal Aviation Administration, 2007.
DIl , A IMBE, . TR Y IR R TRS/
GPS R GHILBISL[T]. ATZ L 74K, 2013,44(4)
24-29. (MA H S, WANG D, SUN X M, et al. Research on
tightly coupled IRS/GPS integrated arithmetic based on re-
sidual chi-square fault detection [ J]. Avionics Technolo-
gy, 2013,44(4) .24-29. )
TR, BB, ERE % PBN & T ) GNSS/SINS
HEFMTCHFHRELLT]. RO 5#H],2013,20(1) 44-
48. (LI X D, ZHAO X B, PANG C L, et al. Integrity moni-
toring of integrated GNSS/SINS system based on PBN[ J].
Electronics Optics & Control, 2013, 20(1) :44-48. )
oL, ER, RULE. PIANBOIRIE 3R S 40 A
WIS HREIT]. BOtS#EH],2009,16(2) . 76-
80. (PENG L, HUANG G R, WU X Z. Comparison and
simulation of two schemes for system-level fault diagnosis
based on federated filtering [ J ]. Electronics Optics &
Control, 2009, 16(2) ;76-80. )

(k4% 8 )

(1]

(2]

(3]

(4]

(5]

2 % ik

SCHWEIGER ], SULEMAN A, KUMMIAN 8§, et al. MDO
concepts for an European research project on active aero-
elastic aircraft[ R]. AIAA-2002-5403, 2002.

JASON B, BRIAN S, BRYAN C. Development of next ge-
neration morphing aircraft structures [ R]. AIAA 2007-
1730, 2007.

CHUN S L, SHAO J Z. Novel robust control framework for
morphing aircraft [ J ]. Journal of Systems of Engineering
and Electronics, 2013, 24(2) :281-287.

VARGAS J A R, HEMERLY E M. Robust neural adaptive
observer for MIMO nonlinear systems| C]//Proceeding of
IEEE SMC99 Conference, Tokyo, 1999 :1084-1089.

RUIZ V J A, HEMERLY E M. Neural adaptive observer
for general nonlinear systems [ C]//American Control

Conference, USA, 2000:708-712.

[6]

[7]

(8]

(9]

(10]

HAO C, YU G. Ounline modeling with tunable RBF net-
work [ J]. IEEE Transactions on Cybernetics, 2013, 43
(3):935-942.
MOHAMMAD-HOSEINI S, FARROKHI M, KOSHKOUEI
A ]. Robust adaptive control of uncertain non-linear sys-
tems using neural networks[ J]. International Journal of
Control, 2008, 81(8) :1319-1232.
RANEY D L, MONTGOMERY R C, GREEN L L. Flight
control using distributed shape-change effector arrays
[ C]//AIAA Conference on Structures, Structural Dynam-
ics and Materials, Atlanta, 2000.1-12.
VARGAS J A R, HEMERY E M. Robust neural adaptive
observer for general nonlinear systems [ C ]//American
Control Conference, USA, 2000 .708-712.
TAO G, CHEN S H, FEI J T. An adaptive actuator failure
compensation scheme for controlling a morphing aircraft
model[ C]//IEEE Conference on Decision and Control,
Hawaii, 2003 :4926-4931.





