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Neural network based robust dynamic inversion flight control
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Abstract: An adaptive dynamic inversion controller design method based on neural network(NN) is proposed for super
maneuverable fighter aircrafts. The basic control law is developed in nonlinear dynamic inversion; on-line learning neural net-
works are implemented to compensate inversion errors due to modeling error or actuator faults. Simulations of compensating sim-
plified calculation and actuator failure are presented. The results demonstrate that through adaptively compensating inversion error
by neural networks, the limitation of needing accurate mathematical model in dynamic inversion method is released and the ro-

bustness of the whole system is greatly enhanced.

Key words: neural network(NN) ; adaptive control; flight control; dynamic inversion; super maneuver

1 5| & (Introduction)

KAL) AT R 4 A RARFR IR Bl
LB HERE. I E KB A BN VITRETSE
BB RSt nS AR e, FEE&A
BHEEZEERE, A CTEMRSAIRIR S
T PkiRY

HAT, RIBE LD REXKBERHRETH®
WEFE T RTRER, ER AP 2R
B ERRMEEA T L, B A b L RAEL 1
X5 LR AL A IE 2 (R AR AR . (B R, h i X Ay
RETMEUR, RSB H LN AZBIRE . 5E
RiEH S5 MR HE S, ML S R/MT
SRR, B &N AICEE tMERER 2, WY
BER R EE R ER IR RN, SRS
2 W45 BLA DS BB L TR dE Rt R B RO B
A EREA TSRS ITRNERN T £

{R B #7:2003 - 05 - 02; HAERCRR B #3:2004 - 05 - 24.

THZME ) 5 E R 2 H BISHELE i Chen 2 A
# Polycarpou 2 A1) & 5538t , 3£ 8 Calise % A
LA F R L& RiTaRf R, LI BR AR AL
RENRERE W .

AR NS ERM L, RIBETEEZ®E
Has g Mg L) TR RA S IRERITE
ZAME . R 4 BUE TR AL 2= v K A
S, R RIEE I B EE. AR EET B
BN AMENIRZ , BB F W RA AR IRIERE,
HEAERENCEBEER, ZER ERISHE, R WL
REM—E MRS R .
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adaptive inversion control)

2.1 E T KM% %4 (Dynamic inversion
based feedback linearization)
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Fig. 1 NN based adaptive inversion control

2.2 BB & M4 A 4938 (Construction of adap-
tive neural network)
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Fig. 2 Multilayer perceptron neural network
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3 ZEBUBITE R A A (Application
in super maneuverable flight control)
3.1 Y 3h Y B F B (Mathematical model of
super maneuverable aircraft)
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3.2 &4TIE%)2E18 11 (Design of flight controller)
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Fig. 3 Neural network compensation structure
3.3 BFHELE RS (Digital simulation results
and analysis)

HT AW E R EFMERRR, 23045 Bl 5
SRR TTE N SR AT RGPR &M T
HITHFHE.

PIERE S 2L WS R— A m KB AL 7]
WHFfATES N 0;4s BHAMAIE SN a, =1 rad, 4EHF
65;10s BFBMAIE SN ac = - 1.2 rad, 55 65;
16s BHAMA IR SR E N 0. ZE A, IR M B FAi

R p TS RARIFRN 0. TEMB RO N K
FTHE Vo = 100 m/s, BE Hy = 1000 m, B ap =
. ZFHIHES Ty = 125kN.

1) XPRERY IR 2 M AME . SR B R4kt
BH 5 Sha 4 HEA R R 2 R 4R ME R TR
RE 4 .

E4(a) AT HERARELE CILOR
)6 B HEIELHEA WL MEIMERMT TR
FIRERA 2 B 4(b) N Eh B THE R AR LA
(R K 4R [ E SHPHER | 3 H BB E A1 &3l
HEFIT) | 020 P 28 % Mz A el [ P 2%

WHIERPHSHSHRREBNIELMKESR
POEMREPAEE LRHFRISPREER
RS AR X LR R R AL s S T A N
MTEERE. H4b)PHFEBEUT 3IANMEEK:
O BHNEH(FEHER); Ot @A XTHER
T ; QFE S A S K Ew , AT FE 3D
BHERBREE, QAT EAR MIRERES
f5%.

B 4(c) Rafb s 2R R SR T, 3 4 22 K0
BAMEI WA RN . T LAE SR 2 N 45 %b
205, A AT LARERS IR EZ 1R S A X R M4
W4 TR S, O R 24T T #ME .
HOFRETHENEN P RENEBRR . TXN
WiRE, SR AR L5, TR S, &R
KEFEVA, RN MNE RS I IRE R
HH.

2) RS 3R AE T 5 5k e i kM . 5 TS 3 A T gk
] 40% Xt 72 G5 0 2 v KR F 42 ) 4 b2 B R
WA s s . T RAERERA, FME~E R
J3w/ A CHLEBI T S 80N 5 [R]est (5 6oL 22 A T
FAFBEA AW AT, B CHLER B A
RS HEEAE, B Z AR EEN S = EE
HARATIRZE

B 5(a),(c), (e) A T AR M 40% i B
X KA 3 NEE W . AT AE S, KRR M A
BARZESHEFT 0.35rad(20°) # 0. 05 rad
(2.86°).

KAMEMNBIMEE, SN EBRPIRET L
MG MG M, B LR R L BB AR AR
Wi N 5(b), (d), ()BT AE M, 0 F BEAS 3
IREF1E 155, IR, MG A Fn s f iR 2 BRI 7E
R/NEITEREP .


http://www.cqvip.com

g0k

i

—I_j

Bmo®

il

=

186

Jv"Jm
R
—8 P "
r!lldl'“ ! “ “ 72
—8 " _ o ie1E
! m X " “.ul.“.ul i : o
.- '
EEER R L E
] } ! | ! --y-- ||.__. L ' _ _ °
I SN Sl
T [ eede -4 € 11 CE boionped &
o ﬁ.i ' “ 4 r l “ _mr" w.N ' J _|LmH.“_M,‘ " " —
- _ ' ) “ I “ ! b “w_ € h_..-l...\ll.nl ﬁ“ 1 ' ) Nl
— _ Rt EEE R Lo . 123 F b-- (o I ot
" ! ; d.. ) e " _ll_r\I!L.lu.“ltmm " " ,Hu\" .|u.||..||.__
b E o o Ty _ _ re- o
L ! Yo & . ¥ _ | B I S o ,
' ' i Tl ! = ! = I A ' ;
Ih - __” mw\ ' ."mt, ! | - ' 1
Rt 3 S 1 SR RO IS " S
Vo . R Lo $ ! TEST _ ' L1 s S
' ! % - R Lo i i ! L + "a o < 9
' _/ - _uLO/mn_._ _ ! = m — o ! ) +=a._do pis < !
N T D - “ s=g3 2
T g mdede i SEE S pe
--- Ly ! ' &= HR ~ b= o S, = T
_ 1 . v wmm. b - woe 2 o
A " " - —_~ ! 1 = -7 ) < I _u.ﬂ.u\n - CIJ.I-.“Z
_ /uTﬂuuu_uuu = " h — ml - D =4 A ‘vv _. "
JRNS S S SRS %mm P R L
T ¥ BN L
o S T o ki
) ) ] " f=] ] _ | _J. ! ] _ll._.llt 1 m
! L = S v w.mr.AO ~— I ' D S L e P ,/_ g
3 p _ 210 N T el Lz
IR oo » ot gl ST
—_ ' B S — I ) i ! [ |L0/#ﬂ
1/0 o ; ' 1--14-42 S A ! = ! ! ity B
pe — 1] 4% f----d R S I sﬁ_,--._--,_ﬂ" ®
———— B \ .ﬁ. bt |.m4/..._M_ ) ! ~
ST IR Tlisd I s
F T =1 - S L-_frgmri-“a " L g ®
T S oo ¥ £ L TR LI s a1
B : ) wm_uuun_-m e ,T:ﬁl. ) 1 . , Lo ! (_.-uq ~ " _
A R T & R ORI AN R
= . Tl v 7 i : 1 ' s 1 - =-F i i 1 !
' ! Ly w , X v | ._ ' ) ! ~ -m=- T | ' b !
| 1 e T i ﬁ i b 14 S%.__ 1 / ! ] _5 [ | ] ! “ | ' _LLO
! .ﬁ-_nuu_l‘ ! ! v e 8 | :._nvu._ou 1o ! A -
r- -2l v = 1 AL - -~ & 1 +||.. - ! __“ Co _r..cL.|!0 ph g
---u.__ t.u“ v D) ' = S o R S \ P Jo S o T 9
P - fe— ' ! L 5 o
' ._m_ 171 L T ' “ ! 23 " ' ' ! i P.%.Il4% <
" .-l ||.WHﬂx ) ) H 1 ! ' ! L o © o S g f
, - ] 1 —~ ! ' o S g =] T pex/
SRR S ) m “----"----._5 = Lot s ° 3 °° _
_ : “ ' ,.-lw‘.h.1«l|h; i ° ! pes/ g
_ " “ b ' “ v
IIIII 1/
“,uulhl_ﬂhh.ml_ = ! ' Jo pe
S S ) ] L = ;
- “ R T
! ! < )
L g = -
- 3]
S R i
-\M
pel /o

BS BB BB

Compensation for canard
Fig. 5


http://www.cqvip.com

FE2M

RRBE - RETHEMENEEQBMYE TERN 187

4 £ (Conclusion)
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