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Attitude control of flight vehicle based on
a nonlinear L, adaptive dynamic inversion approach

CHEN Haif, HE Kai-feng, QIAN Wei-qi

(Computational Aerodynamics Research Institute, China Aerodynamics Research and Development Center,
Mianyang Sichuan 621000, China)

Abstract: Since the conventional dynamic inversion (DI) controller cannot cancel the system uncertainties efficiently, a
nonlinear L, adaptive dynamic inversion control approach is proposed. This approach is able to overcome the disadvantage
of conventional DI and improve the control effects with sufficient robustness. Firstly, the attitude control system is divided
into outer loop and inner loop based on the time-scale separation principle. The DI controller is employed to track attitude
angles in the outer loop; a nonlinear L; adaptive controller is employed to control angular rates in the inner loop. The L
adaptive controller is composed of the static feedback controller and the adaptive controller. The static feedback controller,
which is achieved by the state feedback, is used to guarantee stability and expected closed-loop performance of the inner
loop; the adaptive controller, which contains state observer, adaptive law and control law, is used to cancel the uncertainties
of system. Then, the stability of the proposed approach is analyzed whose results show the proposed controller is able to
guarantee the stability of the inner loop and error boundedness of the outer loop. Finally, considering multiple uncertainties,
the proposed nonlinear L; adaptive dynamic inversion approach is applied to the attitude control of a certain unmanned
flight vehicle. Simulation results show the effectiveness and robustness of the control approach.
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2 [ (Problem formulation)
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3 5T (Controller design)
3.1 RIS B 1T (Overall design of controller)
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Fig. 1 Overall structure of controller
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Fig. 2 L; adaptive controller structure

4 F2xEPESHr(Stability analysis)
4.1 #kE1E% (Outer loop)
IS U G NN AWANN ) L S Bk
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26(GT (8] PBy) vha)+
INT(ZT PBy) " |22 || e+
2r(@P(@, — (X PB,) vl )+
2ATP(A, — (&
25" (73 PBy) +P (5, —(

R 52 R B o 2T e i

Ot (23 PBy) vy g+

@"P(@, ~(#3 PBy) v],) <0,

IPB,) || )+
#TPB,)")). (35)

NT(&5 PBa) " [|a| o+
NP(A, (3 PBy) ||a.) <0,
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w(t)en

1Rk

(39)
Hrbh A (pr) 5E K
Am(pr) 2 4(WI8%)§? tr(w'w) + A} + of)+
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HIAuEE! i
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1 (41) M1k (36) T 40
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5 {iE4Hr(Simulation)

N T Ly FUE N S AT 28 s IR R S
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A AR (CLR TR 2% DA SR % 4 sh A
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5.1 #aFRIEHL(Nominal case)

PRRRIG GLRD 2 EE e M LA BRI BRI, A% B8
HAAH s PER . BELAT 98 XA 40 rad/s, 17 5 R
THIA[—30, 301°, MR T4 [—400, 400] (°)/s; KATHS
WG RATIRA B h = 2000 m, V = 69.05 m/s, § =
a = 2.66°, B = 0°;, RICKAHIF200 Hz.

Ly BiE NS IS 500N

2 56 0 0.32
K, = 2 |, Kom=1|0 8 0 |,
I 2 032 0 33
(40 0 0 /s 0 0
Ki=|0 15 0|,D(s)=1]0 1/s 0 |,
0 0 20 0 0 1/s
1 0.16
Q: 1 ,P: 0].6 9
1 0.16

#2(0)=1[0 0 0]", ' =5 x 10°.
RPNl e m S UL IR A (N
3 12

3 12
3 12

DI B35 . B rh g 23S da 2
N SRERA 2 200 SR P T 2 LR 9 2 (K 22 28
FERER . AT LU HY, SR 2 2 K 26 1
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ARR i N B R 4 2 S A T, (5 i TR ANERA,
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3 BRFRTEDL T TR R 2

Fig. 3 Roll angle responses in nominal case
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Fig. 4 Pitch angle responses in nominal case
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Fig. 5 Yaw angle responses in nominal case

5.2 AR M B (Uncertainty case)
TR R G B, A AR RIS HOR
IR L, FER S I 2 R a0,
SR T T s AN e 1
MR IURBL, LM IR ) Rk
PR AN P AN TR R GE IR AR /N AL fE
BRI Bl MBS e R R ZE . KAERAAT
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FHT 3 PR, X LA & Y 1 T . 000 A1 AT A

MR ZES W NEHI RS
& 6-8 .

IR DR AUR, LA

F 1 R MG FE £ A TYE

Table 1 The type and range of uncertainties

oW H Ml
FEALIR] o B 0.5°
FEHIAERX 52 0.5°
FEMLAE RS 10 ms
BRI [-1°,1°]

FB AR RN [—0.2,0.2] (°)-s*

300 £ 0 BEMLIRZE: [-0.5°,0.5°] (o < 30°), [—
3 A0 -5

BRI LR 2 [—50, 50] Pa

SN SR BOREH Y —40%

R R 2 LE A —20%

ARZIE:S
KAEN

1°,1°] (a > 30°); WAHIRZE: 2°

BEBLIAZ: [-0.5°,0.5°] (B < 30°), [-1°,1°] (8 = 30°); W {HIA%:1.5°

HoAth RATHYBE, 5% E fE 6K AL F -3 X 4 10 my/s, KU T ) R EIE T
{25 K AL HIEI XGE 10 m/s, S FIE N R 533.4 m, XU 7 [n) A 1EIL DT
RN FIEN LA 3N, AT 5 s, SR A(3.5 3.0 3.0]T mis,

SERREER[120 120 80]T m

El6-8+, MEL N 2SRRI LA mik /)
I A R TP s DN ) 28 2 8 2 A BRI 1 2. AT
Hh T LA Y, A A A R A R 2 I
KNP HI AR 200 R G, IR AR f AR AR =
TR, TS R AEAE 8 AR R 22, TR %
T RS, FARSRZERVN, IF LA TR 102
L1304 R D00 R g 3 R R ) R A
B HUT A 72, PRI 20010 R G RESRIH X —
2=, I ERRAS IR 22, HL 2R K il ds 1+ i)
P 7 2% BES A R X (i 22, I RENS DRk A
A RO R SN, I Ul I S LA S
PRPERTSEDR A IR

RE PR A TR EREA T IR, ASCHE N
AR P A E VRO 3T T 100005~
PUTE, AR BRGNS DL

g |
— il
e 82

&/ (°)

t/s
Bl 6 AFFE AR F I S8 = I R ) RIS 1 2%

Fig. 6 Roll angle responses with measurement errors of attack
angle and sideslip angle
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