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Simulation Research for UAV Pitch Control Performance

Based on L, Adaptive Controller

HU Longzhen, NIU Erzhuo, LIU We:
(AVIC Xi'an Flight Automatic Control Research Institute, Xi'an, 710065, China)

Abstract: To solve the problems of nonlinearity in full-envelope flight of UAV and control surface’s effi-

ciency varieties caused by battle damages or surface failures and time varying disturbances in flight envi-

ronment, two pitch attitude control laws which are L, adaptive controller and PI controller have been de-

signed for comparatively analyzing control performance. A series of simulation experiments with model

uncertainties, control surface's efficiency varieties and various disturbances are developed and simulation

results show that L, adaptive controller is obviously better than PI controller in stabilization and robust-

ness, which meets the control requirements of UAV totally and lays the foundations for engineering ap-

plication.
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Fig. 1 Pitch control diagram based on L, adaptive

XTHERGE A (D, &I Ly E#lHf u( =
w (O +ws () Foi, w (o O 15 18 1T 1 2 i A
u, (1) =—K,x (1) NEMERE R K, 1iEER
WE A, =A—bK. & Hurwitz 55 %5, W R G IR
Ji ] DL A s 2)  Hor, 08 (0 =0" () +
(1—wK],
x(1) =Ax (1) +b(wu () + 0" (Dx() +0()) =

Ax () +b(wu, (1) +wu, () +0"(Dx() +0(0)) =

(A—bK)D)x(@) + bCwu, (1) + (07 (1) +
(1 —wKDx() +6()) =
A,x () 4+ bCwu, (1) + 0T (Dx() +6()) (2)
YT RG(2) , L BXS 45 A5 5 R
2 Al R AT IR e s = WG DI S N L
o
CGI—A,) 'b°
wy (1) =k, (1) —wu, (1) — 07 (Dx(1) — 8
(3)
VTR WM 25 an =X (4) fr 7w, H LIRS A7 AE
KL B 2R G HPIRAS W, Ho L x (1) vw .0, (2) -
S(t) M AR x (£) »w.0, (1) ,0(¢) HIAhTHE.



W IR, 45 L AWL Ly I8 LR AR 42 ) 14 BE 17 22 111

X (1) =A% (t)+ blau, (1) +
0l ()x()+d@))
x(0) =z, 4
THER 4 G 1 B g 15 2 =X (5) B, o,
x(O)=x()—x()w=w—w,0 (1)=0, (1) —
0, (1), 6()=56() =38,

X (1) =Ax (1) + b (wur (1) + 07 (1) x (1) +0(1))
x(0)=0 5
FE X Lyapunov BREL V () 103X (6) Fr s, i1
HSE V), AR RGE RS, %250 E
V() <<0, LIS 808 8 A, s () pr
AU RIS 8, Kt w, . 00,6, 251K
w() 40, (1) o) WAETIHIME ; T=T. € R™ N H i L
Hiti ; P=P"' >0 MR T AP +PA, =
—Q MR, H Q=0">>0;Proj( + , « Y HITFHE T,
V) =x"(OPx (D) +%<Z&<z> +
0" (H0() +6*(t) (6)
w(t) =TProj (w(t) s — (x" (P u' (1))
{iu<0> = w,
0, (1) =I'Proj (0, () — (X" (OPH)"x" (1))
{[91(0) :[910

{fm)=Fij<3<z>A—i'l‘(z)Pb)*‘) -

5(0) =8,
R A AR 45 1 45 R0 S Bl L T A B L
3 ) A o g A= () B
710 =k () —w(Du, (1) — 0, (Dx() —5@)
®
Shy T I P 7 4 I R I e IR 3 L 1R
R IED A C (). I8 wi () =kD () p(s) ., Hfr,
k=>0R S8 35 . D Cs) R — A% 1E T B 1% 38 PR &K
AT LA 20 C9) BT 7R 14 108 I8 4 7™ A 1F DR, EL T 2
R 25 CCO =1,

N kwD()
Cl) = 1+ kwD (s)

B IE UL 2% C ) BB 2 L, 3355

AR S Ca
| (s1—A,) 'BC (|, L <1 (10)

ﬁ¢¢:%gga,@ﬁ%ﬁmgﬁ&$o

FF Ly & N ER S S A0 A A AR
R AW R Qo) ARG L, /N5 B, nf
PURIE 2R G0 1 B 45 AR A5 M RE— 80 7t
1.3 PlEFISFIZIT

H i P9 AR R IR A AR SR D PT #E
il AR 3 T s BRSO PL RS TS
Ly F5 g 0 Lo 4 P B L s i AE B An 2 R, 5

(9

B2 R0 AA P& HIAE £
Fig. 2 Pitch PI control diagram

2 EHMERTEIRESERSN

BT 1.2 M L3 IR Ly A PTE 2,
DI AN EE H=1 400 m,#JF V=130 km/h
MRE SN, 4 B Matlab/Simulink #1715 B i
55, HUMESE L, B 3 0 4 0 fe o ok 8 B
Pl v ne .

ERERSHEE . TEL KN 0.01 s. i &
BFMEIA 10 s, A A 48 & 0, = 57, MEHLAL B o
T BB — 25~ 20", ORI
—50~-+50 (°)/s,

PI £ il & B B 6 S ik kit k. K, =
0.937 8,K,=0.0006,K,=0.368 9,K,=0.1,

L, % 6l 2% 0 % W = % k. K, =

[0.1 —o0.5 —1.0]"., A@&EM W R .0=200,
y—_ 20 f g 4 g
D(s) s(s+20)° [ B AR k=10,

2.1 EHFHEBHES T

ST B DL, A R 89 05 HRBET L L
AP A il 25 A ORF A0 A W0 RO X LU il R AN 18D 3 B
A LURZ B AR TCIR S S AL T L Ly A PT 2 i 25 45 B
A R 154 BRER BE ), R - 1 TG R O 7 R T
BFE] b Ly $E 88 (o =2. 02 O FIRT PT 6 4%

2.0
«=== P

1.5
~— —L]
1.0
3

0.5

00 5 10

t/s

P 6-
T == PI
:\ 47 — L
= 2
3

0 5 10 0 5 10
t/s t/s

3 TCHLINAF LR S AT S o 1 %o L i £
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