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Prescribed performance backstepping control for quadrotor UAV with
output error constraint
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Abstract: The quadrotor unmanned tracking control problem in the external disturbance and constraints of the output
error is investigated in this paper. Firstly, the dynamics model of the quadrotor UAV is transformed into a strict feedback
form with the external disturbances. Then, the backstepping method is used to design the controller, the barrier Lyapunov
function is introduced to ensure the prescribed performance of the tracking error, the disturbance observer is designed
to estimate the external disturbance, and the derivatives of some virtual control inputs in the attitude subsystem are
estimated through the filter. The stability analysis shows that the designed controller can guarantee the bounded stability
of the tracking error, and the tracking error remains within the preset boundary. Finally, the simulation results verify the
effectiveness of the proposed control strategy.
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B R e > 5716 > 1,y ERERESR
FLH.

HE— 25 AT 15y 7 B R R 25 2

Mg Mg
Z

|z11] < kbn\/l - 972(‘/18(0 o )eret—2 g < Ky, -
(67)

HH 2 (67) TR0, y A7 B A BR 7 3 22 W] LAORBRAE 15214
FA.

E3 SCHER[16-191M0 % & 1 DU Jie 2 o AHLE A
T RGN PE PRI i, A SR i T A B AL
T RGN PE PRI, (A5 H R R R 22 — EH AL T Tl
WA RN, P w1 IR ER R ZERE L, RIIE T RGBS
Mgz vERe. EARSCHR (18] [FIBT %5 /& 7 VU BE 3 6 A
B B AL T R G TIUE M Re 2 ], (5 2 $28 ] 48 %
TR 2%, ARSI R ) 4 e v 8T B, s 15 L R R R 2 —
BALT T 5 A, HER IR R 22 0 B B .
23 REAMEIARAEERN R HF

EH DY e 32 JC A HL Bl 7 207 R 0] 0, K4 il
TTE 5 R i E T I R R AE XA A |
g Bt JE AP i B St BRI AT A AT R
TR, B

Uy = €OS P sin @ cos 1y + sin ¢ sin 1,
(68)

U, = cos ¢sinfsiny — sin g cos,

Houg  wy, 7352 .y 77 P f RN B0 D e 32
ToANLIE JUAT IR RO W AT A1 9 ¢q = Orad,
DU Eh 3 (50) T LA SR A5 S BRI A o AT B IR %
£ 6, B

¢a = arcsin(u, sin(—1) — u, cos(—v)),

Uy cos(—1) + u, sin(—1) )

COS Qg

(69)

0, = arcsin (

3 fiEST

9T B G b AR IR ER 27 HR BT T A ) S
AR, AT BGAIE. 15 B, R R S B
M 2A T, 5AE R TUE Y RE IS TR 3R 1T X b,

WU AT RAF R B N 2(0) = 0. y(0) = 1.

2(0) = 0.0L, MBS HIR LU AN x4 = sin (%0

ya = cos (ggt)s 2 = St RN BHIESIEIN
Ya = Orad, SPATFIUEE N = 0.01(%2&)(1’ -
1,2,...,6). Fooh, DU fiE 300 A WL A 2 0 45 o 58
SHEHIHER IR 4.

#1 HREREANRESH

Ap HfE AR il
m/kg 2 Jyy ! (kg/m?) 1.25
g/(m/s?) 9.81 J.. 1 (kg/m?) 2.5
a/m 0.2 G1 ~ Gs/(kg/s) 0.01
Joa ! (kg/m?) 1.25 Ga ~ Ge/(kg/s) 0.012

x2 EHISREH

AR B AR g B3 Hfy

C1,C2 5 c11 0.3 ky, 0.002
cs 3 c12 0.6 kb, 0.005
Ca 1.2 I~ g 1.005 —ky, —0.0005

cs, Ce 0.8 T1L ~ Ta 1.9 —ky, —0.015
cr 0.3 kb, 0.0005 —ku, —0.0003
cs 25 kb, 0.015 —ku, —0.06
cg 0.001 kb, 0.0003 —ky, —0.002
c10 0.51 ky, 0.06 —ky,, —0.005

PiEEE R B ~ B 5 s, B 1R 2 5% i
7€ T4 fE (with prescribed performance, with PP) 5 A4~2%
JFE Tl 7€ P B (without prescribed performance, without
PP) [ 22 75 PR R RO, 1 3 Al 4 S i B 1Y) R R R
RE1ERTNESMSHER ST ERE. K2
BIRIRER IR ZE ey Flep 75 s NI T FaE, H—H AR
FRAE 56 BE I N (B 2 R AR, T A5 e
THE PERE G T o e 75 15 s NS ILARAE, e £ ey W
FE50 s WA TG SRR E .
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0.02 1.5
— ¢(1 — X,
0.01 - Wi}h PP — — with PP
. —-—- without PP 05| —.—- without PP
- .
s =
-0.01 0.3 :
00 "1 2
-0.02 . : L L L -1.5 . . . L L
0 10 20 30 40 50 60 0 10 20 30 40 50 60
t/s t/s
0.10 1.5
- Vi A
— —  wit — — with PP
0.05 —.—. without PP 05l - \x;thout PP
E g
£ = 1.0
= -0.5f
-0.05 ' \'\‘§,
0.99 ]
0 0.5 1.0
-0.10 : : : . . -1.5 . .
0 10 20 30 40 50 60 0 10 20 30 40 50 60
t/s t/s
2 12
— % 0.04
— — with PP
ey 1 —-—- without PP 0.02 77
£ PRt P g S 77
e 0 N o 5 % o1 02
= 4077 4t — Za
— — with PP
—.—- without PP
-2 . , , . , 0 . , , : A
0 10 20 30 40 50 60 0 10 20 30 40 50 60
t/s t/s
1 ZRRERthk 3 [UEREFAhZE
2 0.2
—— with PP — with PP
1 —.—- without PP 0.1 —.—- without PP
= \ :
£ (=TT T T T T T
= 0 -
Q}C _ 1 ___________________
-2 . -0.2 :
0 10 20 30 40 50 60 0 10 20 30 40 50 60
t/s t/s
0.04 0.02
—— with PP —— with PP
0.02 b —-—- without PP 0.01 —-—- without PP
RO ) S—— .
HERNIWLAN
LR HIMTEaa =
e - - =
-0.02Y -0.01
-0.04 * -0.02 * - " * :
0 10 20 30 40 50 60 0 10 20 30 40 50 60
t/s t/s
2 0.04
—— with PP 0.01 —— with PP
1 --— withowtpP (( | === —-—- without PP
T 0 T 002} P
£ L e e S £ -0.01
= 0 - ' = 0 0.1 02
\:/ _F—_————— —‘*.\'—\‘—_.—’_—/‘4 —————— vy £ P —_—————————-——-————
v -1 O - __
-2 : : : L L -0.02 : : : : :
0 10 20 30 40 50 60 0 10 20 30 40 50 60

t/s

B2 EHRIRRERLZ

t/s

El4 (IERERREMLZ
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30
—— with PP
—.—- without PP
26 30
Z /\_,—
~ 20 =
S
221 10
0 0.5
18 PP ——
0 10 20 30 40 50 60
t/s
50
0
z -s0f 1%
\N _ I
=100 5000
0 0.05 .
B —— with PP
150 —-—- without PP
-200 T T
0 10 20 30 40 50 60
t/s
200
— with PP
—.—- without PP
100
Z
BY
0
-100 e
0 10 20 30 40 50 60
t/s
0.2
0.1
Z 9
-0.1F —— with PP
—-—- without PP
-0.2

0 10 20 30 40 50 60
t/s

5 iTHINERZ

Kl 3 IR T AL B S48 4 e IR IR, K4 5
INEREFIRZE e~ e, 77 AITE 155, 0.5 s WSEFL T Fase, H
PRIER 1R 22 — ELOR$FAE TSR W€ Il 5 (B b R 2k
Fi7R), e, BORTE SO s P IL 1 Fee, (H R ER R 22 th —
DR 572 056 W8 I3 5 N T AN 28 8 1 11 R 1Y)
5L P EREF R % e, e, 1550 WA VL LR E, e,
TE s NSEEl T RaE.

EH LS AT, M TR T A N B AR 4K it 2
HOLLIRCT . T A5 0T DU e SR F 2 T i 1
RE 2 1) SR mS, BRI 1% 22 GR 2R HE Tl b SRR
1, Vi A TR P B A AN AR S R, HL AR G v T R
T AN FE 0 5 4 B FR) 478 1) S, AN e DRUE SR 7R 22 1
WML TNizs), BB RIS IRE.

4 & ®

A SCEE A DY Ji 3 N HLAEAE Ah AT P A 4

R 22 LR ES A T R PR R ] PR T BT T RO

a5 1 TR 1 R e D 4 o) . 24 ) SR E o g N R
#i5 Lyapunov pR %, 1 15 BREZ R 22 — H R FRAE TS0 1%
JE I TN, B v 7 BRER RS B, 49 31 1 BUAR A 4 o1 2
ST N EE R 25 R W, TR R4 1 SR S T
VU e 3o A B AR e PR i), ELAS S ANk A5 1tk e A
BT A% e RS T B hl ks, T —3%
() A A o A T SR AT AH L 1R SIS 56 5 I, AT 5 2 b
W B BT 0 HH 42 1) SR A A5 R AT AT
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