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Adaptive dynamic surface trajectory tracking control of
a quadrotor unmanned aerial vehicle
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(1. School of Marine Electrical Engineering, Dalian Maritime University, Dalian Liaoning 116026, China;
2. School of Electrical and Electronic Engineering, Nanyang Technological University, 639798, Singapore)

Abstract: In this paper, an adaptive dynamic surface trajectory tracking control scheme using adaptive uncertainty
compensator is proposed for a quadrotor unmanned aerial vehicle (QUAV) with unknown external disturbances and system
uncertainties. By dividing the quadrotor system into three subsystems, i.e., dynamics of positions, attitude angles and
angular velocities, virtual controller design for subsystems can tackle underactuated constraints well. The derivatives of
the virtual control signals are avoided by employing some first-order filters which are required successively in the dynamic
surface control. Adaptive uncertainty compensators for unknown nonlinearities including unknown external disturbances
and uncertainties contribute to the closed-loop system stability, uniformly ultimately bounded tracking errors and bounded
states. Simulation studies and experiment results demonstrate the effectiveness and superiority of the proposed trajectory
tracking control scheme.
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Fig. 1 The configuration of a quadrotor
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Fig. 2 The control system of a quadrotor
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5.1 4{HiEWFF (Simulation studies)
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Table 1 The main parameters of the quadrotor
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m 1.2 kg

Jx 0.015 kg - m?
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Fig. 3 Trajectory tracking

S R 328 5 3 B AT TE T T ) 4 R
B4R, AEIHRT LUE B, AR A DU e 34T
i G N B AS T 20 SR, BENS DR 1 PR 2L,
A D i s ) SR B B o 2 W) S A, HLAS SR
HH FRY 1 T 30 28 T 42 ) SRS P R A R B R A A%
Giff e HErE. 854 HERERRZE AL, TEAMBHE)
AR R ANE R VESZIR T, AR SCHE H 1Y) 38 BB A5 T 4%
1] SR B AR PR ) A ER R DR ZE W SEBNR /IR L A,
TR AR GE R e HERE ], R 22 NSO W] B 2K )
HSCSUE 3 Rl 2 A SCRR HY 2 i) B30 K, Tl
RYIPrie th R Sk e, Besa th 13T 484k
PRSI AR HUA SRR, 45 REoR, 413
THAZAEL NEAAA, 5 AT S E 80, 5
SERRARAT. RIS, DURESR AT asfase Ja, LR it
T 74 I T BER A AR f 072 DY e 3K AT AL
MRS AR ARG 2k, S5 SR TR BIR A | AR £y
ANt 72 DU e Sk I 2R BOR, AR BRI e
3L A AR T AL A R — € FR
BT RAT R AT AR R BT R, BE8g T
AT AR DU e B AT A AR R AR DL, AHER
B, DUie 3 QAT 28— ELREWS BREA I AN, ffyid R A

DA DS S B e T2 gl e i KT a8 AT AR
FRH. BO% T H & AN 5E A M g AR A Ah 5
ARG ENE LT ROAh T, 8 =TT,
BE— B IAIE 1 AR SCHR B0 [ 3 R 5 A8 T 47 ) SR )
PLRsLE.

2

|
< 0
s ) F

y/m

t/s

---zg —DSC ---B
5 ! 4 ' iy
ES , R . .
0 2 4 6 8 10
t/s
--=-y; ——DSC ---B
Kl 4 z,y, 2 Fiss e FSEPRIRES
Fig. 4 Desired and actual states z, y, z and 1
g 2f
ERI
W 0 \i‘T ----- - I
0 2 4 6 8 10
t/s
—DSC ---B
_ 0 — ——
St -
s 27 , . .
0 2 4 6 8 10
t/s
—DSC ---B
= OF 7 = -~
ERl7Z '
S L .
0 2 4 6 8 10
t/s
—DSC ---B
3 1.0
£ 05
& 0.0 .
0 2 4 6 8 10
t/s
—DSC ---B

Bl 5 IR
Fig. 5 The tracking errors



1192 7o o5 MO %34 %
Z 100 T T T T E 2 [ T T T T ]
~ 50 1 R :
5 - - - (q 0 1 1 1 1
00 2 4 6 3 10 0 2 4 6 8 10
t / § T T t / ° T T
E 1 T T T T g ? | :
E 0 I// — —— — OqN 0 1 1 1 1
@ 0 2 4 6 8 10
3 _1 1 1 1 1
0 2 4 6 8 10 t/s
t / S & 5 I T T T T |
1 T T T T S
N B e e S
3@ -1 1 1 1 1 t/s
0 2 4 6 8 10 i -
s B9 FIERAHE PG T M
) Fig. 9 Adaptive uncertainty estimation and compensation
E T T T T
Eﬂ 0 5.2 SEEG45 B (Experiment results)
b . : L . 0 AT B IR IE B R R I A e, A SCAE
ts S 73K P L PO 1) SRS 5 22 B T PID ] s

¢/ rad

6/ rad

q/(rad-s™) p/(rad-s™)

r/(rad-s™)

K6 =N

Fig. 6 Control inputs

10

-10

10

-10

10

-10

t/s

Bl 7 B oA e
Fig. 7 Roll angle ¢ and pitch angle 0

t/s
Kl 8 fhidiEp, gfir

Fig. 8 Angular velocities p, ¢ and r

FiBackstepping % il WS HEAT 1 XF b S2 46, SEI0-F &
WE10T7R, HEZSE5-T-6 n] LS DU e 3 K AT 4%
(B AS R E A RAT . SIS 32 Bl I TE AR A
BUT, HERVY g 3 AT 23 1) AT AIRAS, e A SR
P SRR A . AT IR S B R LR, SR
W R2FFR3FT7~. Hoh: PIDF 7R 1% 4t IPIDEE il 3
i, Backstepping# 7~ Backstepping$% ] 7 i, DSCH#
TRASSCHE s | SRS, 290K RIS T, K
A7 35 LT 6 B AF AE mURAT MR REXT LU S, 2310
SR ZANEIL T, AT ARSI & B AE UK
AT VEREXT LA L.

K10 Pjhed AT T &
Fig. 10 The experiment platform of the quadrotor

* 2 RIFIUTF HRest b

Table 2 Performance comparison without wind

PID  Backstepping DSC
sl e S ) /s 1.3 0.4 0.5
23 LT E) /s 2.1 1.5 1.1
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B RURER R ZE /m +0.5 +0.4 +0.1
RETSEIIA H bR £t fE [ A
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Table 3 Performance comparison with wind

PID Backstepping  DSC

e it 2 ) /s 1.3 0.4 0.5
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