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Attitude control for quadrotor helicopter based on
discrete-time active disturbance rejection control
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(1. College of Computer and Control Engineering, Nankai University, Tianjin 300071, China;
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Abstract: The structure of active disturbance rejection control (ADRC) technique is described in detail, including the
tracking differentiator, extended state observer and nonlinear state error feedback. Typical algorithms of each part are given
as well. In order to control the attitude of a quadrotor hovering system as we desired, we design three kinds of discrete
ADRC. Simulations and real time control experiments are carried out based on Simulink. After parameter adjustment,
experimental results can be obtained and it shows that the ADRC can meet the required control accuracy and rapidity. It
also indicates that the controller has strong robustness and anti-disturbance performance, which can control the nonlinear
coupling systems effectively. Eventually, the advantages and scope of application of the three controllers are summarized.
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SEAE ZEHAIBIL & R UB, T NG E T FE 1R
FAFR Fi s, Horb, e S8 1 DU e 3806 AHLAN 25
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2 H Pt H 28 3 K JFE B (Principle of

ADRC)

B Hri il & B R ER 23 #5114 (tracking differen-
tiator, TD)~ # 5K IR 25 M W 2315717 (extended state
observer, ESO)FIHEZE MR A5 1% 22 [ 151438 (nonlinear
state error feedback, NLSEF) 3 #0208, B, fe4k
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Fig. 1 Block diagram of ADRC

2.1  PREZMS) 88 (Tracking differentiator)

FRER > 28 BE W N R AR N ZHREL IS R, 19
FDEHE NG S UG SHRME 5. LR
RGN0, — P HOE IR MR ER o 28

vi(k+1) =vi(k) + h-va(k),
vo(k +1) = va(k) + h - fhan(vy(k)— (1)
v(k),vo(k),re, ho),
Horr: o(k) NI 2G5, hNERERRIT 25 1
BUP B, ro IR E BREAAR I ZHY, ho USSR T
Jhan(-) BRECH ECEAE R 25 & BRI, AT
d =rh?,

ap = hx,
Y=o + Qp,
ar = /d(d+ 8yl),
a7 —d
Qy = Qg + sgny,

Sy = (sgn(y +d) —sgn(y —d))/2,
a= (o +y—az)Sy + s,
S = (sgn(e -+ d) — sgn(a — d))/2,

fhan(zy, za,7, h) :—r(% —sgna)Se—rsgn a.
(2)
K BR8] 2oy (k) — v(k), va(k)

— 0(k). I H, i Ro(k) 2w H BB E S, Moo

A A S SE T

2.2 PRI 2% (Extended state observer)
PRSI 25 B8 LT Ak TF H R G PRAS LA

KA iIRE—H R4 3 5 A NP RS

2R SMBRBISMD LA s ER. 975K

RV ZS 2 B IR R P A% O HIEOR.

— PR HUE A ESOSE T T

z1(k4+1)=2z1(k)+h(z2(k)—Por fal(e, a1, 0)),

zo(k+1)=22(k)+h(z3(k)—Bozfal(e, az, 9)),

Zn(k+1) = 2, (k) + h(zp41(k)—
Bonfal(e,an,0) + bou(k)),

Znp1(k+1) =201 (k)+
h(_ﬁo(n+1)fal(e)an+la 5))7

3)

e 2y (k). -, 20 (k) HESOTE S K %1% 545 IR
BIETHE, 2,41 (k) NESOTE S LI 2% R G5 H3h
s THE, RS TR Ze = 21 — y, KA TRIREU
m“%&ﬁ/‘]ﬂ:{ﬁj\i%, ,601, to ,ﬁo(n_,_l), Ay, ,an+1i@y\:{
TS, 25 MM B RS, fal() BECH

le|“sgnee, |e| >4,
fal(e’ a, 5) = e (4)
5ioa le] < 4.
2.3 JERMRE IR Z R B (Nonlinear state error

feedback)

AELRAE IR AR ZE S AT DIOKE BR B o0 28 7 AR 1
ARG 5 L H G S 55 RS I 254k 11
HIRF R, W JE M R AT 1E M & B
2 B H B .

LB RGN0, REGHPRESIRZE T e, = vy —
21, €2 = Vg — Zo. %?%ﬁi%%fi’ﬁﬁfﬁ%”%uo, EIU\%
FHU R 3Fh A

up = Pifal(er,ar,0) + pafal(es,az,6). (D)
H By, B NATHZHL.
ug =P fal(eo, ag,0) + By fal(er, ar, )+
Bafal(es, as, ), dmn)
t
€o :fo e1(7)dr.
:/H:\EPBO’ ﬂl’ /BQ%E‘-U%ZS&
ug = —fhan(ey, ¢ - €9, 73, h3). (1)
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3 DU 3 6 AT 8L A 6] 47 H(Simulations
for attitude control of quadrotor robot)

BEXT NS K Quanser 2y #) A 7 ) DY Jie 3 43 fiké S 56
BE, M 3R O B PRI HIEOR, Rt 7t
AT Z A B ] 1R, {EMATLAB K Simulink T+,
BEAT (5 F A 5.

31 VUje B &% R 4 1Y B 8 (The model for a
quadrotor hovering system)
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Fig. 2 Free-body diagram of 3-DOF hover system
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Table 1 Parameters of the quadrotor robot
(iR L/ E BN KA Hf
ke  BRBEERIGUN A SR R AL

0.0036 N-m/V

kee BRIERIENEIERE —0.0036 N-m/V
ks Loy SAPAE L 0.1188 N/V
Jy TrfihaE s & 0.1104 kg m?
Jp I AmihaE sl 16 & 0.0552 kg - m?
Jr TR BN = 0.0552 kg - m?

1 g OB e LIRS 0.1969 m

3.2 #TF Simulink{iE (Simulations based on simu-
link)
¥ = eH B2 DU e B AL e RS0 5 A I AR
FE3/NIETE, U AR 202 AR ] G B4 i s

i Y
‘ R
BRILY e B U y
Wl p i b
pm— i m@iE ADRC Pt Un v,
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@i ADRC |2 Us Ve
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A T

3 EAEFEHINER
Fig. 3 Block diagram of the controlled system
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FN0.1 HzBIJ7 A5 5. 3Rl 85 1 LS E 3R 2
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% 2 12 % #ADRCH A A4
Table 2 Simulation parameters of type I ADRC

iHiE TD ESO NLSEF

h=0.02, a1=0.75,0a2=0.5,a3=0.25, &=1,
il ro=2,  §=0.006, h=0.004, bp=0.06, a1=0.5,a2=0.05,
h2=0.02 Bp1=30, Bo2=300, Bo3=1000 B1=300, 2=180

h=0.02, a1=0.75,a2=0.5,a3=0.25, §=3,
i ro=2,  §=0.006, h=0.004, bp=0.9,
h2=0.02 Bp1=30, Bo2=300, Bo3=1000 B1=150, S2=120

a1=0.5, a2=0.05,

h=0.02, a1=0.75,a2=0.5,a3=0.25, §=3,
B ro=2,  §=0.006, h=0.004, bg=0.9,
ho=0.02 (01=30, £02=300, 893=1000 B1=150, B2=120

a1=0.5, a2=0.05,
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Table 3 Simulation parameters of type I ADRC

HiE TD ESO NLSEF
6=1,a0=-0.6,
h=0.02, a1=0.75,a2=0.5, a3=0.25,
. a1=0.6, ax=1.2,
it ro=2,  6=0.006, h=0.004, bo=0.06,
Bo=30, B1=80,

h2=0.02 Bp1=30, 802=300, Bo3=1000

2=

6=1,a0=—0.6,
h=0.02, a1=0.75, a2=0.5, a3=0.25,
a1=0.6, a2=1.2,

N ro=2,  6=0.006, h=0.004, bg=0.9,
Bo=T70, B1=90,

h2=0.02 Bo1=24, B02=192, Bo3=512
B2=90

6=1, ap=—0.6,
h=0.02, a1=0.75,a2=0.5, a3=0.25,
a1=0.6, as=1.2,

B ro=2,  §=0.006, h=0.004, bp=0.9,
Bo=T70, B1=90,

h2=0.02 Bo1=24, B02=192, Bo3=512
B2=90

& 4 IIA % #ADRCH A A3
Table 4 Simulation parameters of type III ADRC

i#@E  TD ESO NLSEF

h=0.02, a1=0.75,as=0.5,a3=0.25, ¢=6,
Rl r9=2,  6=0.006, h=0.004, bp=0.1, r3=6,
ho=0.02 By1=45, Bo2=675, Bo3=3375 h3=0.03

h=0.02, a1=0.75,a9=0.5,a3=0.25, c=3,
0 =2,  §=0.006, h=0.004, bp=0.9, r3=4,
ho=0.02 [y1=45, Bo2=675, B93=3375 h3=0.04

h=0.02, a1=0.75,a2=0.5,a3=0.25, c¢=3,
W ro=2,  §=0.006, h=0.004,bp=0.9, r3=4,
ho=0.02 [y1=45, Bo2=675, B93=3375 h3=0.04
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Fig. 4 Simulation results of type Il ADRC
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Fig. 5 Simulation results of type Il ADRC
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Fig. 6 Simulation results of type III ADRC

FH BEl4—6m] i, 3F4 g B Y [ s il 2% 38 mT LA
VU e 36 R G 1) A5 A s b BRI w7 2 e e, HL
TCHBIA. R, XTI B i ADRCE 248, A
A DA R R R A 0

1) cHUE-K, SR,

2) ra BUHMOK, RGLHRE ML

3) ha BN, RGRGEME 22T

4 DU jie R/ K AT & & 1 SC I 9% #l (Real-time

attitude control of the quadrotor robot)
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Fig. 7 3-Dof quadrotor hover plant

RGHIVIERIRA IR0, PN 18] 940 s. B>
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Table 5 Real-time control parameters of type I ADRC

WiE  TD ESO NLSEF
h=0.01, a1=1,a2=0.5,a3=0.25, 6=0.08,
AT ro=2,  6=0.004, h=0.0015, bp=0.008, a1=0.5,a2=0.2,

ho=0.01 Bp1=54, B02=972, B03=5832 [1=250, 2=120

h=0.01, a1=1,a2=0.5,a3=0.25, 6=0.08,
M ro=2,  6=0.004, h=0.0015, bo=0.005, a1=0.5,a2=0.2,
ho=0.01 Bo1=36, Bo2a=432, Bos=1728 B1=200, B2=110

h=0.01, a1=1,a2=0.5, a3=0.25, 6=0.08,
W ro=2,  6=0.004, h=0.0015, bp=0.005, a1=0.5, as=0.2,
ho=0.01 Bp1=36, Bo2=432, Bo3=1728 [1=200, 2=110

% 6 IR B #ADRCS: B 45 4] 54k
Table 6 Real-time control parameters of type I ADRC

iHiE TD ESO NLSEF

6=0.08, ap=0.1,
a1=1, a2=0.5, a3=0.25,
a1=0.5,a2=0.2,

6=0.004, h=0.0015, bp=0.008,
Bo=15, B1=250,

B2=120

h=0.01,
Pt ro=2,
ho=0.01 Bo1=54, Bo2=972, Bos=5832

6=0.08, ap=0.1,
a1=1,a2=0.5, a3=0.25,
a1=0.5, a2=0.2,

6=0.004, h=0.0015, bp=0.005,
Bo=25, $1=200,

Ba=110

h=0.01,
PRHO ro=2,
ho=0.01 Bp1=36, Bo2=432, Bo3=1728

6=0.08, ap=0.1,
a1=1,a2=0.5, a3=0.25,
a1=0.5, a2=0.2,

§=0.004, h=0.0015, bo=0.005,
Bo=25, 81=200,

B2=110

h=0.01,
R ro=2,
ho=0.01 Bp1=36, Bo2=432, Bo3=1728

A& 7 IIA % # ADRCS: it 45 % 54
Table 7 Real-time control parameters of type

III ADRC
#EiE TD ESO NLSEF
h=0.01, a1=1,a2=0.5,a3=0.25, c=T70,
Wi ro=4,  6=0.004, h=0.0015, bg=0.008, r3=80,
ho=0.01 Bp1=42, Bo2=588, B93=2744 h3=0.001
h=0.01, a1=1,as=0.5,a3=0.25, ¢=100,
N ro=4,  §=0.004, h=0.0015, bg=0.003, r3=70,
ho=0.01 B01=30, By2=300, Bp3=1000 h3=0.001
h=0.01, a1=1,as=0.5,a3=0.25, =100,
W ro=4,  6=0.004, h=0.0015, bg=0.003, r3=T70,
he=0.01 B01=30, By2=300, Bo3=1000  h3=0.01

p/(®
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/-f—|
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=

SERS I E / s

_—— zy —Y

Kl 8 T2 B ADRCHE I T il A il 2k &
Fig. 8 Yaw angle response under type I ADRC
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Fig. 9 Pitch angle response under type I ADRC
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Fig. 10 Roll angle response under type I ADRC
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Fig. 11 Yaw angle response under type I ADRC
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Fig. 12 Pitch angle response under type Il ADRC
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Fig. 13 Roll angle response under type Il ADRC
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Fig. 14 Yaw angle response under type III ADRC
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Fig. 15 Pitch angle response under type III ADRC
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HH 8- 16T 01, 3FH BT R A FTaidz il sy ml LA
VU i 38 2 208 ) S5y RO R b 2 2R AL R B
1, PRBL T 2 H AR RS E H 1 e 7). A T
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Table 8 Dynamic performance index of three kinds of
controllers in real-time control

it %Y %Y
PR O R WL D RE R IR R

Ta/s 0.444 0.600 0.604 0.387 0.449 0.442 0.737 1.224 1.208
T:/s 1.110 1.454 1.374 0.756 0.922 0.817 1.631 2.603 2.452
To/s 2.787 2.858 2.760 2.027 1.877 1.685 2.306 3.425 3.393
Ti/s 1.736 2.128 1.894 1.327 1.387 1.228 1.992 9.370 7.717
o/% 2.002 2.393 3.125 1.270 4.199 2.002 2.734 5.322 5.322

EEE

3Pz SRS (B YEREFR AR, WIRS TR, K8,
T NFEIR I A T oA FhAa] T, AR 18] L T, oM
VTSR] o Al &, IER AN T 1.5 sBL R BT
P3SN T3 s, FRAMAARTL T F bl d PRI . [T, 78
W B A B R RA R LT, 3R B B B Pl
H) 2%t BE B A A R A 42 1) S50CER, A /N 1R R X
HN1.27%, e KR N5.32%, X I T #6852
BA—mawkt.

o 3T B R [ Ui ) S e A B AR
T, TR IR ) 98 207 — 28 ) ZEIRI 8]/ 1-0.7 s A
K EFHEF NS s, BABEEACNA% A, NS
BT AR SRR R SR, TR 28 o i — &

AR, AR SCRT B B AT 88 R AT B ROk AL &
ADRCHE 7%, WIRPUER AT 8 LA LA,

TR B HADRCH il 8% LU S & n AT 28 B 0EAT
NEE %, TR B B ADRC 2 2% ELAEE A5 fnSnt
VYo 3 3 AT 44 3, T 25 B ADRCH% il 28 il T3
SN D, HAEIE.

SRR, 3P U B i fi g Y e kAT
AT SEI ], BT 74 N U
5 Z5i(Conclusion)

AT AR LI 14 (1) DY Jie 387 SR Bh R e,
Wt 7 3MEEC | it sl g 5T B S
Here 2ns, PIH T4 NI B R A e i 45
BRI, 11 8 S8 E Praifss il 2% 10 4% RS B e,
T2 428 oh1) 25 1T 2 500 779 M R I, T LR 42 o) 2% P
SN T TR AT 478 1) 48 2 B). SRSk 336, ST B
Wit ByiiEslss BA T ittae s, foeistlne
JIEECA S AR i & R AARRRE TP 5.
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