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Attitude control of tandem rotor helicopter based on
cascade active disturbance rejection control

CHEN Zeng-giang’, LI Yi, | YUAN Zhu-zhi |, SUN Ming-wei, LIU Zhong-xin, SUN Qing-lin

(Department of Automation, College of Computer and Control Engineering, Nankai University, Tianjin 300071, China)

Abstract: Active disturbance rejection control (ADRC) technique is applied to control the attitudes of a kind of heli-
copter. In order to guarantee the attitudes of a tandem rotor helicopter as we desired, a series of cascade ADRC controllers
are designed. After adjusting the parameters, we obtain the numerical simulation results based on ADRC strategy which
shows a better performance than linear quadratic regulator (LQR) method. Furthermore, real-time control experiments are
carried out. Satisfactory experimental results indicate that the cascade ADRC is better than LQR scheme not only in meet-
ing the control accuracy requirement but also in achieving rapid and effective response for the nonlinear coupled systems.
In addition, the ADRC controller has strong robustness and insensitivity to perturbations.

Key words: active disturbance rejection control (ADRC); cascade control; extended state observer; tandem rotor heli-
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SRR SR TR AR A F R OMD R i —
REREH RS RITHE GRS B, I A 2
T = B HERSEEI O AN, U TR
T B HIROR. NS K HR /R AR EE TR 2% )Malgorzata
S. ZywnoZ#5% I F 28 S BR324 OV AT T
BEEHIMER. LR RFENESRFEAFHT
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&, FiRiEHIE REEE T X REE A B AR SN
FERIE OL T T v S, TS fs B ANLR S,
RATEHRZ 2N EIRE . PR SN TINES
FRAN & R 28 B, 38 R Be A S K3 T 94,
S D AR SE I R R

AL GEEI BPIESS BRIEHIEAR, T
JERUEHIE, Wit T BB R B 2 B ik
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2 BHiiEHIgSHZEA R (The principle of

ADRC controller)

H PP s 25 B ER BER U 2 2% (tracking differentia-
tor, TD). §~ 7K IR 2 W M #%(extended state observer,
ESO)FIHE & MR &R Z & 15t (nonlinear state error
feedback, NLSEF) 33843 41 it W1 B 157 7, M 2 AE
FIFR A B BPIIEHIEE.

B 1 BhitiEhEs Ak
Fig. 1 Block diagram of ADRC

2.1  PREFBHST28 (Tracking differentiator)

EREFS 28 IVE R N RGN Lt I A2,
RRAR 26H FRAG 5 UG SR ES. DA
RG], — PR RIS I St ER R
SREET:

U1 = Vg,
. , (1)
{v2 = —1.76 Rvy — R*(v; — v),
Hrp: o HRING S, RAREIRERISHIZSHL.

KA BB, WA SE Mo, — v, vy — 0. FF
H, o A E RS, o4 ][RI SEELED.
2.2 FHRRAEW N ES (Extended state observer)

P ARSI S T LA v R GEHPRS A EPLS].
Hrp, Bz R RS B SR E (AT
RGNS OM RS VER. BESOMTH ik
RIS R AME BRI A 2, BT DM ORI AEZ
RGN BN 2 B AR RS, _LiRE)
SAGTHHME BRI BOR, B2 AP HEoR
BA%OBR.

—FELLTE M ESORIEI T
21 = 29 — Poifal(e, ay, d),

2o = 23 — Poaofal(e, az, 9),

: 2)
Zn = Zna1 — Ponfal(e, an, §) + bou(t),

Zny1 = —ﬁo(nﬂ)fal(@, Ant1, 5)a

o Bor ~ ﬁO(n—i—l)’ ayp ~ an+1i’8ﬂqﬂi}3ﬁi7§§ﬁ, 204
MBI EHCEE, fal () BRECA

le|*sgne, |e] > 4,
fal(ea a, 5) = e (3)
ST’ le| < 6.
2.3 JERHIRA A ZE KB (Nonlinear state error

feedback)
MRS R ZE R BRI JE Ltk 5K, K TD
PR R 5 KA E 5 SESOftitH M R 4t
FPRSHATIE YA &, DERR RE R AT E.
LZBr RGN, RERPRTIRZEZIRe, = v — 21,
€9 = Vg — Z9. %?%iﬂﬁ%)i’fﬁ?i‘rﬁﬂ%uo, Eﬂ%%ﬂ%ﬂﬂ
Tz
up = pifal(er, a1, 6) + Pofal(ez, a,0), (4

Hr gy, B ATTRSEL.
ARG B A B BB THE 25 MBS
YUE:
Z3
U =1uy — 7, (5)
bo
HAT S b AP EAMETRITH) “HMER T
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3 B%E P ESE S S KB TH(Cascade
ADRC controller design)
BEXF N K Quanser A &) 42 7= A F1 X EH FHHLEE
R E, ERPTR, 64 M A HE AR B
FEHRIBOR, B 5T H LA ) .

T = T

K 2 YIAXREET ISR &

Fig. 2 Tandem rotor helicopter plant

3.1 A5 R E I LR 5K B (Tandem
rotor helicopter model)
ZHHEETHRSE TR E, w3
F.

K 3 =HHEETHASS R EE
Fig. 3 Free-body diagram of 3-DOF helicopter
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(6a)

( (LyM,, — 2L, M;)g
T = —
YT MG L2 4 2ML2 + 2M L2’
L.K;
- 6b
T oML + M, L2 (6b)
1K
SRV

Hdr: MR, p AIRIA, NAATFEA, v, 2351
HPEHIET . EWA e R R, KRR S H
RI1PR.

&1 Z%BH

Table 1 Parameters of the tandem rotor helicopter

(s X Ko AR

Ly TR RN EE A R B 0.470 m
L. 1TEHBEAPATIEEE  0.660 m
Ly AT 2] e 3 ) B 0.178 m

My [V e 9)5ie 1.87 kg
M BUBEE IR R 0.575 kg
M, JETEEIRS ) BT 0.575 kg
My B 1.15 kg
K RN T R E 0.1188 N/V
g T B A 9.81  m/s?

3.2 ADRCZEZAFEH|#(ADRC attitude controller)
= 8 B EPF KBTI AR AT
ZAVEE, RSB HEE i E 45w
RERS RO T IZMER, 7IE

g€ ="U, (7a)
p="Us, (7b)
\=Tip, (7Tc)

For s i e 32 A 1Y) P S S R DA T T R A i,
= ®)Frs:

Uy | T2 T2
Us B T3 —T3

XoF 3 (7a) (RIBURHE 1E ) B FH — N 38—y ADRCHS il
25, BRUEHIE UL, W] DU} A edh 2% e 1E.
M= (7b) 5 (7¢) BARTT LB VESA— MRIKB) R 4L,
SR 5 TN A R R ADRC SR X Hgk AT 3541, 3#E—2,
(AT LAKS

”f] . ®)

Up

€=U, (9a)
A=A, (9b)
}\2 = T1p1, (9¢)
p1 = pa, (9d)
p2 = Us. (%e)

2 (9b)—(9e) A AR R RIS R G — B 7 R L. X
FTROb)—FrFREE, ATHAAN RS R, N H 2
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Uy, Uy, T e (10) BRI AT SR A5 %0\ 21 BB ) 2 SE 8 )
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HU,, BRI LM% T R HPRS B po IR EE L 30(9d) F v _ |2 T U, (10)
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‘ giuininints ininieinietuty B -
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A S (/20 (Ao SN 5
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a1 L !
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BE () | - i

4 HEASTEHINER

Fig. 4 Block diagram of the controlled system

4 HIAHL RITEESEH P E (Simulation of
attitude control for helicopter)

A AEFHEK R LR B b w87
MATLABI]Simulink  #£4T B L4 25 i 017 B 452
i, I HLQRIFVEBAT X L3 4.

RGNl x0 = [—30°,—4°,30°,3(°)/s, —6(°)/s,
20(°)/s), P EITE] 60 s. WHURHETE 152 E 0 : TR
fE430°, $5#50.03 Hz [ 7 A5 5 ATFEEE 1%
SEAELA: WRAEL A 90°, H 240.03 Hz [ 75 35 5 4%
HlE NS S B PRIE R 424 V. $ BB E 1 B$T
RO ES IR 2 -3 PR, BAEHITE
SR MBS RRIZ N BOEE, B NLQRITVE
PIR LR, L8 ADRCHI R 45 A B 6 PRz
AR thk.

& 2 M4+8:8 ADRCAF A 5%
Table 2 Simulation parameters of the elevation
channel under the ADRC controller
NLSEF

TD ESO

bo = 0.4, 6 = 0.006

a1 = 0.75, ag = 0.5
0.25. 3 150 a1 = 0.5, ag = 0.05
a3z = 0.25, =
3 01 81 = 200, B2 = 100
Bo2 = 7500, Boz = 125000

6=1
R=2

A& 3 A 47428 E # HADRCAy A -4
Table 3 Simulation parameters of the pitch
and travel channel under

the ADRC controller
FhlE: TD ESO NLSEF
bo = 0.4 =200
ADRCI 0 > Por B =3
R=1 §=05, By2 = 1300
(A1 < A2) a1 =05,6=5
a1 = 0.5, ag =0.25
bo = 0.4 =200
ADRCI 0 > o B =3
A ) — 0 =25, Bp2 = 1300 05.6=5
— a1 = 0. =
2o n a1 =05, ag =025 ’
bo = 0.2 =200
ADRCI 0 > Por B, = 20
—  §=1, Boz = 1000
(p1 < p2) a1=01,6=5

a1 = 0.5, ap = 0.85

bo = 0.2, o1 = 200
ADRCI g ., ﬁ;ﬁ o oy =200
- P2e a1 =01,8=5

U
(p2 = U2) a1 = 0.5, ag = 0.85

R/ (°)

P EAZ B[] / s
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Fig. 5 Simulation results of ADRC and LQR control
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Fig. 6 Simulation control inputs of ADRC and LQR control

IS 40, 7% AN a 451 T, LQRITVE &
SRBEMS AR A AT RE AR R R IR L 45 e i 2k,
B2 RIR K. BERERER 2, LQRITVATE MR YL AfrAm
A SO IRYME TP LA B B8 fH AR 1 ) L, HA= o]
MRIFEABME TR RSP, M AEERET
T £100°, X BARABELRIE B AN IE H A %AT,
AR ] Re 1 LB N T2 B 5 SR SR, AR SOk
THIZ JLADRC K 5 ¢ ADRCIR & # Hll 28 MY REAL
1BRE A AT RE AR D PR R BT 2 e fE, I B
TCAB Y, A A BE AR AR FEAE£30° I, X FEARUE T
BHIHL VAT 22 2.

5 B RAT E &K SE I 2 $] (Real-time
attitude control)

FEAT EL LI UG RUF SR INTE DU, 4REEKH]

IR P ) SR G A K XUE LS
e BT LA B LI .

SEIG % B AT # RS, WER2FTR, RGN
P3G AT FEE TE RIS AE I A 0°, T B4R 18 T8 1)
WILRIE A —27.5°, 0 [R] 480 s. BUAE i 1% &
184 TRAE A8, $HR 40.03 Hz I 5 5 5 4T FEH
T8 1) WE B A : TR A 180°, HH#E 240.03 Hz K J7
55, AR A T R PRI R 45°; NG SRR
Wk 24 V (FESEIHE S, 75 S8 5 e 3 7 g
%, RIURA] Ge ik S 2 i v s AU

St O R o R AW aRE BT 2
—15°J&, ITREM MW EEA FFIR VI, XA B
A2k T RiEEH CWLRATIEE AR, 5 IR HT /S e
B RN AR AL, T kAl B 5 T, 5 S
(R 4 OB TE T v (1) B PUPises il 2% 0 S22
SHUNRA-SP7R, L35 SEh 42 ) 45 R an B 7P
7~ RRIE A LQRIT % € 1H, K 2k 4 ADRCJ7 2%
W B H, BB 26 NLQRJT V5 S I 448 1l 45 2R, sk b
ADRCSE #4145 5. B8 A 943 71 W LQRAN 5 4%
ADRCF 48 Bzl & £k,

* 4 #4818 ADRC 52 i35 4] 2 4
Table 4 Experimental parameters of the elevation
channel under the ADRC controller

TD ESO NLSEF
bo = 4, & = 0.006
o oo 5 =0.05
Re1 a1 =0.7, ag = 0. 01 =05, ay=08
a3 = 0.7, Bo1 =75
B1=>50, B2=280

Bo2 =1875, Bp3=15625

&S AR ATA2EE # HADRC 5 B2 4] 54
Table 5 Experimental parameters of the pitch and
travel channel under the ADRC controller

BHIg:  TD ESO NLSEF
bo = 0.4, Bo1 = 80
ADRCI 0 > Por B =2
R=2 6=2, fo2=130
(A1 < X2) a1 =04, =5
a1 = 0.5, ap =0.85
bo = 0.4, Bo1 = 80
ADRCI 0 > Por B =2
o) y T 972 Poz=130 04,6 =5
— a1 = U. =
2o a1 =05, ag =085 ’
bo = 0.2, Bo1 = 800
ADRCI 0 » Pou B1 = 10
( ;T 5=2 Poz = 1000 01 5
— a1 = 0. =
prep2 a1 =05, ay =085 1 ’
bo = 0.2, Bo1 = 800
ADRCI 0 > Pou 51 =30
— 6 =2, B2 = 1000
(p2 « U2) a3 =01,6=5

a1 = 0.5, ap = 0.85
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Fig. 7 Experiment results of ADRC and LQR control
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Fig. 8 Real-time control inputs of LQR control
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Fig. 9 Real-time control inputs of ADRC control
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6 45 (Conclusions)
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