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Abstract: Active disturbance rejection control technique has been widely used, but the analysis on stability and conver-
gence is still the core issue. So based on the second-order nonlinear dynamic systems, this paper constructs the linear active
disturbance rejection controller, and obtains the feasible region of control parameters for the global and asymptotic stability
through theoretical analysis and mathematical proof by means of Lyapunov function method. To be specific, when dynamic
model of plant is given, the control parameters can be chosen arbitrarily from the feasible region as long as the derivative
of disturbance satisfies a Lipschitz condition. When dynamic model of plant is unknown, it is necessary to satisfy another
condition that the second derivative of total disturbance with respect to the input and the external disturbance is equal to ze-
ro. Then the feasible region is presented for different Lipschitz constants, and numerical simulations are carried out which
show the great robustness of active disturbance rejection controller. All of these studies are based on the combination of
extended state observer and the controller.
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35 %

./ (rad-s™)

,/ (rad -s™)
K9 f=f(z1,w), Ly = 0.10, $EHZHwo, we AT

Fig. 9 Feasible region for wo, we when Ly, = 0.1 and

[ = fla1,w)

f = f(ze,w), Ly, =010 ST WE 10

F7s.
IOTI T T
gl i
EE: .
el
£
S 4r 1
S
2k - i
0
0 2 4 6 8 10

,/ (rad - s™)
K10 f = f(z2,w), Ly = 0.1}, #=HilZ4wo, we FT1TI5k
Fig. 10 Feasible region for wo, we when Ly = 0.1 and

[ = flx2,w)

MEIB-10HF i, HF A K HE—EN, RAN
s CAIRE 2, R SHTT R, R4
I, (RS 2o FAAE A S ETAT 18080

T HL, X TAH R PR A 2 B, AR R e 4
TN, I M S EOTATIGE K, RGERE S 6. HT
SE BRI 2 7800 5, R R S B TAT I — €
1) Je3 PR
4.2  SEHl(Example)

BT E LR e R N RIA A

ma = fu(p,v,w) + u, (23)

Hrf: a NINEE, m YRR &, BE T 90k
PIIEET fulflu, B f 268 T Ep, BE oSN
P shw AR R AL, w it H] 7).

Sp=z,Mov=p=2i, a=0=2x 123) 7] LA
i = f(x, o, w) + boulfIFER, by SYIARKI R
K, FHRBZ TR, SR R C AR FTS 43 )
X AR A T 0 ELGAIE.

421 #EXNREKBHEB R A (The dynamic
model of plant is known)

B f = h = 0.25z; + 0.25z, + 10sin ¢t H. £ 40
I, MR E B LT B U s, Hoh i N BOEE
Ar =1 — cos(4t).

FTFE PSR, T by, 21, 2o FIWIE AT
RGN E M, BT LA, € (0,50), 21, 25 € (0,5)
BEATSUCGE IR N, {7 HAE K b = 0.01, 4k Kl4ik
PEHIZE O Nw, = 10, w. = 4, KRGHEHE AR
SR, WTUAVE H, RE RGO, H
AT A E, M H., Ssh f R R R ARZE, R
Gt B 2 ERERVOEAE. T DL E STz A TR 9 Y
B,

0 2 4 6 8
t/s
200 T T T
“ 0 -
,200 1 1 1
0 2 4 6 8
t/s

B 11 B RS R4 B BT e
Fig. 11 Harmonic response of LADRC controller for

second-order nonlinear system

422 HEEX R K3 E R K K(The dynamic
model of plant is unknown)
¥ f = h = 0.0721 + 0.07z, — 0.05 H K &I,
A E 2 BT B Bl s,

Yy/m
S

0 2 4 6 8
t/s
10 T T T
- 0%
,10 1 1 1
0 2 4 6 8
t/s

B 12 Bk R a8 B sz ek b
Fig. 12 Step response of LADRC controller for second—order

nonlinear system

BT, kDb, € (0,50), x1, x5 € (0,5)HE4T
SYRFERm N, R BB K R = 0.001, MR 8k
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BN S W, = 2, w. = 10, RGHHIH AL
B fuEN 2R, oI LUE H, RE KRG AR, (1
A AR RS PRIERBOE (. P DL E Bt i e 8
iX, BAIRRMiiEe

5 Z5#(Conclusions)

BT TP AR IR R, R G QIR
AR, A 2 VR eR BT R0 1 A DU &
Gt kasE TEAS SR Ve, 2 gamot GBI, 2R
SIS T E R A AT, 193] T RGREE N
SHCATATI. 2 SRR R, I RS Peah 1
SO LRI A, BLh(r, 7, w) = O, 7T LA
BRIR G SR B A A O AUE R,
AT AR, AT P RS CAEE E
W, RGUMAE Z iz, B, AR R AZ—
AT AT, BA MRS, SEBRRAT AT AT 48
SR T H R BT5E R R — R IR I &
g, WA LUHE BImPrARLIE R g .
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