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Abstract

In a linear active disturbance rejection con-
trol (LADRC)[1] theory, this study proposes
an approach to determining the control low
based on the linear quadratic regulator (LQR)
method[2] for a non�minimum phase (NMP)
plant. The stability of the whole closed�loop
control system is evaluated using the Routh�
Hurwitz stability criterion. The e�ectiveness of
the proposed method is con�rmed by perform-
ing numerical simulations and comparing their
results with those of the conventional I�PD con-
trol. In addition, the proposed LADRC with
an LQR is con�rmed to demonstrate a perfor-
mance that is approximately the same as that
of the conventional LADRC.

Block diagrams

Fig.1 LADRC system

Fig.2 I�PD system with a state observer

Stability analysis

Fig.3 Stable and unstable area search result[3]

Simulation setups
Table 1 Parameters of the proposed LADRC (Case 1)

Variable meaning Value

Observer bandwidth ωo 103

Weight matrix Q diag(0, 1.0, 104)
Weight coe�cient R 10
Controller gain kd 120.3185
Controller gain kp 31.6228
Scaling factor b0 104

Table 2 Parameters of the I�PD control system

Variable meaning Value

Weight matrix Q̃ diag(1.0, 1.0, 1.0)
Weight coe�cient R̃ 1.0
State�feedback gain kpd [0.3595 0.5616]
Integral gain ki 1.0

Observer gain vector L̃ [0.3821 −0.4270]T

Table 3 Parameters of the proposed LADRC (Case 2)

Variable meaning Value

Observer bandwidth ωo 10
Weight matrix Q diag(0, 1.0, 102)
Weight coe�cient R 0.1
Controller gain kd 53.9194
Controller gain kp 31.6228
Scaling factor b0 10

Proposed LADRC with an LQR for a NMP plant

A 2nd order non�minimum phase plant Gp(s) :

Gp(s) =
Y (s)

U(s)
=

b(c− s)

s2 + (a1 + ∆a1)s+ a2 + ∆a2
(1)

The extended state observer (ESO) :

ż(t) = (A−LC)z(t) + Bu(t) + Ly(t) (2)

A =

0 1 0
0 0 1
0 0 0

 ,B = [0 b0 0]T,C = [1 0 0],

L = [β1 β2 β3]T : The ESO gain vector

z(t) = [z1(t) z2(t) z3(t)] : The ESO state vector

The control low :

u(t) =
v(t) − z3(t)

b0
(3a)

v(t) = kp (r(t) − z1(t)) − kdz2(t) − z3(t) (3b)

The approximated transfer function G̃vy(s) between
V (s) and Y (s) :

G̃vy(s) =
n1s+ n2

s2 + d1s
(4)

n1 = − b(β3 − cβ2)

a1b0β2 + a2b0β1 + bcβ3

n2 =
bcβ3

a1b0β2 + a2b0β1 + bcβ3

d1 =
a2b0β2

a1b0β2 + a2b0β1 + bcβ3

The quadratic cost function J :

J =

∫ ∞
0

{
xe(t)

TQxe(t) +Rv(t)2
}
dt (5)

The optimal gain vector Ke :

Ke = R−1BT
e S (6)

Be : The augmented constant vector

S : The solution of the Riccati equation

The Riccati equation :

AT
eS + SAe −RTSBeB

T
e S +Q = 0 (7)

Simulation results

A reference input r(t) is assumed to be a step signal. The step set�point is introduced at t = 10
[s]. The nominal plant parameters for the plant transfer function Gp(s) are a1 = 7, a2 = 10, and
b = c = 1. In this simulation, the performance of the proposed LADRC with the LQR method is
compared with that of an I�PD control and a conventional LADRC method. In the conventional
LADRC, the controller bandwidth ωc is chosen to be ωo/4, i.e., kp = ω2

c , and kd = 2ωc. We verify
the robustness of the plant against modeling errors, as shown in Figs. 4, 5, 6 and 7.

Fig.4 Results of the proposed LADRC (Case 1) Fig.6 Results of the proposed LADRC (Case 2)

Fig.5 Results of the I�PD control Fig.7 Results of the conventional LADRC

Conclusion

This study proposed an approach to designing a controller based on the LQR method for the
non�minimum phase plant. It was veri�ed that the proposed LADRC with the LQR method
exhibited an excellent robustness of the plant with a modeling error compared with that of the
I�PD control. In addition, it was con�rmed that the proposed method can achieve approximately
the same performance as the conventional LADRC.
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