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Design of active disturbance-rejection controller for
photoelectric tracking system on moving bed
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Abstract: To meet the requirements of strong disturbance-rejection and fast response in tracking moving targets for
photoelectric tracking system on the moving bed, we design an active disturbance-rejection controller (ADRC). After in-
vestigating the closed-loop bandwidth, we rebuild the structure of ADRC to ensure a wider bandwidth. An extended state
observer (ESO) is designed to observe disturbances and compensate them. Restrictions on robust stability of ESO are
analyzed. Compared with the PI controller, ADRC show better tracking and disturbance-rejection capabilities in exper-
imental results. Particularly, the steady-state tracking error for step-input signal is less than half of that of PI, and the
disturbance-rejection ratio is improved by 6 db around 2 Hz.
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2 (Experimental sys-
tem and controller design)

2.1 (Introduction of the experimen-
tal system)
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Fig. 1 Structure of experimental platform

Gp(s) =
ω(s)
u(s)

=
2.8(4.788 × 10−7s2 + 3.46 × 10−5s + 1)

(0.0053s + 1)(0.0318s + 1)(4.398 × 10−7s2 + 2.653 × 10−5s + 1)
e−0.0011s, (1)

: ω , u .

2.2 (Design of ADRC)

, (1)

Gn(s) =
ω(s)
u(s)

=
2.8

0.0318s + 1
. (2)

, (2)
,

, :
·
ω = b0u + f0 + f, (3)

: ω , u , b0 = 88.05, f0 =
−31.45ω, f .

2.2.1 (Extended state observer)

(ESO), .
( (DOB)

(UIO)) , ESO
[11−12]. [12]

, (ESO):⎧⎪⎨
⎪⎩

e = z1 − y,
·

z1 = z2 − β01e + f0 + b0u,
·

z2 = −β02e,

(4)

: z1, z2 ω f ; y

; e ; β01, β02 ,
s2 + β01s + β02 = (s + ω0)2; ω0

. ,
:

Gp(s) = Gn(s)(1 + Δ(s)), (5)

:

Δ(s) =
(4.788 × 10−7s2 + 3.46 × 10−5s + 1)

(0.0053s + 1)(4.398 × 10−7s2 + 2.653 × 10−5s + 1)
e−0.0011s − 1.

(DOB) [10].

T (s) = Q(s) =
ω2

0

(s + ω0)
2 . (6)

‖ T (s)Δ(s)‖∞ � 1. (7)

, ω0

2 .
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Fig. 2 Robustness constraints of ESO

ω0 = 20 Hz , ,

,

ω0 = 20 rad/s = 3.18Hz.

2.2.2 (Error feedback and
disturbance decoupling)

[6] :⎧⎨
⎩

e1 = ω∗ − z1,

u = f(e1) − z2

b0
,

(8)

: ω∗ , f(e1) .

(8), .
f(e1) . [6]

, , .
, ,
–3 dB , .
,

, . ,
,

, f(e1)
:

f(e1) = Kpe1 + Ki

�
e1dt. (9)

3 . :

Kp = 2, Ki = 80.

15.5 dB, 41.2 ◦.

3

Fig. 3 Bode diagram of open-loop transfer function

ADRC ,
PI . ,

. 4
.

4

Fig. 4 Bode diagram of closed-loop transfer function

3 (Experiments of
step response and platform disturbances)

3.1 (Experiment of step response)

, :
50 (◦)/s, PI ADRC

. 5 .

,
, 0.05 s .

, 1 .

1 , ADRC
PI 50% .

, , ADRC
, PI ,
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5

Fig. 5 Step response of speed

1
Table 1 Errors of two algorithms

mean(err) std(err) mean(abs(err)) std(abs(err))

PI 0.6838 2.7147 1.7510 2.1836
ADRC 0.0815 1.3053 0.8622 0.9829

1 1 : mean(err) , std(err)

, abs(err) ,

(◦)/s.

3.2 (Experiment of platform distur-
bances)

1 V, 0.2∼200 Hz
,

. 6 .

6

Fig. 6 Bode diagram of disturbance rejection
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4 (Conclusions)
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