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Control with dynamic output-observer-feedback and
stable transmission-zero compensator
BAO Wei, KONG Hui-fang, ZHANG Chong-wei

(School of Electrical Engineering and Automation, Hefei University of Technology, Hefei Anhui 230009, China)

Abstract: When a controlled system does not satisfy the sufficient conditions for dynamic output-observer-feedback

control, we propose compensating the stable transmission-zero by connecting a cascade compensator to the controlled

system. This configuration ensures the realization of dynamic output-observer-feedback control, and improves the robust

stability of the closed-loop system. Experiment results show that the robust stability of dynamic output-observer-feedback

control with a stable transmission-zero compensator is better than that with the full-order state-observer when the parame-

ters of controlled system are perturbed.
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1 (Introduction)

[1].

,
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,

.

, ,

.

, [1,2].

[3] 3 :

1) z(t) ⇒ Tx(t)

TA − FT = LC. (1)

2)

TB = 0. (2)

3) (1) ,

Kx(t)(K )

K =
[
Kz Ky

] [
T

C

]
� K̄C̄. (3)

, TB = 0.

,

ż=Fz+Ly+TBu, x̂ = T−1z,

1 .

1

Fig. 1 Structure of full order state observer
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T , TB

�= 0.

(1) (2) [4∼6],

z(t) Tx(t)
. [2,7,8]

(1) (2) ,

.

:

ẋ1(t) = A1x1(t) + B1u(t), y1(t) = C1x1(t),

: A1, B1 C1 n1 × n1, n1 × p1

m1 × n1,

2 .

2

Fig. 2 Structure of dynamic output observer feedback control

ż(t) = Fz(t) + Ly1(t), (4)

Kx1(t) = Kzz(t) + Kyy1(t), (5)

1 G(s =

z0) z0,

[
zI − A B

C 0

]

z [3].

2 G(s =
z0) = 0 z0,

[3].

, (1) (2)
[3]:

1) m1 > p1;

2) m1 � p1 ,

, .

,

,

. 1) 2)

, ,

m1 � p1 ,

.

2
(Dynamic output observer

feedback control based on stable transmis-

sion zero compensator)
2.1

(Conception and conclusion of stable transmis-

sion zero compensator)
m1 � p1

,

, 2

.

3 .

3

Fig. 3 Connection between the transmission zero

compensator and the controlled system

1 3 ,

, z0 G2(s)
,

.

1) z0 .

z0 II , 2

G2(z0) = 0, (6)

3

G(s) = G1(s)G2(s), (7)

G(z0) = G1(z0)G2(z0) = 0, (8)

z0 .

2) 3

.

, z0

, .

ẋ = Ax + Bu, (9)

y = Cx, (10)

A, B C (n1 + n2) × (n1 + n2),

(n1 +n2)× p2 m1 × (n1 +n2), n2 p2
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.

, z0

[
zI − A B

C 0

]
,

x = a0,

x

[
z0I − A B

C 0

]
= 0 (11)

. a0 (n1 + n2) t0

m1 l0, (11) [3]

[
t0 l0

] [
z0I − A B

C 0

]
= 0. (12)

(12)

z0t0 − t0A + l0C = 0 (13)

t0B = 0. (14)

(13) (14) , F = z0, t0

l0 TA − FT = LC TB = 0 F = z0

T L . z0 F

, z0 , z0

. ,

TA − FT = LC TB = 0
,

{F, T, L} = {z0, t0, l0}. (15)

,
[3]

Ky Kz.

, z0 G2(s)
,

.

4 . .

4

Fig. 4 Connection between the transmission zero

compensator and the controlled system

zi

(i = 1, · · · , r),

λF = zi(i = 1, · · · , r), zi ti li,

F = diag{z1, · · · , zr}, T =

⎡
⎢⎣

t1
...

tr

⎤
⎥⎦ , L =

⎡
⎢⎣

l1
...

lr

⎤
⎥⎦ .

2.2 (Design rules of

transmission-zero compensator)
,

:

1)

, .

2)

, .

(15) ,

F , F ,

, F ,

.

3)

.

,

.

,

, .

4)

.

,

.

5) .

,

.

3 (Example and analysis)
3.1 (Example)

ẋ1 = A1x1 + B1u1, (16)

y1 = C1x1, (17)

:

A1 =

[
2 0
0 1

]
, B1 =

[
1 2
1 2

]
, C1 =

[
1 0
1 2

]
.

,

.
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3.2
(Dynamic output observer feedback con-

trol based on stable transmission zero compen-

sator)

G1(s)=

⎡
⎢⎢⎣

1
s − 2

2
s − 2

3(s−1.667)
(s−1)(s−2)

6(s−1.667)
(s−1)(s−2)

⎤
⎥⎥⎦ . (18)

,

( : 1.667 ),

.

,

:

ẋ2 = A2x2 + B2u2, (19)

y2 = C2x2 + D2u2, (20)

:

A2 = 0, B2 = [1 1],

C2 =

[
1
1

]
, D2 =

[
1 1
1 1

]
.

G(s) =⎡
⎢⎢⎣

3(s + 1)
s(s − 2)

3(s + 1)
s(s − 2)

9(s − 1.667)(s + 1)
s(s − 1)(s − 2)

9(s − 1.667)(s + 1)
s(s − 1)(s − 2)

⎤
⎥⎥⎦ .

.

,

z = −1,

.

(−2,−3,

−4), [3,7∼10] (1)∼(3).

4

:

F = −1, T = [3 − 10], L = [−3 0],⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

Ky =

[
26.6575 −7.4971
−7.6631 2.4989

]
,

Kz =

[
0.8328
−0.1664

]
.

3.3 (Full order state

observer feedback control)
, 1

.

λF
1 = −1 λF

1 = −2. [1]

F =

[
0 1

−2 −3

]
, L =

[
1 0
0 1

]
,

T =

[
1/2 1/3
0 1/3

]
.

3.4 (Simulation and analysis)
,

,

A1,

.

, A1 10%, 20%,

30%, 40% 50%. 5∼ 7

.

5∼ 7 ,

, TB = 0,

,

A1 50%,

, TB = 0 .

(a) 100%A1

(b) 90%A1

5 100% 90%A1

Fig. 5 Step response with 100%A1 and 90%A1
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(a) 80%A1

(b) 70%A1

6 80% 70%A1

Fig. 6 Step response with 80%A1 and 70%A1

(a) 60%A1

(b) 50%A1

7 60% 50%A1

Fig. 7 Step response with 60%A1 and 50%A1

, A1 2 , 4 50 ,

8 9 .

TB = 0,

.

8(b) , A1 2% ,

, A1 4%

, 9(a). 9(b) A1 50%

.

(a) 100%A1

(b) 98%A1

8 100% 98%A1

Fig. 8 Step response with 100%A1 and 98%A1

(a) 96%A1

(b) 50%A1

9 96% 50%A1

Fig. 9 Step response with 96%A1 and 50%A1
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4 (Conclusion)
m1 � p1

, .

,

,

, .

, , .

,

.
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