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Abstract. In this paper, in order to solve the real-time state value acquisition and external-disturbance problems
faced during the working process of an electro-hydraulic servo system, a sliding mode controller based on dual
observers is designed, which enables the system to effectively acquire the state value and realize better control
accuracy. The method uses a high-gain observer to obtain the system state in real time and then adds a perturba-
tion observer to provide more accurate state and perturbation observations for the sliding mode controller. The
dual observer observes the obtained states and external perturbations and feeds these back to the sliding mode
controller to control the system accurately. Finally, the observation performance of the observers is verified by
comparative simulation, and the proposed control method can improve the control accuracy.

1 Introduction

Electro-hydraulic servo systems are widely used in indus-
trial automation control for various applications such as in
hydraulic robots (Huang et al., 2019; Q. Guo et al., 2015),
vehicle suspension systems (Pan and Sun, 2018), aerospace
(Tang et al. 2021), machine tool tables, ship rudders and
other applications (Nguyen et al. 2021) due to their high con-
trol accuracy, fast response time and high output power. The
electro-hydraulic servo system is a typical non-linear system,
which contains many non-linear characteristics and problems
such as modelling uncertainties and external disturbances.
These problems will make it challenging to improve the con-
trol accuracy of electro-hydraulic servo systems.

To solve the above problems, modern control methods are
applied in electro-hydraulic servo systems, such as adaptive
control (Shen and Shen, 2021; Wos and Dindorf, 2013; Ren
and Gong, 2017; Feng and Yan, 2020; Feng et al., 2022),
backstepping control (Yang et al., 2017; Ji et al., 2021; Kim
et al., 2010), H-∞ control (Q. Guo et al., 2015; Milić et al.,
2010), or sliding mode control (Tang and Zhang, 2011). In
practical engineering scenarios, electro-hydraulic servo sys-
tems need to work with high precision and a fast response
in the face of high rotational accuracy, complex structures,
loads and other external disturbances. Among the many non-

linear control methods, the sliding mode controller mainly
uses its strong robustness to achieve trajectory tracking; ro-
bustness can give the system good control effect in the
cases of non-linearity, modelling uncertainty or being subject
to external disturbances. Therefore, the sliding mode con-
troller is suitable for solving the control problems of electro-
hydraulic servo systems.

In order to integrate modern control methods into electro-
hydraulic servo systems in practical engineering, all state
quantities need to be measured and fed back. However, the
need for multiple sensors for full condition monitoring and
feedback means that the cost of control systems in complex
industrial environments is increased, and the reliability of the
system is reduced. Therefore, considering the complex envi-
ronment of the engineering site, state observers are a reliable
option. In recent years, a variety of state observers have been
used to observe the state values of a system for controller de-
sign. In order to solve the system state value acquisition and
tracking-error problems, Shen et al. (2017) used an ESO (ex-
tended state observer) to realize robust control without ve-
locity and pressure measurements and introduced a finite-
time design method to achieve tracking-error convergence
in finite time. Won et al. (2017) proposed an integral slid-
ing mode control method based on a high-gain observer used
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to estimate the velocity and load pressure and to effectively
feed back to the controller to achieve position tracking. Du et
al. (2021) proposed a high-gain-observer-based output feed-
back integral sliding mode control to solve electro-hydraulic
servo system control problems. Lin et al. (2020) proposed
the use of an adaptive control scheme based on a high-gain
observer to realize state value observations and to perform
adaptive position tracking. Cheng et al. (2020) proposed a
sliding mode state observer to obtain state estimates of veloc-
ity and pressure, and a new second-order sliding mode con-
troller approach was used to control the system to improve
accuracy. Palli et al. (2020) use an adaptive higher-order slid-
ing mode observer to estimate the state of the system, which
improves the speed of convergence of the observation error
and limits the observer gain in the presence of noisy mea-
surements. Due to the presence of external loads and distur-
bances in industrial controls, this leads to system instability
and loss of accuracy. The state observer can only observe the
system state, and even extended observer observations can-
not observe external load and disturbance observations.

Therefore, in industrial sites, there are complex envi-
ronmental disturbances to the system, and it is important
to obtain and compensate for these external disturbances.
K. Guo et al. (2015) proposed a non-linear cascade con-
troller based on an extended-perturbation observer for track-
ing a given signal in the presence of external perturba-
tions and parameter uncertainties. An active-disturbance-
suppression control method was proposed by Nguyen et
al. (2021) to improve the position-tracking performance of
electro-hydraulic drive systems in the presence of paramet-
ric uncertainty, non-parametric uncertainty and external dis-
turbances. Two extended state observers were constructed
by Yao and Deng (2017) to estimate matching uncertainty
and mismatching uncertainty, respectively, and to perform
compensating control in the backstepping controller. Sun et
al. (2018) proposed a non-linear robust motion controller
based on an extended-perturbation observer for observing
and compensating for the disturbance, and the results showed
that the controller has a good transient response. However,
because the design process of the disturbance observer de-
scribed above requires that the state values of the system be
obtained, sensors are used to obtain the status values of the
system; this means an increase in the cost and complexity of
the control system.

Based on the above analysis, the control accuracy of the
electro-hydraulic servo system depends on obtaining the
state value and disturbance value effectively and compensat-
ing for them. This paper uses a high-gain observer and an
interference observer to obtain state values and external dis-
turbance, and a law sliding mode controller is designed based
on the estimated values for real-time compensation control
and improved tracking performance. The double observers
obtain the system state and external disturbances in real time
and feed them back to the controller, which effectively re-
places the function of sensors and reduces the cost and com-

plexity of the actual system. The sliding mode controller is
designed based on observations and taking observation errors
into account. Finally, comparative simulations are presented
to demonstrate the improvement in the control accuracy of
the control method.

2 Modelling of electro-hydraulic servo system

The structure of the electro-hydraulic position servo system
is shown in Fig. 1. According to Newton’s second law, the
force balance equation of the load can be obtained as

DmPL = J θ̈ +Bθ̇ +D, (1)

where J is the rotational inertia of the motor, Dm is the dis-
placement of the hydraulic motor, θ is the angle of rotation
of the valve motor, PL = P1−P2 is the hydraulic-motor load
pressure, P1 and P2 are the hydraulic-motor two-cavity pres-
sure, B is the coefficient of viscous friction, and D is the
external disturbing force.

The hydrodynamic model of the servo valve is non-linear,
there is a mathematical relationship between the output of
the load flow, and the spool displacement can be expressed
as follows:

QL = Cdωxv

√
Ps−PLsgn(xv)

τ
, (2)

where Cd is the servo valve orifice flow coefficient, ω is the
servo valve throttle area gradient, xv is the movement of the
servo valve spool, Ps is the pressure of the fluid, and τ is the
density of the fluid.

The sgn function is defined as

sgn(x)=
{

1 x > 0
−1 x < 0 . (3)

The equation of continuity between the flow of the load and
the flow of the hydraulic oscillating motor is

QL =Dmθ̇ +CtPL+
V

4βe
ṖL, (4)

where Ct is the total leakage coefficient of the hydraulic mo-
tor, V is the total volume of the two chambers connected to
the main pipe, βe is the effective volume elastic modulus, and
q(t) is the time-varying uncertain flow in the servo system.

The servo valve operates at a much higher frequency than
the hydraulic oscillating motor. To simplify the relationship
between the motor and the servo valve, the dynamics of the
servo valve can be simplified to a proportional relationship:

xv = kiu. (5)

Then Eq. (2) can be expressed as

QL =Ktu
√
Ps−PLsgn(u), (6)
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Figure 1. Electro-hydraulic servo system structure diagram.

where Kt = Cdωki
√

1/τ .
To simplify controller design, the system state vari-

able is chosen as follows: x = [ x1 x2 x3 ]
T
=

[ θ θ̇ PL ]
T . According to Eqs. (1)–(6), the state

space form of an electro-hydraulic servo system can be
expressed as follows:

ẋ =

[
ẋ1
ẋ2
ẋ3

]
=

 x2
−
B
J
x2+

Dm
J
x3+D

4βeKt
√
Ps−PLsgn(u)
Vt

−
4βe
Kt

[Dmx2+Ctx3]

 , (7)

y =
[

1 0 0
] x1

x2
x3

 . (8)

According to Eqs. (7)–(8), the system can be written as fol-
lows:

ẋ = Ax+9(x)+G(x,u)+D(t), (9)

y = Cx, (10)

where A=

 0 1 0
0 0 ρ

0 0 0

,9(x)=

 0
f1(x2)
f2(x2,x3)

,

G(x,u)=

 0
0

g(x,u)

,D(t)=

 0
D

0

, C =
[

1 0 0
]
,

x =

 x1
x2
x3

, ρ = Dm
J

.

According to the working principle of the electro-
hydraulic servo system and the characteristics of the system,
the following reasonable assumptions have been made in or-
der to facilitate the controller design.

1. The pressure in each chamber of the hydraulic rotary
motor is equal everywhere.

2. External disturbances are bounded, and D ≤Dmax.

3 Design and stability proof of double observers

3.1 Design of the double observers

The design of controllers in practical engineering requires
the use of real-time data on system state quantities and ex-
ternal disturbances. In order to reduce the cost and improve
the stability of the system, observers were chosen to replace
the function of sensors in the system. In this paper, a high-
gain observer and a disturbance observer are used to observe
the system state and external disturbances, and the obtained
estimates are fed back to the controller in real time.

The observer estimates other state values from the feed-
back provided by the angle of rotation, and the specific high-
gain observer design is

˙̂x =

 0 1 0
0 0 ρ

0 0 0

 x̂1
x̂2
x̂3

+
 0

f1(x̂2)
f2(x̂2, x̂3)


+

 0
0

g(x̂,u)

+
 0
D̂

0

+
 α1

ε
(x1− x̂1)

α2
ε2 (x1− x̂1)
α3
ε3 (x1− x̂1)

 . (11)

The above equation is written in simplified form as follows:

˙̂x = Ax̂+9(x̂)+G(x̂,u)+ D̂(t)+L(x1− x̂1), (12)

where x̂ =
[
x̂1 x̂2 x̂3

]T is the estimate of

state variables, 9(x̂)=
[

0 f1(x̂2) f2(x̂2, x̂3)
]T ;

G(x̂,u)=
[

0 0 g(x̂,u)
]T ; and D̂(t)=

 0
D̂

0

,

L=
[ α1

ε
α2
ε2

α3
ε3

]T
, where α1, α2, α3 and ε are all

greater than 0.
It is shown by Eq. (10) that D̂ needs to be obtained before

estimate of the system state can be obtained. Therefore, the
non-linear disturbance observer (NDO) is designed.

The auxiliary variable z is introduced (Zhang, 2019):

z=D− γ x2, (13)

where γ is the design parameter for the NDO, and γ > 0.
According to Eqs. (7) and (13), the following can be ob-

tained:

ż= Ḋ− γ ẋ2 = Ḋ− γ
[
ρx3+ f1(x2)+ z+ γ x2

]
. (14)

Estimates of the auxiliary variable ẑ are designed to be used
in the estimation of disturbance value perturbations:

˙̂z=−γ
[
ρx̂3+ f1(x̂2)+ ẑ+ γ x̂2

]
. (15)

According to Eqs. (14) and (15), the following can be ob-
tained:

˙̃z= ż− ˙̂z= Ḋ− γ
[
ρx̃3+ f1(x̃2)+ z̃+ γ x̃2

]
. (16)
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3.2 Stability of the double observers

We define the error of the state observer as

η =

 η1
η2
η3

=


x1−x̂1
ε3

x2−x̂2
ε2

x3−x̂3
ε

=


x̃1
ε3
x̃2
ε2
x̃3
ε

 . (17)

Simplifying Eq. (17) yields

εη̇ =

 εη̇1
εη̇2
εη̇3

 ,

=


−α1η1+ η2

−α2η1+ ρη3+
1
ε
[f1(x2)− f1(x̂2)]

+
1
ε
(D− D̂)

−α3η1+ [g(x,u)− g(x̂,u)]u
+
[
f2(x2,x3)− f2

(
x̂2, x̂3

)]

 . (18)

Equation (18) can be expressed as

εη̇ = Aη+
1
ε
B1

(
f̃1+ D̃

)
+B2

(
f̃2+ f̃3

)
, (19)

where A=

 −α1 1 0
−α2 0 ρ

−α3 0 0

, B1 =

 0
1
0

, B2 =

 0
0
1

,

f̃1 = f1(x2)− f1(x̂2), f̃2 = g(x,u)− g(x̂,u), and
f̃3 = [f2(x2,x3)− f2(x̂2, x̂3)].

The equation of state for the observation error can be ob-
tained as follows:

∣∣ λI −A ∣∣=
∣∣∣∣∣∣
λ+α1 −1 0
α2 λ −ρ

α3 0 λ

∣∣∣∣∣∣ , (20)

We make the matrix a Hurwitz matrix by choosing the ap-
propriate parameter α1, α2, or α3; then there exists a positive
definite matrix P and any given symmetric definite matrix Q,
satisfying

A
T P+PA=−Q. (21)

Since the coefficients before the state variables in Eq. (7)
are obtained from the individual parameters of the electro-
hydraulic servo system, it can be assumed that

∣∣∣f̃1

∣∣∣≤
µ1 |η2| ,

∣∣∣f̃2

∣∣∣≤ µ4 |η3| ,

∣∣∣f̃3

∣∣∣≤ µ2 |η2| +µ3 |η3|.
The Lyapunov equation defining the observer is

Vo = εη
T Pη+

1
2
Z̃2. (22)

Taking the derivative of Eq. (22) yields

V̇o = εη̇
T Pη+ εηT P η̇+

˙̃
ZZ̃. (23)

According to Eqs. (17)–(22), it can be deduced that

V̇o = [Aη+
1
ε
B1(f̃1+ D̃)+B2(f̃2+ f̃3)]T Pη+ ηT

P [Aη+
1
ε
B1(f̃1+ D̃)+B2(f̃2u+ f̃3)]

+ Z̃[Ḋ− γ (ρx̃3+ f̃1+ z̃+ γ x̃2)]

= ηT (A
T
P +PA)η+

2
ε
ηT

PB1(f̃1+ z̃+ γ ε
2η2)+ 2ηT PB2(f̃2u+ f̃3)

+ Z̃[Ḋ− γ (ρx̃3+ f̃1+ z̃+ γ x̃2)]. (24)

Let Gi = ‖PBi‖, and from the fundamental inequality we
get Z̃Ḋ ≤ 1

2 Z̃
2
+

1
2D

2
m; then Eq. (24) can be reduced to

V̇o ≤−η
TQη+

2
ε
G1µ1‖η‖

2
+

1
ε2G1‖η‖

2
+ Z̃2

+ 2εγG1‖η‖
2
+ 2G2(µ2+µ3)‖η‖2

+ 2G2µ4|u|max |η3| + [
1
2
Z̃2
+

1
2
D2

m− γρε

∣∣∣Z̃∣∣∣
|η3| + γµ1

∣∣∣Z̃∣∣∣ |η2| − γ Z̃
2
− γ 2ε2

∣∣∣Z̃∣∣∣ |η2|]

V̇o ≤−‖η‖
2
+

2
ε
G1µ1‖η‖

2
+

1
ε2G1‖η‖

2

+ 2εγG1‖η‖
2
+ 2G2(µ2+µ3)‖η‖2

+ 2G2µ4|u|max |η3| − Z̃
2(γ −

3
2

)+ γρε
∣∣∣Z̃∣∣∣

|η3| + (γ 2ε2
+ γµ1)

∣∣∣Z̃∣∣∣ |η2| +
1
2
D2

m. (25)

We let −Hη = [−1+ 2
ε
G1µ1+

1
ε2G1 +2εγ G1 +2 G2(µ2

+ µ3) +2G2µ4 |u|max |η3|]. |u|max be the maximum output
of the controller so thatH1 = (γ 2ε2

+γµ1),H2 =
1
2D

2
m; this

can be simplified to get

V̇o ≤−Hη‖η‖
2
− (γ −

3
2

)Z̃2
+H1

∣∣∣Z̃∣∣∣ |η2|

+ γρε

∣∣∣Z̃∣∣∣ |η3| +H2. (26)

Let the positive definite matrix T =
γ − 3

2 0 −
1
2H1 −

1
2γρε

0 Hη 0 0
−

1
2H1 0 Hη 0

−
1
2γρε 0 0 Hη

, ζ =

[

∣∣∣Z̃∣∣∣ |η1| |η2| |η3|]. Eq. (26) can be reduced to:

V̇o ≤−ζ
T T ζ +H2 ≤−αoVo+H2, (27)

where αo = 2λmin(T )min{1/λmax(p),1}, λmax(·), and
λmin(•) refers to the maximum and minimum eigenvalues of
the matrix.

The solution to the inequality (27) can be expressed as

Vo ≤ Vo(0)e−αot +
H2

αo
(1− e−αot ). (28)
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When t→∞, we can get Vo(t)= H2
αo

. Thus, it can be ob-
tained that Vo is exponentially convergent; then, the system-
atic observation error is bounded (Yang and Yao, 2019).

4 Design of sliding mode controller based on
double observers

4.1 Controller design

The design of the slide controller can be divided into two
steps, including the design of the slide surface and the design
of the control law.

Defining the electro-hydraulic position servo system posi-
tion tracking error e, velocity tracking error ė, acceleration
tracking error ë and acceleration derivative tracking error e,
θd is the given signal; according to Eqs. (2)–(7), these can be
expanded separately to obtain

e = θ − θd = x1− θd, (29)
ė = θ̇ − θ̇d = x2− θ̇d, (30)

ë = θ̈ − θ̈d =
Dm

J
ẋ3−

B

J
ẋ2+D− θ̈d, (31)

...
e =

...

θ −
...

θ d =
Dm

J
ẋ3−

B

J
ẋ2+ Ḋ−

...

θ d. (32)

Defining the slide surface of the controller, we get

s = c1e+ c2ė+
...
e, (33)

where c1 >,c2 > 0.
According to the law of exponential convergence,

ṡ =−βs− ksgn(s). (34)

The exponential-convergence law sliding mode controller
based on the dual observer can be designed as follows:

u=

JV
[
−βŝ− ksgn(ŝ)+

(
c1θ̇d+ c2θ̈d+

...

θ d

)
+A1x̂2+A2x̂3+

(
B
J
− c2

)
D̂−

˙̂
D
]

4βeDmKt
√
Ps− x̂3sgn(u)

, (35)

where A1 = ( c2B
J
+

4βeD
2
m

J
−c1−

B2

J 2 ),A2 = ( BDm
J 2 +

4βeDmCt
JVt

−

c2Dm
J

), β and k are the gain of the controller discontinuity
term, and β > 0 and k > 0; ŝ = c1ê+ c2 ˙̂e+ ¨̂e.

Based on this controller, the sliding surface of the sys-
tem can be made to converge to zero, and finally, the system
reaches a steady state.

4.2 System stability analysis of sliding mode control

Based on the stability analysis of the system in control the-
ory, the Lyapunov function is defined as follows:

Vs =
1
2
s2. (36)

Because the small observer error can be obtained (ksgn(s)−
ksgn(ŝ)= 0), the derivative of Eq. (36) gives

V̇s = sṡ =−βs
2
+ s

[
−A1x̃2+A2x̃3−

(
B

J
− c2

)
D̃

+
˙̃
D−βs̃+11

]
, (37)

where11 is the controller error caused by the observer error.
We let1≥

∣∣∣−A1x̃2+A2x̃3− (B
J
− c2)D̃+ ˙̃D−βs̃+11

∣∣∣;
its value depends on the value of the observation error for
each state.

Then Eq. (37) can be reduced to

V̇s ≤−βs
2
+

1
2

(
s2
+12

)
= (1− 2β)Vs+

1
2
12. (38)

We let α1 = 2β − 1, and β1 =
1
21

2; then Eq. (38) can be ex-
pressed as

V̇s ≤−α1Vs+β1. (39)

According to the inequality, Eq. (39) can be solved as

Vs ≤ e
−α1tVs(0)+

β1

α1

(
1− e−α1t

)
. (40)

When t→∞, we can get Vs(t)=
β1
α1

. Then the system will
reach a steady state.

5 Simulation analysis

To verify the proposed control strategy, a simulation model
of the system was built in MATLAB–Simulink, and the simu-
lation step size was set to 0.001 s. Due to the limited voltage,
current and control torque that can be applied to each struc-
ture of the electro-hydraulic servo system in practical engi-
neering, exceeding the maximum load can cause damage to
the machine’s components and then limit the controller out-
put in the simulation to between (−10,+10).

The parameters of the hydraulic system and the controller
parameters are outlined in Table 1.

To verify the effectiveness of the designed control method,
comparative simulation experiments are carried out. We se-
lect the given tracking signal as θd =

5
9πsint. The high-gain-

observer-based sliding mode controller (HGSMC) is sim-
ulated and compared with the dual-observer-based sliding
mode controller (DGSMC) in this paper. To effectively assess
control performance, the ITAE (integrated time and absolute
error) metric, which represents the accumulation of system
tracking errors, is used to show the improvement in control
accuracy.

Since there is no interference observer, such that the
interference value of input to the HGSMC controller
is 0, this means that the interference cannot be com-
pensated in the controller. The controller is designed
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Table 1. System parameters.

System System
parameters Value parameters Value

Dm 8.7× 10−5 m3 rad−1 Kt 2.16× 10−8/(s V Pa1/2)
J 0.25 kg·m2 βe 7× 108 Pa
B 40 (N m·s) rad−1 Ct 1× 10−2 (m3 s−1) Pa−1

V 1.4× 10−4 m3 Ps 4× 106 Pa

Table 2. Controller parameters.

Control
method System parameters

HGSMC c3 = 2000,c4 = 50,β = 200,k = 100,
α1 = 12, α2 = 47, α3 = 60 · J/Dm,ε = 0.01

DGSMC c1 = 2000,c2 = 50,β = 200,k = 100, α1 = 12,
α2 = 47,α3 = 60 · J/Dm,ε = 0.01,γ = 500

as u= JV

4βeDmKt
√
Ps−x̂3sgn(u)

[−βŝ−ksgn(ŝ)+ (c3θ̇d+c4θ̈d+

...

θ d)+A1x̂2+A2x̂3].
The high-gain observer can effectively observe the sys-

tem state under no-load or light-load conditions to obtain
and achieve a small observation error and then feed back to
the controller for compensation to improve the system con-
trol accuracy. However, in many operating environments, hy-
draulic equipment may need to drive large loads or face ex-
ternal disturbances. In order to better match the actual work-
ing conditions, two working conditions, I (D = 300+50sint)
and II (D = 500+ 100sint), are used for the analysis in the
comparative simulation.

Working condition I

Figure 2 shows the state observations obtained by the ob-
server during the control process of condition I for both the
HGSMC and DGSMC methods. It can be seen from the fig-
ure that, when the external load is large, the high-gain ob-
server alone will produce observation error, where the trend
of x2 and x3 observations is basically the same as the actual
value, but the observation error at the peak point is large.
These deviations in the observed values are substituted into
the sliding mode controller, resulting in deviations in the out-
put of the sliding mode controller from the desired control
output of the system. However, the relatively short adjust-
ment time of the interference observer in the dual observer
for the observation of external disturbances indicates that the
adjustment is fast and can track the disturbance values well
after a short fluctuation. This provides a state value for the
high-gain observer and makes the structure of the observer
more complete.

Figure 2. Observation effect diagram of a single observer (b, d, f)
and a double observer (a, c, e, g).

Figure 3 shows a comparison of the observation errors of
the observer for the system state values for the two control
methods. It can be clearly seen that the observation errors of
HGSMC for x2 and x3 are larger than those of DGSMC. The
larger the observation error is, the larger the feedback error
to the controller, resulting in the controller being unable to
accurately compensate for the tracking error.

Figure 4 shows the tracking error of the two control meth-
ods, from which it can be seen that the control overshoot
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Figure 3. Observation error comparison chart.

Figure 4. Tracking-error comparison chart.

of the two-observer-based sliding mode controller is smaller
than that of the high-gain-observer-based sliding mode con-
troller, and the regulation time is almost the same. The
steady-state error under HGSMC control is 2.54× 10−3

∼

−3.5× 10−3, while the steady-state error of the DGSMC is
±2.2× 10−3, which is reduced compared with the former.
DGSMC also improves by 25.2 % over HGSMC in terms
of accumulation of errors. This shows that the dual observer
can bring the effective state observation support to the sliding
mode controller in the presence of external disturbance, and
the combination of the two can improve the control accuracy
of the system.

Working condition II

Figure 5 shows the state observations obtained by the ob-
server during the control process of condition II for both the
HGSMC and DGSMC methods. It can be observed that the
situation is the same as that in working condition I: the devi-
ation of x2 at the peak point and the trend of x3 are basically
the same, but the observation error is large, and when the

Table 3. ITAE value.

Control Average
method ITAE value tracking error MSE

HGSMC 0.08957 0.0027 5.036×10−5

DGSMC 0.067 0.0023 4.55×10−5

Figure 5. Observation effect diagram of a single observer (b, d, f)
and a double observer (a, c, e, g).

external disturbance increases, the observation error also in-
creases further because the external-disturbance value is not
added to the high-gain observer for observation operation.
The difference between the actual and observed values of x2
and x3 becomes larger. This will cause the output of the slid-
ing mode controller to deviate more from the actual required
output, which will further reduce the control accuracy of the
system.

Figure 6 shows the comparison of the observation error of
the system state values with the observers of the two con-
trol methods. Comparing with Fig. 3, it can be found that the
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Figure 6. Observation error comparison chart.

Figure 7. Tracking-error comparison chart.

observation error of the single observer for the state quan-
tities also increases when the external load disturbance is
greater, while the observation error of the dual observer can
still maintain a small error range.

Figure 7 shows the comparison of the tracking error of
the two controllers, from which it can be seen that the sys-
tem regulation time under the two controllers is basically the
same, but the sliding mode controller is based on the high-
gain observer, the system steady-state error of HGSMC is
2.54× 10−3

∼−3.5× 10−3 after reaching stability, and the
tracking error increases with the increase in load disturbance
compared with working condition I. In contrast, the steady-
state error of the system under DGSMC control remains at
±2.2× 10−3, which still provides high control accuracy for
the system. Compared with working condition I, the disad-
vantage of having only one state observer is more obvious as
the external disturbance increases, and the failure to observe
the disturbance and compensate for the high-gain observer
will increase the observation error, which will bring about in-
sufficient controller output of the sliding mode controller and

Table 4. ITAE value.

Control Average
method ITAE value tracking error MSE

HGSMC 0.12 0.0032 4.48× 10−5

DGSMC 0.068 0.0023 4.38× 10−5

eventually lead to the output curve deviating farther from the
given curve and further degrading the control accuracy.

6 Conclusions

In this paper, a sliding mode controller based on a dual ob-
server is proposed to control the electro-hydraulic servo sys-
tem. The double observers are designed to obtain the ob-
served and disturbed values and to compensate for them
in relation to the controller in real time. Based on the ob-
served state and external-disturbance value, it has good ro-
bustness and effectively controls the non-linearity of the
electro-hydraulic servo system, and the stability of the sys-
tem is proved. The simulation results show that the above
control method can observe the state and disturbance values
in the presence of external load disturbance, and compensate
the disturbance by using with the sliding mode controller,
which effectively improves the control accuracy and stability
of the electro-hydraulic servo system.

We experimentally verified the sliding mode controller
based on a high-gain observer, and the results of the ex-
periment showed that the method can effectively control the
hydraulic valve-controlled motor. However, the method pro-
posed in this paper cannot be experimentally verified because
the laboratory is not able to meet the experimental conditions
for the time being. The future research direction can be in the
direction of energy saving.
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