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Abstract—In this study, positioning control of the electro
hydraulic systems is considered. Backstepping control strategy is
designed by defining an auxiliary error signal. The performance
of the controller is investigated by conducting numerical simu-
lations. From the simulation results, it is seen that the control
objective achieved successfully. The performance is compared
with PI controller via a comparison criteria and it is seen that
the backstepping controller has better results in both error and
controller performance aspects.

Index Terms—Electro hydraulic systems, backstepping control,
position control.

I. INTRODUCTION

Electro hydraulic systems have small size-to-force ratio
and ability to apply large force and torque [1]. By virtue
to these characteristics electro hydraulic systems are used
in loading, positioning and shock absorbing applications in
different kind of industries from aerospace to construction
[2]. However, these systems have highly nonlinear dynamic
models [1]. These nonlinearity makes a challenging problem to
construct effective control systems. Even the nonlinear control
techniques can not be achieve satisfactory performance since
the nonlinearity of the system necessitates fine tuned controller
gains.
The studies on electro hydraulic systems generally focused on
position controlling and energy saving. Guo et al. presented a
coupled-disturbance-observer-based position tracking control
for a cascade electro-hydraulic system [3]. Yao and Bu used
a physical model based adaptive robust controller for the
coordinated motion control of a n degree-of-freedom hydraulic
arm driven by single-rod hydraulic actuators [4]. In [5],
controller was designed to get an excavator to follow typical
working motions of a skillful operator such as leveling and
truck loading. Tan et al. used sliding mode based controller
to track desired position for an electro-hydraulic single-rod
actuator of a projectile transfer arm. In this study, sliding
mode control is utilized to compensate the nonlinearity and
parameters uncertainty of electro-hydraulic system [6]. Yingjie
Yingjie presented a coordinate control method for the boom,
arm and bucket cylinders on a hydraulic excavator to perform
accurate and effective works [7]. In [8], a load-prediction
based method was proposed, in which the supply pressure is
varied to track the pressure required by any actuator branch,
to increase the energy efficiency. Guo et al. proposed a

parametric adaptive backstepping control method to improve
the dynamic behavior of EHS under parametric uncertain-
ties and unknown disturbance [9], [10]. In [11], H-infinite
positional feedback controller is developed to improve the
robust performance under structural and parametric uncertainty
disturbance in a electro-hydraulic servo system. Jianyong
et al. designed an adaptive nonlinear optimal compensation
controller with nonlinear parameter estimation to improve the
torque tracking performance of electro-hydraulic load simu-
lator [12]. Yao et al. developed a discontinuous projection-
based ARC controller for high-performance robust control of
electro hydraulic systems driven by single-rod actuators [1].
Kim et al. used nonlinear position tracking controller with a
disturbance observer to track the desired position for electro
hydraulic actuators [2]. Liu and Daley used optimal-tuning
PID control scheme for a rotary hydraulic test rig [13].
In this study, the position tracking of a 1-DOF electro hy-
draulic system was studied by using backstepping control
strategy. While designing the controller rule, the dynamic
model in [10] is used. Different from the controller in [10],
an auxiliary error signal is used in controller design. The
performance of the controller is investigated with simulation
studies. The performance of the controller is compared with
PI controller results which is usually utilized in the literature.
From the results, it is seen that the controller works well and
gives better results than the PI controller.

II. SYSTEM MODEL

The dynamic model of electro hydraulic system is given as
below [10];

mẋ2 + bx2 +Kx1 = Apx3 − FL
β1ẋ3 = Apx2 − Ctlx3 (1)

+β2(x3, x4)x4

Tsvẋ4 = −x4 +Ksvu

where β1 = Vt

4βe
and β2 = CdwKsv√

ρ

√
ps − sgn(x4)x3, x1 = y

and x2 = ẏ are output displacement and displacement velocity
of the hydraulic cylinder, respectively, x3 = pL = pa − pb is
load pressure, x4 = xv is the spool position of servo valve,
ps is the supply pressure of the pump, Cd is the discharge
coefficient, w is the area gradient of the servo valve spool, ρ
is density of hydraulic oil, Ctl is the coefficient of the total
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leakage of the cylinder, βe is the effective bulk modulus, Ap =
Aa = Ab is annulus area of symmetrical cylinder chamber,
Vt is the half-volume of cylinder, m is the load mass, FL is
the external load on the EHA, u is control voltage of servo
valve, sgn() is the sign function, Ksv is the gain of the control
voltage u and Tsv is the response time constant of the servo
valve.

III. CONTROL DESIGN

The tracking error for the positions of the hydraulics are
defined as

e = x1d − x1 (2)

where the reference trajectory x1d ∈ R and its first and second
derivatives are bounded. Auxiliary error term that is used to
facilitate the subsequent stability analysis is defined as

r = ė+ αe. (3)

By differentiating (3) and multiplying both side of equation
with m, the following equation is obtained,

mṙ = m[ẍ1d + αė]−mẋ2
= W (x1, x2)−Apx3

(4)

where

W (x1, x2) = m[ẍ1d + αė] +Kx1 + bx2 + FL. (5)

The auxiliary term Wd is defined as

Wd(x1d, ẋ1d) ,W (x1, x2)

∣∣∣∣∣ x1 = x1d
x2 = x2d

. (6)

Eq. (4) can be rewritten as by adding and subtracting the term
Apα1

mṙ = X +Wd +Apz1 −Apα1 (7)

where
X ,W −Wd. (8)

(8) can be bounded as ‖X‖ ≤ n1 ‖r‖+ n2 ‖e‖, n1, n2 ∈ R+.
The system errors and control variables are defined as follows

z1 , x3 − α1 (9)

z2 , x4 − α2 (10)

α1 ,
1

Ap
(Wd + e+Krr) (11)

α2 , 1
β2
[Apx2 + Ctlx3 +

β1

Ap
(Ẇd +Krẍ1d+

(1 +Krα)ė− Kr

m (Apx3 − FL−
Kx1 − bx2))−K1z1 +Apr]

(12)

By using (9)-(12), control rule is designed as follows

u = ku

[
1

Ksv
(x4 + Tsvα̇2 −Kz2z2 − β2z1)

]
(13)

where ku is general control gain.

IV. STABILITY ANALYSIS

The stability analysis of the obtained closed-loop error
system was investigated by using Lyapunov based method.
The Lyapunov function candidate is selected as

V =
1

2
mr2 +

1

2
e2 +

1

2
β1z

2
1 + Tsvz

2
2 (14)

The time derivative of the Lyapunov function candidate can
be obtained as

V̇ = rmṙ + eė+ β1z1ż1 + Tsvz2ż2. (15)

By using (4) and time derivatives of (2), (9) and (10), (15)
can be rewritten as

V̇ = r(X −Krr)− αe2 −K1z
2
1 −Kz2z

2
2

≤ −γ ‖ζ‖2
(16)

where γ is some positive constant and

ζ = [eT rT zT1 z
T
2 ]
T . (17)

The expression in (16) guaranties the global asymptotic con-
vergence of tracking error and the boundedness of all signals.

V. SIMULATION RESULTS

The performance of the controller in (13) was evaluated
by conducting numerical simulations using Matlab Simulink
program. During the simulation the system model given in (2)
was used with system parameters in Table I. The gains were
selected as Kz2 = 1.1, K1 = 1, α = 150, Kr = 115 and
Ku = 1e − 9 for backstepping controller and Kp = 1000,
Ki = 100 for PI controller. The controller gains for both
backstepping and PI controllers were chosen to give the best
performances. The initial values of all states were set to 0.
The desired trajectory was selected as x1d = 26.10−3 sin(2πt)
m. The tracking errors for Backstepping and PI controller
are given in Figures 1 and 3 while the control efforts are
given in Figures 2 and 4, respectively. From Figure 1, it
is seen that the control objective is achieved successfully.
To compare the performance of controllers, a comparison
criteria was defined. The definition of comparison criteria and
comparison results are given in Table II. From Table II, it is
seen that backstepping has better performance in both error
and controller performance aspects.

VI. CONCLUSIONS

In this study, the position tracking of a 1-DOF electro
hydraulic system by using backstepping control strategy was
presented. The controller was designed by defining an aux-
iliary error signal. The performance of the controller was
investigated by conducting simulation studies and compared
with PI controller results which is usually utilized in the
literature. From the results, it was seen that the controller
work well. To compare the performances of backstepping and
PI controller, a comparison criteria was defined. From the
criteria, it was seen that the backstepping controller has better
performance in both error and controller performance aspects.
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TABLE I
SYSTEM PARAMETERS

Parameter Value
Cd 0.62
ps 60 Bar
Vt 8.74e-5 m3

Ksv 5e-4 m/V
K 10 N/m
Ctl 2.5e-6 m3/(s.Bar)
w 0.024 m
Ap 4.91e-4 m2

βe 7000 Bar
Tsv 10e-3 s
b 50 N.s/m
ρ 10 Kg/m3

FL 10.5 N

Fig. 1. Tracking performance of backstepping controller.
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