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ABSTRACT 
 

The Proportional-Integral-Derivative (PID) controller is widely used to control industrial systems due 
to its ease of implementation, flexibility and well-known theory. The Ziegler-Nichols (𝑍𝑁) method is 
the primary method of adjusting this gains controller. Unfortunately, this method generates limited 
performances, especially on nonlinear systems. This paper shows the optimization of the gains of 
the PID controller from the values of the gains obtained by the ZN method. To do this, the Matlab 
Response Optimization tool is used to control the angular position of an electrohydraulic servo 
system. The initial conditions of this optimization process are the gain values adjusted by the ZN 
method. The numerical results obtained after a few iterations show a reduction of approximately 
40% in the tracking error for a sinusoidal input. Unfortunately, the performance improvement is not 
achieved for the step signal input because only the sine wave was used as the signal reference 
requirement for the optimization procedure. 
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1. INTRODUCTION 
 
The industry uses electro-hydraulic servo 
systems (EHSS) when it comes to manipulating 
heavy loads quickly, robustly and precisely. 
Thus, the EHSS are encountered in the fields of 
aerospace [1], machine tools [2], handling [3], 
robot manipulator [4] and automotive active 
suspension [5]. The EHSSs have an electrical 
part and a hydraulic operational part. The 
mechanical load is driven by the hydraulic part 
using the power transmission of Pascal Law [6]. 
The control law is implemented in the electric 
part. It is the electrohydraulic servo valve which 
ensures the interface between the two parts. The 
flow dynamics of this servovalve make the 
modelling of the EHSS strongly nonlinear [6]. 
Proportional-Integral-Derivative (PID) controller, 
widely used to control industrial systems, is 
based on linear systems theory [7] [8]. This 
control law can be applied to nonlinear systems 
while guaranteeing satisfactory performances. 
This controller has three gains to adjust. Most of 
the time, the Ziegler Nichols approach is used to 
adjust the tree gains [8]. However, the adjusted 
gains value with this approach gives significant 
overshoot with step input and tracking error with 
sinus input [9] [10]. Cohen Coon is another 
classical method found in the literature for 
adjusting PID gains [11] [12]. These two 
conventional techniques lead to limited 
performances, especially with nonlinear systems. 

 
Optimization methods for adjusting the gains of 
the PID controller can be found in the literature to 
circumvent the conventional methods. Particle 
Swarm Optimization technique may be used to 
adjust the PID gains [13, 14]. Artificial Immune 
System Algorithm is another alternative studied 
by the researchers [15] [16]. The PID controller is 
simple to implement, flexible and fairly 
understood in the industry. The only drawback of 
its use is the adjustment of these gains in order 
to obtain satisfactory performance. Most of these 
optimization techniques make the controller lose 
simplicity and are difficult to implement. In this 
paper, we use a simple procedure to fine-tune 
the PID controller gains using the response 
optimization tool in the Matlab Simulink 

environment. Because the fine-tuning of the 
results depends on the initial conditions [17], we 
use the values obtained by the Ziegler Nichols 
approach as initial conditions of the Matlab 
optimization tool. 
 
The remainder of the paper is organized as 
follows: Section 2 describes the mathematical 
modelling of the EHSS. Section 3 shows the 
architecture of the PID Controller and the 
proposed tuning adjustment technique. Section 4 
presents the simulation results. Finally, the 
conclusion is draw in Section 5. 
 

2. MATHEMATICAL MODELLING 
 
The electrohydraulic servo system (EHSS) under 
study is shown in Fig. 1. The hydraulic oil stored 
in the atmospheric tank is sent to the servo valve 
inlet using a positive displacement pump. The 
pressure relief valve and the accumulator 
maintain a constant fluid pressure at the inlet of 
the electrohydraulic servovalve. The servovalve 
opens a passage for fluid for one of the hydraulic 
motor's ports based on its electrical input signal. 
Oil entering one of the hydraulic motor terminals 
generates a pressure difference in the presence 
of a mechanical load. When the pressure 
induced by the load is reached, the hydraulic 
motor turns driving the load. The actual angular 
position of the hydraulic motor is sensed via the 
feedback transducer and then transmitted to the 
control law whose objective is to ensure that the 
tracking error between the reference signal and 
the actual position is minimal. 

 
The system can therefore be decomposed into 
four subsystems as shown by the state-space 
equation (1). The output equation is 𝑦(𝑡) = 𝑥1(𝑡). 
The first subsystem is the relationship existing 
between wthe angular position and the angular 
velocity. The second subsystem describes the 
dynamics of the mechanical load using the 

Newton 2nd  law. The third subsystem represents 
the continuity equation across the hydraulic 
motor; The fourth subsystem describes the 
relationship between the electrical signal and the 
fluid passage section in the electrohydraulic 
servo valve. 
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                                   (1) 

 
Where, 
 
𝑥1(𝑡) is the angular velocity 
𝑥2(𝑡) is the motor pressure difference due to the load 

𝑥3(𝑡)  is the servovalve opening area due to the input signal 

𝑢(𝑡) is the control current input 
𝐽 is the hydraulic motor total inertia 

𝑑𝑚 is the volumetric displacement of the motor 

𝛽 is the fluid bulk modulus 

𝑉𝑚 is the total oil volume of the hydraulic motor 
𝑐𝑑 is the servovalve discharge coefficient 

𝜌 is the fluid mass density 

𝑐𝑠𝑚 is the leakeage coefficient of the hydraulic motor 
𝑃𝑠 is the supply pressure at the inlet of the servovalve 

𝐾 is the servovalve amplifier gain 

𝜏 is the servovalve time constant 
 

 
 

Fig. 1. Electrohydraulic Servo System 
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The implementation of the EHSS in the Matlab Simulink enviromnemt is shown in the Fig. 2. 
 

 
 

Fig. 2. Matlab/ Simulink block diagram of the EHSS 
 

3. CONTROLLER DESIGN 
 
In this section, the proportional integral and derivative controller is developed. We start by presenting 
its architecture then we show the proposed gains tuning method. 
 

3.1 PID Controller Architecture 
 
The architecture of the PID control law 𝑢𝑃𝐼𝐷(𝑡) is shown in Equation (2) where 𝑦𝑑𝑒𝑠(𝑡), 𝑦𝑎𝑐(𝑡) and 𝑒(𝑡) 
are the desired output, the actual output and the tracking error respectively. This control law gives 
three actions to the feedback tracking error to improve the closed-loop performances[18]. The first 
action is the proportional action to provide fast and strong control correction. The second action is the 
integral control effort aimed at taking into account errors accumulated in the past. The third term is the 
derivative action. It consists of anticipating the control correction. 
 

𝑢𝑃𝐼𝐷(𝑡) = 𝑘𝑝 (𝑦des (𝑡) − 𝑦act (𝑡))⏟            
𝑒(𝑡)

+ 𝑘𝑖 ∫ ⁡ (𝑦des (𝑡) − 𝑦act (𝑡))𝑑𝑡 + 𝑘𝑑
𝑑(𝑦des (𝑡)−𝑦𝑎𝑐𝑡(𝑡))

𝑑𝑡
 (2) 

 
Where 𝑘𝑝, 𝑘𝑖 and 𝑘𝑑 are the proportional gain, the integral gain and the derivative gain respectively. 

The implementation of the PID controller in the Matlab/ Simulink environment is shown in Fig. 3. 
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Fig. 3. Matlab/ Simulink block diagram of the PID controller 
 

3.2 Gains Tuning Technique 
 
The proposed technique for adjusting the three 
gains of the PID controller consists of two parts. 
The first part is to obtain the gains values using 
the classical Ziegler-Nichols approach with 
ultimate gain and oscillation period [19]. The 
second part allows to refine the adjustment of the 
gains using the response optimization tool (ROT) 

in the Matlab/ Simulink environment. The values 
obtained with the ZN approach are used as initial 
conditions in the ROT. Fig. 4 shows the 
recording of these initial values in the ROT. 
Figure 5 shows the control design requirement 
that the output tracks the reference signal. Here, 
we choose a sine wave as a reference signal 
requirement. Figure 6 shows the progress of the 
response optimization report with its iterations. 

 

 
 

Fig. 4. Initial values and gain variables set 
 

 
 

Fig. 5. Requirement on the response optimization 
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Fig. 6. Optimization procedure and iterations report 
 

4. NUMERICAL RESULTS 
 
This section presents the performances obtained 
with the PID controller where the gains are tuned 
using the response optimization tool. We 
compare the results with the PID controller where 
the gains are obtained using the classical ZN 
approach. The numerical values used for the 
simulation are listed in the Table 1. The values of 
the tree gains of the PID controllers are shown in 
the Tables 2 and 3. 
 

Table 1. EHSS numerical values 
 
Description Value and units 

 0.01 s 
Servo valve amplifier gain 810−7 m2/mA 
Volume of the hydraulic motor 310−4 m3 
Fluid bulk modulus 8108 Pa 
Flow discharge coefficient 0.61 
Supply pressure 9106 Pa 
Leakage coefficient 910−13 m/(N. s) 
Volumetric displacement 310−6 m3/rad 
Fluid mass density 900 kg/m3 
Inertia of the hydraulic motor 0.05 N ⋅ m. s2 
Viscous damping coefficient 0.2 N ⋅ m. s 

Table 2. Values of the PID controller gains 
obtained with Ziegler-Nichols approach 

 
Gains Value 

 0.54 
 7.2 
kd 0.0101 

 
Table 3. Values of the PID controller gains 
obtained with Response optimization tool 

 
Gains Value 

 0.76 
 41.67 
𝑘𝑑 0.031 

 
Fig. 7 shows the implementation of the closed-
loop system in the Matlab/ Simulink environment. 
Two reference signals are used to perform the 
simulation and represent the desired angular 
position. The first reference signal is a step input 
with an amplitude of 1rad . The second                     

reference signal is a sine wave of amplitude 1rad 
and frequency of 2 Hz . The simulation               
lasts 10 seconds and the sampling time is 0.01 
second. 

 

 
 

Fig. 7. Closed-loop block diagram of the controlled EHSS 
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Fig. 8 shows the closed-loop responses obtained 
when using the PID controller with conventional 
Z-N tuning. As expected, a significant overshoot 
is visible in the step response. A tracking error is 
visible in the sinusoidal response. Fig. 9 shows 
the closed-loop responses when using the RO-
PID controller. Because we use the sinusoidal 
wave as the reference requirement, we reduce 

the tracking error in the closed-loop response. As 
shown in Figure 10, the tracking error with the 
RO-PID controller is smaller than the tracking 
error obtained with the ZN-PID controller. 
However, the values of these optimized gains 
lead the closed-loop system to instability when 
the input is a step signal. 

 

 
 

Fig. 8. Closed-loop responses when using the classical ZN-PID controller: a- step response b- 
sinusoidal response 

 

 
 

Fig. 9. Closed-loop responses when using the RO-PID controller: a- step response b- 
sinusoidal response 
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Fig. 10. Tracking error of the two controllers when sinusoidal input 
 

5. CONCLUSION 
 

This paper presents a simple method for finely 
adjusting the three gains of the angular position 
PID controller of an electrohydraulic 
servosystem. The proposed method combines 
the classic Ziegler Nichols approach with the 
Matlab/ Simulink optimization tool. Indeed, it has 
been found that the choice of initial conditions 
significantly affects the precision of the results in 
optimization techniques. It is in this perspective 
that the gain values obtained with the Ziegler 
Nichols approach are used as initial values in the 
proposed optimization procedure. The numerical 
results show a tracking error reduction of 
approximately 40%  for the input types used 
during the optimization procedure. Future work 
will involve experimental results. 
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