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ABSTRACT 

Electro-hydraulic actuator (EHA) is commonly used in industry for its linear movement, 

quick response and accurate positioning of heavy loads. However, the uncertainties, highly 

nonlinearities and time varying characteristic of EHA caused difficulties in controlling the 

system. This paper studies the performance of Fuzzy PID controller on ARX model 

parameters of vertical position of electro

obtained via system identification technique using MATLAB Toolbox. The performance of 

the controller is analyzed through simulation by using step and square type reference input. 

The roots mean squared error show that the controllers with obtained model of 50ms sampling 

time give better performance. 
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1. INTRODUCTION 

Electro-Hydraulic Actuator (EHA) has been commonly used in industry for its linear 

movement, fast response and accurate positioning of heavy load making it important tools for 

industrial processes. The advantages of EHA over drive system are high power to weight ratio, 

smooth response, accurate positioning of heavy load and good power capability [1]. In 

addition, it improvises the safety and reliability aspect and also simplifies system architecture. 

Based on the characteristics, it is widely used in automotive and aerospace industries. 

However, it also has its own behavior such as high nonlinearities, uncertainties and 

time-varying characteristics that will cause difficulties in controlling process [3]. There are 

factors that will influence some of the properties such as viscosity and temperature of the fluid. 

Thus advanced system identification is necessary to control the EHA system to achieve good 

performance of the system.  

In order to design a controller that control the actuator, a model that shows the system’s 

behavior first need to be obtained by using system identification method. System identification 

is the proses of obtaining system model through system’s input-output data (stimulus-response) 

[2]. This method is much easier than Physical law method because derivation of mathematical 

model is needed for modeling [4]. The input-output data was then used in MATLAB System 

Identification Toolbox to obtain the model transfer function. 

The major role of the controller is to find the set of command that fit to the system to reach the 

desired state with minimum deviation. The most commonly used controller in control system 

design is PID controller for its simplicity and has well understood features [5]. The 

implementations of PID controller need convenient values for Kp, Ki and Kd shown in Equation 

(1) 


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Over the good performance, the PID method poorly control position in hydraulic system as it 

does not fit for controlling system with large amount of lag, parameter variations and 

uncertainty in models. Further research and studies has been conducted to improve PID control 

performances by developing Fuzzy Logic Control technique. Recently, fuzzy logic control has 
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been applied to improve the robustness and hybrid control of fuzzy and PID. In the meantime, 

Fuzzy PID controllers are used in many applications such as speed control, robot manipulator 

and DC motor [6-9]. 

This paper discusses the methodology to obtain the model of EHA using MATLAB System 

Identification Toolbox. The transfer function obtain from model identification is then applied to 

the Fuzzy PID controller. Simulations are conducted in MATLAB Simulink to observe the 

performance of the proposed controller. The results using two different inputs and four model 

of EHA with different sampling times will be compared and discussed.  

 

2. METHODOLOGY 

2.1. Plant 

The hardware setup is shown as in Fig. 1. The single ended cylinder of EHA consists of 

bidirectional cylinder with 25mm rod size; 40mm bore size and 150mm stroke length. There 

is displacement sensor on the upper part of the cylinder rod. In the meantime, electronic 

control valve control the pressure of the fluid of electro-hydraulic actuator. There are 

proportional and directional types of this control valve. The current used is in the range of 

4-20 mA while the valve input voltage is ±10 V dc. 

 

Fig.1. Electro-Hydraulic Actuator (EHA) 

2.2. Model Identification 

The input test signal use can be generated using Equation (2). For this work, the input test 

signal used is represented by Equation (3) with three different values of frequencies [10]. The 

generated input test signal is shown in Fig. 2.  
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where ia : amplitude, i : frequency and st : sampling-time (sec). 

ktcoskt.coskt.cos)k(v sssin  702502                                           (3) 

Higher model may produce unstable output signal. Thus, the model obtained limited to second 

and third order only. For this studies, third order model ARX331 was selected as the best 

model to represent the nearest model of true plant. The input-output signals are shown in Fig. 

2. 

 

Fig.2. Input and output signal for 50ms sampling time 

Using the collected data and MATLAB system identification toolbox, two plant models with 

different zero positions were obtained for simulation studies purposes. One model having one 

zero outside and far away from the unity circle and known as Model 1. Another one having 

one zero outside and near to the unity circle and known as Model 2. Model 1 using 40ms 

sampling-time and Model 2 using 50ms sampling-time. Another two plant models with 

different zero positions were also obtained for simulation studies purposes. One model was 

having all zeros inside and far away from the unity circle and known as Model 3. Another one 

was having all zeros inside the unity circle, but close to unity circle and known as Model 4. 

Model 3 using 60ms sampling-time and Model 4 using 65ms sampling-time. Their pole-zero 

plots are given in Fig. 3. 
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Fig.3. Pole-zero plot 

Table 1 shown the obtain four model of ARX331 with different sampling time. 

Table 1. ARX331 model of EHA system 
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2.3. Controller Design 

This section discussed the development of the fuzzy PID controller to control the position of 

electro-hydraulic actuator (EHA). Fuzzy PID has the same linear structure as conventional 

PID, constant coefficient and the stability of this controller has been confirmed [11]. The 

structure of self-tuning fuzzy PID controller is shown in Fig. 4. 
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Fig.4. Fuzzy PID block diagram 

The system consists of fuzzy interference block, PID controller block and the 

electro-hydraulic actuator block. For fuzzy logic controller, the feedback error e(t) and the 

derivative of error de(t)/dt as inputs which each of the input used five membership function. 

The outputs of the fuzzy logic controller are Kp, Ki, and Kd. Mamdani model is used as 

structure of fuzzy interference to obtain best value for Kp, Ki and Kd.  

There are two methods, Mamdani and Sugeno that are popular in fuzzy control design. The 

consequent of If-Then rule for Mamdani method explained by fuzzy set and the output is the 

reshaped by a matching number before defuzzification. On the contrary, consequent of 

If-Then rule for Sugeno method is defined by polynomial with respect to input variables, 

making the output of each rule a single number. Sugeno method does not involve 

defuzzification; however the step to determine the parameters of polynomials is not efficient 

and unclear than Mamdani [11-12]. Hence Mamdani interference is more popular in fuzzy 

control logic design. The fuzzy logic system is shown in Fig. 5. 

 

Fig.5. Fuzzy logic control system 

All ranges of inputs and outputs were set during the conventional PID testing that has been 
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conducted earlier. The values then substituted to the equation to compute the coefficients of 

Kp, Ki and Kd in Equation (4). It is important so that a feasible rule base with high frequency 

efficiency is obtained. 
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Fig.6. Input membership functions 
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Fig.7. Output membership functions 

The input membership function is shown in Fig. 6 and output membership function in Fig. 7. 

The fuzzy interference rule is shown in Table 2 and the linguistic variable levels are assigned as 

Small (S), Medium Small (MS), Medium (M), Medium big (MB) and Big (B). Hence, 25 fuzzy 

rules designed from the 5 linguistic variables. 

Table 2. Fuzzy interference rule 

De/dt Error(e) 

NB NS ZE PS PB 

NB S S MS MS M 

NS S MS MS M MB 

ZE MS MS M MB MB 

PS MS M MB MB B 

PB M MB MB B B 

 

3. RESULTS AND DISCUSSION 

This section discussed about the simulation results analysis to show the effectiveness of the 

designed controller. The simulated output signal for different sampling times with step input 

signal and square input signal are shown in Figure 8 and Figure 9. The shape is chosen such 

that to demonstrate the ability of the controller to track the trajectory with changing frequency 

component. 
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Fig.8. (a) Simulated output using step input 

 

Fig.8. (b) Magnified simulated output using step input 

The simulation results using step input to the control system are given in Fig. 8. The graph is 

zoomed at the sharp angles to observe the performance differences. From Fig. 8(b), all models 

show the transient response is a bit slower but model 50ms no overshoot. Other models show 

faster response but with overshoot. 
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Fig.9. (a) Simulated output using square input 

 

Fig.9. (b) Magnified simulated output using square input 

The simulation results using square-wave input to the control system are given in Fig. 9. The 

graph is also zoomed at the sharp angles to observe the performance differences. From Fig. 

9(b), model 50ms show the transient response is a bit slower but no overshoot. Other model 

show faster response but with overshoot. 
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Fig.10. Tracking error using step input 

 

Fig.11. Tracking error using square input 

Root Mean Square Error (RMSE) for both inputs was calculated to compare which model is 

more consistent. Based on the modeling conducted earlier, 40ms model has zero located 

outside and further from unity circle, results in slightly higher RMSE. Zero location for 50ms 

model also outside but closer to the unity circle, thus produce smaller RMSE value. 60ms and 

65ms model have zero located inside the circle however they comes with higher RMSE value.  

Table 3. Result of root mean square error 

Sampling  

Time (m sec) 

RMSE 

Step Input Square Input 

40 0.0788 0.1862 

50 0.0716 0.1470 

60 0.0812 0.1637 

65 0.0900 0.1781 
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From the simulation, the results showed that the model with 50ms sampling times gave better 

performance. 

 

4. CONCLUSION 

The model of the plant was obtained using model identification method through MATLAB 

System Identification Toolbox. Fuzzy PID controller was designed and applied to the system 

in order to test the performance of the model. The model was then compared with four 

different sampling times. The root mean square of tracking errors from the simulated shows 

impressive results that mean that the control strategy can be implemented practically. 
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