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Abstract. Precise control is necessary in controlling electro-hydraulic actuator system (EHAS). 

However, due to its nonlinearities and uncertainties, controlling hydraulic actuator system had 

become a challenging task that needs to be solved. A proper controller can be designed when an 

accurate model of a system is defined. In this paper, the process to obtain an EHAS system’s model 

by using system identification approached is presented. System identification is chosen because this 

technique only requires input and output data from the system in order to obtain a system model. An 

ARX model is chosen as a model structure for EHAS. A pole assignment controller and minimum 

variance controller (MVC) is later been designed based on the obtained model. The simulation 

result shows that both controllers manage to regulate at the desired input signal. However MVC 

controller proves to provide a better output performance compared to pole assignment controller by 

minimizing the phase lagging and having a better  rise time. 

Introduction 

EHAS can be found widely in many industries. It provides many advantages to the user, such as 

a good capability in positioning, fast and smooth response and also having a high power density to 

handle a tough work. And due to these advantages, it has given a significant impact in modern 

equipments especially in position control application. Several applications of hydraulic actuator 

system in position control that can be found are in production assembly lines, aircraft equipment 

and in industrial process. The main task for a hydraulic actuator is to translate an electrical signal to 

hydraulic power [1]. This application become significant in the field of robotic especially where 

precision movement is involved. Apart from precision, another desired factor that needs to be 

considered is to have a smooth movement of EHAS. Unfortunately, EHAS does have its own 

weaknesses where it is susceptible to leakage and friction [2]. This makes EHAS is a complicated 

system which suffers from uncertainties, nonlinearities [3-4] and disturbance. These inconvenient 

may cause degradation of control performance in force, pressure or position tracking of EHAS [5]. 

Position tracking performance of EHAS can be guaranteed when non-linear behavior, uncertainties 

and disturbance in EHAS are compensated. Thus, in order to acquire the best performance of the 

EHAS, a suitable controller, which reflects robustness and tracking accuracy is very significant and 

has to be designed. 

In this recent decade, position tracking accuracy of EHAS is becoming a popular research topic. 

However, the research becomes challenging because of EHAS nature behavior; highly nonlinear, 

have uncertainties and disturbance. Position tracking performance is compulsory as it will give a 

stable control of a system. Thus, to build a good controller for EHAS, the best model that can 

represent the behavior of the system need to be obtained. 

In any system analysis, a proper modeling of a system is a first step in designing a control 

strategy [6]. System modeling can be based on two approached, first is system identification method 

and second is system physical law. A system physical law that was used in [7-12] requires 

researcher to understand and have an expert knowledge about the system under study. Thus, this 

had made many researchers is avoiding to use this technique to develop system model. In contrast 
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to system identification, researchers only need to obtain a set of stimulus response data from real 

system for the system model development. This means that no prior knowledge about the system is 

necessary. Due to its simplicity, a numbers of researchers choose to use this technique over physical 

law technique to construct EHAS model [13]. 

Experimental setup 

For data collection, an experiment is conducted by using a real electro-hydraulic actuator system 

(EHAS) that consisted hydraulic pump, piston, position sensor, servo valve, and hydraulic motor, as 

in Fig. 1. 

 
Fig. 1: Real life electro-hydraulic actuator system (EHAS) 

To connect between computer and EHAS, a DAQ card NI-PCI 6221 is used. And in order to 

excite the system’s signal, a stimulus signal as in Fig. 2 with different sampling time is generated by 

MATLAB software in computer. Stimulus signal that is used in this experiment is as below: 

= 	1.5 2 0.05 + 	1.5 2 0.2 	 + 	2.5 2 1 	    (1) 

 
Fig. 2: Stimulus signal 

Then the stimulus signal is sent to servo valve through the DAQ card. The control valve 

controlled the flow of the hydraulic fluid that will then control the piston’s position accordingly. 

The piston’s position is captured by wire sensor, WDS 300 p60 which connect to the load that 

attached to the end of the piston. The maximum measurement length of wire sensor is 300mm 

which also corresponding to the piston length.  

System identification 

System identification that was introduced by Zadeh, is a technique to obtain mathematical model 

of a system by using it stimulus response data [14]. The process in system identification includes 

data capture, model structure, model estimation and model validation.  
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a.  Data collection 

The data collection can be obtained from experiment. Then the collected data or the input-output 

response is being used to obtain a mathematical model of EHAS with the aid of system 

identification. During data taking, linearization process is done by adding an offset to the stimulus 

signal. This process is important as EHAS system is a nonlinear system. Without this linearization 

process, the linear estimation of the model is hard to achieve. 

b.  Model structure 

In this section, system model has to be chosen. In this research a linear ARX model is chosen to 

represent EHAS system. As mentioned previously, EHAS is a nonlinear system, however linear 

model is preferred as it is much simpler and can represent the real system with high precision. After 

all, linear model ARX has proved to provide a highly accurate model for a nonlinear EHAS [3, 10, 

12]. In general, linear model ARX can be written in the form: 

=            (2) 

where u(t) is the discrete input signal and y(t) is the discrete output signal and the polynomial A and 

B is given by: 

= 1 +	 +	…+	         (3) 

= 1 +	 +	…+	         (4) 

General structure of ARX model is shown in Fig. 3. 

 
Fig. 3: General structure of ARX model. 

The system may also be able to be written as: 

= − − 1 −	…	− − + − − 1 +	…+ − − 															   (5) 

In this research, the following model will be derived and evaluated. 

=          (6) 

After a suitable model is chosen, the next is to decide on the structure of the model. In ARX 

model, we can choose a model structure that starts with lower degree of 2-2-1 structure of high 

degree of 5-5-1. Usually, higher degree will give us a better model approximation, but at the same 

time higher degree will also result in a more complex model structure. However Parsinomy 

Principle can be used to determine the suitable model structure for a system. Parsinomy Principle 

stated that, out of two identifiable model structures that fit certain data, model with the simpler form 

will be chosen. Where simpler form is indicated by having a lower degree and less parameter in the 

structure where this will help to make the computation and controller design a lot easier.  

c.  Model estimation 

Model estimation is the process to estimate the coefficient of the transfer function of the plant or 

system that is to be controlled. Or in the other words, we are going to estimate the value of 

coefficient in equation (6). For system identification model estimation technique that is used is the 

least square method. Where in least square method, equation (6) is transformed into a regression 

form as in (7): 

=           (7) 

where, 
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 In least square method, we need to find the value of θ(k)  that will minimize the sum of square 

residual ε(k). And the θ(k) can be obtained by minimizing the cost function given in Eq. (10). 

= ∑                     (10) 

The value of θ k will be updated accordingly based on below steps: 

a. Calculate the estimated error, ε(k) : 

 = − − 1                     (11) 

b. Calculate the least square weighting factor, L(k) which tells how the correction and the 

previous estimate should be combined. 

 =                               (12) 

c. Update the P matrix that is proportional to the variance of the previous estimates. Where, ρ is 

the forgetting factor that determines how fast old data will be forgotten. 

 = − 1 − − 1                 (13) 

d. Update the current estimated parameter, θ k  by adding correction to the previous estimated 

parameter θ k − 1 : 

= − 1 +                    (14) 

The value of ρ is set by: 

•  ρ=1  ; if there is no data will be forgotten. 

•  ρ<1   ; if the parameters to be identified are time varying.  

where the smaller value of ρ indicates the faster the old data is discarded. As a beginning normally 

following values are often used: 

• 0 = 0         ;  if no prior information on estimated parameter. 

• 0 =   ; with 	a very large number are normally used to speed the convergence 

process of estimates to their values. 

d.  Model validation 

The Final step in system identification is model validation.  The purpose of this process is to 

ensure the obtained model is fitted with the observed or real system behavior. Most common 

validation processes are done by comparing model performance with real system performance. Best 

fitting percentage is used as a validation standard, where the higher fitting percentage indicates a 
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more accurate model [15] and it is able to represent the actual system. Besides best fitting, the 

Akaike’s criterion is also considered.  

Controller Design 

In this research, it is assumed that system parameters are known and there is no time varying 

occurs in the system. Thus, the self-tuning version of pole assignment controller and MVC is 

designed by using the same method, however the controller parameter is calculated based on the 

estimated system parameter from system identification. Below is the EHAS model that is obtained 

by system identification technique. This model is applied subsequently in controller design part. 

a. Pole assignment controller 

As system pole locations determine the characteristic equation of a system which can produce a 

particular system response, thus we can assign our desired pole location so that a particular system 

response is obtained. This can be done through pole assignment controller technique. Fig. 4 shows 

the block diagram of closed loop pole assignment controller system [16].  
 

 
Fig. 4: Block diagram of closed loop pole assignment controller system 

 

In this part, the model obtained from offline system identification technique will be used to 

design the control system. From the block diagram in Fig. 4 closed loop transfer function is given 

as: 

=                    (15) 

where ; 

= 1	 +	 	+ 	 +	…+                  (16) 

G z = g + g z +	g z +	…+	g z                  (17) 

From equation (15), the Diophantine equation can be derived as: 

+ =                  (18) 

where; 

= 1 + 	and   = ∑
∑  

From (18), for third order ARX system model, below equation is obtained: 

1 +	 + + 1 +	 +	 	+ 	 +	 +	 +
	 +	 = 1 +	                    (19) 

And by expending and comparing coefficient in (19), we can simplify the equation by written the 

equation in matrix form as follows: 

 

0 1 1 1

1 1 0 2 2 2

2 1 2 1 0 0 3

3 2 2 1 1

3 2 2

1 0 0 0

1 0

0 0

0 0 0 0

b f t a

a b b f t a

a a b b b g a

a a b b g

a b g

−     
     −     
     = −
     
     
                           (20) 
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b. Minimum variance controller 

Fig. 5 shows the general structure of MVC. By considering EHAS model that is obtained by 

using system identification technique, we can solve for polynomial F and G by using below identity 

equation:  

+	 =                      (21) 

Then we can obtain the MVC controller as: 

=                      (22) 

 
Fig. 5:  General structure of MVC 

Results and Discussion 

a.  System modeling 

Sets of data consist of input and output data are processed to obtain the model of the EHAS. The 

process is done by using System Identification Toolbox in Matlab. As mentioned earlier, the system 

model is described as a transfer function in the form of an equation (1) or (2). Sampling time that 

will be considered in this experiment is 50ms. This is because, based on [16-17] it is established 

that, it is sufficient to use 50ms sampling time for EHAS system  in order to avoid folding and 

aliasing problem occur during the sampling process. In this research, based on Parsinomy Principle, 

third order ARX model structure is chosen. And the model transfer function obtained is as follows: 

= = . . .
. . .                 (23) 

After obtaining the EHAS model, model validation is done by simulating the response of the 

model and compare with the checking data. Fig. 6 shows the result of the validation process.  The 

result shows that the output response of the model is closed to the actual system response with best 

fitting percentage of 94.88%.  
 

 
Fig. 6: Validation process output 

b.  Controller result 

Simulation result for both pole assignment control and MVC on EHAS model is shown in Fig. 7. 

From the figure, it shows that both controllers manage to regulate at the desired input, however 

MVC seem to have a faster rise time compared to pole assignment controller. 
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Fig. 7: Comparison between Pole assignment control and MVC with Step Input 

 

Significant findings can be seen in Fig. 8, which shows the comparison between pole assignment 

controller and MVC when sine input is given. From the figure, it clearly shows that MVC tracked 

down the given sine input better than pole assignment controller in the form of phase lagging. 

Where in MVC, the phase lag is reduced, thus it will give a better performance to EHAS system. 

 

 
Fig.8: Comparison between Pole assignment control and MVC with sine Input 

Conclusion 

As a conclusion, a nonlinear electro-hydraulic actuator system can be modeled by using linear 

model estimation that is available in system identification technique. The estimated model is used to 

obtain the third order ARX model. The ARX model is then used in designing a controller that will 

improve the overall EHAS performance. Two types of controllers which are pole assignment 

controller and minimum variance controller have been successfully designed. To obtain the result, 

step and sine input signal are given to EHAS model and the response shows that the output from 

both controllers has successfully tracked the given input signal. However, if performance of both 

controller is compared, minimum variance controller is giving a better performance in term of faster 

rise time and minimum phase lagging compared to pole assignment controller. 
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