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Abstract—This paper essentially demonstrates and 

controls an electro-pressure-driven actuator, which 

is a critical basis. It is connected in frameworks like 

ships, planes, fabricating systems, process systems, 

robots, flight and sailing test systems, etc. The system 

was established using ARX displaying procedure 

using the system identifiable proof tool compartment 

in MATLAB. A fluffy rationale controller was then 

produced for the electro-hydraulic actuator using 

Simulink/MATLAB. The Sugeno write fuzzy logic was 

used, and a usual Proportional Integral Derivative 

(PID) controller was additionally produced for 

inspection. The fuzzy controller outflanked the PID 

controller. It output zero steady-state error, 2.8% 

overshoot, and settling time of 0.36 seconds. The 

system reaction was better with the PID controller, 

which has a 0.0021 or 0.21% steady-state error, 

4.8% overshoot, and settling time of 0.32 seconds. 

The response parameters of the system without a 

controller are 0.0010 or 0.1% steady-state error. An 

undershoot of 1.4% and 0.54 seconds settling time. In 

this way, the controller had enhanced the system in 

the speed of task and also exactness. 

 

Keywords—Electro-hydraulic actuator, Sugeno type 

fuzzy basis, PID controller. 

I. INTRODUCTION 

Hydraulic actuators are devices that are utilized to 

create powers with the assistance of fluids for driving 

loads. Electro-hydraulic actuators deliver stimulating 

signals capable of or subject to the sum connected of 

electrical signals, typically voltages (Poley, 

2005),(Alleyne and Liu, 2000). The significance of 

these frameworks needs not to be overemphasized. 

They have such huge numbers of uses that touch 

human lives in various ways that include: in airplanes 

and pilot-training programs, ships, fabricating 

devices and frameworks, modern procedures, in lab 

test equipment, they are equally utilized as a part of 

processing machines; for paper manufacture, steel 

and aluminum industries, utilized as a part of robots 

and enhancement types of equipment (Poley, 

2005),(Alleyne and Liu, 2000), (Sen and 

Mukhopadhyay, 2014). Engines can perform a few or 

all the specified capacities, yet electro-hydraulic 

actuators are better choices when applications require 

higher data transmissions (past 20Hz), control (over 

15kW), and high precisions. Others include the phase 

of huge powers with fast of the task, also postures 

higher picks up and low frequencies, better execution, 

cooling framework and flow attributes decoupling 

(Poley, 2005),(Alleyne and Liu, 2000), (Sen and 

Mukhopadhyay, 2014), (Habibi and Goldenberg, 

1999). Framework identification or displaying 

manages the procedures for delivering a satisfactory 

mathematical model of a framework with the end 

goal of inspection. The models created are used for 

imperative applications, which involve expectation, 

control, translation, and frameworks, to say a couple. 

Framework identification or displaying is critical in 

numerous fields; some of which incorporate electrical, 

mechanical, common, aeronautical, naval, 

aeronautics and concoction designing too material 

science thus on (Forssell and Lindskog, 1997), 

(Adnan, 2012), (Hassan, 2014). A precision 

precondition in the displaying differs and is a 

capacity or subject to the area of usage. There are 

diverse devices/approaches utilized for framework 

unique proof which incorporates mathematical 

(differential conditions, variable based math, and 

networks), factual (probability and estimation 

hypotheses) and counterfeit strong (neural systems 

and ANFIS) (Forssell and Lindskog, 1997), (Adnan, 

2012), (Hassan, 2014), (Goodwin and Payne, 1997). 

Figure-1 is a straightforward outline of how 

framework distinguishing proof is finished. The plant 

and its gauge are energized with similar info u and 

their yields yp and ym are thought about, and the 

difference is the error e. A representing or framework 

identification method is then utilized to reduce the by 

altering the parameters in the created plant display 

until the point that it could copy the first plant to 

some degree (Forssell and Lindskog, 1997), (Adnan, 

2012), (Hassan, 2014), (Goodwin and Payne, 1997). 

Controllers are generally subsystems or parts 

added to an existing framework more often than 

called the plant to improve its flow, for example, 

operational speed, security, disturbing influence 

discharge, and some more (Mandal, 2006). Figure-2 

is a piece outline that represents the important shut 

circle control framework. It turns into an open circle 

framework if the input way is absent. 

 

http://www.internationaljournalssrg.org/IJME/paper-details?Id=18
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Fig.1. Plant display development outline 

In that respect, poley (Poley, 2005) constructed up 

an advanced controller for an electro hydraulic using 

the digital signal processor (DSP) C2000 arrangement, 

which was new around then and has an identifying 

highlight that it has helped structures for programming. 

Henceforth, the benefit of using electronic frameworks 

was outfit no sweat, and it involved improved 

execution and flexibility. In another contribution 

responsible for the electro-hydraulic system (Bonchis, 

2001) proposed a position controller using variable 

structure control for such frameworks with the point 

of finishing errors caused by frictional magnifications, 

which are nonlinear. In the inspection, the heap on the 

system and the disturbing impacts were viewed as 

outside irritations and results established that the 

control scheme was controlling. In 2008 (Zhong and 

He, 2008), He and Zhong projected answers for 

capturing the time differing unsettling influences and 

nonlinearities related with the electrohydraulic system 

by using a combination of fuzzy logic and network 

techniques. They also used a technique known as the 

various leveled fuzzy error to enhance the weight and 

combination rate of the neuro-fuzzy system. Results 

showed that the created system could improve the 

system's accuracy and strength (Zhong and He, 2008). 

In crafted by Troung and Ahn (Troung and Ahn, 

2009), a sandwich of dim and fuzzy logic was used to 

enhance the exceed and settling time reaction of a 

hydraulic actuator system. The projected strategy also 

indicated the capacity to reduce unsettling influences 

both inner and outside. In another progression by 

Guan and Pan (Guan and Pan, 2008), an adaptable 

sliding mode control combine was produced for the 

electro-hydraulic system to check the impacts of both 

direct and nonlinear unclear parameter varieties in 

such systems. Results prove that the proposed 

technique was viable with great system accuracy. In 

this work, the ARX displaying method was harnessed 

for discrete proof of an electro-hydraulic system. After 

which, a control system was intended for the system 

using the Sugeno compose fuzzy logic. The Sugeno 

compose explored because of its various and attractive 

favorable circumstances for control applications. 

Furthermore, it is more current and not yet used for 

some control systems compared with the Mandami 

partner. Change of the actuator system movement is of 

vital significance because of its sensitive applications. 

In this inspection, using the important Sugeno 

compose fuzzy logic is much the same as the start. 

Along these lines, a more robust and sorted out shape 

of the controller would be explored further. 

 

 
 

Fig.2. Control scheme development description
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II. THE HYDRAULIC ACTUATOR MODEL 

The electro-hydraulic actuator data records at 

45ms examining time for the input and output sets 

were used to acquire the system model. The readings 

are 1000 in number, and the input/output parameters 

are voltage (v) and separation (cm). The device was a 

standard modern bidirectional barrel compose 

actuator with a cylinder distance across 25mm, a 

piston pole diameter of 16mm, a stock of 400mm, 

and a cylinder area apportion of 1.6:1. An inductive 

sort operated in position transducer with an 

electronically controlled valve for the pressurized 

fluid flow. The valve is a proportional and directional 

write with an input voltage of  10V dc and current 

of 4-20mA and had 2300psi pressure control capacity 

(Adnan, 2012), (Hassan, 2014). The ARX 

demonstrating system was used to acquire the 

transfer work as given by equation (1). 

 

0.216𝑧2

𝑧3 − 0.9914𝑧2 − 0.1820 𝑧 + 0.1720
(1) 

 

III. CONTROLLER 

A proportional-integral (PI) controller was created 

for the electro-hydraulic actuator system using the 

Sugeno write fuzzy logic. Another was created using 

the regular PID system for connection purposes. The 

MATLAB/SIMULINK stage was used for the 

simulations. The two input sources are the error (E) 

and the essential of the error (iE) signals, and for both 

input sources, three trapezoidal membership 

functions were used. The membership functions are 

given names as negative (N), zero (Ze), and positive 

(P) and are characterized as appeared in conditions (2) 

– (9). The single controller output was the control 

signal (Cl) and was made of five direct membership 

functions named: negative large (Nl), negative small 

(Ns), zero (Ze), positive small (Ps), and positive large 

(Pl). The meanings of the membership functions for 

output are given by conditions (10) – (15). 

 

𝐸
= {𝑁, 𝑍𝑒, 𝑃}                                                 (2) 

𝑁

= {(𝑒(𝑎𝑛, 𝑏𝑛, 𝑐𝑛, 𝑑𝑛), 𝑢𝑁(𝑒))|𝑒 ∈ 𝐸}          (3) 

𝑍𝑒
= {(𝑒(𝑎𝑧𝑒, 𝑏𝑧𝑒, 𝑐𝑧𝑒, 𝑑𝑧𝑒), 𝑢𝑧𝑒(𝑒))|𝑒 ∈ 𝐸}    (4) 

𝑃

= {(𝑒(𝑎𝑝, 𝑏𝑝, 𝑐𝑝, 𝑑𝑝), 𝑢𝑝(𝑒)) |𝑒 ∈ 𝐸}         (5) 

𝑖𝐸
= {𝑁, 𝑍𝑒, 𝑝}                                                (6) 

𝑁
= {(𝑖𝑒(𝑎𝑛, 𝑏𝑛, 𝑐𝑛, 𝑑𝑛), 𝑢𝑁(𝑖𝑒))|𝑖𝑒 ∈ 𝑖𝐸}      (7) 

𝑍𝑒

= {(𝑖𝑒(𝑎𝑧𝑒 , 𝑏𝑧𝑒 , 𝑐𝑧𝑒 , 𝑑𝑧𝑒), 𝑢𝑧𝑒(𝑖𝑒))|𝑖𝑒 ∈ 𝑖𝐸}  (8) 

𝑃

= {(𝑖𝑒(𝑎𝑝, 𝑏𝑝, 𝑐𝑝, 𝑑𝑝), 𝑢𝑝(𝑖𝑒)) |𝑖𝑒 ∈ 𝑖𝐸}      (9) 

𝐶𝑙
= {𝑁𝑙, 𝑁𝑠, 𝑍𝑒, 𝑃𝑠, 𝑃𝑙}                             (10) 

𝑁𝑙
= {(𝑐𝑙(𝑎𝑛𝑙, 𝑏𝑛𝑙, 𝑐𝑛𝑙, ), 𝑢𝑁𝑙(𝑐𝑙))|𝑐𝑙 ∈ 𝐶𝑙}     (11) 

𝑁𝑠
= {(𝑐𝑙(𝑎𝑛𝑠, 𝑏𝑛𝑠, 𝑐𝑛𝑠, ), 𝑢𝑁𝑠(𝑐𝑙))|𝑐𝑙 ∈ 𝐶𝑙}   (12) 

𝑍𝑒

= {(𝑐𝑙(𝑎𝑧𝑒, 𝑏𝑧𝑒 , 𝑐𝑧𝑒), 𝑢𝑍𝑒(𝑐𝑙))|𝑐𝑙 ∈ 𝐶𝑙}     (13) 

𝑃𝑠

= {(𝑐𝑙(𝑎𝑝𝑠, 𝑏𝑝𝑠, 𝑐𝑝𝑠), 𝑢𝑃𝑠(𝑐𝑙)) |𝑐𝑙 ∈ 𝐶𝑙}  (14) 

𝑃𝑙

= {(𝑐𝑙(𝑎𝑝𝑙, 𝑏𝑝𝑙, 𝑐𝑝𝑙), 𝑢𝑃𝑙(𝑐𝑙)) |𝑐𝑙 ∈ 𝑐𝑙}    (15) 

 

Since the Sugeno compose fuzzy logic was used, 

the controller's output is given in the form as 

appeared in equation (16), where axx,bxx, and cxx 

are constants the output is not linear as portrayed by 

the equation (Mandal, 2006). 

𝑓(𝐸, 𝑖𝐸) = 𝑎𝑥𝑥 + 𝑏𝑥𝑥𝐸 + 𝑐𝑥𝑥𝑖𝐸         (16) 

 

IV. RESULTS AND DISCUSSION 

Table-1 demonstrates the different fittings of the 

diverse ARX models acquired using the system 

identification toolbox in MATLAB. 60% of the data 

was used as working data, and staying 40% for 

approval. The accuracy demonstrates the percentage 

fit of each one of the models. In this manner, the best 

was picked to such an extent that it has a high 

percentage fit with the suitable request to such an 

extent that challenges will not be experienced during 

the controller outline. In this way, the ARX display 

311 was picked, with three poles, one zero, and one 

delay. It is also stable and has a 96.21% fit. The 

transfer work was as appeared by equation (1). 

Figures-3, 4, and 5 are the system step responses 

without the controller, PID controller, and fuzzy 

controller. Figure-6 was the combined responses of 

the system. It can be found from the responses that 

the system with the fuzzy controller produces the best 

response with zero steady-state error, 2.8% overshoot, 

and settling time of 0.36 seconds. The system 

response was better with the PID controller, which 

has a 0.0021 or 0.21% steady-state error, 4.8% 

overshoot, and settling time of 0.32 seconds. The 

system's response parameters without controller 

comprise 0.0010 or 0.1% steady-state error, an 

undershoot of 1.4%, and 0.54 seconds were settling 

time. Table-2 demonstrates a summary of the results 

examined. 
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V. TABLE I 

The ARX modeling results. 

 

Model Accuracy(%) 

ARX 243 96.00 

ARX 433 95.96 

ARX 463 95.77 

ARX 321 95.21 

ARX 331 94.97 

ARX 233 95.75 

ARX 411 95.33 

ARX 311 95.21 

 

VI. TABLE III 

Results of control schemes 

 

→parame

ter 

Overshoot 

(%) 

Settling 

time 

(s) 

Steady-

state 

error 

 

↓scheme 

Fuzzy 2.7 0.35 0.000 

PID 4.7 0.31 0.0020 

No 

controller 

1.3 

(undershoot) 

0.53 0.009 

 

 

 
Fig.3. Unit step response of the system without a 

controller 

 

 
Fig.4. Unit step response of the system with PID 

controller 

 

 
Fig.5. Unit step response of the system with fuzzy 

controller 

 

 
Fig.6. A combination of unit step responses of the 

system. 
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VII. CONCLUSIONS 

In this work, exertion was made to model and 

control an electro-hydraulic actuator system, which 

has applications in systems like ships, planes, 

manufacturing systems, process systems, robots, 

flight and sailing test systems, etc. The hydraulic 

actuator system was established using ARX 

displaying a system distinguishing proof toolbox in 

MATLAB, and a fuzzy controller was produced 

using Simulink in MATLAB software design. The 

Sugeno write fuzzy logic was used and a customary 

Proportional Integral Derivative (PID) controller to 

compare the results. The fuzzy controller 

demonstrated preferred execution over the PID 

controller. It made the system steady-state error zero, 

with a 2.8% overshoot and settling of 0.36 seconds. 

The system response was better with the normal PID 

controller with a 0.0021 or 0.21% steady-state error, 

4.8% overshoot, and settling time of 0.32 seconds, 

while without the controller, the system had 0.0010 

or 0.1% steady-state error, an undershoot of 1.4% and 

0.54 seconds settling time. Hence, the controller had 

enhanced the system in terms of speed of operation 

and accuracy, and the controller is in the simplest 

configuration. Along these lines, there is the 

inclination to have better results using different 

Sugeno variations in the fuzzy logic for controlling 

such systems. 
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