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In order to produce an accurate movement of double-acting hydraulic cylinder of the Electro-Hydraulic Servo System 
(EHSS), an Iterative Learning Controller (ILC) approach is implemented in this work. Nonlinearity and imprecision occurs 
in the hydraulic systems because of friction. Traditional controllers are incapable of providing effective control performance 
throughout the entire operating range and insufficient to handle repetitive task. To manage the repetitive task, a memory-
based learning control analysis is suitable. This research focuses to construct the ILC for governing the servo spool valve, 
which is responsible for the hydraulic cylinder displacement. The proposed ILC consists of learning filter, learning gain and 
robustness filter. Proportional, Integral and Derivative (PID) controller is devised to validate the outcome of ILC. 
Controllers are constructed based on the system modelling. The effectiveness of the suggested controller is shown through 
simulation and experimental findings. ILC provides an average of 50% minimal overshoot and settles 7 sec before the PID 
controller is designed. Due to model uncertainty, PID controller results 0.2 sec better rise time than ILC. In ILC's 
architecture objective function is designed to achieve minimal overshoot and quick settling of hydraulic cylinder. So, no 
consideration is given to the error indices. These findings will help hydraulic stamping application, which requires the 
accurate displacement of piston to avoid damage of work piece. These results show that the proposed controller achieves 
desired outcome displacement of hydraulic cylinder. 

Keywords: Closed loop control, Double acting hydraulic cylinder, Position control, Proportional integral derivative 
controller, Servo spool valve 

Introduction 
An EHSS is made up of an electrically driven servo 

valve that regulates the hydraulic fluid fed to a 
cylinder. Because of their solidity, sturdiness, 
capability to withstand massive inertia, and stability, 
it is commonly employed in versatile heavy-duty 
applications.1 EHSS are used in the following 
application such as Autonomous tractor, Half car 
active suspension system, Metal bar cropping and 
Hydraulic press.2–5 Meanwhile, it has downsides that 
include external disturbances, aging, leakage and flow 
saturation of valve. These issues can be fixed by 
implementing a closed-loop controller and also the 
displacement precision can be increased even under 
harsh conditions.1 For servo valve-based applications, 
many control systems have been applied, which 
includes model-based and non-model-based control. 
In the Model-based control, the efficiency, stability 
and accuracy are improved by using system 
dynamics. PID is employed in many application 

because of its design simplicity.6 Sliding Mode 
Controller (SMC) performs better on nonlinearity and 
disturbances.1 Zero Phase Error Tracking Controller 
(ZPETC) improves error tracking and response 
smoothness.7 Internal Model Controller (IMC), Model 
Predictive Controller (MPC), Adaptive Back-Stepping 
Controller (ABS) and Iterative Learning Controller 
(ILC) has been implemented with some standard 
assumption and ignorance to achieve the desired 
response.8–11 However, it’s difficult to identify the 
accurate mathematical model of EHSS due to large 
number of model uncertainties such as external 
disturbances and leakages. To find the system 
parameters, non-model-based control procedures are 
employed. It's also flexible and adaptable for 
modification of rules. Non-model based control 
strategies like Fuzzy Iterative Learning Control 
(FILC), the error correction in each cycle is 
improved.5 To address complex optimization issues, 
the PID type Genetic Algorithm (GA) is applied.12 
For applications involving categorization and 
retrogression, neural networks are investigated.13 
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Hybrid neural-genetic algorithm improves the 
precision of nonlinear systems and the Particle Swarm 
Optimization (PSO) reduces the computing time 
required for system parameter identification.14 To 
solve large-scale optimization problems, the Genetic 
Algorithm is applied to potentially facilitate the 
applications of the EHSS.15 An iterative learning 
mechanism is used in complex gait simulation process 
to maneuver Electro-hydraulic Loading System into a 
position trajectory that closely resembles the desired 
curve.16 

Performance of EHSS has been tested with both the 
learning and non-learning control schemes. The non-
learning controllers may not be sufficient when there 
are significant environmental and plant-related 
uncertainties. Conventional controllers no longer offer 
appropriate and attainable control performance across 
the whole operating range, because finite-time 
tracking control is challenging with the usage of 
conventional controllers. The learning controller 
makes use of the error signal data from the prior 
cycle. It features a memory component that keeps 
track of the signal from the previous repetition and 
acts on it. Non-learning controllers are used for non-
repetitive activities. It integrates few system-
restrictive circumstances. Based on the complexity in 
system model, suitable control strategy can be 
implemented to improve the resistance to system 
uncertainty and disruptions.  

To achieve a high level of precision, especially for 
a repeating task, ILC has been implemented.17,18 
Learning from earlier iterations, ILC improves the 
system's performance. Learning controller offers 
better results by utilizing the information of earlier 
iteration error signals, but a non-learning controller 
ignores them.19 ILC updates the present trial input 
with data from prior trials, allowing performance to 
increase over time. ILC is best for operations that 
repeat the same task over a set period of time.20 ILC 
increases the system performance in manufacturing 
process such as Additive manufacturing, Computer 
numerical control machine tool, Cyclic production 
process and Injection molding process.21−23 ILC is 
applied to control the Building temperature, Chemical 
reactor and Current control for switched reluctance 
motor.24–26 ILC implemented in heavy load 
applications such as Electro-hydraulic Servo System, 
Gait simulator, Electro-hydraulic metal bar cropping 
and Gantry robots.11,16,27,28 ILC is successfully applied 
in non-repetitive practical applications. It is used to 
achieve high potential in the non-repetitive pick and 

place operation of the delta robot.29 ILC is 
implemented in mobile robot to address issues with 
trajectory tracking when the robot's position is 
unknown at the beginning of each iteration.30 In order 
to obtain accurate position and pressure tracking 
capabilities as well as resilience, an electro-pneumatic 
servo system is exposed to an ILC approach with a 
PID feedback loop.31 In wafer scanning, ILC 
improves the performance when the process cycle has 
distinct phases, where repeated disturbances are less 
prevalent than non-repetitive disturbances.32 ILC is 
also utilized to enhance non-repetitive performance.33 

Objective  
To construct an iterative learning controller for an 

EHSS that achieves zero overshoot and fast settling 
time, as well as to test and verify the system's 
performance. 

Experimental Setup Details 

Electro-Hydraulic Servo system (EHSS) 
 

Block Diagram of Electro-Hydraulic Servo System (EHSS) 
Block diagram of EHSS is shown in Fig. 1. Input 

block is the set point, Controller is used to regulate 
the displacement, and Feedback is the signal which 
carries the displacement information of hydraulic 
cylinder, Data Acquisition Card (DAQ) is employed 
to communicate with the programming device and 
hardware. Linear Variable Differential Transformer 
(LVDT) senses the position of hydraulic cylinder and 
electro hydraulic power pack stores the fluid which is 
used as a power medium. 

Photography of Electro-hydraulic Servo System 
Photograph of an EHSS is displayed in Fig. 2. 

DAQ is used to facilitate communication between 
Personal computer and EHSS. DAQ is equipped with 

Fig. 1 — Block diagram of EHSS 
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Analog to Digital Converters (ADC) and Digital to 
Analog Converters (DAC). LVDT senses the 
displacement of double-acting hydraulic cylinder and 
the analog signal reaches the ADC. DAC acquires the 
digital controller signal from controller and turns it 
into an analog signal that is sent to the servo spool 
valve. Three phase fixed displacement pump is used 
to generate hydraulic power for hydraulic systems. 
Accumulator and pressure gauge are employed to 
sense and store the hydraulic power respectively. 

The hydraulic cylinder has a stroke length of 
250 mm. Displacement is monitored by an LVDT and 
is operated by a servo valve. The input current 
controls the spool-valve's displacement. The direction 
and speed of a piston's movement are determined by 
the location of the spool-valve. Software for closed-
loop control is built using MATLAB. The difference 
between the set point and obtained signal of 
displacement is the error signal (e). The controller 
uses the error signal and produces the command 
signal to regulate the position of hydraulic cylinder. 

Functional Flow Diagram 
Physical connection, fluid flow and electrical 

connections are shown in Fig. 3. Hydraulic power 
pack is controlled by a 3-phase power source, which 
includes a hydraulic sump that is physically connected 
to a three-phase induction motor. The relief valve 
receives the fluid flow from the hydraulic sump via 
the filter and accumulator. Fluid flows from the relief 
valve to the hydraulic cylinder via the servo valve, 
with the return fluid returning to the hydraulic sump. 
To sense the position of the hydraulic cylinder, the 
LVDT is physically connected to it. An electrical 

connection is established between DAQ, personal 
computer and servo valve. 

System Dynamics 
The mathematical model is derived in order to 

determine the system transfer function. The 
kinematics of an EHSS is simplified using following 
assumptions. i) Ignoring cylinder and valve fluid 
leaks. ii) Neglecting the piston-cylinder frictional 
force. iii) Consider that the spool position of the servo 
valve is critically lapped. 

EHSS Parameters and Its Values 
Coil resistance (R) = 20 ohm, Coil inductance (L) 

= 0.05 H, length of cylinder stroke (a) = 250 mm, 
Coefficient of discharge (Cd) = 0.7, Area gradient (w) 
= 0.024 m2/m, Piston's cross sectional area (A) = 
0.001855 m2, Pressure supply (Ps) = 3.5 × 104 Pa, 
Load's damping coefficient (b’) = 1200 Ns/m, Density 
(𝜌) = 839.612 Kg/m3, Mass of the load (m’) = 9.5 Kg, 
Load-spring constant (k’) = 410 N/m, Damping 
coefficient (b) = 540 Ns/m, Mass (m) = 0.5 Kg, 
Volume (Vo) = 3.1 × 10−4 m3, Spring constant (k) = 
20 N/m. 

Electrical Cylinder and Spool 
The voltage (v) applied for an electrical actuation is 

described using the Current through coil (i), 
Inductance (L) and Spool displacement (xv) as 
follows: 

𝑣 ൌ 𝑖𝑅 ൅
௅′ቀ ೣೡ

ሺೌశೣೡሻ
ቁௗ௜

ௗ௧
൅

௜௔௅′

ሺ௔ା௫ೡሻమ
𝑥௩ ̇     … (1)  

Fig. 2 — Photography of EHSS: 1-Personal computer (PC), 2-
DAQ, 3-Hydraulic power pack, 4-Three phase fixed displacement
pump, 5-Double-acting hydraulic cylinder, 6-Pressure gauge,
7-LVDT, 8-Accumulator, 9-Servo spool valve

Fig. 3 — Functional flow diagram of EHSS 
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The Eq. (1) yields current via the coil as 
ௗ௜

ௗ௧
ൌ 𝑎 ൅

௫ೡ

௫ೡ௅′൬௩ି௜ோି
೔ೌಽ′

ሺೌశೣೡሻమ
௫ೡ൰

    … (2) 

The magnetic force generated by the coil is used to 
carry the displacement in the spool plunger. The Eq. 
(3) relates the spool displacement, flow force and
magnetic force.

௜௔௅′

ሺ௔ା௫ೡሻమ
ൌ 𝑚𝑥௩ሷ ൅ 𝑏𝑥௩ሶ ൅ 𝑘𝑥௩ ൅ 0.43𝑤ሺ𝑃௦ െ 𝑃௅ሻ𝑥௩ … (3) 

The spool valve's displacement is calculated using 
Eq. (3) as follows: 

𝑥௩ሷ ൌ
೔ೌಽ′

ሺೌశೣೡሻమ
ି௕௫ೡሶ ି௞௫ೡି଴.ସଷ௪ሺ௉ೞି௉ಽሻ௫ೡ

௠
   … (4) 

Double-Acting Cylinder 
Based on spool displacement, the fluid flow rate 

(QL) to the cylinder is given as 

𝑄௅ ൌ 𝐶ௗ𝑤𝑥௩ඥሺ𝑃௦ െ 𝑠𝑔𝑛𝑥௩ െ 𝑃௅ሻ/ … 5) 

Load 
The load is driven by the pressure differential 

inside the cylinder. 

𝐴𝑃௅ ൌ 𝑚′𝑋௅ሷ ൅ 𝑏′𝑋௅ ൅ 𝑘 ′𝑋௅ ̈     … (6) 

𝑋௅ሷ ൌ
𝐴𝑃௅ െ 𝑏′𝑋௅ െ 𝑘 ′𝑋௅ሶ

𝑚′

The load pressure (PL) and load-displacement 
(V (t)) are calculated as follows, where β is the bulk 
modulus 

𝑃௅ሶ ൌ
4𝛽
𝑣ሺ𝑡ሻ

ሺ𝑄௅ െ 𝐴𝑋௅ሶ

𝑉ሺ𝑡ሻ ൌ 𝑉௢ ൅ 𝐴𝑋௅ …(7) 

The system transfer function, often known as the 
open-loop response, is implemented in MATLAB-
Simulink  

𝐺ሺ𝑆ሻ ൌ
௑ೡሺௌሻ

௩ሺ௦ሻ
ൌ

ସ଴

଻.ହௌାଵ
    …(8) 

Controller Design 

Iterative Learning Controller 
Learning from prior executions is the foundation of 

ILC. A system that performs the same task repeatedly 
will function more effectively as a result. When a 
disturbance persists, it either rejects or adheres to a 
certain reference.7 

Block diagram of Iterative Learning Controller is 
depicted in Fig. 4. The algorithm's performance is 
influenced by the robustness filter Q, learning gain Kl 

and learning filter L. The convergence research uses a 
minimal gain under the consideration that rk = 0 and 
all starting conditions are set as zero. 

Learning Filter (L) 
The error signal ek and the feed-forward signal uk is 

related. 
From the Fig. 4, error𝑒௞ ൌ rk െ𝑦௞  … (9) 

𝑒௞ ൌ െ𝑦௞ (∵rk = 0)  …(10) 

Now, the output yk 
𝑦௞ = G ሺ𝑢௞ ൅ 𝐶𝑒௞ሻ 
Substituting Eq. (10) we get 
𝑦௞ = G ሺ𝑢௞ ൅ 𝐶 ሺെ𝑦௞ሻ 
𝑦௞ = G 𝑢௞ െ  𝐺 𝐶 ሺ𝑦௞ሻ 
𝑦௞ ൅ 𝐺 𝐶 ሺ𝑦௞ሻ = G 𝑢௞ 
𝑦௞ (1+ 𝐺 𝐶ሻ ൌ G 𝑢௞ 

𝑦௞
𝑢௞

ൌ
𝐺

1 ൅ 𝐺𝐶

𝑦௞ = 
ீ

ଵ ା ீ஼
𝑢௞   … (11) 

When the Eq. (11) is substituted into Eq. (10), then 
the error will be 

𝑒௞ ൌ
ିீ

ଵ ା ீ஼
𝑢௞   … (12) 

From Eq. (12), to find feed-forward signal Uk 

𝑈௞ ൌ
ଵ ା ீ஼

ିீ
ൈ 𝑒௞ 

… (13) 

Low-pass filter Q(s) = ωc/(s+ωc), where ωc is the 
cut-off frequency (rad/s), is chosen as the robustness 
filter (Q). Similar to this, ILC feed-forward loop 
determines the convergence rate of the false signal 
using the learning gain Kl. 

Learning Update Rule 
From Fig. 4, the Learning update rule is derived as 

uk+1 = Q. uk + K.L.ek   … (14)  

Fig. 4 — Block diagram of iterative learning controller 
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Error iteration k+1 is derived by using the Eq. (12); 

𝑒௞ାଵ ൌ
ିீ

ଵାீ஼
𝑢௞ାଵ   … (15) 

Error Signal for the Next Run 
Subs, Eq. (14) in Eq. (15) 

𝑒௞ାଵ ൌ
ିீ

ଵାீ஼

ek+1 = 
ିீ

 ଵାீ஼
Q uk + L∗  

ିீ

ଵାீ஼
𝑒௞    … (16)  

Subs, Eq. (16) in Eq. (15) and it becomes, 

𝑒௞ାଵ  ൌ ቀ𝑄 ൅
ିீ

ଵାீ஼
∗ 𝐿ቁ 𝑒௞   … (17) 

𝑒௞ାଵ ൌ 𝑄 ൬1 െ
1
 𝑄
∗

𝐺
ሺ1 ൅ 𝐺𝐶ሻ

 𝐿 ൰ 𝑒௞

𝑒௞ାଵ ൌ 𝑄 ቀ1 െ
ଵ

 ொ
∗ 𝑃௦  𝐿 ቁ 𝑒௞   … (18)  

where, the process complimentary sensitivity; 

𝑃ୱ ൌ
𝐺

1 ൅ 𝐺𝐶

Error signal transmission from each iteration 
is depicted in Eq. (18). Convergence occurs 
when |Q ሺ1 െ  Ps  L ሻ| ൏ 1. A replacement of the 
learning filter L is Pୱିଵ i.e Responsiveness of inverted 

auxiliary process. where, Ps ൌ
G

1ାGC
 , as a result, the 

reverse inter related responsiveness Pୱିଵ is unsuitable 
and unstable for use as a filter with the help of the 
ZPETC.7 A discrete approximation for L is used to 
tackle this issue.7 A discrete complementary 
sensitivity is inputted into the technique, which 
produces an unaltered stable discrete inverse 
complementary sensitivity. Then Eq. (18) has become, 

𝑒௞ାଵ ൌ Qሺ1 െ  𝑘௟ L ൈ 𝑃௦ ሻ𝑒௞ … (19) 

If 𝑘௟=1 and L = Pୱିଵ,  Eq. (19) equals to zero. 
Flexibility against model flaws does not exist. If 0 
< 𝑘௟  < 1 is set, the convergence speed is reduced. 
Optimization method used in this work is used to 
calculate the learning gain that employs lowest 
tracking error as the objective function. 

Magnitude and Phase Plot 
Bode plot is displayed in Fig. 5. It is used to 

construct a robustness filter, cut-off frequency is 
found as 0.14 rad/s and ILC is incorporated with a 
proportional gain with the value of Kp = 0.5. 

PID Controller-Design and Implementation 
PID controller is employed in more than 95% 

of closed-loop industrial processes due to their 

simplicity and outstanding performance in many 
applications. Unlike many other modern controllers, 
which are far more sophisticated but sometimes 
deliver only minimal improvement, it can be modified 
by operators with little or no experience with 
controls.34 

The value of a robust controller is made evident 
when compared to conventional PID controllers. The 
transfer function is employed to determine the 
controller parameters. EHSS employs a PID controller 
to control the displacement of a double-acting 
hydraulic cylinder in response to an input signal. PID 
controller's proportional gain KP, integral time Ti and 
derivative time Td are calculated using Minimum 
IAE–Arrieta Orozco.35

𝐾௣ ൌ
0.2068 ൅ 1.1597 ቀ

𝑇௠
௠
ቁ
ଵ.଴ଵହ଼

𝐾௠

𝑇௜ ൌ 𝑇௠ ൬െ0.2228 ൅ 1.3009 ቀ ೘்

೘
ቁ
଴.ହ଴ଶଶ

൰

𝑇ௗ ൌ 0.3953𝑇௠ ൬
𝑇௠
௠
൰
଴.଼ସ଺ଽ

Graphical user Interface (GUI) of EHSS 
MATLAB Simulink is used to create the GUI 

displayed in Fig. 6. Controller block intend to control 
the system. Input block is utilized to deliver various 
inputs. The analog signal from the LVDT sensor 
senses the displacement of hydraulic cylinder and 
sends the signal to analog input block and the 
controller sends the signal to the analog output block 
based on the feedback signal. Movement of the piston 
is indicated by the output block. 

Fig. 5 — Magnitude and Phase of Bode plot 
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Results and Discussion 
Simulation and experimental responses of the 

square wave, set point tracking and servo responses 
were recorded to compare the performance of the ILC 
and PID controller. 

Servo Response 
The servo tracking is assessed individually for ILC 

and PID controller. Initially, the double-acting 
hydraulic cylinder is allowed to settle up to 50 sec at 
an intended position of 62.5 mm, 125 mm and 187.5 
mm, which is 25%, 50% and 75% of the entire 
displacement (0–250 mm) then it undergoes a step 
change of ± 10%. The simulation responses are shown 
in Fig. 7 (a–c). The performance measures such as 
Maximum peak overshoot (Mp), Settling time (Ts) 
sec and Rise time (Tr) sec are recorded in Table 1. It’s 
observed that ILC produces minimal overshoot of 
0.2–0.6%, whereas PID controller has 1.3–3.6%. ILC 
has a quick settling time of 1.5 sec, but the PID 
controller settles at 6.2 sec. Rise time of both the 
controllers are almost similar, where rise time of the 
PID controller is 0.03 sec quicker than the ILC’s. 
Experimental responses are shown in Fig. 8 (a–c) and 
their performance measures are tabulated in Table 2. 
ILC has a quick settling time of a minimum of 5 sec 
to a maximum of 23 sec lesser than PID controller. 
ILC has a less overshoot of 4–10%, whereas 10–45% 
observed in PID controller. Rise time of PID 
controller is 0.1–1 sec quicker than ILC. Error indices 
during simulation are tabulated in Table 3. PID has 
10% lesser error indices (ISE and IAE) than the ILC, 
due to its better rise time response. Error indices 
during experimentation are recorded in Table 4 and it 
is found that PID has 11–36% of lesser error indices 
than the ILC.  

Square Wave Tracking 
The square wave tracking responses are observed 

with fixed amplitude of 125 with a varying pulse 
width of 50%, 75% and 100%. The results of square 

Fig. 6 — Graphical user interface of EHSS 

Fig. 7 — Simulation result of servo response at: (a) 62.5 mm, 
(b) 125 mm, (c) 187.5 mm

Fig. 8 — Experimental result of servo response at: (a) 62.5 mm,
(b) 125 mm, (c) 187.5 mm
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wave tracking responses in simulation are shown in 
Fig. 9 (a–c). PID has 10% overshoot mean while, ILC 
has zero overshoot at each cycle. Rise time of PID is 
0.5 sec earlier than ILC and ILC settles at 5th sec 
whereas PID settles at 10th sec. 

Fig. 9 — Simulation result of square wave response at: (a) 50% of 
pulse width, (b) 75% of pulse width, (c) 100% of pulse width 

Fig. 10 — Experimental result of square wave response at: (a) 50% of 
pulse width, (b) 75% of pulse width, (c) 100% of pulse width 

The results of square wave tracking responses at 
experimentation are shown in Fig. 10 (a–c). At 50% 

Table 1 — Performance comparison of servo response 
during simulation 

Set point Simulation 
PID ILC

Mp 
(%) 

Ts 
(sec) 

Tr 
(sec) 

Mp 
(%) 

Ts 
(sec) 

Tr 
(sec) 

62.5+10% 3.24 6.2 1.46 0.5 1.4 1.49 
62.5−10% 3.6 6.2 1.46 0.6 1.4 1.49 
125+10% 1.89 6.1 1.48 0.3 1.8 1.5 
125−10% 2.85 6.2 1.49 0.45 1.5 1.49 

187.5+10% 1.33 6.3 1.49 0.2 1.5 1.55 
187.5−10% 1.74 6.2 1.49 0.3 1.5 1.53 

Table 2 — Performance comparison of servo response during 
experimentation 

Set point Experimentation 
PID ILC

Mp 
(%) 

Ts 
(sec) 

Tr 
(sec) 

Mp 
(%) 

Ts 
(sec) 

Tr 
(sec) 

62.5+10% 17.8 17 2.11 10 10 2.31 
62.5−10% 45.3 17 2.5 22.4 11 3.52 
125+10% 29.5 17.5 1.95 5.4 10 2.14 
125−10% 15.2 17.8 2.59 7.33 12 3.49 

187.5+10% 17.6 17 2 4 09 2.1 
187.5−10% 9.4 17.5 2.56 4.43 12 3.48 

Table 3 — Error indices comparison of servo response during 
Simulation 

Set point Simulation 

PID ILC

ISE IAE ISE IAE 

62.5+10% 785.5 41.11 861.4 63.33 
62.5−10% 785.5 41.11 861.4 63.33 
125+10% 2818 70.49 3089 108.6 
125−10% 2818 70.49 3089 108.6 

187.5+10% 3206 99.89 3802 153.8 
187.5−10% 3206 99.89 3802 153.8 

Table 4 — Error indices comparison of servo response during 
experimentation 

Set point Experimental 

PID ILC

ISE IAE ISE IAE 
62.5+10% 8437 581.9 13270 685.1 
62.5-10% 8578 595.4 13310 678.8 
125+10% 21400 750.8 26180 836.7 
125-10% 21550 741.7 26180 844.4 

187.5+10% 35140 827 38830 1032 
187.5-10% 35070 834.6 38970 1023 
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of pulse width, PID controller has failed to settle 
within the time period. At 75% and 100% of pulse 
width, PID controller response settles just before the 
first half cycle. Meanwhile, ILC performs more 
admirably than the PID controller in tracking the 
square wave form, it settles quickly for all the periods 
of the pulse width. PID has 52% overshoot but ILC 
has only 12%. 

The error indices are tabulated in Table 5. In 
simulation, PID suppresses ISE than ILC by 8% at 
50%, 75% and 100% period of pulse width 
respectively. During experimentation, 3.3%, 1.6%, 
and 3.8% at 50%, 75%, and 100% period of pulse 
width is observed. In simulation, ILC produces more 
IAE than PID by 35%. Experimental results show the 
increase of 25%, 27%, and 25% at 50%, 75%, and 
100% period of pulse width respectively. 

Set Point Tracking 
Set point tracking analysis demonstrates the 

controller's efficiency in the presence of changes in 
various set points over a period of time. The set point 
and time intervals of input signals are chosen 
randomly. The simulation result is shown in Fig. 11 a. 
ILC has 1–2%, where as PID has 6–11% overshoot, 

settling time of ILC is below 1 sec and PID controller 
takes 3 sec. Both the controller has similar rise time 
responses.  

From the experimental result shown in Fig. 11 b, 
it’s observed that ILC has10–28% overshoot and PID 
has an overshoot of 30–50%. Settling time of ILC is 
20–30sec, whereas the PID controller settles at 40–52 
sec. Set point variation increases over the period of 
time. The error indices comparison is tabulated in 
Table 6. PID suppresses the ISE than ILC by 8% in 
simulation and 13% in the experimental results. ILC 
has a larger IAE than PID by 35% in simulation and 
22% in the experimental results. Overshoot and 
settling time increases, when the variation of the input 
is higher. 

To test the effectiveness of the proposed controller, 
SMC is compared with it. For comparison, the square 
wave response is simulated and it is displayed in Fig. 
12. Similar responses are obtained in both controllers.
To illustrate the effectiveness of ILC, error indices
such as ISE and IAE are compared in Table 7. From
the Table 7, it is evident that ILC has 56% lesser ISE
and 23% higher IAE. From this comparison, it is
deliberate that both the controllers are intelligent
enough to overcome the nonlinearity and imprecision

Table 5 — Error indices comparison of the square wave tracking 

Pulse 
Width (%) 

Para 
meter 

Simulation Experimentation 

PID ILC PID ILC 

50 
ISE 4742 5198 29600 30580 
IAE 146.9 226.1 1119 1499 

75 
ISE 4742 5198 30320 30830 
IAE 146.9 226.1 1153 1593 

100 
ISE 4742 5198 29610 30780 
IAE 146.9 226.1 1167 1563 

Fig. 11 — Set point tracking: (a) simulation result, (b) experimental 
result 

Table 6 — Error Indices comparison of set point 
tracking response 

Controller Simulation Experimentation
ISE IAE ISE IAE 

PID 1355 58.89 30820 1759
ILC 1482 90.48 35570 2245

Table 7 — Error Indices comparison of square wave response of 
ILC and SMC 

Controller Simulation 
ISE IAE

ILC 7196 216.6
SMC 12890 175.8

Fig. 12 — Simulation result of square wave response of ILC and 
SMC at 50% of pulse width 
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that occurs in the hydraulic systems because of 
friction. 

Conclusions 
The piston displacement of a hydraulic cylinder is 

controlled in this study using an ILC. The variation 
in time and time domain parameters in simulation 
and experimentation results are because of the 
nonlinearities and uncertainties of the system. ILC 
performs better than PID controllers in vital areas 
including notably quick settling time and lower 
overshoot. This exhibits the ILC's robustness and 
shows how the ILC technique can handle industrial 
hydraulic press applications that are nonlinear and 
unpredictable. The limitation of the proposed ILC is 
higher rise time and error indices as compared with 
PID controller, which is mainly due to model 
uncertainties. In future the proposed controller can be 
implemented in real time industrial hydraulic 
applications to test the feasibility of the controller. 
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