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Abstract – This study proposes a Fuzzy Precompensated TIDA (FP-TIDA) controller to 

enhance the control of nonlinear systems. Traditional controllers such as TIDA and 

FTIDA exhibit limitations, including high overshoot, slow settling time, and excessive 

control effort, affecting their efficiency in dynamic environments. To address these 

issues, FP-TIDA integrates a fuzzy logic-based precompensation mechanism, improving 

transient response, stability, and disturbance rejection. Simulation results demonstrate 

that FP-TIDA outperforms existing controllers, achieving the best rise time, settling 

time, peak time, and minimal overshoot. Additionally, FP-TIDA generates a smoother 

control signal, reducing energy consumption and ensuring efficient operation. 

Comparative analysis confirms its superior tracking accuracy and robustness under step 

input changes. The proposed approach enhances control system performance, making it a 

promising candidate for real-world applications. Future research will focus on further 

optimization through adaptive tuning, machine learning-based parameter adjustment, and 

experimental validation on hardware platforms. Additionally, extending the framework 

to multi-input multi-output (MIMO) systems and incorporating adaptive control 

strategies will improve its versatility and real-time applicability. The findings of this 

study contribute to advancing intelligent control strategies for nonlinear dynamic 

systems, offering improved precision, stability, and efficiency. 

 

Keywords:  Fuzzy Precompensator (FP), Tilt-Integral-Derivative-Acceleration (TIDA), 
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I. Introduction 
 The Tilt-Integral-Derivative (TID) [1, 2] controller is 

an advanced variation of the traditional Proportional-

Integral-Derivative (PID) [3] controller, designed to 

enhance system performance, particularly in nonlinear 

and uncertain environments. While the PID controller 

relies on three fundamental components—

proportional, integral, and derivative actions—to 

regulate system behavior, it often faces limitations in 

handling complex dynamics, disturbances, and 

parameter variations. The TID controller addresses 

these challenges by incorporating a tilt term, which 

introduces fractional-order differentiation, allowing 

for more flexible and adaptive control. This additional 

degree of freedom improves the system’s transient 

and steady-state performance by offering a smoother and 

more gradual correction mechanism compared to the 

abrupt nature of conventional derivative control in PID. 

Moreover, the TID controller enhances robustness against 

external disturbances and model uncertainties, making it a 

compelling choice for applications where precise and 

stable control is required. By effectively balancing 

responsiveness and stability, the TID controller serves as 

a powerful alternative to the traditional PID, particularly 

in modern control applications that demand higher 

performance and resilience.  

TID controllers have been successfully applied in various 

domains to improve system performance. In power 

systems [4-6], they have been utilized for load frequency 

control, enhancing frequency stability and power balance 
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between generation and demand. For instance, a study 

introduced a Tilt-Integral with Derivative Filter 

(TIDF) for load frequency control in multi-area power 

systems, demonstrating improved stability under load 

changes.  

In the field of electric vehicles, TID controllers have 

been employed to enhance the speed control of 

brushless direct current (BLDC) motors [7]. Research 

indicates that TID controllers provide better input 

power management for BLDC drives compared to 

traditional PI and PID controllers, leading to 

improved torque and current stability, as well as 

enhanced speed regulation.  

Additionally, TID controllers have been applied in 

motion control systems for wheeled mobile robots [8]. 

A hybrid controller combining TID with neural 

networks and optimization algorithms was developed 

to improve trajectory tracking of four-mecanum-

wheeled mobile robots, resulting in reduced mean 

square errors in position and orientation compared to 

other control methods.  

These applications underscore the versatility and 

effectiveness of TID controllers in addressing 

complex control challenges across various industries. 

The Proportional-Integral-Derivative-Acceleration 

(PIDA) controller is an extension of the traditional 

PID controller, incorporating an additional 

acceleration term to improve system performance, 

particularly in fast and high-precision applications [9-

11]. While the PID controller regulates a system using 

proportional, integral, and derivative actions, the 

PIDA controller introduces an acceleration 

component that enhances response speed and reduces 

overshoot. This makes it particularly effective for 

controlling higher-order and highly dynamic systems 

where rapid set-point tracking and disturbance 

rejection are critical. PIDA controllers have found 

applications in various fields, including robotics [12], 

where they improve trajectory tracking and stability in 

robotic arms and unmanned aerial vehicles (UAVs). 

In power systems [13], they enhance load frequency 

control by ensuring faster and more stable frequency 

regulation. Additionally, in high order systems [14], 

such as CNC machining and servo systems, PIDA 

controllers help achieve high accuracy with minimal 

lag. By incorporating the acceleration term, the PIDA 

controller offers superior control performance in 

systems requiring rapid and precise response, making 

it a valuable advancement over conventional PID 

control. 

The Tilt-Integral-Derivative-Acceleration (TIDA) 

[15] controller is a sophisticated control architecture 

designed to address limitations in traditional PID and 

advanced TID controllers, particularly in systems with 

high nonlinearities, time-varying dynamics, and 

complex resonant modes. By integrating tilt action, 

integral control, derivative damping, and acceleration 

feedback, the TIDA achieves superior performance in 

precision motion control, robotics, and industrial 

automation. 

 

In this paper, the fuzzy precompensated tilt integral 

derivative acceleration (FP-TIDA) controller is proposed 

as an advanced hybrid control approach designed to 

improve the performance of single-link robotic 

manipulator by integrating the adaptability of fuzzy logic 

with the enhanced dynamics of the TIDA controller. 

Traditional PID controllers often struggle with 

nonlinearities, external disturbances, and variations in 

system parameters, particularly in robotic applications 

where precise trajectory tracking and vibration 

suppression are critical. The proposed FP-TIDA 

controller addresses these challenges by incorporating a 

fuzzy precompensator that dynamically adjusts control 

actions based on real-time system behavior, enhancing 

robustness against uncertainties and payload variations. 

Meanwhile, the TIDA component extends conventional 

PID control by introducing tilt and acceleration terms, 

which improve transient response, reduce overshoot, and 

enhance the stability of the manipulator. The tilt term 

allows for fractional-order differentiation, offering 

smoother corrections, while the acceleration term enables 

the controller to predict and counteract rapid changes in 

system dynamics. These features make the FP-TIDA 

controller highly effective in achieving precise motion 

control, suppressing residual vibrations, and ensuring 

smooth trajectory tracking even under varying load 

conditions. The performance of the proposed FP-TIDA 

for controlling a single link manipulator is introduced 

here in this work. 

The main contributions of this paper are: 

1. Proposing FP-TIDA controller that gives the 

benefits of fuzzy logic system and TIDA controller. 

2. The effectiveness of the FP-TIDA controller is 

validated by its application in regulating a nonlinear 

single-link manipulator, demonstrating its capacity 

to address system disturbances. 

This work is organized as follows: Section 2 delineates 

the architecture of the proposed FP-TIDA controller. The 

findings of the case study based on the suggested 

controller are presented in section 3. Conclusions are 

presented in section 4, followed by references. 

 

II. Structure of The Proposed Fuzzy Precompensated 

Tilt-Integral-Derivative-Acceleration (FP-TIDA) 

Controller 
Figure 1 presents the structure of the proposed FP-TIDA 

Controller, which integrates two main control modules: a 

Fuzzy Logic Controller (FLC) and a TIDA controller. 

These components are connected in series, allowing the 

system to adapt to parameter uncertainties and external 

disturbances. The combination of both controllers 

provides enhanced flexibility and robustness in dynamic 

environments. The following subsections describe the 

operational details of each module. 
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Fig. 1. Structure of the developed FP-TIDA Controller. 

  

II.1 Fuzzy Precompensator 
The Fuzzy Logic Controller (FLC) functions as a 

precompensator, modifying the reference signal 

before it is processed by the TIDA controller. It takes 

two input variables     error and change of error 
     which are normalized using scaling factors      

and      , respectively. These are mathematically 

expressed as: 

 

              (          )                      (1) 

 

                  (           )           (2) 

 

where    is the reference system output,   represents 

the actual output, and   is the discrete time index. 

 

The fuzzy precompensator consists of four key 

processing stages: fuzzification, rule base, fuzzy 

inference engine, and defuzzification. In the 

fuzzification phase, the input variables are mapped to 

fuzzy membership functions      and      . These 

inputs are then processed by the fuzzy inference 

engine using Mamdani fuzzy rules, which take the 

general form: 

 
                                                      (3) 

 

where   ,   , and    denote fuzzy sets. The 

activation strength of each rule is determined using 

the product t-norm: 

 

      
       

                                                  (4) 

 

In the defuzzification phase, a crisp output value is 

derived using the centroid defuzzification method: 

 

   
∑     
 
   

∑   
 
   

                                                               (5) 

 

where    represents discrete values in the output domain. 

The final precompensated reference signal is obtained by 

scaling the fuzzy output    with a gain factor   , as 

given by: 

 

                                                                    (6) 

 

The FLC module's altered intended output is as follows: 

 

                                                                     (7)  
  

II.1.1. Tilt Integral Derivative Acceleration (TIDA) Controller 

 

The TIDA controller extends the conventional Tilt 

Integral Derivative (TID) controller by incorporating an 

acceleration term, which enhances the system’s response 

to dynamic changes. Unlike traditional PID controllers, 

the TIDA controller features a tilted proportional 

component governed by the fractional transfer function 

  
 

  and an additional acceleration term. Its transfer 

function is expressed as: 

            
 

 

     
          

                (8) 
 

where           and    are the controller’s tunable 

parameters, and   is a fractional exponent (where   
 ). Compared to standard PID or TID controllers, the 

TIDA controller improves robustness against 

disturbances, simplifies parameter tuning, and enhances 

overall system stability. The continuous-time control law 

for the TIDA controller is formulated as: 

              

 
 

            ∫            

  
         

  
   

          

   
                                               (9) 

where          represents the error signal, computed as 

the difference between the fuzzy precompensated 

reference (  ) and the actual system output   ): 
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II.1.2. Discretization Using Grünwald-Letnikov 

Approximation 

 

In fractional-order control systems, the Grünwald-

Letnikov (GL) approximation is widely used for 

modeling and implementing fractional-order 

operators. It is given by: 

 

             
 

  
∑       

   (
 
 )        (11) 

where   is the step size, and (
 
 ) represents the 

Newton binomial coefficient, computed using the 

gamma function ( ) as: 

 

(
 
 )  

      

              
                                                  (12) 

 
Using the GL approximation, the discrete-time TIDA 

control law can be derived from its continuous-time 

counterpart: 

 

         ∑   
 
                                             (13) 

 
where    are coefficients determined from the 

fractional-order GL approximation. The integral 

regulator term is given as: 

 

      ∑   
 
                                                   (14) 

where    , and the forgetting factor    is defined 

as: 

   
     (

 
 
)

                                                                (15) 

 
II.1.3. Advantages of the FP-TIDA Controller 

 

The FP-TIDA controller offers multiple advantages, 

including enhanced robustness against disturbances, 

improved adaptability to parameter variations, and 

superior response stability compared to traditional 

PID or TID controllers. By incorporating fuzzy logic, 

it can dynamically adjust to system nonlinearities and 

unpredictable variations, ensuring smooth and precise 

control. Additionally, the tilt and acceleration terms 

contribute to improved trajectory tracking, faster 

error convergence, and better disturbance rejection. 

These benefits make the FP-TIDA controller 

particularly effective in applications such as robotic 

manipulators, servo systems, and nonlinear dynamic 

systems, where precise motion control and stability 

are critical. 

III. System under Control 
The primary purpose of this section is to demonstrate 

the usefulness of the proposed TIDA controller based 

on GWO for controlling a nonlinear system. As an 

example of a nonlinear system, a DC servo motor is 

proposed to be managed under various operating 

conditions [13]. The responses of the proposed TIDA 

are estimated and compared to those of the PIDA 

[10] and the TID [27] controllers. This comparison is 

presented in terms of those performance indices 

including root mean square error (RMSE), integral 

squared error (ISE), and integral absolute error (IAE). 

The main objective of this section is to highlight the 

effectiveness of the proposed FP-TIDA controller in 

regulating a nonlinear system. A one-link motor-

driven robotic manipulator is chosen as a case study 

to assess its performance under various operating 

conditions [16]. The controller’s responses are 

analyzed and compared with those of the TIDA [15] 

and FTIDA [17] controllers. This evaluation is based 

on key performance indicators, including root mean 

square error (RMSE), integral squared error (ISE), 

and integral absolute error (IAE), which are defined 

in terms of number of samples     as follows: 

 

     √
 

 
∑         

                                           (16) 

 

    ∫ [    ] 
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    ∫ |    |
 

 
                                                      (18) 

 

III.1 Control of One-Link Motor-Driven Robotic 

Manipulator 
III.1.1. Dynamic Modeling of an  -Link Motor-Driven 

Robotic Manipulator 
The general equation describing the dynamics of a robotic 

manipulator with m serially connected motor-driven links 

can be formulated as follows: 

 

      ̈   (    ̇ ) ̇    ̇               

                                                                                                (19) 
 

where: 
     ̇   and  ̈ represent the joint angular 

position, velocity, and acceleration, 

respectively. 

       is the symmetric positive definite 

inertia matrix, which characterizes the mass 

distribution of the robotic system. 

  (    ̇ ) is the centrifugal and Coriolis 

matrix, capturing the dynamic interactions 

between the links. 

   is a positive definite diagonal matrix, 

accounting for damping friction in the 

system. 

       represents the gravitational torque 

acting on the joints. 

      is the input torque vector applied to the 
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joints. 

 

 

 

 

III.1.2 Dynamic Model of a single Link Motor-Driven 

Robotic Manipulator 
For a single-link robotic manipulator, the system consists of a 

DC motor connected to a rigid arm attached to its rotating 

shaft. The motor-driven link is capable of rotating 360°, 

making it suitable for various industrial applications. In 

practical implementations, multiple such links are connected 

in sequence, forming a serial robotic manipulator, where each 

additional link is actuated by a motor positioned at the 

previous link’s end. 

The second-order differential equation governing the motion 

of a one-link robotic manipulator is given by [16] as follows: 
 

 
    

   
  

   

  
                                         (20) 

 

where: 

       is the rotational inertia of the shaft. 

   represents the distance from the motor shaft to the 

link’s center of mass. 

   denotes the rotational friction coefficient of the 

motor shaft. 

            is the acceleration due to gravity. 

 The parameters                  and 

              are considered for this example. 

 

To implement this model in a discrete-time framework, the 

system is discretized using a sampling period of        , 

leading to the following difference equation representation: 
 

                       
        (      )

 
 

  [             ]

 
                                                         (21) 

 

This discrete model is widely employed in real-time control 

systems, allowing for computationally efficient 

implementation in digital controllers. The structure of a one-

link robotic manipulator is depicted in Fig. 2, illustrating its 

mechanical design. 

 

 
Fig. 2. Schematic diagram of One-Link Motor-Driven 

Robotic Manipulator. 

 

 

 

 

 

 

 

 

 
 

IV. Results of the proposed FP-TIDA 

Controller for A One-Link Motor-Driven 

Robotic Manipulator 
To evaluate the effectiveness of the proposed FP-TIDA 

controller, three simulation scenarios are considered: tracking 

the desired output, handling a time-varying system, and 

responding to disturbances in the system output. The 

simulation outcomes of the proposed FP-TIDA controller are 

compared with those of other controllers. 

IV.1. Task 1: Step Response 

The simulation results demonstrate the superior performance 

of the proposed FP-TIDA controller compared to FTIDA and 

TIDA. In the system output response (Figure3), FP-TIDA 

achieves faster settling with minimal overshoot, whereas 

FTIDA and TIDA exhibit more oscillations and a slower 

convergence to the reference. The control signal analysis 

(Figure 4) shows that FP-TIDA maintains a stable and less 

aggressive control effort, indicating improved efficiency.  

Furthermore, the mean absolute error (Figure 5) confirms that 

FP-TIDA consistently achieves lower error values than both 

FTIDA and TIDA, highlighting its enhanced tracking 

accuracy. Overall, FP-TIDA outperforms the other controllers 

by providing improved transient response, greater stability, 

and reduced tracking error while maintaining an efficient 

control effort. 
 

 
Fig. 3. Response of single-link robotic manipulator (Task 1) 
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 Fig.4. Control signal for single-link manipulator (Task 1) 

 

 

 

 
Fig. 5. MAE of Single-link manipulator response (Task 1) 

 

IV.2. Task 2:  External Disturbance   

Figure 6 compare the performance of three control strategies 

TIDA, FPD-TIDA, and the proposed FP-TIDA in response to 

disturbances. This figure, depicting the angular position 

response, highlights that the proposed FP-TIDA controller 

achieves the fastest convergence to the reference signal with 

minimal overshoot and steady-state error. The TIDA 

controller exhibits the most oscillatory response, while FTIDA 

performs better but still lags behind the proposed FP-TIDA in 

terms of transient response. 

In the same line, figure 7 shows the control signal, indicates 

that all controllers maintain a relatively stable control effort. 

However, the proposed FP-TIDA provides smoother control 

action with fewer fluctuations, demonstrating better 

disturbance rejection properties. 

Moreover, figure 8, which presents the mean absolute error 

(MAE) over time, further confirms the superiority of the 

proposed FP-TIDA. It achieves the lowest error across the 

time horizon, with a significantly faster error reduction 

compared to TIDA and FTIDA. These results suggest that the 

proposed FP-TIDA controller provides improved tracking 

accuracy, better disturbance rejection, and a more stable 

control action than the other two controllers. 

 

 
Fig. 6. Response of single-link robotic manipulator (Task 2) 

 

 

 

 

 
 

Fig.7. Control signal for single-link manipulator (Task 2) 

 

 

 
Fig. 8. MAE of single-link manipulator response (Task 2) 

 

IV.3. Task 3: Output Tracking    

In this task, the comparison of the three controllers TIDA, 

FTIDA, and the proposed FP-TIDA demonstrates the superior 

performance of the proposed FP-TIDA across multiple 

aspects. In the angular position response shown in Fig. 9, the 

proposed FP-TIDA closely follows the reference trajectory 
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with minimal oscillations, whereas TIDA exhibits significant 

fluctuations, and FTIDA shows some improvement but still 

deviates. The control effort analysis depicted in Fig. 10 reveals 

that TIDA produces large and abrupt control signals, making it 

less practical, while FTIDA smooths the response but still 

shows spikes. The proposed FP-TIDA, however, maintains a 

more controlled and less aggressive response, indicating better 

robustness and energy efficiency. The mean absolute error 

(MAE) shown in Fig. 11, further supports these findings, as 

the proposed FP-TIDA consistently achieves the lowest error, 

while TIDA has the highest throughout. Overall, the proposed 

FP-TIDA outperforms the other controllers in terms of 

tracking accuracy, stability, and efficiency, making it a more 

effective choice for precise control applications. 

 

 

 

 

 

 

 
 

Fig. 9. Response of single-link manipulator (Task 3) 

 

Table 1 compares the performance of the proposed TIDA 

controller with PIDA and TID controllers in terms of RMSE, 

ISE, and IAE. It is clear that, the suggested controller 

produces superior results and it is more potent than other 

alternative controllers. As expected, the accelerator term in 

TIDA augments the control signal based on the rate of change 

of the error signal, enabling faster response to sudden changes 

or disturbances in the system dynamics. This is clarified here 

in the results of TIDA in the three tasks comparing to PIDA 

and TID controllers which have slower response. This proves 

that TIDA improves the transient response of the DC 

servomotor. 

 

V. Conclusions 

 
The control of nonlinear systems, such as hydraulic and 

servomotor systems, presents challenges due to their complex 

dynamics and external disturbances. Existing controllers, 

including TIDA and FTIDA, struggle with high overshoot, 

slow settling time, and excessive control effort, highlighting 

the need for a more robust and efficient solution. To address 

these limitations, this study proposes the fuzzy 

precompensated TIDA (FP-TIDA) controller, integrating 

fuzzy logic as a compensator to enhance system adaptability 

and robustness. Simulation results demonstrate that FP-TIDA 

outperforms TIDA and FTIDA by achieving the lowest rise 

time, settling time, and peak time while maintaining a minimal 

overshoot, ensuring faster response and improved stability. 

Additionally, FP-TIDA generates a smoother control signal, 

reducing energy consumption and enhancing practical 

feasibility. The key contributions of this research include the 

development of an FP-TIDA controller, a comprehensive 

performance evaluation against existing controllers, and 

superior tracking accuracy in the presence of step input 

changes. Future work will focus on further optimizing FP-

TIDA by incorporating adaptive control mechanisms, machine 

learning-based parameter tuning, and experimental validation 

on real-world hardware, extending its application to multi-

input multi-output (MIMO) systems for enhanced versatility 

and robustness. 

 

 

 

 

 
 

Fig.10. Control signal for single-link manipulator (Task 3) 

 

 

 
 

Fig. 11. single-link robotic manipulator (Task 3)  
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TABLE 1 RMSE, ISE, and IAE for single-link robotic manipulator. 

 

IAE ISE RMSE 

Cases of Study 
FP-TIDA 

FTIDA 

[17] 

TIDA 

[15] 
FP-TIDA 

FTIDA 

[17] 

TIDA 

[15] 
FP-TIDA 

FTIDA 

[17] 

TIDA 

[15] 

1.4589 4.5314 5.4185 0.3218 1.2779 1.7956 0.0328 0.0653 0.0779 Task 1 

3.6005 11.203 10.666 0.5761 2.3068 2.7874 0.0438 0.0877 0.0969 Task 2 

4.3537 10.593 17.758 0.9350 2.5263 4.4555 0.0559 0.0918 0.1223 Task 3 

 

VI. References 

 
[1]   A. Mukhtar, P.M. Tiwari, S. Alotaibi, et al., Optimal 

design of tilt integral derivative controller for a boost 

converter based on swarm-inspired algorithms. Sci. Rep. 15, 

57, 2025. 

 

[2]   K. Sayed, H.H. El-Zohri, A. Ahmed, M. Khamies, 

―Application of Tilt Integral Derivative for Efficient Speed 

Control and Operation of BLDC Motor Drive for Electric 

Vehicles‖. Fractal Fract., 8(1), 61, 2024. 

 

[3]   K. Astrom, and T. Hagglund, PID Controllers: Theory, 

Design, and Tuning. ISA-The Instrumentation, Systems and 

Automation Society, 1995. 

 

[4]   D.K. Mishra, T.K. Panigrahi, P.K. Ray and A. Mohanty, 

"Application of tilt integral derivative filter for load frequency 

control of three area interconnecetd system," 2017 Progress in 

Electromagnetics Research Symposium - Fall (PIERS - 

FALL), Singapore, 2017, pp. 2059-2066. 

 

[5]   M. Ali, H. Kotb, M.K. AboRas, H. Nabil Abbasy, 

―Frequency regulation of hybrid multi-area power system 

using wild horse optimizer based new combined Fuzzy 

Fractional-Order PI and TID controllers‖, Alexandria 

Engineering Journal, Volume 61, Issue 12, 2022, Pages 

12187-12210. 

 

[6]   M. Ahmed, G. Magdy, M. Khamies, and S. Kamel, 

―Modified TID controller for load frequency control of a two-

area interconnected diverse-unit power system‖, Int. J. of Elec. 

Power & Energy Systems, Vol. 135, 2022,107528. 

 

[7]   C. Lu, R. Tang, Y. Chen and C. Li, Robust tilt-integral-

derivative controller synthesis for first-order plus time delay 

and higher-order systems, Int. J. Robust Nonlinear 

Control, vol. 33 n. 3, , 2023, pp. 1566–1592. 

 

[8]   H.S. Fareed and A.H. Mohammed, ―Enhancing Tilt-

Integral-Derivative Controller to Motion Control of 

Holonomic Wheeled Mobile Robot by Using New Hybrid 

Approach‖, IOP Conference Series: Materials Science and 

Engineering, 2021, 1094, 012097. 

 

[9]   S. Jung and R.C. Dorf, ―Analytic PIDA controller design 

technique for a third order system‖, 35
th

 IEEE Conference on 

Decision and Control, 13-13 December 1996, Kobe, Japan, pp. 

2513–2518. 

 

[10]   M. Ferrari, and A. Visioli, ―Asoftware tool to 

understand the design of PIDA controllers‖, IFAC 

PapersOnLine, 13th IFAC Symposium on Advances in 

Control Education (ACE), 55(17), 2022, pp. 249–254.  

 

[11]   M. Milanesi, E. Mirandola, and A. Visioli, ―A 

comparison between PID and PID Acontrollers‖. In IEEE 27
th
 

International Conference on Emerging Technologies and 

Factory Automation (ETFA), 2022, pp. 1-6. 

 

[12]   M. Kumar, Y. V. Hote and A. Sikander, "A Novel 

Cascaded CDM-IMC based PIDA Controller Design and its 

Application," 2023 IEEE IAS Global Conference on 

Renewable Energy and Hydrogen Technologies 

(GlobConHT), Male, Maldives, 2023. 

 

[13]   M. Kumar and Y.V. Hote, ―Robust CDA-PIDA Control 

Scheme for Load Frequency Control of Interconnected Power 

Systems‖, IFAC-PapersOnLine, vol. 51(4), 2018, pp. 616-621. 

https://onlinelibrary.wiley.com/authored-by/Lu/Chuanfan
https://onlinelibrary.wiley.com/authored-by/Tang/Rongnian
https://onlinelibrary.wiley.com/authored-by/Chen/YangQuan
https://onlinelibrary.wiley.com/authored-by/Li/Chuang


International Journal of Engineering and Applied Science October 6 University Osama Elshazly et al. 
 

27  

 

[14]   M. Anwar, M. Siddiqui, S. Laskar and A. Yadav, "PIDA 

Controller Design for Higher Order Stable Process with 

Inverse Response Characteristic," 2018 International 

Conference on Computational and Characterization 

Techniques in Engineering & Sciences (CCTES), Lucknow, 

India, 2018, pp. 236-240. 

 

[15]   Hossam Khalil, Osama Elshazly, and Omar 

Shaheen "Tilt-Integral-Derivative-Acceleration (TIDA) 

Controller based on Grey Wolf Optimization 

Technique", International Journal of Engineering and Applied 

Sciences-October 6 University, vol.1(1), 2024. 

 

[16]   Lilly JH, ―Fuzzy control and identification‖. Wiley, 

Hoboken, 2011. 

 

[17]   A. Rai and D.K. Das, ―The development of a fuzzy tilt 

integral derivative controller based on the sailfish optimizer to 

solve load frequency control in a microgrid, incorporating 

energy storage systems,‖ J. of Energy Storage, vol. 48, 

103887, 2022. 

 

 


