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1. Introduction 

Controlling the pitch angle of an aircraft holds paramount importance in the aviation industry, 

where pilots are tasked with maintaining specific attitudes for straight and level flight, as well as 

controlled ascents and descents relative to the horizon [1]. Given the demanding nature of these tasks, 

many advanced aircraft are equipped with autopilot systems to alleviate pilot workload and enhance 
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 The precise control of aircraft pitch angles is critical in aviation for 

maintaining specific attitudes during flight, including straight and level 

flight, ascents, and descents. Traditional control strategies face challenges 

due to the non-linear and uncertain dynamics of flight. To address these 

issues, this study introduces a novel approach employing the artificial 

rabbits optimizer (ARO) for tuning a PID controller with a filtering 

mechanism (PID-F) in aircraft pitch control systems. This combination 

aims to enhance the stability and performance of the aircraft pitch control 

system by effectively mitigating the kick effect through the incorporation 

of a filter coefficient in the derivative gain. The study employs a time-

domain-based objective function to guide the optimization process. 

Simulation results validate the stability and consistency of the proposed 

ARO/PID-F approach. Comparative analysis with various optimization 

algorithm-based controllers from the literature demonstrates the 

effectiveness of the proposed technique. Specifically, the ARO/PID-F 

controller exhibits a rapid response, zero overshoot, minimal settling time, 

and precise control during critical phases. The obtained results position the 

proposed methodology as a promising and innovative solution for 

optimizing aircraft pitch control systems, offering improved performance 

and reliability. 
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navigation accuracy. These systems aim to operate the airplane without direct control over 

longitudinal surfaces like the elevator or tail. 

The design of effective flight control systems encounters challenges due to the inherent non-

linearity and unpredictable dynamics of flight [2]. Traditional controllers, such as the proportional-

integral-derivative (PID) [3], have been widely used for plane trajectories [4]. However, the non-linear 

and uncertain flight dynamics may limit the efficacy of such controllers in achieving desired stability 

and performance. Various adaptive and complex control strategies have been explored to address these 

challenges [5]-[12], including intelligent controllers like fuzzy, intelligent fuzzy, adaptive, fractional-

order PID controllers, and sliding mode controllers [13]-[16]. 

Precise control of the pitch angle is crucial, especially during critical phases like takeoff and 

landing. Metaheuristic algorithms, including genetic algorithm [17], Harris hawks optimization [18], 

Henry gas solubility optimizations [19], bat algorithm [10] and bacterial foraging optimization [20], 

have been employed to regulate aircraft pitch angles. This paper contributes to the existing literature 

by introducing a novel optimization technique called artificial rabbits optimizer [21], inspired by 

survival strategies observed in rabbits. Despite its proven applicability in diverse engineering 

problems, such as leaf disease classification [22], infinite impulse response system identification [23], 

energy management system for photovoltaic, battery and supercapacitor based isolated microgrid 

system [24], automatic voltage regulator control [25], and design of optimal hybrid microgrid system 

[26], its potential for aircraft pitch control systems remains unexplored. 

In addition to proposing the artificial rabbits optimizer, this paper introduces a PID controller 

with a filter mechanism (PID-F) [27] for aircraft pitch control systems. The study adopts a time-

domain-based objective function known as Zwee-Lee Gaing [28] for the optimization problem. This 

approach significantly improves aircraft pitch control system performance by addressing the kick 

effect through a filter coefficient in the derivative gain. The controller parameters are tuned using 

artificial rabbits optimization, and the stated objective function is utilized for minimization. 

Simulation results affirm the stability and consistency of the proposed approach for aircraft pitch 

control systems. Comparative analysis with various optimization algorithm-based approaches from 

the literature, including battle royale optimization [29], sine cosine algorithm [19], grasshopper 

optimization algorithm [19], Henry gas solubility optimization [19], Harris hawks optimization [18], 

atom search optimization [18], and salp swarm algorithm [18], reveals the effectiveness of the PID-F 

controller tuned by the proposed artificial rabbits optimizer. This approach exhibits a rise time of 

0.0094 seconds, zero overshoot, settling time of 0.0155 seconds, zero steady-state error, and an 

objective function value of 0.0023. These results position the proposed technique as a promising 

method for achieving rapid response, minimal overshoot, and precise control in aircraft pitch systems. 

2. Modeling of Aircraft Pitch Control System 

The investigation of the aircraft pitch control system involves creating a mathematical model that 

considers various forces like thrust, drag, weight, and lift, as depicted in Fig. 1. The model assumes a 

steady cruise condition with a consistent velocity and altitude. For simplicity, we assume that 

alterations in the pitch angle do not impact the aircraft's speed. The longitudinal equations of motion 

for the aircraft under these assumptions are expressed as: 

𝑃(𝑠) =
Θ(𝑠)

Δ(𝑠)
=

1.151𝑠 + 0.1774

𝑠3 + 0.739𝑠2 + 0.9215𝑠
 (1) 

where 𝛥(𝑠) signifies the elevator deflection angle, and 𝛩(𝑠) denotes the pitch angle. The Laplace 

domain transfer function is then formulated in state-space form as given in (2) and (3) [18]. 

The block diagram illustrating the closed-loop-controlled aircraft pitch control system is 

presented in Fig. 2, and its step response is depicted in Fig. 3. Examination of the closed-loop step 
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response indicates the necessity for an efficient and suitable controller to eliminate oscillations, as 

well as to reduce rise and settling times. 
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Fig. 1.  Coordinate axes and forces acting on the aircraft 
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Fig. 2.  Closed loop-controlled aircraft pitch control system  
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Fig. 3.  Closed-loop response of aircraft pitch system without any controller 
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3. Overview of Artificial Rabbits Optimization 

Artificial rabbits optimization (ARO) stands out as a novel and robust metaheuristic algorithm 

inspired by the survival strategies exhibited by rabbits [21]. This algorithm ingeniously incorporates 

foraging behaviors such as random hiding and detour foraging, mirroring the way rabbits seek food 

near other burrows to confuse potential predators and safeguard their own habitats. Unlike traditional 

foraging patterns, ARO introduces a unique approach where rabbits venture to more distant locations 

in their quest for sustenance. 

In the ARO swarm, the population size is determined by the number of rabbits, each equipped 

with an eating zone containing plants, grass, and multiple burrows. During the foraging phase, rabbits 

embark on random explorations of other rabbits' burrows, updating their positions based on chosen 

companions and introducing perturbations. This foraging action can be mathematically expressed as 

follows. 

∆𝑙
⃑⃑  ⃑(𝑡 + 1) = 𝑧𝑗⃑⃑  (𝑡) + 𝜌 ⋅ (𝑧𝑙⃑⃑⃑  (𝑡) − 𝑧𝑗⃑⃑  (𝑡)) + 𝑟𝑜𝑢𝑛𝑑(0.5 ⋅ (0.05 + 𝑔1)) ⋅ 𝑛1 (4) 

here, 𝜌 represents a mathematical operator symbolizing rabbit locomotion [23]. The algorithm 

incorporates essential parameters such as 𝐸, 𝑐, 𝑔1, 𝑔2, and 𝑔3, defining aspects like foraging round 

duration, random hiding strategy, and uniform random numbers [21]. 

The exploitation phase involves rabbits employing a random hiding strategy to evade predators 

by creating burrows close to their original positions. The corresponding mathematical expressions for 

this process are given by: 

𝐵𝑈𝑖𝑗
⃑⃑ ⃑⃑  ⃑(𝑡) = 𝑧𝑙⃑⃑⃑  (𝑡) + 𝐻 ⋅ ℎ ⋅ 𝑧𝑙⃑⃑⃑  (𝑡) (5) 

where 𝐻 is determined by 𝐻 = ((1 − 𝑡 + 𝑇)/T) ⋅ 𝑔4. In the random hiding mode, the rabbit's position 

is updated using the definition in (6). 

∆𝑙
⃑⃑  ⃑(𝑡 + 1) = 𝑧𝑙⃑⃑⃑  (𝑡) + 𝜌 ⋅ (𝑔4 ⋅ 𝐵𝑈𝑖𝑟(𝑡) − 𝑧𝑙⃑⃑⃑  (𝑡)) (6) 

The ARO algorithm introduces a mechanism to transition from exploratory to exploitative 

modes, where the energy of rabbits diminishes as the iteration progresses. This transition is governed 

by (7). 

𝑧𝑙⃑⃑⃑  (𝑡 + 1) = {
𝑧𝑙⃑⃑⃑  (𝑡)  

∆𝑙
⃑⃑  ⃑(𝑡 + 1)

  
𝑓(𝑧𝑙⃑⃑⃑  (𝑡)) ≤ 𝑓(∆𝑙

⃑⃑  ⃑(𝑡 + 1))

 𝑓(𝑧𝑙⃑⃑⃑  (𝑡)) > 𝑓(∆𝑙
⃑⃑  ⃑(𝑡 + 1))

 (7) 

here, 𝛼 is a random number. If 𝐴(𝑡) > 1, the algorithm prioritizes global exploration, while 𝐴(𝑡) ≤ 1 

guides the algorithm toward local exploitation. Fig. 4 illustrates the detailed procedure of the ARO 

algorithm. 

4. Proposed Control System for Aircraft Pitch Control  

4.1. PID Controller with Filter Mechanism  

The PID controller, a widely used feedback control system in engineering and industrial 

applications, is designed to regulate a specified setpoint by continuously adjusting a control variable 

based on the difference between the setpoint and the actual process variable. Comprising proportional 

(𝐾𝑝), integral (𝐾𝑖), and derivative (𝐾𝑑) components, this control mechanism is a standard choice in 

control systems [30], [31]. In contrast to the conventional PID controller, our study introduces a novel 

approach for the aircraft pitch control system, integrating a PID controller with a filtering mechanism 

(PID-F) [27]. This innovative strategy significantly improves the performance of the aircraft pitch 

control system. The transfer function of the PID-F controller is expressed in (8) [32]: 
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𝐶(𝑠) = 𝐾𝑝 +
𝐾𝑖

𝑠
+ 𝐾𝑑

𝑛𝑠

𝑠 + 𝑛
 (8) 

where the low-pass filter gain is denoted as '𝑛' [32]. The PID-F controller offers a distinct advantage 

by effectively mitigating the kick effect through the inclusion of a filter coefficient in the derivative 

gain. Consequently, this modification enhances the immunity of the aircraft pitch control system to 

noise. The block diagram of the controlled plant is illustrated in Fig. 5. 

Start Initialize population of rabbits Compute the energy factor (𝐴) 

if 𝐴 > 1 
Create d burrows and randomly pick one 

as hiding and perform random hiding 

Choose a rabbit randomly and perform detour foraging 

Compute the fitness function and update the best solution

Is the iteration 

satisfied?
End

no yes

noyes

 

Fig. 4.  Procedure of ARO 

𝜃  𝜃𝑑𝑒𝑠  

− 
+ 

𝑃(𝑠) 𝐶(𝑠) 
𝛿 𝑒 

Controller Plant 

 

Fig. 5.  Block diagram of a controlled system 

4.2. Cost Function and Constrained Optimization Problem  

To formulate the aircraft pitch control system as a minimization problem suitable for optimization 

algorithms, we follow a systematic procedure. Representing the parameters of the PID-F controller as 
𝑋 = [𝑥1, 𝑥2, 𝑥3, 𝑥4] = [𝐾𝑝, 𝐾𝑖, 𝐾𝑑 , 𝑛], the optimization process utilizes an objective function called 

Zwee-Lee gain (ZLG) [33]. The ZLG cost function is expressed as given in (9) [34]-[37]: 

𝐹𝑍𝐿𝐺 = (1 − 𝜑)(𝑀𝑝 + 𝐸𝑠) + 𝜑(𝑇𝑠 − 𝑇𝑟) (9) 

here, 𝜑 = 1/𝑒 represents a balancing factor, 𝐸𝑠 denotes the steady-state error, 𝑀𝑝 signifies the 

overshoot, 𝑇𝑠 represents the settling time, and 𝑇𝑟 corresponds to the rise time. Optimization constraints 

of 0.1 ≤ 𝐾𝑝, 𝐾𝑖, 𝐾𝑑 ≤ 150 and 1 ≤ 𝑛 ≤ 1000 are considered. The ZLG objective function enables 

the optimization of PID-F controller parameters to achieve desired system performance. 

The application of ARO to the aircraft pitch control system is detailed in Fig. 6. The process 

involves using the pitch angle value to compute the objective function, serving as a metric to evaluate 

system performance. ARO dynamically updates the parameters of the PID-F controller with the goal 
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of minimizing the objective function through iterative adjustments. In simpler terms, ARO leverages 

pitch angle information to assess and continuously improve the aircraft pitch control system's 

performance, aiming for the lowest possible objective function value over multiple iterations. 

Θ(𝑠) 
 Θ𝑑𝑒𝑠 (𝑠) 

− 
+ 

1.151𝑠 + 0.1774

𝑠3 + 0.739𝑠2 + 0.9215𝑠
 

Controller Plant 
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𝑠
+ 𝐾𝑑

𝑛𝑠

𝑠 + 𝑛
 
Δ(s) 𝐸(𝑠) 

Apply ARO Calculate cost function

 

Fig. 6.  Suggested novel design method 

5. Results of and Comparisons with Recent Approaches  

The evaluation of the proposed ARO integrated PID-F controller is presented in this section. The 

ARO algorithm was executed with a population size of 40 and a total of 50 iterations, conducted over 

25 runs. 

5.1. ARO Performance Metrics 

The statistical results of the cost function obtained via ARO are summarized in Table 1, providing 

insights into the performance metrics. Notably, the minimum cost function value was recorded at 

2.2589E−03, while the maximum was at 2.3610E−03. The median and average values were 

2.2903E−03 and 2.2962E−03, respectively. The standard deviation was found to be 2.6836E−05, and 

the relative deviation from the average was calculated at 4.45%. These results highlight the stability 

and consistency of the ARO-based optimization process. 

Table 1. Statistical results for cost function obtained via ARO 

Statistical metric Value 
Minimum 2.2589E−03 

Maximum 2.3610E−03 

Median 2.2903E−03 

Average 2.2962E−03 

Standard deviation 2.6836E−05 
(|𝑀𝑎𝑥𝑖𝑚𝑢𝑚 − 𝑀𝑖𝑛𝑖𝑚𝑢𝑚|)/(𝐴𝑣𝑒𝑟𝑎𝑔𝑒) 4.4465% 

 

Additionally, Fig. 7 illustrates the convergence profile of ARO, visually representing the 

optimization progress over iterations. The convergence profile demonstrates the algorithm's ability to 

efficiently converge towards optimal solutions. 

5.2. Comparative Analysis with Other Optimization Approaches 

To facilitate a comprehensive comparison, various optimization algorithms from the literature 

were considered, including battle royale optimization based PID-F (BRO/PID-F) and PID (BRO/PID) 

controllers [29], sine cosine algorithm based PID (SCA/PID) controller [19], grasshopper algorithm 

based PID controller (GOA/PID) [19], Henry gas solubility optimization based PID controller 

(HGSO/PID) [19],  Harris hawks optimization based PID (HHO/PID) controller [18], atom search 

optimization based PID controller (ASO/PID) [18], and salp swarm based PID (SSA/PID) controller 

[18]. The controller parameters obtained through these approaches are compiled in Table 2 for clarity 

and comparative purposes. It showcases the proposed ARO/PID-F controller's parameters alongside 
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those obtained through other methods. The ARO/PID-F parameters, namely 𝐾𝑝, 𝐾𝑖, 𝐾𝑑, and 𝑛, are 

reported as 67.1759, 124.9674, 149.7192, and 578.6752, respectively. 
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Fig. 7.  Convergence profile of ARO 

Table 2. The controller parameters obtained via proposed and other approaches reported in the literature 

Method 𝑲𝒑 𝑲𝒊 𝑲𝒅 𝒏 

ARO/PID-F (proposed) 67.1759 124.9674 149.7192 578.6752 

BRO/PID-F 7.0355 59.0294 99.9552 345.8215 

BRO/PID 63.6688 11.5507 99.9028 − 

SCA/PID  70.8938 64.8932 72.4551 − 

GOA/PID 63.8156 21.5434 77.6758 − 

HGSO/PID 69.7726 3.6054 95.1465 − 

HHO/PID 55.2698 51.4031 90.9434 − 

ASO/PID 17.3672 24.2791 84.5323 − 

SSA/PID 84.6747 68.0177 76.8185 − 

 

5.3. Response and Performance Metrics 

Fig. 8 presents the step response obtained for a pitch angle reference of 0.2, showcasing the 

system's dynamic behavior. Additionally, Table 3 provides performance metrics such as rise time (𝑇𝑟), 

overshoot (𝑀𝑝), settling time (𝑇𝑠), steady-state error (𝐸𝑠), and ZLG objective function values (𝐹𝑍𝐿𝐺) for 

each optimization approach.  

Table 3. Comparative numerical results obtained for performance metrics 

Method 𝑻𝒓 (s) 𝑴𝒑 (%) 𝑻𝒔 (s) 𝑬𝒔 (%) 𝑭𝒁𝑳𝑮 

ARO/PID-F (proposed) 0.0094 0 0.0155 0 0.0023 

BRO/PID-F 0.0138 0 0.0223 0 0.0031 

BRO/PID 0.0191 0 0.0338 0 0.0054 

SCA/PID 0.0260 0.3464 0.0447 0 0.0091 

GOA/PID 0.0244 0.1158 0.0426 0 0.0074 

HGSO/PID 0.0200 0 0.0352 0 0.0056 

HHO/PID 0.0210 0 0.0373 0 0.0060 

ASO/PID 0.0229 0 0.0423 0 0.0071 

SSA/PID 0.0244 0.4511 0.0417 0 0.0092 
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The proposed ARO/PID-F controller exhibits a rise time of 0.0094 seconds, zero overshoot, 

settling time of 0.0155 seconds, zero steady-state error, and a ZLG objective function value of 0.0023. 

These results position the ARO/PID-F controller as a promising approach in terms of achieving rapid 

response, minimal overshoot, and accurate control. In another word, the presented results and 

comparisons demonstrate the effectiveness of the proposed ARO/PID-F controller in optimizing the 

aircraft pitch control system, offering favorable performance metrics when compared to other state-

of-the-art optimization approaches. 

0 0.02 0.04 0.06 0.08 0.1

Time (s)

0

0.05

0.1

0.15

0.2

ARO/PID-F

BRO/PID-F

BRO/PID

SCA/PID

GOA/PID

HGSO/PID

HHO/PID

ASO/PID

SSA/PID

Reference

P
it
c
h
 a

n
g
le

 (
ra

d
)

 

Fig. 8.  Step response obtained for pitch angle of 0.2 

6. Conclusion 

This study addresses the critical challenge of controlling aircraft pitch angles, which is pivotal 

for maintaining specific attitudes during various flight phases. Traditional control methodologies 

encounter limitations in handling the non-linear and uncertain dynamics inherent in flight. To 

overcome these challenges, a novel approach is proposed, integrating the ARO with a PID controller 

augmented by a filtering mechanism (PID-F). The proposed ARO/PID-F methodology demonstrates 

its efficacy in enhancing the stability and performance of aircraft pitch control systems. Through 

meticulous tuning of PID-F controller parameters using the ARO algorithm, the system achieves rapid 

response, minimal overshoot, and precise control during critical flight operations. The incorporation 

of a filter coefficient in the derivative gain effectively addresses the kick effect, contributing to 

improved system robustness. The comparative analyses with various optimization algorithm-based 

controllers from the literature underscore the superiority of the proposed ARO/PID-F approach. 

Statistical results and performance metrics affirm the stability and consistency of the methodology, 

showcasing its potential to outperform traditional and alternative control strategies. 

While the present study provides valuable insights and promising results, there are avenues for 

future research to further advance the understanding and application of the proposed approach. Future 

investigations may explore the adaptation of the ARO/PID-F methodology to diverse aircraft models, 

considering different operational conditions and constraints. Additionally, the integration of real-time 

data and considerations for uncertainties in flight dynamics could enhance the methodology's 

robustness. Further research could delve into the optimization of additional control parameters and 

explore the scalability of the proposed approach for broader applications in the field of aviation. 

Investigating the real-time implementation and testing of the ARO/PID-F approach in practical flight 

scenarios would contribute to validating its effectiveness in real-world aviation settings. 
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