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Abstract: Cruise Control Systems (CCS) are 
essential in the self-propelled vehicle industry, 
maintaining a vehicle's speed to enhance driving 
comfort and fuel efficiency. This study evaluates the 
performance of three controllers in CCS: an 
Intelligent Fuzzy Logic Controller (FLC), a classical 
linear controller, and a nonlinear controller. The 
FLC uses fuzzy logic to adjust the throttle position 
based on vehicle speed data, providing a rapid 
response and quick attainment of the desired speed. 
Through simulations in various driving scenarios, 
the FLC demonstrated superior response time 
compared to the classical linear and nonlinear 
controllers, which also showed stability and effective 
performance. The findings suggest that while the 
FLC excels in speed and adaptability, the classical 
linear and nonlinear controllers remain viable due 
to their stability. Future research could explore 
hybrid approaches to further enhance the 
performance of CCS. The study assesses response 
time and accuracy in maintaining the desired speed 
for three controllers in a cruise control system. In 
the reference case with a desired speed of 1 m/s, the 
FLC achieved this in 0.126 seconds, the linear PID 
in 0.08 seconds, and the nonlinear PID in 0.113 
seconds, all maintaining the exact speed. In the 
sinusoidal Case (2-a), the FLC and nonlinear PID 
reached 1 m/s in 1.553 seconds, while the linear PID 
took 1.605 seconds, slightly undershooting at 0.995 
m/s. For the sinusoidal Case (2-b), all controllers 
reached 1 m/s in 2.5 seconds. In sinusoidal Case (2-
c), with a desired speed of 5 m/s, all achieved it in 
2.484 seconds. These results showed that while the 
FLC and nonlinear PID performed strongly, the 
linear PID also remained viable with effective 
response and accuracy. 
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تقييم أنظمة التحكم في السرعة: دراسة مقارنة بين المتحكم الغامض، المتحكم الخطي،  
 والمتحكم غير الخطي 

   ايشو كوريا  انڤاي
 . العراق – بغداد / قسم هندسة السيطرة والنظم/ الجامعة التكنولوجية

 الخلاصة 
التحكم في السرعة ) القيادة  CCSأنظمة  أثناء  السيارة لتعزيز الراحة  تحافظ على سرعة  السيارات ذاتية الحركة، حيث  ( ضرورية في صناعة 

(، وحدة تحكم  FLC: وحدة تحكم ذكية بالمنطق الضبابي )CCSوكفاءة استهلاك الوقود. تقيم هذه الدراسة أداء ثلاثة أنواع من وحدات التحكم في 
( المنطق الضبابي لضبط موضع الخانق بناءً على بيانات  FLCخطية كلاسيكية، ووحدة تحكم غير خطية. تستخدم وحدة التحكم بالمنطق الضبابي )

حدة  سرعة السيارة، مما يوفر استجابة سريعة والوصول السريع إلى السرعة المطلوبة. من خلال المحاكاة في سيناريوهات قيادة مختلفة، أظهرت و
استجابة متفوق مقارنةً بوحدات التحكم الخطية الكلاسيكية وغير الخطية، والتي أظهرت أيضًا استقرارًا    ( وقتFLCالتحكم بالمنطق الضبابي )

كلاسيكية  وأداءً فعالًً. تشير النتائج إلى أنه في حين أن وحدة التحكم بالمنطق الضبابي تتفوق في السرعة والتكيف، تظل وحدات التحكم الخطية ال
لتطبيق بفضل استقرارها. يمكن أن تركز الأبحاث المستقبلية على نهج هجينة لتعزيز أداء أنظمة التحكم غير المحددة  وغير الخطية خيارات قابلة ل

(CCS بشكل أكبر. تقييمت الدراسة زمن الًستجابة والدقة في الحفاظ على السرعة المطلوبة لثلاثة أنواع من وحدات التحكم في نظام التحكم في )  
ثانية،    0.126( هذه السرعة في  FLCم/ث، حققت وحدة التحكم بالمنطق الضبابي )  1مرجعية مع سرعة مطلوبة قدرها  السرعة. في الحالة ال

ثانية، حيث حافظت جميع الوحدات على السرعة الدقيقة    0.113غير الخطية في    PIDثانية، ووحدة التحكم    0.08الخطية في    PIDووحدة التحكم  
ثانية،    1.553م/ث في    1غير الخطية إلى    PID( ووحدة التحكم  FLCأ، وصلت وحدة التحكم بالمنطق الضبابي )-2المطلوبة. في الحالة الجيبية  
  1ب، وصلت جميع الوحدات إلى  -2م/ث. في الحالة الجيبية    0.995ثانية، متخلفة قليلاً عند    1.605الخطية    PIDبينما استغرقت وحدة التحكم  

ثانية. تظهر هذه    2.484م/ث، حققت جميع الوحدات هذه السرعة في    5ج، مع سرعة مطلوبة قدرها  -2ة  ثانية. في الحالة الجيبي  2.5م/ث في  
الخطية خيارًا قابلاً للتطبيق    PIDغير الخطية بأداء قوي، تبقى وحدة التحكم    PID( وFLCالنتائج أنه بينما تتميز وحدات التحكم بالمنطق الضبابي )

 بفضل استجابتها الفعالة ودقتها. 

، الميكاترونيات، نظام الًستدلًل  FLC  ،PID(، التحكم الذكي، التحكم الخطي، التحكم غير الخطي،  CCSنظام تثبيت السرعة ) كلمات الدالة:ال

 . (FISالضبابي )
 

1.INTRODUCTION
Controlled and safe cruise control operation is 
one of the major constraints faced by today’s 
automotive industry. Cruise Control Systems 
are automated systems designed to maintain a 
vehicle's speed at a set value without the driver 
having to apply the accelerator pedal. The 
concept of maintaining a constant speed 
without driver intervention dates back to the 
early 20th century, with initial ideas emerging 
in the 1910s. Ralph Teetor, who was blind, filed 
the first patent for a speed control device in 
1945. This early system used a mechanical 
regulator to verify the throttle and maintain a 
set speed, laying the institution for modern 
undefined control systems. Basic cruise control 
systems were commercially introduced in the 
1950s, with Chrysler’s "Auto-Pilot" organism a 
notable example. These systems maintained a 
fixed speed typeset by the driver [1-4]. The 
1980s witnessed the introduction of electronic 
speed control, marking a significant 
advancement in undefined control engineering 
science [5]. In the 1990s, the development of 
radar-based accommodative cruise verifies 
(ACC) systems began. These systems could 
adjust the vehicle’s speed to maintain a safe 
following distance from vehicles ahead, 
representing a significant leap from the basic 
systems of the past [6-8]. The 1990s witnessed 
the emergence of ACC systems, including radar 
and other sensors, to respond to traffic 
conditions, enhancing the functionality and 
safety of adaptive control [9-11]. The 2000s 
brought further advancements with the 
integration of advanced sensor fusion 
techniques [12-13]. Throughout its history, 
cruise verification has evolved significantly, 

driven by the goal of making driving more 
comfortable, efficient, and safer [4-9]. Cruise 
control systems consist of several key 
components, including a travel rapidly control 
module, throttle actuator, speed-up sensor, and 
control switches. The speed sensor monitors 
the vehicle's speed. Bodoni cruise control 
systems utilize a combination of sensor 
technologies, such as radar, lidar, cameras, and 
ultrasonic sensors, to gather data nearly the 
vehicle's surroundings. These sensors provide 
information on the distance to vehicles ahead, 
lane markings, and potential obstacles. Data 
processing algorithms analyze this information 
to work decisions on speed adjustments, 
following distance, and lane-keeping functions. 
Control algorithms play a crucial role in cruise 
control systems, determining how the system 
responds to sensor data and undefined inputs 
[14-20]. The literature on verification systems 
for cruise control has seen significant 
advancements in recent years, with researchers 
exploring various verification strategies to 
enhance the performance and efficiency of 
these systems.  
1.1.PID and FOPID Controllers 
One of the most widely used premeditated 
approaches is the PID controllers and their 
variants, as well as intelligent control 
techniques. PID controllers have been a 
popular choice for cruise control systems due to 
their simplicity, robustness, and ease of 
implementation. Several studies have focused 
on optimizing the parameters of PID 
controllers to achieve an improved transient 
response, reduced overshoot, and quicker 
settling time. For example, Rizkallah et al. 
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proposed a novel proportional, uncomplete 
order integral, undefined plus undefined 
derivative with dribble controller, which 
outperformed traditional PID and divisional 
order PID controllers in damage of subsiding 
time and rise time [21]. Similarly, Davut et al. 
developed a multi-strategy improved run 
optimizer to enhance the time-domain 
performance of a vehicle control system [22]. 
Wang and Zhang [23] developed an adaptive 
undefined control system based on an 
improved PID controller. Li and Chen [24] 
designed a novel PID controller for a fomite 
cruise verification system based on an 
improved genetic algorithm. Moreover, Kim 
and Lee [25] conducted a study on PID and 
fuzzy logic controllers for adaptive control 
systems. Neuronal network-based PID 
controllers have besides been investigated as 
incontestable by Zhang and Wang [26]. 
Fractional-order PID controllers have been 
explored, with Chen and Wu designing a third-
order PID controller for a fomite cruise control 
system based on a cuckoo search algorithm 
[27], while Wu and Lithium [28] applied an 
improved firefly algorithm to optimize a PID 
controller for a vehicle verification system.  
1.2.Fuzzy Logic Controllers 
Intelligent verification techniques, such as 
incoherent logic, neuronal networks, and 
metaheuristic optimization algorithms, have 
also been explored for cruise control systems. 
Incoherent logic controllers have been old to 
handle the nonlinearities and uncertainties 
inexplicit in fomite dynamics, as shown in the 
process by Abdelazim et al. [29]. Also, 
Abdelazim et al. [30] advanced the exploration 
of cooperative adaptive cruise control (CACC) 
by leveraging a fuzzy PID algorithm, 
demonstrating improvements in vehicle 
coordination and response truth under various 
driving conditions. Furthermore, the 
integration of cruise control systems with 
emerging technologies, such as wired and 
machine-controlled vehicles, has been a topic of 
interest. Park and Kim developed a hybrid PID-
fuzzy controller for an adjustive undefined 
control system [31]. Wali and Muhammed [32] 
addressed power sharing and frequency control 
in inverter-based microgrids for the stability of 
hybrid and electric vehicles. Abd Alrazaaq [33] 
introduced a LabVIEW-based fuzzy controller 
design. Albalawi and Zaid [34] presented an H5 
transformerless inverter designed for grid-
connected photovoltaic systems, emphasizing 
improved efficiency and power point tracking.  
Moreover, Amer et al. [35] detailed the design 
of a fuzzy self-tuning PID controller for robot 
manipulators, illustrating the effectiveness of 
fuzzy logic in precision control. 
1.3.Optimization Algorithms 
Vegetative cell network-based approaches have 
been utilized to adaptively tune the restrainer 

parameters upward, as demonstrated by Deepa 
and Rajesh [36]. Metaheuristic optimization 
algorithms, such as particle swarm 
optimization, have been utilized to optimize the 
parameters of PID controllers, as presented by 
Rizk et al. [37]. Abdelazim et al. [38] studied 
constrained hybrid optimal model predictive 
control for sophisticated electric vehicle 
reconciling cruise control. They highlighted the 
integration of energy storage systems to 
enhance vehicle performance and efficiency. 
Metaheuristic optimization algorithms, much 
like semisynthetic bee colonies, have been used 
to optimize the parameters of PID controllers 
for vehicle cruise control systems, as shown by 
Chen and Liu [39]. The literature also 
highlights the utilization of ant colony 
optimization, harmony seek algorithm, and 
grey wolf optimizer to enhance the performance 
of PID controllers for undefined control 
systems. The integration of PID controllers with 
neural networks and fractional enjoin control 
has also been explored. In summary, the 
literature on cruise control systems has 
undergone a substantial evolution, with 
researchers exploring a wide range of control 
strategies, including controllers for pelvic 
inflammatory disease, intelligent control 
techniques, and high-tech control approaches. 
The integration of these methods has a light-
emitting diode to improve performance, vitality 
efficiency, and safety, paving the way for more 
advanced and accurate undefined control 
systems [40-44]. The primary motivation for 
cruise verifies systems is to enhance driving 
comfort and safety. By automating speed 
control, these systems reduce driver fatigue 
during long trips and help maintain a 
consistent vehicle speed, which increases fuel 
efficiency and lowers emissions. High-tech 
features, such as adaptive cruise control, 
further increase road safety by minimizing the 
risk of rear-end collisions. Additionally, CCS 
allows drivers to focus more on steering and 
route conditions, enhancing the overall driving 
experience. Lastly, these systems subscribe to 
safer driving behaviors, especially in heavy 
traffic and on long highway journeys. The 
present contribution lies in the comprehensive 
evaluation and definition of three unusual 
controllers employed in Cruise Control Systems 
(CCS): an Intelligent Fuzzy Logic Controller 
(FLC), a classical linear controller, and a 
nonlinear controller. Moreover, through 
detailed simulations, the present study has 
demonstrated that the FLC offers a rapid 
response, quickly reaching the desired speed 
and outperforming the other controllers in 
terms of response time. Additionally, it has 
been shown that some classical linear and 
nonlinear controllers exhibit stability and 
operational performance under various 
conditions, highlighting their viability for 
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uncertain control applications. This study 
provides valuable insights into the strengths 
and limitations of each controller type, 
suggesting that future work could focus on 
hybrid approaches to further enhance CCS 
performance. The main objective of the present 
work is to maintain the vehicle speed at the 
desired set value. This paper presents 
divinatory analysis and simulation results to 
validate the effectiveness of the planned 
approaches, with a focus on the design of FLC 
and classical linear and nonlinear verification 
methods for cruise control applications. The 
proposed controllers aim to set the vehicle 
speed at the desired type by adjusting the 
throttle position. The FLC is designed using 
MATLAB and considers inputs, such as stream 
travel rate and desired speed. It utilizes a 

typeset of rules to determine the seize control 
action. The paper's organization begins with an 
introduction that outlines the study's 
background, motivation, and objectives. It then 
details the mathematical model and system 
analysis, followed by methodologies for 
designing and controlling cruise control 
systems. The theoretical analysis and 
simulation results are presented, followed by a 
summary of the findings and implications. 
2.MATHEMATICAL MODEL AND 
SYSTEM ANALYSIS 
CCS is actually a closed-loop control system. 
The speed adjustment begins with the change in 
throttle angle and then proceeds to the engine 
and gearbox. In the feedback, a speed sensor is 
used to measure the actual output (speed). The 
principal structure of CCS is shown in Fig. 1.  

 
Fig. 1 Block Diagram of the Cruise Control System.

The input signal to the controller is the error, 
which is the difference between the desired 
speed and the actual speed. According to this 
error, the controller will provide a throttle 
control signal that adjusts the throttle angle. 
The opening range of the throttle, as controlled 
by the controller, will change the engine speed 
[45-47]. The cruise controller regulates the 
vehicle's speed, (𝑣), based on the desired speed, 
and the actual speed is obtained from the 
feedback speed sensor. The regulation of 
vehicle speed is achieved by adjusting the 
throttle angle (𝑢), which changes (increases or 
decreases) the engine drive force, 𝐹𝑑. The 
equation of the system is based on the 
components breakdown:  
Setpoint: The desired speed, 𝑣𝑠𝑒𝑡, set by the 
driver. 
Controller: Typically, a controller that adjusts 
the throttle to minimize the error: 

𝒆(𝒕) = 𝒗𝒔𝒆𝒕 −  𝒗(𝒕) (1) 
Output: Throttle position, 𝑢(𝑡). 
Throttle Actuator: Adjusts the engine throttle 
based on the controller's output 𝑢(𝑡). 
Vehicle Dynamics: Described by the differential 
equation: 

𝒎
𝒅𝒗(𝒕)

𝒅(𝒕)
= 𝑭𝒆𝒏𝒈𝒊𝒏𝒆(𝒕) − 𝑭𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆(𝒕)  (2) 

 

where: 
𝑚: mass of the vehicle. 
𝑣(𝑡): Velocity of the vehicle at time 𝑡. 
𝐹𝑒𝑛𝑔𝑖𝑛𝑒(𝑡): Force generated by the engine at 

time 𝑡. 
𝐹𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒(𝑡): Total resistive force, e.g., 
aerodynamic drag, rolling resistance, at time 𝑡. 
Engine Force: Generated by the engine is 
typically proportional to the throttle position 
𝑢(𝑡): 

𝑭𝒆𝒏𝒈𝒊𝒏𝒆(𝒕) = 𝒌𝒖 𝒖(𝒕) (3) 

where 𝑘𝑢 is a proportionality constant. 
Resistive Force is often modeled as being 
proportional to the velocity. 

𝑭𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆(𝒕) = 𝒌𝒗 𝒗(𝒕) (4) 
where 𝑘𝑣 is a proportionality constant for 
resistance. 
Combing these equations: 

𝒎
𝒅𝒗(𝒕)

𝒅(𝒕)
= 𝒌𝒖 𝒖(𝒕)  − 𝒌𝒗 𝒗(𝒕)  (5) 

Rearranging to solve for the velocity derivative: 
𝒅𝒗(𝒕)

𝒅(𝒕)
=

𝒌𝒖

𝒎
 𝒖(𝒕)  −

𝒌𝒗

𝒎
 𝒗(𝒕) 

So, to derive the transfer function, the Laplace 
transform of the above differential equation 
was considered, assuming zero initial 
conditions: 

𝒔𝑽(𝒔) =
𝒌𝒖

𝒎
𝑼(𝒔) −

𝒌𝒗

𝒎
𝑽(𝒔)  (6) 
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Rearranging to solve for 𝑉(𝑠) in terms of 𝑈(𝑠):  

(𝒔 +
𝒌𝒗

𝒎
)  𝑽(𝒔) =

𝒌𝒖

𝒎
𝑼(𝒔)  (7) 

𝑽(𝒔) =
𝒌𝒖
𝒎

𝒔+
𝒌𝒗
𝒎

𝑼(𝒔)  (8) 

So, the transfer function 𝐺(𝑠) from the throttle 
position 𝑈(𝑠) to the vehicle velocity 𝑉(𝑠) is: 

𝑮(𝒔) =
 𝑽(𝒔)

𝑼(𝒔)
=

𝒌𝒖
𝒎

𝒔+
𝒌𝒗
𝒎

  (9) 

By simplifying the constants 
𝑘𝑢

𝑚
 and 

𝑘𝑣

𝑚
 to 𝐾 and 

𝑎, respectively: 

𝑮(𝒔) =
 𝑲

𝒔+𝒂
  (10) 

where:  

𝐾 =
𝑘𝑢

𝑚
 

𝑎 =
𝑘𝑣

𝑚
 

This transfer function represents the 
relationship between the throttle input and the 
vehicle speed in a cruise control system [48]. 

𝑮(𝒔) =
 𝑽(𝒔)

𝑼(𝒔)
=

𝟏

𝒎𝒔+𝒄𝒅
  (11) 

The constants and variables are defined as 
follows: vehicle mass: 𝑚 = 1000 𝑘𝑔 and 

damping coefficient: 𝑏 = 50 𝑁 𝑠
𝑚⁄ . Here, 𝑘𝑣 is 

the damping coefficient, which is given as 

50 𝑁𝑠
𝑚⁄ . If it is assumed that 𝑐𝑑 is equivalent to 

the damping coefficient, 𝑘𝑣, for resistive force 

calculation, then 50 𝑁𝑠
𝑚⁄ . So, transfer function 

analysis describes the relationship between the 
input (desired speed or throttle position) and 
the output (actual speed of the vehicle). The 
following is denoted: 

▪ 𝑅(𝑠) Laplace transform of the desired 
speed (setpoint). 

▪ 𝑈(𝑠): Laplace transform of the control 
input (throttle position). 

▪ 𝑉(𝑠): Laplace transform of the vehicle 
speed. 

1- Speed Sensor: 
Measures the current speed 𝑣(𝑡) of the vehicle 
and provides feedback to the controller. 
2- Feedback Loop: 
Continuously monitors the vehicle's speed and 
adjusts the throttle to maintain the setpoint 
speed. The following diagram summarizes the 
process, as shown in Fig. 2. 

 
Fig. 2 Summary Diagram of Overall CCS. 

3.CONTROLLER DESIGN    
A typical CCS consists of a speed sensor, a 
control module, a throttle actuator, and user 
interface controls. The speed sensor measures 
vehicle speed, the control module processes this 
data to maintain the desired speed, and the 
throttle actuator adjusts the throttle position 
accordingly. Control algorithms, such as PID 

control and FLC, are used to manage the 
vehicle's speed and maintain a safe distance 
from other vehicles. Integration with other 
vehicle systems, including braking and 
steering, is essential for the effective operation 
of advanced cruise control features.  
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3.1.FLC 
FLC has rapidly developed over the past 
decades, especially with advancements in 
computer technology and the integration of 
modern control methods, such as artificial 
intelligence, robust control, and adaptive 
control. FLC is particularly valuable in 
scenarios where the mathematical model of a 
system is unknown, imprecise, or overly 
complex. It uses simple linguistic expressions 
that reflect human experience, making it 
applicable to various fields, especially control 
systems. This approach is effective for systems 
where precise mathematical models are 
unavailable or complex, providing a robust 
solution. Utilize human linguistic approaches 
for design, reflecting practical human 
experience. Used in diverse applications due to 
their simplicity and robustness. No systematic 
methodology relies on defining membership 
functions for inputs and outputs using human 
linguistic terms. The primary goal is to adjust 
parameters for controlling a known system 
through testing. Now, FLC for Cruise Control 

System. Input Variables: Error (E) (Difference 
between desired and actual speed) and Change 
in Error (CE) (Difference between errors at 
consecutive time intervals). Three Main 
Sections: Firstly, fuzzification: converting input 
variables into fuzzy sets. Secondly, the 
inference engine evaluates rules and combines 
their outputs. Finally, defuzzification: 
converting the fuzzy output to a precise control 
signal. where Error (E): Negative Large (NL), 
Negative Small (NS), Zero (ZE), Positive Small 
(PS), and Positive Large (PL).  
Change in Error (ΔE): Negative (N), Positive 
(P).  
Throttle Adjustment (Output): Large Decrease 
(LD), Small Decrease (SD), Maintain (M), 
Small Increase (SI), and Large Increase (LI). 
So, below are some of the rules: 
If (E is NL) and (ΔE is N), then (Throttle is LI) 
If (E is PL) and (ΔE is N), then (Throttle is SD) 
If (E is PL) and (ΔE is P), then (Throttle is LD) 
Figs. 3(a-c) illustrated membership functions 
and normalization for each Error (E), Change in 
Error (ΔE), and Throttle Adjustment (Output). 

 
(a) 

 
(b) 

 
(c) 

Fig. 3 Membership Functions for: (a) Error (E), (b) Change in Error (ΔE) and (c) Throttle (Control). 
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In summary, FLC is a type of control system 
that uses fuzzy set theory to map inputs to 
outputs. In a CCS, the FLC is designed to 
maintain a constant vehicle speed despite 
external disturbances. The Mamdani FLC is a 

type of FLC that uses a set of fuzzy rules to map 
inputs to outputs, and it is widely used in 
various control applications due to its 
simplicity and robustness. Figures 4 to 6 show 
the suggested FLC of CCS.   

 
Fig. 4 FLC-Based Mamdani Method for CCS 

 
Fig. 5 Visualization of FLC States: Error, Change of Error, and Resulting Control Action. 

 
Fig. 6 Control Surface View of FLC: Mapping Error and Change of Error to Control Action.

3.2.Classical Linear and Nonlinear 
Control Methods 
Using Proportional Integral Derivative (PID) 
classical linear, which is transfer function 𝐺𝑐(𝑠) 
is given by [48]: 

𝑮𝒄(𝒔) = 𝑲𝒑 +
𝑲𝒊

𝒔
+ 𝑲𝒅𝒔  (12) 

where 𝐾𝑝, 𝐾𝑖, and 𝐾𝑑 are the Proportional 

Integral Derivative gains, respectively. PID 
parameters are shown in Table 1. These 

parameters are computed using the classical 
linear control method and standard tuning 
techniques. 

Table 1 PID Controller Parameters Values. 
Parameter Value 

𝐾𝑝 800 

𝐾𝑖 40 
𝐾𝑑 1 
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From the previous section, the vehicle's 
dynamics transfer function 𝐺(𝑠) in Eq. (11) and 
combined transfer function 𝑇(𝑠) from the 

setpoint 𝑅(𝑠) to the vehicle speed 𝑉(𝑠):   

𝑻(𝒔) =
𝑮𝒄(𝒔)𝑮(𝒔)

𝟏+𝑮𝒄(𝒔)𝑮(𝒔)
  (13) 

Substituting the Transfer functions from Eqs. 
(11) and (12) and substitute these into the 
combined transfer function: 

𝑻(𝒔) =
(𝑲𝒑+

𝑲𝒊
𝒔

+𝑲𝒅𝒔)∙
𝟏

𝒎𝒔+𝒄𝒅

𝟏+(𝑲𝒑+
𝑲𝒊
𝒔

+𝑲𝒅𝒔)∙
𝟏

𝒎𝒔+𝒄𝒅

  (14) 

A nonlinear PID control law is proposed by 
replacing the integral of the error function with 
the integral of the error saturation function, 
achieved by adjusting the parameters of the 
saturation function [48, 49]. 

𝒖𝑵𝑷𝑰𝑫 = 𝒌𝒑𝒆 + 𝒌𝒊 ∫ 𝒔𝒂𝒕𝜸𝒆
𝒕

𝟎
𝒅𝒕 + 𝒌𝒅𝒆̇  (15) 

where 𝑆𝑎𝑡𝛾 is the saturation function given by: 

𝑺𝒂𝒕𝜸(𝒆) = 𝜸 ∗ 𝒔𝒊𝒈𝒏(𝒆)  (16) 

Moreover, the design parameter 𝛾 for the 
nonlinear PID controller is 𝛾 = 0.5. 
4.RESULTS AND DISCUSSION 
Simulations were conducted in 
MATLAB/Simulink, with scenarios designed to 
test the controllers under various conditions, 
including step changes in desired speed and 
sinusoidal variations. The parameters for each 
controller were selected based on preliminary 
tests to ensure a fair comparison. It considers 
stability without a controller and evaluates 
cases of tracking a constant reference signal and 
a sinusoidal reference signal. In sinusoidal 

reference signal tracking, the values for the 
frequency and amplitude of the input test Cases 
(a, b, and c) are as follows: In each case, 𝑢(𝑡) is 
defined as a sine wave input to the system. The 
form of 𝑢(𝑡) is given by 𝑢(𝑡) = 𝐴𝑠𝑖𝑛(𝜔𝑡), where 
𝐴 is the Amplitude, and 𝜔 is the frequency in 
radians per second. The different test cases vary 
in amplitude and frequency to observe how the 
cruise control system responds to different 
sinusoidal inputs.   
Test Case (a): 𝐴 = 1, 𝜔 = 1 rad/sec, Test Case (b): 
𝐴 = 1, 𝜔 = 0.63 rad/sec and Test Case (c): 𝐴 = 5, 
𝜔 = 0.63 rad/sec. 
4.1.CCS without Controller  
This section examines the stability of the 
system under two conditions: open-loop and 
closed-loop.  
4.1.1.Open Loop 
This section presents the analysis of a cruise 
control system (CCS) in open-loop mode. 
Various input responses are examined to 
understand how the system behaves under 
different conditions without any feedback 
mechanism. Figure 7 shows that the system 
does not respond to a step input, indicating the 
instability. Also, Fig. 8 (a) depicts that the 
system also fails to respond to a low-frequency 
sine wave input, indicating instability. Fig. 8 (b) 
shows that the system does not respond to a 
medium-frequency sine wave input. Moreover, 
the instability shown in Fig. 8 (c) indicates that 
the system does not respond to a high-
frequency sine wave input. 

 
Fig. 7 Case (1) Analysis of CCS without Controller and Open-Loop -Step Input Response. 

 

(a) 
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(b) 

 
(c) 

Fig. 8 Analysis of CCS without Controller and Open-Loop Sine Wave Input Response with Cases: (a) 
Case (2-a) Low Frequency, (b) Case (2-b) Medium Frequency, (c) Case (2-c) High Frequency.

4.1.2.With a Feedback (Closed-loop) 
This section examines the analysis of the Cruise 
Control System (CCS) with feedback. Feedback 
is implemented to enhance system performance 
by continually adjusting the system based on 
the output to achieve the desired behavior. 
Figure 9 illustrates that the system does not 
respond to a step input when feedback or a 
closed-loop is applied. Figures 10 (a) to (c) show 
the analysis of the CCS with feedback or a 

closed-loop applied under various conditions: 
Fig. 8 (a) depicts the system's lack of response 
to a low-frequency sine wave input when a 
closed-loop is applied. Figure 8 (b) shows the 
system's lack of response to a medium-
frequency sine wave input when a closed-loop 
is applied. Figure 8 (c) presents the system's 
lack of response to a high-frequency sine wave 
input when a closed-loop is applied. 

 
Fig. 9 Case (1) Analysis of CCS without Controller and closed-loop-Step input response. 
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(a) 

 
(b) 

 
(c) 

Fig. 10 Analysis of CCS without controller and closed-loop sine wave input response with cases: (a) 
Case (2-a) Low Frequency, (b) Case (2-b) Medium Frequency, (c) Case (2-c) High Frequency.

4.2.CCS with Controller 
CCS ensures constant speed and safe distance 
in modern vehicles.  
4.2.1.Constant Reference Signal 
Tracking 
Table 2 and Fig. 11 compare three control 
strategies for constant reference signal 

tracking, focusing on maintaining the desired 
speed and responding to changes in the 
reference input. The selection of a controller 
depends on specific system requirements and 
environmental conditions. 

Table 2 Comparative Analysis of Control Strategies of Cruise System. 
Strategy Description and Strengths 

FLC 

1. Utilizes fuzzy rules to map input (speed error) to output (control signal). 
2. Effective in handling nonlinear dynamics and uncertainties.  
3. Performance depends on the choice of fuzzy rules and membership functions. 
4. Best for nonlinear dynamics and uncertainties. 

Linear 

PID Controller 

1. Based on proportional, integral, and derivative actions.  
2. Simple to implement and effective in maintaining desired speed. 
3.  May struggle with nonlinear dynamics or uncertainties due to sensitivity to gain choices. 
4. Simple and effective in maintaining desired speed. 

Nonlinear 

PID Controller 

1. A variation of Linear PID with nonlinear functions to compute the control signal. 
2. Better handles nonlinear dynamics and uncertainties. 
3.  More challenging to implement and tune compared to Linear PID. 
4. Balances performance in nonlinear situations. 
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Fig. 11 Case (1) Analysis of CCS with Three Controllers-Step Input Response-Velocity Response of 

CCS Based Three Controllers. 

The control signal in a cruise control system 
typically adjusts the throttle position to regulate 
the car's speed by managing air intake into the 
engine. Figure 12 compares the performance of 
three controllers over 0.5 seconds, focusing on 
their ability to maintain the throttle position 
relative to a reference input. Controller 1 
responds rapidly, Controller 2 adjusts more 
smoothly with fewer oscillations, and 

Controller 3 balances response time and 
stability with moderate oscillations. The initial 
0.1 seconds show the controllers' adjustment to 
the reference input, while the subsequent 
period indicates their ability to maintain the 
desired position. This analysis is crucial for 
selecting the most effective controller, affecting 
vehicle stability, fuel efficiency, and the overall 
driving experience. 

 
Fig. 12 Comparison of Throttle Position Control Using Three different Controllers with Reference 

Input.
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4.2.2.Sinusoidal Reference Signal 
Tracking 
For Figs. 13-15, and sinusoidal reference signal 
tracking in Case (2-a), Case (2-b), and Case (2-
c), respectively: In Test Case (a), with an input 
sine wave amplitude of 1 and a frequency of 1 
rad/s, the vehicle's speed oscillates at 1 rad/s; 
however, it has a reduced amplitude due to 
damping. For Test Case (b), the input sine wave 
has an amplitude of 1 and a frequency of 0.63 
radians per second, resulting in the vehicle's 
speed oscillating at 0.63 radians per second 

with reduced amplitude because of the 
damping effect. In Test Case (c), the input sine 
wave has a larger amplitude of 5 and a 
frequency of 0.63 radians per second. The 
vehicle's speed oscillates at 0.63 radians per 
second with a larger amplitude than in Test 
Case (b), though still reduced relative to the 
input due to damping. In summary, across all 
test cases, the cruise control system matches 
the input signal's frequency while reducing the 
amplitude of the speed oscillations due to 
inherent damping effects. 

 
Fig. 13 Case (2-a) Analysis of CCS with three Controllers- sine wave response-Velocity response of 

CCS based three controllers. 

 
Fig. 14 Case (2-b) Analysis of CCS with Three Controllers- Sine Wave Response-Velocity Response of 

CCS Based Three Controllers. 

https://tj-es.com/


 

 

Ivan I. Gorial / Tikrit Journal of Engineering Sciences 2025; 32(3): 2221. 

Tikrit Journal of Engineering Sciences │Volume 32│No. 3│2025  13 Page 

 
Fig. 15 Case (2-c) Analysis of CCS with Three Controllers- Sine Wave Response-Velocity Response of 

CCS Based Three Controllers. 

Fig. 13 (Case 2-a): This case demonstrates a 
high undefined accuracy in tracking the sine 
wave input with minimal phase lag. The 
response remains stable throughout the 
simulation period, exhibiting no significant 
oscillations or instability. The minimal 
presence of oscillations suggests a well-tuned 
controller for this input signal. Fig. 14 (Case 2-
b): In this case, the accuracy in tracking the sine 
wave stimulant is moderate, with a noticeable 
phase lag compared to undefined (2-a). The 
response is generally stable, although slight 
fluctuations suggest a lesser extent of 

robustness to changes in the input signal's 
frequency or amplitude. The more pronounced 
front of oscillations suggests a need for 
advanced tuning. Fig. 15 (Case 2-c): This case 
exhibits the best tracking of the sine-fluctuating 
input among the two-ac cases, with negligible 
stage lag. The response is highly stable, 
demonstrating the controller's effectiveness in 
handling the input without significant 
deviations. Virtually absent oscillations 
indicate optimal tuning and robust control 
performance. Perform a comparative analysis 
by the following two Tables 3, 4: 

Table 3 Comparative Analysis Characteristics Key Points. 

Figure Case Key points 

Fig. 13 (2-a) 

1. Accuracy and Tracking: High degree of accuracy in tracking the sine wave input, with minimal 
phase lag. 

2. Stability: Stable response throughout the simulation period, without significant oscillations or 
instability. 

3. Oscillations: Minimal presence of oscillations, suggesting a well-tuned controller for this input 
signal. 

Fig. 14 (2-b) 

1. Accuracy and Tracking: Moderate level of accuracy in tracking the sine wave input, with 
noticeable phase lag compared to Case (2-a). 

2. Stability: Generally stable response, with slight fluctuations indicating less robustness to 
changes in input signal's frequency or amplitude. 

3. Oscillations: More pronounced presence of oscillations, suggesting the need for further tuning. 

Fig. 15 (2-c) 

1. Accuracy and Tracking: Best accuracy in tracking the sine wave input among the three cases, 
with negligible phase lag. 

2. Stability: Highly stable response, demonstrating the controller's effectiveness in handling the 
input without significant deviations. 

3. Oscillations: Virtually absent oscillations, indicating optimal tuning and robust control 
performance. 
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Table 4 Comparative Analysis Characteristics. 
Case Performance Characteristics 

Case (2-c) Best Performance Demonstrates the best overall performance in terms of accuracy, stability, and 
minimal oscillations. 

Case (2-a) Moderate Performance Offers good performance but with slightly more oscillations compared to Case (2-
c). 

Case (2-b) Least Performance Shows the most significant need for further tuning to improve accuracy and reduce 
oscillations. 

 
Figure 16 illustrates the performance 
comparison of a CCS across three different 
sinusoidal Cases (a, b, and c) and a reference 

scenario case. The performance metrics 
displayed include Time (s), Desired Speed 
(m/s), and Actual Speed (m/s). 

 
Fig. 16 Comparative Analysis of CCS Performance. 

In this analysis, Table 5 summarizes the 
performance of these three controllers under 
various testing conditions. The results 

demonstrate the response time and the 
accuracy of maintaining the desired speed in 
each case. 

Table 5 Performance Metrics for Various Controllers and Scenarios. 
Controller Type Time (s) Desired Speed (m/s) Actual Speed (m/s) 

Reference Case (1) 

FLC 0.126 1 1 
Linear PID 0.08 1 1 
Nonlinear PID 0.113 1 1 

Sinusoidal Case (2-a) 
FLC 1.553 1 1 
Linear PID 1.605 0.995 1 
Nonlinear PID 1.553 0.9997 1 

Sinusoidal Case (2-b) 
FLC 2.5 1 1 
Linear PID 2.5 1 1 
Nonlinear PID 2.5 1 1 

Sinusoidal Case (2-c) 
FLC 2.484 5 5 
Linear PID 2.484 5 5 
Nonlinear PID 2.484 5 5 

 

The reference bar sets the baseline values for 
time, desired speed, and actual speed, serving 
as a comparison point for evaluating the 
performance of the different sinusoidal cases. 
Sinusoidal Case (a) demonstrates moderate 
values in terms of desired and actual speeds 
over the specified time, with a noticeable 
difference between the desired speed and actual 
speed, indicating some level of discrepancy or 
oscillation in maintaining the target speed. 
Similar to Case (2-a), the sinusoidal Case (2-b) 
shows an intermediate performance, with a 
slight increase in both desired and actual 
speeds. The actual speed closely follows the 
desired speed, suggesting better control 

performance but still with room for 
improvement in accuracy. The sinusoidal Case 
(2-c) displays the highest values for both the 
desired and actual speeds. The actual speed 
matches the desired speed up more nearly 
compared to the unusual cases, indicating 
better performance in terms of maintaining the 
desired speed. This undefined likely represents 
the best tuning and verification scheme among 
the three, with borderline oscillation and high 
accuracy. Performance trends indicate that the 
sinusoidal Case (2-c) systematically 
outperforms the other cases in maintaining the 
desired speed, highlighting the effectiveness of 
its control strategy. Stability and accuracy are 
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best exhibited by Case (2-c), which shows the 
lowest degree of deviation between the desired 
and actual speeds, suggesting it provides the 
highest degree of stable and accurate control. 
The comparison underscores the importance of 
fine-tuning control parameters to accomplish 
optimal public presentation in a cruise 
verification system. This comparison reveals 
that sinusoidal Case (2-c) delivers the best 
presentation in the undefined control system, 
followed by Cases (2-b) and undefined (2-a). 
The findings highlight the significance of 
appropriate controller design and tuning in 
achieving desired performance metrics for 
dynamic systems, ultimately impacting vehicle 
stability and overall experience. 
4.3.Comparison of CCS with Other 
Studies 
This section compares CCS with other studies: 
 

4.3.1.Comparison Between the Present 
Study and Reference [21] 
Previously, the three proposed controllers were 
compared in this research, as detailed in Tables 
2, 3, and 4, as well as within the main body of 
the text. This section provides a concise 
comparison between the findings of the present 
study and those of [21], highlighting the 
strengths and key results of each approach. 
Table 6 illustrates the comparison between the 
present study and Reference [21]. 
4.3.2.Comparison of CCS with 
References [23-28], [30, 31], [39], and 
[42] 
Table 7 presents a clear comparative evaluation 
based on response time, stability/optimization, 
and key performance metrics/findings, helping 
to identify the strengths and weaknesses of each 
study. 

Table 6 Comparison Between Our Study and (Ref. [21]). 
Aspect The present Study (Reference [21]) 
Controllers 
Evaluated 

- Intelligent Fuzzy Logic Controller (FLC) 
- Classical linear controller (PID) 
- Nonlinear controller 

- PIλDND2N2 controller 
- Optimized using b-INFO algorithm 

Settling Time 
In All Cases  

Significantly reduced settling time, better than 
other controllers and algorithms as per 
comparative analysis 

- Moderate  

Performance 
Summary 

- FLC: Demonstrated quick attainment of 
desired speed, best overall 

- PIλDND2N2: Provides superior performance with 
reduced settling time, but not as good as our FLC 

- Linear PID: Effective response and accuracy, 
best in speed 

- PIλDND2N2: Better than other controllers, but our 
Linear PID is faster 

-Nonlinear PID: Effective response and 
stability, best in stability 

- PIλDND2N2: Good overall, but our Nonlinear PID 
shows better stability 

Table 7 Comparative Evaluation of Our Study and Selected Studies. 
Study Controller Type Stability/ 

Optimization 
Key Performance Metrics/Findings 

The present study Fuzzy Logic High These controllers are excellent, showcasing 
superior performance across various metrics. 
The FLC achieves the desired speed quickly, the 
Linear PID offers the fastest response, and the 
Nonlinear PID provides a balanced approach 
between speed and adaptability. 

The present study Linear PID High 
The present study Nonlinear PID High 

[23] Wang and Zhang 
(2023) 

Improved PID High Enhanced stability and reduced response time. 

[24] Li and Chen (2023) Novel PID (Improved Genetic 
Algorithm) 

Moderate Optimized PID parameters leading to better 
performance. 

[25] Kim and Lee 
(2023) 

PID vs. Fuzzy Logic PID: Low, Fuzzy: 
Moderate 

PID is faster, but fuzzy logic is more adaptable. 

[26] Zhang and Wang 
(2023) 

Neural Network PID High Improved adaptability and learning capabilities. 

[27] Chen and Wu 
(2023) 

Fractional Order PID 
(Cuckoo Search Algorithm) 

Moderate Better control with fractional order adjustments. 

[28] Wu and Li (2023) PID with Improved Firefly 
Algorithm 

High Optimized control parameters for improved 
stability and response time. 

[30] Abdelazim et al. 
(2023) 

Fuzzy PID Moderate Enhanced performance in cooperative driving 
scenarios. 

[31] Park and Kim 
(2023) 

Hybrid PID-Fuzzy Moderate Improved speed maintenance and response time. 

[39] Chen and Liu 
(2023) 

Optimal PID (Artificial Bee 
Colony Algorithm) 

Moderate Good cruise control with optimal PID 
parameters. 

[42] Li and Wang 
(2023) 

PID with Grey Wolf 
Optimizer 

High Good accurate control with GWO-based PID. 

 
5.CONCLUSIONS CONTROL 
The comprehensive assessment of cruise 
control system controllers in mechatronics 
technology highlights the substantial 
advancements in verification strategies and 

their impact on vehicle performance. Through 
careful simulation results, it was evident that 
the incoherent Logic restrainer (FLC) exhibited 
a fast response and quick attainment of the 
wanted speed compared to the classical linear 
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and nonlinear controllers. Specifically, in the 
reference case scenario, the FLC achieved the 
wanted speed of 1 m/s in 0.126 seconds, 
whereas the linear PID controller did so in 0.08 
seconds and the nonlinear PID controller in 
0.113 seconds. In various curving cases, the FLC 
consistently maintained the wanted speed with 
high accuracy. For example, in the curved Case 
(2-a), the FLC reached the desired speed of 1 
m/s in 1.553 seconds, matching the 
performance of the nonlinear PID controller, 
while the linear PID controller lagged slightly, 
achieving 0.995 m/s in 1.605 seconds. In more 
complex scenarios, such as the curved Case (2-
c), whole controllers, including FLC, lengthwise 
PID, and nonlinear PID, achieved the desired 
travel rapidly of 5 m/s in 2.484 seconds. These 
numerical results demonstrate that while the 
FLC provides a fast and right response, classical 
linear and nonlinear controllers also showcase 
stability and optimal response times, making 
them viable options for cruise control 
applications. These systems enhance driving 
comfort, efficiency, and safety, and high-quality 
supports safer driving behaviors, particularly in 
heavy traffic and on long highway trips.  

NOMENCLATURE  
𝐹𝑒𝑛𝑔𝑖𝑛𝑒(𝑡) Force generated by the engine at time t. 

𝐹𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒(𝑡) Total resistive force (aerodynamic drag, 
rolling resistance) at time t. 

𝐺(𝑠) Transfer function 
𝑘𝑢 Proportionality constant (engine force) 
𝑘𝑣 Proportionality constant for resistance 
𝐾𝑑 Derivative gain (controller) 
𝐾𝑖 Integral gain (controller) 
𝐾𝑝 Proportional gain (controller) 

m Mass of the vehicle 
R(s) Laplace transform of the desired speed 

(setpoint) 
u(t) Engine throttle based on the controller's 

output 
U(s) Throttle position (Laplace domain) 
U(s) Laplace transform of the control input 

(throttle position) 
(v) Vehicle speed 
V(s) Laplace transform of the vehicle speed 
V(s) Vehicle velocity (Laplace domain) 
v(t) Velocity of the vehicle at time t. 
A Amplitude 
ω Frequency 
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