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Abstract. PID control is widely employed across diverse industries such as tobacco production,
autonomous car technology, and mechanical arm robotics. This shows that PID control has a
substantial developmental potential, so | choose the PID control as the topic. Since few people
summarize its different applications in different industries, this study has the motivation to
comprehensively summarize the applications of PID. This research provides an in-depth
overview and analysis of PID control's varied applications in tobacco production, autonomous
car technology, and mechanical arm robotics. It focuses on addressing practical challenges and
exploring optimization strategies encountered in these fields. This article is summarized using
the methods of the review. PID plays a crucial role in enhancing stability, precision, and response
speed in these applications, thereby improving overall control system dynamic response
performance. This study consolidated existing literature to offer insights into PID's effectiveness
across these industrial sectors, shedding light on its impact and potential for further
advancements in control technology.
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1. Introduction

PID control is widely utilized in diverse industries such as tobacco production, autonomous car
technology, and mechanical arm robotics due to its significance in enhancing operational efficiency and
performance. Despite its broad application, there is a lack of comprehensive summaries detailing the
specific applications of different PID methodologies across these industries. Current research within
these fields focuses on optimizing PID parameters for specific control objectives, such as dynamic
response improvement in tobacco production, vehicle stability enhancement in autonomous cars, and
precision augmentation in mechanical arm robots. However, there remains a research gap in
systematically comparing and synthesizing the various PID applications within each industry. Therefore,
this study aims to fill this gap by providing an overview and analysis of the diverse applications of PID
control in the fields of tobacco production, autonomous car technology, and mechanical arm robotics.
This study employs a review to analyze and explore the significance of PID control across various
industries. It aims to assist individuals interested in quickly understanding P1D applications by providing
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a structured overview and analysis. This research is valuable for facilitating a clear understanding and
systematic review of PID utilization in different sectors, aiding in decision-making processes related to
control system design and optimization.

2. Structure and Tuning Methods of the PID Controller

2.1. Structures of the PID Controllers
The common structures of PID controllers are parallel and series types.

In Parallel type, the proportion P, integral |, or derivative D action occurs in separate equation terms
and with their combined effect the sum is produced. In this type, each parameter is independent of the
other parameters and the corresponding control law is expressed as [1]:

1 de(t
u(t) =KC (e(t) + ﬁf le(t)dt +Td %)] (1)

Series or interactive equation is mainly derived from pneumatic and analog electronic circuit
characteristics. Just as an ideal PID equation the change in Kc impacts all the three actions, but both
derivatives and integration constants impact on the proportional action [1]. This type has the following
control law:

el(t) =e(t) + Tdd(;—(tt) 2)
1
u(t) = Ke (el(t) +o f le(t)dD)] 3)

2.2. Tuning Methods

2.2.1. Fuzzy PID Algorithms. Fuzzy set theory was proposed by Professor L.A.Zadeh in 1965, and has
made many important research results in various fields [2]. Facing the abovementioned shortcomings of
the classic PID control theory in the large-lag control system, the researchers proposed a new control
method that combines fuzzy control with traditional PID control algorithms. This control method is first
based on the high precision of the classic PID control strategy. Advantages, at the same time adaptive
adjustment of the system startup and later PID tuning parameters, and ultimately achieve a good system
control effect of the entire adjustment process [2].

2.2.2. Genetic Algorithms (GA). A genetic algorithm is a metaheuristic inspired by the process of natural
selection that belongs to the larger class of evolutionary algorithms (EA). Genetic algorithms are
commonly used to generate high-quality solutions to optimization and search problems by relying on
bio-inspired operators such as mutation, crossover and selection. GA can be considered as a multiagent
system with distributed strategy where each agent competes to find the best solution to the problem.
Then, the GA does not require to communicate information between them. The main algorithm evaluates
the cost function for each agent and selects it to participate in the evolution proportionally [3].

2.2.3. Artificial Neural Network Algorithms (ANN). ANN algorithm consists of a multi of layers that
represent data architecture, the first layers try to extract from the low-level features and a last layer
extract a high-level feature. The artificial intelligence inspired this kind of the architecture that simulates
the process, which happen in core sensorial layers in human brain. By applying different scenes, the
brain has the ability to automatically extract data representation. The output of this process is classified
objects, while the received scene information represents the input. This process simulates the working
methodology of the human brain [4].
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3. PID Applications
3.1. PID for Process Control

3.1.1. PID for Tobacco Production. PID optimization is frequently used for tobacco production. It can
improve the dynamic response performance of the control system, and scientifically control the
temperature and humidity.

Wau et al. proposed a self-tuning fuzzy PID control algorithm for solving the problems of time delay,
nonlinear, and time-varying of the drying object that exists in the tobacco cutting and drying process.
The experimental results and PID control compared with the stability temperature difference of 0.05 C,
the response time difference was 149 seconds, and the overshoot difference was 5.7% [5]. He, Wang
and Chen uses the fuzzy PID control strategy to improve the dynamic response performance of the
control system. The adjustment time of the fuzzy PID control optimization system was 12 times less
than that of the original system. The system overshoot was 36.5% less than the original system, and the
rise time was 12% less than the original system [2]. Predictive automatic coupling PID (PAC-PID)
control algorithm was used to design tobacco temperature and water content controllers. The system
stability time was less than 16s, and the moisture deviation of exported tobacco leaves can be controlled
within 1.5% [6]. Liu, Duan and Luo designed a tobacco cured barn with completely closed hot air cycle
to perfect the curing quality of tobacco and avoid the loss of residual heat in bulk cured barn [7]. Li
integrated PID control, fuzzy reasoning and expert system, so as to scientifically regulate the outlet
water [8]. Rui et al. established an adaptive fuzzy PID controller and designed an intelligent control
structure for water output during the blade charging process. The difference between the predicted
moisture value at the outlet of the blade and the actual value was only 0.5%, the process capability index
was 1.48 higher than that of the PID controller, and the return air temperature of the loader can be
controlled to within the range of 56.86 C~57.21 C [9].

3.1.2. PID for Autonomous Car Technology. Autonomous car technology has become an important
trend in the automotive industry. PID control is often used to optimize vehicle control technology to
improve vehicle stability, reduce accident risk and optimize driving efficiency.

Chen et al. proposed an intelligent safe driving system for the problem that the wheel cylinder
pressure of the traditional PID control braking system cannot meet the braking performance of the
vehicle [10]. Zhong et al. designed a PID control strategy to suppress the torsional vibration generated
by the APU during active control of the system [11]. Slide mode control of vehicle formation in
uncertain topology was studied by Gao et al. [12]. Furthermore, optimal control can be enhanced by
designing a preview controller that integrates road gradient, speed profile, and vehicle dynamics. The
twiddle algorithm can also be used to adjust PID for trajectory tracking. GA was used to adjust PID to
control DC motors. The radial basis function can be used to adjust the PID gain of vehicle longitudinal
control[12]. Zhao et al. proposed an adaptive PID with GA optimization for lateral control tasks [12].
Moreover, NN PID has been proven to be used for frequency regulation and vehicle steering control
[12].

While designed the control algorithms to track a given trajectory, Varma et al. found that MPC >
LQR > PID(Performance Wise) for both Longitudinal speed control and Lateral steering control [13].
And Low-speed tracking can be used in the MPC [12]. Hu et al. suggested an adaptive algorithm for
PID parameters of BP neural network in response to eh issue of oscillations when the learning rate of
the traditional BP is too large in the learning process [14]. Given the difficult problem of energy
management for traditional autonomous vehicles, an intelligent EMS for CAVs based on a fuzzy logic
system and PID is proposed. The energy usage of vehicles improved about 9.58% [15]. To make full
use of the attachment coefficient ¢ between the tire and the road surface, improve the power performance
of the car and prevent driving roller skating, the method of using an artificial fish swarm algorithm can
optimize the PID neural network control parameters of the vehicle [16]. A new global error function is
proposed which can be fixed by PID using a heuristic optimization method and three black-box
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algorithms of GA, MA and MADS to optimize [3]. Similarly, Kebbati et al. found that PID controllers
are difficult to tune and need additional adaptation to control nonlinear systems with varying parameters.
So they achieved adaptive PID control using GA-PID and NN-PID longitudinal control, respectively
[12]. In order to solve the problem of incremental PID control, a BP + RNN variable speed integral PID
control system for the chassis dynamometer is proposed. The system can quickly set the PID parameters
within 10 control cycles, and ensure that the control overshoot is within 2% of the target value [17].
Masromat et al. and Batiha et al. demonstrated that the PSO optimization algorithm can improve the
efficiency of the system in terms of stability and anti-interference [18-19]. The PSO-based system
improved by 9.3% and 28.4% over link 1 and link 2, respectively. The proposed controller can withstand
disturbances 66.7% higher than the previous work, and the stabilization time after applying the
interference is reduced from 8 seconds to 4 seconds [18]. The PID controller was improved by
transforming it into the PIYDP [19].

3.2. PID for Mechanical Arm Robot
As an important part of the automation industrial system, mechanical arm robot plays an important role
in service, exploration, automation engineering and other elds.

For the problems of the traditional mechanical arm and Sobel edge detection methods, including not
being stable, time-consuming and impossible to obtain accurate object information. Lee proposed a new
PID method and Canny edge detection algorithm [20]. Nonlinear control methods is facing difficulties,
so El-Khatib and Maged considered a four degrees of freedom (4-DOF) robot arm model. Simple linear
control methods are proposed to be used in the control of the angle of robot joints. For this purpose, the
fuzzy logic controller (FLC) and the two degree of freedom PID (2-DOF PID) controller are applied to
control the joint angles of robot arm and in order to improve the response speed and reduce overshoot
[21]. Chotikunnan et al presented a method for optimizing membership function tuning for fuzzy control
of robotic manipulators using PID-driven data techniques presented. It aims to enhance the precision
and controllability of robotic manipulators through improved fuzzy logic control[22]. Moreover, Jawad
et al. proposed a adaptive controller for robot arm manipulator based on the artificial Neural Network
optimized PID by IWO. The maximum overshoot is equal to zero, the lift time is reduced to 0.1 in
connector 3, the optimal establishment time is 0.2 in connector 1, and the delay time is reduced to 0.1
in connector 1 and 5[4]. Mohamed et al. propose six control structures to produce hybrid controllers for
a 2-Link Rigid Robot Manipulator (2-LRRM) handling with the problem of trajectory tracking. The best
performance of the proposed controllers was the Neural Network Fractional Order Proportional Integral
Derivative Controller (NNFOPID)[23]. Wazzan et al. investigated traditional PID controller utilized
Optimized social spider technique for robotic arm model. The fuzzy technique method has been inserted
as artificial intelligence technigue to introduce the better performance for robotic arm in utilize steady
state error and positions for the coordination to all angles of robotic arms. The steady state error is zero
and this work has been applied in MATLAB R2021a[24]. Furthermore, Pradhan and Subudhi proposed
a new nonlinear self-tuning PID controller (NSPIDC) to control the joint position and link deflection of
a flexible-link manipulator (FLM) while it is subjected to carry different payloads[25]. Azeez et al.
introduced and compared two optimization techniques, the basic Artificial Bee Colony (ABC) and the
enhanced Artificial Bee Colony with multi-elite guidance (MGABC), for determining optimal gains of
a Proportional-Integral-Derivative (PID) controller in a 3 degrees of freedom (DOF) rigid link
manipulator (RLM) system[26]. Through PID optimization, more artificial intelligence-related
technologies have been applied to it, increasing the performance of the mechanical arm.

4. Discussion

PID control finds extensive application across various industries such as tobacco production,
autonomous car technology, and mechanical arm robotics. In tobacco production, PID optimization
enhances the dynamic response performance of control systems and enables scientific control of
temperature and humidity levels, crucial for maintaining product quality. In autonomous car technology,
PID controllers contribute significantly to improving vehicle stability, reducing accident risks, and
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optimizing driving efficiency by precisely regulating steering, acceleration, and braking actions based
on real-time feedback. For mechanical arm robots, PID optimization boosts stability, precision, and
response speed, crucial for executing precise movements and tasks in industrial automation and
assembly operations.

Moreover, PID control's versatility can extend beyond these fields into others such as aerospace and
aviation, where it plays a pivotal role in maintaining aircraft stability, controlling altitude, and managing
flight dynamics. The adaptability of PID optimization allows for tailored applications within each
domain, employing different tuning strategies to achieve optimal performance under specific operational
conditions. So the future trends of PID application remain unpredictable. This may also due to ongoing
advancements in control theory, artificial intelligence, and robotics, despite PID’s widespread adoption
and effectiveness. Continued research and development are likely to further refine PID controllers,
potentially integrating advanced techniques like machine learning and adaptive control to address
evolving challenges and enhance overall system performance across diverse industrial and technological
landscapes. Thus, while PID control continues to be a cornerstone in control engineering, its evolution
and application in future innovations hold promise for further enhancing efficiency, safety, and precision
in complex automated systems.

5. Conclusion

This study summarizes the optimization and application of PID control across tobacco production,
autonomous car technology, and mechanical arm robotics. By integrating these sectors, it aims to
provide a comprehensive analysis of PID's evolution, current implementation, and transformative impact
within these industries.

In tobacco production, PID control optimizes dynamic response performance by precisely regulating
environmental factors like temperature and humidity. This ensures consistent product quality and yield,
crucial for agricultural sustainability and profitability. In autonomous car technology, PID controllers
continuously adjust steering, acceleration, and braking in response to real-time feedback, improving
vehicle stability, reducing accident risks, and enhancing driving efficiency. Similarly, in mechanical arm
robotics, PID enhances stability, accuracy, and response speed, enabling precise task execution in
industrial automation and assembly operations.

However, this study acknowledges limitations in primarily synthesizing existing literature without
practical demonstrations to validate PID's effectiveness in real-world applications. Furthermore, it
focuses narrowly on these three specific industries, omitting potential applications in other sectors such
as aerospace, where PID also plays a significant role in flight control systems.

With further advancements in my academic studies, my understanding of PID will been deepened,
enabling me to conduct empirical studies. This allows for a broader exploration. And more synthesis
across various domains of PID applications can be done to expand the scope of my research and insights.
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