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Abstract:
A Close-In Weapon System turret is a weapon system designed to engage fixed-wing aircraft and anti-ship cruise missiles at a short range [1]. It is a defence system for detecting and destroying incoming missiles and aircraft at a close range. These systems are typically mounted on a naval ship. The angular positioning system is a mechanism used to measure and control the angular position of objects or devices. It provides information about the rotational or angular displacement of an object relative to a reference point of axis. One way of controlling this process is by using a closed loop system. A closed loop system is a control system that continuously measures the output or performance of a process and adjusts the input or control signals accordingly to achieve a desired outcome [2]. It relies on feedback from the system output to modify the control input, aiming to minimize errors and maintain stability. This report will discuss a simulation of a closed loop system designed to bring the process under control in under 2 seconds and with an overshoot of less than 5%. This was achieved by tuning the PID controller in order to get the simulation to be successful within the set parameters. After tuning the PID controller and putting the results into a new transfer function, the settling time was 0.704 seconds, and the overshoot was 4.13%. This was with the proportional term at 111.29, the integral term at 13.18 and the derivative term at 73.4. 

Introduction:
A control system is an interconnection of components forming a system that will provide desired response for a given input. Control systems are a set of components or devices that are designed to manage, regulate, and manipulate the behaviour of a system. They are used to ensure that the desired conditions, outputs, or variables of a system are achieved and maintained within predetermined limits [3]. In engineering, control systems are commonly used to control and regulate physical processes such as temperature, pressure, speed, or position. They include various components such as sensors (to measure the current state of the system), actuators (to manipulate the system), and a controller (to process the input information and generate commands for the actuators). Control systems can be classified into different types based on their characteristics and applications. For this simulation, a closed loop system was used. 
A closed loop system is a device (mechanical or electronic) that regulates a system to maintain a desired state without human interaction [4]. A closed loop system is a control system that continuously receives feedback from its output and uses this information to adjust its input or operation [3]. It involves a feedback mechanism where the output signal is compared to a desired reference signal, and any difference between the two is used to adjust the system's behaviour. This feedback loop enables the system to self-regulate and maintain stability or achieve a desired state. Closed loop systems are commonly used in various applications such as industrial control systems, electronics, robotics, and process control.
This simulation shows a closed loop system, designed to be capable of controlling the process of an angular positioning system attached to an automatic Close-In Weapon System (CIWS). This angular positioning system has the transfer function . For this example, a = 5, b = 3 and c = 2. An angular positioning system attached to an automatic CIWS turret can enhance its accuracy and improve its targeting capabilities. Angular positioning systems allow for precise tracking of targets and enhanced manoeuvrability of the turret.

Simulation Setups:
This simulation shows a closed loop system capable of controlling the transfer function . This transfer function describes an angular positioning system attached to a CIWS turret. The system had to be capable of bringing the process under control within two seconds and have an overshoot of less than 5%.
The purpose of a closed loop system is to control and regulate a process or system by continuously monitoring and adjusting it based on feedback signals [3]. It involves gathering information about the output of a system and comparing it to a desired setpoint or reference value. The system then makes necessary adjustments or corrections to maintain the output within the desired range. Closed loop systems are commonly used in various applications such as industrial processes, control systems, robotics, automatic temperature control, and many more. They provide increased accuracy, stability, and efficiency compared to open loop systems, where there is no feedback mechanism. By continuously monitoring and adjusting the system's output, closed loop systems ensure that it operates in a controlled and optimal manner according to the desired objectives [4].
To start with, a unit step input was used for the system. The reason for this was that the unit step input provides a clear and consistent input signal, making it easy to compare and analyse system responses. It also allows for easy determination of system characteristics, such as steady-state response, settling time, rise time and overshoot [5]. This is useful as for this simulation the settling time was required to be under 2 seconds with an overshoot of less than 5%. The unit step input is also useful for determining the stability of a system, as it reveals the behaviour of the system after a sudden change in input.
The PID controller is a feedback control algorithm used to regulate a process or system. PID stands for Proportional-Integral-Derivative, which are the three terms which make up the controller [6]. The proportional term generates a control signal that is directly proportional to the error between the desired setpoint and the measured process variable. It provides an immediate response to the error, but it does not consider the history of the error. The integral term considers the integral of the error over time. It helps to eliminate any steady-state errors that may occur due to the inability of the P term alone to reach the desired setpoint. It adjusts the control signal based on how long and how much the error has accumulated. The derivative term calculates the rate of change of the error over time. It helps to anticipate how the error is changing and to react accordingly. By using the derivative term, the PID controller can provide a more responsive and stable control action. By combining these three terms, a PID controller can adjust the control signal to minimize the error between the process variable and the desired setpoint [7]. It continuously processes the error signal to calculate the appropriate control action, making it a widely [image: A white background with black squares and dots
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Figure 1 - Diagram showing the simulation setup
Figure 1 shows the simulation setup. The unit step input had the following parameters. Step time = 1. Initial value = 0. Final value = 5. Sample time = 10e-6s. The PID controller was set for an internal source with the proportional value set to 1, the integral value set to 1 and the derivative value set to 0. The filter coefficient was then set to 1 as well.

Results and Discussion:
[image: ]The simulation was run with all the original parameters and the results produced in the oscilloscope were saved before tuning the PID controller. The results of the original simulation are shown below.
Figure 2 - Original simulation results
The aim of the simulation was for the control system to be able to bring the process under control within two seconds, with an overshoot of less than 5%. This was achieved by adjusting the response time by making it faster and adjusting the transient behaviour by making it more robust. Once it had been adjusted, the settling time was 0.704 seconds, and the overshoot was 4.4%. This then changed the controller parameters and after being tuned the proportional was 111.2866, the integral was 13.1751 and the derivative was 73.4015. The filter coefficient was 1690.5739 after being tuned. These values can then be entered into the PID controller.
[image: ]After the tuned values had been applied, the simulation could be run again. This changed the results of the oscilloscope, as shown below.
Figure 3 - Simulation results after tuning
[image: ]The next step was to enter these values into the transfer function. The transfer function of a PID controller can be used to assess and design the controller. It can be used to determine the stability and performance of a system. This includes calculating the settling time and overshoot. The calculated values were entered into the transfer function as . This was calculated by taking the equation for the PID controller, , which was equal to , and multiplying it by the original transfer function, . The new fraction could then be entered into the transfer function and the PID controller reset to the original values. Once this had been done, the simulation could be done again. The results are below.
Figure 4 - Simulation results after new transfer function
[image: ]
Figure 5 - The new transfer function value
[image: ]After collecting the results from the first simulation, the process could be repeated to check the results. When retuning the PID controller, the new results showed the proportional to be 110.06, the integral as 13.27 and the derivative was 77.23. The filter coefficient was 1731.56. These results were pretty similar to the first set of results but just in case, the simulation was done again with the new values. Using the same method, the new equation was found to be  After simulating again, the results were very similar, as shown below. 
Figure 6 - Simulation results after the second simulation

Conclusion:
In conclusion, it has been proven that the PID controller can be tuned so that the closed loop circuit is capable of bringing the process under control within two seconds and with an overshoot of less than 5%. Given the transfer function: G(s) = , the PID controller was tuned so that the terms for proportional, integral and derivative gave the settling time to be approximately 0.704 seconds and the overshoot to be approximately 4.4%. This was verified when the simulation was run for a second time giving very similar results. This ensures that the PID controller can operate safely and in a stable condition in a closed loop [6]. This can lead to increased productivity, decreased equipment strain and increased process safety [8].
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