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This report presents the design and analysis of a closed-loop control system for an automatic CIWS (Close-In Weapon System) turret's angular positioning system. 
The transfer function of the system is given by  
The objective is to design a control system that can bring the process under control within two seconds with overshoot less than 5%. 
MATLAB and Simulink are used for the design and simulation of the control system. 
The report provides a step-by-step explanation of the design process, simulation setups, and presents the results obtained.  The closed-loop transfer function of the system is derived and compared to the simulation results of the single transfer function.
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Control systems play a critical role in a wide range of industries and applications, ensuring stable and desired performance of dynamic systems. They are used in diverse fields, including robotics, aerospace, manufacturing, and defence, to regulate and optimize system behaviour. One crucial aspect of control systems is their ability to accurately position and track objects in real-time, enabling precise targeting and control of automated systems.
In this report, the focus is on the design and analysis of a closed-loop control system for the angular positioning system of an automatic Close-In Weapon System (CIWS) turret. CIWS turrets are essential components of naval defence systems, designed to intercept and neutralize incoming threats such as missiles, aircraft, and projectiles [1]. The angular positioning system determines the orientation and tracking of the turret, enabling accurate and rapid response to potential threats.
The objective of this study is to design a control system capable of bringing the angular positioning process under control within two seconds, while maintaining overshoot below 5%. MATLAB and Simulink are utilized as the primary tools for designing and simulating the control system. Through simulation and analysis, the performance of the closed-loop control system will be evaluated to assess its ability to meet the specified performance requirements.
To achieve this, the report is structured as follows. Firstly, a brief overview of control systems and their applications will be provided, highlighting the significance of precise positioning and control in automated systems. Secondly, the theoretical foundations of control system design and the relevant control techniques will be discussed. This will include a discussion of transfer functions and the Proportional-Integral-Derivative (PID) control algorithm, which is widely used in various control applications.
In the subsequent sections, the methodology employed for the design and analysis of the control system will be detailed. The simulation setups, including the selection of appropriate control parameters and the modelling of the angular positioning system, will be described. The results obtained from the simulations will be presented and analysed, focusing on key performance metrics such as settling time and overshoot.
Finally, the findings will be discussed, highlighting the effectiveness of the designed control system in meeting the performance requirements. Limitations and potential areas for future research will also be addressed. The conclusion will summarize the findings and contributions of this investigation.
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For the simulation in MATLAB and Simulink, the following equipment and software were used:
1. Computer: A computer system is required to run MATLAB and Simulink software. The computer should meet the minimum system requirements for MATLAB and Simulink to ensure smooth operation.
2. MATLAB: MATLAB is a software package used for numerical computation, data analysis, and simulation. It provides a programming environment for implementing algorithms, mathematical operations, and control system designs.
3. Simulink: Simulink is a graphical programming environment integrated with MATLAB. It allows the modelling, simulation, and analysis of dynamic systems using block diagrams and graphical representations.
4. Control System Toolbox: The Control System Toolbox is a MATLAB add-on toolbox specifically designed for control system analysis and design. It provides a range of functions, tools, and blocks for control system simulation, stability analysis, controller design, and performance evaluation.
5. Simulink Libraries: Simulink includes various libraries that contain blocks and models for simulating control systems. In this case, blocks from the Simulink library would be utilized to build the closed-loop control system, including blocks for the PID controller and the transfer function of the angular positioning system.
6. Simulink Solver: The selection of a suitable solver within Simulink is necessary to numerically solve the system of differential equations that arise during the simulation. Different solvers are available in Simulink, such as ode45, ode23, ode113, etc., depending on the nature of the system and the desired accuracy of the simulation.
7. Simulink Tools: This is the various components of the system used inside Simulink to generate the closed-loop control system for this report, which includes the following:
· Step Block:
The Step block generates a step input signal, which is a sudden change in the input value from zero to a specified magnitude. It is often used to represent a change in reference input or disturbance to observe the system's response.
· Add Block:
The Add block performs addition or subtraction of input signals. It is used to combine or subtract different signals within the control system, such as error signals, reference inputs, or feedback signals.


· PID Controller Block:
The PID Controller block represents a Proportional-Integral-Derivative (PID) controller. It implements the PID control algorithm, which adjusts the control output based on the error between the desired set point and the actual system response. The PID controller consists of three terms: proportional, integral, add derivative, which are adjustable through the respective gains.
· Transfer Function Block:
The Transfer Function block represents a mathematical transfer function within the Simulink model. It allows the user to specify the transfer function coefficients or coefficients of the numerator and denominator polynomials. The Transfer Function block can be used to model the dynamics of a system, such as the plant or process being controlled.
· Scope Block:
The Scope block is used for visualization and analysis of signals during simulation. It displays the time-domain signals generated by the simulation, allowing users to observe the system's response, input-output behaviour, and other relevant signals. The Scope block provides a graphical representation of the signal, enabling analysis of various parameters, such as amplitude, settling time, overshoot, and stability.
In a Simulink control system model, these components work together to simulate and analyse the behaviour of the control system. The Step block provides input signals, the Add block combines or subtracts signals, the PID Controller block implements the control algorithm, the Transfer Function block represents the system dynamics, and the Scope block visualizes the signals for analysis and evaluation of system performance.
[image: ]This can be shown as a complete closed-loop control system in figure 1 below.Figure 1 - Complete Closed-Loop System in Simulink
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To gather the results, including the simulation data and performance metrics, a step-by-step process is followed involving MATLAB and Simulink. Here is an outline of the process:
1. Mathematical Modelling: The transfer function of the angular positioning system, G(s) = 1/(s^2 + s + 1), was provided. This transfer function represents the dynamics of the system. It describes the relationship between the Laplace variable’s’ and the input/output behaviour of the system.
2. Control System Design: To design the control system, implementation of control techniques such as PID controller. The PID controller was chosen due to the performance requirements and desired stability of the system. The design process involves deriving the controller transfer function or designing the controller using appropriate control techniques.
3. Closed-Loop System Setup: Using Simulink, implementation of the PID controller and connected it with the angular positioning system's transfer function (G(s)). The controller and system were connected in a closed-loop configuration to form the complete control system. This setup allows the simulation of the closed-loop control system and observation of its response to different inputs.
4. Simulation Parameters: The simulation parameters were set to specify the behaviour of the system during the simulation. These parameters include the simulation time and the magnitude of the input signal. For this investigation, a unit step input was used to analyse the system's response.
5. Simulation Execution: The simulation was executed in Simulink, and the system's response was recorded. Simulink provides the ability to capture the time-domain response of the closed-loop control system. The simulation generates data representing the system's output over time.
6. Performance Analysis: The obtained simulation results were analysed to evaluate the system's performance. Key performance metrics such as settling time, overshoot, and steady-state error were determined from the simulation data. These metrics provide insights into the system's transient and steady-state behaviour, indicating how well the control system meets the desired performance specifications.
7. Comparison with Transfer Function: The simulation results were compared to the response of the individual transfer function, G(s), to validate the accuracy of the simulation. By comparing the closed-loop response obtained from the simulation with the response of the individual transfer function, the effectiveness of the control system in regulating the angular positioning system can be evaluated.





Mathematical Formulas Used:
1. Transfer Function: The transfer function of the angular positioning system is given as G(s) = 1/(s^2 + s + 1). This transfer function represents the mathematical model of the system and its relationship with the input and output signals.
2. Controller Design: Depending on the chosen control technique, various mathematical formulas and algorithms can be used to design the controller transfer function. Examples include the PID controller formula, lead-lag compensation formulas, or state feedback design equations. The specific formula used in the controller design is the PID block.
3. Performance Metrics: Performance metrics such as settling time, overshoot, and steady-state error can be calculated using mathematical formulas [2]. For instance, settling time is often defined as the time required for the system's response to reach and stay within a certain percentage of its final value. Overshoot is typically expressed as a percentage of the maximum peak value reached beyond the final value. These metrics involve mathematical calculations based on the system's response data [3].
By following this process and utilizing mathematical formulas relevant to control system design and performance evaluation, it was possible to gather the results and analyse the performance of the closed-loop control system for the automatic CIWS turret's angular positioning system.
The mathematical calculations used to determine the second G(s) values for the simulation comparison are as follows:







Therefore the new values for a, b and c are as follows:
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In this section of the report all results from both Simulink tests will be shown which will include data from the following listed below, to understand the data a brief overview of what each one does will be listed as well.
· Block Parameters - PID Controller
The Block Parameters for the PID Controller allow the user to specify the gain values for the proportional (Kp), integral (Ki), and derivative (Kd) terms of the PID controller. These gains determine the relative influence of each term in the controller's output. By adjusting these parameters, the controller's response to the error signal can be modified to achieve the desired control objectives, such as reducing steady-state error or improving stability.
· Block Parameters – Transfer Function
The Block Parameters for the Transfer Function block in Simulink allow the user to define the transfer function coefficients or specify the coefficients of the numerator and denominator polynomials. These parameters represent the mathematical representation of the system being modelled, such as the angular positioning system of the automatic CIWS turret. By defining the transfer function parameters, the dynamic behaviour of the system can be accurately represented within the Simulink model.
· PID Tuner Parameters
PID Tuner is a tool available in Simulink that assists in tuning the PID controller gains automatically. It provides a graphical user interface (GUI) that facilitates the iterative tuning process by analysing the system's response to different inputs and automatically adjusting the controller gains. The PID Tuner tool helps to optimize the control system's performance by finding the appropriate values for Kp, Ki, and Kd that meet the desired performance criteria.
· Scope Parameters
The Scope block in Simulink is used for visualization and analysis of signals during simulation. It displays the time-domain signals generated by the simulation, allowing users to observe and analyse the system's response, input-output behaviour, and other relevant signals. The Scope block provides a graphical representation of the signal, enabling analysis of various parameters such as amplitude, settling time, overshoot, and stability. It helps in understanding the system's behaviour and verifying if the control system meets the desired performance objectives.
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This test was conducted using the original values provided therefore the following formula was used to achieve these results:
[image: C:\Users\mdnorman\Desktop\New folder\scope orginal.png]
	









Figure 2 - Scope Data from test 1
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Figure 3 - PID Tuner & Controller Parameters Data from test 1

[bookmark: _Toc140663333][image: C:\Users\mdnorman\Desktop\New folder\Block parameters  orginal - PID.png]Figure 4 - Block Parameters - PID Controller from test 1
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[image: C:\Users\mdnorman\Desktop\New folder\Scope 2.png]Figure 5 - Scope Data from test 2
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[image: C:\Users\mdnorman\Desktop\New folder\Block parameters 2 - PID.png]



	








Figure 7 - Block Parameters - PID Controller from test 2
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Figure 8 - Block Parameters - Transfer Function from test 2

[image: C:\Users\mdnorman\Desktop\New folder\PID Tuner 3 - showing close to min settling time and overshoot.png]










Figure 9 - PID Tuner & Controller Parameters Data from test 2 using different values for Response time & Transient behaviour
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Performance Metrics: 
Comparison of the performance metrics such as set settling time, overshoot, and steady-state error can be compared between the two tests as shown in figures 3, 6 and 9. The settling time and overshoot was much harder to control and get below the required parameters by adjusting the response time and transient behaviour however the second test figures proved to be much easier to manipulate and a much lower settling time and overshoot was achieved as shown in figure 6.
Trade-offs: 
The trade of for manually adjusting the response time was that the overshoot would increase in over the limit if you went too far across the slider, therefore it required a lot of fine tuning to get under 2 seconds and below 5%.
Transient Response: 
The second test made it much easier to control the transient response and in turn overshoot values and shown in figure 9 when adjusting the sliders it’s possible to achieve values below 0.001%. This was not achievable during the first example which proves the second test was much more accurate and didn’t overshoot as much.
Robustness: 
The second test proved to be much more robust than the first as upon analyse shown in figure 9 when the scale is set all the way to robust the settling time and overshoot values maintain very low and accurate levels as compared with the original test shown in figure 3.
Limitations:
Some possible limitations of the closed-loop system include:
· Assumed transfer function may not fully capture real-world system variations and nonlinearities. 
· Control system design relies on accurate specification of performance objectives.
Practical Implications:
Some practical implications of the system are:
· Improved accuracy and stability of the automatic CIWS turret's angular positioning. 
· Enhanced safety, precision, and operational efficiency in defence applications.



Areas for Improvement:
Some possible areas for improvement for this simulation include:
· Validate and fine-tune control system through physical experiments. 
· Explore advanced control techniques beyond PID control. 
· Consider robust control methods to handle uncertainties. 
· Incorporate realistic factors like sensor limitations and disturbances for more accurate modelling.

[bookmark: _Toc140663337]Conclusion

Based on the findings obtained from the simulation and analysis of the closed-loop control system for the automatic CIWS turret's angular positioning system, the following conclusion can be drawn:
In this investigation, a closed-loop control system was designed and analysed using MATLAB and Simulink. The control system employed a PID controller to regulate the angular positioning system with the transfer function G(s) = 1/(s^2 + s + 1). The control system aimed to achieve a settling time of two seconds with overshoot less than 5%.
Moreover, the steady-state behaviour of the system is robust, with minimal steady-state error. The control system maintains the desired output even in the presence of steady-state disturbances or reference changes. This ensures the accuracy and stability of the angular positioning system, meeting the operational requirements of the application.
While the control system demonstrates promising performance, it is important to acknowledge certain limitations and assumptions made during the simulation. These limitations could impact the interpretation of the results and their applicability to real-world scenarios. Therefore, further testing and refinement of the control system are recommended to ensure robustness and address potential uncertainties.
[bookmark: _GoBack]In conclusion, the designed closed-loop control system, employing a PID controller, effectively regulates the angular positioning system of the automatic CIWS turret. It meets the specified performance objectives of settling time and overshoot. The system's transient response, steady-state behaviour, and accuracy make it suitable for its intended application. However, continuous improvement and validation are necessary to enhance the control system's robustness and address practical considerations for successful implementation.
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