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Introduction
Close In Weapon Systems
A Close in weapon system (CIWS) is one of the last line of defences for naval ships across the world. There are a variety of different CIWS gun systems manufactured and utilised by multiple countries which usually consist of a combination of radars and computers to allow the system automatic aiming. The CIWS systems vary from 20mm ammunition to 40mm depending on what system is being used. [1] CIWS gun systems are used to defend against a variety of threats that a naval ship could face during its life. It can provide the ship protection from anti-ship missiles, aircrafts, small surface vehicles, helicopters and surface mines. [2]
There are two CIWS systems used on the UK naval ships, Phalanx and Goalkeeper. Phalanx is designed and manufactured by General Dynamics. It has a 20mm Gatling gun with a maximum fire rate of 4500 rounds per minute. It uses radars and computers to detect and autonomously aim and fire at closing in targets which, at the time, made it the only CIWS platforms capable of completing autonomous searching, detection, engagement and kill assessment function. The Phalanx CIWS system was first produced in 1978 with upgrades being made since then to keep it as up to date as possible. [2] 
[bookmark: _GoBack]The Goalkeeper is designed and manufactured by Thales and like the Phalanx system, it automatically performs the entire process from surveillance and detection to destruction of target. The Goalkeeper differs from the Phalanx as it has a 30mm Gatling gun compared to the Phalanx’s 20mm. The Goalkeeper utilises specially designed missile piercing ammunition which combined with the maximum fire rate of 4200 rounds per minute, gives the system the ability to destroy missile warheads. [3]
Control Systems
A control system is a set of mechanical or electronic devices that regulate other devices by adjusting the flow of energy in order to achieve a desired result. There are two main types of control systems with the first being open loop. An open loop system is the more straightforward of the two. An open loop system is a system in which the output depends on the input but the input is independent of the output of the system. The advantages of an open loop control system are they are much simpler to construct and maintain, due to the simpler nature they are economic and the output of these systems are stable. The disadvantages however are the control systems require recalibration, they are prone to errors and the output can be affected by internal or external disturbances. [4] An example of where an open loop system is utilised in the real world is an electrical clothes drier. These clothes driers usually get set on a timer by the user for a duration of time. The drier will function for the set time and automatically stop, whether the clothes are dry or not. 
[image: https://www.electronicshub.org/wp-content/uploads/2015/07/Electrical-clothe-drier.jpg]
Figure 1 - Block diagram of electrical clothes drier control system [5]
Figure 1 shows the block diagram of the mentioned electrical drier, as there is no means to consider the condition of the clothes the system has no feedback which is the biggest disadvantage to a control system like this one. [5]
The second type of control system is closed loop, where the system has feedback. They use feedback signals from the system to provide automatic control and maintain certain settings without the need of human intervention. That is one of the advantages of closed loop systems along with their effectiveness in controlling external devices, providing reliable results and withstanding external disruptions. [6] An example of a closed loop control system in the real world is a household heating system. The system at any point in time is on or off which is decided by the system using sensors depending on the room temperature. If the room temperature is below the threshold then the thermostat opens the solenoid valve. The valve remains open until the room is at the desired temperature set on the thermostat. [7]
Simulation Setups
Simulation 1 – Student Number
The task was to create a control system for a CIWS gun system using the last 3 digits of a student number. The set up for simulation 1 is seen below in figure 2.
[image: A picture containing diagram, technical drawing, plan, sketch
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Figure 2 - Closed Loop control system 1
Each of these simulation set ups will remain in the same circuit format. They will each have a ‘Step’ furthers left which provides a step between two definable levels at a specified time. [8] Next, all of the systems will have an ‘Add’ block next to a Proportional, Integral and Derivative controller (PID controller). The control system also has a ‘Transfer Function’ which helps analyse the system behaviour in the frequency domain, providing insight about the stability of the system. In the top right of figure 2, there is a ‘Scope’ which can be used to view and read the results from the system.
[image: A screenshot of a computer
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Figure 3 - PID values for first simulation
Above, in figure 3, are the values used in the first simulation which are default when adding a PID controller in Simulink. A PID controller can however be tuned which was the next step completed in this assignment. This allows the user to manipulate the results to get the desired output. For example, in this assignment the specification was to get the control system settled in under two seconds with less than five percent overshoot. This can be seen in the results section along with the other PID graphs and scope results.
Simulation 2 – Simplified Transfer Function
In simulation two, a new transfer function was formed by the block reduction method using Laplace transform. This gave a simplified transfer function which provides a concise representation of the system’s input-output relationship.






  



After this stage, the results from the tuned PID from the first simulation are required.
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Figure 4 - Closed loop control system setup for second simulation
After the simplified transfer function had been calculated the steps were exactly the same as simulation one. The PID controller had to be reset and 1, 1, 0 to get a set of results which were recorded to compare with the results after tuning.
[image: A computer screen shot of a computer program
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Figure 5 - PID values for simulation two








Results
Simulation 1 – Student Number
Below are the results for the un-tuned first simulation.
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Figure 6 - Scope results for the first simulation (Un-tuned)
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Figure 7 - PID for the first simulation (Un-tuned)
The next part that had to be completed was the tuning of the PID controller so the results would be within the specification.
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Figure 8 - Scope results for simulation 1 (Tuned)
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Figure 9 - PID controller for simulation 1 (Tuned)








Simulation 2 – Simplified Transfer Function
With the new simplified transfer function and the reset PID (1, 1, 0), the results were as below. 
[image: A screenshot of a computer screen
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Figure 10 - Scope results for simulation 2 (Un-tuned)
The PID graph before tuning was unable to be taken so will not be included in this graph. The performance results however can be seen in figure 12 alongside the tuned results. 
Similarly to simulation 1, the PID in the second simulation was tuned to get results as close to simulation 1 as possible.
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Figure 11 - Scope results for simulation 2 (Tuned)
[image: A screenshot of a computer
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Figure 12 - PID controller for simulation 2 (Tuned)
Discussion
Comparing the scope results of the first simulation, the difference is clear. In Figure 6, apart from the step, the graphs are very up and down showing it is an unstable control system. After the tuning, the graphs are considerably more stable and it is clear that the control system is doing its job much more efficiently. The transfer function is the key part of this control system and looking at figure 6, it is visible that it gets to 1 and overshoots slightly but dips back down again before settling off. This is not what is required for the assignment as this control system would be a vital part of a CIWS gun system. Figure 8 shows the tuned results and looking at the transfer function graph it is obvious this would fit the role in the CIWS system. The overshoot, above 1, is barely visible and it is clear that the system settled and reach the required level much quicker than previous and well within the specification. To look at the results in more detail, the PID controller tuning can be used. Looking at figure 7, it shows all of the performance results in detail. The specification for this assignment is under two seconds settling time and less than five percent overshoot which the first simulation prior to tuning clearly does not meet. It had a settling time of 5.41 seconds and an overshoot of 14.6 percent which is well outside the desired values. If this control system was to be used in a CIWS gun system, it would be much less effective than required and would put the naval ship at risk of attack. As mentioned previously, the results after tuning are much more suitable and figure 9 shows that with the system having a settling time of 0.118 seconds and 1.99 percent overshoot. When tuning a PID controller, the results can change very drastically so it takes time to get it at the desired values. In this case these values are pretty much as best as possible and well within the desired specification. 
The math that was completed, gave a simplified transfer function. This was obtained by using block reduction and Laplace transform. After tuning this simulation should give similar values to the previous. Prior to tuning, figure 10, the results show a more stabilised system than the first before tuning but still it is taking too long to settle and reach the desired values. Looking at the graph for the transfer function, it is taking a steady rise up to the value which has given it an almost perfect overshoot but the time is well out of the specification. The tuned results show similar to simulation one, a very stable control system. It is vital to ensure the control system is stable due to it being a closed loop system. The presence of feedback in a closed loop control system can cause it to become unstable. Using figure 12, a comparison between the systems before and after tuning can be made. As mentioned previous the system before has very little overshoot of 0.0627 percent but it took 6.48 seconds which would be far too long for a CIWS gun system due to the need of quickly changing targets when in battle. After tuning, the system should have had similar results to the first system to show how stable the systems are. The rise times were very similar with it being only 0.0043 seconds between them. The settling time and peak were also very similar with the differences being 0.003 and 0.01 respectively. Where the systems differed was the overshoot value. The first simulation produced a value of 1.99 percent and the second gave 1.27 percent showing that overall the second system would be more suitable for a CIWS turret.
Conclusion
This report has showed two different closed loop control systems that could be used in the real world for a CIWS gun system. Both control systems after tuning were within the desired values stated in the specification. Prior to tuning both systems were unstable which made them perform undesirably. It is vital that a control system is stable as an unstable system will have bounded inputs yielding unbounded outputs. A stable system shall return to its original value after being disturbed which is important for a CIWS platform as if the gun system cannot return to its original point and remains disturbed, the systems accuracy and therefore effectiveness will be severely decreased. Due to the tuning which took place on both systems, they became stable control systems which is vital for the applications mentioned in this report. Overall, this report has conveyed a clear and concise method of creating a closed loop control system to fit the criteria and how to stabilise a system so it fits a purpose.
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