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Abstract
This report evaluates a closed loop control system designed to control an angular position mechanism on an automatic CIWS Turret, it takes a brief look at theory behind open loop control and closed loop control and stability analysis including a Nyquist plot and a Pole-zero diagram. The report then illustrates and describes a closed-loop control system created in a simulation software package, completing stability analysis on that system and uses the data produced to compare the systems time response against a similar system without the use of a controller. 
Introduction
This report utilises MATLAB’s Simulink software to simulate a closed loop control system which has been designed to control an automatic CIWS turret, The two most common types of control system are open loop control and closed loop control. An open loop control system operates without the use of output feedback such that the input determines the output, but the resultant output has no effect on further input [1].An examples of an open loop control system is a television remote whereby a button on the remote is pressed which sends an output then the same button is pressed again an identical output is sent out. Unlike the open loop control system, a closed loop control system operates by incorporating feedback allowing the system to monitor the actual output and modify the input in order to achieve the desired output. The elements required to create a basic closed loop system are an input, a controller, a plant/process, a feedback processer, and an output [2]. Closed loop control systems can be used for many different purposes in day-to-day life. An example of a closed loop control system is a home thermostat heater whereby a desired temperature is set and once that temperature is met the thermostat will reduce the input to insure the home’s temperature doesn’t exceed the target temperature. The closed loop control system also allows the thermostat heater to increase the input if the home temperature drops below the target temperature. Another example of a closed loop system Is an Electric iron which works in a similar way to the home thermostat heater as the iron has a desired output temperature for use and the closed loop system will monitor the output temperature and alter the input if the desired temperature is not reached or if it has been exceeded. [3] The brief for this report was to create a closed loop system to control an automatic CIWS Turret. Once that has been created to run some stability analysis for the control system it performs with in the set parameters, then comparing the results produced by the control system and discussing any improvements that could be made to improve the systems performance.  

Simulator circuits
The diagram shown in Figure 1 is the closed loop circuit used for this simulation, this circuit was created in MATLAB’s Simulink software package. Figure 1 is created using 6 different components a scope, a PID controller, a signal, an add component, transfer function 1 and transfer function 2. 
Figure 1- Diagram of circuit in Simulink 










The PID controller used in the circuit shown in figure 1 is the element that enables the modification of the overshoot and settling time, overshoot is described as the percentage a system exceeds its target value. In context of the brief the overshoot would be the amount of extra rotation the turret experiences after reaching its target angle, for example if the turret’s target was 90 degrees left of the centre point and the overshoot was 10% the turret would travel a further 9 degrees to the left before bouncing back to its target value. Settling time is described as the length of time between receiving an input and steadying at the output value, in the context of the brief the settling time of the turret would be the time between the operator selecting a target and the turret aligning itself on the intended target thus having low settling time is desirable in this context. Along with the original brief of this report target values for the systems settling time and overshoot where given, the parameters set for the system were a 2 second setting time and a 5% overshoot. [4] [5]
Figure 2- Table diagram of the systems Performance and Robustness  









Figure 2 shows the table of parameters for the closed loop system, the settling time and overshoot can be seen on rows two and three. The column titled “Block” shows the parameters for the system at the time of the simulation, The data shown in the columns indicates the system had an overshoot of 3.92% and a settling time of 1.66 seconds. [6] [4]
Figure 3- Transfer Function 1








Figure 1 is a screenshot of the first transfer function used in the closed loop control system, a transfer function is used to aid the modelling of the system using mathematical terms to describe the behaviour of a system or an individual component. The term displayed in figure 3 is describing the angular positioning system of the CIWS turret, the three coefficients in the denominator of the transfer function indicates the turret angle selected for this control system simulation. 
Figure 4- Transfer Function 2







The screen capture in figure 4 of the second transfer function used in the simulated control system, the term displayed in figure 4 is similar to the term displayed in transfer function 1. The behaviour input data used for transfer function 2 was taken from transfer function 1. 

















Stability Analysis
As part of the of this simulation a stability analysis was completed for the closed loop system, this included creating Nyquist diagram and a Pole-zero diagram these are used to predict the stability of the control system. A Nyquist diagram portrays the phase and frequency plots of a system and can determine the gain and phase margin of the system, it also gives a representation of the stability of the system. [4]

Figure 5- Nyquist Plot


 




The diagram shown in figure 5 is the Nyquist plot for the control system, the curved blue line represents the Nyquist plot. In order to determine the gain margin and phase margin of the system a unit circle needs to be drawn at the origin point. [6]

Figure 6- Nyquist Plot with unit circle 








[bookmark: _Hlk91861912]The diagram shown in figure 6 is a zoomed view of the Nyquist plot along with the unit circle to determine the gain and phase margin. The gain margin of a system is described as the change in open-loop gain causing a closed loop system to become unstable and is displayed in decibels. The phase margin of a system is described as change in open-loop phase shift causing a closed loop system to become unstable and is displayed in degrees. Once a unit circle has been added to the Nyquist diagram the gain margin can be determined by calculating the distance between the 180-degree line of the unit circle and the point at which the Nyquist plot crosses the real axis, the phase margin of the system can be found by calculating the angle between the 180-degree line on the negative real axis and the point at which the Nyquist diagram crosses the unit circle. 
Figure 7- Gain and Phase margin


	
The image shown in figure 7 is the both the gain and phase margin of the closed loop control system, these are displayed in decibels and degrees respectively and the phase margin is also shown in radians per second. The second section of the stability analysis was the Pole zero diagram, a pole zero diagram is created to determine the poles of the transfer function and illustrates the response produced by the system. The pole zero plot also indicates the position of the zeros produced by the transfer function, Poles are the points on the p-z diagram where the systems response tends to infinity and the zeros are the points on the p-z diagram where the systems response tends to zero. [6] [4]

Figure 8- Pole-zero Diagram









Figure 8 shows a screenshot of the pole-zero produced for the closed loop controls transfer function. The Poles of this transfer function are indicated by the blue crosses on the graph in figure 8, the poles appear in the negative region of the real axis with one appearing in the negative section of the imaginary axis and the other appearing in the positive section of the imaginary axis. This determines that both poles for this transfer function are in the stable region of the quadrant, The zeros of this transfer function are indicated by the blue circles on the graph in figure 8.












Results
The closed loop system used in the Simulink simulation produced a scope window with five terminals and the data used to produce the two graphs shown below.
Figure 9- Scope windows


 





The image shown in figure 9 is the scope window for the simulation, this displays the behaviour of the control system. The bottom two terminals illustrate similar characteristics, these terminals represent the output produced by the two transfer functions.  
Figure 10- Graph of results









The graph shown in figure 10 is of the results produced by the system with no controller active, this graph illustrates the systems settling response time with displacement on the y-axis and time which is measure in seconds on the x-axis. 







Figure 11- Graph of results











The graph shown in figure 11 is of the results produced by the system while the controller is active, it displays the systems settling response time with time measured in seconds on the x-axis and displacement on the y-axis. 


Discussion
From the stability analysis completed earlier in this report, it is evident that the closed loop control system was sufficiently stable at the time of simulation. This increased the reliability of the results produced allowing valid conclusions in this section of the report. The data displayed in figure 9 illustrates the behaviour of the system in graphical form, the bottom two terminal windows display the behaviour of the two transfer functions present in the system, the fourth terminal from the top displays the behaviour of the transfer function shown in figure 3. The bottom terminal displays the behaviour of the transfer function shown in figure 4, The outputs displayed in the bottom two terminal show similar characteristics which is indicates the data that was entered into the second transfer function element is the correct data for the system confirming the validity of the results produced by the simulation. The results present in figures 10 and 11 are displayed on a displacement-time graph, the axes used in the graphs are different due to the vastly different speeds of the two systems. The graph shown in figure 10 has a y-axis ranging from +1 to -0.2 and an x-axis ranging from 0 to 16 seconds, whereas the graph in figure 11 has the same y-axis range but has an x-axis range of 0 to 0.5 seconds. The reason the x-axis range was altered for the graph in figure 11 was to allow a better visual comparison in this report, a version of the graph show in figure 11 with identical axis to that found in figure 10 can be seen in Annex A of this report. 

The graph shown in figure 10 displays the results produced by the system without the use of the controller, this was completed to allow for a side-by-side look at the system without a controller and the exact same system but with the controller. The differences between the graphs in figures 10 and 11 indicate how affect the use of the control was for the system. Both graphs shown in figures 10 and 11 share similar graphical shapes with a harsh decrease in displacement with the line dipping into the negative displacement and then bouncing back to the base line of zero displacement. The characteristics of the graph in figure 10 indicate a slower drop between the starting point and the point at which the data first hits zero displacement with a shallower convex into the negative displacement and a wider diameter on that convex, whereas the characteristics of the graph show in figure 11 indicate a more rapid drop between the starting point and the point at which the graphs first crosses the zero displacement line with a deeper convex into the negative displacement but with a narrower diameter on the convex. These characteristics indicate that the timed response of the system is drastically improved when the controller is active, but it also does display a slight increase in the negative displacement of the system which could be seen as a drawback of the controller as that negative displacement could cause mechanical damage to the CIWS turret over its lifespan. Reducing the amount of negative displacement put on the system could be a next step improve for this control system in order to reduce the potential mechanical wear and damage of the system.

Conclusion
To conclude, the aim of this report was to design and create a closed loop control system that is capable of controlling the angular positioning of a CIWS Turret. To achieve this objective a Closed loop system was created in MATLAB’s Simulink software, Stability analysis was then completed, and a graph of the results was produced. The findings of this report were that the control system created was stable enough to handle this task and the use of the control system considerably improved the systems time response to reach the Turrets intended target. Although the data did present a slight increase in the overshoot/negative displacement of the system the improvements in settling/response time outweighed the slight increase in overshoot. 
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Annex A 
Annex A- Graph shown in Figure 11 with matching axes to the graph in Figure 10 











Annex B
 Annex B- Full window for stability Analysis 
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