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 This assignment look at the use of Simulink and MATLAB to simulate the transfer function of a filtered Proportional Integral Derivative (PID) controller and looks into how effective a simple system like the on model could control the pitch of a CIWS gun to provide protection from incoming threats to a base or platform. The introduction focuses on the background of control systems their different types and an example.  The simulation performed within parameters with a overshoot of 3.76%, less that the requirement of less than 5%, and settled onto a point of aim in 0.397 seconds. Consideration is given to the practicality of moving such a large piece of machinery that quickly and suggestions for improvements to the simulation and tuning are made in the conclusions. 
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[bookmark: _Toc219676213]Introduction
This assignment is designed to look at how control systems function and an implementation of them into an Ordnance, Munitions and Explosives (OME) example. 
[bookmark: _Toc219676214]What is a control system 
[bookmark: _Toc219676215]Open loop 
Open loop controllers apply their control input to a system no matter the state that it is in and does not contain a feedback loop. An example of this would be a thermostat the turns off after a given time, not after the room being heated has reached a certain temperature. Open loop systems are cheaper and more simple than closed loop systems but sacrifice in accuracy. [1]
[bookmark: _Toc219676216]Closed loop 
A genialised closed loop system works by getting feedback from the system it is inputting to allowing the controller to make adjustments to best meet the task presented. An example of this is adaptive cruise control in a car, taking the distance to the car in front and then increasing or decreasing the speed based on that distance not exceeding the set limit. These systems are often more expensive and complex to implement but have much lower errors. [1] there are a number of different sub types of closed loop systems. 
Proportional (P)
Uses the error signal generated by the difference between the initial value and the set value and uses this signal to control the output. As the initial vales moves towards the set value the speed of its movement decreases meaning it will never reach the set point. They are simple but take a long time to settle and never reach the set point. [2,3]
Proportional Integral (PI)
Uses the initial input and looks at the current error rather than the total this can cause issues with stability. These controllers will react the est point due to the integral part and start with a quick rise then a slow fall off as the set point is neared [2,3]
Proportional Derivative (PD)
These systems use a create an inverse proportional pulse leading to lesser overshoot by a system as not as much initial force is applied to reach the set point. These controllers do nothing to help the steady state errors. They are stable but will never reach the set point. [2,3]
Proportional Integral Derivative (PID)
Thes euse a combination of the tech in a PD and PI controller to limit overshoot and quickly bring the initial value in line with he set value. They can be compelx but this allows them to effectively perform many jobs and has no steady state error and settles quickly making them this ideal choice in a lot of applications. [2,3]
[bookmark: _Toc219676217]Examples of control systems 
[bookmark: _Toc219676218]Central heating system 
In this example a central heating system is being controlled by a smart home device. This device allows for different heats to be set throughout the home. This example will use a PID controller that works by having an initial spike in temperature to warm up the radiators then depending on flow rate different rooms reach temperature at different times so the controller detects this via temperature sensors and turns off the flow to those rooms with a slight overshoot then turning back on when it goes below a certain level causing a sine wave of the temperature fluctuating around the set value. [4]
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[bookmark: _Toc219676220]Set up 
For the simulation part of this assignment Simulink, a sub program of MATLAB, was used. MATLAB is a highly versatile engineering tool that allows a user to create and run code allowing for analysis and presentation of complex numerical data and the simulation of complex mathematical problems. Simulink is a sub program that focuses on the simulation of complex large-scale systems. Simulink also has functionality to automatically suggest a tuned and optimised controller allowing for the quicker implementation of a system. For the application of testing a single PID controller the Simulink software is more than capable. [5,6]
[bookmark: _Toc219676221]Background information 
In this simulation a Close In Weapons System (CIWS) is being modelled using a transfer function. A CIWS is a system designed to counter threats to a platform or base, often being placed on large valuable bases in high-risk environments and on naval vessels. CIWS systems are often revolving medium Calibur, 20 mm – 40 mm, cannons that are controlled from a remote weapons station and guided via precise radars. The precision of these radar means that the CIWS has to be incredibly precise with it firing to ensure a successful strike at further ranges. These weapons also need to react very quickly to threats sometimes traveling faster than the speed of sound, the Phalanx Mk15 CIWS for example can traverse its gun at 126°/second while weight approximately 5450 kg. [7]

With advancements in military laser technology soon Laser Directed Energy Weapons (LDEW) will but used to fill the point defence roll as a new type of CIWS the controllers for the weapons will have to be even more precise with little to no deviation. This is due to the LDEW’s effects being very localised to the point of impact of the laser and if this is not held steady on a moving target it will be ineffective. An example of this is the British Dragonfire laser which claims to be able to hit a target the size of a coin at a range of up to a kilometre 
[bookmark: _Toc219676222]Parameters 
For this simulation it was set out to use the student numbers of learners to allow for randomisation amongst the class in this case the number used were:
· A of 6 
· B of 2 
· C of 8 
These were created by adding on to the last 3 digits of the student number, 2309517. The requirements were also set out for how much overshoot and settling time was allowed for the system with a maximum of 5% overshoot and a settling time of under 3 seconds. 
[bookmark: _Toc219676223]Mathematical proof
Inside the Simulink interface the system has two parts broken down into two equations with a feedback loop, the first of these equations is: 


And the other equation being: 

After modelling the system in MATLAB and tuning the results the following numbers were chosen to fill the second equation. 
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[bookmark: _Toc219676227]Figure 1: PID Controller parameters
These equations can be combined together to form. 

The left hand side is then simplified. 

The two parts are then multiplied leaving the final transfer function: 

This new equation can the be used as one block in the system replacing the two previous ones. The feedback loop can also be removed by subbing, as G and H = 1, this new equation into: 

Bring the final equation to: 

This is then simplified and like terms are collected bringing the final result to: 

This allows for the simulation to remove additional blocks meaning it has to undertake less mathematics, and it allows for hand checking of the computers maths by directly comparing it to the worked answer. 
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[bookmark: _Toc219676228]Figure 2: MATLAB calculated finalised system transfer function
As can be seen in figure 2 the equations calculated by hand and the transfer function produced by MATLAB match exactly. This provides confidence that the results given will be accurate for the inputted numbers. 

[bookmark: _Toc219676224]Results 
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[bookmark: _Toc219676229]Figure 3: Pole zero plots for transfer function
The first graph in Figure 3 is the zero plot of pole, this plot shows that the conjugant pair of point implies the system will have an oscillating decaying transient. The rate of the decay is determined by the horizontal position of the point, an exponential approximately e^-0.18. This would then be multiplied by a sine wave, sin (2ϖ x 1). This decay means that the system is stable. 
The plot of the controller shows that the system will have a very quick response time due to the point with a large negative x value. In this example the value is approximately -3800, how negative this value is represents how quick the response time of the system is and -3800 is very low. 
The plot of the forward transfer function in figure 3 contains all of the information of the previous two plots superimposed over each other. 
The plot of the whole system transfer function also contains all of the information of the previous two plots as wells as the feedback to the system; this means that the G/(1+GH) equation mentioned previously is being counted in this plot. This causes any poles in the transfer function to be transferred to the numerator of the overarching equation and have become zero. These zeros work cancelling out the poles they superimpose. For the plot of plant, this causes the system not to oscillate. In the plot of the controller this would have the effect of slightly slowing the response as the zero does not properly cover its respective cross. 
All of these plots fall in the negative x axis, this mean that the oscillations will decay and are being damped effectively instead of the growing with each input and anti-damping occurring 
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[bookmark: _Toc219676230]Figure 4: Root locus of transfer function
Due to where the points fall on the graph shown in figure 4 it can be concluded that in the current setting of the system it will never become unstable. This stability is cause by all of the point falling on the negative side of the Y axis. This means that as the proportional gain increases the system will become more efficiently damped until the critical damping point is reached at the intersection of the green and red lines, approximately -1850 on the real axis. This is the point where the system has no under or overshoot and the gun would lad perfectly on target every time.
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[bookmark: _Toc219676231]Figure 5: Scope view from PID outputs
In Figure 5 there are 5 different plots showing the signal output from each leg of the PID controller, from top to bottom they are as follows: 
· Signal input 
· Error signal 
· PID controller output 
· Feedback output 
· Mathematical comparison 
The signal input channel shows the initial input signal to move the gun to a specific direction. The error signal channel shows the displacement from the desired azimuth and how it jumps to match th input signal and then falls rapidly as the gun skews and then a negative phase when it adjusts after a slight overshoot and fall onto the desired aim point. The PID controller output shows how much work is being undertaken by the system to move the turret, a large initial spike is visible being the energy needed to start moving such a large machine, this quickly falls off with the gained momentum carrying It the rest of the way. 
The final 2 lines in figure 2 show the real position of the turret and the mathematically calculated position of the turret. These two lines show the different predicted path of the gun and when viewed side by side they seem to be identical, this show how the model is reliable and follows the mathematical expectations. 
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[bookmark: _Toc219676232]Figure 6: Nyquist plot for transfer function
The angle between the red cross and the blue dot on the edge of the circle it representative of how far out of phase or how much delay you would need to make the input to this system to introduce instability into the system. In this case than angle between the two is 86.4° meaning the input would have to be 86.4°  out of phase to have an impact.  At this point the negative feedback from the loop would become positive and slowly compound, building the error more and more creating an exponential increase in overshoot. This is called negative damping and will cause damage to the system if it were to occur, so effort is made to eliminate the chance of it happening. 
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[bookmark: _Toc219676233]Figure 7: Results post tuning
The results in figure 7 shows how the settling time and the overshoot for the system are well within the limits laid out in the parameters section. 

[bookmark: _Toc219676225]Conclusion 
Overall this modelling has allowed me to gain experience with the MATLAB software which will be very beneficial as it is an industry standard and is widely used. This has allowed me to gain worthwhile experience in a classroom environment and relate the work back to the OME field. 
The results of the simulation shows how the current parameters are very effective moving the turret in a fraction of a second with low overshoot percentage. This has to also be considered in the context of a CIWS turret weighing multiple tons, something of this size would require an very large motor with a high amount of torque to move that quickly. This assignment allowed for the theoretical optimisation of a CWIS control system but many more factors would come into play when actual designing a solution. The results quired provided a good look into how MATLAB systems work via the comparison of mathematical and computer simulated data. This reinforces computer modelling as a important advanced tool in the engineering work and especially with systems that protect human life. 
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