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Abstract
This report will critically analyse a range of responses from a system scenario built in a simulation software MATLAB. A PID Controller will be used to tune a circuit to a specified settling time of less than two seconds and an overshoot of under 5%. The data was input into Nyquist diagrams to show the steady state response, process stability and then verified by finding the transfer function of the whole system using the specified mathematical formula. The simulation software is useful in validating your system as a whole or in parts using the varying formula of the transfer function. The mathematical model run in the simulation software shows some oscillations and instability compared to the PID controlled system, this would require more investigating to understand the differing data. The Nyquist diagrams show stability in the system from the poles being in the left plane and have a negative real part.
Introduction
This report will critically analyse the range of responses of specified instrumentation and control system scenarios in order to develop solutions to any specified problems. A mathematical model of the instrumentation and control system will be designed and modelled using MATLAB, this will solve their time responses and from the results a comparison can be made between their transient and steady-state responses.
There is a wide use for PID controllers for applications in industrial process control. Most closed-loop operations use PID controllers. PID means Proportional-Integral-Derivative, these three controllers are combined to produce a control signal. Also, as a feedback controller, it can deliver a control output at a desired level. They are widely used in the industrial sector due to the flexibility and reliability of the controller. [1]
A PID controller maintains the output such that there is zero error between process variables and the set point/desired output by the closed-loop operation. [1] The PID controller uses three basic control behaviours, P, I and D.
The Proportional controller, gives an output which is proportional to current error. It compares your desired set point with the actual value or feedback process value. The error resulting from this is multiplied with proportional constant to get an output. Therefore, if the error value is zero, then the P controller output is zero also. This controller never reaches a steady-state condition, mainly due to the controller requiring biasing. It does provide a stable operation but will always maintain the steady state error. The speed of the response will be increased when the proportional constant is increased. [1]
The integral controller, provides necessary action to mitigate the steady state error, due to the limitation of the ‘P’ controller where there is an offset between the process variable and the set point. The integral controller integrates the error over a set period of time until the error value reaches zero. The controller decreases its output when negative error takes place, it can limit the speed of the response and affect the stability of the system. 
The derivative controller increases the system response by anticipating future behaviour of error, unlike the I-controller. Its output depends on the rate of change of error with respect to time, multiplied by the constant derivative.
Combining these three controllers, we can get the desired response for the system. Although some manufacturers will use different PID controllers and different algorithms.
Nyquist diagrams can be used to show the gain and phase margin of the open-loop transfer function. This means the product of the forward path and the feedback path transfer functions, are plotted as polar graphs for differing values of frequency. They can be either polar or cartesian form, with polar graphs, the points are plotted from the origin according to their radial distance and the angle to the reference axis, while cartesian are plotted according to their x and y coordinates from the origin. [5]

Equipment 
To understand the performance criteria of a PID controller, MATLAB was used to create a simulation of the mathematical model. This can be run on the simulation software to show the response time and the robustness of the controller.
A step function in MATLAB was used in the simulation software to provide a step between two definable levels at a specified time. When running the simulation if the time is less than the step time parameter values, the blocks output is the initial value parameter. [2]
An add block performs addition or subtraction on its inputs. This block can add or subtract scalar, vector, or matrix inputs. It can also collapse the elements of a signal and perform a summation. [3]
A PID controller was then inputted into the simulation software alongside the mathematical formula. 
A scope is attached to see results for all components in the diagram, it displays its input with respect to simulation time. It can have multiple axes; all axes have a common time with an independent y-axis. The scope allows you to adjust the amount of time and the range on inputs displayed. [4]
Below is an image of the system on MATLAB, including all the components. 
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System in MATLAB

Method
The industrial process required for us to simulate has the transfer function of;

The given figures for the equation are as follows; a = 1 b =1 and c = 2.
The following data will be inputted into the system designed on MATLAB, the system must be capable of reaching a settling time of less than 2 seconds and have an overshoot of less than 5%.
	The following information was placed into the PID controller of the system and then the simulation was run. After running this simulation, the values of the PID controller were tuned to reach the set parameters required. This is done by changing the robustness and speed of response until you reach the desired parameters.
	The figures from the PID after tuning to the set parameters can then be used to input into a formula to work out the closed loop transfer function of the system as a whole. The results from the simulation can be compared to the results using the formula. 
	The figures achieved from the formula can then be placed into the mathematical formula block on MATLAB, excluding the add block and the PID controller and the results can be compared.
	Below is an image of the control system including the figures given for the transfer function.



From tuning the PID controller, the following values were given;
P = 36.3888	I = 21.273	D = 14.8041	   N = 1717.214
Now we can work out the transfer function of the system using the formula below;

The controllers transfer function must be multiplied by the transfer function of the process to calculate the forward path transfer function of the system. Once thus has been achieved the block diagram and the system diagram on MATLAB can be re-drawn to exclude the PID controller.

Results
Pre-tuning of the PID controller
Firstly, the software was run using the PID controller and the simple transfer function prior to tuning. The image below shows the response time of all the inputs into the scope of the system.
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The figures for the P, I, D & N function are shown above in the block parameters, we can see it currently doesn’t meet the criteria of the overshoot and settling time.
Post tuning of the PID controller

After tuning the PID controller, the following results we obtained; the new block parameters have been set by tuning the PID.
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Forward path transfer function

Transfer function of the PID;




















The block diagram can now be re-drawn to include this formula;
[image: ]



Now we remove the feedback loop and calculate the transfer function of the system as a whole. 
Using:


Where TF is the transfer function of the whole system, G is the forward path transfer function, and H is the transfer function of the feedback loop, in this case 
















Now the block diagram can be re-drawn without the feedback loop and just the transfer function as a whole.
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Nyquist diagram
This is a Nyquist diagram pre-tuning of the PID controller, with the transfer function;
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Nyquist from the forward path transfer function;
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Nyquist diagram with the final transfer function of the system as a whole;
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Discussion

The above results show the given PID & N numbers worked out from tweaking the robustness/responsiveness of the system to reach the desired parameters of an overshoot of less than 5% and a settling time under 2 seconds. When calculating the next step of the forward path transfer function and the closed loop transfer function using the mathematical formula, there can be margin of error due to the rounding of decimal places, if the figures were used from the actual PID parameters instead of the tuning block, it would of used more decimal places, this is only a negligible figure but could affect overall figures.
From the graphs above in the results we can see that the tuned PID controller has met all of the parameters needing to be achieved, showing that the system is stable. The calculated transfer function for the whole closed loop system was recreated using MATLAB as a single block diagram not incorporating the ‘add’ block or the PID. The shape of the graph differs from the tuned block parameters so this would need more investigating. The same graph was produced with the feedback loop in the block diagram using the same mathematical formula on MATLAB and the graph shows some instability or oscillation at this stage.
The Nyquist diagrams show that the system is stable due to the lack of poles in the right hand of the plane, the closed loop transfer function has no zeros in the right plane, therefore the closed loop transfer function has no poles there.
Conclusions
The results show that the tuned PID system has met all the requirements of the overshoot and settling time whilst remaining stable when using the simulation software. When using the mathematical formula there is margin for error when rounding decimal places and this could have some impact on the data. This can be seen when running the simulation of the circuit when using the whole closed loop transfer function equation, the graphs that have been produced differ in stability and response time and show the circuit to have some interference or instability, this needs more investigating to understand why the P, I, D & N numbers produce this data.
The Nyquist diagrams show from the pre-tuned system that there is instability in the system compared to the closed-loop system post tuning, the poles are in the left s plane and have a negative real part, this means the system is stable. 
There are advantages to using closed loop systems as they are very accurate and the sensitivity of the system may be so small to make the system more stable, they are less susceptible to noise interference.
The results show that a closed loop system is a more efficient output than running in open loop. The integral controller has a fast response, due to this, high gain values can cause significant overshoot as seen in the mathematical model run in MATLAB. This could explain the oscillations and instability in the system.
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