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Abstract

A transfer function of an electronic system is a mathematical function, which theoretically models the devices output for each possible input. Transfer functions for components are used to design and analyse systems assembled from components. This experiment is being carried out due to the need of a stable system controller and by using Matlab/Simulink issues with the system controller can be adjusted to the best of the software prior to instalment in to a process. In this report, a set of 3 numbers were randomly generated and assigned to the author. A task has been set to develope a control system that would be able to control the defined tolerances that have been included within the introduction. From the results gained during the experiment it can be the seen that prior to the tuning, the control system was unstable and by applying selected parameters and tolerances this has now stabilised the control system within the software. A nyquist diagram will be used as another means of comparison within the system controller.
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[bookmark: _Toc46060449]Introduction
For this assignment, a control system will be designed using MATLAB and Simulink software with three randomly selected numbers have been assigned to the author. Parameters have been set for the controller to be able to work within. By using the control system.  the requirement  is to be stabilised below two seconds, whilst overshoot is required to be less than 5%. The author has been designated the numbers: 5, 1, 1. This will be inputted into the transfer function on Matlab. [1]


[bookmark: _Toc46060450]PID theory.
A PID controller is executed within a system for the analysis of a sensor, this calculates the requested output. The output will calculate proportional, integral, and derivative responses and then calculating these components to the evaluate the output. 
In a control system, the process variable is the system parameter that needs to be controlled. This can include temperature, pressure, or flow rate. The sensor is required to measure the variables and send the information to the control system.

The control systems algorithm, is to determine the required output to move the system. 
The closed loop system is an task of reading the sensors in a system and providing constant feedback, as well as calculating the desired actuator output. This is a continuous task and at a fixed loop rate.
Multiple signals have an effect on the system. If anything interferes or interrupts the system this known as disturbance.
Systems are commonly designed to minimise the effect of disturbances. [2]
[bookmark: _Toc46060451]What is a step in a system function?
A step in Matlab is used to design a system. A reaction to the inputted step is then transferred within a graph removing the calculation for a timed response. A step input can be described as a change in the input from zero to a finite value at time t=0. The step command performs a unit step. The step feedback within the system controller is analysed within the system. 
With a step input carried out, the system then begins with the unwanted output period; this is called the transient response. Transient responses occur when the system reaches its final production value. 
A continuous state response will occur after transient reaction has ended. Time taken from for the system to reach the desired value is known as the rise time. 
The time interval that is taken for the transient response to end and the steady state response to begin is known as the settling time.
In a system the development of stepped response is key, this would require a reduction in the transient, rise, as well as settling times. These need to be shortened whilst the steady state reaches its chosen output. [3]
[bookmark: _Toc46060452]What is a sum block?
The sum block within Matlab software allows the user to be able to carry out adding and subtraction on the inputs. The add, subtract, sum of the elements and the sum blocks are identical blocks. This block allows the user to be able to add and subtract a scaler, vector, or matrix input. This can also be used to be able to collapse the elements of a signal and carry out the sum.
The user will choose the operations of this block by choosing from the list parameters.
The sum block will convert the input data to the accumulator data type, from this it will then carry out the specified operation. The block will then convert the results to the data output type. This is managed by using the selected overflow and rounding modes. [4]

[bookmark: _Toc46060453]What is a PID?
A PID or (Proportional integral derivative is a controller that has the potential to be used for the control of various processes or other process variables. The PID controller incorporates the proportional control with additional integral and derivative adjustment, which can assist in compensating for any alterations that have occurred. A requirement for the PID controller is to force feedback to mirror a set point. Controllers are used in systems that what have a small accumulation and of those that can react quickly to any changes within that process.
The principle of a PID controller is the proportional, integral and derivative terms will need to be modified or adjusted. Depending upon the values that are used, an adjustment factor is evaluated and added to the values.
Percentage overshoot is the amount that the process variable overshoots the final value. Settling time is  required for the process variable to settle to under the control system this is normally around 5% of the finished value. [2] [5]
 
[bookmark: _Toc46060454]What is a transfer function?
Transfer function shows the connection to the output signal of a control system and input signal, for all possible input values. The block diagram is a image of the system, this uses blocks to show the transfer function, arrows, this then shows the various input and output signals.
The control system has a reference input, this operates using the transfer operation to produce an effect resulting in the controlled output or response.
Transfer function of a control system is the ratio of the Laplace transformation of the output variable. Laplace transformation of the input variable assumes all initial conditions to be zero. [3] [4] [6]




[bookmark: _Toc46060455]What is a scope?
The scope within the Matlab software shows the input to the simulation time. The scope block has multiple axis’s per port. All axis’s share a familiar interval range with independent y-axis’s. This allows the user to make adjustments to the ranged of stated values. 
A scope gives the user the ability to be able to move and resize the window, as well as being able to modify the values whilst carrying out the experiment. 
Upon starting a simulation in Matlab, Simulink does not open the scope window the user will have to do this separately, however it does communicate the data to the connected scopes. When the user opens the scope post experiment, there will be input and output signals displayed.
[bookmark: 893617]During this process, the signal that is produced within the scope is continuous, the scope will produce a point-to-point plan. when the produced signal is discrete, a scope will produce a stair step plan.
Once inside a scope window the toolbar allows the user to view the data inputted on to the scope. The potential to preserve the axis settings from one simulation to the next as well as limiting the data that is displayed. [3] [4]

[bookmark: _Toc46060456]Nyquist diagram.
[bookmark: 893618][bookmark: 1454408]Nyquist diagram is used for frequency plotting of the response that is used within signal processing and automatic control. Nyquist diagrams are used for evaluating the stability of feedback within a system. The transfer function is plotted on the X-axis. [7]

[bookmark: _Toc46060457]Equipment 
For this experiment the equipment being used to obtain the required results will be:
· Matlab/Simulink
· Step
· PID
· Control function
· Scope
· Defined numbers of: 5 1 1 
· Overshoot of less than 5%
· Control the system within 2 seconds.
· Nyquist diagram
· Pole plot graph
[bookmark: _Toc46060458]Method
To be able to carry out this experiment and gain the required results, Matlab and Simulink software is used, a control system is made and the components will be added to the drawing.
[image: ]
[bookmark: _Toc45981954]Figure 1 Matlab drawing
The Step, Sum box, PID controller, transfer function and scope are added to the simulation map. The scope has four ports, which takes three feeds from between the step, sum box, PID controller and transfer function; the forth feed will be taken after the transfer function.

Having added in the functions required to run this experiment the predefined values will now be inputted into the transfer function.
                      [image: ]
Once this has been completed, the user then runs the control system, upon completion of simulation the user then goes into the scope to be able to retrieve the graph that is produced during the simulation. 
            

Once the graph has been produced, the PID controller block parameters need to be accessed to be able to tune the system controller.

                      [image: ]
[bookmark: _Toc45981955]Figure 2 PID controller
From the image above the tuning settings can be selected, this will then open the window that is required to tune the system controller.

The control system is tuned to required tolerences. 
To be able to achieve this the response time and transient behaviour sliders were moved across to the right hand side of the bar. 
The transient behaviour slider controls how robust the system controller or to give it an aggressive rise in response time, but by doing this the stability of system controller is lowered.


By sliding the bar to the right hand side and meeting the required tolerances, values have been achieved. These will now be used to  calculate the forward path transfer function of the system.
The controller’s transfer function is multiplied by the transfer function of the process.
 
[image: ]
[bookmark: _Toc45981956]Figure 3 Controller parameters un-tuned/tuned



a = 5, b = 1, c = 1 the transfer function now becomes:






The PID tuner in MATLAB, has given the following values:

Kp: 2230.7291
Ki: 1467.9984
Kd: 444.3794
N: 10173.7388

So transfer function for the PID controller is:





Calculation of the forward path transfer requires the controllers transfer function to be multiplied by the transfer function of the process.























The block diagram for the control & process will look like this:
[image: ]

Now there is a new controller & process block diagram the feedback loop has been  removed, calculation for the transfer function is carried out. 
Using the below formulae:



 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 



























The next step is to collect all the like terms in the equation.





The block diagram can now be redrawn again as a single block.
[image: ]
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[bookmark: _Toc46060459]Results
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[bookmark: _Toc45981957]Figure 4 Scope graph un-tuned system controller
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[bookmark: _Toc45981958]Figure 5 Un-tuned/tuned graph
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[bookmark: _Toc45981959]Figure 6 Tuned scope graph
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[bookmark: _Toc45981960]Figure 7 Two port scope graph
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[bookmark: _Toc45981961]Figure 8 Nyquist pre-tuning
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[bookmark: _Toc45981962]Figure 9 nyquist post tuning
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[bookmark: _Toc45981963]Figure 10 Nyquist including noise
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[bookmark: _Toc45981964]Figure 11 Nyquist including Phase margin
[image: ]
[bookmark: _Toc45981965]Figure 12 Pole zero graph

[bookmark: _Toc46060460]Discussion

After carrying the software simulation within Matlab/Simulink, the data for the control system has now been retrieved and a comparison between the un-tuned system controller and tuned system controller can be executed.

From looking at the block response for the un-tuned system, it is noted that the system controller was  unstable this can be caused to the mathematical equation, or oscillation within the system controller.

Having tuned the system controller it has now been stabilised as seen in the block parameters.
 The threshold tolerances that have been met using a control system have been met by bringing the process under control within 0.247 seconds when the requirement was under 2 seconds, as well as achieving an overshoot value of 4.35 % when the requirement was under 5%. Before the tuning process was carried out the block response within the system controller was unstable by tuning it to the required tolerances this has now made the system controller stable.
A nyquist and pole zero graph have been made for the un-tuned and tuned system.
[bookmark: _Toc46060461]Conclusions
In conclusion to the simulated system control experiment, data has been obtained and the required tolerances have been met.
Using simulation software tools  is important when designing system controllers. This is the first step that can be used to design and understand whether the system controller is stable or unstable before this is inputted into a process. By carrying out this style of experiments and gaining the understanding and data from the experiments, it enables the design of a stable control system before this is installed into a real world process. However, although the software can make the system stable and marginally reduce the overall tuning upon integration with the process, there will need to be modifications upon installation to real world process due to being added into a bigger system as there will be more the one system with the process. The tuning would need to be completed to bring all the system controllers together.
This is due to the software working from algorithms and not being able to take human error factors, power supplies, interference and communications problems. Further investigation will need to be undertaken to fully understand the results from this experiment.
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