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PLCs (Programmable Logic Controllers) are one of most widely used pieces of control and automation technology. As their name suggests PLC’s are programmable and are versatile in their application.
A PID controller is a device that can be programmed to automatically control various systems in other devices. Due to their simplicity they are used in the vast majority of industrial closed loop systems. Their greatest advantage over other controller systems is their ability to be easily tweaked and altered, allowing them to be more adaptable to system changes.
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By integrating PID’s with PLC’s engineering costs can be optimized through the use of standard function blocks, re-usable engineering, flexible communications options and ready, integrated visualization with automated tag resolution. It can offer users auto-tuned PID response that gives faster control without overshoot or oscillation and tighter, more stable control without the need for manual intervention. High resolution I/O and secure recording based on decades of expertise in this area provide a route to further lower engineering costs and obtain easier regulatory compliance.
Most PID controllers are tuned on-site due to machine and process variations. The theoretical calculations for an initial setting of PID parameters can be by-passed using a few tuning rules.
PID controllers often use the following terms used for calculations,




Proportional
Proportional gain determines the determines the ratio of output response to determine the overall signal rise. For instance, if the term has a magnitude of 10, a proportional gain of 5 would produce a proportional rise of 50. However, if the proportional gain is too high then it will cause the process variable will begin to oscillate which will lead to the system becoming unstable and possibly losing control.
Integral
The Integral response is responsible to reduce both the signal overshoot and the total settling time. This is to help the signal reach it’s steady state as soon as possible Overshoot refers to how much the peak level is higher than the steady state. The settling time is the time it takes for the system to converge to its steady state.  
Differential
The differential response is designed to eliminate the steady state error. The steady state error is the difference between the steady state output and the desired output.
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Zeigler Nichols tuning methods
The Ziegler-Nichols tuning method is an often applied rule based method that assumes a certain process response to obtain easy mathematical formulas for PID tuning. It typically results in aggressive control performance. The process characteristics are derived from simple experiments and are used to calculate the PID parameters. 
Ziegler-Nichols tuning rule ("Z-N rule"). After taking just a few basic measurements of actual system response, the tuning rule confidently recommends the PID gains to use. The Ziegler-Nichols rule is a heuristic PID tuning rule that attempts to produce good values for the three PID gain parameters:
1. Kp – to decrease rise time
2. Kd - to reduce overshoot and settling time
3. Ki - to eliminate the steady state error
(Microstar 2022)
Ziegler-Nichols tuning method is used to determine both the initial and estimated set of working PID parameters in new systems. It is usually included with industrial process controllers and motor controllers as part of the set up package. It can be noted that some controllers have additional auto tune routines.   
Ziegler-Nichols tuning method has parameters that will typically give you an overshoot response on the order of 25% with a good settling time. It is possible to then start fine tuning the controller using basic rules that relate to each parameter, the response characteristics. 
The first of Zeigler Nichols tuning methods I will look at is the S-shaped step Input Response Curve. The S-shaped response curve can be characterized by two constants, delay time Land time constant T, which are determined by drawing a tangent line at the inflection point of the curve and finding the intersections of the tangent line with the time axis and the steady-state level line.
[image: ]


Rules based on step response of plant
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The second method of tuning Ziegler-Nichols starts with a closed loop system with a proportional controller. It will begin with a low value of gain – Kp. Potential issues with this method is that it can become unstable or cause damage.
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Once given two measurements from the feedback loop parameters it will create an improved regulation that is closer to the desired output.
The second tuning method for Ziegler-Nichols begins with a low/zero value of gain (Kp) and increases until it reaches a steady state oscillation has occurred. Note this gain as Kcr.
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Second method gain estimate chart
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The limitations of the Ziegler-Nichols method are that it can be time consuming to carry out and that it doesn’t guarantee a robust and stable solution. The Ziegler-Nichols method is a good alternative but doesn’t always provide optimal performance. It doesn’t always achieve stable and robust control loops.
Basically Ziegler-Nichols works well enough while the dead time is small compared to the time constant of the process. It is also simple, intuitive and it obtains reasonable performance for simple loops. Engineers often use this method when they need to tune new loops. New loops get a first set of default tuning parameters. This method is also applicable to existing loops. When a closed loop becomes active and doesn’t work properly, you might not know where to start. It can be helpful to use the Ziegler-Nichols method to reach an initial estimation of the tuning rules followed by manual tweaking of the parameters. (Huizer 2020)
Small discrepancies between estimated and actual process characteristics can result in an extremely oscillatory or even unstable control loops. The loop might not be robust enough to adapt against the changes in the process dynamics. The Ziegler-Nichols PID tuning method gives reasonable results as long as all assumptions are respected. When the assumptions are not respected the closed loop behavior will be unknown and often not desired. (Huizer 2020)


The Ziegler-Nichols PID tuning method is a perfect tool to use when you don’t know exactly how to tune the loops. But you should consider a different PID method when you want to have control over the loop objectives. When you don’t allow a quick response behavior, overshoot or oscillations a model based approach may be a better fit. This enables you to calculate the right values and reach your goals faster. (Huizer 2020)
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Image below is a control system converted into a signal flow diagram that I have produced. I have also applied Masons gain formula to derive the transfer function of the system.
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State Space Model is a mathematical model in control engineering refers to a class of probabilistic graphical model (Koller and Friedman, 2009) it describes the problematic dependence between the latent state variable and the observed. State space models are models that use state variables to describe a system by a set of first order differential equations. The state space model structure is a good choice for estimation because it requires you to only one input. (Chen & Brown 2019) 
In control engineering, the basic concept of a state-space representation is a mathematical model of a physical system. Due to the fact that it is a setup of input, output and state variables related by first-order differential equations or difference equations.
It is often easier to define a parameterized state-space model in continuous time because physical laws are most often described in terms of differential equations. In continuous-time, the state-space description has the following form:
˙x(t)=Fx(t)+Gu(t)+˜Kw(t)
y(t)=Hx(t)+Du(t)+w(t)
x(0)=x0

The matrices F, G, H, and D contain elements with physical significance—for example, material constants. x0 specifies the initial states. You can estimate continuous-time state-space model using both time- and frequency-domain data. (Mathworks 2022)
Representation of a State space model
The continuous-time form of a state space model of Linear Time Invariant (LTI) can be represents as below:
X˙=AX+BU
Y=CX+DU
State space as represented in an electrical system
Consider an RLC network,
At time t = 0
Current = iL(0)
Capacitor Voltage = Vc(0)
Advantages of a State Space Model
1. This technique can be used for linear or nonlinear, time-variant or time-invariant systems.
2. It is easier to apply where Laplace transform cannot be applied.
3. The nth order differential equation can be expressed as 'n' equation of first order.
4. It is a time domain method.
5. As this is time domain method, therefore this method is suitable for digital computer computation.
6. On the basis of the given performance index, this system can be designed for an optimal condition.
(JavaTPoint 2022)
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