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Abstract The analysis and design of the controller circuits that enable the systems to operate in the desired 

properties are among the main areas of control theory. In this area, controllers with different structures and 

characteristics have been developed. One of them is the most widely used basic PID (proportional-integral-

derivative) controller structure for industrial purposes. In particular, if the mathematical model of the system is 

unknown and therefore analytical design methods cannot be used, PID control is the most useful method. The 

parameters of PID controllers can be obtained both experimentally and analytically. In addition, the design 

stages do not include many processes. Therefore, they are widely used in industrial applications. The PID 

controller consists of Kp (proportional term), KI (integral term) and KD (derivative term). Kp provides the net 

proportional control behaviour for the error signal. KI reduces steady-state errors with low-frequency 

compensation provided by an integrator. The KD provides high-frequency compensation with a derivative 

receiver, improving transient response and generally improving the dynamic performance of the system; but it 

increases the gain at higher frequencies. 

In this study, the PID controller structure, the effects of the PID controller parameters Kp, KI and KD on the 

system response are mentioned, and the effect of the parameters on the step response of the system on a sample 

system is mentioned. The percentage overshoot rate, settling time and rise time change according to the 

parameters were determined and interpreted. In order to achieve this, the program was written in the Matlab 

environment and the results were shown graphically. 
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Introduction  

Until now, the proportional-integral-derivative controller (PID) is the most widely used controller in the industry 

due to its simplicity, robustness and ease of implementation [1]. Many practical control applications are based 

on PID control [2-4]. In process control, a PID controller tries to correct it by calculating the error between the 

measured process variable and the desired setpoint, and then giving a corrective action that can adjust the 

process accordingly. The performance of the control system is based on the selection of three parameters: 

proportional, integral and derivative gains. Many process plans controlled by PID controllers have similar 

dynamics. It is possible to set satisfactory controller parameters from less plan information than a complete 

mathematical model [2]. In practice, systems often have some complex features such as non-linearity and time 

delay that make tuning a PID controller difficult. Traditionally, the problem has been handled with a trial and 

error approach. In the last decade, more systematic methods have been introduced. Ziegler Nichol's (ZN) PID 

parameters tuning formula is a widely used experimental Formula [2]. One of the disadvantages of this method 

is that it requires prior knowledge of the planned model. After tuning the controller with the ZN method, a good 
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but non-optimal system response will be achieved. Other methods for tuning the PID controller have been 

proposed by many researchers in the field of control engineering [5-7]. 

There are many methods for setting the parameters of the PID controller. With the help of these methods, 

criteria such as settling time, overshoot, rise time of the closed loop control system can be adjusted in the unit 

step response. In the literature, Ziegler Nichols and CHR (Chien-Hrones-Reswick) methods are frequently used 

to adjust PID parameters [8]. However, these methods can give wrong results in nonlinear systems. 

Optimization algorithms are often used to set the optimum PID parameters [9-12]. 

 

PID Controller Structure 

The proportional integral derivative (PID) controller is one of the most widely used and universally accepted 

control algorithm used in the control industry. The PID controller is popular for its qualities, partly with its 

extensive powerful performance work and partly with its simplified operation. The term PID defines its three 

main components, a proportional control term (KP), an integral control term (KI), and a differential control term 

(KD). Table 1 describes the effect of a PID controller for its three components. In Equation (1), the mathematical 

equation of the PID controller is given. 
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The effects of PID controller parameters on the system response are given in Table 1. 

Table 1: Effects of PID control parameters on system response 

 Proportional (Kp) Integrative (KI) Derivative (KD) 

Rise time Decrease Decrease(Little) Little effect 

Overshoot Increase Increase Decrease 

Settling time Decrease(less) Increase Decrease 

Steady-state 

error 
Decrease Decrease (more) Little effect 

In order to obtain the desired response in PID controller design, the following steps are followed: 

a) Open loop response is found and needs are identified. 

b) A proportional controller is added to correct the rise time. 

c) Derivative controller is added to correct the overshoot. 

d) An integral controller is added to eliminate the steady-state error. 

e) Adjust Kp, KI and KD until the desired response is achieved. 

Controller design should be as simple as possible. If the desired response is achieved with the PI controller, a 

derivative controller should not be added to the system and the system should not be complicated. 

 

Effects Of PID Controller Parameters on System Response 

Let's consider the system given in Equation 2 to see the effect of Kp, KI and KD parameters on the system 

response: 

 

Effect of KP value on system response 
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If we assume that KI and KD from PID controller parameters are constant but KP varies between 0,1 and 1; The 

effect of this on the system response can be seen in Figure 1. The Matlab codes used to achieve this are as 

follows: 

Gs= tf(1,[1,3,3,1]); 

for Kp=[0.1:0.1:1]; 

G=feedback(Kp*Gs,1);  

step(Gs),  
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hold on;  

end 

 
Figure 1: Step response of the closed loop system according to the change of KP 

As can be seen from Figure 1, when Kp increases, the response speed of the system increases, the percent 

overshoot of the closed-loop system increases and the steady-state error decreases. 

 

Effect of KI value on system response 

If Kp=1 is taken, the system response according to the change in the KI value is shown in Figure 2. The Matlab 

codes used to obtain Figure 2 are given below. 

Kp=1; s=tf(’s’); 

for Ti=[0.7:0.1:1.5] 

Gc=Kp*(1+1/Ti/s);  

Gs=feedback(G*Gc,1);  

step(Gs)  

hold on 

end 

 
Figure 2: Step response of the closed loop system according to the change of KI 
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When Figure 2 is examined; It can be seen that when Ti  is increased, the overshoot tends to be smaller, but the 

response speed is slower. 

 

Effect of KD value on system response 

If Kp=Ti=1, the change of the step response of the system according to the KD value is shown in Figure 3. The 

Matlab codes used to obtain Figure 3 are given below: 

Kp=1; s=tf(’s’); 

for Ti=[0.7:0.1:1.5]; 

Gc=Kp*(1+1/Ti/s);  

Gs=feedback(G*Gc,1);  

step(Gs) 

hold on 

end 

 
Figure 3: Step response of the closed loop system according to the change of KD 

As can be seen from Figure 3, when Td increases, the response has a smaller percentage overshoot with a slightly 

slower rise time but a similar settling time. 

 

Conclusion  

There are various methods for setting PID parameters in the literature. However, the calculated controller 

parameters found by these methods may not be the most appropriate values for the systems. In this case, the 

controller performance can be increased by experimentally changing the obtained PID parameters to improve 

the steady state error or settling time. However, this is both a time-consuming process and it cannot be 

guaranteed that the parameter values of the controller used will be the best values. 
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