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Abstract. In this paper, a simple design method is presented to adjust the parameters of a proportional-integral derivative 

PID controller to be applied to different systems. In this method, PID controller is designed based on setting the optimal 

proportional gain according to the desired performance (settling time, overshoot). Determining the other parameters of 

the PID controller by adjusting the optimum ratio gain (kp) in a stable loop that minimizes the settling time (ts) and the 

error rate of the overshoot (Mp) constitutes the basis of the method. The Routh Rurwitz criterion is used to guarantee 

stability. The performance of the controller designed with the proposed method has been evaluated on three different 

transfer functions. With this method, the PID controller works successfully without destroying parameters and without 

complex mathematical formulation. It has been observed that the proposed method provides better closed loop 

performance compared to the methods reported recently. 
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1.  Introduction 

PID controllers are widely used in industrial control 

systems thanks to their simple structure, easy design, robust 

performance, low cost, ease of application and wide 

application range. An adjusted proportional gain (kp), an 

integral gain (ki) and a differential gain (kd) form the basis of 

the PID controller to obtain the optimal response of the system 

to be controlled. The main challenge in the control process is 

to minimize the difference between a set point and the 

measured process variable in as little time as possible. 

However, finding the optimal value for kp becomes difficult 

when the control process complex or nonlinear behavior 

occurs. Several methods have been proposed to adjust the PID 

controller gains. The oldest and simplest method is the Ziegler 

and Nichols method [1]. However, in this method, high 

settlement time and overshoot are observed in closed loop 

responses. Therefore, every response needs to be refined. In 

another study, a method was proposed to select the 

proportional gain value [2]. Other common methods 

suggested are as follows: Astrom and Haggland method [3], 

optimization method [4,5], gain and phase margin method [6-

9], direct synthesis method [10], weighted geometric center 

method [11]. Besides, research of new control methods for 

calculating each optimal gain value of PID controller is seen 

in many studies [12-16]. 

In this study, PID controller design is proposed based on 

setting the optimal proportional gain according to the desired 

performance from the system (settling time, overshoot). The 

method is based on the determination of the kp value that will 

minimize the error rates of the desired settling time and 

overshoot values in this loop by creating a loop in the stable 

area, and the calculation of the ki and kd values according to 

this kp value. This simple adjustment method has some 

advantages over existing adjustment methods. Solution 

processes are simple since there is no need for complex 

mathematical formulations. Better performance responses 

were obtained in four different models compared to other 

methods. Better performance responses were obtained 

compared to other compared methods. 

This study has 4 section. In section 2, the methodology of 

the proposed method has been presented, and then, in Section 

3, simulation studies have been conducted on different 

examples. In the last section, the results have been given. 

2. Methodology 

This method has been applied on four different system 

models. Figure 1 shows the block diagram of the unit feedback 

control system. 

 
Fig. 1 Feedback control system 

 

C(s) is the transfer function of the PID controller and it is 

given in Eq. (1). G(s) is the transfer function of the system Eq. 

(2). r, e and y define input, error and output, respectively.  
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GN(s) and GD(s) show the numerator and denominator 

of G(s), respectively. If Eq. (1) is arranged, the general 

controller equation is obtained Eq. (3). 
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     Accordingly, the closed loop system T(s) is obtained in Eq. 

(4). 
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If Eq. (2) and Eq. (3) are replaced in Eq. (4), Eq. (5) is 

obtained. 
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Here, TD(s) is checked at the characteristic equation of the 

system and its degree is determined. Then, settling time (ts) 

and overshoot (Mp) value are determined according to the 

performance required from the system and damping ratio ζ is 
calculated with Eq. (6). 
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The natural frequency of the system is obtained by Eq. (7). 
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The target polynomial of the closed loop system is given in 

Eq. (8). 
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Here, the degree of Δ(s) is 2. Therefore, a residue 
polynomial R(s) is needed for those with system degree above 

1. It should also contain as many uncertain variables as the 

degree difference (m) between TD(s) and Δ(s). 
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The fact that a1, a2, a3… an ε R here keeps the system away 
from complexity and makes it include all solutions. The 

problem here is that the coefficients of the product of Δ(s) and 
R(s) in a closed loop system must be equal to the coefficients 

of the characteristic equation of the system Eq. (10). 
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When looking in Eq. (10) obtained for systems with degree 

more than 1, it will be seen that the number of variables is 1 

more than the number of meaningful equations. Therefore, by 

subtracting kp from variables (kp, ki, kd, a1, a2… aN), the 

number of variables is reduced by 1 and equalized to the 

number of equations. By solving Eq. (10) again, all variables 

are solved with terms containing kp and it is concluded that 

there are many multiple choice solutions. 

Given the stability state, Δ(s) was chosen to be stable. The 
remaining polynomial is the R(s) polynomial whose stability 

must be checked. Therefore, if the variables (a1, a2… aN) in 

R(s) are positive, it is sufficient for stability. While 

determining these values, positive values should be chosen. 

After determining the variables positive, values are 

assigned to kp in a certain interval and in an incremental cycle, 

variables (kp, ki, kd, a1, a2… aN) ts and Mp values are 

determined in the responses of the system. The aim is to obtain 

a value as close as possible to the expected (desired) value of 

ts and Mp. Therefore, ts and Mp need to be normalized. For this, 

the error rates for Mp and ts are assigned to variables e1 and e2, 

respectively. 
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Eq. (11) and Eq. (12) are combined to obtain Eq. (13) if it 

is desired to be represented in a single error. 
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Here, x, y is the coefficient affecting the total error and x 

and y values are chosen according to the importance expected 

from the system and x + y = 1. The obtained err value is also 

added to the loop and determined according to kp. As a result, 

the PID controller parameters kp, ki and kd are obtained 

according to the value errmin determined at the end of the 

cycle performed. 

Figure 2 shows the algorithm of the proposed PID control 

method. 
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Fig. 2 The algorithm of the PID control method 

 

3. Simulation studies 
 

The application of the controller designed on four different 

models in MATLAB 18b has been made to show how 

effective the proposed method. Mp, ts, and rise time (tr) were 

used as performance criteria in simulations. 

Example 1. Consider the 2nd order stable model given in Eq. 

(14)  
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It has been studied by (Deniz et al., 2015). Here, the range 

value kp=[-6.6, 300] was chosen for kp in 0.01 increments. The 

reason why the first value does not start from zero is the result 

of a <0 in the R(s) polynomial for kp>-6.6 values, therefore the 

system has been showed unstable behavior. 

A loop was created by selecting the total error value 

Err=0.5e1+0.5e2. 

The PID controller parameters where the errmin value is 

obtained in the loop performed are given in Table 1. Fig. 3 is 

given the unit step responses in closed loop with PID. In 

addition, the bode plots of the PID controller system is shown 

in Fig. 4. In the unit step response of the proposed PID 

controller system, a better ts has been obtained, although the 

difference is small, as well as a much better Mp. We can say 

that the proposed PID controller performs better. Performance 

criteria of the controller proposed in this study and by [17] are 

given in Table 1. 

The root locus graph for the system with the PID controller 

is given in Fig. 5. The characteristic equation for all the closed 

loop is its roots in the left half of the ‘s’ plane. So the system 

is stable. 

 
Fig. 3 Step responses for Example 1. 

 
Fig. 4 Bode plot of system with PID for Example 1. 
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Fig. 5 Root locus graph of system with PID for Example 1. 

 

Example 2. Consider the 3rd order stable and moderate 

oscillation hydraulic seedling collection system model given 

in Eq. (15). 
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      The proposed method is compared with conventional PID 

design by [18]. Here, the range value kp=[0, 100] was chosen 

for kp with an increment of 0.01. The reason why the first 

value starts from zero is that the system behaves unstable as it 

creates the result a <0 in the R (s) polynomial for kp<0 values. 

The total error value is Err=0.5e1+0.5e2. 

The gain parameters from which the errmin value is obtained 

in the cycle performed are given in Table 1. In the step 

response, 0.02 m was chosen as the input signal and the 

simulation curve was obtained as shown in Fig. 6. The bode 

plots of the PID controller system is shown in Fig. 7. The 

system has good dynamic performance, fast response and low 

steady-state error. It is clear that the proposed PID controller 

has a better performance. When we look at the performance 

criteria obtained, it is seen that better ts, Mp and tr (Table 1). 

The root locus graph for the system with the PID controller 

is given in Fig. 8. The characteristic equation for all the closed 

loop is its roots in the left half of the ‘s’ plane. So the system 
is stable. 

 
Fig. 6 Step responses for Example 2. 

 
Fig. 7 Bode plot of system with PID for Example 2. 

 
Fig. 8 Root locus graph of system with PID for Example 2. 
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Example 3. Consider the 3rd order unstable model given in 

Eq. (16). 
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      It has been studied by [19]. Here, the range value kp=[10, 

100] was chosen for kp with an increment of 0.1. The reason 

why the first value does not start from zero is that the system 

behaves unstable as the result a<0 in the R(s) polynomial for 

kp<9.9 values. The total error rate was selected as 

Err=0.5e1+0.5e2. 

      The gain parameters of PID controller from which the 

errmin value is obtained in the cycle performed are given in 

Table 1. The unit step responses in closed loop by applying 

PID [19] and obtained PID control proposed by [19] to the 

system are given in Fig. 9. In addition, the bode plot of the 

proposed PID controller system is shown in Fig. 10. It has 

been observed that the designed PID controller system results 

in better results in step response of all performance criteria 

including ts, Mp and tr. Therefore, we can easily say that the 

designed PID controller has a better performance. 

      The root locus graph for the system with the PID controller 

is given in Fig. 11. The characteristic equation for all the 

closed loop is its roots in the left half of the ‘s’ plane. So the 

system is stable. 

 

 
Fig. 9 Step responses for Example 3. 

 
Fig. 10 Bode plot of system with PID for Example 3. 

 
Fig. 11 Root locus graph of system with PID for Example 3. 
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Table 1. Controllers parameters and values of the performance 

criteria for Examples 

PID controller gain 

Values of the 

performance 

criteria 

 kp ki kd ts (s) 
Mp 

(%) 
tr (s) 

Example 1. G(s) = 10.9941s2+11s+30 

Proposed 30.4 108.7085 1.5893 0.949 0.5 0.368 

[17] 268.23 994.1 18.8 0.973 18.2 0.119 

Example 2. G(s) = 208.75s3+14.31s2+447.53s+208.75 

Proposed 19.2 32.3328 2.5689 2.161 15.1 0.2 

[18] 4 10 0.001 3.815 35 0.384 

Example 3. G(s) = 1s3+4s2+s−6 
Proposed 62.2 54.47 40.2 5.447 36.6 0.186 

 [19] 31 38 44 9.05 52.2 0.188 

 

4. Conclusion 
 
This paper presents a simple design method for setting the 

parameters of the PID controller. In the proposed method, the 

other parameters of the PID controller are determined 

according to the desired performance (ts, Mp) of the system, in 

response to the adjustment of the optimum proportion gain 

(kp) in a stable loop so that the error rate of ts and Mp are 

minimized. The performance of the controller designed with 

the proposed method has been evaluated on four different 

transfer functions. It is seen that this method, which has 

advantages such as not destroying parameters and not 

including complex mathematical formulation, provides better 

performance than other methods. In addition, the results 

obtained show that the method can be easily applied to 

different systems. 
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