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Abstract. PID (Proportional Integral Derivative) control is a popular control in the industry 

and aims to improve the performance of a system. This control has controlling parameters, 

namely Kp, Ki, and Kd which will have a control effect on the overall system response. In 

this research, P, PD, and PID control simulations with the transfer function of the mass-

damper spring as a plant using Xcos Scilab. The method used is the trial and error method 

by setting and varying the values of the control constants Kp, Ki, and Kd to produce the 

desired system response. The value adjustment of system control parameters is carried out 

with several variations, namely Kp control variation, Kp variation to constant Kd, Kd 

variation to constant Kp, Kp variation to Ki, constant Kd, variation of Ki to Kp, constant Kd 

and variation of Kd to Kp, Ki constant. The second method is automatic tuning which is 

done through mathematical calculations to obtain PID control constants, namely Zieglar 

Nichols PID tuning with the oscillation method. From the system simulation results, the 

best parameter is obtained through the Zieglar Nichols PID tuning process based on the 

results of the transient response analysis, namely when the proportional gain value (Kp) is 

50. The system performance characteristics produced in the tuning process are 3.994 

seconds of settling time at 2.36 seconds research time. resulting in a maximum overshoot 

value of 3.6% and a peaktime value of 3.994 seconds 
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1 Introduction 

PID (Proportional Integral Derivative) control is a development of conventional control which 

aims to provide the best control effect on a control system [1]. PID control is structurally simple 

and can be applied in general to a structure that is simple and easy to understand [2]. PID 

control is a basic control structure that has been used successfully in many industrial 

applications [3]. The PID control system is a controller to determine the precision of an 

instrumentation system with the characteristics of feedback on the system [4]. The purpose of 
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the PID control system is to improve the performance of a system. PID is defined through three 

control parameters, namely Proportional (Kp), Integral (Ki) and Derivative (Kd). It has been 

found empirically that PID controllers are able to solve various control problems. There are 

more complex controllers that differ from PID controllers by using more sophisticated methods 

[5]. 

PID can be a component of process control due to its effectiveness, simplicity of 

implementation structure and ease of tuning its control parameters [6]. In a control system we 

know there are several kinds of control actions where each of these control actions has certain 

advantages. These parameters have a different influence on the achievement of the specified 

system performance so that it needs to be combined to complete the shortcomings of each 

parameter [7].  A proportional controller is a controller that produces an output whose value is 

directly proportional to the error value. An integral controller is the sum of errors at any time 

and accumulating offsets that have previously been corrected. Derivative controllers predict sise 

behavior and then improve system time and stability [8]. Proportional Integral Derivative (PID) 

controller parameters are always based on a review of plant characteristics. Thus, however 

complicated a plant is, the behavior of the plant must be known first before the search for PID 

parameters is carried out [9].  

This research uses mass-damper spring system model as plant. Modeling a plant is not difficult 

to do as long as the plant is low-level. Difficulties will arise when the plant modeled high-level 

[10]. System modeling is represented by the mathematical equation of the transfer function. The 

system is based on closed lup control using measurement of output signal and reverse signal to 

be compensated/compared to desired input/reference input/command input [11]. This research 

was conducted by simulating the control system by determining the price of different 

proportional, integral and derivative controller constants that will optimize system performance. 

The constant adjustment of Kp, Ki and Kd is done by trial and error method and will result in the 

highlighting of the properties of each element. One of the three constants will vary to a constant 

and can be adjusted more prominently than the other. Variable constants will contribute to the 

influence of the overall system response.  

The result of system performance specification provides information about transient response to 

time domain. Transient response can be determined from the measurement of frequency 

response to plants and actuators and the response of open loop frequencies to closed loops [12]. 

The system performance seen is rise-time, overshoot, peak time and settling-time against the 

input given. Another method used is by automatically PID tuning method Zieglar Nichols (Z-

N). The Ziegler-Nichols (Z-N) design is the most popular heuristic method used in process 

control to determine controller PID parameters [13]. This method has two ways, namely the 

oscillation method and the reaction curve. The Ziegler-Nichols method used is the oscillation 

method. The oscillation method is a method of reasoning based on the reaction of the closed 
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loop system [14]. Mathematical calculation of the system is based on Root-Hurwitz criteria for 

gain value and critical period to be used in Zieglar-Nichols PI and PID tuning process. 

The control system methods used are simulated using several supporting software. One of the 

software that can be used for PID simulation is Scilab with a special toolbox for simulation 

named Xcos. Xcos is a diagram block editor for modeling and simulation of mixed dynamic 

systems including continuous and discrete models. Xcos consists of three elements: Editor, 

Pallete browser, and Simulator. The editor is the place to design the system to be built. This 

design is in the form of flow chart, starting from system input, process and system output Part 

two is a browser palette containing blocks that have been grouped by categories, such as 

continuous systems, discrete systems, mathematical operations, matrices, electrical and others. 

The last part is the simulator. Dynamic systems that have been designed then simulated, in the 

form of graphics for example, using the simulator Xcos [15]. 

2 Methods  

This research was conducted at the Control System Laboratory of the LIPI Physics Research 

Center Gd. 442 Serpong PUSPITEK area, Setu Village, South Tangerang City, Postal Code 

15310, Banten Province, starting from 03 February 2020 to 31 May 2020. The research 

flowchart is given in Figure 1; the base system remains a mass-damper spring is depicted in 

Figure 2.  

 

Figure 1. Research flowchart 
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Figure 2. The base system remains a mass-damper spring [16].  

Plant is a set of equipment consisting of several machine parts that function together to carry out 

a certain operation [17]. 

The transfer function between the force input F (s) and the displacement output X (s) becomes: 

      

    
  

 

        
                                                                                                              (1) 

For known: 

m=1 kg 

b=10 Ns/m 

k=20 N/m 

F=1N 

 
Substitute the known values into the transfer function above 

    

    
  

 

         
                                                                                                               (2) 

 
Figure 3.  PID control system block diagram with constant Kp and Ki and Kd variation 

Table 1 gives Zieglar-Nichols Tuning Rules based on Gain and Critical Period with the 

oscillation method, and Figure 4 gives Zieglar-Nichols PID Tuning Simulation. 

Table 1. Zieglar-Nichols Tuning Rules based on Gain and Critical Period with the oscillation 

method [18] 

Control Type          

P           0 

PI          

  
    

0 

PID                         
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Figure 4.  Zieglar-Nichols PID Tuning Simulation 

Time response characteristics are response characteristics where the performance specifications are based 

on observing the form of system output response to time changes. The parameters used to measure the 

quality of transient responses in second-order systems include [19]. 

1. Rise time (tr), the time it takes for the response to increase from 10% to 90%, 5% to 95%, or 0% 

to 100% of the final value. For second-order underdamped systems, the usual time is 0% to 

100% and for overdamped systems the time goes up by 10% -90% 

2. Peak time (tp), peak time is the time required for the response to reach the first peak of the 

overshoot. 

3. Maximum (percent) overshoot (Mp), is the maximum peak value of the response curve. 

Maximum percent overshoot  
     

    
     . The maximum amount of overshoot 

(percent) directly indicates the relative stability of the system. 

4. Settling time (ts), is the time it takes for the response curve to reach and stay there within the 

range of the final grade determined by the percentage of the final grade (usually 2% or 5%) [20]. 

3 Result and Discussion 

The control system is simulated by varying the value of one constant against another constant. Several 

variations of the values have the best and worst responses seen from the results of the graph of the output 

signal to the step signal input whose performance specifications provide information about the transient 

response in the time domain. 

3.1 Trial and error method 

The simulation of the PID control system is carried out by varying the different constants in the Kd 

parameters against the constant Kp and Ki. The system response can be seen from the results of the output 

signal graph to the step signal input whose performance specifications are shown in Table 2 which 

provides information about the transient response in the time domain. 
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Table 2.  The results of the transient response of the PID control system with a constant 

variation of Kp to Ki and Kd 

Kp Ki Kd Rise 

time (s) 

Max. 

Overshoot 

(%) 

Peak 

time (s) 

Settling 

time (s) 

5000 500 1 1.183 12.1 1.3 1.556 

5000 500 25 1.147 0 0 1.208 

5000 500 50 1.095 0 0 1.170 

5000 500 75 1.091 0 0 1.099 

5000 500 100 1.090 0.4 0 1.098 

5000 500 125 1.090 0 0 1.098 

5000 500 150 1.092 0 0 1.113 

5000 500 175 1.094 0 0 1.160 

5000 500 200 1.097 0 0 1.178 

5000 500 225 1.105 0 0 1.189 

 

3.2 PID tuning parameters using the Zieglar-Nichols method 

In the PI and PID tuning process, the plants used are slightly different with the addition of a 

pole (s + 5). This tuning rule uses the Z-N method with the oscillation method and the first step 

is to find the Kcr and Pcr values. The Kcr value is used from the Routh Hurwitz stability method. 

Routh-Hurwitz stability criteria 

Model G (s) when adding pole z = -5 

     
 

                
  

   

                   
                                            (4) 

The characteristic equation obtained is based on the denominator coefficient (denumerator) of 

the system transfer function, namely: 

                                                                                                      (5) 

 

Table 3.  The Routh Hurwitz criteria for calculating the Routh Hurwitz method will obtain a Kcr 

value, as follows: 

 

 

 

 

 

 

              

  
   

                 

                    

To determine the values of Ti and Td by performing calculations looking for the value of 

continuous oscillation frequency (Pcr) by substituting s = jω into the characteristic equation 

                    , to be 
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                                                                                                      (6) 

    √         

Therefore, the continuous oscillation period obtained is: 

    
  

 
 

    

     
                                                                                                         (7) 

 

Figure 5. Graph of control system response results with Kcr = 950 

 

Figure 5 shows that when Kcr = 950 can produce sinusoidal output. After obtaining a synergistic output, 

the PI and PID tuning process is carried out by entering the values that have been obtained. 

 

Figure 6. Graph of the response results for Zieglar-Nichols PID tuning with Kp = 50 

Table 4 is the table of Zieglar Nichols PI and PID tuning results. 

 

Table 4.  Zieglar-Nichols PI and PID Tuning Results 

Control 

Type 
   Risetime (s) Max. 

Overhoot 

(%) 

Peaktime (s) Settling time 

(s) 

PI 427.5 Continuous oscillation 

 

4.5 3.411 3 4.9 5.77 

PID 570 1.31 52.9 1.55 3.079 

310 1.409 45.2 1.70 3.289 

50 2.36 3.6 3.30 3.994 
 

The results of the transient response of Zieglar Nichols tuning PI and PID in Table 4 show that the system 

performance specifications in the Zieglar Nichols PID tuning process produce transient response values to 

the time domain. This result is better than Zieglar Nichols' PI tuning. This is because in PI tuning there is 

no controller action that can produce output to correct the error value or there is no action that can 
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anticipate the error generator so that the response generated when the gain is 427.5 continuous 

oscillations. 

4 Conclusion 

The best parameter of the PID control system using the trial and error method occurs when a 

constant variation of Kd against Kp and Ki is carried out, namely when Kp = 5,000, Ki = 500, and 

Kd = 125 produce a transient response to research time and settling time of 1.090 seconds and 

1.098 seconds and the error value (overshoot) is zero. The best parameters generated when 

using the Zieglar-Nichols PID tuning method when the value of Kp = 50 resulted in a response 

to research time, settling time, and overshoot of 2.36 seconds, 3.994 seconds and 3.6%. Scilab is 

an open source high-level programming language available under a free license. Ease of use 

Scilab Tools can model and simulate dynamic systems. Modeling uses graphics where Xcos 

consists of diagram blocks with specific functions. 
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