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Abstract: The speed control system is one of the interesting terms in control system engineering. Nowadays several control system algorithm have 

been applied in that application. PID controller is a well known controller and widely used in feedback control in industrial processes. For speed 

control system sometime PID controller is not accurate for this application because of non linear element present in the system. Therefore in this 

research the fuzzy logic controller and IMC controller is proposed to overcome the problem of PID controller. Fuzzy logic controller and IMC 

controller has an ability to overcome the problem of PID controller. A mathematical model of the process has been developed using real plant data 

and then conventional controllers, Fuzzy logic controller and IMC controller has also been designed. A comparative analysis of performance 

evaluation of all controllers has been done. 
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I. INTRODUCTION 

DC motors are widely used in industrial applications, robot manipulators and home appliances because of their high reliability, 

flexibility and low cost where speed and position control of motor are required. This paper deals with the performance evaluation of 

different types of conventional controllers and intelligent controllers implemented with a clear objective to control the speed of 

separately excited DC motor. A motor that converts electrical energy into mechanical energy are generally of two types i.e. AC motor 

& DC motor. A simple DC motor uses electricity and magnetic field that produces torque which rotate the motor. PMDC permanent 

magnet DC motor outperforms to AC motor because it provides better speed control on high torque loads and is used in wide 

industrial application. The applied voltage describes the speed of motor while current in the armature windings shows the torque. 

 

II. SPEED CONTROL OF DC MOTOR 

Speed control stands for intentional speed variation carried out manually or automatically. DC motors are most suitable for wide 

range speed control and therefore is used in many adjustable speed drives. 

 

 

 

 

 

                                                                          

 

Figure 1: DC servomotor model 

The above diagram shows the model of the DC servomotor. In this project we deal with the armature controlled dc motor where the 

field is constant. The parameters of the armature controlled dc motor are listed below. 

Where, 

Ra = armature-winding resistance (Ω) 

La= armature-winding inductance, (H) 

Ia = armature current, (A) 
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If= field current(A) 

Ea = applied armature voltage (V) 

Eb = back emf (volts) 

θ = angular displacement of the motor shaft, (rad) 

TM = torque delivered by the motor, (Nm) 

J = equivalent moment of inertia of the motor and load referred to the motor shaft (kg-m2) 

F = viscous-friction coefficient of the motor and load referred to the motor shaft, (NM/(rad⁄s) 

 

A. Specification of DC motor: 

Table 1: Specification of DC motor 

Armature-winding resistance (Ra) 1 ohm 

Armature-winding inductance (La) 0.5 H 

Moment of inertia of the motor(J) 0.01 kg-m 

Armature current (Ia) 0.1 Amp 

Applied armature voltage (Va) 220 volt 

Viscous-friction coefficient of the motor (B0) 0.1 N-m/rad/sec 

Back emf constant(Kb) 0.01V/(rad/sec) 

Motor torque constant (KT) 0.01N-m/A 

                                                                  

We know that the armature voltage equation is given by:  

                  Va =Eb+ Ia Ra+ La (dIa/dt) ---------------- (1) 

The back emf is given by: 

                  Eb = Kb * ω [ω = dθ/dt] -------------------- (2) 

As we know that     [ω = dθ/dt] 

Now the torque balance equation will be given by: 

                  Tm= Jdω/dt +F ω -------------------------- (3) 

 

The transfer function of the armature controlled DC servomotor is given by: 

                                                   Gm(s) =  
KT

s(Ra+sLa)(sJ+F)+ sKbKT
         

We design the system according to the specification given by the above table [1] for armature controlled dc motor  

                                                          Gm(s) =   
2

𝑠2+ 12𝑠+20.02  

       

III. SPEED CONTROL WITH LINEAR CONTROLLER 

PID (proportional–integral–derivative) controller used as a linear controller for control process with good response. A PID controller 

is widely used in industrial control systems. It is a generic control loop feedback mechanism and used as feedback controller. PID 

working principle is that it calculates an error value from the processed measured value and the desired reference point. The work of 

controller is to minimize the error by changing in the inputs of the system. 

 

 

 

 

 

                                      

 

 
Figure 2: Block Diagram of PID controller 
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3.1 Tuning Of PID Controller:    

PID controllers are probably the most widely used industrial controller. PID tuning method is a popular method of tuning PID 

controller. In closed loop tuning method, a critical gain Kc is induced in the forward path of the control system. The high value of the 

gain takes the system to the verge of instability. It creates oscillation and from the oscillations, the value of frequency and time are 

calculated. Open loop tuning method which is known as process reaction curve method, in this method a process reaction curve is 

generated in response to a disturbance. This process curve is then used to calculate the controller gain, integral time and derivative 

time. The method is performed in open loop so that no control action occurs and the process response can be isolated. Here, all the 

tuning rules are compared on the basis of Rise Time (Tr), Settling Time (Ts), Maximum Overshoot (M%) and their corresponding 

Performance Indices (PI) like Integral Square Error (ISE), Integral Time Square Error (ITSE), Integral Absolute Error (IAE), and 

Integral Time Absolute Error (ITAE). 

 

 

 

      

 

 

 

 

 

 

 

 

Figure 3: Simulink Model of the DC Servomotor with PID Controller 

3.1.1 Ziegler and Nichols tuning method: Ziegler and Nichols proposed rules for determining values of Kp Kd and Ki based on the 

transient response characteristics of a given plant. Closed loop oscillation based PID tuning method is a popular method of tuning PID 

controller. In this kind of tuning method, a critical gain Kc is induced in the forward path of the control system. The high value of the 

gain takes the system to the verge of instability. It creates oscillation and from the oscillations, the value of frequency and time are 

calculated. 

 

 Table 2:  Ziegler and Nichols Table 

Controller Kp Ti Td 

P 0.5Kc - - 

PI 0.45Kc Tu/1.2 - 

PID 0.6Kc Tu/2 Tu/8 

 

 

                                                                                                           Figure 4:  Ziegler and Nichols PID Response 

                                                                                                          

From the close loop oscillation method we find the ultimate gain Kc = 13.6434 and ultimate period Tu = 3. Which implies Kp = 

8.18604, Ki = 5.4573, Kd = 2.9469. The corresponding Amplitude vs. Time Plot for PID is shown in Figure 4, obtained for the 

controller parameters calculated in the above Table 2.  

  

3.1.2 AMIGO (Approximate M- constraint Integral Gain Optimization) Tuning Rule: The Z-N rule does not give the 

satisfactory control. Therefore there have been many modifications of the method that retain the simplicity but give improve the 

robustness. The AMIGO (Approximate M-constraint Integral Gain Optimization) tuning rule designed to maximize the controller 

integral gain subjected to robustness constraints express by maximum sensitivities. The process models were then approximated by 

simple models and relations between model parameter and controller parameter. 
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Table 3:  AMIGO Table 

   

 

 

 

 

                                                                                                                        Figure 5: AMIGO PID Response 

From the close loop oscillation method we find the ultimate gain Kc = 13.6434 and ultimate period Tc = 3 where, v = (1/Kp*Kc). 

Which implies Kp = 3.697, Kp = 5.069, Kd = 1.4601. The corresponding Amplitude vs. Time Plot for PID is shown in Figure 5, 

obtained for the controller parameters calculated in the above Table 3.   

 

3.1.3 Chien-Hrones-Reswick Tuning Rule: This method is a modified of the original Ziegler-Nichols method. It was produced by 

Chien-Hrones-Reswick in 1952 with a better control to the response overshoot. Compared with the traditional Ziegler-Nichols tuning 

formula, Chien-Hrones-Reswick method also uses the time constant T and the parameters found from the step response of the open-

loop system. 

 

 

 

                                                                                                               

 

 

 

 

 

 

Table 4: Chien-Hrones-Reswick Table 

Figure 6 : Chien-Hrones-Reswick PID Response 

From the open loop oscillation method we find the static gain Ks = 1, dead time Tu = 0.2, time constant Tg = 0.8. Which implies Kp = 

4.8, Ki = 12, Kd = 0.48. The corresponding Amplitude vs. Time Plot for PID is shown in Figure 6, obtained for the controller 

parameters calculated in the above Table 4.   

 

Performance Analysis: 

Here performance of linear controller with different tunning rules is analyzed. The result shows that the linear controller with different 

tuning rule achieves better performance while tuning the controller gains for different cases such as eliminating overshoot, rise time 

and steady state error. Performance Analysis data obtained from the simulation and responses have been tabulated in Table 5. 

 

 

 

 

 

 

 

 

Controller K Ti Td 

PI  

0.16Ku 

 
𝑇𝑢

1 + 4.5𝑣
 

 

------- 

PID  

(0.3 – 0.1v^4)Ku 

 
0.6𝑇𝑢

1 + 2𝑣
 

 
0.15(1 − 𝑣)𝑇𝑢

1 − 0.95𝑣
 

Controller Kp Ki Kd 

P 0.3Tg/Ks*Tu ------- ------ 

PI 0.35Tg/ Ks*Tu 0.292/ Ks*Tu ------ 

PID 0.6Tg/ Ks*Tu 0.6/ Ks*Tu 0.3Tg/Ks 
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Table 5: Performance Analysis of DC Servomotor with Linear Controller 

 

Transfer 

Function 

Linear 

controller 

with Tuning 

Rule 

Rise 

Time 

(Tr) 

(sec) 

Settling 

Time 

(Ts) 

(sec) 

Maximum 

Overshoot 

(M %) 

Integral 

Absolute 

Error 

(IAE) 
 

Integral 

Time 

Absolute 

Error 

(ITAE) 
 

Integral 

Square 

Error 

(ISE) 
 

Integral 

Time 

Square 

Error 

(ITSE) 

Gm(s) PID with 

Ziegler and 

Nichols Rule 

1.8 10.7 16.2 1.834 4.11 0.8235 0.7048 

Gm(s) PID with 

AMIGO Rule 

5 8.5 0 1.975 3.473 1.077 0.9247 

Gm(s) PID with 

Chien-

Hrones-

Reswick Rule 

2.5 5 2.4 0.9124 0.5595 0.6233 0.2099 

 

IV. SPPED CONTROL WITH NON LINEAR CONTROLLER 

Nonlinear control theory is the area of control theory which deals with systems that are nonlinear, time-variant, or both. Control 

theory is an interdisciplinary branch of engineering and mathematics that is concerned with the behavior of dynamical systems with 

inputs, and how to modify the output by changes in the input using feedback. Fuzzy logic controller, IMC controller, Model predictive 

controller, Model reference adaptive controller which gives expert output in automatic control strategies. In this project we discussed 

on Fuzzy logic controller, IMC controller and analyzed the performance by applying on DC Servomotor.   

 

4.1 Fuzzy Logic Controller: 

The Fuzzy Logic Controller is intended to have two Fuzzy state Variables and one control variable for accomplishing speed control of 

the DC Servomotor. Fuzzy controllers are very simple conceptually. They consist of an input stage, a processing stage, and an output 

stage. The input stage maps sensor or other inputs, such as switches, thumbwheels, and so on, to the appropriate membership 

functions and truth values. The processing stage invokes each appropriate rule and generates a result for each, then combines the 

results of the rules. Finally, the output stage converts the combined result back into a specific control output value. The most common 

shape of membership functions is triangular, although trapezoidal and bell curves are also used, but the shape is generally less 

important than the number of curves and their placement. In Figure 7 shows a block diagram of Fuzzy logic based control system. 

 

                                                                 

 

             

 

                                               

 

 

 

Figure 7: Block Diagram of Fuzzy Logic Based Control System 

For the fuzzy logic controller the input variables are error (E) and rate change of error (∆𝐸), and the output variable is controller 

output (Speed). Triangular membership functions are used for input variables and the output variable. Each variable has 5 

membership functions. Thus, there were total 25 rules generated. The universe of discourse of error, rate of error and output are [0, 1], 

[0, 1] and [0, 1.5] respectively. The rule base framed for DC motor is tabulated in Table7. Linguistic variables for error, rate of error 

and controller output are tabulated in Table 6. 
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Table 6: Linguistic variables                                                         Table 7: Rule Base Framed for DC Servomotor 

 

 

 

 

 

                                                              

 

 

 

Figure (8) shows the Fuzzy logic controller designed in MATLAB Simulink by using the rule base designed above in table 7. It shows 

the simulink model for DC Servomotor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Simulink Model of the DC Servomotor with Fuzzy Logic Controller 

 

The corresponding Amplitude vs. Time Plot for Fuzzy Logic Controller shown in Figure (9). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Fuzzy Logic Controller Output 

 

4.2 Internal Model Control: 

The theory of Internal Model Controller states that “control can be achieved only if the control system encapsulates, either implicitly 

or explicitly, some representation of the process to be controlled”. The Internal Model Controller is based on the inverse of the 

process model we are trying to control. If we cascade the process transfer function with a controller which is the exact inverse of the 

process, then effectively the gain becomes unity and we have perfect set-point tracking. The main feature of internal model controller 

is that the process model is in parallel with the actual process. Figure 10, shows the scheme of IMC. Internal model controller 

provides a transparent framework for control system design and tuning. 
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                                                   Figure 10: Internal Model Controller 

Here Gp is the transfer function of DC Servomotor Gp(s) =  
2

𝑠2+ 12𝑠+20.02  .                

Gm is the model of the DC Servomotor and Gb is the feedback which is unity.  

Ga is the low pass filter   is Ga =  
1

1+𝜏𝑠
    where 𝜏 is the time constant here we choose the value is 0.9. 

Gc = 
𝑠2+ 12𝑠+20.02

(1+0.9𝑠)^2
  which is the controller transfer function. 

 

 

 

 

                                            Figure 11: Equivalent Block diagram of IMC 

Figure (11) shows the equivalent block diagram of the IMC controller which is implies in MATLAB simulink block.  

 

According to the IMC controller block diagram designed in MATLAB simulink. In Figure 12 shows the simulink model of the DC 

Servomotor with IMC controller. 

  

 

 

 

 

 

 

 

 

 

Figure 12: Simulink Model of the DC Servomotor with IMC Controller. 

 

The corresponding Amplitude vs. Time Plot for Internal Model Controller shown in Figure 13. 
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Figure 13: IMC Controller Output 

Here performance of the different non linear controllers is analyzed. The results shows that the different nonlinear controllers achieve 

better performance while tuning the controller gains for different cases such as eliminating overshoot, rise time and steady state error. 

Performance Analysis data obtained from the simulation and responses have been tabulated in Table 8. 

 

Table 8: Performance Analysis of DC Servomotor with Non Linear Controllers 

 

V. CONCLUSION 

This paper discusses the design of the linear and nonlinear controller for the DC Servomotor speed control system. Here linear 

controller as PID controller with Three popular methods implemented and analyzed using MATLAB to create a friendly environment 

for study each method techniques and effect on the system response performance. Final results show that each method has its specific 

advantage over the others. For the chosen DC Servomotor speed control transfer function, it has been shown that the Ziegler-Nichols 

gives faster system response with acceptable overshoot with oscillation while AMIGO yields zero overshoot with greater settling time 

than Chien-Hrones-Reswick but less than Ziegler-Nichols while Chien-Hrones-Reswick yields lower overshoot with acceptable 

system transient response.  

The non linear controller with Fuzzy Logic controller and Internal Model Controller are hereby implemented and analyzed for the 

speed performance of DC Servomotor using MATLAB. Final results show that each method has its specific advantage over the 

others. In this paper, comparative studies of performance of different non linear controllers as fuzzy logic controller and IMC 

controller have been studied. After the comparison of results and simulations, it is found that the Fuzzy Logic Controller gives better 

response than IMC. Here Fuzzy Logic Controller and IMC both have zero overshoot but fuzzy settles earlier than IMC. After careful 

investigation it is found that its performance index is satisfactory than IMC. Hence it is concluded that the proposed Fuzzy Logic 

Controller provides better performance characteristics and improves the speed control of DC motor. 

In this paper we studied both linear and non linear controller and we conclude that non linear controller gives better performance than 

linear controller as it takes into account the other non- linearity associated with the controller and plant. But in small scale industries 

like food and beverage industries linear controller can be work with good accuracy and it is not highly expensive, so there no needs of 
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use non linear controller. Now in case of high scale industries like thermal power plant or steel plant non linear controller works with 

good accuracy where linear controllers are not give satisfactory result.   
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