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Abstract: We aim to design a fractional order robust control system. It is an advanced model of classic PID controller whose 

order will be non-integer.PID controller that we generally use has many advantages and disadvantages with respect to the 

disadvantages like, it doesn’t give accurate values of constants, exact values of the time domain parameters as well as 

frequency domain parameters of the control system and we have more robust problem. Wearable electronic based an automatic 

voltage regulator can automatically preservesthe terminal voltage of generator at a fixed value under varyingly load and 

operating temperature. AVR controls output by sensing the output voltage at a power-generating coil and compares it to a 

stable reference. The combination of fractional order controller with an automatic voltage regulator is proved to be better than 

conventional controllers. 
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1. Introduction 

Oustaloup is the pioneer in the field of fractional order calculus. It was also known as command robusted 

order non-entier (CRONE) controller. It is employed in contrastive feedback control systems. In the recent times 

podlundy a scientist introduced a generalized fractional PID controller called the fractional order PID controller 

that offers many advantages and advanced than the classic PID controller that includes  (integrative action) and 


( derivative action ) as integral and derivative constants. It has wider scope of design (White, 1997; Yang, 

2006; Sampath Kumar, 2020; Samardzic, 2017; Murugan, 2020; Aroulanandam, 2019) this fractional order PID 

controller is a better solution for many industrial problems and some applications. Generalized FOPID IS 

C(s) = 
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The foremost work or intention of this FOPID controller is to find out those two constants and fulfill the 

additional specifications of the systems. Generally FOPID is represented as  
 DPI when 1,1 ==  , one can 

get classical PID. 

 
 

This FOPID increases the system total performance.  

 

2. Design Specifications 

The aim to design the controller is to achieve the various stipulation regarding sturdiness to plant load 

disorders, reservations, high frequency noise and frequency domain specifications. In general for any control 

system gain margin and phase margin are the signs of strength. Further phase of the system is mutually connected 

to the damping ratio, so it can also be treated as the performance measure (Subhransu, 2011; Duarte, 2015). This 

system rejects the output disturbances. Steady state can be terminated. 

 

3. Comparison of PID and FOPID Controllers 

The mathematical model of the conventional PID controller is.  
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Figure 1. Block diagram of PID controller. 

 

Here to find three unknown parameters. So, it is required to design better controller than the classic PID 

controller in order to avoid disadvantages. So, here fractional order came into existence. The transfer function 

obtained for this non-conventional order PID controller is as equation (1). 

 

 
Figure 2. Block diagram of FOPID controller. 

 

The proposed controller satisfies time and frequency parameters, sensitivity function of robustness, load 

disturbance and high frequency. Further the above specified design specifications influence the stability, stoutness 

and presentation of the system. So, in order to design this fractional order control system we use an optimization 

technique, to find all the unknown parameters accurately and improve the features of stability and performance 

(Grizzle, 2003). For this comparison, further we also design classic PID controller and tested on a physical real 

system (AVR, PSS) (Hoque, 2014; Igor, 2001; Latchoumi, 2017; Manue, 2006) and prove that fractional order 

controller gives the better results than the traditional PID controller because these dynamic module characteristics 

of the fractional PID controller (real dynamic system) is superior than the typical PID controller. Now the 

conditions regarding phase margin, gain margin, sensitivity functions and sturdiness limitations will be done in the 

process, further the effective design features regarding presentation, steadiness and sturdiness, of course other 

varieties of features can also satisfied, related to individual necessities of the structure. We have design features as 

follows: Gain and Phase margin always work for the significant inventions of strength (i.e., these are the main 

specifications to design strength of a system). The gain and phase margin specifications are specified by the 

following equations 

 

                      (3) 

                (4) 

 

The third design speciation is the Tuning problem that forces the phase of the system F(s) = C(s) G(s) to be get 

at where gain is 0dB i.e., more or less unvarying at an interval roughly gain 0dB frequency region. 

 
darg(F(S))

dω
|ω = ωcg                                                       (5) 

High frequency noise rejection: An element corresponds to sensitivity function given by  

(6) 

(7) 

 

To ensure a output disturbance rejection: A element on the sensitivity function is given by  
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(8) 

(9) 

 

4. Designing of FOPID Controller 

In order to know the finest blueprint specifications of Fractional order PID controller. We need to design both 

fractional order and general PID controllers. We need to design the FOPID controller for the systems AVR,PSS. 

The transfer function for the FOPID is 

(10) 

To devise this fractional order PID controller, the primary thing need to do is, search for the worst case 

frequency from the procedure. Initially first we assign the initial specification i.e. the gain cross over frequency 

and the desired phase margin. The desired phase margin is 40 degrees, from the transfer function the undamped 

frequency is almost close to 18krad/sec and the left half plane zero is about 83krad/sec. The switching frequency 

of the converter is found to be 200kHz (approx 1250krad/sec). So, gain cross over frequency should be almost 1/5 

of this value so that might be 250krad/sec. 

 

       Now, with these initial specifications, we start to search for the worst frequency case and it might be 

40krad/sec. For designing the FOPID, We need the specifications initially. 

 

4.1 Phase Margin Constraint 

     (11) 

4.2Gain Cross Over Frequency Constraint 

              (12) 

4.3Robustness to Loop Gain Variation Constraint 

                                      (13) 

 

5. System under consideration 

 
 

Figure 3. Block diagram of synchronous generator. 

 

From figure 3 below, the flow of energy is explained as, the input coming on to turbine is governed by the g     

over nor and  the turbine is attached to the shaft of the generator the electrical power coming out is passed on to 

the transmission lines. In this arrangement, the exciter of generator is excited by the part of the power from the 

generator itself. Many more interconnections are in exciter, but not for discussion in this context. The recital of 

governor governance is performed by the output of the turbine and the incoming input from the turbine through a 

proper check between the reference torque r. in practice the recital of governor and the exciter are on the surface 
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taken care of by the power system stabilizer (PSS) and the automatic voltage regulator (AVR) for invariable input 

without any break. A PSS installed in the AVR of the Generator improves the power system stability. Automatic 

Voltage Regulator (AVR)is a device that automatically maintains the output voltage at a set value i.e. it turns the 

fluctuating voltage level to an unvarying level. This progression is done by varying the load and working 

temperature. This voltage output at generator is controlling by the AVR is done by sensing the output voltage at a 

power generating coil and compares it with a reference value. 

 

6. Operating Theory 

Essentially these automatic voltage regulators are used in alternators in order to bound the voltage to in and 

around 14.5 V, in order to protect the electrical systems from fatal damage regular failures. AVR’s are also used in 

automobile alternators, transformers, power station generator plants in order to control the output (Manue, 2004; 

Kanaga, 2015). In general it is negative feedback control system that measures the output voltage and that voltage 

is compared with desired point the difference of these two signals is generated as error, which is used to adjust the 

excitation of the generator. As the load and temperature are varied the excitation current in the field winding is 

varied (increases) as a result the terminal voltage increases. And hence these variations in the voltage are 

controlled by Automatic Voltage Controller. 

 

7. Power System Stabilizer (PSS) 

It is device that is used to measure the improvement in the system stability, when it is added to the AVR. It is a 

device that is provided additionally (Ahmad, 2006). This device is used to damp the electro-mechanical 

oscillations obtained in the generator in order to protect the shaft line and also to provide stabilization to the 

network. Only AVR cannot make the fluctuations control and damp, so we add PSS in order to make the process 

faster (Adams, 2000; Vasanth, 2017). As it is an additional part for Automatic Voltage generator and it is also a 

device that is able to withstand or recover quickly from the difficult conditions (i.e. like voltage sag or dip along 

with the faults).When it is given to the AVR, it will ensure the voltage stability by taking the feedback voltage 

from the network and the excitation (Abhaya , 2015; Hyo-Sung, 2010; Mahmut, 2015; Monje, 2010; Shankar, 

2020; Sekaran, 2020). This is mainly used only in the synchronous generators because the speed in those will be 

depending on the frequency and number of poles and at a certain point speed will be constant. Hence the angles of 

load that varies can be easily calculated. So we use these more in synchronous generators. 

 

8. Results 

       Now for comparing the performance FOPID and IOPID controllers we have to draw the bode of the open 

loop plant. 

 

      The table below shows the conventional compensation and proposed compensation of FOPID and IOPID 

Controllers. 

 

 Table 1: summary of results 

 
Compensation 

types 

Parameter value Peak 

overshoot 

Settling 

time 

FOPID for AVR 𝐾𝑃=0.01417               

𝑘𝑖=0.00317 

𝐾𝑑= .02155 

 µ=  .50188, 

λ=  0.43208 

P.M=62 deg 

1.28 11sec 

PID for AVR 

𝐾𝑃 =0.01435                 

𝑘𝑖=0 .01435 

𝐾𝑑= 0.01966 

1.5 68.9sec 
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FOPID for 

PSS 

𝐾𝑃=0.97537                      

𝑘𝑖=0.032878, 

𝐾𝑑= .035261, 

 µ=   .49968, 

λ=  0.39485 

P.M=41 deg 

 1.19 13sec 

PID for PSS 

𝐾𝑃 =0.00973                

𝑘𝑖= 0 .01834 

𝐾𝑑= 0.00298 

 1.46 73.4sec  

 

From the figure below it is shown that both FOPID and IOPID controllers has similar (almost) bandwidth but 

some difference can be seen. Further proposed technique of FOPID compensation obtains 40 degrees of phase 

margin across the bandwidth for all frequencies whereas that IOPID controller has approximately 40 degrees 

phase margin but not the same. From the frequency plot that the conventional compensation based FOPID and 

IOPID has cut across the stability limit of negative180 degrees line twice, so for the stability to be analyzed 

properly  step and bode plots has to be considered. 

 

Figure 4 Step response of AVR 

Figure 4 above shows the step response of the systems. The settling times are 68.9sec and 11 sec for IOPID 

and FOPID respectively. The peak over shoots is 1.55 and 1.21 for IOPID and FOPID respectively. So, finally 

FOPID gives the better responses than IOPID. Blue represents the FOPID step response and orange represents 

the IOPID step response. 

 

 

Figure 5 Bode response of AVR 

Even the bode plot also helpful in finding the stability of the system. The results are given above. The bode 

plot of the Fractional order PID gives the enhanced result than the integer order PID controller. Here the FOPID 

gives 62 degrees of phase margin which is very stable. 
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Figure.6 Nyquist response of AVR 

 

Nyquist plot gives the robust stability of the system. When it is left side it is more stable. 

 

 

 
 

Figure7 Step response of PSS 

 

Figure 7 above shows the step response of the systems. The settling times are 73.4sec and 13 sec for IOPID 

and FOPID respectively. The peaks over shoots are 1.46 and 1.19 for IOPID and IOPID respectively. So, finally 

FOPID gives the better responses than IOPID. Blue represents the FOPID step response and orange represents 

the IOPID step response. 

 

 

Figure 8 Bode plot of PSS 

 

Even the bode plot also helpful in finding the stability of the system. The results are given above. The bode 

plot of the FOPID gives the better result than the IOPID controller. Here the FOPID gives 41 degrees of phase 

margin which is stable. Nyquist plot gives the robust stability of the system.  
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Figure 9 Nyquist plot of PSS 

9.Conclusion 

Finally, in the script, a better method is employed for designing the FOPID controller for decreasing system. 

This technique provides the improvements those can’t be achieved by the classic method. This design process is in 

the frequency domain by means of the gain cross over frequency and phase margin, with the method or the 

technique we used, we got the better results and better closed loop performance and the best Robustness 

properties. The peak overshoot of the system is considered small and stable property comes more when compare 

to the classic method. The bandwidth found same for both the methods but FOPID found more stable and Robust. 

From the simulation finally we can conclude that the results in the FOPID controller outperform the IOPID 

controller in the terms of fulfilling the design specifications i.e., phase margin, gain margin, and robustness. The 

results finally provide the fact that fractional controller outperforms integer controller for same set of timing 

constraints.  
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