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 Fractional order controllers are nowadays used in various power electronic 

converters as it is giving superior control performance compared with 

conventional PID controllers. This paper presents the closed loop control of 

different DC-DC converters using PID controllers and Fractional Order PID 

(FOPID) controllers. The closed loop control of the basic converters such as 

buck, boost, buck-boost converters and dual input single output DC-DC 

converters were designed, modeled and analyzed using conventional PID 

controller and FOPID controllers. The performance of the controllers are 

compared in terms of the different time domain specifications like overshoot, 

rise time, settling time, etc. and simulated in MATLAB Simulink platform. 

For all types of the DC-DC converters, FOPID controller gives far better 

performance compared with conventional PID controllers. 
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1. INTRODUCTION 

Generally, DC-DC converters are the simple power electronic devices that switches one level of 

input voltage to another level of output voltage. Normally, DC-DC converter output voltage can be controlled 

using PWM switching with PID controllers in closed loop. DC-DC converters are mainly used in switched 

mode dc power supplies, DC motor drives, computer switched mode power supplies, office devices, control 

of appliances, communication equipment, aircrafts, regenerative braking of DC motors, etc. Many 

applications of the DC-DC converters are demanding the fast tracking of the reference voltages with 

minimum transients. As the power electronics converters are nonlinear, we require an adequate controller to 

meet these specifications. By using these conventional controller, the output voltage may contain large 

overshoots, high settling time, and the waveform obtained will not be smooth. Improvements in the reduction 

of the overshoots, settling time, rise time, etc. can be obtained by Fractional Order PID (FOPID) controllers. 

Buck and boost DC-DC converters are controlled by hybrid and optimal controllers in [1]. Here, the good 

performance can only be achieved with the consideration of nonlinear nature of the control problem.  

The load and line regulations are tested using adaptive fuzzy controller and performance evaluated in [2]. A 

fast response speed with respect to the reference and load voltage variation is achieved using model 

predictive voltage control [3]. A zero steady state error is achieved using a kalman filter based model 

predictive controller in step down dc-dc converter [4]. Closed loop control is carried out using exact feedback 

linearization technique to standard DC-DC buck converter in [5] .FOPID controllers have five tunable 

parameters in addition to the three gain parameters of the conventional PID controllers. Hence the flexibility 

https://creativecommons.org/licenses/by-sa/4.0/
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of FOPID controllers are more than the conventional PID controllers. The design of Fractional Order PID 

controller can be made by finding the values of parameters µ (in derivative order) and λ (in integrator order). 

This paper is organised in such a way that the section 2 explains the operation of various DC-DC converters 

under study. Section 3 describes the structure of conventional PID and FOPID controllers. Section 4 depicts 

the closed loop control and analysis of converters using conventional PID and FOPID controllers and  

the comparative analysis of performance of controllers. The conclusion is given in the section 5 followed by 

references. 

 

 

2. OPERATION OF DIFFERENT DC-DC CONVERTERS 

2.1 Buck converter 

This converter is also called as step down converter which produces the average output lower than 

the input DC voltage. Figure1 shows the circuit diagram of buck converter. During the period when  

the switch is closed (𝑡𝑜𝑛), the diode becomes reverse biased. The input voltage is delivered to the load and 

inductor. The voltage across the inductor, 𝑉𝐿 = 𝑉𝑑 − 𝑉0. During the period when the switch is open (𝑡𝑜𝑓𝑓), 

the diode becomes forward biased and the input voltage cannot be delivered to the load as well as to  

the inductor. The stored energy in inductor is transferred to the load i.e.𝑉𝐿 = − 𝑉𝑂. The equivalent circuit 

diagrams are shown in Figure 2.  

 

 

 

 
 

Figure 1. The buck converter 

 

Figure 2. Equivalent circuit diagrams 

 

 

Design equations of the buck converter are given below [6, 7]. 

The ratio between output voltages 𝑉0 to the input voltage 

 

𝑉𝑑 is 
𝑉𝑂

𝑉𝑑
= 𝐷 (1) 

 

where D is the duty ratio 

By assuming no power loss occurs in the converter, the current ratio is  

 

 
𝐼𝑂

𝐼𝑑
=

1

𝐷
 (2) 

 

the inductor current ripple,  

 

 𝛥𝐼𝐿 =
𝑉0

𝐿
(1 − 𝐷)𝑇𝑠  (3) 

 

the peak - peak output voltage ripple 𝛥𝑉0 is given by, 

 

𝛥𝑉𝑂 =
𝛥𝑄

𝐶
=

𝑇𝑠

8𝐶
 
𝑉𝑂

𝐿
 (1 − 𝐷)𝑇𝑠  (4)  

 

2.2 Boost converter 

This converter is a step up type converter which produces an output voltage higher than that of  

the input voltage. Figure 3 shows the circuit diagram of boost converter. During the interval when the switch 
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is ON (𝑡𝑜𝑛), diode is reverse biased and input is thus isolated from the load. When the switch is OFF (𝑡𝑜𝑓𝑓), 

the diode is forward biased, the output load receives energy from the input and inductor as well.  

The equivalent circuit are shown in Figure 4. 

 

 

 
 

Figure 3. Boost converter 

 

 

 
(a) 

 
(b) 

 

Figure 4. Equivalent circuit diagram, (a) switch on, (b) switch off 

 

 

Design equations of the boost converter are given below [6, 7]. 

The ratio between the output voltage 𝑉0 to the input voltage 𝑉𝑑 is  

 

 
𝑉𝑂

𝑉𝑑
=

1

1−𝐷
 (5) 

 

By assuming no power losses occures, the current ratio is  

 

 
𝐼𝑂

𝐼𝑑
= 1 − 𝐷 (6) 

 

The Inductance,  

 

𝐿 =
𝐷𝑉𝑑

𝑓𝑠∆𝐼𝐿
 (7) 

 

Capacitance 𝐶 =
𝐷𝐼0

𝑓𝑠∆𝑉0
 (8) 

 

The peak - peak output voltage ripple is given by,  

 

∆𝑉𝑂 =
∆𝑄

𝐶
= 

𝐼0𝐷𝑇𝑠

𝐶
 (9) 

 

2.3 Buck-boost converter 

A buck boost type converter can be obtained by cascading the two basic converter i.e., Buck type 

converter and Boost type converter. The circuit diagram for the buck-boost type converter  

shown in the Figure 5. The higher/lower level of output voltage is obtained in the buck-boost converter 

depends upon the duty ratio, but it has s a negative polarity output voltage with respect to the common 

terminal of the input voltage. During the period when switch is ON, the load gets isolated from the input and 

inductor gets energy from the input voltage. During the period when switch is OFF, the output load is again 



      ISSN: 2088-8694 

Int J Pow Elec & Dri Syst, Vol. 11, No. 3, September 2020 : 1323 – 1332 

1326 

isolated from the input and the stored energy of the inductor is transferred to the load. The equivalent circuit 

diagrams are shown in Figure 6. 

 

 

 
 

Figure 5. Buck-boost type converter 

 

 

 
(a) 

 
(b) 

 

Figure 6. Equivalent circuit diagrams, (a) switch on, (b) switch off 

 

 

Design equations of the buck-boost converter is given below [6, 7]. 

The ratio between the output voltage 𝑉0 to the input voltage  

 

𝑉𝑑 is 
𝑉𝑂

𝑉𝑑
=

𝐷

1−𝐷
 (10) 

 

The Inductance,  

 

𝐿 =
𝐷𝑉𝑑

𝑓𝑠∆𝐼𝐿
 (11),  

 

Capacitance, 

 

𝐶 =
𝐷𝐼0

𝑓𝑠∆𝑉0
 (12) 

 

The peak to peak output ripple voltage, 

 

∆𝑉𝑂 =
∆𝑄

𝐶
= 

𝑉0𝐷𝑇𝑠

𝑅𝐶
  (13) 

 

2.4 Dual input single output (DISO) converter  

The Dual input single output type DC-DC converters has a two voltage sources as input as shown in 

Figure 7. It combines the features of the buck type, boost type and buck boost type converters. There are four 

modes of operation based on the input voltage sources and ON and OFF conditions of the two switches S1 

and S2. The input voltage charges the inductor of the converter during the ON and OFF states of the two 

switches. When both switches are ON, the diodes are reverse biased and when both switches are OFF, the 

diodes are forward biased.  
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Figure 7 Dual input single output (DISO) converter 

 

 

The input and the output voltage relationship based on the two duty cycles 𝐷1 and 𝐷2 are 

given by the equation  

 

𝑉𝑂 =  
𝐷1

1−𝐷1
𝑉1 +

𝐷2

1−𝐷2
𝑉2 (14) 

 

 

3. CONVENTIONAL PID AND FOPID CONTROLLERS 

3.1 Conventional PID controllers 

The PID controller tuner shown Figure 8(a) uses the formula 

𝐺𝑐(𝑠) =
𝑈(𝑠)

𝐸(𝑠)
= (𝐾𝑃 +

𝐾𝐼

𝑠
+ 𝐾𝐷𝑠)  (15) 

 

Where,  

𝐾𝑃 - Proportional control gain, 𝐾𝐼 - Integral gain, 𝐾𝐷 - Derivative gain 

 

 

3.2 Fractional order PID controllers 

The fractional order based PID controllers or 𝑃𝐼λ𝐷µ controllers consists of fractional integrator and 

fractional derivative that helps to improve the output of closed loop systems [9]. The transfer function of the 

fractional order PID controller shown in Figure 8 (b) is given below, 

 

𝐺𝐶(𝑠) =
𝑈(𝑠)

𝐸(𝑠)
= 𝐾𝑃 + 𝐾𝐼𝑠−λ + 𝐾𝐷𝑆µ (16) 

 

 

 
 

Figure 8 General block diagram of PID and FOPID controller 

 

 

4. CLOSED LOOP CONTROL OF DC-DC CONVERTERS USING PID AND FOPID 

CONTROLLERS 

In closed loop control of DC-DC converters, output voltage error corresponding to the variation in 

the input voltage is eventually gets corrected by the automatic feedback control. This leads to slow dynamic 

performance in regulating the output with respect to the changes in input voltage [10]. If the duty ratio could 

be adjusted such that to accommodate the change in the input, then the converter output would be regulated. 
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Hence PID or FOPID controllers introduced with PWM techniques [11]. The general block diagram  

shown in Figure 9. 

 

 

 
 

Figure 9. General block diagram of closed loop control of DC-DC converters 

 

 

4.1 Closed loop control of buck converter using PID and FOPID controllers 

The buck converter is designed using the equations 1-4 as given in section 2.1 and are shown in the 

Table 1. Design Values of PID controller are shown in the Table 2. The converter output voltage is regulated 

with lesser settling and rise time using FOPID controller compared with PID controller. The output voltage 

ripple is drastically reduced with FOPID controller. The overshoot is reduced considerably from a higher 

value to a negligible value with the use of FOPID controller. The under shoot and the slew rates are also 

improved with the used FOPID over PID controllers. The performance comparison of buck converter with 

conventional PID and FOPID are given in Table 3. The comparison of response of the converter under these 

two controllers are shown in Figure 10. 

 

 

Table 1. Design parameters of the buck converter Table 2. Design Values of controllers 

Parameter Value 

Input Voltage, 𝑉𝐷 24 V 

Inductance, L 0.1 H 

Capacitance, C 47 µF 

Load Resistance, R 25 Ω 

Switching frequency 5000 Hz 

Duty cycle, D 0.4 
 

Controller 𝐾𝑃 𝐾𝐼 𝐾𝐷 λ µ 

FOPID 0.702 0.6 0.45 0.885 1.2 

PID 0.94 0.45 0.5847 - - 
 

 

 

Table 3. The performance comparison of buck converter with conventional  

PID and FOPID controllers 
Controller Vd 

(V) 

Vo 

(V) 

Rise Time 

(ms) 

Slew rate 

(mv/s) 

Ripple 

(V) 

Overshoot 

% 

Under- 

Shoot % 

Settling Time 

PID 24 9.933 92.687 85.735 0.02 15.698 2.000 19.98ms 

FOPID 24 9.99 40.614 105.223 0 0.505 2.060 0.003ms 

 

 

 
 

Figure 10 Comparison of output voltage of buck converters using PID and FOPID controllers 
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4.2 Closed loop control of boost converter using PID and FOPID controllers 

The boost converter is designed using the equations 5-9 as given in section 2.2 and are shown in 

Table 5. Design values of PID and FOPID controllers are shown in the Table 6. The converter output voltage 

is regulated at desired voltage level with lesser settling and rise time using FOPID controller compared with 

PID controller. The output voltage ripple drastically reduced with FOPID controller as in the case of buck 

converter. The overshoot is reduced considerably with the use of FOPID controller. The undershoot and the 

slew rates are improved with the FOPID controllers over PID controllers. 

 

 

Table 4. The performance comparison of boost converter with conventional PID and FOPID controllers 
Controller Vd 

(V) 

Vo 

(V) 

Rise Time 

(µs) 

Slew rate 

(mv/ms) 

Ripple 

(V) 

Overshoot 

% 

Under- 

Shoot % 

Settling 

Time 

PID 5 11.61 432.533 21.839 0.5 27.564 -1.047 19.919ms 

FOPID 5 11.99 606.711 15.805 0.001 1.531 1.032 .434ms 

 

 

The performance comparison of boost converter with conventional PID and FOPID are given in 

Table 4. The comparison of response of the boost converter under PID and FOPID controllers are shown in 

Figure 11. 

 

 

Table 5. Design parameters of the boost converter Table 6. Design values of controllers 
Parameter Value 

Input Voltage 𝑉𝐷 5V 

Inductance L 150 µH 

Capacitance C 200 µF 

Load Resistance R 30 Ω 

Switching frequency 5000 Hz 

Duty cycle 0.6 
 

Controller 𝐾𝑃 𝐾𝐼 𝐾𝐷 λ µ 

FOPID 1.536 95 0.0004 0.9999 0.5255 

PID 1.0265 3.56 0.0003 - - 
 

 

 

 
 

Figure 11. Comparison of output voltage of boost converters using PID and FOPID controllers 

 

 

4.3 Closed loop control of Buck-Boost type converter using conventional PID and FOPID controllers 

The designed values for the parameters of the buck-boost converter are shown in Table. 7, which is 

evaluated from the equations 10-13.The values of various gain parameters used in the controllers are listed in 

the Table. 8. The performance comparison of buck-boost converter with conventional PID and FOPID are 

given in Table. 9. The transient performance of the FOPID controller is better than that of PID controllers. 

The overshoot and settling time are improved well with the use of FOPID controllers. The comparison of 

response of the buck-boost converter under PID and FOPID controllers are  

shown in Figure 12. 
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Table 7. Design parameters of the buck-boost 

converter 

Table 8. Design values of controllers 

Parameter Value 

Input Voltage, 𝑉𝐷 15V 

Inductance, L 150 µH 

Capacitance, C 250 µF 

Load Resistance, R 50 Ω 

Switching frequency 5000 Hz 

Duty cycle 0.6 
 

Controller 𝐾𝑃 𝐾𝐼 𝐾𝐷 λ µ 

FOPID 0.1844 77.4486 0.2118 1.88 0.65 

PID 0.8758 84.013 7e-4 - - 
 

 

 

Table 9. The performance comparison of buck-boost converter with conventional PID and FOPID controllers 
 

Controller 

Vd 

(V) 

Vo 

(V) 

 

Rise Time 

(ms) 

Slew rate 

(mv/ms) 

Ripple 

(V) 

Overshoot 

% 

Under- 

Shoot 

% 

Settling 

Time 

ms 

PID 15 55.95 7.212 -8.279 0.8 3.761 1.314 12.56 

FOPID 15 57.16 6.232 -22.283 0.05 2.460 2.577 8.905 

 

 

 
 

Figure 12. Comparison of output voltage of buck-boost converters using PID and FOPID controllers 

 

 

4.4 Closed loop control of DISO converters using PID and FOPID controllers 

Three PID/FOPID controllers are used to achieve the desired output voltage level by controlling the 

two switches in the converter. The designed values for the parameters of DISO converter is listed in the 

Table 10.The tuned values of the controller gains are tabulated in Table 11. The two voltage sources are used 

in which 𝑉1 is the higher voltage and 𝑉2 is the lower voltage source. The value of output voltage can be 

calculated using the equation 14 in section 1.4. The rise time and settling time of the converter is 

considerably reduced with the use of FOPID controller as given in the Table 12. The comparison of response 

of the DISO converter under PID and FOPID controllers are shown in Figure 13. 

 

 

Table 10. Parameters of the DISO DC-DC converter Table 11. Design values of controllers 
Parameter Value 

Input Voltage 𝑉1 300V 

Input Voltage 𝑉2 150V 

Inductance L 10mH 

Capacitance C 1000 µF 

Load Resistance R 180 Ω 

Switching frequency 5000 Hz 
 

Controller 𝐾𝑃 𝐾𝐼 𝐾𝐷 λ µ 

 

PID 

PID1 0.854 70 0.0012 - - 

PID2 0.95 85 0.0035 - - 

PID3 0.856 75 0.0025 - - 

 

FOPID 

FOPID1 0.95 0.85 0.75 0.999 0.95 

FOPID2 0.65 0.55 0.0214 0.7 0.9 

FOPID3 0.45 0.25 0.0024 0.6 0.75 
 

 

 

Table 12. The performance comparison of DISO converter with conventional PID and FOPID controllers 
Controller 𝑉1(𝑉) 𝑉2(𝑉) 𝑉𝑂(𝑉) Rise Time 

(ms) 

Slew Rate  

(mv/ms) 

Ripple 

(V) 

Over shoot 

% 

Under shoot 

% 

Settling Time 

(ms) 

PID 300 150 292 105.149 2.222 10 6.634 7.739 0.249 

FOPID 300 150 309 46.578 5.323 1 0.948 3.944 0.022 
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Figure 13. Comparison of output voltage of DISO converters using PID and FOPID controllers 

 

 

5. CONCLUSION  

The closed loop control of buck, boost, buck-boost and DISO converters are carried out with 

conventional PID controller and Fractional Order PID controller. The performance were evaluated in terms 

of various time domain specifications such as rise time, settling time, output voltage ripple, overshoot, 

undershoot etc. For all types of converters, the performance of FOPID controller gave far better result as 

compared with conventional PID controllers. The ripple content of the output voltage is reduced to an 

appreciable lower value and almost constant voltage can be observed across the load with the use of FOPID 

controllers. Hence, these converters with FOPID controllers can be used in the applications such as grid 

connected/isolated PV or wind or hybrid renewable generating systems to regulate the DC bus voltage under 

variable irradiance, variable temperature, variable wind etc. It is mandatory to regulate the DC bus voltage 

for maximum power extraction. Hence the studies and analysis conducted in the paper is more relevant. The 

performance of FOPID controller can be further improved by introducing some optimization techniques to 

tune the gain parameters more precisely.  
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