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Abstract 

A DC-DC Boost converter Designed and analyzed 

the performance of the converter. The main 

objective is to design a DC-DC boost converter and 

compare the converter with a PID-controlled 

closed-loop DC to DC boost converter is to 

maintain a constant output voltage despite 

variations in source voltage. A simple PID 

controller has been applied to the designed Boost 

converter and simulated in MATLAB-Simulink 

environment showing voltage regulation. PID 

implementation of the converter maintains constant 

output voltage despite variation in input voltage and 

crucially reduces overshoot thereby improving the 

efficiency of the converter. The outcome of this work 

has the potential to add in a better way in electric 

vehicles, industry, communication and renewable 

energy sectors. 

Keywords—DC-DC converter, voltage regulation, 

Boost converter, overshoot, PID, stability. 

I. INTRODUCTION  

Power Electronics revolt which over the past decade 

across the energy conversion, renewable energy 

system and automation sector. DC-DC converter 

plays an important role for energy conversion 

resulting in extensive implementation in LED driver, 

cellular phones, laptop computers, maximizing 

energy production for photovoltaic systems and for 

wind turbines, electric vehicles, hydro power plants 

and et cetera[1][2][3][4]. This application needed 

that the converter should gain highest efficiency, 

improved power factor (PF) at the load and also 

decreasing size and cost of the device and increasing 

availability[5][6][7][8].  

DC-DC converter frequently known as a switched 

mode DC-DC converter as shown in Fig.1, either 

steps up or steps down the source voltage,Vs 

according to the specification of the load connected, 

by doing adjustments in the duty cycle applied to the 

switching device. 

In a DC-DC converter it is always desirable that a 

constant output voltage, Vo is achieved despite 

changes in the source voltage, Vs the load current, 

Load and variations in element values of the 

converter circuit[9][10]. These disturbances can be 

originated from second harmonic periodic variations 

of an off - line power system generated from the 

rectifier circuit and applied to the DC-DC converter, 

variation of the source voltage Vs due to switching 

(on/off) of neighboring power system loads and 

variations in the load current, load amongst many. 

There are different types of DC to DC converters 

namely – Buck, Boost, Buck-Boost, Cuk, Sepic and 

Zeta. One of the most leading research interests in 

this time is the application of DC-DC converters 

with high step-up voltage gain. 

Different control techniques have been proposed 

to make sure stability as well as fast transient 

response that is to say - Fuzz Logic controller, 

Artificial Neural Network (ANN), PID controller 

and PI controller. Various Optimization techniques 

such as Genetic Algorithm, Particle Swarm 

Optimization, and Bacterial Foraging Optimization 

have also been proposed[11][12][13][14]. 

Most widely used DC-DC converter is the Boost 

converter amongst all converters. A step up 

converter which impart a higher voltage at the load 

side, Vo compared to the source voltage Vs. Open 

loop mode of operation of Boost converter show 

substandard voltage regulation and unfortunates 

dynamic response. That’s why loosed loop mode of 

 
Fig. 1: Block Diagram of DC-DC converter 
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operation is preferred for proper voltage regulation 

and performance improvement. 

In this paper proper voltage regulation of Boost 

converter is achieved employing PID controller, 

tuned using trial and error method to find 

appropriate values for the proportional, integral and 

derivative gains, thereby improving converter 

performance. Section II of this paper share out the 

conventional Boost converter followed by a brief 

idea about PID Controller in Section III, and the 

simulation and results are presented by comparing 

the conventional Boost converter with the proposed 

or modified Boost converter with PID controller in 

section IV and finally discussed Conclusion in 

section V. The proposed circuit parameters, 

simulation and experimental results exhibit the 

effectiveness and feasibility of the prefer scheme. 

II. CONVENTIONAL BOOST CONVERTER 

A conventional DC-DC Boost converter is 

combination of a boost inductor, two 

semiconductors (a diode and a transistor) and an 

output capacitor in parallel with the load as shown in 

Fig.2 

 

Boost converter is a converter which provides an 

output voltage that is greater than the input voltage. 

Input voltage use as a simple DC source such as a 

battery, solar panel or can be obtained directly from 

an AC source through a rectifier. The inductors try 

to resist current variations due to changes in the 

magnetic field is the key principle that drives the 

Boost converter. Boost converter is operating in two 

modes. The switching is achieved by using either a 

MOSFET or an IGBT. For low voltage applications 

MOSFET is preferred over IGBT due to its higher 

computational speed compared to IGBT. Modes of 

operation of Boost converter is as follows: 

• Mode 1 begins at t=0s when the transistor is 

switched on. So, the rising input current to flow 

through the inductor L, storing energy in its 

magnetic field. During this mode of operation as 

shown in Fig. 3(a) the load side is completely 

isolated from the source side. 

• Mode 2 begins at t = t1 when the transistor is 

switched off. Inductor, L produces a back emf 

having opposite polarity of the Mode 1 due to rapid 

drop in current. The voltage across the inductor and 

the source minus the small forward voltage drop 

across the diode, D charges the capacitor, C and also 

supplies the load. The conduction path is shown in 

Fig. 3(b). 

 

Transistor switching period is given by 

Mode 1                                            𝑇𝑜𝑛=𝐷𝑇𝑝  

Mode 2                                 𝑇𝑜𝑓𝑓 = (1− 𝐷)𝑇𝑃(1) 

Voltage across the inductor, 

Mode 1𝐿
𝑑𝑖

𝑑𝑡
= 𝑉𝑖  

Mode 2                                       𝐿
𝑑𝑖

𝑑𝑡
= (𝑉𝑖 − 𝑉𝑜)               

(2) 

Putting equation (1) in equation (2) 

Mode 1                                 𝐿
Δ𝑖

D𝑇𝑃
= 𝑉𝑖  

Mode 2                             𝐿
Δ𝑖

(1−D)𝑇𝑃
= 𝑉0 − 𝑉𝑖  

Ripple current ∆𝑖  is given by 

Mode 1                                 ∆𝑖𝑜𝑛 =
𝑉𝑖𝐷𝑇𝑃

𝐿
                            

(3) 

Mode 2                             ∆𝑖𝑜𝑓𝑓 =
(1−𝐷)(𝑉0−𝑉𝑖)𝑇𝑃

𝐿
                    

(4) 

Equating the ripple current equation (3) and (4) of 

Mode 1 and Mode 2 

∆𝑖𝑜𝑛 = ∆𝑖𝑜𝑓𝑓  

𝑉𝑖𝐷 = 𝑉𝑜 − 𝑉𝑖 − 𝐷𝑉𝑜 + 𝐷𝑉𝑖 

 
 

Fig. 2: Conventional Boost Converter 

 

 
 

 

 
Fig. 3: Mode of operation of boost converter 
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Table II: Simulation Parameters  

Parameter value 

Input voltage 24V-44V 

Output voltage 48V 

Duty cycle 22kHz 

Inductor 50uH 

 Capacitor 220uF 

Load 20Ω 

Kp 0 

KI 19 

KD 0 

 

𝑉𝑖 = 𝑉𝑜 − 𝐷𝑉𝑜  

𝑉𝑖 = 𝑉𝑜(1− 𝐷) 

𝑉𝑜
𝑉𝑖
=

1

1− 𝐷
 

Where, 

𝑉𝑖Input voltage, V 

𝑉𝑜Output voltage, V 

𝑡𝑜𝑛MOSFET on, sec 

𝑡𝑜𝑓𝑓MOSFET off, sec 

𝑇0                       Switching Period, sec 

D                                       Duty cycle 

∆𝑖                                 Ripple current 

III. PID CONTROLLER 

One of the simplest and most widely used controller 

for decades is the PID controller. PID stands for 

proportional (P), integral (I) and derivative (D) 

controller. Fig.4 shows the block diagram of a 

typical PID controller. 

 
Fig. 4: Typical PID control Structure 

The system under study is the plant to which 

necessary excitation is provided thereby achieving 

overall closed loop control effectively. A PID can 

be expressed as – 

 

𝐶(𝑠) =
𝐾𝐷𝑠

2 + 𝐾𝑝𝑠 + 𝐾𝐼

𝑠
 

𝐶(𝑠) = 𝐾𝑃 +
𝐾𝑃𝑠

𝑠
+ 𝐾𝐷𝑠                (6) 

 

Where, 

 

KP                                                Proportional gain 

KI                                                Integral gain 

KD                                                                        Derivative gain 

 

The signal e(t) as shown in Fig. 4 represents the 

tracking error obtained from the difference between 

the reference signal which serves as the input R(t) 

and the actual output signal Vo(t). The tracking 

error is fed on to the PID controller which computes 

the derivative and integral of the signal provided. 

The output of the PID controller u (t) to be applied 

to the plant is equal to the proportional gain (KP) 

times the magnitude of the error signal plus the 

integral gain (KI) times the integral of the error 

signal plus the derivative gain (KD) times the 

derivative of the error signal. 

Time domain representation of the signal u (t) fed to 

the plant is given by – 

𝑢(𝑡) = 𝐾𝑃𝑒(𝑡) + 𝐾𝐼  𝑒(𝑡)𝑑𝑡 + 𝐾𝐷
𝑑𝑒 (𝑡)

𝑑𝑡
       (7) 

 

The plant on receiving the signal u (t) will generate 

a modified output Vo(t) which will be again 

compared to the reference signal until the desired 

level is reached thereby forming a close loop 

system. Effect of proportional, integral and 

derivative control on close loop system is 

summarized in the Table I. provided below. 
 

Table I: Effect on Close Loop System 
 

 Rise Time Overshoot Setting Time Steady 

State error 

Proportional Decrease Increase Small 

change 

Decrease 

Integral Decrease Increase Increase Eliminate 

Derivative Small 
Change 

Increase Decrease Small 
Change 

 

IV. RESULT AND SIMULATION 

Simulation was done in MATLAB-Simulink 

environment. The parameters used for this 

simulation are given Table II. as shown below – 

 

 

 

 

 

 

 

 

 

Conventional Boost converter as shown in Fig. 5, 

was simulated at 50% duty cycle and the output 

wave shapes observed for variations of input 

voltage from 24V – 44V with increment of 10V. It 

can be observed that the output voltage fluctuates 

with variation of input voltage by a large amount. 

Moreover the converter exhibits significant 

increase in overshoot as the input voltage varies as 

shown in Fig. 6, 7, 8. 
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Fig. 5: MATLAB Simulink model of proposed  

converter 

Table II: comparison between open loop and PID 

control close loop boost converter 

 

 

 
Open Loop Boost 

Converter 

PID Control Closed loop 

boost Converter 

Input 

voltages 

Output 

voltage, 

Vo 

Percentage 

Overshoot 

(%) 

Output 

voltage, 

Vo 

Percentage 

Overshoot 

(%) 

24 48.72 60.484 48.08 5.851 

34 69.24 60.484 47.99 15.99 

44 89.76 60.484 47.66 20.112 
 

 

Fig. 6: Output voltage plot of proposed open loop 

boost converter operating at 50% duty cycle for 

input voltage 24 V. 

 

 

 

Fig. 7: Output voltage plot of proposed open 

loop boost converter operating at 50% duty 

cycle for input voltage 34 V. 

 

 

 

Fig. 8: Output voltage plot of proposed open 

loop boost converter operating at 50% duty 

cycle for input voltage 44 V. 

 

Simulation data obtained as shown in Table III was 

plotted in MATLAB and comparison was done 

between proposed boost converter and PID control 

close loop Boost converter in terms of output 

voltage. 

 

 

 

Fig. 9:  MATLAB Simulink model of PID control 

closed loop boost converter. 

Fig. 10: Output voltage plot of boost 

converter with PID controller operating at 

50% duty for input voltage 24V. 
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Fig. 12: Output voltage plot of boost converter 

with PID controller operating at 50% duty for 

input voltage 44V. 

 

Fig. 9 show the PID control closed loop boost 

converter in MATLAB Simulink model. Simulation 

results show that the proposed PID controlled closed 

loop when used with Boost converter provides better 

output voltage regulation and overshoot reduction 

shown in fig.10, 11, 12, thereby improving the 

performance of the system. 

V. CONCLUSION 

The proposed DC to DC Boost converter with 

PID controller provides better voltage regulation, 

overshoots reduction and improves the converter 

performance compared to the conventional Boost 

converter. Where open loop boost converter 

percentage of overshoot was 60.484 but PID control 

closed loop boost converter percentage overshoot 

5.851. This paper successfully provides a method to 

satisfy the objective of DC-DC converter to maintain 

a constant output voltage 48 at the load side. The 

proposed circuit is simple, easy to understand and 

can be implemented with no additional components 

thereby keeping size and cost of manufacturing the 

converter within considerable range. 

REFERENCES 

i. J. Kumar, … T. G.-J. of E. and T. (IRJET, 

and  undefined 2016, “A Multi Input DC-DC 

Converter for Renewable Energy 

Applications,” academia.edu, Accessed: 

Oct. 22, 2020. [Online]. Available: 

http://www.academia.edu/download/545280

76/IRJET-V3I670.pdf. 

ii. G. Ortiz, J. Biela, D. Bortis, and J. W. 

Kolar, Megawatt, 20 kHz, Isolated, 

Bidirectional 12kV to 1.2kV DC-DC 

Converter for Renewable Energy 

Applications. . 

iii. W. Li and J. Liu, “A review of non-isolated 

high step-up DC/DC converters in 

renewable energy applications,” 

ieeexplore.ieee.org, doi: 

10.1109/APEC.2009.4802683. 

iv. E. Koutroulis, K. K.-I. transactions on 

industrial, and  undefined 2006, “Design of 

a maximum power tracking system for wind-

energy-conversion applications,” 

ieeexplore.ieee.org, Accessed: Oct. 23, 

2020. [Online]. Available: 

https://ieeexplore.ieee.org/abstract/documen

t/1614132/. 

v. S. M. Ferdous, M. A. Moin Oninda, G. 

Sarowar, K. K. Islam, and M. A. Hoque, 

Non-Isolated Single Stage PFC based LED 

Driver with THD Minimization using Cúk 

Converter. . 

vi. B. Yang, F. Lee, … A. Z.-… S. A. I., and  

undefined 2002, “LLC resonant converter 

for front end DC/DC conversion,” 

ieeexplore.ieee.org, Accessed: Oct. 23, 

2020. [Online]. Available: 

https://ieeexplore.ieee.org/abstract/documen

t/989382/. 

vii. H. Wei, … I. B.-I. S. for a, and  undefined 

1998, “Comparison of basic converter 

topologies for power factor correction,” 

ieeexplore.ieee.org, Accessed: Oct. 23, 

2020. [Online]. Available: 

https://ieeexplore.ieee.org/abstract/documen

t/673368/. 

Fig. 11: Output voltage plot of boost converter with 

PID controller operating at 50% duty for input 

voltage 34V. 

 

 

 

 



American Based Research Journal                         Vol-9-Issue-10 Oct-2020 ISSN (2304-7151) 

http://www.abrj.org Page 6 

viii. M. Daniele, P. Jain, G. J.-I. T. on Power, 

and  undefined 1999, “A single-stage power-

factor-corrected AC/DC converter,” 

ieeexplore.ieee.org, Accessed: Oct. 23, 

2020. [Online]. Available: 

https://ieeexplore.ieee.org/abstract/documen

t/803398/. 

ix. M. Rathi, D. A.-O. I. A. E. R. I. Engineering, 

and  undefined 2016, “Design and 

simulation of PID controller for power 

electronics converter circuits.” 

x. M. Dave, K. D.-I. J. of E. T. and, and  

undefined 2012, “Analysis of boost 

converter using PI control algorithms,” idc-

online.com, Accessed: Oct. 23, 2020. 

[Online]. Available: http://idc-

online.com/technical_references/pdfs/instru

mentation/Analysis of Boost.pdf. 

xi. V. Raviraj, P. S.-I. transactions on industry, 

and  undefined 1997, “Comparative study of 

proportional-integral, sliding mode, and 

fuzzy logic controllers for power 

converters,” ieeexplore.ieee.org, Accessed: 

Oct. 23, 2020. [Online]. Available: 

https://ieeexplore.ieee.org/abstract/documen

t/568018/. 

xii. R. M.-I. J. of S. and Research and  undefined 

2014, “Simulation study of boost converter 

with various control techniques,” 

pdfs.semanticscholar.org, Accessed: Oct. 23, 

2020. [Online]. Available: 

https://pdfs.semanticscholar.org/3e2a/a04c4

69ca9d9f78ba2eb926b108ff5db6f6e.pdf. 

xiii. N. Swain and L. Mitra, “Closed loop control 

of solar powered boost converter with PID 

controller,” ieeexplore.ieee.org, 2015, doi: 

10.1109/PEDES.2014.7041973. 

xiv. P. Verma, N. Patel, … N. N.-2016 I. 2nd A., 

and  undefined 2016, “Design of PID 

controller using cuckoo search algorithm for 

buck-boost converter of LED driver circuit,” 

ieeexplore.ieee.org, Accessed: Oct. 23, 

2020. [Online]. Available: 

https://ieeexplore.ieee.org/abstract/documen

t/7846102/. 

 


