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Abstract - DC - DC boost converter were used in many 
applications such as renewable energy sources which includes 
photovoltaic ( PV ) cells and fuel cells. The reliability, efficiency 
and controllability of PV systems can be increased by using 
Boost converters. A DC - DC Boost converter provide higher 
output voltage but it produces some ripple current. In order to 
reduce the ripple current so as to improve the efficiency of 
boost converter, an interleaved boost converter is used. For 
maintaining the voltage at output constant irrespective of 
variations in DC input voltage and load current, a control 
system must be required for the interleaved converter. This 
paper presents a detailed study of various control techniques 
of DC - DC interleaved Boost for conversion of power from one 
level to another level. In addition, these control techniques are 
compared in terms of their advantages and dis-advantages. 
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1. INTRODUCTION  
 
In recent years, renewable energy sources have become the 
fastest growing power sector in the world. Conventional 
fossil-fuels take millions of years to completely restore. It 
also has limited reserve capacity and costs for high price. 
Due to this reason, renewable energy sources are the 
possible solutions to the environmental problems. In 
research fields, most of the renewable energy sources such 
as fuel cell stacks and photovoltaic cells have received 
worldwide attention. [1] 

A switching converter is a power electronic devices which is 
used to transform an input voltage level into another level by 
switching action of semiconductor device. For this purpose a 
high power dc-dc converter is strongly required that has 
found widespread applications like aerospace, electric 
vehicle (EV), portable electronic device like pagers and 
microprocessor voltage regulation.  

Power electronic based DC – DC converter interfaces for DC 
energy sources, but these power sources have quite low 
voltage output. 

Most of the renewable power sources, have quite low-
voltage output and to increase its output level, it requires 
series connection or voltage booster [4]. DC-DC boost 

 converters are generally employed in equipment, as pre-
regulators [8]–[10]. But, due to the inductor of classical 
boost converter, the ripple current is increased. 

Interleaved boost converter IBC, is one such converter that 
can be used for high power applications. The advantages of 
interleaved boost converter are faster transient response, 
high efficiency, improved reliability and decreased 
electromagnetic emission. Due to interleaved operation ( 
parallel connection of two or more boost converter ), IBC 
proposes both lower current ripple at the input side and 
lower voltage ripple at the output side. Few literatures 
related to the controller design so as to obtain high 
performance control of high-power interleaved boost 
converter can be found [2]. 

In this paper different control techniques, including linear 
and non-linear control such as current mode control, voltage 
mode control, PWM with PID control, slide mode control, 
digital control Sigma-Delta modulator, fuzzy control, for DC-
DC boost converter have been studied. Fuzzy controller is 
non-linear controller that is effective but is difficult as well 
as expensive for practical application. Now a days, current-
mode controllers and linear control methods are most 
frequently used for controlling DC-DC boost converter. 
 

2. MODELLING AND DESIGN OF DC – DC 
BOOST CONVERTER 
 
A boost converter is known as step – up converter. The 
circuit of dc – dc boost converter is shown in Fig. 1. It step up 
the input voltage Vi and provides high output voltage Vo at 
the output side, for steady – state operation. It ‘ boost ’ the 
voltage to a higher level. Hence, Vo is always higher than Vi. 
  

 
Fig – 1 Boost Converter 

 The converter mainly consist of L as boost inductor, a power 
controlled MOSFET switch S, a diode D and a filter capacitor 
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C configured in parallel to a resistive load R. The switch is set 
to ON and OFF state at a switching frequency fs = 1/T with 
duty ratio D = ton/T, where ton is the time interval when 
switch S is at ON state [3]. It is a class of switching mode 
power supply (SMPS) containing at least two semi-
conductors switches (a diode and a transistor) and at least 
one energy storage element. The capacitor is connected at 
the output side as the ripples present in output voltage is 
reduced [5] 

Boost converter is said to operate in two modes, they are as 
follows : 
1) Mode 1 :  
When the switch S is closed i.e. ON state, causes the current 
in the boost inductor increases linearly, storing energy in its 
magnetic field. During this mode of operation, the load is 
completely isolated from source, as shown in Fig. 2 

 

 

 

 

 

 
 

 

Fig – 2 Switch S in ON state 

 

Transistor switching period is given as, 

 Ton  DTp (1) 
 
Voltage across the inductor, 

(2)V  
dt

di
L i  

2) Mode 2 :  
When the transistor switch S is open i.e. OFF-state, energy 
stored in the inductor is released through the fly-back diode 
D to the input RC circuit. Voltage across the boost inductor L 
and the source Vi, charges the capacitor C and also supplies 
the energy to the load R [6]. The conduction path is as shown 
in Fig. 3 

 
 
 
 
 
 
 

Fig - 3 Switch S in OFF state 
 

Transistor switching period is given as, 
Toff  D )Tp (3) 

Voltage across the inductor, 

) Vo   (Vi -  
dt

di
L   (4) 

When the switch is open, the voltage across the inductor is: 

 oiL VVv   (5) 

 

After rearranging the equations (1),(2),(3) and (4),we get 
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Hence when the switch is held OFF, the change in inductor 
current can be computed as shown in eqn. (8) 
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  (8) 

On solving equation (6) and (8), it yields 

D1

1

V

Vo

i 
  (9) 

Equation (9) reflects the fact that a large duty ratio is 
required for a large voltage boost. Therefore, in order to 
maintain acceptably small output ripple voltages, a 
prohibitively large capacitance is required to ensure that the 
output voltage does not sag . Also, since both dc and ac 
current are being sourced through the inductor, the inductor 
must be designed such that the cores will not saturate during 
high power operation. Thus, it is concluded that boost 
converter requires large output filter capacitor to reduce 
current ripple and hence not suitable for high power 
generation.  

Due to the disadvantages of boost converter listed above, 
there arise the need for efficient boost converter which can 
improve the efficiency and in other hand it should give low 
input and output ripples. The invention of Interleaved Boost 
Converter satisfies the above demand. 
 

3. INTERLEAVED BOOST CONVERTER 
 
Interleaved boost converter is a promising interface between 
distributed energy sources such as fuel cells, PV, battery and 
the DC bus of inverters. Due to interleaving operation, IBC 
exhibits both lower current ripple at the input side and 
lower voltage ripple at the output side. 

Therefore, the size and losses of the filtering stages can be 
reduced, and switching losses can be significantly decreased 
[7]. Paralleling two or more switching devices is a widely 
utilized approach to increase the current handling capability 
of switches. The advantages of the parallel converters 
scheme is to implicit proper design, dynamic response, 
robustness and tight steady state[13-15]. 

The power stage of the converter consists of semiconductor 
switches and magnetic components. The drawback such as 
unbalanced current sharing between semiconductor 
switches and magnetic saturation is partially overcome by 
the power stage paralleling method [17] shown in Fig. 4. 

The interleaved boost converters consists of several 
identical boost converters connected in parallel and 
controlled by the interleaved method which has the same 
switching frequency and phase shift. 
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Fig - 4 Interleaved Boost Converter with N–phase 
Paralleled Power Stages 

 In a two-phase converter, there are two output stages that 
are driven 180 degrees out of phase. By splitting the current 
into two power paths, conduction (I2R) losses can be 
reduced, increasing overall efficiency compared to a single-
phase converter. 

In three-cell dc/dc converter architecture, the cells are 
switched with the same duty ratio, but with a relative phase 
shift or time interleaved of 120° introduced between each 
cell in order to reduce the magnitude of the ripple at the 
output port of the converter[16]. 
 

4. CONTROL TECHNIQUES 
 
To ensure stability as well as fast transient response of 
interleaved Boost Converter Several control techniques have 
been proposed namely - Fuzz Logic controller, Artificial 
Neural Network (ANN), PID controller and PI controller. 
Several Optimization techniques such as Genetic Algorithm, 
Particle Swarm Optimization, and Bacterial Foraging 
Optimization have also been proposed.  

Different control techniques, including linear and nonlinear 
control, such as current mode control, PID control and 
sliding mode control (SMC), model predictive control, fuzzy 
control, hybrid control and sigma-delta modulation, for DC-
DC boost converters have been discussed. 

A. Proportional, Integral, Differential Controllers 
(PID) 

In various industrial applications proportional, integral and 
differential controllers organization is most commonly use 
to improve the performance of the selected control system. 
Various combination of proportional (P), integral (I) and 
differential (D) controllers are shown below: 

a) Proportional and Integral Controllers (PI) 
b) Proportional and Derivative controllers(PD) 
c) Proportional Integral and Derivative Controllers 

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. 5 shows 
the block diagram of a typical PID controller. Proportional 
derivative (PD) controller improves the transient response 
of the system. Proportional integral (PI) controller reduces 
steady state error present in the system. 

 
Fig - 5 Typical PID control Structure 

The combination of PI and PD controller forms the PID 
controller, it involves P, I and D three different constant 
parameters. Signal which is present in between desired 
output and actual output is an error signal. PID controller 
operates directly on error signal. Advantages of PID 
controller are as faster response to change in the control 
input; control signal increases to lead steady state error 
towards zero and eliminates oscillations. By tuning the three 
constant the controller can provide the control action for the 
specific process. the factors on which the response of the 
controller depends are the responsiveness of controller for 
error, degree of system oscillation and the degree at which 
controller overshoots the set point.  

Advantages of PID controllers  

PID controller is independent of the system model, simple 
design and is applicable for various fields. Thus, has a 
predominant role in industrial control. Very fast response for 
change in the control input control signal increases to lead 
steady state error towards zero also eliminates oscillations. 
 
Disadvantages of PID controllers  

As the PID controller technique cannot meet increasing 
requirements for fast dynamic response it leads to high 
control precision. If there occurrence of uncertainties then 
the stability of this technique cannot be guaranteed. 

B. Sliding Mode Control  

Power electronic converters such as DC-DC converters 
mostly used. By changing the duty cycle of the switches in 
the circuit converter the sources of direct current changes 
from one voltage to another voltage level. For the nonlinear 
system it’s become a great challenge for design and control. 
Classical control methods are not suitable for operating 
point variations and load disturbances. Large signal 
transient in the startup point and variations in the system 
parameters and large signal transient produce in the system 
output, only due to change in the load , cannot allocate with 
these techniques. 

Advantages of sliding mode control  

Sliding Mode Control is independent of disturbances and 
constraints. For large disturbances it can provide fast 
dynamic response and very simple implementation and 
stability. This can be achieved due to property of acting on 
all system state variables concurrently. 

C. Sigma – Delta Modulation 

Sigma-Delta modulation (Σ-ΔM or Δ-ΣM) is a technique for 
converting analog signals into digital data. Σ-ΔM is an 
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improvement of an older Delta modulation (DM or Δ-
modulation). Delta Modulator is an analog-to-digital 
modulation technique are generally used for a wide variety 
of applications, including digital wireless, digital telephony 
over the Internet (VoIP), and 4th generation mobile 
communications. The SDM consists of an integrator and a 
quantizer in a feedback loop, as shown in Fig. 7. 

 

Fig - 7 Sigma – Delta Modulator Block Diagram 

Advantages of sigma – delta modulation 

Fast transient response. It provide high efficiency at low 
load. Spread spectrum of switching noise. It can operate at 
higher switching frequency and thus can use smaller L and C. 
 

5. PROPOSED WORK 
 
The proposed work is based on conversion of renewable 
energy sources into useful DC or AC power for residential 
and industrial applications and to acquire a suitable 
converter for it. The converter used is three phase 
interleaved dc – dc boost converter. In the proposed boost 
converter the voltage at the output of the converter is higher 
than the input. The proposed converter utilizes delta-sigma 
modulation to control pulse generator. A thorough and 
effective analysis of the converter is carried out in order to 
achieve the system stability and to improve the dynamic 
performance. The following block diagram illustrates the 
proposed work. 

Intreleaved 
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Boost 

Converter 

Sigma – delta (Ʃ∆) 

Modulation  

Circuit

RL  

Load
PV    

Array

 

Fig - 6 Proposed work block diagram 

 

6. CONCLUSION 
 

The above paper is a review of various control techniques of 
Interleaved DC-DC Boost Converters. Different control 
techniques, including linear and nonlinear control, such as 
current mode control, PID control and sliding mode control 
(SMC), sigma-delta modulator, predictive control, fuzzy 
control, hybrid control, for DC-DC boost converters have 
been studied. Non-linear controllers like model predictive 
control (MPC) and fuzzy controllers are difficult and 
expensive for practical applications. Current mode controller 

designing is not an easy task and the linear control effects 
are limited. PID Controller technique cannot meet increasing 
requirements for fast dynamic response, high control 
precision and if there are uncertainties then the stability of 
this technique cannot be guaranteed. Slide control method 
provide stability, against the large disturbance. It is very 
simple to implement and provide fast dynamic response, due 
to property of acting on all system state variables 
concurrently. SSDM control loop has very fast response and 
low ripples. With the phase shift of 120°, the output of the 
converter is found to be continuous. Due to the equal sharing 
of the load current between cells, reliability is improved, as 
the overwork on the semiconductor switches is reduced. 
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