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Abstract

Technological advancements promote the harness of renewable energy and this has led to address the increase in
energy requirements, exploitation of fossil fuels and to limit the emission of greenhouse gases. Sustainability of the
environment is seriously disturbed caused by the threat of unacknowledged policies of non-renewable energy sources'
exploitation. Having the benefits of being non-polluting, noise-free and universal availability, solar and wind energy
become a perennial source of renewable energy. With the advent of new electrical standards, hybrid systems are
devised as a unified structure for efficient power management and balance of energy needs. Proposed system
introduces a model for DC-DC buck converter, and output is converted into AC with three phase voltage inverter along
with estimations of space vectors and total harmonic distortion. The proposed DC-DC converter model intense to
produce a new power conversions circuit with minimal complexity in design and execution. Similarly, electronic
devices function without any controlling mechanism and in an open loop mode. There are multiple systems which
mandate are a controlling mechanism to regulate voltage or current at a prescribed level, to accommodate load
variations. Adaptive sliding mode controller is presented with the design of the hybrid system for governing speed of
response, compensation off load variations and overcome steady state error. From the simulation results, it is
observed that the proposed design performs better than conventional standards of power conversion. The
performance of sliding mode controller was tested against the performance of traditional standards of SMC and PWM.
From such investigations, it is evident that a hybrid system with controlling mechanism ensures better performance
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function.
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Introduction

Renewable energy sources are readily available and
perennial, cost effective and pollution free. With ever
increasing  pollution in  Metropolitan cities,
governments have regulated their policies in adoption
of renewable energy sources ranging from electric
cars

to solar power for homes. The power requirement of
every nation is increasing with population explosion,
upcoming industries, vehicles and almost every other
function [1-3]. Photovoltaic energy and wind energy
are available for utilisation throughout the year, which
has been concentrated in multiple researches.
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With technological advancements, it is imperative to
design and deploy a hybrid energy generation system
combining multiply the sources of renewable energy.
Hybrid systems will also include battery sources for
storing generated energy whenever available. In a bad
climatic condition, solar and wind energy will be
limited, rising the need of backup stored in energy
banks. Availability of power, even in times of bad
weather conditions, is the benefit of a hybrid energy
system [5]. There are conditions where excess energy
has been generated beyond the requirement, energy
banks in terms of an equipped battery within the
system to properly store the surplus and distribute it
for later use.

It is understood that there are multiple technical
difficulties associated with storing energy in banks
which was generated by renewable energy resources.
Huge demand for regulation and controlling
mechanism rises within a hybrid system to monitor
the flow of power throughout. Various algorithms
have been proposed for balancing the energy
requirements and the utilisation for optimising the
cost of production and distribution [4]. Power
interfaces were designed to declare strategies of
management in case of multiple power sources and
unlimited connections to Electronic devices. In a grid-
tier architecture, high voltage boosting will be found
predominantly, owing to light coupled inductor,
intermediate capacitor and leakage. DC-DC converters
with leakage energy recovery was implemented to
address these issues. Efficiency of the converters
depends on the count of switching frequencies, in
turn resulting in switching losses. High performance
controller have to be designed in order to mitigate the
switching losses occurring due to high frequency. The
design of an optimal converter will be subjected to
different contrasts of power and transient loads.
Likewise, proper design of a small scale grid can result
in efficient testing and functioning.

The proposed work justifies the design of a hybrid
system with sufficient energy storage banks and
efficient design of a converter using micro grids. This
system is a incorporated version of photovoltaic and
wind energy along with power banks. Integration of 3
different components together adds challenge to the
design and implementation. Other factors which
influence the proposed model are instability, load
demand, switching and complex communication
between the different components. Energy
Management algorithms car designed with fuzzy,
neuro fuzzy and Optimisation techniques. Fuzzy Logic

controller insured better outcomes during the
management of solar [6] and wind energy generation
equipment with power bank. Particle Swarm
Optimisation ensured better outcomes with respect
to local best and global best during shifting
uncertainty.

In such applications, power source and load demand
hugely vary due to multiple uncertainties, adding a
burden in the functionality of DC-DC converters.
Voltage outcome from such converters can be
drastically affected during voltage and power
perturbations. Conventional linear control strategies
cannot be applied onto a hybrid architecture due to
its inability to control fluctuating power and voltage
demands. Sliding mode controller word introduced in
in variable structures and were defined with a
nonlinear controlling approach. Stability was
considerably improved despite the presence of
modelling imperfections, external disturbances and
insensitivity. Numerous researches in the recent
decade, have proposed controlling mechanism using
sliding mode controller [7-10]. Simpler and easier
designs of Buck, Boost and Boost-Buck converters
have been introduced with analogue implementation
of sliding mode controller. Insensitivity of boost
converters can be eradicated with an improved SMC.
SMC implemented over a Cuk converter
outperformed the functionality of Pl controller. The
problems found in a traditional sliding mode
controller are the relative degree with respect to
sliding variable and derivatives retrieved from the
variable u.

The sliding mode controller based buck converters
have the need for estimating the capacitor current
and converter output voltage. Both these estimations
happen in parallel. DC-DC power converters states
that the output current is directly proportional to
time derivative of output voltages. When the output
voltage is set to follow the sliding variable of the
proposed scheme, a differentiator can be deployed to
measure the difference in voltage. This decision can
eliminate the need of capacitor sensors, usually
installed to measure the current, which in turn
reduces the component cost from the whole
design.The accuracy of the said differentiator plays a
significant role in deciding the performance of entire
system. Noise, by default, will be added to the input
of a differentiator which can be eliminated in an ideal
environment. The design of the differentiator should
be optimized to limit the input noise and thus ensure
robustness. In the proposed model, the second order
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sliding mode controlling scheme will derive the right
order of sliding variable.The proposed system intends
to optimize the design of a DC-DC power converter,

and a sliding mode controlling algorithm to ensure
standard functions even during the load disturbances.
The article is organized into the following sections,
Section Il reviews and lists the existing models of
converter and controlling mechanism derivations.
Section Il illustrates the architecture of the proposed
scheme and Section IV illustrates the performance of
various state of art techniques comparatively. Section
V concludes the article with supporting references.

Related Work

Various researches have documented the design and
implementation of converters with controllers for
generating energy from renewable energy sources.
Every technique intends to utilise renewable energy
sources and extract the maximum potential energy in
its own aspect. A hybrid energy generation system
[11-15] what's the time with the combination of
photovoltaic cells, natural gas and a fuel cell for
distributing and electrical supply to homes. Meta
heuristic  algorithms namely Particle Swarm
Optimisation was backed up with adaptive inertia
weight and constriction factor in some algorithms.
Outcome of two factors processed by the algorithm
was subjected to huge variations. This issue was
addressed by extending the functionalities of other
meta heuristic algorithms such as genetic algorithm
and competition algorithm along with particle Swarm
Optimisation. An economical and suitable model for
homes was designed with a combination of solar,
wind and fuel cell to constitute the structure of power
and heat system. Predominantly, genetic algorithm
and particle Swarm Optimisation were the top rank
options in the design of hybrid power systems [16-20].
Optimisation was attained by these metaheuristic
algorithms to reduce the operational and overhead
cost.

Self-adaptive differential evolution algorithm was
proposed to equip the hybrid power systems with
power banks. Using a multi objective technique, the
model was able to address issues associated with cost
of electricity, renewable factor and loss of power
supply probability. The hybrid system was updated
into to a distribution centre with AC/DC micro grids.
An interlinking converter facilitated the operations of
distribution, and control the source of power
generation with particle Swarm Optimisation
techniques. PSO improves dynamic functionality of
the hybrid system by mastering the control of power
sources and distribution. Many authors advocated tat

a model has to be designed and implemented with

an Optimisation technique with meta heuristic algorithms

for simplified and improvised access. The model was
designed with optimal power flow through HVDC and
offshore WPP. Flat tie-line power controller was built
with solar energy generator circuit, wind energy
turbine in a hybrid design using MG. This methodology
attempted to limit the power ramp and smoothening
the operations of power handling. Managing power in
AC DC micro clips was investigated with a multi
objective particle Swarm Optimisation technique. State
of charge is an important measure of battery condition
in the deployment of hybrid micro grids. Design of
hybrid systems were also reliant on the price of the
hardware and quality of the entire system.

Three phase with multistage converters, photovoltaic
generator with Perturb and Observe along with Power
Point Tracking controlling mechanism was proposed. A
hysteresis controlling mechanism facilitated the
control of three phase inverters. Genetic Algorithm
with Particle Swarm Optimisation ensured the
determination of soil strength and deployed in an
excavation project in Tehran. A method to the
controlling mechanism for compensating simple and
direct working sags was achieved with an ATP-EMTP
software application. DC to DC power converters are
the preferred option to regulate output voltage despite
being in the generic, lower or higher energy forms.
Being built with lesser number of components [21], DC
to DC converters are implemented in different
architectures. The converter in order to achieve
regulated load and input voltage mandate the process
of controllers for enhanced tolerance level and
reduced aging. Boost converters predominantly used in
photovoltaics energy generation systems [22-24]. Yet
these converters fail to perform in open loop
conditions as they do not meet the requirements for
stabilizing voltage and dynamic ability. DC to DC
converters are usually nonlinear and do not adhere for
linear control strategies due to their time-variant
functionalities. Sliding mode controller will be a
suitable option for producing the converters to operate
in wide functioning condition [25]. Sliding mode
control  mechanism  following the hysteresis
mechanism will address noise and frequent switching
operations [26-27]. Such drawbacks have to be
addressed in the deployment of hysteresis based
controller [28]. The proposed solution should also
meet the cost required for constructing the entire
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system.

Proposed System

The proposed scheme implements an
interleaved Buck Converter, which is a
predominant option in industrial applications.
Applications  which  necessitated optimal
converter dynamics and reduced filters can
suitably opt

interleaved Buck Converters for their operations.
Despite the functional benefits in real time scenarios,
Buck converters are said to possess small duty ratio in
presence of high voltage requirements. The
mentioned problems can be eradicated when a series
of capacitors are built in buck converter to ensure
upgraded performance. Configurations  and
Waveforms of the proposed methodology resembles
the performance and structure of series capacitor
converters [26]. The intention of the proposed
method is to enhance the switching functionality in
high side switches, and reducing the drain to source
voltage. The efficiency of proposed method reduced
the high switch voltage stress. Architecture of the
proposed method is illustrated in Figure 1 and 2.

The common understanding of the proposed model is
that the ideal resistance is presented in all resistors.
In figure 2, the proposed capacitor is placed in
parallel to the voltage input. This is to ensure that the
capacitors will be charged prior to the switch voltage
level. During the commencement, switch voltage will
be kept under the limit and hence capacitor gets
powered up. Switching signals present in the circuit
will be handled by the Switches and diodes will be
responsible for discharging the energy stored [29-31].
The proposed scheme can be enriched with more
number of capacitors, without increasing the number
of capacitors in a traditional design of the Buck
converters. Figure 1 illustrates the architecture of
Hybrid Renewable Energy Sources with photovoltaic
cells, wind turbines and an energy bank along with
additional load input. Bus facilitates the connectivity
between different components and energy generated
from PV cells and wind turbines. The bus is also
responsible for transferring harvested energy to the
DC-AC micro grid for actual utilization. Both the PV
cells and wind turbines are connected to the
proposed Buck Converters and energy bank is
connected to a DC-DC bidirectional converters. The
proposed architecture is also connected to a
controlling scheme which facilitates inductance and
load resistance. In standard operating conditions, S1
and S4 switches are ON and Switches S2 and S3 are
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turned OFF. L1 will be charging as S1 is turned ON and

current flows through the circuit as permitted by S4.
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Figure 1: Circuit Diagram of the proposed methodology
Figure 2: Architecture of the Proposed System
3.2 FUNCTIONS OF TRADITIONAL SMC
The processes of a sliding mode controller are a
collection of two important sub-processes. Switching
manifold has to be defined in the first process to
reflect on the dynamic abilities of the entire circuit.
The next equation states the discontinuous state law u
to be followed by the sliding mode controlling
mechanism in ideal conditions.

_{u‘L S (x) >0(1)

“lum Sx) <o
The limits of S ranges from -0 to +0. In an ideal linear
estimation, the relative degree will be in two forms
with respect to state space.
x=a(t,x)+b(t,x)u (2)
It is observed that x € R, i.e. the sliding variable. The
state variable x1 and x2 are observed in a matrix where
a, b is considered to be the smoothening variables. The
sliding surface is determined by the following
equation, which also derives the controlling law for the
proposed DC-DC buck converter.
SL=ko + o (6 =v0 —Vref)(3)
u=%(1-(sign)S(4)
Sliding model controlling scheme can be derived from
sliding mode initiator phase and reaching phase. It
should be noted that the values of x1 and x2 in
traditional SMC design will exponentially lead to 0.
Proportional Derivative is the variant of feedback
system, found in conventional SMC. Steady State Error
shall be attenuated with a single and double integral
element with all steady state variables over a sliding
surface. The existing scheme of operations will
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considerably surge the controlling factors,
impacting the design and functionality of the
overall design. This drawback can be addressed

with the design of controlling scheme in the
proposed methodology.

3.3 Proposed Controller Strategy

The design of the proposed Buck Converter can

be optimized with respect to control by
implementing non-linear control schemes.
Proposed controllingscheme

can be mathematically expressed using the following
formats. S indicates the switches, D denoting the
diodes, L indicates the inductance, C denoting the
series of capacitors and R denoting the resistance
values of the proposed design of Buck Converters.
The variable switching is performed by the proposed
SMC algorithm. The said model can be written in the
following mathematical format.

x1 _ [ 01 11 [xl] + [v?n] u+ [ Bref” (5)
x2 ¢ " relltx2 c T

The DC-DC converter will function based on the two
relative degrees. The second order sliding mode
controller scheme ensures better accuracy and
reduced convergence time. Prescribed Convergence
Law is used to define the second order sliding mode
controller accordingly, based on the following
equation.

u=asign (o + B |a/%| sign o) (6)

Both the values of a & B are greater than 0. From the
proposed design of the controller, it is obtained that
the value of ¢ = 0, representing the dynamic ability
of sliding functions. The control signal is a binary
representation of power, denoting 1 for ON and 0 for
OFF. With the values of Km and H as the following
mathematical representations, the convergence law
can be expressed in an updated form as follows.

Km = mm( Vl) (7)
H=E (;V0+E l)(8)

1/2

1
u =%(1 — sign (o + B loz| sign o)
In the proposed second order sliding mode

controller, design parameter [ should be able to

B

satisfy the condition Km — H > This condition is to

acknowledge that convergence is greater and finite
according to the proposed second order based
convergence. The rate of convergence is directly
proportional to the Beta value, i.e. greater the value
of [ denotes greater convergence of the proposed
DC-DC Buck converter.

RESULTS AND DISCUSSIONS

elSSN 1303-5150

The proposed hybrid energy generation from renewable
sources with second order sliding model controller is
implemented with SIMULINK application. The said second
order sliding mode controlling scheme has promised optimal
control signal received from both photovoltaic cells and
wind turbines. The performance of the entire system is
estimated with respect to the output generated from PV,

wind and energy banks.

System design is tested for

irradiation of PV and wind’s speed. The performance of

hybrid

system is compared against the performance of
Particle Swarm Optimization and the second order
sliding mode controller is tested against the
performance of conventional sliding mode control
scheme. When the wind speed hugely varies under
irradiation, simulation results portray the performance
in terms of voltage, current and power signal after the
application of proposed control measure. The time
interval for plotting the graph was considered to be 0
to 1, with a standard depiction at 35A. The signal
strength of PV was constant at the mentioned
parameters. In the next figure, the wind current signal
will be considered between the timeline 0.9-1. Both
the considerations depicted the energy bank to peak at
350A, and increases to reach 380A at 1 s and are
illustrated in Figure 4.1 respectively. The next figure
4.2 illustrates the constant irradiance of PV power,
wind energy and thus energy banks.
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Figure 3. (i) PV current, (ii) wind energy (iii) energy
bank current
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Figure 4. (i) PV voltage (ii) Wind Energy voltage
(iii) Energy bank voltage

The effectiveness and reliability of the proposed
control scheme is compared against the
conventional sliding mode controller scheme.
Design parameters and circuit factors are listed
in the table below.

Table 1. Parameters for Simulation

Parameter Value
Input Voltage 15V
Reference Voltage 5V
Resistance 10 Ohm
Capacitance 4700
Inductance 2mH
K 85
B 70

The simulated environment has set the voltage of the
controller as 15V, the load resistance to 2.5 — 10 Ohm
maximum. Simulated Buck converters have produced
the following current and voltage curves under the
standard and proposed SMC in Figure 4.3. From the
obtained results, when k and S values are set higher,
output voltage is obtained faster. The proposed
mechanism has identified that when the controller
parameters are set to exceed the nominal level, the
voltage convergence and overshoot current and
voltages. In order to balance the overshoot, nominal

value will be obtained by the consideration of k =

1 . .
TR R denotes the resistance of the series Buck

converter and C indicates the capacitance values.
From the results of simulations, the two controlling
schemes have shown significant reliability under load
disturbances.
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Figure 5.significant reliability under load disturbances

The following results signifies that transient voltage is
dropped in the same level in both the conventional and

proposed controlling schemes.

Drop of voltage was

measured to be up to 25mV. This drop will be determined
based on the performance of buck converter circuits and
load current. Observed recovery time was estimated to be
30ms for conventional SMC circuit and the proposed second
order sliding mode controller exhibited 2ms. From the
results, it is evident that proposed scheme delivered better

reliability.

CONCLUSION

The article summarizes the performance of a highly
reliable converter with a second order sliding mode
controlling mechanism to be implemented in a hybrid
renewable energy generation system. The proposed
system is compared against the conventional
controlling schemes, simulated in a SIMULINK
platform. The performance is evaluated in terms of
irradiances for the series Buck converter and controller
is evaluated against standard methods. Simulation
results evaluated individual power and current of PV
cells, wind energy and energy banks. The obtained
results prove that the proposed system outperforms
better in terms of current, voltage. Controlling
mechanism was defined as a non-linear mechanism
with better accuracy and reliability to voltage and
current disturbances. With the addition of series
capacitors, current sensor can be removed from the
hardware design for converter controls. As a future
direction, a current sensor can be implemented for
increasing sensitivity and availability of DC-DC buck
converters. Continuous operations of converters can
be detected by monitoring the utilization of different
components. Proposed methodology with enhanced
controlling strategy can efficiently implemented in
hybrid energy generation systems from renewable
sources. The model also required lesser number of
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components and improved reliability.
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