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Abstract: The representation of this paper is a different
approach to get efficient high brightness of LED lighting
operating with high gain buck boost converter controlled by
efficient incremental conductance MPPT controller algorithm of
solar PV module. The mathematical modeling associated with
process of simulation for solar panel, high gain buck boost
topology and efficient MPPT controller is discussed clearly in this
paper. Conventional converters are applied and analyzed for the
LED lighting system in literature, but these are not preferred due
to lack of efficient performance, high harmonic distortion and low
power factor. The projected buck-boost structure is modified
structure of high gain buck-boost structure. The comparison
between projected converter and existing power converter is
clearly summarized in this paper. The switching as well as
conduction losses are very low due to single switch operating
without transformer. The cost of the solar based LED lighting
system with high conversion ratio buck-coost converter is very
cheap because the number of semiconductor devices and passive
components are using low. In this paper 120W and 30W of LED
lighting system is planned and executed in MATLAB/SIMULINK.
The clear summary of outcomes will prove the system is efficient.

Keywords : Solar PV panel, High Gain, Buck-Boost topology,
Incremental, LED Lighting Load.

I. INTRODUCTION

Nowadays the rapid growth with advancing technology

is the solar energy to produce the electricity without
producing harmful gases which pollutes the environment.
Exhaustion of fossil fuel, increases it cost and the gases
released by these fuels are dangerous to the environment. So
the public turn into renewable energy sources like biomass,
biofuel, geothermal, hydro, wind, tidal, solar power
generation etc.,. The energy produced by the solar is clean
and can be used for different applications [1]-[2]. The solar
electrical energy is produced from the solar cellsis known as
photovoltaic system. Silicone is one of the materialsto make
these semiconductor materials and they can produce the
electrica energy in all circumstances of the sun. If the
weather is cloudy then also the cells able to generate the
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electrical power by emitting the sun radiation. The voltage at
load side of the solar panel is varied due to continuous
changes in temperature and irradiation. Due to large
fluctuations in output voltage then these are not chosen to
connect directly for LED lighting applications [6]. Hence,
solar panels must be associated to the LED lighting
applications through the power converter in order to meet the
load specifications. Solar LED lighting systemsis considered
an efficient lighting and increasing demand day by day dueto
its higher lifespan, color rendering, low power consumption,
low heat dissipation and safety [5]. Lighting is one the
important application because 25% of generated electrica
energy is being consumed in al over the world [4]. LED
(Light Emitting Diode) is one of the electronic circuit
element which produces the light. LEDs have low
consumption of energy, size in small, longer lifespan,
durability and several advantages compared to conventional
light sources [7]. LED’s require forward voltage (Vg) and
forward current (Ir) rating of 1.2t0 3.6 Voltsand 10 to 30 mA
to operate exactly at conduction point. The conduction values
of Ve and I are varies depending upon the material used for
different colors [8]. The light is produced for LED in red
coloris 1.2V andfor blue LED is3.6V. LED mostly depends
on current devices, smal variation in voltage leads to
produce the large values of currents then the LEDs goes
damage. DC-DC converter plays an vital role in solar LED
lighting. Normally solar cells produce electrical energy is
variable due fluctuations in temperature and irradiation, so
the power converter controls by the MPPT agorithm to
maintain constant output power to be maximum will be
supplied to the LED load. In this situations selection of
efficient MPPT control algorithm and power converter is
unigue one from the best solution to track constant extreme
output power at different operating conditions with efficient
performance. Continuous changes in irradiation and
temperature of the cell will give variable operating point of
the array as shown in fig.1. Hence, constant optimal point of
the array has been found through the calculation of model or
by a search agorithm. There are dissimilar categories of
MPPT control procedures have been developed in the cited
works [9]-[12]. Perturb and Observe algorithm is the most
popular method of tracing the MPP. This control algorithm
has some disadvantages as described in [13], which P&O
algorithm does not have ability to compare the terminal
voltage value of the array with actual operating value of
voltage at maximum power point [14]. In this study, selection
of MPPT Incremental Conductance control algorithm is the
finest resolution because it is easier to appliance, more

efficient, higher speed of
tracking.
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While coming to the selection of power converter,
traditional converters are applied as power electronic
interface for LED lighting application [15], where the
performance is very poor and several disadvantages are stick
with this system as follows. H.C.Shu, Y.P Hsieh et.a
proposed flyback topology with reduced value of duty cycle
to generate suitable voltage and high efficiency, where
voltage gain has been increased with increasing parallelly
transformer turnsratio [16]-[17].The high value of turnsratio
will gives high spikes in voltages across the semiconductor
devices automatically efficiency is decreased. K.I.Hwu et.a
high gain voltage power structures with coupled inductor are
discussed; Due to leakage inductance released by coupled
inductor will adds the voltage stress [18-19]. T.-J.Liang et.a
proposed bidirectional converter, where this structure has
five numbers of switchesthat will raisesthe cost and losses at
conducting state [20]. T.J.Peng et.a designed KY converter
based on the buck-boost configuration, this converter hastwo
switches [21]. Hence, to overcome from these drawbacks an
efficient buck-boost structure with high conversion ratio has
been introduced in this study. However, above listed
configurations are anayzed by accumulating extra
apparatuses to the conventional structures.

ILen w ’v': “"

High Gain Buck-
Boost Converter

axiy

Fig. 1 Block diagram of high voltage conversion ratio
buck-boost structurefor solar LED lighting system
without MPPT Controller

In this study, a high gain topology with humble adjustment
in the existing structure. The primary objective of the
projected work is to model high gain buck boost topology
with an efficient MPPT controller, which is extra effective
power conversion with minimized losses, related with
conventional structure and be appropriate for achieving the
necessities of Solar LED lighting applications. The block
diagram of solar based LED lighting system without MPPT
controller of high gain buck-boost configuration is as
revedled in Fig.1.The basic power conversion work flow of
the LED lighting system can be clearly described as follows;
the energy radiation coming from the sun is directly absorbed
by the solar PV panel. This heat energy converted into
electrical energy by using photoconductive materials. Then
converted electrical energy is provided to the LED light load
through the projected high gain buck-boost structure. The
converter controlled by INC algorithm to maintain constant
determined power at operating point.

[I. SOLAR PV PANEL MODEL

The basic device of the PV panel is PV cell. Photovoltaic
cell is one of the diode whose light exposed from the p-n
junction. The operational of a PV cell is established on the
standard of photoelectric effect, which is defined as a
phenomenon that the emission of the electrons when the light
fallson the surface of the material. Thefree electronsmovein
the electric field of PV cellsthat can producesthe voltage and
current. The current and voltage offered at the depots of PV
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Panel could directly associate with the loads such as DC
motor applications. But further classy presentationslike LED
Lighting require dc-dc convertersto develop the energy from
the PV device. These power converters could regulate the
current and voltage at the load. The scientific modeling of PV
cell is essential for understanding the performance under
different atmospheric conditions. The corresponding circuit
of solar PV cell isas exposed in Fig.2.
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Fig. 2(a) Solar cell equivalent circuit
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Fig. 2(b) Characteristics of Solar Cell
Consider an ideal diode with shunt and seriesresistances then
the characteristics of voltage and current may be described

[22] asfollows.
Applying Kirchhoff law

5 10 15 20

PV Voltage (Volts)

Ipvzlph_ld_lsh @)
The diode current |4 is given by

AV tRI o)
l,=1le ™ -1
2
And the current in the shunt resistance is |« is
_Va+Rl,
TR,
)

The relationship between the solar PV cell and termina
voltage according to the equivalent circuit model isdescribed
by the following equation [23]-[24].
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Where

g= Electron Charge=1.6021x101°C
T=Kelvin operating temperature
K=Boltzmann Constant=1.3865x1022Jk
| pn=Photo current (Amps)
|=Saturation current of the diode (Amps)
Rs=Resistance connected in series(Q)
Rsi=Resistance connected in shunt(Q2)
m=Diode factor(1<n<2)

The quantity of solar PV cellsisjoined in seriesto arrange
astring. The number of strings connected in parallel iscalled
module of PV.

\%“S+I o R%P

mx Vy

I =1oxN,xl,—N,x e{ ]—1—|Sh
©)

VxN_/Ng+ 1 x
| =Y No/Ns+ 1 xR ©
Ra
Where Np&Ns are the numeral of parallel and series
connected PV modules.

1. STRUCTURE OF EXISTING CONVERTER AND
PROPOSED CONVERTER

The variation in designed converter to the existing
topology is clearly presented and analyzed in this paper. The
existing converter consisting of two power switches, two of
each inductors, capacitors diodes as shown in fig.3(a)[25].
The voltage is lifting by using the combination of inductor,
capacitor and diode. The voltage stress of the active switches
is very high and paraelly the number of switches also
increasing in order to raise the gain voltage. So, in direction
to escape from the shortcomings of this existing topology
simple modification is applying for the existing converter
that the same concept is applying here to propose new
structure with single power switch.

Voltage lift cell
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Fig. 3(a) Existing High Gain Buck-Boost Converter

The gain voltage can rise with the combinations of
capacitor, inductor, and diode but controlled by the single
power switch. The maximum stress voltage of the al devices
in the modified configuration is originated to be less related
to the proposed converter. The comparison of the both
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converters resolves based on efficiency, stress voltage,
reliability and volume. The proposed structure is designed as
ahigh gain buck-boost converter with easy adjustment in the
conventional structure. The designed structure is high
efficient compared to the existing converter with much
reduced losses and suitable for the solar LED lighting
applications.

For solar powered LED lighting system modeling
selection of power converter is essential. The main and
important factors which influence the chosen of converter are
circuit complexity, controller of the converter, availability of
the sensors and performance of solar PV panel etc.,, By
considering all key constraints for this lighting system high
gain buck-boost structure is designed. Fig 3(a) and 3(b)
presents the conventional high voltage gain buck-boost
configuration and modified high voltage conversion ratio
buck-boost configuration as novel topology respectively. The
modification made in the existing high gain buck-boost
converter is the removal of one switch and adding required
passive components. The planned high gain buck-boost
converter is shown in Fig.3(b). This structure having single
switch ‘S’, the energy storage elements
L1,L2,L35,C1,Co,C3,Ca,Co respectively & LED load. The
analysis of the converter is to be easier by assuming
necessary conditions.

They are

1. The configuration can be functioned in CCM. Thismodeis
distributed into two operation modes and its investigation
is clearly described.

2. The capacitors of the projected converter are big value and
supposing that voltage across the capacitors to be constant.

3. The switch of the projected configuration is considered as
ideal and assumes there is no parasitic capacitance for the
main switch.

A. Operation modes of the proposed converter

Mode-l (to <t < t1): The steady state wave forms
during this time interval mentioned between (t, <t < t;) as
displayed in Fig.4. When the switch is going in to conduction
mode the three diodes D1, D2, and D3 are automatically goes
turnoff and the equivalent circuit is revealed in fig 3(c). The
energy storage elements L1, Lo, L3 are magnetized linearly
and dueto capacitors C,, Cs the capacitors Cy, C4 are charged.
The corresponding mathematical expressions can be
expressed as follows.

di,, _

©)
The average current flowing in the capacitors Cq, Cy, Cs, Ca,
Co through the switch is ON position. |(31, |c2, |(33, |c4, lcoCan
be achieved as monitors:

dVe, _,
dt L2

(10)

|01:C1
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Fig. 3(b) Proposed High Gain Buck-Boost Converter for Solar LED applicationswith efficient MPPT Controller

in OFF position the diodes becomes turned on D1, D2, and D3

| dVv., | (11) c_orrespondi ngly and the equivalent circuit as displayed in
c2 2 gt -2 fig.3(d). The energy storage elements L1, Ly, and Ls are
dv. demagnetized linearly, due to inductor L 1 the capacitor Cy,the
les =—C; dtc S=1, (12) capacitor Cs is receiving charge by the inductors both L,L»
av and at the same time the capacitors discharged Ci, Cs
le, =C, d? =1, (13) respectively. The related equations are given as follows.
di
L~ OV (19 — == c2
loo =Co =g =7 1o dt (15)
di,
Ll 2 = Vo1 =Ve2 —Ves
(16)
diLS
K - L dt =Ve1—Vos =Ves Vo
| 3 o (17)
< g The average current flowing in the capacitors C; and Ca
§ g through the switch isin OFF position. The current Iy, Ics are
LENEVE B representing as follows.
dv,
lei =G dt =l -l 1 (18)
Fig. 3(c) Mode | (to<t<t1) av.
ica iLED I(:4 =y <= L3~ 'cy IO 19
- 4 Vo - dt (o}
. - g l B The currents lca, lcs, lco are nothing but
e i - C dVe, C dVes C dVe,
VR L & 274 3 g (o)
. IR e = t , t , dt  ae the average current
\.:. éh l o, g flowing through respective capacitorslike C,,Cs,C, at time of
2 [V ha 2 switch ‘S’ is in OFF position.
. IJ|?I]I_ C ), :T
lLIl L . C -
j(:T (v :T

Fig. 3(d) Mode II (t1 < t < t2)

Mode-ll (t1 < t < t2): The waveforms for the period of the
interval of time (t; <t <tp) asshown in Fig.4. When switchis
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Fig. 4 Theoretical waveforms of designed converter

In direction to get the values of energy storage elements and
other important parameters the equations can be solved from
mode | and mode Il by applying Volt-Sec balance method.
By considering the mode | eq (7), (8) and (9) and mode |1 eq
(15), (16) and (17) in both switch is ON and OFF positions of
Ly, L2, Ls. By solving this we will get the capacitor’s
voltages Cy, C,, C; and C4 can be achieved as monitors.

v MY,y
c1— — Vca
1-M
MV
pv
=——=V (21)
Y c3
Using equations (20) and (21), the voltage conversion ratio
(Kcem), “is attained as follows,
K Vo _VestVe, _ 3M
MV, v,  1-M
pv pv
Where ‘M’ is represents as duty cycle.

(20)

(22)

The Voltage conversion ratio at DCM (Kpew) is achieved as
follows:

M 2L,
Koow =—— (23) Where 7, = (24)
Joo RT,

The design of the converter for 120Watts at Boost mode
and 30Watts at Buck mode of solar basedd LED lighting
system with INC MPPT controller as shown in Table 1. The
important passive elementsin the circuit can be calculated by
using the equations written below.
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Y >
1237 5
L112,3 S
V.T
. T M (26)
155 % RAVcap(CLz&“vO)

Where AVc is voltage ripple of the respective capacitor and
this will produced from the current passing over the
Equivalent seriesresistance (ESR) and the total charging and
discharging of the respective capacitors can be expressed as
follows.

AVii340 = AV ER(Cisas0) T Avcap(c.l.ZBA,o) 27)
S ESR
— Cl.2.3.4,o)
AVESR(Cl,z,u,o) - T (28)
ESR(Cl,2,3,4,o) = Tanﬁ(c%nfs (29)

The switching frequency (fs) of the presented converter is 33
kHz. The ripple current of inductor Al and the output ripple
voltage for the capacitor AV¢ are usually considered as 20%
and 10% respectively.

Table 1 Specifications of the proposed converter

Parameters Boost Buck
Output power (Pow) 120Watts 30Watts
Solar PV Voltage 12v 24V
Switching frequency 33kHz 37kHz
Ly 100pH 1mH
Lz, Ls 260uH 580 uH
Cj_,CZ,C3,C4 100 HF 1OOHH
Co 470 pF 470 pH
Output current 25A 2.5A
Output Voltage 48V 12v

IV. ABOUT EFFICIENT MPPT CONTROLLER

The incremental conductance MPPT control algorithm
was designed based on curve obtained from P-V
characteristics [26]. This efficient algorithm established in
1993 to overcome some drawbacks faced by P& O agorithm.
Incremental conductance algorithm is used to improve time
of tracking and to generate more electrical energy from
variable irradiation and different temperatures occurred by
the environment. The calculation of extreme power point by
using the curve between dI/dV and —I/V. The position of the
extreme power point islies on the right side while the value
of dP/dV is negative and the position of extreme power point
is lies on the left side when the value of dP/dV is positive.
The mathematical expression for incremental conductance
method is written as follows
P=VI (30)
Differentiating the above equation with respect to voltage
then we get,

ﬁ:Mz(inH xd—vjz(viﬂj
dv dv dv dav dv

(31)

dP
If value of slopeW is zero then automatically the

maximum power point is reached.
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dP
Substitute the value W =0 in above equation then

dP di

—=|V—+I

av ( dv+j e
From this equation we get

d_ 1 -
dv. V

For suppose MPPliescurveat right sidei.e., di/dvV<-I/V then
the voltage of PV necessity to decrease in order to meet the
MPP [27]. This method used to describe the value of MPP,
diminish the power loss and price of the system and improve
the effectiveness. The implementation of Incremental
conductance controller produced more stability for the
system associated to P& O algorithm. The oscillations about
the area of MPP can be inhibited and the time of tracking the
extreme power point still not yet fast since the increment and
decrement of voltages has been nominated manually by trial
and error in this controller as presented in Fig.5.

Start )

Sample Values of PV voltage!
& Current

(  END \,
Fig. 5 Flowchart for Incremental conductance MPPT
control

V. DESIGNOFLEDLIGHTING LOAD

A. Boost mode of Operation

The well-known fact that an LED lamp turn ON with
enough forward voltage (V) and regulated forward current
(I¢) flowing through suitable resistance. White bright LED is
chosen that Ve is 3.5V and 1 20mA with suitable resistance
0f 270Q is. Here we need to select 120 LEDs for 120Watts of
LED lamp arranged 12x10 array format. The LED array is
rated by the selected voltage and current i.e., 48V and 2.5A
respectively chosen for boost mode of operation and load as
exposed in Fig.6 (a).
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B. Buck Mode of Operation

Red LED is chosen that Ve is 1.5V and Ir 25mA with
suitable resistance of 1Q is. Here we need to select 80 LEDs
for 30Watts of LED lamp arranged in 8x10 array format. The
LED array is rated by the selected voltage and current i.e.,
12V and 2.5A respectively chosen for buck mode of process
and the load is presented in Fig.6(b).

-

R =270 ohms

=270 ohms

=270 ohms

=270 ohms

=270 ohms

=270 ohms

=270 ohms

=270 ohms

=270 ohms

=270 ohms

R =1o0hms

R =10hms

R =10hms

R =1o0hms

R =1o0hms

+12Vv
i °R=1o0hms

R =1o0hms
R =1o0hms
R =1o0hms

R =10hms

Fig. 6(b) LED load for Buck mode

VI. RESULTSAND DISCUSSIONS

The proposed topology is well designed and tested in the
buck and boost modes of operations with efficient
incremental conductance MPPT controller at constant and
variable irradiance conditions to give efficient output for
applications of solar LED lighting. To validate the
performance of the presented configuration with INC MPPT
controller for PV system developed at constant irradiation
level i.e., at 1000W/m?and variable irradiance is from (600-
1000 W/m?). In the boost mode of operation, the output
voltage is equal to 47.65V. The output current and power
valuesare equivalent to 2.482A & 118.2Wattsrespectively as
depicted in fig.7. The power is improved with increasing
solar irradiance and the point to be noted that even in
variation in power but the voltage i.e, Vmyp is amost
constant. In boost mode, the converter can effectively track
the maximum power with high efficiency.

Fig.8 has shown the output voltage 11.8V and output
current 2.45A for the buck mode process of the configuration.
In this mode also tracking the power 29W is amost to be
maximum at highest efficiency. The buck-boost topology is
capable to track the power at variable irradiation with high
gain asshownin fig.9 and fig.10 for boost and buck modes of
operations respectively.
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In order to have a comparison between existing, proposed
buck boost structure as shown in Table 2. Including the gain
voltage, number of elements count, voltage stress and ripple
voltage of the both convertersare presented. According to the
fig.11(a-c) it can be declare that the presented converter has
the high gain voltage at lower duty cycle with reduced
ripples.

—e—High Gain Buck-Boost Converter
--m- Existing Buck-Boost Converter ,,’

voltagae gain

T T T T
0.0 0.2 04 0.6 0.8 1.0
Duty cycle

Fig. 11(a) voltage gain versus duty cycle

150 1 ____Existing Converter

--——Proposed Converter
120 -

o —

0 T T T T T T T 1
01 02 03 04 05 06 07 08

Voltage stres of MOSFET
Vy/Vy)
3

Duty Cycle(D)

Fig. 11(b) Volatge stress ver sus dutycycle

---Existing Converter

-—-Proposed Converter
100%0 4
809 4

60240 -

40%% 4

Efficiency (%om)

20% 4
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The duty cycle of configuration is very low for both
selected mode of operation. The competence of the topology
about 98%., the current & voltage ripples are very less.
Fig.11(a) evidently displays that the gain voltage of the
projected topology is high at each duty cycle related to
existing topology. Fig.11(b) clearly explains the voltage
stress and ripple content of the proposed structure is lessthan
that of the existing configuration. The curves presented in
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Fig.11(c) observed that the efficacy of the proposed structure
with output voltage is extremely high related to the existing
one. The determined competence of proposed structure is
about 97%.

VIlI. CONCLUSION

Solar based LED lighting system is designed with high
gain buck-boost topology controlled by incremental
conductance MPPT controller isanalyzed and simulated. The
model is simulated for two modes of operations buck and
boost and the results obtained. These results of the simulation
enlighten the performance of the converter with MPPT
incremental conductance agorithm can be tracked the
maximum power quickly. It is proved clearly that by
comparing the all characteristics of existing converter, the
proposed converter is approximately 2-3 times greater than
that of the compared converter. Switch and diode utilization
factors are very high related to the existing converter.
Therefore, it permits to select low rating power
semiconductor components and which outcomes in low cost
of the configuration. The effectiveness of the projected
converter is high compared to the existing converter at all
ratings of the voltages. The results of the output current and
voltage makes more appropriate for the operation of solar
powered LED lighting applications for 120W and 30W.
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