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Abstract-The demand for energy in the world 

day by day. People are ready to buy alternate source of 

energy to satisfy their energy demands. 

source means the energy that has been 

renewable energy sources such as wind power, solar 

power, tidal power, bio mass, bio fuel etc.,

produced by renewable energy sources are targeted to 

specific purposes.In the midst of all renewable energy 

sources, a very good source which is liberted

greenhouse emissions and giving possible solutions to 

the increasing energy demand is the photovoltaic (PV)

power generation. Though it is producing high energy it 

is having some disadvantages like the non-

of the solar module, their low-efficiency and high 

capital cost.A negative output Super-Lift Luo converter 

is implemented to overcome the disadvantages.  S

lift Luo converter is the one which produces negative 

output voltage increasing in arithmetic progression

it has high voltage gain and it reduces the ripples in 

voltage and current levels.To boost up the power from 

PV cells, Luo converter is employed. Among the 

evolution of DC-DC converters, this conve

latest and it uses voltage lift technique. To 

maximum power from PV cells there are plenty of 

algorithms addressing maximum power point (MPP) 

techniques are available which differs in convergence 

speed, simplicity, sensors, hardware implementation, 

cost and popularity. The improved Perturb & Observe 

MPP technique with the combination of super lift Luo 

converter can able to get maximum power from PV 

module. The circuit has been modelled and simulated in 

MATLAB. Therefore, the project deals with 

array fed by super lift Luo converter carrying negative 

output controlled by improved P&O algorithm to get 

high output. 

Keywords-non-linear, Photovoltaic (PV), (

improved Perturb and Observe (P&O)

Power Point Tracking (MPPT). 

 

1.  Introduction 

 
The renewable energy resources are a gift from god

the biosphere where electrical energy is an inadequacy. 

There are lots of renewable energy resources. 

their types, the solar energy is particularly becoming 

prevalent due to its source abundancy and direct 

conversion from the sunlight. The extraction of the 
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, Photovoltaic (PV), (NOSLLC),  

Perturb and Observe (P&O) Maximum 

gift from god to 

the biosphere where electrical energy is an inadequacy. 

of renewable energy resources. Inspite of 

their types, the solar energy is particularly becoming 

prevalent due to its source abundancy and direct 

conversion from the sunlight. The extraction of the 

solar power from the solar panel is simple but 

high efficiency from the solar pan

challenging process. 

 

2.  Block  Diagram

 

Figure.1.  Block Diagram

 

A.  PV CELL

the figure 2 shows the equivalent circuit of PV panel. 

The photovoltaic cell is entirely made up of silicon and 

processed into a crystalline form. This possess

ability to absorb the photons from sunlight and emit 

them as electrons. It produces an electric current to 

flow from photovoltaic cell to the load. The power 

output, power conversion efficiency depends upon the 

size of the PV cell. 

Figure.2.  PV Cell Circuit

This PV power generation depends upon the exposure 

of solar cell to the sun rays. It varies based on the 

climatic conditions.   Iop represents the cell photo 

current, ID is a diode current, Rsh

shunt resistance and  series resistance respectively. 

Rsh> Rs. 

LIFT LUO CONVERTER USING  

solar power from the solar panel is simple but getting 

high efficiency from the solar panel is really a 

Block  Diagram 

 

Block Diagram 

PV CELL 

shows the equivalent circuit of PV panel. 

The photovoltaic cell is entirely made up of silicon and 

processed into a crystalline form. This possess the 

ability to absorb the photons from sunlight and emit 

them as electrons. It produces an electric current to 

flow from photovoltaic cell to the load. The power 

output, power conversion efficiency depends upon the 

 

l Circuit 

This PV power generation depends upon the exposure 

of solar cell to the sun rays. It varies based on the 

represents the cell photo 

sh and Rs are intrinsic 

shunt resistance and  series resistance respectively.  
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From the above equivalent circuit,  

Current solar cell = Current source – Current diode 

shunt resistor 

i.e., I = Iop − ID − ISH 

 

PV cell characteristics 

Figure.3.   I versus V and P versus V –

characteristics 

The solar cell naturally exhibits nonlinear 

characteristics. The V-I-P curves at differentradiation 

levels and the three significant points at short circuit (0, 

Isc) and MPP (Vmpp, Impp), and at open cir

0) are shown in fig. 3. 

V-I characteristics of MATLAB panel

B.  Negative Output Super-Lift Luo Converter

Luo converters are novelsequence 

converters developed by Fang Lin Luo. They are 

simple structure and cheap topology. The elementary 

converter is  shown in Fig. 4 is Negative Output Super

lift Luo Converter (NOSLLC). The circuit consists of 

aDiodes D1, D2, Capacitors C1, C2,  

MOSFET switch S and load resistance R. 

I.  Elementary Circuit 

Figure.4.  Elementary circuit 
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Lift Luo Converter 

 of DC/DC 

converters developed by Fang Lin Luo. They are of  

simple structure and cheap topology. The elementary 

shown in Fig. 4 is Negative Output Super-

LC). The circuit consists of 

 Inductor L1, 

 

 

The dynamiccharacteristics of  fig. 2 

and the switching operation of fig. 4 

Figure.5.  Switch-ON mode

      

Figure.6.  Switch-OFF mode

Switch-On Mode

The current Ii flows through L1 and C

C1 gets charged to voltage Vi. 

During this period, the current through the inductor L

will increase by the slope of Vi/L1

Therefore, for ON time KT the change in current in L

will be 

∆iL1 =

��

�
KT                  (1) 

Switch-Off Mode

In switch off mode, the capacitor C

V0and the load is supplied by C1. 

The current at inductor will decrease because it 

supplies the load and C1. 

The voltage drop across L1 is, 

 

Vin – Vo         (or)           -(Vo-Vin) 

 

Since, Vo > Vin 

 

Therefore, the current through inductor L
��������

�
 

Also, we know that the switch off period is (1 

Hence change in current, 

∆iL1OFF = 
��������

�
 (1 – K) T                              (2)

We know, 

∆iON= - ∆iL1OFF 

Therefore, 
���

�	
  KT = 

������

�	
 (1 – K) T

By simplifying, 

Vo = 
	

	�

 Vin 

Rearranging, 

of  fig. 2 is shown in fig. 3 

fig. 4 is as follows. 

 

ON mode 

 

OFF mode 

On Mode 

and C1. The capacitor 

During this period, the current through the inductor L1 

1. 

Therefore, for ON time KT the change in current in L1 

Off Mode 

In switch off mode, the capacitor C2 gets charged to 

 

The current at inductor will decrease because it 

 

Therefore, the current through inductor L1 decreases by 

Also, we know that the switch off period is (1 - K) T 

K) T                              (2) 

K) T 
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Vo = [(
��


	�

) – 1] Vin                                             

II.  Super-Lift Converter 

As already stated the Luo converters 

performance in terms of high voltage gain and 

output ripple. This converter is developed based on two 

techniques, the voltage-lift (VL) technique, and the 

super-lift technique. Out of  these two,  t

one is   super-lift technique in DC/DC conversion. 

voltage transfer gain is much larger in voltage lift 

technique. The output voltage increases

(arithmetic)geometric progression (GP) in the case of 

superlift technique. It means, with the addition of the 

nth stage, the gain of the converter is equivalent

super-lift elementary circuit raise 

power.Super-lift technique is highly potential than 

other cconverters like SEPIC and CUK

What makes it powerful? Means,  it can generate 

arithmetic progression output voltage and has high 

efficiency and power density. 

Hence, the super- lift converter has the advantages

high-voltage transfer gain,improved efficiency,

power density, less ripple voltage and current

are used in computer peripherals, medical appliances 

and they are highly applicable in industries because of 

its high output voltage.  

Each and every circuit consists of a switch, n number of 

inductors, 2n number of capacitors and (3n

of diodes. ‘d’ be the conduction duty ratio , 

switching frequency  (period T = 1/ f), and 

resistive load R. The input voltage and current 

isdenoted as Vin and Iin respectively and output voltage 

and current isdenoted as VO and IO

Assuming no power losses during the conversion 

process, Vin × Iin = VO × IO. The voltage transfer gain is 

G. G = VO/ Vin. 

1) Elementary circuit (n = 1) 

2) Re-lift circuit (n = 2) 

3) Triple-lift circuit (n = 3) respectively

 

Figure.7.  Circuit diagram 

                                             (3) 

Luo converters givesbetter 

performance in terms of high voltage gain and less 

developed based on two 

lift (VL) technique, and the 

Out of  these two,  the advanced 

onversion. The  

in voltage lift 

utput voltage increases in 

in the case of 
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th
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output voltage 

Orespectively. 

no power losses during the conversion 

. The voltage transfer gain is 

lift circuit (n = 3) respectively 

 

 

 

 

 

 

Figure.8.   Switch ON mode

   

Figure.9.  Switch OFF mode

The re-lift circuit is the modification of elementary 

circuit. Here, the elements L1, C

added. These extra elements together with elementary 

circuit can give even more voltage transfer gain.

From (3),  Vo = [ 
��


	�

 – 1] Vin 

Referring to the diagram during OFF mode,

Vo = V1 – Vin (4) 

From, (3) and (4) 

V1 = [ 
��


	�

 ] Vin(5)  

By doing similar analysis as in elementary circuit we 

get,  

∆iL2ON = 
�	����

��
 KT                           (6)

∆iL2OFF = 
�������	�����

��
 (1 – K) T             (7)

∆iL2ON = - ∆iL2OFF 

From (6), (7) eliminating L2, T we get,

Vo = 
��


	�

 V1 – Vin                          

From (7) and (8), Vo = [( 
��


	�

 )2 –

Therefore, transfer gain, G = 
��

���
 = [(

 

Circuit Parameters

 Table 1. Circuit Parameters

 

C.  Maximum Power Point Tracking Technique

Parameter’s 

name 

Symbol 

Input voltage 

from PV Panel 

Vin 

Output voltage 

of the 

converter 

Vo 

Inductors L1, L2 

Capacitors C1, C2, C3, C

Nominal 

Switching 

Frequency 

 

Fs 

Load 

Resistance 

R 

Duty Cycle K 

Switch ON mode 

 

Switch OFF mode 

lift circuit is the modification of elementary 

, C1, C2, D1, D2, D3 is 

added. These extra elements together with elementary 

circuit can give even more voltage transfer gain. 

Referring to the diagram during OFF mode, 

similar analysis as in elementary circuit we 

KT                           (6) 

K) T             (7) 

From (6), (7) eliminating L2, T we get, 

                 (8)  

– 1] Vin           

= [(
 �� 
 

	�

)

2
 – 1] 

Circuit Parameters 

Circuit Parameters 

C.  Maximum Power Point Tracking Technique 

 Value 

120 

120 – 4200V 

2.2mH 

, C4 470µF 

 

50Hz 

1000Ω 

0.2 – 0.9 
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Since PV system is characterised with low conversion 

efficiency it forms thelarge obstacle to the growth

solar power.Hence, Maximum Power Point Tracking 

(MPPT) is crucial to ensure that the maximum 

accessible solar energy is extorted from the solar panel. 

Various  MPPT methods have been suggest

past few decades. The critical operating 

exposure to sun’s rays. The system performance can be 

improved by capturing all the available solar power 

during low exposure to sun’s radiations. The use of a

efficient MPPT controller and converter 

reduces the amount of  PV installation

objective of this section is to improve performance by 

the improved P&O method  by predicting the error one 

step in advance. The proposed method has 

response than the conventional method of P

quickly changing atmospheric conditions. A super lift 

Luo converter is chosen as a DC/DC converter. 

improved P&O finds the reference current for the 

maximum peak conversion. Then the next switching 

state can be determined. With this method 

the next sampling time and the switching state 

determined. The inputs to the proposed controller are 

the PV systems voltage and current. 

Figure.10.   MATLAB MPPT CIRCUIT

It works by perturbing (or) upsetting the system and 

observing the corresponding impact on output power of 

Photovoltaic generator. In fig. 11, one could see

the perturbation will move the operating point towards

the maximum power point when the power increases 

(dP/dV> 0). The P&O algorithm continuously perturb 

in the similarway.The perturbation will 

operating point away from the maximum power point if 

the power drops (dP/dV<0) . This is how t

will turnaround to the direction of the next perturbation.

characterised with low conversion 

to the growth of 

oint Tracking 

the maximum 

from the solar panel. 

suggested since the 

The critical operating rule is low 

The system performance can be 

improved by capturing all the available solar power 

sun’s radiations. The use of an 

MPPT controller and converter considerably 

installation. The main 

performance by 

P&O method  by predicting the error one 

. The proposed method has quicker 

of P&O under 

changing atmospheric conditions. A super lift 

Luo converter is chosen as a DC/DC converter. The 

the reference current for the 

. Then the next switching 

state can be determined. With this method  the error of 

the next sampling time and the switching state can  be 

controller are 

 

MATLAB MPPT CIRCUIT 

the system and 

impact on output power of 

could see that 

the perturbation will move the operating point towards 

power increases 

continuously perturb 

The perturbation will shift  the 

operating point away from the maximum power point if 

the algorithm 

the direction of the next perturbation. 

 

Figure.11.  power characteristic curv

This progression will be repeated 

periodically till the maximum power point is 

reached.When the system fluctuates around

maximum power point the power loss will occur. This 

power loss can be minimised by reducing the size of 

perturbation. But it will slows the maximum power 

point tracking progression. Then 

speed has to be compromised.  

Table 2. 

Perturbation Change in 

power 

+ve +ve 

+ve -ve 

-ve +ve 

-ve -ve 

 

3.  Matlab Simulation Results

Figure.12.  MATLAB circuit

 

Figure.13.  Luo Converter output voltage

 

Figure.14.  Luo Converter output current

 

power characteristic curve 

will be repeated continuously and 

periodically till the maximum power point is 

fluctuates around the 

the power loss will occur. This 

power loss can be minimised by reducing the size of 

perturbation. But it will slows the maximum power 

Then the accuracy and 

Change in Next 

perturbation 

+ve 

-ve 

-ve 

+ve 

Matlab Simulation Results 

MATLAB circuit 

Luo Converter output voltage 

Luo Converter output current 
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Figure.15.   PV panel output voltage 

4.  Applications 

Aerospace:Charge particle energy analyzers

Robots. 

Defense: Baggage scanner, Radiation detection, Threat 

detection, Electric fencing. 

Industrial and Engineering/R & D: Air filtration, 

Quality testing, electric vehicles, Electrostatic 

precipitators, HV motors, Water quality analysis

Dielectric testing, Electrostatic testing, Food,

beverage testing. 

Medical: Spectrometry, Imaging, Radiotherapy, 

separation 

 

5.  Future Scope 

By cascading the elementary circuits of Luo

further, multi-lift converter can be designed. Hence, 

improving the transfer gain. 

 

6.  Conclusion 

 

Photo voltaic based super-lift Luo conve

improved Perturb and Observe (IP&O) 

Power Point Tracking (MPPT) technique is the 

plannedmethod. Here for different values

output voltage has been determined. For the K value of 

0.2 to 0.9 the output voltage varies from 488V to 14KV 

for an input voltage of 120V. Among the 

DC converters, Luo converter gives the high voltage 

gain comparatively with less losses. By the 

combination of IP&O, Luo converter and PID 

controller the input is stepped up and monitored in 

CRO. The various applications of this high voltage and

low current are given. By further cascading the 

elementary circuit of Luo converter, triple

multi-lift converters can be developed. Thereby, 

improving the overall voltage gain.  
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