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Abstract 
 
The power-supply for DC-to-DC Converter attained from the huge number 

of energy sources and the converter is used to provide balanced output. The 

basic structure of Numerous Input Converter (NIC) is as like different 

individual input converters from all energy sources. Non-conventional 

energy sources (NCES) are fast growing as the traditional energy means is 

cost-effective and not abundant. As NCES is available abundant and it is 

easily disposable it is used as an alternate energy source nowadays. 

Photovoltaic energy source and wind energy sources are the major inputs of 

NCES. A battery is used for charging as the power of NCES is intermittent. 

The converter is utilized for battery charging of input sources and the battery 

in turn works bidirectional. The proposed NIC provides power in 

combination with all input energy sources to the load or separate. Since less 

number of components are used in NIC it is cost-effective and small size.  
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NIC is reliable and its performance is dynamic in nature because of its 

centralized control. The power from multiple energy sources and the 

operation of battery is used for analyzing the different operation modes in 

NIC. The PI-controller is utilized in closed operation in NIC. Suggested 

model NIC can be used in residential and in charging of automobiles. 

Keywords: Non-Conventional energy sources, Multi Input DC-DC 

Converter,Solar PV System, PI- controller, MATLAB/SIMULINK. 

1 Introduction 
 

 Nowadays, the power source requirement for various numbers of 

applications is gradually increasing. Applications like to distributed power 

producing systems (or) micro-grid-based power producing systems utilizes 

power from a large number of sources. To create awareness in using non-

conventional means of energy, a lot of other modified power producing 

systems are recommended to the users. Usage of modified power producing 

systems and combined power generation systems provide continuous 

allocation of power to the users.  When converters are connected parallelly, 

lot of numerous inputs of power from various energy sources is combined to 

produce high amount of output-power. The list of advantages obtained by 

utilizing NICs’ are minimized in cost, expansion capability, high compact 

and more advances in better manageability. Some of the applicable areas 

where NICs’ can be implemented are aerospace design, electric vehicles and 

micro-grid systems. Our India obligates major energy necessities in all 

circumstances, this increases the complexity to meet the energy 

requirements, but it is not possible by means of traditional power generating 

system. The rate of electricity consumption in the world is fast growing due 

to the high population and growth of the economy. Since there are energy 

shortages in the country Indian economy struggles a lot to meet all the energy 

requirements of the country. This interminable energy shortage has become a 

warning in the development of the nation. Non-Conventional Energy Bases 

(NCES) like solar energy and wind energy can provide supply periodically 

depending upon the climatic conditions but not upon the demanding power of 

the nation. In order to overcome the periodical power generation and to 

increase the quality of the power generated Battery Storage Systems are 

used.   But the difficulty lies in the amalgamation of the power engendered 

from various NCES into the network of electricity. Non-Conventional 

Energy sources are inexhaustible energy sources and it won’t get drained 

soon. These inexhaustible energy sources are generated from nature and 

resources that are readily available all the time, the maintenance cost and 

operating cost of these resources is very much lower. In addition to it  
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renewable energy sources are eco-friendly since it does not generate any 

hazardous or waste materials. The activities of human increase the emission 

of carbon-dioxide which in turn increases the earth’s heat and provide 

harmful diseases to the humans. The major source of electricity is through 

coal mines which in turn emits lots of carbon-dioxide and harmful gases. 

This pollutes the water and air. Energy from the sun and energy from wind 

are the two major groups of inexhaustible energy sources utilized in the 

proposed methodology. The rest of the paper is organized as follows. Section 

2 describes about the various related works proposed in the theme integrated 

numerous DC-DC converters and the applications used. Section 3 

demonstrates about the materials and methods followed by the results 

obtained through proposed work and the discussion about the results in 

Section 4. Finally the Section 5 concludes the work done in the proposed 

paper. 

 

2  Related Work 
 

Calais, M  [1] detailed at various multi-level topology are analysis and to 

provide the Grid connected 1-phase Solar PV Systems. The transformerless 

of PV systems based multi-level converters are less number of components 

and less switching stress.  

Kuo, Y. C., Liang [2] conclude that the PV generator working on 

summer days and active line power conditioner performed well in winter 

session. A Single Stage topology is implemented, the PV energy conversion 

system to reduce the size and improve the efficiency. 

Y. M. Chen, Y. Ch. Liu  [3] proposed that two varying sources of DC-

inputs could be obtained with the control of phase-shifted pulse width 

modulations and the same is provided to the load separately and 

continuously. 

Myrzik, J. M [4] suggested about the currently invented inverter 

techniques and solar PV energy systems.  

Matsuo, H  [5] proposed a new multiple input DC-to-DC converters and 

analyzed the same. It leads to the clear explanation of static and dynamic 

electric power obtaining characteristics. 

Peng, F. Z [6] suggested about a new zero voltage switches providing 

bidirectional services DC-DC converter. The new invention has zero total 

device rating consequence, implementing soft-switching without any added 

devices, maximum efficiency and simple control model. 

Duarte, J. L [7] proposed a new hybrid model fuel device as well as 

battery operated device to increase the minimum transient response rate. The 

proposed model could be implemented in new autonomous devices with 

variations in quick loading. 
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Chen, Y. M [8] experimentally summarized a new multiple-input based 

inverter for Grid connected multiple renewable energy system to minimize 

the system loss and cost. 

Reddy, K. N [9] emphasized that the compensation of reactive power and 

provide reliable power to the remote place by using the Interactive Hybrid 

Distributed Generation Scheme. 

Lopez, O., Teodorescu, R [10] achieved that the solar based applications, 

to minimize the losses and costs, reduce the size by using the removal of the 

transformer in the inverter. 

Kwasinski [11] performed that the multi input of the converter could be 

used to reduce the number of components and cost and each input port use at 

least one dual directional blocking switch. 

Krishnaswami, H [12] observed that the power flow could be control 

between the energy storage devices and load and sustainable energy sources 

by using the 3-port converter based full bridge circuit and High frequency 

link-based power conversion stage.  

Khaligh, A [13] performed that the plug-in hybrid electric vehicles could 

be better fuel economy and minimize the emissions compared to the 

conventional electric vehicles. 

Liu, Y. C [14] implemented that the general approach for developing 

multi-input converters (MICs). 

Li, Y., Ruan, X [15] observed that a Dual input and single output of the 

converter various control methods are described. 

Qian, Z., Abdel-Rahman, O [16] achieved that the new method of 

converter topology that interface the 4 ports and reduce the component size, 

improve the efficiency. 

Hosseini, S. H [17] performed that a Grid based solar system with a fuel 

cell to provide reliable supply to the load. 

 
3  Materials and Methods 

 
One level of voltage of DC source is converted to another voltage by a 

DC-to-DC converter. When DC voltage is not regulated properly, it creates 

fluctuation in DC-to-DC converters.  Although input provided is unregulated 

the output voltage obtained from these converters is regulated. The major 

features like switch on-time, frequency of the switch and pulse breadth helps 

in regulating output voltage.   Duty Rotation regulates the DC-DC 

Converter’s output voltage. Duty Rotation is denoted by D. Ratio of switch 

on-time and total switch period gives the Duty Rotation Ratio. The 

following equation is the Duty Rotation Equation: 

 

𝐷= 𝑇On/𝑇s           (1) 
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Where 

 

D refers duty-cycle rotation  

Ton refers switch on-time 

Ts is total time period (Ton + Toff) 

 

Boost converter is a well-known converter that engenders superior output 

voltage than the input voltage. This converter encompasses of a diode, 

switch, inductor and a capacitor. Boost converter input is from different 

kinds of input sources and power savers. The input voltage works in blend 

with inductor as a power source. Switches coupled analogous with input 

supply and output. The switch is made off sporadically to provide supply 

from both inductor, input source thereby boosting the resultant supply. 

Figure 1 illustrates the DC-to-DC booster circuits. The output is represented 

on average as Switch in the circuit of Booster helps in charge-mode and 

discharge-mode of converting.  

 

V𝑜= Vin/1−𝐷       (2) 

 

Where  

VO refers output   

Vin refers input  

D refers Duty-cycle Rotation 

 
 

 
Figure 1 DC to DC Booster  
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3.1 Multiple Source Direct Current-to-Direct Current Input   
 Converter 

 
Input from various sources of energy of varying voltage intensities are 

combined using multiple source input of DC-to-DC Converters. Regulated 

loads of output are produced by the converter. Various applications require a 

large amount of load which is obtained by combining input from different 

power sources. Usage of distinct converters is for different power sources. 

Inputs-power Sources from 1 to N-1 can be from any input power source like 

wind turbines, solar grid, PV modules, micro turbines and so on and the Nth  

Source  represents power from storage systems like batterie, ultra-capacitor 

and so on. Power from various energy bases is unidirectional whereas power 

from storage unit is two-directional because it performs both charging and 

charge clearing. A solitary, multiple input source of DC-to-DC Converters’ 

uses a single converter for inputs from different power sources instead of 

having isolated converters for each input power source. The Figure 2 depicts 

Multiple source DC-to-DC input converter. The erection of the 4-input 

source DC-to-DC Booster is depicted in Figure 3. Four input sources such as 

Voltage1, Voltage 2, Voltage 3 and Voltage 4 along with a storage unit 

power is utilized parallelly in converting. Therefore, strength of output 

electrical-energy depends on type of four dependent input supply sources 

such as V1, V2, V3 and V4. There are four Inductors such as L1, L2, L3 and 

L4 which helps in earning unfluctuating DC power from input supply 

sources. The power flow of the MSIC is controlled by four major power 

controlling switches namely S1-S8. As akin to the traditional Boost 

Converters model, diode D1 and D2, D5 and D6 conduct electricity in a 

balancing manner with switch buttons S1 and S2, S5 and S6.  When the S3, 

S4 switches and S7, S8 switches are ON, matching-diodes are biased 

oppositely by energy storage element power and it also blocks it. This in turn 

made the diodes D3 and D4 supply input current voltages iL1, iL2 and input 

currents iL3, iL4 are conducted by diodes D7 and D8 respectively. 

 

 
 
 
 
 
 
 



                                                                                                                  
 

 

I Mode II Mode III Mode 

PPv+PWt=P Load PPv+PWt<P Load PPv+PWt>P Load 

S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4 

1 1 0 1 1 1 1 1 1 1 0 0 

S5 S6 S7 S8 S5 S6 S7 S8 S5 S6 S7 S8 

1 1 0 1 1 1 1 1 1 1 0 0 
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Figure 2 Multi Source Input Converter for all sources 

 

There are three variant modes of operation in the proposed DC to DC 

Converter founded on the storage element performance.  

 

 

Sources like V1, V2, V3 and V4 are used to provide loads to the circuit 

without any storage element. 

 

Sources like Voltage1, Voltage2, Voltage3 and Voltage4 and storage 

element are used to provide loads to the circuit. 

 

Sources like Voltage1, Voltage2, Voltage3 and V¬oltage4 & storage 

element’s charging performance are used to supply loads to the circuit. 

 

The switching operation of DC-to-DC Converter along with four inputs 

shown in Table 1. 
Table 1 DC-to-DC converters, various switching modes 
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 3.2  First Mode 

The path S4-D3 and S8-D7 is elected in this operation mode for 

conducting current. Hence, during the entire operation in I mode the S4 & S8 

switches are activated, whereas switches S3 and S7 are made OFF. Other 

switches that are turned ON are S1, S2, S5 and S6. Voltages in V1, V2, V3 

and V4 are used to charge the inductors L1, L2, L3 and L4 respectively. The 

storage element remains resting throughout this mode. Figure 4 illustrates the 

operation of the first mode (Mode 1). 

3.3 Second Mode 

Figure 5 illustrates the operation of the second mode (Mode 2). Here 

input voltage is supplied to load by four input sources V1, V2, V3 and V4 

together with the storage element. The storage elements’ discharging option 

takes place in this mode. In accordance with the circuit diagram, currents 

iL1, iL2, iL3 and iL4 are passed through the path S4, S8, battery and when 

the switches S3, S4, S7 and S8 are stimulated. Discharging of the battery has 

taken place due to the stimulation of switches S3, and S7. But storage 

elements discharging mode take place until switches S1, S5, S2, and S6 are 

lively.  The currents iL1, iL2, iL3 and iL4 are answerable for the supreme 

discharging mode of storage element. The apposite design of the input 

sources to conduct current voltages in an appropriate manner is responsible 

for procuring maximum charging in the storage element. The Supreme 

discharging notion of the battery is also regulated by proper design of the 

input source. 
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                              Figure 3  DC-to-DC Converter- Circuit Model for four inputs 

 

 3.4 Third Mode 

Figure 6 illustrates the operation of the third mode (Mode 3). Here input 

voltage is supplied to load by four inputs V1, V2, V3 and V4 and while 

storage element is charging. The storage elements’ charging option takes 

place in this mode. In accordance with the circuit diagram, input currents 

iL1, iL2, iL3 and iL4 are passed through the path D4, D8, storage element, 

diodes D3, D7 and when S1, S2, S3 and S4 switches are stimulated. The 

following switches S3, S4, S7 and S8 are also turned OFF while the input 

current is passing. But storage elements, charging mode take place until  
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switches S1, S5, S2 and S6 are active.  Hence, currents iL1, iL2, iL3 and iL4   

are answerable for the  supreme charging mode of storage element. 

 

 
Figure 4  First Mode-circuit overview 
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Figure 5  Second Mode-circuit overview 

.  

Figure 6  Third Mode-circuit overview 
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4 Results and discussion 

 
MATLAB is used for computing the results since it is an ease-of-use 

application combining programming, computation and visualization. 

MATLAB is also a wonderful tool for research. In our proposed work 

Simulink technique of MATLAB is used to model. Multi source DC-to–DC 

input Converter with PI-controller stimulation. Demonstration of the 

converter and the battery in accordance with their uninterrupted voltage 

supply is studied carefully and the results are framed. Table 2 describes the 

results of the MSIC with four sources of inputs. 
 

4.1 First Mode 

  
In Mode 1 input voltage is given to the load only by four power-sources 

Voltage1, Voltage2, Voltage3 and Voltage4. The charging as well as the 

discharging of the storage element is not taking place in this mode. In order 

to calculate the performance of current-mode, input voltages should be >=8 

V. Figure 7 elucidates the operation of the first mode. 

 
Table 2 MSIC Simulation Results 

 
Parameters Ratings 

I/P Voltage (V1,V2,V3,V4) 0-19 V 

O/P Voltage (V0) 25.2V 

L1,L2,L3,L4 1.92985x10^-5 H 

Capacitor  100000x10^-6 F 

Frequency  2KHZ 

R Load 5 ohm 

Energy Storage Device 9V 
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Figure 7  First mode simulation result 2V in V1, 8.6V in V2, 0V in V3 and 3V 

in V4 

 
 
 
4.2 Second Mode 

 
Here input voltage is given to load by four input sources V1, V2, V3 and 

V4 together with the storage element. Bigger than or equal to 6V in any one 

of input power voltages while battery discharging is the only required 

condition to measure the performance of this mode. Figure 8 elucidates the 

operation of second mode. 

 
4.3 Third Mode 

 
Here input voltage is given to load by four inputs Voltage1, Voltage2, 

Voltage3 and Voltage4 while the storage element is charging. Larger than 

11V in any one of the input power voltages while battery charging is the only 

required condition to measure the performance of this mode. Figure 9 

elucidates the operation of third mode.   
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Figure 8 Second mode simulation result with 6.7V in V1, 2 V in V2, 1V in V3 

and 0V in V4 

 

 
Figure 9 Third mode simulation result with 2V in V1, 8.1V in V2, 11V in V3 

and 1V in V4 

 
5 Conclusions 
 

The projected Multiple DC-to-DC Input Converter generates highly 

synchronized output voltage using various sources of input. Output power is 

generated by the MSIC using input from various sources either separately or 

concurrently. A storage element like battery power is also used here since the 

input power from sources like wind, water and sun are discontinuous due to 

variable weather. In order to afford an unremitting power to load, discharging  
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notion of battery is announced. Thus, the proposed MSIC acts as a single 

converter to combine input from different power sources. This hybrid system 

is cost-effective and reduced the size of the proposed model. 
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