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Abstract—Today it is an obvious fact that energy consumption 

tends to increase due to technological developments, population 

growth, and increasing living standards. In last two decades, 

renewable energy sources are considered to be the most 

convenient way to produce clean energy, as it has infinite energy 

potential. However, most of these alternative systems are not 

considered sufficient to supply the whole demand alone. But 

hybrid systems with some alternative energy sources, such as 

solar, wind, and biomass appear to be a solution to supply the 

energy needs in the future. In hybrid systems, the DC-DC 

converter structure is the main device when converting energy 

for the proper loads. Single/multiple inputs, single/multiple 

output DC-DC converter topologies vary in design according to 

the energy demand of the load. Particularly, as the power flow 

direction differs depending on the energy need and efficiency in 

energy systems, the usage areas of topologies with bidirectional 

power flow and fewer circuit elements that reduce system cost 

and complexity are expanding. In this study, the simulation of 

multi-input single-output (MISO) DC-DC converter topologies 

were performed in Matlab / Simulink software. Inductor current 

and voltage, output current and voltage, as well as output power 

used in the determining topologies were analyzed. The 

mathematical equations given in the topologies were confirmed 

by simulation studies. 

 
 

Index Terms—MIC topologies, hybrid systems, Matlab / 

Simulink, two-input converters, V-I characteristics 

I. INTRODUCTION 

N THE process from generation to the consumption of 

electrical energy, the most important reason for using 
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alternating current (AC) is that the input voltage can be easily 

converted to different voltage levels with the help of low 

frequency transformers (LFT). In electrical power systems, 

LFTs also perform electrical insulation functions besides 

voltage transformations. However, LFTs constitute the biggest 

part of the power systems in terms of volume, weight and cost 

due to the weight of the bulky iron core and copper coils in 

their structure. The dimensions and weights of transformers 

vary depending on the ferromagnetic properties of the cores 

used in their structures and the temperature of the cores and 

windings.  

In power transformers, while the temperature of the 

transformer is controlled with the help of various cooling 

devices placed on the transformer, a reduction in weight and 

volume can be achieved by using materials with high magnetic 

permeability in the core structure. On the other hand, since the 

transformer sizes change inversely with frequency, increasing 

the frequency can reduce the transformer dimensions. 

However, since increasing the frequency will increase the 

losses caused by hysteresis and eddy current, there is a need 

for cores with high magnetic permeability instead of 

conventional magnetic cores. With advances in material 

science, cores with high power and high magnetic 

permeability can be developed at medium voltage levels [1-3].  

Today, using the only transformer is insufficient in meeting 

the needs of loads with different profiles and in connect of 

renewable energy sources such as solar and wind to the grid. 

Additional mechanisms are needed to overcome power quality 

problems such as voltage rise and fall, ripple, or harmonics 

[4]. With the advances in semiconductor technology, power 

electronics has emerged as a promising solution to dealing 

with the problems of complex power systems. High-power and 

controllable solid-state switches triggered the development of 

various power electronic converters that find application in 

both transmission and distribution systems. Power electronic 

circuits and mechanisms (such as fuses, switches, protection 

equipment, etc.), initially created with the help of transistors, 

were primarily used in the industry. This process, which 

started with motor control units, went beyond the industry 

thanks to the developing semiconductor technologies and went 

to electric vehicles [5,6], microgrids [7,8], renewable energy 

sources [9,10], home, office, agriculture, and animal 

husbandry [11, 12] has found use in many places. Power 

electronic circuits, whose production and consumption 

increased with the increasing demand, made it necessary to 
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minimize the effect of load effect on the source and peripheral 

devices and to be compatible with each other. Besides, the 

quality and uninterrupted energy demands of the users [13] 

made it necessary to provide power quality, efficiency, safety, 

and insulation features. It is necessary to prevent wide-ranging 

power outages that occur in case of malfunctions, to dampen 

disturbing effects, and to keep the power factor level that 

creates a load on the grid at the optimum level. 

Power converters that result from the combination of 

conventional transformers and semiconductor converters are 

defined as power electronics transformers (PET). PET's were 

first patented by Murray in 1970 [14]. Using conventional 

transformers in PETs provides easy conversion between 

different voltage levels as well as electrical insulation. 

However, transformers used in the network frequency (50Hz / 

60Hz) have disadvantages such as very large weight and 

dimensions depending on the power. Brooks suggested in 

1980 that by increasing the frequency of the insulation barrier, 

the size of the system could be reduced and more power could 

be transferred with a smaller transformer [15]. Thus, together 

with transformers that can be operated within the frequency 

application limits, the way for very high energy conversions 

from very small dimensions has been opened. It has started to 

widespread the use of PET instead of LFT, especially at low 

and medium voltage levels. Safe and efficient power control is 

provided in a wide range by properly controlling the power 

electronic elements in the PET's structure. Compared to 

conventional transformers, PETs are characterized by high 

power density, small volume, and weight, controlled power 

factor, controlled voltage reduction, etc. It appears to have 

good features such as [16,17]. On the other hand, as a result of 

increasing the operating frequency, the size of the filter 

elements is reduced, allowing high energy conversions from 

low volumes [18]. In the light of advances in materials 

science, PETs have developed in parallel with semiconductor 

circuit elements. 

In this study, the studies on multi-input converters (MICs) 

are examined and MIC topologies, which are widely included 

in the literature, are summarized. MIC topologies are grouped 

under four subtitles as AC / AC, AC / DC, DC / AC, and DC / 

DC. Topology structures are generally examined and detailed

with a sample application. The developed MIC was simulated

in Matlab / Simulink environment. The findings obtained from

the design criteria and simulation are presented in the third

section of the study.

II. MULTI-INPUT DC/DC SYSTEM

A simulation study of the MISO DC-DC converter system 

given in [19, 20] has been done. In such multi-input (MI) 

systems, a separate DC-DC converter is used for each source. 

The output of the transformers of the sources was connected in 

series and a single DC output voltage was generated. In such 

systems feeding a single load, using a separate converter for 

each source stands out as a disadvantage. According to the 

given topology, a two-input single-output circuit model was 

formed in the simulation environment in Matlab / Simulink 

program. The circuit model is given in Fig. 1. Aleo Solar 

S16.185 PV module in Matlab / Simulink software library was 

used. 

Fig. 1. Two-input single output DC-DC system 

The use of boost converters separately for two DC sources is 

given in Fig. 1. 
1V , 

2V the source is chosen as 24 
DCV . There 

is a unidirectional flow of power from the sources to the load. 

The load voltage (
0V ) can be found by equation 1. 

1 20

1 2

1 2

    =
1 1

DC DCV V V

V V

d d

 


 

   (1) 

Equation 1 is determined according to the two-input DC-DC 

system. Depending on the number of entries, the equation can 

be expanded. 
1DCV , 

2DCV  are the output voltage of the boost 

converters, 
1d and

2d are the duty cycle values of the first and

second switches, respectively. If the input values 

( 1 2pV V V  ) and duty cycle ( 1 2pd d d  ) values for each 

switch are equal, the output voltage 
0V can be generalized 

with equation 2 according to the number of sources ( n ). 

0
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Capacitance value ( C ) is found by Equation 3. 
2

1
p

p p

p V

n d V
C

d R f


  
 (3) 

where R  is load, f  is the switching frequency, and 
pV is

the fluctuation in voltage. Switching frequencies in topology 

are fixed. Inductor value ( L ) is given by Equation 4. 
2(1 )

2

p pd d R
L

n f

 


 
   (4) 

The parameters and values used in the simulation environment 

are given in Table I. For a two-input system, the duty cycle 

ratio is taken as 0.4 in both switches. Input voltage source 

values are equal and voltage ripple value is taken as 2 V .    
TABLE I 

CIRCUIT PARAMETERS 

Parameter Value 

1V (mpp) 24 DCV

2V 24 DCV

1d 40 %

2d 40 %

L 18 H

C 160 F

R 10 

f 20 kHz

pV 2 V
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Fig. 2 shows the output DC voltage and current graph for the 

load in each converter. The output voltage is measured at 

48.5V. The output current has been measured as 4.95A. 

 
Fig. 2. I0 and 0V  graph 

The output power graph is given in Fig. 3 and it has been 

calculated as approximately 240 W. 

 
Fig. 3. 

0 0,P V  and 0I  graph 

III. MISO DC/DC CONVERTER TOPOLOGIES 

There are many MI DC-DC converter topologies in the 

literature. In such systems, power transfer with a common 

circuit using more than one source and a single inductor was 

performed either in unidirectional or bidirectional. Meeting 

the energy needs increases its importance day by day. In this 

case, the hybrid use of renewable energy sources of different 

voltage levels is seen as a solution. For this reason, the use of 

two different voltage levels was preferred in the study, and the 

number of voltage sources with different profiles can be 

increased according to the energy need. 

MISO DC-DC converter topology is given in [21, 22]. The 

pulsating voltage source cell (PVSC) structure formed by the 

parallel connection of diodes to the sources forms the basis of 

the system. In the topology, the power flow is provided 

unidirectional with a converter with a single output filter and a 

single control system. The circuit model is given in Fig. 4. 
1V  

and 
2V  DC power supplies can supply power to the load both 

separately and simultaneously. By applying PWM signal 

switching, four different operating modes are formed at the 

fixed switching frequency. Mode 1; It is the time interval 

when the switch 
1S  is on and the switch 

2S  is in an off 

position. In this time interval, the energy from the 
1V  source 

feeds the load through the inductor. Mode 2; It is the time 

interval when the switch 
1S  is off and the switch 

2S  is on. 

During this time, the 
2V  source charges the inductor. The 

output capacitor supplies power to the load. Mode 3; It is the 

interval when both switches are off. In this time interval, it 

provides its load power from the energy stored in the inductor 

and the capacitor. Mode 4; It is the time interval when both 

switches are on. During this time, both sources work at the 

same time. The sources charge the inductor and the power of 

the load is provided by the capacitor. Since it has four 

different operating modes, the PWM signal applied to the 

switches must be applied in a way that creates these modes. 

Switches are operated at the same frequency. The output 

voltage 
0V  of the system can be found by Equation 5. 

1 1 2 2

0

21

d V d V
V

d





                           (5) 

Fig. 4. Two-input single-output buck / buck-boost converter circuit 
 

If the source with high voltage value is defined as 
HV  and the 

source with low voltage value as 
LV  there is a relationship 

between input voltages and output voltage as 
0H LV V V  . 

The parameters used in the simulation environment are given 

in Table II. 
TABLE II 

CIRCUIT PARAMETERS 

 

Parameter Value 

1V (mpp) 24 DCV  

2V  12 DCV  

1d  40 %  

2d  28 %  

L  82 H  

C  160 F  

R  10   

f  20 kHz  

 The signals used in the simulation study of two input DC-DC 

converter topologies are given in Fig. 5. 

 
Fig. 5. 1d  and 

2d  duty cycle graph 

When the power control relationship of the circuit is 

examined, it is seen that three different situations occur. The 

1V  or 
2V  source will be the main source that provides the 

power needed by the load, and the remaining power will be 
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supplied from another source. The third case is that both 

sources will provide power to the load and always provide the 

highest power to the output by controlling the input currents. 

Fig. 6 shows the output current and output voltage graph. 

 
Fig. 6. 0V  vs 0I  graph 

The circuit structure with a common converter structure 

utilizing a single inductor that provides bidirectional power 

flow analysis is given in Fig. 7. Contrary to the topologies 

given in the previous sections, it provides bidirectional power 

flow. This is particularly desirable for electric vehicle 

applications. For example, the power to be generated during 

regenerative braking in electric vehicles (EVs) is desired to be 

recovered. This situation points out that there should be a 

converter that can provide bidirectional power in EV systems. 

In the literature, many studies have been done for different 

modes of this topology [23-27]. 

Fig. 7. MISO DC-DC converter topology 

 

1S  and 
2S  switches determine which source will provide 

power, 
3S  switch to determine whether the converter will 

operate in buck, boost, or buck-boost modes, and the power 

flow way with the 
4S  switch. Unidirectional power flow is 

preferred in buck-boost converter mode for the system to be 

analyzed. There are four operating modes since there are two 

voltage sources and whether these sources are in transmission 

or not. Since the switching modes and PWM signal strategies 

to be applied to the switches are explained in detail in the 

mentioned sources, there is no need for explanation in this 

study.  A fixed frequency is applied to the keys. The output 

voltage 0V  to be obtained when the MIC works in buck-boost 

mode is given in Equation 6. 

1 1 2 2

0

1 2 121

d V d V
V

d d d




  
                                                              (6)                                                                                

The 
12d  used in Equation 6 indicates the time depending on 

the period in which both switches 
1S  and 

2S  are on. 

Assuming a lossless system, the output current 
0I  from the 

input and output power equations is given in Equation 7. 

1 1 2 2

0

0

V I V I
I

V


                                              (7)                                                                                                                                       

The 
1I  and 

2I  currents given in Equation 7 represent the 

currents drawn from the first and second sources, respectively. 

1I  and 
2I  currents are found by multiplying the duty cycle 

ratios of switches 
1S  and 

2S , respectively, by the inductor 

current. Inductor and capacitor values of MIC can be found 

from the inductor current reference ripple value and the output 

voltage reference ripple value with Equation 8 and Equation 9, 

respectively. 

0 1 2 12[1 ( )]
i

V d d d

L f

  
 


                            (8)                                                                                                                    

0 1 2 12( )
c

V d d d

R C f

 
 

 
                                       (9)                                                                                                                                                                                                                                             

The parameters used in the simulation environment are given 

in Table III. The switching frequency is set at 20 kHz and the 

load at 5 Ω. 
TABLE III 

MIC CIRCUIT PARAMETERS 

 

Parameter Value 

1V  48 DCV  

2V (mpp) 24 DCV  

1d  40 %  

2d  40 %  

3d  60 %  

12d  20 %  

L  28 mH  

C  4.32 mF  

R  5   

f  20 kHz 

i  5 %  

c  10 %  

The output voltage, current, and power graph obtained in the 

simulation environment are given in Fig. 8. When the graphs 

are examined, it is seen that there are small differences 

according to the mathematical equations. The reason is that 

the circuit elements used in Simulink software are not ideal 

and have internal resistances. 

 

 
Fig. 8. The output voltage, current, and power graph 
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Inductor voltage and inductor current graph are given in Fig. 

9. When the inductor voltage graph is investigated, it is seen 

that it is proper for the PWM switching strategy used. A 

medium synchronous switching strategy is used in this study. 

 

 
Fig. 9. Inductor voltage and current graph. 

 

IV. COMPARISON OF TOPOLOGIES 

Three different approaches have been chosen from MISO 

converter topologies. In the Matlab / Simulink simulation 

environment, small tolerance, accurate and stationary results 

were obtained according to the topology of each system.  In 

the first topology, a separate converter circuit was used for 

each source, and this situation increased the number of circuit 

elements. In the second topology, the model with a single 

inductor common converter circuit is handled. The advantage 

of this topology is that it has a single inductor and a common 

converter circuit. However, unidirectional power flow is 

provided in both topologies. This situation can be considered 

as the disadvantage of topologies. In the third topology, 

bidirectional power flow is provided with the 
4S  switch. In 

terms of this feature, the last topology is different from other 

topologies. All topologies are operated at a fixed frequency. 

The PWM signal strategy required for the switching of each 

topology is simple. Although a constant DC source has been 

selected as the input source in the simulation studies for all 

three topologies, in practice these sources are photovoltaic, 

wind, etc. it is important in that sources with different 

characteristics provide power to the load. 

 
TABLE IV 

TOPOLOGY COMPARISON 

 

Parameter Topology-1 Topology-2 Topology-3 

Source 

values 
same different different 

Converter 

type 
boost 

buck/buck-

boost 
buck/boost 

Power flow 

direction 
unidirectional unidirectional bidirectional 

Common 

inductance 
no yes yes 

V. CONCLUSIONS 

Three different MIC topologies were analyzed and circuit 

models were installed in the simulation environment. When 

the topologies are compared, the two-input single-output 

buck-boost converter topology, which is the last used 

topology, came to the forefront especially in terms of 

providing bidirectional power.  Considering that the use of 

renewable energy sources will increase to meet the energy 

needs in the future, it is predicted that new topologies will be 

needed to be created with DC-DC converter combinations 

with MIs or multiple outputs. Thus, it will be useful to work 

on the power flow control of MISO DC-DC converter systems 

using photovoltaic energy sources in future studies. 
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