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Abstract: This paper presents a comparison of Isolated (Flyback) and non-Isolated (Buck) multiple
input-single output (MISO) DC-DC converters. The analysis of DC-DC converters is based on
pulsed voltage source cells (PVSC). The modeling of both converter types is detailed through their
mathematical models and electrical simulations using Matlab/Simulink and PSIM. The comparison
focuses on the sizing parameters, non-ideal output characteristics and efficiency. Results show that
the output voltage of the MISO Buck converter exhibits a linear dependence on the duty cycles control
signal and has slightly higher efficiency than the Flyback converter. To validate the operation of both
converters, a scenario with two inputs (low-power hydroelectric and photovoltaic voltage sources) is
considered. The modeling and control of both source systems are detailed and the MISO converter
performance response is evaluated under sources changes and efficiency point of view.

Keywords: DC-DC converter; isolated converter; MISO converter; multiport converter; low power
renewable sources

1. Introduction

The development of societies worldwide is directly linked to their energy consumption,
which is why growing societies represent an increasing demand for energy [1]. The current
environmental concerns and the non-sustainability in the use of non-renewable resources
make energy generation through the consumption of fossil fuels less and less feasible, and
this is how the eradication of dangerous methods for energy generation is becoming a
contemporary requirement around the world [2].

The renewable energy sources available in nature, such as solar, hydroelectric, wind,
etc. that are not polluting are considered alternatives to fossil fuels. Thus, they have become
the most emerging method of power generation worldwide to meet the current power
demand [3]. However, despite the countless advantages that their use represents, there are
certain factors to consider, for example that these sources are not continuously available,
and they are unstable and discontinuous due to weather conditions; for this reason, in
order to counteract these drawbacks and make better use of them, hybrid systems are a
suitable option, for which the use of power electronics interfaces has become essential, thus
developing numerous converter topologies together with control techniques to make them
more robust and efficient [4,5].

Hybrid renewable energy systems are generally implemented by integrating multiple
sources of renewable energy generation to build a high-quality energy generation system
that is independent, efficient, and robust [6]. These systems are composed of various
input power sources, integrated through multi-input power electronics converters that
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could accommodate a variety of input sources and combine their advantages to offer
controlled output for diversified applications (multiple input, single output (MISO) DC-DC
converters) [7]. Converters are the most significant part of any hybrid renewable energy
system due to their ability to stabilize the voltage output during intermittent conditions [8].

Multiple input, single output (MISO) DC-DC converters are classified into two cat-
egories (a) isolated and (b) non-isolated converters. Isolated converters [9] isolate the
low-voltage DC side from the high-voltage side to avoid the risk of electric shock, achieve
high-voltage conversion, equalize the voltage, and bypass large current/voltage rating
semiconductor devices, using, for this purpose, high-frequency transformers. However,
the downside to this system is that it needs to accommodate a transformer core, which
makes it bulky and, in terms, adds to the cost. On the other hand, non-isolated converters
are simple in structure and are used where galvanic isolation between load and source
is not required. Non-isolated converters can match the input impedance of the source
and the output impedance of the load, but these converters cannot achieve a high-voltage
conversion ratio [10]. In renewable energy systems, the power quality depends to a large
extent on the stable operation of the power converter [11]; however, most conventional
converters and control techniques, as mentioned, have several drawbacks that overshadow
their effectiveness. Thus, the design of improved multiple input, single output (MISO)
DC-DC converters and more effective control techniques is a pressing need in renewable
energy generation.

According to the literature, there are various designs for this type of power converter,
and their relevant characteristics are analyzed below. The basic designs of the DC-DC
step-up converters are conventional boost converters, for which the design includes one
inductor, one power switch, and one power diode; since the structure of this converter
is simple, and the interleaved structures have not been considered for these topologies,
they are mainly used for low-power applications [12]. Fly-back converter’s efficiency is
not considerable compared with the new high-gain and high-efficiency designs due to the
use of the transformer in their design that leads to the heavy and large structures. Other
designs of converters in the same way that Fly-back uses the transformer, the input DC
voltage normally by a resonant circuit or an inverter is converted to the AC voltage. An AC
voltage with a higher magnitude is obtained for the next step at the secondary side of the
transformer. Then, this voltage is converted to the DC voltage with the desired amplitude
by a rectifier block. Therefore, these types of converters’ efficiency is impressed by the high
number of the middle blocks and components in the converter [13]. Push–pull converts
are selected when galvanic isolation is required or when the ratio between input and
output voltage is high enough to bring in some safety concerns. Isolated converters such as
Fly-back and Push–Pull are based on the existing transformer in their structure; the ground
of the sections before and after the transformer is different and separate. Therefore, it needs
more components and approaches for load connections. The principal problem of these
converters lies in leakage inductor, and according to solve it, an active-clamp and snubber
topologies should be added to the converter, which increases the number of components
and cost of the circuit and decreases the efficiency of these topologies [14]. A Buck–Boost
single inductor converter provides an output voltage that can be either higher or lower
than the input voltage; in addition, a negative-polarity output is obtained concerning the
common terminal of the input current. The main advantage of Buck–Boost single inductor
converter is the low number of devices used to achieve the conversion [15].

The use of multiple input, single output (MISO) DC-DC converters has been analyzed
in multiple works [16], which propose a switched capacitor (SC)-based quadratic boost
converter (QBC) structure that provides high-voltage gain at low duty cycles equipped
with the fuzzy logic control (FLC) technique. In [17], an analysis and controller design of a
double-input DC-DC converter (DIDDC) is introduced. Ref. [18] shows a new topology of
multiple-input single-output PV system for DC load applications. A review of multiple
input DC-DC converter topologies linked with hybrid electric vehicles and renewable
energy systems is developed in [19]. The study of a highly efficient DC-DC boost converter
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implemented with an improved MPPT algorithm for utility level photovoltaic applications
is proposed in [20], and a step-up multiple-input multi-stage DC-DC converter with a
soft-switching for Photovoltaic (PV) applications is presented in [21]. The contemporary
development, recent advances, and characteristics of multiple input DC-DC converters
are identified, examined, and analyzed in [22]. On the one hand, MISO solutions focus
on connecting multiple inputs through a high-frequency transformer, which represents
an intermediate DC-DC conversion, as reported in [21,22]. The main advantage of such
a topology converter is related to electrical isolation and magnetic coupling between all
converter ports. However, it requires a specific design and a high-frequency multi-winding
transformer. On the other hand, the integration of different DC voltage sources on a
common bus through single input, single output (SISO) DC-DC converters is also an option
to implement MISO converters, as reported in [23,24]. However, the former result in
complex systems with multiple components and a complex control structure. Another
approach for multiple input DC-DC converter solutions is to couple multiple pulsed source
cells as reported. The sources can be current or pulsed voltage cells, designed after primary
DC-DC converters. This alternative reduces the number of components, presents compact
structures, and allows simultaneous or independent operation of the power supplies [7].

This document presents an analysis and comparative evaluation of multiple input,
single output (MISO) DC-DC converters based on pulsed voltage source cells (PVSC) for
the integration of different low-power sources of renewable energy. To this end, the case
studies are proposed grouping them according to the type of connection between sources
and loads, which can be electrical or magnetic, isolated (Flyback), and non-isolated (Buck)
converters. It begins by presenting the synthesis of multiport DC-DC converters through
the integration of PVSC, emphasizing the modeling and dimensioning of each case study
based on the ideal and non-ideal analysis of current and voltage inductor and capacitor
of filtering output circuits, and the output voltage of converters as well. Simulation tools
such as Matlab/Simulink and PSIM are used. In addition, to validate the operation of
both converters, a scenario with two inputs is considered (low-power hydroelectric and
photovoltaic voltage sources), and the incidence of non-ideal elements in said converters
is analyzed, focusing the comparison on sizing parameters, characteristics output, and
efficiency of the converters. Finally, the efficiency results of multiport DC-DC converters
designed for a case study are presented, evaluating the performance response of the MISO
converters under load and sources changes.

2. Methodology

Taking into account the information presented so far as state of the art, this paper aims
to analyze the design and operation of four different MISO converters based on design
strategy by pulsating voltage source cells (PVSC). On the one hand, the topology of a Buck-
type DC-DC MISO converter is presented in Figure 1a [25]. On the other hand, the topology
of a MISO Flyback DC-DC converter is shown in Figure 1b [26]. The main difference
between these two MISO converters is the presence of a high-frequency transformer, which
offers electric isolation for input voltage sources and load.

Conforme a la figura 2, se establecen convertidores con una estructura compacta capaces de 

compartir un único filtro de salida lo que reduce los componentes del dispositivo y es capaz de 

concebir el suministro individual o simultaneo de cada una de las fuentes. Estos dos criterios de 
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particular.  
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Figure 1. Non-isolated and isolated DC-DC MISO converters topologies.

The next subsections deal with the particular study of each of the aforementioned
converters, prioritizing the analysis for establishing the sizing and efficiency parameters of
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each DC-DC MISO converter. Finally, design and analysis of a case study for integration of
low-power renewable sources evaluation, through such MISO converters, is described.

2.1. Modelling of MISO DC-DC Converters

As a first part, models of MISO DC-DC converters are defined through equations
that characterize their electric behavior. The analysis criteria of ideal conditions has been
considered for the continues current mode (CCM). Therefore, the following conditions
have been considered: (1) The current in the inductor is permanent and greater than zero.
(2) The average voltage in the inductor is null in each period. (3) The average current in the
output capacitor is zero. (4) The power delivered by the source is equal to that supplied to
the load. (5) The topology of the case study operates in steady state and at full load. (6) The
value of the capacitor is very large capable of keeping the output voltage constant.

Furthermore, it is worth mentioning that, to facilitate the analysis, duty cycle for
switch S2 (D2) is higher than for switch S1 (D1); therefore, voltage source 1 (VS1) delivers
power to the load during more time than voltage source 2 (VS2).

2.1.1. MISO Buck Converter

Definition of the switching strategy, for the converter presented in Figure 1a, is pro-
posed in Figure 2a. The switching period starts with switches S1 and S2 turned-on until
D2T, which represents α state, while diodes D1 and D2 are blocking current (see Figure 2b).
Then, switch S2 is turned-off, while diode D2 is conducting current, until D1T time repre-
senting β state (see Figure 2c). For the remaining period time, switch S1 is also turned-off,
while diode D1 conducts a current, which is represented by the γ state (see Figure 2d).
Relation between the switching modes, schematic circuits, and inductor voltage and current
variation equations are summarized in Table 1.

(a) Switching modes
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Table 1. Voltage and current inductor equations for MISO Buck converter.

States S1 S2 Inductor Voltage (VL) Inductor Current Change (∆iL)

Alpha (α) On On VL = VS1 + VS2 −Vo ∆iL = (VS1 + VS2 −Vo)/L)D2T
Beta (β) On Off VL = VS1 −Vo ∆iL = (VS1 −Vo)/L)(D1D2)T
Gamma (γ) Off Off VL = −Vo ∆iL = (−Vo)/L)(1D1)T



Energies 2023, 16, 1652 5 of 28

According to the switching modes for MISO buck converter, the inductor current
(iL) curve is shown in Figure 3a, according to the condition Vo < VS1, while for the
condition Vo ≥ VS1, then the inductor current curve is shown in Figure 3b. In both cases, iL
increases rapidly from minimum value during α state, while the current decreases again to
a minimum during γ state. However, during β state, iL can keep increasing until it reaches
the maximum or starts decreasing from maximum, depending on the output voltage value.

(a) Inductor’s current for Vo ≤ Vs1 (b) Inductor’s current for Vo ≥ Vs1

(c) Capacitor’s current for Vo ≤ Vs1 (d) Capacitor’s current for Vo ≥ Vs1

Figure 3. Characteristic current curves of the MISO Buck converter for different output voltage
conditions.

Considering the data shown in Table 1 and Figure 3, with (∆iL)α +(∆iL)β +(∆iL)γ = 0,
the output voltage is defined by (1), while the mean inductor current is the same as for load
resistance current (IR), which is calculated using (2).

Vo = D1 ·VS1 + D2 ·VS2 (1)

IL = IR =
Vo

R
(2)

Finally, designing equations for filtering inductor and output capacitor values are
defined by (3) and (4), respectively. Such equations depend on the desired inductor current
ripple (∆iLm ) and output voltage ripple (∆Vo), where Fsw is the switching frequency of the
control signal:

Lmin = Max
[

Vo(1D1)

∆iLFsw
,
(VS1 + VS2 −Vo)D2

∆iLFsw

]
(3)

Cmin = Max
[

Vo(1D1)

8LF2
sw∆Vo

,
(VS1 + VS2 −Vo)D2

8LF2
sw∆Vo

]
(4)

2.1.2. MISO Flyback Converter

The schematic of this converter was presented in Figure 1b; however, analysis is
carried out on the equivalent circuit of the MISO Flyback converter shown in Figure 4a.
The switching strategy for MISO Flyback DC-DC converter is illustrated in Figure 4b.
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During α state, S1, S2 and S3 switches are turned-on with diodes D1 and D2 discon-
nected during D2T, as presented in Figure 5a. Then, in β state, only S2 is turned-off while
diode D2 is conducting current until D1T, as shown in Figure 5b. The last of the period
is denoted as Ω state, and all the switches are turned-off allowing for current induction
flowing to the output circuit as shown in Figure 5c.

Different from the last two analyzed converters, the magnetizing inductor current
has only one waveform type, independent of output voltage level, which is described in
Figure 5d.
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Figure 5. Circuit states and inductor current waveform of the MISO Flyback DC-DC converter.

In Table 2, a summary of switches states, magnetizing voltage and current changes
equations for each switching state is presented.

Table 2. Voltage and current inductor equations for the MISO Flyback converter.

States S1 S2 S3 Inductor Votlage (VL) Inductor Current Change (∆IL)

Alpha On On On VL = VS1 + VS2 ∆IL = ((Vs1 + Vs2)/L)D2T
Beta On Off On VL = VS1 ∆IL = (Vs1/L)(D1D2)T
Omega Off Off Off VL = −aVo ∆IL = (−aVo/L)(1D1)T

Using the same criteria of inductor change current equilibrium (∆iLα +∆iLβ
+∆iLΩ = 0)

and information from Figure 5 and Table 2, the output voltage Vo for MISO Flyback DC-DC
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converter is defined by (5), while the mean magnetizing inductor current IL is calculated
through (6), where a is the transformer turns ratio (N1/N2), and R is the load resistance:

Vo =
D1VS1 + D2VS2

a(1D1)
(5)

IL =
D1VS1 + D2VS2

Ra2(1D1)2 (6)

Finally, designing equations for magnetizing inductor and output capacitor values
are defined by (7) and (8), respectively, depending on the desired inductor current ripple
(∆iL) and desired output voltage ripple (∆Vo), where, Fsw is the switching frequency of the
control signal

Lmin =
VS1D1 + VS2D2

∆iLFsw
(7)

Cmin =
D1Vo

RFsw∆Vo
(8)

2.2. Non-Idealities on MISO DC-DC Converters

The devices that are part of the topology of any type of power electronics system
usually present a behavior that is far from the ideal operation. These non-ideal behaviors
of electronic devices lead to power losses which significantly affect the power transfer,
as well as differences on the output voltage. To estimate the effect of losses on MISO
Buck and Flyback DC-DC converters, the study use a modelling approach focused on the
equivalent circuit converters presented in Figure 6, which incorporate all possible undesired
parasitic resistances.
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2.2.1. Nonlinear Output Voltage

Within this study, the voltage drops associated with the resistivity of the main elec-
tronic components are considered. However, there are other factors that can generate
voltage drops due to the operating environment. These types of losses are not usually
considered due to the difficulty of quantifying their value within a given operating regime
and/or because they are of insignificant magnitude.

Figure 6 shows a non-ideal equivalent circuit of the analyzed MISO converters, where
RS1,RS2,RD1,RD2 and RL are the resistances of the switches, diodes and inductor, respec-
tively. These resistive elements represent the conduction losses of the system. Through
similar analysis performed in Sections 2.1.1 and 2.1.2, Equations (9) and (10) are obtained,
which approximate the real behavior of the MISO Buck and Flyback DC-DC converters,
respectively:

VoBuck =
D1VS1 + D2VS2

1 + RL+RD2(1D2)+RD1(1D1)+RS1D1+RS2D2
R

(9)

VoFlyback =
D1VS1 + D2VS2

a
(

1D1 +
RD2(D1−D2)+D2RS2+D1RS1+RLD1+RS3D1+

(1D1)(RL+RD3)
a

R(1D1)a

) (10)
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2.2.2. Dynamical Modelling of MISO DC-DC Buck Converters

In order to obtain the set of equations to describe the dynamic behaviour of the MISO
Buck and Flyback DC-DC converters, an analysis using the superposition principle is
performed considering the different switching states of the converters (see Figures 2 and 4).
In every switching state, the analysis is oriented to find two dynamic equations: current on
inductor and voltage on output capacitor.

On the one hand, the inductor current and output voltage for MISO DC-DC Buck
converter represented in Figure 6a, for α, β and γ states, are presented in Equations (11)–(13),
respectively. Then, such equations are combined through the addition and proportionality
properties of the system to simplify the equations system to more simple expressions as
shown in Equation (14):{

L diLα
dt = VS1 + VS2 − (RS1 + RS2 + RL)IL(t)−Vo(t)

C dVoα
dt = IL(t)− Vo(t)

R

(11)

 L
diLβ

dt = VS1 − (RS1 + RD2 + RL)IL(t)−Vo(t)

C
dVoβ

dt = IL(t)− Vo(t)
R

(12)

{
L

diLγ

dt = −(RD1 + RD2 + RL)IL(t)−Vo(t)

C
dVoγ

dt = IL(t)− Vo(t)
R

(13)


L diL

dt = u1(t)[VS1 − RS1 IL(t) + RD1 IL(t)] + u2(t)[VS2 − RS2 IL(t) + RD2 IL(t)]. . .
. . .− IL(t)[RL + RD2 + RD1]−Vo(t)

C dVo
dt = IL(t)− Vo(t)

R
(14)

It is worth noting that Equation (14) represents a system of two dependent variables
and two inputs (u1(t) and u2(t)). However, the expression for output voltage on the
capacitor is the same for all switching states, and it does not depend on input signal
controls. Furthermore, the expression for inductor current is a nonlinear equation because
its present state depends on the future state; therefore, a linearization procedure is necessary.
A recursive and effective technique is linearizing the system in an interval where the
nonlinear system reacts like a linear system. Such interval has an equilibrium point where
the ∆Vo is null. Therefore, the expression for output voltage can be linearized as:

C
dVo

dt
= 0 = IL(t)−

Vo(t)
R

⇒ IL =
Vo

R
(15)

Using the equilibrium point Equation (15), the states space of MISO Buck DC-DC
converter expressed by (14) is redefined as:

L diL
dt = u1(t)

[
VS1 − IL[RS1 + RD1]

]
+ u2(t)

[
VS2 − IL[RS2 + RD2]

]
. . .

. . .− IL(t)[RL + RD2 + RD1]−Vo(t)
C dVo

dt = IL(t)− Vo(t)
R

(16)

Finally, using the superposition principle and Laplace transform on the states space of
Equation (16), the transfer function for output voltage of MISO Buck DC-DC converter can
be found as:

Vo(s) =
VS1−IL(RS1−RD1)

LCs2+( L
R +CRp)s+(1+ Ra

R )
u1(s) +

VS2−IL(RS2−RD2)

LCs2+( L
R +CRp)s+(1+ Ra

R )
u2(s) (17)
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where Ra = RL + RD1 + RD2.
On the other hand, for the MISO Flyback DC-DC converter represented in Figure 6b,

the states space is defined in Equation (18) using the similar approach.
L diL

dt = u2(t)[VS1 + VS2 − (RS1 + RS2 + RS3 + RL)IL(t)]. . .
. . . + [u1(t)− u2(t)][VS1 − (RS1 + RD2 + RS3 + RL)IL(t)]. . .

. . . + [1− u1(t)]
[
− (RL+RD)IL(t)

a − aVo(t)
]

C dVo
dt =

[
−Vo(t)

R

]
u2(t) +

[
−Vo(t)

R

]
[u1(t)− u2(t)] +

[
IL(t)

a −
Vo(t)

R

]
[1− u1(t)]

(18)

Then, the dynamic model of the MISO Flyback DC-DC converter expressed in (18) can
be redefined in a more simplified equation as:

L diL
dt = u1(t)

[
VS1 − Rb IL(t)− IL(t)

a Rx + aVo(t)
]
. . .

. . . + u2(t)[VS2 − (RS2 − RD2)IL(t)]− IL(t)
a Rx + aVo(t)

C dVo
dt = IL(t)

a −
Vo(t)

R − u1(t)
[

IL(t)
a

] (19)

where Rx = RL + RD3 and Rb = RS1 + RD2 + RS3 + RL.
Through the same linearization technique, the new equilibrium point for MISO Flyback

DC-DC converter is obtained as:

IL
a

=
Vo

R(1− u1).
(20)

Therefore, using the equilibrium point of (20), the final equations for the states space
this converter is expressed as:

L diL
dt = u1(t)

[
VS1 − Rb IL − IL

a Rx + aVo

]
. . .

. . . + u2(t)
[
VS2 − (RS2 − RD2)IL

]
− IL(t)

a Rx + aVo(t)
C dVo

dt = IL(t)
a −

Vo(t)
R − u1(t)

[
IL
a

] (21)

Similarly, using superposition and addition principle and Laplace transform on the
states space represented in Equation (21), the transfer function for the output voltage of
MISO Flyback DC-DC converter can be found as:

Vo(s) =
1
a

VS1 − IL

(
Rb +

Rx
a + Rx

)
+ aVo − aILLs

LCs2 +
(

L
R + RxC

a

)
s +

(
1 + Rx

aR

) u1(s)


+

1
a

 VS2 − IL(RS2 − RD2)

LCs2 +
(

L
R + RxC

a

)
s +

(
1 + Rx

aR

)u2(s)

 (22)

2.3. Modelling of the Integration of Two Low-Power Renewable Energy Sources

In this section, the modeling, control and operation of two renewable energy sources
(low-power photovoltaic and hydroelectric systems), and their integration as inputs to the
MISO converters, are analyzed.

2.3.1. Modeling of the Photovoltaic Generation System

The photovoltaic generation system proposed as one of the power sources to evaluate
the performance of the MISO DC-DC converter has the architecture shown in Figure 7. The
system consists of a solar panel controlled by an incremental conductance MPPT (Maximum
Point of Power Tracking) regulator. The consideration of this regulator allows the solar
system to have the ability to track and obtain the maximum power for the temperature and
irradiance values of the geographic location.
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Irradiance 
profile

Temperature 
profile

Solar panel (s)

MPPT control

Ip

Vp

DC-DC 
Converter

PWM control

VPV

Duty cycle

Figure 7. Architecture of the low-power photovoltaic generation system.

The starting point for the implementation of the MPPT regulator is to know the
characteristic curves of the photovoltaic cell under STC conditions (standard or ideal
conditions), which can be seen in Figure 8.

Constant current 
region

Constant voltage 
region

Figure 8. Current and power characteristic waveform of the solar photovoltaic panel.

According to Figure 8, the maximum power point is defined to be between the limits
of the constant current and constant voltage regions. One way to reach this point is the
variation of the power injected into the load, which implies a modification of voltage and
current parameters through a DC-DC converter. The maximum power point, as shown in
Figure 8, can be defined by (23). Therefore, when the slope in the power curve is zero, the
MPP is defined by (24):

dP
dV

= I + V · dI
dV

= 0 (23)

dI
dV

= − I
V

(24)

During the operation of the photovoltaic system, the variation of irradiance, tem-
perature, and other factors modify the voltage, current and power curves; therefore, a
continuous calculation (tracking) of the MPP (becoming MPPT) is necessary. For the case
study proposed in this paper, an MPPT algorithm based on incremental conductance is
proposed for decision-making regarding the increase or decrease (or steady state when
reaching the MPP) of the duty cycle of the DC-DC converter attached to the photovoltaic
generator. The operating principle of the incremental conductance algorithm proposed for
this case is presented in Figure 9.
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Begin

Inputs: Vn, In, Dn

dI = In – In-1

dV = Vn – Vn-1

dV = 0

dI/dV = -I/V dI = 0

dI/dV > -I/V

Increase D Decrease D

dI > 0

Increase D Decrease D

In = In-1

Vn = Vn-1

End

Figure 9. Incremental conductance algorithm for the MPPT regulator.

The algorithm shown in Figure 9 has been implemented in Simulink as shown in
Figure 10. This representation presents a maximum power tracking algorithm with a duty
cycle variation of 0.1% for each execution cycle.

Figure 10. Simulink block diagram of the incremental conductance algorithm.

2.3.2. Modelling of the Hydroelectric Generation System

Considering the operating principles of the hydroelectric generation system, this paper
presents a modeling proposal for this type of system to feed one of the input ports of the
DC-DC MISO converter. The architecture of the proposed model is depicted in Figure 11.
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Figure 11. Architecture of the low-power DC hydroelectric generation system.

The architecture proposed in Figure 11 presents a closed-loop hydroelectric generation
system based on classical controllers. This generation system operates under a flow profile,
which feeds the turbine transferring its mechanical power. The turbine is mechanically
coupled through its rotor to a DC generator; as a result, the DC machine is excited generat-
ing an electrical voltage at its output terminals. This system is controlled by a PID control
which regulates the mechanical power delivered to the DC generator with respect to the
opening of the flow inlet gate, guaranteeing a constant voltage at the output of the system.
The modeling of the DC generator applied in this scenario has an equivalent circuit of the
DC machine as shown in Figure 12.

Vf

Rf Ra

Va

+

-

La

Ia

Ea

If

Lf

T, Ѡ 

Figure 12. Equivalent circuit of the DC generator.

Based on this equivalent circuit model, the armature voltage Va is defined as:

Va = Ea + Ra Ia + La
dIa

dt
(25)

where Ea represents the armature potential, Ra is the armature resistance, Ia is the armature
current, and La is the armature inductance.

On the one hand, applying Newton’s second law, the mechanical torque T is defined
by (26), with ω as the angular speed of the rotor, J is the inertial factor of the machine, and
B is friction coefficient. In addition, armature potential Ea is calculated by (27). On the
other hand, the mechanical torque T is also defined using (28). In this model, Km and Ka
represent the DC machine constants:

T = J
dω

dt
+ Bω (26)

Ea = kaω (27)

T = Km Ia (28)

Substituting (27) in (25), the resulting expression is:

La
dIa

dt
= Va − Ra Ia − kaω, (29)
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and replacing (28) in (26), the obtained expression is:

J
dω

dt
= km Ia − Bω. (30)

The expressions (30) and (29) represent the dynamic model of the DC generator. By
applying the Laplace transform, two algebraic equations are obtained and their resolution
by substitution allows for finding the transfer function of the system, which is described
by (31).

Va(s)
ω(s)

=
km

La Js2 + (LaB + Ra J)s + (RaB + kakm)
(31)

To transfer mechanical power to the DC generator, it is necessary to control the flow
rate hitting the turbine. Such regulation is achieved by controlling the gate opening which
limits the liquid flows to the turbine. Based on this consideration, a simplified linear model
of the hydraulic turbine is established as an ideal lossless turbine-penstock in which the
power of the fluid flow is related to the opening of the penstock by:

∆Pm(s)
∆G(s)

=
1− Tws

1 + 1
2 Tws

(32)

where Pm and G represent the normalized values for the turbine mechanical power and gate
opening, respectively. Those parameters are based on steady-state operating point values.
Moreover, Tw is the water starting time at rated load, which is a fixed value calculated by:

Tw =
lUr

gHr
(33)

where l is the length of the water column, g is the real gate opening, Ur is the real water
velocity, and Hr is the real hydraulic head at gate. More details about hydraulic turbines
can be found in [27].

Therefore, the mathematical model of the hydroelectric generation system can be
defined as:

Va(s)
∆G(s)

=
km

La Js2 + (LaB + RJ)s + (RaB + kakm)
· 1− Tws

1 + 1
2 Tws

(34)

Equation (34) relates the output voltage of the DC generator with respect to the opening
of the gate or valve through which the fluid provides mechanical power to the electric
generator. The proposed architecture corresponds to a closed-loop system as presented in
Figure 11. To achieve this objective, unitary feedback is added and the PID controller is
tuned, whose purpose is to pursue a reference value. For this case, the tuning was carried
out using the Ziegler–Nichols method because there is a non-minimum phase system
within the model as such. The proposed mathematical model has been implemented in
Simulink.

2.3.3. Architecture of the Hybrid Generation System

The proposed architecture for the hybrid generation system (HGS) is presented in
Figure 13. This proposal includes a closed-loop control system based on classical controllers.
The purpose of the control is to set a required nominal voltage and to guarantee that such
value remains constant during variations in the load profiles. For the proper operation of
the process described above, the hybrid system has a security system in charge of sending
control signals to the sources and the HGS isolation system, in order to safeguard the
integrity of both the energy sources and the MISO DC-DC converter itself. The safety
control signals of this system are processed from the duty cycles of the converter, and in
case of saturation, it must shut down the system and isolate the load.
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Figure 13. Proposed closed-loop control for the HGS complemented with a MISO DC-DC converter.

2.4. Sizing of the Components of the Hybrid Generation System
2.4.1. Sizing of MISO DC-DC Converters

On the one hand, the Buck-type DC-DC converter is considered as a representative
of the family of non-isolated MISO DC-DC converters. The sizing includes losses in the
components and the specifications for the converter’s elements are detailed in Table 3.
On the other hand, for the study of isolated MISO converters, the Flyback converter was
considered, and its design specifications are also detailed in Table 3.

Table 3. MISO DC-DC converter parameters.

Parameters
MISO Buck MISO Flyback

Values Unit Values Unit

Output voltage 12–50 V 12–50 V
Input voltage 120 Max V 120 Max V
Frequency 25 kHz 25 kHz
Inductor 150 µH 150 µH
Capacitor 220 µF 220 µF
R (load) 10 Ω 10 Ω
RL (coil) 120 mΩ 40 mΩ
RD (diode) 100 mΩ 100 mΩ
RS (switch) 47 mΩ 47 mΩ
a (N1/N2) 1

2.4.2. Sizing of Photovoltaic Voltage Source

As a source of the photovoltaic generation system, a commercial solar panel module
SOLARIA 225 was used, which is included in the Simscape library of Simulink. The
characteristics are detailed in Table 4. The sizing of the Boost SISO converter connected to
the solar panel is detailed in Table 5.

Table 4. Parameters of the solar panel.

Parameters Values Unit

Power 224.92 W
Cells by module 60 —
OCV 42.66 V
VMP 34.13 V
IMP 6.39 A
ISC 7.22 A
RsH 128.27 Ω
Rs 0.4994 Ω
Temperature 12–45 ◦C
Irradiance 1–125 kW/m2
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Table 5. Parameters of SISO boost converter.

Parameters Values Unit

Voltaje de Salida 25–150 V
Voltaje de entrada 80 Max V
Inductor 10 µH
Capacitor 220 µF
Fs Max 25 KHz

2.4.3. Sizing of Hydroelectric Voltage Source

For the sizing of the hydroelectric generation system, a DC generator module is used,
which is included in the Simulink library. The specifications of this module are detailed in
Table 6. The values of the PID constants for the generator controller are detailed in Table 7.

Table 6. Parameters of the DC generator.

Parameters Values Unit

Power 5 HP
Nominal voltage (DC) 240 V
Speed 1750 rpm
Field voltage 24 V
Rf 1–50 Ω

Table 7. Parameters of the PID controller for the hydroelectric generation system.

Parameters Values

Proportional K 0.589
Integral Ti 25.28
Derivative Td 0.001

2.4.4. Sizing of Closed-Loop Control for the Non-Isolated HGS

To obtain a closed-loop controlled HGS, the control of the MISO Buck DC-DC converter
is tuned to later introduce the two generation systems into the controlled system. Under
this consideration, it is analyzed through a PI controller whose tuning parameters are
detailed in Table 8.

Table 8. Parameters of the PID controller for the non-isolated HGS (MISO Buck converter).

Parameters Values

Proportional K 0.00456
Integral Ti 5.1989
Derivative Td 0

2.4.5. Sizing of Closed-Loop Control for the Isolated HGS

The closed-loop for the isolated HGS starts from the closed-loop control of the Flyback
converter to later introduce the two generation systems. For the closed-loop control of the
Flyback converter, the methodology proposes evaluating the system responses, resulting in
a PI regulator whose parameters are detailed in Table 9.

Table 9. Parameters of the PID controller for the isolated HGS (MISO Flyback converter).

Parameters Values

Proportional K 0.00125
Integral Ti 2.5989
Derivative Td 0
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3. Results and Discussion

In this section, an efficiency analysis of the DC-DC converters that were detailed in
the previous section is carried out. The objective is to describe the operating efficiency
of the converters based on the main variables such as: conduction losses, commutation,
number of inputs of the multiport converter and the duty cycle. Finally, the results of the
case study evaluation for the integration of two renewable voltage sources through MISO
DC-DC converters are presented. The results shown in this section have been analyzed and
validated through simulation in both Matlab/Simulink and Psim.

3.1. Effect of Non-Ideal Components on Output Voltage

On the one hand, to show the non-ideal effect during the operation of the MISO Buck
DC-DC converter, Equations (1) and (9) have been considered. On the other hand, for the
MISO Flyback DC-DC converter, Equations (5) and (10) have been evaluated. The result of
the comparison of both expressions is shown in Figure 14.

(a) Non-ideal effect on the Buck converter (b) Non-ideal effect on the Flyback converter

Figure 14. Analysis of non-ideal effects on output voltage of the MISO DC-DC converters.

According to the results shown in Figure 14, it can be observed that the output voltage
drop due to the non-ideal behavior of the switching device presents a deviation from the
ideal profile; however, it is directly proportional to the supply time of each source (duty
cycle). On the one hand, from this point of view, it can be established that the volume of
losses increases as the duty cycle increases. On the other hand, the MISO Flyback converter
exhibits a nonlinear effect while increasing the duty cycle. This way, it accumulates more
losses as shown in Figure 14b, probably because it has more elements than the MISO
Buck converter.

3.2. Dynamic Response of the MISO DC-DC Converters

Evaluation of the dynamic response of both DC-DC MISO converters was performed
using Matlab script simulation programming for the mathematical models obtained in
Section 2.2.2. Such responses were compared with transient results obtained from Simulink
for circuital simulations for the MISO DC-DC converters. This comparison is very important
to validate the obtained transfer functions which will be used in the next sections.

Comparison of the results from mathematical and circuit models simulations to vali-
date the dynamical response of the MISO DC-DC converters is presented in Figure 15. By
the one side, the response of transfer function of MISO DC-DC Buck converter, expressed
in Equation (17), is presented in Figure 15a. By the other side, transfer function of MISO
DC-DC Boost converter, according to Equation (22), is shown in Figure 15b.
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In both cases, it is demonstrated that mathematical models of MISO DC-DC convert-
ers describe oscillation responses during the initial transient of the voltage conversion,
but then it is attenuated until a stable or static state. This behaviour is consistent with
second order systems, and it corresponds with the output voltage response obtained with
circuital simulations.

(a) Response for MISO Buck converter (b) Response for MISO Flyback converter

Figure 15. Dynamic response of the output voltage of the MISO DC-DC converters.

3.3. Efficiency of Non-Ideal MISO DC-DC Converters

On the one hand, evaluation of efficiency on both MISO DC-DC converters is carried
out for parallel simulation on Matlab scripting and Simulink models configured according
to parameters in Table 10. Through parallel simulation, more than 500 simulations were
performed for each topology with different values for duty cycles D1 and D2. On the
other hand, efficiency evaluation for more than two renewable energy voltage sources is
performed using PSIM software simulation.

Table 10. Efficiency of the MISO Buck converter depending on the number of ports.

Number of Ports Duty Cycle Efficiency %

2 D1 = D2 = 0.5 91.12
3 D1 = D2 = D3 = 0.5 90.57
4 D1 = D2 = D3 = D4 = 0.5 89.28
5 D1 = D2 = D3 = D4 = D5 = 0.5 87.92
6 D1 = D2 = D3 = D4 = D5 = D6 = 0.5 86.48

3.3.1. Efficiency of the MISO Buck Converter

The operating efficiency of this converter depends on several factors such as conduc-
tion losses, commutation losses, and the number of ports. In the first stage, the theoretical
percentage efficiency has been identified with respect to the losses, due to the resistivity of
the elements of the circuit, which is defined by Equation (35):

η% =
1

1 + Rp
R

=
1

1 + RL+RD2(1D2)+RD1(1D1)+RS1D1+RS2D2
R

(35)

Based on Equation (35), the evaluation of efficiencies in the entire range of the spectrum
of operation of duty cycles can be seen in Figure 16.



Energies 2023, 16, 1652 18 of 28

Figure 16. Efficiency surface of the non-ideal MISO Buck DC-DC converter.

It is important to note that the decrease in efficiency is linear and inversely proportional
to the duty cycles D1 and D2. However, a directly proportional relationship is established
between the efficiency of the system and the feeding of the load. This behavior of the
system is closely related to the type of topology of the converter, taking into account that
increasing the output voltage increases the current flowing to the load.

In this way, knowing that the power dissipated is directly proportional to the square of
the current that circulates through the system, it is justified that the greater voltage feeding
the load, the increasingly significant the effect on the performance of the converter becomes
evident. Therefore, it can be seen that the performance of this converter is higher during
high-duty cycles, which implies a greater increment of the output voltage.

The number of ports that the converter device has is another of the key factors that
must be analyzed and considered when quantifying the efficiency. Adding more pulsating
voltage source cells as inputs to the MISO converter, it increases the number of active
elements and power losses affecting the performance of the converter. To evaluate this
parameter, a study has been defined in which more ports are added to a buck converter
sized according to the methodology provided in Section 2 but considering equal duty cycles
for switches. The result of this study is detailed in Table 10, and samples of topologies
considered for the multiport Buck converters are shown in Figure 17.

(a) Buck converter with 3 input ports (b) Buck converter with 4 input ports

Figure 17. Topology of the MISO Buck converter.
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According to the data shown in Table 10, the efficiency of the DC-DC MISO Buck
converter decreases as inputs to the equipment are increased. To analyze the general
behavior of the efficiency with respect to the number of sources, a mathematical study is
formulated through simulation considering linear interpolation and extrapolation. For
this analysis, the data provided in Table 10 are used to define a characteristic curve of the
efficiency of the conversion system in relation to the number of ports, as shown in Figure 18
and based in Equation (36):

η% = −1.3867np + 94.7 (36)

Considering the results shown in Figure 18, it can be established that the reduction
in efficiency presented by the converter is linearly proportional to the increase in inputs.
It is important to note that the efficiency values will be different for each case study since
there is a dependency on the duty cycle assigned to each input. However, the trend that
marks the relationship between the efficiency of the converter and the number of inputs
remains constant.

Figure 18. Converter efficiency of MISO Buck vs. Number of ports.

3.3.2. Efficiency of the MISO Flyback Converter

The efficiency study of this converter has been carried out in a similar way to the
MISO Buck converter with the particularity that, for this converter, the transformation ratio
a = N1/N2 between the transformer terminals has been considered as an additional
parameter.

The expression that defines the theoretical percentage efficiency of this type of system
is represented in Equation (37), where IL is the average current, Rp is the conduction
resistivity defined in Equation (38) and Vo in Equation (10).

η% =
V2

o
R

V2
o

R + I2
LRp
· 100 (37)

Rp = RLD1 + RD2(D1 − D2) + RS2D2 + RS1D1 + RS3D1 +
(1D1)(RL + RD3)

a
(38)

The results associated with the evaluation of Equation (37) are detailed in Figure 19,
which represents the efficiency of the system with a unit transformation ratio (a = 1). Under
this sizing criterion, the Flyback converter behaves like an isolated step-up-step-down
converter. It is important to note that efficiency decreases exponentially during high-duty
cycles, establishing an inversely proportional relationship between efficiency and duty
cycles. Under this configuration of the Flyback converter, the operation is much more
efficient when it works as a step-down converter.
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Another factor that must be taken into account for the evaluation of isolated topology
converters is the transformation ratio of its transformer. This relationship has a direct
impact on the efficiency of the system as shown in Figure 19, in which it is evident that, by
reducing the transformation ratio, the efficiency of the system drastically decreases. When
the transformation ratio exceeds unity, the efficiency of the system improves significantly,
making the Flyback converter operate at high efficiency for high-duty cycle values.

(a) Efficiency related with the unit transformation (b) Efficiency related with different transformer relation

Figure 19. Efficiency surfaces of the non-ideal MISO Flyback converter.

The efficiency of DC-DC MISO converters also depends on the number of inputs that
the converter has. To demonstrate the effect that the number of ports has on the efficiency
during operation, an evaluation of the Flyback converter has been proposed, which has
been dimensioned according to section A considering a unitary transformation ratio. The
details of the results of this study are shown in Table 11 for the different number of input
ports, while samples of multiport topologies considered are detailed in Figure 20.

(a) Flyback converter with 3 input ports (b) Flyback converter with 4 input ports

Figure 20. Topology of the MISO Flyback converter.
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Table 11. Efficiency of the MISO Flyback converter depending on the number of ports.

Number of Ports Duty Cycle Eficiency %

2 D1 = D2 = 0.5 88.42
3 D1 = D2 = D3 = 0.5 87.37
4 D1 = D2 = D3 = D4 = 0.5 86.53
5 D1 = D2 = D3 = D4 = D5 = 0.5 86.31

In Table 11, it can be seen that the number of ports has an effect on the efficiency of
the converter, which is reduced as the input sources increase. To study the behavior of
the efficiency reduction, mathematical analysis has been defined considering the linear
interpolations that allow for obtaining the characteristic curve of the efficiency of the
converter vs. the number of ports as described in Equation (39) from the data shown in
Table 11. The result of this analysis can be seen in Figure 21.

η%np − 0.5757np + 88.9814 (39)

Figure 21. Converter efficiency of MISO Flyback vs. Number of ports.

As a result of this study, it can be seen that the number of additional inputs to the
converter does not have a significant effect on the efficiency of the converter. This effect is
due to the fact that the duty cycles are balanced as well as their magnitude in each of the
sources connected to the input of the converter. This study shows that the number of ports
decreases the efficiency of the system in a linear way. The magnitude of this linearity will
depend on the particular case considering the duty cycle and the magnitude of the source
that is connected to the converter.

3.4. Response of Closed-Loop Control for HGS
3.4.1. Closed-Loop Control for the Non-Isolated HGS

The response of the system in a closed-loop for the MISO buck converter according
to the parameters established in Table 8 is depicted in Figure 22a. Note that, with a
PI controller, the reference tracking is achieved without getting overshot and with an
acceptable settling time. From the implementation of HGS in Simulink, the response of
the closed-loop system based is evaluated, and its result is shown in Figure 22b. Note that
the responses differ during the transient; this is because when the controller was tuned
the transient of the sources was not initially considered. However, once the hybrid energy
generation system is operating, this disturbance is considered since each generation system
presents transients.
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Figure 22. Response evaluation of MISO Buck converter and non-isolated HGS.

3.4.2. Closed-Loop Control for the Isolated HGS

From the model implemented in Simulink and mathematical modeling, the response
of the closed-loop system compared to the opened-loop system is evaluated and depicted
in Figure 23a. In addition, in Figure 23b, a brief difference is observed between the closed-
loop system response of the Flyback converter and the closed-loop HGS response. This
is associated with different factors such as: input voltage variability, transient state of
generation systems, reference changes, etc. However, it can be seen that the HGS presents a
sensitive and robust response to input disturbances.

Time [s]

V
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]

Mathematical model (open-loop)
Simulink model (open-loop)
Simulink model (closed-loop)

(a) MISO Flyback converter response
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]
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(b) Non-isolated HGS response

Figure 23. Response evaluation of MISO Flyback converter and non-isolated HGS.

3.5. Performance of the MISO DC-DC Converter on an HGS

In this subsection, the performance of DC-DC conversion systems is evaluated under
a hybrid energy generation scenario. For the evaluation of the proposed models, the irradi-
ance, temperature and flow input profiles are established as those shown in Figure 24a–c,
respectively.
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(a) Irradiance profile (b) Temperature profile (c) Fluid flow profile

Figure 24. Input profiles for the HGS system validation.

This scenario evaluates the HGS considering the input profiles shown in Figure 24.
Under these established conditions, the photovoltaic and hydroelectric voltage generation
system’s behavior is shown in Figure 25. It is worth noting that generated photovoltaic
voltage is higher than a hydroelectric generation, but also is highly sensitive to the changes
in irradiance and temperature profiles, which is related to the operation of the MPPT
algorithm. The hydroelectric voltage remains stable in the generation, even the changes in
the flow, because the close-loop control for the turbine regulates the opening of the gate to
compensate.

Figure 25. Photovoltaic (red-line) and hydroelectric (blue-line) input voltage levels to the HGS.

3.5.1. HGS Based on Non-Isolated MISO DC-DC Converter

Based on the values of VPV for VS1 and VH for VS2 power sources and considering
a sudden change in the nominal load requirement from 24 VDC to 40 VDC, the output
voltage of the HGS is shown in Figure 26a when a MISO Buck DC-DC converter is used.

Observe that, before the sudden reference change, at instant t = 0.12 s, the system
responds in an over-damped way with a short settling time and without over-elongation to
this setpoint. This response is due to the fact that, for this instant of time, the two generation
systems are already in a permanent regime, making it easier for the controller to follow the
desired reference under the response model for which it was designed. Under a reference
change, the currents supplied to the system are as shown in Figure 26b.
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Figure 26. HGS output (non-isolated) under setpoint change: (a) Voltage and (b) Current.

3.5.2. HGS Based on an Isolated DC-DC Converter

This scenario also evaluates the HGS considering the input voltage profiles shown
in Figure 25 and the integration of voltage sources through the MISO Flyback DC-DC
converter.

In Figure 27a, the response of the system to the reference change can be observed with
a setting without oscillations in the transient and with a shorter settling time compared to
when the system reached the initial reference.

The current supplied by the generation sources in this scenario is shown in Figure 27b.
This figure shows that, before a sudden reference change, the control system demands
a higher current to cover the supply of the new nominal voltage. In addition, note that
there are no current peaks during the reference change transient because the voltage rise
corresponds to the rate of current rise.
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Figure 27. HGS output (isolated) under setpoint change: (a) Voltage and (b) Current.
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3.6. Efficiency of the HGS with Closed-Loop Control

This section shows the response of the HGS in terms of efficiency applying a closed-
loop control. For the system based on a non-isolated converter, the efficiency curve is
shown in Figure 28a.
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Figure 28. Efficiency of the DC-DC converter in the HGS: (a) non-isolated architecture and (b) isolated
architecture.

Considering the results shown in Figure 28a, it can be established that the efficiency
for the proposed case study (applying a closed-loop control) reaches an average value of
88% in the power transfer supplied by each of the generation sources. On the other hand,
for the system based on an isolated converter, the efficiency curve is shown in Figure 28b.
In this case, the DC-DC converter achieves an efficiency greater than 85% in the transfer of
power from the sources to the load, which makes it a system with acceptable efficiency for
the application of the closed-loop control.

3.7. A Comparison Analysis of Multiple Input DC-DC Converters in the Literature

In this section, a comparative analysis of studies related to the presented work on
multiple input converters is carried out. The purpose of this comparison is to clarify and
highlight the importance of the study developed. Table 12 shows a summary of some
manuscripts focused on the study of multi input DC-DC converters.

Table 12. Related works summary table.

Reference DC-DC Topologies
Studied Description Main Focuses

[10]

- Buck–Boost
- Sepic
- Cuk
- Z-source
- Zeta

- Analysis of non-isolated
DC-DC converters
- Modelling of
non-isolated converters
- Topology efficiency
study considering duty
cycle and load
- Comparison of
advanced control
techniques

- Non-isolated DC-DC
converters and advanced
control techniques
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Table 12. Cont.

Reference DC-DC Topologies
Studied Description Main Focuses

[28]
- General consideration
of non-isolated and
isolated converters

- DC-DC converter
comparisons considering
components
- ZVS study for increasing
the efficiency
- Control strategy study
- Efficiency study based
on control technique analysis

- Multi-input DC-DC
converters focused on
control strategy and
ZVS for increasing
the converter efficiency

[19]

- Multiport buck-boost
converter with isolated
and non-isolated port
- Bidirectional multiport
converter
- Bidirectional LLC
power converter

- Model and characteristics
analysis of DC-DC converters
- DC-DC converter
application analysis
- Analysis of Characteristics
of multi-input DC-DC
converters
- Challenges and future trends

- Review of the DC-DC
converter topologies
for Electric Vehicles
and Renewable energy

[9]

- Topologies of
non-isolated and
isolated DC-DC
converters

- Topologies comparison,
characteristics and
operation modes
- Application study in a
microgrid converters
- Future trends for
DC-DC converters in
microgrid application

- A general review of
non-isolated and
isolated DC-DC
converters

This work
- Buck
- Flyback

- Multi-input isolated
and non-isolated
converters modeling
and design methodology
- Efficiency analysis
considering non-idealities
- Analysis with real
models of the energy
generation systems
- Control design and
performance evaluation
under load variation

- Design methodology
and a comprehensive
efficiency study for
increasing the
performance of simple
multi-input DC-DC
converters considering,
real sources models,
non-idealities, load
variation and simple
control

Some similar works were found in the literature and are summarized in Table 12.
According to the information presented, there is no study that has considered all the factors
presented in this work and some are focused only on control strategies. This demonstrates
the importance of the analysis developed in this manuscript and the importance of the
results obtained.

4. Conclusions

In this paper, the efficiency of both isolated and non-isolated DC-DC MISO converters
was analyzed. The proposed analysis methodology is based on the design strategy of
multiport type converters by combining a pulsing voltage source cell (PVSC) which can be
integrated into a basic topology converter. Different topologies of converters were analyzed:
Buck and Flyback, which represent non-isolated and isolated topologies.

The consideration of the analyzed design strategy is based on the development of
DC-DC MISO converters with: a reduced number of components, simple topologies, high-
frequency transformers with a single primary winding (isolated architecture), a single coil,
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the ability to control the flow of energy from the source individually or simultaneously
(several inputs) and flexibility in sizing the capacity of the source.

In this way, in the present work, multiple input DC-DC converters have been proposed
with a simple and compact structure and with fault tolerance capacity that improves the
efficiency and reliability of the converter. In addition, the information provided in this
study allows the design of converters that better manage energy and operation when
multi-input topologies are considered for low-power sources integration.

The efficiency study of the conversion systems considered factors such as: the number
of converter inputs, duty cycle associated with the primary sources, transformation ratio
(isolated architecture) and mode of operation (Flyback and Buck). The results obtained
show that the non-isolated architecture is more efficient than the isolated architecture but
with a lower degree of protection in the power flows from the sources to the load.
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version of the manuscript.
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