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Abstract—This paper presents a topological study using power
flow diagrams to derive all possible basic and non-isolated double-
input single-output (DISO) converters. Unlike most reported
DISO converters with one bidirectional port, this paper considers
up to two bidirectional ports. The paper focuses on providing a
general guideline of all power flow combinations and correspond-
ing converter configurations. After eliminating the impractical
configurations due to their indirect connection to some ports and
their multiple conversion stages, three converter configurations
have been identified and corresponding circuit realizations are
demonstrated.

I. INTRODUCTION

The increasing use of renewable energy sources such as
solar energy, wind energy and fuel cell have made popular de-
mand on power electronic converters [1]–[3]. These converters
serve as an electrical interface among various renewable energy
sources, energy storage units and output loads to perform
efficient power conversion, effective power conditioning and
fast control. This paper explores practical power electronic
converters for harvesting energy, which could be used for the
development of current and future DC distribution systems.
Multiple-input single-output (MISO) converters are suitable
for applications where an integration of multiple input energy
sources is required to supply one output. DISO is the simplest
form of MISO where two input sources are connected to power
one output as in PV systems and hybrid vehicles. In DISO
converter, input ports can be connected to a current source,
a voltage source or a mix of both in series or parallel. The
output port can be connected to a current or voltage load [4].
Therefore, different DISO converters have been presented to
cover the needs of different applications such as photovoltaic
hybrid system [5], fuel-cell hybrid power system [6] and hybrid
wind-solar system [7]. Consequently, different topologies of
possible DISO converters should be available to cater for
various types of input sources and load ports.
The overall efficiency of the converter can be enhanced by
controlling the power flow distribution and the switches loca-
tions [8]. In a normal configuration, the input and output ports
are unidirectional. In some cases, these ports are bidirectional.
Therefore, the arrangement of converters and control methods
will have significant effects on performance and efficiency
of the DISO converter. An interface which handles the re-
generative power of electric vehicles is a good example for

bidirectional output port in [9].
In this paper, a topological study on all possible power flow
combinations and corresponding converter configurations is
presented. The paper is organized as follows: In Section II,
a brief review of power flow graphs is presented. In Section
III, based on the power flow graph explained in literature
review, power flow graphs are derived and presented for
two bidirectional ports. In section IV, waveforms results are
presented. Finally, conclusion is explained in section V.

II. POWER FLOW OF THREE-PORT CONVERTERS (TPC)

Power flow graphs technique was presented in [10] and
[11] to design power factor correction PFC converters. The
technique is extended to deriving DISO converters with unidi-
rectional output power, as reported in [12]. Power flow graphs
provide a systematic approach to analysing power processing
stages and direction among the power ports. Based on [12],
this paper further considers three different power flow con-
figurations. Firstly, DISO converters with two unidirectional
input ports and one unidirectional output port. Secondly, DISO
converters with one unidirectional input port, one bidirectional
input port and one unidirectional output port. Thirdly, DISO
converters with one unidirectional input port and two bidi-
rectional ports. The analysis criteria for each one of these
configurations are power flow subgraphs, power flow graphs,
all possible configurations of DISO converters and finally, most
practical configuration out of these configurations.

1) DISO converters with unidirectional input and output
ports: It contains only two types of power flow subgraphs, as
shown in Fig. 1. Type I is shown in Fig. 1(a) where power is
transferred separately from one port to another port. However
in Type II, power is transferred simultaneously from two ports
to one port, as shown in Fig. 1(b).

Fig. 1: DISO converters with unidirectional input and output
ports power flow subgraphs. (a) Type I. (b) Type II.



Based on the power flow subgraphs presented in Fig. 1,
all possible power flow graphs were constructed in Fig. 2. All
possible converters connections are explained in four different
power flow graphs. Type I-I graph which includes two of
Type I subgraphs. Then, a Type I-II graph includes one Type
I subgraph and one Type II subgraph, that has two subtype
inside, namely, Types I-IIA and I-IIB. Finally, Type II-II power
flow graph includes two Type II subgraphs. One important
point to mention is that Types I-IIA and I-IIB are exactly
identical. Two converters will be arranged in proper paths of
the power flow graphs to drive a complete DISO converters.
Thirteen configurations of DISO is derived and shown in Fig.
3. Square boxes on the arrows represent a basic converter.
All possible configurations for this input/output requirement
are I-I, I-IIA, I-IIB, I-IIC, II-IIA, II-IIB, II-IIC, II-IID, II-
IIE, II-IIF, II-IIG, II-IIH and II-III. Due to spatial symmetry,
eight configurations only exist for DISO converters which
are I-I, I-IIA, I-IIB, I-IIC, II-IIA, II-IIB, II-IIC, and II-IIF
configurations.

2) DISO converters with one of the input ports being
bidirectional: It has one of the input ports being bidirectional
(for battery application for example) and one unidirectional
output port. It contains three types of power flow subgraphs,
as shown in Fig. 4. Type I and Type II are the same as in Fig.
1. Type III is shown in Fig. 4(c), power is transferred from
one port to two ports simultaneously.

Fig. 2: Power flow graphs of Double-Input Single-Output
converters with unidirectional input and output ports. (a) Type
I-I. (b) Type I-IIA. (c) Type I-IIB. (d) Type II-II.

Fig. 3: All possible configurations of DISO with unidirectional
input and output ports. (a) I-I. (b) I-IIA. (c) I-IIB. (d) I-IIC.
(e) II-IIA. (f) II-IIB. (g) II-IIC. (h) II-IID. (i) II-IIE. (j) II-IIF.
(k) II-IIG. (l) II-IIH. (m) II-III.

Based on the power flow subgraphs presented in Fig. 4,
all possible power flow graphs were constructed in Fig. 5. All
possible converter connections are explained in four different
power flow graphs, namely, Type I-I, Type I-II, Type I-III and
Type II-III. According to the theory in [10], the minimum
number of converters to construct two subgraphs together
is two simple converters. Therefore, Two converters will be
arranged in proper paths of the power flow graphs to drive
a complete DISO converters. Sixteen configurations of DISO
are derived. All possible configurations for this input/output
requirement are I-I, I-IIA, I-IIB, I-IIC, I-IIIA, I-IIIB, I-IIIC,
IIA-IIIA, IIA-IIIB, IIA-IIIC, IIB-IIIA, IIB-IIIB, IIB-IIIC, IIC-
IIIA, IIC-IIIB and IIC-IIIC. According to [11] out of these
16 configurations, only 5 of them have been used for practical
implementation because it have more control of all ports which
are Types I-I, I-IIA , I-IIB, I-IIIA & I-IIIB. It has been
rearranged in 2015 by [12] to be four configurations as in
Fig. 6.

III. DISO CONVERTER WITH TWO BIDIRECTIONAL
PORTS

In addition to the battery, a bidirectional port is useful in
other applications such as port that handles the regenerative
braking power from electric vehicles. Power flow subgraphs of
DISO converter with a bidirectional output port are exactly the
same as the unidirectional output port. It contains three types of
power flow subgraphs, as shown in Fig. 4. All possible power
flow graphs of Type I are presented in Fig. 7. All possible
power flow graphs of 2 of Type I are presented in Fig. 8.

Fig. 4: DISO converters with one of the input ports being
bidirectional (battery) power flow subgraphs. (a) Type I. (b)
Type II. (c) Type III.

Fig. 5: Power flow graphs of Double-Input Single-Output
converter with one of input ports is connected to battery as
bidirectional port. (a) Type I-I. (b) Type I-II. (c) Type I-III.
(d) Type II-III.

Fig. 6: Selected four configurations of DISO with one of input
ports is connected to battery as bidirectional port. (a) I-IIA. (b)
I-IIB. (c) I-IIIA. (d) I-IIIB.



Then, all possible power flow graphs of 3 of Type I are
shown in Fig. 9. However, these configurations require more
converters, which is less efficient and costly. When power
flow graphs of Type I and Type II are mixed, the resultant
configurations are shown in Fig. 10. However, there are always
two stages of converters. Finally only one power flow graph
of 2 of Type II as shown in Fig. 11(a). It is worth noting that
there are no possible configurations of Type II-III and Type
III-III as bidirectional output port will not be considered in
this power flow configuration. Two converters are arranged in
proper paths of the power flow graphs to drive a complete
DISO converters as in Fig. 11(b).

Fig. 7: All possible power flow graphs of Type I. (a) PV to
DC bus. (b) Battery to DC bus. (c) PV to Battery. (d) DC bus
to Battery.

Fig. 8: All possible power flow graphs of two of Type I. (a)
PV to DC bus & Battery to DC bus. (b) PV to DC bus & PV
to Battery. (c) PV to DC bus & DC bus to Battery. (d) PV to
Battery & DC bus to Battery. (e) PV to Battery & Battery to
DC bus. (f) Battery to DC bus & DC bus to Battery.

Fig. 9: Three of Type I configurations. (a) Battery to DC bus,
DC bus to Battery & PV to DC bus. (b) Battery to DC bus,
DC bus to Battery & PV to Battery.

Fig. 10: Mixture of Type I and Type II configurations. (a)
No direct connection between PV to Battery . (b) No direct
connection between PV to DC bus.

Upon further inspection of each of those configurations,
one of the ports are connected directly without converter which
leaves it out of control. Therefore, only three configurations
are useful as all ports are controlled as in Fig. 12. Power
flow of Type II-IIA in Fig. 12(a) is used as an example. A
possible converter configuration of Type II-IIA is presented in
Fig. 13(a), two bi-directional buck/boost converters are used
to realize box 1 and box 2 converters. A possible converter
configuration of Type II-IIB is presented in Fig. 13(b). Finally,
A possible converter configuration of Type II-IIC is presented
in Fig. 13(c).

(a)

(b)

Fig. 11: All possible configurations of DISO. a) Power flow
graph of 2 of Type II. b) All possible converter’s paths of Type
II-II.

Fig. 12: Modified configurations of DISO with one bidirec-
tional input port and bidirectional output port. (a) Type II-IIA.
(b) Type II-IIB. (c) Type II-IIC.



(a) (b)

(c)

Fig. 13: Example converter circuits for a) Type II-IIA, b) Type
II-IIB and c) Type II-IIC.

The efficiency of each architecture depends on how many
power conversion stages are used. The advantage of the circuit
in Fig. 13(a) is that PV has only one power conversion stage to
DC bus or to battery. However, it uses two power conversions
from battery to DC bus. The converter (II-IIB) in Fig. 13(b) has
a buck converter between PV and DC bus and only one stage
of power conversion between battery and DC bus. However,
it needs two stages from PV to battery. Finally, The converter
(II-IIC) in Fig. 13(c) has a two-stage converter which is less
efficient from power conversion viewpoint. As shown in Fig.
13(a), a bidirectional buck-boost converter is used between PV
and DC bus where also boost-buck converter can be used.

IV. EXPERIMENTAL RESULTS

A hardware prototype is built and tested based on Fig.
13(a). The switching patterns to achieve all seven modes of
operation are shown in Table I. Even there are four switches in
the converter, only two sets of PWM are required to implement
all modes. Fig. 15 shows some key experimental waveforms.
The order of these three traces from top view to bottom view
are PWM1 gate driver signal, PWM2 gate driver signal and
output voltage respectively.

TABLE I: Switching Look-up Table for Different Modes

TPC with bidirectional output S1 S2 S3 S4
Mode 1 (PV to DC bus) PWM1 0 0 0
Mode 2 (PV to battery and DC bus) PWM1 0 PWM2 0
Mode 3 (PV and battery to DC bus) PWM1 0 0 PWM2
Mode 4 (PV to battery) 0 0 PWM2 0
Mode 5 (battery to DC bus) PWM1 0 0 PWM2
Mode 6 (DC bus to battery) 0 PWM1 PWM2 0
Mode 7 (PV and DC bus to battery) 0 PWM1 PWM2 0

(a) (b)

(c) (d)

(e) (f)

(g)

Fig. 14: Waveform results of Type II-IIA. a) Mode 1 (PV to
DC BUS). b) Mode 2 (PV to DC BUS and Battery). c) Mode
3 (PV and Battery to DC BUS). d) Mode 4 (PV to battery). e)
Mode 5 (Battery to DC BUS). f) Mode 6 (DC BUS to Battery).
g) Mode 7 (DC BUS and PV to Battery).

V. CONCLUSION

This paper has presented a topological study to derive
all possible double-input single-output (DISO) converters
by using power flow graphs. Based on two conventional
DISO converters, DISO with a bidirectional output port is
explained in detail. Using Power Flow graphs minimised
the number of converters and produced a more efficient
design. The impractical configurations due to their indirect
connection to some ports and their multiple conversion stages
have been eliminated. Three converter configurations have
been identified and corresponding circuit realizations are
demonstrated.
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