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Abstract—This paper proposes an electronic driver for public
lighting systems. The input stage is based on the integration of two
flyback converters with different polarities, in order to avoid the
use of the input diode bridge rectifying stage. The output stage is
a boost converter with an output current control. The proposed
circuit is introduced and analyzed, and a design example for a
50-W light-emitting diode lamp is presented. The most relevant
simulation and experimental results are also shown, in order to
validate the idea. A comparison in terms of efficiency for the input
stage is carried out between the proposed topology and the con-
ventional flyback converter, showing an efficiency enhancement in
the proposed converter. However, the most important advantage
of the proposed converter is outlined in the final part of this
paper. This advantage comes from the avoidance of the input diode
bridge, thus enabling the bidirectional power flow at the input
stage. Therefore, the topology can be used to deliver energy into
the power grid. In recent lighting applications, the use of micro
renewable generators in lighting points has made the use of special
electronics to handle the energy flows in the ballast necessary. The
present topology is an alternative to standard bidirectional input
stages.

Index Terms—Bidirectional converters, integration, lighting
electronics, microgenerators, power factor correction (PFC).

I. INTRODUCTION

L IGHTING electronics remains as a major research topic
in the most significant technical conferences and publica-

tions due to its relevance in power saving strategies, techniques
for rational use of energy, and energy efficiency. Given the
importance of these topics in the current global scenario of
energy management concerns, the efforts in new light sources
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Fig. 1. (a) Different stages of an electronic ballast for lighting systems (HID
lamps, LED lamps, etc.). (b) Proposed scheme stages for lighting systems.

development, research on new electronic topologies, or op-
timization and management of lighting systems have turned
into the most important research trends in lighting electronics
[1]–[6].

The study, analysis, and design of the power topologies
used as lighting ballasts are usually carried out considering
the different operational blocks that these systems present.
Usually, the block diagram of such systems can be represented
by the one depicted in Fig. 1(a). As can be seen, this dia-
gram consists of an electromagnetic interference (EMI) filter
plus a diode bridge rectifying stage in series with an input
active power factor correction (PFC) stage. The output of
this PFC stage supplies a capacitor, which provides the dc
input voltage waveform for the output stage. For high-intensity
discharge (HID) lamps supply, this output stage must address
the current control, the current inversion, and the ignition.
For light-emitting diode (LED) applications, the output stage
must cover the current control and the dimming scheme, if
featured.

In the literature, there are many approaches to deal with
this input stage, which usually add some constraints for the
output stage design [7]–[11]. For instance, the use of a boost
converter as PFC for universal input voltage forces a bus
value higher than 400 V, in order to achieve a power factor
(PF) close to unity and to fulfill the IEC61000-3-2 standard.
This relatively high voltage value determines the design of the
power topology of the output stage. On the other hand, if an
isolated input stage is used, the output voltage bus value can be
lower, as the turns ratio value adds a degree of freedom in the
design.

This paper deals with the use of a flyback-based topology,
which aims to remove the input diode bridge by using the
integration of two power topologies, each one for a different
polarity of the input voltage [see Fig. 1(b)].
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Fig. 2. Proposed input stage based on the integration of two flyback stages
with opposite polarities.

This paper covers the comparison of both input topologies
in terms of component count and in terms of efficiency, when
used as PFC stages. However, as it will be commented later, the
proposed topology has an extra feature as it can be also used in
order to transfer energy to the power line. Taking into account
that the input diode bridge has been removed, and with a single
change, it can be used to deliver energy to the power line as an
alternative to H-bridge-based topologies. After this discussion,
the final part of this paper carries out a survey on this topology
applied to specific lighting applications.

This paper is organized as follows: Section II deals with the
description and the operation procedure of the proposed power
topology for the input stage. It also discusses the constraints
that this power topology imposes in the forthcoming output
stage. In Section III, a design example for a 50-W LED ballast
is presented. Section IV deals with the design of an overvoltage
snubber in order to avoid the voltage spikes at the primary
side of the flyback transformer. In Section V, a theoretical
comparison is carried out between the proposed topology and a
standard diode bridge + input flyback stage. Section VI deals
with the design of the output stage. Section VII shows the
experimental results obtained from a built prototype of the full
system. Section VIII explores the possibility of using the pro-
posed topology in renewable lighting systems, and Section IX
finally states conclusions and future developments to this work.

II. PFC POWER TOPOLOGY

This paper proposed is based on finding an optimized solu-
tion for the assembly formed by the diode bridge rectifier and
the input PFC stage. The usual approach found in the literature
makes use of a dc–dc converter after the diode bridge.

The idea of this paper is to integrate two different flyback
stages, one for each polarity of the line voltage, into a single
two-polarity stage. This new approach is represented in Fig. 2.
It must be noticed how this topology is directly supplied from
ac mains, with no rectifying diode bridge. In the literature,
several bridgeless input stages are used to avoid the losses of
the input diode rectifier. Some approaches provide this strategy
by integrating the diodes of the full bridge into the following
converter [12] or by directly placing two converters in antiseries
[13]. The proposed topology completely removes the diodes
by integrating two flyback converters, one for each voltage
line polarity. Some topologies that use two-polarity input PFC
flyback converters, which are intended for ac–ac line regulation,
can be found in the literature. However, these schemes are not

Fig. 3. Proposed input stage for positive line voltage condition. (a) Switch
MI1 turned on. (b) Switch MI1 turned off, magnetizing inductor still demagne-
tizing. (c) Switch MI1 turned off, magnetizing inductor demagnetized.

suitable for output dc voltages [14], [15]. In other cases, the
simplification of the secondary circuitry (mainly the avoidance
of switch MO) implies extra output voltage constraints, while
preventing the use of the circuit as a bidirectional power flow
stage [16].

The succeeding discussions deal with the explanation of the
operation of this input stage.

A. Operation Under Positive Input Voltage

This condition can be expressed by

VAC(t) > 0. (1)

For this paper, the discontinuous conduction mode (DCM)
operation of the flyback stage will be considered, although
the operation principle is also valid for continuous conduction
mode (CCM) operation.

When switch MI1 turns on, the input line voltage, i.e., VAC,
is applied to the primary side of the flyback transformer, i.e.,
up. The magnetizing inductance of the transformer begins to
charge, whereas at both secondary sides, voltages uS1 and uS2

would be positive [see Fig. 3(a)]. The diode D1 is reversely bi-
ased, and thus, no current flows through the secondary winding
connected to D1. On the other hand, D2 would be conducting
with the polarity of the voltage uS2, and thus, the additional
output MOSFET MO is necessary in order to block that current.
Hence, MO must be turned off during this operation mode.
Fig. 4 depicts the main voltage waveforms of the proposed
circuit components, considering a positive input voltage.

After this interval, MI1 turns off, and the magnetizing induc-
tor discharges through the secondary side, forward biasing the
diode D1. Obviously, from Fig. 3(b), now switch MO must be

www.IranSwitching.ir

www.IranSwitching.ir


GARCIA et al.: FLYBACK-BASED INPUT PFC STAGE FOR ELECTRONIC BALLASTS IN LIGHTING APPLICATIONS 771

Fig. 4. Main voltage waveforms of the proposed circuit.

turned on in order to allow this current flowing through D1.
Anyway, it can be seen how D2 will be reverse biased.

Once the magnetizing inductor of the transformer is fully
demagnetized (as DCM is considered), diode D1 results reverse
biased, and no current flows through the transformer. Although
the state of MO in this interval does not affect the operation of
the converter, it remains turned on for simplicity. Hence, it can
be driven by the inverted gate signal of the primary switch MI1,
thus resulting in a simple control scheme.

In addition, for simplicity, it must be noticed how switch MI2

could be switched off while MI1 is also turned off, which means
that the same gate signal could be used for both MI1 and MI2.
Notice how these switches can be connected sharing the gate
and source terminals, and thus, their gate commands can be
the same voltage signal. Thus, the reference voltage level for
this input stage is placed at the sources of the main primary
switches.

B. Operation Under Negative Input Voltage

This condition can analogously be expressed by

VAC(t) < 0. (2)

As shown in Fig. 2, there is symmetry in the circuit with
respect to the input voltage. In fact, the operation now is very
similar to the one previously discussed, only interchanging the
subscripts “1” and “2” in the previous discussion.

The waveforms presented and the rest of considerations and
conclusions are the same as in the previous analysis for ac line
positive voltage.

C. Considerations for the Output Stage

The proposed input stage delivers energy to a dc bus voltage.
Depending on the final application, this dc voltage can present
different characteristics. If an HID lamp ballast is necessary, the
dc capacitor does not present any special requirement, provided
that it is able to withstand the voltage and current stresses that
come from the design. The output stage/s should deal with the
inversion of polarity of the lamp voltage waveform, with the
low frequency stability of the arc discharge, with the ignition
and warming-up processes, and with the avoidance of acoustic
resonances [17], [18].

On the other hand, if a ballast for a LED lamp is the target
design, the dc link capacitor should present relatively low
capacitance and rated voltage values, in order to avoid the use
of electrolytic capacitors, which would penalize the operating
life of the whole ballast [11], [19], [20].

This means that the desired bus voltage should not be too
high (below 100 V) and that the dc link ripple should be high
enough to decrease the capacitance value. This paper considers
such a LED lamp ballast to provide an example of the design of
the proposed topology.

III. DESIGN FOR A 50-W LED LAMP FROM

UNIVERSAL INPUT VOLTAGE

The target lamp is a 50-W LED lamp (350 mA/1 W per
LED). The lamp consists in the series connection of 50 LEDs
of the model XLamp XP-G from Cree. From the manufacturer’s
datasheet, it implies a lamp voltage of

Vlamp = 50 · Vled = 143 V. (3)

The output stage must provide this output voltage, keeping a
very small current ripple, typically below 10%. A possibility is
to use a boost converter from a smaller input voltage, with a fast
regulation in order to decrease the output voltage line ripple. In
order to attain a suitable control margin, the average duty ratio
of this boost converter could be around 50%. A complete design
of the output stage is shown in Section VI. Thus, the desired dc
bus voltage, i.e., VDC, has been chosen to be around

VDC = 70 V. (4)

A. Design of the Power Stage

Now, the characteristics of the input flyback stage can be
obtained. The design inputs for this stage are

ηFLY > 90% (5)

PFLY =PLEDs ·
1

ηOUT
= 55.5 W (6)

fLINEMAX =63 Hz (7)

fLINEMIN =47 Hz (8)

VACRMSMAX =276 VRMS (9)

VACRMSMIN =92 VRMS (10)

fswitch =100 kHz (11)

ΔVDC =50% (12)
www.IranSwitching.ir
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Fig. 5. Phase angles of the line input voltage and the dc link capacitor voltage.

where ηFLY is the estimated efficiency of the flyback stage,
PFLY is the output power of the flyback stage (obtained from
the load power, i.e., PLEDs, and the output stage efficiency,
i.e., ηOUT), fLINE is the ac line frequency, VACRMS is the
RMS value of the line input voltage, fswitch is the switching
frequency of the flyback stage, and ΔVDC is the voltage ripple
allowed in the dc bus voltage. As it was commented before,
such a high voltage ripple is allowed in order to attain a
low capacitance in the dc link capacitor, to avoid electrolytic
technology. The considered input line voltage values come from
the universal input voltage levels, respectively, with an allowed
swing of 20%.

For these input design values, a flyback converter can be
designed, considering

Lμ ≤ (VACRMSMIN ·
√
2)2 · d2ACMIN · ηFLY

4 · PFLY · fswitch
(13)

where dACMIN is the duty ratio of the flyback stage in the
condition of minimum input voltage, and Lμ is the magnetizing
inductance of the flyback stage from the primary side of the
transformer.

For this design, a maximum dACMIN value has been select-
ed, i.e.,

dACMIN = 0.5. (14)

Equations (13) and (14) yield to a value for the input magne-
tizing inductance of

Lμ = 180 μH. (15)

In addition, the turns ratio of the transformer can be calcu-
lated as

NP

NS
≥ VACRMSMIN ·

√
2 · dACMIN

VDC · (1− dACMIN)
. (16)

Equation (16) has been calculated considering that the first
harmonic of the dc link capacitor voltage has its zero crossing
near the input line voltage peak (see Fig. 5).

The final selected values for the transformer turns ratio
NP /NS and for the dc link capacitance, i.e., C, are

NP

NS
=2 (17)

C =47 μF. (18)

With the design finalized, the components can be now prop-
erly sized. From Fig. 4, the peak voltage values of the switching

Fig. 6. Control scheme of the input stage, where GdVo represents the transfer
function of the input flyback in DCM.

devices can be calculated as

VDSMI1MAX =VACRMSMAX ·
√
2 +

NP

NS
· VDC

·
(
1 +

ΔVDC

2 · 100

)
= 565 V (19

VDSMI1MAX =VDSMI2MAX (20)

VD1MAX =VD2MAX

=VACRMSMAX ·
√
2 · NS

NP
= 196 V (21)

VDSMOMAX =VACRMSMAX ·
√
2 · NS

NP
− VDC

·
(
1− ΔVDC

2 · 100

)
= 143 V. (22)

The current sizing of the devices is the same as that for the
usual flyback converter, considering that switch MO has the
same current constraints as any of the rectifying diodes of the
flyback, i.e., D1 and D2.

B. Control of the Input Stage

As a DCM flyback, an active PF can be carried out by
keeping constant the duty ratio in a line period. In this case, the
control is carried out by means of a slow control loop that senses
the dc link voltage, as depicted in Fig. 6. The implemented
regulator for this input stage is a proportional–integral control.

IV. BIDIRECTIONAL VOLTAGE SNUBBER

An important constraint for the operation of the flyback
converter is the effect of the leakage inductance at the primary
side of the transformer, which resonates with the parasitic
capacitance of the main switch, thus yielding to high voltage
stresses at this switch. In order to avoid these stresses, different
snubber circuits can be included. In this case, an active clamp
snubber has been placed at the primary side of the transformer
[21], as depicted in Fig. 7(a). The usual flyback has an active
snubber, which implies an extra switch and capacitor, plus the
necessary isolated circuitry for gate driving. The operation of
the snubber is outlined in [21].

Fig. 7(b) shows the bidirectional flyback converter with the
active snubber, which is formed by transistors MS1 and MS2

and by capacitor Csnub. The same consideration for the gating
signals for the main primary switches can be carried out for the
snubber switches. This implies that the same gating signal can
be applied to both snubber switches.

Thus, the proposed converter only adds another switch con-
nected in antiseries. Thus, provided that the sources of both
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Fig. 7. (a) Active clamp snubber for the conventional flyback stage. (b) Final
proposed topology, with the bidirectional active clamp snubber formed by
transistors MS1 and MS2 and by capacitor Csnub.

switches can be connected together, and considering that the
gate driving signal is the same, then no extra isolated gate
driving circuitry is necessary.

V. COMPARISON OF THE PROPOSED CONVERTER WITH

THE CONVENTIONAL SOLUTION

In order to compare both solutions (the usual flyback with
diode bridge and the proposed bidirectional flyback), a series
of simulations has been carried out with PSIM. Prior to the
simulation, some considerations must be carried out.

• For the proposed solution, the input rectifying diode bridge
has been removed, but three additional switches appear
(an additional diode plus two MOSFETs), and an extra
secondary winding is necessary in the transformer.

• Diodes D1 and D2 share the cathode terminal, and thus, a
single part can be selected.

• Both secondary side windings do not need galvanic isola-
tion; thus, the extra costs derived from this extra winding
are not high.

• The input MOSFETs, i.e., MI1 and MI2, can be connected
sharing the gate and the source (same control pulses); thus,
the driver is the same than in the conventional flyback
scheme.

• The input MOSFETs operate half the time (during half
a line period) than in the conventional flyback; thus, the
losses in both MOSFETs are the same than in the single
MOSFET of the conventional flyback.

• The same statement can be considered for the output
diodes and for the output windings, as they operate only
during half the line period.

• The only losses increment due to the proposed topology
comes from the output MOSFET MO.

• On the other hand, there are no power losses due the input
rectifier bridge.

The simulations carried out show a better behavior, in terms
of efficiency (around 1% enhancement), for the proposed solu-
tion, as shown in Table I.

TABLE I
EFFICIENCY RESULTS FROM SIMULATIONS

Fig. 8. (a) Power stage of the output boost converter. (b) Control scheme
implemented, with a feedforward block to decrease the effect of the dc link
ripple in the output LEDs current.

VI. OUTPUT STAGE

The output stage is a CCM boost converter, as depicted
in Fig. 8(a), with an output current control. The switching
frequency considered is 100 kHz. The design of the boost
inductor is carried out for a given inductor current ripple, in
this case,

ΔiLboost = 30%. (23)

From (23), the value of the boost inductor can easily be
calculated, considering

Lboost =
V 2
DC ·Dboost · TS

PLEDs ·ΔiLboost · iNOM

100

= 1.7 mH (24)

where Dboost is the duty ratio of the boost converter, TS is
the switching period of the boost converter, and iNOM is the
nominal LEDs current.

The value of the boost capacitor is calculated considering an
output current ripple, in this case

ΔiLEDs = 5%. (25)

For this value, the output capacitor is obtained from

Cboost = iNOM · TS

2
· 1

ΔiLEDs · iNOM

100 ·Rd

= 3.3 μF (26)

where Rd is the dynamic resistance of the LEDs.
As it is well known, the LEDs load has a relatively small

dynamic resistance, which yields to high output current ripples
for small output voltage ripples.

Thus, to avoid the effect of the dc link ripple in the output
stage, a fast output current control with a feedforward will be
implemented, as shown in Fig. 8(b).
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Fig. 9. Experimental waveforms in the propotype. uDS1: drain-to-source
voltage across switch MI1 (positive line voltage; 200 V/div); uPRI: pri-
mary side voltage (200 V/div); uDCLINK: dc link bus voltage (50 V/div);
iLM: primary side current (2 A/div). Time: 2 μs/div. (a) Vin = 115 ·

√
2 V.

(b) Vin = 230 ·
√
2 V.

VII. BUILT PROTOTYPE AND EXPERIMENTAL RESULTS

A prototype of the proposed LED lamp ballast has been
built and tested. The input flyback transformer has been im-
plemented in a 3F3 ETD34 core. The power switches selected
for main switch [MI1 and MI2 in Fig. 7(b)] are MTP4N80E
from Motorola. The rectifier switch at the secondary side [MO

in Fig. 7(b)] is an IRF640 from ST, whereas the output diodes
(D1 and D2 in the same figure) are MUR840 from Motorola.

For the output boost stage, the inductor has been also im-
plemented in a 3F3 ETD34 core. The controlled switch is an
IRF640, and the power diode is a BYW29-200G from ON
Semiconductor.

Fig. 9(a) shows the high-frequency (HF) waveforms at the
proposed input flyback for the peak voltage of the 115 VRMS–
60 Hz line voltage condition and the drain-to-source voltage
across switch MI1, as well as the primary side voltage, the
output dc link voltage (70 V), and the primary side current
of the transformer. Fig. 9(b) shows these waveforms but for
the instant peak voltage of the 230 VRMS–50 Hz line voltage
condition.

Fig. 10(a) shows the line voltage and current waveforms,
as well as the dc link voltage, for the 115 VRMS–60 Hz line
voltage condition. The measured PF is 0.99, with a current total
harmonic distortion (THD) of 10.5%. Fig. 10(b) shows these
waveforms but for the 230 VRMS–50 Hz line voltage condition.
In this case, the PF drops to 0.98, whereas the current THD
obtained is 12%.

Fig. 10. Experimental waveforms in the built propotype. uLINE: input line
voltage (200 V/div); uDCLINK: dc link bus voltage (50 V/div); iLM: primary
side current (200 mA/div). Time: 2 ms/div. (a) Vin = 115 VRMS−60 Hz.
(b) Vin = 230 VRMS−50 Hz.

TABLE II
EFFICIENCY RESULTS FROM BUILT PROTOTYPES

Table II summarizes the measured efficiency values for the
conventional and proposed flyback converters, at both 115- and
230-VRMS line conditions.

As can be seen, the experimental results confirm the simu-
lated results, thus validating the proposed topology as an alter-
native to conventional flyback in low-wattage applications. The
power switches for the conventional flyback are MTP4N80E
and MUR840 for the main switch and the rectifier diode,
respectively, whereas a 2KBB40R from IR has been used as
the input diode bridge.

Fig. 11(a) shows the low-frequency (LF) LEDs voltage
and currents for the 50-W LED lamp, for a 2300-VRMS and
50-Hz line input voltage. As it can be seen, the effect of the bus
ripple is almost completely avoided in the output LED current.
Fig. 11(b) shows the HF LEDs voltage and current waveforms.
The efficiency of the output stage is of 96.6%.

VIII. PROPOSED TOPOLOGY IN RENEWABLE

LIGHTING SYSTEMS

Recently, many lighting systems with distributed photo-
voltaic or wind microgeneration have been proposed as a
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Fig. 11. Experimental waveforms in the built prototype. uLEDs: output
voltage across the LEDs assembly (50 V/div); iLEDs: output LEDs current
(200 mA/div). Time: (a) 10 ms/div, (b) 10 μs/div.

Fig. 12. (a) Different stages of an electronic ballast for lighting systems with
microgeneration capability. (b) H-bridge bidirectional input stage, convention-
ally used for the microgeneration lighting systems.

suitable solution for some specific cases. The resulting elec-
tronic power system presents some additional features, as an
additional power stage that delivers energy to the dc bus voltage
from the renewable energy source or the necessary capability
to deliver energy in both directions from the first stage. Such
a system is shown in Fig. 12(a). The typical topology is the
H-bridge inverter shown in Fig. 12(b), which can be used as
a rectifier depending on the pulsewidth modulation control
strategy.

However, the proposed solution, which is based on the in-
tegration of two flyback converters, has, inherently, a bidirec-
tional power flow capability because, as it has been commented
before, it avoids the use of the rectifying diode bridge.

In fact, this operation mode has already been justified in the
literature, where an integrated topology for supplying lamps
from a dc bus is presented [22]. This topology provides the

Fig. 13. (a) Modification of the proposed stage with bidirectional energy flow
capability. (b) Configuration for positive line voltage.

same function but considering the input as a dc voltage and the
output as an ac (HID lamp) voltage.

In order to convert the proposed topology into a bidirectional
one, the only modification necessary is that the rectifying
diodes D1 and D2 must be substituted by two controlled
MOSFETs MO1 and MO2 (see Fig. 13). This simple modifi-
cation of the proposed converter turns it into a versatile input
PFC stage, which can be used in the mentioned microgeneration
lighting systems.

The idea now is to use a specific switching configuration
of all the controlled switches in order to deliver current to the
grid line. Fig. 13(b) depicts the configuration for positive line
voltage, turning off MOB and MI1 (both used as diodes) and
MO2 (to avoid current flowing through the secondary connected
to MO2) while turning on MI2 during the whole line half-period.
Thus, only MO1 will be switched at HF, and as it can be seen,
the equivalent circuit is again a flyback converter, but delivering
current toward the grid line. Fig. 14(a) shows a simulation of the
DCM operation of such configuration, where the output (grid)
LF current and voltages can be seen. Fig. 14(b) shows also the
secondary and primary current waveforms with the references
of Fig. 13(b).

IX. CONCLUSION AND FUTURE DEVELOPMENTS

A new input PFC stage for lighting applications has been
presented, analyzed, built, and tested; and a design example for
a particular application has been carried out. The validation of
the proposed design has been carried out by simulations and by
experimentation, and the results show better efficiency than the
conventional flyback-based scheme.

Compared with the standard diode bridge + flyback PFC
stage circuit, the proposed topology provides about 1% higher
efficiency. Although the input diode bridge has been removed,
the proposed circuit has two more MOSFETs and an additional
diode, plus a secondary winding in the transformer. However,
these components operate at a smaller operation rate; the in-
put MOSFETs, the output diode, and the secondary windings
operate half the time than in the original design. Thus, the
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Fig. 14. Simulation of the proposed converter delivering power to the grid
line. (a) LF input line current and voltage. (b) HF waveforms.

temperature at these devices is lower than in the conventional
circuit, which implies higher reliability and durability of the
converter. In addition, it has been shown how the control pulses
required for the proposed converter are easy to obtain from the
conventional control scheme.

The ability of the topology to operate as a bidirectional
input stage for microgeneration lighting systems has been also
introduced, with a small variation in the proposed topology.
The increase of 1% in the efficiency must be considered as
an additional advantage of the proposed solution. However, the
avoidance of the input diode bridge comes from the necessity of
an input bidirectional stage. This feature is directly related with
the specific public lighting system scheme, consisting on a LED
lamp load that can be supplied either from the mains facility or
from the renewable energy generators (photovoltaic generators
or micro wind turbines); moreover, when the lamp is not used,
the generators can deliver power back to the grid. However,
a complete analysis of this bidirectional operation scheme
must be carried out, including power flow management, pulses
generation strategies, dynamic analysis of both generation and
load operation modes, control of the full system, etc.

Future developments include a full analysis and study of
the bidirectional operation mode (including control strategies,
dynamic modeling of the topology, design examples, and ex-

perimental validations), as well as optimization of the design to
increase the efficiency, etc.
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