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Abstract—This paper proposes an active power decoupling 

(APD) method for a dual-active-bridge (DAB) matrix converter. 

The proposed method compensates for the second-harmonic 

power ripple that appears during single-phase operation while 

sharing circuit components with the existing three-phase 

configuration, thereby reducing the overall component count. 

The proposed APD approach does not require any additional 

switching devices because the buffer current is controlled 

through a center-tap circuit on the secondary side of the 

transformer. Experimental results demonstrate that the 

proposed method reduces the 100 Hz ripple component in the 

output current by 82% and achieves a power factor of 0.99 

under a 500 W power transfer condition. 

Keywords—DAB converter， Matrix converter,  Active power 

decoupling， three/single-phase switchable 

I. INTRODUCTION 

In recent years, the adoption of electric vehicles (EVs) in 
Europe has rapidly increased because of stricter regulations on 
carbon emissions [1]. The residential distribution system in 
Europe allows users to choose between a three-phase and a 
single-phase grid connection. Therefore, the on-board charger 
(OBC) of an EV must be compatible with both types of grid 
connections. In many countries, three-phase grids are 
commonly used at public fast-charging facilities, whereas 
single-phase grids are prevalent in residential areas. 
Supporting both grid types reduces constraints on charging 
infrastructure and facilitates broader EV adoption [2]. Since 
EVs are typically connected to the grid for extended periods 
in residential settings, methods for utilizing the EV battery to 
support the grid have also been proposed [3], [4]. 
Consequently, OBCs must also provide bidirectional power-
transfer capability. 

In particular, a double-frequency power ripple appears 
when an OBC is connected to a single-phase grid, and this 
ripple must be compensated. A simple approach is to passively 
absorb this ripple using a large capacitor. This approach 
typically requires an electrolytic capacitor, which has a limited 
lifetime. As a result, the reliability of the OBC significantly 
reduced [5]. 

An alternative is active power decoupling (APD), which 
actively controls the buffer-capacitor current using 
semiconductor switches [6]. APD increases the effective 
capacitance by intentionally allowing a voltage ripple on the 
capacitor voltage. Consequently, the power ripple can be 

compensated with a small capacitor, eliminating the need for 
a large electrolytic capacitor. Several methods that incorporate 
APD into converters compatible with both grid types have 
been proposed [7], [8]. 

Reference [7] has proposed an OBC that uses three 
interleaved totem-pole isolated AC–DC converter modules 
connected in parallel. When connected to a three-phase grid, 
each module generates a sinusoidal output that is phase-
shifted by 120 degrees. This operation distributes the load and 
enables high-power charging. In a single-phase configuration, 
two modules are used for AC–DC conversion, whereas the 
remaining module operates as a buffer circuit to compensate 
for the power ripple. All switches achieve zero-voltage 
switching (ZVS), and APD is realized simply by adding a 
buffer capacitor. However, this circuit requires numerous 
inductors and transformers, and the additional magnetic 
components increase the component count and making the 
circuit more complex and bulky. 

Reference [8] proposes a resonant AC–DC converter that 
employs a three-phase-to-single-phase matrix converter. This 
approach reduces the number of passive components, such as 
boost inductors, by utilizing the matrix converter. When the 
system is connected to a single-phase grid, APD is achieved 
by controlling the current through the input-filter capacitor 
using switches that are not connected to the grid. This 
implementation does not require dedicated switches for 
power-ripple compensation. However, the power factor 
deteriorates significantly because the input filter capacitor also 
serves as the buffer capacitor. The novelty of this study lies in 
demonstrating that a center-tap architecture can be utilized to 
realize active power decoupling in a DAB matrix converter, 
achieving effective ripple compensation without increasing 
the number of switching devices. 

This paper proposes a dual-active-bridge-type matrix 
converter that compensates single-phase power ripple without 
requiring additional switches and at the same time achieves a 
high power factor. Experimental verification using a small-
scale prototype confirms the effectiveness of the proposed 
method. 

II. PROPOSED A DAB MATRIX CONVERTER WITH A CENTER-

TAPPED TRANSFORMER  

A. Circuit Configuration 

Figure 1 shows the proposed dual-active-bridge-type  



matrix converter that supports both three-phase and single-

phase inputs. The secondary side of the high-frequency 

transformer includes a center tap. A buffer circuit, which is 

composed of a buffer capacitor and an inductor, is connected 

to the tap to compensate for the single-phase power ripple. 
The secondary-side inverter controls the current between the 

DC voltage source and the buffer circuit, and the power ripple 

is compensated through this current control. Power ripple 

compensation is achieved with a high power factor because 

the buffer circuit is isolated from the primary side. 

Furthermore, additional switches are not required for 

controlling the buffer circuit current. The matrix converter 

also reduces the number of large passive components. As a 

result, the component count is lower than that of conventional 

interleaved totem-pole approaches. 

B. Control Method with a Three-phase Grid 

When the proposed circuit is connected to a three-phase 
grid, the grid current is controlled using space vector 
modulation (SVM). However, the transformer current is not 
constant due to the dual-active-bridge structure of the 
proposed converter. Therefore, the duty ratios calculated by 
SVM cannot be directly applied. Thus, duty ratios must be 
corrected to generate the current vectors I1 and I2 defined by 
SVM  [9]. 

Figure 2 shows the output voltages of the matrix converter 
and the inverter in a three-phase grid, along with the 
corresponding transformer current waveforms. The output 
intervals within one switching period and their respective 
durations and duty ratios are defined as Ta, T1, T2, Tb, T0, and 
Da, D1, D2, Db, D0, respectively. The instantaneous 
transformer currents during each interval are defined as i1, i2, 
and i3. Assuming the initial current i0 is zero, the relationship 
between the transformer currents and the current vectors 
derived from SVM is expressed by   
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The duty ratios are obtained by substituting the leakage 
inductance and the output voltages into (1) and (2) as  
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where vmax denotes the maximum line-to-line voltage, and 
vmid denotes the intermediate line-to-line voltage. The 
coefficient a is a parameter determined by the output power 
and the DC voltage. 

III. PROPOSED METHOD WITH SINGLE-PHASE GRID  

A. Matrix Converter Control Based on Virtual Indirect 

Conversion 

Figure 3 shows the block diagram of the proposed control 
method. The proposed method is based on a virtual AC–DC–
AC conversion with a carrier comparison, which is one of the 
control techniques used for matrix converters [10]. The input 
and output waveform controls interfere with each other 
because a matrix converter does not have an energy buffer. 
To address this issue, the rectifier control is applied to a 
virtual current-source inverter, while the inverter control is 
applied to a virtual voltage-source inverter. The virtual PWM 
rectifier operates in synchronous rectification mode, and the 
power factor is controlled accordingly. Bidirectional power 
transfer is achieved by operating the virtual inverter as a two-
level converter with single-sided PWM modulation, thereby 
realizing dual-active-bridge operation through this 
modulation strategy. 

B. Zero-voltage Period 

The voltage amplitude difference between the primary 
and secondary sides of the transformer increases near the zero 
crossing of the grid voltage. As a result, the peak value of the 
transformer current becomes larger, and inrush current 
appears at the zero crossing of the grid current. The zero-
voltage period of the secondary-side inverter is determined 
through simulation so that this interval becomes longer near 
the zero crossing, where the voltage difference between the 
grid voltage peak and the DC voltage is small. The zero-
voltage period is defined by 
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Fig. 1. Proposed isolated DAB-type AC-DC converter. 
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Fig. 2. High-frequency voltage and current waveforms. 



where ε denotes the zero-voltage period, N is the transformer 
turns ratio, Tsw is the control period, and Vg is the RMS value 
of the grid voltage. 

C.  Power Ripple Compensation Quantity 

The buffer capacitor voltage is intentionally allowed to 
ripple by controlling the buffer current ibuf, which flows into 
the buffer circuit and is connected to the center-tap on the 
secondary side in the proposed circuit. This operation 
compensates for the power ripple that arises when the 
converter is connected to a single-phase grid under unity 
power factor conditions. The instantaneous input power is 
expressed by  
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where Ig is the RMS value of the grid current, Pave is the 

average output power, and 0 is the grid angular frequency. 
The second term in (7) represents the power ripple 
component that must be compensated. The reference buffer 
current ibuf

* is derived to cancel this component. The buffer 
capacitor voltage is determined based on the energy that the 
capacitor must store. The buffer current command ibuf

* is 
calculated from the voltage–current relationship, as shown in  
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D. Power Ripple Compensation Method With a Center-Tap 

Figures 4(a) and 4(b) show the switching patterns in 
which a voltage is applied to the secondary winding of the 
transformer. These patterns are defined as differential-pattern 
modes that contribute to power transfer. The neutral potential 
is equal to the secondary neutral point voltage Vdc/2 during 
the differential-patterns mode output. Therefore, the buffer 
current remains unchanged. 

In contrast, Figures 4(c) and 4(d) show switching patterns 
where the voltage applied to the secondary winding becomes 
zero. These patterns are defined as common-mode patterns, 
which do not contribute to power transfer. Since no voltage 
is applied to the secondary winding during the common-mode 
patterns, no current flows to the DC side. The common-mode 
patterns include two operating modes related to the N arm of 

the secondary-side inverter. In the charging mode, the DC 
voltage Vdc is applied to the center-tap when the upper switch 
is on. In the discharging mode, a zero-voltage is applied when 
the lower switch is on. The center-tap voltage Vcom is 
controlled by switching between the charging and 
discharging modes. The buffer current is regulated through 
this operation, thereby compensating for the power ripple. 

Figure 5 shows the operating waveforms of the 
transformer voltages on both the primary and secondary sides, 
as well as the center-tap voltage Vcom during power transfer. 
The secondary-side inverter alternately outputs the charging 
mode Tzp and the discharging mode Tzn of the common-mode 
pattern during the differential pattern intervals T1 and T2. 

The center-tap voltage is expressed as the periodic 
average of the output voltages resulting from both the 
common-mode and differential patterns. The relationship 
among the center-tap voltage, the differential pattern intervals, 
and the charging and discharging intervals of the common-
mode patterns is given in 
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Fig. 3. A control block diagram of the proposed converter.  
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Fig. 4. Configuration of the pattern for the DC side. 



The output duration of the common-mode pattern must lie 
within the zero-voltage period defined by (6). Additionally, 
each output interval must match the control period, and the 
voltage-time product across the transformer must be zero. 
Subject to these constraints, the output durations of each 
mode that generate the center-tap voltage, which is used as 
the control variable for the buffer current, are expressed by 
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E. Transmission Power Control via Primary–Secondary 

Phase Shift 

Figure 6 shows the transformer voltage and current 
waveforms of the matrix converter and the secondary-side 
inverter during power transfer. The output durations of the 
charging and discharging modes are equal, and the phase 
difference between the primary and secondary sides is less 
than half of the zero-voltage period in the illustrated 
operation. The output voltage of the matrix converter can be 
considered constant over one control period, as the grid 
frequency is sufficiently lower than the switching frequency. 

The real power of the dual-active-bridge converter is 
obtained by averaging the time integrals of the transformer 
voltage and current over the control period for each operating 
mode. The instantaneous transformer current in each mode is 
expressed by using the initial current i0 as  
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where L represents the sum of the transformer leakage 
inductance and the additional inductance, and δ is the phase 
difference between the primary and secondary sides [11]. 
Then, the relationship among the real power, the zero-voltage 
period, and the phase difference is given by using (14) as 
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where Tdiff represents the differential mode duration, which is 
equal to T1 and T2. When the power command pg

* is 
introduced, solving equation (14) for the phase difference 

yields the value of phase difference d that achieves the 
desired power reference, as shown in 
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The derived phase difference δ is used to control power 
transfer accordingly. 

In the proposed control method, the output duration of the 
charging and discharging modes are intentionally made 
unequal to generate ripple in the center-tap voltage. As a 
result, the output voltages of the matrix converter and the 
inverter become asymmetric between the positive and 
negative half-cycles. Therefore, power expressions other than 
(14) are required depending on the operating condition. These 
power expressions are classified into nine cases when the 
phase difference is constrained to be less than 180 degrees 
within the control period. 

Table 1 lists the decision conditions and the 
corresponding phase difference equations for each current 
mode. Each mode is identified by the parameters Tdiff, Tzp, Tzn, 
and the phase difference δ. In this method, the decision 
process is simplified by reusing the phase difference from the 
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previous sampling period. This approach avoids recursive 
calculations, which would otherwise be necessary since the 
original decision conditions for the phase-difference 
equations depend on the phase difference itself. 

IV. EXPERIMENTAL RESULTS  

Table 2 summarizes the experimental conditions. The 

inductance of the high-frequency section is less than 11 H, 
which corresponds to the sum of the transformer leakage 
inductance and the additional inductance. The rated DC 
voltage is set to 250 V, assuming operation with a single-
phase 100 V grid. The effectiveness of the power ripple 
compensation is evaluated under both power delivery and 
regeneration modes. 

Figure 7 shows the waveforms of the primary and 
secondary transformer voltages, the center-tap potential, and 
the buffer current. The matrix converter operates with a duty 
ratio of 0.5, and the secondary-side inverter operates as a 
three-level inverter with a zero-voltage period. The center-tap 
potential includes both charging and discharging modes 
within a control period via the differential mode, with the 
discharging mode lasting longer than the charging mode. The 
current flowing out of the buffer exceeds the inflowing 
current, resulting in a decrease in the buffer capacitor voltage. 
These results confirm that the proposed asymmetric control 
of the charging and discharging modes functions as intended. 

Figures 8(a) and 8(b) show experimental results without 
and with the proposed power ripple compensation, 
respectively. Without the proposed method, the buffer 
capacitor voltage vcbuf remains constant, and the DC output 
current contains a 100 Hz ripple component. With the 
proposed method, the buffer current includes a ripple 
component, while the ripple in the DC current is reduced. 

Figure 9 presents the frequency-domain analysis of the 
DC current. In this analysis, the 50 Hz output frequency is 
treated as the fundamental frequency. The amplitude of the 
second-harmonic component is reduced by 82% when the 
proposed method is applied, compared to the case without the 
power ripple compensation. 

V. CONCLUSIONS AND FUTURE WORK  

This paper has proposed a power ripple compensation 
method for single-phase grid applications that does not 
require additional switches and can be applied to DAB-type 
matrix converters. The proposed method controls the current 
between the DC source and the buffer circuit by switching the 
secondary-side inverter between charging and discharging 
modes and regulating the center-tap potential. The proposed 
approach achieves a high power factor while effectively 
compensating for single-phase power ripple. Experimental 
verification using a prototype converter demonstrated 500-W 
bidirectional power transfer under single-phase grid 
connections. The experimental results showed an 82% 
reduction in DC-side power ripple, thereby validating the 
effectiveness of the proposed compensation method. 

Future work will focus on simplifying the phase-
difference decision process and verifying the practicality of 
the proposed approach by increasing the transmission power 
and conducting experiments under higher grid-voltage 
conditions relevant to high-voltage systems applications. 
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Fig. 7. High-frequency operating waveform. 
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(a)Without the power decoupling method. 
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(b)With the power decoupling method. 

Fig. 8. Experimental waveforms. 
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Fig. 9. Output current frequency analysis results. 

 

 


